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PREFACE. 

The original basis of this report was an exploratory journey made in 1902 from the Pacific 
seaboard through the Alaska Range along the northwest base of Mount McKinley to Tanana 
and Yukon rivers. During the long time in which the office work was in course of completion 
the conditions in the province here called the Mount McKinley region changed greatly. hifuch 
of the province that in 1902 had hardly been visited by white men has now been traversed 
by the indefatigable prospector and investigated and mapped by the Geological Survey. 

Important industrial advances have been made in this region since 1902. The valuable 
Matanuska coal field has been prospected and surveyed, half a dozen gold-placer districts have 
been discovered and developed, and a score of settlements, large and small, have sprung up. 
Trails have been built, river steamboat service has been established, and a railway planned to 
traverse the province has been partly constructed. Both the mountaineer and the big-game 
hunter have been attracted to this field, some homesteads have been taken up, and the region 
now (1909) produces more than half of the annual gold output of Alaska. 

I t  is therefore evident that a report which recorded only the results of the exploration of 
1902 would not meet the present demands, and for this reason the original plan has been changed. 
Instead of presenting only an account of the geology and resources along the route of travel, 
the report has been made to cover the entire province. 

The purpose of this volume is to furnish the prospector with a concise summary of the 
present knowledge of the mineral wealth of the region and to give the geologist an epitome of 
the stratigraphy, structure, and geologic history. As the Mount McKinley province is one of 
the best game fields in Maska, the interests of the hunter are more fully considered than is 
usual in a publication of this character. In  view of the fact that the region contains a large 
amount of arable land, some of which will undoubtedly bs taken up by the homesteader, 
the available information in regard to climate, vegetation, agricultural lands, and means of 
communication is also summarized. 
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THE MOUNT McKINLEY REGION, ALASKA. 

INTRODUCTION. 

When in 1898 the Geological Survey began its task of exploring, surveying, and studying 
the mineral resources of Alaska, the first work was of necessity merely exploratory, for until 
the larger features of drainage and relief had been outlined it was impossible to plan areal 
topographic and geologic surveys. The d e m d - o f  the prospector was for, maps and informa- 
tion to guide him in hazardous journeys. ' The first two seasons were therefore devoted largely 
to exploration, but in 1900, though much of the Territory was still almost unknown, the rapid 
development of mining interests required that most of the money available be applied to areal 
surveys of regions having special economic promise. 

Since that time there have been but few opportunities for important exploration. Never- 
theless, during the five field seasons from 1898 to 1902 much of Alaska was covered by a net- 
work of reconnaissance surveys outlining the larger physiographic features-a skeleton to be 
gradually £illed in by areal mapping. Of the country as yet unexplored, there was one-region 
which held great interest for the geographer and geologist. 

The great crescentic sweep of Alaska's southern coast line is broken at its most northerly 
point by Cook Inlet, an embayment which penetrates the mainland for nearly 200 miles. The 
drainage basin tributary to this embayment is cut off from the Yukon and Euskokwim waters 
on the north and west by a chain of rugged mountains called the Alaska Range. At the heart 
of this chain stands Mount McKinley, the highest peak of North America, and its sister peak, 
Mount Foraker. Previous to 1902 this region constituted a great block of unknown territory. 
The country to the east, west, and south of it had already been explored, but as it gave no 
indication of placer gold, its isolation, far from the coast on the one hand and from navigable 
waters of the Yukon on the other, deferred its exploration. 

Plans for the survey of the Mount McKinley region had been considered as early a s  1899, 
but it was then deemed impracticable to complete the reconnaissance within the limits of a 
single field season, and the funds available were not sufficient to pay for a whole year's work. 
Gradually, however, experience taught means and methods of exploration which made it pos- 
sible to cover larger areas. Moreover, with the subkitution of pack horses for canoes cross- 
country journeys became feasible. 

At last, in 1902, the plans took definite shape. The task of carrying them out fell to the 
writer. The following extract from his field orders indicates the scope of the project: 

* * * You are hereby assigned to take charge of a party which ia to make a geologic and topographic recon- 
naissance on the weatern side of the Alaska Range. The proposed route of survey is to extend from Tyonek, Cook 
Inlet, through the Skwentna Pam, and then along the foothills of the western slope of the Alaska Range to the Cantwell 
River. From the Cantwell River i t  will extend by such routes as seem feasible to the Tanana. After reach@ the 
Tanana you will choose such route to the Yukon as time and circumstances will permit. Should your party meet 
with any accident or delays, it is posgible that you may have to abandon your outfit either on Kwkokwim or Tanana 
waters and proceed to the mouths of these river8 by boat or raft. In case you reach the Tanana in sufficient time 
it mill be advisable to cross i t  and extend the work to Circle City, on the Yukon, making investigations of the Chena 
River gold fields. I t  will be the purpose of your expedition to obtain all possible information regarding the geography, 
topography, geology, and mineral resources along the route of travel. 

1 Now cslled the Nenana. . 
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D. L. Reaburn, topographer, was detailed to accompany the expedition, and L. M. Pthdle 
was engaged to cooperate in geologic investigations. To these, his colleagues in the scientific 
work, the writer feels under the deepest personal obligations, for the success of the expedition 
is due in large measure to their untiring fidelity to its best interests. The other members of 
the party were Odell Reaburn, recorder; Fred Prilltz and W. W. Von Canon, packers; and 
George Revine, cook. All four of these men were faithful to their tasks, ever ready to further 
the plans by any means in their power. 

During the winter following the season of field work Messrs. Reaburn and Prindle revised 
their notes and practically completed their share of this report, but the writer's administrative 
duties have allowed only occasional opportunity for research or writing. Moreover, since its 
inception this report has been further interrupted by work incident t o  seyen more field seasons 
in Alaska. 

The more important results of the investigation have, however, been made public through 
various channels. The coal of Nenma River has been describedi and something has been 
said as to the probable occurrence of placer gold in the Mount McKinley r e g i ~ n . ~  A brief 
narrative of the expedition was inserted in the annual report of the Geological S u r ~ e y , ~  together 
with a summary of the geology and geography of the district. A more popular account of 
the incidents of the journey has also been published.' The purely scientific results, with Mr. 
Reaburn's map, have been used by the writer in a recently published summary of the geography 
and geology of ~ l a s k a . ~  Thus, in spite of the delay in publishing this detailed account, the 
cause of exploration has not suffered through the suppression of any essential facts. 

OUTLINE OF FIELD PLANS. 

I t  was proposed to make a way from the west shore of Cook Inlet to the Alaska Range 
and find a pass through those mountains, or traverse them by one of the gaps already known, 
then to proceed northeast along the western base of the mountains, mapping as much of their 
geology and topography as circumstances would permit, until Nenana River or one of its tribu- 
taries was reached, and then to turn northward to the Tanana. After crossing this river the 
most expedient course to the Yukon was to be chosen. Incidentally, it was hoped that the 
route thus'outlined would touch- the base of Mount McEinley, but no attempt to ascend the 
mountain was contemplated. The party was to consist of seven men, with the horses necessary 
to transport supplies. Three and a half months was allotted for the project should the season 
permit. 

I t  was possible to map out the journey in some detail because,unexplored though this district 
was, adjacent surveys bad given hints of its character and larger topographic features. As 
the event proved, the plans were entirely feasible and were executed without serious obstacle. 

EQUIPMENT. 

The fallowing notes on outfitting may be considered an epitome of all experience. acquired 
during Alaskan surveys. They are published here in the belief that they may be of use for 
the guidance of others. 

As the contemplated journey was longer than any similar one yet made in Alaska with pack 
horses, the question of equipment was of great moment. On one hand the party must be sup- 
plied for every emergency; on the other its mobility must not be impaired by excess of baggage. 
Fortunately the accumulated experience of some twenty expeditions sent to Alaska by the Geo- 
logical Survey made it possible to determine the essentials to a nicety. The most important 
step was the selection of horses, for on their endurance would rest, in large measure, the success 

1 Collier, A. J., The coal resources of the Yukon: Bull. U. 8. Geol. Survey No. 218,1903, pp. 44-46. 
Z Brooks, A. H., Bull. U. S. Geol. Survey No. 225,1904, p. 48. 
s Walwtt, C. D., Twenty-fourth Ann. Rept. U. 5. Geol. Survey, 1903, pp. 94-102. 
4Brooks, A. H., An exploration to Mount McKinley, America's highest mountain: Jour. Geograph-y, vol. 2, 1903, pp. 441-469 (map). 

Reprinted in Bmithsonian Rept., 1903, pp. 407-425. See also Brooks, A. H., The Alaskan Range, a new field for the m o u n t a i r :  Bull. Am. 
Gwg. Sac., vol. 37,1905, pp. 468-479 (mp). . 

6 Prof. Paper U. S. Gwl. Survey NO. 45,1906. 
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of the expedition. Fortunately Messrs. Reaburn and Printz, to whom this duty was assigned, 
were expert in such matters. With a view to procuring hardy range stock accustomed to seek 
their own feed, it was decided to purchase the horses in eastern Washington. 

As the writer was detained in the city of Washington, the task of outfitting fell almost 
entirely to Mr. Reaburn. In  pursuance of his instructions he proceeded to North Yakima, 
Wash., about the middle of April,' and there, with the aid of Mr. Printz, carefully selected 
some twenty horses. The preference was given to short, heavily built animals weighing from 
800 to 1,200 pounds. Experience proved that the buckskins, bays, and sorrels had more 
endurance than the black or, especially, the white animals. The white horses suffered most 
from mosquitoes and were the ht to give out. 

As all the horses were to be used for packing supplies, eighteen were provided with sawbuck 
pack saddles equipped with strong breeching and breast straps. The question as to the desira- 
bility of aparejos was decided in the negative. Although the aparejo undoubtedly protects the 
horse's back better than the sawbuck, yet its great weight and the fact that it necessitates the 
chopping of a wider trail are serious disadvantages in swampy country. I t  also requires 
more attention f i0b  the packer than the sawbuck. Besides the eighteen sawbucks, one com- 
bination and one riding saddle were carried. These proved very usefiil when th&mwes devel- 
oped sore backs, because an interchange of saddles shifted the pressure. Each animal was 
provided with a good halter, a heavy double blanket, sweat pads, two alforjas, a 10-ounce 
pack cover, and a cinch rope. As far as possible bags were used for packing the provisions, 
but three horses carried light wooden boxes as side packs, with heavy pads underneath to 
protect their sides. As a partial protection against insects, each animal was provided with a 
light duck blanket with two surcingles which, though they lasted but a few weeks, proved of 
great service during the month of June, when horseflies were plentiful. The horse equipment 
also included a shoeing outfit, two extra shoes for each horse, zinc ointment, extra leather 
straps, sole leather, rivets, etc. Subsequent experience showed that it would have been well 
to carry condition poqders, as well as iodoform and hydrogen superoxide to treat sores and cuts. 

After completing these purchases at North Yakima, Reaburn went to Seattle to procure 
provisions and the outfit. Much time and thought had been given to the ration list. On 
such an expedition food is a vital consideration. If the allowance is insufficient, the journey 
has to be curtailed or the risk of starvation incurred. On the other hand, too great a quantity 
hampers transportation and causes the expedition to fail. Variety is also imperative, for, 
although the simplest diet of flour, bacon, and beans may not prove harmful on a short 
journey, it has been found that such ,monotony of fbod can not be long continued without 
affecting the health. Alaskan exploration, under the best conditions, is a severe strain on 
the endurance of the average man, and variety of food tends to strengthen his powers of 
resistance. The ration chosen, as shown below, though providing ample quantity and consid- 
erable variety, did not exceed 3+ pounds per man per day. Practically nothing but dried 
foods was taken. The staples-flour, bacon, beans, sugar, rice, and evaporated fruits and 
vegetables-were supplemented by farinaceous foods, cheese, desiccated eggs, and condensed 
soups, together with tea, coffee, chocolate, condensed cream, and a small quantity of .delicacies, 
Though the region to be visited was believed to abound in game, this was not taken into consid- 
eration. Aside from the fact that it is never safe to rely on game, d party which has a definite 
journey to make within a limited time can not afford to stop for hunting. 

Ration per man per day. 

Pound. 
Flour ............................................. 1.00 
Bacon and pork.. .................................. .75 
Butter ............... .... .................. .14 
Oatmeal.. .......................................... .18 
Rice ........................ ... .............. .10 
Beans. ............. ., ...............................- .17 
Dried fruit.. ...................................... .25 

Pound. 
.................. I Sugar .............. ... 0.35 

Coffee ............................................ .07 
Tea ............................................ .03 
Salt ......................................... .08 
Miscellaneous.. .................................... .12 

I - 
3. 24 
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By leaving out most of the dried fruit and some of the miscellaneous supplies and substi- 
tuting tea for coffee at the ratio of two to five t!?.is ration can be reduced to 3 pounds or less. 
When means of transportation are limited to the most primitive form of back packing, becon 
or pork can be substituted for butter and flour, or rice for oatmeal, in which case the ration 
need not exceed 2.9 pounds. 

The relative proportions of the different articles in the preceding table have been carefully 
estimated on data furnished by the Alaskan parties of the Survey and compared with informa- 
tion gleaned e1sewhere.l I t  is not possible, however, unless the daily ration is actually weighed, 
to insure that the provisions will come out even. For example, if much game is procured, the 
consumption of salt and bacon for coohng may result a deficiency in those articles. 

The complete list of provisions is as follows: 
Wheat flour. 
Graham flour. 
Rolled oats. 
Corn meal. 
Macaroni. 
Germea. 
Rice. 
Hard-tack. 
Cheese. 
Condensed milk. 
Bacon. 
Salt pork. 
Ham. 
Dried beef. 
Buttper and lard. 
Evaporated eggs. 
Beans, navy and bayo. 
Sugar. 
Chocolate. 
Cocoa. 
Canned jelly. 
Tea. 
Coffee. 
Evaporated peachee. 
Evaporated pears. 
Evaporated apricots. 
Evaporated nectarines. 
Evaporated plums. 

Evaporated currants. 
Scecled raisins. 
Pea-meal condensed soup (Erbsenwurst). 
Rean condensed soup. 
Potato condensed soup. 
Corn condensed soup. 
Tomato conclensed soup. 
Evaporatecl potatoes. 
Evaporated onions. 
Evaporated soup vegetables. 
Evaporated Brussels sprouts. 
Baking powder. 
Yeast cakes. 
Soda. 
Salt. 
Pepper. 
Mustard. 
Nutmeg. 
Ginger. 
Cinnamon. 
Curry powder. 
Vinegar. 
Lime juice. 
Pickles. 
Matches. 
Soap. 
Candles. 

The evaporated eggs, commercially known as crystallized eggs, have high nutritive value, 
but have usually proved unpalatable unless cooked with something else. The so-cailed Erbsen- 
wurst, or pea-meal soup, is a combination of pea meal and beef extract, partly cooked and 
easy to prepare. In the experience of the writer it is the most valuable of the concentrated 
foods. With these foods can be grouped hard-tack, chocolate, smoked beef, and cheese, all 
of which are invaluable in forced marches when no cooking can be done. The large quantity of 
dried fruit taken was probably a sufficient safeguard against scurvy, but as an additional pre- 
caution lime juice put up in small capsules was freely used. These are also good for improving 
the taste of swamp water. 

Most of the provisions were packed in p a r a 5  bags holding 50 pounds each, placed inside 
of heavy canvas bags and tied up in such a way that no water could enter if the pack should 
be submerged. The wisdom of this precaution was proved many times. During the three 
and one-half months of the journey, though it happened over and over again that horses rolled 
into the water, only once was anything ruined, and the only loss of provisions was about 10 
pounds of corn meal which became wet and moldy. Many an expedition has run short of 
food because the supplies were insufficiently protected against moisture. 

1 Snow, C. H., The equipment of camps and expeditions: Trans. Am. Inst. Min. Eng., vol. 29,1899, pp. 157-186. 
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In each detail of the equipment it was advisable to obtain the utmost clegrse of lightness 
oommensurate with durability. The coolsing utensils were chiefly of tin and iron, which, 
though much heavier than aluminum, were found to wear longer. They were of such 
&apes that they could be packed compactly and were stored in two of the wooden side hampers. 
In view of the fact that much of the journey would be above timber line, where only small 
willow could be procured for fuel, a small s.heet-iron stove was carried. This provecl very 
serviceable, though it made an awkward pack on a horse. Especial care was taken to keep the 
matches in waterproof boxes and to distribute them in several packs. 

The party was providedwith three wall tents, 7 by 7 feet, made of cotton drilling anclweighing 
but 10 poundd each. They were mosquito proof, the floor being sewecl to the walls ancl the 
entrance arranged to close with a draw string. Ample ventilation was insured by large openings 

with double thicknesses of bobbinet. Besides the sleeping tents, there was one 8 by 10 
foot cooking tent, also of cotton drilling, which clemonstrated its utility toward the end of 
the season, when the stormy weather began. 

Each man was provided with a sleeping bag weiglhg about 12 pounds, composed of two 
woolen bags and one duck cover. Personal equipment was cut down as far as possible, but 
each man carried at least one extra pair of stout walking shoes. Experience on previous expedi- 
tions had taught the writer that good footgear is the f i s t  requisite to rapid prowess where 

? 
men must move on foot. I t  was found that a rather light-weight 10-inch wallung shoe is 
preferable to the high boot. The shoe-repairing outfit, including extra hobnails or screws, 
leather, wax, thread, and grease, was a very important part of the equipment. Each man 
was also provided with a bobbinet headdress to protect him from mosquitoes, and gauntlet 
gloves. For outer clothing duck or khaki is preferable, but underwear should be entirely of 
wool. 

The weapons of the party were two .30-30 carbines and one .22 caliber rifle. For the 
carbines 250 rounds of ammunition was provided; for the rifle about 500 rounds. The small 
rifle, devoted to killing ptarmigan and grouse, was almost as effective as a shotgun in sup- 
plying the camp larder, and both the rifle and the ammunition were much lighter. 

The heaviest and most awkward pack for the horses was a folding canoe and oars. This 
was considered essential because nothing was known of the character of the rivers to be encoun- 
tered. As a matter of fact, it was never used. On the coastal side of the divide a large boat 
which had been brought from Tyonek was used, and at the Tanana the party was fortunate in 
hd ing  a fairly good rowboat belon,&g to natives. At the latter point the folding boat was 
abandoned, and thereafter the rivers were crossed by the aid of hastily constructed rafts. 

On a previous expedition the writer found that a practical boat could be made by stretching 
a large piece of waterproof canvas over a framework of dried spruce poles fastened together 
by crosspieces inserted in auger holes. The canvas alone does not weigh over 25 pounds; 
with the framework the total weight is 50 or 60 pounds. 

There was an ample supply of axes, for these are liable to be broken or lost. Several of 
3$-pound weight were carried, and three light hand axes. In the opinion of the writer the 
machete used in tropical countries would have been found useful in cutting trails through the 
dense growths of alder and willow which were frequently encountered. The rest of the tool 
equipment was very simple-a cqmbination tool, a hatchet, some copper wire, a 14-inch 
auger for constructing rafts, files, a whetstone for sharpening axes, a rivet set and punch, 
some sailmaker's needles, a sailmaker's palm, and a small saw. 

The instruments for topographic work included an 18 by 24 inch plane table, a tripod 
fitted with Johnson movement, a telescopic nlidade with micrometer attachment, a Saeginueller 
theodolite with 4-inch vertical and horizontal circles reading to 30 seconds, with two verniers 
to each circle, a stenometer, together with barometers and thermometers, including a maxi- 
mum and minimum thermometer. Each geologist was provided with a Brunton poclret 
theodolite, an aneroid barometer, a hammer, a Zeiss field glass, and a compact 4 by 5 film 
camera with aluminum tripod. The films were packed separately in tin tubes made water- 

66897'-11-2 
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proof by the use of insulated tap. In addition, notebooks, drawing paper, and other stationery 
were carried, together with a small, carefully selected medical outfit, including bandages, etc. 

The 105 days' provisions aggregated about 2,300 pounds; the rest of the outfit between 
600 ancl 700 pounds. The total was a little less than 3,000 pounds, the pack thus averaging 
about 150 pounds to each horse. This would not have overloaded the horses had the trail 
been good; but, as i t  happened, the early part of the trip lay through swampy country, and 
i t  was fortunate that nearly one-third of the load could be sent by boat for the first 100 miles. 

NARRATIVE OF EXPEDITION. 

The entire party of seven men, with twenty horses, assembled in Seattle on May 13, 1902, 
and two days later embarked on the steamer SantaAna for Cook Inlet. After a coasting journey 
of nearly 2,000 miles, the vessel steamed up Cook Inlet on Ilaj- 27, and the same night, with 
the aid of a lighter, the party was safely landed at Tyonek, on the west shore.' Here several 
days were spent in repacking provisions and outfit, breaking the horses, and attempting to 
gather information from Indians, prospectors, and traders. In this last particular no great 
degree of success was attained, for many of the people of the coast know little of the inland 
region beyond the first 20 miles. Although the Indians and traders agreed that with good 
luck we might be able to get through the range with our outfit, no one believed it possible that 
we could extend our work to the Tanana, much less to the Yukon. I t  was the general expecta- 
tion that the party woulcl return to Cook Inlet in the fall. This might have discouraged us 
had we not known that few of the longer explorations of the Geological Survey in Alaska 
had been regarded as practicable by traders who were most familiar with the localities. Alaska 
natives, as a rule, know only their own hunting grounds, and as they have no experience with 
pack horses, their opinion as to choice of routes is of no great value. 

After weighing all the evidence and making a few preliminary reconnoitering trips, we 
chose a route which would cross Beluga River near its mouth and Skwentna River near the 
lower canyon. George Eberhardt and Joe Anderson, of Tyonek, were engaged to take a boat- 
load of supplies up the Susitna and its west fork, the Skwentna, to meet us at  the point of 
crossing. The object of this was both to lighten the burden of the horses wllile they were 
traversing the flat, swampy coastal belt and to provide a means of crossing several of the large 
and turbulent rivers of the coastal slope. For their efficient performance of this task Eberhardt 
and Anderson deserve the highest praise. 

Our fears that we might be delayed by a scarcity of forage for the horses proved groundless, 
for the snow was gone and the grass well advanced by June 1. On the 2d, all preparations 
being completed, we were able to get under way. About 1,000 pounds of the equipment was 
sent in the boat. The remainder, together with 200 pounds of grain for the stock, was dis- 
tributed among the twenty horses. 

The route lay along the western shore of Cook Inlet, over a gravel beach at the foot of a 
series of gravel bluffs which rise 50 to 100 feet above the water (PI. IV, 23, p. 44). This strip, 
limited by the inlet on one side and by the precipitous escarpment on the other, gave excellent 
opportunity to break in the pack horses, many of which were inclined to be fractious after 
their long confinement in the vessel. The second day found the party approaching the broad 
mud flats formed by the delta of Beluga River. To avoid this swamp i t  became necessary to 
climb to the level of the first terrace and chop a trail through the dense growth of spruce and 
birch. We reached the Beluga on June 4 and crossed on the follou-ing day with the aid of 
the boat brought by Eberhardt and Anderson. At flood tide, when the current slackened, 
the horses swam over without difficulty. 

, I t  now occurred to us that a con~prehensive view of the country ahead could be obtained 
by climbing Mount Susitna. Leaving Mr. Prindle to study the local geology ancl the two 
packers to chop a trail inland, the rest of us made our way by boat to Alexander, a small 
native settlement at the head of the Susitna Delta. From this point we followed an Indian 

1 Landings are now made at Beluga, about 15 miles above Tyonek. 
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trail, winding in and out among swamps and lakes, through spruce forests, and across several 
streams on old beaver dams, to Mount Susitna, a granitic boss about 4,000 feet high lying 
10 miles west of the river. The sides of the mountain rise gently to a height of 1,000 feet 
and then steepen gradually, so that the final stretch of the ascent must be made over a talus 
slope of maximum gradient. Heavy timber-birch, cottonwood, and spruce measuring up to 
2 feet in diameter-extended to about 1,000 feet, and then gave place to dense growths of 
alder and willow, with scattered white birch. Beyond 1,500 feet the willow and alder were 
succeeded, except in the ravines, by grassy slopes, ancl the great abundance of fine red-top 
grass was ,very striking. Near the summit the remnants of the previous winter's snow con- 
trasted strongly with the wild flowers and other vegetation. 

A rather toilsome climb brought us at  last to our vantage point. Looking northward, 
whither our route lay, the eye swept the broad lowland of the lower Susitna, its dense forests 
of dark spruce diversified by the lighter greens of the open meadows, while here and there a 
gleam of reflected light marked the position of a lake or waterway. On the northeast the lowland 
stretched to the horizon, broken only by a few higldancl masses; on the northwest it culminated 
in the great Alaska Range. Above this snowy crest line rose the twin peaks Mount McKinley 
and Mount Foraker, asserting their stupendous height even at that distance, more than 110 
miles. To the west the range dwindled into foothills 40 or 50 miles from the coast. We took 
cognizance of the many'swamps and lakes with some premonition of the difficulties before us. 
Far to the northwest a break of considerable width in the Alaska Range appeared to mark the 
gap which was the immediate objective point of the expedition. 

Mr. Reaburn made a latitude and azimuth and plane-table statio~?. on the summit, and was 
able to take the azimuth of Mount McKinley, almost due north, which helped to control in 
longitude mucli of the season's surveys, for the high peak was repeatedly sighted, almost 
throughout the summer. 

Returning, we reached the base camp on Beluga River on June 7. The trail choppers 
had found the old Indian trail of which we had heard rumors at  Tyonek, and thereby had been 
able to establish a route for 7 or 8 miles. On the 8th the reunited party resumed the march, 
dispatching Eberhardt and Anderson with the boat to a rendezvous on the Skwentna. The 
trail led northwestward over a gravel plateau which sloped up gently toward the mountains, 
interrupted here and there by knobs of granitic rocks (Pl. IV, A, p. 44). Many swamps retarded 
our progress and severely taxed the strength of the horses, but good grass was abundant. TLe 
many lakes and ponds were breeding grounds of waterfowl, and the camp larder was much 
improved by contributions of duck, geese, and sancl-hill crane, as well as grouse. June 13 
brought us to  the foothills of the range, and for several days we made rapid progress over a 
country thickly covered with grass and studded with parklike groves of trees. In these high- 
lands many large brown bear were seen. The Indian trail vanished above timber line, and 
on descending to the lowland of the Skwentna Valley we were compelled to do continuous 
chopping in order to penetrate the dense grove of alcler, spruce, and birch. 

On June 18 camp was made on Skwentna River, a western tributary of the Susitna. The 
original plan was to cross the river at this point and send down only a part of the pack train 
to meet the boat at the canyon, 20 miles below. But every effort to find a ford proved dis- 
astrous; the river, swollen to a rushing torrent by the melting snow in the hills, swept the horses 
off their feet and carried them and their riders downstream. Rather than risk the loss of 
equipment, if not of men and horses, the attempt was reluctantly abandoned, and the entire 
party set out down the river. On June 21, after three weary days of chopping trail through 
the dense thickets which clothe the river banks, we reached the lower canyon. Eberhardt 
and Anderson had arrived the day before. On the following day the horses were towed across 
the river behind the boat, one by one, but so swift was the current that even with four men at 
the oars a quarter of a mile or more was lost in gaining the opposite bank. 

From the Skwentna the course lay in s northerly direction through a flat, heavily timbered 
region where almost continuous trail chopping was necessary. On the 28th we arrived at 
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Kichatna River, also belonging to the Susitna drainage, to find the men with the boat agaln 
awaiting us. 

Nearly a third of the season and of the provisions had been consumed and less than a sixth 
of the distance had been covered. The swampy country had told disastrously on the strength 
of the horses, whose vitality was further drained by the clouds of horseflies and mosquitoes 
which harassed them day and night. Moreover, there had been an outbreak o'f distemper 
among them which threatened to become serious. The outlook was far from cheerful, for 
it hardly seemed possible that the survey could be carried to the Yukon, as planned, and it 
was uncertain in what straits the party might find itself when the cold weather in the fall 
should put an end to the use of horses. To provide for a probable retreat dong the line of 
advance, a cache of a week's provisions was established at this point. 

On June 30, when we started inland, Eberhardt and Anderson turned back with the boat. 
I t  was our last link with the world for nearly three months. Although we had remaining only 
'75 days' provisions, yet many of the horses had lost so much strength that the packs were too 
heavy for them and necessitated short marches. At first our course lay along the east bank 
of the Kichatna by the route that was followed in 1899 by Lieutenant Herron, of whose journey 
mention is made elsewhere. Herron's trail had in many places been destroyed by the 
unclercutting of the river bank and had to be pieced out by chopping through the dense 
alder thickets. After three days, which netted only about 10 miles air line, we came to a 
bench bordering the east side of the valley, 50 feet above the river, which offered excellent 
traveling. An Indian trail was discovered leading through an open parklike stretch known 
as Nin Ridge. Everywhere appeared thick patches of red-top grass, the h e s t  the writer has 
ever seen in Alaska. Much of it grew as high as 5 or 6 feet. The abundance of pasture and 
the disappearance of horseflies revived the energies of the horses somewhat, and for several 
days long marches were made. 

After some 20 miles of this the bench merged into the river bottom and trail cutting 
again became necessary. Often the river flood plain was followed and the Kichatna was forded 
a number of times, not without serious danger, for i t  was here a turbulent glacial stream, full 
of large bowlders which offered but insecure footing. More than once men and horses were 
swept off their feet by the mad, rushing waters. At length we reached the headwaters of the 
river, and on July 12, in a dense fog, we crossed a pass, expecting to find the Kuskokwim waters 
beycnd; but on the following day the stream that we were descending proved to be still on the 
coast side of the divide. Here the killing of a moose provided a welcome change of diet, and 
for two months thereafter we were almost always able to procure fresh meat. Before a route 
could be chosen from this point it was necessary to reconnoiter. Three men spent a day and 
the greater part of a night exploring in different directions, and at length found a pass which 
had long been used by the natives as a route between the Kuskokwim basin and the Cook Inlet 
region. Rainy Pass, as we called our new discovery, Lies to the south of Simpson Pass, dis- 
covered by Herron. It has an altitude of about 2,950 feet asd undoubtedly afEords the best 
opportunity of piercing the southern part of the Alaska Range. This region appeared to abound 
in white Alaskan sheep. 

On July 15 we crossed the pass, and two days later the party emerged from the mountains 
into the valley of the upper Kuskokwim (Pl. V, p. 46). This part of the Kuskokwim Valley 
had been surveyed in 1898 by Spurr, of whose exploration an account is gven below. 

Our route now followed the Kuskokwim for some 20 miles to the point where that river 
debouches on a broad lowland. Here, leaving on our left the route of Herron and Spurr, we 
branched off to the northeast along the northwestern margin of the range and again entered 
unexplored territory. I t  was not without misgivings that we took this second plunge into the 
unknown, for the time was more than half spent and we were still almost as far from Mount 
McKinley, our immediate objective point, as when we left salt water. IIoreover, it was here 
in the Kuskokwim Valley that Herron's party had come to grief. Our fears, however, proved 
groundless, for subsequent events showed that the easier part of the journey wsts ahead of us. 
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From the main valley of the Kuskokwim for nearly 200 miles to the northeast the range 
falls off, in many places abruptly, to a gravel plateau (Pl. VI, B, p. 46). Along the inner margin 
of this plateau, keeping the snowy crest line of the range but a few miles to the right, we followed 
an almost air-line route N. 20' E. to the base of Mount McKinley, a hundred miles distant. 
Twice we had to cross spurs of foothills of considerable altitude which branched out from the 
main mountain mass, and here the horses had stiff climbing. But the smooth, moss-covered 
surface of the plateau, which was composecl of glacial overwash material, afforded excellent 
footing for both man and beast. Our only serious interruptions were the glacial streams which 
emerged from the mountains, many of them with the volume of good-sizecl rivers, directly 
athwart our course. Fortunately, on each of them a ford was found, for the turbulent waters 
threatened a perilous passage to so frail s craft as our folding canoe. Some of the glaciers 
reached well out into the plateau region, ancl stemming the roaring torrent close to their moraine- 
covered fronts was exciting, if not always pleasant. In  crossing every man was mounted on top 
of a pack. Occasionally a horse would roll over, but none was lost. 

I n  spite of the rapid marches that were now made, most of the horses kept up well, for 
grass was plentiful. Unfortunately, two of them, wlich had never recovered from the physical 
strain of the first month, gave out and had to be shot. 

Many of the camps were above the limits of spruce, but there was always sf ic ient  willow 
for cooking purposes. In  the foothills the white Alaska bighorn was abundant, the moss- 
covered plateau furnished plenty of caribou, and in the river bottoms an occasional glimpse 
of moose was obtained. 

To the west the plateau sloped down to a broad wooded lowland of somber monotony, a 
gleam in the sunlight here and there marking a lake or a winding river course. Old Indian 
hunting camps were not infrequent, but there was no other evidence of the abode of man. 
Once, indeed, a smoke was sighted curling up from a forest miles away, and was marked with 
delight by eyes that had seen no human beings outside of the party for two months, and once 
the ax marks of a white man were seen. 

Mount McKinley and Mount Foraker, which in clear weather had been visible for most 
of the time since we left the coast, loomed ever larger and more majestic as we approached 
(Pl. VI, A, p. 46). On August 4 camp was made only 14 miles in an air line from the summit of 
'Mbunt McKinley (Pl. I, p. 11). Here a day's delay permitted the writer to climb a spur of 
the mountain to snow line and to obtain some clue to its geologic structure. But satisfaction 
at standing on its slopes, 9 miles from the summit, wlich had never before been approached 
by white man, could not but be tinged with regret that there was neither time nor means for 
reaching a higher altitude. 

Beyond Mount McEinley the range swings somewhat to the northeast. The route, still 
following the base, swerved in the same direction. For tile next 100 miles there was little 
change in the character of the topography, and we continued to make rapid progress. The 
streams which now crossed our path flowed northerly to the Tanana instead of westerly to the 
Kuskokwim. 

On August 15 we made camp in the valley of tlie Nenana, which is tributary to the Tanana. 
Ascending t l ~  river to its main fork, we found a ford and made the last dangerous crossing of 
the season. I t  was not without relief that we saw the last horse and man safely landed on the 
left bank, for the turbulent waters reached well up to the horses' shoulders. 

This had brought the party to the most northerly point of the Elclridge survey of 1898, 
to which further reference will be made. TTe now folIowed the Ieft branch of the Nenana, 
called Yanert Fork, nearly to its glacial source (Pl. QII, B, p. 108)) and then, crossing over, 
laid a northwesterly course into the Tanana Valley across the mountains 1vlic11 separate the two 
valleys. Our route through these mountains was one much used by natives, as indicated by 
their many camps. 

August 24 was marked by an encounter with a white man and a band of Indians, the first 
human beings we had seen in nearly three months. They directed us to a trail long used by 
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the Inclians and recently improved b>- a party of wlite men with liorses, who were reported 
to be making a survey for a railway. We followed tlus trail for 30 miles across the lowland 
of the Tanana. Broad meadotvs of magnificent grass alternated with belts of birch, cotton- 
wood, and fine spruce, or with large marshes dotted wit11 lakes. Tlle timber was unusually 
large for tlle Yukon basin, trees 1s to 24 inches in diameter being not uncommon. 

On tile 29th we emerged from the forest on tlie south bank of the Tanana, a t  the small 
native settlement of Tortella' (Pl. VII, A, p. 48). To the natives the arrival of white men from 
the mountains seemed little short of miraculous, for all previous visitors had come by way of 
the river. Though these I d a n s  ordinarily use only canoes, they happened to have one boat 
adapted to towing horses. After some bargaining this was liked and the crossing was made 
without serious delay. 

On the 1st of September we made camp on tlie north bank of the Tanana, rejoicing in 
the knowledge that the most difficult as well as tlie most important part of the summer's work 
had been accomplished. Eighteen out of the original twenty horses had survived, but the 
three months of hard work had left many of them in poor condition. I\Ioreover, the grass, 
though abundant, had been nipped by early frosts and appeared no longer to furnish sufficient 
nutriment. 

There were two alternative routes for reaching tlie Yukon-one to continue nortliward and 
attempt to reach Circle, the other to take a northwesterly course to Rampart. As the season 
was well advanced and it was only a question of days when the liorses would begin to give out, 
we decided to try for Rampart, that being some 50 miles nearer than Circle. The Indians 
gave no encouragement; ratlier, they declarsd that tlie swamps and tliick timber made it quite 
out of the question to take horses through to the Yukon. They prophesied that tlie party would 
return to tlze Tanana by tlie time the snow came. So utterly foolish did tlie project seem to 
them tliat it was difficult to obtain any information in regard to routes. 

mTit1l this not very cheering prospect we started' northward on tlie 1st of September. 
The weight of the horses' packs had been reduced as far as possible by abandoning all except 
the most necessary part of the equipment. Tlus, with tlie t hee  weeks' provisions and tlie' 
specimens wlicli had accumulated during the summer, amounted to about 50 pounds to each 
horse. 

For two days our route followed a series of low ridges, to  the nortli of wlucli stretched 
tlie broad lowland of Tolovana River. This lowland, by reason of its patches of thick timber, 
its swamps, its innumerable lakes, and its many sluggish streams and rivers, was regarded by 
the Indians as impassable for liorses. After skirting its southern border for some 20 miles 
we turned to the northwest, directly across it. Though the distance to the highlands on the 
west was only &bout 30 miles, the diificulties of travel occupied the energies of tlle entire 
party for eight days, as much time had to be spent in building corduroy, bridging streams, 
and crossing rivers. VCTit1lin six days five different bridges were constructed and six rivers 
were rafted. 

On September 9 we left the low country behind, and thence to tlie our route lay 
through an upland region (Pl. VII, B, p. 48). Traveling here was comparatively easy, as there 
was little trail chopping to do. At t l i s  time the horses began to give out at an alarming rate. 
Though their loads were very light, yet the frost-bitten grass and the hard traveling though 
the swamps proved fatal to all except the strongest. During tlie rest of the journey sllooting 
one or more horses was a daily incident. On the 14th we reached Little Minook Creek, and 
there found a trail which brought us to Rampart on tlie 15th. The next morning we boarded 
a river steamer bound for St. Michael. Thence the party returned to Seattle, arriving on 
September 30. 

In  105 days the expedition had covered about SO0 miles. During this time 94 camps had 
been made; between June 1 and September 15 tbe party had traveled every day except nine. 
Eleven out of the twenty horses reached Rampart. 

1 Now called Nenana 
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METHODS OF WORK. 

Before describing the methods of work pursued by the different members of the party 
it may be well to outline the ordinary daily routine. All bands were usually called a t  5 ,  and 
wide the packers were finding the horses the others took down the tents and up. 
The horses were saddled as soon as they arrived, and then breakfast was eaten. Between 6 
and 6.30 began the paclung of the horses, wlich occupied all except the cook from one to two 
hours. When the last horse was ready, usually before 8, the pack train started. The topog- 
rapher, his assistant, and one of the geologists were separated from the party for the rest of the 
day, choosing such routes as their work demanded. The other geologist accompanied the 
pack train and usually made an excursion after camp was pitched in the afternoon. Tlis 
routine was varied when tlick timber or swamp required the entire force to cut trail or build 
corduroy. Under such conditions the topographic and geologic observations were mostly 
made after camp was pitched, wlicb proved a severe strain on the observers. The pack train 
usually traveled stx or seven hours and the teclmical members of the expe&tion worked from 
ten to fourteen hours daily. 

Mr. Reaburn, elsewhere in this report (see pp. 32-39), gives a detailed account of the methods 
employed in the topographic surveys of the party. Here, therefore, it is sufficient to state that, 
thanks to his untiring activity, a surrey was carried on throughout the journey from Cook 
Inlet to the Yukon. This was not the rough approximation so often used in exploratory work, 
but one based on trigonometric determination of positions and altitudes. It not only recorded 
a location of the route but also embraced a considerable area on both sides, aggregating in all 
about 6,000 square miles. To Mr. Reaburn belongs the credit of having in the course of two 
successive seasons made instrumental surveys from the Pacific Ocean a t  Cook Inlet to the Arctic 
Ocean a t  Kotzebue Sound, covering a distance of about 2,000 miles. 

The geographic results of the expedition are, first, the mapping of the western front of 
the Alaska Range and the headwaters of the Kuskokwim; second, the filling in of the gap 
between the four previous exploratory surveys (see pp. 27-29), so that they are now linked 
together and can be mutually adjusted. Furthermore, the region traversed between the 
Tanana and the Yukon, though frequently visited by white men, had not been mapped; hence 
this portion of the work is also a contribution to geographic knowledge. The same holds true 
of the first part of the route, between Cook Inlet and the Alaska Range. 

The position of Mount McIGnley was more accurately determined, as also its altitude, 
20,300 feet. Mount 'Foraker, some 1.5 miles to the south of Mount McKinley, was also located, 
and its altitude of 17,000 feet determined. These observations were also made for a number 
of other peaks, varying from 5,000 to 11,000 feet. Although the actual surveys cover only 
6,000 square miles, the information obtained and the correlations established between previous 
surveys throw additional light on the geography and topography of about 20,000 square miles. 

The geologic work, though in many respects less satisfactory than the geographic, was also 
fruitful of results. The geologist obtained l i s  field locations by foot traverses, laying courses 
by pocket compass and approximating distances by pacing. The traverses were platted 
directly in the notebook, with the aid of n celluloid protractor, on a scale of a mile to the inch, 
so that the observer at  all times kept his location and gained at  least an approximate idea of 
the relative position of the outcrops. On these sketch traverses contours were usually indicated, 
also notes on distribution of timber, as well as geologic observations. Verbal descriptions 
were added, and frequently sections were drawn to indicate the field interpretation of the facts. 
At night the record thus made was supplemented by fuller description. Specimens were of 
course taken wherever it was deemed advisable, considering the limited means of transportation. 
The collections of the summer aggregated about 600 specimens. The rapidity with which the 
field work had to be executed allowed little time lor photographic work, nor were there trans- 
portation facilities for a large camera. Each geologist was provided with a 4 by 5 inch 
camera, which he constantly carried, and with these about 300 photographs were taken. 

- -- 

1 Mr. Reaburn accompanied W. C. Mendenhall in a Journey from Fort Yukon to  Kotzebue Sound. See Prof. Paper, U. 5. Geol. Surrey No. 
10, 1902. 
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Tnese methods enabled the geologist to run from 12 to 15 miles of traverse in a day df ten 
or twelve hours, provided the country was open and the outcrops not too many or the structure 
too complex. The highest record attained during the season was 22 miles of traverse in a day 
of eighteen hours. This was in a region of considerable complexity and containing many 
outcrops. One great obstacle to effective field work was the impossibility of maintaining the 
same standard of observation and interpretation throughout the many hours of activity enforced 
by the rapid progress of the party each day. Toward the end' the observer would become 
both physically and mentally weary and able to continue his observations and deductions 
only by the greatest effort of will power. Consequently there were many gapr. in the record 
which could not be filled afterwards. 

The party numbered so few men that one of the geologists could not be spared from the 
pack train while it was on the move, and his geologic observations had to be subordinated to 
this task. The other geologist and the topographer made such digressions as time would permit. 
On the north side of the range the average air-line distance between camps was 10 to 12 miles, 
so it was seldom possible to extend observations more than 4 or 5 miles from the route of travel. 
Even on these trips it happened several times that one of us missed camp and was forced to 
spend an uncomfortable night under a spruce tree, with a scanty supply of food. During the 
summer the writer's own traverses aggregated some 800 miles. The scope and character of 
the geologic results are discussed in another section of this report. 

Mr. Prindle deserves special commendation for his activity in collecting plants throughout 
the summer and in keeping a daily weather record. (See pp. 199-201.) Only those who have 
participated in an exploration of this kind can appreciate what it means for any member of the 
party to voluntarily burden himself with additional duties. Each day is already full, and an 
extra line of work can be pursued only at the expense of sleep or rest. The specimens thus 
obtained by Mr. Prindle have been kindly determined by Mr. F. V. Coville, botanist, of the 
Department of Agriculture. (See pp. 208-2 11.) 

HISTORY O F  PREVIOUS EXPLORATIONS. 

No one can know how many generations of natives have wandered over this region, but it 
seems certain that the indigenous population was greater at the first coming of the white man 
than it is now. As the natives depended largely on the chase for subsistence, they must have 
frequented the slopes of the Alaska Range and the adjacent lowlands, for this is one of the 
best game regions in the Northwest. Much of the range formed an almost impassable barrier 
between the hunting ground of the Cook Inlet natives and that of the Euskokwim Indians. 
It does nut seem to have been named, for the Alaska Indian has no fixed geographic nornen- 
clature for the larger geographic features. A river will have half a dozen names, depending 
on the direction from which it is approached. The cartographers who cover Alaskan maps 
with unpronounceable names, imagining that these are based on local usage, are often misled. 
Thus the Yukon Indians called White River the Yukokon, the Tanana natives called it the 
Nasina, the Kluane Indians called it the Nazenka, and the coastal tribe of Clilkats had still 
another name for it. No one of these can be said to have precedence over any other. 

The iplrnense height of Mount IIcEnley must have impressed the Indian. I t  was used as 
a landmark in his journeys. With its twin peak, Mount Foraker, it is interwoven in the folklore 
of the tribes living within sight of the two giant mountains. The tribes on the east side of the 
range, who seldom, if ever, approached it, termed it Traleyks, probably signifying big mountain. 
Those on the northwest side, who hunted the caribou up to the very base of the mountain, 
called it Tennally. 

Bering, the first white rnan to approach this region, on his ill-fated voyage of 1741,l 
probably sighted the mainland or some of the islands near the mouth of Cook Inlet, but this 
was on his return voyage to Siberia, when the expedition had already become demoralized, 
and no attempt at  exploration or survey was made. The first definite account of the shore 

1 Steller, G. W., Reise von Kamtschatka nach Amerika mit dem Commandeur-Capitan Bering, St. Potarsburg, l i93 .  



line was obtained by Capt. James Cook, sent out by George I11 to seek a northwest passage 
from the Pacific side of the American continent. His orders bade him explore the coast to the 
sixty-fifth paralIeI if not impeded by ice. His charts and journal bear testimony to the thor- 
oughness with which he executed his mission. Cook first sighted the American coast near the 
present southern boundary of Oregon in March, 1778. Standing northward, he located various 
points on the mainland and islands, entered Prince William Sound May 12, and discovered the 
inlet which bears his name on May 20.' He sailed up the inlet, which he believed to be the 
mouth of a great river, cautiously sounding and charting as he went, and on June 1 dropped 
anchor off Point Possession, at  the southern entrance to Turnagain Arm. Here he again 
&took a tidal embayment for a river, and, calling it Turnagain River in reference to his frus- 
trated hope of finding a passage to the northeast, he turned back to seek for another break in 
the coast line. Cook's chart of the inlet is remarkably accurate, considering that he spent only 
a week in surveying it. He evidently failed to find the mouth of the Susitna; nor does he 
mention the Alaska Range. The towering peaks of this chain are plainly visible from tide- 
water, and would not have escaped note in Cook's very circumstantial journal had not the view 
to the west and northwest been interrupted by cloudy weather. 

Sailing southwestward, Cook soon encountered evidence that the Russian trader to whose 
enterprise the Czar was to owe his American possessions had preceded him. After the sur- 
vivors of Bering's expedition had returned to Siberia, in 1742, with the report of a promising 
field for the fur trade, the Siberian fur traders were not slow to investigate. Following the 
Aleutian chain of islands eastward, they had extended their trading expeditions, often better 
termed marauding expeditions; to the mainland and as far as Kodiak Island by 1762, though 
they had not yet made a permanent settlement on the American coast.? 

But this freebooting fur trade of individuals was short-lived. A royal ukase granted the 
monopoly to one company. In 1783 this corporation establislled a permanent post at Three 
Saints Bay, on the south end of Kodiak, and from this vantage point exploited the trade of 
the neighboring regions. 

When Dixon and Portlock,3 two of Cook's officers, returned to Cook Inlet, in 1786, in com- 
mand of two trading vessels, they founcl the Russian traders already established on the east 
shore. Though these two men were sent to the Pacific on a purely commercial enterprise, yet, 
true to their training under the great navigator, they did considerable exploratory work. They 
added something to the geographic knowledge of this part of Alaska, but like Cook they failed 
to obtain sight of the great snow-covered range which lies to the northwest of the inlet. 

I t  fell to another of Cook's officers, George Vancouver, to complete the survey of the shore 
line of the inlet in 1794. Since Cook's time a Spanish officer, Fidalgo, hat1 entered the embay- 
ment, and many Russians had visited its shores in quest of sea otter, but none of these appear 
to have done any charting. Vancouver hailed to the head of the inlet and with painstaking 
accuracy delineated the shore line of Turnagain Arm, thus first proving that it was not the 
mouth of a great river. While surveying Knilr Arm, a small embayment at the upper encl of 
Cook Inlet, Vancouver appears to have caught a glimpse of the great Alaska Range to the 
northwest, for in describing the topograpl1~- of the arm he says:5 

The shores we had passed were compact; two or three small streams of fresh water flowed into the branch between 
low, steep banks, above these the surface waz nearly flat and formed a sort of plain, on which there was no snow and 
but very few trees. This plain stretched to the foot of a connected body of mountains, which, excepting between the 
west and northwest, were not very remote; and even in that quarter the country might be considered moderately 
elevated, bounded by distant stupendous mountains covered with snow and apparently detached from each other; 
though possibly they might be connected by land of insufficient height to intercept our horizon. [May, 1794.1 

This seems to be the earliest of the few references to the Alaska Range found in literature. 
Even Vancouver failed to mention specifically the two high peaks which tower above the range, 

1 Cook, James, -1 voyage to the Pacfic Ocean, 2d ed., vol. 2, London, 1785, pp. 386402. 
2 Coxe, Villiam, lccount of the Russian discoveries between Asia and America, 3d ed., London, 1787. 
3 Dixon, George, and Portlock, Nathaniel, 1 voyage round the world, but more particularly to the northwest coast of America, London, 1789. 
4 V,~ucouver, George, Vancouver's voyage, rol. 5, London, 1798, pp. 147-275. 
5 Vancouver, Gecrge, Voyage of discovery, vol. 5 ,  London, 1801, pp. 210-211. 
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though the description ( (  distant stupendous mountains covered with snow and apparently 
detached from each other " undoubted1:- refers to Mount 11cKinle:- and Mount F'oraker. 

Though the Russians soon established themselves in this region, they apparent1~- had no 
interest in extending the surveys of the English navigators. &!fate Izmailov is said to have 
described the southwest side of Iiachemak BnT- in 1789,l but his report must have been lost. 
I n  1834 Mates Dinglestaclt and Chernov, emplo~ees of the fur company, examined a part of 
the west coast of Henai Peninsula. Among the expeditions made during this periocl of which 
knowledge has come down to us, probably the most interesting was the ascent of Susitna River 
by Mate llalakoff2 in 1834. But if he gave an -  report of the high range which his eyes 
must have swept many times while he was dragging his clumsj- boat up the river, it was not 
considered important enough to be embodied in Tebenkoff's Atlas of Russian America, published 
in 1852. 

Malakoff's journey was made in the interest of the fur trade, but some, years later Doroshin 
visited this region on a totally different mission-the search for mineral wealth. He spent the 
greater part of two years, 1848-1850, looking for gold in the alluvium of Kenai Peninsula, and 
it is rumored that he also visited the Susitna basin, but this appears to be without foundation, 
for he makes no mention of it in his report or letters. 

W i l e  investigation of the seaboard thus continued Russian traders were pushing their 
operations along Kuskok~vim River; and though these did not actually extend into the region 
now under consideration, they added to the general knowledge of the province. Space will 
not permit mention of the individual expeditions which traversed the lower Kuskokwim basin 
during the Russian occupat,ion of Alaska, but it is noteworthy that they began in 1830 and 
continued until the transfer in 1867. During this period a trading post was maintained at the 
Redoubt Holmakof. about 400 miles from the sea. The lower I<uskoktvim became fairly well 
known to the Russians, but of its headwaters they had only reports brought by the natives. 

As to other geographic features, the Russians appear to have known the general course of 
the Susitna, and on some of their longer trading voyages up the they had reached the 
mouth of the Tanana, which drains the northern part of the field. 

Of the existence of high mountains between the Kuskokwim and Susitna basins they were 
doubtless aware, for Grewingk, who summarized the geography of Alaska in 1852, indicates on 
his map the axis of such a range, to which he gave the name Tcligmit  mountain^.^ But there are 
few references to them in Russian literature, and not one has yet been founclwhichrefers directly 
to the high mountain whose snowy summit is visible from tidewater on Cook Inlet. That this 
mountain was known to the Russians, however, is evidenced by their name for it-"Bulshaia . 
Gora," meaning big mountain. Who it is that first noted this culminating peak of the conti- 
nent will probably never be known. Possibly it was Doroshin, the Russian mining engineer, 
who named it while seeking gold on Kenai Peninsula. In any event it is certain that up to 
the close of the Russian occupation of Alaska there was practically no attempt, except that 
of Rfalakoff, to explore the region in its vicinity. 

The exploration carried on by Kennicott, Dall, and others in choosing a telegraph route 
did not reach this part of Alaska. Da11.' however, made mention of the high mountain chain 
and was the first to give it the name Alaska Range. 

The Russian maps of this region published in 1860 and later correctly delineate the general 
course of Susitna and Rlatanuska rivers. I t  seems probable, therefore, that some of the Rus- 
sian traders visited the Ilatanuska, which was readily accessible from ports on Rnik Arm. As 
to the source of their knowledge of the Susitna less is known. There is no evidence that any 
Russian visited the Susitna except Malakoff, whose journey in 1834 has already been mea- 

1 Tebenkoff, Michael, Hydrographic atlas and observations, St. Petersburg, 1848-1852, p. 17. 
2 A brief reference to Malakoff's journey is contained in "Hydrograph~c notes to the northwest shores ot Amerma, the Aleuttan Islands, acd 

some other places of the north PaciEc Ocean," by Captam of first rank Tebenkoff, St. Petersburg, 1852. 
3 Grewingk, C., Beitridge znr I<enntniss der orographlschen lmd geognost~schen Besohaffenhelt der Nordwest Icuste Amerikas, St. Peters- 

burg, 1850. 
4 Dall, W. H., Proc. Boston Soc. Nat. Hist,  November 4, 1868, vol 12, p 144. Dall beheved these mountains to be a northwestern exten- 

sion of the Rockies, a theory whlch later exploration has proved erroneous. 
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tioned. I t  does not seem likely that Jlalakoff visited the head of the river, for his journey is 
said to have been made in summer by boat, and the Susitna above the mouth of Indian River 
is unnavigable. Nevertheless the general course of the Susitna appears to have been known 
to the Russians, either through exploration or through the reports of natives. I t  appears 
quite probable, therefore, that some explorations were made of the upper Susitna of which 
no record is preserved. They could have been accomplished by winter journeys up the Mata- 
nuska and across the divide into the Susitna basin. 

With the transfer of Alaska to the United States, in 1867, interior exploration received no 
impetus. The American fur trader succeeded the Russian, with an almost equal indifference to 
anything but his vocation. So matters stood until the advent of the restless prospector; and 
it is to him, and almost to him alone, that we owe our extension of geographic knowledge. Not 
until he at  his own risk and cost discovered goltl did the Government take any systematic steps 
toward scientific investigation of t h ~ s  northern realm. 

About 1572 a small band of prospectors, including Jack XfcQuesten, A. Mayo, and Arthur 
Harper, reached the Yukon by the old Hudson Bay Company route from the Mackenzie to the 
Porcupine. Most of these men were old Cassiar placer miners who had come to the north in 
quest of gold. For a number of years, however, they supported themselves by fur trading, 
and some became agents of the powerful commercial company, successor to the Russian fur 
company. They sought every opportunity to increase their knowledge of this new field, and 
on their own initiative undertook many claring expeditions. 

In  the fall of 1878 Harper and Mayo ascended the Tanana a distance estimated at  250 to 
300 miles, which would bring them to the present town of Fairbanks. This was the first explo- 
ration of t.he Tanana by white men.' They reported the fincling of alluvial gold in the bars of 
the river and also that there was a high snow-covered mountain plainly visible to the south; 
this, of course, was Mount McKinley. 

In  the succeeding decacle parts of the Tanana Valley were probably traversed by prospec- 
tors, but there are no records of these journeys. It is known that about 1880 a trading post 
was established on the Tanana 20 miles above its mouth. This the first white settlement in the 
Tanana Valley was abandoned when the wife of the trader, a man named Bean, was murdered 
by the I n d i a n ~ . ~  

In  1SS9 an Alaska pioneer, Frank Densmore, with several others, crossed by one of the 
portages from the lower Tanana to the Kuskokwin~.~ About the same time another prospector, 
Al. King, made the same trip. Densmore must have hacl a glorious view of ;\fount 31cKinley. 
Apparently it was his tlescription of it which led the Yukon pioneers to name it Densmore's 
Mountain, and as such i t  was known on the Yulron long before anyone realized its altitude. 

While these pioneers were exploring the Yukon basin the Cook Inlet region remained as 
little known as during the Russian r6gime. An American company llad succeeded. to the 
interests of the Russian corporation along t,he coast, but its agents were content to keep near 
tidewater, and it was many years before the federal authorities became interested in the interior. 
A few prospectors searched the coastal region for golcl, ant1 the coal seams at Kachemak Bay 
were spasmodically cleveloped. Petrof's exhaustive compilation (1880) of a11 existing informa- 
tion about Alaska contains only the following reference to this region:' 

What the country north of Cook's Inlet is like no civilized man can tell, as in all the years of occupation of the 
coast by the Caucasian race i t  has remained a sealed book. The Indians tell us that the rivers lead into lakes and 
that the lakes are connected by  rivers with other lakes again, until finally the waters flow into the basins of the Tennanith 

1 E. IT. Nelson, of the Biological Survey, who was a t  that time stationed in Alaska, under date of April 13, 1909, makes thc following refer- 
ence to the Harper and Mayo trip in a personal letter: 

"1 ftnd by my Alska notebooks that anrper and Maya made their first boat trip up the Tanana River (to an estimated distance of from 250 
to 300 miles) the fall of 1878. At this time they found good prospectsof goldon the river bars and expected to return for further work. They reported 
having seen a great ice mountain off to the south which w@ plainly visible from the Tanana. I received a letter during the winter following thh 
trip in which the ice mountain was mentioned, and the following spring both men described it to me as one of theremarkable things they had 
seen on this trip. They also showed me a small bottle of black sand and gold dust as the result of prospecting on the bars of the apper Tanana." 

? Schwatka, Frederick, Report of a military reconnaissance in .Alaska, made in 1Y83, Washington, 1885, p. 96. 
3 Spurr, J. E., h reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Oeol. Survey, pt. 7,19W, p. 96. 
4 Petmf, Ivan. Alaska; its population, industries, and resources: Tenth Census, 1880, rol. 8,1884, p. 86. 
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and the Yukon; but conflicting with this intermingling of the waters are stories cf mountains of immense altitude 
visible for hunc~reds of miles. The natives living north of this terra incognita g i ~ e ,  however a similar description, 
which may be accepted until reliable explorers are enabled to penetrate this region. 

When, ten years later, a second census of Alaska was taken, the region north of Cook Inlet 
could still be described only as follows:' 

Of the nature of the country intervening between the Kinik and Sushitna rivers, as well as of the headwaters of 
these two large streams, very little is known beyond a rather vague description given by natives and a brief account 
obtained from prospectors who attempted to follow up the Sushitna to its head. These men, after equipping them- 
selves for a year's sojourn in the wilderness, returned in three weeks completely discouraged, and, when asked what 
the country was like, replied that "it might contain the most beautiful Ecenery in  the world or the richest mines, but 
that clouds of mosquitoes obscured their vision and occupied their attention to the exclusion of everything else." 
I t  is eafe to assume that this region presents the features common to all central Alaska-swampy plateaus, tundra, and 
numerous lakes, with belts of timber along the river courseobut  as to the topographical and geological features, or the 
height of the divide between the Kuskokwim and Cook Inlet drainage systems, we have not yet emerged from the 
field of conjecture. 

A new era in Alaskan exploration was inaugurated by Schwatka's reconnaissance of the 
Y ~ k o n ; ~  for, though the journey had been made by many others before him, his dramatic narra- 
tive gave the touch which awakened public interest. The first result was the dispatching of 
Lieut. (now Maj.) W. R. Abercrombie to explore the Copper River valley, in 1884.3 Little was 
gained, for Abercromhie penetrated only to the rapids which now bear his name and appears to 
have made no surveys. 

The following year the War Department began one of the most important explorations 
ever undertaken in Alaska. Lieut. (now Maj.) Henry T. Allen4 led an expeilition through 
the Copper River basin, across the mountains, and down the Tanana to the Yukon; and not 
content with this, he also explored the lower Koyukuk for some 300 miles. Thus he traversed 
the northern part bf the field here under discussion and was the first to map Tanana River. 
I n  his rather circumstantial narrative Allen mentions the high range of mountains which lay to 
the south of the Tanana, but does not specially remark on the altitude of any individua: pealr. 
IIe observes:j "South of the Tanana River ancl north of the Kuskokwim is an extension of the 
Alaska Range containing some peaks several thousand feet higher than exist where we crossed 
the range." Rnd again:B " The range south of the middle part of the Tanana contains some 
very high snow-clacl peaks." I n  1890 E. H. Wells, of the Frank Leslie expedition, continued 
Allen's exploration in the Tanana basin.' Wells was the first white man to cross from Forty- 
mile to the Tanana. 

The discovery of placer gold in the Yukon basin effected great changes. After 1880 prospec- 
tors began to flock into this interior region, and, through the store of information gathered by 
the earlier pioneers, became acquainted with the SlasBa Range and the high mountain dis- 
covered by Densmore. Stories of its great height were told in many an isolated post and around 
many a lonely camp fire, but these (lid not reach the outer world in sufficiently definite form to  
be noted by cartographers. 

On Cooli Inlet;, too, the finding of gold in 1894 wrought rapid transformation. The trader 
who was content to remain at  his post and have the natives bring their furs for barter was suc- 
ceecled by the restless prospector, who, following the traditions of his class, made his way inland 
in quest of new fields. Some pushed up the Susitna and must have obtained fist-hand knowl- 
edge of the Alaska Range and its two towering peaks, but most of them cared only for gold and 
were little interested in extending or disseminating geographic linowleclge. 

One, however, IT. A. Dickey, of a different trpe from the rest, recognized the surpassing 
height of the peak and its geopiphic import and gave it the name Mount l\lcl<inley. His 

1 Porter, Robert P., Report on population and resources of Alaska: Eleventh Census, 1690, Washington, 1893, pp. 7%71. 
1 Schwatka, Frederick, Lieut., A military reconnaissance in Alaska: Senate Ex. Doc. No. 2 , M h  Gong., 2d scss., Washington, 1685. 
3 Abermombie, W. R., Supplementary expedition into the Copper River valley: Compilation of narratives of explorations in Alaska, Wash- 

ington, 1900, pp. 383-408. 
4 Allen, H. T., Report of an espedition to the Copper, Tanaua and Koyukuk rivers, in the Territory of Alaska, Washington, 1887,172 pp. 
6 Op. cit., p. 150. 
6 Op. cit., p. 69. 
7 Wells, E. H., Up and down the Yukon: Compilation of narratives of explorations in Alaska, Washington, 1900, p. 513. 
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exploration in 1806 was probably one of the first extensive journeys in this district since that of 
Russian hialakoff in 1534. With three other men he ascender1 Susitna River to the tracling 

at the head of the delta; then constructccl boats of whipsawed lumber and continued 
his journey up the main Susitna to the mouth of Indian Creek. From this place he explored a 
part of the upper canyon of the Susitna and also macle a journey westward to the C'hulitnn, 

the foot of the glacier which discharges into this river and has its source on the slopes 
of 3Iount McKinley. It was after this journey that he published his description of the moun- 
tain, in which he named it and stated its altitude as over 20,000 feet.l Re told the writer that 
he had no instruments, but made his estimate, which has proved to be remarkably accurnte, 
with careful consideration of the atmospheric conditions, as well as of the probable distance to 
the base of the peak. In 1897 he made n seconcl trip into this region, with one companion, 
and extended his previous explorations. He was the first to call attention to the great lowland 
drained by Tokichitna River and to the low divide which separates it from the Kuskokwim 
drainage, later explored by Spurr, Herron, and the writer. 

There were probably many prospectors who visited parts of the Mount McKinley region 
about this time and before accurate surveys mere made, but these have left no record of their 
journeys. For example, in 1595 Harry Hicks, with one companion, prospected along the 
length of the Matanuska Valley. The knowledge Hicks gained of this region was of great service 
to Glenn and Mendenhall, for he accompanied them in their journey of 1898 (p. 28). A year or 
two before Hicks made his first trip in this region a prospector named King built a cabin at  the 
mouth of the tributary to the 3Iatanuska which now bears his name. In the summer of 1597 
W. G. Jack made an extensive journey in the upper Susitna basin. The following year he 
served as guide to the Eldridge party. 

The world at large paid little heed to Dickey's high peak, for his report was classed as only 
another of the wild tales which emanated from Alaska; but another discovery about the same 
time-the Klondike gold-was destined to alter the status of Alaska in the public mind. Then, 
at last, the Government began to realize its long neglect of this vast possession. Money was 
appropriated for its development, and among other agents the United States Geological Survey 
was enabled to begin the series of explorations and surveys which have extended to some of 
the remotest parts of the Territory. 

Of the six parties which were sent to LUaska in 1898, four traversed the province here under 
discussion. It fell to one of these, led by George H. Eldridge and Robert Muldrow, to make the 
f i s t  determination of the height and position of Mount M~Einley.~ These men, with five camp 
hands, made their way up the Susitna, dragging their loaded canoes against the swift current, 
as Malakoff had done half a century before. The topographer, Muldrow, carried a survey and 
by a, rough triangulation verified Dickey's remarkably accurate estimate of the height of Mount 
McKigley. (See above.) It was only after the publication of the results of this survey that 
Dickey received any adequate recognition from the public for his important contribution to 
geographic knowledge. 

It was the purpose of the Eldridge party to cross from the Susitna to the Tanana waters, 
and so reach the Yukon. They very naturally followed the main branch of the Susitna, but by 
this route the head of canoe navigation is reached at the mouth of Indian Creek, which, as the 
event proved, is 100 miles from a tributary of the Tanana. Had the west fork of the Chulitna 
been chosen, a portage of not more than 10 miles between the two basins would have been 
found. Nevertheless the party pushed on and after a week's journey found themselves on 
Nenana River, almost without food and 100 miles from their base of supplies. There was no 
choice but to turn back, and they reached the cache in a half-starved condition. The season 
was then too far advanced to choose a new route, so they returned to Cook Inlet. 

J. E. Spurr and W. S. Post, also of the Geological Survey, in the same year ascended the 
Sk~ventna, n western fork of the Susitna which heads in the Alaska Range. This, too, was n 

1 New Tork Sun, T~nuary 14,189i 
ZEldrldze, G I1 , .\ reconnaissance in the Sushitna 1,asln m d  adjacent territory, Ilaska, in 1898: Twentieth Inn.  Ilepl. U. S. Geol. Survey, 

pt. 7,10, pp. 1-29. 
3Spw, 3. E., I r eco~~na~ssan~e  In southwestern llaska 111 1898: Tmentlelh Ann. Hept. U. S. Geol. Surrey, pt. i ,  1 ~ 0 ,  pp. 31-2G4. 
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difEcult tasli. Their canocs were repeatecllj- overturned in the mad, rushing waters, ancl when 
they finally reached a pass their provisions were lorn-. They resolved to push on, ho\~-ever, and, 
portaging two of their canoes ancl what was left of their provisions, they reached the I<uskok~vim 
waters. Here they launched their frail crafts and boldly followed the course of the unknoxm1 
river. Once, where the stream plunged through a rocky canyon, a hidden bowlder upset n 
canoe, ancl its occupants were rescued with difficulty. Finally they reached a point where thc 
river is joinecl by another of equal size flowing from the southwest slope of Mount hJcKinley, 
and its course turns to the southwest toward Bering Sea. Their scanty provisions were made to  
hold out until they reached Bethel mission, near the mouth of the river. This the first, party to 
cross the Alaska Range determined the general features of the geography and geology of the 
province. 

'CTlde these expeditions were exploring the Alaska Rangc, Mendenhall was studying the 
geology and geography of an adjacent region to the east. In  189s the M'ar Department had 
dispatched Capt. (now Lieut. Ccl.) F. K. Glenn to Cook Inlet to explore a route to the interior. 
Mendenhall, who was detailed from the Geological Survey as geologist t o  this party,found himself 
forced by stress of circumstances not only to make the geologic investigations, but also to act as 
topographer. Before starting with the main expedition he first crossed from Prince William Sound 
to Turnagain Arm by way of the Portage Glacier, ancl later ICenai Peninsula from Resurrection 
Bay to Turnagain Arm. He then accompaniecl the party in a journey by pack train from 
Knik Arm northward through the Alaska Range, along Delta River, to the Tanana. They 
returned to the coast by practically the same route. Mendenhnll made not only a reconnaissance 
of the geology along the route but also a topographic sketch map based on a traverse plane- 
table survey. I n  aclclition to the main work of the expedition, Lieut. (now Capt.) J. C'. C'astner 
explored Volkmar River, while at  the same time Lieut. (now Capt.) H. G. Learnarcl and Sergt. 
William Panert macle some minor explorations in the Susitna basin. 

By these three expeditions three sides of the area here under discussion were roughly out- 
lined. A fourth led by W. J. Peters, to which the writer was attached as geologist, traversed 
Tanana River on the north? The Peters party reach the Yukon basin by the then much- 
traveled route to the Klondike, ascended the White with canoes, portaged to Tanana waters, 
and followecl the Tanana to its junction wit11 the Yukon. The snowy peaks of the Alaska, 
Range were visible for some time, and the altitude and position of some of the nearer ones 
were determined. Mount AlcKinley, though 150 miles clistant, was sighted. Tananrz River 
was surveyed and some idea was gained of the geology of the region. 

These surveys of 1898 had circumscribed an area of about 50,000 square miles which was 
still unexplored. TVitlGn it lay Mount McIGnley, the highest peak on the continent, as the 
general public, hitherto skeptical as to its reported altitude, mas beginninp to realize. A demand 
for information now arose; but the Geological Survey ~ v a s  busy in other l~ar ts  of Alaska, and 
the execution of the next esploratiox~ fell to the Army. 

On June 1, 1899, a party of six white men and two natives, with fifteen horses, commanded 
by Lieut. (now Capt.) Joseph S. Herron,j was landed on the north bank of the Kichatna, a 
northern tributary of the Yentna, from a steamer which had been brought to Cook Inlet for 
the use of the expedition. From this point, relyinq on Spurr's map and the experience of 
the Indians for general guidance, Herron made may up the Kichatna and crossed the range 
by a gap tvliich he called Simpson's Pass. All went well so far, but in crossing the range he 
passed beyond the hunting grounds of his two native guides. Terrified at  the thought of 
penetrating an unknown country, the two valiant warriors stole away one night, but I-Ierron 

1 Mendenhall, \V. C., A reconnaissance from Resurrection Bay to Tanana River, Alaska: Twentieth Ann. Rept. U. S. Geol. Suney,  pt. 7. 
1900, pp. 266340. 

ZCastner, J. C., A story of hardship and suffering in Alaska: Compilation of narratives of explorations in Alaska, Washington, 1900, 
pp. 686-71% 

a Learnard, R. G., -4 trip from Portage Bay to Turnagain Arm and up the Sushitna: Idem, pp. 646-679. 
4Brooks, A. H., A reconnaissance in the Tanana and White river basins, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 

1900, pp 4!?5-494. 
6 Herron, J. S.,Explorations in Alaska, 1899, for an all-lmerican route from Cook Inlet, Pacific Ocean, to the Yukon, War Department, Adit, 

General's Oflice, No. 31, 1901, pp. 1-i7, will1 maps. 
8 Spurr's route lay to the southwest and parallel to Herron's. 
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determined to continue his march in the hope of findinq other natives. Reaching the Kus- 
kokwim, previously mapped by Spurr, he continueel downstream to its junction with the north 
fork. Here, to reach his objective point, the mouth of the Tanana, he turned northward and 
soon became lost in the great timbered lo~vland of the upper Kuskokwim. By September 8 
early frost had killed the grass and travel by pack train seemed impracticable. Abandoning 
his horses and a good part of his supplies, Herron built a raft and startecl clownstream with 
the purpose of f ind ig  natives. But the attempt enclecl in failure; his rafts were wrecked and 
he started back on foot. After traveling for some ten days the party was overtaken by a 
native who had found one of Herron's caches and had been trailing the white men, and who 
guided them to Telida, a native settlement on Tatlathna River, a tributary of the East Fork 
of the Kuskokwim. Here they remained until the arrival of snow brought easier traveling, 
when they were guided by the natives to Fort Gibbon, at the mouth of the Tanana, ~vilich 
they reached on December 11. 

This journey, planned as a summer's trip, had lasted more than five months. The results 
of the exploration were the discovery of a new pass through the Alaska Range ancl a sketch 
map of an unknown region lyinhu between the areas covered by Spurr's exploration of the 
Kuskokwim and Allen's of the Tanana. 

While Herron was exploring west of the Alaska Range some minor explorations were being 
carried on east of the mountains by other detachments of Najor Glenn's comman~l.~ Sergt. 
William Yanert continued his reconnaissance surveys in the Susitna basin. Yanert's record in 
Alaska showed him to be a man of determination and resources. Traveling alone or with only 
one or two men and without means of transportation except that of back packing, he not 
only performed some remarkable journeys, but made surveys which have been provecl remarlr- 
ably accurate. George Van Schoonhoven, also of Glenn's command, in 1899 led a well-equipped 
party with pack train up the Susitna and across the divide to Nenana River, but the results of 
this expedition appear to have been meager. 

Herron, though he ]lad carried on no exact instrumental surveys, had reduced the size of 
the unknown area; but it was stilI left for someone to survey the range ancl to set foot on 
the slope of Mount McKinley. Three years elapsed before this coulcl be undertaken. Mei~n- 
while prospectors had traversed much of the Susitna basin and n small steamer is said to have 
been taken up the Buskokwim to its main forks. During the winter of 1901-2 :i man named 
Dalzell reached Cook Inlet with n party of natives from the winter camp of this steamer, prob- 
ably ha- crossed the range by Rainy Pass. 

In the summer of 1902 was undertaken the journey on which this report is based and of 
which a narrative has been presented. The fact that the members of our party were the first 
to set foot on the slopes of the highest mountain on the continent was wiclely circulated by the 
daily press, imd for the time being caused popular interest in the results of the expedition out 
of proportion to their importance. Among mountaineers an intense curiosity sprang up in 
regard to this new field of operations, and to satisfy the tlemanc! for information an article 
was published outlining briefly what appearecl to be the most feasible routes to the base of the 
mountain. With this article nppeuretl the first approximutely correct map of the Alaska Ranye, 
ancl it has been usecl to illustrate several subsequent papers. 

The first mtin to attempt the ascent of Mount JlcKinley was James Wickersham, then 
jutlqe of the district of Alaska, now Delegate to Congress from the Territory. He had alreatly 
lnountaineered on Mount Rainier. Jioreover, his several yesrs of juclicial duties in Alaskit, 
involvinq many long journeys, both winter anti summer, hacl equipped him with a funcl of 
experience for overcoming the physical obstacles of this untlertaking. Judge Wickersham has 
unfortunately published no complete itinerary, but the following account is derived from a 

5 manuscript report wlGch he kindly loaned the writer. 
E 
f After holding court at  Fairbtinks, in the then newly discoverecl placer district, on 3Iay 16, 
5 1903, Wickersham proceeded by steamer wit11 four men ancl two mules to the head of naviga- 
? 
! 1 Compdation of narratives of explorations In .Lldska, IVashmgton. 19110 pp. i?b-737. 

1 Drwks, -1. H., and Reabum, D L , Plans for climblng &fount Mcunley. Nat. Geog. Mag , T 01 1-1, 1903, pp ~0-35. 
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tion on the Kantkhna, a souther1~- tributary of the Tanana. From this point the journey was 
conducted partly ill poling boats, part1:- overland. On June 14 the party camped at the d6bris- 
covered front of the glacier which drains the northern slope of AIount RIcICinley, and which the)- 
called the I-Iannali Glacier.' A meek was spent in attempting the ascent of the mountain, but 
facilities ancl provisions were inadequate arltl the party was forced to turn back after reaching 
an altitude estimated at 10,000 feet. The return to the Tanana was made in part overland, in 
part by raft, ancl was attended by considerable hardship, as the provisions ran out :~nd sub- 
sistence was dependent on game. Wickershan~'~ topographic notes on the region traversed 
contain many important corrections to existing maps. 

About the time that Wickersham left the mountain to return to his juclicial duties at  
Fairbanks tlie second party to essay the summit landed at Tyonek. It appears that the credit 
for the organization of this expedition belongs entirely to its leader, Dr. Fredericli A. Cook, then 
already well known as an Arctic and Antarctic explorer.? The route of approach to the nioun- 
tain and the method of travel accorded with the plans proposed by Mr. Reaburn and the ~ r i t e r , ~  
escept in the one important particular of starting a month later, which foredoomed the attempt 
to failure. 

Cook took fourteen horses to carq- the provisions for his party of five men. He had the 
advantage of the experience of Robert Dunn, who had previously made some diacult journeys 
in the far northwest, and also of' Fred Printz, who, as chief packer of our party the year before, 
had become thoroughly familiar with the route and was able to guide the party along the trail 
previously established. The journey to the base of the mountain occupied them forty-nine days 
in spite of the facts that they had a trail to follow, a guide familiar with the region, and a good 
topographic map. Our party the year before made the same distance in sisty-two days, though 
we were forced to cut over 40 miles of trail and explore a new route while keeping up instrumental 
surveys. The slow progress of the Cook party is no reflection on.its members; the start was 
made so late that the morasses had thawed out and were well-nigh impassable for horses. 

Two attempts were made to climb the mountain-one from the headwaters of Tatlathna 
River and a second apparently along the glacier traversed by Wickersham a few weeks before. 
On tlie second trail, at  an altitude determined by aneroid barometer as about 11,000 feet, the 
party was confronted by an insurmountable wall of granite and was forced to turn back. 

As it was too late in the season to look for another approach to the summit and the return 
to the coast was unavoidable, a route was chosen which added materially to  geographic knowl- 
eclge. After following the Geological Survey trail along the base of the mountains for some 
25 miles t o  Muldrow Glacier, the party chose a northeasterly and easterly course which brought 
them directly into the heart of the Alaska Range. Here began the actual exploratory work. 
After crossing several divides between northward-flowing streams the party traversed the 
main watershed by an ice-covered pass and reached an unknown river. The valley was a 
veritable canyon, impassable for horses, so the animals were abandoned and the journey con- 
tinued on a raft. The swift current soon carried them out of the mountains, when they dis- 
covered that they were on a westerly tributary of the Chulitna. The downstream journey to 
Cook Inlet was accomplished within a few days ancl without incident. Though Cook was 
u~isuccessful in his main purpose, the fact that he traversed about 100 miles of unexplored 
territory amply justified the expedition because of its important contribution to geographic 
knowledge. 

The discovery of the rich placers of tlie Fairbanks district in 1901-1903 attracted a large 
population to the lower Tanana Valley. Among the many prospectors there were some who 
made their way southward, and as early as 1903 the cliscovery of auriferous deposits was 
reported from what was called the Mount hIcKinley district, embracing a region lying within 
30 to 50 miles northwest of the mountain. Mr. Prindle gives an account of these finds else- 

- 

1 Our party had named this glacier the Peters Glacier. 
ZCooli, F. A., America's unconquered mountain: Harper's Monthly Mag., January, 1904, pp. 225.239, February, 1904, pp. 336344; Round 

Mount McKinley: Bull. Am. Geog. Soc., vol. 3G, 1904, pp. 321-327; To tlie top of the continent, New Tork, 1908. Dunn, Ilohcrt, Tlie shameless 
diary of an esplorer, New York, 1907. 

3Plans lor climbing Mount McI'inley: Nat. Geog. Mag., rol. 14. 1903. pp. 3?-33. 
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where in this volume (pp. 169-180). In  the succeeding three years several bands of prospectors 
journeyed southward from this new camp, traversing the region explored by our party. 

A similar activity took place south of the range, and gold was found in the Yentna basin 
in 1904. Meanwlde the engineers of the Alaska Central Railway Company carried surveys 
from Knik Arm to Fairbanks by way of Chulitna, Susitna, and Nenana rivers. 

Doctor Cook, notling daunted by the hard experiences of his first attempt, again essayed 
the ascent of hIount McKinley in 1906. His party, including among others, Prof. Herschel 
Parker, Belmore Brown, R. W. Porter, topographer, ancl Fred Printz, the veteran packer of 
the two previous expeditions, landed at Tyonelr late in May and made its way up the Susitna. 
Part of the journey was made overland with pack train, part by water with a motor launch. 
The party spent most of the summer south of Nount McKinley in exploring the region tributary 
to the Susitna. They tried without success to cross the range at the head of the Yentna. The 
attempt to reach the summit from the south lvas equally futile, but the journey added much 
to geograplic knowledge of the region. Of special value is the topograpllic map made by 
Porter (see pp. 39-42)? a reproduction of which accompanies this volume (Pl. S V ,  in pocket). 

In  August the expedition reassembled at TJ-onek and split up into several parties, Professor 
Parker returning to Seattle. The subsequent explorations made by Doctor Cook are described 
in the follo~vkg summary by Professor Parker: 

After the writer left the especlition Doctor Cook modified somewhat the plans £or further exploration. Only two 
members of the party were sent into the Kichatna region, two more going to the mouth of the Matanuska River, while 
Doctor Cook and two companions returned mith the launch by may of the Chulitna River to a point near the previous * 

camp a t  the foot of the glacier, from which the reconnoitering trips were made, the purpose being the exploration of 
the glaciers to the southeast of Mount JIcKinley as a possible route to the top for an expedition the following year. 

By chance, however, the party happened to come upon a glacier that sweeps the upper eastern slope of Mount 
McKinley and offered an excellent highway to the mountain. I n  three days after leaving the boat this glacier was 
explored and the party came upon the northeatern edge. Here the position mas so favorable that Doctor Cook decided 
to push on notwithstanding the lateness of the season. On the fourth day after leaving the launch the top of the ridge 
wm gained and the party were confronted by a granite cliff which rose some 4,000 feet into the air on top of the ridge, 
which was about 12,000 feet high. Continuing on mith one companion, Edward Barrill, a way mas found around the 
cliff by  cutting steps in cornices of ice, and a climb of 2.000 feet made the fifth day. On both the sixth and seventh 
days a gain of 2,000 feet was made and a point attained rery near the summit. Starting early on the morning cif the 
eighth day, a dash was made for the top. Two peaks were encountered and the southwestern chosen. At 10 o'clock 
on the morning of September 16 the top was reached, but only the briefest stay could be made. I n  four days the 
mountain was descended and the homeward journey com~penced. 

I t  is unfortunate that the above can not be considdd a final statement of Doctor Cook's 
journey. Soon after l i s  return from the L-c t ic  regions in 1909 charges began to appear in the 
press that he had not reaclretl the sununit of the mountain. These finally took definite form 
when lus companion, Edwartl Barrill, made an affidavit to the effect that the party had not 
been nearer than 9 miles to the summit of the mountain. Other members of his party also 
expressed doubt about the achievement. Though Cook strenuously asserted his claims through 
the daily press, yet he withheld'any proofs of his acluevements except the narrativehnd accom- 
panying photographs which had appeared in book form. The whole matter was finally sub- 
jectecl to a close scrutiny by a committee of the Explorers' Club of New York. This committee, 
which included some eminent scientists, reported that it had not been able to find any proof 
that Cook reachbd the summit. Though,Cook had been invited to appear before the committee 
and submit his proofs, such as original observations, notebooks, and photographs, he did not 
avail himself of the opportunity. 

According to dispatches from Fairbanks, four Alaska prospectors reached the summit of 
Mount McKinley in the spring of 1910.3 The party was under the leadership of Thomas Lloyd 
and included William Taylor, Pete Anderson, and Charles IllcGonnagell. 

In the summer of 1910 two more expeditions were organized to climb Mount McKinley. 
One of these was under the leaderslip of Herschel Parker and Belmore Brown, both members 

1 Parker, Herschel, The exploration of Mount McKinley: Review of Reviews, November, 1906, p. 58. 
2 Cook, F. d., To the top of the continent, New York, 1908. 

3 Thompson, W. E., First aocount of the conquering of Mount M c W e y :  New York Times, June 5,1910. 
66897'-11-3 
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of the second Cook party. The other was organized b ~ -  C. E. Rust, of Portland, Oreg. Both 
planned to approach the mountain from the Susitna side. At this writing newspapers report 
that neither party reached the summit and that the information obtained seems further to 
discredit Cook. 

In 1906 members of the Geological Survey were again at  work both east and north of the 
Alaska Range. T. G. Gerdine and Adolph Knopf surveyed parts of the Idatanuska basin 
and R. H. Sargent and Sidney Paige extended the work northward into the Talkeetna bash i  
Mr. Prindle (see pp. 169-180) with a small party again visited the Kenana River basin and 
explored both east and west of the route of 1902. Explorations were again extended in the 
same general field by the Geological Survey in 1900, when D. C. 17'itherspoon and George C. 
Martin made a reconnaissance survey of the Iliamna and Clark lakes region.2 

In 1907-8 Charles Shelclon spent about a year in the upper Kantishna basin and adjacent 
regions. His purpose was the study and collection of animals. Mr. Sheldon has not yet pub- 
lished any of the results of his investigations, but he has kinclly placed his topographic data at 
the disposal of the writer, and these have been embodied in the map forming Plate I11 (in pocket). 

In 1910 G. C. Martin, assisted by F. J. Katz and Theodore Chapin, undertook a detailed 
geologic survey of the southwestern part of the hfatanuska coal field, an area of which a detailed 
topographic map had been prepared by R. H. Sargent in 1909. The results of these geologic 
studies will only be available after the completion of the office work, but as the writer spent 
some two weeks with Mr. Martin in this field he has been enabled to embody some of-the genera? 
conclusions in this report. 

TOPOGRAPHIC SURVEY. 

INTRODUCTION. 

The topographic work of the expedition was done by the plane-table method, with a 
Johnson tripod, an 18 by 24 inch plane-table board, and a telescopic alidade with micrometer 
attachment, on a field scale of 1:180,000 and with a contour interval of 200 feet. The area 
covered ranges in width from 10 to 40 miles. The positions and elevations of a number of 
prominent mountain peaks were determined b37 intersections from plane-table stations. A 
continuous system of vertical angles was started from sea level and carried through. The 
elevations were computed in the field and the topographic features were sketched in contours. 

The vertical-angle observations on Mount McKinley and Mount Foraker yielded the results 
given below. 

Height of itfount JfcKinley above mean sea level. 

Ae determined from a station a t  a distance of- Feet. 
113 miles .......................................................................... 20,492 
95 miles ........................................................................... 20,135 
41 miles ........................................................................... 20,077 
28 miles ........................................................................... 19,918 

Mean of above figures.. .......................................................... 20,155 
As determined by Robert Yuldrow, topographer, United States Geological Survey, in 1898.. 20,464 

Mean of last two determinations ................................................... 20,309 
Adopted elevation (compare p. 33). .............................................. 20,3$l 

1 Paige, Sidney, and Knopf, Adolph, h l o g i c  reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. h l .  S m p  
No. 327, 1910, 71 pp. 

3 Martin, G. C., and Katz, F. J., Outline of the geology and mineral resources of the Iliamna and Clark lakes region: Bull. U. S. h l .  Sme4 
No. 442,1910, pp. 179-200. 
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Height of Xount Foraker above mean sea level. 

As determined from a station a t  a distance of- Feet. 
........................................................................... 107 miles 17,147 

........................................................................... 85 miles 17,115 

........................................................................... 47 miles 16,900 

........................................................................... 38 miles 17,197 
......................................................................... 16 miles.. 17,125 

........................................................................... 14 miles 17,137 
......................................................................... 20 miles.. 17,029 

........................................................................... 20 miles 16,980 

............................................................ Mean of above figures 17,079 
Adopted elevation .............................................................. 17,100 

The magnetic declination was determined at seventeen azimuth stations as shown in the 
following table: 

Xagnetie declination at  diferent camps. 

Since these results were obtained the Coast and Geodetic Survey has determined the posi- 
tion and altitude of Mount McEinley by triangulation from Cook Inlet. The report by William 
Bowie, chief of the computing division, is as follows:l 

Date of camp. 

...................................................................................................... May 29 
May 16 ...................................................................................................... 

...................................................................................................... Yay 28 
July 6 ....................................................................................................... 
July 13 ......................................... .............................................................. 

......................................................................... July 16 .......................... .. 
...................................................................................................... July 19 
..................................................................................................... July 24 

July 29.. .................................................................................................... 
August 1 ........................... ...........-. ........................................................... 

.................................................................................................... August 4 
................................................................................................. August 7 . . .  

................................................................................................... August 14 

................................................................................................... August 15 

.................................................................................................. August 26 
August 29. . .  ................................................................................................ 
September 6 ................................................................................................. 

I have the honor to report that the computation and adjustment of the horizontal and vertical angles to deter-. 
mine the geographic position and elevation of Mount McKinley, Alaska, have been completed. The resulting posi- 
tion for that mountain, on the Valdez datum, is north latitude 63' 03' 56.83/', west longitude 151' 00/ 41.31". 

The Vildez datum is based upon the value of the longitude at  the astronomical station in  the town of Valdez 
and the mean of the latitudes observed a t  three astronomical stations in Prince William Sound, Alaska, and is the. 
datum upon which are based the Coast charts between Cape St. Elias and the Alaskan Peninsula. 

The resulting elevation of Mount McKinley above mean sea level is 20,300 feet. 
The above position was obtained from the adjustment of horizontal directions observed from four stations of the 

Cook Inlet triangulation, three of which mere occupied i n  1909, while one mas occupied the previous year. All of 
the observations were made by the party under Assistant H. W. Rhodes, commanding the United States Cowt and 
Geodetic Survey steamer iElcdrthur. The angle subtended at  Mount McKinley was 15' 08/ and the correction to any 
one direction, as @en by the adjustment, was not greater than 11/'. It is seen from this that the geographic 
is well determined. The nearest point from which the mountain was observed was 204 kilometers (127 miles), while 
the farthest point from which i t  was observed was 302 kilometers (188 miles). 

Having found the distance from certain stations to the mountain, its elevation was determined from vertical 
angles taken a t  Race Point and Little, two of the stations from which horizontal directions were observed. The 
two values of the elevation of Mount McKinley obtained from them are 6,179.7 meters and 6,194.3 meters. The 
weighted mean of these two elevations is 6,187.5 meters, or 20,300 feet. This value is identical with the mean value 
previously adopted by  the United States Geological Survey, which has superseded the value 20,464 feet given i n  the 
"Dictionary of altitudes " published by that bureau i n  1906. 

The coefficient of refraction which was deduced from the observations made in 1894 to determine the elevation 
of Mount St. Elias was used i n  determining the elevation of Mount McKinley. Its value is 0.083. It was believed 
to be nearer the truth than the coefficient which was determined from the reciprocal observation made i n  Cook Inlet 
in 1909, because those observations were made almost entirely over water, while the Lines of the two mountains (Mount 
St. Elias and Mount McKinley) were, for the most part, over land and ice. 

It is believed that the value (20,300 feet) for the elevation of Mount McKinley is correct within 150 feet. 

Latitude. 

0 I 

61 03 
61 45 
62 06 
62 14 
62 10 
62 17 
62 25b 
62 395 
62 53 
63 06 
63 15 
63 28 
63 42 
63 43 
64 10 

1 Determination of height and geographic position of Mount McKinley: Bull. Am. Geog. Sw., vol. 42, No. 1,1910, pp. 260-261. 

Lon@tude. 
--- 

0 ,  

151 10 
151 40 
151 31 
152 ,25 
152 51 
153 15 
153 26 
152 473 
152 16 
151 39 
151 12 
150 33 
149 23 
149 04 
149 01 
149 05 
148 54 

De$Et",4i0n 
0 8 

27 00 
23 00 
28 30 
!27 15 
27 15 
26 40 
26 45 
27 20 
27 30 
28 10 
28 30 
28 45 
29 35 
29 50 
30 10 
30 45 
30 50 
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The topographic reconnaissance map which accompanies this volume (Pl. 111, in pocket) 
is based largely on the work of the United States Geological Survey. The route from Tyonek 
through Rainy Pass and the western and northern fronts of the Alaska Range were surveyed 
by the writer in 1902. In 1898 (see pp. 27-28) Robert Muldrou- and Mr. S. Post, of the Geolog- 
ical Survey, traversed Susitna, Tentna, and Kuskokwim rivers, and their results were included on 
the first edition of this map, published in 1906.l A route survey was also carried by the writer 
from Nenana River to Rampart in 1902, but since that time D. C. Witherspoon and R. B. 
Oliver have completed the areal mapping of this region, and their results are embodied in the 
present (second) edition of this map (Pl. 111). This later edition also includes the results of 
the reconnaissance surveys of T. G. Gerdine and R. H. Sargent (see p. 32) in the Matanuska 
and Talkeetna basins, as well as of the surveys of the region lying between Mount McKinley 
and Tentna River made by Russell W. Porter, of the Cook party, in 1906. (See pp. 39-42.) 

TOPOGRAPHIC CONTROL. 

CHARACTER OF W O R K .  

The latitude ancl longitude of Tyonek as given on the best available maps were verified by 
observations and accepted as the starting point for the season's work. 

Owing to unfavorable conditions at Tyoneli, no attempt was made to develop plane-table 
triangulation from a measured base, and the work was controlled by latitude and azimuth 
observations and the measurement of distances by the micrometer method. These latitude 
observations were made with a Saegmueller theodolite designed especially for exploratory 
work, with 4-inch vertical and horizontal circles reading to 30 seconds, supplied with two ver- 
niers to each circle and reading glasses with pointers. The control in latitude consisted of seven- 
teen observations, of which ten were on the sun and seven on Polaris. 

The solar observations for latitude consisted of twelve pointings, six direct and six reversed, 
of the altitude when near the meridian; and the stellar observations of six pointings, three 
direct and three reversed, of the altitude of Polaris at any hour angle. 

The primary control in longitude collsisted of five azimuth lines between points whose . 
latitudes were determined. These lines were as follows: Tyonek to Mount Susitna, 30 miles; 
Mount Susitna to Mount McKinley, 113 miles; Mount McKinley to Toklat Butte, 66 miles 
(by occupying a point between them); Minook Summit to Toklat Butte, 100 miles. From 
Minook Summit the azimuth of a point 44 miles nearly due north was observed, and the result- 
ing longitude agreed \\<thin 0.4 mile of the determination made in 1901 on the survey from 
Fort to Kotzebue Sound. 

Twenty-eight observations for azimuth were made, of which twenty-four were on the sun 
and four on Polaris. The solar observations consisted of six measures, three direct and three 
reversed, of the horizontal angle between the sun and azimuth mark, and also of the altitude. 
The stellar observations consisted of two measures of the horizontal angle between the azimuth 
mark and Polaris at any hour angle, one with telescope direct and one with telescope reversed. 

Examples of the various records and computations follow: 

EXAMPLE OF LATITL'DE FROM CIRCUM-MERIDIAN ALTITUDES. 

The formula used in the reduction of these observations is 4 = 90" + 6-A, in which the fol- 
lowing notation is employed: 

+=latitude. 
. a=declination. 

I = a + x ,  the meridian altitude. 
a=observed altitude corrected for parallax, refraction, semidiameter, and instrumental errors 
x=CK, the reduction to the meridian altitude. 

2 sin K=-- sin ;,,' which is taken directly horn the tables, with the argument t ,  the small hour angle. 

C=COE q cos d see a. 
c$' is an approximate value of the latitude +, which may be conveniently calculated by substituting the largest 

value of the observed altitude for A i n  the formula. 

1 Prof. Paper U. S. Geol. Survey No. 45, 1906, PI. XI. 
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Record and computations at Tyonzk, Alaska, iUay 28, 1902. 

[Longitude, 151' 10'. Watch @ 0i. fwt on local mean time. Instrument, G i c h  theodolite. Observer. D. L. R.] 

Telescope dlrect. 

Vertical circle. 
Meridian Reduced 

readings. 
Vernier A. Vernier B. Man. 

50" 38' 30" 50° 38' 00" 50' 38' 15" 50° 38' 47" 
50 38 45 50 38 15 50 38 30 50 38 55 

11 57 47 03 20 16 50 39 00 50 38 45 50 38 52 50 39 0s 

Telescope reversed. 

59 39 30 50 38 30 50 39 00 50 39 05 ~~1~ ~ 5 0 3 9 3 0 5 0 3 9 0 0 ~ 5 0 3 9 U ~ ~ ~ l i  50 39 00 50 38 30 50 38 45 50 38 45 

Telescope direct. 

12 01 49 50 39 30 50 38 30 50 39 00 50 39 01 
12 02 20 1 1 x! I 50 39 00 50 38 30 1 50 38 45 ( 50 38 47 
12 03 01 01 54 50 39 09 50 38 30 50 38 45 50 38 50 

Telescope reversed. 

Computation of approximate latitude: I Mean of mduced reading ................. 50' 39' 03" 
............ ................... Highest altitude ........................ 50' 39' 15" Parallax .-. + 6 

............................. Sun's semidiameter and refraction ...... 16 30 Refraction.. -48 
..................... Sun's semidiameter.. -15 48 

...................... Altitude .. 50 22 45 
Sun's meridian altitude. ........... 50 22 33 

........................... Declination 91 25 16 Sun's declination ................ ....... +21 25 16 

........... Approximate latitude .. 61 02 31 Latitude .................. ........ 61 02 43 ' 

Computation of C : Declination at Greenwich apparent noon ? l o  21) 10. 7" 
Log. cos. lat. 61' 03' ........................ 9.6849 Hourly change .......... +24/'. 3 
LOS. cos. dec. 21 25 ........................ 9.9689 Multiply by ............ 10.1  
Log. sec. alt. 50 23 .................... .... 0.1954 $04 05.4 

Log. C=0.706.. .....--.--.......-.--.. .... .. 9.8492 Declination at tiAe of observation.. .... +21 25 16 .1  

Apparent noon ............................. 24h OOm 00J 
Equation of time ........................... -03 00 

Local mean time of culmination.. .... 23 57 00 
\Vntch correction reversed.. ................. +4 07 

Watch time of culmination.. .......... 0 01 07 

I n  the above computation the correction to the mean refraction, depending on the readings oE the thermometer 
and barometer, mas disregarded. 

The formula used in redpcing these observations is 4 =A - p cos t + 3 p2 sin 1" sin2 t tan A, 
in which the following notation is employed: 

X=corrected altitude. 
+=latitude. 
p=polar distance expressed in seconds of arc. 
t=honr angle. 
a=declination of Polaris. 
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Record and computation at camp of September 6 .  1902 . . 

[Longitude. 9h 50m . Watch 3m 17 a slow on local mean time . Instrument. Pinch theodolite . Observer. D . L . R.] 

................... .. ....... Mean ... ... 6h 52m 05 a 

Watch correction ........................... + 3 17 

Watch time . 

Direct: 
6h 48m3Oa.. ................................................................................. 
6 49 37 ................................................................................... 
6 51 00 ................................................................................... 

'Beversed: 
6h 52m24a ................................................................................... 
6 54 31 ................................................................................... 
6 56. 29 .................................................................................. 

Local mean time of observation ...... 6 55 22 
.............. Reduction to sidereal interval + 1 08 

Sidereal interval since noon .......... 6 56 30 
Greenwich sidereal time of mean noon ...... 10 58 31 
Reduction to local time of mean noon ....... + 1 38 

Local sidereal time of observation ..... 17 56 42 
Right ascension of Polaris .................. 25 24 55 

Hour angle t ......................... 7 28 13 

Mean observed altitude .................... 64' 36' 41" 
Refraction ................................. - 27 

Vernier A . 

64' 35' 30" 
64 35 45 
64 36 00 

64 37 30 
64 38 15 
64 39 00 

Declination of Polaris .............. 88' 47' 06" 
.. p=9O0-6 .................... .. 1 12 54 =4. 374/' 

Log . 6 4. 374/' .................................. 3.64088 
Log . cos t 7h 2gm 13 ............................ 9.57459 

Vernier B . 

6 4 O  35' 00" 
64 35 15 
64 35 30 

64 37 00 
64 37 30 
64 38 00 

. ......................... Log 1. 642"= -27' 22" 3.21547 

Mean . 

64' 35' 15" 
64 35 30 
64 35 45 

64 37 15 
64 37 52 
64 38 30 

Log . 3 .......................................... 9.69897 
Log . p2 ........................................ 7.28176 
Log . sin I/'. ................................... 4.68557 
Log . sin2 t ................. .. ................. 9.93400 
Log . tan A ..................................... 32353 

Log . 84"=1' 24" .......................... 1.92383 

-second term .............................. $27 22 A ................................... 64 36 14 
+third term .............................. + I 2 4  

EXAMPLE OF AZIMUTH AND TIME . FROM THE ALTITUDE OF THE SUN . 
To compute azimuth and time from these observations the following formultz are used: 

sin (S-4) sin (S-h) 
tan2 4 A= cos S cos (S - p )  

cos S sin (S . h) tan2 3 t= 7- sin (S -4)  COB (S-p) 
in which- 

A=azimuth reckoned from the north either way . 
d=latitude . 
h=true altitude of center . 
p=polar distance . 
s-4 (q5+ h + P) . 
t=hour angle . 

Record and computation near camp of August 27, 1902 . 
[Latitude. (14' 10'; longitude. 149' W . Time. 9h 56% Instrument. 4-inch theodolite . Observer. D .. L . R.] 

I Vertical circle . 1 Horizontal circle . 

Vernier A . I Vernier B . I Mean . 1 Sun . 1 Mark . 1 y&:h 

22" 00' 00" 
Direct .................................................................. 2 07 30 / 

I 22 12 30 

I Mean .................................................................. ., ............. I 
I 

21' 57' 30" 
22 0.5 30 
22 10 30 

a The azimuth mark is Mount McKinley. 97 miies distant . 

21 49 30 21 49 45 292 55 .......... 7 59 19 
21 55 00 21 55 15 293 08 .......... 8 00 14 
21 59 30 31 59 30 293 18 70 33 8 01 00 

--,- 

21' 58'- 45" 
22 06 30 
2 2  11 30 

292O 02' 
?92 22 
?92 34 

a 70' 35' 
Mag . N . 
209' 13' 

7h 55m 44s 
7 57 04 
7 57 54 
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................... Mean observed altitude 22' 00' 13" 
.......................... . .  Refraction. -2 23 

.................................... 2 s  165 54.21 ............... Mean angle to azimuth mark.. 70° 34' 

Greenwich date, August 27, 5.9 hr. 
............................... Hourly change.. -52". 4 

Declination at  Greenwich noon ............. lo0 18' 48" 
h .- - - - - - - -  21 57.8 .......................... 

......................... 4 ... .. ... ...... 64 10.0 
p 79 46.4 ............................................. 

....................................... 82 57.1 1 ~ e a n  angle to sun.. ............. ..... ........ 292 43 

-5 09 

.. Declination at time of observation.. 10 13  39 
Polar distance ............ ... . .. ..... .. ..... 79 46 21 

................. S-h.. --- .................. 
S-6  a (angle between mark and mean position of sun) 137 51 ........................................ 
s - p  .................................... .................... lo. 1 Angle of mametic north.. 209 13 

.......... ...-.--..-...... Check.. ............. .. - .. 165 54.2 1 lo azimuth mark- 70 34 

.................... Azimuth of mark 71 02 
b ..................... ..... ............ 138 39 

..................... Magnetic north 209 41 
Magnetic declination (east). ............... 29 41 

I b (angle between magnetic north and mark). .. 138 39 
..................................... Log. sec S 0.91113 

........................ Apparent time 7 59 52 
........................... Equation of time. $1 34 

................................. 

...................... Local mean time 8 01  26 
Watch time ................................. 7 58 33 

.................... Watch correction.. $2 53 

................................... 

MICROMETER MEASUREMENTS. 

CHARACTER OF WORK. 

Log. sin S-h.. 9 94177 / Log, cos S.. 9.08887 

The determination of distances by the micrometer consists of the measurement of the 
angle subtended by two signals erected at the ends of a short measured base. 

These base signals, which consisted of rock cairns, blazed trees, blazed poles with cross 
arms, etc., were erected at prominent plane-table stations along the route of survey. They 
were made as nearly as possible at right angles to the route of travel and their approximate 
azimuths were taken with a small prismatic compass. 

The lengths of the bases ranged from 10 to 600 feet, in conformity with the local condi- 
tions and the greatest probable diitance from which they were to be observed. 

The function of the micrometer is the measurement of the angle at  the instrument between 
the lines of sight to both ends of the base. This angle is measured by the movement of a hair 
that is attached to a sliding plate moved by means of a screw, the head of which, beneath the 
micrometer box, is a wheel about three-fourths of an inch in diameter and having its circum- 
ference divided into 100 spaces. By a series of tests upon measured bases at known clistances 
the angle subtending the movement of the hair by revolving the micrometer head oFe space 
can be computed. 

The micrometer observations consisted of one to ten measurements of the angle. The 
precision to be attained in the measurement of the angle is defined by the scale of the map 
and the relation of the size of the angle to the distance to be determined. On a scale of 
1 : 180,000 the smallest distance that can be plotted on the plane-table sheet is about one- 
fiftieth of a mile, and, as the resulting error in the determined distance is proportional to thd 

................................. Log. sin S - 4.. 9.50788 

................. ............. Log. sec S-p.. .. .00067 

................. ............ Log. tan2 .. .36145 
Log. tan ........................................ ,18072 

+ A  ....................................... 56'35/ 30" 
Szimuth from north (A) ................. .. 113 11 

Azimuth from south ....................... 293 11 

A (in which A= angle in seconds and D= error in the measurement of the angle, we have - 
50 D 

................................. Log. sin S -h.. 9.94177 
............. ............... Log. cosec 8-4 . .  .. 9.49212 

Log. sec S-p.. ................................ ,00067 

............................. Log. tan 2... 9.52343 
Log. tan ................ .. ................... 9.76171 

.......................................... 3 t .'. 2h OOm 04s 
............................ t .... .......... 4 00 08 

distance in miles) as the allowable error in the measurement of the angle. 
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For example, a base of 256 feet at right angles to the line of sight and at a distance of 
. . A 1000" - ,,, 

10 miles subtends an angle of about 16' 40", or 1,000", ancl a precision of =L- 
50 D 500 " 

in the measurement of the angle will be required to cletermine the distance within the limits 
of plotting. 

TJnder favorable conditions a single measurement shoulcl cletermine the angle within 5". 
The base should be of sufficient length to insure a good determination of the distance by a 
single measurement of the angle. 

The advantages of the micrometer method of measuring distances as compared with the 
stadia method are that the angle, being a horizontal one, is not affected by differential refrac- 
tion, no rodman is required, longer distances can be measured, and by means of the method 
of repetitions a closer determination is possible. 

bC sin a cos V 
The formula used for the reduction of micrometer readings was H= R , in 

which- 
R=difference of readings of micrometer. 
H=horizontal distance in miles. 
b=length of base in feet. 
a=angle between line of sight and the base. 
d=value of one division of micrometer. 
C=micrometer constant. 
V=vertical angle. 

EXAMPLE OF DETERMIN-&TION OF VALUE OF ONE DIVISION OF MICROMETER. 

Readings of micrometer at Tyonek ,  A laska ,  .Kay 29, 190.2. 

[Instrument, Fauth micrometer alidade. Observer, D. L. R.] 

Right Left / R. / Rigfit / Left I R. / target. 1 target. target. target. 

Mean of 10 read- 
mgs. ........... 

Mean of 10 read- 
........... ~ngs. 461.65 

/ 402.5 1 

I I '  
1 ,  Mean of 20 read- 

.......... , in@. .! 462.075 

The readings were taken on two targets s t  right angles to the line of sight, 21.25 feet 
apart and at a distance of 3,559.5 feet from the instrument, all measures being nearly in the same 

b 
horizontal plane. The value of d in seconds of arc is given by the formula sin 1,,, in 
which- 

d k r a l u e  in seconds of arc of one space of the micrometer wheel. 
H=distance from instrument to base. 
b=length of base. 

Computation of d: 
b=21.35 feet, log .................................................................. 1.32736 

II=2,859.5 feet, coloa.. ............................................................. 6.54371 
R=462.075 colog.. ................................................................. 7.33529 
sin 1'/, colog ...................................................................... 5.31443 

log. d=O. 52079 
d=3/'.317. 



SURVEYS BY COOK PARTY IN 1006. 

1 
The value of C is given by the formula C= B,PSOd sin 1,,, in whicll- 

C=constant or ratio to be found for each instrument. 
d=value in  seconds of arc ol one space on micrometer wheel. 
Computation of micrometer constant C : 

....................................................... ............ 5,280, colog.. .- 6.27737 
.................................................................... d=3.317, colog.. 9.47921 

........................................................................ sin I", colog 5.31443 

log. C=1.07101 
C=11.777. 

EXAMPLE O F  DETERMINATION OF DISTANCE BY T H E  bIICROMETER ALIDADE. 

Record and computation near mouth cf Nenana River, Alaska, August 30, 1302. 

(~ns tnqen t ,  Fauth micrometer alidade. Observer, D. L. R.] 

I Rsadhg~.  
I 
I 

Computation. 1 2 : :  1 8%. 1 R. I 
I- I- I-! I 

Mean of 10 read- 
.......... ~ngs.. 231.01 

The vertical angle V in the foregoing example was too small to be considered. The angle 
a was determined by taking the difference of the magnetic azimuth of the base and the line 
of sight. 

SURVEYS BY COOK PARTY IN 1906. 

The Cook paxty arrived at Tyonek May 20 and started up Susitna River the next day in the 
power launch BoZshoy. The Yentna was ascended in three days to a point 20 miles above the 
Kichatna, where a base camp was established. While awaiting the arrival of the pack animals, 
which came overland, a reconnoitering party ascended the west fork of the Yentna to ascerta-h if 
a pass existed through the range'in this locality. A way through appeared feasible, and after 
returning to the base camp, on the arrival of the pack train the entire party proceeded up the 
west fork to the backbone of the range. Here the headwaters were found to run into box can- 
yons impassable to pack horses; as there was no practicabIe route around them or along the 
mountain slopes, the party returned to the base camp. 

This journey consumed the month of June. On Jtdy 3 the party traversed the Yentna 
River bottom to the east fork, crossed over Kliskon Mountain (3,800 feet), and descended to 
Sunflower, a mining camp of tents on Sunflower Creek, tributary to Lake Creek. (See P1. S V ,  
in pocket.) The route now lap along the southeastern base of the Alaska Range, first over flat, 
partly wooded country, at an elevation of 1,500 feet, to Rariltna Creek, thence up Dutch Creek 
to apass (3,100 feet), and down Bear Creek to the Tokichitna (500 feet). Hers, some 3 miles up 
the left margin of the Tokichitna Glacier, another base camp was established and reconnoitering 
parties were sent out on exploration work. The writer, crossing the glacier, followed a ridge 
lying between it and another glacier immediately east of it, to the base of Mount McKinley. 

On July 25 Dr. Cook detached the writer on topographic work, with one man (EL packer), 
a horse. and outfit. and instructed him to rendezvous at Susitna station in the latter part of 
September. The main party then returned to tidewater over the back trail. 



40 THE MOUNT MCKINLEY REGION, ALASKA. 

The desirability of continuing the survey eastward along the range was considered, but on 
taking into account the somewhat fragmentary condition of the traverse already accomplished 
the writer decided to go back westward along the base of the range, expanding the work both 
northward into the mountains and southward to the lowlands of the Susitna River valley. This 
program was carried out. In general the plane-table sheets resulting from the work cover the 
area along the southeast side of the Alaska Range, 30 miles wide and 80 miles long, with a 
horizontal and vertical control carried from tidewater. 

While mapping the neighborhood of Cache and Peters creeks (tributaries of the Kariltna) 
the party found about 50 miners working placer claims on these creeks and their feeders. Gold 
was discovered in this locality the year before. 

The source of Lake Creek is a lake 8 miles long and 1 to 2 miles wide lying entirely in 
the mountains. A raft was built, on which the head of the creek was reached, and the range 
was then penetrated to a point 15 miles from Mount Russell. Large areas around Mounts 
Dall, Russell, Foraker, and McKinley Were not mapped on the plane-table sheets, for lack of time 
and facilities for their survey. 

The Yentna (east fork) was reached the middle of September, araft was built, and the horses 
were shot. Dropping downstream, the party ascended Mount Yenlo on a perfectly clear day-a 
rarity. Out of one hundred and ten days it rained fifty, and during the latter part of August it 
poured incessantly for two weeks in the region of the lake. The writer joined Dr. Cook at 
Susitna station September 23, and Tyonek was reached two days later. 

The route of the survey covered 500 miles-275 by water and 225 by land. The results 
are embodied in the accompanying map (Pl. XV, in pocket). 

The topographic field sheets were made on a planetable 18 inches square, with box compass 
attached at one side. The planetable was set up on the theodolite tripod. The alidade had 
open sights only. The scale used was 1 :190,080, or 3 miles to the inch. The position and heights 
of some 300 roints were obtained and the topography sketched in, no attempt being made to 
work out the actual contours while in the field. Fifty-six planetable stations were occupied. 
Vertical angles were taken with a small altazimuth instrument designed by C. L. Berger 
& Sons for the Ziegler polar expeditions. Both vertical and horizontal circles are 4 inches in 
diameter, carry double verniers, magnifying glasses, and pointers, and give a least count of 
single minutes of arc. Half and quarter minutes can be estimated. The needle is carried in 
a tube fastened to and under the telescope. In a few places where the theodolite could not be 
transported vertical angles to points at short distances were measured with an Abney level. 

The height of Mount McKinley as measured from five different stations is as follows: 

Height of Mozint LWcArinly above sea level. 
Feet. 

From station 1, 61 miles distant.. ........................................................ 20,380 
From station 16, 53 miles distant.. ....................................................... 20,376 
From station 31, 32 miles distant.. ....................................................... 20,164 
From station 38,45 miles distant.. ....................................................... 20,362 
From station 52, 70 miles distant ........................................................ 20,270 

Mean (compare pp. 32-33) ....................................................... 20,310 

Below is given the magnetic declination at several azimuth stations: 

Jfagnetic declination at azimuth stations. 

Date. 1 lime. 1 Station. Latitude. I Longitude. ' 1 (E.J. 

June2 ............................................................................ 
June 3 ............................................................................ 
June 8.. ......................................................................... 
July17.. ......................................................................... 

.... .' i1 ?5(0 
........... 20 41 55.. 1 61 30.5 

.............. 23 45 1. 62 17.6 
7 ? 20.. ......... . .  62 38.8 

--- 
0 ,  

150 40.8 
150 33.7 
151 59.6 
150 49.0 

0 ,  

213 30 
25 54 
2fi 11 
27 52 
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Base lines were measured at six different places, most of them on river bars, with a steel tape, 
measurements being taken both ways. The theodolite was then set up at the ends of the bass 
line and the distance and direction of several points were determined by triangulation. These 
computations were made in the field and the points were platted on the plane-table sheets. 
Where a tape-measured base was impracticable, the arc was measured at  the theodolite between 
two signals a known distance apart by taking the mean of ten repetitions and computing ths base 
from this arc and the distance between the signals. 

Control in latitude consisted of eighteen observations-thirteen circum-meridian altitudes 
on the sun and stars and five on Polaris at any hour angle. Each solar observation (when 
weather permitted) consisted of twelve paintings on opposite limbs-six direct and six reversed. 
An example of the latitude determinations is given below. 

The formula used in the reduction of these observations is $= 90' + 6- A, in which the 
following notation is employed : 

+=latitude. 
8=declination. 
A=a+x, the meridian altitude. 
a=observed altitude corrected for parallax. refraction, semidiameter, and instrumental errors. 
x=CK, the reduction to the meridian altitude. 

K=-' which is taken directly from the tables, with the argument t, the small hour angle. sin 1" ' 
C=cos 4' cos 6 sec. a. 
+'is an approximate value of the latitude 4, which may be conveniently calculated by substituting the largest 

value of the observed altitude for A in the formula. 

i Example of latitude determination from circum-meridian altitudes on the sun 

[Station, No. 1. Date, June 9  0, 1906, Instrument, C. L. Berger & Sons theodolite. Vertical circle reading from the rertical axis. Observer. 
R. \Ir. Porter. Chronometer, match No. 15. Temperature, 67' F. Barometer, 29.78.1 

I Record. 1 Computation. 

Sun's Ilmb. Vertical circle. Zenith 
Chronometer 

A. I B. center. 

Dir.L ............................................ 9 5 6 4 5  3943.0 39 43.0 39 22.0 
Rev. U.. ........................................... 

........................................... Rev. U. 10 3 45 . 3  
Rev. U .............................................. 52.0 53.2 7.4 6 24 80 9  .4  
Dir. L ............................................... / 1 3938.21 ~ 9 0 1  % . A /  4 2 4 1  w l  : 4 I  .R 
Dir. L... ........................................... 8 30 
Dir. L... ............................................. 
Dir. L... ............................................. 
Dir. L ................................................ 

................................... ............................ .... Declination 22 55. 1 
C.. 0.675 log 9.8295 
Chronometer correction on local mean time re- Latitude ................................ 62 18.1 

versed ................................... 10 12 56 

Zenith distance.. ........ ..... 39O 22' cosec.. 0.1977 
Declination.. ................ 22 55 cos .... 9.9643 

... ...... Latitude ....'....... 62 17 cos. 9. 6675 

Equation of time ............................ 

Chronometer time of apparent noon.. .. 
Greenwich date, June gd loh I* 508. 

Mean.. ............ .... ................. 39 22.4 
Refraction and parallax. ..................... +O. 6 

Zenith distance. ....................... 39 23.0 

The primary control consisted of a system oi azimuth lines between points fkxed ih latitude, 
running from Tyonek to Mount Susitna, Mount Susitna to Mount Yenlo, and Mount Yenlo to 
severalpoints in the range. 

~wint-y-three azimuth and time observations were made. Each consisted of six point- 
ing~-three direct and three reversed-n the limbs of the sun in opposite quadrants of the 
reticule, both circles being read. 
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The height of Mount Susitna was c l ~ t ~ ~ m i n e d  111 trinngulatioil from two base lines a t  
Alexander and Susitna station nncl vertical angles taken to this point from several staticns in 
the range. The elevation of the forks of Susitna and Chulitna rivers, as determined by the 
Alasken Central Railway, was also tied to. 

Time was kept by three ?Aialtham chronometer watches, rated by sclnr observations a t  
intervals of about a week throughout the season. They were compared daily. Watch KO. 4 
was put out of service June 25 and No. 14 on August 24, both from being submerged in water. 
So.  15, used for recording, was set to approximnte Greenwich mean time and ran continuously. 
The errors of this watch (KO. 15) on local and Greenwich mean time and its daily rate for the 
season were as follows : 

Rates and Errors of watch No. 15. 

[Assumed longitude 01 Tyonek, 151a 10' west.] 

Station. Local astronomic *Zftf"zrn I 'ate. ( time. 

Jiay 29.2 

June 3.8 

June 8.7 

June 16.8 

June 27.3 

June 28.8 

July 2 9 

July 8.2 

July 14.3 

July 17.0 

July 25.8 

Aug. 1.2 

hug. 17.2 

dug. 23.8 

hug. 30.9 

Sept. 6 .9  

a Dropped watch nlovsnent. 

GEOGRAPHY. 

48 ..................................................................... 

5 ......................................................................... 

52 .......................................................................... 
.................................... 56 ...................................... 

GENERAL FEATURE S. 

10 17 4 

10 15 56 

10 15 46 

10 14 14 

10 I4 15 

Sept. 7.2 

Sept 14.2 

Sept. 15.2 

Sept 24.2 

The Pacific margin of the North American continent is marked by a broad mountainous 

11 19 

10 56 

10 49 

9 47 

9 ( 5  C.. ......................................................................... , Fept. 27.2 

belt which extends northw,estward from Mexico through the United States and Canada into 
Alaska as far as the one hundred and fiftieth meridian, where, paralleling the coast line, it makes 
an abrupt bend to the southwest and continues toward Asia in the highlands of the Alaska 
Peninsula and the Aleutian Islands. The western part of this cordillera, embracing many dis- 
tinct ranges, together with transverse lines of considerable height and some areas of lesser relief, 
but in general forming a rugged mountainous belt 50 to 200 miles in width, has been called the 
Pacific mountain systen1.l In  Alaska this system is bounded on the inland side by the central 
plateau region, which may be broadly corrdated with the plateau or great basin region of west- 
ern Canada and the United States. 

1 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. 6. Geol. Survey No. 45, 1906, pp. 27-36. 
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1 The Pacific mountain system a t  the international boundary includes the great mass of 

I snow-clad peaks and connecting ridges, about 80 miles in width and from 8,000 to over 19,000 
feet in altitude, to which the name St. Elias Range has been gisen. To the northwest this high- 
land mass widens and is divided by the Copper River and upper Tanana drainage systems into 

1 two divergent mountain ranges. (See P1. 11.) The Nutzotin Mountains, 5,000 to 8,000 feet 
high, form the northern fork of the system and connect the St. Eliss Mountains with the Alaski~ 
Range, 8j000 to 20,000 feet in height. These rangcs ellcircle the northern and western margins 

i of the Copper ancl Susitna basins. The southern fork of the St. Elias system, extending west- 
ward, is formed by the Chugach Jlountains, 6,000 to 5,000 feet high, and their extension, the 
Renai Nountains, 5,000 to  6,000 feet high, ant1 these ranges together constitute $he rugged 
coastal barrier stretching from St. Elias to Cook Inlet. 

Two rugged mountain masses lie within the reentrant formed by the two forks of the 
St. Elias Range. One, on the east-:L group of irregularly distributed snow-covered volcanic 

I peaks 8,000 to 16,000 feet in altitude, called the \"/'rangell ;\lountains-is between Chitina River 
on the south ancl Copper Iliver on the north. The other range, on the west, called the Tal- 
keetna Mountains (see PI. 11), is a roughly circular area of high relief, 5,000 to 8,600 feet in 

1" height, lying in the region tributary to Cook Inlet. 

I The axes of all these ranges have the northwesterly trend characteristic of the Pacific moun- 
tain system of Canada ancl the Vnitecl States about as far west as the one hundredth and forty- 
eighth meridian, then bend sharply to the southwest to meet the northeasterly extension of the 
Asiatic continent. I n  other words, these axes are in general parallel to the Pacific shore line, 
forming a crescentic curve around the Gulf of Alaska. As shown on pages 52-53 and 
111, this great bend is the resultant of the control of the relief by the bed-rock structure. 

The drainage of the ranges above described is carried for the most part southward to the 

I Pacific Ocean. Among the Ialger rivers are the Copper, flowing directly into the Pacific, and 

i 
the Susitna and Matanuska, tributary to Cook Inlet. A broad, flat, silt-covered area standing 
about 3,000 feet above sea level, called the Copper River plateau, lies between the westerly 
tributaries of the Copper ancl the headwaters of the Matanuska and Susitna. 

The northerly slopes of the Pacific ranges descend in most places abruptly to a gravel- 
floored plateau which, stretching around their margins, slopes gradually to the valley of the 
Ruskok~vin. on the west ant1 to that cf the T:~nana on the north (PI. Vi, B, p. 46). Both these 

I rivers meander through broad lswlancls ~vl~ich,  in turn, we tlelimitecl on the north and west 
1 by an abrupt rise of lantl marking the southerly boundary of an upland. This upland, best 

known north of the Tanana JTnlley, is cllt~racterized by level, flat-topped interstream areas 
2,000 to 3,000 feet in altitude, ant1 forms a part of the central plateau region. 

The Mount lIcI(in1ey region lies, for the most part, in the Pacific mountain system, but also 
stretches northward into the central plateau region. It is roughly bounded by meridians 118" 
ancl 154" west and parallels 61" and 65" 20' ilorth and has an area of about 40,000 square miles. 
This report, however, deals more specially with the Alaska Range proper, and the detailed dis- 

? 4 cussion will be confined largely to the region, embracing about 10,000 square miles, lying between 

I the Susitna basin on the south and the Kuskokwiin and Tanana basins on the west and north. 

I TOPOGRAPHIC P R O V I N C E S .  

As just stated, the Mount McKinley region falls within two of the larger physiographic 
provinces of Alaska, but when the features of the relief are analyzed in detail seven topographic 
subdivisions can be recognized. These are, named from south to north, (I)  the Cook Inlet 
littoral, ( 2 )  the Susitna lowland, (3) the Alaska Range, (4) the piedmont plateau, (5) the Kus- 
kokwim lowland, (6) the Tannna losvland, ancl ( 7 )  the Yukon-Tanana upland. (See P1. 11.) 

COOK INLET LITTORAL. 

Cook Inlet is a deep reentrant of the southern coast of Alaska which is separated from the 
Pacific Ocean by Kenai Peninsula. It occupies n broad, fairly symmetrical depressionlying 
between the Kenai JIountains on the east and the Alaska Range and the north end of the 
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Aleutian Range on the west. Heayi gravel sheets bury the bases of these ranges and form 
broad terraces whose surfaces slope gently toward the inlet, terminating at the shore line in steep 
escarpments (Pl. IV, B). These gravel-formed plateaus have been deeply trenched by streams 
tributary to Cook Inlet, whose sources lie in the high ranges on either side. 

On the south the Eenai Mountains terminate in steep, rocky slopes, and one of these forms 
the bold headland called Cape Elizabeth, which marks the east side of the entrance to Cook 
Inlet. Sixty miles of water separate this point from Cape Douglas, of lesser relief but also a 
rocky headland, forming the west side of the entrance. 

Along the lower reaches of the inlet rocky, precipitous, and irregular slopes rise directly 
t from tidewater. In  this part of the inlet lies the little rocky islet Augustine, with its beautifully 

symmetrical volcano. North of Eachemak Bay, an easterly indentation of the inlet, the irregu- 
larities of shore line give way to an almost unbroken steep rock escarpment which rises from a 
narrow, shelving beach. At an altitude of about 400 feet above tidewater the hard rock is 
mantled by the gravel which forms the terraces mentioned above. This rock escarpment 
decreases in altitude to the north until, at the settlement of Eenai, the base of the gravels is 
practically at  sea level. The same topographic types persist along the western shore of the 
inlet. South of Snug Harbor the shore line is irregular, with rocky headlands; to the north 
there are long, smooth stretches of sandy beaches, mostly less than 100 yards in width and ter- 
minating in steep-walled gravel bluffs. Here and there are low, sandy reefs just out from the 
main shore line, with which they are connected by crescentic stretches of sandy beach. The 
shore line is of this type and the inlet is shallow for 150 miles to the northeast. Beyond, the 
inlet makes a right-angled bend to the east, and a long reentrant, called Turnagain Arm, pene- 
trates the Eenai Mountains. This embayment has a steep, rocky shore and deep water, with 
high tides, treachekous currents, and violent storms, all of which form a serious menace to 
navigation. The head of Turnagain Arm is connected with Portage Bay of Prince William 
Sound by an ice-filled pass, long used by the natives as a winter route of travel. 

SUSITNA LOWLAND. 

The Cook Inlet trough is continued northward by broad alluvial-floored valleys, which form 
the lower reaches of Susitna River and some of its tributaries. These valleys are here referred 
to collectively as the Susitna lowland. On the east the lowland is bounded by the Chugach and 
Talkeetna mountains and on the west by the-Alaska Range. Both these barriers are deeply 
trenched by rivers tributary to the Susitna or flowing directly into Cook Inlet. 

Susitna River occupies a roughly axial position in this trough. Its broad delta, a silted-up 
part of Cook Inlet, is still rapidly encroaching on the embayment and marks the south end of a 
lowland that sweeps around Knik Arm eastward into the Matanuska Valley and northward to 
the Chulitna and extends to the west and northwest, where i t  includes the lower courses of 
several of the tributaries of the Susitna. This lowland is timbered and dotted with innumerable 
lakes. Its boundaries along the highland rim are marked by a series of gravel terraces which 
rise en 6chelon to the gentle hillslopes above. Above the mouth of the Chulitna the Susitna 
Valley is more constricted but still has a gravel floor, and it maintains this character as far as the 
mouth of Portage Creek, where the river emerges from a rock-bound canyon. 

Matanuska River flows through a broad depression which marks the boundary between the 
Chugach Mountains on the south and the Talkeetna Mountains on the north. The lower 20 
miles of its valley is a part of the Susitna lowland; above the rim it has incised a steep-walled 
gorge in an older valley floor now in part preserved as a rock bench. Talkeetna River and other 
smaller streams, all tributary to the Susitna from the east, rise in the Talkeetna Mountains and 
flow first through broad valleys, then in steep-walled, glacier-scoured canyons, until they emerge 
on the Susitna lowland. The sources of the Matanuska and Susitna lie in the Copper River 
plateau east of the mountains. The westerly tributaries of the Susitna, including the Yentna, 
the Tokichitna, the Chulitna, and many smaller streams, have a ramifying drainage system, 
much of which reaches far back into the Alaska Range. Their sources are for the most part 
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-1. TIMBERED FLAT AND 'JEADOWS N 3 R T H W E S T  OF COOK INLET.  

Near camp ;f June  2. See page 17. 

i3. SEAWARD-FACING ESCARFMENT O F  GRAVEL TERRACE ON WEST 
SIDE OF COOK INLET.  

Year camp of June  2. See page 14. 



glacial, and within the high range they flow in steep-walled valleys which open out as they 
approach the Susitna, their flood plains h a l l y  merging with that of the main stream. 

Gravel terraces flank nearly all the valleys of the drainage courses of this province and 
become of increasing prominence toward the mouths of the streams. Their lower parts are, as 
a rule, deeply incised in gravel sheets which mantle the foothills of both the ranges bounding 
the lowland. 

ALASKA RANGE. 

The Alaska Range1 is a rugged mountain mass which sweeps as a great crescent around the 
Susitna and Copper basins, constituting for the most part the watershed between the Pacific 
Ocean and Bering Sea. Trending northeastyard from the unexplored region near Lake Clark, 
the range continues to bend to the east as far as Delta River, where the axis of the mountains 
takes a southeasterly direction and is continued in the so-called Nutzotin Mountains as far as 
Whit;e River. The axis of this range, which has a parabolic form, is between 500 and 600 miles 
in length, and the range is from 50 to 80 miles wide. In  the southern part of the range the peaks 
range from 5,000 to 8,000 feet in altitude. When traced northward and eastward, the crest line 
is found to maintain an altitude of 7,000 to 10,000 feet to the vicinity of Mentasta Pass, beyond 
which it is continued by the Nutzotin Mountains at a lower altitude. I ts  longitudinal extent, 
breadth, and mass make the Alaska Range one of the most prominent mountain chains of the 

. It is both higher and broader than the Sierra Nevada and of greater relief and extent 
than the,, th Alps of Europe. 

The region lying between Cook Inlet and Lake Clark, about 80 miles wide, has been little 
explored, but is known to be of high relief. In this belt is the north end of the Aleutian Range, 
represented by Redoubt Volcano, and also the south end of the Alaska Range. Osgood reports 
that the mountains at  the head of Lake Clark are from 4,000 to 6,000 feet high and include 
a number of small glaciers drained by streams tributary to the lake. This comparatively 
unexplored region stretches northward for a hundred miles, draining in part to the Skwentna, 
in part to the Kuskokwim, and in part to Lake Clark. It probably includes a number of high 
ridges trending north and south, separated by rather broad valleys and with peaks 8,000 to 
9,000 feet high. From Cook Inlet the eastern face of these mountains can be seen as a rather 
abrupt scarp which rises to a summit level covered with snow and is broken by a number of 
glaciers discharging into streams flowing into the inlet. Mount Spurr15 10,500 feet high, is the 
most prominent peak in this mountain mass. 

In the headwater region of the Yentna there is a break in the range, and several gaps from 
2,900 to 3,000 feet high afford easy routes of travel between Cook Inlet and the Kuskokwim. 
Spurr, the first to explore this region, in 1898 discovered a broad gap about 3,000 feet high at 
the head of Pleasant River. Captain Herron in the following year discovered and named 
Simpson Pass (Pl. XI, A, p. 88), about 3,000 feet above sea level, at  the head of the Kichatna and 
north of the pass traversed by Spurr. The writer found a third gap between these two, which 
has been called Rainy Pass (PI. V, B)  and stands about 2,950 feet above sea level. I n  the 
vicinity of these passes the mountains rise to 7,000 and 9,000 feet, with sharp crest lines and steep 
slopes. The watershed here lies well toward the inland front of the range. 

The Tordrillo Mountains, so named by Spurr, lie west of the south fork of Kuskokwim River 
and form a subordinate unit of the main range. They are probably 5,000 to 6,000 feet high and 
trend about north and south. To the south the mountains appear to increase in altitude, as 
they are snow-capped and give rise to a number of glaciers which discharge into the Kuskokwim. 

The Alaska Range maintains the same general character for a distance of 100 miles north- 
eastward from the Skwentna basin. Here the inland slope rises abruptly from the gravel-floored 

1 Thh name wm first applied by W. H. DaU to that part of the range which lies between the Susitna and Kuskokwim basins. 
2 Bmks, A. H., Reconnaissance from Pyramid Harbor to Eagle City: Twenty-Arst Ann. Rept. U. S. Gaol. Survey, pt. 2,1900, p. 346. 
a Osgood, W. E.. A biological reco~mahmce of the base of the Alaska Peninsula: North Am. Fauna No. 24, Biol. Survey, U. S. Dept. Agr. 

1904. 
4 This iscomlnued by the r-nt surveys by Witherspoon and Martin. 
6 Named by the writer after 3. E. Spurr, who explored the Skwentna and Kuskokwim valleys in 1898. 
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plateau to the crest of the range, not more than 5 to 10 miles distant from the mountain front 
(Pl. VI, B). The crest line, a high, serrated ridge 7,000 to 10,OQO feet high, joins a series of 
dominating ~ e a k s ,  including Mount Dall* (9,000 feet), Mount Russell (11,350 feet), and the 
two giant peaks Mount Foraker (17,000 feet) and Mount McKinley (20,300 feet). (See Pls. I, 
p. 11, and TI, A.) East of the crest line are other high peaks, unmapped and almost unknown, 
which probably attain altitudes of 10,000 to 15,000 feet. In this part of the range valleys of 
the southeastward-flowing streams reach far back into the mountains and are, as a rule, filled 
with glacial ice well out toward the Susitna lowland. These glaciers form the most extensive ice 
sheets of inland Alaska. The valleys of the westward-flowing streams are short and are only 
in part filled with glacial ice. Some of the largest glaciers, like those finding sources on Mount 
McI<inley and Mount Foraker, extend to the inland front of the range. (See P1.111, in pocket.) 

From the AIulclrow Glacier, near the one hundred and fifty-first meridian, the range trends 
northeastward to Xenana Iiiver, and this part has been but little explored. '4pparentl-y the 
peaks rise to altitudes of not over 8,000 or 9,000 feet, and the crest line lies well back in the heart 
of the mountains. In this region a subordinate range is set off from the main mountain'mass to 
the south by a series of broad depressions. This series of depressions is extended east of the 
Nenana by the valley of Tanert Fork. 

That part of the range which lies between the head of the Chulitna and the Tanana Valley 
includes a mountainous area in which at least three subordinate ranges can be recognized, with 
an aggregate width of nearly 100 miles. The broad valley of the Nenana, traversing two of 
these ranges, is connected by a broac!, low gap called Broad Pass (2,400 feet) with the vallej 
of the Chulitna, a stream that flows south. 

The range is continuecl in a southeasterly direction by a broad mountain mass which k 
unesplored except along the valley of Delta River. This stream, rising in the Copper River . 
plateau south of the range, traverses the entire mountain mass through a steep-wallecl trench 
about 40 miles long. The adjacent peaks are from 8,000 to 10,000 feet high, but a few miles 
to the west is Mount Hayes, whose snow-capped summit stands about 13,800 feet above sea 
level. This part of the range contains many small glaciers, some of which discharge north and 
some south of the watershed. 

From Delta River to Mentasta Pass the range is unbroken, and its snow-covered crest line 
averages probably 7,000 to 9,000 feet in altitude. Here too it gives rise to glaciers, which are 
drained by Copper River or Tanana River' (PI. XII, B, p. 108). The elevation of Mount Kirnball, 
the highest peak, is probabl- about 10,000 feet. Mentasta Pass is a broad, flat depression 3,000 
feet high. From Mentasta Pass the range finds its continuation to the southeast as far as White 
River in the Nutzotin Mountains, urhich embrace a rugg.ecl area 100 miles in length ancl 40 piles 
in width. ' These mountains are bounded on the north by the alluvial flats of the Tanana and 
of White River and its tributaries and on the south in part by the Copper River valley, in part 
by a series of depressions separated by high passes which connect the tributaries of the Tanana 
and the White. The large valleys-those of Nabesna ancl Chusana rivers, which unite to form 
the Tanana-break the continuity of the range. The mountains have remarkably even crest 
lines which stand at elevations between 7,000 and 8,000 feet, but above this level rise several 
peaks that are 9,000 to 10,000 feet high. Besides the larger transverse rivers mentioned above, 
many smaller watercourses sharply dissect the range. The southeaster6 termination of the 
Kutzotin hlountains is usually placed at the White River valley, but the same axis of uplift is 
continued to the southeast by lower mountains which skirt the southern border of Lake Kluane. 

PIEDMONT PLATEAU. 

The north and west fronts of the Alaska Range slope down abruptly to a plateau which 
. stands at  2,500 to 3,000 feet above sea level (Pl. VI, B). This topographic feature is well 

marked along the west front of the range, where it faces the Kuskokwim basin. Here the 
- 

1 Named by the writer after W. H. Dall. 
a Named by the writer after I. C. Russell. 
aThlsregion was sweyed in 1910 by J. i7. Dagley, D. C. Y.Tthers;;oon, and E. C. Giffen, of the U.  S. Geological Survey. 
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ace of the plateau, which slopes gently away from the mountains, is remarkably even, 
broken only by the valleys of the streams which have dissected it and by outliers of the 
nds which rise here and there island-like above it. The surface of the plateau is for 

e most part above timber line and is covered with moss, affording excellent pasturage for the 
r d ~  of caribou that wander across it. 

The plateau is underlain by gravels and sands which have been deeply dissected by the 
. 

streams. In these materials the larger watercourses have cut broad trenches; in some places 
the underlying bed rock is exposed. Some of the larger valleys are half a mile wide, and all 
have steep slopes. The waterways have in general parallel northerly courses across the plateau, 
modified in places by the obstructions caused by the outliers of the mountains./ 

The general slope appears to be unbroken to the timbered lowland of the upper Kuskokwim 
basin, a distance of 20 to 30 miles. This part of the area was not visited by the writer, and it 
is possible that the plateau here ends in an inland-facing escarpment, as it does on the Tanana. 

East of the Toklat basin the route of travel lay within the mountains, and no opportunity 
was afforded of studying the piedmont plateau, but on emerging from the mountains east of 
p n a n a  River the party observed similar features. Here the plateau is represented by the 
remnants of a great gravel terrace which mantles the mountains along the southern border of the -. 
Tanana Valley (Pls. XII, A, p. 108; XIII, A, p. 120). The surface slopes gently toward the axis 
of the valley, ending about 10 miles from the mountain front in a steep escarpment, hence the 
scattered terrace remnants. The investigations of Mr. Prindle and the reports of 
indicate that similar heavy gravels extend eastward to the Delta Valley.' , 

WSKOKWIM LOWLAND. 

The drainage of the inland front of the Alaska Range is carried to Kuskokwim River by 
tributaries, some of which reach well back into the mountains. Most of these streams 
butary to the East Fork of the Euskokwim, which in turn joins the main Euskokwim 
30 miles from the mountains. The main stream rises in the unexplored region north of 

e Clark; the East Fork in a flat which has been termed the Kuskokwim lowland. This 
and embraces a broad, level-floored basin bounded on the east by the piedmont plateau 

the west by an unexplored highland area in which lies the Yukon-Euskokwim divide. 
the south the lowland gradually narrows down until i t  merges into a well-defined valley 
ut 30 miles below the junction of the East Fork and the main Kuskokwim. On the north 

e lowland is probably separated by only very low divides from the waters flowing into the 

This lowland is known to the writer only through observations made from the inland front 
he~Alaska Range, where i t  was seen sweeping toward some distant hills as a great forested 
dotted here and there by lakes and open marshes. Across its surface meander many 

gish streams with numerous oxbow bends. 

TANANA LOWLAND. 

That part of Tanana River below the mouth of the Delta traverses the northern portion of 
the Mount McEinley region, flowing westward. Bt Delta River the Tanana emerges from a 
rather narrow valley to a broad flat, here called the Tanana lowland, which widens toward the 
Yukon. This lowland is extended in the highlands north of the Tanana by many reentrants 
which mark the valley mouths of the larger tributaries of the river. On the south it is bounded 
by gravel terraces which are remnants of the plateau already described (Pl. VI, B), and near 
the mouth of the Tanana by an unexplored highland area. The largest of the northern reen- 
trants is that of the Tolovana Valley, where there is a lowland 25 miles wide that stretches 
northward for 30 miles. Each of these tributary lowlands merges toward the north with the 
valleys of the confluent streams. 

The highland rim north cf the Tanana lowland in general rises steeply from the plain, which 
the river in most places hugs closely. This alluvium-floored lowland is locally heavily timbered 

1 This is verified by the observations made in this area in 1910 by S. R. Cspps, of the U. S. Geological Survey. 

6 6 8 9 7 ' - 1 1 4  
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and is dotted with numerous lakes and swamps, the relics of former watercourses. Some low 
hills that lie out in the flat are probably remnants of a gravel sheet which once £illed much of its 
upper part. 

From Delta River to the the lowland measures about 150 miles in an air line and 
its width varies from 10 to 30 miles. I t  stands 300 to 600 feet above sea level. 

YUKON-TANA'KA UPLAND. 

The region lying between the Tanana and the Yukon is characterized by broad, flat inter- 
stream areas 1,200 to 3,000 feet high, with scattered domes whose rounded summits stand 
between 4,000 and 5,000 feet above the sea. This region, the Yukon-Tanana upland, is a part 
of what has been called the plateau of Alaska, and lies in the central plateau region.' 
I n  this region the bed rock is characteristically buried by a deep mantle of residual soil, and out- 
crops only on the crest lines and in the smaller stream valleys. The large watercourses occupy 
broad valleys with gentle slopes, whose rock floors are mantled by a deep cover of alluvium. 
Some of the smaller streams have incised this mantle and flow in rock-bound canyons. 

The part of this upland embraced in the Mount McEinIey region includes an irregular area 
bounded by Tanana and Yukon rivers. Its ridges have a general uniform northeasterly trend, 
with valleys of two types-those parallel to the ridges, which are broad, with gentle slopes, and 
those transverse to the ridges, which are narrow and steep-walled. Near the Yukon there are 
modifications of the general topography, because here an older valley system has been deeply 
buried in silt deposits. The ridges are remarkably flat-topped, generally rising from about 1,000 
feet in the lower part of the Tanana T-alle~ to about 3,000 feet near Delta River. 

Domes and rugged peaks rise above the general level of the ridges. The most conspicuous 
of these are Wolverine Mountain (Pl. TqI, B)  and some adjacent peaks south of Rampart, which 
are sharp and rugged and attain altitudes of 4,000 to 5,000 feet. 

The Yukon has trenched this upland to a depth of 1,200 to 1,800 feet and its valley has a 
width of half a mile to 2 miles. The steep valley walls, broken here and there by terraces, have 
led to the designation "The Ramparts" for that part of the Yukon Valley lying between the 
flats and the mouth of the Tanana. 

GEOLOGY. 

INTRODUCTION. 

Reference has beenmade in the foregoing narrative to the difficulties encountered during 
the journey, and these of necessity caused many interruptions to the scientific investigations. 
An exploration seldom affords favorable conditions for geologic research, and in a region like this, 
of stratigraphic and structural complexity, the data collected in a rapid journey are far from 
adequate for a satisfactory analysis of the many problems encountered. The absence of detailed 
studies was, however, in part compensated by the opportunity afforded for obtaining a compre- 
hensive view of a large province. The geologic investigations whose results are here presented 
covered an area of nearly 10,000 square miles, stretching from the Pacific Ocean to the Yukon. 
This fact may justify certain correlations which would not be made if only a small part of the 
field had been under investigation by a single observer. The delay in the preparation of this 
report has had the advantage of making available the results of geologic studies that have been 
carried on in adjacent fields since the exploration was completed. This makes it possible to 
present a discussion of the salient features of the geology of an area of about 30,000 square 
miles, or three times as large as that actually investigated by the writer. 

OUTLINE OF GEOLOGIC INVESTIGATIONS. 

A number of the earlier explorers of Cook Inlet made desultory observations on the topog- 
raphy and geology which are chiefly of historical interest, but a noteworthy section of the 
Kenai sediments on the east side of the inlet was made by Von Wrangell and published by 

1 Broob, A. H., The geogrsphy and geology of Alaska: Prof. Paper U. S. Gwl. Survey No. 45,1806, pp. 36-41. 
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The fist systematic geologic studibs in this field were those made by Da112 during 
coastal explorations horn 1879 to 1886. In  1895 Dall, in company with G. F. Becker, 

ended his observations in this region. The most important results of this investigation, so 
s Cook Inlet is concerned, bore on the stratigraphy of the Tertiary coal-bearing sediments3 
the distribution of placer gold.4 
In an expedition already referred to, Mendenhall in 1898 traversed Kenai Peninsula from 

ion Bay and from Portage Bay to Cook Inlet, and then carried a reconnaissance up 
a River and down Delta River to the Tanana. Besides working out 'the general 

lographic history of the region, he proved the extensive development of metamorphic sedi- 
ry rocks in Kenai Peninsula and the Alaska Range and also the presence of Mesozoic strata 
Matanuska Valley. In the same year Spun explored the Skwentna basin and a part of 

pper Kuskokwim. His most important results, so far as they bore on the area here con- 
red, were the division of the component strata of the Alaska Range into different formations, 
determination of the synclinal character of the foldmg, and the proof that intrusive rocks 

an important element of these mountains. 
the same time Eldridge carried an exploration up the Susitna and into the Tanana 
He determined the presence of and described the Cantwell conglomerate (here termed 

antwell formation and provisionally assigned to the Carboniferous) and found extensive 
s of slates in the Susitna basin. 
The work of 1902 included not only the studies set forth in this paper but also an important 

vestigation by Mendenhall8 in the Copper River basin to the east. The results of Menden- 
showed that the metamorphic schists previously discovered by him along Delta 

extend eastward, forming the backbone of the Alaska Range, and are separated from 
t of Paleozoic rocks on the south by a profound fault. One of the most important 

ght out by this investigation was the presence in this region of some 7,000 feet of 
" strata, later proved to be of Pennsylvanian (''Upper Carboniferous") age. 

Robert Dunn, who accompanied the h t  Cook expedition (1903)) made geologic obser- 
tions along his route of travel from the Muldrow Glacier on the north side of the range to 

the Chulitna on the south. Elis notes, which he kindly placed at the disposal of the writer, 
recorded a belt of conglomerates and volcanic rocks succeeded on the south by a zone of quartz- 
ites and limestones and these separated from the Chulitna Valley by an extensive area of 
slates with some intrusive rocks. 

Marting in 1903 and in cooperation with Stantonlo in 1904 determined the Mesozoic 
sequence in the region southwest of the Mount McKinley area. In 1904 Moffit and Stonell 
obtained much additional information on the geology of Kenai Peninsula. The general distri- 
bution of the Tertiary and Mesozoic rocks in the Matanuska Valley was determined by Martinla 
in 1905 during the course of a rapid reconnaissance, in which he obtained also a more thorough 
knowledge of the coal beds. Paige and Enopf l3 completed the reconnaissance mapping in 
this field and carried it into the Talkeetna basin. Their investigations determined the strati- 
graphic sequence from the metamorphic slates to the recent deposits, two divisions of the 
- 

1 Grewhgk, C., Be~triige zur KI~IIZI~IUSS der omgraphkchen und geognostischan BmMenhei t  dm Nordwmt Kiiste Amerikas mit den an& 
genden h l n  [with geologic and other maps], St. Petenburg, 1850, p. 39. 

2 Dall, W. H., Correlation papers--Neocsne: Bull. U. S. Oeol. Survey No. 84,1892, pp. 232268. 
a Dall, W. H., Report on coal and lignite of -4laska: Seventeenth Ann. Rept. U. S. Geol. S m y ,  pt. 1,1886, pp. 763-908. 
4 Beoker, 13. F., Reoo-ce of the gold fblslds of southern -U8ska, with some notes on general geoiogy: Eighteenth Ann. Rept. U. 9. Geol. 

Survey, pt. 3,1898, pp. 81-82. 
"endenhall, W. C., A reconnaissanca from Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, 

pt. 7 , 1 m ,  pp. 26.5440. 
8 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Idem, pp. 31-264. 
r Eldridge, G. H., A reconnaissance in the Sushitna basin and adjacent territory, Alaska: Idem, pp. 1-30, 

Mendenhall, W. C., Geology of the central Copper River region, Alaska: Prof. Paper U. 9. Geol. Survey No. 41,1906. 
g?&artin, G. C., The petroleum fields of the Psciftc coast of Alaska: Bull. U. 5. Geol. Survey No. 250,1805. 
10 Stanton, T. W., and Martin, G. C., Mesozoic sectlon on Cook Inlet and Alaska Peninsula: Bull. Qeol. Soc. America, vol. 16,1905, pp. 391-410. 
u Moffit, F. H., and Stone, R. W., Mineral resources of Kenai Peninsula, Alaska: Bull. U. S. Geol. Survey No. 277,1906. 
*Martin, G. C,, A reconnaissance of the Matanuska wal field, Alaska, in 1905: Bull. U. S. Geol. Survey NO. 289,1906. 
"Paige, Sidney, and D p f ,  Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska. Bull. U; 9. Geol. S- 

NO. 327,19137. 
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Jurassic, one of the Cretaceous, and one of the Tertiary being recognized. They also showed 
that the Talkeetna Mountains consist for the most part of a huge granite batholith. 

Geologic investigation in the northern part of the Mount McKiniey region was begun by 
Spurrl1 who in 1896 made a reconnaissance down the Yukon and into adjacent areas. He 
visited the Rampart district and made some important contributions to the knowledge of the 
geology of the entire province. Many of the stratigraphic subdivisions which he proposed are 
still in use. The writer in 1898, while exploring Tanana Iliver, determined the presence of 
extensive areas of schists on the lower Tanana, together with a younger unconformable sedi- 
mentary series. 

From 1903 to 1909 Prindle was engaged in mapping the general geology of the region 
lying between Yukon and Tanana rivers, and in 1906 he extended his work south of the Tanana 
to the base of the Alaska Range. In association with E. M. Kindle, the writer4 in 1906 studied 
the geology of the upper Yukon and an area between Circle and Fairbanks and Fairbanks 
and Rampart. 

As this volume goes to press a few changes and corrections have been made based on 
the surveys of 1910, the detailed results of which are not yet available, In  1910 G. C. 
Martin, assisted by F. J. Katz and Theodore Chapin, made a detailed geologic survey of a part 
of the Matanuska coal field. F. H. Moffit, assisted by B. L. Johnson, carried a geologic 
reco~aissance survey along the southern base of the Alaska Range, between the Fairbanks 
trail and Valdez Creek, and S. R. Capps did similar work north of the mountains, between 
Nenana and Delta rivers. 

As a result of all these investigations the general stratigraphic succession in this part of 
the Yukon basin, beginning with an older metamorphic series called the Birch Creek schist and 
extending through the Carboniferous, has been fairly well established. This is especially true 
of the Carboniferous strata. The Devonian beds are less well known, and Ordovician and 
Silurian fossils hate been found in only a few localities. Considerable light has also been 
thrown on the distribution of some Jurassic-Cretaceous slates and on the problems connected 
with the Tertiary sediments and with the recent geologic history of the province. 

As has been stated and as is indicated by the geologic map (Pl. IX, in pocket), the inves- 
tigations of the field under consideration form a connecting link between the studies carried 
on by one group of men in the Cook Inlet region and those by another group in the Yukon- 
Tanana region. I t  is one purpose of this paper to discuss the broader correlations between. 
these fields. This discussion will be the first attempt to present a systematic account of the 
geology of the region between the Pacific and the Yukon, and as much of the field isunlrnown 
or at  best ,but imperfectly known, it is obvious that only tentative conclusions can be reached. 

OUTLINE OF GEOLOGY OF CENTRAL ALASKA. 

The term central Alaska cantbe conveniently used to designate the region lying between 
the Pacific and the Yukon and b unded on the east by the international boundary and on the 
west by the one hundred and i3 f y-fourth meridian. The Mount McKinley province as here 
defined forms the western part of 4he central Alaskan region. With the purpose of presenting 
the broader relations of the problems here to be discussed, the geology of central Alaska will 
first be considered. The sketch map (Pl. VIII) graphically summarizes the salient geologic 
featu~es of this field. 

- - 

1 Spurr, J. E., Geology of Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3,1898, pp. 87-392. 
ZBrooks, A. H., A reconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Rept. U. 8. GeoL Survey, pt. 7, 

1900, pp. 425494. 
8 Prindle, L. M., The gold placers of the Fortymile, Birch Creek, and Fairbanks regions, Alaska: Bull. U. 5. Geol. Survey No. 251, 1905. 

Prindle, L. M., and Hess, F. L., The Rampart gold-placer region, Alaska: Bull. U. 8. Geol. Survey No. 280,1906. P ~ d l e ,  L. M., The Yukon- 
Tanana region, Alaska-Description of Cucle quadrangle: Bull. U. S. Geol. Survey No. 295,1906; The Bonnffield and Kantishna regions: Bull. 
U. S. Geol. Survey No. 314,1907, pp. 205-22Q The Faubanks and Rampart quadrangles, Y u k o n - T m r e g ~ o n ,  Alaska: Bull. U. S. Qeol. Survey 
No. 337,1908; Occurrence of gold in the Yukon-Tanana region: BuU. U. S. Geol. Survey No. 345,1908, pp. 179-186; The Fortymile quadrangle, 
Yukon-Tanana region, Alaska: Bull. U. S. Geol. Survey No. 375,1909. Prindle, L. M., and Katz, F. J., The Fairbanks gold-placer region: Bull. 
U. 6. Geol. Survey No. 379, 1909, pp. 181-200. 

4Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaske: Bull. Geol. Soc. America, vol. 19, 1908, 
pp. 25.5-338. 
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METAMORPHIC ROCKS. 

What are believed to be the oldest rocks in this region are a series of closely folded schists 
quartzites, with subordinate crystalline limestone masses and considerable igneous material, 

ch stretch as a broad zone westward from the international boundary nearly to the Yukon 
- 

ow the big bend. These are mantled by the younger Paleozoic rocks. Within these meta- 
rphic schists occur many bodies of intrusive granites of at  least two ages. The younger 

tes (to be discussed below) are shown on the map; the older, which are represented by 
d gneissoid granites, are not differentiated from the other metamorphic rocks. 
rocks extend to the southwest in a narrow zone which forms the east end of the 

e and, continuing westward, are found in a foothill belt north of the mountains, 
passing underneath the Quaternary cleposits of the Euskokwim lowlands. A second 

f metamorphic rocks, probably equivalent in age to those described above, lies north of 
Both are provisionally correlated with the pre-Ordovician quartzites and slates 

posed along the Porcupine Valley near the international boundary. 
b o t h e r  broad belt of closely folded metamorphic sediments skirts the Pacific seaboarcl 

and forms the southern boundary of the region. These comprise slates, phyllites, quartzites, 
nglomerates, and graywackes, and are considerably less altered than the metamorphic rocks 
the Yukon. This metamorphic belt as mapped on Plate VIII includes some Mesozoic rocks, 

but most of the series is known to be pre-Jurassic and is probably Paleozoic. Rocks of a sim- 
ilar character occur in the upper Susitna basin, where they probably occupy a considerable 
area. 

PALEOZOIC ROCKS. 

The largest areas of Paleozoic rocks of the province occur in the Yukon basin, where Ordo- 
vician, Silurian, Devonian, and ~arbbniferous formations have been recognized. I t  should 
be noted, however, that the data regarding the stratigraphy of the rocks below the Middle 
Devonian are very fragmentary. These older formations are much altered and are more closely 
folded than the &fiddle Devonian or later Paleozoic rocks. The Paleozoic strata above 
described lie north of the metamorphic belt, and another area, probably made up of the same 
terranes, bouncls the metamorphic rocks on the south. 

The Paleozoic rocks exposed along the northwestern front of the Alaska Range are known 
to include Ordovician, Devonian, and probably some Silurian and Carboniferous strata, and 
are intensely folded and faulted. At the head of Copper River the Paleozoic is represented 
chiefly by Carboniferous rocks. 

MESOZOIC ROCKS. 

The IIesozoic strata are extensively developed in central Alaska. On the upper Yukon 
occur slates and quartzites of Lower Cretaceous age,' and in the Rampart region are some small 
areas of Upper Cretaceous sandstones and shales. At the head of Copper River and in the 
adjacent areas Triassic and later Mesozoic rocks are extensively developed. These beds appear 
to form a broad belt caught up in the synclinorium which marks the structure of the Nutzotin 
Mountains. The same formations are exposed on the south side of the Wrangell Mountains, 
whose structure is probably synclinal. (See section C-D, P1. VIII.) In the Matanuska basin 
and in the eastern part of the Susitna basin two Jurassic formations and one of Lower Creta- 
ceous age have been found. Middle Jurassic beds also occur in the Alaska Range, where 
they occupy a broad synclinorium in the lieart of the mountains. In  the coastal region of 
Kenai Peninsula and Prince William Sound the Orca group, made up of slates and graywackes 
and provisionally referred to the ilIesozoic, is extensively developed. 

TERTIARY DEPOSITS. 

The Tertiary deposits of central Alaska probably belong chiefly to the Kenai formation 
(upper Eocene) and are fresh-water beds, in large part of fluviatile origin. A series of such 
deposits occurring along the Yukon and in the Cook Inlet region is believed to mark the 

1 The beds csrrying Alleella crassicolis Keeyserliag which Stanton assigns to the Upper Jurassic or Lower Cretacaous mill here for convenience 
be called Lower Cretaceous. 
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position of the Tertiary drainage. On Alaska Peninsula some marine Eocene beds have been 
found. Though most of these Eocene deposits are only slightly deformed, some are intensely 
folded and faulted. I n  addition to these fresh-water Eocene beds, a closely folded series of 
Tertiary deposits occurs east of the Copper and near the Pacific coast which carries a marine 
fauna provisionally assigned to the Miocene. Rocks of Miocene age have also been found on 
the Alaska Peninsula. 

QUATERNARY DEPOSITS. 

Quaternary deposits occupy large areas in central Alaska, including preglacial, glacial, 
and postglacial material. The most extensive are the silts, sands, and gravels deposited dur- 
ing the retreat of the ice sheet, and these are probably of Pleistocene age. Since their depo- 
sition they have been deeply dissected. (See P1. IIIII, A, p. 120.) In  the Yukon basin there 
are some high gravels which may be Pleistocene or older. The Recent deposits comprise chiefly 
those of the present watercourses. 

VOLCANIC ROCKS. 

There are two important centers of volcanic acitvity in Alaska-one in the Wrangell 
Mountains and the other in the Aleutian Range. The ejecta of the former occupy an area of 
5,000 or 6,000 square miles in the Copper River basin near the international boundary. These 
effusive rocks are in part Quaternary, in part Tertiary, and some may be as old as Mesozoic. 
There are several active volcanoes in the Wrangell Mountains. - 

The Aleutian Range includes a series of volcanoes, some still active, which stretches through 
the chain of islands of the same name and extends northeastward as far as Redoubt Volcano, 
on Cook Inlet. The northernmost end of this belt. of volcanism is shown on the map (Pl. 
VIII) . Like those of the Wrangell Mountains, the volcanic rocks of the Aleutian Range include 
both Tertiary and Quaternary lavas and possibly some of Mesozoic age. It is of interest to 
note that if the Wrangell and Aleutian volcanic rocks are connected by a line paralleling the 
major structures of the province it will pass through an area of Tertiary or recent lava flow 
(too small to show on the general map) which lies along the eastern margin of the Talkeetna 
Mountains. (See geologic map of Mount McKinley region, P1. IX, in pocket.) 

INTRUSIVE ROOKS. 

The intrusive rocks shown on the map are chiefly granites, granodiorites, and diorites. 
For convenience of description, they will be referred to here as granite. South of the Yukon 
basin they are distributed along two general axes. One of these passes through the central 
part of the Alaska Range and is continued southeastward by the granite stocks of the upper 
part of the Copper River basin. A further extension of this axis would carry it into the Coast 
Range intrusive belt of southeastern Alaska. A second axis is defined by the granites of the 
Iliamna Lake region, the Mount Susitna stock near the upper end of Cook Inlet, the batholith of 
the Talkeetna Mountains, and the stocks lying near the southern margin of the Copper River 
basin. A third axis may be defined by the granitic rocks which are intrusive in the meta- 
morphic belt southeast of Fairbanks. The granites of the Alaska Range and the Talkeetna 
Mountains are in part Middle Jurassic, and it seems probable that the others represent about 
the same epoch of intrusion. It should be noted, however, that granites cut the Upper Creta- 
ceous rocks of the Rampart region and that there is no proof that the granites of the upper 
Copper basin are later than upper Carboniferous. I t  is perhaps fair to assume that there 
was a general period of intrusion, beginning possibly in late Paleozoic time and in some parts 
of the province extending through to the Upper Cretaceous, but having its maximum develop- 
ment late in the Jurassic period. In  the Yukon-Tanana region, as already stated, there are 
some gneissoid granites which belong to an older period of intrusion. 

STRUCTURE. 

The trend of the bed rock in this region is parallel to the Pacific coast line and to the domi- 
nant mountain axes. In  the western part of the province it is northeastward, then gradually 
bends to the east and finally to the southeast. In  other words, the dominant strike lines mark 
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a crescent opening toward the Pacific. (See P1. VIII.) The metamorphic sediments of the 
Chugach and Kenai mountains are closely folded and east of Copper River are flanked - on 
the seaward side by closely folded and intricately deformed Miocene beds. (See section, 
P1. VIII.) The scant evidence indicates that the structure of the coastal system of moun- 
tains is of a general synclinal character. North of these are the Mepozoic beds, thrown into 
broad, open folds, broken in the Ta3keetna Mountains by a huge granite batholith, and in the 
Wrangell Mountains covered in part by thousands of feet of Tertiary and recent volcanic 
rocks, The structure of the Alaska Range is synclinal, accompanied by profound faulting 
in the western limb. Mesozoic formations are involved in this foldmg and also some Tertiary 
beds. 

A belt of metamorphic rocks lying south of and adjacent to the Tanana ValIey 
marks another anticlinal axis. North of this valley lies the main zone of metamorphic rocks, 
which are closely folded but are believed to have the structure of an anticlmorium, and are 
bounded on the northwest by Paleozoic rocks. These Paleozoic strata are less intricately 
folded than the metamorphic rocks. They comprise a t  least two unconformable series, the 
lower of which is more intricately folded than the upper. 

CORRELATIONS. 

The accompanying provisional table of correlations is an attempt to epitomize the stratig- 
raphy of central Alaska so far as the evidence at hand wil l  permit. Thanks to the stratigraphic 
work of the geologists who have investigated this field, but more especially to the paleontologic 
studies made by Stanton, Kindle, Schuchert, Knowlton, and Girty, the data here set forth 
are presented with a far greattr degree of codidence than could have been done had the report 
been   re pared immediately after the close of the field work in 1902. Yet much remains to be 
done, and at present a large part of the data presented in the table can be considered little 
more than suggestive. Besides the usual difZculty of making correlation in the absence of 
detailed studies and extensive fossil collections, the paleontologist and stratigrapher are in 
this region confronted with an additional handicap in the fact that the faunas of some of the 
horizons, notabIy in the Silurian and Carboniferous, are foreign to those known to occur in 
other parts of the continent, their afbities being rather Asiatic and European than North 
American. This biologic phase of the problem lends a fascinating interest to the work but 
greatly increases the labor of the paleontologist who is specializing on North American stratig- 
raphy. But few members of the Geological Survey have yet found the t ine to study exhaust- 
ively even the collections that have been made. Many of the assignments in this table to 
definite positions in the stratigraphic column must therefore be regarded as provisional, but 
with regard to correlation between different parts of the region there are a number of horizons, 
especially in the Mesozoic and upper Paleozoic, whose synchrony is well established. 

In addition to the paleontologic and lithologic evidence on which the terranes are corre- 
lated, certain. phases of the dynamic history have been of much aid in establishing the equiva- 
lency of some rock groups and formations. Thus the rocks earlier than Middle Devonian 
include only strata which have suffered more or less metamorphism. The lower Carboniferous 
formations were separated from later rocks by what is believed to have been a widespread 
interval of erosion. Lower Cretaceous time is marked off from later epochs by an extensive 
crustal disturbance. 

In the later pages of this report the character of the evidence on which the more important 
correlations are based is considered in detail. The fossiliferous formations are indicated in the 
table, and where the fossils appear to have little stratigraphic value they are noted as incom- 
plete or fragmentary. 

The data presented have been compiIed maid7 from the reports or unpublished notes of 
others. The writer has not hesitated to put his own interpretation, where the facts seemed 
to warrant, on the published sections and statements, and thus attempt to bring them into 
harmony with the stratigraphy of adjacent areas. 



THE MOUNT McICINLEY REGION, ALASKA. 

ABEAL A.ND STRATIGRAPHIC GEOLOGY. 

INTRODUOTION. 

In  this section the formations indicated on the map (PI. IX, in pocket) will be consid- 
ered in their areal and stratigraphic relations. The matter to be presented will be chiefly 
descriptive, but the probable correlations with the rocks of other parts of central Alaska will 
be pointed out. For a discussion of the physical conditions existing during the various 
epochs, involving the more theoreticaI considerations, the reader is referred to the outline of 
geologic history (pp. 113-118). The lithology of the igneous and metamorphic rocks will 
receive only brief mention here, as it is treated in detail by Mr. Prindle on pages 136-154. 

Before outlining the stratigraphy of central Alaska it should be noted that this region 
embraces three different geologic provinces, between which correlations of only part of the 
sequence of strata have been established. 

In  the southern portion of the region the Mesozoic rocks, from Middle Jurassic to 
Cretaceous, are well developed, and there are also an older metamorphic series and younger 
Tertiary beds, together with large areas of granitic rocks. In  this area Paleozoic rocks have 
not been definitely recognized, though some sediments have been provisionally assigned to this 
era. The metamorphic rocks, which comprise sediments as well as igneous rocks, are probably 
early Paleozoic or pre-Paleozoic. 

Along the inland front of the Alaska Range is a great belt of closely folded and profoundly 
/faulted Paleozoic sediments. Paleontologic evidence shows that these rooks include Ordovi- 

cian and Devonian formations, and i t  is believed that the Silurian and Carboniferous are also 
represented. On tracing the belt to the northeast the younger Paleozoic strata are found in 
unconformable relation with metamorphic sediments here assigned to the pre-Ordovician. No 
Mesozoic rocks have been found in this part of the region, but some younger beds, assigned to 
the Tertiary on the evidence of plant remains, occur infolded with the Paleozoic rocks. Exten- 
sive faulting characterizes the structure of this area, Devonian and what are probably Ordovician 
strata being thrust up over the Tertiary beds. 

In  the region lying north of the Tanana there is a series of highly altered and closely 
folded sediments, termed the Birch Creek schist, which are succeeded, probably unconformably, 
by a sequence of fragmental rocks, together with greenstones and limestones. The Birch Creek 
schist is provisionally assigned to the pre-Ordovician; the succeeding rocks with an almost equal 
degree of uncertainty to the Silurian or Devonian. Under the Devonian of this area are grouped 
a heavy blue limestone, locally fossiliferous, and slates. The relation of these beds to the 
Silurian rocks has not been determined. The Mesozoic is represented by small areas of slates 
and conglomerates of Upper Cretaceous age resting on a quartzite which may be Lower 
Cretaceous. Some friable conglomerates, sandstonesf and shales, with lignitic coal beds, are 
referred to the Eocene on the evidence afforded by fossil plants. All these rocks except the 
Tertiary beds are closely folded. The deformation of the Birch Creek schist was far more 
intense than that of the later formations, the folds being for the most part overturned to the 
northwest. 

In  the following table an attempt is made to harmonize the rock sequence in the three 
areas above described, in order to furnish a summary of the stratigraphy for the purpose of 
elucidating the detailed descriptions. 
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Stratigraphy of Xount iVcKinley region. 

1 Post-Eocene. I i Basaltic lavas in Talkeetna region (l,MH)+ feet) and diabase dikes in Alaska 
Range. 

System. Series. I Group or formation. 

Recent. 

Description. 

/ upper luresic. I I Granites, granodiorite, and diorites, widely distributed. 

Quaternary. , I 1 Pleistocene. 

Silts, sands, and gravels. 

Terrace silts, sands, and gravels. 50-2,000& feot. 
Includesome glacial deposits. 

Black slates and conglomerates in Rampart region. 100-300+ feet. 

Quartzites in Rampart region, age uncertain. Limestones in Matanuska basin. ( 300feet. 

Tertiary. 1 e n & .  

Skwentna group. Andesitic basaltic and other l a m  and tuffs with some sediments, in Blaska 
Range r$d ~ a l k k t n a  region. 1,00~,MH)+'feet. 

Cretaceous. 

Jursssic 

Cantwell Heavy chert and quartz conglomerates, sandstones, and slates, with some vol- 
canic rocks, in Alaska Range. Age uncertain. 2,000+ feet. 

Upper Cretaceous. 

Devonian. 1 Middle Devonian (?). 1 

j Lower Cretaceous. 

Up er and upper Mid- & ~unrssic. 

Middle Jursssic. 

Heavy fossiliierous limestone, with some argillites, in Alaska Range and Yukon- I Tamma reg~on ZOO+ feet. 

Devonian or Si- 
lurian. 

Tordrlllo 

- 

Shales,sandstoues, conglomerates, arkose, and tuffs in upper Matanuska basin. 
2,000+ feet. 

Conglomerates, grits, sandstones, slates, and shales, and shaleg with some tuffs, 
in Alaska Range and Matanuska basin. 2,000-3,000+ feet. 

Ordovician. 

Tonzona group. 

Tatina group. 

Black red and green argilLtes and cherts with some graywackes along inland 
front of Alaska Range and in ~ u k o n - ~ a h a n a  region. A e unwktain. 4,000- 
5,000* feet. In upper Nenana basin some gneisses (aftsred rhyolites) are 
associated with these rocks. 

' Blue limestones interbedded with black carbonsceous argillites and thin-bedded 
siliceous limestones and calcsreo~is slates, along north front of Alaska Range. 
Ordovician fossils found in argillites. 4,W5,000r leet. 

Along the south front of the Alaska Ran e there are large areas of undifieren- 
tiated sediments probably chiefly ~afeozoic. Slates phyllites and gray- 
mackes, with sode volcanic and ,intrusive rocks, in ki hrm'region and 
Susitna basm. Probably Paleozo~c. 

GEOLOGIC RECONNAISSANCE MAP. I 

Birch Creek schist. 

/' 
A griplGc epitome of the areal geology and stratigraphy of the region, so far as known, is 

presented on the geologic reconnaissance map (Pl. IX, in pocket). It can not be too strongly 
emphasized that the mapping and implied correlations and age determinations have by no 
means the same value throughout the area here represented. The geologic mapping of the 
Matanuska and Talkeetna basins, being reduced from a map by Paige and linopf,' the stra- 
tigraphy of which is based in a large measure on fossil evidence, is probably in general correct. 
The correlation of the metamorphic rocks of Turnagain and &k arms with those of the upper 
Susitna basin, however, is only provisional. Eldridge's hasty exploration2 and some frag- 
mentary notes by Robert Dunn furnished the data for the geology of the upper Susitna basin, 

1 Paige, Sidney, and Knopf, Idolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. 9. Geol. Survey 
No. 327,1907, PI. 11. 

1 Eldridge, G. H., h reconnaissaaoe in the Susitna basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. 5. Geol. Survey, 
pt. 7, 1900, map 3. 

Mica, graphitic and quartz schists and schistose quartzites with some lime- 
stone and intrusive rocks, in ~ d k o n - ~ a n a n a  region find Lortheastern part , 
of Alaska Range. Age uncertain; probably pre-Ordovician. 



and this part of the map will probably be considerably changed when areal mapping is 
undertaken. 

The geologic coloring and the implied correlation for the southwestern part of the region, 
including the basins of Yentna and upper Euskokwim rivers, are based on work by Spurrl 
and the writer, and are far from being considered final, even to the scale of the map. The 
boundaries of the Jurassic rocks and their relations to the older rocks are fairly well established, 
but the structure and stratigraphy of the other formations are very imperfectly known. The 
same general criticism applies to the mapping along the inland front of the Alaska Range as 
far as Tanana River. The boundary between the two Paleozoic series and the pre-Ordovician 
sediments is probably approximately correct, as is the delineation of the Cantwell formation 
(Carboniferous?). The mapping of what are believed to be Tertiary beds infolded with the 
Paleozoic rocks is intended to be suggestive rather than to indicate the outline of occurrences 
actually traced. These Tertiary beds, chiefly slates with some sandstones, whose age deter- 
mination rests on fragmentary plant remains, closely resemble some of the Paleozoic rocks. 
The margins of the intrusive stocks indicated on this part of the map have only in part been 
traced, and there are probably many others within the heart of the range. 

The geology of the area lying north of the Tanana is based on the work of a number of 
invAgators (see p. 50) during the last decade. In  this region, with its deep residual soils 
mantled by vegetation and its broad alluvium-filled valleys, outcrops of bed rock are so scarce 
as to make the tracing of formation boundaries difficult or in places impossible, even when 
detailed surveys are made. The mapping of the rock formations in this region can therefore 
be regarded only as an approximation. The stratigraphic succession in this part of the field 
is by no means definitely established, though it is probable that Devonian and Silurian sedi- 
ments and older schists are present. 

Of the map as a whole it can be said that the distribution of the Mesozoic formations, of 
the intrusive rocks, and of most of the Tertiary beds is presented with considerable confidence 
as to its accuracy. Within the areas mapped as Paleozoic there may be included some younger 
or older rocks, but if such is the case they occur only in small bodies. The northern belt of 
metamorphic rocks, here called the Birch Creek schist, is fairly well known and is probably 
pre-Ordovician; those of the Susitna and Turnagain Arm region may in part or as a whole 
fall anywhere in the geologic column below the Jurassic, but are probably Paleozoic or older. 

METAMORPHIC ROCKS. 

So far as known, the oldest rocks of the district are to be sought in the complex of meta- 
morphic sediments and intrusive rocks called the Birch Creek schist. These include some 
gneisses formerly provisionally assigned to the Archean but now regarded as altered intrusive 
or extrusive rocks. The Birch Creek schist is probably pre-Ordovician, but no closer age 
assignment can now be made. In  the southeastern part of the region there is another complex 
of sediments, includmg some intrusive and volcanicrocks, which are also much altered but not to 
so great an extent as the Birch Creek schist. These are known to be older than the Middle Jurassic 
and are provisionally referred to the Paleozoic. Similar groups of rocks occur along the upper 
Susitna, but less definite information is at  hand concerning them. 

There are, then, three areas of metamorphic sediments, one assigned to the pre-Ordovician 
and the other two doubtfully to the Paleozoic. The distribution and occurrence of these rocks 
are of economic interest, as they are locally known to be auriferous. 

BIRCH CREEK SCHIST. 

CHARACTER AND DISTBIBUTION. 

In  the northern part of the region are several large areas of metamorphic rocks which are 
here grouped together under the name Birch Creek schist. The typical Birch Creek schist of 
the region is well developed in an area lying north of Fairbanks, where it is made up for the 

1 Spun; 3. E., A reconnaissauce in southwestern Alsska in 1898: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 7,1900, maps 12 and 14. 
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mggs_t part of quartz and biotite schists that are closely_folded and deformed. W-se 
schists occur considerable masses of quartzite which grades into schistose quartzite and biotite 
schist. In a few localities lenses of crystalline limestbe are included in the schists. Some 
penstone masses, both massive and schistose, also occur in the schist area. In  an eastern 
extension of this belt gneissoid granite is present in considerable areas surrounded by the 
schistose rocks. These granites, which were formerly supposed to be a portion of an older basal 
complex, are now regarded as infolded igneous rocks. So far as known, they do not occur in 
the Birch Creek schist within the area here described, but similar rocks are found in association 

Paleozoic slates and cherts, south of the Tanana. Stocks of massive granite are also 
present within the schist area. 

The typical rocks of the Fairbanks area include mica schist, mica-quartz.schist, schistose 
quartzite, and masses of micaceous quartzite, together with a small amount of highly crys- 
talline limestone. (See PI. XVII, p. 180.) Mica, including both bioJite and sericite, forms 
the dominating mineral of the schist, which also contains considerable quartz and here and 
there some feldspar, together with some subordinate minerals which will not be considered 
here. The rock is finely foliated and as a rule highly contorted, and the unweathered specimen 
has a silvery-gray color. Qnsiderable areas of this schist carry a large amount of carbonaceous 
matter, usually in the form of .graph%. Though these rocks are typically schists, they grade 
into less altered phases which can be termed phyllites and in some cases slates. The weathered 
phases of the schist, which are the types most common in the region, are light gray to buff in 
color, locally stained red with iron. On decomposition they yield a micaceous yellow to reddish 
clay c - m g  co-derable grit. Small quartz veins and stringers are present at  most places 
in these schists, and some of them are iron stained, indicating the presence of ppite. - The @kGtz schist is similar in every way to the mica schist except that i t  contains a very 
large percentage of quartz and is usually less sheared than the mica schist. The quartzite 
ranges from blue to gray in color and usually contains considerable mica and in places some 
feldspar. Greenstones, which are not very common in this part of the Yukon-Tanana region, 
appear to be largely altered diabasic or dioritic rocks and now occur for the most part as 
chloritic schist. 

The Fairbanks area of schisf is wedge shaped, opening out toward the east end of the 
region. I t  is bounded on the northwest by sediments here assigned to the Devonian or Silurian, 
which appear to rest on it unconformably. The southern boundary is formed by the alluvial 
flats oLTanana River. The schists of the Tanana area appear to be nonresistant to weathering 
and are characterized by a deep residual soil. The higher domes of this region (Pl. VII, B, 
p. 48) are for the most part granitic stocks, adjacent to which the schists are somewhat altered 
and more highly resistant to eroslon. 

The second belt of schist includes a narrow wedge-shaped area lying near the northwest 
corner of the region. I t  includes both schists and crystalline 1imestone.l The schist is made 
up of garnet, quartz, and mica; the limestone is highly crystalline and termed a marble. The 
eastern edge of this belt lies on the west wall of the valley of Big Rfinook Creek, and 
appears to widen to the southwest, though it has been traced only a few miles. Simi $ ar rocks 
are exposed along the Yukon about 10 miles above the mouth of the Tanana, and these presum- 
ably represent a southwestern extension of the same belt. - 

Rocks believed to be of Silurian age bound the schist belt on both sides and probably 
rest unconformably on it. These rocks evidently differ from those of the Fairbanks area in 
having a very much larger amount of calcareous matter and in the entire absence of the quartz- 
ite phase. They resemble very much the metamorphic rocks of the east end of the Yukon- 
Tanana belt, to which reference is made below. Another belt of schist occurs along the Tanana 
below the mouth of Baker Creek. This is made up of phyllites, and it is not impossible that i t  
may be of later age than the Birch Creek schist. 

The foothills along the northern base of the Alaska Range, south of the Tanana Valley, are 
made up chiefly of a series of schistose metamorphic sediments, which are here provisionally 

I Prindle, L. M., and Hess, F. L., The Rampart gold-placer reaon, A l a s k  Bull. U. S. Geol. Survey No. 280,1906, p. 18. 



correlated with the Birch Creek schist and form the second extensive belt of these rocks within 
the Mount McEinley region. As in the Fairbanks area, the dominating types of rocks are 
sericite and quartz schists which are finely foliated and highly contorted. With these schists, 
however, also occur some fine-grained fragmental rocks, which differ from most of those found 
to the north in the fact that they have preserved in many places their planes of sedimentation 
and are therefore readily recognizable in the field as of clastic origin. These rocks are well 
exposed along a small creek which flows into Healy Creek, of the Nenana basin, about 2 miles 
from the main stream. Blue, red, green, and silvery curly phyllite and schist dominate in 
the rocks exposed in this section. The phyllite and schist are composed chiefly of mica and 
qua z and range from a finely foliated schistose rock to somewhat more massive quartzose 
phase "B . Interbedded with the schists are some gray and bluish metamorphic graywaqkes. 
In  the hand specimens of these rocks can be seen small rounded grains of quartz and feldspar 
in a matrix of siliceous material, together with some muscovite. Although the genesis of these 
rocks is not without question, i t  seems most likely that they are altered sediments representing 
metamorphic phases of fine conglomerate or grit. Nothing resembling these rocks has been 
found north of the Tanana, and i t  is possible that they-represent infolded members of the younger 
series. They resemble to a certain extent the graywackes of the Tonzona group (Silurian or 
Devonian). So far as observed, however, they appear to be an integral part of the schist and 
phyllite. Diabase and diorite dikes are of common occurrence, foll'owing for the most part the 
foliation planes of the schist. 

This Tanana belt of Birch Creek schist has a width of about 10 miles along the Nenana, 
whence it stretches eastward into an unmapped region toward Delta River, probably widening, 
as will be shown below. I t  has also been traced to the southwest for about 20 miles and probably 
passes underneath the Quaternary deposits of the Kuskokwim Valley. I t  has been recognized by 
Prindle in the upper basin of the Kantishna region, where the rocks have about the same gen- 
eral character as those here described. In  the Eantiihna region Prindle noted the presence 
of considerable crystalline limestone associated with these schists. So far as known, no lime- 
stones occur in the schists of the Nenana basin. 

All the roclcs above described are cut locally by quartz veins and stringers, but these 
are especially abundant in the more schistose phases. In exposureb along the Tanana the 
writer has noted some calcite veins and quartz and calcite veins intergrown in the form of peg- 
matite~, which cut the Birch Creek schist. This peculiar pegmatitic intergrowth of quartz and 
calcite has been seen only along the lower Tanana, but calcite veins are found here and there 
in other parts of the field. The quartz schists are in many stained with iron, and some 
of them are known to carry gold and other metalliferous minerals. They are probably the 
source of the gold of the auriferous districts, for the Birch Creek schist forms the bed rock in 
the most important of the placer districts of the Yukon-Tanana region. 

BTRUCTURE. 

The general trend of the Birch Creek schist is northeastward, parallel to the dominant 
structure line of the northern part of the region. The dip of the foliation is usually to the 
southeast, though there are many local variations from this direction. All these rocks are 
closeqy folded and probably extensively faulted. Xumerous minor faults have been observed, 
but in the absence of evidence of stratification or recognizable subdivisions of the series i t  is 
impossible to state of what magnitude the dislocations are. The deformation to which these 
rocks have been subjected has been intense. A single hand specimen may show an enormous 
number of crenulations. The lack of planes of stratification which characterizes most of the 
rocks of the period makes it impossible to work out any of the details of structure. It is 
probable, however, that they consist of innumerable closed folds overturned toward the north- 
west and much faulted. 

1 Prindlq L. M., The Bonnffield and Kantishna regions: Bull. U. 6. Geol. Survey No. 314, 1907, p. 206. 
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AGE AND CORRELATION. 

There is no direct evidence of the age of the Birch Creek schist. In  the region lying ncrrlh 
of the Tanana (within the area covered by the geologic map) the schists appear to be overlain 
unconformably by a group of sediments which are probably Silurian or Devonian. If the 
age determination of'these sediments is correct, the Birch Creek rocks must be older than 
the Silurian. Their highly metamorphic condition suggests that they have been subjected to 
earth movements prevlous to the deposition of the younger strata. 

In the section exposed along Porcupine River, north of the area considered here, Kindle 
has worked out the stratigraphic column of the Paleozoic with a fair degree of completeness. 
(See correlation table, p. 52.) The oldest fossiliferous formation along the Porcupine contains 
Ordovician fossils. Below this horizon Kindle found a series of black slate and quartzite which . 
he regards as of pre-Ordovician age. They may be Cambrian or even pre-Paleozoic. The rocks 
along the Porcupine are entirely unaltered, but if they were metamorphosed they would 
resemble closely the Birch Creek schist, which is for that reason provisionally correlated with 
them. This evidence, so far as it goes, indicates that the Birch Creek schist is pre-Ordovician 
and may possibly be pre-Cambrian. 

The recent studies of Keele in the Mackenzie 5lountains, between Yukon and Mackenzie 
rivers, have furnished some new evidence on the age of the 'metamorphic rocks of the Yukon 
basin. Keele found Middle Cambrian fossils in some limestones which are associated with 
dolomites, purple and green argillites, and calcareous  sandstone^.^ This group he considers 
younger than the more highly altered rocks of Pelly River, which are here correlated with 
the Birch Creek schist. If these interpretations of the stratigraphy and the correlations are 
correct, they would go to prove that the Birch Creek schist is older than the Middle Cambrian. 

The Fairbanks area of Birch Creek schist represents the west end of the great belt of meta- 
morphic rocks stretching westward from the international boundary and including most of the 
area lying between the. Yukon on the north and the Tanana on the south. Spurr, who first 
described these rocks, gave the name Birch Creek "series" to a complex of quartzite, quartz- 
ite schist, and ~jaica schist which is extensively developld in the Birch Creek placer district, 
northeast of the area hereconsidered. These metamorpliic rocks form a continuous belt from 
the Birch Creek region to the Tanana at Fairbanks, though at the southwest end of the belt 
they seem to be somewhat more schistose and to contain less of the arenaceous material. The 
identity, therefore, of this area of Birch Creek schist with those originally described by Spurr4 
can not be called in question. Prindle has also found by field observation that there is a 
continuous belt of metamorphic rocks extending from the Birch Creek region eastward to 
the international boundary. Near the boundary, however, the metamorphic rocks are more 
largely made up of marble and garnetiferous schists than they are farther west. Spurr, who 
recognized this fact, regarded these calcareous sediments as representing a higher formation 
than the Birch Creek schist, and termed them the Fortymile ~e r i e s .~  9 more detailed study of 
this area by Prindle has failed to prove definitely that the Fortymile "series" is distinct from 
the Birch Creek schist. The Fortymile may represent a higher member of the metamorphic 
series, or it may represent a more calcareous phase of the Birch Creek schist due to differences 
of physical conditions during deposition. In 1898 the writerB traversed the same belt 
east of the international boundary, along the valley of White River. Here the meta f orphic rocks 
sediments include mica-quartz schist, together with a broad belt of marble. The haste .of the 
reconnaissance work in this field made it impossible to differentiate the marble and schist belt 

1 Keele, Joseph, reconnaissance across the Mackenzie Mountnins on the Pelly and gravel. rivers, Yukon and Northwest Territories: Pub. 
NO. 1097, Geol. Survey Branch, Dept. of Mines, Canada, Ottawa, 1910. 

a Op. cit.. p. 36. 
a The description suggests rr lithologic resemblance between this series and one occurring on Lhe Yukon near Circle which has been provision- 

ally referred to the Devonian or the Silurian. Compare Brooks, .i. I[., and IZndle, E. M., Paleov~io and associated rwks of the upper Yukon, 
blaska: Bull. Geol. Soc. America, vol. 19, 1008, pp. 278-280 

4 Spurr, J. E., Geology of the Pukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Surrey, pt. 3, 1898, p. 140. 
Op. cit., p. 145. 
Brooks, A. H., reconnaissance in the Whita and Tanana rlver basins, Uaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 

19W. PP. 4C3-470. 
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into separate formations. The whole group was therefore designated the Nasina "series" 
and provisionally correlated with the Birch Creek schist and Fortymile group, exact equiva- 
lency being left for future determination. 

The detailed study of McConnelll in the Elondike gold field, lying about 60 miles east of 
the international boundary, shows that the same group of rocks occurs in this area and that 
they consist essentially of siliceous and argillaceous sediments altered into quartzite and quartz- 
mica schist and associated in places with bands of green chlorite and actinolite schist and 
crystalline limestone. This group of rocks was traced by McConnell into the Fortymile dis- 
trict and proved by him to be identical with the metamorphic rocks in that region previously 
describeqy Spurr. YcConnell, however, like Prindle, failed to f h d  definite evidences that 
there were two distinct groups, and hence was unable to use Spurr's nomenclature. Following 
hhe writer's usage, he termed these rocks the Nasina "series." I t  has already been noted that 
the small belt of metamorphic rocks lying in the western part of the region here discussed- 
that is, west of Minook Creek-resembles in its mineralogical composition the calcareous phases 
of this metamorphic group, or, in other words, the Fortymile "series," to use the term proposed 
by Spurr. 

The westward extension of the belt of Birch Creek schist lying south of the Tanana is, as 
has been shown, p'robably mantled by the alluvial deposits of the upper Euskokwim Valley. 
The eastern extension of this belt lies in an unexplored area between the Nenana and the 
Delta, Along the Delta River valley is exposed a similar series of rocks which has been 
described by Mendenhall.2 These rocks include a series of highly contorted quartz-sericite schists 
with acidic and basic intrusive ~ o c k s  as well as ma6y quartz veins. Similar rocks have been 
noted by the writer on the upper Tanana and termed by him the Tanana schist, and Menden- 
hall used the same stratigraphic term. The schists of the upper Tanana have been proved by 
Prindle's later work to belong to the same general complex as the Birch Creek schist, and hence 
&e name "Tanana" schist can be abandoned. 

The schists exposed along Delta River stretch eastward, forming the crest line of the 
Alaska Range between the Chistochina on the south and the Tanana on the north. These 
rocks appear to  extend eastward as far as Mentasta Pass, beyond which they are buried under 
Paleozoic and Mesozoic sediments. The metamorphic rocks of this area (the headwater region 
of the Chistochina), as described by Ifendenhall,' are made up of schistose graywacke, feld- 
spathic schist, mica schist, green chloritic schist, and carbonaceous schist. These rocks of 
Delta River and the eastern part of the Alaska Range are undoubtedly to be correlated with 
the metamorphic schists occurring in the Nenana ~egion already described, and it seems most 
likely that they can also be correlated with the Birch Creek schist north of the Tanana. 

For the sake of cl-g the stratigraphic nomenclature of the metamorphic rocks of 
central ~ l a s k a ,  it should be stated, first, that the name Nasina "series," which preferably should 
be Nasina group, includes Spurr's Birch Creek and Fortymile "series." The term Birch 
Creek schist includes Spurr's Birch Creek and may also include the Fortymile "series." The 
term "Tanana schist" can be regarded as equivalent to Birch Creek schist and be abandoned. 
Schrader5 found some metamorphic rocks northwest of the Yukon, in the Chandalar basin, 
which he divided into the "Rapids" schist and the "Lake quartzite schist," both nongeographic 
terms. These two formations can be provisionally correlated with the Birch Creek schist. 

1 McConnell, R. G., Report on the Klondike gold fields: Ann. Rept. Geol. Survey Canada for 1901, n. s., vol. 14,1905, p. 12B. 
2 Mendenhall, W. C., A reconnsissance from Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Sur- 

vey, pt. 7, 1900, pp. 313-315. 
8 Brooks, A. H., A reconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 

lSIM, pp. 468-470. 
4 Mendenhall, W. C., Geology of the central Copper River region, Alaska: Prof. Paper U. S. Geol. Survey No. 41,1906, p. 31. 
5 Schrader, F. C., Preliminary report on a reconnaissance along Chandlar and Koyukuk rivers, Alaska, In 1899: Twenm-ht  Ann. Rept. U. 6. 

Geol. Survey, pt. 2,1900, pp. 472-474. 



GEOLOGY. 

METAMORPHI0 ROCKS IN KXIE ARH REGION. 

CFURACTER AND DISTRIBUTION. 

The geologic map (PI. IX, in pocket) shows that in the southeast corner of the region there 
.is a small area of metamorphic rocks here provisionally assigned to the Paleozoic. These rocks 
have been described by several geologists, but the following account is taken chiefly from the 
most recent report by Paige and Enopf.' This beIt is made up Iargely of graywacke, slate, 
and phyllite, with some greenstone, rhyolites, and tuffs. The graywackes are highly indurated 
rocks containing small angular fragments of slate. Petrographic study shows them to consist 
largely of quartz in angular fragments, feldspar, usually rounded, and hornblende m d  augite, 
together with the fragments of slate already mentioned. Argillaceous rocks are prevalent in 
this series, which also contains various fine-grained slates and phyllites. The igneous rocks 
include greenstones largely made up of secondary minerals, together with greenstone tuffs, 
rhyolite, and rhyolitic tuffs. In  regard to this series Paige and Enopf state: "The various 
rock types-graywacke, greenstone tuffs, and rhyolite tuffs-are characterized by the presence 
of numerous small angular slate fragments. hfetamorphism has not proceeded far enough to 
mask the clastic origin of the typical members nor to cause a marked development of new 
minerals. " 

These metamorphic rocks form a belt which embraces the high ranges lying north of 
Turnagain Arm and southeast of Matanuska River. They occur also on the south side of 
Turnagain Arm.2 

STRUCTURE. 

The general trend of these metamorphic sediments is easterly and northeasterly parallel 
to the axis of the Chugach Mountains. Most of the dips recorded are high, ranging from 20° 
to 90'. Both northerly and southerly dips occur, but the southerly dip probably dominates. 
The rocks are characterized throughout by a well-developed cleavage system, which is most 
commonly parallel to the bedding, so far as observed. Close folding, probably accompanied by 
considerable faulting, characterizes the succession throughout. There are no data a t  hand to 
permit even an approximate estimate of the thickness of these rocks. In view of the fact, 
however, that they, or at  least their eastern extension, as will be shown below, form a belt 
some 50 or 60 miles wide, it is probable that their thickness is to be measured in thousands 
of feet. 

AGE AND CORRELATION. 

Mendenhall was the k t  to describe the rocks here under consideration and grouped 
them together under the name Sunrise series. His investigations showed that rocks of the 
same types occur throughout the northern portion of the Kenai Peninsula. He traced them 
as far southward as Resurrection Bay and eastward to Portage Bay, an arm of Prince William 
Sound. M~f f i t ,~  who later covered some of the same region that Mendenhall had, describes 
the Sunrise "series" as made up of slate and arkose, all of which have well-developed cleavage. 
Neither Mendenhall nor Moffit noted the presence of any igneous rocks in the Sunrise "series," 
with the exception that Moffit makes mention of a little granite. It would seem, therefore, 
that the eenstones and rhyolites of this group occur only in the Enik Arm region. There 
are, howeve , known to be granitic intrusive rocks in the graywacke series near Resurrection 
Bay. 

5 
\ 

1 Page, Sidney, and Iinopf, -Ldolph, Geologc reconnrussance m the Matanuska and Talkeetna basms, Slaska: Bull. U. 5. Geol. Survey 
No. 327, 1907, pp. 12-16. 

In 1910 the wrfter examined the exposures In the railway cuts along the north s~deof  Turnagaln Arm. There massive graywackes and feld- 
spaGhic grits are interbedded wlth siliceous slates and argdhtes. The entlre sen- 1s closely folded and the less resistant beds are lntensely 
sheared. Several thrust faults were noted. 

a Mendenhall. W. C., -L reconnrussance fmm Resurrect~on Bay to the Tansna River, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. 
Survey, pt. 7, 1900, pp. 305-307. 

4 Moat, I?. H., The gold fields of the Turnagm Arm reson: Bull. U. S. Geol. Survey No. 277, 1906, pp. 16-19. 



6 2 THE MOUNT MCKINLEY REGION, ALASKA. 

The strike of these metamorphic rocks carries them into Prince William Sound, where 
they were first recognized by Mendenhall. Schrader,' on the basis of his first season's work in 
this part of Prince William Sound and on lower Copper River, divided the rocks of this field 
into two groups. The lower, which he called the Valdez series, comprises quartzite, quartz 
schist, arkose, and conglomerate. To the upper group he gave the name Orca series and included 
in it sandstones, limestones, arkoses, shales, and slates, and a little conglomerate. Two years 
later Schrader and Spencer2 continued work in the Prince William Sound region. In regard 
to the Valdez "series" t h e M y :  "It is a series which, on the whole, is of a uniform composition 
in which there are no lithologic differences sufficient to make any special division. In a large 
way i t  is homogeneous rather than heterogeneous, since throughout its thickness there is a 
constant repetition of alternating thin bands of arkoses, sandstones, and shales in various 
stages of metamorphism. The series in general may be characterized as a schist, although it 
does not show the extreme metamorphism of many rocks for which the term has been used." 
They note also that the Orca "series " is in general less metamorphosed than the Valdez, and is 
therefore probably considerably younger. 

In  1905 GrantS began the studies which are being continued a t  this writing in the 
Prince William Sound region. His provisional conclusions are that the sedimentary rocks of 
Prince William Sound can be separated into at  least two unconformable groups of very similar 
lithologic character. In  the older-the Valdez group-the rocks are a little more altered, 
more schistose, and more closely folded than those of the younger or Orca group, and inter- 
bedded lava flows are nearly or quite absent, the only representative of volcanic rocks being 
some greenish schists which may be altered tuff. The Orca group differs from the Valdez 
group in carrying much black slate, conglomerate, and many interbedded lava flows. Grant 
notes also that the lava flows are particularly abundant near the base of the Orca. 

The easterly extension of the trend of the Prince William Sound and Copper River meta- 
morphic rocks would carry them into the Controller Bay region, where Martin4 has noted 
similar strata. These rocks consist of black slate with well-developed cleavage, graywacke, 
chert, greenstone, and other igneous rocks, together with some fine-grained rocks of uncertain 
origin. 

At Yakutat Bay, which orographically lies in the same province and probably contains 
the same formations as the Controller Bay region, Tarr5 found metamorphic rocks which he 
has described as belonging to two groups. The older of these includes mica schist, slate, and 
argillite conglomerate, together with large masses of intrusive rocks. The younger, which, 
following Russell, Tarr has termed the Yakutat group, includes thin-bedded black shales, gray 
sandstone, and black shale conglomerate, together with a massive rock which is probably a 
tuff. I n  addition to these there are some lesser amounts of a coarse conglomerate and crystal- 
line limestone. The entire series is very closely folded and faulted. 

Blackweldera carri%s the Yakutat group southeastward to the Alsek. He divides it 
roughly into two subdivisions-a lower, consisting of black shale and slate, with interspersed 
bowlders, and an upper, consisting of slate or graywacke, with local beds of coarse and fine 
conglomerate. He notes that some of the graywacke members are from 200 to 500 feet thick. 
On the Alsek, Blackwelder also noted an older metamorphic series lying in vertical isoclinal 
folds. This, so far as his field observations showed, is made up of quartzose schist phyllite, 
the metamorphic derivative of alternating graywackes, quartzites, and slates. 

The studies of Fred. E. and C. W. Wright have shown that a more or less broken belt 
of rocks resembIing those described in the previous pages skirts the western part of the Alex- 
ander Archipelago, in southeastern Alaska. These includes slates, greenstones (chiefly lavas), 

- 

1 Schrader. F. C., A reconnaissance of a part of Prince William Sound and the Copper River district, Alaska, in 1898: Twentieth AM. Rept. 
V. S. Geol. Survey, pt. 7,1900, pp. 404-423. 

'Schrader, F. C., and Spencer, A. C., The geology m d  mineral resources of a portion of the Copper River district, Almka, a special publica- 
tion of the U. S. Geol. Survey, 1901, pp. 34-40. 

8 Grant, U. S., Copper and other mineral resources of Prince William Sound: Bull. U. S. Geol. Survey No. 284, 19N, pp. 79-60. 
cMartin, G. C., Geology and mineral resources of the Controller Bay region, Alaska: Bidl. U. S. Gwl. Survey No. 335, 1908, pp. 26-27. 
STarr, R. S., Yakutat Bay region: Prof. Paper U. 6. Geol. Survey No. G4, 1909, pp. 140160. 
"IaohWder, Eliot, Reconnaissance on tho Pacific coast from Yakutat to Alsek River: Bull. U. S. Geol. Survey KO. 314, 1907, pp. 82-84. 
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conglomerates, and tuffs, together with breccias, interbanded with argillaceous graphitic 
slates. These rocks are closely folded and have been rendered schistose. They have been 
recognized on the west coast of Chichagof Island, on Baranof Island near Sitka, and on Gravina 
Island. Similar rocks also occur on Cleveland Peninsula-a portion of the mainland-and on 
Douglas Island near Juneau. 

The foregoing statements can be briefly summarized as follows: A well-defked belt of 
more or less metamorphosed rocks stretches parallel to the Pacific shore line from Turnagain 
h n  eastward and southeastward to the Alsek. Certain lithologic and structural features are 
persistent throughout this belt. These rocks are characterized by the presence of graywacke, 
feldspathic sandstone, and slate. Conglomerates are also present in most parts of the belt, 
and in a few places some thin-bedded limestone has been observed. At Prince William Sound 
there is evidence that this group can be subdivided into two unconformable formations and 
that only the upper one carries any extensive volcanic rocks. At Enik and Turnagain arms 
the two formations were not differentiated, though the Enik Arm region differs from that of 
Kenai Peninsula, to the south, in containing the volcanic rocks which in the Prince William 
Sound region are characteristic of the upper member of the group. At Controller Bay the 
rocks include the greenstones which appear to be characteristic of the Orca or upper group of 
Prince William Sound. In the Yakutat and Msek regions no considerable amount of greenstone 
has been recognized associated with these rocks, the greenstones in these regions appearing to 
be older than the 4Yakutat. In these regions there are aIso two groups which are probably 
unconformable. 

The extension of the strike of the metamorphic rocks of the Alsek River region would carry 
them into southeastern Alaska, and here, too, a group of beds has been found which resembles 
in many ways those described above. These include arenaceous and argillaceous sediments, 
with some conglomerates and a large amount of volcanic material. These rocks form a broken 
belt on the outer margin of the Alexander Archipelago, and terranes which have been correlated 
with them are also found in a few other localities in southeastern Alaska. 

The metamorphic rocks which have been described are characterized throughout by sharp 
folding which in some places has amounted to a complete kneading of the softer strata. They 
are all well foliated and some are altered to schist. The structure is so complex that, though 
more than s dozen geologists have studied them in half a dozen di-iferent localities, not one has 
ventured to express an opinion on even their approximate thickness. All appear to be agreed in 
believing that there are many- duplications by folding and also by faulting. 

The age of the belt of metamorphic sediments of which the rocks of Knik and Turnagain 
arms above described form a part is one of the most puzzling problems that has deveIoped in 
Alaskan stratigraphy. The stratigraphic evidence in Kenai Peninsula and the Matanuska 
region indicates that these rocks are certainly older than the Middle Jurassic and probably 
older than a part of the Triassic. In  the Enik and Turnagain arm regions they have yielded 
no fossils of any kind.' 

In the Prince William Sound region, so far as lmown, there are no formations present 
other than the Orca and VaIdez groups, and hence the stratigraphic relations throw no light 
on the age of the rocks. The ~Valdez group has yielded no organic remains of any ldnd, but 
in the Orca group Schrader2 found a few fragmentary plant remains, which are practically 
indeterminable but suggest that these rocks may be of lower Tertiary or Upper Cretaceous 
age. In  the same field the Harriman expedition found a few obscure fossils that have been 
referred to the Jurassic by U l r i ~ h . ~  

In the metamorphic rocks of the Controller Bay region ?rfartin4 found some poorly pre- 
served Globigerina of indeterminate species. If this de t e rminzn  is correct, it indicates a 
post-Paleozoic age for those rocks. 

1 Moffit, F. H., The gold fields of the Turnagain Arm region: Bull. U. S. Geol. Survey No. 277, 19133, pp. 18-19. Paige, Sidney, and 
Knopf, adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Surrey No. 327,1907, p. 15 

2 Schrader, F. C., A reconnaissance of a part of Prince William Sound and the Copper River district, ~llaska, in 1898: Twentieth AM. Rept. 
U. S. Geol. Survey, pt. 7, 1900, p. 406. 

3 UIriOh, E. 0.. FoSSils and ageof Yakutat formatiox Harriman Alaska Expedition, ~ o l .  4,1902, pp. 125-146. 
Martin, G. C., Geology and mineral resources of the Controller Bay region, Alaska. Bull. U. S. Geol. Survey KO. 335, 1908, p. 20. 
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In  the Chitina Valley, on the north side of the Chugach Mountains, the Valdez group is 
found in close association with the Triassic, and the evidence, as pointed out b r  Schrader and 
Spencer,' indicates that it is older than the Triassic rocks. I t  should be noted that in the 
Chitina district. below the oldest known hIesozoic beds, there is a large development of green- 
stone volcanic rocks which in many ways resemble those of the Orca group. These volcanic 
rocks, termed the Kikolai greenstone, appear to underlie conformably the Chitistone limestone, 
which was formerly believed t o h u p p e r  Carboniferous but is now known to belong in the 
Triassic system. These relations suggest at least that the Nikolai greenstone represents the 
transition stage between the Paleozoic and the Triassic, and the same may be true of the green- 
stone found at the base of the Orca group. 

S o  fossils have been collected in the Yakutat Bay region except those procured by the 
Harriman expedition in 1899 and described by Llrich, and a few imperfect plant remains and 
indeterminable invertebrates, found bj- Tarr. 

Stratigraphic evidence throws little light on the age of the occurrences of these rocks in 
southeastern Alaska, though it suggests that they are probably early liesozoic. 

Most of the earlier workers on this problem were inclined to assign these rocks to the 
Paleozoic era, with the exception of the Orca and Yakutat groups. Mendenhall, Schrader, 
Spencer, and Moffit assigned the Sunrise and Valdez groups to different parts of the Paleozoic 
sequence, from the Silurian to the Carboniferous. The ~ r i t e r , ~  in summing up the evidence 
bearing on this problem in 1904, was inclined to regard the Valdez as probably of 3Iesozoic 
age. At that time little evidence had been presented to prove that there was a distinct strati- 
graphic break between the Orca and the Valdez groups, and as the work of various geologists 
had led to the assignment of the Orca and Yakutat (with which the Valdez can be provisionally 
correlated) to the Mesozoic, i t  seemed plausible to think that the Valdez was for the most part 
also Mesozoic. Since that time, however, Grant and Higginss have shown that the Orca rests 
unconformably on the Valdez and exhibits certain differences in lithology and structure. The age 
of the Orca therefore does not necessarily determine the age of the Valdez. Additional evidence 
has been furnished indirectly by the establiqhment of the AIesozoic sequence, from the lowest 
Triassic to the Upper Cretaceous, in this part of Alaska. The sequence being established, 
if the TTaldez is Mesozoic it should find its equivalent somewhere among the Mesozoic tenranes. 
I t  will be shown later, however, that the Mesozoic rocks are of an entirely distinct type from 
the TTaldez, with the exception of Jurassic beds in the Alaska Range, which resemble in some 
degree the rocks of the Valdez group. As, however, it has now been proved that the Valdez 
is probably pre-Triassic in age, it can not be correlated with the Jurassic rocks of the Alaska 
Range. . 

A11 this appears to point to the conclusion that the metamorphic rocks forming the Chugach 
Mountains and stretching eastward LLS far as Controller Bay and possibly as far as Alsek River 
are of pre-Triassic age. In this connection it is interesting to note that rocks of similar types 
are found in iormations assigned to the Silurian or Devonian (Tonzona group) which occur 
along the inland front of the Alaska Range and also in the Yukon-Tanana region. The age 
of the Orca and Yakutat groups (if the two are to be correlated) can be determined only by 
more detailed investigations. It seems probable to the writer, however, that they may represent 
the oldest member of the Mesozoic. Their lithologic similarity to the Valdez may be due 
to the fact that the material of which they are composed was derived directly from the erosion 
of the Valdez group. The correlation of the greenstones of the Orca group and those of the 
Knik Arm region with the Kikolai greenstone has already been suggested. If these prove 
to be equivalent in age and to represent the transition zone between the Paleozoic and Mesozoic, 
they can perhaps be correlated with some of the greenstones which occur near the top of the 

1 Schrader, F. C., and Spencer, A. C., The geology and mineral resources 01 a portion of the Copper River district, Alaska, a special 
publication of the U. S. Geol. Survey, 1901, p. 30. 

2 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. S. Geol. Survey No. 45, l m ,  pp. 229-9-230. 
a G m t ,  U. S., and Higgfns, D. F., Reconnaissance of the geology and mineral resources of Prince William Sound, Alaska: Bull. U. 6. GeoI. 

S m e y  No. 443,1910, pp. 20-26. 
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Carboniferous or at the base of the Triassic in southeastern Alaska. I t  is worthy of note that 
copper deposits are associated with the greenstones both of the Orca group and of Chitina River 
(Nilrolai greenstone). 

SCHISTOSE ROCKS OF WILLOW CREEK BASIX. 

Paige and Enopf l have described a narrow belt of schist which lies between the lower 
Matanuska and the main Susitna Valley. On the accompanying geologic map these schists 
are correlated with the Birch Creek schist. They are much more highly cr~stalline than the 
metamorphic rocks of Hnik Arm and are believed by Paige and Knopf, who have studied 
them, to be an older formation. These rocks include garnetiferous mica schist and chlorite-albite 
schist. The belt is about 3 miles wide and strikes northeastward, the dip being both north 
and south. I t  has been traced from a locality near the head of Willow Creek westward to 
the region where it passes underneath the Pleistocene gravels of the Susitna Valley. The age 
of these schists is unknown, but from the degree of metamorphism they appear to be older 
than any other rocks in the province. In  degree of metamorphism these rocks resemble in 
some measure those described by Mendenhall under the name Dadina schist. 

SLATES AWD SCHISTS OF THE SUSITNA AND TALXEETRA VALLEYS. 

Little is known of the geology of the east side of the Alaska Range and the adjacent portions 
of the Susitna basin. Eldridge explored Susitna River in 1898 and obtained some general 
data; on the distribution of the various types of bed rock. In 1906 Paige encircled Talkeetna 
Mountain and the eastern part of this region. In  addition to the facts ascertained by these 
men, some notes have been furnished by various prospectors and by Robert Dunn. 

The dominating type of rock in this region appears to be a schist or slate which in some 
ways resembles the type rocks of the Knik Arm region. This rock was termed by Eldridge3 
the Susitna slate. The following description is quoted from his report: "The beds are essen- 
tially quartzitic, varying in coarseness of material from an extremely fhe  homogeneous rock 
to one of granular structure. In  addition to quartz, there are occasional orthoclase, plagioclase, 
biotite, muscovite, scattered grains of iron oxide, and minute fragments of slate, apparently 
of the same nature as the fhe-grained slates of the series itself. The entire series has been 
extensively sheared and the sand grains crushed, producing thus the partial schistose or slaty 
structure that so generally prevails." He also notes that the formation is as a rule highly 
folded and that where cnlmpling has taken place there are a large number of quartz seams, 
some of which show mineralization and sulphide of iron and are believed to be the source of 
the gold found in the bars of the Susitna. From the description it will be noted that these 
rocks do not differ essentially from the sedimentary types of rock found in the Enik Arm region. 
For this reason and because the Susitna slate is known to be pre-Jurassic the rocks of the 
two areas are here provisionally correlated. It is not improbable, however, that they include 
also some younger rocks which have not been differentiated in the hasty explorations made 
in this field. 

Paige and &opf noted that similar rocks occur along the lower course of Talkeetna River, 
where they are associated with various microcrystalline schists. The latter under the micro- 
scope prove to be composed largely of hornblende, together with quartz, chlorite, epidote, 
and biotite. With these are finely foliated rocks made up chiefly of quartz, biotite, and some 
carbonaceous material. I t  should be noted that this entire group of rocks shows less evidence 
of sedimentary origin than those of the Knik Arm region. However, some of the schists are 
interbedded with clay slates, and it was suggested by Paige and Enopf that some of the fine- 
grained varieties are altered dolomite. 

1 Paige, Sidney, and Knopf, -4dolph, Geologic reconnaissance in the Matanuska and Takeetna basins. Alaska: Bull. U. S. Geol. Survey 
NO. 327, 1907, pp. 10-11. 

2 Yendenhall, W. C., Geology of the central Copper River region, Alaska: Prof. Paper U. S. Geol. Survey No. 4l, 1906, pp. 27-28. 
a Eldridge, G. H., h reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. 9. Grol. 

Survey, pt. 7, 1900, pp. 15-16. 
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PALEOZOIC ROCKS. 

OUTLINE. 

Paleozoic rocks are knom-n to be \~-idely distributetl in the central Alaska province, though 
details regarding their occurrence arc scanty. The presence of Ortlovician, Sililrian, and 
De~-onian strata has been establisl~ecl on paleontologic ericlencc, ancl the occurrence of middle 
C'arboniferous roclrs is inferred from strntigral>hic correlations I\-it11 adjacent provinces. Ko 
Cambrian rocks have been recopizetl \T-ithin tlie province, though it is quite possible that 
such may occur in tlie terranes mapped as metamorphic, ~vllich are, in part at least, believed 
to be of pre-Orclovician age. I n  addition to the areas mapped as Paleozoic (see P1. IX, in 
pocket), tlle extensive areas of metamorphic rocks of the Susitna basin and cf the Knil; and 
Turnagain arms region already descrihetl are probably for tlie most part Paleozoic, though 
direct evitlence of their age is lacking. 

The route of travel through the Alaska Range along the vallcj- of tlle I<ichatna trax-ersecl 
a 1)elt of argillites, T<-it11 some grayu~ackes, which are sncceedetl by Jurassic roclcs ton-art1 the 
axis of the range. Tllese rocks stret,cll parallel to the lliountains and are of unl<no\m age. 
but are here prorisionsl1~- assigned to the Paleozoic. At the head of the Susitna Eldritlgp 
founrl slahc. with SOme linlestolle, also of undetermined age, but believed to be Paleozoic. 
Bc)-~ncl the ~vt~tershed the Jurassic rocks were found to rest on a series of pltj-llites, with 
soille iilterhecltlecl gr2i-j-waclies associated wit11 cherts. Still farther \vest and apparent1)- 
lower in the series is a considerable belt of blue linlestone ancl black carbonaceous slate, some 
of ~vhich carries Ordovician graptolites. Frau this belt the line of travel turned northeast- 
ward ancl for tibout 200 miles follometl the foothills and the adjacent piedmont plateau of 
the high range t,o the southeast. I n  this field there is an abundance of excellent exposures, 
and had there been time it would hare been possible to worlc out the detailed stratigraphic 
succession and structure. Here the carbonaceous slate and blue linlestone series uTas found 
in close association 114th thin-bedded siliceous limestone ancl calcareous slate, ancl the younger 
phyllite series was found to include slate ancl shales of rariegatetl colors, together with con- 
siderable chert and in places hear--betided graywaclies. Here also occurs a 11en.cy blue 
cherty limestone which at one locality yielded Devonian fossils. These De~onian and older 
beds are unconformably overlain by a conglomerate, sandstone, and slate series whic+h in some 
places includes a large amount cf T-olcanic material. 

Four stratigraphic units have been recognized in the Paleozoic roclis of the in1:~nd front 
of the range. The oldest inclutles the blue limestone ant1 carbonaceous slates carrying Ordo- 
vician fossils associated with thin-bedded siliceous limestone ant1 calcareous slate of unde- 
termined age, but also provisionally correlated with the Ordovician. These rocks have beell 
here termed the Tatina group. They are succeetled by varicolored slates ant1 cherts, together 
with graywackes, which have yielded no fossils but are provisionally assignetl to the Silurian 
or Lower Devonian, here called the Tonzona group. The Devonian is represented by a massive 
blue siliceous lilnestone cerrjing fossils which are probably of Uidtlle Devonian age. 

These rocks are unconforma'uly overlain b -  the Cantwell formation, I\-llich is niade up 
of heal-y conglomerates, recl sandstone, and c la~-  slate, u-it11 ~rolcanic materi;il, and is provi- 
sionalir assignetl to the midclle Carboniferous. -1s ~vill he s h o ~ m ,  these Paleozoic forlnations 
are intricately folded and profoundl- faulted, hence no complete measurements of thicbness 
could be made. I t  seems probable that tlle entire Paleozoic succession of the Alt~sl~a Range 
inclutles 10,000 to 11,000 feet of strata. 

The distribution of tile Paleozoic rocks in tlle Alaska Range will be clearer if it is recalled 
that they occur along the two arms of a broad sgnclinorium the inner boundary of which is 
marlred by a belt of Jurassic rocks, and that  tlie whole is broken by nunlerous stocks of granite. 
The Paleozoic strata of the southeastern arm of tlle syncline have not been definitely corre- 
lated with any of the terranes on the west si(le, but probably represent tlie same horizons. 
Profound faulting has take11 place along the inland margin of the n~ountaias, and the strati- 
graphic succession is not as definitely established as the cartographic representntion of it (see 



GEOLOGY. 67 

P1. IS, in pocket) might appear to show. I t  seernecl best, however, to draw the boundaries of 
tho various formations in this field, ancl these boundaries a t  least inclicate the structural types, 
though the geographic distribution of the cartographic units may not be altogether correctly 
shown. Intricate folding and faulting characterize the structure of these rocks. The types of 
structure are closed folds overturned to the west, accompanied by thrust faulting. All the 
Paleozoic roclcs of the Naska Range are cut by diabase clilies antl intruded by granites and 
granocliorites. Some consitierable areas of volcanic rocks are founcl in association with them, 
but these may in part be younger. 

Korth of the Tanana these Paleozoic rocks are differentiated, though only two divisions 
are shown on the map. The older includes fine conglomerates, graywackes, ancl slates. With 
these occur some linlestones which have xielcled a few fossils provisionally assigned to the 
Silurian. This group is too ill defined to permit of cartographic representation and is included 
in the unctifferentiated Paleozoic. On the basis of the fossils, all these rocks have been referred 
to the Silurian. The second Paleozoic group includes red, green, and black argillites and 
some fine conglomerates ancl cherts, and all these rocks have been provisionally correlated 
with the Tonzona group. A heavy Deroninn limestone with which some slate and greenstone 
are associated constitutes the third Paleozoic terrane recognizecl in the I-ukon-Tanana region. 
All these strata are folded and are cut by granitic ancl other intrusive rocks, though these are 
not very abunclant. 

UNDIFFERENTIATED PALEOZOIC ROCKS OF THE YENTNA BASIN. 

CHARACTER AXD DISTRIBUTIOX. 

On the lower Kichatna a belt of argillite was traversed which has a wicltll of about 5 miles. 
I t  is composed chiefly of blaclc carbonaceous slate antl phpllite, with some heavier beds of 
fine gmymacke and grit. The foliated roclcs are much 
more abundant than the massive t-pes. -11nong the 
characteristic features of the slates are the general 
presence of iron pyrite in them ant1 the two systerns 
of jointing by which they are broken into pencil-s1i:iped 
fragments. JIany diabase rlilces and some granitic 
intrusive roclis cut these slates. Qi~artz stringers are 
not uncommon, following tile joint planes of tlie argil- 
lites. Some of these are iron stained. I t  will be 10 FEET 

shown tllat these slates probably form tile country am,, I.-:lrcram sho~~Tlns ex;osum or s l a t s  in difi near 

of t,he ITentnn gold-placer district, an6 it seems thecamp of July >,on I<lchatnn Rlrer, evhlbltlng relntlon 
of jo~ntlng to bedding planes. 

probable that the quartz veins are the source of the 
gold. On the northwest the phyllites are overlain by the slate, sandstone, ~ind grit of the 
Torclrillo formation (lliddle Jurassic). The contact between the two belts of roc1;s is not 
exposed, but it seems i~lost likely that the Tortlrillo roclis are unconformable with the Paleozoic 
slates. On the southeast the slates are inantle(1 by Pleistocene gravels. Tlie southwestern 
extension o f  the strike sho~~l t l  carry these roclrs into the Sk~ventna River valle-, but they were 
not observed 13. Spurr and ure probablv there buried by tlie volcanic rocks of the Sli~ventna 
group. The contact between these two formations lies in the unmapped area between the 
Sk~ventnix itnd the IGchatna. An extension of the strike of these argillites woultl carry them 
into the Tentna placer district, ivt-herc similar rocks are reported to occur by prospectors ancl 
1,p R. W. Porter. On a western tributary of the Chulitna Robert Dunn founcl arqillites which 
lie in tliz extension of the trend of this series, parallel to the innin axis of  the range. 

STRCCTURE AXD THICKNESS. 

Where seen by the writer these slates are closely foldecl ancl somewhat faulted. "%e 
strikes vary from 40' to 3 5 O  east of north ancl are parallel to tlle mitin axis of tlle range. I t  
appears that the Kichatna cuts across the axis of an anticline whose northwestern arm (lips 
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under the Tordrillo formation. Xithin this large structure there are man?- secondarj- folds, 
one of which is illustrated in figure 1.  This diagram sl~o\r-s the netlr1)- horizontal jointing 
which appea.rs to prevail. More or less movement has talren place along bedding planes, ziild 

tllis, with the horizontal jointing, has yielded the pencil-shaped fragments so characteristic of 
the formation. Jointing parallel or nearly parallel to the bedding was dso observed at some 
localities. 

I t  will be shown that the top of the formation has not been definite1.i- determined, nor 
is the bottom of it exposed, and hence, no measurement of thickness could be made. The 
thickness is probably not less than 2.000 to 3,000 feet. 

AGE AXD CORRELATIOX. 

The slates above described are overlain by roclrs assigned to the Micldle Jurassic. Ther 
resemble some~vhat the argillites on the west side of the Alaska Range which form a part of 
the Tonzona group and are assigned to the Silurian or Devonian. They are also somewhat 
similar to the metamorphic sediments of the Knik Arm region which hare been described on 
page 61. The structure of the cross section of the Alaska Range between the Kichatna and 
the Kuskokwim is that of a synclinorium whose center is occupied by the Mesozoic beds. 
(See section A-B, PI. IX,  in pocket.) The above facts all point to the conclusion that these 
slates are of Paleozoic age, and if a more deiinite assignment should be made they would 
probably be correlated with a part of the Tonzona group of the Kuskokwim Valley. As the 
slates have yielded no organic remains, their age can not now be more definitely determined. 
It should be noted, however, that these supposed Paleozoic slates are not very different 
lithologically from some of the overlying Jurassic beds, and it is by no means impossible that 
they may be 3lesozoic. They differ from the Jurassic rocks in being somewhat more altered 
and in the fact that the fragmental beds, such as grepwackes, form only a small percentage 
of the bulk of the material, whereas in the Torclrillo formation the grits and sandstones are 
more abundant than the slates. 

It has been shown that the northeastern extension of this belt would curry it parallel 
to the Alaslca Range, and slates have been reported by prospectors in this general region. 
~i&ilar  rocks were observed by Eldriclge along the headwaters of the Susit~la, tl~ough tlzese 
are associatecl, as will be shown, with some heavy limestone. It is probable that the slates 
of the Kichatna section are synchronous with some of the rocks found by Eldriclge near Broad 
Pass, but at present no more definite correlation can be made. 

UNDIFFERENTZATED PALEOZOIC ROCKS IN T H E  H E A D W A T E R  REGION OF,  T E E  SUSITNA.  

The exploration of the Susitna made by Eldridge in 189s was carried out under great 
difficulties, and of necessity the geologic conclusions were rather indefinite. Though he cor- 
related under the name Susitna slate all the sedimentary rocks of the part of the Susitna Valley 
traversed by him, it would appear from Paige's more recent investigation that a part of these 
rocks are considerably altered, and hence they have been classed here with the metamorphic 
rocks. A study of Eldridge's field notes has led the writer to the conclusion that there is a belt 
of sedimentary rocks between Jack River, t r ibutag to the Susitna, and the head of the Kenana 
1\-11ich is properly separable from the metamorphic rocks lying to the southeast. These have 
here been mapped as undifferentiated Paleozoic rocks. Eldridge's field notes show that they 
include black, red, and green argillites, probably some cherts, ant1 a l lea~-~-  limestone, together 
with some igneous rocks. His description suggests that they include some of the sailie forma- 
tions as are found along the inland front of the Alaska Range, notably part of the Tonzona 
group. These interpretations of Eldridge's notes are borne out by the stream gravel noted by 
the writer along the northern margin of this area. The eviclence at  hand would therefore seem 
to justify the provisional assignment of this belt of rocks to the Paleozoic. 

These rocks are bounded on the north by what Eldridge calls the Cantwell conglomerate, 
which is here termed the Cantwell formation and provisionally assigned to the Carboniferous. 
The Cantwell rests unconfor~ably upon the older supposed Paleozoic rocks. On the south the 
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rocks continue to the point where they pass under the alluvial floor of the upper Susitna. I t  
has already been suggested that these rocla are in part equivalent to the slate of the Kichatna 
Valley. They appear to form the eastern limb of the great synclinorium of the Blaska Range. 
(See section C-Dl PI. IS, in pocket.) 

TATINA GROUP (ORDOVICIAN). 

CHARACTER AND DESTRIBUTIOh-. 

The Tatina group embraces a series of sediments, dominatingly calcareous but including 
considerable argillaceous and some arenaceous material, wlich forms the oldest known Paleozoic 
terrane of the province. The typical exposures of this group are in the upper basin of Tatina 
River (formerly called Rohn River). Blue limestones, usually argillaceous and in places car- 
bonaceous, occurring in beds from 6 inches to 20 feet or more in thickness and interbeddecl with 
carbonaceous argillites in the form of shales, slates, or more rarely phyllites, cbnstitute one 
phase of this group of rocks. Intimately associated with these carbonaceous sediments is 
a series of thin-bedded sandy gray limestones, which grade into calcareous flags and are inter- 
bedded with calcareous sandy shales and slates and calcareous shaly sandstones. It is by no 
means certain that these two phases of this group form an unbroken sedimentary succession, 
but the evidence at hand does not permit a subdivision. So intricate is the structure that it 
is impossible to state definitely whether the carbonaceous or the sandy phase of the group is the 
older, but it seems probable that the former constitutes the lower part of the group. I t  will be 
shown that this lower member, comprising the blue limestone and carbonaceous slates, carries 
Ordovician fossils, but that the upper sandy limestones and shales have not yielded any organic 
remains and may be found to be of post-Ordovician age. One of the best examples of the sup- 
posed lower member of the group occurs near the camp of July 21. (See P1. IX.) Here a 
highly contorted series of limestones and shales is exposed in a cliff. (See fig. 5, p. 71.) The 
calcareous layers, made up of blue and black limestone which is somewhat sandy and from 1 to 2 
feet in tlziclcness, are separated by bands of carbonaceous shales, usually not more than 1 inch 
thick. On Tatina River a more complete section is exposed. Here the series, embracing 1,000 
to 1,500 feet of sediments made up of blue limestones, locally sandy and carrying carbonaceous 
matter, occurs in layers from 1 to 20 feet thick interbedded with argillaceous and carbonaceous 
slates, in beds for the most part not over 1 foot in thickness but in places reaching 50 feet or 
more. These roclcs also are highly contorted and have been intricately penetrated by diabase 
dikes. (See figs. 4 and 7, p. 71.) I t  appears that in the upper part of this lower member sandy 
limestones begin to appear, and tl is suggests that there is a gradual transition into the upper 
arenaceous member, but no complete section of the group came under observation. The upper 
sandy division of the Tatina group was observed at several localities, but the most complete 
section that was studied is about 3 miles west of the camp of July 24. Here a belt about a mile 
\vide is made up of closely folded series of alternating thin bands of gray siliceous limestone, 
flaggy calcareous sandstone, and sandy calcareous shale. A fault separates this belt on the east 
from the slates and cherts of the younger Tonzona group. The western limit 01 the belt was 
not determined, but the rocks extend s t  least a mile beyond the area actually traversed. In  
this section the massive rocks, including some of the linlestones and sandstones, are 3 to 10 feet 
thick and are separated by thinner beds of foliated roclrs. llany igneous rocks, chiefly intru- 
sive diabase, are found in association with this series. 

As has been shown, diabase intrusives are plentiful among the Tatina roclw. Xost of these 
appear to be dikes, but somemay be sills or ancient interbedcled lsraflo~vs. About 2 miles southeast 
of the camp of July 37 and well within the high mountains there are extensive exposures of a 
limestone breccia in a matrix of diabase. The limestone fragments range from a few inches to 
2 or 3 feet in diameter. They form probably 50 per cent of the rock, are as s rule angular, and 
show little evidence of metamorplism, though there is considerable veining by secondary 
calcite. The limestone resembles that of the Tatina group. It appears from the drift that there 
is a large area of this breccia extending toward the crest line of the range, to the southeast of the 
exposure described. 
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Granite, both in stocks and dikes, cuts the Tatina rocks. The dikes are confined chiefly 
to marginal zones of the larger stocks. Quartz veining is not uncommon, following the folia- 
tion of the argillites and the jointing of tile massive beds. These veins are not known to be 
mineralized. 

The Tatina rocks were traced from Tatina Eiver to the east fork of the ToMat and appear 
t o  constitute most of the inland slope of the mountains. Along the Kuskol<\$-in1 the group is 
bounded on the east by the overlying Tonzona sediments. The mountains west of the Kus- 
kokwim were not examined, but from their general appearance and some notes by S p u r  they 
are believed to be made up of Tatina sediments ancl diabase intrusive rocks. The easterly 
boundary of the broken belt of the Tatina group wlich skirts the mountain front was not deter- 
mined, but from the evidence furnished by  the glacial was11 they are believed to be bere also 
overlain by the Tonzona group. 

STRUCTURE Ah'D TFIICKNESS. 

Extreme deformation characterizes the Tatina group of sediments throughout. As a rule, 
two structural systems can be recognized. One, \17hic11 runs parallel to the main axis of the 
range, is characterized by profound faulting accompanied by overthrusts: the other has pro- 

duced minor crenulations about at  right angles to the sys- 
Len1 of faulting. I n  general it can be said that the for- 
mation is bounded by fault lines rather than by lines marli- 
ing zones of deposition. At different localities the Tatina 
group rests on sediments belonging to the Tonzona (Silu- 
rian or Devonian), Devonian, Carboniferous, and Eocene. 
There is no measure of the extent of these thrust faults, 
but in several places they cut out the intervening strata, 
\~-llich must aggregate many thousand feet in tl~icliness. 
Cross faults of any considerable throw seem to be compara- 
tively scarce, though there is one strili-ing example m-luch is 
shown on the map (PI. IX, in pocliet). The upper Iiuslco- 
Bwim Valley appears t o  be incist cl along the axis of an 
anticlinal fold which trends from north to N.  10' 3JT. 
Kear the point where the river emerges from the mountains 
the strike swings abruptly to about K. 30" E., ancl at  

FIGUBE 2.-sketch map s h o ~ n n g  relation o f p l t ~ i ~  this 1ocality (near the camp of July 20) the drag has brought 
and of cross roldlng to 'lnes about cross faulting and the Tatina rocks on the north abut 
1 mile west of the camp of Julv 24. 

directly against the younger Tonzona roclis on the south. 
The trend of this fault line is uncertaic, and tlle movements that have talien place between 
the two blocla of strata are impossible of determination with the present incomplete evidence. 
It may be noted, however, that rocks lying northeast of the fault line have moved northwest and 
in many places are known to have overridden younger strata. It is possible that the structure 
can be explained by supposing that there was an unyielding buttress lying west of the upper 
Kuskoh~im which held these strata in place while tlie strata of the main range to the northeast 
were moved inland by a thrust from the Pacific. 

The ocertl~rust faults all strike parallel to tlie axis of the range, tlle direction being about 
N. 20" to 40' E. The dip of the fault planes is to the southeast a t  unlillown angles but appar- 
ently in the main a t  60° or more. The faulting has affected all the strata froill the Ordorician 
to the Tertiary and will receive further consideration when the general structure of the prorince 
is discussed. 

The cross folding found in the Tatina roclcs manifests itself in sbarp plication, forming 
anticlines and synclines the pitch of whose axes is parallel to the larger structures. This feature 
is brought out in Plate X, 6, and in the accompanying sketch map (Sg. 2) .  Tlle figure s h o ~ ~ ~ s  
that in the northern part of this area there is an anticlinal arch, as indicated by the double- 
headed arrows, and that this pitches to the southeast parallel to the general trends. This cross 
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d. BEDDED A h D  JOINTED SILICEOUS DEVONIAN LIMESTONE. 

Near c a m o  of Ju ly  24. See page 77. 

0. ANTICL lNAL FOLD ,N SANDY LIMESTONE AND SHALES O F  T H E  
TAT lNA  GROUP. 

Near c a m p  o f  J u l y  ^A.  See page  ;1 
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arching is shown in Plate S, B, and in the diagram forming figure 3, taken from a field sketch 
which also illustrates the joints that traverse the massive beds and are filled with calcite veins. 

The east slope of the upper I<uskokwim 
Valley e*uhibits some fine examples of cross 

9 100 200 300 FEET / 2000 FT- 

FIGURE 3.-Diagram showing cross folds in limestone and sandstone FIGWE 4.-Section shoving cross folding on east slope 
interbedded with cnicareous sha!es near the camp of July 25. This of IiuskoInvim Valley near the camp of July 19. 

sectionshows alsocalcite veins follolving the joints01 the mmive becls. The major stmctwal lines are nearly at right angles 
to these folds. 

folding. Here the major structures trend about north and south and the axis of the cross 
folds strikes nearly at right angles, parallel to the structures north of the cross fault whicll 

1~:~s been described. The section in figure 4 is 
reproduced from a field slretch. 

P 2 5 SO FEET 0 5 10 FEET 

FIGURE 5.-Diagram showing exposures in cliff 1 mile east of the FXGCRE G.-Diagram showing folding of sandy limestone inter- 
cnnpof  July 21, exhibiting cross folding md faulting of lime- bedded with carbonaceous shales 2 miles north of the camp ol 
stones and shales of Tatiia group. July 30. 

The extreme deformation of the limestone and carbonaceous shale member of the Tatina 
has been referred to as one of its most characteristic features. The diagram in figure 5 is 
reproduced from a field sketch. I n  the cliff shown in tlus figure the limestone beds are 
from 1 t o  2 feet in thickness and are separated by sliale layers from 1 to 3 inches tluck. 

knother example of the crenulated 
N s character of the folding is shown in 

V :igure 6, which is taken from a field 
sketch. The locality shown, near the 

o ~2 I MILE camp of July 30, is about 50 miles 
F ~ ~ u ~ ~ ' ] . S e c t i o n  along east side of river near the camp of - 1 u ~ t  11, shormng northeast of the one shown in figure 3. 

limestone and carbonaceous shales ol Tatma group, 3~1th d13b~lc  rotrusire 
rocks. 

Figure 7, which is reproduced from 
a ssction drawn in the field, indicates 

the character of the folding of tlle Tatina group near the northeasterly limit of its occur- 
rence. It miU be noted that the folds are mostly overturned toward the north. 

I t  will be evident from the foregoing account of the structure and distribution of the 
Tatina group that a much more detailed survey than was made would be required to determine 
the tluckness of the entire series. I t  mas estimated that from 1,500 to 2,000 feet of the lime- 
stone and carDonaceous shale member of tllis group is exposed along the Kuskokwim. I t  is 
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probable that the upper limestone and calcareous sandstone member is at  least 2,000 feet tkclc. 
I t  should he remembered that the base of the Tatina has nowhere been recognized, and i t  is 
fair, therefore, to assume a minimum thiclaess of 4,000 to 5,000 feet for the entire succession. 

AGE AND CORRELATIOPU'. 

. I n  the streams tributary to Dillinger River fragments of black carbonaceous shale were 
found, in some of wllich Mr. Prindle discovered the remains of graptolites. This occurrence is 
near the camp of July 22  (see map, P1. IS, in pocket), but, altllough diligent search mas made 
for the source of the fossil remains, they were not found in place. I t  was established, however, 
that the fragments carrying the graptolites were derired from the interbedded limestones and 
shales, which i t  has been shown form a member, probablj- a lower member, of tlle Tatina group. 
These fossil-bearing shale fra-pents were found in two localities; one (KO. 10) was near the 
camp of July 31 and the other (So. 11) about 5 miles to  the northeast. Prof. Charles Schuchert 
has kindly furnished the following statement in reference to these fossils: 

Localities 10 and 11 have the same fauna, consisting of graptolites, as follows: Climeograptus bGxnmis (Hall) 
(10 and l l ) ,  Climacograptus sp. undet. (lo), Dicranograptus c f .  ramosus (Hall) (11). 

I n  eastern North America these fossils are regarded as marking a horizon about Utica. These species, however, 
have a greater range, but it is the absence here of others marking a lower horizon than Utica that leads me to refer 
localities 10 and 11 to about the Utica (Ordovician). 

Mr. Prindle also found some fossil fragments on the mountain slope about a quarter of a 
mile east of the camp of July 17 (locality 9), and on these Professor Schuchert reported as 
follows : 

I,ocality 9 is Ordovician, but the fossils are too indefinite for exact age determination. I t  is either that of localities 
10 and 11 or of a zone in the middle Ordovician. Thereare present s fragment of 3, graptolite, a bivalve, apparently of 
Ambonychica, and long, slender tubes, possibly worm tubes, similar to those of serpulites. The latter fossils resemble 
Endoceras, but no septa can be seen. 

The structure would appear to indicate that the beds at locality 9, from which these fossils 
were derived, are either at  the same horizon as the fossiliferous beds at  localities 10 and 11 or, 
if anything, a trifle higher in the Tatina group. As these localities are, however, some 30 miles 
apart, and in view of the profound faulting in the region, these statements in regard to the 
stratigraphic position of the fossil-bearing beds can be regarded as little more than suggestive. 
The evidence in band, however, indicates that the blue limestone and black shale member of 
the Tatina group is of Ordovician age. 

The supposed upper member of this group, including the sandy limestones, sandstones, 
and shales? has yielded no fossils of any description, and it is by no means certain that it also is 
Ordo~~cian.  Spurr grouped all the rocks lying west of the Tordrillo formation (now known 
to be Jurassic) together under the name Terra Cotta series. This "series" could therefore 
include the Tatina group as here d e h e d  and also as much of the Tonzona group as occurs in 
the section studied by Spurr. He n7as inclined to correlate the Terra Cotta with the Skwentna 
group, which is the natural interpretation of the structure. The similarity which he recognized 
between the Skwentna and the Terra Cotta was due to the large number of diabase dikes wlich 
occur in the latter; the weathering products of these dikes, when viewed from a distance, resemble 
the volcanic rocks of the Skwentna. In the following table the ecjui~alency between Spurr's 
stratigraphic units for this field and those of this report is indicated: 

Spurr, 1895. Brooks and Prindle, 1902. 
Tordrillo series. ........................................................... Tordrillo formation. 

Terra Cotta series ...................................... - i Tonzona group. 
Tatina group. 

Ordovician rocks have been recognized at only two other localities in Alaska. In  Seward 
Peninsula there is a heavy semicrystalline limestone named the Port Claren~e,~ which is referred 

1 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. 5. S. Geol. Survey, pt. 7,1900, pp. 156-lji. 
s Collier, A. J., and others, The gold placers of parts of Seward Peninsula, rilaska: Bull. U. S. Geol. Survey No. 328, 1908, pp. ;&-79. 
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to either the Ordovician or the Silurian. I<indlel has also found on the Porcupine a heavy 
bluish-gray magnesian limestone which llas -ielded fossils determined by Ulrich to be Ordo- 
vician. I n  this connection it is of interest to note that there is a graptolite-bearing formation 
on the Porcupine which is lithologically identical with that of the lower division of the Tatina 
group, but whose fossils have been referred to the Silurian by U l r i ~ h . ~  (See correlation table, 
p. 52.) The black shales interbedded with limestone described by Dm-son as occurring on 
Dease River in British Columbia carry graptolites of the following species, referred by Lap- 
worth to the Middle Ordovician: 

Diplognptus englyphus Lapworth. 
Climacrograptus cf. antiquus Lapworth. 
Cryptograptus tricornis Carruthers. 
Gossograptus ciliatus Emmons. 
Dichymognptus cf. Sagittarius Hall. 
New form allied to Csnograptus. 

Regarchg the stratigraphic position of these fossils, Dawson quotes Lapworth as follows: 
The graptolite-bearing rocks are clearly of about middle Ordovician age. They contain forms which I would 

refer to the second or Black River-Trenton period-that is, they are newer than the Point Levis series and older than 
the Hudson and Utica groups. * * * The rocks in Canada and New York with which these Dease River beds 
may best be compared are the Marsoin beds of the St. Lawrence Valley and the Normans Kill beds of New York. The 
Deme River beds may perhap~ be a little older than these. * * * The specific identification of the Dease River 
fossils I regard as provisional. 

TONZONA GROUP'(S1LURIAB OR DEVONIAN). 

CHARACTER AND DISTRIBUTION. 

A series of argillites, in part interbedded with graywacke and associated with cherts, is 
here classed together under the name Tonzona group. The name is taken from the river in 
whose basin these rocks typically occur. The Tonzona group has at  least one striking differ- 
ence from the older Tatina group in its marked lack of limestone. It is made up of sediments 
which, as a rule, are coarser grained than those of the Tatina, being derived chiefly from clays 
and sands. It includes, however, considerable masses of chert. 

The argillites, which predominate in this group, vary from shales to slates and phyllites. 
One of their characteristic features consists in their variegated colors, which include black, red, 
green, and blue. Fragmental rocks are represented by gray indurated feldspathic sandstone 
or graywacke, some of which in the field was mistaken for igneous rock. The cherts, which 
occur in association with the fine-grained argillites, are also varied in color, includingblack, 
greenish-white, green, and red varieties. 

The facts in hand suggest that the Tonzona group may be divisible into two members- 
(1) a lower, made up largely of bluish phyllites and black slates, some interbedded with 
massive graywacke, with which are also associated some black cherts, and (2) an upper, 
which is dominatingly made of black, red, and green slates, locally gradiag into shales and 
cherts of various colors. This subdivision can not be carried throughout the field, and it has 
been necessary, therefore, to map all these rocks as a stratigraphic unit. 

A reference to the map (PI. IX, in pocket) will show that the Tonzona group forms a broken 
belt stretching along the inland front of the Alaska Range ancl has also been recognized along 
the lower Tanana and north of the Tanana. In  general, it  is true that in the southern part 
of the field the lower phyllite and gray~vacke member is most abundant, whereas in the northern 
part the upper slate ancl chert ineinber is the prevalent type. 

The belt of Tonzona rocks which lies east of the Tatina group sad is bounded in the heart 
of the range by the Torclrillo formation alTorcls a good typical section of the older member of 
the group. d blue-black phyllite of irregular cleavage, which in places weathers out into lmotty 
fra,pents, is the dominating rock type in this section. Some of these pllyllites are highly 

- - 

1 Iiindle, E. M., Geologic reconnaissance of the Porcupine Valley, Ilaslia: Dull. Geol. Soc. America, vol. 19, 190% pp. 322-324. 
3 Kindle, E. M., op. cit., pp. 325-326. 
3 Damson, 13. Y., Report on an exploration in the Yukon district, Northwest Temtory, and adjacent northern portion of British Columbia: 

Ann. Rept. Geol. Survey Canada for 1587-E3, rol. 3, new ser., pt. 1, 1888, pp. 94B-95B. 
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exposure of diabase, along the margin of which are included some large angular slabs of lime- 
stone. These iiiclusions show very little evidence of metamorphism. The whole series shows 
many minor crenulations, and there are probably many duplications by folding and faulting. 
JIr. Prindle estimates the thickness of the upper shale member at about 1,000 feet, and the 
other beds must aggregate more. 

While exploring the Tanana in 1898 the writer traversed a belt of rocks similar to those 
describecl above exposecl in the ridge lying between the Tolovana Flats and the valley of Baker 
Creek, and described them as the Silkoka formation. These rocks include a series of highly 
colltorted red and green slates and sandstones and fine conglomerates. The conglomerate is 
matle up of fine vitreous quartz grains averaging less than a quarter of an inch in diameter; 
the cement is siliceous and carries consiclerable iron. The slate is commonly red in coIor, but 
some is green; i t  occurs in beds of 50 feet or more in thickness. Most of the slates are argil- 
lites, but some are siliceous. ,4s a rule, they have an even fracture, but some cleave irregularly. 
Quartz veins cut the sanclstone, but none were observed in the slate. In 1906, on the route 
from Fairbanks to Rampart, a similar formation was found along the western margin of tlie 
Birch Creek schist. In  tliis region the esposures are very poor, but it appears that the same red 
ant1 green slates ancl sandstones cccur ant1 that with them are associatetl some gray and black 
cherts. 

On the evidence above outlined several areas of the Tonzona group have been mapped (see 
P1. IX, in pocket) in the regionnorth of the Tanana. I t  must be confessed that the evitlenee for 
correlating these roc,lcs with those of the Alaska Range is far from conclusive, but the lithologic 
resemblances are so strong that it seemecl advisable to so interpret the facts. There are, more- 
over, certain stratigraphic facts which support this conclusion. Rocks of the same types also 
occur north of the Tanana in the areas mappetl as undifferentiated Paleozoic. 

It will be clear from what has been stated that the Tonzona group inclutles (1) a phyllite 
series interbedded with graywackes ant1 with some associated cherts and (2) a series of grits 
or graywacke, slates, and cherts. The entire group occurs along the inland front of the Alaska 
Range; the upper member and possibly the lower also are found north of the Tanana. 

Diabase dikes are common in tlie Tonzona group, and there are some rocks of diabasic 
composition which may be lava flows estrucletl while the sediments were deposited. Granitic 
intrusive rocks are also founcl in the sediments of this series. In  the upper Xenann, basin some 
gneissoid rocks, consisting chiefly of augen gneisses, were found in intimate association with 
cherts uncl slates that have been assignee1 to t.he Tonzona group. Tlle areal tlistribution of tlie 
gneisses is only approximately indicated on t,he map (Pl. 1 9 ) .  The augen are quart,z or felcl- 
spar (chiefly orthocluse), have a lenticular cross section, and are embedded in :L fine crystalline 
groundmass consisting chiefly of quartz and mica. There is n marlted parallel struct'ure through- 
out the rock, which is finely foliated, the longer axis of the augen being parallel to the foliation. 
The gneiss everywhere exhibits evidence of having unclergone intense tleformation. In the 
gneissic areas traversed the exposures were poor and no fresh material came uncler tlie observa- 
tion of the writer. In the field it appeared that tliis rock represented a basal conglomern,te 
resting on an Archean complex, but further fielcl studies and tletailetl microscopic investijiations 
by 3fr. Prindle proved t,hat it. was of igneous origin and probably a tleformetl rh~-olite (pp. 149-1 50). 

Similar rocks are known to occur in the Tulion-Tantma region ancl have been usually 
regardetl as peissoitl porpllyritic granite. In some respects they are not unlike the gneissoicl 
phases of the I<lonclilie group.' Like tliem, the rocks of the Xenana basin are seamed with 
quartz stringers, and there is evidence that some of these are loetalliferous. 

STRUCTURE AXD THICKXESS. 

JIucll of what has been said about the tleformation of the Tatina rocks applies with equal 
force to those of the Tonzona group. The Tonzona rocks hare, howerer, apparently suffered 

1 Brooks, A. H., .\ reconnaissance in the White and 'Canana river I~asins, -113sk3, in 1898: Twentieth I n n .  Rept. V. S .  Geol. S u r ~ e y ,  pt. 7 ,  
1900, p. 472. 

2 McConnell, R. G.,  Report on the Iclondike gold fields: I n n .  Rept. Geol. Surrey Cauada lor 1901, rol. 14, pt. B,  1905, pp. 15B-??B. 
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somewhat less deforniation than the older series and present but little evidence of the folding 
transverse to the main axis of the range mlzicll is so conspicuous a feature of the Tatina secli- 
ments. The dominant structure running parallel to the mountains and manifesting itself 
cliefly by close folding and faulting is as typical of these rocks as of the Tatina group. Prob- 
ably over half of the boundaries of the Tonzolzn group are fault lines, and on man!- of them 
there is some ericlence of overthrusting. The strikes along the Kuskoli~lm T-aliey trend north 
as far as the cross fault which has a l read~  been described. Xorth of the fault the structures 
swing to northeast and maintain this general direction to the limits of the area niapped. Sort11 
of the Tanana these roclcs also strilre northeast\\-ard. The dips are variable but are presTa- 
lentlj- steep and to tlie southeast. Jlanj- closed folds overturned to the nortliwest were noted. 
The argillites in places exhibit man!- mino1 crenulations, but 111 the more massive graywacke 
and grits the movement has been taken u p  bj- sllearing along the bedding planes. Apparent 
monoclina! structures such as are e:;hibitecl ixi figure S are on closer study usually found to 
be made of a series of overturned closed folds. In the region north of the Tanana tlle foltling 
appears to be somewhat more open. I-Iere, however, the exposures are so poor that there is 
little evidence to be obtained. The section shown in figure 9 represents tlie structure of some 
exposures (red and green slates and sandstone) on the lo\\-er Tanana. The section is generaI- 
ized from a sketch made in the field. 

No complete measurement of the roclrs of the Tonzona group has been made. It appears 
that. the lower member of the group may be 2,000 to 3,000 feet thick and the upper member 
somewhat less. The best evidence indicates a total thickness of 4,000 to 5,000 feet. 

3/4 Mile t 

FIGURE 9.-Section of red and green slates and sandstones exposed along north side of Tanana River 2 miles 
below the mouth of the Tolovana 

AGE AND CORRELATION. 

No fossils of any description have been found in the Tonzona group, although the lithologg 
of the rocks suggests that a more careful search would result in the finding of organic remains. 
It will be shown that they aye overlain, probably unconformably, by a limestone of Ilidclle 
Devonian age. Their relation to the older Tatina group is not definitely established, as most 
of the contacts between the two groups have become lines of movement. In  any event tlzey 
are without doubt younger than the Tatina, which is, in part at least, Ordovician. These 
facts have led the writer to assign these rocks provisionally to the Lower Devonian or to the 
Silurian. In the Rampart region there is a group of rocks somewhat like the Tonzona in 
lithology which carry Silurian fossils. These organic remains occur in a heaq- limestone. 
Such a member is unknown in the group under discussion, and a correlation with them is there- 
fore not justified. It is probable, however, that these supposed Silurian rocks of the Rampart 
region are older than most of the Tonzona group. 

Spurr,' in subdividing the rocks of the Tukon district, grouped together under the name 
Rampart series greenstones, lavas, and tuffs, with graF slates, impure limestones, cherts, etc. 
It will be shorn that the limestones are of Iliddle Devonian age and that the volcanic rocks 
probably for the most part belong to the same period. The clzerts and slates are probably 
syncl~ronous -4th some of the cleposits here described. Above Circle on the Tukon cherts 
and slates similar to those here assigned to the upper member of the Tonzona occur in asso- 
ciation with large amounts of greenst~ne.~ 

- - - 
1 Spurt, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3,1898, pp. 101-1GG. 
2 Brooks, A. H., and Kindle, E M., Pdeozoic and assocrated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. Ameriea, vol. 19,1908, p. 279. 
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LIMESTONE (MIDDLE DEVO?.?IAN). 

CHARACTER, DISTRIBUTION, AND STRUCTURE. 

In the region drained by Dillinger nncl Tonzona rivers two narrow belts of siliceous lime- 
stone mere lound which are assigned to the Middle Dcl-onian. This limestone has a thiclincss 
of probably not exceeding 300 feet. I t  is blue to white in color, very siliceous, semicr.ystalline, 
ard  usually much fractured. (See P1. S, A, p. 70.) In tlie belt lying just north of the camp 
of July 26 the limestone appears to lie in a closed synclinal both arms of T$-l-hich rest on the 
phyllites of the Tonzona qoup. I t  differs fro111 the lilllestone of the Tatina group in being 
much heavier bedded and m carrying a very large percentage of silica. Its massive character 
has dso prevented the close folding characteristic of the thin-bedded limestones of the Tatina. 

The second area of limestone, which lies just east of the camp of July 24, is bounded on 
both sides by fault lines. Here the blue-white siliceous limestone is overlain by a ferruginous 
limestone, and both carry Devonian fossils. White quartz conglolnerate (Carboniferous?) 
bounds the limestone on both sides, and the limestone is exposed along the axis of an anticline. 
The structure is exceedingly complex, but the best interpretation appears to be that the sup- 
posed Carboniferous conglomerate and the Devonian limestones are overthrust on the Tertiary 
and these in turn have been overridden by the Ordorician (Tatina) rocks. This interpretation 
is shown in the section 3, 

NW 
forming figure 23 (p. 98). Feet 

Somewhat similar relations 
are shown in figure 10. 'OoO 

Here the Devonian is seen lsoo 

resting on top of the Car- looo 

boniferous, which is faulted 
up on the Tertiary beds, 500 

Rocks of the Tonzona group 
succeed the Devonian lime- o Y2 I Mlle 

stone. The structure may be 
interpreted as close folcling 
overturned to the northwest 
or a series of thrust faults. 

FIGURE 10.-Section showing folding of Devonian and Carboniferous rocks 3 miles southeast of the 
camp of August 4. T, Kenai formation (carbonaceous sandstone and shale); Eocene; C, Csntwell 
formation (white quartz conglomerate and slate), Carboniferous (?); D, massive siliceous semi- 
crystalhe limestone, Devonian; S, Tonzona group (black slates, chert), Sillurian or Devonian; 
0, Tatina group (thin-bedded sandy limestone and carbonaceous slate), Ordovician; i, intrusive. 

Similar limestones occur along the north front of the range south of the Tanana Valley, 
but these are in small areas and have not been mapped, being included in the areas of Tonzona 
group. A broad belt of this limestone was crossed between Tanana and Yukon rivers, and 
several other areas are indicated in the Rampart region. Detailed mapping will probably 
show that there are many others. In these occurrences north of the Tanana the limestone 
is blue and not crystalline, as in the southern areas. Sor is it as much deformed. Some 
slates are associated with it which may belong to the same formation or may be older. The 
total thiclrness of the rocks mapped as Devonian north of the Tannna may aggregate several 
thousand feet. 

AGE AND CORRELATIOI. 

A few lossils mere obtained froni this limestone at a number of places, as follows: 
Locality 13. One mile south of camp of July 24. 
Locality 16. Sear camp 11i July 25. 
Lorality 25. Two miles mePt  of camp of September 6 .  
Locality 2G. Sear camp of September 11. 
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Prbf. Charles Schuchert reports as follon-s on tllis material: 
Localities 13, 16, 25, and 26 seem to reprewnr one yeneral horizon toward the top of the bliddle or of the lower 

portion of the Upper Devonian. There is nothing sufficiently diagnostic to indicate rrith certainty the Upper 
Devonian, while the general facie8 is rather that of the upper part of the Middle Devonian. 

Locality 13: 
Cyathophyllum sp. undet. 
D e n d r o p ~ a ,  probably new. 
Favosites, a small ramose species similar to F. clausus Rominger. 
Orthothetes, a small species reminding one of 0. arctostriatus. 
Cyclonema, like C. multilira and C. hamiltonlzt. Ilall. 
Euomphalus or Straparollus. 
Bellerophon, very much like B. mzcra Hall of the ('henlung. 
~viculopecten. 

Locality 16: Diphyphyllum n. sp. 
Locality 25:  A large species of compound C'yathophyllun~ 
Locality 26: 

Phillipsastrea sp. undet. 
oments. Crinoidal fra, 

This limestone appears to be at the same horizon as that found in association with the 
volcanic rocks of Spurr's Rampart "series." I t  has been iclentificd on the upper Yukon1 
and on the P~ rcup ine ,~  where Icindlc called it the Salmon-Trout limestone. Spurr found on 
the inidclle Kuskokwim a heaq- gray Iinlestone carrying what are l>robably Bliddle Devonian 
fossils, wlGch probably represents the same horizon. It is associated with argillaceous lime- 
stones and slates, together wit11 black calcareous shales and arkoses. All these rocks were 
grouped together under the name "Tachatna series." I t  is possible that the shales and 
arl<oscs of this series may be synchronous wit11 some of the deposits of the Tonzona group. 

CANTWELL FORNATION (CARBONIFEROUS?). 

CXARACTER AKD DISTRIBUTIOX. 

The Cantwell formation includes a series of heavy conglomerates interbecldecl with a few 
shale layers and succeeded by finer conglomerates and red sandstones interbeddetl wit11 gray and 
black clay shalw. Eldridge first describeci a part of this formation as a series of conglomerates 
and coarse sandstones outcropping along the head of Nenana (then called Cantwell) River. 
The writer traced these rocks westward from Eldridge's locality and found them associated with 
a great series of shales and sandstones. It would seem best to include these in the same map 
unit. I n  any event reconnaissance work was not sufficient to differentiate the upper shale and 
sandstone series from the lower sandstone and conglomerate series, and it does not seem likely 
that this can be done, even ~ ~ 4 t h  more detailed study. 

The basal conglomerate of this formation is made up chiefly of well-rounded n~hite quartz 
and chert pebbles, the largest of v-11ich are 2 inches in diameter. The basal character of the 
conglomerate is well illustrated in several localities where i t  rests unconformably on the older 
rocks and also contains rounded fragments of them. That part of the formation seen by Eldridge 
contained only the basal beds of tlle series. On being traced to the north and west these are 
found to be succeeded by reddish santlstone and gray, drab, and black shales. The sandstones 
are in some places bright red, but gratle from this into a redrlish-brown to medium-brown color. 
The shales are both argillaceous nntl arenaceous, the latter phase grading into a shaly sandstone. 
Some of them carry a large amount of carbonaceous matter, and coal seams are interbedded 
~irith these rocks, but those seen hp the miter  appear not to have any commercial importance. 
In  this connection it is interesting to note that the Kation River formation of the Yukon, which, 
as vill be shown, is correlated with the Cantwell fonnation, also carries some thin coal beds. 

1 Bull. Geol. Soc. America, vol. 19, 1908, pp. 280-291. 
2 Idem, p. 329. 
aSpurr, J. E., A reconnaissance in southwestern Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 157-159. 
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A typical section near the camp of August 9, on the West Fork of the Toklat, showed a basal 
congIomerate about 20 feet in thickness resting unconformably on the upturned edges of Paleozoic 
slates and limestones. This bed contains pebbles of the underlying rocks. Above it is exposed 
about 20 feet of carbonaceous shale, and this in turn is overlain by n heavy quartz and chert 
conglomerate containing sandstone lenses which probably has a thickness of 100 to 200 feet 
and passes upward gradually into a grit and sandstone series with local conglomerate layers. 
This upper member is made up of heavy sandstone and grit, thin-bedded sandstone, and sandy 

which on weathering have an iron stain, together with considerable carbonaceous clay 
shale. The sandstone and shaie member probably aggregates 1,200 feet in thickness at  this 
locality. One small area of these rocks, made up chiefly of conglomerate and red sandstone, was 
found on the Tonzona, where they formed a syncline resting on the cherts and slates of the 
Tonzona group. (See fig. 11.) The most extensive exposure of them occurs in a belt of un- 
known width stretching from the bIcI(in1ey Fork of the Iiantishna to the Nenana Valley and 
probably beyond. In this area, especially toward the Nenana, lava flows interbedded with the 
conglomerate are very prevalent. In some localities these volcanic rocks form over half of the 
thickness of strata exposed belonging to this formation. These lavas appear to be chiefly 
andesites, but also include rhyolit~s and basalts. That they were surface flows is Gdicated 
both by their stratigraphic relations and by the amygdnloidal and columnar structure that some 
of them exhibit. Some tuffaceous beds also occur in this formation. The Cantwell formation 
is cut by diabase dikes and some granitic stocks. 

0 SO00 FEET 

FIGURE 11.-Diagrammatic section near the camp of July 28, showing supposed relation of conglomerate of Cant~vell 
formation to phvllites and cherts of the Tonzona group. 

STRUCTURE AND THICKNESS. 

The dominant strike lines of the Cant\\-ell f'ormation are all parallel to the main axis of the 
range. They swing f r o 7  northeastward near the west end of the conglomerate on the McleICialey 
Fork of the Iiantishna to eastward on the Yanert Fork of the Nenana. The typical structure of 
the formation is that of broad, open fclcls accompanied by faulting. The massive conglomerate 
and sandstone beds have yielded but little in the lines of movement and the stress seems to 
have been taken up Iargel  by f aulting, but the interbedded shales are considerably deformed. 
It appears tliat the physical cht~racter of the formation has played a dominant part in determin- 
ing the structure, for the series as a whole has been subjected to many of the stresses that have 
affected the older rocks. Tliis must be so, for the younger Tertiary strata have been involvecl 
UI the complex cleformation of the province. If, therefore, the Cantwell formation is not :is 
sharply folded as the older rocks, it is probably in large part because the massive beds were able 
to resist the movement, some of ~vl ich has been taken up by lines of shearing that have followed 
the shale beds and the lines of parting between the shales and the massive hetls. It should be 
notecl, however, that where thinner beds of conglomerates have been found, particularly in 
tlie region near Alount JlcIiinlep and to the southwest, these are involved in nll of the complex 
structure of the nreti. The olcler beds :ire thrust up o-ver the conglomerate iind the conglomer- 
ates themselves are much faulted. 

The infolding and faulting of the conglomerate are shown in figure 9 and also in figure 23 
(p. 98). In  the section shown in figure 23 the conglomerate bed is less than 50 feet in thickness. 
Less intricate relations of the conglomerate horizon are shown in figure 11, an interpretation of 
the field data not actually to be seen in any one group of outcrops. In this section the con- 
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glomerate is probablr some\\-hat faulted, thougll the clatn at  hand are not sufficient to indicate 
the lines of movement. 

In  the belt of the C'nnt~vell formation that stretches from the McKinlej- For t  t c )  the 3-anert 
Fork open folding is the rule, ancl here a series of anticlines ancl synclines are \+-ell marlred. A 
beautiful example of this structure ~ ~ 2 s  observetl in the ~ a l l e ~  in ~vhich the cnnlp of August 10 
mas located. This valley occupies an anticlinal arch, in the center of ~ ~ h i c l l  the older rocks 
have been exposed and on both slopes of which the conglomerate beds of the succeeding sand- 
stones and shales dip away from the axis of the snllq-. These features are illustrated in the 
accompanying sketch map and section (fig. 12))  ~~-1lich are based on foot traverses made in the 
field. 

The section shows a s~nclinnl valle; cut througll the Cantwell formation, \~hich here rests 
on the upturnecl edges of limestones and carbonaceous slates of Ordovician age (Tatina). The 
northern limb of the anticline forms the southern limb of a syncline whose northern arm rests 
on the upturned edges of phyllites ant1 cllerts of the Tonzonn group. There has been some fault- 
ing along the central limb of the two folds. To the east the syncline flattens out, as is sllown in 
figure 13, which is reproduced from the field notebook. I n  this sketch the Cantwell formation 

FIGWE 12.-Sketch map and section showing stratigraphic relations of Cantmell formation in the upper Toklat basin near the 
camp of Auyst 10. 

is seen as a broad spcline forming a high mountain mass. The southern arm of the conglomerate 
rests on the limestone and s1at.e~ of the Tatina group, which are cut by intrusive rocks. The 
section also shows something of the irregular -distribution of the volcanic rocks, as well as the 
large percentage of the formation made up of them. It seems probable that closer study would 
have shorn similar structural features in other parts of this belt. Tanert Fork appears to 
occupy such an anticline, and south of this is a broad syncline one arm of which rests on the 
upturned edges of the older rocks. The ridge north of Tanert Fork appears t o  be made up of 
a sharp syncline which on the north side is faultecl against the Paleozoic beds. 

One feature of the folding of the Cantwell formation is not easy to explain. Although the 
conglomerates are faulted and the shales show evidence of h a ~ i n g  suffered deformation, the 
as~ociat~ed lava beds are as a rule fairly massive. As these lavas are believed to be contem- 
poraneous with the conglomerates and shales, it is difficult to unclerstancl why they should not 
show evidence of deformation. I n  some places intrusive rocks of later age have been mistaken 
for lavas, but there are many which are undoubtedly lavas. It may be that the lavas were 
competent to resist the movement and have also been protected by the conglomerate beds, 
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which are very massive, and that the latter have taken up the strain of tlle cltiormt~tion. It 
must be confessed, however, that this esplsnation is far from satisfactory, ant1 further work 
will have to be done before this question can be definitely settled. 

No complete section of the Cantwell formation has been measured, so it is impossible to 
make definite statements in regard to its thickness. I n  the headwater region of the Toklat 
basin, near the camp of August 13, however, partial measurements were made, and these were 
supplemented by estimates, giving a total thickness in this region of at  least 2,000 feet. Of this 
the lower 400 or 500 feet consists chiefly of massive cherts and quartz conglomerate, with one 
basal bed carrying fragments of the underlying metamorphic rock, having a thickness of 20 
feet. Above the conglomerate member occurs about 1,%0 to 1,500 feet of massive sandstone 
interbedded with black and gray shales. 

To the east of this locality there is so much volcanic material that the thickness is probably 
much greater, but it varies greatly from place to place. I t  should be remembered that the 
Cantwell formation in most places represents the top of the stratigraphic column with the 
exception of the Quaternary deposits. Therefore any statement in regard to its thickness will 
simply represent the amount that has been left by erosion, and will not indicate the total thick- 
ness of strata deposited when the formation was laid down. 

I - 
Limestine and slate 

I I 
0 !'4 1/2 I Mile 

I 

FIGWE 13.--Section vest of the camp of lugust 10, showing limestones and slates (on the left) overlain by the conglom- 
erates, sandstones, and ~olcanic roclis of the Cantiveil formation. 

AGE AND CORRELATION. 

No definite statement in regard to the age of the Cantwell formation can be made on the 
basis of present knowledge. As has been shown, it rests unconformably on various members 
of the Paleozoic, the uppermost of which is probably Uidclle Devonian, and it may be said, 
therefore, to be youngep than the Middle Devonian. I n  the opinion of the writer it is of pre- 
Eocene age, but this admits of less definite proof. I t  can not be clenied that the Cantwell 
formation resembles lithologically and structurally certain phases of the Kenai found in the 
Yukon basin. For example, on Seventymile River Xr. Prindle found ~t series of higldp tilted 
heavy conglomerates interbedded wit11 some shales carrying Kenai (Eocene) plant remains, 
and these beds closely resemble the Cantx-ell formation. It is also somewhat similar to tlze 
Kenai formation of the JIatanuska basin. On the other hand, it will be sho~vn that the typical 
Kenai of the province under consideration is very much less indurated ancl as a rule much less 
deformed than the Cantwell formation. Nowhere in Alaska has any belt of known Kenai 
rocks as extensive as the area occupied by the C~intwell been found,' for the Kenai, as will be 
shown, is made up chiefly of fluviatile and lacustrine deposits which, originally laid down in 
basins of moderate size, now remain only in small isolated areas or in broken, rather narrow 
belts. Still it  should be recorded that the expedition found some shale beds which carried 
Kenai plants in close association with the Cantwell formation. The locality is near the camp of 
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August 1% in the upper basin of Toklat River. The accompanying section (fig. 14) indicates 
the relations at this locality. It will be noted that the plant remains occur in tlle black shales, 
which are interbedded with layers of impure coal, and that these are separated fro= the con- 
glomerate, which is believed to belong to the Cantwell, by a fault. Tlie shales carrying the 
plant remains, however, resemble litl~ologicallg the shales which are interbedded wit11 the 
conglomerate. Had these plant remains proved to be of pre-Eoccne age, the,? ~ o u l d  probably 
have been accepted as evidence of the age of the Cantwell formation; hut in view of the fact, 
that the other evidence points t o  the pre-Eocene age of the Cantwell this occurrence of Kenai 
(Eocene) plants in rocks closely associated \\-it11 the conglomerate of the Cantwell formation is 
not considered a conclusive indication of the Eocene age of that formation. In  this connection 
it should be noted that no such development of coal beds was found in the Cantwell as is usually 
associated wit11 the Eocene plant-bearing beds. 

No other fossils of snF kind were found in the region occupied by the Cantwell rocks. 
The possibilit,y of its being of Mesozoic age has been careful137 considered. As a matter of fact, 
however, the Mesozoic section of this part of Alaska has been well determined, and nowhere in  
it have any formations been recognized that resemble in any degree the Cantwell formation. 
Moreover, the Mesozoic of central Alaska is almost universally fossiliferous, whereas the Cant- 
well is without fossils. These considerations, together with certain correlations made with 
terranes of adjacent regions, have led the writer to the opinion that the Cantwell is of pre- 

Mesozoic age, and if this is so it woultl be most likely to fall in - 

the Carboniferous. It will-be shown below that the Nation River 
formation of the Yukon, known to belong to the Carboniferous, 
resembles in many mays the Cantwell, and it is on this basis of 
lithologic resemblance, supplemented by certain facts of strati- 
graphic occurrence, that the Cantwell formation has been tenta- 

0 ' loo tively assigned to t,he Carboniferous. - 
F~GURE 14.-section showing structural re- The extension of the strike of the Cantwell formation from 

lations a t  locality where Kenai fossil 
plantswerefound~3mileseastofthecamp the head of the Panert Fork of Nenana River, where it was last 
of sugust 12. a, Carbonaceous shaleand seen by the writer, would carry it across Delta River into the 
coal beds with sihceous nodules carrying 
Kenai plants; b ,  me sand- Chistochina area, tributary to Copper River. Mendenhalll has 
stone; C-d, Cantwell formation ( t) ;  (c, described a series of heavy quartzitic conglomerate, tuff, arkoses, 
white quartz conglomerate and lerrugi- 
nous sandstone; d,  carbonawous shale); and quartzite, together with a large amount of igneous material 
e ,  conglomerate and sandstone; I, mtru- and some calcareous beds, which occur in the headwater region 
sive (7). of the Chistochina. This group of deposits he named the Chisna 

formation and correlated with certain tuffaceous beds observed by him on Delta River in a 
previous expedition. I n  some of the calcareous beds h4endenhall found some crinoid stems, 
but the formation has yielded no other fossils. 

The Chisna is separated from the Permian lying to the north by a fault of several thousand 
feet throw. On the south it is mantled b~ the Quaternary silts of the Copper Eiver ralley. 
Mendenhall had little to guide hinz in determining the age of this formation, but provisionalll- 
assigned it to the upper Paleozoic, considering that it was probabIy younger than his Tetelna 
volcanics, which are largely composed of altered andesite. Both the Tetelna and the Chisna 
he regarded as pre-Permian in age. He also prorisionally correlated these rocks with the 
Wellesley formation of the upper Thi te  and Tanana bx sins. ' 

The Wellesley formation occurs in a series of isolated hills through the broad alluvial flat 
which separates the central part of the White Itiver basin from the Chisana or east fork of 
Tanana River and which lies in the extension of the strike of the Chisna beds. The Titlellesley 
formation consists of a lower menher made up of coarse massive conglomerate interbedded 
with a few layers of clay'slate and an upper member which is made up largely of clay slates. 
The studies bj7 the m-riter%ndicate that the Wellesley may at  its type locality have a thick- 
ness of 1,000 to 2,000 feet. It rests unconformably on some greenstone schists wbicll are 
regarded as part of the Birch Creek schist. ,4 few igneous rocks cut the Wellesley form:~tion. 

1 Mendenhall, 11'. C., Gcolog~ of the central Coppcr region, .Ilasl;a: Prof. Paper 1:. S. Geol. Survey No. 41, 190C. pp. 33-34. 
2 Brooks, A. H., ,'. r~zolmaissance in the White and Tanana river basins, Alaska, in 1896: Tu.e~itieth Ann. Rept. U. S. Geol. Survey, pt. 7, 

1900, pp. 470-472. 
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The clata at  hand when the report just cited was written indicated that the Wellesley belonged 
in the upper Paleozoic, being either Devonian or Carboniferous. A few invertebrates were found 
in the slates interbedcled with the conglomerates, and these were provisionally assigned to 
the Devoizii~n or Carboniferous by Charles 53chuchert.l 

I t  will be observed that the Welleslcy llas closer lithologic similarity to the Cantwell than 
has the Chisna. The Cllisna, however, is not unlike that part of the Ciintwell which carries a 
large amount of igneous material. The volcanic roclrs associated with the Cantwell may in 
part represent the same outburst as those of the Tetelna. The facts at  hand, therefore, seem 
to justify tlle provisional correlation of these three formations and their assignment to the post- 
Devonian and pre-Permian part of the Paleozoic column. 

I n  1906 the writer, in company with E. 11. Kindle,2 studied the upper Yukon section anil 
there noted a formation made up of conglomerate, sandstones, and shales which in many ways 
corresponds stratigraphically and lit1~ologic:~lly with the formations above described. This 
group of arenaceous deposits, which was called the Nation River formation from the locality of 
its type exposures, includes about 3,700 feet of gray clay shale and some clay slate intercalated 
with heavy beds of conglomerate and some sandstone. There are two notewortlly conglomerate 
beds. One occurs at  the base and is very massive; the other, which is not quite so heavy, is 
about 1,000 feet above the base. This 1,000 feet is made up of shales with some fine conglom- 
erate and sandstone; the upper 500 feet is chiefly gray shales. No igneous rocks of any kind 
were found in association with this formation. 

The Nation River formation succeeds the lower Carboniferous limestone (Mississippian?), 
upon which it probably rests unconformi~bly. I t  is in turn overlain by a massive limestone 
which is probably also unconformable, and this has been proved by paleontologic evidence to 
belong to the upper part of the Carboniferous. ,4 few beds of bituminous coal occur in the 
Nation River, and some of these contained a few fragmental plant remains which David White 
has provisionally assigned to the Carboniferous. The Nation River formation is, then, defi- 
nitely known to be Carboniferous and later than the Mississippian. I t  therefore represents 
about the same time as the Pennsylvanian. 

It is with this formation that the Cantwell formation is provisionally correlated. There is 
considerable lithologic similarity between the two, and the stratigraphic relations of the Cant- 
well, so far its they have been determined, correspond to those of the Nation River. Both of 
these formations appear to rest unconformably on the older rocks-a fact which, if they are to 
be correlated, indicates a widespread period of erosion. 

UNDIFFERENTIATED PALEOZOIC ROCKS OF YUKON-TANANA REGION. 

In  the region north of the Tanana the pre-Tertiary rocks include, besides the Birch Creek 
schist, the slate, cherts, and sandstone of the Tonzona group, and Devonian limestone, also a 
considerable area of undifferentiated Paleozoic rocks. These sediments in part belong to the 
Tonzona and in part are Middle Devonian, but the hasty character of the work in this field 
has not made it possible to extend these differentiations over the entire area. 

There also appears to be in this areti a pre-Tonzona formation which is not represented in 
the region to the south. This is made up of grapackes ,  fine conglomerates, slates, snclsome 
massive limestone. Mr. Prindle also reports that it contains some cherts. Except for the 
massive limestone, this formation resembles the lower member of the Tonzona, and such it may 
prove to be. For the present, llowever, it is considered a distinct formation. In  thislimestone 
Mr. Prindle has found some fossils, upon which E. &I. Kindle has reported as follows: 

7AP277 (Quail Creek). This lot contain8 sevcrnl species of corals and fragmentary representatives of n large 
lamellibranch and a gasteropod. They are referred provisionally to the following genera: 
Cladopora ? Diphyphyllum. 
S yi-ingopora. I ~Ieqalomus?? 
Amplexus? / Pleurotomaria? 
Streptelasma? I 

1 Brooks, A. H., h reconnaissance in the \Thite and Tanma River basins, Alaska, in 1898: Twentielh .inn. Rept. U. S. Geol. Sunqey, pt. 7. 
1900, D. 472. 

2 Brooks, -1. II., and Ii'indle, E. .\I., Pnleozoic and assoc~ated rocks of the upper Yukon, Ilaska: Bull. Geol. Soc. America, vol. 19, 1908, 
no. 194-295. 
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The minute characters used for specific linlitatioil in corals are not re11 enough preserved in these specimens to 
justify any attempt at  specific determination. As the genera noted above are all comnloil to both Del-onian and 
Silurian horizons, they afford no definite evidence as to which of the two the corals represent. The chief interest o 
the collection lies in  the lamellibranch fragments, which represent a very large thick-shelled form that appears almost 
certainly to be specscally identical ~ t h  a shell occurring i n  the lin~estones of Glacier Bay and similar beds at Fresh- 
water Bay, in southeastern Alaska. This southeastern Alaska shell has been referred to the genus Uegalonzus and 
considered to belong to a late Silurian fauna. 

The distribution of the Tonzonn in this field has already been discussed (pp. 75-76). I t  
should be added, however, that in the opinion of the \niter the extensive areas of black slates 
and phyllites which occur in the Baker Creek region should probab1)- be assignecl to this group. 

The Middle Devonian is represented by n blue fossiliferous limestone, ~i-hich is in places 
associated with extensive bodies of greenstones, chiefly ancient lava flows. I t  is impossible to 
state, with only the present knowledge, ~ h e t h e r  all the greenstones belong to this same period 
of extrusion, but it seems probable that there are some whiclr are older than lcliddle Devonian. 
These greenstone eruptives were all classified together by Spurr under the name Rampart series. 
Carboniferous rocks occur to the northeast of the area here discussedll ancl some beds of this 
age may be included in the undifferentiated Paleozoic rocks. The rocks t o  the northeast are 
made up of black, gray, and green shales, and the contained faunas, according to Girty,belong 
to the upper part of the Carboniferous system. 

3IESOZOIC ROCKS. 

OUTLINE O F  OCCURRENCE. 

Though Mesozoic rocks cover large areas in the southern part of the central Alaska prov- 
ince, the era is chiefly represented by two terranes which belong to the Middle Jurassic, but 
Cretaceous rocks have also been found. The Skwentna group is the lower of the two and in 
the Alaska Range is made up chiefly of volcanic rocks of varied lithologic character. It 
appears that the same horizon is represented in the Matanuska and Talkeetna basin by volcanic 
rocks tvhich contain some interbedded sediments. The latter are supposed to be unconformable 
to the metamorphic rocks. I n  the tdype area of the Skwentna group, in the basin of Pentna 
River, the base of the series has not been studied; hence its relation is unknown. I t  is probable, 
however, that these rocks rest unconformabl~ upon the Paleozoic strata. 

I n  the Alaska Range the Skwentna group is succeedecl unconformably by a considerable 
thickness of slates, grits, and sandstones, with subordinate limestone masses, which are referred 
to the Middle Jurassic and have been termed the Tordrillo formation. The same general horizon 
is also represented in the basin of Matanuska River. The Tordrillo occurs in the great 
synclinorium infolded in the heart of the Alaska Range and probably constitutes a considerable 
part of the bed rocks in the unexplored portions of the range. Another Jurassic sedimentary 
formation, tvhich is somewhat younger than the Torclrillo, is found in the bIatanuska basin. 

Near the eastern margin of the area mapped (Pl. IX,  in pocket), at  the head of the Matanuska, 
is a small area of Lower Cretaceous limestone, which is more extensively rlereloped in the 
adjacent areas farther east. This limestone has not been recognized in any other part of the 
p r~v ince .~  The Upper Cretaceous is represented by small areas of conglomerates, sandstones, 
and slates in the northern part of the province, between the and the Tanana. These 
rocks rest unconformably on Paleozoic rocks and hare been cut by granite. 

The aggregate thickness of the Mesozoic terranes of the AIount BIcKinle~ province is prob- 
ably between 3,000 and 7,000 feet. I t  is possible, however, that the Skwentna group of volcanic 
rocks locally exceeds this thickness. 

The great masses of granite and granodiorite which occur in the province were probably 
intruded during Mesozoic time. The granodiorites of the Alaska Range and the Talkeetna 

1 Prindle, L. M., The Fairbanks and Rampart quadrangles: Bull. I?. 8. Geol. Surve~ No. 337,1908, pp. 22-23. 
2MartinJs recent stud~es in the Matanuska reg~on show that there 1s a Mesozo~c horizon clefly made up of shales and probably of Cretaceous 

age which is widely distributed in the coal field. 
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3lountains cut the Midclle Jurassic rocks. I n  the southern part of the province, therefore, the 
granite can probably be assigned to a time later than Middle Jurassic. To the north some 
granites cut Upper Cretaceous rocks, ancl there are others which may be older. 

TRIASSIC ROCKS. 

No Triassic rocla have been identified within this province, though a considerable thickness 
of secliments belonging to this system has been identified in adjacent areas. Stanton and 
i\lartinl have described some 2,000 feet of cherts, limestones, and shales carrying invertebrate 
Triassic fossils which occur in the Alaska Peninsula. These are unconformably overlain by 
rocks of Lower Jurassic age-a horizon which has not been recognized in the llouot JIcKinley 
region. 

I n  the Copper River region, to the east, Sclnader and Spencer2 noted the presence of 
about 4,000 feet of thin-bedded limestone ancl black shales, xvhich are referred to the Triassic. 
These rest conformably on the Chitistone limestone, which is 2,000 feet or more in thickness 
and has been found by Ifoffit and Madclren3 to carry Triassic fossils. The Chitistone limestone 
rests apparently conformably on the Sikolai greenstone, whose age is uncertain, but which 
probably represents the top of the Paleozoic or the base of the 3Iesozoic column. A reference to 
the table opposite page 52 will show that Triassic beds have been found also in the m%te River 
country, on the upper Yukon, and in southeastern Alaska. I n  all these localities the Triassic 
rocks consist either of limestone or of fine argillaceous sediments indicating deep-sea conditions. 
As there is a considerable thickness of Triassic beds on both sides of the Mount AIcEinley regioD, 
it is most likely that sediments of that period originally covered this ares also. They may 
have been removed by erosion or may be buried underneath some of the younger deposits. 

SKWEXTXA GROUP (LOWER MIDDLE JURASSIC). 

CHARACTER .4ND DISTRIBUTION. 

In  the journey from Cook Inlet, after traversing a broad gravel-floored plain, the party 
entered a foothill belt which differs in topography and geology from the main range lying to 
the west. These footldls, which include mountains up to an altitude of 4,000 and 5,000 feet, 
have an extremely irregular topography. The crest lines are very sinuous, the ridges and 
peaks sharp, and the valleys steep-walled. (See PI. ,XI, B, p. 88.) The bed rock was found to 
consist chiefly of a complex of igneous rocks which are largely volcanic. Dacites predominate 
among these voIcanic rocks, wIlich include both Iavas and tuffs. (See p. 153.) Some basalts 
were, however, also noted. With the volcanic roclrs are associated some arkoses, but these 
were not studied in detail in the field, for they mere iclentified only after microscopic investi- 
gation. A few cherts and one small belt of black limestone were also founcl intermingled with 
the volcanic rocks. The whole series is cut by many intrusions ~vhich include some acidic 
rocks, classed by Mr. Prindle as alaskites (p. 141), and granite and cliabase dikes are very com- 
mon. In  the hand specimens the volcanic rocks are chiefly of a greenish and reddish color. 
Locally they carry considerable pyrite. The ~vhole series is entirely distinct from anything 
else which tvas found in the province. 

Spurr,' ~vho first described this belt of rocks, traversed them in 1598 along the valley of 
Skwentna River. He described them as basaltic glass, lavas, tuffs, andesite, trachyte, and 
cldoritic and feldspathic slates, together with some arkoses. He also noted the presence of 
carbonaceous cherts. 

Spurr termed these rocks the Skwentna series, which he defbes as a series of volcanic 
rocks interstratified with tuffs and derivecl slates and wit11 some arkoses, all of which have been 

1 Stmton, T. W., and Hartin, G. C., Yesozoic section on Cook Inlet and Alaska Peninsula: Bull. Geol. Soc. America, rol. 16,1905, p. 410. 
nschrader, P. C., and Spencer, A. C., The geology and mineral resources of the Copper Rirer district, Alaska, s special publication of the 

U. S. Geol. Survey, 1901. 
3 Moat, F. H., m d  Maddren, A. G., Yineral resources of the Kotsina-chitins region, Alaska: Bull. U. S. Geol. Survey So. 374,1909,pp. 27-28. 
fspurr, J. E., h reconnaissance in southwestern Alaska in 1898: Twentieth .b. Rept. U. S. Geol. Survey, pt. 7 ,  1900, pp, 1.19-132. 



highl?- folded ant1 in parts cut by dikes. Tllese rocks are here placed in one group, but more 
detailed surveys ma>- resolve them into different formations. 

Tlle Skwentnn group as here defined forms n northeastward-trending belt lying betwzen 
the Quaternary gavels of Cook Inlet and the lligli range made up of the later Alesozoic secli- 
ments. Some evidence obtained by Spurr inclicstes that these rocks also form Mount Yenlo, 
east of Tentna Eiver. Their south~vestern extension llns not been deternzinctl, but from the 
topographic appearance of the countr- the writer is inclined to tliink that t lrc- extent1 at Irast 
as far as Jlount Spurr. and they have been so inclicatecl on the map (Pl. IS, in pocket). 

Consitlerable areas in the llstanuska and Talkeetna basins are nlappetl on Plate IS as 
belonging to the Skn~entna group, but tlle correlatioll of tllese rocks 11-it11 thtl Sl<wentna group 
is not definitely established. The-  liavc been studied by Paige and I<nopf,l from ~rllose report 
the following description is taken. T l q -  conlprise andesitic greenstonc, cluartz porphpries, 
tuffaceous sandstone, shales, and conglomerates, and the sediments include some beds of coal. 
The greenstones are the most cliaracteristic members and are witlely distributed. The>- are 
described as being chiefly anclesitic ancl of extrusive origin. Ki th  tllc greellstones also occur 
rllyolites ancl dacites, inclucling their tuffs. Some of tlie rllyolites are flint)- loolring. Tlllile 
volcanism was active in one part of the region sedimentation was going on in the other part 
and some feldspathic sandstones were laid down. With these occur some shales carrying 
numerous limestone nodules. 

I t  will be noted from the above description that the rocks of tlle Tallreetna and Matanuska 
basins wllich are correlated with the Skwentna group are very similar to those of tlle type 
locality of the Skwentna, with the exception that tlie lavas appear to be chiefly anclesites rather 
than dacites. I t  also appears that in tlie eastern area considerable amounts of sediment were 
laid down during the volcanic outburst. These facts appear to justif:- the correlation of tllese 
two groups of volcanic rocks. I t  is of interest to note that all villa have studied this complex 
have reported evidence of mineralization, tllougll so far no workable ore bodies have been 
found. This subject will be further discussed in the section on nlineral resources. 

STRUCTURE AND THICKNESS. 

The general trend of the Skwentna group along tlle Alaska Range is nortlleasterlj-, pw- 
allel to tlie axis of the mountains. Spurr notes the fact that the rocks lmve undergone a con- 
siderable amount of folding ancl faulting, and tllis statement is borne out by the observations 
of tile writer, though few details were determined. In  tlie eastern part of the region Paige and 
Knopf appear to have found less complexity of structure. Here the trend is a little east of 
north and the folding is rather gentle, but tllere are numerous faults. 

No data whatever as to the tl~ickness of the Slrwentna were obtained by the writer, but 
in the Natanuska and Talkeetna area Paige and =opf have deternlined it as approximately 
2,000 feet. The volcanic rocks wllicll constitute the lower part of the group in this area are 
estimated to have a thickness of over a thousand feet, and the upper member, made up of 
sandstone, shales, and conglomerates and some coal, is estimated to  have a thickness of a 
thousand feet, more or less. I t  appears probable that tlle tlliclcness of the group in the western 
part of the region is greater than this, but tllere is no definite evidence at  Iland, and the amount 
of volcanic accumulation is likely to have differed greatly in different parts of the region. 

AGE AND CORRELATION. 

I n  the type area of the Skwentna group no conclusive evidence of age was obtained. The 
westerly contact of the belt was not studied, and no other series was found in contact with the 
volcanic rocks except in one place, where they were overlain unconformably by some Eocene 
coal-bearing beds. The direct evidence, therefore, indicates only that they are of pre-Eocene age. 
Spurr, however, had previously determined that the Skwentna rocks are overlain by tile Tor- 
drillo formation, wllich has since been determined to  be of Jfiddle Jurassic age. I t  also seems 

1 I'aige, Sidney, and Iinopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. lC-19. 
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Likely that the Slrwentna group rests unconformably on the Palezoic rocks of the Ilicliatna 
Valley. This would appear to give the Slrsventna a place in the lower i\lesozoic or upper 
Paleozoic. 

Fortunatelv. in the Matanuska basin some more direct evidence is availabIe, for Paige and ., , 
finopf obtained some fossils from the setlirnents wllicli form a part of the Skwentna group in 
that region. On this point tlieir report is cited as follows: 

"The two lots are evidently from the same horizon, and nearly all the species occur in the lower part of the Enoch- 
kin at Snug IIarbor. " 

The age of these sandstone8 and shales is thereiore substantially the same as that of the greenstones-lower Middle 

The fossils found in tuffs associated with the greenstones mere submittetl to T. W. Stanton, who reports as folloms: 
( '6  :\. K. 201. Fossiliferous tuffs, associated with lavas and coarse pyrorlastics, from the heacl of 3Iatanuska River. 

Rhynchonella. I As:ar:e? 
Lima. Protocsrdia. 
Pecten. Smooth species Pleuromya. 
Pecten. Species of Vola type. / Sclnninia? 
Trigonia. 

"The Jurassic age of this lot is clearly shown by the form of the Trigonia and of the ammonite (Sonninia?). The 
general aspect of the fauna is that of the lower part of the Enochkin,' though it may be somewhat olcler t l~an  the faulla 
in lots 88-1 ancl 88B. With the exception of the Volu-like species of pecten, there is nothing in it  to suggest the lower 
Jurassic fauna of Seldovia." 

According to this determination the age of the greenstones is lower Aliddle Jurassic. 
In  general the sandstones and shales are barren of fossils, though belemnites are rather common. The followi~ig 

species, however, were found and vere subm~ttect to Mr. Stanton, who reports as folloms: 
' 6  . I .  8 .  Caribou Creek, tributary to Jlatanuska River. 

Inoceramus cf. lucifer Eichwald. Phylloceras. 
Pleurompa. I Stephanoceras. 
Pleurotomaria. Oppelia'? 

"6  1. K. 88B. Same locality as preceding, but found in flcat bowlder in stream bed. 

Jurassic. 

Inoceramus. 
Natica. 
Phylloceras. 

The evidence at hand woulcl appear, therefore, t o  justify the statement tliat the Skwentna 
group belongs to tlie lower part of the Jlicldle Jurassic. 

In  seelcing for possible terranes to correlate s d h  the Slc~.ventna group it is natural to turn 
to the most complete Mesozoic section w-1;llich lias been worked out in this part of Alaska, namely, 
that of Cook Inlet and Alaska Peninsula. In  that region the Enocllkin formation, svhicli it ~vill  
be shown is equivalent in age to the Tordrillo, the formation unconformably overlying the 
Sk~ventna, rests on sandstone, tuffs, ancl lavss of Losver Jurassic age. It tvoulcl appear, there- 
fore, that in the Alaska Peninsula region the Sksventna is not represented unless it is to be 
correlated with these Lower Jurassic roclrs, and tlie paleontologic evidence is against this cor- 
relation. Nor has any otlier equivalent formation been founcl in otlier parts of the adjacent 
provinces, unless the greenstones of tlie Orca group and the Nikolai greenstone may be so con- 
sidered. In the upper White River region there are also some volcanic roclrs which are pro- 
visionally assigned to the 31esozoic and 11-1lich may prove to represent this same horizon. I t  
may be, however, that this outburst of volcariism was confined to a comparativeIy small area 
and that its equivalents in adjacent fields must be sougilt in sedimentary beds. 

Stephanoceras. 
Sonninia? (two species). 
Belemnites. 

T O R D l U L L O  FORMATION (MIDDLE JURASSIC). 

CHARACTER AND DISTRIBUTION. 

Ths Alaska Range where traversed by tlie party along the valley of Iiichatna River is made 
up of a broad synclinorium of Middle Jurassic roclrs, here termed the Tordrillo formation. This 
formation consists of series of closel- folded and faulted grits, sandstone, and h e  conglomerate, 
together ~Vitli argillites and a few layers of limestone. -Ilt!lough no continuous section tvas 
found, it aPpears~thnt the rocks of the lower part of the formation are coarser than those of the 

1 Op. cit.. pp. 1s-19. 
2Stanton. T. I\-., and Vartin, G. C., Xesozoic section on Cook Inlet and .\laskn Peninsula: Bull. Geol. Soc. America, rol. 16, 1905, pp. 39141C. 
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upper part. In this lower part massive grits a i d  sandstones predominate, with some argillite, 
mostl- in the form of slates but in places altered to phyllite. The upper part of the formation 
is made up clliefly of argillite, wit11 subordinate sandstone members and a few layers of limestone. 
(See PI. XI, A.) 

The lower arenaceous beds are typicall)- 10 t o  30 feet in thickness and are interbedded ~ l t h  
the argillites. The conglomerates are mostly very fine, the pebbles usuallj- not exceeding n 
quarter of an inch in diameter. These fine conglomerates pass into grits and these in turn into 
a sandstone. The grits, conglomerates, and sandstones in many places carry some feldspar 
among the pebbles. The cement, TI-llicll is argillaceous and siliceous, is as a rule of a darli-gray 
or blue color. These rocks are well jointed and grade into flags which are largely comnosed of 
siliceous material. The argillites include slates md ph~llites in about equal proportions. The 
slates are of the typical bluish color and are well clea-i-ed. The phyllites carry ,z small amount 
of sericite. Some of the argillites carrv a great deal of carbonaceous matter. Interbedded with 
the argillites are siliceous slates, wl~ich generally carr- considerable pyrite and are loca11~- 
seamed with small stringers of cluartz. Limestones mere found at only a few localities and 
apparently occur only in thin lenses, Where observed, the limestone is of a bluish color and 
entirely unmetamorphosed. 

One phase of these sediments deserves special mention. This includes some conglomerates 
wllich have the appearance of being basal. The pebbles of these conglomerates, some of which 
are an mch or more in their longest diameter, are identical in character with the rocks of the 
older series upon whioh the Tordrillo formation is believed to rest unconformably. The pebbles 
are made up in part of chert, in part of phyllite, and in part of slate, with a siliceous cement which 
locally carries some calcareous matter. Slate or phyllite layers are interbedded with these 
conglomerates. Rocks of this type were noted in the drift at several localities near the westexn 
margin of the formation but were found in place at onl-  one locality, near the camp of July 15, 
in the basin of Tatina River. Here the outcrop was not very extensive, but it appeared that 
there was at least 10 to 20 feet of this conglomerate, and the strike lines were at variance with 
those of the older phyllites that outcrop close at  hand. I t  appears, thersfore, that this is the 
basal bed of the series. If this is the case, it is not unlikaly that these basd beds may be exposed 
at other places in the heart of the range where the folding may have brought up the older series 
but which have been overlooked in the hasty reconnaissance. In the absence of evidence to the 
contrary the whole belt in the heart of the range is mapped as the Tordrillo formation. (See 
geologic map, PI. IX, in pocket.) 

The Tordrillo formation occupies a belt 25 to 30 miles wide in the heart of the Alaska Range. 
On the west there appears to be pretty definite evidence that these rocks rest unconformably on 
the slates and phyllites of the Tonzona group. On the east the Tordrillo formation succeeds the 
slates and phyllites, which are also provisionally assigned to the Paleozoic but which in lithologic 
character do not d8e r  very materiall- from the Tordrillo. S p m  has shown that the Tordrillo 
overlies the volcanic rocks of the older member of the Skwentna groups along Sliwentna River. 

The extension of the strike lines to the northeast would carry the Tordrillo into the heart of 
the Alaska Range north and east of the route of the expedition here recorded, into a region that 
is unexplored except where traversed bj- prospectors and by the members of the two Cook expe- 
ditions. Slates are said to occur in this area, and it seems most likely that this formation is 
present. As the Paleozoic slates resemble in many ways the rocks of the Tordrillo formation, 
however, it is impossible to state ~ h i c h  horizon the slates on the western tributaries of Susitna 
River represent. 

Intrusive rocks are yerg common in the Tordrillo formation. The largest areas of such 
rocks are those occupied by the granites and granodiorites, wlzich occur in considerable masses 
as well as in small stocks and dikes. More basic rocks are also intruded in small stocks and 
dikes; they include monozonite and rocks of kindred types. (See Mr. Prindle's petrographic 
description, p. 139.) In addition to these rocks, fine-grained diabase dikes are not uncommon 
in the formation and are as a rule intruded at  an angle to the bedding. 
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.I. HEAD OF MORRIS RIVER, LOOKING TOWARD SIMPSON 
PASS. 

S h o w i n g  recent canyon and t yp ica l  topography  o f  T o r d r ~ l l o  forma- 
t ~ o n .  Near c a m p o f J u l y  10. S e e p a p e 8 8 .  

11. SOUTHEASTERN PART O F  ALASKA RANGE. 
show in^ t o ~ ~ o p r a p l l i c  character o f  Skwen tna  ZroLlp Near calnl, c i  June  15.  See 

page 85. 



GEOLOGY. 89 

STRUCTURE AND TIIICKSESS. 

As already stated, the Tordrillo formation occupies s broad synclinorium whose western 
arm rests unconformably on the Paleozoic rocks, and the same relation probably exists on the 
eastern arm also. The strike lines, 
though locally variable, in general 
trendnortheastward,parallel to the 
main axis' of the range. Witlun 
this synclinorium are numerous 
minor folds. (See section A-B, 
PI. IX, in pocket.) 

Thecharacteristic structureof 
the Tordrillo beds is one of sharp 
folding accompanied by consider- o I00 200 FEET 

f aulting. lJany minor faults FIGURE 15.-Diagrammatic section showing character of folding and faulting in ffaggy sand- 
stone and grits of Tordrillo formation half a mile south of the camp of July 12. 

were noted and evidence of a few 
larger ones was obtained. I t  seems probable. that detailed work will show a very large amount 
of faulting which was overloolced in the hasty examination. I n  general the folds seem mostly 

to dip toward the axis of the synclinorium. In the 
eastern arm the dips are generally toward the axis of 
the range; on the west side easterly dips prevail near 
the contact of the older rocks, though here there are 
also some sharp minor flexures. In the center of the 
range, especially along the watershed between the 
Kichatna and the Kuskokwim, the folding has been 
exceedingly intense and there is much faulting. In 

0. 5 lo FEET addition to the folding of the strata, slaty cleavage is 
$IGURE 16.-Fold in sandst' one and slate of Tordrillo'forma- developed in all the argillites1 and the more ~ ~ s i v e  

tion, showing relation of cleavage in slate and jointing in bedS are jointed. 
sandstone to bedding planes 1 mile southeast of-the camp 
of J U ~ Y  12. The character of the deformation of the more mas- 

sive beds is shown in the accompanying diagram 
(fig. 15.), which is based on a field sketch of a cliff exposure. It was noted at  this locality 
that, in addition to the faults which break the bedding planes, there was evidence of much 
movement along the planes themselves. The 

+ ,2 - cleavage of the slate may be parallel or at  - 
3 3 

right angles to the bedding, in accordance with 
its position in the fold. This relation is shown 
in figure 16 reproduced from a field exposure. 
The section also shows the radial character of 
the jointing in the massive beds along the apex 
of a fold. In  tlGs exposure' the joints are filled 
with quartz veins. / 

The movement accompanying the deforma- 
tion appears to have been taken up in part by 
faulting along margins of the massive beds. 
This is shown by the accompanying section 
(fig. 17) reproduced from field notes, which shows 
a massive bed of indurated feldspathic grit 
bounded by fault planes. The massive bed is o 20 3p feet 

#& traversed by a double system of joints which FIGURE 17.-Section showing jointingof massive bed and Isultingalong 
8 margin 3 mlles west of the camp of July 15. 

A. form angles of about 45" with the bedding planes. 
. &  The strike and dips in this formation noted by Spurr to the south of our route of travel 

indicate a rapid closing in of the syncline and suggest that it may pinch out within 10 or 15 
miles to the south. Along the western arm of the syncline there is some suggestion of profound 
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faulting of an overthrust character, hut  tlle stratigraphic succession is not suficient1~- well 
established to determine the amount of the dislocation. A clX esposure near the base of the 

formation, if not actually at the base, showecI very 
ren~nrkable discordance of planes of stratification, which 
can onlj- be interpreted as due to faulting. This expo- 
sure was not accessibl~, hut figure. IS is a reproduction 
of :L slietcll of it inacle at a distance of 200 yards. 

There is so much duplication b? folding and faulting 
that it was impossible to obtain any esact measure- 

F r ~ w r  18 -Cliff evposurc ? rnlies southwest of the ramp m e n t ~  of thickness. I t  seems probable, Ilowerer, that 
of JUIT  1;. tlie aggregate tllickness of tlie Tordrillo forn~atio~i is 

bet\veeii 2,000 and 3,000 feet. OS this tile more massire lower member of the formation consti- 
tutes about a third. 

AOC -4XD CORREL.4TIOE 

Stanton and Martin, as a result of their investigations on Cook lidet and Alaslia Peninsula, 
described under the name Enochlrin formation sonle shales ancl sandstones, with conglomerate, 
having a thickness of 1,500 to 2,500 feet. Tlis  formation carried Bfiddle Jurassic fossils. I t  is 
overlain by the Nalaeli formation, made up of conglomerates, arkoses, sandstones, and shales, 
with some andesite flows, the whole 5,000 feet thiclc, referred to the Upper Jurassic. A few 
invertebrate fossils were found by Mr. Prindle in the slates of the Tordrillo formation near the 
camp of July 14. Although these fossils were rather fragmentary, they were sufficient to enable 
Dr. Stanton to refer the rocla in which they occur to the same horizon as the Enochliin. I t  
does not follow, however, that the Tordrillo formation as here described is the esact equivalent 
of the Enochkin. The subjoined statement is quoted from Dr. Stanton's manuscript report: 

The following localities yielded Mesozoic fossils: 
No. 2. Kichatna River, opposite camp of July 9, Alaska Range: Imprint of a fragment of a large Inoccra?nus. 
No. 4. About 3 miles southeast of Simpson Pass, Alaska Range, near camp of July 10: I~~oceramus exiqnius Eichwald, 

several specimens; Inoceramus lucifer Eichwald?, two specimens; spine of an echinoid. 
No. 6.  Near the pass, camp of July 14, Alaska Range: Inoceramus ezi7nius Eichwald. 
No. 7. Near the pass, camp of July 14: Inoceramus cximius Eichwald?, fragmentary imprint. 
The above are probably from a single horizon which is believed to be Upper Jurassic. I l l e n  Eichrrald described 

these species of Inoceramus with several others from "Tukusitnu Bay," Cool; Inlet, he referred them to the Lower 
Cretaceous. 

Associated with the plants at locality 91 there are two imperfect epecimens of invertebrates in the form of fimall 
annulated tubes. These are probabljr either marine rrorms or the tubes of burron-ing mollusks. 

Under date of April 11, 1905, Dr. Stanton mites as follows: 
I have again examined the BIesozoic fossils collected by your party near the Alaska Range in 1902, and am now able 

to give a more definite opinion as to their age. Thcy consist chiefly of Inoce~umus ezimius Eich~rald, x-ith possi'uly 
other species of the same genus. There can be little doubt that the horizon represented is the Enochkin formation, 
which we now refer to the Middle Jurassic. Since my original report was written we have visited the locality of Snug 
Harbor, where Eichwald obtained the species in question, and their stratigraphic position is now well established. 

I t  will be shown that the Jurassic sediments of the Matanuska region are assigned by 
Stanton to the Upper or upper RIiddle Jurassic and hencg are younger than the Tordrillo forma- 
tion. Hence it seems probable that the Torclrillo may ne-ier have been deposited over the area 
east of the Alaska Range. The coarseness of the material suggests a land mass near by n-hen 
these sediments were laid down. On the other hand, the ecjuit-alent Enochkin formation on the 
Alaska Peninsula, to the southwest, is made up of finer sediments and includes some limestones. 
These facts indicate that during Tordrillo time there may have been a shore line somewhere near 
the present Susitna Vallej-, from which an ocean extended to thc! southwest. I n  tbe upper 
Copper basin, on the north side of the TTrang-ell Jlountains, are some volcanic rocks which may 
be synchronous with the TordriUo sediments. 
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UPPER JURASSIC AND UPPER YIDDLE JURASSIC ROCKS OF MATANUSKA BASIN. 

In  the southeastern part of the lfount McKinley province Paige and Knopf found an 
extensive series of shales, sanclstones, conglomerates, tuffs, and arkoses which, for the most 
part, represent a somewhat higher horizon than the Tordrillo and are therefore given a dis- 
tinct color on the map (Pl. IX,  in pocket). As the Torclrillo has yielcled but few fossils, 
however, it is quite possible that i t  may include Upper Jurassic as well as Middle Jurassic beds. 
The following description of t l is  higher formation is an abstract from the report of Paige and 
Knopf. ' 

These rocks rest unconformably on the lower Middle Jurassic of the same areas. Their 
lowest beds include a basal conglomerate ~vi th  sandstones and shales. The formation is made 
up largely of blue shales locally carrying fossiliferous limestone nodules. With these occur 
sandstone con~lomerates and some tuffs and arkoses. The sandstones are in the main yellow 

h. 
in color and highly fossiliferous. Along Nelchina River there are some heavy conglomerate 
beds which belong in this formation, interlnyerecl with sandstones and shales. This conglom- 
erate carries some large bowlders and consists largely of granitic rock. 

Paige and Knopf noted that an unconformity occurs below these Upper Jurassic rocks 
and that, although the rocks below this unconformity are badly shattered ancl folcled, the Juras- 
sic beds above the unconformity are but little deformed. This, then, is another important 
element of difference between the Jurassic of the Slaska Range and that to the east. The beds 
of the Natanuska basin are believed to include 2,000 feet of strata, of which about 1,100 feet 
belongs to the conglomerate member of the formation. 

The following statement in regard to the age of this formation is quoted from Paige and 
Knopf's report : 

The age of these strata haa been determined from the following invertebrates, identified by T. T. Stanton: 
"Lot 6 A. X. 156. Headwaters of Nelchina River of Copper River drainage: Cadoceras sp., many immature 

specimens; belemnites, fragments. The horizon is that of the Cadoceras zone, which forms the upper third of the 
Enochkin formation. 

"Lot 6 A. K. 185. Nelchina River: Plez~romya; &doceras?, fragmentary imprint doubtfully referred to the 
genus; belemnites. The horizon is probably in  the upper part of the Enochkin formation. 

'(Lot 6 A. K. 136. Billy Creek: Sueella cf. bronni Rouiller. The same species.occurs in similar rock in the 
Naknck formation of Kamishak Bay." 

The fossils indicate faunas of both late Middle Jurassic age and Upper Jurassic age. It is interesting to note that 
the Upper Jurassic rocks of this region, which are faunally allied to those of the Naknek formation on the west coast 
of Cook Inlet, show a certain lithologic similarity in the presence of interstmtified tuffs and arkore."urtrthermore, 
an accumulation very similar to the remarkable andesite-granite conglomerate occurring on the hcadrnatel.3 of Susitna 
River is fou~ld at the bave of the Naknek formation. " 

Collier has clescribed some coal-bearing beds in the Cape Lisburne region which, on the 
evidence furnished by fossil plants, are assigned to the Upper Jurassic. They constitute the 
Corwin formation and hare a thickness of some 15.000 feet. This fornlation consists of thin- 
bedded shales, sandstones, conglomerntes, and coal becls, which are thrown up in gentle folds. 
I t  is wortl~y of note tllat both tllese beds of the Cape Lisburne region ancl the Upper Jurassic 
beds of tile Alatanuslra region carry coal. 

GRANITE IPOST-MIDDLE JURASSIC). 

The rocks here classified us granite embrace granular intrusives varying in composition 
from diorites to granites and inclutlinq some monzonites. To about the same period of intru- 
sion belongs the more acidic phase-alaskite. Tllese several rock types are described by 3Ir. 
Pvindle on pages 136-147. The granites and qranocliorites are tlle most abundant of the granular 
rock,  occurring as extensive batholiths in the AlasBa Range and in the Tallceetna Mountains. 
These batholiths cut rocks as young as tlle Middle Jurassic. Wherever seen by the writer 

1 Paige, Sidney, and Knopf, .idolph. Geologic rcconnaissanca in the 3Iatauuska a d  Tallieetna basins, .Unslia: I31111. U. S. Geol. Survey 
No. 327, 1007, pp. 33-23. 

Il lartin,  G .  C., The petroleum fields of the Pacific coast of Alaska: Bull. U. 8. Geol. Survey No. 230. 1003, p. 44. 
aCollier, LL. J., Geology and coal resources of the Cape Lisburne region, Alaska: Bull. U. S. Geol. Survey Xo. 275, 1906, pp. 27-30. 



92 THE iLIOTST 3 I c K I S L E T  REGIOK, ALSSKA. 

these granular rocks are massive except for. certain s~stenzs of jointing, TI-lziclz nill be referred 
to in the section on structure. I t  xvill be sllo~in that tlie last extensive earth movement tool< 
place in Tertiary time and that tlle absence of secondarj- structures in these rocks is not because 
they have not been subjected to stress. I t  seems probable tlint these stresses were conlpelisated 
by movements which took place nlong the margin of the granitic stocks. It is note\\-ortlzj- that 
the highest peaks of tlie range are made up of granitic rocks and probabl- represent areas of 
higher uplift than the adjacent tracts. 

Martin's recent studies have shown that the granites of tlze southern part of the Talkeetna 
Nountains are intensely deformed. Here the granite has been cruslzecl and rendered gneissoicl 
and also has been thrust over the sedimentary rocks. Tlzis deformation took place since the 
deposition of the Tertiary beds. 

The map (Pl. IX,  in pocket) shows tlzat one line of granitic intrusion follows tlze main 
axis of the Alaska Range. A second broad zone of intrusive rocks lies in the central part of 
the Susitna basin. The line of intrusion along the axis of tlie Alaska Range extends to the east 
and southeast beyond the limits of tlle area mapped, and finally merges with that of the Coast 
Range of southeastern Alaska. Tlzis suggests a general synchrony of this belt of intrusion, 
which parallels the Pacific seaboard throughout British Columbia and Alaska. In fact, this 
belt is but a northern extension of the great batholithic intrusions of the Sierra Kevacla, and a 
similar extension is traceable to the southeast into AIexico. This belt of batholiths, traceable 
with some breaks for over 4,000 miles, fornzs one of tlze longest lines of intrusions known in 
the world. 

Stocks of granitic rocks occur in the region lying north of the Tanana; some of these, as has 
been shown, are as young as Upper Cretaceous, and all are probably Mesozoic. More of tlzese 
granitic rocks occur east of the area mapped, in the Yukon-Tanana region. Of these Prindle 
has said: " T l h  region is regarded as one of large batholitlzic masses of intrusil-e rocks, now 
mantled by a comparatively thin shell of sedimentary rocks. Intrusiolz has taken place a t  
different periods." 

The distribution of the granite is a matter of some economic importance, for it is along 
the margins of the intrusive rocks tlzat mineralization has taken place in southeastern and in 
other parts of Alaska. This matter will be further discussed under the caption "Mineral 
resources " (pp. 160-161). 

LOWER CRETACEOUS ROCKS. 

No strata assignable to the Lower Cretaceous "ave been found in the Alaska Range or in 
the region to the north included on the accompanying map (PI. I S ) .  The map, however, 
shows some rocks of this age whiclz occur in the upper Matanuska basin and have been described 
by Paige and E n ~ p f . ~  The Lower Cretaceous beds of this area include a massive bed of lime- 
stone some 300 feet thick which rests conformably on Upper Jurassic strata. These rocks 
were first described by hlendenhall15 who discovered in them some fossils, notably Aucelh 
crassicolis Keyserling, referred by Stanton to the Lower Cretaceous. This limestone, like the 
rocks to which it is conformable, has been very little disturbed. 

Though Lower Cretaceous rocks have not been recognized elsewhere in the province under 
discussion, they form one of the most widely distributed series in Alaska. (See correlation 
table, p. 52.) Spurr's Holiknuk ~ e r i e s , ~  ~vlliclz occurs in the middle Kuskokwim T'alley and is 
composed of arkoses, sandstones, and carbonaceous shales, may belong to this horizon. I t  
carries some plant remains and fragments of I7aoceramus. Spurr also described some similar 

1 Prindle, L. If., Occurrence of gold in the Yulion-Tanana region: Dull. U.  S. Geol. Survey No. 345, 1908. 1,. 1%. 
2Marti's detailed survey in the Matanuska Valley has revealed the presence 01 a shale formation wliicli is Mesozoic and may he of Cretaceous 

age. 
3 The rocks here c d e d  Lower Cretaceous belong to a horizon which may he Tipper Jurassic. 
4 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the hlatanuska and Talkeetna basins, Alaska: Bull G. S. Geol. Survey 

No. 327, 1907, p. 24. 
6Mendenha11, W. C., A reconnaissancefrom Resurrection Bay to the?anana River, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, 

pt. 7, 1900, p. 309. 
aspurr, 3. E., A reconnaissance in southwestern hlaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. i ,  1900, pp. 15+101. 
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sediments farther down the Ruskokwim, carrying a large amount of anclesitic lavas and tuffs, 
uncler the name ( ' Kolmakof series " and provisionally correlated them with the " Holiknuk." 
A more definitely recognizable Lower Cretaceous group was found by Spurr in the "Oklune 
series," which covers a considerable area in the vicinity of the Ahklun i\Iountains, near Bering 
Sea. These rocks are made up of shales, cherts, tuffs, anclesites, basalts, arkoses, and con- 
glomerates, and contain some fossils which Stanton determined as AuceZa crassicoZis Key- 
serling ( ?). 

Lower Cretaceous rocks are represented in the Alaska Peninsula region by shales of unknown 
tllicl<ness ancl on the upper Yukon by closely folclecl siliceous slates ancl quartzites, with some 
tuffs and Limestones. I t  is a noteworthy fact that the Lower Cretaceous beds of the upper 
Yukon and the Bering Sea region are closely folded and more or less altered, whereas those of 
the Alaska Peninsula and Matanuska basin are comparatively little disturbed. 

UPPER CRETACEOUS ROCKS. 

The only Upper Cretaceous beds found in the Xount JlcKinley province are some lying 
north of the Tanana, about 20 miles southeast of Rampart, on the Y ~ k o n . ~  These have been 
stucliecl and described by Prir~dle,~ from whose report the following statement is derived. These 
beds lie high on the flanks of Wolverine Mountain (P1. VII, B, p. 4S), about 1,000 feet above the 
base, and may comprise several hundred feet of strata. They include massive carbonaceous 
sandstones and shales. The rocks are folded and are intruded by dikes of granitic material, 
as well as seamed by small quartz veins, many of which are ferruginous. These also contain 
some fragmental dicotyledonous leaves and invertebrate fossils. The following is quoted from 
Stanton's determination of these fossils: 

While the fossils are fairly well preserved, they have been considerably distorted, so that it  is not practicable to 
make specific determination. The better-preserved forms appear to be undescribed. The following list will show the 
forms recognized in each lot: 

4278. 7AP271 (spur of TVolverine Mountainj: 
Hemiaster? sp. Lucina sp. 
Pecten sp. Pleuromya sp. 
Inoceramus cf. labiatus Schloth. 1 Pachydiscus sp. 
Cucullzea sp. I Pachydiscus? sp. 

4279. 7AP278 (ridge on left limit south fork of Quail Creek): 

Hemiaster? sp. / Pachydiscus sp. 
Cucullzea sp. 1 Pschydiscus? sp. 

4280. 7AP279 (right limit south fork of Quail Creeli): 

Pachydiscus sp. 

These fossils evidently all belong to practically a aingle horizon which is confidently referred to the Upper 
Cretaceous. * * * The species of Inoceramus is very likely one that has been previously found on the Yukon, but 
the specimens in the present collection are too imperiect to Perve as the bask for a positive identification. The most 
important forms are ammonites, which make up the bulk of the collection ant1 which I have referred. in some cases 
doubtfully, to the genus Pacl~ydiscus. These are unquestionably Upper Cretaceous types. 

Prindle found some massire quartzite beds uncler1~-ing these known Cpper Cretaceous 
rocla, and these quartzites, xvllile they ma? belong to the underlying Paleozoic, possibly repre- 
sent the Lower Cretaceous horizon in this field. 

Upper Cretaceous rocks, chiefl- limestone and shales, are abundant on the lower Yulron, 
where they carry c o a l . S o  Vpper Cretaceous beds hare been fount1 on the upper Yukon, 
though they may occur among those roclis xvllicll 11a-i-e been correlated xvith the Eocene. 
Atwood O has found Upper Cretaceous conglomerates, sanclstones, ancl shales, with some coals, on 

I Spun, J. E., A\ reconnaissance in southwestern Alaska in 1598: Twentieth -inn. Rept. C .  S. Geol. Surrey, pt. i .  1900. pp. 161-113. 
3 Idem, pp. 163-169. 
3 Martin's recent detailed survey of the western part of the Uatmuska coal fields indicates that some of the sediments previously mapped as 

Tertiary may be of Cretaceous age. 
4 Prindle, L. Y.. The Fairbanks nnd Rampart quadmngles. Yukon-Tanana region. Ilaska: Bull. U. S. Geol. Surrey So. 337, 1908, pp. 23-21 
5 Collier. 1. J., The coal resources of the Yukon. Ilasbm: Bull. U. S. Geol. Surrey So.  218, 1903. 
6 zltwood, TV. TV., Mineral resources of southwestern -1laska: Bull. C. S. Geol. Surrey No. 3 i9 ,  1909, p. 113. 
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the Alaska Fenirsula, ancl these Lave an estimated tlliclaess of about 600 feet. Tlze same 
horizon is also probably represented in southeastern Alaska. 

TERTIARY STSTEX. 

I t  has become almost an established practice in Alaskan reconnaissance survejs t o  assigr 
all lignite-bearing beds to the Iienai formation (Eocene). IIoreover, wllere the lignitic forma- 
tions have yielded plant remains, most of such age assignments have been supported by the 
paleobotanic determinations. I n  this report also the coal-bearing sediments of the province 
are all provisionally referred to tlle Icenai formation. I t  will be shown, however, that some 
beds of friable sandstone, shales, and lignite here included in tlie Kenai may be of Miocene or 
Pliocene age. There is also a possibilitj- that some of the deposits here assigned to the Pleisto- 
cene, such as the deep gravels a t  Fairbanks, the high bench gavels of hlinoolr Creeli, or the 
terrace grtt~rels on both sides of the Alaska Range, m a -  prove to be Pliocene. 

I t  is possible, therefore, that the Tertiary sediments may be represented by three formations 
in this province. (1) The oldest is represented by the lower 2,000 feet of coal measures in the 
AIatanuska Valley, the coal measures at Tponeli, and much of the coal-bearing series along the 
Nenana. These beds carry Eocene plants and therefore represent the true Eenai. (2) A 
younger formation embraces the upper conglomerate of the Matanuska coal measures ancl the 
upper part of the coal-bearing beds in the Eenana basin. Plants have been found in this forma- 
tion only at  the latter locality, and these indicate a post-Eocene ages1 (3) Some of the gravels 
and sands here included ~ 6 t h  the Pleistocene may constitute a third and uppermost member of 
the Tertiary sediments. Such a triple subdivision of the Tertiary xvould be in general accord 
with the stratigraphic sequence determined by Dawson in British Columbia. I t  is also a 
suggestive fact that in Alaska Peninsula Atwood3 has found evidence of a triple subdivision of 
the Tertiary rocks. 

It is not possible with the facts in hand to subdivide the rocks here classed as Eenai. Some 
of them have yielded plant remains, though for the most part fragmental, which Ah. Knowiton 
has, with a single exception, provisionally assigned to the Eenai. (See pp. 99-102.) 

I n  addition to these sediments, the post-Eocene lavas of the Talkeetna-Matanuska region 
are here also pro~isionallj- included in the Tertiary. T11e diabase intrusive rocks are probably 
of Eocene age. 

EENLLI FORXATION (EOCENE).  * 

CEIARACTER AND DISTRIBUTIOX. 

The Kenai formation is typically ~naclr up of a succession of conglomerates, sandstones, and 
shales, with lignitic and in the AIntanuska Valley bituminous coals. Two pbases bave been 
recognized. I n  one tlle roclrs are but slightly indurated, include only lignitic coals, and have - - 
been but little deformed. Some plant remains have been found in these rocks. This phase of the 
formation is the most widely distributed, occurring in small areas throughout the ArZount Nc- 
Kinler province and over nluch of ,4lnska. 

" - 
In  a second phase of the Kenai, also carrying plant remains, the strata, thoug11 composed 

of the same materials, are indurated. The argillites are slates, the sandstones are hard, and the 
conglomerstes are tough, while some of the included coals are bituminous. This phase of the 
Kenai is much folded and faulted. 
-- 

1 Sin<-e this was mitten Martin has divided the Tertiary rocks of the Matanuska \-alley into three formations: (1) h lower, made up of arkoses 
with some shales; (2) a middle, consisting chiefly of shale with coal beds, and (3) an upper, nade  up of conglomerate. 

2 Damson, G .  M., On the later physiographical geology of the Rocky Mountain regionin Canada: Trans. Royal Soc. Canada, vol. 6,  1890, sec. 4, 
pp. 1-24; Geological record of tlie Rocky hcountain region in Canada: 131111. Geol. Soc. America, rol. 12, 1900, pp. i9-84. In  the writer's opjnion 
Dawson's "Laramie" is to be correlated with the Kenni. 

a htmood, U-. \IT., Mineral resourcesofsoutl~western Alaska: Boll. U. S. Geol. Survey No. 3i9. 1909, pp. 111-113. 
'The Genal formation was iirst named and described by 7V. II. Dal1 (Correlation ~a~ers-Neocene: Bull. C. S. Geoi. Snn~ev No. 84.  1893. . - , -- . 

pp. 234-252). The type locality has been studied in detail by R. W. Stone (The coaifields of the Kachemak Bay region: Bull. U. S. Geol. 
Survey No. 2 7 i ,  1906, pp. 57-59). 
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The unconsolidated phase of the Kenai finds its widest distribution in the lower Susitna 
Valley and in the region tributary to Cook Inlet. It is quite possible that this phase floors 
the entire Cook Inlet ancl Susitna trough, for it has been traced almost . .: OJ R 
continuously around the margins of the depression. I t  also occurs exten- g -: 3 
sively in the Nenana basin, where it is in part mantled by Pleistocene $: 
gravels, and it is present in small patches along that part of the Pulro11 $ A 
Valley included in this discussion. The harder ICenai rocks occupy an 
extensive belt in the lower &Iatanuska Yi~lley and occur in small areas 
infolded with the Paleozoic strata along the inner margin of the Alaska -' z 
Range. Most of both phases of these beds have yielded some plant $ $ 
remains, ~vhich have been referrecl by Knowlton to the Eocene, or Arctic 
Miocene, as it is sometimes called. 

Some of the typical exposures in each district are next described, the 
various areas being taken up in geographic order from south to north. A 
further account of those Kenai beds which carry commercial coal beds is 
to be found in the cliscussion of mineral resources (pp. 154-192). 

Within the Mount JlcKinley province the Kenai is everywhere sepa- 
rated by an erosional interval from the olcler rocks, be they Paleozoic or -3 
Mesozoic. On the lower Yukon Collier1 found the Kenai in apparent 
stratigraphic conformity to the Upper Cretaceous beds. I n  Alaska 
Peninsula the Kenai has been found resting unconformably on Upper 
Cretaceous 

About a mile below. Tyonek there is a series of cliff exposures of friable 
sandstone, fine conglomerate, shales, and lignitic coal beds, covered by a 
heavy bed of stratified sands and gravels. The attitude of these beds is 
shown in the accompanying section (fig. 19)) taken from the note books 
of G. H. Eldridge13 who examined these exposures in 1898. These beds 
strike N. 10' to 15' E.  and dip southeastward at  angles varying from 15' 
to 60°. About 1,000 feet of strata are exposed. The conglonlerate pebbles 
are well rounded and are held in a very loose cement. The sandstones, also 
very friable, are made up of wlite micaceous sand with intercalated layers 
of clay, in places sufficiently indurated to be called shale. The coal has a 
woody fiber and appears to be chiefly a low-grade lignite. 

Atwood14 who has studied these beds in detail, reports the occurrence 
of a heavy conglomerate made up of lignitic pebbles and suggests that 
there may be two unconformable series of lignite-bearing beds. He also 
visited an extension of t l b  belt which c~utcrops along Beluga River about 
10 miles from the coast. At this loctility the character and attitude of 
the beds are about the same as :it Tyonek. The Beluga River locality also 
gave evidence of two formations ~vhich are possibly unconformable. - 

Ln rn 

Friable conglomerates and sanclstones with interbedded shales and ; 
lignites have been found at  several localities in the Pentna basin. Some ; 2 

0 = of these hare been described by $purrs under the names yentna beds and a 2 
Hayes River beds, but they all seen1 to belong to the same general 25 

3 - horizon as the rocks at Tyonek here referred to the Kenai. Eldridge6 noted 2 g 2 
the presence of similar rocks at  various places along the Susitna up as far , % A - 
as the mouth of Chulitna River, lind prospectors report the occurrence of F 2 3' 

T ?  2. 
1 Collier, 1. J., The coal resources of the Yukon. Ilaska: Gull. U. S. Geol. Survey No. 218, 1903, pp. 1.F18. 
1Stanton, T. W., and Martin, G. C., Xesozoic section on Cook Inlet and the Alaska Peninsula: Bull. Geol. Soc. America, vo!. 16.1905, pp. 391- 

410. dtxvood, IV. W., Mineral resources of southm-estern llaska: Bull. U. S. Geol. Surrey So.  379, 1909, pp. 113-115, 129, 136137. 
aEldridge, G. IS., 4 reconnaissance in the Sushitna basin and adjacent territon-, Alaska, in 1898: Twentieth AM. Rept. U. S. Geol. Survey, 

pt. 7 ,  1900. pp. 21-Z?. 
4lt1~ood, IV. TV., Mineral resources of southnfestern Ilaska: Bull. U. S. Geol. Sun-ey Xo. 3i9. 19C9. pp. 118-121. 
sSpurr, J. E., ALreconnaissance insouthwestern~llaska in 1898: Twentieth Ann. Rept. 12. 8. Geol. Sun-ej-, pt. 7 ,  1900, pp. li2-173. 
a Eldridge, G. II., .I reconnaissance in the Sushitna and adjacent territory, Alaska, in 1898: Twentieth Am. Rept. C. S. Geol. Survey, pt. 7, 

1900, pp. 16li .  
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lignite on the Chulitna, in the Kahiltn;~ basin, ant1 along the western base of the Tallreetna 
JIountains. Similar rocks have been recognized along the eastern shore of Cook Inlet, south 
of Turnagain Arm, and at Point Campbell, at the entrance to Knik Arni. (See geologic map, 
P1. IS, in pocket.) 

The striking features of all these Kenai deposits of the eastern flank of the Alaska Range 
are the unconsolidated condition of the sediments, their comparatively slight cleforillation com- 
pared with the inclurated phases, and the fact that the)- inoarinblj- carry some lignitic coal 
seams. In most places sufficient fragmentary plant remains have beer1 obtaiiled from the beds 
to indicate that they belong to the same general horizon. The>- are interpreted as being 
remnants of a larger deposit, probably of fluriatile origin. Eltlridge's conclusion that these 
rocks probably underlie the entire Cook Inlet depression seems to be borne out by the later 
observations. 

A broad belt of Kenai rocks1 flanks the northern slope of the hlatanuska Valley and stretches 
northeastward up Chickaloon Creek. This beltGs made up of shales, sandstone, arkoses, 
beds of bituminous coal, and conglomerate. These rocks are well indurated and are totally 
unlike the Kenai of the west side of Cook Inlet, in some respects resembling the Carboniferous 
coal measures of the Appalaclian region. The sandstone is very llarcl and tough. The shales 
are dark blue and fissile and are interstratified with sandstones and arkoses in irregular beds. 
The conglomerate is massive and aggregates 1,000 feet in thickness. The beds of conglomerate 
are separated by thin bands of shaly sandstone, and its pebbles are chiefly greenstone porphyry 
but include some quartz porphyry and a little granite and vein quartz. Diabase dikes and sills 
and large stocks of dioritic intrusive roclcs are prominent features in this belt of rocks. 

I t  is clear that the Kenai of the Matanuska region is strilungly different from that of the west 
side of the Susitna basin. In  fact, these Icenai beds resemble in some ways the Cantwell form* 
tion, which has been provisionally assigned to the Carboniferous. (See p. 78.) 

The Kenai beds of the northu-estern front of the Alaska Range occur in several small 
belts which are infolded with the older rocks. Some of these are represented on the geologic 
map (Pl. IX),  but many are too small to be indicated on so small a scale. They are made up 
chiefly of carbonaceous and argillaceous shales and slates wlicll carry plant fragments. In 
places they include some carbonaceous and ferruginous sandstones. At some localities the 
supposed Kenai is overlain by Paleozoic strata-a relation brought about, it is believed, by thrust 
faulting. (See figs. 14, p. 82;  23, p. 98.) All the Iienai in this part of the field is closely 
folded and probably much faulted. Litllologically these beds bear little resemblance to any of 
the deposits which have been previously described under this formation, but the plant remains 
are such as to indicate Kenai age. 

The Tertiary rocks of the Nenana basin occupy a. considerable area lying between Wood 
River on the east and the Xenana on the west. They are also known to occur in the Delta 
River basin, but this part of the field has not been ~urveyed.~ In most of this area the Tertiary 
beds are buried under heavy gravel deposits, being exposed only along the stream cuttings. 
These beds are made up of white incoherent conglomerate and sandstone and soft clay shales, 
with many layers of lignitic coal. Both conglomerates and sandstones are so loosely cemented 
as to be little more than gravels and sands. The almost snow-white color of the arenaceous 
rocks intermingled -with the black of the coaly beds forms a striking feature of the landscape. 
(See P1. XVI, B, p. 170.) On Healy Creek, in the Senana basin, a section of 425 feet of these 
rocks was expo~ed.~ At this locality the basal bed is a white quartz conglomerate 200 feet 
thick resting on the upturned edges of metamorphic rocks (Birch Creek schist). The u-ell- 
washed character and white color of this conglomerate suggest an old beach deposit. Above 
the conglomerate are incoherent sandstones and lignitic becls, with some clay shale. All these 
beds dip northward, away from the mountains, at angles of 5" to 10'. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327,1907, pp. 24-28. 

2 Martin's surveys of 1910 show that this belt of Tertiary rocks is interrupted by areas of Mesozoic shale. The Tertiar). and Mesozoic are intri. 
cately interfolded. Therefore the areas marked as Tertiary on the geologic map (Pl. IX) are in part Mesozoic. 

a It was surveyed in 1910 by 6. R. Capps. 
4 This section, together with the Quaternary gravels, is included in the section given in the discussion of the Nenrtna cortl field (pp.189-190). 
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Near the camp of August 22, on the main Nenana River, a section is exposed showing per- 
haps 200 feet, chiefly of white friable sand, wit11 some shale and considerable lignite. Similar 
deposits have been found by Prindle in the basins of Kantishna River to the west and Wood 
River to the east. (See PI. XVI, A, p. 170.) Lignite-bearing beds are also reported from Delts 
River near the rapids and from the headwaters of JarPis Creek, a tributary of the Delta. Con- 
glomerates and sandstones, probably of tlie same general horizon, have been found by Prindle 
and Katz2 on the north slope of the Fairbanks Creek valley, and similar rocks, with some 
lignite, are reported to occur on Little Salchaket River. Both these localities are north of the 
Tanana. 

The facts presented shorn that this lignite-bearing formation has n wide distribution in 
the Tanana Valley. It seems quite probable that if the allu~<um could be swept away it would 
be found that much of the floor of the Tanana depression is covered with this typical deposit. 
I n  other words, the conditions here are probably the same as in the Cook Inlet and Susitna 
depression. 

The Eenai formation is widely distributed along the Yukon Valley. Within the area shown 
on the map (Pl. IX, in pocket) it occurs a few miles above Rampart, on the east bank of the 
Yukon. Here the Kenai is represented by white flat-lying incoherent conglomerate and sand- 
stones, with interbedded shales that have yielded some plant remains. Heavy brown sand- 
stones and massive conglomerates with green shales, also referred to the Eenai, outcrop for 
several miles along the west bank of the Yukon about 5 miles gbove the mouth of the Tanana. 
These beds are folded and considerably faulted. If judged solely from their degree of indura- 
tion and extent of deformation, these beds would appear to be much older than the white 
conglomerates occurring near Rampart. 

STRUCTURE. 

Tlxree general types of structure have been recognized in the Kenai formation. The 
simplest phase is that in which the beds are only gently folded and faulted. To this type of 
structure belong most of the small patches of Eenai in the Cook Inlet and Susitna depression. 
I n  a second type the Kenai beds are sharply folded and faulted. Its best example occurs in 
the lower Matanuska Valley, but this type of folding is also found on the Yukon. I n  the 
third structural type the Eenai beds have been involved in a very complex system of 
folding accompanied by thrust faults. This phase of structure has been recognized only 
in the zone of extreme folding along the inland front of the Alaska Range.3 

The simplest type of de- 
formation merits no special 
description. I n  this class are 
included strata which are prac- 
tically undisturbed except for 
small faults as well as strata 
which show dips up to 60'. 

, - ~. In the section of the Tyonek FIWJRE 20.-Section of bluff of Xenana Rirer 3 miles below the camp of August 23. a, Gray 
(fig. 19, p. 95) the micaceous silt; b,  reddish gravels and sands containing some bowlders; c, lignite coal beds; 

d gray friable sandstone, with some white friable conglomerate (Iienai formation). (White beds dip from 30" to 60' NE. ieJ,, co ,.,, ,, ,,, 
Some small faults were noted 
at this locality, and there may be large ones, as a part of the section is cox-ered. On tlle 
Nenana the deformation of the Kenai is of about the same magnitude but has manifested 
itself chiefly in broad, open folds accompanied by faulting. The character of this deforma- 
tion in the Nenana coal field is illustrated in figure 20, reproduced from a field sketch. 
Tliis figure also shows the relation of the Kenai to the Pleistocene gravels, n matter which will 
be referred to lat,er. 

1 Prindle, L. M., The BonniEeld and Iiantishnarerions: Bull. U. S. Geol. Surrey Xo. 314,1907, pp. 20>?07. 
ZPrindle, L. 1M.. and hats ,  F. J., The Pairbanks gold-placer region: Bull. U. S. Geol. Surrey To. 379, 1009, p. 185. 
aIn 1910 Xartin lound similar structures along the northern margin of the Tertiary of the Uatanuslia Valley. 
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The more extensive folding and faulting of the indurated phases of the Iienai is shown in 
the accompanying section by Paige and Knopf (fig. 21). I n  this section the massive hard 

r conglomerate of the Icenai formation is broken up into a series of fault 
blocks with extensive throws. 

d 

r. - 
0 

Though this type of Kenai folding is known only in the Matanus!ia 
f basin soutli of tlie Alaska Range, similar deformations occur north of - 

the mountains in the Yukon basin. This is illustrated by the section 
~i 22 )  made h -  Collier at the Drew coal mine, about 10 miles nortli 
k of Rampart, be-ond the limits of the area shown on Plate IX (in pocket). 
? 

K E N A l  F O R M A T I O N  P L E I S T O C E N E  
A 

Coal beds r 
:ii\\ygy!:\y; t\.tv, ;F... , , >\>*\'..;k:.\\:.: : . ' . s . :L 

Gong. Sandstone Sand5 and silts 
and cong. 

0 
1 yz I Mile  

FIGCRE 22.-Section shou-ing structure of Iienni formation a t  Drev  mine, Yukon Rirer. After A. J. Collier. 

Here the Icenai consists of sandstones and shales, with fine conglomerate, 
together with some heavy beds of conglomerate. The coal-bearing series 
rests on metamorphic rocks of unknown age. 

The infolding of the Eenai beds with the Paleozoic rocks is shown 
in the section in the upper basin of Toklat River (fig. 14, p. 82), where 
the Carboniferous conglomerate appears to have been thrust up over the 
Tertiarysandstones and sllales. A better example of thrust faulting which 
in~iolved the Tertiary is 
afforded by the section 
near thecamp of July 24 
(fig. 23) ,where thedose- 
ly folded Tertiary beds 
dip undsrcarbonif erous 
and De-i-onian strata Ter t i a ry  

that have been brought o 72 1 MILE 

into superposition by 
FIGURE 2:3.-~ection near the camp of J U I ~  24, showing faulting of Paleo- 

zoic orer Tertiary beds. 
a thrust fault. 

The data presented are sufficient to  indicate the widely dil-ergent 
character of the post-Henai diastrophism. If the folding of all the  Icenai 
rocks of Alaska were described, similar conditioos would be noted. This 
clearly shows that the crustal movement whic!i followed the deposition 
of the Icenai, though epeirogenic in extent, differed gren.tl1 in intensity 
in different parts of the province. 

THICK&-ESS. 

The Iienai formation is much tllinner in some parts of the prorince 
than in others. Tllese differences are dus in part to irregularities of orig- 
inal deposition, in part to the fact that in most places it forms the top- 

most member of the bed-rock column and lience has been subject to erosion. The uncon- 
solidated phases of the Kenai are especially subject to rapid erosion. I t  is probable that 
much of the Eenai was laid down as fluviatile and lacustrine material in areas of subsidence, 
and i t  is to be supposed, therefore, that tlie deposits originally had the outline of elongated 
lenses, thinning out rather abruptly in cross section. 
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The tl~ickness of the Kenai deposits at  various localities in central dlaslra is shown in the 
following table : 

Thickness of Kenai for~nation in ccntral .ilasEa. 
-- 

- .  
basin. 

................................ Jyct ion of Susitna and Chu- I Clays and sandstones, with coal beds.. ./ 100-3M)+j Eldridge. 

Local~ty. 

I -. I 
..................... . ICachemak Bay. Cook Inlet. .I Soft sandstones, clay shales, and coal beds,. -1.. ./ !0.000+ R. W. Stone. 

litna. 
U per Chistochina, Copper Jlassive bard conglomerate (5M) feet), with fissile clay shales, gravel, / 2,000+/ Mendenhall. 

%iver hasin. and sand and coal beds. 8:. ...... Upper Xenana Valle 
Drew mine. Yukon Iver.. . 
Washington Creek, Upper ...... 

Yukon. I 

Character of unlt. / Thhc*ness 1 lu thonty.  
(feet). 1 

Tyonek. Cook Inlet.. ........ 

Matanuska Valley. .......... 
Haves River Susitna basin .. 
~ i c h a t n a  ~ d l l e v ,  S u s  i t n a 

If the IZenai beds are fluviatile deposits, as seems most probable, it is liliely that the Cook 
Inlet and Susitna depression \{-as occupied by one of these rirers and that the heaviest deposits 
indicate the approximate position of the main stream, while the lighter deposits mark the 
margins of this old valley or the position of its tributary streams. A somewhat similar explana- 
tion will probably account for the variation in thickness of the Kenai of the Yukon-Tanana 
Valley. The wide distribution of this formation suggests an extensive drainage system whose 
main artery may have corresponded approximately with the present valley of Yukon and Tanana 
rivers. I t  is not improbable that the lower Yukon and Tanana, as well as Cook Inlet, may 
have been estuaries during Icenai time. This subject, which will receive further consideration 
in the discussion of the recent geologic history, is here introduced for the purpose of explaining 
the great variations in the thickness of the formation. 

AGE AND CORRELATION. 

Soft sandstone, sandy and clay shales, w ~ t h  some conglomerate heds 
and numerous coal beds. 

Sandstones. arkoses, ant1 shales, numerous coal beds, and massive hard 
conglomerate (1.000 feet). 

Soft conglomerates and shales, with coal heds. ........................ 
Soft conglomerates, sandstones. and shales, with coal Ileds.. ........... 

The age assignment and correlation of the Kenai formation have been basecl on the evidence 
of fossil plants and invertebrates and of stratigraphic sequence and relations. Physiographic 
evidence has thus far been neglected. Indeed, the study of the genesis of land forms in Alaska 
has leaned somewhat heavily on the stratigraphic investigations rather than contributed 
anything to-,vard the solution of the problems involved in correlation. 

The age determinations and correlations of the ICenai made up to the present time are based 
almost wholly on fossil plants, which are, geographically at  least, widely distributed and fairly 
abundant in the formation. With the exception of s few fresh-water gastropods, no invertebrate 
fossils have been found in the Iienai rocks here described. The Kenai of Herendeen Bay has, 
however, yielded a marine fauna of Eocene age. In  the absence of any detailed investigation of 
structure, succession, and distribution in the Mount JIcIiinley region, little weight can be given 
to the stratigraphic evidence. 

Alaska Kenai beds have yielded a larqe flora, all of which has received a preliminary esami- 
nation by F. H. linowlton. His familiarity with the lie? fossils has made i t  possible for him 
to pass a more or less definite opinion on the rather fragmentary plant remains w l ~ c h  have been 
found in the ICenai formation here described. The following fossil determinations and age 
assignments have been made by Mr. Iinowlton. The reports not otherwise credited are from 
unpublislie(1 material. 

Fossal plants Jrom f i n a i  foimalion. 

Tyonek, Cook Inlet. 

5,000+1 Eldridge and Brooks. 

3, MX)+ Paige and Knopf. 

la+ Spun. 
?oo+ 1 Brooks and Prindle. 

- s [Collected by TV. TV. Atwood and C. E. Weaver, 1906.1 
5 3 4s. 

&;* One-half mile south of Tyonek on cliff exposed along beach. Age, Kenai. 
@+c Taxodiunl tinajorum Heer. 
5 Corylus macquarr~i (Forbes) Heer. 

..> - .:* Fragments of dicotyledons. is: 
**a 
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Matannska Region. 

[Collected by Sidney Palge and Adolph Knopf. 1 190G.l 

This material, consisting of six small lots. is in the main very poorly preserved and insufficient in quantity to make 
the report of fullest value. The various localities ancl the forms detected at  each are as follows: 

Tsadaka Creek, 25 feet above 11-foot coal seam. Age, Kenai. 
Sequoia langsdorfii (Brgt.) Heer. 
Ficus? gronlandica? Heer. 
Magnolia inglefeldi Heer. 
Fragments of other dicotyledons. 

Kings Creek coal. Age, apparently Kenai. 
Ficus? gronlandica Heer. 
Populus arctica? Heer. 
Rhamnus eridani Heer. 
Viburnum sp. cf. T'. nordenskioldi Heer. 

Arkose Ridge, north of Tsadaka Creek. Age, apparently Kenai. 
Taxodium distichum miocenum Heer. 
Taxodium tinajornm Heer. 
Populus sp.? 
Ficus? griinlandica? Heer. 
Paliurus colombi Heer. 
Fruits, cf. Leguminosites sp. 

Chickaloon coal strata, Watson's camp. The age indicated is Kenai. 
Sequoia langsdorfii (Brgt.) Heer. 

Matanuska Region. 

[Collected by G. C. Martin, 1905.21 

Chickaloon coal strata, Watson's camp. The age indicated is Kenai. 
Taxodium distichum miocenum (I3rgt.j Heer. 
Salir varians Heer. 
Populus arctica Heer. 
Corylus macquanii (Forbes) Heer. 
Juglans nigella Heer. 

Kings Creek, collected by W. A. Langille, of Forest Service. The specimens are small and the plants fra,gnentary. 
With some uncertainty the species named below have been recognized. If determinations are correct, the beds 
are probably Kenai. 

Taxodium tinajorum Heer. 
Sequoia langsdorfii (Brgt.) Heer. 
Populus arctica Heer. 
Corylus macquarrii (Forbes) Heer. 

Mount McKinley Region. 

[Collected 1 ) ~  A. 11. Brooks and L. 11. I'r~ndle. 1902.1 

1. Branch of Kichatna River, camp of July 5 .  east side of Alaska Ranpe. 
Minute plant fragment, without character. 

3. Kichatna Elver, one-half mile below camp of July 9, east side of Alaska Range. 
Fragments of stems ancl bark, without character. 

5. About 3 miles southeast of Sampson Pass. Alaska Range, near camp of July 10. 
Minute plant fragments, with a single very small fragment of a dicotyledon, not determinable. 

12. Dome Stream, about 1.000 feet from camp of July 23, west slope of Alaska Range. 
Chonurites heerii Eichwald. 

14. Abooe camp of July 24. east side of canyon 20 to 30 miles southwest of Mount hfcKinley. 
Fragments, apparently of bark, without character. 

15. Camp of July 24. s o u t h ~ e s t  of Mount McKinley. west slope of Alaska Range. 
Stems and minute fragments of a dicotyledon, not determinable. 

17. Four miles southeast of camp of August 3, foot of Mount McKinley, west slope of .llaska Range 
Minnte fragments. without character. 

18. Creek bed a t  base of hill S. 30° E. from camp of August 3, west slope of Alaska Range. 
Plant stems, possibly rachis of ferns, not determinable. 

19. Two miles north of camp of August 8, about 30 miles north of Mount McKinley. 
Stems and bits of vegetable matter and two minute fragments of a dicotyledonous leaf, not determinable. 

1 Paige, Sidney, and ICnopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 3!27, 1907, p. 26. 

2 Mart~n, G. C., A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Geol. Survey No. 289, 1906, p. 14. 
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20. Camp of August 9, 30 to 40 miles northeast of Xount McKinley, west slope of Alaska Range. 
Chondrites heerii Eichwald. 

21. South side of main valley, about 3 miles south of camp of A u p s t  9. 
Carpites sp., probably new. 
Grass leaves? 
Fern rachis? 

22. South side of divide one-half mile from camp of August 12, west slope of Ala.sl;a Range, N. 1 5 O  E. (magnetic) from 
Mount McKinley. 

Fragment of a large dicotyledonous leaf. not determinable. 
23. Four miles east of camp of August 12. Toklat River basin. 

Taxodium tinajorurn Heer. 
Sequoia langsderfii (Brgt.) Heer. 
Populus arctica Heer. 
Populus sp. 
Large leaf, apparently new. 

24. About three-fourths of a mile east of camp of August 24, 5 miles north of Yenana River. Bowlder in drift. 
Probably Sequoia langsdorfii (Brgt.) Heer. 

27. Southeast of camp of September 12, on ridge about 2 miles east of Little Minook River. 
Chondrites heerii Eichwald. 

28. Four miles southwest of camp of August 20, at  headwaters of a creek flowing northward to Nenana River. 
Fragments of stems, without character. 

From localities 12, 20, 23, 21, and 27 the following spines have been identified: 
Chondrites heerii Eichwald. 
Taxodium tinajorum Heer. 
Sequoia langsdorfii (Brgt.) Heer. 
Populus arctica Heer. 

These spines are a11 enumerated by Heer and others as belonging to the so-called "Arctic Miocene, " now pretty 
generally regarded as belonging to the upper Eocene. Although the material in hand is scanty and in part obscure, 
it is probably safe to assume that these localities should be referred to the upper Eocene. 

Locality 21, in the collection from which I find a Curpites, ,mss leaves, and rachis of a fern, appears to represent 
the same horizon as that affording the other named species-that is, the upper Eocene. 

The collections from localities 5 ,  15, and 19 show minute traces of the presence of dicotyledons and are presumably 
of the same age as those from other localities with a dicotyledonous flora, but obviously it is impossible to be certain 
of this with the data at  hand. 

. 

Locality 22 shows the presence of a large dicatyledonous leaf. The remarks in the preceding paragraph appIy 
to this also. 

Localities 1, 3, 14, 17, 18, and 2s are represented by material upon which it is not possible to venture an opinion. 

Foothills of Alaska Range, 50 MUes South of Fairbanks, Alaska. 

[Collected by L. M. Prindle and C. S. Blair, 1906.1 

L. M. Prindle, No. 31. California Creek. tributary of Totatlanika. This is one of the finest and most satishctorysmall 
collections of fossil plants from .2laska that I have examined. ,Ilthough embracinq less than 20 specimens, each 
individual is so far determmable that I have been able to distinguish a full dozen forms. They are as follows: 

Taxodium tinajorum Eeer. 
Populus leucophylla? Unger. 
Populus arctica Heer. 
Quercus pseudocastanea Goppert. 
Quercus? sp. 
Myrim?, probably new. 
Betula prisca Ettingshausen. 
Betula ,.lrandifolia Ettinphausen. 
Betula cf. grandifolia or n. sp. 
Juglans nigella Heer. 
Hedera auriculata Heer 
Vitiv crenata Heer. 

Nearly a11 of these species are enumerated and figured in Heer's "Flora fossilis Allaskana," and I donot liesltate 
to refer them to the Kenai or so-called "Arctic lliocene, " now generally considered Eocene. 

C. S. Blair, No. 10. Roosevelt Creek, mouthof Tatlanika. This collection of only about a dozen specimens is inter- 
esting, although the material is not nearly so me11 preserved as the last. I do not recognize any species in this 
collection, but I note the genera Betz~la, -4lnus, Corylzis, dndronaeda, etc. While I am not positive about it, my 
impression is that this material is younger, much younger, than the baked material from locality 31. In  any 
event there is not a ~ ing le  thing in common to the two localities, and this material appears much more modern. 
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Yukon River. 

[Collected by W. W. .4twood and A. M. Eakin, 1907.1 

XIV. Drew mine, about 35 miles upstream from Rampart. Age, Kenai. 
Populus arctica Heer. 
Populus latior Heer. 
Juglans sp.? 

XV. Left bank of Yukon, above Rampart. Age, Kenai. 
Sequoia langsdorfii (Brgt.) Heer. 
Populus latior Heer. 
Populus arctica? Heer. 

Mr. Knowlton's determinations indicate that all the ~ l a n t s  except those from Roosevelt 
Creek belong to the same horizon. The question may be raised whether the plant-bearing 
beds do not constitute a definite formation with the sequence here referred to the Kenai, and 
whether there may not be a younger terrane not assignable to this formation, as appears to 
be the case at Roosevelt Creek. I n  the absence of detailed sections a t  the localities where 
plants have been collected, it is impossibb to prove or disprove such an assumption. The 
following facts bear on this question: 

The plants collected a t  Kachemak Bay1 all come from the lower 2,000 or 3,000 feet of the 
exposed beds. Hence the paleontologic evidence from this locality definitely determines the 
age of only the lower part of the succession. 

In the Matanuska Valley, where the Kenai has a thickness of some 3,000 feet, plants have 
been collected near the base of the formation and from a bed which lies below the upper 1,000 
feet (p. 96) of conglomerate. This conglomerate may therefore be younger than Kenai. 

The Kenai plants from California Creek, in the Nenana coal field, come from a bed beliered 
by Prindle to be near the base of the coal measures. On the other hand, the plants from Roose- 
velt Creek, 10 miles to the east, are provisionally assigned by Prindle to a bed near the top of 
the coal-bearing series. These are the plants which Iinowlton regards as possibly Sounger than 
the Kenai. It seems certain, therefore, that in the Nenana coal fieId at least 200 or 300 feet of 
the beds must be definitely assigned to the Kenai, while the upper 100 or 200 feet may belong 
to a younger formation. 

The other plant collections are from localities where there is either only a small thickness 
of Kenai exposed or the folding of the plant beds is so intricate as to make any determination 
of stratigraphic sequence impossible. 

Martin found some gastropods in an ironstone exposed on Chickaloon Creek, in the Mata- 
nuska region. These fossils, which occur stratigraphically not far from some of the plant- 
bearing beds already referred to, have been described by T. W. Stanton as follows: 

This lot (No. 3316) consists entirely of fresh-water gastropods, of which all but one specimen belong to a single 
species of Tri~Yipants of a type that occurs in both the upper Cretaceous and the Tertiary. The other specimen is a 
more slender form, too imperfect for seneric determination. These fossils are apparently an undescribed species, a t  
least they are new to Aluka, and the;- do not fix the horizon more closely than is above indicated. 

Atwood3 has found that the ICenai formation of the Alaska Peninsula carries a marine 
fauna pronounced by W. H. Dall to be of upper Eocene age. This corroborates the paleo- 
botanic evidence as to the age of the Kenai already presented. Furthermore, the Kenai of the 
Alaska Peninsula rests on rocks carrying upper Cretaceous fossils and is overlain by sediments 
which have vieldecl a Miocene fauna. There can therefore be no question as to the Eocene 
age of that part of the Icenai which Bas yielded fossil evidence. It has been shown that little 
is laown of the stratigraphic succession within the Eenai formation. Although a t  most of the 
localities of its t-j-pica1 occurrence there is, so far as determined, a marked lithologic similarity 
and n stratigraphic continuity throughout the sequence, yet certain exceptions to these con- 
ditions have been noted. At Tyonek and at Beluga River Atwood found some evidence of a 

1 East side of Cook Inlet, 100mlles south of Tyonek. The Ken81 roeksof this locality and t h e ~ r  flora are s~mllar to those of Tyonek. See Stone, 
R. \V.. The coal fields of the h h e m a k  Bay region: Bull. D. S. Geol. Surrey No. 377, 1906. 

ZXartin, G. C , .I reconnarssance of the Xatanuska coal field, Ilaslia, m 1905: Bull. U. S. Geol. Survey So. 289,1906, p. 12. 
3At'ivood, W. W., Uineral resources of southwestern Alaska: Bull. U. 8. Geol. Survey No. 3i9, 1909, p. 114. 
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stratigraphic break between an upper and a lower member. Again, in the Matanuska region 
Paige and Knopf found a well-defined conglomerate member 1,000 feet thick, forming the 
top of the Kenai as mapped. The Matanuska region has also yielded some physiographic 
evidence bearing on this point. In  their report on this region Paige and Enopf state: 

At the close of the Eocene the strata were uplifted and sharply folded. Peneplanation, however, was far advanced 
in the Talkeetna area, especially on the flanks of the region. Broad rivers whose beds were filled with well-rounded 
gravels flowed over its surface. 

* * * * * * * * 
The early Tertiary history of the Talkeetna area has already been sketched. It was shown that, coeval with the 

deposition of the Kenai, a peneplain of considerable perfection was developed over the region of the Talkeetna Moun- 
tains. The older age limit of this planation is fixed by the fact that the surface is in part cut across a lower Cretaceous 
limestone. The later limit is determined by the fact that the fluviatile conglomerates resting upon the peneplain 
appear to represent the similar conglomerates occurring a t  the top of Kenai or in the Matanuska basin. According to 
this view the conglomerates a t  the top of the Kenai represent the period at  the close of lacustrine conditions and the 
conglomerates in the Talkeetna area are the fluviatile accumulations of the riven which transported the materials 
of the Kenai sediments. 

I n  the Tanana Valley, on the other hand, Prindle finds no stratigraphic break between the 
beds carrying the Eocene plants and those carrying a flora pronouncecl by Knowlton to be 
yrobaljly of post-Eenai age. These two series of beds are identical in lithology and in character 
of deformation. Afr. Prindle has suggested to the writer, however, that the fact that the 
younger beds probably derived their material directly from older heds would suffice to account 
for the lithologic identity of the two members of the formation even if there had been an erosional 
interval between the two. (See P1. XVI, A, p. 170.) 

The evidence presented, though far from conclusive, suggests that the Kenai as here 
mapped and described probably includes an upper member which is considerably younger, 
also that this member is separated by an erosional unconformity from the Kenai proper. 

As already stated, the Xenai is witlelp distributed in Alaska, the various phases of this 
formation, as hare described, being found in different parts of the Territory. As tha Eenai of 
the interior is believed to have been laid down in rivers and lakes and that along the coast in 
rivers and estuaries, the conditions of deposition must have varied greatly. It is not to be 
expected, therefore, that correlations can be established between beds or a group of beds except 
over small areas. Nearly every considerable area of Kenai rocks in Alaska has yielded some of 
the plants referred by Knowlton to this terrane. It is not improbable, however, that younger 
becls are included with the Kenai in many localities, as is believed to be the case in the 5lount 
Bf cXinley province. 

There are but few facts on which to base correlations between the Kenai and the Eocene 
of adjacent provinces. I n  their lithologic character and in the physical conditions under which 
they were deposited the Kenai heds resemble the rocks of the Puget group.2 Tliep also appear 
to be deposits synchronous with Dawson's "Laramie," being fresh-water plant-bearing beds 
succeeding tjhe marine Upper Cretaceous. I t  is also true, however, that the Kenai formation 
bears many resemblances to the Cold Water group (Oligocene) of British Columbia. These 
facts lend some support to the hypothesis that the Kenai may include some beds younger than 
Eocene. 

VOLCANIC ROCKS. 

The only known volcanic rocks in the lfount 3lcEinley province that. are referable to the 
Tertiary oeriod are the basalt flows on the eastern flank of the Talkeetna Mountains. " .  
these are correlated certain volcanic rocks near the mouth of Susitna River described by Spurr 
and Eldridge. Extensive bodies of volcanic rocks occur also along the inland front of the 
Alaska ~ a n ~ e .  These are believed to he inostlp of Cantwell age adcl have been describecl. in 
connection &th that formation (pp. 78-85). Some are, howe<er, closely associated with the 
Kenai and may prove to be of Tertiary age. 

1 Paige, Sidney, and G o p f ,  Adolph, Geologic reconnaissance in the Matanusha and Talkeetna basins, Alaska: Bull. r. S. Geol. Surrey 
N0.327, 1907, pp. 33,38. 

%Willis, Bailey, and Smith, G .  O., Tacoma folio (No. 54). Geol. Atlas U. S., U. S. Geol. Survey, 1899. 
8 Damson, G. M., Geological record of the Rocky Mountain region of Canada: Bull. Geol. Soc. Smerica, vol. 12.1900, p. 79. 
4 Idem, p. 80. 
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POST-KENAI LAVA FLOWS IN THE TALKEETNA MOUNTAINS.. 

Paige and K.nopf have described and mapped a series of basalt flows which occur in the 
Talkeetna Mountams. These include lavas and pyroclastic rocks and have a thickness of about 
a thousand feet. They appear to rest on a plain of rather gentle relief cut across the upturned 
edges of the older rocks. In  one place the volcanic rocks rest on a bed of conglomerates of 
unknown age about 200 feet thick. 

The basaltic outflow appears to have been confined chiefly to this region, for there is no 
evidence of its occurrence farther west except a t  the mouth of the Susitna. Tertiary volcanic 
rocks are widely distributed in Alaska. They are known to occur in the Wrangell region and 
are probably found on Alaska Peninsula and in the Aleutian Islands. Basaltic flows that are 
probably of Quaternary age are still more widespread, being found almost throughout Alaska. 
I t  is possible that the deposits above described map be correlated with some of these Quat.er- 
nary rocks rather than with those of Tertiary age. 

VOLCANIC ROCXS OF LOWER SUSITNA. 

On the geologic map (Pl. IS, in pocket) some small areas of basalts are indicated in the 
region lying adjacent to the Susitna delta. These localities are mapped on the authority of 
Spurr and Eldridge.s Spurr describes these rocks as basalts and refers them to the Tertiary or 
Pleistocene. They are here provisionally correlated with the basalts of the Talkeetna region. 

INTRUSIVE ROOKS. 

In the foregoing pages i t  has been noted that basic intrusive rocks occur throughout the 
sediments of the geologic column described, including the Kenai. The age of these intrusive 
roclrs is therefore considered to be Tertiary, though i t  may be younger. I t  is not improbable 
that they may represent the same period of igneous activity as that of the post-Eocene basalts 
of the Talkeetna region, to which they are similar in composition. 

The commonest type of these basic intrusive rocks is a fine-grained green rock which is in 
places porphyrit,ic and can be classed as a diabase. Another representative of what is apparently 
the same period of intrusion is a coarser-grained rock to be classecl as a gabbro. Descriptions 

of these rocks as well as of variations 

25 SO FEET 

FIGURE 24.-Section showing arching of strata by intrusive diabase and jointing of 
igneous rock near the camp of August 9. 

from the two types will be found in 
Mr. Prindle's petrographic notes (pp. 
147-148). 

I t  has been shown that the other 
intrusive rocks, here termed diabases, 
cut the rocks of Kenai age.' A num- 
ber of the sections which have been 
presented also show that this dia- 
base invasion toolr place after the 
latest period of extensive earth move- 
ment, for the intrusive rocks almost 

invariably cut across the major structures. (See figs. 10, p. 77; 14, p. 82.) In some places an 
arching of the strata around the intrusive rock was noted. An example of this structure is 
presented in figure 24, which is taken from a field observation. The intrusion here is probably 
a laccolith, but its floor was covered. Other examples of similar disturbances due to intrusion 
were noted. The intrusive rocks themselves are all massive, except in some places where 
jointing is shown, as in t'he section given in figure 24. Diabase intrusives such as are here 

1 Paige, Sidney, m d  K ~ ~ o p f ,  Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
NO. 3Zi ,  190i, pp. 29-30. 

2Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 105-226. 
8 Eldridge, G. II., A reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 1898: Idem, p. 18. 
4 Martin's recent invastigations show that stocks, dikes, and sills of basic rocks are abundant in the Tertiary sediments of the Matanuska 

Valley. 
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described are common phenomena throughout Alaska. Most of these are probably of Tertiary 
age or later. The presence of Quaternary basalts in many parts of the Territory suggests that 
some of these diabase dikes may represent the feeders of such outflows. 

QUATERNARY SYSTEM. 

OUTLINE. 

Much of the Mount McEinley region is mantled by a heavy covering of Quaternary alluvium. 
(See P1. IX, in pocket.) This unconsolidated material may be divided into two general groups. 
The older group, provisionally assigned to the Pleistocene, includes (1) the terrace gravels, which 
are conspicuous features of the lowland areas south of the Tanana, and (2) the silts and the bigh 
bench gravels, which occur within the physiographic province termed the Yukon-Tanana upland 
(p. 48). (See PI. XII, A, p. 108.) I t  is possible that some of the deep gravels of the Tanana 
basin may be found to form a third type of the Pleistocene. The second and younger Quater- 

-, nary group, here mapped as Recent, is made up chiefly of the fluviatile deposits of the present 
watercourses. There is also a layer of white tuff which occurs in the Cook Inlet region irnmedi- 
ately underneath the soil. There are no lithologic differences to characterize the two groups of 
the Quaternary, but many of the older deposits show a greater degree of oxidation. As a mat- 
ter of fact, the differences in the lithology of the various phases of the Pleistocene are greater 
than those between them and the Recent deposits. This is natural, for most of the Recent 
alluvium is made up of the re-sorted debris derived from the dissection of the older gravel sheet. 
Much of the region is believed to have been glaciated before the deposition of the terrace grav- 
els, and in some places the material deposited by the floods that accompanied the ice retreat 
was overridden by readvances of the ice sheet. South of the Tanana the Pleistocene gravels 
include a large percentage of glacial material. The existing glaciers have also contributed debris 
to the Recent deposits. The mapping of the Quaternary on Plate IX is only in part based 
on field observations by geologists. In the mapped areas the topographic expression of the 
Quaternary deposits is so strikingly regular as to appear to justify the extension of the Pleisto- 
cene and Recent coloring beyond the limits of actual geologic field observation on the basis of 
the contouring alone. Without this explanation it might be inferred that far more field work 
had been done on the Quaternary deposits than on the hard-rock formations. 

PLEISTOCENE DEPOSITS. 

The deposits here of necessity grouped as Pleistocene embrace bodies of alluvial material of 
widely divergent character and origin. Though the study of isolated sections indicates that the 
terrace gravels will probably be subdivided when detailed surveys are made, subdivision is not 
now possible. Genetically the Pleistocene deposits, though here mapped as a unit, are divisible 
into at  least two groups, which were probably synchronous. In  one group fall the glacial 
terrace gravels, which are of fluviatile origin and were laid down during the ice retreat; l in the 
other are the silts and bench gravels, which lie for the most part beyond the influence of glacial 
activity. The latter were deposited chiefly under lacustrine conditions, probably brought about 
by changes in drainage and uplift and depression. They also include, however, some fluviatile 
deposits. 

Although there is little direct evidence as to the age of these deposits-for no fossils have 
been found in them-they have been found resting unconformably on Eocene and older terranes 
and are for the most part younger than the time of maximum glaciation. Some Pleistocene 

1 S. R. Capps, who in 1910 made a reconnaissance of the northern base of the Alaska Range, from the Nenana to the Delta, considers that 
the h ~ g h  grarels of this region are of preglacial origin. 
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fossils have been found at several localities in the Yukon T-alley, in silts which resemble ancl are 
probably of the same age as the silts of the northern part of the area here described. I t  is by 
no means impossible that some of the heavy terrane gravels may be .of Tertiary age. The deep 
gravels at  Fairbanks, some of which may be Pleistocene, are known only through the mine 
workings, and no evidence of their age has been obtained. As these deep gravels are every- 
where buried under Recent deposits, they are not represented on the geologic map. 

In the following pages the Pleistocene deposits of each physiographic province are con- 
sidered in turn. The genesis of these deposits is treated in a later section of the report 
(pp. 134-136), together with an account of the glaciation. 

COOK INLET AND BUSITNA REGION. 

Under.this heading all the Pleistocene deposits of the river draining to Cook Inlet are 
described. Much of the land area within the Cook Inlet and Susitna trough is covered by gravels 
here referred to the Pleistocene. These have been dissected by streams, the larger of which have 
entrenched broad valleys in the gravel covering. Along the coast wave action has cut into these 
sediments, leaving seaward-facing escarpments (Pl. IV, B, p. 44). 

These Pleistocene gravels, sands, and silts underlie the low plateaus which stretch inland 
on both sides of Cook Inlet to the foot of the high ranges and reach far up the Matanuska and 
Susitna valleys and their tributaries (Pl. IV, A). The topographic expression of these deposits 
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]FlouR~ 2.5.-Section of Pleistocene deposits near Tyonek, at the camp of June 1. 

is of the same general type throughout. 
They form a broad gravel terrace which 
slopes up from Cook Inlet or from the 
main waterway toward the highland rim. 
Where incised by river cutting or by 
wave action, as along the shore at  Cook 
Inlet, these benches end in steep escarp- 
ments from 75 to 125 feet in height. 
From the top of these escarpments the 
surface slopes up gradually toward the 
foothills of the bordering ranges, reach- 
ing altitudes of 1,000 to 1,200 feet. An 
extension of these gravel plateaus is rep- 
resented within the mountains by steeply 
sloping benches which are in the main 
well defined and which reach eltitudes of 

2,000 feet. Smaller well-defined benches occur up to the limit of glaciation, which on the 
Paciiic slopes of the ranges is approximately 2,500 feet above sea level. 

The material of these Pleistocene terraces is chiefly stratified sand and gravel, with some silt 
near the outer margins of the deposits. Large an-dar bowlders, some of which are 20 feet in 
diameter, are not uncommon in these deposits. Bowlder clay was observed in association with 
the gravels at  a few localities. About 2 miles south of Tyonek the Pleistocene gravels and 
sands, carrying some large granitic bowlders, rest uncomformably on the Kenai formation. (See 
fig. 19, p. 95.) In some sections along this coast line bowlder clay was seen underneath and in 
others on top of the stratified deposits, indicating recurring advances of the ice sheet. The 
relations of bowlder clay and gravels near Tyonek are shown in figure 25. Only at this one 
locality were Pleistocene gravels that carried any lignite seen by the writer. This can be con- 
sidered the type of several sections, though the thickness of individual deposits differs greatly. 
In  some places the bottom of the bowlder clay is at  or below sea level and the underlying gravels 
are not exposed. In others the bowlder clay rests on 100 feet or more of stratified gravel. 
The sands and gravels are usually red from oxidation and some are cemented by iron or manga- 
nese. Three miles north of Tyonek is exposed a section showing 75 feet of stratified gravels 
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overlain by a white tuff 3 feet thick, and this in turn by soil. A section exposed near Beluga 
River shows the red or oxidized gravel unconformably overlain by gray gravel. 

Though the character of the topography clearly indicates that the Pleistocene gravel sheet 
stretches inland from Cook Inlet, there was no opportunity to study any detailed section of these 
deposits after leaving tidewater. Broad terraces were observed stretching up the lower 
courses of Skwentna and Kichatna rivers, and these merge, a t  the mouths of the valleys, with 
the gravel sheet of the Susitna. 

l\1offitl1 in describing the Pleistocene deposits on the east side of Cook Inlet, notes a section 
of gravel 75 to 100 feet thick a t  the settlement of Kenai. Of this the lower tmo-thirds is 
made up of bluish-black silt containing some gravel, overlain by sand and gravel. The upper 
third is in part firmly cemented with iron oxide and resembles a weathered ferruginous sand- 
stone. Along the beach there are many large granite bowlders, some of which reach 8 or 10 
feet in diameter; these were probably derived from the Talkeetna Mountains. 

The Pleistocene deposits of the Knik Arm region,hade up of gravel, sand, and silt, are 
coextensive with the bench gravels of the Matanuska Valley, which have a measured thickness 
of at least 300 feet. The gravels of the Matanusktl are well waterworn and contain but few 
if any glacial bowlders such as are present around Knik Arm. 

Eldridge's account3 of the Pleistocene of the Susitna Valley is rather general and includes 
no detailed sections. He notes, however, deposits of two distinct periods-a lower deposit, 
made up of bluish-gray clay-carrying pebbles and small bowlders, and an upper deposit, con- 
sisting of gravels becoming finer toward the coast and coarser toward the headwaters of the 
river. 

On the west side of the Susitna Valley these gravel terraces merge along the watercourses 
with bench gravels which extend up the valleys of tributary streams for greater or less dis- 
tances. As observed along the Kichatna, the benches are made up chiefly of coarse gravels, 
with some bowlder clays. The exposures are not very plentiful, and it was impossible t o  
determine whether there was more than one period of deposition, as in the plateau gravels of 
Cook Inlet. If there was a preglacial gravel sheet, it was probably removed by the advance 
of the ice. If, on the other hand, the glaciers left deposits of till, these may have been removed 
by the floods which attended the ice retreat. It is therefore not likely that evidence of an 
older Pleistocene terrane could have been preserved in these mountain valleys. Some of 
these Pleistocene bench gravels are difficult to differentiate from the glacial benches of recent 
data. The upper limit of the well-marked gravel terraces of the larger watercourses is about 
at  the limit of glaciation-that is, between 2,200 and 2,500 feet above the sea. 

Moffit4 has described similar benches along the valleys of Kenai Peninsula, which are 
common up to altitudes of 1,600 feet. He also makes mention of stream gravels on the mountain 
slope west of Quartz Creek, on Turnagain Arm, nearly 2,000 feet above sea level, and describes 
a still higher gravel occurring a t  an altitude of 3,000 feet which he interprets us a deposit laid 
clown along the margin of a glacier. 

These Pleistocene deposits differ greatly in thickness. On Cook Inlet the maximum 
depth observed was about 200 feet, but in the Matanuska Valley 300 feet of gravel is reported. 
At other localities the deposits have a depth of 50 to 200 feet. I t  is probable that the Pleisto- 
cene of the Cook Inlet region was laid clown in a rather deep basin whose rock floor may be 
many hundred feet below the present surface. I n  the center of the basin these deposits map 
be 1,000 feet or more in thickness. -1s the alluvium probably mantles an irregular surface, 
however, great variation in thickness is to be expected, ant1 in fact this is shown to exist by 
the few measurements that have been made. 

1 Xoffit, F. E., Gold fields of the Turnagain Arm rexion: Bull. U. S. Geol. Survey So. '277, 1906, p. 23. 
IPaige, Sidney, and Ikopf ,  ldolph, Geologic reconnaissance in the Uatsnuslca and Talkeetna bwins, Alsk-a: B ~ l l .  U. S. Geol. Survey 

No. 3'27, 1007, pp. 30-31. 
3 Eldridge, G. H., .i reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 1398: Twentieth .inn. Rept. U. 5. Geol. Survey 

pt. i ,  1900. pp. li-1s. 
4 Moffit, F. H., Gold fields of the Turnagain hrm region: Bull. U. S. Geol. Survey No. 27i, 1W3, pp. 25-26. 
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PIEDMOST PLATEAU. 

The plateau terrace wl~icll masks the inlancl front of the Alaska Range, fro111 the Kuskokwim 
northward and enst,ward into the Tttnana Valley, has been described as the piedmont plateau. 

It has been shown that the surface of this plateau 
slopes away from the mountain and is cut bj- nu- 
merous st,reams, some of ~vhicll have chiseled out 
broad valleys (PI. VI, B,  p. 46). Along that part of 
the plateau lying close to the mountains between the 
Kuskokwim and McKinley Fork of the I<antislmn 
the Pleistocene deposits consist of sands and gravels, 
with some glacial till. KO measurement of t,hickness 
of these deposits was obtained, for there are no good 
exposures of the Pleistocene in this part of the field. 
It, seems probable, however, that the tvhole plateau 
is underlain by gravels and sands, with probsbly 
some bowlder clay, and that these deposits estenci 
out into the Kuskokwim lowland. At the base of 
the mountains the material is coarse, but away from 
the highlands it seems to become finer. Prospectors 
report the occurrence of silt and sand bluffs in the 
L a b  Minchumina region, and these probably belong 
to  he same terrane. Many erratic bowlders were 
seen along the mountain front, but these were un- 
doubtedly deposited by the existing glaciers, whose 
fro2ts are close a t  hand. 

Along the southern margin of the Tanana Valley 
there is a gravel sheet 2,000 feet or more in thick- 
ness. I n  this the Nenana and other rivers have 

FIGURE 26.-Sketch map showing gravel terraces on Nenana 
River. ~iguress~owapprox~matee~~v~tionabovesealevel. incised cut trenches (see 26)1 whose 

walls the character of the deposits is well seen. 
The material is chiefly coarse washed gravel, much of it having a reddish color, with some 
heavy beds of coarse sand. The writer's observhtions indicate that this deposit rests uncon- 
formably on the eroded edges of the friable conglomerates and sandstones assigned to the 
Kenai formation, from which it is sharply differentiated. Mr. Prindle, however, in studying 
the eastern extension of this belt, found that both the gravel of the Kenai formation and 
those ,lying above it appeared to be conformable, and in many places it was impossible to 
differentiate' the two formations. A section exposed about 2 miles below the mouth of 
Healy Fork, on the Nenana, 
showed the unconformable rela- 
tion of the Pleistocene gravels 
to the Tertiary beds. At this 

were observed resting unconf orm- 
ably on a friable sandstone of quartz-sericite  schist 

Kenai age. Above these gravels 
there is about feet of gray sand FIGURE 27.-Section on Nenana River near the camp of August 22, showing the relation 

of terrace gravels to Kenai formation and of Kenaiformation to metamorphic rocks. 
and silt with a few pebbles up 
to 2 inches in diameter. These gravels where exposed to weathering have a red color. The sec- 
tion in figure 20 (p. 97) shows the relation of the gravels to the faulted Kenai beds. Along the 
mountain front, at  the contact with the metamorphic schists, these Pleistocene deposits dip north- 
ward a t  angles of 5" to 10". This fact indicates that there has been uplift since their deposition. 
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. I .  VIE\;J LfiOL(i?:i; U P  N E N A N A  V A L L E Y .  

T h r e e  d i f f e ren t  g rave l  te r races are sl3own. Near  c a m p  o f  Augus t  22. 
See p a g e  109. 

1: Y A N E R T  FORK, L , 3 G K I N G  U P S T R E A M .  

S h c w ~ n g  ; i ~ o c l - ~ i l a i ; l  tr!eposi:s i s 1  :,asti1 lowia t lc ls  above  canyo t l  of  I\ let?atin R i ve r  
F r o m  carnp of  August  :S. See page i10. 
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Nany of the valley walls in this part of the field are broken by a series of benches which 
represent deposits of a later date than those forming the main gravel sheet. This is well 
illustrated in the sketch map of the upper Xenana (fig. 26, where the benches are diagram- 
matically indicated) and in Plate S I I ,  A. At the locality shown in the view five terraces are 
clearly recognizable, standing at  altitudes estimated at 1,000 to 3,400 fee$. The gravels of 
these terraces appear to be entirely undisturbed, resting horizontally on the upturned and 
eroded eclges of the Icenni beds or on the older gravels. Their relations to the Icenai are shown 
in the accompanying section (fig. 2 7 ) ,  ~1liclr is reproduced from a field sketch. 

The Pleistocene gravel sheet above clescribecl occupies the southern part of the Tanana 
lowland. I ts  northern limit is marked by an escarpment ~vhich is roughly parallel to and from 
30 to 50 miles south of Tanana River. On the lower Tanuna, beyond the urea of the map, 
the Pleistocene sediments mantle a much larger part of the Tanana lowland, and at the mouth 
of Cosns River they reach within a few miles of the north wall of the Tanana Valley. Here 
the sediments are notably finer, indicating deposition in p i e t  waters and transportation much 
farther than those described above. 

YUKON-TANANA UPLAND. 

The Pleistocene deposits of the Yukon-Tanana upland have been in part mapped and 
studied in some detail since 1002. To the reports resulting from these investigations the reader 
is referred for details, for they will here only be briefly summarized. 

Prindle m d  Katz have mapped a fine gray silt which occurs as a terrace deposit in the 
Fairbanks placer district. The material forms a well-defined bench at  an altitude of about 
1,000 feet. It appears that similar deposits occur in the Tolovana Basin, but less is known 
of them. All these silts were probably deposited in sluggish streams or in standing water. 

Reference has been made to the possibility that some of the deep gravels of the Fairbanks 
district are as old as Pleistocene, if not even of Tertiary age. These gravelsZ vary from 3 to 
50 feet in thickness and are overlain by 10 to 160 feet of sandy clay and humus. They are 
all derived from the drainage basins in which they now occur. The gravels themselves are of 
undoubted fluviatile origin, but the overlying h e  sediments are in part contributions from 
talus slopes and in part may be of lacustrine origin. 

A high bench gravel which occurs on the east side of 1Smook Creek valley, some 800 feet 
above the valley floor, has been described in some detail by Prindle and H e s ~ . ~  This deposit 
slopes down steeply toward the west till its height above the stream is only about 500 feet. 
The lower part is made up of coarse rounded gravels. The thickness of these gravels has 
nowhere been determined, but it is probably as a rule not over 50 feet. This peculiar deposit 
is unique in the district, though bench deposits at  lower altitudes are not uncommon, one 
occurring, for example, a few miles north of the town of Rampart, on the east side of the Yukon, 
where a bed of well-rounded gravel rests unconformably on the sandstone of the Kenai forma- 
tion, about 30 feet above the river. 

As shown on the geologic map (PI. =, in pocket) there is an extensive area of Pleistocene 
deposits along the valley of Stephens Creek, n few miles southwest of Minook Creek. These 
deposits define a well-marked bench some 400 feet above the river and are made up essentially 
of fine buff-colored and yellow silt interstratified in places with a few beds of gravel. The silts 
are at  least 200 feet thick. They are very like the silt deposits of the upper Yukon," ~vhich, 
however, are believed to be closely related to the overwash deposits of the glacial epoch. 

There are some benches along the YuBon below the mouth of Stephens Creek, and these 
are probably covered with gravel, though they have not been examined. On the west bank 
of the Yukon, opposite the mouth of the Tanana, there is a broad bench which extends inland 
for several miles and is covered with fine silt. These are similar to the deposits founcl on the 
lower Tanana and are probably extensions of them. 

1 Cnpublished manuscript. 
2 Prindle, L. M., and Icatz, F. J., The Fairbanks gold-placer region: Bull. U. S. Geol. Surrey No. 3i9, 1909, pp. 181-192. 
a Prindle, L. Y., and IIess, F. L., The Rampart gold-placer reglon, Alaska: Bull. Ti. S. Geol. Surrey No. 280, 1906, pp. 30-31. 
4 Brooks, I. H., and Iiindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. America, 7-01. 19, 1905. 
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CORREL.4TION 

The known faets do not permit a definite correlation between all the deposits here described 
as Pleistocene. There seems to be little doubt that the terrace gravcls found on the two 
sides of the range are synchronous deposits,' but there is less certaint~? in the correlation of 
these gravels with the silts of the Fairbanks region and Stephens Creek or the high gravels of 
hIinook Creek. The silts which occur along the Lewis and Pukon ralleys have been described 
by Spurr as the remnants oi  a contin~~ous deposit under the name Y ~ ~ k o n  silts. Russell3 
hacl previously referred these deposits to lacustrine origin, wide Dawson regarded them as 
estuarian. Spurr argued that they were in part estuarian, in part lacustrine. Some fresh- 
water fossils have since been found at various localities, indicating that most of the silts are 
nanmarine. In  the opinion of the writer, most of these silts are overwash deposits laid down 
by the floods which accompanied the ice retreat. This esplanation is supported by the fact 
that the silts occur up the Lewis Valley only to the northern limit of glaciation. 

RECENT DEPOSITS. 

The Recent deposits consist of the alluvial material along the present watercourses (Pl. 
=I, B), including some low benches, and also some beach sands along Cook Inlet. Many 

l n g  map. of these deposits are not sufficiently extensive to be represented on the accompan: ' 

In  this subdivision must also be placed the recent ejectamenta of Redoubt Volcano which were 
found in the vicinity of Cook Inlet. I n  the Fairbanks district there are some extensive deposits 
of silt, clay, and humus, also of Recent age. 

The alluvial deposits have no striking peculiarity that merits detailed description. Near 
the mouths of the southward-flowing larger streams, like the Susitna, the flood plains consist 
chiefly of fine silts and muds. With these muds are found here and there bowlders and pebbles, 
some of which are clearly ice borne and were evidently deposited during the freshets which 
accompanied the spring break-up. In an upstream direction the flood-plain deposits gradually 
become coarser, and along the smaller tributaries they consist chiefly of heavy wash. On the 
streams having glacial sources there is a large percentage of glacial bowlders in the fluviatile 
matter. All the southward-flowing streams of the region are overloaded and are building 
up their flood plains. 

The upper parts of the tributaries to the Kuskokwim all have steep gradients, and their 
flood plains are made up of coarse gravels and a large proportion of glacial bowlders. From 
the best information mailable it appears that all these streams change their character before 
they join the Kuskokwim, becoming more or less sluggish watercourses with only fine material 
in the flood plains. 

The flood plains of the tributaries of the Tanana are of two types. The rivers flowing 
from the south have steep gradients and their deposits are chiefly coarse gravel. Moreover, 
they are turbulent muddy streams which are rapidly aggrading. The northern tributaries 
of the Tanana, on the other hand, are sluggish clear-water streams whose flood plains are 
built up largely of fine sediments alnlost to the sources of the small tributaries. I t  has been 
shown that this fine material also goes to considerable depths and that the bed-rock floors 
of the valleys lie far below the present surface. 

The subject of ground ice is wortby of mention. I t  appears that on the south side of 
the Alaska Range the ground thaws out to bed rock every season. North of the range ground 
ice is nearly everywhere present under 1 to 2 feet of soil and humous matter. This layer remains 
frozen throughout the year. Usually where the alluvial material is undrained the permanent 
frost extends to bed rock, in one place 315 feet of frost having been measured. Locally, however, 
where loose gravels are encountered, the material is not frozen. 

-- 

1 Recent studies of S. R. Capps have raised the question whether the heavy gravels on the south side of the Tanana are of postglacial age. 
If they are preglacial the heavy gravels on the two sides of the range may not be synchronous deposits. 

ZSpurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, pp. '203-221. 
a Russell, I. C., Notes on the surface geology of Alaska: Bull. Geol Soc. America, vol. 1, 1889, p. 148. 
4 Dawson, G. M., On the later physiographical geology of the Rocky Mountain region in Canada: Trans. Royal Soc. Canada, vol. 8, sec. 4, 1891, 

p. 43. 
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The white tuff already referred to is the result of an eruption from Redoubt Volcano, 60 
miles southwest of Tyonek, which took place January 18, 1802. This deposit, which appears 
to be of andesitic character according to local report, accumulated to a depth of about one 
thirty-second of an inch. I t  was observed by the writer as far north as Skwentna River and 
is said to have been carriecl as far to the northeast as the Matanuska. This would make the 
~ o s t  distant deposit about 150 miles from the center of eruption. Near the periphery of the 
deposit the material was little more than an imnpalpable clust which could be seen only on the 
foliage. 

STRUCTURE. 

The structure of each stratigraphic unit represented in the Mount McKinley province 
has been described in the cliscussion of the geologic sequence. It remains to consider the 
interrelation of these structures ancl, so far as the data permit, to present the salient tectonic 
features of the province as a whole, as well as to trace the sequence of diastrophic events. 

Attention is here again directed to the marked parallelism of the major st~uctural  axes 
of central Alaska to one another and to the crescentic sweep of the southern coast line. This 
parallelism of structural lines holds not only for central Alaska but also for the entire north- 
western part of the continent. It finds topograpllic expression in the crest lines of the principal 
ranges of both the Pacific and the Rocky AIountain systems. Variations from the general 
trend, which occur here and there, serve but to emphasize the general tectonic law of the prov- 
ince, which is in effect that east of a line bisecting mainland Alaska the major structures trend 
northwest and southeast, while west of such a line they trend northeast ancl southwest.1 The 
former trend is but an extension of the structures of the western part of the North American 
continent; the latter is Asiatic in direction. 

I n  Kenai Peninsula antl west of Cook Inlet the dominant strike lines range from N. 10" E. 
to N. 20" E. These trends curve eastward, and at about the one hundred and fifty-second 
meridian the strike is N. 60" E. and at the one hundred antl forty-eighth meridian nearly east 
and west. From thence it gradually curves to the southeast, so that near the one hundred 
and forty-sixth meridian the strike lines trend N. 60" V. 

These strikes are typica! of the Mount McKinley prorince, which includes the western 
part of what is here termecl central Alaska. The trend of the great synclinorium of the Alaska 
Range is the most striking example of the direction of the dominating structural lines, but 
this is paralleled by the strike lines of the PaIeozoic ancl metamorphic rocks of the Tanana 
upland, as well as by the folds in the Tertiary beds of the Uatanuska Valley. There is some 
divergence from these general trends around the flanks of the Tallceetna Mountains, clue both 
to the disturbances caused at  the time of the intrusion, when the mountains were formed, and 
to the physical effect of the great mass of igneous roclzs, during the subsequent deformation. 
Another markedly discortlant element in the strike lines has been produced by an east- 
west fault, which was noted near the intersection of the one hundred and fifty-third meridian 
with latitude 63" 30'. More tietailecl studies will probably clevelop Inany other divergencies 
from the normal strike lines, but these are not likely to affect the truth of the statement as 
to the direction of the major structural features. The stratified ancl scl~istose rocl~s of the 
Mount McKinley region, where closely folded, most commonly dip to the east, southaast, and 
south. There are, however, many variation3 from this direction. In  the closely folded rocks 
of the Cllugach llountains soutlleasterly (lips prevail, but nortllwesterly dips are not uncommon. 
In the Natanuska and Tallzeetna regions the folds are in part open and the clips vary in direction 
from place to place. The faults along the southern margin of the Talkeetna Xountains dip 
toward the north. 

East of the central axis o; the hlaslca Range synclinorium the strata in Inany places dip 
toward the major axis of the folding. Along the inland front of the range the dips are almost 
universally to the sou theas t, and-perhaps a more significant f act-the fault planes also dip 
in the same direction. I n  the Ta, ana upland southeasterly dips prevail, but northwesterl!: 
dips liave also been noted. 

1 Brooks, .i. H., The geography and gslog3- of Il.isLa. Prof Paper C S Geol Surrey No. 45,1906, PI. 3x1 , 
66897'-11-8 
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Seven tectonic subdivisions have been made of the Mount lScKinlej- region. Sained 
from soutli to north, tliej- are (1 1) the Chugach zone of close folding, (2) the Xatanuska and 
Susitna pro~ince of open folding, (3) the Alasks Range synclinorium, (4) the pieclmont zr,ne 
of overturned folds and thrust faulting, ( 5 )  the Tanans T'alley prorince of gentle folding, (6) 
the Birch Creek schist area of intense deformation, and ( 7 )  the Paleozoic area of close folding. 
Each of these subdivisions, as indicated by the designations, is characterized by structural types 
differing from tllose of tlie acljacent provinces. As will be sliov-n, these differences can only 
in part be accounted for by the effects of the pre-Jlesozoic epoclis of diastrophisn~. The facts 
in hand clearl- indicate that these tectonic provinces are in a large measure the result of dif- 
ferential post-l'aleozoic deformation, TI-hich mas t o  a considerable extent localized along certain 
well-defined zones. 

Only the western part of the Chugach Alountains is liere considered, where the component 
strata are known to be closely folded. x-it11 dips ranging from 40' to 90°.? The monoclinal 
succession of steepl- clipping strata is interpreted as due to repetitions b -  close folding. R l~ i f i t , ~  
in describing the southern estension of this belt, notes the presence of many faults, though he 
mas unable t o  determine their magnitude. 

The Mesozoic and Tertiary beds of the Matanuska and Talkeetna basins, which lie in the 
second tectonic province, are, with exceptions of tliose lying adjacent to granite batholite 
of the Talkeetna Mountains, only gently folded, and lience are in strong contrast t o  the intensely 
deformed rocks to the southeast. Some of tlle coal-bearing rocks of this area, however, liavk 
suffered greater deformation, which has manifested itself chiefly in the presence of numerous 
faults.4 It was undoubtedly the massive character of tlie conglomerate involved in these 
movements (see p. 96) \+-liicl~ caused tlie compressive stresses to be taken up b -  dislocations 
rather than b ~ -  folding. (See fig. 21,  p. 08.) The Ter t i a r~  rocks of the Susitna basin, here 
included in the same tectonic prorince, are but little disturbed. 

The Alaska Range synclinorium includes a broad belt of closely folded rocks, in wbicll, 
however, the synclines and anticlines are recognizable. (See section A-B, P1. IX, in pocket.) 
Many minor faults and some of considerable throw were observed in the heart of the range, 
but no measure of the amount of the displacement was made. There are also some local irregu- 
larities, caused by the presence of large stocks of intrusive rock, but on the whole these masses 
of igneous rocks appear to have had little effect on the structure. 

As already indicated, the piedmont zone of faulting, which extends along the western 
base of the Alaska Range, is a locus of most intense crustal disturbances. (See P1. X, B, p. 70.) 
In this zone practically all the folds are overturned toward the west, and hence the dips 
are to the southeast. In  the less resistant beds the deformation has been such that it is in 
few places possible to make out details of s~ructure, but the dominating type is that of thrust 
faulting. The older Paleozoic rocks are thrust up on the Kenai formation, indicating displace- 
ment which must be measured in thousands of feet, if not in miles. It is not impossible that the 
entire front of the range between the I<uskokwim and RiIcIiinley Fork of the Kantishna is a zone 
of overthrust where the older rocks have risen over younger series. This overthrusting has been 
accompanied by some cross faulting, and there is a suggestion that these zones of cross faulting 
are lines of weakness to erosional agencies and are marked by topographic scarps. At Farewell 
Mountain (see PI. IX) and in the region adjacent to the east there is a well-defined northeast- 
ward-trending scarp, which from the stratigraphic evidence appears to lie in a line of movement. 
Similar topographic features have been observed that may also mark cross faulting, of which 
there is in places some stratigraphic evidence. I n  the whole belt the only rocks that appear 
to have resisted the intense deformation are the massive conglomerates of the Cantwell forma- 

I Since the above was written Martin has found a zone of close folding and overthrust faulting estending along the northern margin of the 
Natanuska Valley. This was probably caused by the thrusting of the sediments against the buttress formed by the Talkeetna Mountain intensive 
rocks. 

a Pafge, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Talkeetna and Matanuska basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, p. 15. 

aMoifit, F. H., Gold fields of the Turnagain A m  region: Bull. U. S. Geol. Survey No. 277, 190G, p. IS. 
cPaige, Sidney, an3 I<us?f, Adolph, Geologic reconnaissance in the Natanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 

No. 32i, 1937, p. 41. 
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tion, which, where it finds its full development, has been thrown up into easily recognizable 
anticlines ancl synclines. The folding of all the older rocks, which are made up chiefly of less 
massive beds than the Cantwell, has been so intense that the details of structure will defy 
analysis except after very minute studies. 

The Kenai becls of the Tanana Valley, constituting the fifth tectonic province, are only 
gently foldecl and faulted; intleed, in some places they are practically unclisturbed. The sig- 
nificance of this fact will be made clearer if it is remembered that if the stratigraphic correla- 
tions are correct the Kenai rocks are also involved in the intense movements of the piedmont 
zone of faulting. 

The area of Birch Creek schist adjacent to the Tanana on the north forms the sixth tectonic 
province. These rocks have been. deformed to such an extent that in many places all evidence 
of bedding is destroyed. The quartzites of this series are broken by faults and closely foltlecl 
ancl the less massive schists have been fairly kneaded; as a result there are an infinite number of 
minor flexures. The strike lines trend uniformly to the northeast, but the planes of schistosity 
usually dip to the southeast. 

The Paleozoic rocks lying adjacent to and northwest of the schists ancl forming the seventh 
tectonic province are also intricately folcled and faulted. The deformation, ho~~.ever, has not 
been so intense as to obscure the larger structural features. Although closed folds with south- 
easterly clip predominate, some more open structures with northwesterly (lips have been noted. 
The strike lines are prevailingly to the northeast, but there are some exceptions. 

I t  is shown in the next chapter that the structures of the Mount McICihley province are 
the result of recurrent epochs of diastrophism during a period extending from pre-Ordovician 
to Tertiary time. The parallelism of the structural lines is therefore of greater significance than 
if they were the result of only one epoch of mountain builcling. Of equal importance to the 
tectonic history is the peculiar distribution of the zones of intense deformation, separated, as 
they are, by zones characterized by only moderate folding. With regard to the olcler rocks, 
such as those of the Chugach Rlountains antl the Birch Creek schist, this can be explained by 
the fact that the deformation took place before the younger rocks now occupying the inter- 
vening areas were laid down. Such an explanation can not be given for the extreme cleforma- 
tion along the inlancl front of the Masks Range as compared with the gently folded belts lying to 
the north and south, for in this belt the same Mesozoic and Tertiary beds are involved in both 
types of structure. The structures indicate that the thrust which caused these deformations 
came from the direction of, the Pacific, and it appears that along certain zones of ~vealmess, 
which appear to have been loci of previous deformation, the strata were intensely clisturbed. 
One such zone of folding would be easy to account for, but where there are two or more parallel 
and separate zones, as there appear to be in the Mount McKinley region, it is cIiEicult to con- 
ceive how the thrust could have been transmitted. 

The explanation of these phenomena must be sought in the fundamental concepts bearing 
on the evolution of the northwestern part of the continent. S t  present there is no adequate 
background of facts to warrant any final analvsis of these problems. 

GEOLOGIC HISTORY. 

Means of interpretation.-The descriptire geology of the Mount JlcKinlep region indicates 
the lack of many data essential to 3 fundamental analysis of the evolution of the province. 
I t  seems worth while, however, to utilize the evidence in hand for a discussion of the geologic 
history ancl to present in outline at  least what is believed to be the sequence of events hp which 
this part of the continent was formed. In doing this many :~ssumptions will have to be made, 
and many ideas that are advanced can be regarded us little more than speculation. To simplify 
the presentation it will be necessary to i~ccept as definitely proved certain interpretations of 
the kno~ tn  facts on the correlations, structure, and stratigraphy that have been advanced in 
the foregoing descriptions solely as suggestions. 

The stratigraphic subdivisions presented antl the correlations suggested in the foregoing 
pages have been based chiefly on the evidence of lithology, sequence of beds, ancl fossils; in 
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other words, the discussion has been primarilj- an interpretation of the sedimentary record. 
Relatively less weight has been given to the subdivisions of geolopic time marked bj- crustal 
disturbances and consequent epochs of erosion. A time scale determined by periods of diastro- 
phism, though it ma>- not always lead to the same subdivisions as one based on the evidence 
of sedimentation and of organic life, takes into account phenomena of first importance to  an 
unclerstanding of the geologic histor3.--the ultimate ail11 of all geologic investigations. Geologic 
science has perhaps not yet advanced far enough to determine to which line of eridence shall 
be given greatest weight in attempting a rational subclivisioll of the geologic time scale, hut 
it is certain that the paleogeographer cnn not afford to ignore either the sedimentary alld pale- 
ontologic record, on the one hand, or the epochs of diastrophism ancl erosion, on the other. 

Tabular statement.-On page 55 t h e  salient features of the geologic sequence of Mount 
h1cKinley region have been summ:~rized in tabular form. This summar- is amplifivd and 
supplemented by the subjoinetl statement of the chief events of the dynamic history as well 
:IS the record of sedimentation. iis it is the time scale ancl not the secjuence of strata ~vhich 
is bere presented, the table begins wit11 the oldest records. For the sake of making this section 
complete the entire geologic historj- will hsre Le considered. A more detailed cliscussion of 
the post-Cretaceous history, however, \\-ill be found in the account of the geomorphology 
(pp. 118-137). 

Statement of geologic histonj of Mount Nch-inley province. 

1. Pre-Ordovician sedimentation (Birch Creek schist). Deposition of great thickness of arenaceous and argillaceous 
sediments, with some calcareous material and igneous rocks. 

2. Pre-Ordovician diastrophism. Intense deformation under heavy cover, accompanied by some intrusion. 
3.  Ordovician sedimentation (Tatina group). Deposition of several thousand feet of argillaceous and calcareous mate- 

rial, with much carbonaceous matter. 
4. Silurian (?) and Devonian (?) deposition. Sedimentation on a sinking sea floor, first of argillaceous material (Tatina 

group), followed by cherty and calcareous material (Middle Devonian), the whole series measuring several 
thousand feet i n  thickness. I n  the Yukon region calcareous deposition accompanied by extravasation of a 
large amount of andesitic and basaltic volcanic material. 

5 .  pre-late DevonianJolding. Epoch of folding, possibly followed by period of erosion. 
6. Late Devonian and early Carboniferous sedzmentation. An unbroken period of sedimentation on a lowering Eea 

floor. Earliest deposits argillaceous, followed by deposition of calcareous material. These sediments on the 
Yukon aggregate some 2,000 feet in thickness, but have not been recognized in the hiount hIcKinley province. 

7. Middle Carboniferous erosion and sedimentation. A period of erosion followed by deposition of coarse arenaceous 
material, with some argillaceous material (Cantwell formation). Aggregate thickness at  least 2,000 feet. In  
the Alaska Range there mas an outburst of volcanoes during this epoch. 

8. Late Carboniferous and early Triassic deposition. A rapid depression followed by deep-sea sedimentation of cal- 
careous material. Sedimentation continued unbroken from Carboniferous into Triassic time. No deposits 
of this epoch have been found i n  the Mount hIcKinley region. 

9.  Early Middle Jurassic volcanisnz. Extensive extravasation of volcanic material i n  southeastern part of Mount 
McKinley province (Skwentna group). 

10. d ~ d d l e  Jurassic sedimentation. Accumula tion of several thousand feet of coarse arenaceous sedimen ts, with some 
argillaceous and calcareous material (Tordrillo formation). ' 

11. Post-Middle Jurassic diastrophism. Widespread crustal disturbances accompanied by the intrusion of large amount 
of granitic and dioritic material. As a result a land mass was exposed and erosion followed. 

12. Late Jurassic and early Cretaceous sedin~entation. Deposition of probably several thousand feet of conglomerates, 
sandstones, arkoses, and volcanic rocks i n  the southern half of the province. During late Cretaceous time 
deep-sea conditions prevailed in  the eastern part of the Matanuska region; but elsewhere in  the province 
the deposits of this period mere chiefly of terrestrial origin. 

13. Post-early Cretaceous folding. Intence crustal disturbances throughout the province, accompanied by some 
intrusion. A land mms mas probably revealed a t  the end of this epoch and erosion followed. 

14. Late Cretaceous sedimentation. A part of the Mount McKinley province was submerged and, locally a t  least, 
arenaceous sediments were deposited. 

15. Eocene erosion and deposition. An uplift inaugurated a, cycle of erosion which was of sufficiently long duration to 
permit the development of an extensive drainage system. Deposition of fluviatile deposits was widespread 
during this cycle (Kenai formation). 

16. Post-Eocene deformation and subsequent erosion and uplift. A widespread crustal movement during which the 
entire province was elevated several thousand feet and intense local deformation took place along the zones 
marked by the high ranges. This mas followed by erosion and then by renewed uplift. 
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Pre-Or(17ovician sedimentation.-The oldest recorcl of sedimentation in the Mount McEinley 
province is contained in the metamorphosed rocks termed the Birch Creeli schist, here assigned 
to pre-Orclovician time. The rocks of this formation in the province are chiefly argillaceous 
and fine arenaceous secliments, with a little calcareous matter and some igneous rocks. It has 
been suggested that the amount of calcareous matter increases farther east, but this has not 
been proved. It has been shown that similar rocks extend soutl~eastwarcl into Yukon Terri- 
tory and that the same horizon has been recognizecl on Porcupine River in a series of quartzite 
slates, with some limestone. This horizon may also be represented by the Kigluaik group of 
Seward Peninsula, which includes a considerable thickness of limestone as well as schists and 
gneisses. There is some evidence that the Iiigluaik group is pre-Cambrian. These facts point 
to the conclusion that deposition was widespread during this epoch, and it seems probable that 
the sea in which these sediments were laid clown covered a large part of central A.Iaska and 
adjacent portions of Canada. 

There is only slight evidence as to the thickness of these strata, but it must be measured in 
thousands of feet. If this terrane or any part of i t  is found to be of Cambrian age, the body of 
water in which i t  was laid clown may have been coextensive with the Cambrian sea of southern 
British Columbia. All these facts go to show that in pre-Ordovician and possibly in pre- 
Cambrian time there was an extensive body of water in the northwestern part of the continent. 
The character of the sediments laid down in the yukon-Tanana region indicates that there 
were also some land masses not remotely distant. Beyond these facts there is little clue to 
the geologic history of this epoch. Whether deposition went on continuously until this whole 
great mass of strata was laic1 down or whether i t  was interrupted by periods of elevation and 
erosion can not be determined from the facts a t  hand. 

It should be noted that there is a possibility that the metamorphic rocks forming the 
Chugach Mountains and occurring in the upper part of the Susitna basin may in part be con- 
temporaneous with the Birch Creek deposits. If this is the case, it suggests that there was 
a land mass in this direction, as these rocks contain a far greater amount of fragmental 
material than the typical Birch Creek schist. 

Pre-Ordovician diastrop7~ism.-The roclrs here assigned to pre-Ordovician time are charac- 
terized by intense cleformation and metamorphism and are thus strongiy contrasted to those 
which are definitely known to be of Paleozoic age. The metamorphism is of such a character 
as to indicate that the rocks were under a heavy cover when they were subjected to deforma- 
tion and alteration. This crustal disturbance was accompanied by the intrusion of igneous 
rocks. There is no criterion as to when i t  took place, but it was probably before the deposition 
of the Ordovician sediments. 

It seems quite probable that this epoch of mountain building resulted in elevating the 
province above the sea ancl that a period of erosion followed. The Ordovician beds have, 
however, not been found in contact with the metamorphic rocks, so that the stratigraphic 
relations have not been established. As indicatecl, however, the metamorphic roclcs are so . 
much more highly altered than the later secliments as to indicate that their history was widely 
different from that of the recognized Paleozoic rocks. It is fair to assume, therefore, that they 
were folded and altered before Ordovician time. 

Ordowician sedimentation.-Sedimentation began again in the Mount McEiuley province 
some time during the Ordovician period ancl continued until several thousand feet of limestone 
cherts and argillaceous sediments (Tatina group) were accumu1ate.d. The sequence of beds, 
so far as known, indicates that deep-sea conditions were followed by those of shallower water, 
when finer detrital material was laid down. If the Ordovician of the Mount AlcKinley region 
is the same as that of the Porcupine and of Seward Peninsula, i t  indicates wiclespread marine 
conditions. It appears possible that the Tatina sedimentation may have been interrupted by 
elevation and erosion, or perhaps by some folding. This, however, is in doubt, as there is no 

- 
lColller, A. J.. Hess, F. L., Sm~th ,  P. S., and Brooks, 1. II., The gold placers of parts of Semard Peninsula. .llnske Bull. U. S. Geol. 

Sun-eg No. 328, 1908, pp. b6b9. Smlth, P. S , Geology and mineral resonrces of the Solomonand Casadepaga quadrangles, Seward Pcnlnsula, 
-Ua&a: Bull. U. S. Geol. Survey 30. -133, 1910, pp. 19-22. 
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positive evidence in this province of a11 unconformitj- between the Ordo-rician Tatina group 
and the succeeding Silurian or Devonian Tonzona group. 

Saurian ('1) a d  Devonian ('1) deposition.-A long period of sedimentation began during late 
Silurian or early Devonian time and appears to hnve continued unbroken into tlie Alicldle 
Devonian. The cleposits of this age seem to have been laid do~vn on a sinliing sea floor, the 
land sediments (Tonzona group) of the first part, of the epoch being fol101~-eel, apparently x~ith- 
out break, by limestone known to be of Middle Devonian age. Deposition continueel until at 
least several thousailtl feet of strata were accumulated. In  the yul~on-Tanma region the later 
part of this epoch was characterized b -  volcanic outbursts. 

Limestones of JIiddie Devonian age, 11-llich are n-idelj- distributed over Alaska, are charac- 
terized both b?- marked lithologic similarit- and b -  the same faunas. This indicates similarity 
of physical conditions and suggests that most of the nortl~~vestern part of the continent  as 
submerged cluring Middle Devonian time. Locallp, as indicated, tllere was extensive estrava- 
sation of volcanic material, whiclz is intimatel!- associated 114th the limestones of this epoch. 

Devonian foldi?t,g.-In the Yukon T'alley there is evidence that IIiddle Devonian was sepa- 
rated from late Devonian time by &n epoch of deformation, probably follo~ved bj- a period of 
erosion. I n  general it may be said that the lfitldle Devonian limestone, so I\-iclely distributed 
in Alaska, is sharply cliiferentiated from the later sediments both byv degree of metamorphism 
and by unconformity, and similar conditions may have prevailed in tlle Mount hlcIiinley 
province, though of this there is no direct evidence. 

Late Devonialz and early Carboniferous sedimentation.-On the upper Yukon there is evl- 
dence of an unbroken sedimentary record extending from late Devonian t o  early Cnrbon- 
iferous time. This record began with the laying down of at least 1,000 feet of fine terrestrial 
sediments, that totvartl the top gradually became more cnlcareous and finally passed into a 
limestone and shale series (Calico BluE formation) which accumulatecl t o  an ~nunlinown thick- 
ness-at least 1,000 feet. The increase of calcareous. matter was accompanied by the invasion 
of a Carboniferous fauna. This formation Bas not been reco,yized in the Mount AfcIiinley 
province. I ts  absence may be clue to erosion in the period which follonrecl, for it appears that 
marine conditions prevailed in much of Alaska during early Carboniferous time. 

-illiddZe Carbon$erous erosion and sedimentation.-On the Yukon there is an abrupt change 
in character of sediments from tile Calico BlufT formation to the Sation River formation. The 
former is made up of rocks which originated as deep-sea and ofishore deposits; the latter is 
composeci of conglonlerates and sands stron;:ly suggestive of flux-illtile origin. I11 tile Alaska 
Range the middle Carboniferous is represented by the Cantwell formation, which is similar 
to the Kation Eiver in lithologic character. A period of erosion is l a o ~ ~ r n  to have preceded the 
deposition of the Ca~ltmell and is believed to have preceded that of tlie Sation River. The 
beds in other parts of Alaska that are provisionally correlated with these t~r-o formations all 
bear unconformwhle relations to the rocks wliicli they overlie. hloreover, the sedimeuts are as 
a rule of a continental character and the included conglomerates are made up of well-TI-ashed 
quartz pebbles. The character of these rocks indicates that they originated after a long epoch 
of subaerial clenuclation. 

I t  is fair to assume, therefore, that after the depos~tion of the early Carboniferous Jimestolles 
there was a crustal movement by wllich much of central Aiaska mas laid bare to the agencies 
of denuclation. There is some evidence that during a long period of erosion much of the land 
was reduced to a surface of lox- relief and that during this period or after a second uplift n-hich 
revived erosion extensive fluviatile deposits were laid clown. These fluviatile sediments were 
accumulated in some localities to a thickness of at  least 4,000 feet. I n  the -Alaska Eange this 
sedimentation was accompanied by volcanic outbursts, and extensive lava flows were poured out. 

Late Carboniferous and Triassic deposilion.-On the Yukon the Kation River formation 
is succeeded by heavy limestones of upper Carboniferous age, TI-hich in turn are overlain by 
Triassic limestmes. The abrupt transition from the collglomerate and sandstone of the Nation 
River to shale and limestone suggests that there was an important earth movement in late 
Carboniferous time. Although there is no clirect evidence of structural uaconformity between 
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the two formations, there must have been a marked change in physical conditions from one 
to the other. The facts may be accounted lor by a rapid lowering of the land and the bringing 
about of deep-sea conditions, which appear to have prevailed without break into Triassic time. 
In  the Mount hIcKnley province the Paleozoic record of sedimentation closed with the cleposi- 
tion of the Cantwell formation, and the Triassic is also lacking. Hencs there is 110 evidence 
as to the conditions which prevailed in this province during late Carboniferous ancl early Triassic 
time. 

In  the upper Copper basin, east of the Xount JIcKinley province, there are some 7,000 
feet of upper Carboniferous sediments, chiefly limestones ancl volcanic rocks, and in the south- 
eastern part of the Copper basin there are about 6,000 feet of Triassic limestones and shales 
resting on a great thickness of volcanic roclcs (Silrolai greenstone), 15-hich may be of Carboniferous 
age. These facts point to the conclusion that  (luring late Carboniferous ant1 early Triassic 
time marine conditions prerailecf over much of -Uaska. The Carboniferous tleposition of 
calcareous rock anc! shale was locally accompanied by the extrusion of lavas izncl tuffs. 

iUiddZe Jvrassic volcanism.-Volcanism began in the southern part of the ?,Iount 2,llcKinley 
province tluring early Jurassic time, or possibly as early as the Triassic, ant1 continued until 
a great complex of lavas and tuffs (Skwentna group) was accumulated. Contemporary with 
the outpouring of these rocks was some normal setlimentation. Some lolclirig ancl possibly 
erosion apparently followecl, hut of this there is little direct evidence. It seems probabls that 
<luring this epoch the northern part of tlie province was above water, though this is little more 
than a supposition. 

HiddZe .Jurassic sedimentation.-I-Iomever the cycle of volcanism may have terminated, 
whether by the beginning of deformation or of erosion, i t  ~ v a s  followecl by an epoch of littoral 
deposits, when the material of conglomerates, santlstones, and slates mas laid clown to a thick- 
ness of 3,000 feet or more. Oscillations of the sea floor or adjacent lantl masses tluring this 
epoch are suggested by abrupt cllanges of material. Some limestones are founcl among the 
deposits of this age. These sediments have been recognized only in the southern part of the 
province-a fact which suggests that at this time the northern part wits above the sea. 

Post--JiCiddZe .Jurassic diastrop7~ism.-Sometime after the 2lidclle Jurassic periotl there was a 
widespreatl crustal movement which \v:ls accompanied in certain areas by the intrusion of large 
masses of igneous roclis. It n.as chiefl- (luring this epoch tllat the great batholiths of tile Coast 
ancl -1laska ranges ant1 tlle Talkeetn:~ 'tlountains were injected. Xany of the granitic and clio- 
ritic rocks of other parts 01 -Ilaslia are believed to  belon: to this epoch also. iUthough it is 
knoli-n that intrusions of roclis of t b ~ s  type continued locally until late Cretaceous time, most 
of the intrusions are believed to hare talien place (luring this rpocll. 

Dei'ormation at this time \\-as intensified along tlle ases of the present mountain ranges. 
I11 fact, this ~ p o c h  of folding can be consitlerecl the beginning 01 the modern clynamic history. 
Later ear611 movements appear to have follo\~-ed tlie zones of weakness ~~-1~ich  became n-ell 
establishet l t luring this epoch. 

These tlisturbances probably laitl hare td  erosion nlucll ol  the province, especitrlly llear 
the center, of' maximum intensit\-. 'Erosion l'o1lo11-el. but tht~re is no means of cloturnlining its 
tluration or. thz extent of tlle l:111tl mass esposcd. 

Late .Jzcm.sslc and early ( ',-clac.~o7~.s s e r l i~ r~c  nic~tion.--1 \~-i(l espreatl inund:ltion fol101~-e-cd the 
cycle of tlisturbilnce just tlescribc~l ancl setlimentatioll I)eg,.an again orer lnucll of Alaska. 
:lost of the seclinlents of this epocll inc.lu(le enouch cletritnl mllterjal to suggest the proximity 
of ian!l masses. ?rol)ably the most lor_r~c.nl interpret:ltion of the facts at 11an(1 int1ic:ites an 
archipelago or a cleeply Gortletl coast line over 11-h;xt is now --Uasl;a. In  some parts of tlle province 
sedimentation appears to l l a ~ ~ e  continue(1 unhrolien Proin Jurassic to early Cretaceous time. 
Durinq the early Cretaceous marine t lepos~ts were lait1 clam-n in the latanuslia and Iluslcok~~~irn 
regions, intlicating tleep-sea conditions. but in the rest of -Uaslra the sediments of this periocl 
are chiefly fragmental, jnrlicatinq near-1)- land masses. 

P o s t - ~ a r l ~  (?rctuceous j'o1ding.-The sedime~ltation cycle was closetl b~ a periotl of folcling, 
locally nccompanietl bp intrusions. This crustal movement was both widespread ancl intense. 
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I t  T V ~ S  the last disturbance in which any considerable n ~ ~ t n ~ n o r ~ ~ l l ~ s ~ l l  took place. There is 
some reason to believe that it was follo~ved by a perlotl of erosion. 

Late C'retaeeous sedimentatiol~.-In late Cretaceous time a general suhs~tlence took place 
in tlie region west of the one-hundred and fiftieth meridian. accompanietl 1))- an inrsslou of the 
sea. I t  is not possible to trace the sllore line ol this epocll from tlie e~-idence in hand. I t  is 
kno~vn tliat setlimentation was going on over Alaslia Peninsula nncl on the \7ul<on as far as 
Rampart. It seems probalie that tlle northeasterl~ part of the hlount llc'l<inley province 
n-as not submerged at this timo. Sedimelltation was closed, in this provinre at lcast. 1,)- an 
uplift accompanietl by local folding and intrusion of granitic rocks. This morenlent appears 
to liave resulted in eleratin:: the entire province rzbore the sea. 

Eocene erosion and deposition.-Eros~on. begun after the crustal disturbances \~hicll Jollowed 
the Upper Cretaceous sedimentation, continued for a long period of time, extentling into the 
Eocene. An extensive system of vallej-s wt.ss then developeci, ancl in tlicse ralloys a large 
amount of fluviatile deposits (Iienai formation) was laid clown. 

Post-Eocene deformation and su'osequ~nt erosion and elevation.-The period of diastrophism 
which followed Eocene deposition ~ r a s  the last one of intense folding. I t  llae, already been 
shown in the discussion of structure (pp. 111-113) that the later epochs of foltling were most 
intense along certain zones now marked by the mountain ranges. This is especially true of 
the post-Kenai deformation. 

As a result of these movements the whole province was uplifted far above sea level, and 
then stability was maintained for a sufficiently long time to permit the peneplanation of exten- 
sive areas. Diffarential uplift followed ant1 the present drainage systern was carrecl out. 
This later history is discussed in greater detail in the section devoted to geomorpl~ology. 

The sequence of stratigraphic events, more especially ni th  reference to the histor- up to 
the close of the Lower Cretaceous, has been presented above. I t  remains to consider in more 
detail that part of the geologic history TI-hich has left its impress on the present topography. 
For this purpose it is necessary to describe the land forms with reference to their origin 
and in greater detail than was done in the section devoted to general geography (pp. 42-48). 
Therefore a genetic classification of the land forms is at tempted, follotved by a statement 
of the period of glaciation, which has been one of the most important agencies in molding the 
surface. This forms the introduction to a statement, as systematic as the data in hand 
permits, of the sequence of events bv xvhich the present topography was evolved. 

GENETIC CLASSIFICATION OF LAND FORMS. 

Ranges of two types have been rccognizecl in this province. Those of one were carved 
out of masses of deformed rocks, in wl~icli the major structural lines liave determined, to a 
very large extent, the present topography. Those of the other were formed by the dissection 
of uplifted crustal blocks whose surfaces represent old peneplains. In the second class erosion \ 
has been controlled primarily by drainage inherited from preTious erosion cycles and only 
secondarily by bed-rock structure. 

The Alaslia Range is the best esample of the first class. Its component strata hare been 
thrown up into a broad synclinorium profoundly faulted on the west side. (See sections, P1. IS, 
in pocket.) The rangehas a well-clehed crest line, wllich raries from 6,000 to 8,000 feet in height 
and is traceable with but few breaks for several hundred miles. Numerous pealis, composed 
chiefly of the relatively more resistant intrusive masses, tower above the crest line, with alti- 
tudes of 9,000 to over 20,000 feet. On the northwest the range for 200 miles falls off by an 
abrupt descent to the piedmont plateau, only 3,000 feet in altitude. On the inland slope the 
distance from the crest line to the front of the range is only 3 to 10 miles, and foothills are 
almost entirely absent. The coastal slope is far less abrupt, for here the crest line is separated 
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from the mountain front by a number of suborctinate ranges and foothills, together forming a 
rugged area some 20 to 40 miles wicle. This asymmetrical cross section is clue in part to tlle 
character of the crustal movement by which the western area of the syncline was uplifted 
higher than tile eastern area and in part to subsequent dissection. The coastwarcl-flowing 
streams, because of the greater precipitation, hacl the advantage over the inlantl-flowing 
streams. For the same reason glacial erosion was also greater on the coastal sicle. 

Certain topographic features suggest that a part of the southeastern frontal margin of the 
range may have once been peneplaned. On the upper Skmentna there is a markecl accordance 
of summit levels at altitudes of about 5,500 feet. Similar features have been noted to the 
northeast, ir, the Yentna basin. The evidence is far from conclusive, but it seems possible 
that the peneplanation of the Kenai and Talkeetna mountains (see p. 132) may have beveled 
the southeastern part of the Alaska Range also. This feature is in markecl contrast to the 
main crest line of the range, where the variation in altitude is from 6,000 to %0,000 feet. 

Little is known of the structure or topography of tha mountains which form the backbone 
of ICenai Peninsula (see P1.11, p. 42), and these, like the Alaska Range, may be predorninatingly 
of structural origin. I n  these mountains, however, a marked accordance of summit levels a t  
altitudes of about 5,000 feet has been interpreted by Gilbert, Moffit, and Atwood as evidence 
of peneplanation. Even less is known of the Chugach Jlountains, whose west end lies close 
to the Mount McKinley province. They appear to be made up of an irregular aggregate of 
peaks and connecting ridges, with a very sinuous crest line, but farther east a peneplain has 
been recognized by Spencer and others in the accordance of summit levels of the Chugach 
Range. 

The Talkeetna Mountains afford the best example of a range whose topography has been 
controlled primarily by the erosional features of a previous cycle, modified by differential 
uplift, the influences of bed-rock structure having been only of secondary importance. This 
highland mass is made up of a roughly circular ruggecl group of mountains from 5,000 to 6,000 
feet in altitude, above vhich tower some individual peaks that reach 7,000 to 9,000 feet. The 
Talkeetna Mountains have no well-defined axial crest, owing probably in large part to their 
genesis but also to the uniformiky of their component roclis, which are largely granitic intrusives. 
Paige and Icnopf l have described these mountains as having been carved out of an uplifted 
peneplain, remnants of which are still recognizable. The olcl peneplain, ~vhich is in part capped 
by basalt, falls off to the east and appears to (lip under the Quaternt~rp gravel sheet of the 
Copper River Plateau. 

PLATEAUS. 

There are two tj-pes of plateaus in the Mount AIcIGnley region-(1) those formed by 
deposition and uplift imd (2) those ~vhicll are uplifteil plains of erosion. The gravel sheets 
of Pleistocene age that fringe the high mnqes are the most extensive and numerous examples 
of the first type. With this type must dso be classed some small basalt-capped plateaus or 
mesas in the eastern part of the Tt~llieetn:~ llounti~ins. 

The gravel plateaus have been fully tlescribetl in the account of the Pleistocene sediments. 
I t  has been shown that they stretch inlancl from mare-cut escarpments on both shores of Cook 
Inlet, sloping up to the bases of the lligll mountains at  a grade of about 50 feet to the mile 
(PI. IV, p. 44). In  the Susitna Valley occurs rl gravel sheet which is similar to these but 
has been more clissected. The surfaces of these plateaus also slope perceptibly towartl the 
central axis of the depression. The Copper River Plateau, \vhich is of a similar character, lies 
to the east of the area here under tliscussion. (See P1. 11, p. 43.) 

The piedmont plateau along the inlt~ntl front of the AUaslia Range is of tlie same genetic 
type (PI. VI, B, p. 46). Near the mountains its surface slopes away from the highlands at  an angle 
of &out so, but this gracle decreases until, u t  LI tlistance of 10 or 13 miles, the angle of slope is 
imperceptible to the eye. TTllaterer may be the form of tlie bed-roclr floor untlerneath the 
gravels, the present plateau s~rftlce is clei~rly ~ lue  to the cleposition of gravel. 

1 Paige, Sidney, and Iinopf, .\dolph, Gwlog~c  recolm.ussauce In the JIatanuslia and Tnlkeetns basms, Ilaska: Bull. C. S. Geol. Survey 
Yo.  327, 1807 pp 3S-53. 

b 
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The area here clescribecl as the Yukon-Tanana uplantl (11.48) f o m s  a part of the great 
Plateau-a feature generallj interpreted its an upliftetl am1 dissected peneplain. S t  tlle inter- 

i 
national boundarj- tlie plateau surface lias an altitude of about 4,000 feet, but to~vard the west 
it falls 0-2 ant1 in the Fairbanks region (see topogr:~plGc, map. P1.111, in poclret) is only 1.200 to 
2,000 feet in altitutle. The plateau region as a whole is characterized by remnrknblj- ant-topped '-1 
ritlges ant1 irregular interstream areas, some of 11-hicli tlo not rilr?- more t1i:ln 200 feet in zltitude 
for 20 miles. This suinmit level truncates tlte betl-rock structures, ~rliicll :Ire in t l ~ c  Innin 

1 
t 

nearly vertical. >Ian- flat-topped interstream areas embmcing sever:~l square nliles :Ll>pear 
absolutely srnooth and let-el to the eye. Brood tlrointipc c1l;lnnels tmrcrse tllr ldateau, and 
man31 clomes and some sharp peaks and iso1at:~tl nloullttlin Inasses rise above the gcner;ll level. 

a rule, the plateau suninlit lerel falls oT; towal tl the asis of tlltl large] XI-nt,ercourses, \i,hose 
valleys therefore possiblj- occnp~- positions inlierite(l fro111 tlit, p~-t>~-ious cycle. 

Near the t o ~ ~ - n  of Fuirb;~nlis tlir olcl l~lateau surf:~c:> llns nil :~ltitudc of  bout 1.200 t o  1,400 
feet, ant1 15 rides to the north it xisa to , 0 0 0  feet.' 111 this region the oltl erosion surface 
declines to~varcl the wide drainage chnnnels. This is slion-n 1 ) ~ -  flat-toppc(1 sloping spui,t, ~vllich 
make out from the main ridges. From tlie ends of tllesc spurs the fill1 is abrupt to tlsc x~alley 
bottom. These facts suggest that the present clrainagc channels, in part at  least, occupy 
valleys whose positions were Lieternlined by tlie prexyious pcneplnin co~iclitions. 

The uplilteel peneplain surface continues westward at al~out the same altitude to the vicinity 
of the Yukon near Rampart. Here it is less distinctlj- rrcorrded but appears to rise to ail altitude 
of over 3,000 feet, and above this level stand some high rugged masses, such as lTo!verine 
Mountain (Pl. TII, B, p. 4S), reaching 4,600 feet.-ear tlle junction of the Tanana and the 
Yukon the peneplain surface appears to be recorded in flat-topped ridges 1,200 to 1,400 lcet high. 

The peneplain level has not been recognizetl south of the Tanana, where the Alaslia Eange 
falls off directly to the Pleistocene gras~cl-fioorecl plateau, ancl hence in this part of the province 
the relations of the peneplain to the mountains are i>ot established. Farther to the southeast 
what is believed to be the same peneplain abuts directlj- against the escarpment that  m a r h  
the inland front of the St. Elias Range. 

I n  most of the area the upland suriace bevels the edges of conlpli.sl- loltletl roclrs, and 
therefore can not be explained as a structural feature of the bed rock. -1s the surface cuts 
across both the hard and the soft rocks, no apl>ea! call l~ made to lithologic uniformit- or equality 
of resistance to weatbering to account for the plnin. The plateau surface is typicallj- developed 
in a region where neither relic1 nor structure permits all?- explanation of this i?ature b -  a tlleory 
of block adjustment, to n-hich the subequality of sumillit l:\rel in some of tlie lligh ranges has 
been ascribed. The platea~l is found both above ant1 Lelo~i- timl~cr line, ancl tllcl.efol.t\ timber 
line can have nothing to do with its dcrelopment. -1s it occurs in a 1.egion ~vllich llas never 
been affected by ice action, the theory of planation by ice or glacial sn;>l)ing is ccjuallj- r,nlal~nble. 
Tlrere is no evidence of illarine invasion in any ])art of this pro\-incc since Cpper Cretaceous 
time, and the plateau is therefore not n plain of mari:le denudation. It thus :Ippears that 
subaerial denudation alone can LC, sugzested to account for this fcaturc. 

There must have Lcen a long c!-cl? of stability cl~lring x-hich crosion reducecl tlle land t,o 
l o ~ r  relief. The local iwegularitics oi tlw surface of tlw plateau indicate that tliis erosion stoppetl 
far short of base-level, for there are variations iil rrlief beliered to be of erosioiial origin amount- 
ing to liundreds ancl possibl- a thousantl feet. -it  tltt close of this cycle t11a.c ~ - c r e ,  11-itltout 
cloubt, ridges rising a t  least sev: rul llundrcd feet above tllc. broad rall-?- fioors ai l~l  hauing gentle 
slopes. There were also peaks and motznt,ains ~~~llic11, citller because o! tlpir position relntire 
to watercourses or became tlicy were formttd of illore resistant rocli;~, wcrc lcit stnntlinq big11 
above the lowlancl. 

This cycle of erosion was closed by differential uplift, the amount of which is in places to 
be measured in thousands of feet. There is some evidence that this uplift Tvaq intermittcllt 

- 
1 See Fairbanks special map, U. S. Ceol. Sunrey, 41m6-a sheet No. 642.k. 
2 See map of Rampart quadrangle, U. S. Ceol. Survej, Alaska sheet KO. 643; map of Fairbanks quadrangle, Alaska sheet S o .  642. 
a Brooks, A. U.,A reconnaissance from P y r m l d  IIarl>or to  Eagle C ~ t y ,  Alaska Twenty-first Ann Rept T. S (.eel s u l v e ~ ,  pt. 2, iuoc, p. 34:. 
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and that the present altitude of the plateau was reachecl by series of uplifts interrupted by 
periods of stability during which there was some stream cutting. The evidence at  hand is not 
sufficient, however, to correlate definitely certain Ant-topped spurs and benches which may 
represent stream erosion. I t  is possible that many of these could be nccountcd for by differen- 
tial uplift. 

I t  has been shown that near Rampart the old peneplain was ele~-atetl several thousand 
feet lligher than in the region to the east. This local doming brought tlle plateau level to 
such an altitude that  its character has been almost destroyed by subserluent crosion. Few 
details of this uplift are yet known, but it is pretty clefinitely establishetl that the oltl surface was 
more or less warped. I t  seems probable, however, that  the position of IF-atercourses on the 
plateau surface was determined in a large measure by the drainage systems of the previous 
cycle rather than Fp the warping. 

During this new cycle the streams cu t  broad  alleys and, over much of the area a large 
pal% of the plateau was destroyed. 9 rough illeasurement in  the Fairbanks clistrict, which is 
the only region mapped in detail, indicates t l ~ t  only 10 per cent of the area o!' the oltl peneplain 
in that clistrict is still preserved. Ir, the r ~ e i o n  a(1j:lcent to Rampart the area of the peneplain 
remnants probably forms a still smaller percentage of the \$-hole. On the other hand, in the 
Yuliron Plateau region as a whole probably at  least 30 per cent of tlre old peneplain can still be 
recognized. 

I n  the description of the Talkeetna Mountains (p. 119) mention has been made of the pene- 
plain preserved as a summit level and dipping off untler the Copper River Plateau. I t  has also 
been shown that, according to Paige and Knopf, there are conglomerates filling channels in this 
plain and that  these are provisionally correlated with a conglomerate resting conformably on the 
Iienai plant-bearing beds (pp. 103-104). This intlicates that tlle peneplain is of post-Iienai age. 
I n  the Y ~ ~ k o n  r e g i ~ n  the peneplain bevels IZenai beds and can therefore be provisionally cor- 
related with the Talkeetna summit level. In  the Cook Inlet region iltwootl recognizes two 
peneplains-an older one, marked by the summit of the Iienai AIountains and of pre-Icenai agc, 
and a lower one, which is of post-Iienai age. He also presents facts pointing to three peneplains 
in the Yukon region-one marked by the summit of the Coast Range, one by the plateau lerel 
here described, and a third which has only a local tlevelopment. 

Dawsoq3 the first to describe the inland 1)lateau region, recognized one extensive 
of base-leveling. This took place after the folding of the "Laramie." This "Laranlie " has 
already been correlated IT-it11 the -ilaskan Icenai (11. 103), so that Da~i~son's  l)eneplain can l:c 
provisioiiall_v correlated with the one her(. c!escribetl. 

Tlle only two extensive 1011-lancl areas ol tlie Xount llcIiinlej-  pro^-ince are those of tlle lower 
Susitna and lower Tanana valleys, m1li:tll llnve illally Seatures in common. 30th. b n ~ e  n rollgl~iy 
wedge-shaped outline, ~vitll  the apes of tile angle upstreanl. Tlle Susitna l ~ ) ~ ~ - l a n ~ l  is 1)ountlecl 
on both sicles by broatl gravel terraces sloping up to i l i ~ h  ranges: the Tnnnna Ion-lantl has a 
similar feature on the south. but (11.- the north abuts against the escarpment \~-llicll inarks the 
southern eclge of the IliglJands. (See P1. 1111, -4.) 

Tlle s:~rface of the Susitna lolt-land slopes tolvaril Cook Inlet at  n ~rncle of .j or 6 feet to 
the mile. There is also n somelvl-llut steeper slope fro111 the bountling escarpments tolirartl the 
axisof the basin, mllicll is :~ppr~sirnatelj- the position occupietl 1))- Silsitnn Xi\-el.. Tlie gradient 
of the Tailails luwlancl between the graiel us(-nrpment on the south il~i(l the lxlse of tlle ul)lantl 
on the nortll is about 10 feet to tbe mile, ~vhile its clo~~-nstrea~n s l o p  ton-arcl tlle y ~ l i ~ l ~  is less 
than 3 feet to the mile. As a consequence Tnnana River closely bugs the north ~vall of the 
ralley and its southerly tributaries are ~naclly rushing, overlottclecl stl.eams, while those from 
tlle nortll are sluggish ant1 clear. 

1 See Falrbanlis specml map, U. S. Geol Survey, I laska  sheet To. b U l .  
.Itnwod. TTr. ITr , IVorhng hypothesis on the phys~o~rap t l r  of .Uasli3: Science, new ser.. ~ o l .  97, 1903, p. 730 

3Dawsou, G. M . On t'le Iuer  phys~ogwphlcsi geoiogy ol tile ltocky .\lount~m regton 11 Cmadn: Trans Ropai s u ~  Canada. 701  b. .ec 4 is~i. 
p. 11 



122  THE MOUNT hIcIiINLET REGIOK, ALBSKA. 

Both these lo\vlands apl)ear to occul,~- broatl basins of the soft Icenai sediments. Although d 

it bas not been established, tlie Icenai formation probnbi- underlies the alluriun~ in the central 
parts of the lowlands. These Tertiary sediments are of lacustrine, estuarian, or fluviatile origin. 
Tlle erosion of the basins must therefore be assignet1 to Tertial-j- time, and they were then partlv 

i - > 

filled ~vitlr Icenai sediments. These rocks, being relatively soft, weye later in part removecl by 
subaerial ancl glacial erosion and then replaced to some extent b -  Pleistocene oi. Recent allu- 

~4 
vium. f 

There is reason to believe that the Susitna basin bas been more or less scoured by glacial I 

ice. I ts  bed-rock floor is undoubtedlj- a continuation of that of the Cook Inlet depression. There 
is no positive evidence that the entire Tanana lo\~iand \\-as ever occupied b:- ice, but i t  is undoubt- 
edly true that during the period of masi~llum glaciation some of the glaciers of the northern 4 
slope of the Alaska Range reached completely across the Tanana T-allej-. There is no eTidence 
as t o  whether or not such glaciers bad an)- consiclerable effect on the bed-rock floor of the ralley, 
but as onlj- the margin of the ice sheet estenclecl into the lo~vlantl its excavating pourer must 
have been relatively small. 

I 

SlXORE LINE.  f 

The Mount 34cKinley province touches tidewater only at  Cook Inlet, which exhibits shore 
topography of two types. Along both shores of the main inlet gravel bluffs face tbe sea, and 
from their bases broad gravel beaches slope down gently toward the water (Pl. IV, B).  This ! 

I 
slope is continued out from the shore, thus forming a broad marginal shelf of sballow water. 
As a result, there are broad tidal flats, and these are very extensive at  the wide delta of Susitna 
River. In  strong contrast to this shore line are the steep rock ~valls and deep waters which 
characterize Turnagain Arm. Here gravel terraces and beaches are lacking ancl the land 
rises to considerable altitudes directly from the water. Turnagain Arm is essentially a fiord. 

The origin of these two types of topography has not been worked out in detail. The general 
features of the inlet indicate that the most recent movement has been downward and that an 
invasion of the sea bas taken place. Submarine glacial erosion may in part account for the 

I 
drowned character of the inlet, but it will be shown that there is no reason to believe that a 
large amount of erasion was accomplisl~ed in this province by ice action. There can be no 
doubt that the sea has transgressed on the land and that the estuary marlis an old river valley. 
Tlie presence of the terraces suggests that there may have been a recent uplift. 

Like the Susitna lowland lying to the north, Cook Inlet occupies a Tertiary basin. The 
easily eroded Kenai sediments have in part been removed ant1 reveal a pre-Tertiary topography 
which has subsequently been scoured by a large glacier from the north. Preceding or during 
the glacial epoch there were a marked subsidence of the land ancl an accompanying invasion of 
the sea, since \vllidl there may have been some differential uplift. 

The receding glaciers depositecl an enormous amount of cl6bris ancl flied in the depres- 
sion to an unknown depth. The well-marked terrace along the shore of the inlet (see P1. IV, B, 
p. 44) may mark a recent elevation or may be a marginal glacial deposit. 

DRAISAGE. I 
Most of the drainage of the province is received b -  four rivers-the Susitna and hlatanuska, 

flowing into Cook Inlet, the East Fork of the Kuskokwim, and the Tanana, the largest tribu- 
tary of the Yukon. These ri-rers ant1 all their tributaries except those joining the Tanana 
from the north are overloaded with sediments and have swift, often torrential, currents. The 
streams of the coastal slope have steeper gradients than those tributary to the Kuskokwim 
and the Tanana. 

The Susitna, which rises in an unsurveyed part of the Copper River Plateau, traverses a 
mountainous belt by a westerly course, here flowing, i t  is said, through a narrow, steep-~~~alled, 
rocky canyon, and then bends sharply to t l ~ e  south. Below this bend its valley gradually widens 
out and finally, 60 miles from tidewater, merges with tho Susitna lowland. The mouth of 
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the river is market1 by a broacl clelta wit11 estensive titlal flats. The silt-laden waters of the 
Susitna are rapidly extending this delta into Coolr Inlet. 

The genesis of the lower Susitna Valley, ~vl~ich occupies a basin carved out in Tertiary 
time, has already been describecl. The canyon above the lowland is probably a very recently 
incisecl trench. Data are lacking to determine whether this is an entirely new course for the 
river or whether it is a canyon cut in an older valley floor. Its similarity to the llatanuska 
Valley makes i t  probable that the latter. esl>lanation is the true one. 

The Talkeetna, the largest easterly tributary of the Susitna, flows round the north end of 
the Tallceetna Mountains. Its valley is glaciatetl throughout and in most places steep walled. 
9 number of smaller tributaries to the Susitnn have their sources in the same high mountain 
mass. These are turbulent streams to points I\-itlin a few miles of the main valley, where their 
gradients abruptly flatten and their courses become ~vinding. These flats are coextensive with 
the surface of the gravel terrace 11-hich fringes the eastern margin of the Susitna Valley. Below 
these flats the streams descend by abrupt slopes to the Susitna Valley level. 

The Chulitna, the largest T\-esterly tributary of the Susitna, rises on the southern slope of 
Broacl Pass and flows in part through canyons, in part through a wide valley. Broad Pass, 
wllicll is about 5 miles in width and stands some 3,000 feet above sea level, forms the water- 
shed between the Cook Inlet drainage on the south and that of the Tanana on the north. Jack 
River, a tributary of the Senana, which joins the Tanana, lies just northeast of Broacl Pass 
and appears formerly to have flowed into the Chulitna. This stream diversion was probably 
caused by some phase of glaciation. The Chulitna receives a large unnamed tributary from 
the west which is said to rise near the  veste ern front of the Alaska Range and to flow tlirough 
a narrow rock-walled canyon for the lower 30 miles of its course. 

Most of the westerly tributaries of the Susitna have glacial sources witlun the Alaska 
Range. Their valleys are probably a11 steep-walled ancl glacier-scoured. Toward the moutlls 
of these streams glacial benching is noticeable along the valley walls. 

The topography of a part of the upper basin of Pentna River, tributary to the Susitna 
from the west, is quite different from that described above. m l e  most of the other streams 
flowing from the Alaska Range head in high snow-covered divides, some of the branches of the 
Yentna are separated by only low passes from Kuskokwim waters. Thus the Kichatna heacls 
in Simpson Pass, only about 4,000 feet high. Still lower are the passes through tlie range at  
the head of the Skwentna. Rain? Pass, at  the head of I-Iappy River, traversed by the expeui- 
tion, tllough a rather narrow defile, is only about 2,800 feet high. The broadest gap in the 
range, at  the lleatl of Portage Creek, discoverecl hy Spurr in 1898, is about 3,000 feet in altitude. 

Matanuska River rises near the western margin of the Copper River Plateau and flows 
tllrough a depression 4 to 5 miles in wiclth which separates the Talkeetna Mountains on the 
~lortll from the Chugach 3iountains 011 the south. Throughout much of its course the Jlata- 
nuska flows in a canyon whose steep mnIls rise 300 to 100 feet above the present water level to 
the broad floor of an older rnlle-. This older valley floor has n steeper gradient towart1 the sea 
than the present river clissecting it-n fact which, as Mendenhall points out, indicates a tilting 
of tlle lancl toward the sea. 

A part of the Alatanuska trench is occupietl by Henai sediments, ancl i t  seems probable that 
this clepression, in part a t  least, is clue to erosion of tlle cornparatirely soft Tertiary rocks. It is 
probable that during Kenai time n large river occupiecl approximately the position of the present 
;\Iatanusks Vailey. $2 the ICenai sediments are closelj- foltletl, however, it is not lilrely that 
the present valley is an inheritance fro:n Tertiary time. Erosion removed much of the Ter- 
tiary deposits, and later glaciation has played a part in sculpturing the valley. Recent elevation 
ancl accompanying dissection are indicatctl by the oltl valley floor already describect. 

The tributaries of the East Fork of the I<uskok~vim in this province emerge from the 
inlantl front of the -Uasks Range through U-shaped gravel-flooreel valleys. Beyoncl the Jnoun- 
tail1 front these valleys are incised in the Quaternary gravel sheet, but in few of them has the 
incision gone cleep enough to uncover becl rock. The gradients of all these streams decrease as 
they approach the East Fork. 
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The main I < u s k ~ l i \ ~ i n ~ ,  below the llloutll of Elartman River, meanders through a broatl 
gravel-filled valley TI-it11 steep slopes broken to heights of about 200 feet by aliux-ial terraces. 
For soine 5 miles above the nlouth of Elartman River the I<usli~kt~im t ra~erses  a box canyoa. 
The river has not been esplore(1 above this canyon, but seems to fol101~- a rather hroatl north- 
soutll valle?- and probably has its source near Lalie Clarli. Hartman Eiver occupies an 
extension of the main valley of the I<uskoli~riin belo~i- tlle can-on. This T-alle~- is broad and 
flat, with gentle slopes, ancl seems to be separated by onl-  a low ttivide from waters flowing 
southmartl. 

Knowledge of tlie topopaphj- of the southern part of the Alaska Range is meager but indi- 
cates that there are in that area a number of old north-south valieys. TTit11 this SJ-stem may be 
classed those of the Slimentna a1)ove Portage Creek, t h e  I<uskol i~in~ T-alley above tlie canyon, 
and its northern extension, the Ptarmiyan Creek ra1le~-, also the Hartman-Kuskoliu-in1 valley. 
Big River, which enters the I<uskoktt-in1 just below tlle main forks, also has a nortll-south 
valley. These valleys tire all parallel to tile iliaill structural lines, ant1 the Ku~liolirnin~ belo~t- 
the canyon follows an anticlinal axis. The rallcj-s of the north and south are conllectetl by 
some broad passes like that a t  the head of Ptarmigan Creelr, which are evidently part of an 
old topogra~hj-, ancl also by recently v u t  canyons, such as that of the I < ~ ~ l i ~ l i w i m  above the 
mouth of ITartman River. 

The Tananu rises in the TTrangell liountains, far to the east of the area under discussion. 
I t s  two chief headwater streams traverse the K~~tzo t in  3lountains through narrow valleys and 
debouch on a broatl lowland, where the -  unite to  form the Tanana. Belom- this junction tlle 
valley walls graclually contract, and as far clo~tm as the mouth of Delta River the Tannna flows 
through a series of connected steep-I\-alled. basins having a rektangular outline. B~losv the 
Delta the south wall of the Tanana T7alle- rapidl- recedes, and thence to the Tulcon the river 
traverses the broatl lowland already described. 

The Delta has its source in the northern margin of the Copper River Plateau ancl traverses 
the Alaska Range to join the Tanana. I t  is separated from the Copper River drainage basin 
by a broacl gravel-filled gap some 3,600 feet high. Within the nlountains i t  has a broad steep- 
walled valley, with some glacial terraces. Senana Ri-rer, also n tributary of the Tanana, has 
a valley similar to that of the Delta, for one of its forks rises in Broatl Pass, south of the AlasBa 
Range. I t  flo~vs through the mountains in n narrow rork-\vallecl canyon 200 to 400 feet deep, 
above which is the remnant of an older valley floor. Korth of the mountailis the Kenma has 
deeply tlissected the Quaternary gravel sheet (fig. 26, p. 108) and exposed the Tertiary rocks 
lying below (fig. 27; P1. SII, A, p. 108). Along this part of its course there are llumerous 
gravel benches. 

The probable development of the broad depression occupied by the lower Tanana in Tertiary 
time has already been discussed. A similar history is probable for the lowland of the upper 
Tanana, a region which lies beyond the pro~~ince here discussed. The narrower and steeper- 
walled parts of the Tanana T'alley are believed to be of more recent date, but there is little 
evidence of this. The broad gaps through the Alaska Range, such as Rilentasta Pass and the 
Delta and Nenana valleys, are also believed to have been largely cut during Tertiary tinie. 

The northern tributaries of the Tanana, incluciing the Chena, Tolovana, and Baker Creek, 
all flow through broad valleys deeply filled with alluvium. The topographx of these valleys, 
with their gentle slopes and broad floors, is in sharp contrast to the sharplj- cut valleys of the 
streams entering the Tanana from the south. 

The tributaries of the Yukon here included are mostly small streams deserving no special 
mention. Worthy of note is the remarliably straight and steep-walled valley occupied by 
Minoolr Creek. The high bench on this stream has already been described (p. 109). It appears 
probable that the many large drainage features of the Tanana upland are inheritances from the 
previous cycle, during which peneplanation took place. I t  is not impossible, however, that 
some nlay have a history similar to that of the Tanana Valley and represent the result of erosion 
along former Tertiary drainage channels. 
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GLACIATION. 

Although during Pleistocene time probably over two-thirds of the area lying south of the 
Tanana was covered by ice, glaciers are now confined to the high ranges and valleys within 
the mountains, where they are fecl by the perennial snow fields. (See P1. S I I I ,  B, p. 120.) 
A rough estimate indicates that less than 1 per cent of the area formerly covered by ice still 
remains buried under glaciers and perpetual snow. The present glaciers appear to be rapidly 
retreating and represent the lingering remnants of the larger Pleistocene ice sheets. 

PRESEST GLACIERS. 

The glaciers of the region all occur within three areas of high relief-the Chugach Jioun- 
tains, the Talkeetna ;\lountains, and the Alaska Range. (See Pls. 111, XV, in pocket.) All the 
ice streams are of an alpine character and, compared with the glaciers of the seaward slope of 
the St. Elias Rang.8, are small. Here, as in other parts of Alaska, there is a striking contrast 
in the extent of the glaciers between the coastal slope of the mountains, with its abundant 
precipitation, and the inland slope, where clrier conditions prevail. On the coastal slope some 
glaciers discharge at tide water and the fronts of many are only 300 to 800 feet above the sea, 
but no glacier of the inland slope reaches a lower altitude than 2,500 feet. The distribution 
of the perennial snow, though less well known, appears to be similar. For example, on the 
Susitna slope of the TalkeetnaJIountains the snow line is between 6,500 and 7,000 feet above 
the sea, but on the inland slope of the Alaska Range it lies between 8,000 and 8,500 feet. 
. The only considerable glacier in that part of the Chugach Mountains here described is one 
drained by Hnik River, and only the front of tlG has been mapped. This glacier fills a broad, 
fiat valley some 4 miles in width. Its front is only 15 miles from the coast and less than 100 
feet above sea level. Some smaller glaciers which discharge into Port Wells, an arm of Prince 
William Sound, are included within the area of the map (PI. 111). i\Iatanuslra River springs 
from a glacier of the same name whose front has an elevation of about 1,800 feet above sea 
level. A survey of the Chugach Alountains would undoubtedly reveal many other glaciers as 
well as extensive n6v6 fields. 

The central unsurt-eyed part of the Tdkeetna llountains is Bnown to be occupied by 
extensive snow fields and glaciers. These glaciers discharge at altitudes between 4,100 and 
5,000 feet along the periphery 01 the mountain group. 

The largest glaciers of the Alaska Range are on its southern slope, which is exposed to the 
moisture-laden winds of the Pacific. On the Pacific side of the crest line a number of glaciers 
are known which are 20 to 30 miles in length, but the largest glacier on the inland side is only 
about 12 miles long. The largest glaciers of the Pacific slope lie in the basins of Yentna and Chu- 
litna rivers, which drain the highest parts of the range. (See P1. XV, in pocket.) These 
glaciers occupy steep-walled valleys, and most of them have their sources in the unexplored 
snow fields in the heart of the range. Prominent among these is the Kaldtna Glacier, measur- 
ing some 4 miles at  its front, standing 600 feet above the sea, and having a length of at least 15 
miles. Two large glaciers discharge into the Toluchitna, a westerly tributary of the Chulitna, 
at an altitude of about 800 feet. The western of these has a frontal width of about 2 miles 
and has been traced into the mountains for about '70 miles. The eastern glacier expands to 
some 4 miles at its mouth .and is said to fill a 1vFnding valley extending far back toward the 
crest line of the range and to receive a tributary glacier from the coastal slope of Mount 31cfi- 
ley. I ts  length must therefore be over 30 miles. 

All the largest northward-flowing glaciers of the Alaska Range rise on the slopes of Jlount 
JicEnley and Mount Foraker (Pls. I, p. 11; VI, A, p. 46). Of these the largest are the Herron, 
having its source in the nevi5 fields of Mount Foraker; the Peters, which encircles the north- 
west end of Mount McKinley; and the Siuldrow, whose front is about 15 miles northeast of 
Uount McEinley and whose source is in the unsurveyed heart of the range. The fronts of all 
these glaciers for a distmce of one-fourth to one-half a mile are deeply buried in rock d6bris. 
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Along the crest line there are numerous smaller glaciers, including man? of the hanging type. 
Both slopes of Mount JlcI<inlej- ancl Uount Foraker are ice-coverecl.. On the north slope these 
glaciers override the ridges above an altitude of 7,000 feet. The photographs reproduced in 
Plate SIT' showing glaciers of this type mere taken on the ridge between Peters Glacier and 
the front of the range, near the camp of August 3-4. On the south slope of Mount bIcEnley 
the glaciers are said to come down much lo~i~er. 

The glaciers that came under the observation of the writer all appeared to be receding 
rapidl-y. There is, however, little proof of the rate of recession. Spruce trees about 6 inches 
in diameter were seen in the old path of the lluldron- Glacier about 5 miles from the present 
ice front. If the age of these trees is estimated at  fiftj- years, this fact, so far as it goes, indicates 
an average annual recession of about one-tenth of n mile. 

On the inland front but little morainic material is left dong the old tracks of the glaciers, 
and it appears that most of the frontal debris is removed by the streams as fast as it is laid 
down. Such a process would be accelerated in this northern latitude by the freshets which 
accompany the spring break-up. The glaciers are as a rule not badly crevassed and many 
of them afford, beyond the frontal lobes, excellent routes of travel. 

PAST GLACIATIOK. 

Most of the valle>-s ancl l o~~ lands  iying south of the Tanana were during Pleistocene t,ime 
filled ~icith glacial ice. This ice also overrode some of the lower foothills, while in tlle high 
ranges were the extensive nQvB fields which fed the ice streams. 

There were three centers of ice accumulation from which glaciers radiated into the valleys 
and lo~ylands. The n6v6 fields of the Chugach Alountains were the source of ice which on the 
south filled Prince William Sound and on the north and west flowed into the bIatanuska T'allej-, 
Knik Arm, and Turnagain Arm. These northerlg and westerly ice streams united with other 
glaciers to fill Cook Inlet. From the Tallceetna blountains the ice flowed into the Copper River 
basin and the Matanuska and Susitna valleys. The southern slope of the Alaska Range was 
the gathering ground for the most extensive ice sheet of the province. Innumerable glaciers 
filled the southerly valleys and coalesced into one great ice sheet which movecl over the Susitna 
lowland ancl far down the Cook Inlet depression. This ice sheet was augmented by the glaciers 
which had their source on the west slope of the Kenai hIountains. The inland slope of the 
Alaska Range was also the collecting ground for many glaciers. These, though not comparable 
in size to those of the Pacific slope, mored far out into the lo\$ land. The position of the northern 
front of tlle ice in the I<uskokuim basin has not been determined, but there is reason to believe 
that it estended as far as Lake Rlinchurnina, or about 30 miles beyond the mountain front. 
I n  the T a ~ a n a  TTalley also the exact limit of glaciation is not known but was in places probably 
15 to 20 ml'es north of the mountain. and it is not impossible that much of the lox-land above 
the mouth of the Kenana was filled wit11 ice. 

The upper limit of glaciation in the main ralleps along the route of travel on the southern 
margin of the Alaslia Range was found to be about 3,400 feet. I t  rises toward the heart of the 
range and along Happy T'alley ~ r a s  found to be as high as 3,600 feet. Toward the western margin 
of the range, near the ICuskok~vim, the main ~a l legs  appear to have been filled with ice only to 
a height of about 2,600 feet. Farther to the northeast, xi~llere the range attains its maximum 
altitude, the upper limit of glacial action lies at an eleration of about 3,000 feet. (See P1. 
XIII ,  B, p. 120.) In the upper Senana basin the valleys have been glacier-filled oniy to 
about 2,500 feet. 

The figures just given refer only to the main valleys. The smailer tributary valleys which 
head in the high ranges bear evidence of huring been ice-filled throughout their extent. In 
fact, many of them still carry small glaciers. It goes without saying that, except for individual 
peaks, the high mountain masses were entirely buried in snow ancl ice during the glacial period. 

Glaciation in the other mountain ranges was of a similar character. In Iienai Peninsula 
Moffit found evidence of glaciation in the main valleys as high as 1,200 to 1,400 feet above sea 
level. In the tributary valleys and high up on the slopes of the ranges which formed the centers 
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.I GLACICR OVERRIDING R!DGE O F  ALASKA RAivGE 9 MILES N O R T H W E S T  
O F  M O U N T  M c K l N L E Y  

Near camp of August  4 See page 126. 

I: GLACIER-COVEZCD RIDGE BETVVEEN PETERS GLACIER A N D  M O U N T A I N  
FRSINT, 9 M I L E S  N O R T H W E S T  O F  M O U N T  M i K i N L E Y .  

Neal-  csmp sf A ~ t g u s t  4. See page  126. 



of ice accumulation the glaciation went rery much higher. I n  the JIatanuska and Talkeetna 
region Paige and I<nopf observecl evidences of glaciation as ligh as 2,500 feet. 

Direct evidences of glaciation are relatively rare in this province. For a region so much 
of which has been covered by ice within recent time there is a remarkable absence of glacial 
grooving ancl moraines, till, and other typical glacial features. The upper limit of the valley 
glaciers is usually marked by irregular gravel terraces, ancl the former distribution of the ice has 
been largely determined by these features. In the high ranges, however, cirques are abundant. 

I t  appears probable that only in the larger valleys was the ice thiclr enough to exert the 
pressure necessary for deep rock grooving. S s  nearly all the bed-rock floors of these valleys 
are deeply buried in gravels, whatever striations may esist are not now exposed. The lesser 
ice scorings which may have been produced a t  higher levels are not likely to have been pre- 
served, because they lay in the zone of rapid rock disintegration. The absence of striz has 
not prevented the deternlination of the general direction of ice movement, which, as already 
set forth, i's laown to have followed the present drainage system. 

The present studies also indicate that englacial and superglacial deposits are not a t  all 
abundant. Some glacial till has been found along the shores of Cook Inlet and some morainic 
deposits occur in the Tanana Valley, but aside from these little is left of the deposits of the ice 
invasion except those of extraglacial origin. The deposits left by the ice have either been 
swept away by the floods resulting from the recession of the glaciers or now lie deeply buried 
in the alluvium-filled valleys. 

Glacial erratic material is relatively abundant on the south side of the range and has fur- 
nished valuable confirmatory evidence of the direction of ice movement. For example, large 
angular bou~lders of the granitic rock typical of the Talkeetna ;\Iountains occur along both shores 
of Cook Inlet as far south as Henai. These indicate at  least one source of the ice stream 
which filled Cook Inlet. Xany of the erratic bowlders are, however, so intimately associated 
with the extraglacial deposits as to indicate the probability of their having been carried by 
floating rather than by glacial ice. 

The most characteristic features of the glaciated portion of the Yentna basin are the ter- 
races and benches along the Kichatna Valley, near the camp of July 8. Here the uppermost 
terrace, which is the best developed, has an altitude of about 2,400 feet and marks the upper 
limit of the glacier formerly occupying the valley. This terrace can be traced along both sides 
of the Kichatna and is bouncled by steep talus slopes. Below the talus the valley slope is 
broken by a number of grass-covered terraces, which are, however, irregular and can be traced 
for no great distance. All these terraces slope with the present valley floor and, where \vide 
enough to  permit a determination, also fall off toward the axis of the valley. 

Similar features are prominently developed on the east side of the upper part of Happy 
Valley, near the camp of July 13, 1009. At this place half a dozen terraces can be traced along 
the valley wall, the highest of \vlGch, about 3,600 feet above the sea, marks the upper limit of 
glaciation. Some of these terraces are well defined for nearly a mile, but most of them fade 
away within 200 to 300 yards. Their surfaces have only a general parallelism, but all slope 
downstream. One measurement was made of n terrace mhicll sloped at  an angle of 5'. These 
terraces occur irregularly one above another along the valley wall. For example, one can be 
traced unbroken for a quarter of a mile, ending abruptly a t  that level, being continued by 
another perhaps 50 feet lower, which in turn fades away. I t  mas found impossible to trace 
any one bench level for any considerable distance or even to recognize it on opposite sicles of 
a valley, as would be the case if these were normal stream terraces. The outer margins of the 
terraces toward the axis of the valley are in many places irregular and broken and present 
none of the features of regularity usually found in stream terraces.' There was little oppor- 
tunity to examine the material of which these terraces were formed, but it appears that they 
are built up chiefly of gravels with a good deal of glacial erratic material. Some appear t o  be roclr- 
cut benches with very little gravel on them. These terraces are believed to have been formed 

1 Spurr (1 reconnaissance in south~r~estern Alaska in 1898: Twent~eth Ann. Rent. G. S. Geol. Survey, pt. 7, 1900, p. 249) ascnbes these features 
of Pleasant 'Valley to marme theory which the facts presented abore appear to make untenable. 

66897O-11-9 
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by streams mlich flowed along the margins of the ice in the giacier-Silled ralleys. The upper- 
most is usua l l~  the best preserved and indicates a longer condition of stability than the later 
terraces formed at 1011-er levels during the different stages of the ice retreat. As alreadj- stated, 
these terraces are too irregular to be of the normal stream type, and, furthermore, they occur 
only in the glaciated parts of the valleys. Similar terraces in process of formation have come 
under the observation of the writer along some of the present Alaskan glaciers. 

Lateral terraces are also present in some of the ralleps on the north side of the Alaska 
Range, but their glacial origin is not so well marked. An example of one of these is shown in 
Plate XIII, A (p. 120), reproduced from a photograph taken in the upper part of tbe Tonzona 
basin. 

The fluvioglacial terraces of this type are not to be confounded xvith the stream terraces 
~vhich have been so extensively produced in the pro.olnce as the result of the dissection by 
streams of the alluvium deposited during the recession of the ice. Terraces of the latter type 
are very widely distributed in the province but are especially 17-ell developed in tlie Kenana 
basin. (See p. 108.) The great Pleistocene gravel sheets have been fully described (pp. 
105-109) ancl are believed to represent tile extraglacial deposits laid clown chiefly during the 
recession of the ice. Detailed surveys trill probably indicate that the recession was interrupted 
b)- some advances. Evidence of t l is  has been found in the occurrence of glacial till overlying 
fluviatile glacial material on Cook Inlet and by moraines in the Tanana basin formed after the - 
deposition of the terrace gravels. 

It will be evident from the above description that the former ice sheet of the province was 
essentially a system of Alpine glaciers which in the lowlands expanded to large piedmont 
glaciers. W e  some of these glaciers overrode lills of considerable altitucle, the ice streanls 
were confined chiefly to the valleys and the higher mountain slopes, and even during the max- 
in~um extension of the ice there was probably one-third of tlle area wlich was not covered. 
There is a striking contrast in the topography of the glaciated region south of the Tanana and 
that of the unglaciated region lying to the north. This is due not so nzuch to the degradation 
of ice, which is believed to have been relatively slight, but to the absence of products of weath- 
ering and to the extensive deposits of extraglacial gravels in the glaciated areas. These occur 
also in the valleys beyond the limit of glaciation, but are most prominent in the areas reached 
by the ice. 

Tbis system of glaciers differs, then, very markedly from the great Cordilleran, Keewatin, 
and Labrador ice sheets. Although it is reasonable to suppose that the accumulation of ice 
in Alaska was contemporaneous with that in other parts of the continent, yet the evidence 
indicates that the recession of the glaciers is a comparatively recent pllenomenon. It has been 
shown that the present glaciers are but the remnants of the former larger ice streams. If  the 
rate of recession in the past is comparable to that of the present, the time of maximum exten- 
sion may not have been more than a few centuries and can not have been nlore than a few 
thousand years ago. It is quite probable, however, that the rate of recession has not been 
uniform and may have been very much accelerated in recent times. There is some reason to 
believe that there were two or more advances of the ice. Therefore the measurements of the 
present rate of recession of the glaciers lllay hare no bearing on the time interval ~vhich has 
elapsed since Pleistocene glaciation. 

RECENT GEOLOGIC HISTORY. 

OUTLINE. 

The close of the Lower Cretaceous epoch has been chosen as the beginning of the recent 
geologic history for the purpose of discussing the genesis of the topography. Such a lineof 
demarcation between recent and ancient history must of course be more or less arbitrary. 
Sedimentation, volcanism, and diastrophism, even of the earliest epoch, must necessarily have 
had some influence on the present topography in determining the relative susceptibility of the 
rocks to erosion, either through differences in lithology or through lines of weakness due to 
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structure. These forces have, however, had a subordinate effect on the land sculpturing com- 
pared with the more recent geologic agencies, especially those of elevation and depression. 
Obviously, therefore, a genetic discussion of the land forms can be complete only if il  is basecl 
on a comprehensive knowledge of all the facts of the geologic history. Such a groundwork 
is of course lacking for the Xount llcI<inley region, so that only the larger features of the 
geomorphology can be considered and many of the conclusions must be regartled as tentative. 
I t  appears that in the present ralief there are certainly no remnants of any topographic forms 
older than the crustal disturbances which follox-cd the deposition of the Lower Cretaceous 
sediments. Hence this period of diastrophism can be convenientlj- chosen as the datum for 
the discussion of the geomorphology. The chief events of the recent geologic history may 
be outlinecl as follows: 

1. Early Cretaceous sedimentation was closed by widespread crustal movements which 
deformed the strata and elevated the entire province above the sea. A long period of erosion 
followed. 

2. Depression in late Cretaceous time brought about an invasion of the sea and marine 
sedimentation was begun. The shore line of this sea-probably irregular and believed to 
have lain within or close to the Mount ,\lcHinlev region-has not been traced. 

3. I n  early Eocene time marine sedimentation was closed by a gradual uplift, which 
finally brought the entire province above the sea. 11 long period of erosion and fluviatile 
deposition followed. During this periocl an extensive river system was developed and the 
Kenai sediments were laid down. 

4. Kenai sedimentation was closed by a period of cliastrophism whose intensity differed 
greatly in different parts of the province. During this epoch there ~vas  extensive folding and 
faulting in certain zones now marked by the high ranges and the whole region mas uplifted 
many thousand feet. There followed a long periocl of erosion, during which the Tanana 
upland and probably a part at least of the mountains to the south were reduced to a peneplain. 

5. Differential uplift by a series of elevations amounting in all to at  least 4,000 feet 
renewed the activities of the rivers. The carving out of the present drainage system followed. 

6. Xext came probably a period of general elevation. Ice and snow then accumulated 
on the high ranges and glaciers moved dotvn the valleys and far into some of the lowlands. 

7. After what was probably a long period of time the glaciers receded and the accom- 
panying floods spread an extensive gravel sheet over the lowlands. There were probably 
some ice advances since the disappearance of the main ice sheet. 

8. The disappearance of most of the glacial ice ranewed the eroding power of the streams, 
which began the dissection of the Pleistocene gravel sheet-a process that is still going on. 

CONDITIONS ANTERIOR TO LATE CRETACEOUS SEDINENTATION. 

I t  has been shown that the diastrophism which followed the deposition of the Lower 
Cretaceous beds was  vides spread in Alaska, loca!ly produced considerable metamorphism, and 
was accompanied by some intrusions of holocrystalline rocks. All this indicates that the 
Lower Cretaceous sediments, now exposed, were buried by considerable thicknesses of strata 
during this period of deformation. 

This crustal disturbance probably brought the entire area a b o ~ e  sea level, and it is to be 
supposecl that the land presented many irreqularities of contour and hacl a strong relief. Be 
that as it ma-,  s period of erosion followecl that mas long enough to remove the strata to the 
depth of a i  least several thousand feet. There ars no facts to indicate the character of the 
land mass at  the close of this period. The axes of the present mountains were the scene of 
the most intense folding during all of JLesoz~ic time and probably tluring late Paleozoic. time. 
I t  seems probable that these mountains were elevated above the general levc.1 by the. folding, 
but they may- have been planated during the cycle of erosion which followed. 
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LATE CRETACEOUS SEDIRIENTATIOS. 

The cycle of erosion was terminated bj- a depression ~t-hich carried much of the land 
belox- tlle sea. In  tlle Yukon basill this invasion of the se:, extendetl as far as 1;ampart. ~vhere 
slates ancl sandstones carrying an Fpper Cretaceous fauna have been fountl. (See 1,. 97.) 
The charncter of these sediments inclicates littoral del>osits and suggests that the shore line 
was not far distant. There appears to llavc beell no marked cleepening of tllc sea from this 
point tov-arcl the lower Tukon, for near Kulato the Upl~er Cretaceous bctls inclutle shales 
carrj-ing marine fossils, sandstones, arkoses, and conglomerates. Similar Upper Cretaceous 
rocks occur on Alaska Peninsula,' all of ~irhicll suggests that during late Cretaceous time 
the continental margin ma:- have been broken bj- deep einbayments or that there ma:- have 
bee11 an archipelago in this region. 

The Cretaceous sediments a t  Rampart are cut b)- large granite stocks, indicating that 
there was former1.i- a considerable covering of beds that llave since been removed ant1 that 
t,hase surface strata were probabl- also Tipper Cretaceous. This goes to show that much the 
larger part of t!le Upper Cretaceous has been removed and that these beds may have originally 
been spread over much of the r,,' noion. 

EOCENE EROSION AKD SEDIJIEXTATIOK, 

Marine sedimentation was closed in late Cretaceous or early Eocene time by elevation, 
since ~vhich time there has been no invasion of the provii~ce by the sea. As a result of this 
movement the sea receded westward and probabl- southward. Erosion began on tlle newly 
exposed land and was accelerated by upward movements ~vhich continued for a long period 
of time. These movements may have been continuous or intermittent; they ma>- have been 
interruptecl b -  depressions; but the alqebraic sum of all the oscillations ~r-as ar, eleration of 
the land above the sea amounting to thousands and possibly to teas of thousands of feet. 

This upward movement was differential, and it appears probable that the present moun- 
tain ranges were then, as in the other periods of diastrophism, the loci of maximum uplift. 
Such a t  least seems to be the most plausible explanation for the drainags adjustments of the 
period. The sediments derived from this period of erosion were for the most part carried 
far  beyond the area here uncler discussion and are probabl~ to hs sought in ~vha t  is now the 
Pacific Ocean and Bering Sea. 

There is no criterion to determine the lime of maximum uplift, but as the Eenai sedi- 
mentation immsdiately followed, i t   roba ably occurred, near the beginning of the Eocene. This 
epoch of deposition marked the commencement of a general depression of the land. Here 
again the movement was probably intermittent and map have been interruptecl by minor 
uplifts. All that can be clefinitely stated is that there was an epoch of fluviatile deposition 
inng enough to permit the accumulation of strata which, locally at  least, aggregated over 
10,000 feet in thickness. 

This change from clegradation to aggradation by the 1%-atercourses was gradual and, because 
of differential movement, was not s~nchronous throughout the area. With the depression of 
the land near thn, sea, flood-plain deposition m-ent on v-Me headwater erosion continued. I n  
this way there was a gradual headwater growth of the flood plains, until eventually fluviatile 
deposits hundreds of miles in their longer dimensions and thousands of feet in thickness were 
accumulated. 

The Icenai drainage has by no means been traced but the facts in hand are possibly 
sufiicient to indicate some of its larger features. I t  seems likely that there was a system of 
southward-flowing streams which united in a large river near what is now the head of 

1 Collier, A. J., The coal resources of the Yukon: Bull. U. S. Geol. Survey No. 216, 1903, p. 15. 
2 Stwood, TV. I%-., bfmeral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, p. 113. 
a On the lower Yukon there seems to have becn no mterruptlon to sedlmentatlon hctween the Cretaceous and the Eocene. 
4 Martin's subdivision of the Matanuskt Tertlary luto three formations, the uppermost of whlch is a conglomerate, suggests that the drainage 

system here described was developed near the close of Terhary tlme. If such proves to he the case, the early Tertiary hlstory of the prorlnce may 
have been qulte aifferent from that here postulated. 
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Cook Inlet. This river discharger1 into the sea south of what is now the entrance to Cook 
Inlet and probably as far south as ICodiak 1sland.l Its largest t r i b u t a ~  is believed to have 
been from the east, probably paralleling ant1 possiblr in part following the present course of 
the Sfatanusks Vallej-, and this river ma]- have clrainecl a large part of tl16 Copper River basin. 
Another of the Eocene rivers probably followed about the present course of the lower Susitna, 
but its headwaters have not been traced. 

It appears probable that the clivicle between the sonth\~ard ant1 the inlancl flowing u-aters 
was, in Eocene time as now, formed by a llighlan(1 mass similar to the present Alaska Range. 
Unless they are valleys of Tertiary ~vatercourses no explanation has been found of the 11-ide 
passes wlich now break the range at the heads of the Skwentna and the Chulitna, flowing into 
the Susitna, ancl Delta River, a tributary of the Tanana. In view of the extensive defornlation 
that has taken place along the axis of the range since Tertiaq- time, i t  is hard to believe that 
these rivers would have maintained their courses across the zones of the disturbance. 

The remnants of the Benai fluviatile deposits in that part of the Kuskokmim basin which 
is here described are too fragmentary to permit the tracing of the clrainage system they repre- 
sent. Coal-bearing roclis are reported bj- IT. E. Priestly to occur adjacent to and west of the 
mountains which bouncl the upper Kusl<ok\r-im. The occurrence of this coal and of the Kenai 
formation to the northeast suggests that a Tertiary river may hare flowed parallel to the 
inland front of the dlaska Range. As a part of this belt of ICenai roclis lies in a zone of 
extreme deformation, however, i t  is improbable that the course of thus river can be traced. 

There can be no question that the basin now occupied by the Tanana lowland was in part 
eroded during Tertiav time, but the hea1-y alluvial filling makes it impossible to trace the 
actual drainage lines. In  the opinion of the writer, this trench and that occupied by the upper 
Tanana and upper White rivers, as well as the series of old northwest-southeast valley systems 
of adjacent parts of Canada, were all eroded during the Tertiary period. This opinion is borne 
out by RilcConnell's interpretation of the coal-bearing sediments of the Finlay River r e g i ~ n . ~  
Some remnants of the deposits of the Tertiary river system occur along the Yukon above the 
mouth of the Tanana, and what may be an extension of the same old drainage channel has been 
described as paralleling the upper Yukon from Circle to the international boundarj~.~ 

The above outline indicates something of the distribution of the Tertiary drainage lines, 
but it tvill require much more investigation to work out the details. The plant remains of this 
period indicate that the climate then was more equable than that which prevails at  present in 
the region and far milder than that of the glacial epoch which followed, and this suggests that 
there have been extensive movements of the land mass since these conditions prevailed. The 
milder Tertiary climate may have been due to the nonexistence of the Aleutian barrier, so that the 
warm waters of the Pacific swept up into Bering Sea. These warm ocean waters may have pene- 
trated along an embayment which then occupied the lower Yukon Valley as far up as the mouth 
of the Tanana. 

In  speculating on the geographic conclitions mhicli may have existecl in Eocene time, it is 
necessary to take into account the fact that the Icenai plant-bearing beds have been found along 
the shores of the polar sea as far north as Wainwright Inlet, on Colville River to tlle east, ancl at  
many places inland north of the Arctic Circle. I t  seems likely, therefore, that the warm waters 
of the Pacific then penetrsted into tlle Arctic Ocean. If rviiler passages then existed 
through the Aleutian Islailds and at Berinq Strait. ancl northern Bering Sea was deeper, such a 
deflection of the Pacific n-ara-water current might hare taken place. If such warm n-aters of 
the Pacific fiowecl into the Bering Sea and tlle -1l.c:ic Ocean ancl tlle crest line of the coastal 
barrier of mountains stood below the line of perennial snow, much of northern -Llasl<n moult1 
have had n higher precipitation a id  a higher mean annual temperature. 

1 No marine fossils have been found in the Icenai except on .\13sk3 Peninsula. \>-here they are associated n-ithCrcsl~-!~lter plant-bearing beds. 
See I t r o o d ,  \V. TV., ?.lineral resources ~Zsouthmestern lluska: Dull. T. S. (leal. Surrey So. ::;!I, 1909, pp. 10s-1CO. 

2 Information kindly furnished by ILr. Priestly, who visited this region <inring the Tvinter of 1909. 
3 llcConnel1, 1%. G.. Report on an e~~ploration of the Finlar ant1 Omenica rixrers: -Lnn. I?ept. Ceol. dun-ey Tanacla. new ser., 701. i, 1S96, 

p. "6C. 
4 Droob, .I. II., and Icindle, E. 'i., Pdeozoic and nssociated rocks of the upper Yukon, Ilaslin: Bull. Geol. Soc. Imerica, rol. 10. 100S, 

pp. 307-Z03. 
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POST-KEXAI FOLDING AXD EROSIOK. 

The diastrophism which closed Icenai sedimentation mas characterized by broad conti- 
nental uplifts as well as by intense local deformation. Alarlied orogenic clisturbances assigned 
to this period have been recognized along the western front of the dlaslia Range and the 
southern base of the Talkeetna Rfountains. (See p. 112.) In  both these zones the post-Kenai 
folding was accompanied by extensive faulting. On tile other hand, in the Susitna and Tanana 
lowlands the Iienai beds are only gently folded and in some places entirely undisturbed. 

As a result of this movement the entire region mas elevated to an unknown height above - - 
sea level. There is no measure of the amount of elevation, but the resulting land surface must 
have been one of rather strong relief, on which the Alaska Range and some other mountain 
masses were probably conspicuous features. 

The relations of land and sea established by this uplift were maintainecl long enough to 
allow much of the region to be reduced to a gently rolling plain. I t  has alread- been shoun that 
the summit levels of the Yukon-Tanana region mark a peneplain. whicll has been correlated ~ ~ 4 t h  
the peneplain in Territory and British Columbia described by Dau~son ancl others. 
Both these peneplains bevel the coal-bearing series (the Kenai and the Canadian "Laramie:" 
see p. 103). 

There is little definite evidence on the interrelation of the Tukon peneplain ancl those which 
have been recognized by various observers in the summit levels of some of the ranges of the 
Pacific mountain system. Spencer,' who was the first to attempt a systematic genetic classi- 
fication of the  larger physiographic features of Alaska, suggested the correlation of the peneplains 
of the Chugach and Coast ranges with the Yukon plateau summit level, accounting for the 
differences of altitude by warping apd faulting. The writer has been inclined to accept this cor- 
reIation, ~ v l d e  Schrader and Atwooil "lave maintained that there were two or more epochs of 
planation. Mendenhall, though he does not avree with all of Spencer's conclusions bearing on 

a. 
the history of the Copper River region, recognized only one epoch of base-leveling. Gilbert5 
described three peneplain remnants which he noted at  severaI localities along the Pacific sea- 
board of Alaska. Moffit ascribed the accordance of summit levels in the Icenai Mountains to 
peneplanation but, did not definitely determine its age relations to Kenai sedimentation. 

Martin's analysis of the topography of the Controller Bay region7 includes an account of 
ten distinct epochs of erosion, but only a few of these mere of sufficient duration to planate anv 
considerable areas. According to Tarr,8 there is a subequality of summit levels in the ~ r abazon  
Mountains of the Pakutat Bay region, but he does not accept this as evidence of peneplanation. 

The peneplain described by Paige and Icnopf h s  truncating the Talkeetna Mountains is 
the only one in Alaska of mhich sedimentary as well as topographic evidence has been found. 
The seclimentarp record consists of some fluriatile deposits ~vllich are belie~~ed to mark the posi- 
tion of river channels on the old land surface. These channel gravels are correlatecl with the 
heavy conglomerate forming the topmost member of the Kenai formation. I t  is significant 
that the deformation of this conglomerate has here been assigned to post-Xenai diastrophism. 
If this assignment is correct, the peneplain, which is older than the conglomerate, can not be 
correlated with the Yukon epoch of base-leveling, which is believed to be post-Iienai. 

The Talkeetna peneplain falls off gently to the east and appears td pass underneath the 
Quaternary deposits of the Coppe,r River Plateau. This fact lends support. to hfendenhall's 
t h e o ~  that the Copper River basin is a depressed area, or "graben," and that its bed-rocli sur- 
face is to be correlat,ed with the peneplain marking the summit level of the. Chugach Rlountains. 

1 Spencer, A. C., Pacific mountain system in British Columbia and Alaska: Bull. Geol. Soc. America, rol. 14. 1903, pp. 117-132. 
r Brooks, A. H., The geography and geolog~. of Alaska: Prof. Paper U. 6. Geol. Surrey No. 46,1906, pp. 2S(I-290. 
3 Schrader, F. C., A reconnaissance in northern Alaska: I'roi. Paper U. S. Geol. Survey No. 20, 1901, pp. 4215 .  
4 btwood, TT'. W., TVorking hypothesis on the phrsiogaphy of Alaska: Science, n e r  ser., vol. 27, 1908, p. 730. 
3 Gilbert, G. h., Blaska-Glaciers and :lacistion: IIarriman .ilaska Expedition, vol. 3, Ne-x York, 1904, pp. 166-186. 
6 Moffit, F. H., Gold iields of the Turnagain I r m  region: Bull. U. S. Geol. Surrey No. 2iT, 19C6, pp. 28-31. 
7 blartin, G. C.; Geology andmineralresourcesof the Controller Bay region, Alaska: Bull. u. S. Geol. Survey No. 336,19OS, pp. 64-65, 
0 Tarr, R. S., The Yakutat Bay region, -4laska: Prof. Paper C. S. Geol. Sum??- No. 64,1903, pp. 2621). 
9 Paige, Sidney, and Gnopf, Adolph, Geologic reconnaissance in the hlatannska and Talkeetna basins, Alaska: Bull. U. S. Geol. Surrey 

No. 32i, l9Oi, pp. 38-39. 
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I t  is evident, then, that it is impossible to harmonize the numerous interpretations of 
,Uaskan topographr. This is emphasized b -  the fact that there are a number of later investi- 
gators in this field who are disinclined to accept the subequality of summit level in the Pacific 
ranges as proof of former planation. 

However the accordance of summit levels in the ranges ma>- have originated, the 
Tulron Plateau appears to be one of the best examples of a clissected peneplain which has been 
recorded in geologic literature. This does not preclude the possibility that there was an older 
peneplain in this province, as suggested by Atwood. 

If the Alaska Range was also base-leveled at this tune, there 1s no record of such an event 
in the existing topography. I t  appears more likely that an area of considerable relief separated 
the inland peneplain from the Pacific slope. I n  all probability other parts of the province were 
reduced to areas of low relief during this long cvcle of erosion. I t  u~ill, however, require further 
inrestigation to establish ctefinitely the relations between the peneplains recognized in the 
Pacific mountains and those of the interior. 

ELETATIOX AXD EROSION. 

The post-Kenai cycle of erosion was closed by a general elevation amounting to at least 
4,000 feet in the Yukon basin and probably many times that in the bordering mountain ranges. 
As indicated, this uplift was differential and had its maximum effect along the mountain axes, 
then long established in geologic time as loci of the most intense diastrophism. Atwood's 
recognition of a peneplain below the summit level of the Yukon Plateau indicates that this 
uplift had a t  least two stages, and i t  is quite possible that more detailed study mill discover 
other periods of stability which interrupted the general elevation. 

The high gravels of the Minook Creek region (see p. 109) may mark an interruption to the 
general uplift. These gravels are extensive enough to suggest that they belong to a well- 
developed river system, and they are certainly younger than the Kenai sediments. S o  deposits 
which could be correlated with them have been found in other parts of the province. 

The differential character of this uplift, though emphasized in the mountain ranges, is 
recognizable throughout the plateau region, where the warping has produced many domes and 
basins. It is probable that the Yukon basin as a whole was marked by a long depression which 
extended from Bering Sea northeast and then southeast far into British Columbia. I n  addi- 
tion to these irregularities resulting from warping, there must also have been shallow valleys of 
the drainage system on the old land surface of the previous cycle. Within the Pacific moun- 
tains there may have been broad areas which remained at  low altitudes tvhile the surrounding 
mountains were uplifted. ' 

On this land surface thus exposed to active erosion the positions of the main drainage 
channels were determined by the construction~l topographg. I n  fact, many of the major 
watercourses followed the old Kenai valleys which had been almost obliterated during the pre- 
vious cycle of planation. This was due in part to the fact that many oE the areas covered by 
Tertiary fluviatile deposits seem to  have been loci of minimum uplift, but also to the fact that 
certain of the drainage Iines of previous cycles seem to have maintained themselves along these 
zones of relatively softer material. 

I n  any event many of the larger rivers follow antecedent courses, their cutting power hav- 
ing been rejuvenated by uplift. As erosion continued the waterways that were incised along 
the old Tertiary valleys had the advantage over other streams because they were ~vorlcing on 
the friable conglomerates and sandstones and soft shales which make up a large part of the 
Kenai formation. Even where the uptvarps were transverse to the drainage lines of the former 
cycles, certain streams have maintained their old courses, cutting steep-walled trenches. Such 
appears to have been the history of the Ramparts of the Yukon, between the flats and the mouth 
of the Tanana. Here the river has cut its valley atross one of the highest domes in the deformed 
peneplain, and there has been a depressed area to the north, now the basin lowland known as 
the Tukon Flats. 
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If this is the history of the Tulcon Flats, it is analogous to the probable genesis of the Cop- 
per River basin as described by -\lendenhall. According to Spencer, llowever, the Copper 
River depression may owe its origin to lzeacl~vater erosion by an antecedent stream during a 
succession of uplifts. He also supests that headwater erosioc may lmve been accelerated 
because of the presence of softer materials. This theor!- is borne out by what is Bnown oi' the 
distribution of the Tertiary beds. (See p. 04.) If such is the origin of the broad depression 
including the Copper River Plateau, it is probable tllat Delta River plnyetl an important part 
in the erosion. This stream appears to have maintained its course through the Alaska Range 
during the uplift. There m n -  also h a ~ e  been an ancestor of the present Kenana flowing north- 
ward through Broatl Pass, ~vhose heacl~i-ater tributaries also helped to erode the Copper River 
basin in soft Tertiary beds. These explanations, in the absence of exact inlormation. lnust be 
regarded only as working hyl>otheses. 

While these various strean1 adjustnrents \\-ere going on in the region of less relief erosion 
was still more active in the liigh ranp i .  Here the conclitions were cxception:tll- farorable for 
rapid degradation. Elevation in these areas mas far more rapid tllan erosion. ,4 measure 
of its extent is to be found in the present relief of the mountains, though these have been much 
reduced by erosion. I t  is that although the lithologic character of Ilount E'oraker, 
Mount hIcKin1ey, and certain of the Talkeetna &lount~ains, which are composed of a hard granitic 
rock, has had much to do with the present altitude of these high peaks. yet they also represent 
points of maximum elevation. 

At the close of this cycle the configuration of the land surface was probably very similar 
to what it would be to-day if the Pleistocene sediments were removed. The present drain- 
age system was established and the mountain ranges had much of their present rugged character. 
Glaciation, which followed, simply modified to a small degree the older topography, deepening 
the valleys and cutting extensive cirques in the high ranges and rounding and smoothing off 
other areas of lesser relief. 

It is evident from the above discussion that the data in hand do not permit an entirely 
consistent interpretation of the present drainage system. The fact that there is some evidence 
of a Tertiary formation younger than the Kenai (see p. 103) mar  account for a part of the 
apparent discrepancies. It is possible that the Tertiary drainage system, remnants of which have 
been described, may be of post-Kenai age and that the fluviatile deposits of these rivers may 
be later than the epoch of diastrophisnl which deformed the Kenai of the Matanuska Valley 
and of the inland front of the Alaska Range. If this is so, the extensive erosion represented 
by the Matanuska trench, the Copper River basin, the valleys of Delta River and the lotver 
Tanana, and other valleys. passes, and lowlands may have occurred in post-Icenai Tertiary 
time. Under such an hypothesis it will remain to determine what the age of this cycle of ero- 
sion is relative to the Yukon peneplain. These suggestions are made to indicate clearly that 
the final worcl on the recent history of this region must be deferred until far more detailed infor- 
mation is available. 

I C E  BCCL3ILJLATIOX AXD -4DTAiYCE. 

The causes of ice accumulation in tlus province are obscure. I t  is fair to suppose that the 
land, or at  least the mountain ranges, stood at consiclerably lugher altitudes than they now 
do and than they did a t  the close of the prerious cycle of erosion. I t  xvould not talce lnuch of an 
elevation to produce a marked climatic effect on tlle areas of high relief, and pet such an eleva- 
tion of the coastal barrier should increase the aridity of the inland prorince to the extent of 
preventing any considerable accunlulation of ice. I t  is possible, 110~-ever, that if at this tilne 
Bering Sea and the Pacific Ocean were one body of water the uplift might increase the preci~~i- 
tation on the inland slopes of the mountains sufficiently to account for the glacial accumula- 
tion. On the other hancl, the presence of the warmer waters of the Pacific might raise the 
mean annual temperature to such a point as to prevent the accunlulation of ice. It is an inter- 
esting fact, however, that even a t  tlle present tilne ice which lasts nearly all summer often accu- 
mulates along the streams of inland Alaska and Semarcl Peninsula. I t  appears, therefore, that 
it would require no great change from tllc present conditions to cause the Sormatiorl of ice 
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fields in favored localities. I t  is also true that the present precipitation in Seward Peninsula 
is not sufficient, even with a lowering of the mean summer temperature, to account for the 
glaciers wl6ch formerly existed in this part of the province. Paradoxical as it may seem, there- 
fore, the absence of the Aleutian chaiil may have been one of the important causes of the gla- 
ciation, as it possibly was also of the temperate conditions of the Icenai epoch. (See p. 131.) 
The governing factor would appear to be the altitude of the coastal barrier. 

I n  summing up the evidence it seems necessary to conclude that parts of the region, if noc 
the whole, stoocl lugher during the ice advance than they do now. This theory also receives 
support from the fact that there is evidence of glacial erosion throughout the length of Cook 
Inlet, indicating that this depression was then probably a river valley and not an arm of the sea. 
The reason for this conclusion lies in the probable depth, far below the present sea level, of the 
bed-roclr floor of Cool< Inlet ant1 its tributary streams. lllthougl~ Gilbert and others have 
shown that glacial degradation below sea level has taken place along the Pacific seaboard, 
such work was probably not done by the Cook Inlet glacier. There is no reason to suppose 
that this glacier at Kenai, for example, was more than s few thousand feet thick, and such an 
ice sheet would not exert pressure enough to counteract the buoyancy of the water and also 
do any considerable scouring, nor would it excavate the tributary valleys. On the whole, 
therefore, it seems to be a reasonable assumption that during the glaciation the Cook Inlet 
region was l6gber than now, possibly as much as a thousand feet higher. I t  can not be too 
strongly emphasizecl, however, that Alaska as a ~vhole llas been the scene of many earth move- 
ments since Tertiary time and that these movements have been differential. While, therefore, 
the Cook Inlet province may have been higher than a t  present, some parts of the adjacent 
regions may have been lower. 

As the epoch of glaciation has been fully described, it will be necessary here only to call 
attention to some of its larger effects. The ice masses which radiated from the highland were, 
as has been shown, by no means of the same magnitude. The coastal slopes have been much 
more extensively degraded by ice than the inland slopes. The ice mass from the Alaska Range, 
uniting with that of the Tallceetna, Chugach, and Kenai mountains, coverecl all the Pacific 
drainage basins below altitudes of 2,500 to 3,000 feet. On the inland slope, however, only the 
circlues and their draining valleys were ice-fled, though some large piedmont glaciers stretched 
out across the Kuskokwim and Tanana !owlantls. 

There is little evidence of- the amount of erosion effected by these ice sheets, but it is 
believed to have been relatively small. There was no such concentration of ice action as took 
place along the fiorded coast of southeastern AUaslra, nor was there any such bulk of ice and 
snow back of the glaciers as existed in the n6v6 fields of the St. Elias and Coast ranges. No 
deep grooving like that along the steep slopes of Portland Canal has been found in the i\/Iount 
&Kinley region. The chief work of these glaciers was the removal of the loose material 
accuinulated (luring the long epoch of subaerial erosion which had immediately preceded. I n  
other ~vords, the Pleistocene glaciers follomecl the  alley systems established in the previous 
cycle and probably deepened then1 to LL certain extent. 

ICE RETREAT -LSD DEPOSITION. 

The causes of tllc retreat of the ice arc as obscurc as those \vhicli hroupht about the ntlmnce. 
If tlse changing of ocean currents ant1 elert~tion-of nlounttlin barriers were the chief factors 
svllich brouqht about the ice aclvt~nce, c ~ ~ ~ s t a l  nlovenlents of simili~r milgnitutle probably 
broucllt about the retreat. I11 any event the cyclc of retreat is pructically that of the present 
clay, for the recession of the present glaciers is but il continuation of the recession of the Pleis- 
tocene ice sheet. 

The chief influence on ltxn(1 forrcs brought about by this recessioil is the sedimenta,tion 
accomplished by the acco~np~~nyinc flootls. These secliments, as llas been shown, mere clepositetl 
as extensi~e grayel sheets1 throuYhout the area south of the Tanana. TTith them can be groupetl 
- - . . .-- . ~~ .. . .. -- -- -- -. 

1 The recent studies by 5 .  R. C ~ > p s  don: thc nort!iern marqin of the .LlnsLn Rsngo have Icd him t3 the opinion that these heavy gravels arc 
of yrfglaclei aqe. This opinion is of course not in :iccord with (lie theories set forth in tile tes t  of this report. 
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also the gravel terraces that occur along man:- of the valley slopes. These are in part remnants 
of a dissected  alley filling, in part the result of deposition along the margin of glaciers. The 
h t  class are for the most part of later date than the second, but the two can be differentiated 
o n l ~  after detailed surveys. 

PRESENT EPOCII OF EROSION. 

With the disappearance of the ice sheet the watercourses gradually lost their overloaded 
character and erosion took the place of deposition. The sheet of Pleistocene gravels was 
rapidly dissected and much of it has been removed. This process of dissection was accelerated 
to a certain extent by uplift. In  the Cook Inlet region the top of the gravel sheet is 100 to 200 
feet above sea level, suggesting an uplift, though this nlar be a marginal deposit along a glacier. 
I t  does not seem likely, however, that a central tongue of ice was preserved long enough for the 
deposition of this gravel sheet. I n  the Tanana T'alley the Pleistocene gavels have a percep- 
tible dip to the north, and there must have been here an uplift of several hundred feet along 
the front of the range. In the Tanana upland there are some silt terraces m~hich indicate 
recent uplift in this area. I t  is, however, impossible to correlate them with the glacial gravels 
to the south. This cycle of erosion is the one of the present. The rivers are still continuing 
the work of removing the Pleistocene gravels and in the mountain vallevs are working on bed 
rock. Grades have not yet been established. 

There is evidence that some of the glaciers have made a considerable advance since the 
dissection of the gravel sheet and later retreated t o  their present positions. This movement is 
believed by the writer to have been comparatively local, however, ancl in no sense comparable 
to that of the Pleistocene ice sheet. 

IGNEOUS ROCKS. 

INTRODUCTORY STATEMENT. 

The facts observed and material collected during the journey here recorded were neces- 
sarily of a fragmentary character. There was little opportunity for the study of contacts, and 
material was often obtained in intervals snatched from other duties. Ki th  the ever-present 
impossibility of visiting many localities, stream gravels and talus slopes were carefully scanned, 
and the results indicate the kind of material occurring in the area but give scant information 
regarding its areal distribution and geologic relations. They have qualitative rather than 
quantitative value. The following report, therefore, by no means represents a minute petro- 
graphic investigation. It is unsupported by detailed field evidence or by chemical analyses 
and includes only \&at seem to be the most salient facts regarding tllc lithologic character, 
distribution, and general relations of the igneous rocks of this province. 

A part of the area was traversed by Spurr in 189s and a detailed classification and descrip- 
tion of the rocks observed by him appear in his report. 

Igneous rocks constitute a large part of the bed rock in the region traversecl by the party. 
They are found in discontinuous masses from Cook Inlet to the Alaska Range, throughout that 
range, and in the Rampart region. They include intrusi~e and ~ d c a n i c  rooks and some of 
them are highly metanlorphosed. 

The phenomena of intrusion are nlanifestecl on a most extensive scale. There are large 
masses cutting the inclosing rocks, penetrating them with a fringe of apophyses, and in many 
places inducing contact metamorphisnl, and there are man?- small dikes remote from the large 
masses and not referable directly to any parent body. These rocla, as a rule, contrast s t rong l~  
in form and color with the sedimentary rocks and largely make up the most prolninent moun- 
tains, including Mount Foraker and hIouat llcI<inley. 

KO volcanoes, either active or extinct, were observed along the route of travel. There is 
much rolcanic material, however, and float in many streams bore witness to the presence of 

Spurr, J. E., A reconnaissance in southwestern Alaska 111 189h. Tweutteth Arm. Kept. U. S. Geol. Surrey, pt. 7, 1900, pp. 186234. 
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volcanic rocla in areas not covered by the party. TTolcanic rocks occur in great abundance in 
the mountains north of Skwentna River and along the western base of the Alaska Range, 
particularly between Mount Foraker ancl Mount McKinley and between AIuldrow Glacier and 
Nenana River. There are small areas of them in the northern foothills of the Alaska Range, 
and they are also present in the Rampart region. 

In  composition the igneous rocks show a \vide range of variation. At one extreme are 
rocks high in silica and the alkalies and so low in iron, magnesia, and lime as to contain rela- 
tively small amounts of plagioclase and negligible amounts of the ferromagnesian minerals; 
at  the other extreme are a few rocks composed mostly of ferromagnesian minerals. Some 
individual t-ypes also exlibit a wide variation in the proportions of their essential constituents. 
The region in general is characterized by siliceous rocks of intermediate composition, and, 
although there are variations in both the acidic and the basic directions, the number of extreme 
types is small, and quantitatively also these form but a small proportion of the whole assemblage. 

The granular intrusive rocks include essentially granitic, monzonitic, and dioritic rocks, 
with isolated occurrences of more basic types and a considerable amount of coarse diabase. 
There are many gradational types between acidic granites and quartz diorites and from quartz 
monzonites through olivine-pyrosene monzonite to basic rocks. Porphyritic rocks are common 
either in close association with the large masses of granular rocks or as independent masses of 
considerable extent or dikes of minor importance, and these are described in connection with 
the groups to which they are most closely related. The volcanic rocks include rhyolites, 
andesites, and basalts, and these, like the intrusive rocks, merge into one another through 
gradational types. Tuffaceous rocks are associated with the volcanic rocks. 

BiIost of the igneous rocks are unmetamorphosed, but some of them have been subjected 
to metamo~phism and have become gneisses. Uoreover, there are zones in the sedimentary 
rocks on the composition of which the igneous rocks have exerted a modifying influence, with 
the production of metamorphic minerals. 

The rocks are in general similar throughout the region and are not separable into provinces 
distinctly different in petrographic character. They are of different ages and form the con- 
tinuation of the masses which estend throughout the western part of the United States and 

.Canada into Alaska. 
INTRUSIVE ROCKS. 

GRANITIC ROCKS. 

ALASKITE. 

This province contains rocks similar to those of adjacent areas, described by Spurr 
under the term alaskite. These are granitic rocks composed essentially of quartz and feldspar 
and characterized most commo~lly by the graphic texture. The ferromagnesian minerals 
are present in these rocks only as accessory constituents. 

The most common type is light gray or pinkish and ranges from a finely granular rock to 
one with a diameter of grain averaginq about :! millimeters. Small miarolitic cavities con- 
taining quartz and feldspar crystals ancl pyrite more or less altered to limonite are common 
in this rock at some localities. The rock is composed of quartz, alkali feldspar, and soda-lime 
feldspar. Biotite occurs in some specimens. Zircon is a common accessory, and here and 
there are needles of apatite. Pine grains of iron mineral, presumably magnetite, are scattered 
through the rock, and epidote nncl clllorite are among the alteration products. The quartz 
has inany liquid inclusions, some of them 0.2 millimeter in diameter. Many of these contain 
movable bubbles and small cubic crystals. Soine of tlle cavities in basal sections of quartz 
are hexagonal in outline. The feldspar is mostly orthoclase and microcline; both are much 
altered and contain in perthitic intergrowth considerable soda-lime feldspar. Tlle soda-lime 
felclspar occurs to a minor estent also as automorphic individuals slightly zoned, with estinc- 
tions on sections cut parallel to the plane 010, ranging from -4' in the interior to +- 1'7' in 

1 Spurr, J. E., .i reconnaissance In southwestern Alaska In lS9R: Txvent~eth i n n .  Rept. U. S. Geol. Survey, pl. i, 1000, pp. 189,195-196. 
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the outermost zones, indicating an oligoclase. The biotite. where present, is m o s t l ~  altered, and 
rows of magnetite grains indicate its former distribution. There are porphyritic varieties cf 
the rock containing a few scattered alkali feldspar pheiiocrysts up to 5 niillinleters in diameter 
in a fine groundmass of quartz and feldspar mostly in tlie graphic relation. 

The most prominent textural characteristic of these rocla is the graphic. intergrom-tli. It 
is visible in some hand specimens but 111 other rocks is so ininntel~~ cleveloped as to require 
the higher powers of tlie microscope. This texture antl the perthitic cllaracter of' tlic feldspar, 
which suggests a larger proportion of soda-lime feldspar tllan is present as inclivicluals, are 
somewhat indicative of the chemical compositioii of these rocks. 

These acidic granitic rocks occupy n consider:ible area in the eastern foothills of the Alasli;~ 
Range south of Sliwentna River.  the^ have been glaciated antl  ha^-e furnished a large pro- 
portion of the glacial bowlders scattered over tlie greenstones of these hills. 

Dikes of similar con~position, ranging in thiclaess from n few inches to 100 feet sr rn0.c.. 
occur at w i a -  scattered localities in the Alaska Range, either in close ass~ciatiou \I-ltii granitic 
or dioritic rocks or isolatect in the sedimentary rocks. T!ia>- are coi~spicunus1~- light colored 
from tlie absence of ferromagnesian ininerals, and where altered are in many places of a chalky 
whiteness. They are composed of quartz, alkali feldspar, and soda-lime feldspar, mostly 
oligoclase. Some of them are very pure examples of quartz-feldspar rocks. Locally they 
contain considerable muscovite. The rocks are in many places porphyritic, quartz and botlz 
feldspars appearing as phenocrysts. The prevailing texture is granular. 

Dikes of this character are common in tlle Jurassic slates along Iiichatna River, and the 
moraines along the west side of the range abound in material illustrating the intrusive nature 
of the alaskite in the granitic and dioritic rocks. Transitional rocks to muscovite granite and 
to biotite granite are common. 

lldUSCOVITE GRANITE. 

The moraine material derived from the western base of Mount 3lcI<inley contains fragments 
of muscovite granite. The rock is con~posed essentiall- of quartz, much alkali feldspar, a small 
amount of soda-lime feldspar, and considerable musco\-ite. 

BIOTITE GRANITE. 

The most common granite in the region is Iight gray in color, flecked with black. Quartz, 
feldspar, and biotite are visible in the hand specimen, and the first two minerals predominate. 
Tile rock is generally of an uneven grain, being in places a finely granular mass of the con- 
stituent minerals with a slight interstitial development of the graphic texture and in places a 
rather coarse rock in which the feldspars attain a diameter of 1 centimeter. The observed 
constituents are quartz, alkali feldspar, plagioclase, biotite, zircon, and magnetite. The 
abundant quartz is medium to h e  grained and is in places colored with lines of inclu ' sions. 
The feldspar occurs in larger grains than the quartz; in some localities it is i~lostly ortl~oclase, 
but at others microcline is more abundant. Perthitic iatergrowtl~s are common. Soda-lime 
feldspar is rather abundant and many of the zoned individuals contain cores of andesine. The 
proportion of biotite is generally small; it  is pale brown, occurs in irregular patches and 
slivers, and is generally fresh; a t  some localities, however, it is largely chloritized. Jfagnetite 
and zircon are presert in about the usual proportions. The conlposition of the rock is fairly 
uniform. 

This rock occurs at widel- scattered localities. Mount Susitna is in part coillposed of 
it,  and there are scattered areas of it between Cool< Inlet and the hill countl.;v to the west. 
Small dilies of it cut the volcanic rocks in the hills south of Slc~ventna River. The same rock 
forms a large part of the morainal material derived from sharp precipitous peaks at tlie head of 
the Iiicliatna and strewn for miles along the stream and high on the sides of t l ~ e  \-alley. I t  is 
found also on tlie west side of the Alaska Range, in the morainal material coming from >fount 
For-aker and Mount BIcKinley, and forms perlial~s a large part of these peaks. 

Kherever the contact relations mere obser-i-ed the rock was fouild to be intrusi~~e, and 
some of the occurrences at  least are probably intrusive in rocks as gouilg as the Jurassic. 
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ANPHIBOLE GRANITE. 

A yellowish-gray medium-grained granite occurs abundantly in the hills near the camp of 
August 8. It is composecl of quartz, alkali ant1 soda-lime feldspars, hornblende, biotite, apatite. 
magnetite, ancl zircon. The quartz occurs intergrown with the alkali feldspar, ~vhich is per- 
tllitic ancl mostly lraolinized, and is present in much larger quantity than the plagioclase. The 
plagioclase e-xhibits albitc and Carlsbacl twinning ancl zonal rlevelopment. One section studied 
cut parallel to the 010 plane shomecl an interior of basic labradorite inclosecl by a broad zone 
of anclesine ancl s narrow exterior of oligoclase. Tlie rock contains consicleral-~le biotite and a 
somewhat larger amount of greenisli-bro~tn, strongly pleochroic hornblende. Alagnetite and 
apatite are plentiful. 

PYROXENE GRANITE. 

A granite that occurs in the Rampart region in Wolverine SIountain ancl vicinity is com- 
poser1 of quartz, much alkali feldspar, soda-lime feldspar, and a small proportion of dark con- 
stituents of which biotite is the most abundant. The biotite is accompanied by a small amount 
of hornblende and diopsiclic pyroxene. 

3IONZONITIC ROCKS. 

The monzonitic rocks of this province have so wide a range of variation that at one extreme 
they are closely related to granitic rocks and at the other are with difficulty separable from 
gabbros. The series of gradational rocks may be grouped about three types-quartz mon- 
zonite and associated porphyries, quartz-pyroxene monzonite, and olivine-pyroxene monzonite. 

QUARTZ NOHZONITE. 

The Shell Hills are composed partly of a rather coarse, uneven-grained rock showing in 
the hand specimen all the essential constituents. These are pink feldspar, white feldspar, 
quartz, and hornblende. The pink alkali feldspar is the most abundant constituent. It attains 
a diameter of 1 centimeter and is largely liaolinized. There is much soda-lime feldspar, which 
is fresher and attains a diameter of 3 millimeters. It is in places poikilitic in the alkali feldspar, 
several individuals of the plagioclase occurring in one of the other feldspar. It is twinned 
according to both albite and Carlsbad laws ancl is locally zoned. I n  composition it ranges from 
labradorite to oligoclase. Alteration has produced considerable secondary quartz and epidote. 
The primary quirtz is distributed in minor quantity irregularly through the section. The color 
range of the hornblende is from a dull yellowish green to brown. There is consiclerable of it 
present anci in some of the rock it crystallized subsequently to the plagioclase. I t  is somewhat 
chloritized. Xagnetite is abundant, and in places considerable pale-brown titmite is associated 
with it. Some apatite is partly included in the hornblende. 

An estimate of the mineral ancl clicmical composition of this rock based on Rosiwal's 
method of linear measurement ' and reduction to weight percentages and on the methods set 
forth in the "Quantitative classification of igneous rocks," by Cross, Iddings, Pirsson, ancl 
TVaslfigton, is as follows: 

Approximate mineral and chemical co7nposition of Tuartz monzonite from the Shell IFTills. 

Quartz ......................... ... ... . -  19.00 SiO? ---.......-....... ... .. ..... ............. 65.00 
Orthoclase ......... ..... ..... .. . . . . . . . - . - .  38.00 ~ 1 1 ~ 0 ,  ............................................ 16.00 
Plngioclase.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.00 F?,03 .....--...-.... .. ......................... 2. 50 

. . . . . . . . . . . . . . . . - .  ......................................... Hornblende ......... .... S. 00 FeO.. 1.75 
Magnetite.. ............................... 3.00 JIg0 ............................................ 1.00 
Titanite ........................................ 1.50 ; CaO .............................................. 4.00 
Apatite ......................................... 5 1 Ya20 ........................................... 2.25 

1 Rosiwnl, 1., Verhandl. \Tien. po l .  Reichsanstalt, rol. 32, lSSS, pp. 143 et  seq. 
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A specimen taken from a point 4 miles distant contains the same constituents, but the 
proportions are reversed. There is considerably more plagiorlase in the rock than orthoclase. 
I n  composition the rock apparently ranges both ways from one containing a nearly equal 
amount of both feldspars, approaching the granites in one direction and the granodiorites in 
the other. 

A porphyritic rock of similar composition occurs in the same general area in the hills south 
of the Skwentna. It 1s a light-gra~ medium-grained rock showing in the hancl specimen slightly 
porphyritic pinkish feldspars, white feldspars, quartz, and hornblende. Under the microscope 
the rock exhibits a well-defined porphyritic character, with phenocrysts up to 3 millimeters 
in diameter and a size of grain in the groundmass of about 0.06 millimeter. The phenocrysts 
are feldspar, hornblende, ant1 quartz. A granular mass of quartz and altered feldspar, with 
perhaps a greater proportion of feldspar, make up the groundmass. The quartz occurs in 
angular somewhat corrocled grains up to  5 millimeters in diameter and contains many liquid 
inclusions with movable bubbles. The feldspar is largely altered. It generally shows zonal 
clevelopment and albite twinning. The composition varies from that of andesine to that of a 
feldspar which gives a lower index of refraction than the balsam and which in places sllows 
albite twinning. A section was observed nearly normal to the positive bisectrix which pave 
an extinction angle of 17' to 19'; this would indicate albite. The hornblende is yellowish green 
to brown in color. It occurs in stout, irregularly terminated forms up to 4 millimeters in 
length and is largely altered. Magnetite is present in grains of considerable size and abundance. 
Chlorite and epiclote are abundant secondary constituents. 

North of Tanana River, in the hills near the headwaters of the Tolorana, occurs a similar 
rather coarse, unevenly grained rock, with porphyritic alkali feldspars orer a centimeter in 
length. The rock consists of these larger alkali feldspars, which are mostly kaolinizecl; plagio- 
clase nearly equal in amount to the alkali feldspar; quartz, hornblende, biotite, apatite, 
magnetite, and zircon. The alkali feldspar appears to have been uniform in composition and 
was probably orthoclase. The plagioclase is up to 2.5 millimeters in length, is twinned according 
to both Carlsbad and albite laws, is somewhat zoned, and ranges in composition from a basic 
andesine to oligoclase. The quartz is subordinate in amount, filling the spaces between the 
feldspars. The dark constituents, hornblende and biotite, make up a large proportion of the 
rock. The hornblende is strongly pleochroic, varying from bluish green to yellowish brown. 
I t  reaches 3 millimeters in length. The clear-yellow biotite is less abundant than the horn- 
blende and occurs in foils of variable size up to 2 millimeters in length, some of them inclosing 
hornblende. Considerable apatite is generally associated with the biotite and hornblende. 
I n  composition this rock is similar to that of the Shell Hills, but it differs in the presence of 
biotite and in an apparently greater proportion of hornblende. 

QUARTZ-PYROXENE IONZOBITE. 

I n  close association with the rock of the Shell Hills is a (lark-gray fine-grained rock composed 
of an unevenly grained hyp automorphic mass of quartz, feldspar, biotite, and diopsidic pyroxene. 
The quartz is abundant and occurs in irregular grains up to half a millimeter in diameter. The 
orthoclase is interstitial between automorphic plagioclase which exhibits albite and to a lesser 
degree Carlsbad twinning. A section normal to the negative bisectrix gave an extinction 
angle of 76" and one normal to the positive bisectrix 2', indicating the composition of an acidic 
andesine. The biotite occurs in small quantity and is much interrupted in its development; 
the same cleavage and extinction may persist through rather widely separated fragments. It 
shows only a slight alteration to a chloritic substance. The pyroxene is of a pale-green color and 
is very abundant. I t  occurs in irregular xenomorphic fragments ranging in size from individuals 
as large as the other constituents to minute grains. The largest diagnostic angle of extinction 
observed on the plane 010 was 37'. Magnetite is present in considerable quantity, as well 
as some apatite and here and there a small crystal of zircon. Chlorite and pyrite are among 
the secondary products. 
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In  the Rampart region near Wolverine Mountain is a gray porphyritic rock with tabular 
feldspar phenocrysts 2 centimeters or more in diameter. The rock contains abundant quartz 
and soda-lime feldspar, alkali feldspar, ancl a large proportion of brown biotite and diopsidic 
pyroxene. The quartz is interstitial in the other minerals. The alkali feldspar forms the 
largest phenocrysts. The plagioclase is automorphic, is zoned, and ranges in composition from 
labradorite to oligoclase. The pyroxene is nearly colorless, automorphic, with prismatic devclop- 
ment, ancl largely altered. The rock is transitional in that region to pyroxene granite. 

!$.'z. OLIVINE-PYROXENE MOBZONITE. 

A rock similar to those from other regions clescribed as olivine monzonite, kentallenite, 
shonkinite, gabbro-syeaite, etc.,l occurs at several places in this province. The essential 
constituents are alkali and soda-lime f t-lclspar, biotite, monoclinic pyroxene, and olivine. 
Hypersthene is present in places and there is some apatite and considerable magnetite. The 
constituents vary greatly in proportion in diflerent varieties of the rock and the most basic 
type is composed almost entirely of pyroxene. The relationship of the rock to the quartz- 
pyroxene monzonitcs is very close, ancl at some of the localities a single thin section will sho~v 
small amounts of primary quartz and olivine. 

The most extensive body of this rocli observed in the eastern foothills of the Alaska Range 
is near the head of the ICichatna Valley, where it forms a massive reddish-weathering intrusion in 
the Jurassic slates. I t  is dark gray, with an oily luster ant1 a greenish or reddish tinge. I t  is 
hard ancl tough and of an uneven meclium to fine grain. The finer varieties have a conchoidal 
fracture. Biotite in plates of interrupted continuit? 15 millimeters or more in diameter, 
distributed irregularly through the rock, presents a striking appearance. The material collected 
is roughly divisible into four varieties. The geologic relations between them are not known. 
One variety is a medium-grained rock of greenish-gray color mottled with a few large flakes of 
the brown biotite. Cnder the microscope are seen tlliciilp crowded phenocrysts of olivine and 
pyroxene and some biotite in a mass of alkali and soda-lime feldspar in which the other constit- 
uents are l>oikilitically embedded. The alkali feldspar has a lower index of refraction than the 
balsam, shows no twinning of any kind, and on a section nearly normal to the negative bisectrix 
gave an angle for the plane of the optic axes to the 010 cleavage of about 57'. The composition 
is not uniform. The mineral presents a watery appearance and under the higher powers shows 
a peculiar intergrowth of another substance in a manner similar to that of the graphic texture. 
A difference of composition is also shown by alternating irregular layers similar to perthitic 
intergrowths. The feldspar is in places considerably altered. Lines of serpentinous substances 
run out into it from the olivine, connect with other olivine individuals or here and there with 
pyroxene, and give to the feldspar a streaky and findly a yellowish-green opaque appearance. 
I n  some feldspars the alteration proceeds along the cleavage planes. There is but little plagio- 
clase (labradorite) and it occurs in the automorphic relation to the alkali feldspar. The pyroxene 
occurs interstitially between olivine grains ancl also as automorphic, stout, =early colorless 
prisms up to 2 millimeters in diameter. It shows some twinning parallel to the plane 100, 
a slight parting to 010, and a basal parting. The largest angle of extinction observed was 42'. 
Ifany ol' the prisms inclose small olivine grains and some biotite. The olivine occurs in rounded 
forms, attaining a diameter of 1.5 mdlimeters. Magnetite is rather abundant along the fractures, 
but otherwise there is little alteration. d small amount of a bright bluish-green substance is 
present along some of the fractures, and also a substance with high birefringence, like that of talc. 
The biotite occurs in splintery foils up to 'l! nlillimeters in length. I t  is very fresh and of a deep 
reddish- brown color. Little magne tite is ])resent csccp t in the olivine. There is a small amount 

~ ~ 

1 Brogger, IV. C., Die Eruptirgesteine des I;ristinniagehietes, pt. 2, 1595, p. 51. 
Teall, J. J. II., British petrography, 1888, P1. SVI, fig. I; .inn. Rept. Geol. Survey Great Britain, 1S98, pp. "2. 23. 
Hill, J. B., ond Kynaston, II., On kentsllenite and its relations to other igneous rocks i n  hrgyllshire: Quart. Jour, c:eol. Yoc. London, x-ol. ;,I;, 

1x00, Dp. 531-553. 
Pksson, L. V.. Trventiet:~ I n n .  Rept. G. S. Geol. Surrey. pt. 3, 1W0, pp. U9-4S5. 
Tarassenko, B., Ueber die Gesteine der Gabbrofamiliein den lireisen Radom~s i  u. Gitomler der Gouv. Iiielv u. 1-olhynien, 1S95. 
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of apatite. A rough approximation of the mineral composition, based on linear. measurement. 
is as f olloms : 

J f i n r ~ u l  conzposition oj ~l i~ , ,n~-pr /ro .re ,~c  n1o11;onite,fron1 A-icl~atilcc Tirllc!/ i -1-0. i ,. 
........................................................................... Alkali feld~par.. 20 

......................................................................... Soda-lime feldspar. 5 
Pyroxene ................................................................................. 29 

.................................................................................... Olivine 37 
Biotite ................ .. ...... ........ ....................................................... 9 

100 

Anotller variety is iniimntel>- associaiecl viitli this rock and contains similar large biotite 
plates. The grain is unel-en, 11-it11 plienocrj-sts of tile same mineral as \\-ere Sountl in tlle 
otller rocl;, in a finel- gmnula~. mass of feldspar and pvrosene. Both alkali and socla-lime 
feldspar are present. The former occurs in senomorpllic grains up to 0.5 millimeter in 
diameter. I t  is verj- fresh and limpid, sllo\~*s no hi-inning, and llas a lower index or refraction 
than the balsam. Sections nearly norinal t o  tlie positire bisectris ga-re angles of Go,  go, and 
12" to tlle basal clearage. -4lrnost invariabl- tliis felcls~,ar slloms a peculiar faint striation 
risible o n l ~  under the lligller poTiTers of the microscope and an intergrov-ill of another material 
Ilaving a sIigIrtly higher iritfex of refraction, ~i~llicli occurs as faint finger-like processes spreading 
out into the substance of tlle feldspar. Some grains are full of this material, ~vllich gives rise to  a 
texture resembling the graphic texture. This tcsture is especially well developed in some 
places where the encls of the soda-lime feldspar individuals come into contact with tlle alkali 
feldspar. Resides this intergrowth, there are minute crystals of a socla-lime feldspar enibeclded 
in the alkali feldspar. The finger-like processes are p r o b a b l ~  socla-lime feldspar. Black hairlike 
inclusions are very common. These range in length up to 0.10 miIlimeter and in $aces tlle clear 
feldspar substance is almost entirel- filled 'ivith them. Besides the inclusions ahore mentioned, 
which are characteristic constituents oS this feldspar, there are many poikilitic grains of 
pyroxene. The composition of the feldspar Firas assumed to be that of a soda ortlloclase with 
a proportion of ortlioclase to albite of 1: 1. Tlle soda-lime Selclspar occurs in automorphic 
individuals with tabular development parallel to the plane 010 and 3 millimeters or more in 
tlickness. I t  is twinned according to the albite, Carlsbad, and pericline laws, and zones are 
prominently developed. Study of the albite and Oarlsbad twinning conlbinatioas and 010 
sections with zonal development shou~tcl a composition ranging from that of basic labradorite 
to that of oligoclase. The soda-lime feldspar is free from the inclusions and intergrow-ths so 
common in the dlcali feldspar. The ferrornagnesian constituents are biotite, pyroxene, and 
olivine. The biotite occurs in plates up to a centimeter in diameter. It s h o ~ ~ - s  a skeleton- 
like development and is in man-  places discontinuous, ~vitll the same orientation, however, 
throughout tlle disconnected areas. I t  is s t rongl~ pleochroic, the color rarying froin a pale 
straw to a deep reddish bro~vn. There are phenoc~-~-sts of pyroxene like that of the rocli 
variety first described up t o  about 1.5 millimeters in diameter, but automorpllic development 
is not so common as in the other 1-ariety. The pyroxene crystals are generally irregular in 
shape, wit11 frq-ed, ragged edges and detached grains. Around the edges of man:- of these 
monoclinic p-roxenes are to be found small prisms of 11:-perstllene. The olivine is not so 
abundant as in the other rock. It is ref:- clear and fresh and has an irregular outline bor- 
dered bg granular pyroxene. Tllere is little magnetite in the rock aside from that along tlle 
fractures of the olivine. h small proportion of apatite is present. 

The quantitative mineral composition of this rocli is approsimatelj- as f o l l o ~ ~ s :  

Jfineral composition of olivine-pyroxene monzonite from h7ichatna Trulle?j (ATo. 2 ) .  

--.. ................................................................... Alkali feldspar.. ... 34 
Soda-lime feldspar.. ........................................................................ 22 

. Pyroxene 26 . . Biotite ..................................................................................... 14 
Olivine .................................................................................... 3 
Apatite and magnetite.. ................-................................................... 1 

- 
10C 
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The third variety is a porphyritic rock containing phenocrysts of olivine, monoclinic 
pyroxene, and beautiful skeleton forms of biotite, like those of the rock just described hut 
more delicately developed. The groundmass is composed of finely granular pyroxene and 
feldspar. There are forms transitional to the second variety, the olivine decreasing and the 
biotite losing its prominence and being tlispersecl in minute flakes throughout the rock. 

The fourth, most basic variety contains phenocrysts of the nearly colorless monoclinic 
pyroxene, many of which are bordered with biotite in a finely granular mass composed mostly 
of rounded pyroxene grains. Some of the pyroxene phenocrysts have become a granular 
mass containing in places spongy pyrite. 

In  the first variety described the rather coarsely granular texture resulting from crystal- 
lization is ~erfect ly  preserved. All the other varieties have suffered deformation and recrys- 
tallization. Deformation has manifested itself most prominently in the granulation of the 
pyroxene, automorphic individuals becoming broken, bordered with granular pyroxene, and 
finally reduced to a granular mass. 

Composition was calculated from measured sections, one of which represented an acidic 
type and the other a more basic type. Tlie average of both analyses is given below: 

Approximate chemical compositio?~ of olivine-pyrozene tnonzonite from Kichatna V a l l ~ y .  

n rie203 .......................................... 4.00 Ti02 ............................................ .60 
FeO ......................................... 6.00 P205 ....................................... .20 
XgO ........................................... 14.00 1 COz .............................................. 10 

Similar rocks occur in the Rampart region but (lo not show so wide a range of composition. 
They are founcl in Lyav Mountain and in the hills at the head of Glenn Creek, a tributary of 
Baker Creek. Tbe proportion of olivine is less, some sections containing none, and a few 
@rains of primary quartz are present. Tlle texture is essentially the same as in the rock of the 
b. hichatna Valley and the biotite has an equally prominent development. 

I n  association with these rocks east and southeast of Little Minook Creek are a few dikes, 
ranging up to 20 feet in tllickness, of a dark-gray medium-grained rock with large individuals 
of biotite and pyroxene in a mass of smal! biotites and interstitial feldspar. The rock is 
generally much decomposed. The feldspar forms a comparatively small proportion of the 
rock and in one section TVUS found to be orthoclase. The biotite is very abundant in l a t h  up 
to 4 millimeters in length, most of them bordered by dark rims and many having faded interiors. 
I t  is largely altered to chlorite and locally includes many minute rutile needles. The color- 
less pyroxene occurs in forms up to 3.5 lnillimeters lonq sncl 0.75 millimeter wide ant1 hns 
untlergone considerable alteration periplierally nncl n lon~  fractures. lluch chlorite, kaolin, niid 
calcite and some quartz are alteration product.;, ant1 here ant1 there pyrite is present in consicl- 
erable quantity. 

DIORITIC ROCKS. 

The tlioritic rocks of the Mount 1lcKinley r e ~ o n  are separable into grnnodiorite ~ ~ n d  quartz 
cliorite, of which the liltter is the more conunon. 

GRANODIORITE. 

In the hills west of llount Susitiza is :L inediuni-grained roclr containing quartz, ~~llcnli 
felclspar, plagiociase, biotite, a little hornblende, magnetite, apatite, zircon, anti titunite. Quartz 
clncl plagioclase are the niost abunclnnt constituents. The plagioclase occurs in inore or less 
automorphic indil-iclui~ls up to -1 millimeters in lenqth. Zonal clevelopment is common, ancl in 
composition the mineral ranges from ~~nclesine within to n narrow zone of albite on the 

66897°-11-10 
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outside. The proportion of alkali feldspar present is rather small. The section stuclied had the 
coniposition of granodiorite, ancl the rock is an intermediate type between the granite of Mount 
Susitna and the head of the Kichatnn and the quartz diorite of the Alaska Range. 

QUARTZ DIORITE. 

Tne numerous moraines wlich protrude from the  alleys along the western base of the 
Alaska Range are composed largely of intrusive material from the peaks withill the range, and 
most of i t  is granitic in appearance. This material, so far as i t  is represented b?- tlie frag- 
mentary collections, is separable into granite and quartz diorite, ancl the latter is the more 
abundant. Associated with these granular rocks are porphyries of about the same composi- 
tion occurring as apophyses or as independent masses of considerable prominence. The most 
general characteristic of all these rocks is the presence of abundant quartz and the predominalice 
of soda-lime feldspar. The rock is composed essentially of quartz, alkali feldspar, soda-lime 
feldspar, biotite, and hornblende, with apatite, magnetite, zircon, and rarely allanite as acces- 
sories. There is a greater proportion of the salic constituents. The biotite and hornblende 
generally occur in close association, forming masses 12 millimeters in diameter, which gives the 
rock a somewhat patchy appearance. The largest size of grain observed was 10 millimeters. 
Fine-grained varieties occur but are not abundant. The composition varies with the proportion 
of dark constituents, and these vary with respect to one another, giving rise to dark-gray rocks 
with much biotite and little or no hornblende and those in which hornblende is the most abun- 
dant ferromagnesian mineral. The material is separable into three varieties. 

An example of the first and most common variety was collected from the moraine about 5 
miles southeast of the camp of August 5, opposite the base of Mount McKinley. I n  texture 
and composition it agrees with the description already given. The quartz is clear, contains 
minute liquid inclusions, some of which are arranged in lines, and occurs in interlocking areas 
and in irregular grains between the feldspars. Undulatory extinction is common and some 
of. the quartz has been somewhat crushed. The rock contains a few fragments of altered ortho- 
clase. The plagioclase occurs in stout, lath-shaped, more or less automorphic forms up to 3.5 
millimeters in diameter. It is comparatively fresh and clear, containing minute dustlike inclu- 
sions and showing a h e  development of zonal growth. Inclusions of various nature are espe- 
cially abundant between successive zones. Twinning is common according to both the Carlsbad 
and the albite laws and in some places according to the pericline law. In  composition tlie 
plagioclase ranges from labradorite to oligoclase. The average composition was assumed to - 
be Ab,An,. There is but little alteration. Some of the interiors have become a more or less 
opaque mass which seems to contain some sericite mixed probably st-it11 calcite and kaolin. The 
biotite occurs in foils up to 1.5 millimeters in diameter, varies in pleocl~roism from a clear yellow 
to brownish black, and has suffered considerable alteration to chlorite. The lamella are com- 
monly bent and in places faulted, showing that the rock has undergone some deformation. 
The hornblende is black in the hand specimen and dark green in the section, varying in pleo- 
chroism to a greenish brown. It ranges in diameter up to 1.5 millimeters, is partly automorphic, 
and is generally in close association with the biotite. apatite occurs in small crystals ant1 
much of i t  is inclosed in the biotite foils. There is little magnetite and zircon. 

A specimen collected from an intrusive mass on the western slope of the ridge a t  tlie ~\lestern 
base of Mount 3IcEilinle>-, about 6 miles southeast of camp So. 56, is a rather h e ,  evenly grained 
rock containing only a few grains exceeding 1 niillilneter in cliameter. In the hand specimen the 
rock is light gra7, showing a greater proportion of light constituents. The essential minerills 
are quartz, soda-lime feldspar, and biotite, with possibly a, little alliali feldspar. Therc: is a 
little apatite and zircon and secondarj- chlorite, kaolin, sericite, and epidote. The quartz con- 
tains many minute inclusions, flls the spaces between the feldspars, and locally forms large 
masses of granular quartz. The intliviclul~l grains attain a diameter of 3 millimeters. A little 
filling material of a doubtful character is present in many places between the plagioclase grains, 
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ant1 tlGs was considered to be alkali feldspar. The sodn-lime feldspar occurs in more or less 
automorphic equidimensional forms up to 1.5 niillinieters in diameter. I ts  most pronlinent 
feature is the zonal development. Sections cut ~aral le l  to the plane 010 exhibited a range of 
composition from basic labradorite with nn extinction of - 31 to an  acidic oligoclase with an 
extinction of + 13. I n  the sections studied the interiors were more basic than tlle outer zones, 
but there were numerous alternations of composition toward the surface. The average 
compositioll \ V ~ S  taken to be Ab,An,. The feldspar is twinned according to the Carlsbt~d, 
albite, and pericline laws. The biotite is similar to that already described. It is considerably 
chioritized ancl there is some epidote. The rock also contains apatite and zircon. 

Half a mile above camp KO. 54 is the terminntion of a moraine composed of material part 
of which has probably been derived from Mount Foraker. A specimen taken from this moraine 
is a dark-gray, fine, evenly grained rock containing a large proportion of dark constituents. 
The essential constituents are quartz, soda-lime feldspar, biotite, ant1 hornblende. There is 
possibly a little alkali feldspar. The rock contains consiclerable apatite, m:lgnetite, and pyrite 
and a little zircon. Chlorite, kaolin, muscovite, and epidote are secondary products. The 
quartz fills the spaces between the other minerals, contains the usual inclusions, and in the 
larger individuals contains poikilitic feldspar laths. Few of the grains exceed 0.7 millimeter 
in diameter. The soda-lime feldspar occurs mostly as more or less automorphic lath-shaped 
crystals about 1 millimeter long, t~vinned according to tlle Carlsbad, albite, and pericline laws. 
Zonal development is very prominent. A stud?- of 010 sections showed a varii~tion in com- 
position from basic labradorite to oligoclase. The contacts between the feldspar and quartz 
are generally sharp. The feldspar is not only poilcilitic in the quartz but here and there has 
the same relation to biotite. The biotite is clear yellow to brown in color and occurs in foils 
up to 1 millimeter in diameter. The plates are locally bent and broken. It shows only a 
slight alteration to chlorite. The hornblende occurs in more or less automorphic forms, varying 
in size from fragments of 0.5 millimeter to minute grains, scattered irregularly throughout the 
section. I n  color it varies from brown to green. I t  is in places closely intergrown with the 
biotite. Apatite is abundant, the crystals attaining a diameter of 0.07 millimeter. 

By using the composition of the biotite from the granodiorite of El Capitan, Yosemite 
Valley,' and of the hornblende from a quartz diorite 4.6 miles south of Table Mountain, Cali- 
fornia, , chemical analyses were calculated for each of the three rarieties above described and an 
average for the series. The soda-lime feldspar was considered as Ab&n, and doubtful material 
in the measurements was distributed equally between that and orthoclase, giving perhaps a 
greater percentage of orthoclase than is reallj- present in the rock. 

A comparison of the approximate mineral and chemical composition is given in the follow- 
ing table, in which the numbers 1, 2, ancl 3 represent tlle three rarieties in the order of the 
foregoing clescriptions : 

Approximate mineral and chemical composition o f  quartz diorite of  the Alaska Range. 

Quartz.. .............................. ... 27.00 j 32.00 
Alkali feldspar.. ................... ......I 4 . 5  5.00 
Sodalime feldspar ....................... - 1  47.00 * 22.00 
Biotite. .............................. ....' 9.00 10.00 
Hornblende.. .......................... .: 11.00 ......... .! 

. Apatite.. ................................ 1 (j0 ! 
Magnetite.. ............................. .' ,813 1.. ........ .20 I Pyrite ................................... .I . ............. 
Zircon .................................. . . I  .a0 / . l o  j 

11.00 SiO? ...................................... 
1.30 ' A1203 ................................... 

5(LW Fez(J3. .................................. 
1:,.0o ' .  FeO ..................................... 

.................................... 

.................................... 
.......I ............................. 

..................................... 
................................... 

----- I I'zua .................................... 1 
..................................... i 99.20 ;( MnO 

I I I --- I I I 1 1  
99 95 1 100.33 / 99.25 

- 
1 Am. Jour. Sci., 4th ser., vol. 7, 1399, pp. 294-295. Bull. U. S Geol. Survey So. lGS, 1900, p. 190. 
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QUARTZ DIORITE PORPHYRY. 

The quartz diorite near the contact and the dikes from the parent mass are pray porphyritic 
rocks composed of quartz, plagioclase, biotite, and hornblende phenocrysts 3 to 4 niillimeters in 
diameter in a quartz-feldspar groundmass wit6 an average grain of about 0.04 millimeter. 
The quartz occurs as a few rounded and corroded phenocrysts, many of which show embay- 
ment, and as an abundant constituent of the groundmass. The stout, sharply defined crystals 
of plagioclase are fresh, attain a length of 2 millimeters, and are generally tabular after the form 
010. They exhibit albite, Carlsbad, and pericline twinning and zonal development. In  compo- 
sition the plagioclase ranges from an interior of basic labradorite to an outermost zone of acidic 
oligoclase. The biotite occurs in foils up to 0.5 millimeter in diameter, many of them having 
frayed edges from magmatic resorption. It  varies from clear yellou~ to brownish black in 
pleochroism and is intimately associated with the hornblende. The hornblende is pale green 
to colorless and shows but little pleochroism. I t  occurs in stout prisms up to a millimeter in 
length. There is considerable apatite, magnetite, and zircon. Chloritic material is abundant 
and other products of alteration are present in minor quantities. Small dikes of a similar 
character, generally much altered, were observed in the country rock (diabase). Many of these 
dikes are very finely granular and, close to the contact with the wall rock, aphanitic, with some 
traces of fluidal texture. 

The talus slopes at the foot of the conspicuous, sharply terminated mountain about 2 mIes 
from the camp of August 18, on Nenana River, are composed of a medium to fine grained por- 
phyritic rock varying in color from gray to brown. Brown is the prevalent color and gives the 
mountain as seen from a distance a rather striking dark appearance. In  the hand specimen 
of this rock are seen quartz and unaltered feldspars with scattering fine prisms of a black mineral 
in a fine-grained gray to brown groundmass. The rock contains quartz, plagioclase, hornblende, 
and pyroxene, with apatite and considerable magnetite as accessories. The phenocrysts are 
up to 3.5 millimeters in size and the grains of the groundmass range from 0.15 to about 0.03 
millimeters. Quartz occurs sparingly as phenocrysts but is abundant as a constituent of the 
groundmass. I t  is present in both angular and rouncled forms and attains a dlameter of 2.5 milli- 
meters. The plagioclase feldspar is the most abundant phenocryst . I t  contains many inclusions, 
shows albite, Carlsbad, and pericline twinning and beautiful zonal development, and occurs in 
equidimensional individuals up to 3.5 by 1.3 millimeters. A study of zones on 010 sectionsshowed 
a variation in composition from basic labradorite with an extinction of - 25 to acidic oligoclase 
with an extinction of + 12. Generally the interiors were found to be more basic, but in some 
sections intermediate zones more basic than the central portions were observed. The feldspar 
of the groundmass is similarly twinned and zoned. I t  occurs in more or less automorphic pris- 
matic forms flattened parallel to 010, and its composition is such as to give an extinction of 
- 14 within and of + 12 on the outer zone. The hornblende occurs in prisms up to 1 millimeter 
in length and 0.15 millimeter in width. In  pleochroism it varies from nearly colorless to a pale 
reddish brown. I t  .is largely altered to a yellowish-brown opaque substance. The pyroxene 
occurs also in irregularly terminated, nearly colorless prisms up to 1.25 millimeters in length 
and 0.26 millimeter in width. The largest angle of extinction observed was 44". A cross 
parting is common ancl alteration has taken place along the parting planes and fractures, giving 
rise to a greenish substance which separates the crystal into grains. The encl result of the alter- 
ation of both hornblende and pyroxene is the production of much yellowish-brown ferruginous 
substance, probably limonite, w11ich imparts the color to the rock. 

The material of this mountain is similar to that of the western slope of the ridge at the 
western base of Mount IlcKinley, near the contact of the intrusive with the inclosing rock. 

The most general characteristic of the dioritic roc& is the predominctnce in both the granu- 
lar ancl the pprph-ritic forms of tbosc members which contain a large proportion of quartz in 
association wit11 socia-li~lie feldspar. 
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DIABASIC AXD UABBROIC ROCHS. 

One of the common igneous rocks is a diabasc varying in color from dark greenish gray to 
black and in grain fronl a porphyritic rock containing narrow feldspar prisms up to 2 centimeters 
long in a medium-grained groundmass to a rock so fine in grain as to appear aphanitic in the 
hand specimen. This rock occurs abundantly along the northwestern base of the Alaska 
Range, where it expresses itself in the topography as a series of rough, (lark-colored minor 
peaks and ridges in strong contrast with the sedimentary rocks. I t  is found also in the 
emtern foothills of the .Alaska Range antl in the Rampart region. I t  includes probably both 
intmlsive and extrusive rocks. Some of them are fresh and some are largely altered. Mineral- 
ogically they are divisible into diabase, quartz diabnse, and olivine diabase. 

9 dark-colored hill a t  the western base of the ridge west of Mount McKinley, about 5 miles 
of the camp of August 5, is a type of the diabnse. The rock is greenish black in color and 

of medium to h e  grain; in the hand specimen it is apparently composed of a greenish-gray 
mineral and a black mineral in about equal proportions. Under the microscope it resolves 
itself into an ophitic fabric of plagioclase and pyroxene, with abundant accessory ilmenite. 
The plagioclase occurs in forms tabular after the plane 010 with a length of edge up to 2.5 
millinleters and a thickness across the twinning of 0.3 millimeter. I t  is twinned according 
to the albite and Carlsbad laws and shows zonal development. ,4 study of the twinning combi- 
nations and of zones on the face 010 shows a variation in composition from that of a basic 
labradorite to that of a basic oligoclase. It is partly altered and the white opaque patches of 
alteration product which form locally in the crystal contrast with the clear feldspar substance 
about them and produce a mottled appearance. The interspaces are filled with areas of brownish 
augite up to 2 millimeters in diameter. Some of the augite is twinned and here and there it 
shows a basal parting. There is some alteration to a serpentinous substance mixed with secondary 
quartz. The ilmenite occurs in granular masses up to 5 millimeters in diameter and in plates 
a millimeter in width. I t  is partly altered to leucoxene and contains pyrite in small grains 
scattered thickly through it. ' 

The rock at this locality is in close relation with the intrusive quartz diorite already 
described, and many porphyritic dikes of the diorite penetrate the diabase, becoming very -fine 
grained to aphanitic where they come into contact with it. Both rocks are cut by small 'likes 
of a fine-grained diabase composed of predominant feldspar, pyroxene, interstitial quartz, and 
ilmenite. The feldspar is twinned and zoned and in composition ranges from basic labra- 
dorite to oligoclase. An even more acidic feldspar is also present. One section studied con- 
tains considerable interstitial feldspar with a lower index of refraction than the balsam and 
an extinction angle on n section normal to the positive bisectrix of 10". I n  many crystals 
the basic interior is decomposed, leaving only the outer acidic zone. The quartz is of primary 
origin and fills the interstices of the feldspar. The pyroxene is a limpicl rose-colored augite 
with greenish border. It occurs in the angles between the feldspar antl in places has a some- 
what automorphic development. The rock contains considerable green chloritic substance, 
secondary quartz, and calcite. Some of the ilmenite is altered externally to leucoxene. 

The hill about a mile east of the camp of July 30 is composed mostly of successive ridges of 
dinbase with a northeasterly trend separated by sedimentar~- rocks. The roc!< valies in grain 
from coarse to fine and weathers to a reddish color. Under the microscope it is seen to be 
porphyritic in texture and to be composecl mostly of feldspar and s bro~rnish i~ugite, both 
prismatically developed. The interstices are filled ~vith a h e  graphic intergrowth of quartz 
;~nd  feldspar, probablv orthoclase. The plagioclase attains a length of 3 millimeters ancl has 
;L nearly square section of 0.5 millimeter. I t  is ~nostly clecomposed to a mass of kixolin showing 
only traces of the albite twinning. The prismatic augite attains s length of 2 miliimeters :ind 
:L diameter of C.5 millimeter and shows generally automorphic development. ,4 parting is 
common, parallel to the basal plane. Much of the augite is altered along the asis of the prism 
to serpentine. There is abundant ilmenite partly altered to leucoxene. 
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The above descriptions of the augite and quartz diabase a p p l ~  to the rock occurring at  numer- 
ous localities along the base of the mnge. I n  man!- places there is much uralite and bro\~-nish 
llornblende of secondary origin; epidote, quartz, and calcite are common alteration products. 
The feldspars generally vield to alteration before the pJ7rosene. Sections were founcl sho\ving 
masses of compamtire1)- fresh pinkish augite \\-it11 sliarpl- angular outlines in an opaque m iss 
of alteration products. In  some localities biotite occurs in considerable proportion. I 'me~~i te  
is generally present as an abundant accessory and here i~nd there is so abundant as to form 
an important constituent of the rock. Aiong the contact \\-it11 the sedimentary rocl;s the 
diabase is verj- fine grained and of a dark-green color. In  one place, at u contact \t-itll lime- 
stone, the diabase includes fragments and slabs of the limestone altered L O  a mass of calcite and 
serpentine. 

A similar diabase occurs east of tlie Alaska Range near the camp of June 11. Along the 
trail there are large outcrops of a gra~isli-green medium-grained rock conlposed of a feldspar 

development similar to that described above and a comp~sition ranging from that of 
labradorite to that of oligoclase, a little quartz in the angles of the feldspar, much brownish 
augite, and accessory ilmenite and apatite. The rock contains a considerable quantlty of a 
chloritic alteration product. Closely associated with this rock is a dark grayish-green fine- 
grained rock with plagioclase and green hornblende which is in the ophitic relation to the greatly 
alterecl feldspars and has probably been derived from the augite. 

In  the small stream opposite the camp of August 11 were found many bowlders of a hard, 
tough rock. A specimen collected from one of them proved to be an olivine diabase. I t  is an 
even-grained rock of a dark color flecked wit11 green and white and composed of olivine, pyroxene, 
and plagioclase, with a little biotite and accessory magnetite. The feldspar is a basic labra  
dorite twinned according to the Carlsbad and albite laws and partly altered to a mixture of the 
usual decomposition products. Here and there i t  is seen in the ophitic relation with the pyrox- 
ene. The proportion of feldspar is small compared with that of the other constituents. A 
little biotite is present, in many places forming rims around the magnetite grains. The bulk of 
the rock is composed of a nearly colorless, slightly pleochroic pyroxene and olirine in about equal 
proportions. The pyroxene has an angle of extinction as high as 4 C 0  on 010, locally shows 
twinning, and varies in pleochroism from a pale green to a reddish tinge like that of hypersthene. 
I t  is automorphic in character and fills man -  of the spaces between thc olivine grains. The 
olivine occurs in somewhat rounded forms up to 3 millimeters in diameter. It is comparatively 
fresh, showing only dark lines of magnetite grains along the fractures. The rock contains some 
apatite ancl magnetite. A greenish substance and a small amount of brownish hornblende are 
among the alteration products. 

The stream gravels indicate that highly altered gabbro occurs locally in connection with 
t.he diabase. These rocks are composed of basic feldspar, diallage, and olivine, all in an advanced 
stage of alteration. Fra-sments occur also that were originally composed mostly of olivine and 
are now a mass of serpentine, tremolite, talc, magnetite, and pyrite. 

EXTRUSIVE ROCKS. 

RHYOLITIC ROCKS. 

I n  the foothills along the northwestern base of tlle Alaska Range, northeast of the camp 
of August 17, are extensive outcrops of a gray porphj-ritic roclr containing many phenocrysts 
of feldspar up to 7 millimeters in diameter and fewer of quartz somew-hat smaller in size in an 
aphanitic dark groundmass. The quartz is somewhat fractured ancl clouded with minute 
opaque inclusions. The feldspar is mostly kaolinized but includes both orthoclase and plagi- 
oclase. A small amount of biotite is scattered irregularly through the section, which sho\vs 
also considerable magnetite and a little zircon. This rock has apparently a wide distribution 
in the area. 

About 2 miles north of the camp of August 1 volcanic material occurs in the stream 
One specimen found contains numerous porphyritic white feldspar phenocrysts 8 millimeters in 
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length and about 4 millimeters in width and smaller quartz phenocrysts embedded in a dark- 
red aphanitic groundmass. The quartz occurs in forms with both prism and termination and 
in rounded ant1 corrodetl grains, many of which show embayment. I t  is considerably fractured. 
The feldspar is mostly decomposecl. In  one section it proved to be ortlloclase. The ground- 
mass is in the main aphanitic ant] contains much finely disseminated iron ore, chiefly limonite. 

Three miles east of the camp of August 2, in the talus slopes, occur fragments of a dark- 
gray aphanitic rock made up of a few small, rounded pllenocrysts of quartz ant1 feldspar in n 
fhely granular to aphanitic groundmass. Flow structure is prominently developed, being 
marked by the arrangement of minute opaque particles along the lines of flow. Branching tufts 
of crystallites are abundant and a chloritic or micaceous mineral is disseminated in minute 
particles through the section. Both magnetite and limonite are abundant. Bowlders of the 
rock containing inclusions of the quartz diorite were observed in the stream gravels. Some 
specimens contain, besides the phenocrysts of quartz and feldspar, fragments of brown volcanic 
glass. The groundmass is a yellowish perlitic glass with many microlites. 

Rhyolitic rocks occur also in the schists south of Healy Creek, a tributary of Nenana River. 
They have broken through the schists to the surface, forming conspicuous white towering 
masses with some associated volcanic glass. Along their margins fragments of the schist are 
included. Andesitic types are associatetl with them at this locality. 

METAMORPWOSED RHYOLITIC ROCKS. 

Large areas of porphyritic schists of igneous origin, with some cherts, occur in the northern 
foothills of the Alaska Range, overlying Paleozoic carbonaceous slates and quartzites. They 
form prominent east-west ridges over an area about 35 miles wide, rising 1,500 to 2,000 feet 
above the valleys. The color of the rocks ranges from dark gray to white. The prevailing 
tone is whitish from the weathering of the large amount of feldspar that the rock contains, 
and much kaolinic material has been contributed by it to the Tertiary deposits which occupy 
large areas in the intervening valleys. These schists have in most 1ocaIities steep dips to the 
north and strike northeast and southwest. 

The rock is composed essentially of angular quartz and perthitic orthoclase grains in a 
fmely granular mass of quartz, feldspar, and sericite. I t  contains a few small grains of plagio- 
clase (albite), apatite, zircon, magnetite, limonite, chloritic material, and some specimens show 
considerable carbonaceous matter. 

There are in general three varieties-a coarse-grained variety with feldspars up to 4 centi- 
meters in diameter, a medium-grained variety (the most common) with feldspars 2 to 5 milli- 
meters or more in diameter, and a fine-grained variety, which is a glistening sericite sclht 
containing only a few isolated grains of quartz and feldspar. At all localities the rock exhibits 
a greater or less degree of schistositp, but this is due rather to the arrangement of the fine mate- 
rial than to that of the quartz and feldspar phenocrysts, some of which are conspicuously 
oriented with their longer diameters nearly at right angles to the general structure. The 
sinuous lines of fine material wind irregularly among the grains in directions governed by their 
presence. At some localities the coarse feldspars have, through weathering, been released from 
the groundmass and their crystal forms and edges are well preserved. LTnder the microscope 
the same is found to be true of much of the quartz, and both quartz and feldspar exhibit many 
cases of embayment. In the least altered rocks the phenocrysts are still in the original relation 
to the groundmass and the structure of the groundmass is preserved; it is microgranitic, grano- 
phyric, or flow structure. In the rocks showing flow structure protoclastic phenomena are 
common. 

In the process of metamorphism the quartz and orthoclase have been fractured, and in 
every specimen observed where this had happened with the two in contact the quartz had 
yielded to the feldspar. Both quartz and feldspar have in many places been converted into 
augen by the physical and chemical shifting and deposition of material about their margins. 
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A striking characteristic of these rocks is the universal presence of quartz-feldspar and feld- 
spathic veins. Some of these are a foot or more thick, but most commonl>- they are but a 
few inches thick ancl of small extent. The minutest gash veins cutting the rock in variaus 
directions are of the same character. One such vein in thin section proved to be conlposecl 
for the greater part of its length of feldspar alone. Toward the termination of the vein, how- 
ever, the feldspar is limited to the margins of the vein, from ~vhich automorplic forms extend 
toward the middle of the vein, xvhere the!- become embedded in granular quartz. The feldspar 
is perfectly fresh, has a lower index of refraction than balsam, and on sections cut at  right 
angles to the positive bisectris gave angles of 5" to 7' to the basal cleavage. KO evidence of 
twinning was observed, and in composition it is probably a nearlj- pure potash feldspar. So 
far as noted there is no indication that these feldspathic veins are connected with intrusion, 
and their material has apparently been derived from the roclrs in which they occur. They are 
unmetamorphosed. In  the lack of detailed observations and studies of these veins any explana- 
tion can have but a tentative value, but it would seem that the inciting cause is to be found in 
the process of metamorphism to which these rocks have been subjected. 

So far as the evidence is available, this assemblage of gneisses and feldspathic schists con- 
prises highly metamorphosed rhyolitic rocks, presumably flows, with possibly some associated 
tuffs and quartz-feldspar sediments. 

ANDESITIC ROCKS. 

The andesitic rocks are r ough l~  separable into dacite, hornblende andesite, augite andesite. 
and hypersthene andesite. 

A large area in the mountainous country south of Skwentna River is occupied by volcanic 
rocks with associated breccias and tuffs. These form a complex, heterogeneous mass of rocks 
with a wide range of composition and texture. I n  composition they range from augite andesite 
to rhyolitic types; in texture from rocks that are holocrystalline to those composed almost 
entirely of volcanic glass. They show changes in composition within narrow limits and the 
relations of the different rocks have not been determined. They occur probably as alternating 
sheets of varied composition. 

The most common rock is gray, brown, or black in color and contains abundant plagioclase 
and scattered quartz phenocrysts in an aphanitic groundmass. There is a little biotite in the 
rock, apatite and magnetite are the common accessories, and chlorite is the most abundant 
alteration product. Much of the quartz is automorphic, but some of it is much corroded, and 
locally it shows embayment. The plagioclase occurs In stout prisms up to 2 millimeters long 
in places thickly crowded m the glassy groundmass. It is twinned according to the albite, 
Carlshad, and pericline laws and ranges in composition from andesine to oligoclase. Many of 
the crystals are bent and broken by the motion of the groundmass before solidifisation. The 
groundmass as a rule exhibits flow structure and contains many microlites. 

The holocrystalline variety is porphyritic, containing numerous phenocrysts of plagioclase 
of the same composition as the other in a spherulitic and granophyric groundmass of feldspar 
ancl some quartz. This variety also contains a little biotite and decomposed hornblende. 
Magnetite and apatite are present as accessories, ant1 chlorite and epidote are the most abundant 
alteration products. 

Interbedded with these rocks are bands composed almost entire1~- of volcanic glass or of 
glass containing zones of the plagioclase crystals or other zones containing much quartz. 

The most basic andesitic rock observed in this area is an augite andesite containing basic 
labradorite and augite phenocrysts in a groundmass composed of feldspar microlites, magnetite, 
and glass. Flow structure is prominently developed, and the rock has rounded cavities filled 
with chloritic substance. 

Associated with these intermediate rocks are volcanic breccias and tuffs of widely varying 
composition within the limits of the rocks from which they have been derived. 

dbout 3 miles southeast of the camp of August 11 is an isolated knob of hornblende andesite 
occurring in sandstone and conglomerate. The rock has a splintery fracture, is of a bluish- 
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gray color, and contains numerous brilliant brownish-black hornblende prisms up to 5 milli- 
meters by 1 millimeter in an aphanitic groundmass. A closer examintation reveals many 
glistening cleavage surfaces of small feldspar phenocrysts. The feldspar is an automorphic 
plagioclase occurring in a11 sizes from phenocrysts 1 by 0.5 millimeter and tabular after the 
face 010 to the minute feldspar microlites of the groundmass. It is twinned according to the 
albite, Carlsbad, and Baveno laws and shows a fine zonal development. In  composition i t  
ranges generally from a basic labradorite to an acidic andesine. One section parallel to the 
face 010 showed an interior of a composition which gave an extinction of -32" and an outer 
zone with an extinction of -22"; another gave an extinction of -23" for the central portion 
and -7" for the outer zone. The combinations of Carlsbad and albite twins gave nearly 
symmetrical extinctions of 28" and 29' in one member and an extinction of 40" in the other. 
This is the most basic feldspar observed among the twinning combinations and its composition 
approaches that of anorthite. Inclusions of a yellowish substance are numerous and are 
generally arranged with reference to zones. Here and there decomposition has attacked the 
interiors and in many places a shell of clear feldspar incloses a porous mass of inclusions and 
products of decomposition. The hornblende varies in size from the irregularly terminated 
prisms a fcw millimeters in length and having sharply defined automorphic cross sections to 
angular fragments and minute grains. In  color i t  ranges from a pale transparent brown to a 
dark opaque brown. The borders are generally resorbed. The rock holcls numerous prisms 
square in cross section and attaimng a maximum length of nearly a millimeter. These prisms 
are composed entirely of alteration products, probably from pyroxene, of which calcite is the 
most abundant. The rock contains also some apatite and considerable magnetite. The ground- 
mass is composeci of very minute feldspar crystals embedded in a feldspathic base. The propor- 
tion of phenocrysts is variable. In one section they are thickly crowded; in another there is 
a greater proportion of groundmass. 

Hornblende andesites occur also in Jumbo Dome, north of Lignite Creek, a tributary of 
the Nenana. The rock is predominantly black, being made up of brilliant hornblende pheno- 
crysts up to a centimeter or more in length in a finely granular groundmass flecked withplagio- 
clase phenocrysts. Under the microscope, in addition to these two minerals, a few augiteand 
olivine phenocrysts are observable. The hornblende is brown, with resorbed borders. The 
plagioclase is zoned, its central portions approximating anorthite in composition and an outer- 
most border being basic oligoclase. The groundmass is predominantly feltlspathic and contains 
also small prismatic augites. The mode of occurrence a t  this locality is probably that of a neck 
penetrating the schists. 

About 6 miles northeast of the camp of August 7 occurs a dark-rea rock composed of 
medium-grained phenocrysts in an aphanitic base. The phenocrysts are plagioclase, hyper- 
sthene, and hornblende. The plagioclase occurs as fresh automorphic individuals up to 4 milli- 
meters in diameter tabular parallel to the face 010. It is twinned according to the albite and 
Carlsbacl laws and shows pronounced zonal structure. In  composition it ranges from basic 
labradorite to oligoclase, the central portions of the individuals giving extinctions to basal 
cleavage on sections parallel to 010 as high as -31". The pyroxene consists mostly of hyper- 
sthene in prisms from 1.3 millimeters in length by 0.4 ruillimeter in width to small, slender forms 
in the groundmass. It shows the characteristic emergence of the negative bisectrix on sections 
parallel to 100 and the pleochroic colors varying from a pale green to a yellowish tint. I t  
commonly shows rt cross parting. Rere arlcl there are prisms bounded by a narrow zone of 
augite. A small amount of hornblende is present. It occurs in prisms up to 1 millimeter in 
length by 2 millimeters in width, which consist mostly of a dense mass of magnetite grains 
inclosing a small quantity of the original substance. I t  is strongly pleochroic, varying from a 
clear yellow to a deep reddish-brown color. The groundmass is composed of plagioclase laths, 
much iron ore, mostly limonite, and some glass. Many cavities are lined with concentric layers 
of quartz. This rock is similar in composition to andesites collected by Mendenhall in the 
Mount Wrangell region. 

1 Vendenhall, 7Y. C., Geology of the central Copper Ri\-er region, .\laska: Prof. Paper U. S. Geol. Surrey No. 41, 1906, pp. 57-ljl. 
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BASALTIC ROCKS. 

The rocks near the camps of July 23 and 24 are aphanitic dark-green rocks with phenocrysts 
of plagioclase in a fine-grained groundmass composed mostly of augite with scattering feldspar 
laths. The rock is probably part of n bosnltic flow. T-olcanic rocks and tufls form a large 
part of tile igneous material in the Rampart region and have been describetl bj- S1)urr.l 

Olivine basalt occurs sparingly at  several localities in the Kenann T-alle- ant1 tlze Rampart 
region and is probably present as both flows and dikes. The appearance, composition, and 
texture are for the most part uniform. The rock is dark gray to black, is colnposetl of plagio- 
clnse, augite, olivine, magnetite, and apatite, quantitatively present in the order given, and 
locally a small amount of biotite. General1~- the proportion of plagioclase is such that tlle 
augite is distributetl through the section in snlall grains occupying angles between the feldspars. 
With a larger proportion of augite the opllitic texture becomes prominently tleveloped. Glass 
is present in some of the thin sections and here and there are amygdular cavities fillet1 with 
limonite, calcite, and concentric layers of granular ant1 chalcedonic cluartz. 

The feldspar occurs in forms tabular parallel to the face 010 and a millimeter thick. It 
shows albite, Carlsbad, and pericline twinning and zonal development. In  composition it 
ranges from basic labradorite to oligoclase. The pyroxene is a rose-colored, probably titan- 
iferous augite. I t  occurs mostly in minute xenomorphic angular fragments filling the spaces 
between the feldspars but has also less commonly a somewhat automorphic development to 
a diameter of 1.5 millimeters. Olivine occurs in grains about 1 millimeter in diameter, with 
irregular outline and a partial alteration to a reddish substance resembling iddingsite. Biotite 
is present in irregular foils and borders some of the magnetite grains. Granular magnetite is 
scattered throughout the rock. Apatite is locally present in considerable quantity. 

I n  the stream gravels near the camp of August 20 were found fragments of a veryfine grained 
grayish-black rock composed of orthorhombic and monoclinic pyroxene, plagioclase, olivine, 
glass, and much fine dust. The olivine occurs sparingly and only as phenocrysts. I t  reaches 
a diameter of 3 millimeters and is but slightly altered. The bulk of the rock is fresh ortho- 
rhombic pyroxene thickly crowded in prisms up to 1 millimeter in length by 0.1 millimeter 
in thickness, with a prismatic cleavage and cross partings. I t  is colorless, shows no pleochro- 
ism, and has a parallel extinction and a low birefringence. Most of these prisms have a thin 
outer zone of monoclinic pyroxene with an extinction as high as 37", higher relief, and higher 
interference colors. In some prisms this outside layer is so thick as to leave but a slender axis 
of the orthorhombic pyroxene. Under crossed nicols the contrast in birefringence between 
the interior with its low color and the exterior zone of monoclinic pyroxene with its bright- 
yellow or red color is very striking. A few entire prisms are of tlze monoclinic variety. The 
plagioclase is present in moderate quantity and is crowded between the pyroxene in minute 
forms showing albite twinning and tabular development parallel to tlle plane 010. Tlzere is 
considerable transparent glass between the feldspars and the pyroxenes. This is crowded 
with opaque globular bodies which are probably magnetite. 

CONTACT ROCKS. 

The sedimentary rocks of the Alaska Range and of the ~ a m ~ a r t  region are largely black 
highly carbonaceous slates, and these hare been altered at many localities by the igneous intru- 
sions to a black, tough, banded hornfels which rings under the hammer and has been some- 
times called by the miners "iron rock." The abundance of this material in the stream gravels 
throughout the region indicates tlze extent of such alteration. There are many varieties of 
this roclc, and doubtless detailed investigation would reveal the presence of rocks representing 
the various stages of metamorphism characteristic of typical localities where such contact 
phenomona have been studied. The'tmo kinds most conimonly found are characterized by 
the development of anclalusite and cordierite. 

1 S p m ,  J .  E. ,  Geology of Yukon gold district, Alaska: Eighteenth Ann. Rept. U. 9. Geol. Survey, pt. 3, 1898, pp. 23+29. 
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A black heavy rock containing brilliant andalusite crystals resembles a porphyritic igneous 
rock. The andalusite occurs in crystals up to 6 millimeters long by 2 millimeters wide. It is 
colorless and exhibits no pleochroism and the exteriors of most of the sharply automorphic 
crysials are perfectly fresh. The interiors are crowded with alteration products and inclusions, 
and in some places there are only elliptical spongy areas of the mineral. These are embeclded 
in a mass of quartz grains and biotite flakes thickly strewn with grains of a black substance, 
much of which is probably carbonaceous matter. Pyrite is locally abundant. Float of this 
material was founcl in the gravels of streams near Tyonsk, along the western base of the 
Alaska Range, and in the Rampart region, where it is in close relation wit11 the intrusive granitic 
and monzon'itic rocks. 

A similar rock containing cordierite in place of andalusite was found in the Alaska Range 
among the glacial bowlders derived from the mountains at the head of Caldwell Glacier and 
again near the camp of August 5, in the gravels of the glacial stream which originates in Peters 
Glacier. The rock is a fine-grained brownish-black schist flecked with numerous small glisten- 
ing areas. I n  the thin sections these resolve themselves into rounded elliptical or hexagonal 
sections of cordierite formed by the interpenetration of three individuals. These areas contain 
much magnetite and other inclusions and merge gradually into the surrounding finely granular 
mass of quartz, biotite, and carbonaceous matter. Pyrite is abundant in the rock derived 
from Peters Glacier. 

SUMMARY. 

The granitic and dioritic rocks range in composition in the one direction through horn- 
blende granite, quartz-hornblende monzonite, and granodiorite to quartz diorite and in another 
direction from granite through pyroxene monzonite to olivine-pyroxene monzonite. Propor- 
tionally the quartz diorite and biotite granite are apparently the most abundant. The pres- 
ence of the olivine-pyroxene monzonite in the Slaska Range and in the Rampart region bears 
witness to the fact that the conditions for the formation of this rock were operative over widely 
separated areas, and its occurrence in other countries in similar association is further proof 
that this rock is one of the types to be looked for in areas of granitic and dioritic rocks. Through 
this rock there is a close relation of the granular and dioritic rocks to gabbroid olivine diabase 
and thus to the cliabases and basaltic rocks which are abundant in the Alaska Range and the 
Rampart region. 

The relationship of these rocks to one another is further accentuated by the clistribution 
of the essential minerals. Primary quartz occurs with great persistency not only in the mon- 
zonitic rocks, where it is found in a small amount even in some of the olivine-pyroxene monzo- 
nite, but also in the dioritic rocks, where it occurs abundantly. Its presence in some of the 
volcanic rocks forms transitional types between the rhyolites and andesites. A single thin sec- 
tion showing olivine eml?edded in alkali feldspar is expressive of the wide range of composition 

won. throughout the re,' 
The dioritic and granitic rocks belong, for the most part at  least, to the great mass of Meso- 

zoic intrusions, and the dioritic rocks appear to have preceded the granite. I t  is probable 
that the granitic and monzonitic rocks of the Rampart region were approximately contem- 
poraneous with those of the Alaska Range, and some of the Rampart rocks cut Upper Cretaceous 
sandstones. 

The fresh basaltic rocks in the Rampart region belong to a later date than the Tertiary 
rocks with which they are in close association, and similar rocks of the Nenana Valley are 
perhaps to be correlated with them. 

The Cook Inlet region is occupiecl largely by intrusive rocks belonging to granitic, dioritic, 
and monzonitic groups. Mount Susitna is composed in part of biotite granite, and in the hills 
to  the west of Xount Susitna is granociiorite. The Shell Hills are composed of quartz monzo- 
nite and quartz-pyroxene monzonite and in the surrounding flat country there are isolated 
rounded I d s  composed of the same material. Farther west is a zone of volcanic rocks, with 
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some intrusive rocks and sedimentary beds. The volcanic rocks -include anclesites, rhpolitic 
dacites, breccias, and tuffs. The whole forms a complex of great variety and is intruded by 
biotite granite and diabase. Other intrusive rocks present in the area are alaskite ancl quartz 
monzonite, but the relations of these to the volcanic rocks were not observed. The volcanic 
rocks form prominent peaks of alpine character, and the snows of the higher points are frequently 
darkened by the volcanic dust carried by the wind to these older rocks from the active volcanoes 
far to the south. 

The intrusive rocks of the Alaska Range are predominantly gray in color and contrast 
strongly with the dark-colored sedimentary rocks. They range from granite to quartz diorite. 
The olivine-pyroxene monzonite forms a dark intrusive mass near the head of Kichatna River 
and fragments were found here and there in streams drainhg the western slopes of the range. 
The intrusive masses have a more or less linear arrangement extending in a northeast-southwest, 
direction and their culminating points are hlount Foraker and Mount RilcKinley. The abun- 
dance of andalusite and cordierite schists in the gravels indicates a wide distribution of contact 
phenomena in connection with these rocks. Bather west, among the foothills, these intrusive 
rocks are paralleled by the persistent masses of diabase, which form dark rugged peaks in the 
black slates. Volcanic and tuffaceous rocks are of common occurrence throughout the Alaska 
Range and are grouped especially in the area between hlount Foraker and hlount McKinley, 
where rhyolitic rocks form prominent brilliantly colored hills, and in the region north of 
Muldrow Glacier, where there are extensive areas of rhyolites and andesites. Areas of olivine 
basalt, apparently of small extent, were observed in t4e Nenana Valley. 

The igneous rocks of the Rampart region include essentially granitic and monzonitic rocks 
and uralitized diabase with a small amount of fresh olivine basalt. The prominent group of hills 
in the vicinity of Rampart is composed of sedimentary beds intruded by igneous rocks. Granitic 
and monzonitic rocks are present in L y m  and Wolverine mountains, in the divide a t  the head 
of the Baker Creek drainage basin, and as small dikes scattered throughout the area. Many 
of these dikes are rich in biotite and are minette-like in character. They are probably associated 
with the larger areas of intrusive rocks. Andalusite-bearing contact zones are developed 
along the margins of the sedimentary rocks. The greenstones are the most characteristic rocks 
of the region and include altered gabbro, diabase, basalt, and tuffaceous materid. They form 
the bed rock of lower Minook Valley, a large part of the Little Minook Valley, and the hills 
close to the Yukon below Rampart. OliGne basalt is in close association with Tertiary rocks 
near the mouth of Minook and Hunter creeks. The Rampart region may be characterized as 
an area of sedimentary deposits containing old intrusive and extrusive rocks (the greenstones), 
subjectecl to a much later intrusion of granitic and monzonitic material which is of more recent 
date than some of the Cretaceous rocks. 

The igneous rocks are in their character, associations, mode of occurrence, and age similar 
to rocks in the western part of the United States and Canada. They present an illustration 
of the uniformity of types produced by diflerentiation in widely separated regions and also of 
the wide variation possible in individual types mithin small areas. Most of them are compara- 
tively fresh, but protoclastic phenomena are exhibited by some of the olivine-pyroxene monzo- 
nites, where the pyroxenes have been granulated to a greater or less extent before the fhal 
consolidation of the rock, and cataclastic phenonlena are shown in the minute faulting and par- 
tial granulation of the quartz in quartz diorites collected near Mount RIcEIinley. The results 
of an advanced stage in the metamorplism of an igneous rock are shown in the rhrolitic schists 
of the northern foothills of the Alaska Range. The IT-ide distribution of the igneous rocks, 
the great altitudes attained by many of them, ancl their occurrence at  sesreral geologic horizons 
all bear witness to a great amount of igneous material, to long-continued igneous activity, 
and to the great structural influence of these rocks. 



THE MOUNT McKINLEY REGION, ALASKA. 

MINERAL RESOURCES. 

INTRODUCTION. 

,Wneral cleposits are widely distributed throughout the Mount McKinley province, but nearly 
all of those which have been developed lie outside of the area surveyed by the party in 1902. 
I n  fact, most of the important discoveries and developments, including Willow Creek lodes 
and the Yentna and Fairbanks placers and lodes, have been made since this survey. Besides 
the deposits above mentioned, gold placers have been mined on Willow and Valdez creeks 
and in the BonnXeld, Kantishna, Baker Creek, Rampart, and Gold Mountain districts, and 
auriferous gravels have been found in many other localities. Large quantities of high-grade 
bituminous coals occur in the Matanuska field and of lignitic coal in the Nenana field. Smaller 
areas of lignitic rocks are also widely distributed. These include all ths mineral deposits of 
proved commercial importance, but auriferous lodes have been reported from a number of 
other localities, notably in the Willow Creek district. Silver, copper, and antimony bearing ores 
have also been found. 

I t  has been shown that the investigations of the expedition were confined to a narrow zone 
along the route of travel, much of which traversed a region which had up to that time seldom 
or never been visited by white men. The hasty field observations on the occurrence of useful 
minerals could therefore not be supplemented by information gleaned from the work of pros- 

I pectors and miners. It is for this reason obviously impossible to make any complete statement 
of the mineral wealth of the province. 

A brief summary will be presented of what is known of the occurrence and distribution of 
the mineral resources throughout the area covered by the geologic map (PI. IS, in pocket). I n  
so doing use will be made of the results of the surveys by Moffit, Atwootl, Paige, Knopf, and 
Martin in the southern parts of the province and by Prindle in the Yukon-Tanana region. 
Furthermore, the writer has drawn upon data based on his own investigations in the Fairbanks 
and Rampart districts during 1905, 1907, 1908, and 1909 and in the 3Iatanuska region in 1910. 
This account will contain only a general outline of the salient features of the econonlic geology, 
which it is hoped may serve a useful purpose, but for detailed statements regarding individual 
districts reference should be made to the original reports. 

I HISTORY OF MINING. 

I Alaska's great mining industry had its beginnings in Kenai Peninsula, for it was here that 
the first placer and coal mining was attempted, representing the only effort made by the Rus- 
sians to exploit the mineral wealth of their American colony. The Russian-American Company, 
which absolutely controlled Alaska until its transfer to the United States, was organized and 

b 

administered solely for the fur trade. For the first half of the nineteenth century the profits 
from a rich harvest of sea otter and other furs poured a continuous stream of wealth into the 

t coffers of the company. Indiscriminate slaughter of the sea otter gradually depleted the hunting 

~3 
grounds, so that the stockholders, seeking for new sources of revenue, finally turnecl their atten- 
tion to a search for mineral wealth. Another cause of the decrease in revenues was the fact 
that the governorship of the colony, at first in the hantls of experienced traders, hat1 by royal 
ukase (in 1831) been transferred to naval officers. Many of these officers, though able adminis- 
trators, were probably less interested in the success of the commercial ventures than their 
predecessors had been. 

I t  appears also that the directors of the Russian company were influenced by the California 
gold discoveries to turn their attention to mining. Ba this as it map, in 1849 a government 
mining engineer namecl Dorosfun was dispatched to Sitka, iind during the following two years he 
made active eiTorts to find gold in the colony. Doroshin tlevoted most of his attention to Kensi 
Peninsda and with a large force of laborers prospectetl Kl~knu River. The labor of two seasons 
resulted in the extraction of only a few ounces of placer gold, and this meager return discouraged 

r the fur company, though Doroshin's own opinion of the possibilities of mining auriferous deposits 
in Alaska appears to hare been favorable. These operations were the beginning of the placer- 
mining industry of Alaska. which now (1909) annually yields in gold $15,000,000 or %16,000,000. 
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The only other mining venture of the Russian company was the exploitation of the coal 
deposits on Cook Inlet, which had long been known and from which a small amount had been 
taken for use in the company's shipyard at Sitka. The demand for coal in California and the 
desirability of having a supply of it for the conlpany's vessels led, in 1854, to the systematic 
development of coal at  Port Graham, on the east side of Cook Inlet. With the aid of American 
capital a plant was installed and several thousand tons of coal were mined. I t  was found, 
however, upon shipment to California that, on account of its low grade, the coal commanded 
so small a price that the enterprise was continued only to supply the Russian steamers. 

One of the earliest mining enterprises in Alaska after the transfer of sovereignt~ was on 
Kachemak Bay, where some of the lignitic coal seams were opened in 1888. These operations 
have continued spasmodically to the present  la-.^ There has also been some coal mining on 
Port Graham, a few miles south of Kachemak Baj-. 

The first placer mining in the Cook Inlet region after Doroshin's efforts was done about 
1890, when some auriferous beach gravels were discovered near Anchor Point, on the east 
side of Cook Inlet. These deposits appear to  be of small extent and not very rich, but yielded 
some gold to hand methods. I n  1890,3 it is said, three men mere engaged in this beach mining 
and obtained $7 worth of gold each a day. Since that time there has been occasional mining 
at  this locality. 

Placer gold was found on Resurrection Creek, a southerly tributary of Turnagain Arm,4 
about the same time. I t  does not appear, however, that there were any important mining 
developments until 1894, when placer gold was found on Bear and Palmer creeks; these were 
followed in the succeeding year by other discoveries. . The news of these finds brought in many 
gold seekers in 1896, and since then mining has been continuous in this placer field, though its 
annual production has of late been declining. 

Long before the Cook Inlet placer fields had reached a productive stage auriferous gravel 
had been found in the Yukon basin, first (1879) in the bars of Lewis River, on the Canadian 
side of the boundary, followed in 1887 by the discovery of gold in Fortymile River, on the Alaska 
side of the boundary. The notable yield of these placers during the succeeding years led to 
an influx of miners every spring over the Chilkoot Pass, and these men gradually extended the 
field of prospecting. Gold was found in the Rampart district about 1890 and important 
auriferous gravels were discovered in the Birch Creek district in 1893, but it was not until 
1896 that productive mining began in this field. The discovery of the Klondike started the 
great rush of 1897-98 into the interior and marked the transition from the pioneer conditions 
on the Yukon to those of the present epoch. 

Although the Klondike excitement took many of the active miners from the older camps 
on the Alaska side of the boundary, it also attracted so large a population that the field of 
prospecting was rapidly extended. Gold was first found at  Fairbanks on Pedro Creek, in 1902, 
and though this discovery was of no great importance in itself, it attracted many prospectors 
and led to the further discoveries in the following two years which established Fairbanks as 
an important producer. The annual output of gold in this district increased rapidly and in 
1909 had a value of $9,650,000. 

Between 1903 and 1906 the discoveries of gold placers in the Bonnifield district, which 
embraces the streams tributary to Nenann and Wood rivers, and the Kantislmc, district, also 
tributary to the Tanana, showed that an auriferous belt extended along the foothills of the 
Alaska Range. The finding of placers on TTillo\~ Creek in 1898, in the Tentna basin in 1904, 
and in the upper Susitna basin (T'aldez Creeli) in 1906 established the presence of gold-bearing 
rocks south of the range. I n  1907 ancl 190s important gold discoveries were also made in the 
southern part of the Rampart district. 

The estimated production of the most important districts is given in the following table. 
These figures are of necessity largely based on estimates, as up to four years ago no systematic 
collection of the figures showing the annual production of precious metals in Alaska had been 

1 A subsidiary company was organized whose chief purpose was to supply ice to California, from Alaska glaciers. 
2 Stone. R. \Tr., Coal fields of the Kachemak Bay region: Bull. U. S. Qeol. Survey No. 2 i 7 ,  lWG, pp. 5l-55. 
 report on population and resources of Alaska,: Eleventh Census (1890), 1893, p. 69. 
*!&offit, F. IT., Gold fields of the Turnagain Ann repcion: Bull. U. S. Ceol. Survey No. 277,19OG, pp. S-9. 
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attempted, and even now the statistics obtained from the producers are far from being complete 
and have to be supplemented by estimates based on the best information available. To arrive 
at a total valuation of the golcl output of the province, about $250,000 should be added to 
the figures in the table for the production of the Knntishna, Bonnifleld, and Gold Mountain 
districts. 

Estimated value of gold l~roduct ion of  -1lount ,1fch7inley province. 

Year. 
1 Kenai Pr- I I Fairhanks 1 Rampart ' -sola and Hot Springs 

dlstnct. dlstnct. Sus~tnd I distr~ct. 

STRATIGRAPHIC DISTRIBUTION AND LITHOLOGIC ASSOCIATION OF MINERAL DEPOSITS 

Introduction.-Mineral deposits should be considered with regard to their lithologic and 
stratigraphic association as well as their areal distribution. This involves a study of the areal 
and stratigraphic geology, but as these subjects have been treated at length in a preceding 
section of this report (pp. 64-1 11), it remains simply to apply the conclusions already presented 
to the occurrence of the mineral deposits. 

The geologic map and sections (Pl. IX,  in pocket) graphically illustrate the relations of the 
known mineral deposits to the various formations. These relations can therefore be interpreted 
in terms of economic geology. Known occurrences of commercially valuable mineral deposits 
are marked by symbols on the map, but the marking has been limited for the most part to 
those deposits which have been mined on a commercial scale. For alluvial gold two symbols 
are used, one marking placer mines or groups of placer mines and the other simply localities 
where placer gold is known to have been found. I t  is believed that the information conveyed 
by the second symbol, incomplete as it is, may be of value to the prospector. As there has 
been no coal mining in the area covered by the geologic map, the symbols for coal mark the 
position of what are believed to be workable coal beds. 

Birch Creek schist.-It has been shown that the oldest rocks of the province are comprised 
in the Birch Creek schist, which occupies large areas in the northern part of the province and 
forms the source of extensive gold placers. The schists of the Willow Creek region of the lower 
Susitna, also auriferous, are provisionally correlated with this formation. I t  is made up of 
highly altered sediments, chiefly quartz and mica schist and quartzite, with some limestone, 
all of xvlGch have been much sheared. In  many places the alteration has amounted to 
a complete recryst:~llization of the original minerals. In association with tllese t~lterecl sedi- 
ments are founcl many phases of igneous rock. in pitrt massive but more commonly sheared 
and cruslled tind in many places entirely recrystnllized. These altered igneous rocks now 
occur as greenstones i~ud niictt ancl cldoritic schists. 

The Birch Creek schist is in man- places seamed with quartz veins, ant1 these locally carry 
metalliferous minerals. This mineralization- appears to follow zones of shearing, and recent 
developments near Fairbanks indicate that in some of these zones the gold values may be suffi- 
ciently localized to form commercial ore bodies. In  any event it seems probable that the gold 
placers T\-hich occur in the Birch Creek schist have derived their metfillic content from these 
quartz stringers ancl veins. The most estensive placer cIeposits of the Yukon region occur in 
association 11-it11 roclis of this character and at  or near the contact zones of nlnssire intrusive 
granite or cliorite. 
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Undifferentiated metamorphic rocks.-On the map are indicated some considerable areas 
of slate, phyllite, and graywacke, including some volcanic and intrusive rocks east and south 
of the Alaska Range, which are classed as undifferentiated metamorphic sediments and are 
probably in the main of Paleozoic age. These rocks are all closely folded-and as a rule both 
considerably fractured and locally altered. Quartz veining is not uncommon and some metal- 
liferous veins which carry gold values have been found. 

The physical character of these beds causes the fracturing to be more localized and per- 
sistent than in the Birch Creek schist. For this reason it appears that the metallization is 
more likely to be concentrated in these rocks than in the schists, where the planes of foliation 
are the lines of movement and map afford channels for the dissemination of the mineral- 
bearing solutions. These conditions favor the occurrence of quartz veins. Auriferous veins 
have been found in the rocks here considered on Prince William Sound, on Kenai Peninsula, 
and north of Turnagain Arm. 

Though some alluvial gold occurs in association with rocks of this type, they do not 
appear to be the source of so estensive placer deposits as the Birch Creek schist. The infor- 
mation at  hand would appear to indicate that the mineralization of the rocks of this class has 
not been as widespread as in the other schists. They form, however, the country rock of the 
Sunrise placer district and probably also of some of the placer districts of the Susitna River 
basin. 

Paleozoic rocks.-The next higher group of rocks stratigraphically comprises those of 
Paleozoic age occurring on both sides of the Alaska Range a t  horizons ranging from Ordovician 
to Devonian. In  the Alaska Range region these rocks are highly folded and faulted and in 
places considerably altered. Quartz veins are rather common, and i t  would appear that some 
of them are mineralized, though definite proof is wanting; but in any event i t  is known that 
some of the gravels derived from these rocks are more or less auriferous. For example, the 
slates of the Pentna placer district probably belong to this group of sediments, as do also 
extensive areas of rocks in the Rampart region. There is, therefore, a possibility that these 
rocks may be found to be auriferous in other parts of the field. Spurr noted the presence of 
metalliferous veins cutting the Paleozoic slates in the upper Kuskokwirn basin. (Seep. 169.) 

In the region lying south of the Tanana the Paleozoic rocks have been divided into three 
groups. The lowest of these, called the Tatina group, is of Ordovician age and is made up of 
cherts, slates, and graywackes, with some limestone. These rocks are as a rule closely folded 
and locally metamorphosed. Quartz veins are not uncommon in them. This group so far 
has not proved to contain commercially valuable mineral deposits, but some of the streams 
traversing it carry some alluvial gold. 

The second Paleozoic group, here called the Tonzona, is made up of red, green, and black 
slates, cherts, and graywackes. So far as the evidence in hand goes, this group is not favorable 
to the occurrence of any metalliferous deposits, though locally it contains quartz veins, some of 
which carry iron pyrite. I n  the Nenana basin, south of the Tanana, extensive areas of gneissoid 
rocks occur in association with the Tonzons sediments. (See P1. IX, in pocket.) These 
appear to be altered rhyolites and are locally mineralized. 

The third division, of Devonian age, consisting of heavy siliceous blue limestone, appears 
to be barren of mineral wealth. In other parts of the Yukon region this same limestone is 
associated with extensive greenstone intrusive rocks that appear to c a r v  some gold. 

Carboniferous rocks.-A heavy conglomerate and sandstone and slate series, here called 
the Cantwell fornlation and assigned to the Carboniferous, stretches along the northern front 
of the Alaska Range and rests unconformably on the older rocks. This formation is not as 
intensely folded as the older rocks, nor have any quartz veins or mineralization been found 
in it. I t  appears, therefore, to be somewhat clehitely established that the formation is 
not likely to furnish any metalliferous deposits. With it were found a few coal beds, but these 
are comparatively thin and so far as observed of no commercial value. A more detailed 
study of the field, however, will be necessary before i t  can be definitely stated that there are 
no workable coal beds in this formation. 
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Skwentna group.-A grea: mass of volcanic rocks, here called the Skwentna group, of 
Middle or lower Middle Jurassic ( 1 )  age, constitutes the nest succeeding terrane. It is made 
up of effusive rocks of many types cut by a large number of intrusive rocks. Though nu 
quartz veining or other mineralization suggesting the occurrence of gold in this group was 
seen, some alluvial gold was found in the gravels of the streams cutting across it in the Yentna 
basin. Moreover, Spurr found that some mineralization had taken place along the contact of 
these volcanics and granitic rocks intruded in them. Paige and Iinopf found some minerali- 
zation of the volcanic rocks of the Matanuska basin, which are here correlated with the 
Skwentna group. This they describe as follows: 

Though placers have not been found within the areas of older volcanic rocks, mineralization has occurred. West 
of Hicks Creek a large cropping of gossan about 100 feet wide was found. This red capping is due to the oxidation 
of finely divided pyrite disseminated throuqh a quartz porphyry. .4 sample selected for assay showed a trace of gold 
and no silver. 

For several miles the whole southern flank of Sheep Mountain at the head of Matanuska River is colored a strong 
red from the oxidation of pyrite i n  the greenstones. At some points the sulphuric acid formed during the oxidation 
of the pyrite has bleached the greenstones to a pure white color. The rugged range thus tinted in  vividly contrasting 
colors presents a marked scenic effect. Certain streams emerging from the range are so highly charged with iron salts 
as to  color their gravels red with oxide. The pyritization of the greenstones, which are here roughly schistose, has 
affected a great thickness of rocks but is of a diffused character. An assay of a sample selected as showing the maxi- 
mum mineralization yielded only a trace of gold and no silver. 

It is perhaps significant that the ore body (gold) of the Apollo mine on Unga Island 
occurs in association with andesitic and dacitic lavas which are not unlike those of the Skwentna 
group. BeckerI3 to be sure, regarded the volcanic rocks on Unga Island as of Tertiary age, 
but both Martin4 and Atwood15 who were very familiar with the geology of the adjacent 
region, have called in question this determination. Atwood described several localities on the 
Alaska Peninsula where mineralization of volcanic rocks has taken place. Similar phenomena 
have been observed by both Becker6 and Collier7 on Unalaska Island, near Dutch Harbor. 
Becker described a quartz vein which carried iron and copper pyrite and Collier a vein which 
carried iron pyrite and a small amount of gold. 

I t  is not possible to prove that the mineral deposits which have been described occur in 
lavas of the same age. Be this as it may, the facts presented go to show that some of the 
volcanic rocks, chiefly of andesitic and dacitic types, are more or less mineralized. To this 
class belong some of the rocks of the Skwentna group, and this terrane is therefore worthy 
of careful investigation on the part of the prospector. 

Tordrillo formation.-The next higher formation is the Tordrillo (Middle Jurassic), which 
is made up of conglomerates, grits, sandstones, slates, and shales. This formation does not 
appear to be favorable for the occurrence of ore bodies and so far as known contains no coal. 
Some of the slates included with the rocks are partly altered and there is a little minerali- 
zation with some quartz veins. There is no evidence, however, that any of these veins are 
auriferous, though the occurrence of placer gold in the headwaters of Styx River is reported. 
If this formation is ore bearing, the deposits probably occur at  or near the margin of the 
granitic intrusives. 

Upj~er Jurassic rocks.-The series next younger than the Tordrillo formation, which includes 
2,000 feet of shales, arkoses, and tuffs, with some coal beds, is of Upper Jurassic age and 
occurs in the upper part of the llatanuska basin. The coals are chiefly lignites, but possibly 
the semianthracites of the Matnnuska field belonq a t  this horizon. These coals have not been 
sufficiently prospected to prove their commercial importance. The formation has been recog- 
nized only in the eastern part of the province, but it is known to extend beyond the limit of 
the area represented on the accompanyinq map (Pl. IS, in pocket). 

1 Spun, J. E., .i reconnaissance in southwestern Alaska in 1S98: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7,19Ml, p. 2.59. 
2 Paige, Sidney, and Knopf, Adolph, Geologic rxonnaissance in the Matanuskt and Talkeetna basins, Alaska: Bull. T. S. Geol. Survey 

No. 32i, 1907, p. (i5. 

3 Becker, 0. F., Reconnaissance of the gold fields of southern Alaska: Eighteenth Ann. Rept. C. S. Geol. Surx-ey, pt. 3, 1S98, p. sj. 
4 sfartin, G. C., Gold deposits of the Shumagin Islands: Bull. U. S. Geol. Survey NO. 259, 1905, pp. 100-101. 

Itwood, \V. W., Mineral resources of southwestern Ilasha: Bull. U. S. Geol. Surrey No. 379,1909, p. 150. 
Becker, G. F., op. cit., p. 85. 

7 Collier, A. J., Gold mine on Unalasiia Islaud: Bull. U. S. Geol. Sun-ey No. 259, I9G, pp. IM-103. 
66S97°-11-11 
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Granitic intrusiva rocks.-Large masses of intrusive granites and granodiorites cut the 
Tordrillo formation and older sedimentary rocks of the province. These intrusive rocks are 
believed to be for the most part of Mesozoic age and were probably injected chiefly during the 
latter part of Jurassic time. Litholopically and in time of intrusion they correspond to the 
great batholiths of grani'ce which form the Coast Range of southeastern Alaska and British 
Columbia. I t  has been shown by Spencer,' the W r i p h t ~ , ~  and others that in southeastern 
Alaska there is a close association and a genetic relation of the ore bodies and the granitic 
intrusive rocks. In  that area the zones of mineralization are most commonly found near the 
contact of the granitic intrusive rocks, and similar relations probably prevail in other parts of 
Alaska? For example, on tracing the western margin of the Coast Range intrusive belt north- 
ward from Lynn Canal it is found to pass near the Porcupine placer field, through the Rainy 
Hollow copper district, and through the region where gold and copper deposits have been 
found near Lake Kluane. The Chistochina placer districts, in the Copper River region, appear 
to be similarly located in reference to a granodiorite intrusion. I t  seems probable that similar 
relations may prevail in the Bonnifield, Kantishna, Valdez Creek, and Tentna placer districts, 
though this supposition can not now be proved. 

As the granites of the Alaska Range are similar in character to those of the Coast Range of 
southeastern Alaska, it is plausible to consider that they also may be agencies of mineralization. 
I n  this connection it will be of interest to quote the observations of Spurr in reference to min- 
eralization along the contact of the granite with the volcanic rocks of the Skwentna group, 
already referred to. It should be noted that the siliceous dikes referred to the Eocene by Spurr 
are now believed to be of Jurassic age and to belong to the same epoch of intrusion as the granite. 

The rocks of the Skwentna series are frequently altered and slightly mineralized along the contact of the Eocene 
dike rocks, especially in the district between the second and third canyons. At the camp of June 24 a few small veins 
interstratified with the bedded rocks contained, in a calcite matrix, iron rust, peacock copper, and copper pyrite. The 
greatest mineralization, however, was noticed in the third canyon, where the stratified tuffs and basalts are cut by dike 
rocks i n  great abundance. The dikes are sometimes well-defined and sometimes irregular bodies, which have in 
general a trend parallel with the strike of the beds and a mostly vertical dip. Along the contact of these intrusive 
bodies the rock is mineralized, being impregnated mith sulphides of various kinds. Figure 6  show^ a sketch of an 
irregular body of granite which is surrounded by  a zone of mineralization. The mineralized rock is weathered, brown, 
and crumbling and shows fresh sulphides only on broken surfaces where iron pyrite and chalcopyrite appear. An 
assay made from a sample of this by the Geological Survey showed 0.05 ounce of gold and 0.15 ounce of silver to the ton. 
Besides the mineralization of the wall rock along the contacts there are also many small quartz veins in the vicinity 
of the dikes; these, as well as the altered country rock i n  which they lie, carry sulphides. A sample of these rusty 
and cavernous veins from the lower end of the canyon was assayed by the Survey and showed 0.1 ounce of gold and 0.25 
ounce of silver to the ton. A third manner in which the rock is mineralized is along certain zones not in exact contact 
with the dikes, although in their neighborhood. These zones are generally conformable to the stratification, following 
porous strata, for there is very little shearing, and consequently few shear zones. 

I n  this locality the mineralization evidently depends directly upon the intrusive rock and has been brought about 
by solutions accompanying the intrusion and very likely separated from the intrusive magma at the time of cooling. 
The gold-bearing and silver-bearing siliceous and fermginous solutions have naturally affected the rock a t  the imme- 
diate contact mith the igneous body most, although where zones favorable for circulation were found they have 
penetrated along theae and deposited their silica and their metals as sulphides. 

Spurr states that he found quartz veins carving iron and copper pyrite and a little galena, 
with traces of gold, in the region adjacent to the upper Kuskokwirn River, and these he thinks 
are "undoubtedly connected ~ 4 t h  the dikes which cut the slates." He concludes also that the 
placer gold found by 1- on the Yentna and Skwentna is derived from pyritiferous quartz 
veins cuttinr the volcanic rocks (Skwentna proup). ., - - 

Jaggar O found evidence of mineralization along the margin of a granitic intrusive in volcanic 
rocks on Unalaska Island, near the east end of the Aleutian chain. These volcanic rocks are of 

1 Spencer, A. C., The Juneau gold belt: Bull. C. S. Gwl. Survey No. 28i, 1906 pp. 21-38. 
%Wright, C. W., Lode mining in  southeastern Alaska: Bull. C .  S. Geol. Survey No. 314,1907, pp. 81-86. Wright, F. E. and C. W., The 

Ketchikan and Wrangell mining districts, Alaska: Bull. U. S. Gwl. Survey No. 347, 1908, pp. 77-33. 
aBrooks, A. H., Distribution of mineral resources in Alaska: Bull. U. S. Geol. Survey No. 345, 1998, pp. 27-29, 
Spurr, J. E., A reconnaissane in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, p. 259. 

50p. cit., p. 259. 
6 The geologic results of Professor JaggarJs expedition have not yet been published in full. A reference to this occurrence, however, is contained 

in the " J o m s l  of the Technology expedition to the Aleutian Islands in 1907, by T. A. Jaggar," reprinted from Tech. Review, vol. 10, no. 1,pp. 17-19. 
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unknown age, but Jaggar suggests that they may be Jurassic or Tertiary. I t  seems possible 
that they are identical in age with the Skwentna group and that the mineralization noted by 
Jaggar is of the same type as that described above by Spurr. Although Jaggar does not state 
that these zones of mineralization carry any precious metals, yet it has been shown that at least 
one auriferous vein occurs on Unalaska Island and that it is near the contact described by Jaggar. 

The great batholithic intrusions forming the Talkeetna Mountains belong to the same period 
of injection as those of the Alaska and Coast ranges. If, then, this granite has a mineralizing 
influence, it would be expected that metalliferous deposits might occur along its contact zone. 
So far as known, however, the only ore deposits which have been discovered in the zone are 
those of Willow Creek, an easterly tributary of tlle lower Susitna. Placers have long been known 
on this stream, and some promising auriferous lodes are said to have been found in 1906-7 in the 
gani te  close to the schist contact. 

Prindle has shown that the granites of the Yukon-Tanana region were htruded a t  different 
times up to the Upper Cretaceous. It seems probable that these intrusive rocks may be, in part 
at least, of the same age as those of the Alaska Range, which have been correlated with those 
of southeastern Alaska. As regards the possible mineralizing influence of these granitic intrusive 
rocks, Prindle says: 

The influence of igneous intrusion is far reaching, especially in  areas of such permeable rocks as siliceous schists, 
and in view of the widespread distribution of igneous rocks in the Yukon-Tanana region, both in  space and time, and 
their relation to the facts a t  our disposal, i t  seems justifiable to ascribe to them the widespread mineralization of the 
region and to refer a part a t  least of this mineralization to the close of the 3fesozoic. 

I t  is significant that most of the localities where metalliferous veins have been found in the 
Yukon-Tanana region lie in or near the contact zone of a granitic or dioritic intrusive. This is 
true on Chicken Creek, in the Fortymile region, and in the Birch Creek region, but is better 
shown by the recent discoveries of auriferous lodes in the Fairbanks district. 

All the observations here noted point to the conclusion that at  least some of the granitic 
intrusive rocks have had a mineralizing influence on these contact zones and that these zones 
have been found to be the loci of metalliferous deposits. I t  does not follow that mineralization 
has taken place along all the intrusive contacts, for this is known not to be the case. The con- 
ditions which favor the formation of metalliferous deposits along the contacts of the intrusive 
rocks of this province are not sufficiently well understood to permit their being set forth. I t  is 
certain, however, that the occurrence of mineralization is as dependent on the character of the 
country rocks which have been intruded as on the igneous rock itself. The practical cleductions 
from the evidence is that regions intruded by igneous stocks and dikes are favorable for the 
occurrence of metalliferous deposits, especially so in the contact zones. 

Cretaceous rocks.-The Cretaceous period is represented by two groups of rocks-one (Lower 
Cretaceous) made up chiefly of limestone and occurring in the southeastern part of the area here 
under discussion, and the other (Upper Cretaceous) made up of sandstones and slates which 
are cut by granite, limited to small areas in the northwestern part of the field. In  neither of 
these groups, SO far as known, are there any commercially important minerals. 

Eemifomti0n.-The youngest of the hard-rock terranes is the Kenai formation (Eocene). 
This is of commercial importance because it includes valuable coals. Kenai rocks are widely dis- 
tributed in the province and vary greatly in ph~sical  character. I n  tlle Kenai of the Matanuska 
basin, where the best coal has been found, tlie formation is made up of hard conglomerates and 
slates, with beds of bituminous, semibituminous, and lignitic coul. These rocks are also known 
to occur between the forks of the Susitna and tlle Chulitna, in about latitude 62' 30'. Here 
the coals seem to be chiefly lignitic, the prevailing type of the Kenai beds. Soft conglomerate, 
sandstones, and shales with lignitic coals, also of Kenai age, occur in the Cook Inlet region and 
in the Susitna basin. 

Some Icenai beds, chiefly slates and sandstones, are infolded with the older rocks along the 
inland front of the Alaska Range but appear to include very little coal. On Senana River 
~ n d  in the adjacent region lignitic coal beds are abundant in association with friable white 

1 Prindle, L. JI., Occumnce of gold in the Yukon-Tanana region: Bull. t?. S. Geol. Survey So. 345, 1908, pp. 1S4-186. 
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conglomerate, sandstone, and shale, all of Kenai age. The Kenai beds ~vi th  some lignite occur 
in small patches along the Yukon. 

Quaternay deposits.-The Quaternary deposits of the province include the w-idelj- dis- 
tributed gravels, sands, and silts that constitute the extensive Pleistocene bench gravels and 
the modern stream deposits. The commercial importance of these deposits depends on their 
gold content. So far no gold placers have been developed except in the alluvium of the present . 
streams. Gold has been found, however, in the high gravels of the Ivhook Yalley and in the 
extensive bench gravels of the Bonnifield district, both of which are regarded as of Pleistocene 
age. I t  will remain for the future to determine whether the gold in these older gravels is suf- 
ficient in quantity to permit extraction. 

Summay.-The Birch Creek schist, comprising the oldest rocks of the area, is locally 
mineralized and the allurium derived from it carries valuable gold placers. Some promising 
auriferous quartz veins have also been found in these schists. The so-called undifferentiated 
metamorphic rocks are locally known to be auriferous, and some of them carr7 auriferous 
lodes. The Paleozoic rocks which skirt both margins of the Alaska Range are locally rnineral- 
ized, and those on the Yentna have yielded some commercial placers. Evidences of mineraliza- 
tion have been found in volcanic rocks of the Skwentna group, but up to the present time they 
have yielded no commercial ore bodies. Mineralization is known to occur in many places along 
the contacts of the granitic and other igneous rocks with the sediments in which they have been 
intruded. The contact zone of these intrusive masses would appear to afford the most favorable 
localities in which to search for mineral deposits. The Tordrillo formation does not appear to 
be favorable for carrying gold, though in some places evidences of mineralization have been 
observed near the contact with intrusive rocks. Some coal has been found in the Upper 
Jurassic sediments, but its commercial oalue has not been established. The chief coal-bearing 
formation of the province is the Kenai, which in the Matanuska basin carries high-grade bitu- 
minous coal. Throughout most of the area, however, the coals of this formation are chiefly 
of n lignitic character. Gold placers are widely distributed in the Quaternary gravels, but as 
the region as a whole has been little prospected the distribution of the auriferous alluvium has 
not been determined. Some of the Pleistocene bench gravel is also known to be auriferous. 

GEOGRAPHIC DISTRIBUTION OF MINERAL DEPOSITS. 

METALS. 

It is proposed here to summarize briefly the information regarding the productive districts 
of the province, but for detailed statements recourse must be had to the special reports from 
which the information presented was for the most part extracted. The districts will be con- 
sidered in order from south to north. 

COOK INLET. 

The gold placers of Iienai Peninsula ' occur for the most part near its northern margin 
and in the region adjacent to Turnagain Arm, in the so-called Sunrise district. Only the north 
end of this field is shown on the map (Pl. IX, in pocket). The most important streams of 
the Sunrise district so far as production is concerned are Resurrection Creek and S imi le  Creek, 
together with their tributaries, lying south of Tui-nagain Arm, and Glacier Creek, lying north of 
Turnagain Arm. Some gold has also been mined on the tributaries of I<almu River. The 
bed rock of all these streams belongs to the slate and graywacke series, and there appears to be 
s, marked absence of intrusit-e rocks. 

The allutial daposits of this district include three general types-the deposits of the present 
streams, the bench gravels, and glacial deposits which have been more or less worked over by 
water. Much of the allut-ium is characterized by an irregularity of occurrence to be expected 
in a region where the glacial deposits are so intimately associated with the fluviatile materials. 

1 Moffit, F. H.. Gold fields of the T-gain Arm region: Bull. U. S. Geol. Survey No. 277.1906. p2. 1-62. 



MINERAL RESOURCES 163 

Large bowlders are not uncommon and increase the cost of mining operations, as they require 
special handling. I t  is said to be largely on account of the bowlders that the attempt to work 
the Resurrection Creek placers by means of a dredge was abandoned Some of the bench 
gravels are favorably located for hydraulicking and the water supply is far more abundant 
than in most of the interior placer camps. In  not all localities, however, is the water supply 
adequate to permit hydraulic mining throughout the open season. 

Most of the early mining was confined to the stream beds of the smaller tributaries of the 
creeks mentioned above. The gold contained in these stream beds is to a certain extent a con- 
centration from the bench gravels, which are also auriferous. It is to be expected that the 
stream beds are richer in gold than the benches. Later the benches were prospected and some 
were found to carry values which could be recovered at a profit where water under head was 
available. 

The early history of the district was one of only very primitire methods of gold extraction, 
but in 1898 a number of hydraulic plants were installed. Unfortunately careful prospecting 
of claims and determination of water supply did not always precede such installations con- 
sequently there have been many failures. The evidence at hand indicates that there are con- 
siderable bodies of'gravel which carry from 6 to 40 cents in gold to tlle cubic yard. I t  would 
appear that some of these gravels ought to be profitably mined. It should be remembered, 
however, that the presence of large glacial bowlders in some of these gravels increases the 
difficulties of mining and that therefore, in  spite of the fa~orable  location of the bench deposits, 
the cost of extraction of the gold may be considerable. During the list two or three years the 
gold production of this field has gradually decreased, and unless new deposits are discovered 
it will probably continue to decline until some of the larger deposits of low-gold tenor are 
exploited. Several large plants are now being installed. 

The occurrence of placer gold in the beach deposits at Anchor Point, already referred to 
(p. 156), is worthy of note. This gold must have heen concentrated by wave action, either from 
the high gravels which rest upon the Kenai fnmation close to the beach or from the Kenai 
formation itself. Auriferous Kenai sediments occur in the Yukon basin. The Kenai at 
Anchor Point probably derived its material from metamorphic rocks to the east, wlich are 
known to be auriferous, and i t  also may carry gold. It is probable, however, that the gold 
content is not sufficiently concentrated to haye any commerci~ll importance. 

The Anchor Point placers have yielded a little gold almost every year since they were dis- 
covered. The gold has been taken out with rockers. An attempt made some years ago to 
install a large plant for working these deposits was a failure. It appears that the deposits are 
too small to warrant exploitation by machinery. 

Except for that a t  Anchor Point, the only placer gold known in the immediate vicinity of 
Cook Inlet is that on Beluga River. Fine gold has long been known to occur in the alluvium 
of this stream. In  1902 an attempt was made to mine it with the aid of a hydraulic plant, 
but this was soon abandoned. Operations in 1909 consisted in prospecting for dredging ground, 
but the results are not available for publication. This is one of tlle fields where large glacial 
bowlders may be found in the allu-rium-n fact wllicll should be taken into account in the choice 
of n method of mining. 

Moffit shows that the gold of the Sunrise placers is probably derived from small quartz 
veins, which are not unconlmon in the metamorphic rocks of Kenai Peninsula. He further 
notes that some of these quartz veins carry sulphide minerals, usually pyrite with arsenopyrite 
or chalcopyrite and in places zinc blende and galena. On Bear Creek a vein has been tliscoverecl 
which shows sphalerite, galena, pyrite, and ttrsenopprite, together wit11 a little free gold. The 
gangue is chiefly quartz containing some calcite. I t  is reported that the best ore at this locality 
is in a 16-inch vein included in mineralized rock 6 feet thick. On Sawmill Creek there is a 
gold-bearing quartz vein which has a maximum tllickness of 4 feet but is very irregular. I t  is 
consitlerably faulted. The quartz carries values of $2 in gold to the ton, though some shoots 
are very much richer. 
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Moffit also notes the presence of small nuggets of native copper with the placer gold on 
several creeks. On Lynx Creek a copper sulphide bearing ledge has been cliscoverecl. Paige 
and Knopf,l who visited this propert? in 1906, report that the ore body occurs along a zone 
characterized by intense shearing having a nearly vertical direction. The metallic minerals- 
chalcopyrite, pyrrhotite, and iron p-yrite, wit11 a gangue of quartz-have been deposited along 
this zone of shearing. The mineralized area is from 6 inches to 2 feet in thickness. Grant ant1 
Higgins have described some auri'erous lodes in that part of the Kenai Peninsula which is 
tributary to the town of Sewaxd. The ore deposits are of two types-(1) auriferous quartz 
veins and (2) mineralized dikes of igneous rocks. Both cut the foliation and bedcling of the 
country rock, which consists of closely folded slates and graywackes. Some quartz veins 1 to 
6 feet in width were noted and a mineralized dike over 10 feet wide where exposed. The ores 
carrj- native gold, galena, pyrite, and arsenopyrite. A gold telluride is reported to occur in 
some of these ores. At the time of Grant and Higgins's visit in 1909 the most promising dis. 
coveries were those in the so-called Moose Pass district and at  False Creek. I n  1910 many 
other gold prospects were reported at various localities in Kenai Peninsula. A discovery was 
also made at the head of Crow Creek, north of Turnagain Arm. Most of the ores collected by 
prospectors show free gold and man? are very rich. Current reports indicate that sufficient 
work has been done on some of these prospects t o  indicate that they will become producing 
mines, and the outlook for further cliscoveries is encouraging. 

Paige and Knopf also report, on the authority of prospectors, the occurrence of copper in 
the high mountains between Knik and Matanuska rivers. This ore is said to be chalcopyrite 
associated with pprrhotite. It is significant, in considering this deposit, that the copper-bearing 
rocks of Prince William Sound are very similar in character to some of the bed rock of Kenai 
Peninsula and of the region between &ik Arnl and Matanuska River. This suggests that 
these occurrences of copper may be similar to those of Prince William Sound, and if this proves 
to be the case it increases the chances of finding commercial ore bodies. Grant and Higgins 
have described briefly some occurrences of gold and copper bearing lodes in the vicinity of 
Seward. The copper deposits resemble the occurrences on Prince William Sound and the gold 
deposits are not unlike those described above. 

The open season for placer mining in the Kenai Peninsula and Cook Inlet region extends 
from May until October. Deep mining could of course be carried on at  all times. The har- 
bors on the east side of the peninsula are open to  steamboat navigation throughout the year. 
Timber is abundant. There are some water powers which could be developed, and in many 
places water is available at high levels for hydraulic mining. Some of the auriferous gravels 
attain a thickness and have a position that permit them to be mined at low cost. On the other 
hand, in parts of the district the gold of the stream gravels is unerenlp distributed and that of 
higher benches has in only a few places been won at a profit. The cliscoveries of the auriferous 
lodes indicate that bed-rock mining may yet become an important industry in Kenai Peninsula. 

SUSITKA VALLEY. 

The work of Eldridge and the reports of prospectors have shown that placer gold is widely 
distributed along bhe main valley of Susitna River, at  least from the Tentna t,o Indian Creek. 
Eldriclge found only fine colors, but his opportunities for examination were limited to the main 
river. He noted that above the Chulitna the gold is coarser and seems to lie nearer its bed- 
rock source. These statements are borne out by those of others who have prospected the main 
river and some of its tributaries. Prospectors report that colors have been nearly ever)-where 
founcl on the upper river. 
-- -- - - 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Surrey 
NO. 314, 190i, pp. 124-125. 

9 Grant, U. S., nnd Higgins, D. F., Preliminary report on the mineral resources of the southern part of the Kenai Peninsula: Bull I-. S. Geol. 
Survey NO. 442, 1910, pp. lil-li3. 

8 Grant, U. S., and Higgins, D. F., Notes on the geology and mineral prospects in the vicinity of Seward, Kenai Peninsula: Bull L. S. Geol. 
Survey No. 379,1909, pp. 98-10i. 

4 Eldridge, G .  H., A rewnmisance in the Sushitna basin and adjacent territory, A k k a ,  in 1898: Twentieth Ann. Rept. T. s. Geol. Survey, 
pt. 7,1900, pp. 20-21. 
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According to Elclridge, this gold was derived from quartz stringers which occur in the 
metamorphic rocks termed the Susitna slate. Many of these quartz stringers carry traces of 
pyrite and a few that were assayed showed traces of gold and silver. Eldridge states that few 
of the quartz seams esceerl 8 inches in width and that most of them are less than 4 inches. He 
notes that certain areas where the rocks have been particularly deformed as a result of crushing 
are probably the most favorable localities for mineralization, and he observed one locality of 
this kind on the hills southeast of the Susitna, 2 miles below Indian Creek, and another on a 
tributary of Nenana River. Another was reported by prospectors on the Chunilna, a tributary 
of the Talkcetna from the north. All this information indicates that the bed rock of the main 
Susitna Valley is more or less mineralized. 

Paige and Knopf have noted that the bars of the main river have been worked to a minor 
extent for gold and that fairly good prospects were found on the Chunilna. Although this dis- 
trict would appear to be favorable for the occurrence of gold placers, it can not be denied that 
the results of the prospecting on the main river are not very encouraging. I t  is probable, 
therefore, that the gold in the bars is derived from tributary streams. I n  the basins of some 
of these, including Willow Creek, Valclez Creek, and the tributaries of the Yentna, workable 
placers have been found. Of the easterly tributaries of the Susitna, Willow Creek alone has 
yielded commercial placers. 

Gold placers were found on Grubstake Creek, a southerly tributary of Willow Creelr, in 
1898 and have been worked since about 1900. The pay streak is said to average 200 feet in 
width and to have a depth of 2+ to 3 feet, and most of the gold occurs on bed rock or in the 
crevices of the bed r0ck.l The source of this gold appears to be in the quartz stringers which 
cut the mica schist. It should be noted that this mica schist is a rock of an entirely different 
type from that found to the north in the Matanuska basin. I t  is far more crystalline, and 
reference to the map (Pl. IX, in pocket) will show that it has been provisionally correlated with 
the Birch Creek schist. A hydraulic plmt  has been in operation on these deposits since 1904. 

In  1907 and 1909 gold-bearing quartz ledges which are said to carry high values were 
found on Willow Creek. Unfortunately i t  has been impossible so far for the Survey to investi- 
gate these deposits, but the following notes are based on data which are believed to be reliable. 
The district lies about 30 miles north of Knik, with which it is connected by horse trail. Accord- 
ing to Paige and K n ~ p f , ~  Willow Creek follows the contact between a quartz diorite and granite 
mass on the north and a belt of garnetiferous mica schist and chlorite-albite schist on the 
south. The placer gold of this district, according to the same  author^,^ is derived from quartz 
stringers in the schists. Since they made their examination some auriferous quartz veins 
have been found in this district, and-these are reported to occur chiefly in the granite. This 
occurrence may be due to the fact that the deformation of the region may have opened well- 
defined fissures in the massive granite, whereas in the schist the stresses may have produced 
zones of shattered rock. There is not enough evidence in hand to make a definite statement, 
but it appears that the placer gold has been clerived from the schists and that the gold-quartz 
veins which have been opened occur chiefly in the granite. The quartz veins carry free gold, 
iron pyrite, arsenopprite, and possibly chalcopyrite. , High gold values but only very low 
silver values are reported. In  one deposit which has been opened free-milling gold quartz was 
found a t  the surface and to a depth of 50 feet, where the lode gradualIy changed into a refractory 
ore. A %stamp mill mas installed in this district in 1908 and a small prospecting mill in 1909; 
preparations were made to erect a third mill in 1910. Both these mills have made a small 
output and a number of other prospects have been opened. 

In  1909 some prospecting was done on Netal Creek, a tributary of Knik River. The results 
are said to have been encouraging, and plans for further development have been made. 

In 1910, after the above was written, F. J. Ratz made a brief study of the occurrence of 
gold in the Willow Creek basin. The follo~ving notes are extracted from his report, which is 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Talkeetna and Matsnuska basins, Blsska. Bull. U. 8. GwL Survey 
NO. 327,1907, pp. Gj-66. 

2 Idem, p. 10. 
=Idem, p. 66. 
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noF in course of preparation. The country rock of the southern part of the R-illow Creek 
basin is a highly foliatecl mica sch~st,  cut bj- numerous quartz stringers. The schist is bounded 
on the north by an area of granodiorite, whic11 forms a part of the Talkeetna lllountain massive. 
A few snlall basaltic and aplitic dikes cut this diorite. On the south these schists are separated 
from a belt of T~rt iary sediments by a narrow band of granodionte. The important gold-lode 
prospects thus far developed all lie north of Tvillow Creek and within the granodiorite; the placers 
occur to the south, mit,hin the schist area. Most of the ore bodies are quartz fillings in fissures, 
as a rule with sharply defined walls. The quartz is \i-l~ite and bluish gray, in many places 
bantled and giving evidence of haring been broken and recemented. Tlie veins which ]lave 
been staked range from 16 inches to 4 feet in thickness and appear to follow regular fissures, 
some of wlrich persist for several hundred feet. There is little visible minerrtlization in the 
quartz, but it carries minute specks of pj-rite and some of i t  high free-golrl values. All ore 
mined up to 1910 was taken either from the surface or \tithin 150 feet of the surface. 

Auriferous quartz is also said to occur on the head of Granite Creek, tributary to the 
Matanuska, and on Little Willow Creek, tributary to the Susitna. The information regarding 
most of these lodes is too incomplete to permit a statement regarding their future importance. 
I t  seems, however, to point to the conclusion that the marginal zone of the intrusive grano- 
diorites of the Talkeetna Mountains is a locus of auriferous and possibly cupriferous mineral- 
ization. I t  has already been pointed out that in other parts of Alaska extensive mineralization 
has been found along the margins of intrusive granodiorites of the same age as those of the 
Talkeetna Mountains. The theoretical deductions, therefore, are on the whole favorable to the 
discovery of ore bodies. 

In 1908 to 1910 considerable lode prospecting was done on other tributaries of the 
Susitna. In  1909 Frank Wells discovered a copper-bearing lode on Iron Creek, a tributary of 
the Susitna. This lode is reported to be 30 feet in width, to be well defined, to strike about 
north and south, and to occur a t  a contact between slate and greenstone. The ore consists of 
chalcopyrite and pyrite and is said to carry copper and gold values. 

YENTNA DISTRICT. 

Placer gold was found in the headwater region of the Pentna, a westerly tributary of the 
Susitna, during 1904-5. Though this district has not been studied by geologists, considerable 
information about i t  is available from the reports of prospectors and of R. W. Porter, of the 
Cook expedition. The accompanping map (Pl. XV, in pocket), made by Mr. Porter, shows the 
topographic character of the region. 

The area within which auriferous gravels are known to occur includes a belt of foothills of 
the Alaska Range about 20 miles u-ide, stretching northeastu~ard from Xokochna River through 
to the Tokichitna Valley, a distance of some 50 miles. This region is characterized by broad 
alluvium-filled valleys trending northwestward, separated by wide flat-topped ridges that are 
made up chiefly of gravels. The placers so far developed have all been on the small streams 
with comparatively narrow valleys which are tributary to those described above. 

The hard bed rock seems to be chiefly slate, which is here correlated with that of theGchatna 
Valley, assigned to the Paleozoic. Prospectors report some porphyry dikes in this formation. 
Some lignite-bearing friable conglomerates and sandstones have also been found in this district, 
and these probably belong to the Kenai formation. They are only slightly indurated and are 
known to the prospectors as the "cement gravels" or "red gravels." Overlying these are the 
Pleistocene gravels, which reach a thickness of several hundred feet and which, locally at least, 
contain many bowlders. The recent stream gravels in which occur the placers that are thus far 
productive merit no special description. 

A little gold has been mined on the upper part of Nokochna River, near the mouth of ICellar 
Creelr, at  the west end of the belt. Here the gravels are said to be about 20 feet thick and to 
rest on a slate bed rock. Considerable bodies of auriferous gravels are reported to have been 

/ 

1 Mr. Iiatz's statement will be published in Mineral resources of Ilsska--report on progress of investigations in 1910: Bull. U. S. Geoi. Survey 
No. 480. 1911 (in preparation.) 
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found on Eagle and Independence creeks, tributaries to the west fork of the Skwentna. The 
values in these gravels are said to be high enough to warrant the installation of a mining plant. 
There has also been productive mining on Wagner Creek and some other tributaries of Lake 
Creek. These placers are said to be shallow and to rest on a slate bed rock. The most important 
developments have been in the basins of Cache and Peters creeks, both tributary to the Kahiltna. 
The upper basins of these two streams are deeply incised in a heavy sheet of Pleistocene gravels 
which forms a high terrace between Kahiltna and Tokichitna rivers. The top of this terrace is 
nearly flat, with a gentle dip away from the mountains. Cache Creek valley is incised to a 
depth of 200 to 300 feet below the surface of the terrace. Its walls are broken here and there 
by benches, marking former stream levels. Near the point where the river debouches on the 
lowlands of Kahiltna River, Cache Creek flows through a narrow steep-walled canyon, but 
above this point its valley floor widens to 1,000 or 1,200 feet. The placers of the main Cache 
Creek valley rest on the "cement bed rocku-that is, the lignite-bearing formation. Here 
the highest values occur in a red gravel 4 to 6 feet in thickness, above which there is a gray 
sand. All the gravels, including those of the high terraces, are said to carry some gold. On 
Nugget, Falls, and other northerly tributaries of Cache Creek considerable mining has been done 
in gravels which rest on a slate bed rock. Much mining has also been done in the upper basin of 
Peters Creek, where the conditions of occurrence are probably similar to those on Cache Creek. 

The Cache Creek gold is rather coarse, well rounded, and bright in color. Its value is 
$17.80 an ounce. Very dark iron-stained gold is also said to occur in the district. The data at  
hand suggest at  least that the Cache Creek gold is in part derived by reconcentration from an 
older placer deposit and not directly from a bed-rock source in the slate. This older placer 
may have been a high channel in the Pleistocene gravels or may have been in the "cement" 
or Tertiary gravel. In any event the facts at  hand make it appear that auriferous gravels are 
rather widely distributed and that, locally at  least, the values are sufficiently concentrated 
to warrant exploitation. The successful operation of the hydraulic plant on Cache Creek, 
installed in 1910, will probably encourage similar enterprises. The water supply available for 
mining is better than in many of the other Alaskan camps. 

The route to Yentna district is by way of Susitna River and its tributaries. River steamers 
connect at Beluga with vessels on Cook Inlet, and launches running up the Susitna connect 
with the end of the railway on Turnagain Arm. Steamers can ascend the Yentna as far as the 
mouth of Lake Creek and launches as far as the West Fork. From the West Fork a trail 
leads to Eagle and Independence creeks. Another trail leads from the mouth of Lake Creek 
to the diggings on Cache Creek, a distance of about 50 miles. The Alaska road commission is 
now building a bridge across the Kahiltna at  the trail crossing, which mill make Cache Creek 
readily accessible in summer. Most of the supplies for this region have been hauled in winter 
from the mouth of Lake Creek or from Susitna station. 

Valdez Creek is one of the small headwater tributaries of Susitna River. (See PI. 111, in 
pocket.) It rises in the foothills of the Alaska Range and flows in a general southwesterly direction 
for about 12 miles. It is appro.uimately 160 miles north-northwest of Valdez or 130 miles directly 
soutll of Fairbanks. It lies in a region difficult of access and consequently not well known. 

Although the creek is a tributary of Susitna River, the trails most frequently used for 
reaching i t  approach the stream from the Copper River valley. Two trails are in use. One 
leaves Copper River at  the mouth of Gulkana River and follows that stream to the head of its 
western fork. Crossing the divide to the Susitna drainage basin, i t  desceutls JIcLuren Creek to 
Susitna River and then turns nortl?ws~l.cl, going up the river to the mouth of T'aldez Creek. 
This trail traverses a broad, flat area, swampy and clotted with lakes, so that traveling is difficult 

1 These notes mere obtained from prospectors vho came from Yaldez Creek in September, 1908. They are extracted from Bull. U. S. Geol. 
S m e y  No. J i g ,  1909, pp. I5i-1W. 
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at  many places. The second trail follows the southern foothills of the Alaska Range westward 
to Valdez Creek from Paxton's road house, between Gulkana and Summit lakes, on the Valdez- 
Fairbanks trail. This trail was used during last summer (1908) and is said to offer manF 
advantages over the more southern one. Food and mining equipment for T-aldez Creek have 
usually been taken in over the southern trail in winter, but in 1908 contracts were made for 
the delivery of freight by boat at  the head of navigation on Susitna River, whence i t  was to be 
taken overland to Valdez Creek with horses. The trip from Valdez Creek to the mouth of 
Indian River in the fall of 1908 was made with horses in eleven days, the distance being approxi- 
mately 90 miles. Eldridge has stated that Susitna River is probably navigable for light-draft 
stern-wheel steamers for a distance of 130 miles above its mouth, which would be to a point 
near the mouth of Indian River. In July, 1898, the little steamer Duchany, drawing about 2 
feet of water, ascended the Susitna to a point within 1 W e s  of Indian River. I t  is believed, 
however, that this would not be possible later in the summer. A light steamer drawing 2 feet 
of water could probably reach the Talkeetna, 87 miles from Cook Inlet, a t  nearly all stages of 
open water, but i t  could traverse the remaining 35 miles to Indian River only on high water. 
When once established, this more direct route will doubtless result in a great saving of both 
money and time. 

The excessive cost of freighting supplies into the region has hindered the development of 
mining and has prevented prospecting to a great degree. The average cost of supplies under 
present conditions is not far from 50 cents a pound, and the price paid for labor is $1 an hour 
without board. 

The present importance of Valdez Creek lies in its gold placers, discovered in 1903. It is 
estimated that these placers have produced between $175,000 and $200,000. Mining is prac- 
tically restricted to two localities on the creek-Lucky Gulch and the vicinity of Discovery 
claim, at the mouth of Willow Creek. The productive area is a small one, and although a large 
number of claims have been staked, only a few have contributed to the estimated output given 
above. 

Valdez Creek has cut its present channel through deep gravels and has intrenched itself in 
the underlying schist bed rock. On claim "No. 2 above" the bench bordering the creek has a 
heigllt of 170 feet. The lower 60 feet is rock, leaving a thickness of 110 feet of gravel. 

Gold is found in the creek gravels and in the bench gravels. A considerable portion of that 
in the creek is probably derived from the benches and is therefore a product of secondary concen- 
tration. Gold is not distributed in paying quantity throughout the bench gravels, nor uniformly 
over the bed rock, but occurs in a well-defined pay streak-an old channel occupied by the stream 
before its present rock-walled channel was cut. The two channels intersect each other on claim 
"No. 2 above," the old channel being 60 feet above the present one. The portion of the pay 
streak or old channel on claim "No. 2 above" is exploited directly from the face of the bench, 
but the values of the Tommy claim are recovered through a tunnel starting from the bench face 
and crossing low-grade or barren ground of "No. 2 above." The entrances to these workings 
are of course 60 feet above the creek. Gold is found in paying quantities in the lower 5 feet of 
gravel and in the upper 2 feet of the schist bench on which the gravel rests. The average width 
of the pay streak is 40 feet, and i t  has been exploited for a distance of about 400 feet from the 
face of the bench. 

A hydraulic plant was installed on T'aldez Creek below Willow Creek in 1908, but until that 
time most of the work of washing the gravels had been done by hand methods. This plant 
includes a pipe line with two giants and an elevator. For the most part Valdez Creek affords 
good dumping ground for tailings, but unfortunately an elevator is required a t  the locality 
where this plant is in operation. 

The gravels of Lucky Gulch are shallow, averaging about 43 feet in depth. There is much 
coarse gold in the product of this gulch, nuggets ranging from $5 to $50 being frequently 

1 Eldridge, G. H., A reoomabauC8 in the Bushitua Basin fad adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. S. Wl. 8mJW, 
pt. 7,1900, p. 10. 
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obtained. The largest yet discovered had a value of $970. Lucky Gulch is reported to yield 
about $40 a day to the man. 

In 1910, after the above was written, 3'. H. Aloffit made a reconnaissance of the Valtlez 
Creelr region. The following statement is extracted from his report.' The bed rock of Valdzz 
Creek is slate probably of 1Iesozoic age, locally altered into schist and cut by granitic dikes. 
South of the slates is a large area of basalt, and to tho north an area of granite. The slates are 
locally cut by quartz veins which are in places auriferous and appear to he the source of the placer 
gold. The gravels in the creek bed which hare been mined are from 3 to 8 feet t,hick. Placer 
gold has also been mined in an old channel GO feet above the present stream bed. 

UPPER KUSKOKWIJf BASIN. 

Only the upper portion of the Iiuskokwim basin is included in the Mount 3fcEinley province, 
and in this portion no productive mineral deposits have yet been found. There is a possibility 
that the Birch Creek schist, which has yielded the placer gold in the Kantishna district, has a 
southwesterly extension paralleling the main range. If this proves to be the case, placer gold is 
likely to  be found in the basin. The Paleozoic rocks in the foothill belt do not seem to be 
extensively mineralized, though a few colors have been obtained in the associated gravels. A 
few quartz veins have been discovered which carry metallic minerals. Spurr found a few 
colors of gold in the gravels of the upper Iiuskokwim, near the mouth of Styx River. I n  1907-8 
a party of prospectors found coarse gold on a tributary of the upper Styx and fine gold on the 
bars of Hartman River, in the same district. The location of this auriferous alluvium indicates 
that its bed-rock source was in the Tordrillo formation. It may have been derived from one 
of the contact zones of the granitic intrusive rocks. 9 gold-bearing quartz vein is reported to 
have been found in this vicinity. 

BONNIFIELD AND IUNTISHNA DISTRICTS.~ 

INTRODUCTION. 

The northern foothills of the Alaska Range have been widely traversed by prospectors 
since the establishment of Fairbanks as a permanent supply point. In  1903 gold-placer mining 
commenced in the Bonnifield country, about 60 miles south of Fairbanks, and during 1906 
the Kantishna region, about 150 miles southwest of Fairbanks and 30 miles north of Mount 
McKinley, was an area of considerable activity. These regions had produced, respectively, 
about $30,000 and $175,000 in placer gold. The writer and C. S. Blair, field assistant, were 
detailed to investigate the placers and also the deposits of lignitic coal of Nenana River, which 
were visited by the ~ r o o k s - ~ a r t ~  in 1903. 

The sketch map (fig. 28), with the foot traverses of the party in the two regions added 
to the topographic map made by the Broolm party in 1902, shows the geographic relations. 
The two most important geographic features of the entire area are the Alaska Range and the 
Tanana Flats. 

The ,Masks Range in this part of Alaska trends round from the northeast toward the east 
and is composed of lofty alpine ridges, surmounted here and there by beautiful peaks. (See 
PI. 111, in pocket.) & h o r  ridges flank the main range on the north, and their outer members 
descend with more or less abruptness to the level of the Tanana Flats. All the drainage fiows 
to the Tanana. The main drainage lines extend northward, transverse to the ridges. Wanv 
of the upper valleys are gorged with glaciers and the lower valleys are a succession of narro; 
canyons interrupted by east-west valleys parallel to the ridges. 

1 Mr. Moffit's preliminary report on this area mill be published in Mnersl resources of Alaska-report on progress of investigations in 1910. 
3uli. U. S. Geol. Survey No. 450, 1911 (in preparation). 

2 S p w ,  J. E., A monniiissance in southwestern Alaska in 1S9R: Twentieth ~lnn. Rept. U. S. Geol. Survey, pt. i, 1900, p. 260 
8 Taken mainly from Bull. U. S. Geol. Survey No. 314,1907, pp. 205-2?1. 
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The Tanana Flats extend northward from the base of the foothills to Tanana River. They 
have a width in the area under consideration of about 30 miles. They widen rapidly toward 
the west, as the river flows northwest and the mountains recede to the southwest, and form an 
impressive foreground to the mountains. The flats absorb small streams from the foothills 

0 5 0  10 ao 30 miles 
I I I 4 

FlGunE 28.-Sketch map of Bonnifield and Kantishna regions. 

and the surface is drained by swampy creeks, which cross them irregularly. The larger 
streams, a few miles after leaving the hills, meander sluggishly in no well-defined valleys and 
enter the Tanana with sloughlike inconspicuity. The surface is sparsely timbered with small 
spruce. tamarack, birch, and aspen, with a larger growth near the major streams and along 
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the base of the foothills. Swampy areas decked with lakes are interspersed with patches of 
birch where the ground is bare and dry and the traveling therefore fairly good. Feed is good 
along the watercourses, but during the long hot days of summer there is scant relief for the 
pack animals from the horseflies and mosquitoes, which render an otherwise friendly area 
a place of almost constant torment. 

The bedrock of the Bonnifield and Kantishna regions includes highly metamorphosed ancient 
rocks and loosely consolidated deposits of comparatively recent origin. (See P1. IS, in pocket.) 
The most common distinction made by the miners is that between hard and soft bed rock, 
and this distinction is warranted by the conditions. The ridges are formed for the most part 
of metamorphic schists and igneous rocks; the intervening longitudinal valleys, of deposits 
in the main unconsolidated but older than those of the present streams. The most important 
fact economically is the distinction between the two groups of hard and soft bed rock. The 
hard bed rock from south to north includes a belt of highly metamorphosed schists, predomi- 
nantly quartzitic schists with a small amount of interbedded crystalline limestone, and some 
carbonaceous schists; a belt of black slates with quartzite and cherty beds; and a belt of 
metamorphosed porphyritic feldspathic rocks. The belt of quartzite schists forms most of the 
bed rock in the Kantishna region, crosses Nenana River just south of Healy Creek, and 
extends northeastward to the south of the Bonnitield region; the slates occur in the high 
ridges at  the head of the Totatlanika and the porphyritic feldspathic schists form the several 
ridges to the north. These porphyritic schists occupy large areas in the northern foothills 
of the Alaska Range. They were observed throughout the area between Nenana and Wood 
rivers. To the south they are interrelated with the black slates containing quartzite be& that 
succeed the quartzite schists. To the north they form the outermost ridges overlooking the 
Tanana Flats. Throughout this area are several prominent east-west ridges of these rocks 
rising 1,500 to 2,000 feet above the valleys that separate them. The color ranges from dark 
gray to white. The prevailing tone is whitish, from the weathering of the large amount of 
feldspar that the rock contains, and much kaolinic material has been contributed by this rock 
to the deposits that occupy large areas in the longitudinal valleys between the ridges. The 
rock ranges in character from a coarsely porphyritic sericitic variety with feldspars 4 centi- 
meters or more in diameter to a fine, evenly grained white or gray sericite schist with no grains 
visible to the eye. These rocks are of igneous origin and comprise highly metamorphosed 
rhyolitic rocks with probably some associated tuffs. 

The soft bed rock includes thick beds of slightly consolidated sands, clays, and fine gravels 
and many beds of lignite, all overlain by thick deposits of gravel. (See P1. SVI,  A,) Some 
of these deposits, at  least, are of Tertiary age. 

BOHlPIFIELD PLACER REGIOIP. 

QENEBAL DESCRIPTION. 

The region known as the "Bonnifiald country" is named for John E. Bonnifield, who was 
one of the first men to locate in tl-& part of Alaska. The name referred originally to the region 
immediately west of Wood =ver, but as prospectors explored valleys farther west, the name 
came to be used in a broader sense, and for the purposes of this report includes all areas of 
placer mining between Wood River and the Nenana, 50 miles farther west. 

The region is difficult of access in summer. The waterways are not easily navigable, 
even for small boats, yet supplies are sometimes brought in them about 40 miles upstream to 
points a dozen miles or more from the hills, whence they are transported overland by man or 
horse power about 20 miles to the creeks where they are to be used. Pack trains are occa- 
sionally taken over the flats.along the west side of Wood River, but this method is expensive. 
Most of the supplies are transported during the winter, when streams afford good traveling 
for dog or horse sleds and the time consumed from Fairbanks to the creeks where mining. is in 
progress is but a few days. 

The region is delimited on the south about 30 miles south of the flats by prominent 
eastward-trading ridges which overlook it. The area between these ridges and the flats 
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contains several ridges approximately parallel, with altitudes of 4,000 feet, and intervening 
spaces a few miles in width at a level 2,000 feet below that of the ridges. Isolated promi- 
nences like Jumbo Dome form important landmarks and the area is one of diversity. 

THE CREEKS. 

The most striking characteristic of the drainage and one that finds explanation in the 
different conditions that once prevailed is the fact that tha streams in general have cut canyons 
in ridge after ridge in their northward progress toward the flats. These canyons are for the 
most part narrow, and talus from the overtowering cliffs obstructs the streams. The inter- 
vening parts of the valleys are in general open, and gravel plains up to 1,000 feet or more in 
width have been developed. The gravels include angular bowlders from the hard bed rock, 
finer material of the same nature, and a large proportion of well-washed gravels, in the main 
rather fine, which have been derived from the unconsolidated deposits that occupy large areas 
in the longitudinal valleys. 

The creeks on which most work has been done are Totatlanika with its tributary Home- 
stake; Grubstake, Roosevelt, and Hearst creeks, tributaries of the Tatlanika; and Gold King 
Creek, which flows independently out of the hills into the flats. 

Totatlanika Creek.-Totatlanika Creek is comparaLle in size to streams of the Yukon- 
Tanana country like the Chatanika. I t  is formed by the union of several tributaries which 
originat2 in a high schist ridge to the south. I t  flows northward toward the flats, cutting 
canyons in several ridges of the igneous schist, and has developed in the intervening spaces 
tributaries that drain large areas in which the hard rocla are largely covered with coal-bearing 
deposits. 

Mining was being done at scattered localities on the main creek along a distance of about 
6 miles and on Homestake Creek, a small tributary. Tlie conditions on the main creeks at 
all the localities are similar. The stream flat attains a width in the more open parts of the 
valley of several hundred feet, and the grade of the valley is approximately 100 feet to the 
mile. The quantity of water varies greatly. At ordinary stages there are, on a rough estimate, 
perhaps a dozen sluice heads available, and for the most successful working, by the methods 
employed, a low stage of water is desirable. The gravel bars at low water are mostly ba~e ,  
and it is there and in the stream bed that the mining is being done. The bed rock includes 
hard, blocky porphyritic feldspathic schist with some associated carbonaceous schist and 
abundant quartz veins. A belt of andesitic rocks crosses above the mouth of Homestake 
Creek. The gravels are derived from these varieties of bed rock and from the unconsolidated 
coal-bearing deposits, which supply many vein-quartz and chert pebbles, pieces of lignitic 
coal, and a few large bowlders of the granite and greenstone that occur in the uppermost beds 
of these deposits. The thickness of the stream gravels where work is being done ranges from 
3 to 6 feet. 

The gold is found in most places scattered through the gravels, but in others is confined 
to the surface of the bed rock, and where this is blochy is generally found to a depth of 3 feet 
or more within it. The gold is mainly flat and most of the pieces are less than a quarter inch 
in diameter. Occasionally pieces are found worth 25 cents, and a $2 piece was the largest 
noted. I t  is all well worn. Pay has been found over widths of 50 to 100 feet, with values up 
to 14 ounces a day to the man, but too little work has been done to give defhite information 
regarding the average dimensions, values, or persistence of the pay streak. 

&fining is done by open cuts in combination ~ l t h  wing dams. The ground is for the most 
part free from frost, and the only trouble from this source has been experienced in constructing 
bed-rock drains. Wing dams are used to deflect the water from the ground that is being 
worked, and water for sluicing is carried from the dam a distance of a few hundred feet to 
the sluice boxes. These are given a grade preferably of 9 inches to the box. There is but 
little sediment in the gravels and no dump boxes are used. 

The timber available for sluice-box lumber in this part of the valley is limited, and lumber 
is packed 5 to 25 miles from the lower canyon in the winter. About a dozen men were working 
on the creek during the summer of 1906. 
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Homestake Creek.-Homestake Creek is a small stream, about 4 miles long, which enters 
Totatlanika Creek in the uppermost canyon. The valley consists of two parts of different 
character. The upper part is open and f la thard ly  more than a depression in an undulating, 
well-nigh timberless area several miles wide that extends east and west between the ridges. 
The lower part is a deep canyon with vertical walls of andesite thst crowd the stream to.a 
narrow, crooked course and burden i t  with great fragments. The grade of the upper valley 
is approximately 100 feet to the mile; that through the canyon is over 200 feet to the mile. 
The amount of water carried by the stream is, during a dry season, insufficient for mining 
purposes. The bed rock of the upper valley is composed of unconsolidated clay and sand of 
the coal-bearing formation; that of the lower valley is the igneous rock of the canyon. 

Most of the mining has been done at the upper end of the canyon and in the open part 
of the valley half a mile farther upstream. The deposits that are worked range from 2 to 6 
feet in thickness. Gold has been found in 2 to 3 feet of gravel, and part of i t  is coarser than 
that of Totatlanika Creek, one piece worth $15 having been found. All the gold apparently 
is well worn. The stream heads in gravels and above the canyon has not yet cut down to 
hard bed rock, and it would seem that the gold has been derived from the gravels. 

There are but few trees in the upper valley. Sluice-box lumber and even firewood are 
from the main stream. Some of the ground prospects well, but so little work had 

been done at the time of visit that the possibilities of the creek were not definitely known. 
Unlike those on the main stream, successful operations on Homestake Creek are dependent on 
abundant rainfall. 

Tatlanika basin.-About 10 miles east of Totatlanika Creek is the Tatlanika, formed by 
the union of Sheep and Last Chance creeks. This is a somewhat larger stream and has devel- 
oped for itself in the section of the valley under consideration a gravel plain several hundred 
feet wide, with a grade of about 90 feet to the mile. A fhely preserved bench 40 feet high 
and half a mile or more wide limits the stream on the west, and 3 miles to the west high gravel 
hills separate the Tatlanika drainage basin from the headwaters of Buzzard Creek; on the 
hast are blunt terminations of low, broad ridges that separate the small tributaries entering 
from that side-Grubstake, Roosevelt, and Hearst creeks, on which most of the mining is 
being done. These enter in the downstream order given, the mouths being separated by 
distances of 3 miles and 1 mile, respectively. The creeks are similar in size and character, 
and gold occurs on a11 of them under about the same conditions and with apparently the same 
origin. The Tatlanika in this area has not yet cut down to hard bed rock, and these minor 
streams have cut narrow valleys for themselves in the unconsolidated gravels, clays, and 
sands of the coal-bearing deposits. Grubstake Creek heads along the contact of the schistose 
bed rock and the soft deposits and is the only one of the three that has the hard bed rock 
within its drainage basin. 

Mining on Grubstake Creek is confined to a mile of the lower valley. The stream is 200 
to 300 feet below the steep inclosing slopes of soft material and the stream flat is 150 to 300 
feet wide. The grade is approximately 100 feet to the mile. At the lowest stage the creek 
carries approximately a sluice head of water. The bed rock is sticky clay, sand, and coal, 
all three distinct from the stream deposits. The thickness of the gravels that are being mined 
ranges from a few inches to 6 feet. These gravels include both fine and coarse material, with 
a small proportion of bowlders. They are made up of schist, vitreous quartzite, compact 
conglomerate composed largely of chert pebbles, vein quartz, chert, granite, and diabase; the 
amount of sediment in them is small. 

Gold is found scattered through about 2 feet of gravel or confined mostly to the surface 
of the clay bed rock. The pay streak has a width of 25 to 75 feet, but outside of 25 feet is 
reported to be patchy. The coarsest piece found was worth $1.43 and the gold is valued a t  
$17.35 an ounce. The common variety is composed of small flat pieces, all well worn. Mining 
is done by open cuts. In some places a few feet of the top gravel is stripped off, but generally 
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a11 the material from surface to bed rock is shoveled in, and the character of gravel and bed 
rock is such that 6 cubic yards a day per man can be handled. The black sticky clay which 
forms the bed rock, after being cleared of the stream gravels, contains considerable gold which 
has settled into its surface or been trodden into it in the progress of the work, and experience 
has shown that the best way of saving this is to strip off a thin layer one-fourth inch or more 
thick, leave it in the sluice boxes overnight with a small amount of water running over it, 
and in the morning stir i t  with a sluice fork. The loosened mass then easily yields up its gold. 
The boxes are set on a grade of 8 or 9 inches to the box. The lumber for mining purposes is 
brought from the lower canyon of the Tatlanika, a distance of 14 miles. Some mining was 
done during 1905 and half a dozen men were a t  work during 1906. 

The lower part of the valley of Roosevelt Creek is rather open and is covered with a light 
growth of small spruce. The mining area is about 24 miles above the mouth, where the valley 
is narrow. The bed rock is sticky clay and yellowish sand that belong to the coal-bearing 
formation. The stream gravels are similar to those of Grubstake Creek and are derived from 
the thick bed of gravels that caps the sands and clays. They are shallow, and gold occurs 
in 1 to 13 feet of gravel over a width of 20 to 60 feet. The gold is small, flat, and well worn, 
the coarsest piece found being worth about 45 cents. At the time the creek was visited there 
was insufficient water for sluicing. The gold has most probably been concentrated together 
with the stream gravels out of the thick gravel deposits in which the creek originates. A 
point to be emphasized is that the soft clays and sands which form the bed rock are just as 
truly bed rock to the stream gravels that overlie them and carry the gold as if they were hard 
rock. A thickness of several hundred feet of these unconsolidated deposits may overlie the 
hard bedrock, and any attempt to sink through them to the solid formation would be not only 
a most difficult task, but, inasmuch as the only run of gold known overlies them, would be in 
all probability useless. 

The conditions on Hearst Creek are similar to those on the other two streams. In the 
lower part of the valley the creek meanders deeply in a narrow canyon, exposing sections 100 
feet thick of the unconsolidated light-colored cross-bedded sands and h e  gravels of the coal- 
bearing formation. These deposits in places have been benched and capped with stream 
gravels. The upper part of the valley is more open and the stream heads in the thick gravel 
beds that overlie the sands and clays. The only work that has been done is at  a point about 
2 miles above the mouth, where in 1905 a few thousand dollars' worth of gold was reported 
to have been mined. In 1906 this locality was being prospected. 

GoZd King Creek.-Gold King Creek is about 8 miles east of the Tatlanika. The stream 
heads in hard bed rock and flows through a V-shaped valley sunk to a depth of 1,200 feet below 
the inclosing gravel ridges. Long, flat, tonguelike spurs extend from these ridges into the 
narrow stream flat. The grade is about 100 feet to the mile, and the quantity of water at the 
lowest stage is approximately three sluice heads. The bed rock at points where mining is in 
progress is clay. The gravels include the same varieties as are found on the other creeks, and 
the proportion of bowlders 3 feet or more in diameter is large. They lie scattered through the 
gravel and have acted as efficient rBes  in retaining the gold. The thickness of the gravels 
that are being mined ranges from 4 to 8 feet. In  some places gold is found in 4 to 5 feet of 
gravel; in others it is mostly near the clay bed rock. Generally about 2 feet of overburden is 
ground sluiced off, and from 13 to 4 feet shoveled into the boxes. The gold is flat; there are 
many pieces over one-fourth inch in diameter, and the coarsest piece was worth $1.25. This 
gold is said to assay $17.82 to the ounce. Some of the ground is reported to yield about 14 
ounces to the shovel. All the mining is done by open cuts, and the presence of so many bowlders 
retards the work. Shoveling in can begin in some seasons about the 1st of June. I n  1906, 
however, on account of the extent of glaciers in the creek, work did not begin until June 20. 
The gold, like that of the other creeks, probably originates in the high gravels, and these are 
reported to carry prospects in many places far above the creek and even on the surface of the 
high, flat ridges. About a dozen men were working on the creek in 1906, and wages were $6 
and board per day. 
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SUMMARY. 

The creeks of the Bonnifield region may be divided, into two classes-those that have, in 
a part of their valleys at least, cut into hard bed rock, and those that are still cutting their valleys 
entirely in unconsolidated deposits, including gravels, sands, clays, and coal beds. The greatest, 
part of the gold has in all probability been derived from the thick gravels. The form of its 
occurrence in these thick deposits is unknown. I t  may be regularly distributed through them, 
it may be confined to some particular stratum in which it is spread broadly, or it may occur as 
a more or less clearly defined pay streak. The material of the gravels is all found in the ranges 
to the south. The gravels were deposited under conditions much different from those of the 
present time and are probably mixed in their upper part with some glacial material. 

The only general test of the values that these gravels may contain thus far available is that 
afforded by the gold found in the gravels of the present streams. Although fair pay has been 
found in places on some of the creeks, it would seem that if the high gravels carried noteworthy 
values t,he placers derived from them would be much richer than they have yet proved. All 
the work has been accomplished on a small scale under adverse conditions. Most of the mining 
is being done above the timber line. The work is hampered and in some places brought to a 
standstill by lack of water. The soft nature of the bed rock in some of the creeks means a 
prodigious amount of material that clogs the work and complicates the situation caused by 
lack of water. In  general it may be said that the quantity of gold is not so great as to over- 
shadow the economic factors of water supply, character of bed rock, presence or absence of 
bowlders in the gravels, timber resources, and transportation, but that these are everywhere 
the determining factors in the situation. 

KAJXTISHNA PLACER BEGIOH. 

GENERAL DESCRIF'TION. 

The rich shallow diggings discovered in the Kantishna region in 1905 were found to be 
of smaller extent than was at first supposed, and the results of 1906 were unequal to expecta- 
tion. During the fall of 1905 there was much travel by steamer from Fairbanks. Passengers 
and freight were carried a t  $40 apiece and $50 a ton, respectively, and landed at Roosevelt, 
on McKinley River, or at Diamond, 60 ~ l e s  above the mouth of the Bearpaw. The town of 
Glacier also was established 12 miles from Diamond, at  the mouth of Glacier Creek, about 
midway between the steamer landing at Diamond and the placers of Glacier Creek. During 
the winter of 1905-6 there was much travel between all these places and the creeks, and the 
winter trail from Fairbanks up Nenana River to the road house at the crossing and thence 
overland was also used extensively. The month of February found many already on the back 
trail. During the summer of 1906 the town of Roosevelt, situated remote from the creeks 
across an l&mile stretch of swampy tundra, became practically deserted, and in the fall the 
many empty cabins of Glacier and Diamond testified with depressing emphasis to the deca- 
dence from the activities of the previous year. 

The Kantishna placers, about 30 miles directly north of Mount McKinley, are in an out- 
lying ridge somewhat apart from the main range and separated from it by high bare hills, which 
form the foreground to this portion of. the range. This ridge trends northeast and southwest, 
and its most prominent summits have altitudes of 4,000 to 4,700 feet. To the southwest it 
abuts against the foothills; to the northwest it descends abruptly to the level of long, flat slopes 
that extend for miles from the base of the hills into the extensive flats of the Kantishna Valley. 

The slopes are deeply furrowed by narrow V-shaped valleys. The drainage on the south 
runs into Moose Creek, a stream that heads far back in the foreground of the mountains, flows 
close along the southern base of the ridge in a finely benched open valley, and fmally cuts a 
canyon through the ridge to flow northward to the Bearpaw. The streams that drain the 
northern slopes have long lower valleys limited on either side by the edges of low tonguelike 
spurs. 

66897'-11-12 
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The material of the ridge is for the most part a highly metamorphosed and closely folded 
quartzitic schist, with garnetiferous quartz-mica schist, carbonaceous schist, a s m ~ l l  amount 
of interbedded crystalline limestone, and much greenstone, part of trrbich at least is intrusive. 
This formation is like that at the canyon of Nenana River, south of Healy Creek, and is the 
same in character as that of the Fairbanks region. The occurrence of gold also and the asso- 
ciated minerals is the same for the most part as in the Fairbanks region. The formation has 
in general a northeasterly strike. The foreground of the mountains to the east is formed of 
hornblende granite and granite porphvrg and some dikes of granite porphyry cut the schists. 
Small areas of the coal-bearing rock occur in the region and coal from a fork of Moose Creek is 
utilized to some extent for blacksmithing purposes. The extension of the schist area to the 
southwest has not been determined. Topographicallg it terminates apparently at  McKinley 
River; to the northeast it is probably continuous with the schists of the Kenana Canyon. The 
rocks of the Alaska Range to the east are in general black slates p a r t l ~  altered by contact meta- 
morphism, greenstones, intrusive granitic rocks, ant1 volcanic rocks. 

THE CREEKS. 

The creeks heacl in open V-shaped areas forme.d h?- the convergence of two or more small 
tributaries. The lower parts of the valleys are narrotl- canyons. TiVllere these join the main 
valleys benching is prominent, and their deposits merge into the immense body of gravels 
that has been spread far and wide from the Alaska Range. This material is for the most part 
easily distinguishable from the schistose gravels of the creeks. 

The creeks where mining has been done are located on both sides of the ridge. Named 
from east to west on the south side of the ridge, round the west end, and eastward along the 
northern slope, they are as follou~s: Spruce, Glen, Eureka, Friday, Glacier, and Caribou. 

Spruce Creek.-Spruce Creek flows its last mile in the valley of Moose Creek. Above this 
part of its course for about 13 miles the valley is narrowly V-shaped, but near the head it is 
more open. The grade in the narrow part is about 350 feet to the mile and the amount of 
water carried at  ordinary stages is about 2 sluice heads. The lower valley has a consider- 
able growth of spruce in a narrow belt near the stream. The bed rock observed is predomi- 
nantly quartzitic schist, with some carbonaceous and green schists. The only point where 
mining was being done is about 2 ;  miles upstream, above timber line and about 700 feet above 
the level of Moose Creek. The gravels at this point are about 3 feet thick and comprise quartz- 
itic schists with a small proportion of green schist, carbonaceous schist, crystalline limestone, 
and vein quartz. Pay is found over a width of about 12 feet. The gold occurs mostly on bed 
rock and to a depth of 2 feet within it. Much of the gold is coarse, and the largest piece found 
was valued at  $6.40. Some of it is rough and has quartz attached, and there is no reason to 
doubt its local origin. Three men were working a t  this locality. Their sluice boxes were 
made of lumber packed from Glen Creek and were set on a 19-inch grade. 

Glen Creek.-Glen Creek is somewhat larger than Spruce Creek and is more deeply cut 
below the spurs that rise nearly 1,000 feet above it on either side. From the forks to the 
mouth, a distance of 3 miles, there is a grade of about 500 teet. The gra~e ls  are similar to 
those of Spruce Creek, being predominantly quartzitic schist, and where work is being done 
they range from a few inches to  about 3 feet in thickness. I n  some places gold is found 
through 2 feet of gravel and at others it is all on or within bed rock. The width over which 
pay is found ranges from 30 to 150 feet, and values have been reported of $3 to $100 to the 
box length, or approsimately a maximum ~ a l u e  of 65 cents to the square foot of bed rock, 
but their distribution is irregular. hluch of the gold is coarse; several $8 to $10 nuggets have 
been found, and the largest piece discovered weighed over 3 ounces. A few garnets are found 
associated with the gold. At the time of visit most of the miners had left for the season and 
it was reported that only about 7 men would winter on the creek. 

Eureka Creek.-Eureka Creek proved to be the best producer of the region. I t  is a small 
creek, oniy about 5 miles long, flows southwest~vard in a deeply cut valley, and enters lfoose 
Creek just below the point where that stream has turned northurard through the ridge. The 
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valley of Moose Craek at  this point is a flat several hundred feet wide, and the creek itself, a 
powerful stream, swings round to the east and is cutting laterally into the bed rock just at  the 
point where Eureka Creek enters. The valley of Eureka Creek has a grade of about 235 feet 
to the mile, and the smallest quantity of water flowing during the season of 1906 was reported 
to be 2 sluice heads. The bed rock is principally quartzitic schist, with some associated 
carbonaceous schist and greenstones. Small basaltic dikes were observed in a few places 
cutting the schists. Throughout most of the valley the stream gavels are composed of mats- 
rial derived from the bed rock, but in the lower part of the creek these rather fine subangular 
schist gravels become mised with material derived from the heavy JIoose Creek wash that 
rests on a bench over 150 feet vertic'dy above Eureka Creek. I n  the process of do\\-nward 
cutting through which the drainage s2-stem has passed these bench gravels, comprising boll-1- 
ders of granodiorite, greenstone, hard conglomerate containing chert pebbles, ancl metamorphic 
slates, all of these being materids mostly unlike those characteristic of the Eureka Valley but 
entirely similar to those of the Alaska Range, have become intimately mingled with the local 
deposits. 

Mining has been confined for the most part to 2 miles of the valley immediately above the 
mouth. The thickness of the deposits that are being worked ranges from 1 to 5 feet and the 
width is in most places that of the stream gravels, which is rarely more than 100 feet ancl in 
some places less than 20 feet. The gold is mostly on bed rock or w i t h  it to depths of 1 to 3 
feet, but all the gravel from surface to bet1 rock is generally shoveled into the boxes. The 
richest ground was in the first half mile above the mouth, where many nuggets were founcl, the 
largest two of which were worth $186 and $678. Nuggets are not confined to this part of the 
creek, however, and some worth as high as $40 have been found 2 miles above the mouth. 
The nuggety gold is generally of a lighter color than the finer grade. The gold found in the 
upper part of the valley is mostly rough and gritty. Average assay values were reported 
ranging from $15 to $16 an ounce. The proportion of black sand accompanying the gold is 
small. Here and there pieces of stibnite occur in the gravels, and these have been derived, 
probably like similar occurrences on Caribou Creek, from veins in the schists. The association 

vlon. in this respect is similar to that of the Fairbanlis re,' 
The reason for the richness of the gravels near the mouth has often been a subject of 

inquiry, and it might be supposed that a part of the gold at least was derived from the heavy 
Moose Creek bench gravels through which Eureka Creek has cut. So far as could be learned, 
however, these bench gravels are not lmown to carry profitable values, and the explanation is 
rather to be found in the riffle eficiency of large bowlders in retaining gold that would other- 
wise he carried out from the smaller valley along with the h e r  wash. 9 decrease of grade of 
the smaller stream near the mouth may also be a factor. 

All the gravels are worked by the open-cut method. Boxes are given grades ranging 
from 7 to 9 inches to the box. There is but little sediment in the gravels and no dump boxes 
were employed. The flats of Moose Creek opposite the mouth of Eureka Creek are covered 
with a light growth of small spruce and a lew small spruce dot the steep slopes of the lower 
Eureka Valley, but lumber for mining purposes has to be brought from points 6 miles down 
the Moose Creek valley. 

Gold was discovered on Eureka Creek in July, 1905. The richness of the gravels just&ed 
to a great degree the stampede that followed. The richest ground that has been discovered 
was  mostly eshaustetl tluring July ancl Liugust, 1906, when there were 50 or more miners on 
the creek. Wages during tile busiest ~ i m e  of tile season, when shifts were worlcing night and 
clay, were $1.25 an hour, paid in gold (lust ralued at  $16 an ounce. There was a settlement 
of considerable size rtt that time on the flat of lloose Creek just above the mouth of Eureka 
Creek. -1 restaurant was in operation, with rates for hoard alone of $4.50 a day, and there 
were small stores where supplies of rarious Irinds were obtainable. About a dozen Inen were 
working in -lugust, 1906. Various estimates of the output were reported, ranging from 
$150,000 to 5160,000. 
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A small amount of work was done (luring the summer of 1906 in the can:-on of hloose ('reek. 
ahout 5 miles belo\{- Eureka Creek, and some paS mas reported. 

Friday Creek.--Frida>- Creek is 3+ miles long and carries at the lowest stage about half a 
sluice head of water. The valle2- is cut to a depth of 1,500 feet below the inclosing ridges. 
The upper part, where small streams unite, is somewhat o p e n l ~  V-shaped; the lower part 
is very narrow and l ~ a s  a grade of over 400 feet to the mile. 

Mining is confined to about a mile of the creek above the point where it emerges into 
the valley of RIoose Creek. The bed rock includes quartzite schist, carbonaceous schist, 
greenstone, crystalline limestone, ancl dikes of granite porphyi~.  Tlle gravels are formecl 
most1:- of these materials and are from 3 t o  6 feet thick. Gold is found in 11 to 2 feet of 
gra\-el and about the same thickness of bed rock. The gral-els are in some  laces limited to 
the narrow space of 12 feet between tlle bed-rock walls; in others the>- reach 100 leet in TI-idth. 
Both nuggets and fine gold are found. The nuggets range in value up to $39. Ifany of them 
contain much quartz and are very rough and some are rudely cqstallized. Scattered pieces 
of galena several inches in diameter are found in the stream gravels, and one of these was 
assayed for the S u n - e ~  and found to carry 184.76 ounces of silver and 0.30 ounce of gold to 
the ton. Only G men were working on the creek in 1006. 

Glacier CreeE.-It is about S miles around the base of the hills from Friday Creek to Glacier 
Creek. The latter is a larger stream than the other creeks that have been described, bends 
against them, and after emerging from its deep V-shaped canyon flows for several miles 
between broad, level-topped ridges before it joins the Bearpaw. Cabins were built at  intervals 
along the entire length of the creel; during the winter of 1905-6, but the area that proved most 
productive is a section of the valley about a mile long ~rhere the creek emerges from the hills 
into the area of long gravel-covered ridges. Sear the end of the season of 1906 it was reported 
that pay was being found also on Yellow- Creek, a small t r i bu t a r~  near the head. 

Glacier Creeli, although considerablj- smaller than Noose Creeli, is a powerful stream, ant1 
there has been no lack of water for mining purposes. The grade of the valley in the part that 
is being worked is approximately 130 feet to the mile. The bed rocli observed colnprisetl 
quartzite schists, greenstone schists, and gametiferous mica schists, with abundant quartz 
seams and lenses. The gravels are coarse and the proportion of bowlders is large. The thick- 
ness of the deposits in the working area ranges from 2 to 5 feet and the width in places is 250 
feet. The gold is mostly on bed rock. The creek meanders shnrply a t  its point of emergence 
from the hills, and the best pay is reportecl to have been found just above the points of the 
meanders. T'alues have been found ranging  fro:^^ $75 to $200 to the bos  length, and the gold 
is reported to be worth $16.40 an ounce. Many nuggets have been found, and the largest 
was valued at $365. 

At the point where the stream leaves the hills there is a bench about 75 feet above the crceli, 
capped by 3 to 5 feet of gravel underlying 6 to S feet of muck. Gold occurs in about 18 inches 
of the gravel ancl is yellower ancl flatter than the creek gold. Several areas of the bench gravels 
were reported to prospect, but insuficient work had been done to determine their values defi- 
nitely. All the work was done by open cuts, and some of the lumber for sluice boxes was packed 
distances of 1.2 to 14 miles from Moose Creek. I n  the fall of 1906 there were approximately 
20 men on the creek. 

Caribou Creek.--Caribou Creek is somewhat larger than Glacier Creek, but in other respects 
the conditions on it are similar. There is the same variety of bed rock and deposits, but up 
to  the present time (1907) no well-developed pay streali has been found. In  the early part of 
the season of 1906 consitlerable work was done on Crevice Creek, a small tributary near the 
head. The gold was found to be rough and coarse, the largsst piece being valued at  $90. At 
the time Caribou Creek was visited by the Survey party but few men were working. 

Stibnite (antimony sulphide) occurs in the wash of Caribou Creeli, and a ledge containing 
this mineral has been located a short distance above the point where the creek emerges from the 
Bills into the benched area of the lower valley. The creek forks at  this locality, and on the 
southern fork, which has been named Last Chance, the ledge is exposed. The rein is about 4 
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feet thick, and the vein matter includes essentially quartz and stibnite. The quartz is partly 
nlassive and partly in the form of snlall crystals up to an inch in length. The antimony sulphide 
is in part a crystalline mass embedded in the spaces between the quartz crystals and in part 
a bluish-black, very fine-grained massive variety. The ledge strikes northeastward and dips 
75" N. The country rock is hornblende schist, to the structure of which the vein conforms. 
A short distance upstream the hornblende schist is structurally conforlllable to the quartzitic 
schist. A small amount of work was being done here in the hope that the ledge material would 
be found to carry values. Of three specimens from this locality assayed for the Survey two 
contained silver at  the rate of 4 and 2.76 ounces to the ton and the latter carried in addition 
0.12 ounce of gold to the ton; the third specimen contained 0.12 ounces of gold but no silver. 
Too little work had been clone to give definite information regarding the proportion of the 
antimony sulphide in the vein, but pieces of nearly solid ore up to a foot in diameter were 
obtainable. 

SUUU.4RY. 

The Hantishna placers are in an area of crystalline schists. The gold-protlucing creeks 
head near each other. The becl rock of all the creeks conlprises practically the same lunds of 
rock and the gravels are shallotv. The bulk of the gold has in all probability been derived 
from the valleys in which it is found. The occurrence is not confined to any particular section 
of the valleys, but is such as to suggest a derivation froin different points alone them. The 

9 
manner of its occurrence in the bed rock is indicated by the many pieces found m most inti- 
mate association with quartz, by a small, flat nugget one-tenth of an inch thick attached to 
garnetiferous mica schist, and by the occurrence of silver and gold bearing galena and stibnite 
in the gravels of several creeks. Pieces of these sulpbide ores a foot or more in diameter were 
observed in the gravels, and the fact that in one place high values in silver with some associated 
gold were carried by this material lends not only a qualitative interest to this occurrence but a 
quantitative one as well. The vein of stibnite on Caribou Creek, although carrying in the 
material tested no high values in silver or gold, illustrates the form of occurrence, and its 
interest is enhanced from the fact that the metal antimony, which forms about 70 per cent 
of the mineral stibnite, is a t  preseni (1907) in considerable demand. Regarding the question 
whether there is sufficient high-grade silver ore or stibnite to pay for working, nothing definite 
call be said. It is probable that both the lead and antimony sulphides and the small amount 
of iron pyrites associated with them occur as small veins scattered through the schists. Although 
both stibnite and galena rese~nble each other to some extent, the former has often been deter- 
mined by miners through its character of fusing readily in the candle flame. The coarser 
varieties can also be distinguished from galena by their lighter color and somewhat fibrous 
texture. The coarser varieties of galena break into little cubes. 

There is tl, great resemblance between the ILntislma and Fairbanks regions. The geologic 
environment and mineral associations are practically the same. The essential difference is 
apparently one of physiogmphic clevelopment. The Kantishna region is in n youthful stage. 
The valleys are narrow nncl have steep grades, and their deposits are consequently shallow and 
have undergone less shifting with the accompanying gravitative differentiation of the heavy 
constituents to the vicinity of bed rock. 

The bulk of tlle production has come from Eureka Creek and most of the remainder fro111 
Glacier Creek. The conditions on Eureka Creek probably find an explanation in the fact that 
the heavy foreign wash derived from the bench near the mouth, working in combination with 
a decrease in grade, checked to a greater or less extent the removal of the gold that was beinq 
brought down the valley of Eureka Creelc while the canyon was being cut, ancl thus brought 
about iLn enrich~nent at  this particular point. There is the possibility, too, that the bench gravels 
contributed a part of the gold. I t  is noteworthy in this connection that the richest ground on 
Glacier Creek is at  the point where the valley emerges from the hills into the benched Ltrea 
that surrounds their base. 

There ~vas  no lack of water during the summer of 1906, but in a clry season the small 
creelis shrank below the economic limit. The timber resources in the vicinity of the hills are 
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scanty. There is some fair timber along parts of the valley of hiloose Creek and this increases 
in quantity toward the mouth, but in general the localities where mining is done are above the 
limits of good timber, ant1 lumber has to be packet1 for several miles. The town sites of Glacier 
and Diamond are well timbered, and the valleys of the Bearpar and Kantishna contain many 
small areas of fine spruce. 

Steamer transportation during the summer of 1906 was very irregular, and the accessibility 
of the placers to the points where it is possible to land supplies from steamers is rendered difficult 
on account of swamp- areas that in places well-nigh block the approaches to the hills. Up to 
the present time but little attempt has been made to construct summer trails, as most of the 
transportation between the creeks and the local supply points has been done in winter. 

The auriferous gri~rels thus far discovered are adapted only for summer work, 1%-hen sluicing 
can be done from about the 1st of June to the early part of September, ant1 the rich ground 
first discovered llas been largely worked out. There is ground still remaining that is said to 
contain some pay, and about 50 men intended to remain during the winter of 1906-7 to prospect. 

NOTE.-Since the above account was written there has been no material change in the 
Xantishna district. Some engineers have examined the Bonnifield district with the view to 
determine the economic possibility of exploiting some of the heavy gravel deposits. In 1909 
a hydraulic plant was installed on a tributary of Wood River. In  1909 also much interest was 
excited among mining men by the discovery of auriferous lodes near the northern base of the 
Alaska Range and in the Bonnifield placer district. These lodes lie about 40 miles south of 
Fairbanks and can be reached by a direct trail during the minter. In summer they are acces- 
sible only by long horse trails via either Little Delta or Kenana River. I n  1910 this region 
was examined by S. R. Capps,' who reports that there have been no new discoveries of placers 
since Prindle's investigations, except on Moose Creek, an easterly tributary of the Kenana, 
about 40 miles from the Tanana. I n  1909 and 1910 some gold was produced on this creek. 
The largest enterprise in this district in 1910 was a h~draul ic  plant installed on Gold King 
Creek. I n  all about 113 miles of ditch have been constructecl t o  supply this plant. It is proposed 
to hydraulic the heavy bench gravels with this equipment. The future of this phase of mining 
in this district is dependent on the gold content of the gravels, which so far does not appear 
t o  have received very close attention. 

Capps reports that the gold of the district seems to have been derived from schists which 
form the prevailing bed rock and suggests that its source is in the contact zones of granitic 
intrusives. On Chute Creek there is a complex series of schists cut by intrusive rocks. Some 
zones in the schists are heavily charged with pyrite and are reported to carry gold values. One 
zone of mineralization, so far as can be determined, has a width of about a hundred feet. The 
owners of this property report it to carry about $9 in gold to the ton, about half being free. 
If the assays made represent average samples, the value of the ore body seems to be assured. 
This ore body has been penetrated by a 30-foot tunnel, tl~roughout the length of v~hich the 
schist showed the same character. Capps also reports that a little tvork has been done on a f 
mineralized zone on Kansas Creek, a tributary of Wood River.-A. H. B. - 

1 h preliminary report on Capps's lnrestiratlons will be published in Mineral resources of Alaska-report on progress of invest~gationsin 1910' 
Bull. U. 6. Geol. Survey KO. 480, 1911 (in preparation). 
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See page 151. 
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FAIRBASKS DISTRICT. 

By ALFRED H. BROOKS and L. hf. PRINDLE. 

It is not intended to present here a detailed account of the Fairbanks district, for which 
the reader is referred to the published reports.' As, however, the greater part of this district 
is covered by the accompanying maps (Pls. I11 and IS, in pocket) and as it forms the most 
important commercial center of the province, it seems desirable to present a brief summary 
account of its gold deposits. 

As defined by the gold discoveries up to 1908, the auriferous zones of the Fairbanks clis- 
trict lie in an area i n c l u h g  350 to 400 square miles, wlich stretches from the Cripple Creek 
basin on the southwest to the Fish Creek basin on the northeast, a distance of about 30 miles. 
This area has a width varying from 10 to 15 miles. As the same general geologic conditions 
are believed to prevail both to the northeast and to the southwest of this area, it is possible 
that  further prospecting may show the presence of other mineral-bearing zones. 

On the northwest the district as defined is bounded by the broad alluvium-floored valley 
of Chatanika Kiver and on the south by the lowlands of the Tanana. (See P1. SVII.)  The 
western half is interrupted by the broad depression occupied by the valley of Goldstream Creek. 
The topography is characterized by long, flat-topped ridges broken by higher domes. The 
ridges are from 1,000 to 2,400 feet in elevation; the domes stand a few hundred feet higher. 
The streams throughout the district have broad, flat valleys with very low gradients. This fact 
makes the disposal of tailings a difficult problem. Small tributaries of the larger creeks, how- 
ever, have steeper gradients with narrow valleys, and in places these valleys are cut to bed 
rock. All the larger streams flow on alluviitl floors. 

The country rock throughout the district is chiefly quartzite, quartzite schist, and mica 
schist. (See PI. XVII.) MI these belong to the group which lms been termed the Birch Creek 
schist (p. 56 ) .  Interbedded with these schists are lenses of crystalline limestone and some 
schistose greenstones. The limestone is in some places represented by metamorphic rocks made 
up entirely of secondary minerals. Granitic and dioritic intrusive rocks occur as dikes and 
large stocks, many of the latter being expressed in the topography by domes. In addition to 
these there are some small dikes made up of a more basic rock. 

The region as a whole is almost laclriug in bed-rock outcrops except along the crest lines 
of the riclges, where the rock is deeply weathered. Studies of the bed-rock geology therefore 
have been exceedingly difficult. In  fact, in many areas the character of the becl rock was not 
ascertained until it  was revealed by the operations of the placer miner. 

The alluvial deposits include gravel, sands, clay, and muck. The muck contains a large 
amount of vegetable matter, with a considerable percentage of clay and sand. The depth of 
the muck varies greatly on different creeks and also on the same creek, the minimum thickness 
being from 2 to 3 feet and the maximum 100 to 160 feet. The gravels rest on bet1 rock under- 
neath the muck and vary in thickness from 3 feet up to 135 feet. Most of the gravels are well 
rounded, but in places the lorvest l q e r  nest to becl rock is subangular. The pebbles are all 
from rocks outcropping within the stream basins. 

I n  addition to the alluvial material describetl above, there is a widely tlistributed deposit 
of fine silt, locally several hundrzd feet, in thickness, which occurs us a terrace along the larger 
streams. 

1 Brooks, 1. IT., Reconnaissance in the White and Tanana River basins, .Llnska, in 1898: Twentieth Ann. Repr. U.  S. Geol. Survey,pt. 7, 
1900, pp. 431494; Placer-gold mining in Alaska in 1902: Dull. U. 5. c:eol. Survey So .  113, 1903, p. 4i; Plncer mining in hlaska in 19W Bull. U. S. 
Geol. Survey Xo. 239, 1905, pp. 25-28: The mining industry in 19Oli: Bull. U .  8. Ceol. Survey So.  314,1907, pp. 33-3; The mining industry in 1907: 
Bull. U. S. Geol. Surrey So. 343, l W ,  pp. 38-43. 

Prindle, L. H., Gold placers of the Fairbanks district. l laska: Bull. C .  S. Geol. Surrey So.  25 ,1904 ,  pp. 64-i3; The gold placers of the Forty- 
mile, Birch Creek, and Fairbanks regions, Alaska: Bull. U. S. Geol. Survey No. 251, lSO5, pp. li6-84; The Yukon placer fields: Bull. C .  S. Geol. 
Survey 30. 284, 1W9, pp. 110-123; The Fairbanks and Xampart ~~uadmngles,  Yukon-Tanana region, Alaska: Bull. 5. S. Geol. Sun-ey No. 337, 
1908, pp. 1-63. 

Prindle, L. if., and I h t z ,  F. J., The Fairbanks gold-placer region: Dull. C .  8. l;eol. Surrey No. 3i9,1909, pp. 181-200. 
In addition to the maps contained in the above-named reports. there hare  also been published the Fairbanks special map, scale 1 mile to the 

inch, with 25foot contow.  and the map of the Fairbanks quadrangle, scale 4 miles to the inch, with 200foot contours. 
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The bed rock of the valleys, on which the gravels rest, in most places has a gentle slope 
parallel to that of the present alluvial floors. Here and there, however, a sharp drop in the bed- 
rock floor has been noted. Much of the bed rock is covered by a layer of c l a ~ ,  evidently of 
residual origin. 

As the gold placers of the Fairbanks district rest on bed rock, they are from 10 to 300 feet 
below the present stream levels and are therefore mined chiefl~ by underground methods. 
The pay streak ranges from a few inches up to 13 feet or more in thickness and eveqwhere 
includes a considerable portion of the underl-ing bed rock. -4s a rule it occupies onl~- a part 
of the stream valley ancl ranges from 30 feet to 800 feet in width. A s  a t  present mined, the gravels 
carrying values averaye probably 200 feet in width. The pay streaks usually wind from one 
side of the valley floor to the other, except where the valley is narrow. Many of the streams 
have a steep wall on the west or north side and a gentle slope on the other. Such creeks usually 
follow the steep walls of the valleys. 

The total length of pay streak, including that which has been mined out, developed by the 
. mining operations up to 1908 measures roughly about 50 miles. The values in the pay streaks vary 

greatly. I n  the early days of the camp it was probabl- impossible t-o recover a t  a profit values 
of less than $10 to the cubic yard, but with improvement of methods the average is about $5 
to the cubic yard. This does not mean that there ma:- not be some pay streaks as rich as those 
already mined, but rather that, the cost of mining having been reduced, it is possible to work 
the lower-grade deposits, ancl this reduces the average gold content of the material mined. The 
cost of mining being estimated a t  $3.50 to $4.50 a cubic pard (1908), it is evident that there 
must be much ground of a lower grade which can not now be exploited. As much of the richest 
gravel has been mined, the future of the camp depends on a decrease in the cost of operating. 
This can be brought about only by better transportation facilities and an improvement in the 
methods of extracting the gold-bearing gravels. I n  1908 the placers of. Cleary, Fairbanks. 
Dome, Vauit, Ester, and Goldstream creeks and their tributaries were the chief producers of 
the district. 

Auriferous quartz veins have been found a t  many localities in the Fairbanks district, the 
richest of them in valleys that have proved large producers of placer gold. These veins are 
located in the schist, in some places in proximity to intrusive granitic rocks. They range from 
small s,ringers to veins 12 to 15 feet thick. They crosscut the schist, run parallel with the main 
structure of the schist, or have been depositecl along joint planes and shear zones. I n  places 
they have been faulted, shattered, and even brecciated. Quartz has been reintroduced, and the 
present quartz veins embody the result of a sequence of events, one of the last of which for 
some of the veins has been the introduction of gold and sulphides. 

The metallic minerals that have been found in the quartz veins are iron pyrites and its altera- 
tion products, stibnite, arsenopyrite, galena, sphalerite, and gold; those found in the gravels 
are cassiterite, wolframite, and bismuth. Much of the gold of the quartz veins is free and visible, 
occurring as small flakes and grains in the quartz or embedded in limonitized crystals of iron 
pyrites. I ts  most comm~n  associates in the richest veins are stibnite and arsenopyrite. Veins 
composed of the sulphides alone, however, have been found to carry but little gold. Values 
found in the rock showing free gold are naturally high and help raise the average values over a 
width of several feet, in some places to about $50 a ton. 

The introduction of gold in the quartz veins has been an event closely related to that of the 
sulphides. KO auriferous quartz veins have been recognized in the granitic rocks, but there are 
several localities where the granite is abundantly pyritized, and some placer gold has been found 
which was derived evidently from such pyritized granite. The facts a t  present available 
indicate a genetic relation between the gold with its associated sulphides and the granitic 
intrusions. The transportation of the auriferous after-products of intrusion from deep-lying 
sources to a zone of accessibility is believed to have been greatly facilitated by the extensive 
shattering which the rocks of the Fairbanks district have undergone. 

Only the superficial portions of the ore had been exposed and insufficient work had been 
done in 1909 to determine with definiteness.changes in the character or value of ore with increase 
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in depth. I n  a few places a decrease in the values of free gold a t  greater depth had been noted. 
It has been demonstrated that there are some auriferous veins of such climensions and values 
as to be possible producers. I n  1910 considerable progress was made 011 some of the quartz 
mines near Fairbanks. Several of the mines were put on a productive basis, but the total 
lode-gold output of the camp had a value of less than $50,000. 

RAMPART REGION. 

The Rampart clistrict includes the tributaries of Jlinoolc Creek, which flows into the Yukon, 
and those straams lying to the south which flow into Baker Creek, tributary to the Tanana. 
The geology and mineral resources of this district were investigated by Prindle and Hess in 
1904, and to their rzports the reader is referred for details of the placer cleposits. 

The northern part of the Rampart region is one of strong relief, the ridges and domes rising 
to altitudes of 4,000 to 5,000 feet and many of the vaIIsys being sharply cut. (See P1.111, in 
pocket.) In  strong contrast to this topoyraphy is that of the southern part of the region, where 
the broad depression occupied by Baker Creek and its tributaries slopes gently to ridges rising 
not over 1,000 to 2,000 feet above the sea. The north side of the Baker Creek valley rises 
gradually to a sloping gravel-floored bench which forms one of the important sources of the 
placer gold of the district. B gavel-floored bench skirts the east side of the Minook Creek 
valley about 600 feet above the floor. This bench falls oT by a prnclpitous slop3 to the gravel 
floor of Minook Creek. It is in strong contrast to the bench north of Baker Creek, which slopes 
gently to the main stream. 

The developed placers are of two types-those of the present stream bed and the bench 
deposits. Although the high bench along Minook Creek is known to carry gold, its placers 
have not been developed because of the difficulty of workins them. The benches on the north 
side of the Baker Creek valley have been very productive. The first mining in this valley 
was on the streams that cut across these benches ancl have reconcentrated the gold, but during 
the last two years the bench gravels themselves have been worked on a considerable scale. 
Throughout the district the gravels are usually shallow, 5 or 6 feet being probably the average, 
though 10 to 20 feet of gravel is not uncommon, and in a few places thicknesses of 100 feet have 
been found. 

'The productive creeks of the district up to 1907 included Minook Creek and its tributaries, 
chiefly those that enter it from the east and cut across the high bench gravel, but workable 
placers have also been found on Quail Creek, a tributary of Troublesome Creek, which flows into 
Hess Creek. Gold-bearing gravels, though not hewn to carry commercial values, also occur 
in other pasts of the Xinook Creek basin. A number of streams tributary to Baker Creek carry 
values. The chief of these are the streams tributary to Pioneer, Rhode Island, Omega, and 
Thanksgiving creeks, all of which cut the bench deposit which has been described. In  1907 
gold was discoverecl on Patterson Creek, which lies to the south of Baker Creek and flows directly 
into the Tttnana. Since than some valuable placers have been opened in this part of the field. 
The gold-bearing region, as roughly outlined by the mininz operations, includes about 200 
square miles in the Baker and Patterson creek basins and about 100 square miles drained by 
Xinook and Hess creeks. I t  is not intender1 to imply that these entire areas are gold bearing, 
for the placers have been found only in certain creeks. 

The geology of the Rampart clistrict is varied. (See PI. IS . )  The region includes a small 
area of hiqhly :tltered schists, here correlated wit11 the Birch Creek schist. ant1 succeeding forma- 
tions made up of chert, slates, gray\vackes, ancl some limestones provisionally assignecl to the 
Silurian, together with some smaller areas of blue siliceous limestones assignecl to the Devonian 
(p. 81). In addition to these rocks, intrusive masses of granite are not uncommon. I t  is a 
significant fact that a large part of the Ramp~~r t  placers derive their gold from rocks which are 

1 Now included In the Hot Sprmgs district. 
2 Pnndle, L. X., and Hess, F L , The Rampart gold-placer regton, Llaska: Bnll. U S. Geol Survev No. ?SO, 1800. Prindle, L. X , The 

Fallhanks and Rampart quadranales, Yakon-Tanana reglon, .\l&ka, m ~ t h  s sectlon on the Rampart placers by r. L iiess Jnd A paper on the 
\rater supplv of the Faubanks realon by C C. Covert: Bull U. 8. Geol. Slrvey No. 33i, 1908. B a l d s  rhe maps lncluded 1n these reports, the 
Snnrey has also issued the map of the Rampart quadrangle. 
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younger than the Birch Creek schist. This mode of occurrence of placer gold is esceptional . tF 
in the Tukon-Tanana province but is kno~nl  at other localities m Alaska. S o  lode deposits : .,? 
have been found in the Rampart district, though man:- of the quartz stringers occurring in the .t" 
rarious rocks associated with tlle placers are mineralized. The statements in regard to the &< 
source of the gold which have been made about the Fairbanks district (p. 182) probably apply * +  5 

to tlie Rampart district also. 
GOI,D EIILI, DISTRICT. 3 

Placer gold has been found on several creeks tributarr to tlie Yukon between Rampart and 
a point 20 miles below the Tanana, but at only two places in this area has an!- gold been ex- 
tracted. One of these is near the moutli of Homestake Creek, a confluent of hlorelock Creek. 
About this occurrence little is known. 

The placers near Gold Hill hare been briefly described b ~ -  Maddren on the basis of a hasty 
examination made in 1908, and from his report the following notes are extracted. The bed 
rock of the district is the Birch Creek schist, characterized by considerable quartz veining. 
The quartz stringers are in many places iron stained and some of them are known to carry gold. 

Placer gold has been found on Grant, Illinois, and Mason creeks, tributaries of the Yukon, 
as well as on a number of tributaries flowing northward into the Melozitna. The gravels are 
shallow and in part unfrozen. Though many claims have been staked in this district, there 
has been relatively little prospecting and the production has been small. 

The first attempt to open a lode mine on the Yukon was at Gold Hill, where an adit was 
driven on a quartz vein for about 100 feet in 1890. A surface cropping of iron-stained quartz 
2 to 3 feet in thickness was the incentive for this attempt at mining. Though the quartz carried 
some gold and silver, the operations were not a success and were long ago abandoned. 

COAL. .% 

It has been shown (pp. 159, 161) that there are two coal-bearing formations in this field-tlze 
Kenai (Eo~ene ) ,~  which includes all the coals of prored value, and the Middle Jurassic, whicli also 
carries coal but whose commercial importance has not been established. All the mapped areas of 
the Kenai (Pl. IX, in pocket) carry some coal except those on the inland front of the Alaska Range. 
Except in the Matanuska Talley, all the 1i;enai coal is of sl lignitic character. So far as l inom~, 
the Jurassic coals are limited to the upper part of the Matslnuska Valley and are probably for 
the most part lignitic. The Matanuska field includes a large quantity of high-grade bituminous 
coal, much of which will coke, and this field shares with the Be- River field preeminence in 
the Alaska fuel reserres. 

Estimates of areas of coal fields which are based only on reconnaissance surveys have no 
lasting importance, for detailed esaminations are necessary to determine the presence or absence 
of workable coal beds. Such estimates may, however, serve as approximate measures of the 
importance of the fuel resources. 

I n  the following table the areal data bearing on each of the three grades of coal are grouped 
under three headings. In  the first are placed the known coal lands. These comprise the areas 
about which sufficient is known to warrant the conclusion that they are underlain by beds of 
coal at  such depth and of such quality and thickness as to make it certain that if they can find 
a market they can be profitably esploited. There has been no mining in these fields and but 
little prospecting; hence these estimates are based solely on the information gleaned from the 
surface outcrops. In  the second column are given the total h o r n  areas of the coal-bearing 
formations, parts of \vliich undoubtedly include commercial coal beds. These areas were 
determined b~ measurements on the map of the known outcrops of the coal-bearing rocks. I n  

1 Maddren, A. G. ,  Placers of the Gold Hill district: Bull. U. S. Geol. Survey No. 379. 1909, pp. 234-237; Bull. U. S. Geol. Survey No. 410, 1410. 
pp. 8 W .  

2 I t  should be noted that it has not been definitely determined that all the Tertiary coals belong to the Kenai formation. The rocks mapped 
as Kenai in the Matanuska Valley may include some that are older, and the Tertiary of the Nenana Valley may include some that are younger. 
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the third column are conservative estimates of the possible total areas of coal-bearing rocks. 
In this are included (1) areas of known coal-bearing rocks, as in the second column; (3)  areas of 
supposed coal-bearing rocks covered by younger formations of no great thickness, and (3) an 
estimate of the area of coal-bearing rocks in regions which have not been actually surveyed. 
This third column can be regarded as a rough estimate of the possible extent of the coal fields 
here under consideration. 

d r e a s  of coal jiclds of Jfount -Wchhinley regi0n.l 

[In square miles.] 

I I 

Character of coal. sible total 

bearing rocks. 

.Anthmcite and semianthracite.. .................................................................. 4.5 
Bituminous and semibituminous.. ................................................................ 
Lignite.. .......................................................................................... 90.0 1.086 1,660 

I I I 

1 See geologic reconnaissance map, PI. I S .  

,4s considerable weight may be given to quantitative estimates of mineral wealth published 
in official reports, it should be the aim of such reports to err, if anything, on the conservative 
side. This ~ r n  is expressed in the foregoing table, and for this reason the extent of the possible 
coal fields may be many times what is here estimated, especially that of the lignite-bearing 
formations. The lower Susitna basin is so heavily mantled by Quaternary gravels that there 
is little clue to the underlying bed rocks. Eenai rocks have, however, been found along both 
margins of the basin, and it is not impossible that they may underlie the entire lowland at 
no great depths. The Tanana Valley also contains heavy gravel deposits which may cover 
extensive areas of Icenai formation. 911 this makes it possible that there may be many thou- 
sand square miles of lignitic formations within the Mount XcKinley province. 

There are few data on which to base tonnage estimates for these coal fields. However, 
some rough computations of certain parts of tlie Uatanuska field indicate that the recoverable 
coal ranges from 10,000 to 60,000 tons to the acre. -4 few sections measured in the Nenana 
field show a coal content of 5,000 to 50.000 tons to the acre. 

Most of the coal of the province is of a lignitic character, with 30 to 35 per cent of Lued 
carbon. The coal classed as bituminous includes both subbituminous coal, with about 50 per 
cent of fixecl carbon, and semibituminous, with 65 per cent of &xed carbon. I t  appears probable 
that in the Natanuska field the higher grade of bituminous coal dominates, but more detailed 
work will have to be done to determine this point. There is also some anthracite coal in the 
region, but up to the present time (1008) it has been found only in one small area. A sample of 
this coal yielded 54 per cent of fixed carbon. 

If the estent and accessibility of the fields and the quality of the coal are taken into account, 
the bituminous areas are by far of the greatest commercial importance. These, so far as linown, 
are all confined to the basin of Matanuska River. Lignites are very widely distributed, and 
some of these will in time hare local value. This is especiallp true of the lignites north of the 
,Ua~lia Range, which can be utilized for the placer clistricts, where the advancement of the 
mining industry and the rapid consumption of the more accessible timber wi1l cause a growing 
demand for fuel. 

MATANUSKA COAL FIELD. 

The writer has visited only a part of the Llnt  anuska coal field, and the following summary 
is based almost entirely on the work of Martin and of Paige and Knopf, to whose reports the 
reader is referred for detailed information. 

1 hlartln, G. C.. .\ reconnassance of the Matanuska coal field, .LlJska. In 1905. Bull. C. S. Ceol. Survey No. 339, 1906, also unpubl~shed data 
clern-ed from surreys of 1910. 

2 Palge, S~dnoy, and I;nopf, Adolph, Geoiog~c recomalssance In the Xatanuska and Talkeetna basins, hlmka: Bull. U. S. Geol. Survey 
NO. 327,1907. 
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This field lies in the basin of Matanuska River. a tributarl- to 3tinik Arnl and a swift-flowing 
muddy stream, with a fall of probabl- 20 to 25 feet to the mile. Itc valley is bounded on the 
south by the rugged Chugach Nountains, some 6.000 to 8,000 feet in height, and on tile north 
by the Talkeetna RIountains, of even greater ruggedness and about the same altitude. 

Two coal-bearing terranes have been recognized. The upper includes the T e r t i a r ~  shales. 
sandstones, and conglomerates assigned to the Kenai formation, \i7llic1l contains valuable bitu- 
minous coal beds and has a thickness of about 3.000 feet.' A series of shales, sandstones, tuft's. 
conglomerates, and arkose, with some lignitic beds Kpper Jurassic), forms the lo~t-er of the tm-o 
coal-bearing terranes and has a thickness probab1:- of 2.000 feet. The T e r t i a r ~  coal measures 
occur in several detached areas in the lower part of tlie Alatanuska Vallr- and on Chickaloon 
Creek, a northerlr tributary of the Jlatanuska. The Upper Jurassic lignite-bearing rocks lie to 
the east of the Tertiary basin and are known to estend beyond the area s h o ~ ~ - n  on the geologic 
map (Pl. IS, in pocket). Toward the \vest end of the field tlle bituminous (souls of the Tertiary 
grade into lignite. 

The known area of coal-bearing rocks of Tertiary age is about 260 square miles, but there 
may be a much greater area underneath the Quaternarj- gravels. Of this area about 42 square 
miles is known to  be underlain by coal bPds ~ i ~ h i c h  Tary from 5 to 30 feet in thickness. These 
Tertiary beds are throurn up into broad, open folds which are considerab1)- faultecl ancl rut by 
stocks and dikes of igneous rocks. TJp t o  1908 anthracite had been found a t  onl- one locality- 
along Anthracite Ridge, which is east of tlie area here considered, between Boulder ant1 Hicks 
creeks. The extent of this deposit is t~nlcnox~n: but i t  is estimated that a t  least 4 square miles 
is underlain b ~ -  coal. The age of this anthracite is not definitelj- determinetl, but Paige and 
Knopf are inclined to the opinion that it may belong to Tertiarj- beds infolded ~i-ith the 
Mesozoic. 

The coal-bearing rocks of Upper Jurassic age underlie an area of 268 miles ~v i t l in  the limits 
of the area shown on Plate IS, and probably the coal field as mappecl might be regarded as at 
least 300 square miles, while i t  is l ino~~-n to estend east of the mapped area. These coals appear 
to be mostly lignitic and are therefore of much less value than those of the Tertiary horizon. 
They do not exceed 3 or 4 feet in thickness. 

The Matanuska coal field was first Bnom to prospectors about 1808, but i t  was several 
years before its importance was recognized. Since 1903 there has been considerable prospecting 
of these coals. Many claims have been located and surreys made for patent. I n  the aggre- 
gate not more than a few hundred feet of rock work ha3 been done. The quality of the coal of 
this field is indicated by the subjoined analyses : 

Proximate ana2yscs o j  llfatanus1:a coal. 

Kind of coal. , i s .  . 1 Ash. sulphur  
1 I I 

Authracite, l anulvsis.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .' 2.55 i. 08 84.32 ; 0.57 
Semihiturnino~~s coking. amraze of 16 analyses.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 20.23 I 65.3 1::; .57 
Subhituminous, average of 4 analyses.. . . . . ... ... . . . . . . .. . . . .. ... . . .. . .. ... . ... . . . .. . 6.X ! 31.14 / 40.44 1 .37 

COOK INLET A S D  SUSITSA B A S I S  COAL FIELDS. 

-411 the coals of the fields adjacent to Cook Inlet. as well as those of the Susitna basin, are 
of lignitic character and occur in soft sandstone interbedded with conglomerate ancl shales of 
the Kenai formation, which are as a rule but little disturbed. The k n o ~ i ~ l  Tertiary rocks of 
this region underlie only 130 square miles; but i t  is estimated that tlie total area of Tertiary 
rocks may be 500 square miles. Of the known 130 square miles only about 32 square miles are 
known to be underlain by coal beds. 

1 Mxtin's surveys of 1910 indicate a thickness of over 5.000 feet. 
2 Martin's survey shows that a part of the rocks mapped as Tertiary are Mesozoic. 
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These lignitic coals have been mined at  only two localities-Tyonek, on the west shore of 
Cook Inlet, and Point Campbell, on the southeast side of Knik Arm. I n  both places operations 
were confined to the surface croppings ~Yitll the purpose of obtaining coal for local use. 

The largest areas of coal occur in three separate localities. One of these covers the north- 
west end of Kenai Peninsula and lies along the eastern margin of Coolr Inlet. Here the coal- 
bearing rocks are mantled, for the most part, by a gravel sheet, outcropping only in a low bluff 
near the sea; but no workable coal beds are known to have been found. 

,4 second area of coal is exposed for several miles along the beach near Tyonek (fig. 29), 
and what appears to be an extension of the same coal beIt is traversed by Chuit and Beluga 
rivers. T1Gs field, examined by Eldridge in 1598 and by the writer in 1902, was studied in far 
greater detail by Atwood in 1807, ancl from his report most of the data here given are taken. 
Though the coal exposures in the Tyonek field are confined practically to the sea cliffs along Cook 
Inlet, it is probable that coal beds underlie the extensive gravel sheets to the northeast. The 
total surveyed area of coal-bearing rocks is 85 square miles, of 
which only 10 square miles are known to be underlain by coal. 

The section south of Tyonek shows a thickness of 500 to 600 
feet of friable sandstone and a little h e  conglomerate, shales, and 
lignite, which are upturned, dipping to the north at  angles vary- 
ing from 15" to 60'. (See fig. 19, p. 95.) The edges of these coal- 
bearing rocks have been planed off and are covered by 50 to 60 
feet of Quaternary gravels. About twenty seams of lignite are 
exposed varying in thickness from a few inches up to 20 feet, the 
average being 4 to 6 feet. S o  coal bed more than 5 or 6 feet in 
thickness, however, was found ~vhich !\-as not interrupted by 
bone partings or sandy layers. Atwooci estimates the total thick- 
ness of workable coal a t  about 50 feet. Jluch of the Tponek coal 
is fibrous, having 9 well-marked woody texture. It is brown to 
black in color and much of it seemingly of low grade. I t  has, how- 
ever, been successfully used on local steamers on the inlet. 

The average of five analyses of coals from this field is as 
follows : 

Glacial deposits 

Average analysis of coal from Tyonek jield. 

Moisture.. ............................................ 21. 50 
Volatile matter.. ..................................... 3. '78 
Fixed carbon.. ........................................ 30.60 
Ash .................................................. 10. 63 

F r c w ~  29.-Sketch mnp shoaine distribu- ............................................. Sulphur. 55 tion of coal along Iwdch uear Tyoueh-, 

Of the inland extension of the Tyoneli coal fielcl Xt~~-ootl '  says: "oo"'"lCt. ";. 'v. 

Xorthwest of Tponek, in the area where Beluga River cro9es the coal field, the beds in general continue to dip to 
the northeast, and in following the valley upstream the entire section nmy be esamined. Froin these exposures it  is 
evident that the lignite s e a m  in the upper.portion 01 the section are of much poorer grade than those near the base. The 
strike varies from N. 17" E. to N. 73" \I-., ant1 the average dip is about 55'. The sediments are of the same character 
aa those exposed along the beach south of Tyonek, consisting oi loose sands, sandstones, clays, shales, conglomerates, 
and seams of lignite. Near the base of the section there are two seams oi lignite 10 and 12 feet thick, which are more 
brittle and harder and appear to be of much better grade than m y  exposed elsewhere in the field. They outcrop 10 
miles above the mouth of the Beluga, measured along the aream, and about 3 miles above a belt of dangerous rapids. 

;i. small area of the Iienai formation at Point Campbell, near the entrance to Knik Arm, 
is ciescrihecl by llartin :is follows: 

There is an ares of lignite at  or near Point Campbell, a t  the juncture of Knik and Turnagain arms, which has been 
used to a limited extent as local domestic fuel. The coal seen by the ~ ~ r i t e r  hacl been pickecl up at  the outcrop and 

2 Atwood, 1V. W., +Mineral resources ofsouthu7estez.r~ ~lrtska: Bull. C. 3. Geol. durl-el- No. 3i9,  1909, pp. lli-121. 
2 Op. cit., p. 120. 
a Mnrtin, G. C . ,  reconnaissance of the Matanuslia coal field, .\laslie, in 1905: Bull. I.?. S. Geol. S u r ~ e y  No. 259, 1906, p. 2.5. 
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was a lignite of rather poor quality. It ma!- br that the coal from this bed mould be better were it not so badly 
weathered, or that there are more valuable seams in the vicinity. 

A belt of lignitic coal-bearing rocks is reported to stretch nortllri-arc1 from the JIatanuska 
along the eastern margin of the Susitnn T7nllej-. These rocks probably belong to the same Iiori- 
zon as the Tertiary coals of the hIatanuslra T-alley, but the connection of the two areas ha3 not 
heen traced and the field is known only tllmugh the reports of prospectors. If this l~elt  estencis 
nortl~ward, i t  may be coextensive with some Icenai coal-bearing rocks which occur near the 
junction of the Susitna and Chulitna ant1 of wlliclz Eldridge says: 

The third coal field along the main river, 4 to 10 miles above the Chulitna, appears in outcrop for a distance of 6 or 
7 miles and is perhap the exposed portion oi an extensive area. The strata form bluffs 100 to 300 feet high and consist 
of cla~rs and sandstones, the former predominating ni th coal seams from G inches to 6 feet thirli. There are perhaps 
ten or fifteen coal beds exposed in the entire length of the outcrop. Their general dip is 5 O  to 10° SSE., with untiu- 
lations. The thickness of the series exposed is perhaps 500 feet. 

Li~ni t ic  coal-bearing rocks of a similar cllaracter were found by Spurr G n  the Skwentna 
T'alle~ at the moutll of Haves River. (See P1. IS, in pocket .) Some of the coals seemed to 
he $1 lignite of fairly good grade. Similar rocks occurring in t l ~ e  Icichatna Valley include some 
thin fibrous bro~vn lignitic beds. Considera1)le lignitic coal has been found hy prospectors in 
the sentna placer clistricts northeast of the Icicllatna T7allej-. Beds 10 and 15 feet in thickness 
are reported. Coal-bearing rocks are snit1 to occur also in considerable areas near the head of 
the Chulitna, 5 to 15 miles east of Broad Pass. 

I t  has been pointed out that the coal-bearing Kenai formation has been found along both 
margins of the Cool; Inlet and Susitna lolvland. This suggests that tlle entire lowland may be 
undzrlain by these beds. If tl-Lis is the case, these coal fields may include an area of 10,000 
square miles. However, as there is no measure of the tliclmess of the Quaternary beds wl~iclz 
form the surface terrane of this lowland, there is no eritlence a t  what depth tlle coal would bc 
found. I n  any event the fra,mentarj- eritlence above given indicates that the Tertiary rocks 
underlie considerable areas in t-lze region along the margins of Cook Inlet and the Susitna basin 
ancl that, locally a t  least, they carrj- I)e(ls of liynitic coal. The rocks are as a rule compara- 
tively little disturbed, and 3ome of the coal 1)ecls. v-liere accessible, are tlicli enough for esploita- 
tion. Owing to the proximity of the 1Ggh-grade coal of the JIatanuska basin, however, and to 
tha fact that the sama lignitic coals occur on a good harbor at Kaclieniak Baj-, in the southern 
part of Kenai Peninsula, it is not likely that these fields have any immediate prospecti\~e value 
except for a very local market. 

KUShOKRIi I l  BASIN. 

So far as knoum, no coal of comnlercial value occurs in that part of the Kuskok~vim basin 
which was explored by the miter.  Beds of lignitic coal have, however, been found by W. E. 
Priestly in the region lying immediately southwest of tlze junction of the two forks of the 
I(us1rokwim. In the valley of Big River, Ah. Priestlg reports, there is considerable coal, some 
of which is in tliclc beds. A specimen of tlGs coal indicates that it is a lignite of good grade. 

S E X A S A  COAL FIE1,IJ. " 
By ALFRED H. BROOKS ancl L. 11. PRINDLE. 

The Xenana coal basin embraces a rougldy quadrangular area drained bv Kenans, Tat- 
lanika, and Wootl rivers, all tributarj- to tlle Tanilna from the soutll (PI. 111, in pocket; fig. ", 
p. 170). Tllese ri\-ers rise in the Alaska Iiange, 11-lich they leare through narrow valleys cut 
into metamorphic rocks. Retween this belt of n1et:lmorpllic rocks and the allu~rial flooring of 

1 Eldridge, G. H., 21 reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 1895: Twentieth Ann. Ilept. U. S. Geol. Survey, 
pt. 7 ,  19W, p. 22. 

2 Spurr, J. E., A reconnaissance in southwestern Alaska in 1598: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7 ,  1900. p. 262. 
3 Ur. Priestly made a winter trip from the Innolio to Seward in 19@~, and kindly furnished the writer mil11 some notes on the region traversed 

by him. In the course of this journey he explored the lower part of the Big X: .er basin, \vl~ere he found the roal. 
Brooks, A. H., Cantwell River, in Thecoal resonrces of theYukon, Alaska, by A. J. Collier: Bull. U. S. Geol. Smvey No. 216, 1903, pp. 44-46. 

Prindle, L. M., The B o ~ i f i e l d  and Kantishna regions: Dull. U. S. Geol. Survey No. 311, lQOi, pp. 223-226. 
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the Tanana Valley is a foothi11 belt, much of which is underlain by Tertiary deposits broken by 
islands of the older rocks and in part buried by a heavy mantle of Quaternary gravel. The 
gravel sheet forms a plateau in wlich the streams have incised sharp channels, along whose 
valleys the coal beds outcrop. The coals are associated with friable sandstone of almost snow- 
white color, with some intercalated conglomerate and shale strata (Pl. XVI, B, p. 170). A heavy 
conglomerate forms the basal bed. The rocks are for the most part but slightly consolitlatecl 
and have been thrown up into open folds with dips of 30" to 3.5' and in places 90". Faultins 
is not uncommon in these beds. (See fig. 20.) The coal-bearing strata comprise a thiclmess 
of 500 to 1,500 feet, and these are succeeded by ahout 800 to 2,000 feet of yellowish and 
reddish gravel. The upper gravels contain ct good many bowlders of the various types of 
metamorphic and igneous rocks found in the Alaska Range. 

Fossil leaves have been found in association with the coal-bearing rocks, and on the basis 
of <his evidence they have been referred to the Kenai (Eocene) and therefore represent the 
formation that is so widely distributed both in the Yukon basin and on the south side of the 
Alaska Range (p. 94). I t  is of interest to note that the gravels associated with these deposits 
are in places auriferous and appear to be the immediate source of the gold found in some of the 
placers of the Bonnifield region. (See p. 171.) It has not been determined whether this gold 
came from the upper heavy gravel or from the lower part of the series in which the coal is found. 
Kenai beds have been found to be auriferous in other parts of the Yukon basin. The total area 
of the coaI-bearing strata exposed is about 600 square miles, of which 66 square miles is known 
to be underlain by coal. The total area of the coal Geld, however, including that covered by 
the later gravels, is probably much more than 600 square miles. (See PI. IS, in pocket.) 
Moreover, the coal field is h o r n  to extend into the unmapped area on the east.= 

The coal beds, which measure from a few inches up to 20 feet in t,hickness, are very numer- 
ous at some places, as will be shown in the following sections. The formation is well exposed 
along Healy Creek, an easteriy tributary of the Nenana. Here the beds strike about east and 
west and dip from 10' to 20' N., resting unconformably on the older metamorphic rocks. The 
following section was measured on the north side of the valley about 2 miles above the mouth of 
Healy Creek, amile above the camp of August 21. (SeeP1. IX.) 

Section of coal-bearing r o c k  on north side r , f  Uealy Creek, about 2 males above the mouth. 

Feet. 
Reddish gravel, mith some sandy layers.. ............................................... 2,0001 
mThitegravelandsand ................................................................ 100 
Clay shale ............................................................................. 10 
Gravel and sandy layers. ............................................................... 100+ 

.................................................... Blue clay shale, in part indurated.. t3 
White sand and gravel. ............................................................... 100 

................................................................... Carbonaceous shale. 2 
............................................................................. Clay shale 6 

.................................................................... Carbonaceous~hale 3 
Clay shale ............................................................................. 10 
Sand, with some layers of gal-el.. ....................................................... 100 

................................................................... Shaly lipitic coal. 4 
Sand, gravel, and clay, with some small I:~yers or' lignitic coal. ........................... 30 

............................................................ Impure ~ h d y  lignitic coal. 4 
Sandy clay shale, cxrbonuceous ......................................................... 30 
Impure lignitic coal.. ................................................................. 1 
Sandy clay.. ......................................................................... 10 
Impure shdy  lignitic coal. ............................................................ 2 
Sandy clay shale, with some carbonnccous layers.. ....................................... 10 
Cnrboneceous and clay shale. ......................................................... 3 
Shaly liqnitic coal. ................................................................... 2 
Sandy clay.. ......................................................................... 15 

- 
1 Investigations made by S. R. Capps m 1910 indicate that tho coal-bearing for~nations may underlie the heavy grayels zs far east w Delta 

R[ver. 
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......................................................................... Shaly lignite 
................................................................... Clay and sandy shale 

............................................................... Sand, withgravellayers 
............................................................ Lignitic coal. in part shaly 

Sandyclayshale ....................................................................... 
......................................................... Friable fine sandstone ... ..... 

.................................................................... Shalyligniticcoal 
....................................................................... Sandy clay shale 

Ligniticcoal 
....................................................................... Sandy clay shale 
.................................................................... Shaly l ip i t i c  coal 

....................................................................... Sandy clay shale 
Friablefinesandstone 

........................................................................... Lignitic coal 
Sandyshale 

........................................................................... Lignitie coal 
.................................................... Sandy and carbonaceous black shales 

Fine friable handstone ................................................................. 
........................................................................... Lignitic coal 

Sandy clay shale ....................................................................... 
Shaly lignitic coal .................................................................... 
Sandy clay shale ....................................................................... 
JThite sand ................. -- ...... ---- ............................................... 

........................................................................... Lignitic coal 
Sandyclayshale ....................................................................... 
Friable fine sandstone and gravel ........................................................ 
Shaly lignite ......................................................................... 

............................................................................. Clay shale 
.................................................................. Friable finesandstone 

........................................................................... Lignitic coal 
Friable sandstone ..................................................................... 
Lignitic coal ........................................................................... 
Friablesandstone ..................................................................... 

........................................................................... Lignitic ~321  
.................................... Friable sandst. one and conglomerate, loosely cemented 

Feet . 
2 

20 
40 
15 

6 
40 
4 
4 
3 
5 
6 

10 
GO 

1 
5 
2 
6 

30 
4 
6 

20 
20 
10 
15 
10 
40 
15 
2 

10 
20 
50 
5 
3 

20 
2201- 

Conglomerate resting on metamorphic rocks . 

The coal of the entire section agcresated about 135 feet in thickness. contained in about 
fifteen beds . Of this coal probably 60 feet was a lignite of fairly good grade . The heaviest 
bed is 20 feet thick. but includes some bone and shale . In character the coal varies from a 
fibrous impure lignite. probably entirely worthless. to a better grade of lignite that has com- 
mercial value . The better-grade lignite of this sec t io~  appears to be near the bottom of the 
series and has a lustrous black color and conchoidal fracture . 

As there has been no mining. the coal beds were accessible only along the outcrop. where 
they are made up of noncoherent lignite . A sample taken almost at ranclom from one of the 
larger beds was analyzed by E . T . Allen in the Geological Surre- laboratorj.. with the results 
given below . The sample was not sealed and \%-as anal-zed several months after being collected . 

Analysis clfconlfrom Dealy Creek . 
................................................................................. Moisture 13.02 

.......................................................................... Volatile matter 48.81 
Fixed carbon ........................................................................... 32.40 
Ash ................................-.....~........................................ 5.57 

100.00 
Sulphur .................................................................................. 16 

In considering this analysis it should be borne in mind that owing to the short time given 
to the examination of the locality it is quite possible that coal beds of better grade were 
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overlooked. I n  ally event i t  woulcl require considerabie excavation below the zone of surface 
weathering to determine the quality of the coal. 

Coal beds were also found on Lignite Creek, a few miles north of IIealy Creek, but, so far  
as determined, they are of no better quality than the Heaiy Creek coals. North of Lignite 
Creek ancl apparently higher in the series seams of fibrous and i~npure lignite, with carbonaceous 
shales, are not uncommonly found interbedded in sandstone. I t  does not seem likely that any 
of these beds have any prospective conlnlercial value. In the opinion of the writers, the best 
coals are near the base of the sanclstone series. 

I n  the valley of Lignite Creek, where the space between the hard-rock r idg~s  is wider than 
in the Healy Creek valley, the coal deposits extend from the schist ridge that limits the valley 
on the south to the base of Julnbo Dome, a distance of about 3 miles, and on the east extend 
to the schist ridge at the head of the creek. Tbe series has here been incised to a depth of 1,000 
feet or more by the many tributaries of Lignite Creek, which have steep grades ancl form, where 
they cross the resistant coal beds, waterfalls about 30 feet in height. These narrow cuts are 
clogged with masses of detrital sandy bccls that break away in great blocks from the steep 
bluffs above to form sand heaps at  the bottom and contain bloclcs of coal 20 feet or more in 
diameter. The following two sections were measured in this part of the field: 

Section on Lignite Creek, 6 ,wiles uboze the mouth. 

Gmvel, thickness undetermined. Feet. 
"30 Thin beds of coal alternating with sands and clays.. ......................................... -, 

............................................................................ Lignitic coal.. IS 
Sands .................................................................................... 10 . . 
Lignitlccoal ............................................................................. 1 
hrgillaceoussand ......................................................................... 10 
Croes-bedded sands.. ...................................................................... l C 0  . . ............................................................................ Ligmtlc coal. 16 
Sands .................................................................................... 100 
Ligniticcoal ............................................................................. 8 
Sand ................................................................................... 7.5 

19 ........................................................................... Lignitic coal.. a- 

Snndvclav ............................................................................... 40 " " . . 
Lignltlccoal .............................................................................. 10 
Sand ..................................................................................... 12 

........................................................................... Lignitic coal.. 20 
Coal, thickness undetermined. 

The total coal in this section is 179 feet in beds from 1 to 20 feet in thiclmess. 

Section 71cnr itend of Lignite Crcel:. 

Gravel. thickness ~~ndetcwninetl. Feet. . . 
...................................................................... Shaly l i g n ~ t ~ c  coal. S 

Sandy clays. ...................... .. ..................................................... 50 . . Lign-nliic coal.. ........................................................................... I; 

Clav.. .................................................................................. 10 
Lignitic coal.. ........................................................................... 12 
Sand. thickness uncleterminetl. 
Lignitic coal ............................................................................. 1 
Gray sand ~ n c l  :ravel, ~ r i t h  some argillaceous marrer.. ...................................... 40 
Lignitic coal.. ........................................................................... 14 
Friableclays ........................................................................... I0 
Clean sand. ............................................................................ 30 

. . 
Lignltic coal. ........................................................................... 1 
Sandyclays ............................................................................. 3 
('ross-bedded gruy s ~ ~ c d s  and fine gravel. ................................................. 30 
Softsandstone .......................................................................... 2 
Lignitic coal.. ........................................................................... 6 
Thin-beclded silncls ..................................................................... 100 
Ligniric coal. ........................................................................... 10 
Plastic (.lay.. ............................................................................ 35 



The total coal in this section aggregates 45 feet and tlie vallevs in this part of the field 
appear to contain a large amount oi coal. 

I n  the area east of that described the coai-bearing beds are exposect wherever the gravel 
deposits have been eroded. Coals have been found on Coal Creek, a snlall t r ibu ta r~  of Totat- 
lanika Creek, where they have a sillall local use among the nliners, on the Tatlanika, and on 
Xystic Creek about 2 miles from Wootl River. u-here two beds 20 feet and 12 feet thick are 
exposecl in a section 80 feet ligh. The1 are also reported t,o occur east of Voocl River as far 
as Delta River. It seems probable that the coal-bearing series is continued west of Nenana 
River, and there nlaF be considerable coal between the Senana and the Toldat, but this coal 
has not been included in estimating the size of tile Xenana coal field, for the region 1s unmapped. 
Lignitic coal also occurs farther  south\^-est in small basins in some of the streams tributarj- to the 
Kantishna. Of significance is the reportecl discovery ol lignitic coal on tlle north side of the 
Tanana Flats near SalchaBet River. This suggests that much of tllc Tanana lowland m a -  be 
underlain by Kenai formation. It is doubtlul, however, wliether lignitic coals occurring belou- 
tlie surface-water level and underneath an undetermined thickness of gravels have any value 
that can now be foreseen. 

The ken an:^ field is the largest laio\~-n coal-bearing area of tlle Yukon basin. I ts  coal beds 
appear to be some\~-hat tllicker than those in other parts of inland Alaska. The coals, so far 
as known, are of poorer quality than those of the lower Yukon, some of wlzich are subbiturninous. 
The Nenana, coals, however, are geographically so located that for use of the placer fields they 
would not come into competition with any other fuels of a higher grade. 

The possible market for these coals is in the gold fields of the Tukon-Tanana region. I t  
is estimated that in 1907 the Fairbanla district alone consumed about 35,000 cords of wood. 
This consumption is making a serious drain on the accessible timber, which is far from abundant. 
I n  addition to the legitimate use of the forests for cordwood and lumber, large areas are annually 
destroyed by fire. Unless these inroads are stopped, the accessible forests will probably be 
destroyed before the placers are nuned out. Even under favorable conditions the price of 
cordwood will undoubtedly increase. Therefore it seems possible that the Nenana coal field 
nlay become an important element in the industrial advancement of the Fairbanks and 
adjacent districts. 

There appear to be two ways in ~-h ich  this coal can be utilibed. One is by the construction 
of a railway from Fairbanks, a distance of about 65 miles. I n  this connection it sllould be 
noted that the proposed route of the Alaska Xorthern Rr~ilu-ay to Fairbanks passes through 
the Nenana coal field. Another plan is to install a plant in the coal fielcl ancl transnlit electric 
power to the mining districts. A transmission line of 50 or 60 miles would reach all the 
developed parts of the Fairbanks district and a 100-nule line ~irould reach the Baker Creek 
fields. I t  must be left to engineers to decide whether such a plan mould be economically feasible. 
h factor of importance to the scheme is the insufficiency of water supply under head in the 
placer camps to carry on mining operations. There are large bodies of gravel v-l-hich can 
not be exploited under the present espensive system of mining but wbich might be worked 
if cheap power were available. Such power might be used for pumping water, for mechan- 
ical elevators, or for dredges. I n  planning the utilization of this coal in a central plant the 
possibilities of competition with water power should be carefully considered. 

TUHOX CO&L FIELDS. 

It is not worth while here to consider the various coals which occur on the as 
only a small part of these fall witlun the Mount ,Mc'liinley province, and they have been fully 
described by Collier.1 A white friable sandstone carrying a few lignitic seams and closely 
resembling the beds of the Nenana fielcl occurs near Earnpart, above the mouth of bGnook 
Creek. Some attempt has been made to mine these seams, but work on them has been aban- 
donecl. Iienai beds also occur on the north bank of the Yukon just above the mouth of the 
Tanana, but, so far as known, do not carry any considerable seams of lignite. 

,Collier, A. J., The coal resources of the Yukon, Alaska: Bull. U. S. Geol. Survey No. 218, 1903. 



CLIUATE. 

SUMMARY. 

It has been shown that placer-gold mining is by far the most important present industry 
of the province. The very wide distribution of auriferous gravels makes it certain tbat alluvial 
mining will continue long after the bonanzas now being exploited have been exhausted. JIuch 
of the Susitna basin ancl the Yukon-Tanana region is still almost virgin grouild to tlle gravel 
prospector, ancl there is therefore no reason to believe that new deposits will not be found 
which can be profitably mined by simple methods. Rowever this may be, the most promising 
field for placer mining is in tbe exploitation of the extensive bodies of auriferous gravels whose 
gold tenor is too low to permit economic recovery by hand methods. I\Iuch of this liind of 
mining will have to be deferred until railways and wagon roads render this region more accessible. 
The future discovery of rich placer tleposits can not be definitely expectecl, but the exten- 
sive bodies of auriferous gravels carrying low values in the Yentna, Valclez Creek, Bonnifiel(1, 
Fairbanks, and Rampart districts form a visible asset which needs only the capitalist and 
engineer to assure long continuation of the placer-mining industry. 

Less defmite statements can as yet be made of auriferous lode mining. The discoveries 
of golcl-bearing quartz in many parts of the province and tlle beginnings of lode mining that 
have been made on Willow Creek and at  Fairbanks encourage the belief that this industry 
may yet become important. 

The extensive coal deposits of the province are untouched, yet these form one of the most 
valuable of its known mineral resources. The high-gracle steaming ancl coking coals of the 
Matanuska Valley have, so far as l a o m ,  no equal in the Pacific States except in the Bering 
River field. This Uatanuska coal will of course be a t  some disadvantage in comparison 
wit11 the Bering River coal because of the longer haul to tidewater. As the demand for these 
high-grade fuels ~vill constantly increase, however, there is no reason to doubt that the Matanuska 
coal will in time also fincl a market.' 

The Nenana coal field is the most extensive of those lying on the inland side of the coastal 
barrier. I t s  future utility depencls on the advance of the golcl-mining industry of the Yukon- 
Tanana region, by which a market for fuel and power \ d l  be created. Take it all in all, the 
Mount &IcIiinley province as here defined is one of tile richest parts of Alaska. It only needs 
better means of communication and more capital for large enterprises to continue the prosperity 
which it has had in the past. Such advancement will attract a population which in turn will 
make a local market for the farmer sncl assure a clevelopment of the agricultural resources, 
which are of no mean proportions. 

CLIMATE. 

GENERAL FEATURES. 

There is a dearth of  meteorologic tlata about most of the 1Iount IIcKinley region. Some 
records have been kept at several stations on Cook Inlet and on the Yukon, but few of these 
cover a period of more than two or three p a r s  and they can at best furnish only a general 
guide to climatic conditions. The only recorcls available for the region between Cook Inlet 
and tbe Tanana are notes of e-qloration parties, and these, being taken at many diff erent localities, 
have little value. The data contained in the accompanying tables are mostly clerived originally 
from records of the United States Weather Bureau and busecl on the work of volunteer obserrers. 
-1s here ~ i r e n ,  however, they are in the main assemblecl from pre+ous compiladons publishetl 
in several reports. 

Climatically the JIount 1IcIGnley region as here definecl is cli~isible into two general 
provinces, separated by the AUaslca Range. On the inland sicle of the range tlle c-limate is 
characterized bv short, comparatively warm summers and long, cold winters, wit11 a low precipita- 
tion. The arei draining into  he Pncific enjoys more equable contlitions, the summers being - 

longer and cooler and the winters warmer than in the interior, IF-Eile the precipitation is very 

1 The mnter lias recently discussed the ~narket for thcsu coals in du nrtlcleentltled "llasliscoal and lts ut~lizat~on" (Bull. Li. S. Cieol. j o r ~ e y  
No. -142, 1910, pp. 47-100). 
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11111cl1 greater. K i t l i n  these t\\--u general proTinces there is illfinite local  ariat ti on, especiall~ 
in tlle coastal pro-vince. For example, such records as exist shoxi- na~liec! din'erence in the 
~lieteorologic conclitions on the t ~ - o  sides of Coolr Inlet. These in turn contrast stronglj- 
1vit11 those prevailing on Turnagain Arm. Farther f r oa  the coast there are probablv still 
greater variations clue to the ir~egulnr topograpbJ- and the influence of mountain barriers. 
such as the Talkeetna llountains. Ele~ation,  too, is everywliere a modifying factor, as is 
also distance from the sea. 

It seems probable that local variation is not so marliecl in the inland pro~ince, thougll 
liere again the records are inadequate for an)- generalization. In  tlie Yukon basin as a \\-liolr 
there is a notable increase in preci1)itation west~r.nrtl ant1 sout1~rnest~1-ard from the international 
boundarj- toward Bering Sea. ancl tliere al)])ears tc) be a conespo~lding increase in mean annual 
temperature. The mean annual temperature of the coastal province is ])robably between 
30" and 40" P. and the precil>itution ranges l o c d y  h-om IG t o  40 inches. I n  three summer 
niontlls tlle average temperature is 50" to 5ciu F. and in tlie three winter niontlis 10" to 20". 
In  the iiila~ld province tlie mean anllual tenlperature is ],robably between l S c  and 22"; the 
nieaii of the three summer niontlis is about (55' aiid tlint of the three winter montlis - 10" to 
- 15" F. The annual precipitation is 12 to 14 inches. 

PACIFIC SLOPE. 

At four stations-Icenai, Tyonelc, Sunrise, and Icodiak-meteorologic observations have 
been taken for some years. These observations are summ~rizecl in the accompanj-ing table, 
~\-l~,ich affords a fair example of the great local ~ariations 11-hich cllaracterize the climate of . i  

the southern province. The mean annual temperature at  Kenai is about 31"; a t  Tyonek, 
just across the bay, i t  is probably 7" or 8' higher. The precipitation a t  Tyoneli is about 2.1 
inches, wlile at Iceiiai it is onl-  IS inches. S t  Sunrise the meall alinual temperature is 33" 
and the precipitation is about 37 inches. 

Bxtreme and ?il-ea?' tenzpernturcs ( "F  ) in tlle Coo72 I ~ ~ l e t  region. 1 
Sunrise. Tyonek. Iienai. Iiodiali. 

- 1--- 

Januarr ........................................................ hlasirnu~l~ ............. ................ 44 3h , 49 51 
Xliliun~u~l ............................. -%I -27 - 31, - 1 

j lmiil; mrall. .. .. . .. . .. . .. . . . . . ... . . . . . h 11 10 31 1 

Febrt~ary ...................................................... blnsirn~~ni ............................ L? I 4.; 5" 
3lininlllni ............................. - 4  -21 - l ( i  -10 
1)aily meall.. . . . . . . . . . . . . . . . . . . . . . . . . . I  IS  21 I 18 I 28 

March ... . . . . . . .. . . . . . ... .. . . .. . . . . . . . . . . . . .  . . . . . . . .. . . 

~ p r i l  

hlay ............................................................ 

June. .......................................................... 

July ............................................................ 

August. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

hlasinlun~ .... . . . . . . . . . . . . . . . . -. . . . . . . ... 5b 56 / 5'2 1 64 
hlinimum.. .. .. . ... .. .. .. .. ........ . . . -I 1 - (1 -34 : 11 
Dai1.i mean.. . . . . . . . . . . . . . . . . . . . . . . . . .! 23 20 / 33 
Nasimum .......................... 57 1 59 : 81 
hlinimum.. . . . . . . . . . . . . . . . . . . . . . . . . . . . I  8 - 1 -17 1 20 
Ijaily mean.. . . . . .. . . . . . . . . . . .... . . . . . 3.1 34 1 32 3ii 
Nasimon~ ............. ................ it, I 68 i 64 ( 62 
hlinirnlnn. ... ... . .... . . .. . . .. .. .. . .. . . . 25 ! 22 A 21 20 
Daily mean. ....................... . . .  4; 38 , 45 ~ 43 
Masunurn ............................. 76 '31 87 I 70 
hlinimom.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 , 33 ?Y 34 
1)aily mean. ... . ... .. . . .. . . . . .. . . . . . . . 51 47 51 49 

i .J . S3 j 80 ' hlnximum .............................. --  82 
hlinimum.. ..... . ... . .. .. . . .. ... ...... 1 31 
Daily mean. .. . . . . . . . . . . . . . . . . . . . . . . . . ' 53 , :: 

( ( 5  hlnsunu~n.. . . . . . . . . . . . . . . . . . . . . . . . . . . - ' 
i t i  I - -  l a  i 5  

llini~nnm.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 j. ' 31 29 : 41 
Daily mean. .... . . .. . . .. .. . . . .. .. .. . . . 34 63 53 

Septeml~er. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .' MnsiInum. .. . . . . . . . . . . . . . . . . . . . . . . . . . . i 0  : 7 0  62 68 
i 3iiuirnon1. . . . . . . . . . . . . . . . . . . . . . . . . . . .: 31  ?!I l(i 3 ~i 
) 1)aily mean. ............... ........ ... 4.1, 49 J(i 50 

October.. . . . ..... . . .. .. .. .. ... .. . . ... . .. .. .. .. -. .. ... . .... . . . . .. hlasilnllm ...... . . . . .. . .. . . . . . .. . . . . . . . 24 GI 80 5Y 
! Jlinimnm.. . . . . . . . . . . . . . . . . . . . . . . . . . . .# s i 10 -10 30 
j 1):tily mean. ......... ...... ........ ...I 31; 32 42 

Xorcmber. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . hlasinunm. .. . . . . . . . . . . . . . . . . . . . . . . . . . I 41' 53 
hfinimun~ ............................. 
Daily mean.. .. . . . . . . . . . . . . . . . . . . . . . . . 1s 34 

December.. ... . .. .... . ...... .. ... . .. . . ...... .. . . . . .... . .... ... ., Mnsimu~n .... .. .. .. .. . . . . . . . . . . .. .. . . . 50 
Xlini~nnrn ............................. 
Daily mean .... . ..... ...... ...... . . .. . 1G 

-,=--- 
Length olrecord (years) ... .. . . . .. ... . . . . . . . . . . .. ... . . . . . . . . . . . . ~. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . I  4 5 4 6 
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Xean precipitation in inches, including n~elted snoto, clrld mean number of rain!/ and snotvy days i n  the Cook Inlet region. 

In 1001 JIoffit spent 110 claps on I<e~lni Peninsula, chiefly on the Cook Inlet sitle of the 
tlivide, and on 79 of these clays it rained, but this number is nearly twice as great as 
was recorded by R. E. Oldlin~n on Crow Creek (luring the same period of the predous year. 
)Ioffit also reports that cluring the winter o f  190::-4 a temperature of -3' was reachetl only 
once at  Sewartl, on the east side of I<en:li Peninsula, ancl the same was true of Seldovia, on the 
west sitle. -1s a rule, hoxvever, the clirnute O F  the west uncl north sides of the peninsula is 
colcler tint1 clrier than that of the Pacific seaboarc!. JIoffit noted t~ grettt variation in tem- 
perature tllroughout the northern half of the peninsula, Sunrise, For instance, being as much 
us 10" warmer than some of the neighboring creeks. The snowfall at I<enai is 4 or 5 feet, 
and in the high ranges it is somewhat greater. -It Iienai the ~nontlls of July, August, zinc1 
September sllo~r~ the largest number of rainy lays iincl the greatest precipitation. The highest 
recorclecl temperature in this locality is SO" ant1 the lowest - 43'. 

The upper part of Cook Inlet is usually closed by ice from early November till about the 
middle of April. Resurrection Bay is free from ice tllroughout the year. Sluicing operations 
in the Sulirise placer district begin between the first and middle of May antl :we continuetl 
till the first or middle of October. 

If any comnplete records of the region fartller inlancl mere available, they ~voulcl undoubt- 
edly sllow still gre:iter variations in local climatic contlitions. The observntions OI the Survey 
parties indicate that the Susitn~t basin bas a lower precipitation than Cook Inlet, thouqh this 
probably tloes not Iloltl true of that part of Cuhe hasin lying imrnecliately adjacent to the lligll 
ranges. Elclridge's o11serv:itions in IS08 shorn 32 rainy clays for the ~nontlls of May to Septeni- 
ber, inclusive, while the average for Tyonelc for the snrne periotl is about 30 rainy tlays. The 
observations of our own especlition in 1903 intlicatetl that the montlls of  Alay and June were 
clear anti thy on the sonth side of the range. Jlartin, in 1904, reportetl that the llatanuslta 
Valley is coltler and 11~1s less rain tllan Cool; Inlet. On the other hand, Paige and Ihopf ,  in 
1906, encounterecl idmost coiltinuous rainy weather cluring the months of .July. .lugust, ancl 
September in tlle JIatanuslia and Talkeetlla basins.l Fragmentary recorcls show that tlte ice 
on the Susitna breaks between JCay 15 and June 1, and the r i ~ e r  probably remains open 
until about 3ct;ober. The ice is not stronq enough for sleiqlling until about a month later. 

I n  the absence of coinplete records for the region adjacent to antl north of Cook Inlet 
it has seemed ~rrorth while to publish the follo~ving table of observ:itions nlacle at Chickaloon, 

I Srstematlc ~neteoroloqlc ret.or<is nere begun CIL ( h~ck.~looll, .\l.~t~uush.a Tri!ley, ln Varch. 1010. by IIdrrr  IIlchs, \olllrltrrr ol)ser\rr fur the 
Weather Bureuu. Ur. H l e k  lmorrued the ~ v n t e r  chat from Xarch to .\ogust, ~uciuslre,  Lhe t o t ~ l  prec~pltatlon recorded b y W  1x3s only 1bo11t 
3 Inches 

- -- - 

- - -- 
Sunrise. 

...................................................... ................................ filnuary.. I Days.. 9 1 Precipitation.. ........................ 2.01 
................................ ..................................................... Fcl~rnary. .  Days.. i. o 

1 Precipitation.. 1.07 ........................ 
......................................................... ................................ March .' Days.. 9.6 

Precipilatiou.. ........................ 1. S: 
........................................................... ................................ April Days.. 15.2 

Precipitation.. ........................ 4. i 7  
.................................. 413y ......................................................... Ilnys 13.5 

Precipitation.. ....................... .! 1.38 
.......................................................... June. Days ................................. .! 14.2 

I'recipitation.. ......................... 1.31 
............................................................ Julv I jo~s . .  ................................ 1S.3 

j Precipitntiotl ......................... .; 2.23 
................................... ...................................................... .ingust... I)nys 21.Y 

; L'reuipitnlion.. ........................ R. S i  
................................................... ................................ Septerr!l,?r.. I Duys.. 13 

........................ I l'recipilatiotl.. 3.04 
................................ ....................................................... October.. Days.. 19.04 

........................ I Precipitation.. 21. li 
................................ ................................................... November.. D:rys.. l!. t i  

L'recipitatio:~.. ........................ J. 7 G  
..................................................... ................................ December.. Days.. 14 / Pricipltatioll.. ....................... .! ti. 47 

................................................ ................................ Menn annual.. .! Days.. 170.1 
Precioitatioll.. ........................ 37.19 
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~ v l ~ i c h  is about 40 miles northeast of the head of I<nil< Arm. This recol-cl llns been liilldlS 
furnished bg- Mr. Frank Tatson. 

li ................-. 
7 ................. ' 
8 .  ...............- , 
9 ................. 

10.. .............. - :  
11 ................. 
12 ................. 
13 ................. ' 
14 .................. 
15 ................. ' 
16 ................. ' 
li ................. / 
IS ................. 1 
10 ................. 1 
20. ................ 
21 ................. I 
22.. ............... ' 
23 ................. 
24. ...............- 
25. ................ 
26. ................ 
2 i  ................. 
28.. 

I 
i ............... 

29 ................. / 
30 . . . . . . . . . . . . . . . . . I  

December 1.. ............... ., 
2.. ............... .! 
3 .................. I 
4. ................. ; 
5 .................. 8 

G .................. i 
1 .................. 8 

8 .................. ' 
9 .................. 

10. ................. 
11 ..................I 
12 .................. 1 
13. ................. 
14. ................. 
15. .  ................ 
10.. ................ 
17. ................. 
18 .................. 1 
19 .................. < 

20 .................. ! 
21 .................. ! 
22 .................. 1 
23 I .................. 
24 .................. 
25. ................. 
26 .................. 
2 i .  ................. 
2s. ................. 
29. ................. 
30. ................. 
31 .................. I 

Cloudr. 
Du. 

Fine a. nl., cloud:- 11, In. 
Cloudy. 
SIIOIV a. 111.. 1; inches. 
Snon-, 2 111c1ie~: lenlperature at G p. m., 16". 
Silon', 1! Illche.;: h l ~ h  east, w~nd:  telnperuture a t  6 p. m., 13". 
Fair. ~vit11 Imsk eilsterly 11-ind: tenlperatun? at (i 1,. nl., 14'. 
Lip1:t rlartheasterly n.illd: ternprrature nl 1; p. III., 13". 
Fair. u:itll easterly \\-ii~d. 
Sno 1- :i. n ~ . .  clear+. 111.; tem])erature at 5 JI. nl., So. 
Clear. easterly \vmd: ten1per:lrure aL 5 p. m., 5". 
Cloud1-. 
Clear,'\!-ith wind. 
Clear: s u o ~ ~ -  last night. 
Sno\~- and mitt. 
Snon- and min; earthquake shock 1 s t  night. 
Clear. 
Cloull!-. 

Do. 
Clear. 
Clondr. 

190s. i 
January 1.. .................., -16 

28 CleLr.' 
3U Cloudy. 
32 Clear. 
30 Cloud>-. 
26 Clear. 

3 Clear; ten~perature a t  8 p. nl., 10'. 
1; Clear. 

2 ..................... 
3 .................... 
4 .................... 
5 .................... 
6 .................... 
7. ................... 
8 .................... 
9. ................... 

10. ................... 
11 .................... 
12. ................... 
13 .................... 
14 .................... 
1.5. .........-......... 
16. ................... 
17. ................... 
1 3  .................... 
19. ................... 

110. 
Do. 

Cloudr. 
~ loud i -  and wind. 
cloud<-; sno\v in night. 
Cloudy. 

Do. 
Clear. 

Do. 
Clear and ~ ~ i n d y .  
Clear. 

- ti 
10 
14 
4 

24 
4 

10 
20 
10 

-1i 
12 
4 

12 
17 
30 
22 
2 

-12 

Do. 
Clear; temperature at S p. m., Go.  
Clear. 

Do. 
Cloudy. 
Cloudy and windy. 
Clear. 
Cloudy; snow a. m. 
Clear; temperature at 4 p. m., 4'. 
 cloud^.. 

Do. 
Do. 
Do. 

Clear. 
Cloudy. 

Yo. 
Clear. 

a t  6 p. m., 8'; at  8 p. nl., -10'. 

14 
1; 
10 
2(i 
lti 
10 
24 
12 

-12 
16 
12 
18 
24 

12 
10 

Do. 
Clem and \rindy. 
Clear. 
Cloudv. 

Snov--, 4 inches. 
Cloud?. 

Do. 
Sno~x~lng and mind. 
Clear; temperature at G p. m., - 
Clear. 
Cloudy. 
Clear. 
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Remarlis 

I 6a.m. I Noon. / 
I)., -* .................... 
23 .................... 
2. ................... 
2.5. ................... 
?ti. ................... 

23 
.................... ! 27 1 
.................... 

29 .................... ' 
30 .................... ' 
31 ..................... 

................ February 1.. 
3 .................. > 

3 .................. i 

. m. 

$ inch. 

- 4 
3 

-12 
34 
30 
26 
25 

4. ................. 
5. ................. 
6. ................. 
7 .................. 
8. ................. 
9. ................. 

10 .................. 
11. ................. 
12 .................. 
13. ............-.... 
14 .................. 
15 .................. 
16. ................. 
17 .................. 

cook 

Clear. 
Clear, light easterly mind. 
Snow. 
Cloudy. 
Cloudy. snowing p. rn. 
cloudy: 

I 

house. 

18. ................. 
19 .................. / 
20 .................. 
21 .................. 
22. ................. 
23 .................. 
34. ................. 
25. ...-............. 
20.. ..........-.... .I 
27 .................. 
28. ................. 
BY. ................. 
...................... March 1 

2 ...................... 
3. ..................... 
4. ..................... 
2.. 

I 
.................... " ..................... 

i ...................... 
8.. 

I 
.................... 

9 ...................... 
10 ...................... 
11 

I 
I ...................... 

12 ...................... I 
13 ...................... 
14. ..................... 
15 ...................... \ 
16.. ................... .! 
li.. ................... .) 
18.. .................... i 
19.. .................... ' 
20.. .................... I I 21 ......................, 
?? ...................... , 
23. ..................... 
24 ...................... 1 
25 ...................... ! 26 ....................... 
?7 ...................... : 

.................... 28.. ! 
29 ...................... ; 
30.. .................... ' 
;I1 ...................... I 

April 1 ................ ......., 
? ........................ 
3 ........................ 
4 ........................ 
a ....................... 
....................... 6 

' ....... ................, 
8 ....................... : 
!a ....................... 

10 .......................I 
11 ....................... : 
12 ....................... ' I 
13 ....................... I 
14 ....................... ' 
15 ....................... 1 
16 ........................ 
17 ........................ 
18 ....................... 
19 ....................... 
"1 
....................... i 20 1 
....................... 

.I., -- I ....................... 
3. ...................... I 

15  I clear. 
34 ( Cloud!: 
38 Clwr. 
26 Do. 
16 1 DO. 
20 Cloudy. 
'2 
24 
22 
1 - 1 - 6 

17 
2s 
26 
26 
30 
26 
?9 
24 
28 a 

36 
30 
36 
36 
40 
46 
30 
36 
30 
30 
27 
26 
24 
30 
2s 
34 
38 
42 
40 
36 
40 

C.lesr: lirst suusKine in south ~v i r  
Clear. 

Do. 
Do. 
Do. 
Do. 

Cloudv. 
nb. 

Clear and sunshine. 
Clear. 
Clou<ly. 
Clear. 

Do. 
Snowing. 
Cloudy. 
Clear. 
Snowing. 

Do. 
Snom and min. 
Cloudr, with snow. 
Cloudy. 
Partly cloudy. 
Clear a. I!]., cloudy p. m. 
Snowing. 
Clear. 
Clem a. m., cloudy p. m. 
Clear. 

DO. 
DO. 
Do. 

Cloudy. 
DO. 

Snom. 
Snow; clear a m., cloudy p. m. 
SnOlV. / DO. 

30 Snowmg a m ,blowing p. m. 
36 1 Clear; east.xv\.l;ld. 

Do. % I Clear: strong east wind. 
Do. :: I Clear; east. wind. 

il 1 Cle$O~ight ea8t wind. 
aa Do. 
29 
30 
39 
39 
2.5 
39 
33 
-12 
40 
40 
43 
:I8 
32 
32 

C10ud.y. 
Snowmg; west wind. 
Cloud~'. 
Snowing. 
Snowing a. m., clear p. m. 
Clear. 
Cloudy a. m., wind p. m. 
Clear. 

Do. 
Cloudy. 
Clear. 

Do. 
Cloudy. 

DO. 
45 I D,. 
36 I Snowln 
-12 / Partly $oudy. 
41 1 Clear. 

36 Snowlug. 
m I Clear. 
38 Clear a. m., windy and cloudy p 
44 1 Clem. 

Do. 

Do. 

4 ' Do. 
44 1 Do. 

m., cloudy g. m.; snow, 

48 DO. 
~2 1 Do. 
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lUeteoroEogic obscrcations at ChieLaloo~~-Continued. 

I 1 Temperature (OF.) 

G a.  ni. Soon. 

1908. 
April 24.. ..................... 

2.7. ...................... 
20.. .................... .; 
27. ...................... 
28 ....................... 
"!I. ....................... 
30. ....................... 

Nay 1.. ...................... I 

2 ........................ .> ........................ 

Clear a. ni., rloutly 
Clear. 

Do. 

with light snon 

110. 
Cloutl!-. 

J J u .  
Cirnr. 
Clear :I. n:..  cloudy 11. 111. 
Clenr. 
C1011~1~. 
Clear. 
Cloalir x r i t l i  light rain 11. ni 
C l o ~ l l l ~  I>. Ill. 

110. 
Clenr. light cast ~vind. 
Clear. 

Do. 

20. .  .................... ..I 
30. ....................... 
31 ........................ 

June 1 I ........................ " ........................ I 
3 ....................... i 
4.. ...................... 
ii ........................ 
6 .  ....................... , 
i ........................ I 

I)o. 
Clear :I. m . .  r.loud? witii ligill, rain p. m. 
Cloudy: light min. 
Clear 
Cloul1~-. 

1)O.  
Parfly cloudy 
Cloudy. 

1Jo. 
Clear. 

60 I n o .  
50 Do. 
50 I)(>. 

;: Clea:;o- 
00 ' 
(i2' ! Cloudy annrl clear 1,r spells. 
C ~ J  a Clear a. m.. cloudy p. nl. 
6 , no.  
66 Clear. 

Cloudr. 
Clenr i r ~ d  rloudy hy spell-. 
Clear. 

Tlo - -. 
Clear a. m., cloudy p. m. 
Clear. 

23.. ...................... io 1 no.  
21. ....................... 61 ........ . .  n o .  
25. ....................... 7s Do. 

,l/onthl!y snolcfall ctt Chidaloon. 
Inches. 

October, 1907 ............................................................................... 92 
November, 1907 ................. .: ......... : ............................................... 132 
December, 1907 ............................................................................ 94 
January, 1908 .............................................................................. 23: 
February, 190s ............................................................................. 82 
March, 190s ............................................................................... 30 
April, 1908 ................................................................................. 4$ 

992 
Wnrch 23, 1908, 3 feet 4 inches of snow on the level; April 14, 1908, 2 feet 6 inches of snow on the level. 

INLAND PROVINCE. 

I n  discussing the climate on the inland side of the range one can only abide 197 such generali- 
zations as are applicable to the Yukon basin as a whole, for the recordsof stations within this area 
are as yet too meager to carry any ~veight. This inland province, separated as it is by high 
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mountain barriers from the humid ~vincls of the Pacific, is continental in character-semiarid, 
with great extremes of heat and cold. W ~ i l e  the coastal belt of Bering Sea is relatively humid, 
the sir becomes drier toward the upper Yulcon. The mouth of the Tanana has a rainfall between 
12 and 14 inches, as comparecl with about 10 inches at the international boundary. The rainfall 
data of the Yukon-Tanana region are sumlnarizocl in the following table: 

Xeun precipitation at stations in Yukon-Tunana rcqion. 

[Compiled from records of Cnited States Weather Burem 1)y F. F. Eensha~v.] 

I 
Station. Length i .  p t .  j oet. so;. 1 Dee. -\unuai. 

-------- 

2. lil I.  ID .S1 1.19 , 11. nri ! 17 
1 i 1. S3 1 . 0  1.12 13. i 7  J 1 8  

I I 
Xo~~.-\7oiurs for the different months ore :lverngcs oi :111 !,b-rrmtions lor that month. I n  the colulnn headed ".Lllnual" is gircn the total 

of these avrxrnges. Amounts given for thc winter n~utltl~-,  (icr00er to Wnsch. s e p r ~ w ~ i t  111~li~ld S I I ~ \ V ,  illld 8s a rule are taken :lS one-tenth of the 
snowfall. The urunber of years given under "Length of record" indicates rile lime casered by contilluous observations. 

Tlle average ~vinter tempertlt,ure in this provinco is - 5' to - lo0, with a minimum of - 65" 
to -76"; for the summer moiltlls of June, July, ancl -1ugust the mean is 50" to 60" nncl the 
recorcled maximum 90". Sno~vfall recorcls indicate cleptlrs varying from 3 to 5 feet. As many 
of tlie snowstorms are accornpaiiiecl by wind, ho\verer, accurate rnetlsurements are a h o s t  
impossil)le, ancl tlle estimate p:.o?):~bly exceeds the nctuai snowfall. I n  this general fielcl t'lle 
summer is usrrally clly from the 1st of Slap till about the 20t,h of duly, when tlie rains begin. 
August ant1 September. always have some clear metltller but s1.e frequent,ly characterizecl by 
steady, though light rains. Spurr reports sin1il:ir conditions on the Iiuskolrwini during the expe- 
dition of 1898. The estimated rainfall tluriag these clrizzles is not great. Incomplete records 
show an average of 80 to 90 days an nu all^ on ~vllich there is some precipitation. Fragmentai-y 
records in~1icat.e that the lower Tannna, is varnier than other parts of the 1-uzlion basin, but this is 
b14no means established. The aricli:? of the climate malies tlie winter cold easy to bear. Trav- 
eling by clog team or horse sled in winter is always possible, et-en ulzcler extreme cold, unless the 
~vintl is blowing. The journey from Ciutina ar T':ildez to Fairbanks by stage is now made at  
all times during the winter by men :mil often by women ancl chilclren. 

Ice usually begins to run on the Tulion between the first and middle of October, but the 
deIt,a closes to navigation one or two weeks earlier. In tlie spring the ice breaks at  the mouth 
of the Tansna itbout Map 10 to 13. So far as the records shorn, the Tanans breaks a little sooner 
in the spring ant1 closes a Iittle iater in ilie fail than tlle ,I few records on the ICusko- 
kwim indicate that the river is open to navigation from the early part of ;Slay to the first or 
middle of October. I t  is probable, however, that the ice does not go out of the tlelta of the 
Ii:~~skolwim until sometune in June ant1 forms again by the encl of September. The sluicillg 
season in tile Fairbanlis distllct ustzally estencls from about 3Iay 10 to the rniclclle or encl of 
September. There are records of creeks opening :IS early as the micldle of -1pri1, tind in 1007 
most. of the ~vaterways remainecl open until the end of October. In  the Rampart region the 
conditions are about the same. 

METZOROLOGIC NOTES OF 1902 EXPEDITION. 

The follo\~~ing table by Mr. Princlle is of interest as indicating the clirnatic conclitions 
along the route of travel in 1902. The temperatures mere taken with a Green self-rezistering 
maximum and minimum Fahrenheit thermometer. Circler the conclitions of constant travel 
it mas possible to obtain but few recortls of maximum temperature. For location of points of 
observation see Plate 111 (in pocket). 
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iUetcoroloqic record qf expedition of 1902. 

wa% taken 
(feet). 

I 

Notes. 

Junc 1 3.5 0 ' Clear: l isht  clouds nccr horizon; light breeze from southwesl: local thunder showers: masinlum tempera- 
\ turo i 2" .  

0 Sun al)onr t,mo h m r s  hirh a t  5 a. m.: clear anrl \rVarm: northwest breeze. 
0 Cloudless sky: light breeze. north to north~vcst. 
0 , Slightly cloutly earl\. in day, clearing lal.er. 
(1 n a p  rer:- warm: slichtl~. rlouilr towar<i night: li!!ht southeast wind. 
O I Itather cloudy; wind south?nrt: hght brerzrenrlv ill d:~y: stroll:: :il I p.m.: maximum temper~turc  about 7S0. 
0 i Clear morninp: clou(l- nftcrnoon: l irht  breeze fro111 southeasl: mazirnunl tempernLure i!-. 

200 I l .irht comldoc clontls from t h ~ ,  north. 
1.0(KI ' Rained in earlr  mornin!?: clca~. alterooon: thunder qtonn ovrr 3lounl Susitnn. 
1.000 , Rainrd intprmitlrotly precetling night; cloudy murning: clouds l r ~ m  LLlc ~011th: s u n ~ ~ i i n e  in alternoon: m a x  

imum temperaturr Iil;'. 
1. 000 I Cloudv all 113~. at Lime< durtng morninc rather rnlrl southerly wind: ~ ~ n r m r r  ill afternoon. 
1. I H I t l  I ('loud\-. fogqr': rain in afrrrnoori: clear tovr.ard suilrel. maximum teinperaturr (i3.. 
1.?lHl Clear sBr: freqh brrpze lrom southesL. 
1 "(HI / Clear and warm: lishl hreezr trom north. 
1:OO hlorning rlear a!id n-aml; rain in afternoon: coul and clo11~1y a t  sunset: fresh 1)refze from the  north. 

900 I ('lear: north xx.intl. 
SOO . Clear: fresh hreezu from north. 

~ l r a r ' a n d  warm. 
Rained a l i t t lr  during t,he night: mornin? cloudy: alternoon 
hlorning cloudy: afternoon clear and warm. 
Clear and nrarm. 
Morning clear; short tliunrler showrr: aftrrnoon cloudy. 
hlorning clear; night. of 23d warn1 anrl showery. 
Morning clear. thunder siorm during evenin:. 
hlorning clear: thunder sho~vers ilurins afternoon. 
Rained d u r ~ n e  night: ~norning clear: 1ip.ht mi11 in afternoon; 
Rainv morning: clenrrrf bclore sunset - 
Morning R r a ~ ~ t i f ~ ~ l .  clear: aflernoon cloudy: n ind  sor~theast 
Cloudy d l  day: rain during morning. 

' 

Clear afternoon and evening. 
Mornin~rlear:  alrernoon rloudy: ~oLIt,h~ast  breeze. 
Cloud and snnsh~ne  pleasant 
Morning rlcar: cloudy toward evenlng; sun hot a t  noon. 
Rain most of the  day. 
ClouAp all day.  
Cloudv morning: rlrar a t  noon. 
~ a i n e d  during night and part of morning. 
Clear do?. 
hforning rlear; aftrrnoon rloud?. 
hiorning clrar: aflernnon and eyrning cloudy. 
Clondr; a r s t  ~ i n d ;  a f t~rnoon rain!. 
Rained dnrins night and morninr.: alternoan clear: northwest 
Clear early; lator some~vhat c lo~~d>- :  north\,-c-t.it l,rrr.v. 
Increasing cloudiness all day: erening rain: northwest breeze. 
R a i n r  most of the  (1a.y. rrlening t o \ ~ a r d  evening. 
Clonrly; sunshine a t  ~ n t r n x l s .  
Clondy mast of dar:  sunshinc at intrrmls.  
Cloudr most of the day. 
Cloudv earl>- morninp: most of d a r  ricnr and vaml .  
Clear morninp: aftcrn!~on clondy; light rain between 5 and G p 
Cloudy; thunder storm 81.3 T I .  m. 
Fine rain all d a r ;  mist hanging over hills. 

sun and'clouds, t 

beautiful sunset 

bret 

. m. 

Clondv most of day .  
Sunshine and clouds; thundershower G p. m.: rain during evening: cool. rariable wind. 
hlorning cloudy; bright sunshine a t  noon; afl.er~luon shonerp: clear sunset. 
hlorning cloudy: alternoon rainy: mist hanginF a l ~ o u t  the hills. 
hlornine rlear: afternoon cloudy; northwest wrnd. 
Clear most of the  day. 
Cloudy strong southerlr n-ind 
Clondr! east wind during afternoon. 
Clrnr (lay. 
hlornine rlear: rnin~il  ill afternoun almut a11 honr; l~r:111111111 zllnset. 
Clear rnornlllr: I I . , I I , ~ \ -  ;rflt*rnls~n with th:lnr!er sllo!vcr nl#ullt :; 1) .  11:. 
Italn, rlearlng during a f l ~ m o o n .  

Clondr all d a r .  
Cloudi: rain and thunder about noon. 
hforning cloudy. 
Clear till noon.~clouds working np  from the south; wind from south. 
Cloiidy: rained al~oti t  three hours in erenins. 
Cloudy early; ver r  .]ear niost of day; soiithrrly.wi~ld. 
Cloudv earlr: wind from aoiith: afternoon clear. 
hlorniing clchdy: wind lro~n southeast. 
Clouds and sunshine alternating; day warm; rain during night. 
Rain. 
Clear morning: rloudy alternoon. 
Clondv most of the day. 
~ a i n e d  durinp. preceding night. 
Early morning and evening clear; middle of (la? cloudy: slight 
Rained intermittently during d?y, stearlily during crening. 
Cloudy; afternoon rain?; cold wlnd. 
hfnmine rlnnd\-: erenine clear. . . . . - . - . . - 

Frost; clrar: light 11rr(>.11' froll. northwrst. 
S11ghtl.v ~.lontl\.: eosr tr.ill4 strung dur~n,: furenoon. 
('lear: e v ~ n i r ~ ~ a n < !  nishl riinl-. 
Cloudv: rainy al)o:~t hall lhc 113~.  
Cloudv earlv, clear~ng I:~lrr: clr.~r sunsrt. 
Clear inomiinp.: strong southeast breeze 
p r y  mornin<: no deii-; cloudy mosl 01 day. 
Cloudy morning; afternoon sunshine; warm. 

rain. 
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Jletcorologic record of ezpcditiors of 190?-(lontinued 

i 
;ipprosimate' 

?rlininlum altitude of I 
telnpora- camps ~vllerf! i 

Date. ture nlrovo,  mininiunl Notes 
,OF , ternperaturn . . mas taken / 

' (feet). : 
- - -- 

! '4 ' Xug. 30 :I011 ' Rained at inten-31s during night: nlternntely rle:lr 2nd cloudy; \\.arm. 
31 i 03 400 i 

sept. 1 I .  .......... . '  .rnn 
3 i  400 / Morning clear; sprinkle t lur in~ alternoon; breeze from north, changing to northeast. 

400 Clear. 
400 Clear. 

41 400 Morning clear; thunder slio\\~er d ~ ~ r i n q  iliternoon. 
ill 400 

;XI: 1 Clear. 
Solnewhat clondy; mill llnrin:: crP11inp. 

Inn nrizzlr. rninv clnv. clearin- nt anilset. 
i'i"ij ~ r i s i ;  ~ o i n i n c r i ~ i ~ ~ ~ .  gra+skv. 
1:000 I<ain;'southeasl'min(! chan~ing to northwest; riear evening; frost during night. 

12 1.200 Clenr, frosty mornln:. 
' 13 1,000 , 

VEGETATION AND AXIMAL LIFE. 

As there was no trained naturalist in the party, biologic stutly was necessarily confinecl to 
rantlorn observations on some of the more striking features of the animal and vegetable life of 
the region. The notes of a la?-man on an unexplored region are, however, probably of sufkient 
interest to the naturalist ant1 traveler to justify their publir,ation. In  any event they maj7 
serve to supplement the hiologic investigations math by Osgoodl and others in ncljacent regions 
havinq similar faunas ancl floras. 

Though a botanist wouIcI probably find great contrasts in the floras of the different provinces 
traversed by the expeclition, yet to the layman, except for variations due to altitude, the vege- 
tation of the coastal ancl interior helts appears ver? similar. lV1Jte and blacli- spruces. poplars, 

Tince. white birches, ancl u number of vurietiesof willow are widely tlistributetl throughout the pro1 ' 
Sitka spruce and hemlock are found, hot\-erer. only in the coastal region. ,Vtlsr grows in 
profusion on the Pacific side of the divicle above timber line and along the watercourses in the 
inland province. I n  tlie mountainous region ' 'bunch grasses" are abundant, and other varieties 
of grasses grow at lower altitudes. Blueberries and dwarf birches grow a t  and above timber 
line on both sides of the -Uaslca Range. Amonq other wild fruits of this region are cranberries, 
salmon berries, ancl currants. Wild flowers are abundant in the open glades of the timbered 
areas and in the region 1)-ing above timber. Among these many of the familiar flowers of the 
States appear to l ~ e  recognizable, though they differ specifically. Sometlling of tlle areal 
distribution and varieties of these flowering plants is established through the small collection 
made tlurinq the expedition. Tlis  collection was 1;indly determined by 3lr. F. V. Coville, of the 
Department of Aggiculture. (See pp. 30s-311.) 

The notes on the animal life of tlle region mere mostly devoted to the game. Noose ant1 
large brown bear were encol~nterzd on the Cook Inlet side of the divide, whte  sheep along 
the northern foothills of the -Slaska Range, and moose and caribou in the inland plateau rezion 
as well as in some of the tributary valle-s. But  one black bear was seen-in the Kuskokt~im 
Yalley-but these animals are linown to exist in the Cook Inlet region. S o  large pame was 
seen north of the Tanana, though there was evidence of the presence of moose, and migratorjl 
caribou urs known to be abundant in this reqion in some years. 
- - 

1 Oggood. W. 11. Results of a b~olorncai reconnalssarlce of the Y~ikon Rirer remon, m ~ t h  annotated 11sts of b ~ r d s  hy I,OIIIS G. B~shop: North 
Am. Fauna No. 19. U. 9. Dept. . i ~  ; Sntnral h~s to r r  of the cook Inlet reglon, .\lnska. Idem, So. 21, 1901; J b~olog~cal reconnaissance ot the base 
of the 113ska Peruusula: Idem, So.  24.1901. 

Dall, TV. Ii.. hlaska and 1Cs resources, Boston. 1SiO 
Sudmorth, 0. 13.. rowst trees of the Pnc~ficaiope. Forest Sernce, U. S. Dept. -igr., 1908. 
See also reports of IIarrlman -Ussi,a E ~pedltlon, ~-01s 1.2. 
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Xo wolves were seen by the party, thougil t l l ~  tracks of the timber wolf were fount1 on both 
sides of the range. Tlie 1v01.i-erine is knonn to he present on both sides of tlie Alaska Xange 
and is one of the fur-bearing animals huntetl 1))- tile natives. Beaver appear to be scarce, as 
but  few fresh cuttings mere observed 1 ) -  tlie pilrt-.  Tllej- are, h o ~ ~ e v e r .  lcnon-n on both sides 
of t119 range. Botll tlle Coolr liilet rerrio~i anc! the Kusliolr~~im ancl Tanana re8011 have been 
important sources of mink ancl marten skins to  tlie fur tracler. Red foxes are obser\-ett throug11- 
out  the province ancl other ~ a r i e t i e s  are cauytlt I)>- tlie natives. The large si~o~vshoe rabbit 
or hare was seen on tlle Cool< Inlet sitle of the diritle and also in the Tanana T:~lle-. The small 
~irhistling marmot \$-as found ~viclelg c1istril)utecI i11 tlle areas lying abore the timber line through- 
out  the p ro~ ince .  

Of the game I)irtla, species of grouse were fountl in the Cook Inlet region ancl also nortli of the 
Tanana T7illle?-. In  the flats northn s t  of Beluga Rirer  tliere is an  nhunt1anc.e of sniitl-hill 
cranes and clucks, :111tl geese ant1 s\vnn are l<no~vn to inllai~it tlle larger rivers close at hantl. 
Duclrs and geese are also a1)untlnnt on tlle Tnnana ant1 SOIIIC' of its tributaries. Tlre p t a r ~ n ~ ~ a n ,  
the iypical Alaska game bircl, was founcl to be verj- ple~ltiful abore timber line througllout tlie 
province. 

The salmon fisheries of Cool< Inlet are important locallj-, tliougli tlierc are no canneries in 
this part. of Alaslra. -4 number of species of snlmoll occur in tllat district. I n  the spring tlie 
candlefish is very abundruit. Tlle sea otter, ~i-hich mas former1:- l~ulltetl bj- the nussians in 
tlle Cook Inlet region, has long since t1isnppe:trecl. Of the fresh-water fish, Alaska g r a ~ l i n g  
was noted ill most of the clear-u-ater streams throuyllout the region. Whitefish ant1 a species 
of pickerel d s o  occ11r in tlle Tanana  water^ Eainho~t- trout were found b:- Sitlnej- Pniee in tlie 
small streams tributary to I h i B  Arm hut n-ere not seen along the route of tlie expedition. 

NOTES ALONG ROUTE O F  TRAVEL. 

On M a r  29, when the partf:- lnncled at Tyonelc, the n:~t ires  ancl some ~ ~ ~ l l i t e  fishermen 
alreac1.i- llad their traps a i d  seines out for tile lriiig salmon, for ~1-1iich the salteries were pa;-ing 
13 cents apiece. The:- mere also catcllinrr n few red s:~lmon. The only o t h r  salt-water fisll 
.vvhich came under the observation of tlie p:~rt,:- ~ w ~ s  candlefish, ~ v l ~ i c h  on June 4 were running 11p 
Beluga River in great schools. The nrunlc Beluga is derived from the Russia11 bieluga, ~r l l i te  
wl;llale, wllich is common in the upper part of Coolr Inlet. ilccording to the traclers, the chief 
furs of the Cook Inlet district are the marten, mini<, beaver, retl fox, bear, lynx, and ~volverine. 
The catch for the minter of 1901-2 also inclutletl a few silver-gray foxes. 

The gravel plateau stretching inlantl from T:-onelc is corerecl wit11 an open gro.cvt11 of forest 
in which birch appears to predominate, but there is also much poplar ancl some spruce, together 
with alder, along the ~vatercourses (PI. IT-, 9, p. 4 4 ) .  Here some " cleril's club" xiTas observecl, and 
this shrub M-as also seen on tlie lower slope of Mount Susitiia but not elsev-here in the region. 
Osgoocl reports the occurrence of hemlock on Turnagain Arm, but tllh tree \\-as not obse r~ed  
on the west side of Coolr Inlet. Osgood also recog~lizecl tllree varieties of spruce in this general 
region-the white, the black, ancl the Sitlia-together M-it11 the aspen and the balsam poplar. 
Tlie largest trees noted near Cook Inlet (chiefly TX-hite birches) ha re  a diameter of 1x0 24 inches 
( 1 .  I 1  B). I n  these forests some spruce lien or grouse were obser7-ed, ~vllic11 mere nesting 
about tlie first of June. On June 5 three brown bear were seen near Beluga Iiiver, 5 miles from 
the coast. 

The lower eastern slope of Mount Susitila is clothed v-itli an open forest, composed clliefll- 
of deciduous trees, broken by  glades of grass. Tllis type of vegetation continues up to about 
1,000 feet above the sea, where i t  gradually merges into n zone covered with grass iilterrupted 
b:- dense willow and alder thickets. A few birclles are found up to an alt,itude of 1,500 feet, 
which is practicallj- tlie limit of ~~ege ta t ion  except for mosses and flo~vers. The south slope of 
3Iount Susitna is covered chiefly ~vitll  clecitluous trees, but  coniferous trees preclominate on the 
nortliern slope. The alluvial floor of the valley of the Susitna, as seen from tlie nlount:zin of t l ~ e  
same name, i.; \[-ell timbered. 
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The gravel plateau crossed between tidewater and the mountains is covered with an open 
forest of spruce (Pl. IV, A, p. 44), with some birch and poplar, and includes some large swamps. 
Many ducks and sand-hill cranes ancl some geese were seen on the small lakes of this region, 
also many old beaver dams, at  one of which fresh beaver cuttings were observed. On the high 
ridge east of the camp of June 9 (see P1. 111, in pocket) spruce, birch, and poplar forests reach 
an altitude of about 1,600 feet and alder extends up to about 2,000 feet. Toward the footldls 
of the range the timber becomes gradually more scattering and disappears at  altitudes of 1,600 
to 1,800 feet, but thick groves of alder and willow were found above these altitudes along the 
watercourses. Some currant bushes were noted in this part of the province. Grass was fairly 
abundant in the open and drier parts of this area, but better feed for the stock was found above 
timber line. Here ptarmigan were abundant and a number of large brown bear were seen. 
These, like others later encountered in the upper Kichatna Valley, are probably of the so-called 
peninsula brown-bear type, closely related to and as large as the Eodiak brown bear, though 
regarded as a distinct species. These brown bears and the three seen near the Beluga were 
all found above timber line. The experience of the party indicates that these bears are not 
vicious and probably will not attack a man unless they are woynded. Twice members of tlie 
party encountered she bears with cubs at close quarters, and though tlie mothers turned on 
them, when the intruders retreated they seemed to be quite satisfied and made off with their 
off spring. 

After traversing the foothill belt tlie party descended the slopes of the Skwentna Valley 
through dense alder thickets. The floor of the valley is clotlied with a heavy growth of timber. 
Poplars and birches predominate, and there is also some spruce. The largest trees measure 
2 to 23 feet in diameter. It was noted that measuring worms were destroying the foliage of 
many of the alders. In  the flat between the Skwentna and the Kichatna there is only a liglrt 
stand of timber but much alder. Near the Kichatna, however, the timber is more abundant, 
and here the poplars are of especially large size. 

In the lower Kichatna the party passed through a beautiful parklike region wliere the 
ground in many places is covered with a dense growth of grass lugher than the packs of the 
horses (Pl. XVIII, A). Some patches of wild timothy were noted in this clistrict. The 
timber consists of large birches and poplars (some measuring 2 to 24 feet) and smaller spruces. 
Along the Kichatna the timber line is in the neigliborliood of 2,400 feet, above which is found 
only alder and here and there a stunted spruce. An abundant supply of redtop grass was 
found, except in the very highest valleys traversed, wliere the grass seemed almost entirely 
absent. 

Though some moose traclrs were noted in the early part of the journey, the first moose 
seen by the party was ldled near the camp of July 13, at an altitude of 2,200 feet, near timber 
line. During the season of the greatest prevalence of insect pests the moose go to timber line 
or the bars of the largest rivers, in order to avoid, in part at least, the flies and mosquitoes. 
The writer saw a fresh caribou track at an altitude of about 3,000 feet, near the point wliere 
the moose was killed. -4 newly dropped caribou horn was also found near the camp of July 15, 
at an altitude of about 2,200 feet, on the Kuskokwim side of the divide. These facts are 
noted because it seems to be unusual for the caribou to penetrate the @h range. 

The first of the white -Alaska sheep seen by the party were found between the camps of 
July 15 and 16, below timber line, at  an altitude of about '2,200 feet. A young sheep weighing 
about 70 pounds was killed. The only black bear seen was encountered in the valley of tlie 
Kuskokwim, near the camp of July 9, at an altitude of about 3,000 feet, about 500 feet above 
timber line. 

Beyond Rainy Pass the route led through a heavily wooded valley tributary to Dillinger 
River. Here the timber line is at  about 2,800 to 2,900 feet, or 300 or 400 feet higher than on 
the coast side of the divide. The timber in this valley is chiefly spruce, but includes some 
poplar. Toward the Kuskokwim the timber gradually becomes larger, the spruce being 13 to 
18 inches and the poplar 10 to 12 inches in diameter. The Kuskokwim Valley is well timbered 
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with spruces and contains some scattering poplars. A few white birches were noted on the 
higher slopes of the valley. 

Moose are fairly abundant in this timbered area, which appears to be a favorite hunting 
ground of the Kuskokwim natives. Near the camp of July 23 (see P1.111, in pocket) was seen 
a brush fence constructed by the natives for turning moose along a trail where they could 
be easily killed. With the introduction of modern firearms these game fences, which formerly 
were an important aid in procuring food supply, are falling into disuse. 

After leaving the Kuskokwim 1-dley the route of travel for some 200 miles lay for the 
most part across the gravel-floored piedmont plateau, but in places traversed the foothills. The 
plateau is covered with a great variety of moss, but has little other vegetation. Among the 
various species of mosses was noted the white reindeer moss, which furnishes in part the food 
for the large number of caribou found in tllis region. The valley floors cut below the plateau 
surface are in most places covered with a dense growth of grass, and a few scattered spruces 
were observed near the route of travel. Here the upper limit of the spruce timber is between 
a,o00 and 2,400 feet, varying considerably from place to place. Above this altitude willows 
are found along the watercourses as lligh as 3,000 feet or more. Huckleberry bushes are very 
abundant along the valley slopes and on the plateau surface, as is also a variety of dwarf birch. 
The appended list (p. 208) shows that there is a considerable variety of flowering plants in tlGs 
part of the province, some species being found close to snow line in the high range. North of 
the route of travel, at  altitudes probably of 1,000 feet, lies the densely wooded lowland (fig. 30)) 
drained on one side into the East Fork of the Kuskokwim and on the other into the Toklat, a 
tributary of the Tanana. 

While traversing spurs of the main range between July 23 and 27 the party saw a number 
of bands of white mountain sheep a t  altitudes varying from 3,000 to 4,000 feet. The largest 
of these bands included 36 sheep, old and young. Koteworthy was the hcling of moose tracks 
far above timber line and close to a glacier in this district. 

On July 26 the first caribou were seen, and the records show that from that date until the 
8th of August 77 caribou were actually counted by members of the party. This number was 
noted in the journal of the expedition, but as no very careful records of numbers were made 
it is probable that over a hundred were seen. Most of these caribou were in bands of three to 
eight. One caribou was found on the moraines of a glacier far up in the heart of 'the range. 
All the caribou seen appeared to be of the large woodland variety and of the same species as 
those observed by the writer above timber line in the White River basin in 1898. 

The route of travel continued across the moss-covered plateau region, interspersed with 
grass-floored valleys, as far as McEinley Fork of the Toklat (camp of August 6), and then entered 
the mountains. Here the timber line is at  2,700 to 2,800 feet. 

I t  seems probable that the white sheep frequent the foothills and high ranges all along the 
route of travel, but the rapidity of the journey did not permit many excursions into thehigher 
parts of the range. A small band of sheep was seen about 5 miles east of the camp of July 26. 
Between thz camps of August 10 and 13 a good sheep country was traversed. On August 11 
the writer saw within three hours four different bands of sheep which must have aggregated 
100 animals. These snow-white sheep form a very conspicuous feature of the landscape. As 
they wander far below the snow line, their coloring seems to be in no way protective. 

The only bear seen by the party on the north side of the range was a big brown one wounded 
near the camp of August 5, not far from the base of Mount McEinley. This locality is far above 
timber line, and the animal had probably come to it in search of berries, which were plentiful. 
A moose was killed near the camp of August 11, in a region where these animals seemed not 
very plentiful. 

From the Yanert Fork of the Nenana the party crossed a high divide to the north and here 
found the timber line between 2,600 and 2,700 feet. I n  this area the piedmont plateau is only 
about 2,200 to 2,400 feet high and is covered with spruce. Where crossed by the party this 
plateau had been ravaged by forest fires many years before and was covered with a luxuriant 
growth of grass. From the upper margin of this plateau a good view was obtained across the 
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Tanana Valley, which was found to be fairly well timbered though it is broken by meadows 
and swamps, together with some lakes and abandoned sloughs of drainage courses. On travers- 
ing this lowland it was found to be made up in part of spruce swamps, in part of dry land covered 
with an open growth of poplars, white birch, and some spruce. Much of the lowland had pre- 
viously been burnt over and was then covered with a second growth of timber 25 to 30 feet in 
height, interspersed with a fine growth of grass. The largest trees noted in the Tanana Valley 
were the white birches, some of which exceeded 2+ feet in diameter. Spruce trees 18 inches to 
2 feet in diameter are also not uncommon but are confined chiefly to the immediate banks of the 
larger streams. Here are also found extensive areas of tamarack or larch, the largest of which 
do not exceed 18 inches in diameter. This tree appears to be confined to the lower Tanana 
Valley, its tributaries, and the upper Kuskokwim. It is also sparingly found on the Yukon, 
near the mouth of the Tanana, and is reported by A. G. Maddren to occur on Innoko River. 

Between the camps of August 18 and 22 one moose and two caribou were 'seen, these being 
the last large game encountered during the season. At certain times caribou are abundant in 
some parts of the Yukon-Tanana region, but for the most of the time while traversing this area 
the party was in the river bottoms and out of the caribou range. In  the river bottom of the 
Nenana the large snowshoe rabbit was found in great abundance. In August this animal was 
already changing its color toward the lighter winter coat. No game was seen in the Tanana 
Valley, probably because the party there followed an Indian trail long used by the natives in 
their hunting expeditions to the mountains, and because the village of Tortella, on the Tanana 
(PI, VII,A,p.48), was only20miles distant. &I the averageIndian shoots at a11 the game he 
sees as long as he has ammunition, the placing of modern weapons in his hands soon results in 
driving the game far away from his settlements. 

When the party crossed the Tanana, about September 1, the Indians were catching their 
winter supply of fish, which appeared to be chiefly humpbacked salmon. Salmon have been 
seen by the writer as far up the Tanana as Bates Rapids, but they do not appear to ascend 
farther, though there is no barrier at that point. The natives of the upper river appear to 
cure only the small white fish which are abundant in some of the clear-water streams. 

The timber in the flat drained by the Tolovana is similar in grade and variety to that of 
the Tanana Valley. On the better-drained portions the deciduous trees-poplar and white 
birch-predominate; in the wetter portions spruce is usually the most common tree. The 
courses of the many streams which traverse this lowland are outlined by growths of heavy tim- 
ber along the banks. The trees are spruce, white birch, and some poplar, and many of them 
attain diameters of 18 inches to 3 feet; here and there one reaches 23 feet. Tamarack is also 
rather abundant on the flats. There is a thick growth of grass on the wet margins of some of 
the lakes, but it does not appear to be nutritious and the horses did not care for it. In  the 
drier part of the lowland, however, there is a fine growth of grass, which the stock greedily 
devoured. 

The Tolovana lowlands where traversed by the party showed no large game, though some 
old moose tracks were seen. This region being so accessible by river from the ~Lnana ,  the 
Indians have driven away the moose. Many grouse mere found in the spruce woods and ducks, 
geese, and sand-hill cranes in the small lakes and ponds. The only ducks recognized by the 
party were mallards, but some small brown wood ducks and black ducks of species unknown to 
the members of the party were also seen. 

Beyond the Tolovana flats the rout9 lay across a portion of the Yukon-Tanana upland and 
for the most part was below timber line, which is here at about 3,000 to 3,500 feet. ,-is in other 
parts of the district, the chief trees are spruce, poplar, and white birches, the first two prc- 
dominating. No game of any kind was encountered in this part of the journey. 

In considering the above account of the game, it must be remembered that no time was 
spent in hunting. There was absolutely no effort made to find the game, and all that was seen 
was encountered along the route of travel. The record, then, of more than 100 caribou, 15 
moose or more, 200 or 300 sheep, and about a dozen bear, together with a large number of wild 
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fowl-ptarmigan, grouse, etc.-indicates that the region traversed is an excellent game countq. 
I t  is a noteworthy fact that the wild animals appeared to have no fear of the party. The caribou 
exhibited great curiosity about the pack train and horses. Small bands would hover around the 
party for hours, sometimes approaching within a hundred yards of the animals. One moose 
which, paying no heed to the noise made by the horse bells, strolled within a hundred yards of 
the camp, was shot. Sheep could be approached almost within pistol shot, and the bear ,raid 
but little 'attention to the members of the party. 

The presence of fur-bearing animals was noted from their tracks, but anly a few were 
actually seen. Foxes were observed in different parts of the region, a muskrat here and there 
in the low country, and fresh beaver cuttings at  several places. On August 13 the writer saw 
a wolverine, which watched him with some curiosity at  about 75 yards but promptly made off 
when fired at. The tracks of timber wolves were seen, particularl~ on the Cook Inlet side of 
the divide and along river bottoms. 

DISTRIBUTION OF TIIYtBER. 

In  the foregoing notes some details on the occurrence of timber in the areas traversed b 
the party are presented, and the accompanying map (fig. 30) shows the general distribution o 
timber throughout the province. As regards the adjacent region it appears that the basins 0 

the Susitna, Matanuska, and other rivers tributary to Cook Inlet are fairly well timbered 
to an altitude of 1,500 to 1,800 feet, and there is a sparse growth of stunted trees up to 
altitude of 2,000 to 2,200 feet. I n  these districts the spruce, which furnishes the best timb 
is usually less than a foot in diameter, though an occasional tree is found 15 to 1s inches 
diameter. 

There is some large hemlock and spruce timber in the bottoms of the large valleys tributary 
to Turnagain Arm. In general, however, the timber in this part of the field is little better than 
that of the Susitna and Matanuska ~alleys. 

In  Kenai Peninsula the timber line is at  altitudes of 1,500 to 2,000 feet. Most of this timber - 
is small, but in the valley floors spruce trees that will square 4 and 6 inches are not uncommon 
Timber of about the same quality but of rather heavier stand covers the plateau which f 
the northwestern part of Kenai Peninsula. The best timber of this part of the province is 
occurring in the flats at  the upper end of Resurrection Bay, where there is a heavy sta 
hemloclr and spruce, including some trees up to 4 feet in diameter. So far as could be determined 
from the route of travel, the flats of the upper Kuskol~wim have about the same stand of timber 
as those of. the Tanana Valley already described. 

In  the inland part of the province the supply of timber at  best is rather scanty but wo 
probably be sufficient for local use were it not subjected to ravages by forest fires nearly ev 
year. Such fires occur on both sides of the Alaska Range, but especially in the Yukon basi 
where the semiarid conditions often allow the forest fire to sweep over miles of territory until 
it is stopped by a watercourse too \vide to be crossed. I t  is no exaggeration to state that hun- 
dreds of square miles of timber have been burned off the Yukon basin during the last decade. 
This burning of timber is in part done purposely by both whites and natives in order to 
get rid of insect pests or to improve the growth of grass near their habitations, and is in 
part due to carelessness. The writer has traced at least one forest fire to a native camp. But 
the amount of timber annually destroyed by the natives is small compared with that for which 
the whites are responsible. Many a white man has deliberately started a forest fire which swept 
over miles of country, solely that he might obtain a few acres of dry wood for winter use. 
If this willful waste does not stop, the time is not far distant when there will be a scarcity of 
timber, even for local use. Timber grows very slowly in this northern field, and once destroyed 
it probably can not be replaced for several generations. I t  appears to the writer that at the 
present rate of consumption and destruction by forest fires the timber of the Yukon-Tanana 
region will not be sufficient for the placer-mining industry, let alone any possible development 
r5sn  this stage has been passed. 
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FLORA OF THE REGION. 

The follo~x-ing plants were collectetl 1)~-  L. 31. Prindle ant1 determined b~ F. TT. Corille: 
Polypodiacere-fern family. 

1)ryoptcrzs.fragrans (I,.) Schott. Kichatna Tallex, among rocks, July 5. 
Dryapterls spinulosn dilatatn (Hoffm.) Under l~  ( ( 1 )  At camp S o .  7 ,  Eelupa River valley, June 10; 2 feet high 

or more. (b) Vest side of Alaska Ranpe, above timber line, July 29. 
Phegopteris dryopteris (L.) Fee. Kichatna T'alley, among cottonwood, July 6. 

Equisetacee-horsetail family. 

Esquisetum arvensc L. (a )  June 1 (no definite locallty given). ( 1 1 )  Tanana Rix-er, August 29. 
Equisetum sylnaticum L. Tponek, June 1. 
Equisctum variegatun~ Srhle~ch. Rank of tributary of Ilappy River, leading to the paw, Julj 1:;. 

Lycopodiaceae-club-moss family. 

L?/c.opodium annotinun! I.. September 8 (no definite locality giveili. 
Lycopodium complanatun~ L. September 6 (no definite locality given). 

Pizacee-pine family. 

Larir lnricincr (DLI Roi) hoch. (a) Tanana Valley, east of Senana River, August 27. ( b )  September 6 (no definite 
locality given). 

Juniperus nana Tind .  Ridge north of Torbona River, September S. 

Poacere-grass family. 

Phleum alpinum L. Kichatna Valley, July 4;  not abundant. 
lllopecurus gcnkulatus L. Torbona Valley, north of the Tanana. SeptemLer 4. 
Agrostis rubru L. South side of Tanana Valley, cast of Pienana River, August 27. 
C'alamugrostis aleutica Bong. South of Yukon, near the divide I~etween Tanana and Yukon, September 10. 
Calamagrostis canadcnsis (Blr.) Beau\-. ( c 0  South side of TananaT-alley, east of Kenana River. August 27. ( E )  Tanana 

Flats, east of Kenana River, August 26. (c) Sorth of Tanana River, August 31. 
Calamagrostis Eangsdorji Trin. S o  dehnite locality given. 
Calamagrostis purpurasccns R. Br. Above timber iine, west side of Alaska Range, July 29. 
Eeckmannia eruc:zjormis (L.) IIost. (a) Tanana River, near Tortella, Augu~t  29. ( b )  Lakecountry,north of Tanana, 

September 3.  
Panicularia pamiflora (Prest.) Retz. Lake country, north of Tanana River, September 3. 
Hordeum jubatum L. Kenana \-alley. 
Elymus mollis Trin. Tanana River, near Tortella, August 29. 

Cyperacea-sedge family. 

Seirpus csspitosus L. On marshy tundra at camp KO. 7, June 10. (Between Tyonek, on Cook Inlet, and Rampart, . 
on Yukon ,River.) 

Carex apuatilis ffahl. Tanana River, August 29. 
Carer compacta R. Br. Kear water on bank of slough in Iiuskokvim Valley, July 19. 
Carex sp. near C. macrochzta hley. (too young). Al~ove timber line, east side of Simpson Pass, altitude 2,500 feet, 

July 10. 
C'arex sp. (too young). On marshy tundra, June 10. 
Carex sp. (too young). At camp So. 7, altitude 1,300 feet, June 10. 

Liliacere-llly family. 

Tofieldia palustris Huds. On gravel flood plain of the KuskokPFim, overgom ~ & , h  cottonwood, July 19. 
Zygadcnus elegans Pursh. Xuskoliwim Talley, on gravel bar, ox-ergox-n x~ich light ~ r o v t h  of cottonwoods, July 19. 
TGrutrum eschscholtzii (Roem. and Schult.) Gray. r p p e r  Kichatna 1-alley, abundant in meadorrs, July 7. 
Streptopus amplexifoliw (L.) 1)C. Beluga River \-alley, on hillsides, June 10. 

Cypripedium passerinum Richards. On bank of Kuskokwim River, July 1:. 
Limnorchis stricta (Lindl.) Rydb. South side of Silnpson lass, July 14. 
Gyrostachys romnnzofiana (Cham.) BlacAl. ~or theas t  side of 6uskokmim Valley, ncar base of mountains, m moss, 

July 91. 
Salicaceae-willow family. 

Populus balsamifera L. Between Tyonek and Rampart, June 1. 
Salix arctica Pallas. Beluga Yalley, G miles east of camp No. 7, altitude 2,700 feet, June 10. 
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Salix bcbhiann Sargent. Tyonek, June 1. 
Salix fuseeseenu Anders. Beluga Valley. 
Sulix glauccc L. Altitude about 3,500 feet , .dw~f millow, July 8. 
SaZiz polaris TT'uhl. On mountain 3,000 feet above valley of Elappy River, July 13. 
Suliz pulchra Cham. Camp No. 7, altitude about 1,300 feet, June 10. 
Saliz reticulata L. Northeast side of Kuskokwim Valley, growing in moss, altitude about 1,000 feet, July 21. 

Bettila. (a) On marshy tundra at  camp KO. 7, low spreading, 1 to '7 feet hi+, higher at  base of hill, 30 feet, June 10, 
( b )  Between Tyonek and Rampart, July 31. 

Betuln. Retwded birch blossoms, tree nearly broken off, birches generally through blossoming, June 1. 
Bctuln. West side of Alaska Range, above timber line, July 29. 
Betula. Between Tyonek and Rampart, July 23. 
illnus alnobetz~la (Ehrh.) Koch. Tanana Flats, about 10 miles ~ o u t h  uf rir Pr, August 29. 
Alr~us. Between Tyonek and Rampart, June 1. 

Polygonaceae-buckwheat family. 

Oqria diguna (L. j Campden. Upper Kichatna Talley, July 9. 

Portnlacaceae-purslane family 

Claytonia samentosa C. A. Ueyer. Upper Kichatna Valley, July 9. 

Alsinaceae-pink family. 

Silene c~caulis L. Kuskokwim, growing among rocks, July 1s. 
Alsine long~pes (Goldie) Coville. On hillsides in upper Kichntna T',Elley, altitude a b u t  1,500 feet, July 9.. 
Arenaria maCrOCUTpU Pursh. Above timber line, east ride of Simpson P a ~ s ,  altitude 2,500 feet, July 10. 

Dclphiniz~rn bro~unii Rydt. Upper Kichatna \-alley, July 7. 
Aeoniturn delphinifolizim DC. IZichatna Talley, plant 3 ieet high, July 3. 
Anemone richarrlsoni Eook. In  moist soil, Brluga River valley, June 10. 

Papaverace-poppy family. 

Papaver nudicaule L. (a) Kuskokmim, growin? a m o q  rocks, July I S .  (b) South -ide of Sirnpeon P a s ,  JiuIy I'P 
(c) E*t side of Rainy Pass, altitude about 4,509 feet, July 14. (d) About 30 mdes north of Kuskokwim, above 
timber line, July 23. 

Brasdcacem-mustard family. 

Cardamine bellidifolia L. Upper Kichatna Tralley, July 9. 
Arabis lyrata intenneclia (DC.) Wight. Tyonek, June 1. 
Parn~a  nudicaulis (L.) Regel. Simpson P a s ,  altitude 4,900 feet, July 11. 

Droseracem-sundew family. 

Drosera longifolia L. On marshy tundra, June 10. 

Therofon richardsonii (Hook.) meelock.  Attains height of 2 ieet, on ~ ~ e s t  side of pass, July 15. 
Sax~raga hirrulus L. Northeast side of Kuskoli~vim Thllc>-, near base of mountains, in moss, July 21. 
Sax$rny/a nelsoniana D. Don. On hillside in upper Kichatna Talley, altitude about 1,300 feet, July 9.. 
Saxifrccga smpyll(f01ia Pursh. On mountain 3,000 feet above \-alley or' IIappy River, July 13. 
Snzjfraq~~ trinlspidatn Retz. Kichatna Talley, in rocky soil, July 5. 
Parr~assia palwtris L. On a ynvel bar of Kuukoknim, overgrown with cottonwood, July 19. 

Rlbacere-gooseberry family 

Ribcs rztbrzon TJ. Tyonek, June 1. 
Rosacere-rose famdy. 

Spiraa hetrilifolia L. At camp No. 7 ,  Beluga River valley, June 10. 
Rubits nrctinis L. Tyonek, June 1. 
Rubtis chamamoncs L. At camp No. 7, Beluga River valley, June 10. 
PotcntiElafruticosc1 L. (u) Bush 2 feet high, on marshy tundra, Belum River valley, June 10. (61 On gravel iiooiE 

plain of the Kuskokwim, overgrown with cottonwood, July 10. 
Sievmsia rossii R. Br. West side of Alaska Range, about 30 miles north of Kuskokwim, above timber line, July 23.. 
Dnjus drumnwndii Richards. On gravel bar of Tatina Ri~rer, July 16. 
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D y a s  octopetata L. About timber line, east side of Simpson Pass, altitude 2,500 feet, July 10. 
Sanguisorba latifolia (Hook.) Coville. Upper Eiichatna Tklley, July i .  
Rosa acicularis Lindl. Simpson Pass, altitude 2,900 feet, Juiy 11. 

Viciacese-vetch family. 

Phnca ltttorulis (Hook.) Rydb. Simpson Pass, altitude 2,900 feet, July 11. 
~ r a g n ~ ~ w  graeilis A. Nelson. ( a )  On gravel floocl plain of the Kusl;ok~~<.iim, July 29. ( b )  July 29 (no local~ty giveu). 
Eled!/sarun~ ammicanunz (3Iichx.) Britt. July 91 (no location glven J .  

Geraniacese--geranium family. 

Geranium crianthun~ DC. rpper  Kichatna 1-alley, July 7 

Violacem-violet family. 

Fiola langsdorfii Fiach. About timber line, east side of Simpson Pas:, altitude 2.500 feet, July 10. 
S/7iola pulustris L .  Tyonek. June 1. 

Etseagnacem-oleaster family. 

Lepargyrsa canadensis (L . )  Greene. On ,pivel flood plain of the Kuskokwim, July 19. 
* ' 

Onagracem-evening primrose family. $ 
Chamsnirion angustifoliunl (L.) Scop. ( a )  Kichatna Valley, in woocls, July 5 .  (b) On gravel floocl plain of Kusko- 3 

kmim, overgrown with cottonwood, July 19. (c'l Tanana Flats, east of Nenana River, August 2E. c 

Chamsnirion Zatifoliun~ (L.) Sweet. ( a )  Kichatna Siliey, July 5. (b) On mountain east of Ku~kokwim Valley, 53 
July 18. ! 

Ealoragidacem-water milfoil family. 8 5 

Ifippuris vcilgaris L. Lake country, north of Tanana, September 3. f 
Cornaceaa-dogwood family. 4 

Cornus cunu~lmsis L. Above timber line, toward Simpson Pass, east side, July 10. 
Cornus sz~ecica L. On hillside at  camp KO. 7 ,  Ueiuga River valley, June 10. 

Pyrolacea-wintergreen family. 1 
Pyrola rotundijolin L. Growing in moss in the pass, altitude about 2,600 feet, July 14. 
Pyrola secunda L. Iiichatna Talley, in woods, July 5. 

Ericacea-heath family. f 
Ledum decumbens (Ait.) Lodd. In  open marsh?; country, spreading, 1 foot or more in height, altitude 1,300 feet, June 10. 
JIe i~z i~swJmuginea  Smith. On grassy slopes under birch and spruce, near camp No. 7, Beluga River valley, June 10. 
ilndronzeda p o l ~ o l u i  L. On marshy tundra, June 10. 
Arctostaphylos uva-ursi (L.) Spreng. Tanana Flats, east of Iienana River, August 28. 
Arctovs alpinus (L . )  Piiedenzu. September 8 (no locality given). 
Faccinium uliginosum L. On clpen marshy tundra, altitude 1,300 feet, June 10. 

Primnlaceae-primrose family. 

P'~enta1i.s europza nrctica (Fisch.) Ledeb. ( a )  Tyonek, June 1. (b) Mount Sueitna, June 6. (c) At camp No. 7, 
under birch and spruce, Beluga River valley, June 10. 

Dodecatheon frigidurn Cham. and Schlecht. On west side of the pass, among moss, altitude about 2,600 feet, July 15. 

Gentianacem-gentian family. 1 
Gentianafrigida Haenke. On western slope of mountaine, near camp KO. 51, altitude 2.600 feet, July 29. 
Gentiana glauca Pall. Nin Ridge, north of camp, July 2. 
Gentiana propinqua Richards. Gravel flood plain of Kuskobxim, overgrom ~ i t h  cottgn~ood, July 19. 

Peoyanthacese-buckbean family. i! 
Menyanthes tri,foEiata L Edge of small pond a t  camp No. 7, Beluga River valley, June 10. 

Polemoaiacese-phlox family. 

Polemonium ccerz~leum L. ( a )  Upper Kichatna Valley, July 7. (b) On marshy tundra at camp No. 7, Beluga River 
valley, June 10. 

I'ole>noniurn humile Willd. West side of Alaska Range, July. 
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Boraginacese-borage family. 

Entrichtim arctiodes DC. Common on mountain sloprs on western stretch of range, July 20. 
Myosotu alpestris Schmidt. ( a )  Tlpper Kichatna, altitucle about 3.500 feet, July 8. ( b )  Simpson Pass, altitude 2,900 

feet, July 11. (c )  North of Kuskok~im,  July 23. 
Nertensia paniculata ( l i t . )  Don. Tyonek, June 1. 

Scrophulariacea-flgwort family 

Castilleia gallida Kunth. On gravel flood plain of the Kuskokn.im, July 19. 
Pediczilaris lanata TVilld. July 21 (no locality given 1. 

Pedinilaris uerticillata L. l a )  Above timber line, east side oi Simpson Pass, altitude 2,500 feet, July 10. ( b )  Near  
Truce timber, on bank of Kuskokmim River, July 17. 

Pinguiculaceae-bladderwort family. 

Pingtiicula vz~lgaris L. In moss, among gravel, in rret springy place, July 19. 

Eubiaceae-madder family. 

Galium boreale L. Sorth of Kuskokvim, July 23. 
Viburnaceae. 

Sambuc~ts racemosa I,. On hillside at camp So .  7, Beluza River valley, June 10. 
L i n n z a  borealis L. On hillside in upper Kichatna Valley, altitude about 1,300 feet, July 9. 

Valerianaceae-valerian family. 

Valeriana capitata Pall. On marshy tundra at  camp No. 7. Beluga Valley, June 10. 

Campanulaceae-bluebell family. 

Campanula lasiocnrpa Cham. Above timber line, on east side of Simpson  pas^, altitucle about 2,500 feet, July 10. 

Carduaceza-thistle family. 

Solidago m~tltiradiata l i t .  ( ( 1 )  Simpson Pass, July 11. i h )  On west side of pass, July 15. 
Aster ribiriczis L. ( a )  East of Kuskokwirn, altitude 3,000 feet (no date g i ~ e n ) .  ( b )  South side of Simpson Pass, July 12. 
dchillea borealis Bong. South side of Simpson Pass, July 12. 
,Irtemisia chamissoniana Bess. Simpson Pam, altitude 2,900 feet, July 11. 
Artemis.ic~ friyida Willcl. Kenana Valley. 
drnica lessinqii (Torr. and Gray) Greene. Simpson Pass, July 11. 
Senecio discoidelis (nook.) Britton. On gravel flootl plain oi the Iiuskokrim, July 19. 
Senecio frigidlis Less. On the west ~icle of the pass, among moss. altitude about 2,600 feet, July 15. 
Senecio pult~stris (L . )  Hook. September 4 ino definite locality given). 
Saussz~rea alpina (L.)  DC. July 21 (no definite locality given). 
Salrssurea ?nonticola Richards. July 29 (no clefinit,e locality given). 

AGRICULTURE. 

Tliouglr it is not ~vithin tlie purpose of this report to tliscuss the t~gricultural problems of 
the Mount 3lcKinley region, pet a brief reference to this subject seems pertinent. The as+- 
cultural possibilities of -1lnska hare constitutecl & field of researcli by C'. C. Georgeson,' 1~110 
lins (luring the hist decade publislled many reports on tliis subject. Tlle purpose of this section 
will be only to  draw attention t o  the similarity u f  the rnrious parts of the field here under 
cliscussion to other districts mllose n~riculturnl features llnre been studied by Georgeson. 

It appears that the Mount JlcIiinley region can be divicletl into three general :~~ricultnrc~l 
provinces-tlie Cook InIet region, the Susitna T-:~lley and its tributaries, ;mci the Tt~nima T'alley. 
I n  addition to  these, the piedmont plateau, lying adjacent to ancl on the inland side of tlle 
Alaska Range, ~vill furnish extensive reindeer pastures. 

The results of experiments made on tlle government farm at Kenni tllrom much ligllt 
on the agriculturi~l problems of Cool< Inlet. On this farm many vegetables 1la~-e been raisetl 

1 Georgeson, C. C.. Annual reports on agricultural ~ n r e s t ~ g a t ~ o n s  of .\ldska, 1599-190i: Office Esper. Stn., I-. S. Dept. -1gr. 
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Boraginacere-borage family. 

Eritrichtim arctiodes DC. Common on mountain sloprs on western stretch of range, July 20. 
Myosotu alpestris Schmidt. ( a )  Tlpper Kichatna, altitucle about 3.500 feet, July 8. ( b )  Simpson Pass, altitude 2,900 

feet, July 11. (c )  North of Kuskoktrim, July 23. 
Xertensia paniculata ( l i t . )  Don. Tyonek, June 1. 

Scroghulariacea-flgwort family. 

Castilleia gallida Kunth. On gravel flood plain of the Kuskokn.im, July 19. 
Pediczilaris lanata TVilld. July 21 (no locality given 1. 

Pedinilaris uerticillata L. l a )  Above timber line, east side oi Simpson Pass, altitude 2,500 feet, July 10. ( b )  Near  
Truce timber, on bank of Kuskokmim River, July 17. 

Pinguiculacese-bladderwort family. 

Pingtiicula vz~lgaris L. In moss, among gnvel,  in v-et springy place, July 19. 

Bubiacese-madder family. 

Galium boreale L. Sorth of Kuskokrrim, July 23. 
Vtburnacee. 

Sambuc~ts racemosa L. On hillsicle at camp So .  7 ,  Beluza River vnlley, June 10. 
L i n n z a  borealis L .  On hillside in upper Kichatna Valley, altitude about 1,300 feet, July 9. 

Valerianaceae-valerian family. 

Valeriana capitata Pall. On marshy tundra at  camp No. 7. Beluga Talley, June 10. 

Campanulacese-bluebell family. 

Canlpanula lasiocarpa Cham. Above timber line, on east side of Simpson  pas^, altitucle about 9,500 feet, July 10. 

Carduaceza-thistle family. 

Solidago m~tltiradiata l i t .  ( ( 1 )  Simpson Pass, July 11. i h )  On west side of pass, July 15. 
Aster ribiriczis L .  ( a )  East of Kuskoknim, altitude 3,000 feet (no date g i ~ e n ) .  ( b )  South side of Simpson Pass, July 12. 
dchillea borealis Bong. South side of Simpson Pass, July 12. 
Artemisia chamissoniana Bess. Simpson Pam, altitude 2,900 feet, July 11. 
Artemis.ic~ f r i ~ i d a  Willd. Kenana Valley. 
drnica lessinyii (Torr. and Gray) Greene. Simpson Pass, July 11. 
Senecio discoideus (Book.) Britton. On gravel flootl plain oi the I iuskok~im, July 19. 
Senecio frigidlis Less. On the west ~icle of the pass, among moss. altitude about 2,600 feet, July 15. 
Senecio pult~stris ( L . )  Hook. September 4 ino definite locality given). 
Saussz~rea alpina ( L . )  DC. July 21 (no definite locality given). 
Sa~rssurea ?nonticola Richards. July 29 (no clefinit,e locality given). 

AGRICULTURE. 

Thouglr it is not within the purpose of tliis report to tliscuss the agricultural problems of 
the Mount 3lcKinley region, pet n brief reference to this subject seems pertinent. The agri- 
cultural possibilities of -1lnska hare constituted a field of research by C'. C. Georgeson,' 1~110 
has during the last decade publislled many reports on this subject. Tlle purpose of this section 
\\.ill be only to  draw attention t o  the similarity u f  the rnrious parts of the field here uncler 
discussion to other districts ~vl~ose a~ricultural features llnre been studied by Georgeson. 

It appears that t11e Mount JlcIiinley region can be divicletl into three general :~gricultnrc~l 
provinces--tl~e Coolc Inlet region, the Susitna T-:~lley and its tributaries, ;mci the T~~n ima  T7alley. 
I n  addition to  these, tlle piedmont plateau, lying adjacent to ancl on the inlancl side of tlle 
Alaska Range, will furnish extensive reindeer pastures. 

The results of experiments made on the gorernnlent farm at Kenai throw much light 
on the agriculturi~l problems of Cool< Inlet. On this farm many vegetables 1la~-e been raisetl 

1 Georgeson, C. C.. Annual reports on agricultural ~ n r e s t ~ g a t ~ o n s  of .\ldrka, 159%-1907: Office Esper. Stn., I-. S. Dept. Igr .  
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and during most seasons  heat and oats and in some years bar1e)- Lare been brougllt to matu- 
rity. Of this work at Icenai in 1903 Georgeson sn-s: 

Heretofore the earlier varieties oi grain have matured, but this year was an exception in this respect. The spring 
was late and the summer averaged colder than in prerious years. There was less sunshine than usual, r i t h  a great 
deal of misty, overcast weather. The number of clear days was as follom, by months: Nay, 9; June, 6; July, 12; 
August, 10. But whatever the cause? the fact remains that grain failed to mature. Of the five years during vhich 
we have been a t  work on this station this is the only total failure to mature grain. From the d a b  nov a t  hancl it is evi- 
dent that grain growing from the seed is uncertain along the coast on the Kenai Peninsula. But there is reason to believe 
that grain can be matured some 10 or more milel: irom the coast,  here the influence of the winds and mists from the 
inlet is less sinister. 

I t  llas been sllown (1). 194) that there are marked climatic differences between tlle eastern 
and western sllores of Cook Inlet, tlle mean annual temperature being some 7" warmer and 
the precil~itation about 30 per cent greater at Tponek than at Iienai. I t  seems, therefore, 
quite possible, as Georgeson points out, that there are marked x-ariations in the agricultural 
possibilities of the Cooli Inlet region as n 1%-hole. 

Tlie later work of tlle Kenai station \{-as devoted chiefly to esperinients in raising cattle 
on native hay, and these appeared to be eminently successful. Recently the Iienai station 
has been abandoned and tlle cattle transferred to Kodiak Island. Tlie huckleberry, currant, 
raspberry, cranberry, and salmon berry are found in abundance in the Cook Inlet region and 
are suggestive of future possible phases of agriculture. So far as tlle data at lland permit a 
stdtement, the last frost occurs in the latter part of lfny or the first week in June and the earliest 
frost is likely to come the first week in September. 

Of tlle possibilities for agriculture in tlle Susitna basin little can be definitely stated. This 
valley, however, must contain an area of 4,000 to 6,000 square miles lying less than 1,500 to 
2,000 feet above sea level, and nlucll of this area is characterized by a luxuriant growth of native 
grasses, many of whicll are known to be very nutritious. (See P1. XT'III, A, p. 202.) There 
is an abundance of berries, including cranberries, salmon berries, huckleberries, currants, and 
raspberries. Much of the soil of t l ~ e   alley is probably a loam, wit11 decayed vegetable matter. 
Some of the marshes can probably be drained, and tlle lligller timbered areas are dry. Much 
of this region escapes the dampness of the earl- sumnier characteristic of Cook Inlet, and the 
growing season is probably equal in length to that of tlie coast. On the otller hand, the min- 
fall is less and the aridity of tlle climate may be a serious drawback. Of tlle possibility of 
gardening and of curing the native grasses there can be no doubt. Tlle feasibility of growing 
grain on a commercial scale will have to be determined by experiment, but on the whole the 
outlook seems favorable. Tliis province includes more arable land tllan any other part of 
the Paciiic slope of Alaska. The region adjacent to the upper part of Knilc Arm appears to 
be specially favorable to agriculture and liere some tu7enty homesteads have been taken up. 

Of the interior regions tlie Tanana T'alley appears to afford the best conditions for 
agriculture. I t  has considerably Inore rainfall than tlle upper Yukon basin and is noted for 
its fine growth of native grasses. Tlle soil appears to be fairly rich and many farms and gar- 
dens near Fairbanks have sllown \[-hat can be done in the way of agriculture. Of special 
interest as showing the producti~eness of the soil is tlle farm at Rot Springs, on the lower 
Tanana, where an area of 20 or 30 acres is 11-armed by the hot waters and proves to be capa- 
ble of raising a great t-ariet- of regetables and fruits. There are also a number of ranches 
near Fairba~ilcs \I-here vegetable and forage crops hat-e been raised on a commercial scale. 
These facts attest tlie favorableness of tlle soil and its possibilities for certain forms of agri- ' 

culture, and also appear to prore tlle feasibility of maturing grain during tlle short summer. 
The climatic record indicates a gro~-ing season varying from 60 to 1% days in the Yukon basin. 
The Tanana Valley is probably most fax-orably located with regard to tlle length of the growing 
season. Grain has been matured as far north as Fort Yukon, which lies at the Arctic Circle, 
but 1vl1a.t may be accomplisl~ed wit11 certainty each year remains to be determined by experi- 
ments now being carried on by Professor Georgeson at Pairbanlis and Rampart. I t  appears 

1 Georgeson, C. C., Annual report of Alaska agriculmral experiment stations for 1903: Office Exper. Sta., U. S. Dept. Agr. (reprint from 
Ann. Rept. Office Exper. Sta. 1903), p. 3.53. 
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to be settled that tliis district can produce vegetables as well as lorage crops. Tliere is no 
information on the agricultural possibilities of the upper Kuskokwim T'alley, where conditions 
are probably similar to those in the Tr~nana region. 

Along the inland front of the Alaska Range there is a moss-covered area, probably at least 
4,000 or 5,000 square miles in extent, that would furnish an excellent feeding ground for rein- 
deer. Though there are no facts at Land as to the depth of the winter snow, it probably would 
be too great to permit tlie reindeer to find food during the winter months. If tlie inland region 
attracts a larger population with tlie development of tlle mining industry, as tlle present con- 
ditions promise, reindeer might furnish an important food supply. The abundance of the wild 
reindeer in this field appears to indicate that this is a practical range for the domesticated 
animal. 

The whole matter of agriculture in this part of Aaslia hinges on the finding of a market. 
If railroad transportation to Fairbanks tllrougll the Susitna Valley were available, no doubt 
an agr icu l t~~a l  population would spring up along the route of travel. With an increase of 
population in the Yukon-T.;tn~.na region there woulcl be s growing demand for food supplies 
for both man and beast. 

The distribution of game along tlie route of exploration has been discussed (p. 202). As 
central Alaska is attracting more and more sportsmen each year, however, it seems desirable 
to say something of the game in adjacent areas and to discuss the opportunities for hunting. 

Icenai Peninsula is visited every year by a few sportsmen in search of big game. Moose 
are abundant in certain localities and are said to be on the increase because of the l d i n g  of 
the wolves and the enforcement of the game laws. There are but few caribou on the peninsula, 
and the killing of these is prohibited by law until 1912. The white sheep are abundant in the 
higher ranges, and both brown and blaclc bear are common. 

Parts of the Susitna and Matanuska valleys also abound in big game, but are less accessible 
than the Icenai Peninsula. Kldridge refers in his report to the abundance of moose, caribou, 
and large brown bear. Sheep are plentiful in some of the high mountains adjacent to tlie 
Uatanuslra Valley, where they hare been but little hunted. The natives each year lull some 
caribou in the upper basin of the Uatanuska. but they are said not to be abundant. Both 
brown and blacli bear are to be found in tlie 3IatanusBa Valley, where good trout fishing is also 
to be had in  the clear-water streams. 

Spurrls account of the scarcity of game in the Pentna basin and on the Kuskoliwim side of 
the divide is not borne out by the observations already presented (p. 204). I-Iis journey was 
along the larger svatercourses in canoes during the months of June and July, when most of tlle 
large game was probably up near timber line. I n  the same country where he saw very little 
or no large game at  timber line the party of 1902 encountered bear, moose, sheep, and caribou. 
Moreover, the numerous hunting camps noted by Spurr and also seen by the writer give esidence 
that at  certain times of the year the natives visit this region as a hunting ground. 

Little need be added to what has already been $aid in regard to game on the Tanana. 
Mthough the many Indian settlements and comparatively large white population of the lower 
Tanana have driven away the larger game animals from the main arteries of travel, - e t  in 
the many tributary streams moose are still to be found, and at certain seasons of the year 
the Yulion-Tanana upland is liable to be traversed by large bands of caribou, sometimes, 
according to the statements of reliable obsen-ers, numbering many thousnnds. 

To the sportsman svho is seeking large game the slopes of the Alaska Range will furnish an 
attractive field. Nowhere else in Alilska, so far as linown to the writer, are the four largest 
game animals-the bear, the sheep, the moose, and the caribou-found in such numbers and 
in such close proximity as in the region traversed by the party. But the very reason of this 
abundance lies in the inaccessibility of the field, which must deter most sportsmen. The fact 
that it can not be reached without the organization of an expedition prepared for a campaign 
of at least two to three months makes it beyond the purse and time of the a-rerage hunter. 
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There are two possible routes of approacll to tlie Alaska Range at  present. One is from 
Beluga by the route followed by the espedition here described or by steamer up the Susitna. 
To accomplish this journey successfu11~- the partj- should reach Tyonek not later than the 

I 

1st of June, so as to traverse the lowland area between tidewater and the mountains before 
the swamps are entireij- thawed out. Brown bear can probably be found in not over a week's 
trip from the coast, and as tlie journe- is continued toward one of the passes at  the head of 
tlie Skwentna drainage moose will be met. Sheep would be found in tlle high range, beyond 
which lies the caribou country, under the most farorable conditions at  least a month's journey 
from Beluga. 

The second route of approach is from some point on the Tanana, wllicll can be reached by 
steamer either from the mouth of the Yukon by tlie middle of July or by txray of the F h i t e  
Pass Railway and steamer down the Yukon by about June 20 to JuIy 1. Landing can probably 
best be made a t  or near the mouth of the Tanana. Tlie mountains are reached in a four or 
five days' journey alonz the Indian trail from Tortella. (See P1.111, in pocket.) Another route 
would be by steamer up the Toklat to tlie head of na-clgation, but tllis would probably require 
tlle chartering of a special boat, and hence n-ould be far more expensive. If the route up the 
Tanana is chosen, pack horses might be procured a t  Fairbanks, but this is by no means certain. 
Pack horses taken in b~ rail and boat will p robab l~  cost a t  least $200 apiece delivered on the 
banks of the Tanana. The cost of a horse landed at Beluga is $100 to $150. 

A hunting trip could be made into tlie Susitna region by talcing a steamer up Susitna River 
to the limit of navigation and then proceeding with small boats up tlie watercourses or, better 
still, overland with horses. Tlie expense and duration of the trip are likely to be comparable 
with those into tlie Alaska Range described above. A good horse trail leads from K d i ,  w-llich 
may be conveniently reached by railway and launch from Seward, to the hunting fields of the 
Matanuska Valley. A few weeks' trip in tlus region would probably suffice for some good 
sheep and bear hunting as well as excellent trout fishing. I t  is often possible to procure horses 
at  Knik, though this can not be counted on unless arrsngements are made in advance. 

Tlie northern part of Kenai Peninsula is, to tlie nonresident hunters, one of the most acces- 
sible of tlie big-game regions of Alaska. Here a licensed guide is required, wllo can be hired a t  
Seward. Hunting camps for sheep, moose, and bear can be pitched R-itllin strilihg distance of 
tlie Alaska Nortllern Railway, and thus comn~unication can be kept up writ11 mail and telegraph. 

Seward, which is connected by cable nith Seattle, furnishes a good and convenient out- 
fitting point for the big-game hunter in tlle hiount &Kinley region. Supplies ancl equipment 
can there be purchased, and tlie several provinces can be reached by railway and boat. If 
horses are needed for the proposed trip, an arrangement in advance is advisable. Except a t  
Seward, there are usually no regular guides to lead hunting parties into the districts here 
described. It is often possible to k c l  reliable men who have hunted or prospected over parts 
of the region, but as this is uncertain a party must be prepared to fintl its own way through 
the country. Local wages van- from $5 to $6 a d a ~ ,  but for the longer journey reliable men 
can sometimes be hired at $100 to 8125 a month. 

Tlie recent revision of Alaska game lams will make this field more attractive to the hunter 
of big game. The open season for large game, according to the regulations issued in 1909, is 
as follows: 

North of latitude 62", brown bear throughout the -ear and moose, caribou, and sheep from 
August 1 to September 10. South of latitude 62", moose, caribou, and sheep from August 30 
to December 31; brown bear from October 1 to July 1; deer and goats from April 1 to February 
1; grouse, ptarmigan, and water fowl, September 1 to March 1. Licenses are required for 
nonresident hunters, and there are limitations as to the number of animals which may be killed 
and as to the export of trophies. Licenses and copies of the regulations, which are subject to 
change, may be obtained by addressing the governor at  Juneau, Alaska, or the game warden a t  
Seward. 

- -- -- - -- - 
I Beluga is now the transfer polnt lor local steamers. 
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streams at the time of our journey did not appear to have been visited by the natives for at 
least two years. When the native becomes dependent on the whites he is less inclinecl to make 
long hunting trips. Most of the camps that we saw appeared to be olcl ones, but their extent 
and wide distribution suggested that at one time this region was visited annually by the natives 
of tlle lower rivers. 

The lower Tanana natives first met the white men at the mouth of the Tanana in the 
middle of the nineteenth century. The trading post at the mouth of the river mas the scene of 
an annual meeting between the natives ancl either the Russian traclers of the lower river or the 
Hudson Bay traclers of Fort Yulron. -4s early as lSSl a man named Bean attempted to estab- 
lish a trading post at Harpers Bend, about -30 miles from the mouth of the Tanana. His wife, 
who was with him, was murdered by the Indians, and, abandoning his post, he fled to the Yulron. 
From that time until the discovery of the Fairbanks district there were no permanent white 
habitations on the lower Tanana, but the natives were abundantly supplied with white man's 
goods by means of the annual trading trips to the mouth of the river. At the present time, 
with a clozen steamers running on the Tanana, these natives have altogether lost their isola- 
tion. The village of Tortella, which in 1902 contained probably 10 or 50 natives, with no 
white man, now includes a government school, a mission, ant1 a trading post. Other white 
settlements are situated on the river below. 

Previous to the coming of the white man the natives seldom ventured to go beyond the 
limit of the hunting grounds of the tribe. The Tanana natives, though they had easy com- 
munication with the Susitna and thus with Cook Inlet by way of Broacl Pass, seldom visited the 
coast. Ivan Petroff makes special note of the arrival of two Tanana Indians on Cook Inlet 
in IS66 and states that the oldest man of the co;wt Inclisns remembered only two previous 
visits by the interior Indians to the inlet. On visiting Tortella, near the mouth of the Nenana, 
the writer was surprised to find that the natives appeared to have so little lcnowleclge of the 
region lying beyond the Alaska Range. with the aid of a map he described his route from 
Cook Inlet. Only a few of the older men appeared to be familiar with the Susitna drainage 
basin, though they had all been over into the I<uskok~vim waters. EIerron's experience showed 
also how afraid the natives are of visiting tlle regions beyond their tribal hunting grouncls. IIis 
two native guides from the Susitna deserted him on reaching the divide of the Alaska Range, 
apparently being fearful of intruding into the domain of another people. I t  appears that there 
is an intertribal law among the Yukon natives by which the tribe is responsible for the life of 
any visitor from other tribes. If a visitor loses his life, the tribe in whose territory the event 
took place is required to make it payment to the tribe of the deceased. A case of tlus kind 
occurred in the early days on Fortymile, when a Tananit native lost his life while visiting the 
Fortymile region and tribute was immediately tlemanded by the Tanana natives, though the 
Fortymile natives were in no way responsible for his cleath, which was purely acciclental. This 
custom appears to indicate the sharp line clrav-n between the territorial rights of the different 
tribes. I t  is suggested that in the old tlaj-s visits from neighboring tribes were made either as 
warlike inroads or as embassies. 

The Cook Inlet nati~-es are of special interest from an ethnologic point of view, as they 
represent the only branch of the Athahiiscan stock n4lich reaches the shore line. Everywhere 
else the illaskan -Ithnbascan is cut off from tlle coast by the tribes which belong to the Eskimo, 
the Haicla, or the Tlingit stock. It appears that these three coastal stocks were far more 
warlike than the interior natives and therefore held them in check. 

Tlle outlook for the future of these natives, as of those of other parts of ,Uaslia, is not very 
hopeful. -Ilthough nlanv indiriclual members of the various tribes adapt tllemselves to the 
xv-ays of the white man and seek regular employment, yet for the most part they still show the 
careless improvidence and indolent characteristics of the savage. Their trapping fields are 
being rapidly depleted, partly through the introduction of steel traps by themselves and partly 
through the inroads of the whites. Nodern firearms are driving axay tlle game, and in some 
waters the stock of fish is being depletecl b -  tile introduction of the white man's superior methods 

1 First AM. Rept. Bur. Im .  Ethnology, 1879-80, p. 482. 
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of capture. The half-breeds of Cook Inlet have sho~i-n some activit:- in the planting of small 
gardens, where they raise potatoes and other vegetables. This would seem to be a hopeful field 
in which to educate them. Ordinary schooling seems to help the natives verj- little, as in his 
attendance on tile schools he is in danger of coming into contact ~i-it11 some of the lower white 
element and of learning the vices rather than the virtues of the invading race. His natural 
field for development is probabl- in agriculture and the mechanical arts. IIanj- of the interior 
natives have considerable mechanical nbiiitj-, and if in this were systematically trained they 
might, in the course of a generation, become mechanics of a high degree of slcill who could 
a l w a ~ s  find TI-ork in the mining camps. In  the last fen- ?-ears the Bureau of Education has 
accomplished muclt in the industrial education of t l ~e  Alaska native. 

PRESENT CONDITIONS. 

I n  the province under discussion, as elsen-liere in ,Uaska, the last clecaiir llas tx~itnessed a 
remarkable development of transportation facilities. TI-ell-equippecl steamers running on more 
or less regular schedules have supplanted the occasional serrice of small vessels. The steamboat, 
system on the Yukon alld its tributariss has been reorganized and affords probably as good 
service as local conctitions permit. Local steamers p l~ -  on Cook Inlet and on the Susitna. 
Above all, trails, ~i-agon roads, and some ra i l~vap  have been built. Te t  with all this prcgrcss 
the present transportation s-stem still comes far from serving the needs of the province. 

Seward, on the eastern coast of Kenai Peninsula, can now be reached bj- steamer in four to  
six days from Seattle. Small coasting boats ant1 some large vessels also enter Cool< Inlet during 
the open season (from May to Sovember). These carrj- freight and passengers to the several 
settlements on the inlet, including &ik Arm, the distributing point for the liatanuslca coal 
field. Better facilities are promised by the Alaska Xorthern Railwaj-,l now under construc- 
tion, which is built out from Seward for about 72 miles to Kern Creek, on Turnagain Arm 
(pp. 220-22). A number of ivagon roajls nrtd trails built in Icenai Peninsula have been of 
great assistance to the miner and prospector. 

The discovery of the Yentna gold fieid has resultrcl in the establishment of a transportation 
system on the lower Susitna by means of a steamboat and some siilall launches 11-liich run up 
within 20 or 30 miles of the placer district. From this point, horx-ever, supplies bave to be 
either taken overlancl, by paclc train in summer and sleds in winter, or transported upstream 
in poling boats. Both metl~ods are expensive and have much increased the cost of mining in 
this region. 

Recent mining progress in the 1-aldez Creel< district led to an attempt to establish a route 
to this camp via Susitna River. This route, though it has not been much used by the Taldez 
Creek miners, has benefited the western part of the province by giving steamboat service up 
the Susitna. River stearners ascend tlle Susitna to tlle mouth of the Tallceetna, above which 
the main river is navigable for steamers only %-it11 difficulty and some danger. 

There are but few established trails in tlie district. One leads from h i k  through the 
Xatanuska coal field, and there are several in the Yentna district. During the %-inter of 1907-8 
the Alaska road commission sent an espedition across Eainj- Pass with the object of finding 
a shorter mail route to the lower Yukon and Some. Tliis route TI-ould also hare the advantage 
of passing through the upper I<uskok\x-irr, T-:ille~- and close to the nex:l- discovered placer 
camps of the Innoko. Shoultl this trai! be e~tablished, it would help nlucll in developing the 
Susitna region, especially \\-hen the railx~ay to the 1Iatltnusl;a is completed. The overland 
route from the mouth of Indian Creek to the T'aldez Creek district, a distance of about 100 
miles, has hardly been sufficiently used to ma1;e i t  a well-established trail. Supplies for this 
district are usually sledded over the Fairbanks trail from the coast to Gulkana Eiver and then 
up that stream to T'aldez Creek. The summer mute to tl-r;ls district is from Paxson and covers 
a distance of about 65 to 70 miles. 

- -- 
1 Formerly called the Alaska Central Rallway. 
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It is reported that st3amboats have been taken up the I<uslrolrwim to the forks, ancl 
they can probably continue up the East Forlr for some distance. Beyond this the transporta- 
tion up the ICuskokwim is as primitive as i t  \%-as at  the first visit of the white man. The pros- 
pector or trapper has to rely solely on the dog team in winter and his poling boat in summer, 
ancl under these circumstances no important industrial advancement can be expected unless 
very rich placer cliggings are found. The IZu~lrok\~im can also be reacl~ecl by an overland trail 
from the headwaters of the Toklat, anct the latter stream has been ascended for about a hundred 
miles by small river steamers. -1 horse trail connects the head of steamboat navigation on the 
Bearpaw with the placer cliggings on the IZantishnn. Most of the supplies for the Bonnifield 
and Kantishna camps are brought overland bv sledding cluring the winter. -4 horse trail from 
Tortella village, near the mouth of the Senana, affords a means of approach to the northern 
front of the Alaska Range, as does also another from the mouth of Little Delta River. 

I t  is said that a steamboat was taken u p  the Tanana for 30 or 40 miles in 1594, but the first 
boat to go up any considerable distance was one met by the writer during his exploration of that 
river in 1598. This steamer, $he Tananu Chief, eventually reached Cheila Slough, and the 
party wintered there. Since the clisco~ery of tlle rich placers a t  Fairbanks many steamers hare 
been used on the lower Tanana, which is easily navigable as far as Chena, at  tile mouth of Chena 
Slough. The trip from the mouth of the Tnnana takes about two days. One steamer has 
ascended the Tanana as far as the mouth of tlle Nabesna, above the Tanana crossing. The 
difficulties of navigation above the Delta are, ho~r-ever, considerable, and i t  is not likely that a 
regular service could be maintained. I t  is not aln-a?-s possible for a steamer to reach even the 
mouth of Delta River a t  low water. 

Passengers and freight bound for Fairbanlrs no\\- go either to St. Afichael and up the Tulron 
by steamer or by rail from Skagmay to Vllite IIorse and then down the Yukon to the mouth 
of the Tanana. The journey from Seattle to Fairbanks T-ia St. Michael takes from three to 
four weeks; via Skagmay, from ten to fifteen days. The cost of transportatioil by these circui- 
tous routes is excessive and it is possible only during the open season, extending from about 
June 20 to September 25 .  Xoreover, low water may entirely interrupt steanlboat navigation 
for a weeli or two at  a time. I n  winter Fairba~ks is far more accessible, for then the route 
lies by sled road from TTaldez,l on the coast, over Tllomson Pass, across the divide a t  the heacl of 
the Delta, ancl ~lown that river to the Tanana, LL distance of about 380 miles. This route by a 
stmight course in winter takes eight or ten tlays and is T*ry comfortably made between Decem- 
ber 1 and the midclle of April. Some perisllable provisions are also sent in this way during the 
winter, but the long sled haul is too expensive to make i t  possible to bring heavy freight. This 
trail has been much improved by the work of the -llaslra road commission. Streams have been 
bridged and stretches of road constructed, so that the trail is rapidly being changed to iz wagon 
road. 

The placer district immediately tributary to Bt~irbunlrs is now rendered easily accessible 
by the Tanana Valley Railway, which from Chena and Pairbanlcs runs to the nlouth of Cleary 
Creek. In  addition to this, many good wagon roads have been built, so that practically all 
the creeks are readily accessible-u conclition ~rrllich has contributed largely to the advance- 
ment of the mining industry. 

1Iost of the placer-bearing areas of the Rampixrt district are readily accessil>le b?- road 
ancl trail from the to~vn of Ranlpart, on the Tulron. The Baker Creek district is reached by 
good wagon road from the Tt~nana at Hot Springs. 

The military telegraph lines ha-re done much to improve facilities of communication. 
Seward and Valdez, on the coast, are connected by cable with other places in ,llasBa, as well 
ns with Seattle. overlancl telegraph i'ollows the Valdez-Fairbanks trail and extends down 
the Tanana and the Yukon to St. 3Iichael. Eagle and Rampart are also connectetl with this 
telegraph system, and wireless stations are maintained at Cordova, Fairbanks, Ttznana, Circle, 
Eagle, Some, and St. Michael. An extensive telephone svstem at  Fairbanlrs connects all the 
important mining camps. 

1 lnother route is from Cordova. on the coast. over the Copper River .lnd Northwestern Railway to Chitins and thence by the m~litary 
mad to Farbanks. 
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NEEDS OF TIIE FUTURE. 

The foregoing statement indicates that the present means of comn~unication are illade- 
quate t o  tlle needs of the countr-. Unless there is a decrease in tlie time and cost of trans- 
porting supplies to or bringinv tlle raw material from the various nlining tlistricts, no great 

9 
advancement can be expected m the mining inclustrj-. The coal fields on the Alatanuska and 
the Nenana can be developed only li~llen they are renclerecl accessible by railmaps, and the 
agricultural resources of the Susitna 7-allej- will also lie dormant until that time. Only the 
richest ground of the Yukon-Tanann rqion can be profitabl~ esploitecl uader the present 
high cost, ~vlzich can not be materially reduced escept b -  more direct ant1 cheal)er lines of 
comnunication with tidewater. I n  most districts metalliferous lodes, unless very rich, call 
not be dereloped until they are rendered accessil>le h!- rail\vaj-. The first step in tlie evolLl- 
tion of a neu- land has taken place, for the last clecacle has '1-itnessetl tlle change from pioneer 
to frontier conditions. A second step, perllaps not so great but far more important, is the 
bringing about of settled industrial conclitions, ancl this call be achierecl 0111- l)y building a 
ra i lwa~ to tidewater and supplementing it hy other means of trans]~ortation. 

Much has been mitten on the cluestion of railway routes in Alaska, and bitter contro- 
versies have been carried on between the :~dvocates of the several suggested routes. I t  is 
not proposed to go into this matter here, for the writer has elsewhere summarized the avail- 
able facts on routes of approach for a rnilivay 11-llich shall tie the Yukon to the Pacific. m la t -  
ever railtra-ys may be constructed "long the Copper Rirer va l le~ ,  such lines would in no way 
help to develop the gold deposits of the Turnagain Arm region alid the Susitna or the Mata- 
nuslia coal field. It is equally certain that for a route to Fairbanks the one Tia Broad Pass, 
at the heacl of the Susitna, ancl down the Kenann has some acl~ant~ages in grade over any of 
those proposed via the Copper River valle~-. There can be no cloubt, therefore, that a railway 
~vill be built from tidewater into the Susitna and 3Iatanuslia basins, and it is only natural 
to suppose that when constructecl so far it \rill be continued tl~rough the Alaska Range lnto the 
Yukon basin. 

Previous to the beginning of work on the Alaql~a Xorthern Rnilwaj- there were several 
alternative propositions to reach Susitnn River. These can 1~ tlividetl into throe general routes- 
(1) from the east side of Icenai Peninsula, on Resurrection Bay, via Kenai Lake ancl around 
Turnagain Arm to the Susitna; ( 3 )  from Kachen;al< Baj- along the western margin of the penin- 
sula, also encircling Turnagain Arm; (3) from some harbor 011 the west side of Cook Inlet and 
thence paralleling the inlet ancl extending up the Susitna T7alley. Of these three the Resur- 
rection Bay route undoubtedly has the adrantage in eyer!- way, because, first, it opens up 
Icenai Peninsula, which has developecl placers and sorile lode mines; second, it is the shortest 
route to the hfatanuska coal field; thirc!, its terminal, besides affording s good harbor, is nearer 
Puget Sound than either of the proposed coastal terlninals. I n  view of this ancl the fact that 
about 72 miles of a standard-gage railway along this route have alreacly been completed (1910) 
and construction is now going on, the other two need not be further considered. 

This route from Resurrection Bay to the Tanana can he briefly outlinetl as follows: It 
leaves the Pacific seaboard at Seward, about 1,350 nautical miles from Seattle, on Resurrection 
Bay, and, traversing a broacl, heavily timbered I-alley, climbs 1,y easy grade to 700 feet at  
mile 12. I t  then descends to Kenai Lake, about 500 feet in altitude. Another easy grade 
brings i t  a t  mile 45 to a second pass, 1,060 feet in altitude. Both these summits are reached 
with a masimum grade of 2 per cent. From this secontl summit it descends b -  a series of loops, 
trestles, and tunnels \~-ith a maximum grade of 2.2 per cent to the vallej- of Placer River. I t  is 
stated by the company that by changinfi the location of the line to the west tvall of the Placer 
River valley this descent can be made with a maximum grade of o n l ~  1.5 per cent. Placer River, 
which has a glacial source, is crossed on pilings, and tlie line then follows the east side of the 
valley. Swinging around the head of Turnagain ilrin on a l~road grass-col-ered and timbered. 

1 Brooks, A. B., Railway routes: Bull. U. S. Geol. Survey No. 284, 1906, pp. 10-1:. Railway routes 111 Alaska: Sat.  Geog. Mag , ~ 0 1  18, l g o 7 9  

pp. 1G5-190; The munng industry in 1909: Bull. U. S. Geol. Survey No. 442,1910, pp. 20-16. 
2 The Copper River and Northwestern Railway h8s:nom (1910) been completed from Cordova to the town of Chltlna, a d~stance of about 130 

miles. 



flat, the railway crosses two more small glacial rivers. I t  then follo~x-s the nortli side of Turn- 
again Arm with a series of rock cuts and fills. The line, wlicli is stantlard gage, is coinpleted 
and in operation to Kern Creek, 72 miles from Seward (1010). Beyoncl this point location 
surveys have been made and in all about 2 miles of grading completed. 

From Kern Creek the surveyed line follo~t-s the north side of Turnagain Arm to Point 
Campbell, at  the entrance to Ibil; Arm. Here there are no serious difiiculties except in the last 
10 miles, wllere there will 1)e a goocl (leal of heavy rock work. Tlle line fo1loxt.s the east shore of 
Knilc Arm from Point Campbell to the mouth of the AIatanuska, which is about 140 miles from 
Sexvarcl. I t  appears that in tlris part of the line very little rock I\-ork will be required. After 
crossing the 3Iatanuska i t  is planned to estencl the main line xi-estv-ard to the Susitna ant1 n 
branch line about 40 miles long up the Slatnnuska Valley to the coal field. Sluch of the branch 
line will require no heavy construction. 

The coal field appears to be the immediate 01)jective point of this railway, but the manager 
reports that plans ancl preliminav surreys h a m  been made for extending the line up the Susitna 
to the junc,tion of tlie Chulitna and up tliat stream to Broatl Pass, a1)out 2,000 feet in altitutle 
and ahout 340 miles from Sewartl. So far as Icnown, an easy grade can 1)e maintained to this 
point, ancl there are no serious engineering cli[Gculties. From Broacl Pass the route follows 
clown Nenana River to the Tanana Flats, and here again, it is l)elieved, an easy gratle can be 
established. From tlGs point any locality on Tanana River can be easily reached. If the 
route is extended north of the Tnnnna, that river could best be britlgetl at  the big bend near 
Tortella (PI. VII, A, p. 45). Details in regard to this route are presented in tlie following table, 

wluch the clistances and altitutles give11 nrz, lion*evcr, only approximate: 

Approximate elevations and distances along rail~o(iy route from Bezonrd, o n  Res?crrection Bay ,  to Fairbanks, by way of  Susi tna 
River. 

Elevation. dtg,"te. I I 
.................................................................................. Selrard ResurrectionBay 

I 
First sdmmit ............................................................................................... 
Iienai Lake 
Second Summit ............................................................................................. 
IIeatlofTnmagain .\m ................................................................................... 
Iceern Creek trailmay comple1ed to th i s  point. 1910). ........................................................ 

........................................... hlouth of Matanuska Ri!-er (coal fiel(1s branch line -10 nules IOIIS). 
................................................................................ Mol~th of Talkeetna Ril-er.. 

Broad Pass 
................................................................. Tanana River at month 01 Nenana Ri\.cr.. 

................................................................................................ Fairbanks.. 

Distance 
from 

Se~vard. 

Tile company reports that plans for u hrnnch linc to the I<usliok~vim, Innoko, ant1 lower 
P u l ~ o n  have also heen made, but it is not known that this route has yet been surveyed. Such 
a line cross Susitna River ancl :~scentl the Skwentna Valley to Rainy Pass, about 2,950 
feet above title level and about 130 miles Crom tlie 3Iatanuslia junction described above. From 
nniny Pass to t l ~  Xuskolcwim a t  tlie mouth of Tntina River, where the eleration is about 1,000 
feet ahow tile sea, the distance is about 13 miles. The route mould then be tlown the Xus- 
kolc~\im and, across'a clivide not over 1,000 feet l igh  to :he Innoko, tlie distance being about 
130 miles. The distance from Sewart1 to tlie Innolio or Izaiclitarod is about 500 miles. 

Tlle actual developetl tonnage along these proposed rniln-ay routes is as yct very small. 
There are some promising auriferous Iotles in the northern part of Kenai Peninsula, some of 
which is well timbered, and the ralley floors inclutle some arable land. Beyond the first cliride 
the railway sliirts the eastern margin of the Sunrise placer district. About 150 miles inland 
tlle main Gne trill npprouch vithin 30 or 40 miles of the SIatanuska coal field ant1 close to the 
Willom Creek lode tlistrict. If built up the Snqitna 7-alley, a hranch line or wnqon road co~tltl 

-- 
I It should be noted that the route ru~ght lie up the maln Susitna and Indian Creek or might be extended up to Chulitna River, as here 

descr~bed. 
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be constructed to the Tentna placer clistrict. a distance of 30 or 40 miles. Copper ancl Sold 
locles have also been reported in tlle Susitna T-alle~, but little is laown ahout them. The route 
as described also traverses the Senana coal field, which, as has been shon-n, nlust eventually 
prove an important source of fuel for the Yukon-Tanana placer districts. I t  llas been noted 
elsewhere that  the hik Arm region is believed to contain considerable farnlirlg land ancl that 
much grazing land which could be utilized if otller industries attracted the population to make a 
local market. The same is true of the Tanana 1-alley. 

The Susitna route has an adrantage in raaclling nn~rigable waters on tlle Tanana by the )test 
grade possible. It strikes near the heart of IT-hat has been the most productive placer district 
of the Sulcon-Tanana region and the only part of t l is  field IT-here an)- lode mining 1las been 
done. Spurs could be extended up the Tanana T-allel- and t1oTT-n the Tanana to the Yukon. 
,U1 in all, the proposed railway up the Susitna 1-alley \~<ll apparently open a l a ~ g e  region \\~llich 
has consitlerable prospective commerci:ll importance. It is at  a disaclvantage compared u-it11 
the Copper River route, inasmuch as tlle latter taps n copper-bearing district of consitlerable 
developecl tonnage. .tt~~riferous lodes have incleecl 1)een founcl along this proposed route, but the 
assured tonnage from lode mining is as yet small. 

The location of railways has been discussetl in some detail because on them depencls the 
commercial future of the province. TTithout rail~i-ays the coals will remain unused, the farming 
lands will not be taken up, and o n l ~  the richest placers ant1 lodes will be developed. Without 
railways only the richest and most accessible gold tleposits will be worlied, ancl when these are 
exllaustecl the land will relapse into the primitive conditions of a clecatle or two ago. 

The railway route described al~ove IT-ould not be in itself sufficient to develop all the resources 
of the region. Branch lines such as ha\-e been suggested for the llatanuska field and the 
Tentna placer district will have to be built in otller localities. These in turn  ill have to be 
supplemented by goor1 wagon roads. such as llave already 1)een constructecl in the Fairbanks 
district. When a transportation system. as a1,ore outlined. has been established to supplement 
the present water transportation, then, and then 0x11~-, can n large industrial adrancementbe 
cspectecl in this province. 



INDEX . 

h . . P a r e  . I Page . . - 
...................................... . inimal life. de5cription of 201-209 .... Bbercrombie. W . R.. exploration by ............................ ?G / ...-a 

..................................... Alaska. central. definition of 50 
geology of .................................................... S G i  

..... relief of. plate showing ................................. !. 42 
stratigraphic correlations in .............................. 72 (table, 

................... Alaska Central Railway Company, sun-eys f3r 31 
............................... Alaska Northern Railway, route of 218 

................................................... terminal or 215 
Alaska Peninsula, fomntions of .............................. 52 (table) 

rocks of ....................................................... 03.04 
Triassic rocks 01 .............................................. S.5 

Alaska Range, altitudes of ........................................ 118 
................................................. batholiths in 01 
............................................... deformation in 112 

description of .............................. 30.39, -15,11&119,1G 9-li0 
............................................ by Vancouver 23 

................................................ exploration in 30 
............................................... first crossing of 28 

.................................. fossil plants from foothills of 101 
.................................................... glaciers ot 125 

Aborigines. Set Indians; Natives . 
12 Acknowledgments to those aiding ................................ 

.............. Adams Creek, Pleistocene gravels on. plate showing l i O  

- "  . . . . . .  
..................................... Area surveyed by espedition 21 

...................... .\real and stratigraphic geology, ~ection on 54-111 
. ....................................... .\rgillites, occurrence of titi,i3 $8 

............................................. Irkose. occurrence of S5 
........... ...................... . Lrkose Ridye, fossil plants from I 100 

....................................... .\rsmopyrite, occurrence of 182 
............................................ Astsrte, occurrence of 87 

........................ . Atwood, TI7 IW., Iossil plants collected by 102 
.......................................... on coal n e s  Tyonelr 1Yi 

.................................... on geology of Unga Island 159 
..................................... on Kenai formation 05,102, 131 

...................... on peneplains of Cook Inlet region 121,130, 132 
................................. on rocks of .\ laska Peninsula 93.94 

. . .................................. lucella cf bronni occurrence of 91 
...................................... crassicolis, occurrence of 92.93 

................................... crwicolis beds. position 01 51 
............................................. .lugen, occurrence of i 5  

. lagustine Islet, character and loration of ......................... 44 
................................ luriferous eravels. distribution of 1GF 

O C C  UW" ....... 
.................................... . -\nticlinal fold plate showing 70 

.................................... Antimony, occ~lrrence of l i i - l i 9  

......................................... . Authracite Ridge cod1 of 186 

.gr x e h  of age of - . .............................................. . ..................................... ........................... inland of. 53 (table, .lviculopecten. occurrence of 78 
.................... 

. - . - A .  .- * ................ " . . 1 I res .  character of - 15 

......................................... ~ ~ r i c u l t u r e .  :~ccount ot 211-213 .......................... pol lo  mine. ore body of. association of 159 
Abklun Mountamm. rocks in tbe vicinity of ....................... 93 / ; . rchine of strata. firmre showinc ................................. 104 

I O C ~ L I O U  01 .................................................... 11 

mapping of ................................................... 21.29 
mineralization in ............................................. 160 
moraines of, composition of ................................... 144 

............................ .lzimuth. computation of. example of 36 
.............................................. observations for 34 

.................................... stations for, declination at M 

naming of .................................................... 24 
peaks of. description of ....................................... 26 
province of, location of ....................................... 43 
rocks of ................................ 13.145.147. 148.149. 1.53. 154 

................................................... structure of 53 
topographic features of ..................................... 115-119 
trend of ...................................................... 45 
view of. plates showing .................................. 88.120. 126 

Alaskite. character and distribution of .......................... 137-138 
Aleutian Islands. traversed by Russian fur traders ............... 23 
Aleutinn Range. north end of. location of ......................... 45 

volcanic activity in ........................................... S2 
Alexander. location of .......... '. ................................. I G 

B . 
Baker Creek. description of ....................................... 124 

district of. rocb  of ........................................... ~4 
route to ................... .... .............. - .............. 219 

.......................................... Baranof Island. rocks of fi3 
Barrill. Edward. =cent of Mount Mcliinley by .................. 31 

statements regarding ascent by ............................... 31 
Basalt. occurrence of ........................................ S5.104.150 
Basaltic rocks. description of ..................................... 152 
Base lines. measurement of ...................................... 41 
~ ~ ~ - l ~ ~ . ~ l i ~ ~ .  See Peneplains . 
Batholiths. belt of. paralleling Pacific coast ....................... 02 

occurrence of ................................................. 50 . D l  
Alexander .irchipelago. rocks of .................................. Dear Creek. gold-bearing rein on ................................. 163 
Allen. E . T.. analysis 01 coal by ..... - ... _ ................... ............................................. 1 
.illen. H . T.. explorati~n by ...................................... Uecker . C. . F.. on mineralization of volcanic rocb  ................ 159 

............................ ............................. llluvial deposits. description of I59 
l lsek River. rocks of ............................................. 49 ...................................................... 

.............................. i l t i tude measurements. method of ............................... Bedding planes. relation to jointing G i  
........................................ Altitudes . See Elevations . Uelemnites. occurrence of Si 

Ambonychia. occurrence of ....................................... 72 Bellerophon . occurrence of ........................................ i 8  
Ammunition. character of ........................................ 15 ! Beluga. derivation of name ....................................... 202 
Amphibole granite. description of. ............................... 139 landing a t  .................................................... 16 
Amplexus. occurrence of ......................................... S3 Beluga Rirer. crossing of ......................................... 16 
.ina.ysis. chemical. 01 o l i v i n o e n e  mo2io11ite ................ l+  cotton!vood timber on. plate showing ......................... IV2 

or quartz diorite .............................................. 145 : gold deposits of ............................................... 163 
o . quarts monzonite .......................................... 139 1 Kenai beds along ............................................. 95 

. Anchor Point. auriferous beach gravels at ...................... 156. 163 route along ................................................... 16 l i  
Andalusite. description of ........................................ 153 . Bering. Vitus. visit to Alaska ..................................... 22.23 
Anderson. Joe. work of ........................................... 16 i Bethel Hission. location of ....................................... 28 
Anderson. Pete. ascent of Mount McKinley by ................... 31 . Betula grandifolia. occurrence of .................................. 101 
Xndesitic rocks. description of .................................. 150-151 prisoa. occurrence of .......................................... 101 
Angles. vertical. mode of measurement of ......................... 40 Big Kinook Creek. schist belt of .................................. 57 

223 
66897'-11-15 



Pagc . 
Big River. description of ......................................... 124 
Billy Creek. fossils from .......................................... 91 
Biotite granite. characters and distribution of .................... 138 
Birch Creek schist, age and character of ......... 52 (table) . 54,55,5G, 115 

correlation of ................................................. 5 
deformation in ............................................... 113 
distribution of ................................................ 54 
extension east and west ...................................... WJ 
mineralization in ............................................. 1.57 
occurrence of ............................................. %,%, 161 
structure of .................................................. 58 

Birds. kinds and occurrence of ................................... 202 
Bismuth, occurrence of ........................................... 1% 
Blackwelder, Eliot, on Yakutat group ............................ 6'2 
Blair. C . S., fossil plants collected by ............................. 101 
Boats used, description of ........................................ 15. 30 
Bonnifield district. description of ............................... 16+175 

gold discovered in ............................................ 1% 
map of ....................................................... 170 

Page . 
Cantwel! Rlver . See Senana River . 
Cape Douglas. location and character 01 .......................... 
Cape Elizabeth, location of ....................................... a 
Capps, S . R., on Bonnifield di;tricL .............................. lm 

'I 
on Delta River basin ......................................... *), 
on gravel deposits.. .................................... 105.110, 1 s  
on preglacial gravels ......................................... 105 
work of ...................................................... 

Carboniferous system, formations of ......................... j2  (table! 
mineralization of ............................................. 15s 
occurrence of ........................................ 51. a. N. 77.76 
of Vount McKinley region ................................... jj 

sedimentation of, description of .............................. 116 
Caribou Creek, mining operations on ........................... 176179 

fossils from ..................... .'. ........................... 87 
Carpites. occurrence of ........................................... 101 
Cassiterite. occurrence of ......................................... 1& 
Castner. J . C . .  exploration by .................................... 
Central, rainfall at ............................................... 190 

mining. developments in ................................... 160 Central Alaska . See Alaska, central . 
Boundaries of geologic formations, accuracy of ................... 67 Chandalar basin. metamorphic rocks of .......................... (0 
Bowlder clay, occurrence of ...................................... 106 Chapin, Tbeodorc, work of, in Matanuskn coal field .............. 32, 50 
Bowlders, composition of ......................................... 14s . Chena. location of ................................................ 219 

glacial, occurrence of ......................................... 127 4 Chena River. description of ...................................... 124 
Bowie, W.. report on altitude of Mount McIiinley by ............ 33 , Chert. occurrence of .............................................. 74.85 
Brabazon Mountains, summit levels of ........................... 132 Chichagof Island. rocks of ........................................ 03 
Broad Pass, altitude and location of ............................. 46, 221 

description of ................................................ 123 
rocks near .................................................... 6s 

Chickaloon, snowfall at ......................................... 196 
weather records at ......................................... 195-198 

Chickaloon Creek. coal deposits of ................................ 186 
Brogger, W . C., on eruptive rocks ................................ 141 fossils from ................................................ loo, 102 
Br0oks.A.H ., d l s c o v e ~ o f R a ~ y  Passb Y ....................... 45 1 Kenairociralmg ............................................ 8 

expedition to Mount McKinley, published accounts of ........ 12 Chisna formation. age and chnracter of ................... 52 (table), 82 
exploration by ............................................... 28 I Chistochina River. basin of. formations of ................... 52 (table) 
field orders of ................................................. 11 / headwater region of. rocks of ................................. 60 
on age of Sunrise and Valdez groups .......................... C-4 ; Chitina Valler, Valdez group in .................................. 64 
on Fairbanks district ......................................... 181 
on geo,ga phy and geology of Alaska .................. 0,48,111,  132 
on gold in Mount McKinley region ........................... 12 

Chitistonelimestone, ageand character of ................ 52 (table), 64 
occurrence of ................................................. 85 

Chlorite-albite schist. occurrence of ............................... 65 
on peneplains in Alaska ...................................... 132 / Chondrites heerii, occurrence of ................................ lW, 101 
on rail~vay routes ............................................. 220 ! chugach Mountains. description of ............................... 119 
on RampartrFairbanh-s region ............................ 52 (table) ! folding in .................................................... 112 
on relation of ore bodies and intrusive rocks .................. 160 1 glaciers of .................................................... 125 
on rocks of White River ...................................... 59 location and character of ..................................... 43 
on survey from h'enana River to Rampart ................... 34 1 metamorphic rocks of. ape of 64 ................................. 
on Tananaschist ............................................. 60 Chulitun River. description of .................................... 123 
on Khite and Tanana rivers basins ............... 52 (table),i5.62 , region of. glaciersol ........................................... 125 
work in Tanana region ....................................... 50 , tributary of. description of 30 ................................... 

Brooks, h . H., and Kindle, E . M.. on rocks of upper Yukon .. 52 (table), . Chunilna River. gold deposits of 165 ................................. 
iG.63.1W. 131 1 Chusana River. location of ....................................... 46 

work in upper Yukon region ................................. 50 ; Chute Creek. mineralization on 180 .................................. 
fossil plant6 collected by ................................... KO-101 1 Circle. rainfall data at 199 ............................................ 
on Mouht ~ c ~ i i n l e y  region, formations of ................ 52 (table) 1 route to ...................................................... 20 
on Nenana basin, formations of .......................... 52 (table) : Cirques. occurrence of ............................................ 127 
on Yentna and Kuskol;wim basins. formations of ........ 53 (tablcj , Cladopora, occurrence of 83 ......................................... 

Brooks, A . U., and Reaburn, D . L., on climbing Mount NcKinlcy 29 : Clark and Iliamna lakes region. survey in ........................ 32 
Brown, Belmore, ascent of Mount McKinley by .................. 31 , Clark Lake. mountains near, altitude of .......................... 45 
Bulshaia Gora, Russian name of Mount McIGinlcy .............. 24 Classification of land forms ............................ ---- . . .  118 

.................................... C . I Cleveland I'eninsuia, rocks of 63 
.................... . ...................................... Cache Creek, description of 1Gi Climacograptus bicornis (LIall). occurrence of 72 

................................... . ....................................... location and survey of 40 , cf antiqnus. occurrence of i3 
< . ................................................... mining on 167 sp undet., occurrence of ..................................... 72 

............................................ ........................................ Cadoceras, occurrence 0 I.. 91 , Climate. account of 193-201 
............................................... Cznograptus, new form allied to, occurrence of ................... 73 in Eocene time 131 

.............................. . .............. Calico Bluff formation, age and character of 52 (table) 116 local conditions of. l-rriations in lg5 

California Creek, fossil plants from 101 of inland prorince 198-1g9 ......................................... ............................... 
.................................. Cambrian rocks. absence of noted ................................ : records regarding. source of lg3 

................................................. .............................................. Camera, work with 21 / variations in lg4 
............................................ ............................................ Canoe. folding, use of 1.5 / Clothing. character of l5 

............................................... .......................... Cantwell formation, absence of fossils in 62 1 C.oal. analyses of lS7 

............................................. age and character of ........................... 52 (table), 55,81, 116 areas containing ISj 

.................................................. ................................................. correlationof 81, 831  characterof 
.................................. ................................................ description of 66, 78 / deposits of, description of 184-193 

......................................... distribution of ............................................... 79 i distril, ution of lS4-l8' 
...................................... occurrence of ................................................. 49, 66 j inI<enaiformation lG1 

................................................. .................... relation to Tonzona group, figure showing 79 1 occurrence of 7 6 ~  94 
................................................ sections of, figures showing ................................ 77.80.81 / on Cook Inlet 

............................................ ............. .......... structural relations of, f iyre  showing i 63 ! on lower Yukon 73 
............................. ................................................... thickness of 81 I of Nenana ciistrict, utilization of lg2 



Page  . / Page  . 
Coal ljeds. near Tyonek. Egure showing .......................... 95 
Coal Creek. coal deposits on ...................................... 192 
Const and Geodetic Survey. on position and altit. ude of Mount 

McIiinley ............................................ 33 
coastal mountain system, structure of ........................... 53 
Cold Water group, occurrence of ................................. 103 
Collier. h . J.. on Cape I~isburne region ........................... 91 

on coal of Nenana River ..................................... 12 
on Cretaceous of Yukon valley ............................... 130 

.......................................... on Iienai formation 95 

Cretaceous rocks. sedimentation of ......................... 117-118. 130 
See abo Lower Cretaceous; U p p r  Cretaceoos . 

Crinoitlal fragments. occurrence of 78 ............................... 
Cross, Whitman, and others, on quantitative classiEcation of i p  

neous rocks 139 .......................................... 
Cross folding, relation to structural lines, Egure shorviug ......... iO 
Crow Creek. gold deposits of ..................................... I@ 
Crustal movements . See Deformation; Diastrophisn~; Uplift . 
Crrptoh~aptus tricornis, occurrence of ............................ i 3  
Cucllllza. occurrence of .......................................... 93 

on mineralization of volcanic rocks ........................... 159 j Cyathophyllum, occurrence of ................................... 78 
on Seward I'eninsuia ......................................... 72 1 sp  . undet.. occurrence of ..................................... 78 
on Yuh-on coal resources ...................................... 192 Cvclonema, occurrence of ........................................ 78 

Collier, A . J.. and others, on Sewa1.d Peninsula ................... 11.5 
I . 

Communication. means of, present conditions of ................ 218-219 / D . 
See also Railway routes; Routes and trails; Telegraph lines . Dccite. occurrence of ............................................. 85 

................................. ................... Conglomerate, occurrence of 74. ; j . ; s . a .  ~ l . y j . g f i . 1 0 3  Dadina sckist, mecamorphism of (ij 
................................... . .................... .............. Contact rocks, description of , 152-13 DaU, \V IT., on ~ l a s k a  ~ a n ~ e  2 1 : ~  

......................................... ................................ Controller Bay region, fossils from G3 On Iienai formation 94 
........................................... ...................................................... rocks of 62 work in Alaska by 49 
.......................................... ....................... . Cook. I" .L., ascent of &fount McKinley by 30.31 Dalzell, -, journey by 29 

explomtions by .............................................. 31 Dalzell Creek valley, view of, plate showing ...................... 46 
......................................... ..................................... investigation of claims of 31 Dalvson. rainfall data at  199 

................ . . ........................... Cook. James, exploration of Alaska by 23 Dawson G M., on base-leveling in plateau region 121 
....................................... ....................................... Cook Inlet, bowlders along 127 on Dedse River shales 73 

coal deposits on ........................................ 155. lbf2-188 on rocks of British Columbia ................................ 94, 103 
.................................................. discovery of 23 on Yukon silts ............................................... 110 

.............................................. ................................. escarpments on 106 Deformation, in Alaska Range 112-113 
exploration of ................................................ 23 in 6r mites of Talkeetna Mountains ........................... 92 

................................................ ........................... grave! terrace faxing, plate showing 44 in Genai beds 97-98 
........................ ................. littoral province of, location and character of 4344  in Xount SlcKinley region, periods of 111 

.................................................... .............................................. location of 11 in Tatina goup  io 
............................................. ............................................ Kenai rocks along 95 of Tordrillo beds 89 

. ...................................................... origin of 1 See also Dizitrophism; Faulting; Folding 
............................... ......................... placer mining operations along 156 Delta River, location and description of 46, 124 

.............................. ................................... region of. description of 16.25.26 valley of, libmite-bearing beds of 97 
formations of ......................................... 52 (table) rocks of GO, 96 .................................................. 

....................................... ..................................... mineral deposits of 162-164 Dendroporo, occurrence of 78 
................................ ............................................. peneplains of 121 Densmore, Frank, exploration by 25 

............. ................................... Pleistocene deposits of 106 Densmore's Mountain (Mount McKinley), naming of 25 
. . ................................... temperature records of 194 Deposition See Sedimentation 

..................................... Recent deposits of ........................................ 15j Devonian system, folding in 116 
precipitation records of ................................... 195 f o ~ a t i o n s  of ............................................ 53 (table) 

................................... ............................. region west of, description of 45 in Mount ;McKinley region jj 

route of travel from ...................................... 16 limestone of, plate showing ................................... 70 
................................. shore line of. chnraxter of 44 rocks of, deposition of ....................................... 116 

shore topography of ...................................... 122 occurrence of ................................. 51, %,li4 . 66.i3.77 
. survey of ................................................. 23 See also Middle Devonian; Upper Devonian 

topographic features of ................................... 106 Diabase. description of ......................................... in-1.18 
topography near ......................................... 16 occurrence of ................................................ 75, 1~ 

................... plate showing ........................................ 44 producing arching of strata, Egure showing 1~ 
Cook party, surveys by .......................................... 3942  Diabasic and gabbroic rocks, description of. .................... ID-148 
Cooking utensils, description of ................................... ............................................. 

l5 ~ .............. .......................................... 
Diamond, location of 1;s 

Cooper Creek, limestone of, age and character of 52 (table) Diilstrophism. effects of 113 
Copper deposits, occurrence of ................................... G . i u  , in Jurassic time .............................................. 117 
Copper River, basin of, exploration of ............................ 26.49 in Mount McKinley region, periods of ........................ 114 

..................... basin of, formations of .................................... 32 (table 1 Dichymogroptus cf . sagittarius. occurrence of 73 
geologic sequence in ...................................... 11; Dickey. . .I .. exploration by ................................... 2027  
peneplain of, age of ....................................... 121 I Dicotyledons. occurrence of ..................................... DS- lw 

.................... physiographic origin of ................................... 134 / Dicmno&mptus cf . ramosus (Hall), occurrence iZ 
ranges encircling ......................................... .r3 Dikes, in Birch Creek schist ...................................... 3 

...................... rocks of .................................................. 1x2 i near Llttle Minook Creek, occurrence of 1 G  
Triassic rocks of .......................................... 85 I occurrence of ................... j8,67.ti9.;0.;-1. i9.~5.98.1&8.143.ldG 

plateau of. location and character of .......................... -13 of alaskite .................................................... 138 
Corals. fossil, occurrence of ....................................... S See aDo Diabase: Intrusive rocks . 
Correlations. basis for ............................................ 53 . Dilhnyer River reg~on, rocks of ................................... 72.77  

of I'leistocene deposits ....................................... 110 j Dinylestadt and Chernov, exploration by ........................ 24 
stratiwophic. table showing ............................. 32 (table) , Diorite. description of ............................................ 144 

Convln formation. occurrence of .................................. 91 ' Diphyphyllum. occurrence of .................................... 33 
Carl-lw macqumii,  occurrence of .......................... 39 I n sp., occwrence of .......................................... 78 
Cosna River, Pleistocene deposits on ............................. 109 1 DiplobTaptus englyphus. occurrence of ........................... 73 

............. .................................. Cottonwood timber. on Beluga River. plate showing 202 , DIPS. prerailinq. directions of 111-11'" 
(loville, F . V., plants determined by .................... 2.?01.208-_"11 ! Diorltic rocks. description of ................................... 1G-Mi 
Coxe, William. on Russian discoveries ........................... 23 ' Diztnnce. lietermination of. example of ........................... 

......... cretaceous rocks, formations of .............................. 32 (table) j Dixon. George. and portlocli, Nathaniel. explorations by 23 
.......................................... folding in .................................................... Dolomite. occurrence of ti5 

.................................. .................. .................. occurrence of .. Dome stream, loss11 plants from 103 



INDEX . 

Fish . kinds and occurrence of .................................... 2@ 
.................... Eakinl H.".~fOssilpiaOtnco'leCted , ~ l o n  . listof .................................................... 2013-211 

...................... East Fork of I i u s k o h ~ ~ n ~  River, location of Ser  also Vegetation . ...................................... Eberhardt, George, work of 1" 
Efiusire rocks, location and a p  of 

. ..-................ ........... Fiuriatilc deposits, occurrence of 1. 106 
............................... i: ) Folding in Birch Creek schist ..................................... 

Eldridgc, G . E., esploration by .................................. in Cant-. ell formation ........................................ 79430 ................................... on con1 of Susilna Valley 107, 188 
...................................... ............................ on gold deposits of Susitna Valley 164 in Chugach hlountains 112 

in Cretaceous time ........................................... 117 
.......................................... on Kenai formation 95 in Devonian and Carboniferous rocks, fi y r c  showing ........ 77 .............................. on navigability of Susitna River 1GS inDevoniantime ............................................ 116 .............................. on Pleistocene of Susitna \'alley 10i .............................................. the Kenai beds Q$ ..................................... on rocks near Broad I'ass 68 

in Iinik Arm region .......................................... 61 .............................. on rocks of h'enana River region 78 
in Mount McKinley region, epochs of ........................ 114 ................................... on Susitna River region 5:, 66, GS in post-Iienai time ........................................... 132 

worliby ...................................................... 49 in slates 0x1 Iiichatna River .................................. 67 .......... Elevations, 011 railway route from Seward to Fairbanks 221 figure shelving.. ......................................... 68 
......................................... Endoceras, occurrence of 72 .............................................. .................... Enochlrin formation, age and character of 52 (table) in Tatina rocks 70 

figures shox.ing .......................................... 71 
................................................. occurrence01 87, 90 in Tonzona group ............................................ 7G 

.................................. Eocene series, formations of 52 (table) in Tordrillo formation ........................................ 89 
................... . . fresh-water bcds of, character and origin of 52 Food See Rations; Provisions 

................................... in i\:ount McIiiniey region 55 Footgear, description of .......................................... 16 
...................................... rocks of, description of 96103 ...................................... Foothill belt, topogmphy of 85 

............................................. occurrence of 52.55 ...................................... Forage, in hichatna Valley 18 
.......................................... Eocene time, climate of 131 Formations, table showmg correlation and character of ....... 52 (table) 

..--............ . ..................................... erosion and deposition in, description of 11s 1 3 ~ 3 1  Fort Egbart, data at 1S9 
................................................. events of 129 ......................................... Fort Gibbon, location of 29 

geographic conditions in .................................. 131 ............................................... rainfall data at 1 
.............................................. history of 130-131 ..................................... 

rivers of, courses of 130-131 
Forests, in Sh~ventna Valley ......................................... ............................... 

Equipment, description of 12-16 
in Tanana Valley, character of ....................................... 

.................................. Erbsenwurst, nutritive valucof 14 Tanma River....................................... See also Timher . ............................... Erosion, cycle of, in plateau region 120 ................................... 
in Eocene time 118.130 

, F o r t p i l e  series, correlaLon of ............................................. ....................... ....................... in Mount region, periods 114 / Fossil plants, occurrence of W.81-82.93-95.*1 

132 
Fossils, Cambrian, in hlackenzie Mountains ...................... 

........................................... in post-Icenai time ...................................... Devonian, occurrence of 66.7 
periodsof 116 ..................................... 
present epoch of 136 

in Dillinger River region .............................................. 
Eureka Creek, descriptionof .................................. 17fj-17i 

in 0rcagroup...............m.......................... 
........................................ occurrence of 82,84, 87,9O, ......................................... mining operations on 177 ................................. ~rdoric ian,  occurrence of 59, 69, 

...................................... Euomphalus, occurrence o t  78 ....................................... Expedition to Mount region, narrative of ............. lgp Siberian, occurrence of 671 

................................ Explorations, previous, history of 22-32 T r i a s s i c ' o c c u r r e n c e o f ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~ ~ - ~ ~ - ~ ~ ~ ~ - -  
Explorers, of Ne,v York, investigation of Cook, . 31 Fmnk Leslie expedition, exploration by ......................... 

.............. Friday Creek, features of and mining operations on 17* 
Extrusive rocks, description of ................................. 148-152 ................ Fur trade 1725 

See also Volcanic rocl;s . 

Page . i Page 
................................. .................................. . Doroshin. P P.. exploration by 24 \ Fairbanks, mining operations at 1% 

................................................. ......................................... mining operations by 15.5 / population of 215 
............................................... ............................................ on Bulshaia Gora 24 1 rainfall data at lgg 

........................ .......................................... Dooglas Island, rocks of N ..................................... ........................................ 
Fairbanks Creek Valley, Tertiary rocks of 97 

Unina~e ,  description of 122-121 False Creek. gold dep3sits at 164 
.............................................. in Iienai time 13w131 

....................................... Drainage systems, origin of 121 
................................ . Dren mine, fossil plants from ---- 102 

.......................... Duun, Robert, geologic observations by 49 
............................... on argillites in Chulitna region 6i 

.......................................... hlount Mcunley 30 
............................................. on Susitna basin 55 

........................................ Faulting in Alaska Rangr 53, 54 
......................................... in Birch Creek schist 69 
........................................ in Cantwe!l formation 79 

................................................ in Genai beds 9s 
.................................. in slates on Iiichatna Rirer 67 

...................................... in Tslkeetna Mountains 112 
.............................................. in Tatina poup 70 

F . 
Fairbanks. accessibility of ....................... ... ....... 219 

district about, description of ............................... 181-183 
......................................... formations of 52 (table) 
........................................... geologic map of 180 
......................................... mineralization of 182 

.................................... peneplain surface of 121 
.................................... Pleistocene deposits of 109 

recent deposits of .................................. .... . 110 
.................................................. rocks Of 5; 
.................................................. elevation of 221 

............................................ gravels at, agc of 94, 106 

Dutch Creek, route along ......................................... 39 , in T o u z o n a ~ u ~  76 ............................................ 
Dynamic history, of Mount Mcunley province. tnhular statement in Tordrillo formation ........................................ 89 

.......................................... 01 .................................................... 114 1 Favositcs. occurrence of 58 
us? in correlation ............................................. 53 Ficus gronlandica. occurrence of .................................. 100 

Dynamic movements . See Deformation: Diastrophiwl: etc . Field n-ork . methods 01 ........................................... 21-!Z 
ol~stwlrsto .................................................. 22 

E . piansfor 12 ..................................................... 

G . 
Gabbro, occurrence of ............................................ lo4 
Gakona formation, age and character of ...................... 52 (mle )  

............................................ Galena, occurrence of 
............................................. Game, character of 202-m 

distribution of 213-214 ............................................. 
in Iiuskoh-im region ........................................ l9 

......................................... occurrence of 17 . 473% 2-m 

Garnetiferous mica schist, occurrence of .......................... 65 

Genesic classification of land forms, section on .................. 116-128 
Geographic conditions, in Eocene time ........................... l3' 
Geographic distribution of mineral deposits, section on ......... l6'-l@ 



INDEX . 
Page . 

........................ Geographic work. accuracy and results of 21 
............................ . .. .. Geography. section on - --- - 42-48 

...................... Geologic history, data used lor, character of 113 
................ ........... ......... sections on - ---- 113-118.128-13fi 

.................... Geologic investigations, history and outline of 48-53 
................................ Geologic pro\.inces, description of 54 

Geologic map, of Mount McKinley reaon, acc~lncy and descrip . 
...................... ..................... tion of 55d6 

.............................. Geologic sequence, in Yukon basin. 50 

................. Geolofiic work. zcuracy, methods, and results of 21 
.............................................. Geology, section on 4 S l l S  

..................................... Geoxnorphology, section on 115-136 
................................ . Georgeson, C C., on a.giculture 211.212 

.......................................... . Gerdine, T G., work of 3'2.34 
.......................... . Gilbert, G Ii., on peneplains in Alaska 132 

.................................... Glacial cirques, ph te  showing 120 
........................ Glacial deposits, character and location of 127 

................................... Glacial evidence, lack of direct 127 
.................................... Glacial material, occurrence of 105 

.............. Glacial streams, in Iiuskocokwim region, character of 19 
...................................... Glacial striation, absence of 127 

......................................... Gldiation, description of 125 
................................................... effects of 134, 135 

........................................... on topography 134 
............................ ....................... limits of --- 126 
.......................... in Pleistocene time, description of 126-123 

....................................................... time of 12s 
............................................... Glacier, location of 175 

............... Glacier Creek, features of and mining operations on 178 
................................................ gold placers of 162 

............................................. Glaciers, altitudes of 125 
................................. of Alaska Range, location of 46, 125 

view of, plate shoving .................................... 126 
........................................ of Pleistocene times 126-128 

............................ ......... of Tordrillo Mountains -- 45 
................................................... recession of 126 

Glen Creek, fcatures of and mining operations on ................. 176 

H . Page . 
....................................... Hannah Glacier. naming of 30 

See also Peters Glacier . 
........................................ Happy Iliver. location oL 1'23 

................................................ terraces along 127 
................................ Harper, Arthur. exploration by -- 25 

......................... Harriman expedition. fossils obtained by 63 
................................... Hartrnan River. description of 124 

................................. Hayes R i ~ e r  beds, occurrence o L 95 
Healy Creek, clastic rocks along .................................. 58 

......................................... coal from, analysis of 100 
............................ coal-bearing rocks on, section of 189-190 

...................................... Healy Fork, Kenai rocks of 96 
................................ iignitic coal on, plate showing l i O  
.............................. Hearst Creek, mining operations on 171 

.................................. Heden auriculara, occurrence 01 101 
.................................... Heer, Oswaid, on I r r t ic  flora 101 

......................................... Hemiaster, occurrence of 03 
. ............................. Henshaw, F F., weather records by 199 

.................................. Herendeen Bay, Iienni fauna of 99 
Herron, J . S., discovery of Simpson Pass by ...................... 45 

............................................... exploration by 28-29 
............................... on native population of .ilaska 216 

...................................................... route of 18 
.................................... Herron Glacier, description ol 125 

........................................... Hess Creek, location of 183 
.................................... Hicks, Hmy, exploration by 27 

...................................... meteorologic records by 195 
Higgins, D . F . See Gmnt, U . S., and Higgins, D . F . 

.................................... Holiknuk series. occurrence of 92 
.......... Homestake Creek, features of and mining operations on 173 

.............................. Hornblende andesite, description of 151 

.............................. Horses, cheracter and equipment of 12-13 
............................... , food. supplies, and saddles lor 13 

1 use of . in exploration ......................................... 11 
................................... Hot Springs district, location of 183 

..................................... Hunting, opportunities for 213-214 

T 

Glenn. F W.. exploration by 23 .................................... . 
Globigerina. occurrence of ........................................ 63 .............................. Glossogaptusciliatus. occurrence of i3 
Gold. deposits of .................................... 25.16 2-184 

discoveries of ................ ---- ... ---- .............. 30-31.155. 156 
mining of ............. .-- .... .-- ......................... lli2-ls4 

* . 
................................... Ice. accumulation of. centers of 126 
.................................. advance of. explanation of 134-135 

..................................... retreat of. discussion of 135-138 
See a'so G1ac.ciatiOn' G1aciea' 

.................................... Igneous rocks. composition of 137 
................................................ 

production of. showing 
................................. 15i 

distribution of 136 
.................---.. .--.-.....-.....-... ................................ Gold llill district. gold deposits of 

61.69.S5. 136 
.......................... Gold I<ing Creek, on 136-154 

........................ 
Goldstream Creek. location of .................................... 32 

........................................ Granite. occurrence of ........................ 18 

Granite Creek. acniferous on 19 

Graniterocks. descriptionof .................................... ........................................... l7 
........................................... ....................................... distribution and age of 22 

mineralization of 
.................................... ................................... 

occurrenceof ................................................. 92 
................................... '33 .................. Grant. U . d.. on roc19 of Prince William Sound ....................................... Grant. U . S., and IIiggins. D . F., on auriferous lodes of Iienai 90 

...................................... l'eninsula ............................................ 164 1 Instruments. for field work 15 
.................................. ................................... on Orca alld l-Llidez groups , j4 , used in topoqmphic s l l r r ~ p  32 

.............................................. Graptolites. of ........................................ i2 1 Intrusion. period of jL' 
........................................... ........................................ in Dcase Riyer shales i3 ! Intrusive rocks. age of 1M 

Gnsso~Kichat~aValley~piatesl,o,vin ......................... 202 1 axesof ....................................................... 52 
........................................... Gmrcl . aKe of .............................................. 135 description ul 5% 137-14s 

llescription of ..................................... i.,x. . llg mineralization of ............................................. l(iO 
.................................... ....................... Gravel terraces:s, on senana River. rAap 10Y occmnce  uf 52. T5.SO. S6.91.104 

.................................... Gravels . See Pleistocene . section of. fipwe showine 104 
............................... . 

Grarina Island rocks o L  
ts Iron Creek copper-lxaring lode on 166 ..................................... . . . ................ 

(.ra)?v.lckes. occurrence of 61. 73 
izmdloT Kate exploration of l<acbema!i Bay hy 24 ........................................ 

Grazing . Sce Forage . J . 
Greenstone. occilrrence of ..................................... 64.76. 84 Sack. W . G.. exploration by ..................................... 27 
Grewingk. C.. nlapping by ....................................... 24 Jack River. description of ........................................ 123 

on geography of . U a s h  ....................................... 4 Jacirsina Creek. shales of. age and character of ............ : .. 52 (table) 
......................................... . ................... on geology of .\lasku 49 Jaggar. T .\.. on mineralization along contacts 161 

.............................. Ground ice. occurrence of ......................................... 110 Jarris Creek. lignite-bearing beds of !I7 
.......................................... ................................ . Grubsnke Creek. gold deposits of 105 Johnson. B L.. work of 20 

.............................. ......................................... mining operations on 173 Jointing. relation LO bedding planes d7 
.................................. ....................................... Gulkana River. trail along 167 1 Jugians nigelia. occurrence of 100. 101 



INDEX . 
Page . Page . 

.................................... ............................... Jurassic system. coal deposits in 1S1.181; Knik Arm. Iienai rocks along gc 
............................... . .............................. diastrophism in. description ol 117 , region 01 metarnorphic rocks of 61-&j 

formations of ............................................ 5'! (table) 
................................... of Mount >IcIiinley region 53.56 I . ............................... rocks of occurrencr of 51.64.GG,68.83 

See also Lower Jurassic; Xiddle Jurassic: Gpper Jurassic . 

Ii . 
..................... Liachemak Bay. coal mining operations near 1% 

coal seams of ................................................. 25 
exploration of 24 ................................................ 

............................................ fossil plants from 10'2 
location of ................................................... 44 

Kalultna basin, lignite in ........................................ 9; 
Kahiltna Glacier. description of .................................. 1% 
G a h u  Rirer, tributaries of. gold placers of ...................... 1 
Kansas Creek, mineraliaation on ................................. 
Kantishna River. basin of . Birch Creek schist in ................. 58 

basin of. description of ................................ 109.17 j-160 
gold discovered.in ....................................... 13; 
Kenai rocks in ........................................... 9: 

................................................... map of 170 
................................................ survey in 3' 

location of ................................................... 30 
............................... tributaries of. coal deposits on 19'2 

Kariltna Creek, route to ......................................... 39 
............................ . Iiatz. F J.. on Willow Creek deposits 105 

................................ work in Matanuska coal field 32.50 
.................................... Kechumstuk. rainfall data a t  199 

.......................... lieele, Jose~h,  on rocks of Yukon basin 59 
.................................. Kellar Creek. gold deposits near 166 

......................... Kenai. experiment station at, removal of 212 
Phistocenedepositsnear.. ................................... lei 
temperature and precipitation a t  ........................... 194.196 

........... Kenai formation, age and character of 52 (table), 55.61.%,118 
....................................................... coals of 161 

coqelation of ................................................. S9 
deformation in ............................................... 

............................................... description of 94-107 
distribution of ............................................... 95 
marine fauna of .............................................. 
mode of depositionof ........................................ a9 
occurrence of ................................................. 51. S1 
sections of. fie- es showing. ............................... 7:.9;, 9s 

.................................................. structureof 97 
thickness of .................................................. 9s-99 

~ e n a i  Lake. elevation of ......................................... 221 
~<enai Mountains, character and location of ...................... 43, 44 
Kenai Peninsula, exploration of ................................... 24 

.............. glaciation of .................................. -.. 126 
gold placers of ............................................... 1G2 

............................................. gravel terraces of lei 
.................................. mountains of. description of 

Kenai time. drainage in ........................................ 130-131 
Kennicott iormation, age and character of ................... 52 (table) 
Kichatna Rirer, argillites of ..................................... 67 

description of ............................................... 18.123 
ford in^ d .................................................... 

............................................. fossil plants from Inn 
fossils from ................................................... 

. ........................................... rocks of age 01 f.3 
................................... Pleistocenc deposits of 107 & 

. ..................................... surl-ey of by Tancourer 23 
U i k  River. glacier drained by 125 .................................. 

repion of . formations 01 .................................. 52 (table) 
Xnopl . Adolph . ~vork in Ma~anusks basin. IJ  i. 32 ................... 

S E ~  also Paige . Sidney . and Knopf . Adolph; nnd Moffit, F . II., 
and Iinopf . Adolph . 4 

.................... . .. Uowlton. F H plants identified br 91.9j.9+102 
Iiodiak temperature and precipitation at 194. 195 

5 
..................... . 4 

........................... . Iiodiak Island Russian expeditions to 23 P 
Kolmakol . Redoubt . trading post at ............................. qq 
Iiolmakof series. orcurrence of ................................... 93 
1ioyukuk.Rirer. exploration of .................................. 26 
Kuskokmim lowland province. location of ........................ 43 
Iinskokxx~im River. description of ............................ ? h . ~ ,  1% 

1 
East Fork of . location of ..................................... 47 
exploration ol ................................................ 24.28 

1 
region of. coal deposits in ................................... I& 

cross folding in ........................................... 71 
............................................ es~loration in 49 

formations of ........................................ 52 (table) 
................................ lowlaud of. description of 45 

mapping of .............................................. 50 
mineral resources of ...................................... 169 
rocks 01 ................................................. 78.92 
view of, plate showing ................................... 46 

................................................... route along 16, 48 
..................................................... survey of 34 

L . 
Laccolith. occurrenceof 104 .......................................... 

section of, fiwre showing 10j ..................................... 
. I.ake See word of name. 

Lake Creel;, source of ............................................ 40 
.............................. Lake quartzite schist, occurrence of GO 

Lamellibrancbs, fossil, occurrence of 8 4 '  .............................. 
Land forms, classification of ...................................... 116 

. ........................ Langille, TV XI., fossil plants collected by 100 
................... Lapworth. Charles. on Dease Ilirer graptolites 73 

Latitude, compmation of. exampleof 34, 3j ............................ 
................................................... control ior 41 

determination example of ................................. 41 
.............................................. observations for 34 

............................. Lava flows, in Talkeetna Mountains 104 
L ~ ~ . ~ ~ ,  occurrence of 80 ............................................. 
~ ~ ~ ~ ~ ~ ~ d .  E[. G.. eKploration by. ................................ 28 
.l.ignite creek, coal beds on... .................................... 191 

................................................. sections on 191-192 
...................... Lignitic coal. on I-lealy Fork, plate showing 170 

................................ Lignitic formations. occurrence of 94 
.................................... Limestones, description of 6!J.77-78 

.............................................. Lima. occurrence of 87 
~ ~ t h ~ l ~ ~ i ~  association of mineral deposits, ........... 157-162 

.................................. 143 M~~~~~ creek, 
trail at ....................................................... 20 

Little Salchab-et River, Tertiary rocks of 97 ......................... 
........................ Little JJ-illow Creek. auriferous quartz on 1% 

................................................... locationof 26 
.................................................. routealong 

t e r m s  along ......................................... 107. 12; 
\-alley of, grass and timber of, plate sho\\'hg 202 ................. 

rocks Of ............................................ 136.141, 143 
................................ Icichatna Riser slates. diagram of 67 

Kigluaik group . age and character of ............................. 115 
............................. Kindle, E . M., fossils determined by 83 

on Porcupine Valley- ............................. 52 59 T 3  . 
on Salmon-Trout limestone .................................. 7s 
Ser also Brooks, A . EL., and =udle, E . M . 

Iiings Creek coal, fossil plants from .............................. 100 
Kliskon Mountain, route over .................................... 39 
Iilondike gold field. rocks of ..................................... GO 
Klondike group. description of ................................... i s  
Kluane, Lake, mountains near, descriptiou of .................... 46 

................... . Lloyd. Thomas ascent of Mount McKinley b r  81 
............................................ Longitude. control for 34 

Lower Cretaceous series. formations of ....................... 52 (table) 
rocks of ................................................ 51.5;,9 2-93 
sedimentation of ............................................. 

.......................... ~ o w e r  Jurassic series. formations of 52 (table) 
Lowlands. description of ...................................... 121 
Lucin.,. occurrence of ............................................ 93 
Lucky Gulch . auriferous grarelc of ............................ -.- 169 

Lynx Creek. gold-bearing ledge 011 ............................... 

M . 
McConnell, R . G., on Finlay River region ................... ---. . 131 

on Iilondike gold field ....................................... 60 

on IClondike group ........................................... 75 
MoGonnagell, Charles, ascent of Mount McKinley by ............. 31 



INDEX . 229 

Pnqe . Pnge . 
............... ....................................... McLaren Creek. trail along LGS JIinrhnmina. I.ake. region. Pleistocene deposits of 10E . .............................................. ................................... Mnckenzie Mountains. rocks of 59 Jlining. history of 15bl57 

..................................... ................................. XcQuesten. Jack-. exploration hy 35 Minook Creek. description of 124 
............................ . Ifaddren. h G.. on Gold Hill district 184 gravels of. age of ............................................. '34 

................................... See also Moifit. F . H.. and Maddren. I . C, . metamorphic rocks west of GO 
....................................... ............................................. Magnetic declination 33.40 Pleistocene deposits or 109 

................................. Mn~molia inqlefeldi. occurrence of ................................ 100 ; b1iuook Surnmit. observations a t  34 
..................................... . ................................. Malakoff. Vassili. exploration by 24 Miocene rocks. occurrence of 52 

............... . .................. Kankomen formation. age and character of 52 (table) i Modoffit. F 8.. on age of Sunrise and \'aldez grollps 61 
............................. ...................... Map. geologic reconnaissance. description of 5.5 ' on glaciation in Iiend Peninsula 1% 

..................... ............................................. Marble. occurrence of 59 : on gold fields of Turnagain Arm region 1.3. lC2 
...................................... . ................................... Marsoin beds. correlation with i 3  on peneplains in .iiaska 132 
...................................... ................................. . Martin. G C. .  fossils collected b y  102 on Pleistocene deposits 107 

............................................. ................................... on coal a t  Point Campbell 187 on Sunrise series 61 
.................................. ................................. on Controller Bay region 6?.G3.132 : on Turnagain Arm region 13. 112 

.................................... .............................. on folding in Matanwka Valley 11'2 ' on Valdez Creek region 167-169 
...................................................... .................................... on geology of Unga Island 159 work of 50 

. ...................................... on Matanuska coal field 185 Yofit. F H.. and mopf. Adolph. on Nnhesniz- White Rirer dis- 
............................................. on rocks of the Matanuska Valley ........................ 84.92.104 : trict 52 (table) 

. ..... . ................................................... of 32.49.50 1 Yoflit. F H.. and Maddren. A G.. on Chitistone limestooe 85 
.......................... See also Stanton. T . W., and Martin. G . C . j on Iiotsina and Chitina basins 52 (table) 

........................ . . ............. Matanuska River. coal field of. coal from. analyses of 186 / Moffit. F 8.. and Stone. R JV.. work by 49 
................................ ...............................  fie^ of. description of... 185-186 I >lonzonitic rocks. description of 13%113 
............................. ................................................ railroad to 221 1 Moose Creek region. descr~ption of 175-176 
.............................. survey of 32.50 , Moose Pms district. gold deposits of 1G4 ................................................. ......................................... ............................................ description of 44.123. 186 / Moraines. composition or 164 ............................. ............................................. glacier at head of 125 Morris River. view of. plate showing 88 

................................... ............................................ along L'i i Mosquitoes. protection against 15 .............................................. region of. formations of .................................. 52 (table) ' Moss. occurrence of 47 
......................................... .............................. fossil plants from 100 Mount Dell. altitude and naming of 46 

....................................... ............................................... fossils from g i  Mount Foraker. altitude of 21. 33 
.................................................... .......................................... Jurassic of 31 glaciers of 125 
................................................... ........................................ genai rocks of 95.~. 103 location of 11. 21 

........................... ............................................... mapping of .j j Jlount Hayes. altitude and location of 46 
I ...................................... survey in ................................................. 3.2 Mount Kirnbnll. altitude of 46 

............................ ........... Tertiary and ~~~~~i~ rocks of. ,j istriburion 49 ; Mount XcKinley. altitude of 21.27.32.33.40 
.................................................. .................................................. hlatches. care of 15 ascent of 19.29-32 

~ ~ ~ ~ . . \ . . ~ ~ ~ l ~ ~ ~ t i ~ ~ b ~  ......................................... 25 azimuthobservationsof ...................................... 17 
~ ~ ~ ~ l ~ ~ u s .  occurrenceof ......................................... 83.34 ' glwiersof. ................................................... 1% 

................................................ ............................. blendenhall. m. c.. exploratjon by.. 2s location of 11.21.33 
......................... on age of sunrise and vnldez ......................... * 1 naming o L .  -- .............. 26.21 

........................................ .......................... on mdesites of apper niver region 132 ! region 01. character of 48 ..................................... 
on Copper Rit-er region ................................. 52 (table) 1 climatic provinces of 193 

.............................................. on Dadina schist ti5 I coal areas of 185 ............................................. 
on peneplains in Alaska ...................................... 132 ; .................................. exploration of. plans for 11 

on rocks of Chistochina region GO. S2 fossil plants from 100-101 
....................................... ................................ 

on rocks of Delta River Valley IiO .................. geologic history of. tabular statement of 114 ............................... 
on rocks of >fatmusks basin V2 1 

........... . geologic reconnaissance lnap of (Plate I S .  in pocket) ................................. 
on Sunrise series 61 ! 

........................................ gold production of 157 .............................................. r0Cb0f ............................................ 138.1W.14i 
work by ...................................................... 49 ............................ stratigraphy of. table showing 55 ............................. Mentwta Pass . altitude of range near 45 i structure of .............................................. 52-53 .................................................. elevation of 4G surrey in ................................................. 40 

.................................................... rocks near !jO ; .................................. 
.................................... I 

tectonic subdirisions of 112 
..................... Mesozoic rocks. description of timber. distribution of. map showing 207 .................................. occurrence of 51. ;S. 54.64.3494.06 

MetalCreek. prospectingon ...................................... l(i5 'Oute ...................................................... 39 view of. plates showing ....................................... 11. 46 
Metamorphic rocks. Birch Creek-Tanana belt of .................. 59 / Mount location and boundaries of ............ 43 ................................................. correlation of .i 1 ; .................................................. shore line of 112 ................................................ distribution of 63 : tectonic features of ......................................... 111-113 

.......................................... . in Iinik \rm region 61-!is Mount Russell. altitude m d  naming of ........................... 46 
............................................. mineralization of Jlonnt Spurn. altitude of 45 . ......................................... . ............................... occurrence and character of 51.54.5fi ...................................................... rocks of 86 

Metamorphosed rhyolitic rocks . description of .................. 1.19-l.iO Suslma of. determimarion .................... 
Meteorologic record. of expepedition .............................. 3 w 3 l  description of 17 ................................................ 

................................................ Methods. ofwork 21-2" rocks of.'. .................................................. 138.143 
Jlica schists. occurrence of ....................................... 57 . (55 .................................................... vieii. from 16-17 
Xicrometer alidade . determination of distance b? ................ :19 , xount I-edo. of ........................................... -M 

...................................................... .......................... llicrometer determination. examples of 38.39 rocks of 
Nfcrometer measurements. character of .......................... :3i Mountain building. epoch of l l j  ...................................... 
Micrometer readings. formula for reduction of .................... 38 Yountsln pusses . see Routes and trails . 
Middle Devonian ser~es. forrustions Of ....................... 52 (table) Mountains. types of .............................................. 11s 
Middle Jurassic series. lormations of ......................... 52 (table) Uuldrow. Robert. nleasurelnent of Mount MclCinley l,y .......... ?i 

in Mount JfcIiinley region ................................... 55 on altitude of Nount Xcliinley ............................... 32 
rocks of. occurrence of ..................................... d4.37-52 ~vork of ..................................................... 34 
sedimentation of ............................................. 1 1  3luldro1v Glncier. location of .................................... 4ti . 12: 

................................................. ....................................................... volcanismin I l i  trail to 30 
hfinernl resources. map 01 ........................ (Plate I S .  in pocket) !Iuscorite granite. description of ................................. 133 
Tinera1 resources. section on ................................... i54-!Y7 ' Xyrica. occurrence of ............................................. 101 

Minerals. search ior .............................................. 24 I\I!-stic r'reek. cwal deposits on .................................... 192 



INDEX . 
E; . Pare . D~~~ 

A GAL. . 
....................................... Sahesna Ilirer. location of .I 6 Paige. Sidney. and Enopf. Adolph. on Jurassicrocksof blatanuska 

Naknek formation. age and character of 3"table) ( Bwin ..................................................... ..................... 91 
occurrence o[ 90.91 i on Matanuskaconl field ...................................... lgj 

Sames native geographic. variabili t~ of 22 i on blatanuska-Talkeetna region 55. 
................................................. . 1  

.............................. .......................... . 
.......................................... Sarratire of expedition 16-22 (M.SF.87.92.9G. 103.101.112.11g.1~~ 

....... . ............................ Nasina. native name for White River 21 on metamorphic rocks in Blatanuska-Talkeetna basins 61 
................................. ....................................... Nasina series . correlation of on orr body a t  L n x  Creel: 1 6 4 '  

...................................... Xatica. occurrence of ............................................. 87 1 On peneplains in Alaska 132 
.................................... ............ . Nation Rirer formation. age and character of 52 (tablei 116 / on TVillom Creek district 165 

..................................................... . ................................................. occurrence of 76 fi"0rk b? 
. ....................... ................................. Native population. description of 11 ' ~a~contologic eridencc usc in correlation. 

............... Native names. for geographic objects. variability of / ~a~eozo ic  rocks. occurrence of .......................... 51.2. (i(c84. 15s 
................................ .......................... Katires. distribution and character of 21(i21\ : P~l~ozo ic  succession. thickness of 6,. 

.................................. ............................................. information from ; I-'aiiurus colombi. occurrence of 100 
See also Indians . i l'nrker. IIerschel. ascent of Mount hfcl<ini~y hy ................. 31 

................... ............................... Xarigation . opening and closing of 199 ' on cxplorstions in bIoont Jfchinlry region 81 
........................... Nazenka. native name for White River Passes. of Alasl;a Ranrc . origin of 131 ................................ 

2 . /  
...................................... ................................. Needs of the future. section on 23@-222 Patterson Creek. location of lg 

Nelchina River. rocks along ...................................... 91 1 P'cten. occurrence of ........................................... 87. 93 
............................................. ............. . . Nelson. E n'.. on explorations by Harper an11 Mayo 2.i I'eliv Rircr. rocksof 59 

Nenana. arrival at  ............................................... 20 . Peneplains. description and correlation of ................. 120.121. 132 
Nenana River. Birch Creek schist along .......................... 5q . Peneplanation. in Alaska Range ................................. 119 

crosqing of ................................................... I ! in Talkcctna area ............................................ 103 
.............................. description of ................................................ 12-1 I'ennsylranian strata. occurrence of 49 

.................................... gravel terraces on. map showing .............................. 107 : Permian strata. occurrence of 49 
Kenai formation of. section of. figure showing ................ 9; 

........................ region of. coal field of. description of 188-19'2 
coal beds of .............................................. 189 

sections in ......................................... 169. 191 
........................................ formations oi 52 (table) 

rocks of .................................. 75.96.146.149.151.152 
survey in ................................................ 32 

Peters. I T  . J .. exploration by .................................. 
............................ Pctcrs Creek. location and survey of 4 . . 

mmmg on ................................................... 16 
........................................ I'eters Glacier. location of 

.................................................... naming of 3 
............................... Petrof. Ivan. on Cooks Inlet region 2 

..................................... Wilipsastrea. occurrence of 7 
view of. plate showing ................................... 103 ; Phyllitcs. occurrence of .......................................... 5 

route along ................................................... 19 1 Phplloceras. occurrence of ....................................... 87 
section on. figure showing .................................... 108 Piedmont plateau. Pleistocene dcposits of ...................... iofi-109 

Nikolai greenstone. age and character of ................. 53 (table). lli . description of ............................................ 46-47. 119 
occurrence o L.  ............................................... ~ . 8 5  province. location of ......................................... 43 

Nilkoka formation. description of ................................ is pitch. relation to structnral lines. fignrc shoning ................ 70 
Nin Ridge region. description of .................................. 1s Placer Rirer. crossing of ......................................... 220 
Nokochna River.  old deposits of ................................ 166 1 Placers . See Gold . 
Nomenclature of metamorphic rocks of Central Alaska ........... FO / Planu. collection and determinatidn of .......................... 22 
Normans Kill beds. correlation with ............................. 73 ' 
North Fork. rainfall data a t  ...................................... 199 
North Yakima. Wash.. outfitting at .............................. 13 
Nutzotin Mountains. deposits of. age and character of ........ 52 (table) 

location and character of ..................................... 43. 45 

0 . 
Okluneseries. occurrenceof ...................................... 93 
Oliver. . B.. work of ............................................ 34 
Olivinebasalt. descriptionof ..................................... 152 
Oli,.ln e-pyroxene monzonite. chemical composition of ............ 

descriptionof .............................................. 141-143 
mineral asition of ....................................... 142 

Oppelia. occurrence of ............................................ 
Orca series. description of ........................................ 62 

occurrenceof .............................................. s1.62.F4 
Ordol-ician system. of ............................ j2 (table) 

of Mount JIcKinley region 5; ................................... 

list of ...................................................... 208-211 
fossil. occurrence of ......................... W.81-82.9>95.9'3- 102 
See also Flora; Forage; Vegetation . 

Plateaus. types of ................................................ 119 
Pleasant. River. pass a t  head of ................................. 45 

..... Pleistocene drposits. character and occurrence of 52. 52 (table). 55 
COrrelationof............ .................................... 
descriptjon of .............................................. 10j-110 
~olddepositsof .............................................. 162 
section of. figure showing ................................... 106 

Pleu"mya.occu~enceof. .................................... 87.91. 93 
Pleurotomaria. occurrence of ..................................... 83 

.................................. Point Campl~ell. coal mining a t  167 
Point I'osscssion. visited by Cook ................................ 23 
Po~lllation. noteson ........................................... 215-218 
Pcpulus arctics. occurrence of .............................. 100.101. 102 

......................................... latior. occurrence of 102 

rocksof. descriptionof ....................................... 6%:; ( 1 e u c o p h p 1 1 a 2 o c c u r r c n c e o f . . ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~  

occurrence of ....................................... , Porcupine Itirer. region of. formations of .................... 5'' (table) 51. .i4. 73. 73 
of. description of ............................ Of. gra~tO1ite-'~earing near .................. 73 ll;rllC ............................................ 

Orthothetes. occurrence of i 
quartzites of 51 ....................................... 

Osgood.lv. Il~~onbiologpofTukonr2aion ...................... 201 Sectionalorlg... .............................................. 59 
on mountains near Lake ............................... I I'orphm.. description of ......................................... 14G 

............................ 
Outfitting . See Equipment . ; I'ort Clarence limestone. occurrence of 72 

1 I'ort Grai~am. coal a t  ............................................ 156 Overthrustiug. inAlas1~a Range .................................. 113 I ........................................... 
l'orl U.elis. glaciers on 125 

I' . 
Pachydiscus. occurrence of ...................................... 93 
Pacifjc mountain system. drainage of ............................. 43 

extent and character ol ....................................... -12--4 
ranges of. character of ........................................ u 

l'ortage Day. connection with Turnagain .2rm ................... 44 

I'ortage Creel.. gap at.  altitude of ................................ 1z3 

IJortage rorltes . See Routes and trails . 
Porter. It . \\ ... exploration and mapping 11y ...................... 

on Yentna region ............................................ 1% 
trend of ...................................................... 4 :  report on surveys 1. p Cook party ............................. 39-42 

PaWiing. description of ......................................... I:$ i ivorii of ...................................................... 34 . Paige. Sidney on Susitna River region ........................... 68 Post . \V . S.. exploration hp ...................................... 27 
work in Takeetna Basin by .................................. .................................................. 

............................ Paige. Sidney. and Knopf. Adolph. fossil plantscollected by ...... 
....... ................................... 

Post-Eocene series. formations of 52 (bble) 

on formations of Matannska and Talkeetna Basins " 
on glaciation in Natanuska-l'alkeet~la region ................. .................. 132-133 



INDEX . 231 

Page . 
Precipitation. in Cook Inlet region ............................... 195 

in Yukon-Tanana region ..................................... 199 
Pre-Ordovician diastrophism and sedimentation, description of .. 115 

.............. . Priestly. W E.. on coal in the Kmkoknim basin 131, 185 
...................... Prince William Sound region, formations of 1i2, 6.j 

visited by Cook .............................................. 23 

Page . 
Reaburn. D . L.. report on topographic sun-ey by ................ 32-39 

work of ...................................................... 12, 21 
See also Brooks, A . H., and Reaburn, D . L . 

.......................................... Reaburn, Odell, work of 12 
............................. Recent geologic history, section on 1?&136 

.................... Recent series. character and occurrence of 52 (table) 
.............................................. Prindle, L . M., commendation of ................................. 22 1 description of 110-111 

................................................... ................................... fossil plants collected by 10(&102 location of 52 
................................... ........................................... fossils collected by 83.90 1 of ilounl YcKinley region 55 
.................................... ........................ mapping of Yukon-Tanma region by 50 Reconnaissance map, data for 31 

............................... ..................................... meteorologic record by 200-201 1 Redoubt Kolmakof, trading post at 24 
................................... ................................ on age of granite intrusions 101 I Redoubt \*olcano, ejectamenta of 110 

on Bonnifield and Kantishna regions .................... 58.16 9-1SO 
...................................... on Carlmniferous rocks 84 

........................................... on igneous rocks 136-154 
.................................... on Kantishna River hasin 97 

....................................... on metamorphic rocks j9  
on mineralizing iduence of intmions ....................... 161 
on occurrence of gravels ...................................... 47 

................................................... eruption of 111 
................................................... location of 45, 52 

............................... Reefs, in Cook Inlet, description of 44 
............................ Reindeer, feeding and occurrence of 212-213 

..................................... Relief map. of central Alaska 42 
Resurrection Bay, granitic intrusive rocks near .................. 61 

................................. railroad from, adrantages for 220 
............................... ....................... on Rampart-Fairbanks region 52 (table). 181 1 Resurrection Creek. gold placers of 162 

......................................... . ............................. on rocks of Wolverine Mountain 93 mining operations a t  1% 
............................ .......................................... on rocks of Yukon-Tanana region 92 1 Revine. George, work of 12 

on Tonzona group ............................................ i s 7 5  
...................................... plantscoilected 1)y 22. m%211 

report of, on Bonni&ld and Kantishna districts ............ 169-180 
...................................................... work of 12, 32 

See also Brooks, A . 11.. and Prindle, L . M . 
......... . . . Prindle, L M., and Hess, F L., on Rampart region 5; 109. 183 
........ . . Prindle, L M., and Katz, F J.. on Fairbanks region 9i ,  109. 181 

Printz, Fred, exploration by ..................................... 31 
...................................................... of 12. 30 

Prospectors, investigations ................................ 23 
Protocardia, occurrence of ........................................ 8i 

.................................. Rhamnus eridani. occurrence of 103 
.................... . Rhodes, H W., triangulation ohservatio~~s by  33 

Rhynchonella, OCCUrreLlCe of ...................................... 87 -. .......... ................................ Rhyolite, occurrence of - 12 

.................................. Rhyolitic rocks, description of 148-143 
............................. metamorphosed, description of 149-150 

................ Rivers, ofMount McIiinley province, character of 122 
Rohn River . See Tatina River . 

..................... Rosi\val, A., on linear measurement of rocks 139 
Roosevelt, location o f.. ......................................... 175 

8 Roosevelt Creek, fossil plants from ............................... 101 
Provisions. list. and protection of ........................ 14 ; mining operations on ......................................... l i 4  

Puet group, occurrence of ....................................... 103 1 Route of trarel, of expedition .................................... 16 

Ptarmigan Creek, pass near. character of ......................... 124 and Or via- 
Pgmrmemte, dsniptionof ....... l% Alexander ................................................. 16 

.......................................... Baker Creek district 219 
& . . Bear Creek ................................................... 39 

QuariCreek. fossilsfrom............................ ............. BelugaRirer 16.17 ................................................ 
............................................... ................................................... location of 183 chdi tna niver 31 

Quartz Creek, stream gravels near ................................ 107 cook ~ ~ l ~ t  to ~(uskokwim basin ............................. 18 
Quartz diorite porphyry, description of .......................... 146 ~ u t c h  Creek ................................................. 39 
Quartz diorite, ~ ~ m p ~ s i t i ~ n  and qualities of .................... 144-145 Gulkana River ............................................. 167, 218 
Quartz monzonite, composition and qualities of ................ 13+140 Kariltna Creek ............................................... 39 
Quartz schists, occurrence of ..................................... 57 1uchatna Rirer .............................................. 18 
Quartz-pyroxene monzonite, composition and qualities of ...... 1.10-1.11 Iiliskon A~ountain ........................................... 39 
Quartzites. occurrence of ......................................... 51.5; ICuskokwim River ........................................... 18, 45 
Quaternary system, deposits of, character and occurrence of ...... 51, Little hfinook Creek 20 ......................................... 

32.52 ('able) McLaren Creek ............................................... 168 
description of .............................................. 105-111 ~ f ~ ~ ~ t  McUdey ............................................. 39 
divisions represented ......................................... 105 i Mddro\v Glacier 30 ............................................. 
in ~ o u n t  McICinley region. .................................. j5 I Senana Rivcr 19 ................................................ 

........................................... mineral deposits in 162 j Passon ...................................................... "15 
See also Pleistocene . Portage Ba!- ............................................... 44 

~uercuspse~ldocastulea. occurrence of ........................... 101 Rainy Pass 1 8 . 1  .................................................. 
R . ............................................. Rampart district 219 

.............................................. ............................ Railxvay routes. discussion of 31.318.2?&222 Silupson's I'as 28 
............................................. ........................ Resurrection Bay to Tanana region 220-221 Shventnu River 16. 17 

Rainfall . See Precipitation . Susitlln River ................................................ 218 i ................................................ ........................... Rainy Pass, discovery and naming of 18.45 Tanano River 19. 28 
. ................................... location and altitude of 1s 23.45 

....................................... riew of, plateshowing 46 
...................................... Rampart, coal deposits near 192 

............................................... rainfall data a t  199 
region around. description of ............................... 1S3-IS4 

............................................. Tntlathna River 30 
........................................... Tokichilna Glacier 39 

................................................. Toltlnt ljasin 47 
.............................................. Tolorma R i ~ c r  20 

Taldez Creek ............................................ 16i. 21h 
fossil piants from ........................................ TThite Rirer ................................................. 2s 
g o  d o e r  in ........................................ 1 Ya0.rt Fork I9 ................................................. 

.............................................. ......................................... inrestigations in 50 1 Tentno district 167 
......................... ..................................... rocks of ;0.139.141.143.14;. iS'2.153. 154 I Tentnn River (east fork) :O 

...................................................... route to 20 
.................................... Rampart series, occurrence of 76.84 

.................... Rampart-Fairbanks region, formations of 5'2 (table) 
.................... Ramparts of the Yukon Valler. description of 48 

Ranges. mountain, types of ...................................... 118 
Rapids schist. occurrence of ...................................... 60 

................................ Rations, character and amount of 13-14 
Raburn.  D . L., observations by ................................. 17 

oumtting by ................................................. 13 

................................................. P ~ ~ k o n  hasin 3. 2s 
. ..................................... Russell. I C.. on Irukou silts 110 

............................ Russian Imericn. atlas of, mention of 24 
....................... Russian-American company, operations of 125 

............................ Russians. e~ploitation of minerds by la5 
e+pioraLion~ by .............................................. 24 

...................................... knowledge of Alaska by 2-4 
sett~ements by ............................................... 23 

Rust, C . E., ascent of Xount McIfinley by ....................... 32 



INDEX . 
S . Page . / Pagee . 

Saddle? for horses. description of ................................. 13 1 Spencer. A . C . See also Schrader. P . C.. and Spencer. A . C . 
St . Elias Range. location and character 01 ........................ 4:: 1 Specimens. collection of .......................................... 21 
St . Michael. embarkment at ...................................... 20 Whalerite. occurrence of ......................................... 162 
Salix rarians. occurrence of ...................................... 100 . S P U ~ ~ .  3 . E.. discovery of pass at  head of Pleasant Rivcr by ...... G 
Salmon Trout limestone. age and formation of ............... 52 (table) 
Sargent. R . TI.. work of .......................................... 32. 34 

t o p ~ ~ p h i c  map by .......................................... 32 
Sawmill Creek. gold-bearing win On .............................. 163 
Schistose rocks. of  illon on Creek basin ............................ G5 
Schists. description of .......................................... 14%150 

occurrence of ........................................ 49.51.00.05 

e~loral ion by ............................................... 18.27 
on Birch Creek series ........................................ 59 
On ~081-bearing roc& in Skwentnn T.nllc:. .................... 1% 
on formations of Pentna and I<uskok\vim basins ......... 52 (table) 
on igneous rocks of Rampart region .......................... 152 
on henai formation .......................................... gj 

on mineralization along contacts ........................... 159.160 
............. . .. Schmder. F C on ace of Sunrise and Valdez groups ........................... 

i: I ....................................... ............................... 
on rocky in Skwentna River region Sj 

on fossils of Orca voup on rocks of Kuskohsvim region 56. 7s 
on Mount IVrangell district .............................. 53 (table) on stream terraces ........................................... in 
on peneplains in Alaska ...................................... 132 
on rocks of Chandalnr basin .................................. 00 
on rocks of Prince IVilliam Bound-Copper Hirer district ...... 63 

Schwder. P . C..and SpencW.A . C..on Copper River district . 32 (tal~le). 
5 

on Valdez series .............................................. 62 
Schuchert. Charles. fossils identified by ........................... i8.83 

on graptolites from Dillinger River region .................... i 2  
Schwatka. Frcdcrick. exploration by ............................. 2(i 

on settlements in Tanana Valley ............................. 25 
Stun?. safeguards against ....................................... 14 
Sea otter. slaughter of ............................................ 155 
Seattle. embarkation at .......................................... 1G 

outfitting at  .................................................. 13 
Sedimentation. in Eocene time. description of .................... 130 

in Mount McKinley region. periods of ........................ 114 
Seldovia. temperature at ......................................... 195 
Sequoia langsdorfii. occurrence of ............................... 100. 101 
Seward. outfitting at. for hunting expeditions .................... 214 

temperature at ............................................... 195 
Seward Peninsula. rocks of ...................................... 72. 115 
Sheldon. Charles. work in Kantislma basin ....................... 32 
Shell Ililh. rocks of ............................................ 139. 140 

011 Tanann Valley ............................................ 25 
on Tern Cotta series ......................................... 72 
on Yukon district ............................................ 76 
on 'l'ukon silts ............................................... 110 
work by ..................................................... 49. 50 

. Sprucc Creek . features of and mining operations on ............... 176 
Stanton . T . 7V.. fossils determined by ..................... 87.90.93. 102 

work by ..................................................... 49 
Stanton. T . W.. and Martin. G . C.. on formations of Cook Inlet 

and . 2laska Peninsula ........................... 52 (table) 
' on Kenai formation .......................................... 95 

on Triassic rocks in Alaska Peninsula ........................ 8 j  

Steller. G . IT.. on Bering's voyage ............................... 22 
Stephanoceras. occurrence of ..................................... 67 
Stephens Creek valley. Pleistocene deposits of .................... 109 
Stibnite. occurrence of ................................. lii. 176.179. 182 
Stone. R . IT.. on Kachemak Bay region ......................... lo? 

on Iienai formation .......................................... 94 
Stone. R . TV.. and Moffit. F . H.. work by ........................ 49 
Slrapnrollus. occurrence of ....................................... 78 
Stratigraphic distribution ofmineral deposits. section on ....... 15i-162 
Stratigraphic sequence of events. description of ................ 113-118 
Stratigraphy. discussion of ...................................... 54-111 

Shoes. for exploratory work. description of ....................... ........................................... 1 ........... ...................................... 
table showing 52 (table) 

....................................... ......................................... 
Shore line. of Mount McKinley province. description of 122 Streptelasma. occurrence of 83 
Shore topography. types of 122 Strie. glacial. absence of 127 
Silxrian fur tkaders. investigations of ............................. 23 Strike lines. dominant. directions of .............................. 111 
Silurian system. formations of ............................... 52 (table) . Structural axes. parallelism of ................................... 111 

in Mount McKinley region ................................... 55 . Structure. section on ........................................... 111-113 
............................... rocks of. occurrence of 5 l .5 i .  64. 67. 73 1 Subsidence. in Cretaceous time .................................. 118 

...................................... sedimentation of ............................................. llG / Sunflower Creek. location of 39 
Simpson Pass. altitude of ....................................... 45. 123 1 Sunrise. district around. gbld placers of ......................... 162. 163 

........................... discovery of .................................................. 43 ( temperature and precipitation at 194.195 
............................................. ................................................... fossils near 90 ( Sunrise group. age of 64 

naming of .................................................... 28 / occurrence of ................................................. 61 
............. ........................................ view of. plate showing 86 Susitna lowland province. location and description of 43-46 

.................................... Sixmile Creek. gold placers of ranges encircling ............................................. 43 

162 i .......................................... ................... Skolai Pass. shales of. age and character of 52 (table) Susitna River. course of 25 
.................................... . ................................... Skwentna River. description of 17 delta of. volcanic rocks o L 104 

exploration of ................................................ description of ............................................ 44.122-123 
mute along ................................................... exploration of .............................................. ? i  

............................................ ................................................ terraces along 107 Kenai rocks along 95 
..................................................... ...................................... valley of. exploration of 

49 / ..................................................... ............................................ 
route via 218 

rocks of 138.140. 150 survey of 34 
route through ............................................ 17 tributaries of ................................................. 44 . .................................. . .......... Skmentna group. age and chararter of 52 (table) 5j.fij-8;. 117 / valley of coal deposits in 186. 188 

............................................ correlation and distribution o t. .............................. 86 description of 121 

............................................ mineralization o L ............................................ 159 . exploration in 26. 49 
................................................ occurrence of ................................................. 84 genesis o t  123 

........................................ Slates. description of ............................................. &5 . G i  I gold deposits oL 164-166 
........................................ occurrence of .............................................. 49 . i 5  . 88 gold discovered in 156 

Sleeping bags. character of ....................................... 15 
Sluicing season. length of ........................................ 199 
Smith. G . 0 . See IVilIis. Bailey. and Smith. G . 0 . 
Snow. C . H.. on equipment of expeditions ....................... 14 
Snowfall. amount of ............................................. 195 

monthly. at Chickaloon ...................................... 198 
Snoxv line. elevation of ........................................... 125 

........................................ intrusive rocks in 91 
.................................... lowlands of. survey of 40 

mapping of ............................................... 55 
........................................ Paleozoic rocks of 6%i3 

.................................. Pleistocene deposits of lffi. 10i 
..................................... railway. proposed. in 222 

rocks of .................................................. 51. 65 
................................................ ....................................... Snug Harbor. fossils from 90 j surveys in 29 

shore line near. character of .................................. 44 Susitna slate. description of ...................................... 65 
....................... Sonninia. occurrence of .......................................... 87 Suslota formation. age and character of 52 (table) 

............. . .................. Spencer. h . C.. on age of Sunrise and Valdez groups M Synclinorium of Alaska Ranpe 51.66.68.84.87.111. 118 
on physiographic features of .\laska .......................... 133 of Nutzotin Mountains ....................................... 51 
on relation of ore bodies and intrusive rocks .................. ltiO Syringopora. occurrence of ....................................... 63 



INDEX . 233 

T . Page . 
.................................... Tachatna series. occurrence of 73 

Talkeetna Nountains, batholith of ............................... 53 
description of ................................................ 119 
faulting and folding in ........................................ 112 
geologic structure of .......................................... 50 
glaciers of .................................................... 125 
granites of .................................................... Y ' l  
lava flows in ................................................. 104 
lignite of ..................................................... 95 
location and character of ..................................... 13 
peneplain of .................................................. 132 

Talkeetna River. description of ................................... 123 
location and character of ..................................... 44 

........................................ mouth of, elevation of 221 
rocks along ................................................... G.5 
valley of, formations of ................................... 52 (table) 

mapping of ............................................... 49. 55 
rocks of .................................................. 65 
m e y  in ................................................. 32 

Talkeetna-Matanuska region, post-Eocene lavas of, age of ......... 94 
Tanana. area north of, geology of ................................. 56 

b d i n g  post at ............................................... 25 
.................................... Tanana Flats. coal deposits of 192 

............................................. description of li0-171 
......................... Tanana lowland province, description of 47 

................................................... location of 43 
........................................ Tanana River, crossing of 20 

............................................... description of 47. 124 
exploration of ................................................ 25. 26 
headwater region of. formations of ....................... 52 (table) 
section of rocks along, figure showing ......................... 76 
survey of .................................................... 28 
valley of, agricultural conditions in .......................... 212 

deformation in ........................................... 113 
exploration of ............................................ 49 
flood plains of ............................................ 110 
glaciation in ............................................. 122 
lignite-bearing formation of .............................. 97 
lowland of, description of ................................ 121 

.............................................. mapping of 16 
................................. Pleistocene deposits of 108.109 

route through ............................................ 19 
schists of. character of .................................... 57 

Tanana upland. description of ................................... 120 
Pleistocene deposits of ....................................... 1W 

Tanana Valley Railway. route of ................................. 219 
........................ Tanana schists, age and character of 52 (table) 

name abandoned ............................................. CO 
Tarr, R . S., on rocks of Yakutat Bay region ...................... fi? 

on peneplains in Yakutat Bay region ........................ 13" 
............. Tatina group, age and character of 52 (table), 55. GG. i2.115 

anticlinal fold in, plate showing .............................. i 0  
correlation of ................................................. i ?  
deformation of ............................................... 70 
description of ................................................ 69-ii 
distribution of ............................................... 70 
folds in, diagrams showing ................................... 71 
mineralization of ............................................. 154 
section of, figures showing .................................... 71. 77 
thickness of .................................................. 7 1  

Tatina River. section along, figure showing ...................... 71 
valley of. rocks in ............................................ I% 

view of . plate showing ................................... 46 
Tatlanib Creek. features of and mining operations on ............ 173 
Tatlathna River. location of ..................................... 21) 

Taxodium distichum miocenum. occurrence of ................... 1W 
tinajorum. occurrence of .................................... 99-101 

Taylor, William. ascent of Mount JlcKinley by .................. 31 
Tchigmit Mountains, name and location of ....................... 21 
Tebenkoff, Zchael. on Eiachemak Bay .......................... 2 
Telegraph lines, military. routes of ............................... "9 
Teiida, location of ................................................ 29 
Temperamre, records of. at Chickaloon ......................... 196198 

records of. in Cook Inlet region ............................... 194 
of expedition ........................................... ? W 0 1  

..................... Tennally, native name for Mount McKinley 22 
............................................. Tents, description of 15 

.................................. Terra Cotta series. correlation of 72 
.......................................... series, occurrence of 7 2  

Page . 
................................... Terrace gravels, occurrence of 10.5-106 
..................................... sectio~i of. figure showing 109 

................................ . Terraces along the Tanana River 4 i  
...................................... character and origin of 127-128 
....................................... in Cook Inlet province 44 

............................................. in Happy Valley l"i 
.................................... in Kichatna Valley ... .... 127 

........................................... in Susitna lowland 44.45 
.............................................. stream origin of 1?8 

. See also Gravel terraces; Gravels; Pleistocene 
....................................... Tertiary system, coals of 184-193 

description of ............................................... 94-104 
formations of ............................................ 52 (table) 

distribution of ........................................... 51. 54 
in Mount McKinley region ................................... 55 
sediments of. subdivisions of ................................. 94 
volcanic rocks of, distribution of ............................. 104 

Tetelna volcanic rocks, age and character of .............. 52 (table), 82 
Thompson, TV . E., on the ascent of Mount McKinley ............. 31 
Tidal flats. occurrence of ......................................... 122 
Timber. character and occurrence of ............................ 202-2G 

destruction of ................................................ 21% 
distribution of ................................................ ?OG 

map showing ............................................. 107 
of Zchatna Valley, plate showing ........................... 202 

. See also Forests 
Time, computation of, example of ................................ 36 

control of ..................................................... 42 
Tokichitna Glacier, route to ...................................... 39 
Tokichitna River, glaciers near ................................... 125 

lowland of, exploration of ............................... , ..... 27 
'Poklac Butte. observations at .................................... 34 
Toklat River, Iienai beds of ...................................... 98 

route of travel east of ......................................... 87 
West Fork of, section on ..................................... i 9  

Tolovana River. description of ................................... 124 
lowland of. description of ..................................... 20 
route along ................................................... 20 
valley of, location of .......................................... 67 

Pleistocene deposits of .................................... 109 
rocks of ................................................... 140 

Tonzona group. age and character of .................. 52 (table), 55. l l G  
description of ................................................. 73-77 
distribution of ................................................ 73-74 
mineralization of ............................................. 158 
occurrence of ................................................. 6.1. 66 
section of. figures showing ................................. 74.76. i 7  
structure and thickness ...................................... 75-76 

Tonzona River, valley of. roclcs of ................................ 77 
valley of. section in, description of ............................ 74 

view of. plate showing .................................... 120 
Tools provided, description of .................................... 15 
Topopphic map; data for ....................................... 34 
Topographic provinces. section on ................................ 4 3 4 8  
Topographic suney, character of ................................. 40 

control for .................................................... 31 
instruments for ............................................... 15 
report on ..................................................... 32-39 
section on ................................................... 3 2 4 2  

Topographic methods used ....................................... 34 
Topography. discordance of interpretations of .................. 132-133 . genesis of dkussion of. .................................... 125-136 

glaciated. occurrence and character of ........................ 128 
near Cook Inlet ............................................... 16 
of Kuslrokwim Valley ........................................ 18-19 
of Tolorana Valley .......................................... 20 
plate showing ................................................ 42 

Tordrillo formation. age and character of .............. 52 (table). 55.90 
correlation of ................................................. 72. 90 
description of ................................................. Si-90 
distribution of ............................................... 88 

. ....................... folding and faulting in figures shoTing 89 
jointing in. ficure showing ................................... 69 
mineralization of ............................................. I59 
occurrence of ................................................. 1j7 . ~4 
section in. iigure showing .................................... 90 

. ............................... 1 Tordrillo Uountains description of 45 
. ................................................. 1 Tortella visit to 20 

. ' See also Senana 



234 INDEX. 

Page. i 
Totntlanilra Creek, features of mining operationson.. ............ 172 ; TVar Department, expeditio 

...................... Traicyka. native name for Mount 31cKinley 22 1 TVatson. Frank, meteorologi 
........................... Transportation, present conditions of 2ih-219 ' n'eapons, cl~aracrer o 

................................ Travel on glaciers, conditions for. 126 Weather, character o 
..................................... Traverse work, methods of.. 21-22 records of. kept 11 

................... Triassic system, deposition of,  description of.. 116 , TTellesley formation. age and c 
........................................ formations of.. 32 (table) correlation xr-i 

rocks of. occurrence of.. ................................... 51.li4.85 Wells, E. 13.. exp 
Trigonia, occurrence of.. ......................................... 6 i  Wells, Frank. copper- >ear~n 
Troublesome Creek. location of.. ................................. 1S3 I West Fork of Tolilat River, 
T s d a k a  Creek, fossil plants from.. ............................ 100-101 / TVhite, David. 

. Tuff, occurrence of.. ............................................. 11 1 White population. distril~ut 
Tumagain Aml, charting of.. .................................... 2:i ' White River headwater re$ ................ 

................................... location and character of.. 44 , TV~ckersharn. J I@:- I>? .............. 
.............. nletamorphic rocks along ..................................... b l  IT-illis. Bailey. and Smith. G .  O., on P u g e ~  proup.. 

............................. pass from, to Portage Bay .................................... 44 , Willon- Creek, auriferous schists of.. 
region of, gold placers of.. ................................... 1 . region 01, gold discovered in ................................. 
shore topography of .......................................... 122 . gold deposits of.. ...................................... 

coal from, analyses of.. ...................................... 
Eocene beds a t ,  section of, figure showing.. .................. 95 Wood River basin. IGenai rocks in.. ......................... 

temperature and precipitation at.. ......................... 194.195 

U. 
1)odies and intrusi 

Ulrich, E.  O., fossils determined by.. ............................ 73 
on Jurmsic fossils.. .......................................... 63 

Unga Island, volcanic r o c b  of, age of.. .......................... 159 1 

Upper Cretaceous series, formations of.. .................. 52 (tab1 

...................................... gold deposits of.. 1 
.................................... 

T: . gold discovered in.. 
.................................... 

Valdez, datum at.. 33 
Kenai formation in.. .............................................. 

Valdez Creek, description of.. .................................... 1 G i  
mining district of, description of.. ........................... 168 

gold discovered in.. 156 , ...................................... 
region of, report on.. ....................................... 107-11jg 
routeto ..................................................... 107 

Valdezseries, age, character, and occurrenceof.. ........ 52 (table), 62,c.f 
Vallej7s. glaciation of.. 126 

............................................... survey of. ........................................... ........................... in Alaska Range, character of.. upper basin of, topography of. .............................. .................................... ..................... in Yukon-Tmana upland, character of.. '2 Tentna beds, occurrence of.. 
.................... Van Schoonhoven, George, exploration hy Tukdn Rircr, region of, coal fields of.. ....................... ................ ............................ Vancourer, George, exploration by.. region of, Cretaceous rocks of, occurrence of.. 

.................................... line connecting.. peneplains of.. 120.121, ............................................. 
plateau of, description of.. ............................... 

in Mount McKinley region, periods of.. ...................... 
..................................... T.'olcano on Au@~stine islet.. 

V o l b a r  River, of.. ................................. 
VonC m. W.,workof ..................................... 

11'. 
Wagner Creek, mining on.. ...................................... 
IValcott, C. D., on Nount McKinley expedition.. ................ 

0 


