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9 OEOUWfY OF THE YOBK TIN DEPQSITS, AUSKA. 

&ved from Messrs. A S. Grahsrn, Gmrp Mahla. nnd Ton] 
Petersen. 

Ackno.wledpents are also due to M m s .  G. C. Martin, Edmin 
Kirk, and E, 9, Larsen, of the Unitt-d States Geological Sarvep. 

The York tin region is the most westerly portion of the North 
American continent, extend in^ within 60 mi1w of the coast of Asia. 
(,See fig. I.) It lies about 40 miles south of the Arctic circle. The * 

- 

n o a M -- n Y~D 

F10Olll 1.--0utllne map of %ward Peninmula nhonhs Iomtloa of Pork regl6n, 

M i c  Oman hunds it on the north, Bering Sea on the south, and 
Bering Strait on the weat. This region is a part of Sewarrd Penin- 
sula, the westerly projection of Alaska. w 

The area bas the form of r trisngle whose baee extends frqn Teller 
northward to Ear Aiountsin ant1 whose apex is formed by Cape Prince 
of Wales. It includes a b u t  GoO square miles lying about 1013 miles 
northwest of Nome. the Inrgest town and distributing point for all of - 
S w a r d  Peninsula. 

TOPOaBAFX5r* 

Three topographic t-pes predominate-the mountain type, rep- 
resented by York, Cape, and Ear mopntains; the plateau type, repre- 



sgnted by the slate ama btween the York .end Cape mouahbs and 
by a me terrace fronting Bering Sea between Hanauguk and Don 
rivers; and the cobtd-plain t y p ,  represented m the Amtic coast 
and on the Bering mast north of Port Clarence. In addition to these 
m a g h  considered the present keachas. (See P1. I.) 

The Pork Mountains constitute the p a t e s t  upland arsa of the 
region. They are steep and mgged and rise from the co& to  gen- 
eral altitudes of 2,W to 2,500 feet, The altitude of Brooks Moun- 
tain, the b i g k t  of the group, is 2,900 feet. The trend of the ran@ 
is east-northeast. On the north the mountains slope gradually sea- 
ward and are represented in the broad tundra plain of tha Arctic 
coast by rounded hilla a few hundred feet above the see. On the 
south, where they abut upon the Bering mast, they terminate in a 
sea cliff 400 to 6 0  fwt high, capped by a terrace 1 to 4 miles in 
width. To the east the mountains recede from the mast, and cliffs 

y ~ d  tarraee are lost in the valleys of Don and California rivers, 
which, ;for 6 miles above their mouths, flow across a tundra plain. 
Sortheast and east of California River the rugged, sharp-crested 
ridges of the main mountain rnassl gradually give way to more 
rounded hills that have an altitude slightly more than 1,000 feet. 
On the west the York Mountains give way abruptly to the Yark 

Plateau. Themplateau area is a rolling tundra-covered plein with 
an aver&@ relief of to 60fl feet. Potato Mountain, et  its northern 
extremity, is the only notable prominence and has an altitude-of 
1,m feet. 

The western extremity of the mrsa is marked by the isolaM mass 
of C a p  Mountain, which rises abruptly from the water's edge to ton 
altitude of 2950 .feet. 

Ear Monntnin is an isolated butte in the northeast corner of the 
area, separated from tkc! outlying ridps of the York Mountains by 
20 miles sf. tundra-covered plsirr. 

The coastal marsh and tupdra plain bordering the Arctic c m d  
r a n w  from 2 to 10 miles in width, and the tundra extends np some 
of the larger stream valleys 20 miles or mom. The marsh is char- 
acterized by duggish meandering streasla end numerous lakes. On 
%ring Sea the coastal mash m u m  only within the sheIter of Pert 
Clarence;, where it covers a trianplar area af about 70 square miles. 
It is bordered by a shdlom l a w n  impounded I y  n barrier beach, 
which extends for 12 miles along $he Bering (Scc figg 2.) 

I1EAIXAI)E. 

Probably two-thirds of the area is drained northward into Zopp 
LQgoon. The streams are numerous and of no great size. The 

?C?.llkr, A. J., Tbfi tin depmitn ot the York reglon, Alaska: U. %. WI. 8umy Burl. 
229. gl. a. isoc 
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4 GEOLOGY OF TEE YORK TlH DEPOSITS, ALASKA. 

In~ge& stream8 are easily forded, &en at  their mouth, and the many 
tributaries that dissect the mountains, pl~teans, and tarraw are but 
a few feet in width and in depth. 
In the higbnr hills of the York Mountains the streams flow through 

. V-shaped vaUep. The smaller stream v d e p  are almost without 
bottom lands, and the walk are steep talus ;glopep, which give to the 
valleys canyon-like characteristics. The larger s t m r n g ,  such as Last 4 
River, have developed vnPley bottoms half a mile or mom in width, 
and their confining hills are less precipitous rand are interrupted at  
short intervals by well-developed tributary vaIlep. -. 
In the York Plateau, in t h  lower hills that extend northward and ' 

eastward from the main mass of the York Mountains, and in hlated  
date areas throughout the region, the streams flow through valleys 
of mild relief and in general have well-developed lowlands. 

Where the streams enter the mstal-plain area and flow through 
tundra marsh, their currents are sluggish and their course me* 
dering. 

glonlu 2.- of the coad from Cape York to C n g ~  Pr1ncf 011 WLIC* hlneka. 

In the areas not covered by tundra most of the rainfall disappears 
immediately rn m-d, owing ta the steep slopes, the frozen condi- 
tion of the ground at  no great depth, and the total absence of vege- 
tation. Ia the areas covered by tundra the run-off is retarded, as if 
held by a sponge, and supplied gradually to the stream. 

Gullies and ravines are the sites for the accumulation of ice and 
of much of the winter's.snowfal1, which ia swept from the lowlands 
and ridges by the high winds that prevail throughout the region. 
In the spring most of the snow and ice disappears from the Iowl~nds 
and expmd ridges and snppliw water for t.he usual spring run-of?, 
to which the placer miner looks forward. 

Isolated masses of ice and snow persist in the sheltered ravines into 
and even throughout the summer. They furnish a constant source 
of supply to the streams, but in fly s m n a  the miner often finds ' 

them insufficient. 
CLIXATE. 

The climate of the region is arctic and is, controIled largely by the 
Arctic Ocean and Bering Sm. High winds from the north or south 
are the rule, and fog and rain prevail in the'mmmer. 'X'h8 preeipih- 
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.! tion ia probsbly not great. St. Michael, at the mouth of the Yukon, 
X the nearest recordwig station, has an annual pwipitation of 18 inches 

, '' and s season of 125 days during which min falls. The precipitation 
., of the York region'is pmbably a little more and the season &&er- 

a4 inches and 100 d a p  might more nearly express it. 
The wh&mf@re severe and snows often heavy. Tmperetum of 

-SO0 F, &re frequently recorded. 
,B&g Sea is frozen from November to  June, when the ios pack 

drifts northward through Ithe straits and navigation opens. Inclosed 
.. waters, creeks, and ditches may be expected to freeze up in October -- . and to open in May. 

The mmrnem are short. Freezing temperatures are prwdent at  
, same hour ,of the day except for three or, four week in July and 

A u w  The days from July to mid-September are not unmmfort- 
: - '  ably cold t o  one dressed in woolens. During July and August the 

Famperrstura is above freezing sufficiently to give the creek and pond 
waters a temperature of 40"-50° F. 

Snow caps the higher hills until late in July, and many of the 
gullies am never h a  from snow and iee the year around. 

, , Tb m~on%01idated materials (muck, gravel, etc.) underlying the 
e d r a  a m  hmn solid the year around and mast be thawed before 
they can. be mined. Such frozen masm may include 60 feet, or more 
df material, as on the Nome flats, in the southern part of: the penin- 
&. Again, a tundra-mered surfme 50 feet from the bedrock may 
be underlain by 40 feet or more of ice with only a few feet of earth. 

. Peat is a common constituent of such a mction and as a rule irmnedi- 
ahly underlies the tundra for a thickness of 1 to  3 feet. The atream 
p w l s  are f r m n  to a depth of mmrd feet in winter, but are thawsd 
by c irc&hg wahw in  the-open mason. 

Rack weathering in the York region is caused chiefly by solution 
and fmt &&ion, of which the latter is by far the more effective. In 

.? so cold r climate mlution is much less vigorons than in warn, moist 
regions. It is checked directly by the low temperatures and to a 
greater extent indirectly by the limitation which the low tempsra- 

i tsres in turn place upon the duration and depth of the. underground 
' water ckdation. Low temperature does not decrease the aoIubiIity 

of certain substan- in wahr. Calcium carbonate, for example, is 
.. more soluble in cold carbon &oxide bearing waters than in warm. 

That solution has taken place in this region is evinmd by gossttns, 
the occurrence of hard stream wafers in the lim-ne awes, the de- 
velopment of &dual clays on limestones, and the occasional deposi- 
tion of limonite in tundra poola. 1: ' .  , 
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The checking of the llndergsound water dow is most pronounced 
under low tuadrwovered a r e a  In the rugged portions of the dats 
and limwtone m a s  underground circulation penstmtes to consider- 
mble depth, ceushg the pemnnial flow of springs and streams and 
the development of p a n s  85 feet or mom deep. It is more 
Pigomus in limestone areas than in those underlain by elam. Slate 
areas are sufficiently impervious to make the transmision of water 
in open ditches along hillsidm la succesa, 'but similar undertakings 
in the l ~ e s t o ~  areas of the York region failed because of the 
pmeability of the rock. 

Rut even the rugged area probably have mme deep, frozen p o d  
that retards c h l a t i a n .  The fomiation of ice in summer at the enend 
of adit No, 3 on Cassiterite Creek at a depth of 260 feet belaw the 
surface and 61 feet above the creek indicates that the h m m t u r e  
underground in this hilly limestone area is low enough to caum the 
fornation of ice w11ere~e-r the circulation is not sufficiently vigamus 
to  cause thawing. That vigor of circulation is a vital factor jn thaw- 
ing is shown by the practical SUCCESS of a method of thawing placer 
ground by forcing cold water into it. The existence of deep frozen 
ground in the limestons area may also be a, cause for the repid 
swelling of the streams in response t.41 even light showam. A very 
high percentqp of run-ofl is also charactsristic of the tundra-covered 
slate country, but here it i s  Eo be expceted because of the saturation 
of the surface materials. On the other hand, the quick response of 
streams of the limestone area is surprising in view of the porom 
character of the surface deposits. 

The undergronnd waters in the slate areas are probably more active 
ehemicalIy because of the p a t  and tundra through which they pass, 
but the waters of the limestone areas accomplish more solution becaum 
of their more vigorous circulation and the p h r  solubility of tha 
limestone. Stream waters of the limestone weas am hard ; those of the 
slate areas are generally soft. 

Frost action consish mainly in the expansion of freezing water 
held in the porn and cracks of rocks. This expansion h d s  to reduce 
all outcrops to s mass of broken rmk of all sizes down to rnmute 
grains. Outcrops are therefore rare except where the removal of the 
broken rock is more rapid than its formation, as along cliffs and 
stream channels. The expansion of ice when the temperature rises 
also contributes to the bwaklng up of rocks, but a rise of 1" in the 
temperature of ice mu- sn expansion only about 0.006 per cent of that 
due to the change from water to ice. 
The conditions m& hvorable; far frost action are southerly ex+ 

sum, barren surfaces, and a highly fractured rmk. It is most 
effective in spring and autumn, because them masons have the greatest 
frequency of alternate freezing and thawing. Limestone mdam are 

, . 







large eraelm turite inta a moghly hexagonal pattern. The'blalo'~ 
between the c r d m  are m a U y  five, four, or three sided or even cir- ' 
eular. Xot uncommonly they sm perfectly hexagonal. The diame- \ 
ter of the largs bloc& ave- abut  6 to 8 feet and rarely exceeds 10 
feet (fig, 3). Commonly a miniature frost-crack pattern is shown 
on the blocks lmtween the large cracks. The width of the blocks 

m 
in this minor network is eommonly from 4 to 6 inches, h 

The large pattern presents two extreme pbasea In one the k k e  
are empty or n w l y  empty and gaping. In the other the cracks - we- filled with angular and rounded rocks 1 foot or l e ~ s  in &am-, - 
which rise as ridges a h  the adjacent blocks, in some'places to a* 
height of 2 feet. The crack are thus marked by ridges of loose rock 

The rocks in many of the eracb are 
not dl limestones but include granites1 
porphyries-& fact all the mks tmns- 

' 

parted over the surface on which they 
OWUT. 

The history of the fpost-crack pattern 
ia interpreted as follows : The wet clap 
freeze, and as the tempemture falls 
linear conhction of the ica tends to  
take place at tha mte of a b u t  1/36,000 
for each degree Fahrenheit A b ~ r  of 

FlAN ice 8 f set long, far example, would tend 
to contract about 0.2 inch if its tempera- 
ture was r e d u d  from 320 F. to -SO0. 
If the ice is not free to move, tensile 
stresses are set up which, when they 

. exceed the tensile sbrength, muw crack 
o 5 , ,,, An interning unsolved m n d q  p ~ b -  

I 

FIowa 8.-Fmutwck pttern,  
lem is why two frost-mck patterns am 
deaeJoped, the Iarge and the smdl. T h e  

gaping, wedge-shaped form of the cracks may be duo to the fact that 
the clays auffex l e e  reduction in temperature ~t depth and hence 
contract less, and also to  the fact that the surfme materials have a 
lower tensile strength. It is probable, too, that the wedge shape is 
accentuated by a later freezing of watbr in the cracks * 

C 

When the spring thaws begin water fills mme of the cracks and, 
on freezing, expands and knds to widen and prwxm the cracks. 
This is also liable to happen in autnmn. Season after season this - 
process is repeated and tends to preserve and in- the size of 
the openinga 
Over nearly all rmrfaoss of this region rock d&& is m e  

downhill. The 'occasioml vigorous rains may can% some of this eb4- 
--. movemen4 but the large size of some of the particles of the daris / 

,.'? 



suggests that slow forms of creep are more important. Rains ade- 
qu~b  to move materials of tly size seen on some of these gentle 
s l o p  did not f d  in 1918. A slow motion of bonlders may perh~ps 
~.esult from the change in their center of gravity produced by the 
upward heave of freezing water under them, which may c a m  them 
to move slightly downhill. Boulders in their transit over the 

f surfam fall into the frost cracks and fiIl them. The suggmtion that 
the boulders may get into the cracks in other ways, such 8s by 
frost heaving them up from ledges or boulder be& Mow, will not 

4 m e  as a complete expIanation, for they o m r  in places where 
- underlying hulder beds are nonexistent or highly improbable. 

The materid thrtt 6lIs some cracks, comprising severd kinds of 
limestone, granite, and porphyry, could not have come from under- 
lying leap.  

The upheaval of the boulders Iying in, the frost cracke into r i d p  
that rise above the adjacent surface ia believed to be due ts the 
upward shove of ice that formed in the crack% Ice expands as 

: rapidIy when the temperature rims as it contracts when the tempera- 
tare falls. Such expansion would be relieved chiefly by upward 
movement, for the opportunity for lateral relief would be very 
slight, and resistance from below would prevent expansion 
downward. 

VEQETATXOXQ AXD 

The only timber available for construction in this region is drift- 
wood deposited on the beach in time of storm, Locally, in some of the 
stmam valleps, a scanty p w t h  of scmb wfllows, ordinariIy but a 
few feat high, is avail~ble for use as fud. It is an uncertain and 
unsatisfactory fuel at best and to  be recommended only as a last 
resort. 
Mod of the larger dream valleys and the coasts1 plairia durd  

which is suitable for lgrazing during the short wmmer season 
of ,July and August. The p i t  fields of tundra h i s h  an ebm- 
dant supply of mass that is well adapted to the nee& of reindeer, 
but of littla d u e  to other stock. 

The higher hills of the York, Ear9 Potdo, and Cape. momtab 
are almost bs-man of vegetable growth, aflording neither timhr 
for fuel nor grass for grazing. In general, the York Mountains 
propar and the lower limemne hills exten* chard from them 

- sre the most destitute of willows and prtss. The slate arew usually 
C 

afford a considerable supply of both. 
Land animals were once plentiful in the area, ptarmigan, snipe, 

plove~, curlew, rabbita, and a few bear furnishing praspectors with 
an abundance of meat, but. within recent years their numberslave 
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been greatly dnced .  Rabbita have practically disappeared, md a 
few small flocks of ptarmigan, with w occasional fox or bear, alone 
remain. Sea fowl, including geese, ducks, sandhill cranes, and 
swans, are plentihl, especially along the coast. 

The dreams, with the exception of mme of those flowing through 
the heart of the York Mountains, which contain scarcely any vega- 
tnb1e life, are fairly well stocked with grayling and trout, A 

Geological Survey parties working in the region haas found it 
necesamy to earry horse feed and advisable ta carry oil for fuel. 

ACCESSTBILIT'P. 

During the open season, from June to November, one steamship 
line maintains rather erratic schedule between Seattle and the 
ports of Seward Peninsula. Nome is as far north as the pasryeqpr 
sewice extends, but between July 1 and Sepkmber 30 freighters 
are occasionally sent through the straits to Arctic ports. The 
freighters touch at Teller and also discharge cargo at p ints  on the 
muth coat of the York district, the freight being transferred from 
the boats to &ore on lighters sent out from Teller. Except for 
them freighters, communication between Nome and the York region 
is maint~ined by small coastwise gas schooners of 20 to 50 Itom 
burden. This navigation opens: about the middle of June and con- 
tinues until late in October, One schooner licensed to carq  mail 
maintains rs two-week schedule, ag nearly as the weather conditions 
permit, between Nome and Arctic points, carrying psseengers and 
freight and stopping nt wveral c o ~ t  points on signal if the winds 
and fog am favorable. Other schooners also carry freight and pas- 
aengrs but make no pretense at maintaining a ~dtednle. 

I'oints on the Arctic c o ~ t  of the York district are not easily ac- 
cessible by b o ~ t  owing to the shallow lagoons impounded behind 
barrier bemhes which extend along the shoce and which are in turn 
bordered by extensive tundra marshes. Freight landed at mch 
points as Shishmaref Inlet must be li~htered in shallow-draft boats 
from the coastwise schooners to the shore and up the tmtuous stream 
channels of the tundra flats to solid ground, where it can be pickid 
np by teams. /r 

4 
EbRBOE. 

Port Clamnee, about 40 miles eagf of Cape Prince of Wdes, is 
the o d y  harbor that affords adequate protaction to coastwim whoon- - 
ers plying between Nome end the crrpe. From Port Clarence west- 
ward the const is treacherous and subject to frequent atorms. Land- 
ings are not attempted except in favorable weather. Much lass of 
time, hardship, and uncert~inty of coast boat service are occasioned 
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by the inadequate harbor faci l i t ia The Arctic coast of the area 
has no harbors. - 

During the winter communication beheen Xome a d  Teller is 
effected by the overIand route by means of dog asd dedge. A 10- 

5 day mail service is maintained. The overland trail used in the 
apPn magon follows the coast from Nome westward to Tisuk River, 
up the. Tisuk and across the divide to Bluestone River, down the 
Bluesbne to Right Fork, and thence by a direct course oper tundra- 

$br. covsretl hilIs to Teller. The trails are Gerywhere passable to horse 
and wagon, although they do not afford an easy haul. Pack trains 
experience no serious difficulty. Sinuk River is crossed on a Gov- 
arrunent ferry; all other streams are fordable. There are madhouses 
affording accommodations on the trail at SSinuk and'Gold Run. A 
ihelter cabin b ~ s  been constructed by the road commission st the 
mouth of the Tisuk. The journey of about 85 miles is readily made 
in four days' travel. 

From the smd spit north of the entrance to Grantley Harbor all 
the known mineral deposits of the region can be reached by light 
@ma Where the trails cross the tundra, however, travel is diffi- 
cult in the most favorable masons and almost impossible during wet 
seasons, Pack trains have been found by Geological Survey parties 
to furnish the k t  means af transportation if it is desired to reach 
all points under adverse climatic conditions. Y 

A trail leads westward along the beach past Teller Mission to the 
mouth of h s t  River, a. distance of about 27 miles. Don and Cali- 
fornia Rivers, which are crossed on the way, are easily forded, and 
the trail as a whole is adapted to a terrm and light loads. Continu- 
ing up Lost River for 7 miles is R good wagon road leading to the 
Camitmite C m k  tin mine. A trail leads from the month of Cassit- 
erite Creek across the Lost and Mint rivers divide into the Brooks 
Mountain countrp, s distance of 7 miles. Teams can c m  by this 
roltte to rewh Potato Motrntain from Brooks Momh.in, a distance of 
28 miles. An easy k ~ i 1  IeacIs from the Mint, River valley into the' 
valley of Skmkun Creek. down S h h  Creek to h u s e  Creek. 

a and thence up Grouse Creek to Buck Gmk and up Buck Creek to 
d, 

Potato Mountain. A gmd wagon road runs from Buck C q k  to 
York, s distance of 17 miles. York may be m h e d  from the mouth 
of Last River by way of a trail up Rapid River, across the divide 
to the Kenauguk, down the Kanauguk to the point where it turns 
abruptly south, thence along the telephone line =across the tundra 
westward into the Anikovik Vallep, and down the Anikovik to Tork, 
a distance of 22 miles. This trail is poor most of the way and 
adapted only to very light lorads. Cape Mountain G easily reached 
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from York by a trail, which folllam the beach the entire distsnm of 
12 miles. In geneml, the  allays of the mnthward-flowing stre- 
Don and California rivem, T a r  Creek, Lost and Ttapid riv- 
ers, Cassih~ite Creek, Ranauguk and b i l t o v i k  rive-are readily 
trevemd. So aIso are the upper reaches of the northward-flowing 
streams, but ag they leave the mountains they flow through wide 
vaueys and over flat tundra plains md coastal marshes, which offer 
serious impediments t o  tmvel. 

Ear Mountain, an isolated mass in the northeastern part of the 
area, is about 50 miles from Teller, It i reached by trail from 
Teller leading up Bay Creek, acrofls the divide into the Agiapnk 
basin, across the Agiapuk end northward into its upper valley, up 
its headwaters- to t h e  Fduk divide, down the Nululr to  Enat Branch, 
up East Branch to its head, thence on to a tundra plain which ex- 
tends to the base of Ear Mountain, W miles distant. The laat 20 
miles of this trail offers aome difficulties in wet seasons but has been 
traveled with a light wagon. 

, Tin City, at the base of Cttpe Mountain, and York, at the mouth of* 
Anikovik River, have been cenhrs of population in this region. 
Tin City is now deserted, and ita revival ia dependent upon the 
~enewal of work on the Cape Mountain lode prospects. York, once 
a flourishing tent town, now consists of half a dozen ctlbins and i 
permanently inhabited by one family of three persons. A repre- 
zsentative of the Bureau of Education at 'the Cape Miasion and a 
missionary family at TeUer Mimion are the only other permanent 
white inhabitants of the region. Winter pmqecting is csrried on 
from year to ya r  and sagages possibly an additional 15 white men. 
During the summer mining season probably 50 or 8 men are em- 
ployd in the p I m  nnd lode minea The Esltimo population, which 
centers at Cape Prince of Wslw and Teller missions, numbem prob- 
ably 500. 

Teller, on the south shore of Grantley Harbor, on the aand pit 
separating Gmtlrq Harbor *,Port Clarenoe, is the local post 
offim and supply center for the Pork district. It contain8 two gm- 
era1 stores and road h o w  and haa n population of a b u t  80 whites. 
A lighterage company which transfers freight to points aloug the 
Bering coast a d  to points along the inlltnd waters of Grantley 
Harbor, Tukpuk.Channe1, and Irnuruk Basin as far ease as David- 
gonk landing, mainbins a freight and passenger ferry acroa Grant- 
ley Harbor. , 

A telephone h e ,  which for a time connected Tin City with Name 
by way of York and Teller, was put out of commission by stam 



in 1913. Regtoration of the line would be a comparatively simple 
mattar, as many of the poles and much of the wire are still available. 

Mining, reindeer herding, and fishing are the principal indudria 
F: of the area. 

Gold is mined by placer methods in the c& thg~t flow into 
Grantley Hmbor ju& east of the area and was formerly mined in 
the vicinity of York. The tin placers of Buck Creek are the most 

4 ,  productive mines a£ the region. Work is in prop- on the lode-tin 
deposit af C&tmib Creek and promises future pfduction. 

Sevaral thousand reindeer, some of which are owfled by natives, 
but most of which are mntmlIed by outside interests, are g-rwd 
thraughonf the regioa 
Jn the m e r  some fishing is done along the coast for salmon 

~bnd white whale and in the inland waters for herring. 
Walrus, seal, and polar bear ,rare hunted by the nativea during 

the winter. Some trapping is done. T h e  total returner from fish- 
ing, bunting, and trappining are small compared with thorn obtained 
in other pa& of the peninsula. 

'She fuel problem of the area is a, serious one. For generating 
power m d e  oil, distihte, and gasoline are in gmeril use. Coal 
is used for heding, but the consumption is limited by the oast. coal 
delivered at many localities in this area in 1918 cost $60 .or more a 
ton. All fuel ia imported, chiefly from Seattle. 

Rim to  the discovery of gold at Cape Name very little w w  known 
of the York re&on. A mksion had bean established for a number 
of years at Cape Nome, where one of the Government reindeer herds 
was maintained. After the first rush to Nome, prospettors rapidly 
extended their march to to p a h  of the penimla, and aa early as the 
fall of 1809 stme placer gold had been found in the Anikovik basin.% 
In September, 1!MO, A. H. Brooks, during his investigation of the 

southern part of Beward Peninsula, spent 10 days in the York region 

L& and made the first topographic and geologic map of it? At this time 
them was little gold plttcer mining in the York region. The miners 
were much disturbed by some h e a e  m i n e d  which clogged the 

ct, sluice boxes. A pmt of this heavy cancentrate, f ram. h ikov i  k River 
and Buhner Creek, one of its tributaries, groved to  be stretam tin. 
Upon his return, Brooks published a brief noten calling attention 

Brook& A. A., and Bchradpr, F. C.. Prel tminary report on the Cape Nome gold regton, 
Algeaa, with mapa and IUu~Watlwr: U. F1. &0l. Survey Spec. hb., pp, 26-2B, 1000. 
' f dm. 

gclence, new wr*, wl. IS ,  p. 883, 1901. 
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to this new lomlity for stream tin. Copies of this note were m a w  
to  a11 the prospectors in the district, so that they might have early 
howledge of the discovev. The discovery was also given con- 
siderable publicity by the press, and the first steamers going 
north in the Hummer of 1W1 carried a number of men who were 
bound fur York to search for tin. 
In 1901 A, J. Collier undertook the geologic mapping of the north- 4 

western part of Sewitrd Peninsula. He accompanied T. Q. Qerdine, 
in charge of party, who was engaged in making a topoeaphic survey 
df the same area. Collier made some examinations of the occur+ -.. 
rence of tin. His geologic map cornred the esmtid features of the 
region, and hm been but little modified by later work. In the later 
part af the season tt great many prospectors searched the York region 
for tin, and before winter they had located promising deposits of 
stream tin on Bwk Creek, a tributary of Mint River, about a0 miles 
north of Pork7 
In IN32 the sserch was continued and the first.rea1 attempt to mine 

tin-bearing p o e l s  was made. l ' h e  nature of this occurrence and 
the mining conditions which existed there at that time have been 
described by R i ~ k a r d . ~  
In 1903 Collier and Hess were engaged in a study of the geoIogy 

.and mineral resources of the southern part of Sewad Peninsula.* 
In the course of this work they reached Teller, on Port Clarence, and 
here met Crum, Randt, and O'Brien', three prospectars who had heen 
searching for tin. They had about a bnshel of samples of BUPPOEWU 
tin ore. This material was examined by Collier, who found only 
one piece of rock that looked as if it might contain assiterite. With 
an improvised blow pipe and candle Collier determined the mineral as 
mssite~ts, It came from ttn. angular fragment of float rock. Collier 
dwidd that #e occurrenca was important enough t o  warrant a 
special emmination of the locality. H e  therefore awmpanied tbe 
three prospectom to Lad River, where they p i n M  out the locality 
from which the specimen had been derived. Collier diecovered the 
tin-bearing ledge, which the three prospectors staked under the name 
Cadterih h d a  Collier wur therefore the discoverer of lode tin 
in the York district, though prior to this time some alleged tin ore I- 

had been found at C a p  Mountain, most of which on t& proved to be *& 

a tourmaline granite. Later' some lode tin mas found a t  Cape 
Mountain. 

% 

Vcdlier, & J., BoconnaZasance o l  the northwmt%m portion at Ward Peninanla. 
dl-: U. 8. Gaol. #urw Pmf. Paper 2. 1902. 

7 CDllier, S., !Ma depoaita of the Xork region. Alauka : U, 6. -1. 8uwey Bull 22% 
g, 11, 1904. 

aBMard, m, TLn depomlta of the York region, Almka: Eng. and Mln. Jour., wl. 
16, gg. 30-31, 1903. 

? Colller, A. J., Recent developments of AWeka tin deposits: U. 1. Gwl, 8umw Bull. 
zss, lWS. 
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ln 1904 Collier, on returning from the Cnpe Lisbnrne ma1 fields, 
spent a few days noting the progress of development in opening the 
tin deposits.1° Hess " fully clescribed the later developments in 1905. 
No member of the &olo~icaI Survey visited the region in 1906, but 
in 1907 Knopf spent an entire senson in examining in detail the tin 
deposjts and general geology of the region, All the localities where 

C prospecting was in progrew including Ear Mountsin, mere visited, 
and the minemlogy and pelrology of the region thoroughly in- 

. v&ipted.lf 
I 

HA 
In 1910 Kindlem studied the stratigraphy of the region and col- 

lected fossils from numerous locrtlitjss. 
In 1913 Chapin l4 reporkd on the development of the region. 
EakinlB visited the region in 1914 nnd summarized the recent 

developments and the occurrences of tin. 
In 1916 Mertield and in 1917 llnrrin&onlT made reports on de- 

velopmen t. 
GENERAL QEOLOGP. 

The principal known events of the geologic history of the Yo& 
tin-bearing region, in the order of their occurence, mrty he sum- 
marized as follows : 

1. Deposition in Cambrinn or pre-Cnmbcian time of black muds, 
now repcesented 2?). black ~1~ks .  

2. Intrusion (in pre-Ordovician time) of sills, dikes, and stocfr- 
like r n m  of basalt and gabbro into the slates. 

3. Probably warping and erasion of the slates. Deposition on 
the slates and greenstones of limestone beds 2,006 feet or more thick, 
ranging in age from Lower OrrIovieian to upper Mississippian-the 
Port Clarence lime~tone (Ordovicinn and Silurian) and the lime. 
ston= of Cape Mountain (in part at least of Missippian age). 

4. Compression of the limestone and slate beds inta a broad, 
shallow north-south basin with steep sides on the eaat and west, 
the whole basin tilted 15"-40° N. Minnr folds trending ronghly 
north and east mere superimposed upon the major basin. 

UCollla: k J.. Recent devefopmenln of Alaska tln d ~ p o ~ l t ~ :  U. B. Qml, Bumey Bull. 
-1 26% pp, 126-121,IBOS. * 

n ~ a m ,  F. L., The Pork tin d o n  : W. 8. Oml. S n m y  Bull. 284, pp. 145-157, 1908. 
*sKnopl, Addph. Geolbgy of the Eleward Pwlnsula tin depodta, Alaeka: O. R. Geol. 

B u m y  Rall. 360, 1POR. 
1@Kladle, E. M., !!'he formal m c m ~ l o n  In the Par't Cl-ce Ilrnmtone. Alaska: Am. 

-<' J-. ~d., 4 th  OW.. WI. 32, pp. 2885-340. 1~11. 
WCbapln. Theoffore, Mining on Seward Penlnlrula, Alaska: U. 8. Oeol. SUFVPJ Bull. 

692. pp, 38bsD7, 1913. 
UEnkln, A. M., U n  mlnlag In Alaektt: tJ.'8. Geol. Surv~g Dull. 822, pp. 81-94. 1015. 
'Nertle, 3. H., jr., h t l p  and placer on S e w d  Peninnull, Alnska: U. S. W 1 .  

Bnwey Ball. 862, pa. 42Pr451, 1817. 
= T ~ a r r i n ~ a n ,  G. L., bllneral resontcee of Bewarn Pmlmsnla, Alanlta: U, 8. -1. 

Survey Run. 692, pp. 358-400, 1019. 



5. Normal faulting af the Iimestwe beds along zones atriltinfi. 
genemlly N. 20" W. and N. TOo E Some r e ~ e m d  faults gfriking 
N. 'lUO W. may belong to this period. 

6. Injection of quartz porphyry dikea into the N. *10° E. fault 
zones and to minor extent along t h m  etriking N. 20" W. In- 
trnsion (probably in Meaozoic time) of granitic &.ah without visibly 
disturbing the structure of the limestones end ~ h t a  h d s .  C 

7. Release of tin-bearing fluorine and boron solutions from the 
deep-seated granitic rnases, forming tin-bearing veins and ~ e p h -  . 
ment deposits in the marginal. portions of the p n i t e  and In rpr- - 
tiom of the dikes and limestones. 

8. Erosion of the region accompanied by mveral c h m p  of level: 
(a) Beveling of the Port Clarence limestone to a nearly plane, sur- 

faca, the modified remnants of which are xepremnted by the crests of 
the York Mountains, the so-called Nuluk Plateau. 

( 6 )  EIevation of the repon and cutting of a, marine plain of 
erosion along Rering Sea-the York Plateau-about 1,600 feet lower 
in elevation than the Nuhk Plateau. 

(c )  Uplift and warping of the region. The marine plain ia raiaed 
400 to 600 feet above Rering Sea, from Capo Mountain to Lost River. 
East of Lost River it WRS tilted toward the em& thus drowning 
&antley Harbor and submerging the Tuksuk Channel m d  the Imu- 
ruk Basin. 

( d )  Cutting of the present Bering Sea cli%, averaging about 400 
feet in height. 

9. Extrusion of olivine basalt flows. Continued erosion and depo- 
sition of stmm grevels, some of them tin-bearing. Minor modifica- 
tions of the Bering Sea coast by promma of cut and fill. 

Erosion of the east and west ends of the etructural basin of the 
York region has laid bare the date areas northeast af Teller and 
west of the York Mountains. At Broaka Mountain the slate is ex- 
p o d  by the truncation of an upwarp of the slab and limestone 
M a ,  complicsted by faulting. The slate of Black Mountain has II- 

h e n  u n m v e ~ d  by the erosion of fadt  blocks. ( See  P1. I.) LL 

In general, the slates am dark-colored to glistening black graphitic 
sediments of exceedingly fine grain without prominent baddmg. A 
daty cleavage is well developed in the most graphitic beds. A h r -  -+ 

nation of minerals usually produces a faint brtndhg. 
The minerel composition and p'ain are remarkably uniform. Thin 

laminae of fine-grained quartz abut  onetwentiet.h of an inch in 
thjckness nltemste with Iarninw composed mainly of very thin, wavy 
scalefi of brown biotite standing obliquely to the banding. Here and 
there the quartzme bands show minute fragments of plagioclsare 
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feldspar. With the mica are commonly black streaks of amorphous, 
grainlma carbon. Carbon also forms distinct bands or is uniformly 
distribntd like a fog throughout the rock. 

The slate a m  extending along the seacoast from a point 14 miles 
emst of York to  the Karlsuguk Valley is different from that described 
ah=. Here for a distance of 3 miles the slate h d s  strike N. 15" 
to 20° W. and stand on end or are overturned to the wed. They are 
disturbed by several normal faults striking N. 20" W., with the 
downthrow on the west. The beds are also interrupted by intrusive . 

greenstonm, 4:- The bedding of the slate in this area, is distinct. Beds of dark-gray 
gendy slate from 3 to 8 inches thick alternate with beds of dark-peen 
to black fine-grained s lab of about the m e  thickness. The quartz- 
om bedbeds are distinctly ct.os;s-bedded, and cross beds indicate. that the 
west side of the beds is the top of the formation. 

Nelrr granihs wntacta the slate is changed to a dense, hard fine- 
grained brown rock resembling certain rhyolites. In other rsspects 
it is unchanged except that the carbonaceous mather bas been aggre- 
gated into tiny brown jagged, rodlike foms. 

A characteristic of the ~ 1 a h  rarely seen in the Lim&om is an 
abundance of thin quartz stringers, generally p a d e l  to the bed- 
ding. Pyrite cubes are also very abundant in the slate, prohbly 
bemuse of its high carbonaceous content. h l l y ,  as in the coast 
section between Kanauguk River and York, pyrite constitutes about 
3 per cent of the volume of the slate. Here tha pyrite is almost 
invariably embedded in a shell of white vein calcite. The pyrite in 
its growth did not deform the slate materials but has replaced them. 

A hypothesis that mould satisfactorily explain the conditions of  
d e y i t i o n  of the slate must take into account its uniformity, grain, 
mineral composition, bedding, lamination, areal extent, and thick- 
ness. Little is known regarding the last two poidts. 

The grain and composition of the slab indicmte- that originaUy 
threefourth of it was composed of grains less than 0.05 millimeter 
in diameter, of a dominantly sandy nature. The remainder w m  
clayey and carbonaceous matter. The clayey portion has recrystal- 

.- lized into brown biotite. The sandy material is dominantly quartz, 
of irregulsr outfine, with occasional unaltered plagioclasa fragments. 

It is evident that these materials represent. the ~mellest particles 
of dissorved rock- that cm be transported by slug&sh stteama or 
currents. TVhds.did nat carry them, else the quartz grains would 
haw been rounded. The evenness of the  lamination or bedding 
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.indicates conditions of quiet water, ,such as prevailed below ths 
wave zone of Ierge seas or lakes, or on the delta flood plaim of large ' 

.streams. 
- The materials were largely the fine-grained end produds of mek 

decay, chiefly quartz and day. The conversion of the clayey portion 
into brown biotite indicates that originally it had a masidexable can- 
tent of iron, mspesium, and potash, characteristic of clays leached $ 
under conditions of good drainage in climates humid and warm 

. .enough ta permit chemical decomposition. The occasional presence 
of a fresh plagioclase feldspar grain, it is believed, does not exclud~ 

I 

the probability that the clays came from regions where the rocks - ' 

were decayed. PIagioclase often resists weathering very well, as is 
seen in some thin sections of partly weathered granite and is a h  
shown bv its presence in some limestones to the exclusion of ortho- 

.clase. 
The carbon of the slate may represent organic, most probably 

i-egct~ble matter, that grew in the waters in which these muds were 
'laic1 down, or it mny have besn brought down with the streems that 
mtrn.nnsportcd the muds. The carbonaceous matter is eswdinglg 
fine ,mined and amorphous and belongs to an age when tree 
growths probably did not deist. Hence, even if the material was 

.cil rried from the land, coarse fragments of organic. matter oould 
not be expected. Under present conditions the streams of the Arctic 
region have access Lo the largest contemporary surface deposits of 

-organic matter known, the Arctic tundra, and organic material is 
present in h t h  solid and insoluble forms in all the rivers except 
thme of exceedingly barren areas* Available analyses show that 
stream3 draining tropicaI swamps have the highest cantent: of dis- 
solved organic matter, but analyses of Arctic +reams are not in- 
cluded in the comparison. It appears that with tha facts at hand 

.the possibility can not be excluded that some or all of the organic 
material of the slate in the York r e ~ o n  may httve been carried with 

- the silk 
The thin lamination of the slate cawed by alternations of quartz- 

.ow, mictbceous, and organit: material presents an interesting prob- 
lem. It is difficult to believe thtat such an alternation of layers of 
almost microscopic thicknes is due to a rain of fine particles from ..:;+ 
.a succewion of clouds of these different materials carried horizon- 
tdly over the m a  of sedimentation. W is more likely that these 
ntlmating layers of sandy silt and black day represent laminae once -, 

suspended as alternating strata in the waters from which they came. 
Barnsm found that fine tripoli mpended in pure water was strat- 

ified and that, each stratum sank at a uniformly acmlerated rate 
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with respect to the one overlying. This experiment suggwts that 
if two or mare diff went fine-grained substances were in suspension 
each *odd stratify into discrete or possibly overhpping strata, 
thus forming alternating layers of different composition on reach- 
ing the bottom. The experimental facts would seem t o  indicate that 
the conditions most favorable to stratification in suspension are deep, ' quiet, fresh waters. In experiments the flocculating efftxt of s ~ l t  
water has prevented the stratikation of suspended materials. Tt 
is suggwted that the fine lamination of the slab in the York region 

& may be due to the deposition of suspended strata. Furthermore, 
the possibility that certain finely laminated clays of fresh-wrtter 
glacial lakes may be due to the deposition of suspended strata rather 
than the result of seawnal contributions, as is generaIly believed, 
 seem^ worthy of consideration. 

The su~gestions made regarding the deposition of the slate from 
rnstmiala stratified in suspension does not apply to the slate area 
nn the cawt between Kanauguk River and York. Here the thick- 
ness of the alternating layers rtnd more specificaIly the cross-bedding 
of the quartz- layers show that they mere laid down from ma- 
terial~ swept dong by currants, 

-, 

The. pre-Ordovician basalt, gabbro, and olivine pbbro are fine to 
medium grained compact rocks which were intruded as dikes, sills, 
and stocks into the slate bofora the limestone was luid doma. They 
were folded with the slate nnd limastone and m general show a 
m~rked  schistosity due to the development of nearly parallel colrrmns 
of m n d a r y  hornblende. Intrusions of this kind, ramIy large, the 
stocks being as a rule less than half a mile in diameter, are very 
abundant throughout the slate area. They are remarkably alike in 
grain, color, composition, and altemtion and undoubtedly came from 
one parent magma. 

The topography of the slate area is strongIp influenced by the in- 
tmsi~es. The sills of basalt and gnbbra form hogback ridges whom 
gentle slopes w e  parallel to the dip of the silI. The stocks form 
cone-shaped hills resembling an array of low volcanoes. Through 
these forms the date area acquires n, distinctiveness wbich does not 
=ape even the casual observer. 

-P 
WXESTOBE. 

The limwtone underlies two distinct areas separated by slab* 
the York Mountsins and, in the extreme western part of peninsula, 
Cape Mouptmin. 
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X X M E B r n N E  OF THE YOBg MOrnTMNB. 

The character and suc&on of the limestone beds of the York 
Mountain area is poorly known. Numerous faults disturb the beds 
to  an unknown degree; hence it is impossible to estimata their thick 
ness. Studies af the limestone beds at the mouth of Imt River, in 
the canyon of California River, 69 miles above the mouth of thL f. 
Aream, at  the head of the Mint River valIey west of Brooks Mom- % 

tain, at  the northern border of Black Mountain, and on the wegtern 
flank of the York Mountains, show that they comprise at lea& three 
lithologic members. The lowest, about 100 feet thick, &s of thin ,&, 
laminae of black data alternating with thin beds of gray calcitic 
limestone. The middle member, a b u t  900 feet thick, consists of 
thin-bedded gray to chocolate-colored ,microgranular limegtons with 
gray to brown shraly partings. The' tup member includm thick- 
kdded pure dark-gray to light-gray limestone in beds I to  3' feet 
thick and in places containing amall irregular nodules of black chert. 
Retween the middle and top membem there is commonly s @a- 
tlonal phase. The thickness of the top member is uncertain, but is 
probnbly about 1,000 feet. This threefold classification of the lime- 
stone beds of the York Mountains is not extended to t . h  entire area 
but only ia the 1ocalities.specified abope. 

Tba limestone of the York Mountains contains wry little quartz, 
Some exceedingly fine-pained quartz mum in the clmy beds of the 
middle rnmbr, Nearly all the carbonate in calcite. Dolomite 
debris was found on a branch of Don River, about 400 paces south of 
the f w d  locality indicated on Plate 1. Knopf s b  f o n d  some 
dolomite at the head of hst River. Considering the Ordovician ago 
of at least a part of these rocks this marcity of dolomite is notable in 

' view of the emphasis which has sometimes been placed upon the sup- 
posad dominance of dolomite among the early Paleozoic and more 
ancient calcareous sediments. 

Limestone extends from B&uk Cm& to, Cape Mountain and is 
weU exposed in cliffs 400 feet high along Bering Sea. The mapping 
of the limestone and s lab contact in this area, is by no means corn- 
plea. A hnrried survey upr the Baituk showed that the border of 
the limestone area is not gtraight as mapped but that irregular 
patches of limestone occur in the sl~te.  (See PI. I.) Topographi- 
cally the limestone area of Cape Mountain, in marked contrast with 
tbat of the York Mountains, is a feebly undulating plateau about 
400 feet above m level except in the vicinity of the mountain. 
In composition the limestone beds of Cape Mountain a p  generally 

pure gray to white granular marbles. At Cape Mountain they are 



inkrstmtified with white quartzite beds a , f ew inches thick occur- 
ring at intervals of 10 feet or more. On top of Cape Mountain some 
sericitaqusrtz schists are associated with the limestone. T h e  lime- 
stones are dominantly mldtic, but the original presence of so!ne 
magnesium is suggested by the secondary development of phlogopits 
and tremolite., 

P:, F e l s  found in the limestone beds north of Cape Mountain (m 
P1. 1) include doubtful farms resembling corals of the genera 
Sp'agopwa and Litbetrotiun, like those in the upper as iss ip-  

8+. 
pian rocka at Cape Iisburne, and probably of the same age. It is + 

nat proved that all the limestone beds of this area are upper Missis- 
sippiaa. At the head of Ocean Creek the  limestone^^ overlie m ex- 
posed d o n  of black data 100 feet thick, and both formations dip 
about lo0 N. The Iower 20 feet of the limestone is thin bedded 
and contains black graphitic partings. Above this is b0 feet of thick- 
bedded gray limestone. The position and charrtctar of these lirna- 
stone M a  is lilre that of the lowest beds of the limestone of the 
Tork Mountains, and they may tK of the same age. 

It is evident drom this t l ~ a t  m e  of the limestone beds of Cape 
Momhin overLa the slab, apparently with. concardant bedding. 
Some of them, however, are in fault contact, Fault relations were 
found at the head of the first east branch of Baituk Creek going up- 
streani from the sea. Here the Limestone is fnuIted downward along 
an asat-west vertical plane against the p n s t o n e  intruded into the 
slah. 

The relation of the limestone of Fork Mountain to that of Cape 
Mountain ia not clear. They are separated by about 16 miles of 
Mack slate, all of which appears to belong to the same formation. 
Roth p u p s  of limestone beds overlie the slate apparently with 
concordant bedding. The basal bods of both consist of alternat- 
ing layers of bbck slate and limestone. Apparently the only marked 
differences known between the two  areas are that the h e s t o n e  
of Cape Mountain has so far yielded only Mississippian fossils and 
contains thin beda of white sand, Sand beds of this kind h ~ v e  nat 
been found in the limestone of the York Mountains. In the York 
Momhin area h w s r  snd Upper Ordovician marine fossils have 
been found in s number of plaees, whereas Mississippian fossils 
have been reportad onIy from a locality north of Brooks 'hlountsin. 
It looks as if the basal beds in the Cape Mountain area are the -- same as those of the York Mountains, and future studies may prove 
that the two areaa include the same group of limesbne beds, their 
a b c a  in the intervening area having been caused by erosion and 
structural disturbances. 
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BTRUfXUUL RELbTTONB OF ~h SLATE AND LIMEEFlWNE. 

It has been pointed out .that aIon& the slate and limestone con- 
trtct in both the York Mounfdn and the Cape Mountain areas beds 
of black date dip under the limestone, with no apparent diBerence 
in inclination. Away from the contact the attitude of the slate 
beds is about the same as that bf the limestone. The lowest beds 4 
of the limestone in both ar'eas have tho charater of gradational 
beds from the slate to the limestone. These facts suggest that 

+ the deposition of the date was followed by that of the limestone 
without an in&rvening period of erosion. 

The confol-mjty of the slate and limestone would appear to fit all 
the known facts~xcept the nature of the basalt and gabbro intru- 
sive~. These d k s  are very abundant in the date within a few 
feet of the limestone beds, but none of them enter the limestone. 
Their sc1~istosit~"and. the crenulationa of thin sills show that they 
w m  folded with'ihe limestone asd slate beds. 

The ledations of the slate and limestone may be interpreted in two 
ways. They may be conformable, end before they were folded, the 
btlsalts and gabbro may have been intruded and reached a, level 
within a few feet of the limestonw. This is improbable. Basic 
hvas are mare mobile than acidic lavas, and acidic iritrusions passed 
through the date and into the limestone at a later time. 

A better interpretation is to assume that the slate was intruded 
by the basic igneous rocks and then without having been folded 
to any marked degree was eroded to a nearly level surface, after 
which it was covered by limestone beds. On this interpretation the 
apparent gradational character of the basal limestone ia  a coinci- 
dence rather than a sequel. The deposition of limestone without a 
sandy or gravelly base unconformably on older surfaces has it3 
counterpart in other parta of the world. 

CONTAOT MrnAMOIIPRJSM. 

Where affected by the granite intmives the limestone shows 
changes of two kinde-(1) changes that can be attributed to the ex- 
pulsion of the carbon dioxide by heat and the recrystallization of the ' 
remaining constituents into heavy, complex siIicates including wol- 4 

lastonite, tremolite, grossularite, vemvinnite, hedsnhergite or augite, 
and phlogopite; (2) changes resulting in the development of min- 
erds all or most of who= constituents have been introduced, includ- U 

ing cassiterite, wo l fmi te ,  scheelite, pigeite, hulsite, tourmaline, 
danburite, topaz, humite, chondrodite, scapolih, fluorite, hornblende, 
green mica, zinnwaldite, muscovite, plagioclase, and the sulphides 
stannite, stibnite; rnolybdenite, ftrsenopyri te, galena, sphrrlerite, and 
chttIcopyri te. 



The changes of the first kind are r e ~ o n a l ,  being in some areas 
noticeable for miles from the visible granite contact. The changes 
inroIving the introduction of materids are local and as a d e  are 
pronounced only within 20 feet of the granite contact, To a marked- 
degree they probably extend no f~rther than a b u t  500 feet from the- 
contact, as the limestone was very susceptible to reaction with tha 
solutions thnt caused tho changs.  

FORRTTAS AND AGE. 

+&a Fossils are rare in thd limestone, but in a few localities certain 
species haye been found in great abnndnnce. The fossil localities- 
found by the writers RS well as those fount1 by earlier explorers are 
all shown on Plate I (end the age of the strata is indicated). The 
collections of Carboniferous fossils were examined by George R. 
Girty, and those of early Paleomic fmsils by Edwin Kirk. In view 
of certain changes in paleonhlogic correlation, Mr. Kirk's cIassifica- 
tions nre slightly different from those of earlier workers. The fossiI 
collectians previously assigned to the Upper Cambrian he regards as 
Lower Ordovicinn, and in t h i ~  determination C. D. Walcott and E. 0. 
Tnrich concur. Most of the Silnri~n o f  cerlier correlations he places. 
in the Upper Ordovician. but he identifiw one lot of fossils, from the 
Port Clarence limestone in the vicinity of Don River, as " Silurian, 
pmbably middle to Upper Silarjan." 

The location and character of the beds from which fossils were- 
colleded by the writers are set forth bclow. 

Lot 3.-From dolomltlc dGbrls CIII \\'PR~ Iltink of lhlll IIJwr, elevntion rrljont 
200 feet, Debrle fmm outcrow of buff thln, even-batrlerl. f ine-#mid ch~r tg  
dolomite, wit11 Roe caldte 1.~1nIrts. Strike cast: dip 35' W. 

Lot 4.-From dehrin on nttrrh hnnk of trlhaflithy of nun Rtrer, devntfon 
about 200 feet. Denw, compact, fitw-$mtnetl rnck wlth conchoidal frarture. 
Has many mal l ,  irregular mlclte I I ~ ~ R  ~ 1 1 1 1  ~ r n ~ l l  (-lnyey I~osm. Dam not 
break parallel.to the bedding. Sllghtly chert): and In spots I ~ n a  Irregular chert. 
mas= about 8 Inch- across. 

Lot 5.-From led- on ma c l l f?~  2 mlles neat of thr month of Lost River. 
M a  dip 30' N. and  trike enst. Fossils from IMR 130 fwt nbove am. Famil- 
iferons beds abut 15 feet thick, th in  W d d .  Full of nrnnll brachlopoda. 

Lot $.-From t a l u ~  on rronthPnst s l o p  af Brooks Slrruntalo, elecation about 
f 
3% 1,000 feet. Thin-bedd~d, flnrm Purt Clurenw Ilrlleslohe, s b o w l n ~  fucokd mark- 

In~s .  ~ l l ~ o n  made here hPcallue Trlnwic had heen rg6rted from this place, 
IflTAlli 7.-From Anlgo~~Ik River. pleration rthout 300 fept. Limeatone and shte 

debrlg. Slates 8hoW 8 few doubtfill bracI~i~p011~; f h ~  lirn~ltones Rome facoid . marking. 
Lot 8.-From limestone debris on Banner Creek. 
Lot 9.-From dark-gmy mdlnrn-gralnd llmerdone talus nasCh of C n p  

Mountain, elwation aboat WO f&. 
Lot 10.-From chert debris fmm m rllffs hptwen O w n  Creek and Ballnlr 

Creek, elmation 75 f e t .  Source uncertain bnt Is nmr by. 
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Lot 11.-From debris from Urnmentone Blff 21 milea eaet of mouth of Loat 
River, elevation about 100 feet. 

L o b  1 3 F r o m  rock outcrops w east hank of CalIfornIa Rlver, hevation abont 
175 feet. Grayish-blae fine-.llraIned calcitic, dense lim&one wlth uneven con- 
chofdal fracture. Bwls 8 inches to 6 feet thlck. DlfAcnlt to split parallel to 
the  beddlng. Strlke N. 60' W. ; dip S0' N. 

Lot 13.-From limestone outcropm on rIiJge extwdlng westward toward the 
Laat River mine, from the hlghesE peak between Tin nnd FaadterIte creeh, 8 
elevation about 1,800 feet. Strike of limwtone N. 40' E, (lip about 3W N. 
Thln, even-bedded limestone wlth shaly partlnga, weathertug gelbw. Cootainn 
numemu@ Madufm. 

Mr. Kirk'a report on this collection, exduding lots 9 and 10, which ,. 

are from the Carboniferous limestone of C a p  Mountain, follows: 
T have the honor to submit. tbe IolIowIng report on palwnta1ogic coilectrom 

made by Meaars. Steidtmann and Cathcart in the Sewsrd Penlnmla. Alaska, 
tranmttted under date of Dwember 12, lM8. T w o  lots of fomlls from the 
area brought back. by BI. M. Kindle not prevlonalg reported on have 'been in- 
cluded. All previously coll&d material has been ree~amtned, and In varfoua 
places in the  preeent report comments d l 1  be made in regard to t h ~ m .  

The upper Cambrian faunas as hitherto reported from the Ward  Pentnrula 
are referable to the Ordovlclan, as the line ia now drawn ia North America. 
It will be noted that the F d m k e l a s ~ a  6p. determind by mrIch wrrs stat4 
to be " fndistlngplsbble fmm a apecfes murrlng in the Roubldoux formation of 
the Cambrlan fn Mlasouri." The RwbIdonx is now referred to the Lower 
Ordovician (Bedamantem). The determination of the age of Klndle*~ ml. 
lectfons 7 and S rests on brachlopoiis of a type common In both the U m 1 :  
Cambrian and the Lower Ordovician. The shell 8tructum of the Beward 
Peninwla brachlopods is flbroua, and this character fa now held to be charncter- 
lstlc of Ordovidaa, types and wanthg in the Cambrlan. The evidence, then, Is 
l o r  an assignment of the colIectlona to the Ordovician. 
hc. 5. Sea c l l a  2 mile8 weat of mouth of L o ~ t  RLver. 

Eoorthh ci. 8. wlmad (Walcott). 
M l o b l W  fragment, 

Thts cc~ll~ction crtrrie~ the same brachiopod as Klndlft'8 Iw. 9. 
Lm. 12. East bank of CalEfornla Rivet: 

Maelurea sp. 
Homotoma sip. 
E n d e m s  ep. 
P t y c h o p ~ e  ap. 
A~aphns sp, 

Ue. 11. Cliff 24 mllm east ol the month of h 6 t  Rlver: 
Qastropml suggesting Ophlleta. 
Fncoida. 

The ~ollowlng lot casrles two pOOF *pods. Thelr age i s  aertalnly O* 
dclan, and pmb&b@ Beekmantown. 
Lm. IS. Rldm ertending ea%terFy from Loet R i m  mine: 
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As repwted by Ulrich In Rfndle, two pt-Bmkmantown Ordovician faunas 
are indicated k the region, one o f  Black River or Trentoa age and thcr other 
ot Richmond age. SImllar iaunae are known throughout the Rocky Mountalnr 
as far ~outh  8s El Pam, Tex,, and a notable developmeut of the beda mum 
in Manitoba. mvldence accurnuIated in recent yearn t h ~ n g h o u t  the  Rocky 
Mountain area ham tended to disprove the Black R i m  or Trenton correlatlm of 

f. the beds iormerlg.given thie age assignment. Available evidence points to tbe 
FernvaLe (mchrn&d) age of these b-. as typified by the Iower mnasive Bighorn 
dolomlte of Wyoming. It i8 conceivable, however, that the fauna can not ac- 
curately he correlated with M l ~ i s s i p p i  VaLleg iormationn and may regresent a 

4 ~ ,  gap In the stratigraphic &ton as known ea8t of the Rocky Mouzltalna. It 
were kt, therefore, to call this fauna Upper Ordovician. rather than nlchmwd. 

I have recast the faunal lists ea given by Kindle for his 13n and 13b. It  will 
ba notea that ths change8 are chieflg by way of making determioatloor less 

' exact, Some forms have been dropped as Irrelmnnt. In 1% Maolwrlmo mmi- 
toBen& Whiteaves has definitely been determtned and k of high importance. 
It superaedee Jfmlarree bigsbyl Hall of Ulrich's Iist. A detalld study of tlle 
material has shown that the S m r d  Peninsula f o r m  am not specifically iden. 
tlml wttb Middle Ordovician types and in moat caw wlU probably proae new 
epedes or varieties. 

So far as can be detemheil m m  the material on hand KiodIe'a laa rtnd 188, 
am well arr Steidtmann and Cathcart'~ Iota 3 and 4, reprerreot the m e  reneral 
bnnal wne. AE noted above, they shon1d b Il- as Upper Ordovlclm rather 
than Richmond, 

KlndIe'~ 13a: 
Streptelarlma sp. 
Halysltes cf. E gradU~l =a& several varletla 
Calamcia d c a n t i c o ~ d  Bltlingn. 
Columnaria alveolattt hldiuea. two varietiee. 

Leptaena s& 
Dinorthis sp. 
Hebertella ap. 
Bbsnchotrema m. 
Yodfolopnia ci. N iaba Hall 
Maclurlna manitobemia ( Whiteavea). 
Stenotheca? ap. 
Lophospira rrp. 
Hormotoma cf. H. gram8 Ball, . 
Hormotoma m. 
Tmchonema sp. ~ f ,  Bumastna sp. 

Kindle's 13b. 
Colamnarfa alveoIata 8 0 l d f n ~ ,  2 varIetIes. 

A -  
Galapowla d. C. antimcrtienrda BilIlng. 
Lichenaria ag. 
Halyaites gradis Hal1 var. 
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Kindle's 'a13b--Ctinud. 
Hebmklla m. 
Rhmchotrema cf. R. tapax Conrad. 

' 

Ctenodonta d. C. lerllta Hall. 
Csrtodonta sp. 
Liosplm ap, 
LophowIra sg. 
Trochonema d. T, nmblllcatum Hal. 

Lot 3. West hank of Don River. 
Colnmnarla (Palamphyllum) ci. C. ~#oSesl EQwarda and Hnfme. 
~ l y a l t e a  KracIlis Hall var. 
D~stnctoapongla 7 sp. 
Hebertella np. 
Macluslna rnnnitobusb (Wbitmvea). 
Rormotoma pp. 
Enooceraa ap. 

Imt 4. North bank of tributary af Don River. 
Habslm gracills Hall. 

As quoted by Kindle, Schnchert.detsrmined middle SUndan from the Sewad 
Peninsula. The lmli ty  IB given as "neap the forka al Rack Creek, a northern 
trlbntary of Aglapnk Rlver." The materlal was collectdl by Colller. 

ks redetermined th€s fauna is clearly of Uppet Ordovician age and comlates 
ex&ctly with the faunas on Don River. 

Lota 6, 7, and 8 carry n o W g  but h M d s  or annelld t d z l .  No age deter- 
minatlons are podble. 

Two lo& of fosells have been found In the Snmey mllectlons that have not 
hitherto b e n  reportd on. One Is from t h e  north slope of Brooks Monntaln 
end the 0th- from ~nnaagnk. Elver. The letter m a  collected by Rindle and 
the other glven him by a proapector. 

Kanaoguk River, near junction of south and middle forks: 
Orthoid brachfopoda 
AsaphusP sp., apparently same as lot. 12, Caliiornla Rher, and of 

Cnnedian age. 

A lot of fos&Is from Brooks Mountain not p ~ o o a l j  reported on has been 
found In the Survey collections. The 1 0 ~ ~ l f b  f8 given as "north &de of Bmks 
Monntain, Seward Penfnwh." The collwbr m a  Phlllp h t h ,  as wrltten on 
the label by Kindle. The label ammpanslng the Mamlc f w i l a  reportml from 
the mutheast ~ i d e  of Bruoks MountRln ulves the collector aa Phflip Aat, evl- 
dently the same m n .  Klndle in his paper on the Port Clarence limesbone glveu 
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the collector~s name 88 Peter Ewh for the latter lot The collection from the 
north Pdde of the mountain mnsirrte of fra$ments of mme branching egatho- 
phpllold coral. The preservation is pmr, but the f m l s  could not be older than 
late P a l m i c .  Considering the Paleomic srectlon of thM general area I t  would 
appear that thin material could not well represent anything other than Misets- 
sipplan. This wmid tend to strengthen tbe claim of Trinaeic rwh elmwhere 
on the mountain. 

% The mllectians af Mkissippian fossils from the region were re- 
studied by Mr. M y ,  and the results are embodid in the following 

4' I have mexamlned the eallections mentioned In your letter of March 11, Uls, 
and in seerchlng for tbose collectjons I came upon several othem made by Mr. 
Hem apparently from me m e  area. rill of t h e e  are covered in the follow- 
ing report. 

Before glving a list of the fanma collect& X mugt comment on the preserva- 
tIon of the fosdlq which is such as to render any Inference upon them 
nnusn&lly precarious. The fwils are nll coral% other typea, If present, being 
entlrelg unrecognizable. The corals apparently are pseadombrphn or have been 
E#) mmptetety altered iu, to m r n b I e  pwadornorphe of cryntalllne mldte. They 
stand out mn~~icuoualy in the black rock which incloses them. but when ex- 
amined more closlely they are found t o  have laet all trace of the atrocturn 
upon which generk and specific dlstfnctIone are larmly hW. The only evl- 
den* of thia sort etlli remaining is t o  be obwmed where the specimens &ow 
the cantact of the matrh wIth the growing ends of the coral8 into w b w  dices 
the black mud had penetrated. 
The spednenac referred to Blyrhrgoponm sbow the Qpical Inode of gmwth of 

that genna, ~Iender cmalUtes connected by hnpporthg etaloua. In a ye w  in- 
attin- the generic reference wmted by thla mode of gmwth ia corroboratedl 
by traces of the funnel-si~aped titbulae. The nlscriminstion of the sped= 
adopted In my lists Is based largely on the aim of the corallit= and part4 on 
their mode of growth. 

The fossils referred to Zaplarosetba are few In number, and tbe generic refer- 
a c e  as againdt reluted types, arr for lnatunm Trdpl~7qtllwm, can not be in- 
sisted upon. 
The forms referred to LltAO#WotIm ~xempllfy both. the bushT or branchiw 

mode of growth (agecles 1 end 2) and the massive (8pecle 33. Some of them 
ahow the presence of nnmeronrr thin septa and of a central colnmella, wch 
being the BtrncturBPi &9 elrhibital in tbe cnIfce. The specie$ aer I have dis- 
criminated them In my Nets, are distinwlahed Largely on the slze of the coral- 
Htes lngtesd of  on the number of septa and other structural characters, tbe 
mal method being here ImpodbIe. Obviously nothing WEN to IE galned by 

:, wing to Identify speeles aqIarated in thls manner with detrcribed spedes, 
. -  most of the criterfa on which the d e d b e d  Spedea were founded belng un- 

h o r n .  Not all of the specinten8 referred to Lathoslmtl~b show the septa and 
mlamella, the presence of u7hlch ~ n R g ~ s t a  the mneric reference, and it Is 

- ptmdble that qa'lte dlverm forms have b e  lnclndwf in the mme m i = .  For 
f n d n c e .  mme of the large Syrlngoporns aa identified In the collection mag, 
in fact, be urnall Uthomht ion~ .  ThIs fact d m  nok however, dtlate the evb 
dence of other ~peclmens whose characters are Ieas iinprfectly nhown. 

Peraonailg I have warcels a dwbt that these fossfla repreewt the anme 
mml fauna that oecurs in the Lisbume limestone, upper Ml~laelpplan. as 
against the Devonian corn1 famas or the very deceptive Triassic coral fauna 
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found In this -on. This belief, however, la not capable of mienELtlc deman- 
&ation on tbe materia at band. and my s t a t c m t  m w  am b W e d  
to this exbit, tbat hamuch as moat of the npedmena am from beach gravels 
and sm many do not &ow even the slgniflamt Btrnctnres obeervable in mme 
of them, the coWm mag contain beaIde8 the Lhburne fauna stmy -1- 
men8 that bad their orfgin h other hwizona The filloaring lies will geme 
t o  h o w  the cwrnpoaltfm of  the ~ v e r a l  local fnnnaa coasldewd hem. 

Lot 2499. h c h  near Cape MonntaLn, Seward Penhula. A M i b  : 
Syrlngopora up. 4. 

f 
LIEhmtrotkm sp. 2 
Lithoatrotlon sp. 8. 
Zaphrenus ep * 

'>\ . . 
Lot 2 W .  Beach northwest oi York (Six labsled " T. 5 A H 46 

to 51 " ; one Iabel mads " 6 rn- northweat of York") 
Syrln~opora ap 1. 

: Syringopora sp. 2. 
Byrintzo~om m. 4. 

' Lithoatrotiw g. 1. 
~itha8trot1m' sp. 2. 

Lot 2501. Reach eaat of Tin City, York tin region, A h k k  (Four medmens 
labeled "'6.5 A H41 lo 44"; one label wm3a-1 mIlee&eFofTh City.") 

Syringopora sp. 1. 
Syringomm sp. 2. 
Syrln~opora ap. 3. 
Sgrhgoporn m. 4. 

h t  2502. Yorth side of valley north oi Nwth Star mhe, Cape Motllltalll, 
'Xfork tin e o n ,  -&a: , 

Ijgrlngopora sp. 4. 
Lot 250& North aide of Bmks MonntaZn, Seward Pmlaaula, Alaska: 

LithostroU0n up. 1. 
Zot 7LW- Northeast of KlnWgan Mimion, Cape Prince of Wales, AIaeka : 

Syringoporn sp. 1. 
Syrlngopom sp. 3. 
Zapbrentla m. 
Lithontrotlon 8p. 2. 

Mr. Eirk kindly undertook a reclassification of the pm-Carbon- 
ifemus fossils collected prior to 1918, ~ n d  his results are given 
blow. The notes repding the location of the f w d  be& were 
inserted by the writers and were compiled from the memoranda of 
the collectors. The localities from which the mllections restudied 
by Messrs. Girty and Kirk were taken are shown on Plate 1 by their . 

raspective permanent wlsetian numbrs. + t_ 

The following Iota could not be fmnd: Collier 1m. 8 AC m, and Kindle 
lot 11. The two latter lots are both probably In Dr. Oirty'a collectionrr ][at 
1 AC T7 aa found consis@- merely oi an LadehmninabFe thln -on on k ,- 
glma slfde. wlth wh3c.h n- can be dma 

W l e r  PW)O. Not i o d .  . 
281. 1 AC Z& 12 rnUm muthwt Of f0?h of h n  Etrar.) 

Fnvdtea up. 
Pentamecold bra- 

Qf S~lurlm age. probhky midm to npger Bilurlan, in place or lo we^ 
Bi lurhn  



1 kC 28. (Mountain 4 milee north at Rapid River.] 
Badly sllici?led sponge% This type of Wnm strongly mggesb Lower 

Ordevidan forms, and I thfnk thh age amlgnment would be war- 
rant&, In place of rnlddle at lower Stlnrian. 

289. 1 AC 45. (Don River 4 mil- north OF T w r  Creek.) 
Maclurlna manltobensfe Whiteaves). , 

Columna& alveolatn Goldfuss. 
S t r o m a t ~ l u m ?  8-p. 
m i t e s  cf. HH. gracllis Hall. 
Upper Ordovician in place of middle of lower SPlurian. 

m. 1 AC 78. [Boulder from gravel, Nulnk River.) 

-9 .  
M l & t t e  *menta. 

Lotver Ordovician, in placo of mlddle of lower Silmrian. 
292. 1 AC '17. (Bluff above Nulnk Rlver, latitude 85" 4', longitude lSBD 20'.) 

Xndetermbmble thh aection. 
292. 1 AC 73. (Po& of talus slope, Knlnk RIver.) 

Ckphalopod dphuncle, pmbnbly referable to Endocem 
Lower Ordodcian, In place of mlddlt of lower Silurian. 

295. 1 AC 185. (Pebble from sand mlt 1 mile north of Teller.) 
Ecorthis wlmani Walmtt 

Lower Ordo~idan, In pbte of mtddle of lower SllarIan. 
S AO136. (1 mile east'of Cspe Prince of Wales.) Not found, 
28L 8 AC 148. [MIX Creek, tribntary to Agl~pnk Rlver..r.) 

Dpper Ordovician, In place o f  Nirtgaran or the middle thlrd of the 
Sllnrlttu. 

!R6. Wmhbnswl. I S M .  4 A W  55. (MerrII Mountain, 3 mlles north-northeast 
of month of l h t  Rlver.) 

Lower Ordovician. 
823. Kmpf, 1907. (Head of Caaaiterite C m k ,  Iast River.) 

Iadetem InnbIe gntltroma. 
Law= OrdovicInn. 

rcot ll, Kindle. [North side of Cape Mountain.) Hot found. 
878. Xlot 8. (450 yards nouthea~t of mouth of h t  River, near top'of c1lRs: 

15 feet of dark-gray tbin-bedded Iimeetone.) 
877. Lot 7. (Near head of sonth branch of Tin Creek at its jnnction wlth a 

mvlne from the east. E a d  blue- limedone stratum. a few inches In thick- 
nem, which lies fn& above beds wlth numerous fucoid-llke markings.) 

878. b t  8 fA sinme thin band of Itmeatone. Elev~tion 2,000 feet, at bead 
of north fork of Tin Creelt) 
879. Ut 9. ( A  single b d  ?f Urnatone on Cape Tork.) 
1385. Tlot  12. Kindle. 

The foregoing flve lots (6, 7, 8, 9, 12) are lower Ordovlclan (Beekman- 

f 
tam).  These ere the lots formerIy identlfled as Cambrian. Ulrlch's 
generic and ~ p ~ I f l c  deterinhati om stand. 
?kt 13a, KlndIe. (Don Rlver, at  dde of short ravine heading on slope 

of a mountain marked 1242 and joining the Don 9 milea from the cm&) 
238. l a t  13b, Kindle. (Immediately north of the mouth of the ra~lne from 

= which 1% waa taken.) 
Lots l3a and lab. Upper Ordovldan. 

MINTlITTOh'S OF DEWBITION. 

The purity of most of the limestone beds, the presence of comls in 
. game, and their local interstratification with thin beds of clean white 

t 



quartz sand jn&&ta that probably most d themi were depositad in 
shallow, wann am. That conditions in thm mas were uniform for 
s Iong h e  isinferred fmm the p a t  thickness of {he beds. The 
abundance of black carbonaceous matter in the lowest limestone beds 
raises the same question? called forth by the black slates tta to 
whether the carbon is detritabl or whether it was organically precipi- 
tated in place. and in either c a s ~  what were the conditions of its ' 

- deposition. 
The thick-bedded gnrer Limestone of the upper part of the Port 

Clarence formation indicateg that the seas had become clearer and 
the conditions af deposition more uniform than they were when the 
underlying beds were deposikd. The reason for thia change is not 
clear. At least four conditions couId have given rise to it; (1) the 
area of sedimentation may haw become farther removed from land 

. masses by a #Eft in the position of the strand line, (2) the surface 
of the lands from which the detritus came may have been lowered 
either by erosion or by earth movements so as to mske stream and 
shore action less vigorous, (3) the streams may have carried less 
detritus becaum of 8 climatic chmge, (4) the oman currents carry- 
ing detritus may have chmgd their d i e o n  

SrntllI sbcb  of granite have intmded the bsstone at five places 
in the region-Cape Mountrtin, Brooks Moun* Tin Creek, Black 
Mountain, and Ear Mountain. The presence of one s h k  under- 
neath the tin prospect on Cassiterite Creek and of another under 
Potato Mountain is inferred. Them s t o h ,  except the one at Cape 
Mountain, are amociated with f a d &  that am older than the granite. 
?%e invasion of the m i t e  seems therefore to have been i n f l n e n d  
by planes of wealmess in the crust. 
In form the stocks appear to be steep on all sides except one. The 

Tin Creek dock is not well enough exposed to g i ~ e  any suggestions as 
to its shape.' None of them are deeply eroded-in fact, all have pa* 
of the roof remaining. 

The composition of all the stocks is that of a norm81 granite. Ortho- 
clam is the chief constituent. The plagioclase feldspar is mdic, and 
the fermmagnwian mineral is biotite, except in a %foot border zone 
of the granite at  Brooks Mountain which contains hornblende in place 
of biotite. Except at their bordera the granites at both I3rooks Moun- 
tain and Cape Mountain are porphyritic, the orthmlase forming 
prominent pheaocrysh. Their border phases are even grained. The 
two granites can not be distinguished in hand specimens. The p n -  
ites of Tin Creek, Black Mountain, and Ear Mountain rare even 
grainad and resamble one another closely. 

I 



The pnites of Tin C m k  and Black Mountain are closeIy asso- 
ciated in time and place with certain quartz porphyr$ dikes. Those 
of B m b  Mountain and Ear Mountain are similarly aasaeiated with 
dacib porphyry dikes containing limy. plagioclnse. The Dolmath 
dike, between Brboks Mountain and Tin Creek, is also of the latter 
type. The granita of Cape Mountain is not accompanied by por- 
phyry dikes but has even-grained granitoid offshoots which are Iike 
it in composition. It is also closely related in age to certain granite 
pegmatite dikes. A gmnita pegmntite dike was rtEm fonnd at Brooh 
Mounhin. 

After the injection of the granites of Cape Monntain, Ear Moun- 
bin, Brooks Mountain, and Tin Creek and sums of the dikm asso- 
ciated with them, hot tin-bearing mlntions csontaining boron, fluor- 
ine,, and other elements invnded the border of the gmnite and the 
adjoking limestones and dikes. They gave rise to  tin-bring re- 
pIacemant and vein deposits in granites, dikes, and limestones. The 
only commercial tin mineral in these deposits is cassiterite, but pa&- 
ih, hnlsite, and stannite have been found. Tin has not been fonnd 
at Black Mountain. An area on Cassiterite Creek was invsded by 
tin-bearing soIutions that formed deposits in the dikes and lime- 
stone. Tin-bearing solutions, which are inferred to have come from 
a &ki intrusion M o w ,  invaded the slates of Potato Mountain. 
The granites are believed to h e m  come from a common deep-seated 

gource, because of their similarity in chemical and mineral compo- 
sition and their common association with nearly contemporaneous 
quartz-bearing dikes, including rhyolites and dacites, and because 
both granite and dikes, with the possible exception of those at Black 
Mountain, were foLIowed by tin-bearing solutions. The strongest 
argument for their consanguinity seems to be their relation to the 
tin-bearing solotiom. 

The amygddoidal basalt comprises black fine-pined and glamy 
mks with a scoriweoufi structure. The only visible minerals which . 
it contains are tiny green grains of olivine. The microscopic texb- 
ure is diabasic to vitrophyrie. The diabasic types contain labra- 
dorite and augih T h e  others Iiavs rr glassy baw mntaining micro- 
scopic rods of labradorite and perfect crystals of olivine. 

Thae rocks occur m dikes at  Cape Mountain m d  aa flaws at Black 
Mountain and east of California River. They are the youngest 
igneous ~ ~ e h  of the @on. The flows at Bla& M o d i n  were 
formed when the topography was essentially the same as at present. 

SEQVENCI OF IWEOP8 mD8Im 

The Pork tin region has had three distinct perio& of igneous 
rrctiviog. In the first period basalt and gabbro dikes, d a ,  and 
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stocks were intruded into the slate before the limestone wag depos- 
ited. The mcond period came after the deposition of the limestme 
tind is divisible into three epochs, during which occurred (1) the 
intrusion of the granite stocks, (2) the injection of rhyolite and 
dacite dikes, {a) the expulsion of hot mlutions containing tin, boron, 
and fluorine. h the third perlr>d dikes md flom of basic olivin0 
basalt were formed, which in composition resemble the produh of 8 
the first perid. They are young, having solidified when the topog- 
raphy of the region was about the s m e  aa it is to-day. 

BXBUCTWBE. 

The structure of the region is that of a shallow north-south bagin 
upturned at  the east and west ends, and the whole tilted northward 
on the average about 20°, Superimposed on the major syncline am 
minor cross and longitudinal folds of varying magnitude. Two qs- 
terns of normal faults disturb the beds of the region. In the main 
one system strikes roughly east, dips  bep ply to the south, and has 
the downthrow on the south ; the other strikes roughly north, dips 
steeply to the wast, and has the downthmw on the weat. Evidence of 
overthrust fanlfing has also been found in the Lost River and Black 
Mountain areas. (See pp. 53, 123.) 
In the central part of the area the underlying rocb are the beds 

of the Port Clarence limes ton^, which except in a few places dip 8"- 
4 6 O  N. The two systems of f adting alluded to have numerous rep- 
remntatives in the Lost River area. The truncation of a fault block 
haa exposed the date at Black Mountain and in the Agiapuk Valley, 
to the east. At Brooks Mountain slate is exposed by the erosion of a 
fold aomplicrttd with faulting. Details are given in the descriptions 
of these areas. 

Along the western flank of the York Mountains the black slate 
beds dip to the east, under the limestone. Exposum of the eontact 
were not m n .  The dip of the slate seems to, be conformable with 
that of the lim&stone. It averages rahut 30" and reaches a maximum - of abut  60° on Kamuguk River. Minor folds pitching eastward 
are superimposed on the general eastward monocline. Synclinsl 
folds of this kind cause certain projections of limestone into the z 

slsh area, and the anticlines have produced certrtin embayments of 
date extending into the limestone. 

An exception to this claae relation of folds to undulations in the 
limestone border is found in tho upper part of the Skookum h e k  
 alley. Rere the slate fonns a deep reentrant in the lime&me. 
Mong the northern border of the d l e y  tbe slate dips northward 
at an angle of about 80° under the lhmtone, but dong the awtherm 
brdei  of the valley it dips e&wtard at a steep angle which shodd 
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.tmm its rapid disappearance under the limestone. There b 
evidently a mmked discordance in the dip of the date beds that 
crop out dong the two sides of the valley. The extent of the 
shh area is not related h tth dip of the limestone and s l ~ t e  beds or 
to the. topography. Faulting therefore appears to have disturbed 

.% . the beds dong a zone running about N. 70" W., parallel to the 
Skookam Creek valley. Inspection of Plata I shows that this mg- , 
g d d  line of fttnlting is in alinement with a zone of faulting that 
runs nearly due east along the bead of the Mint River valley and 

2- I with mother zone of faulting that masks the southern border of 
the slate area east of Black Mountain. 

Evidanca of faulting along a nearly north-muth line was noted 
at one p l m  on the western flank of the York Mamtains between 
Kanauguk River and Skookum Creek. As shown on Plate I, this 
locality is marked by the close proximity of a basalt intrusive to the 
Port CIarence limestone. The proof of faulting lia in th0 verkical 
plane of contact between the date be& and basalt intrusive and the 
l i m a n e  beds. 

Tha slate M s  in the area west of the York Mountah dip maid3 
to tha east and northeast. Mong Bering Sea betwean Kanaugnk 
River and York the slab beds are vertical or dip to the east because 
of their having been overturned. In the western part of the s l a h  
area near the mouth of Baituk md Ocean creeks most of the slab 
beds dip gently to the north. A normal fault was observed near 
the head of the fimt east branch at the month of Baituk Creek. The 
fault hae brought the bssalt and slate into vertical contact with 
limestone beds. The trend of the fault appears to be east, and the 
diplacement wm relatively downward on the north side of the fault 
plane. Normal faults striking N. 20" W., with relative downward 
d i s p l m e n t  on the west side, were also noted ~JI the section between 
Kanaugdr and York rivers. 

The Limestone beds near the slate mntaet in the vicinity of Bttituk 
Creek show a variable dip, being very deep in some places and neady 
hori7antaI in others. West of the mouth of Baituk Creek they dip 
-ply to the WE&, Same outcrops up Baituk Creek and Ocean Creek 

R', 
dip gently toward the north. Knopf speaks of friction brecdas in 
she limestone of this vicinity rand also allr~des to  the @able dip 
of the beds as evidence of faulting along a zone parallel to the border 
of fithe limmhne and slate areas, 

..* Along the m a s t ,  between Baituk Creek and Cape Mountain, the 
limatone beds generally dip a b u t  4 5 O  E, and in places am vertimL 
Along the eastern boder of the granih of C a p  Mountain the lime- - 
stone beds dip we&w&rd into the granite. North of the @ts they 
dip northward, away horn the granite. 
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East of Mountain Creek, to the north of Teller, the Pprt Clarence 
limestone is bordered by black m i c a m u s  &id which is intruded by 
schistme basic igneous rocks. As these intrusions am schidose and 
apparently do not invade the limestone, it is inferred that they are 
older than the limestone. The schistosity of the intrusivw prscluaes 
the possibility that they &ag have come in after the schist was exposed 

1, 
by emion. 

The schist in the vicinity of Mountain and Bay creeks appears to 
belong to the ssme formation as the slate of the Pork region. This 
correlation, however, does not include all of the great schist area 
extending eastward from Teller. The proposed correl~tion of the 
schist east of Mountain Creek and the slate of the York region is 
based on the following grounds : 
1. Both schist and slate are stratigraphicelly below t b  Port 

Clarence limestone. 
2. They are similar lithologically, the only difference con&ting 

in the more intanse regiona1 metamorphism of the schiat. 
3. Both are intruded by basic igneous rocks which show about the 

same degree of metamorphism, are similar lithologically, and bear the 
same relations to the limestone. 

The hills west and north of Mountain Creek are barren, deep, and 
rugged, behg underlain by the Port Clrtrence limestone, which in thi;~ 
locality is pnerally thin bedded, clayey, bug colored, and contortad. 
Outcrops are scarca. A few frost-shattered sxpsures indicsta that 
the dip is northward. The high hills east of Mountain Creek tare bw 
rugged and are covered with tundra. Numerous outcrops dong Bay 
Creek show that the inclination of the schist is to the north 

At the head of Mountain Creek the mrface of the limestone area 
lies flush with the surface underlain by schist. It is evident from the 
mposures of schist and limestone in this vicinity that the schist if 
projected downward would meet the limestone beds along a vertical 
or nearly vertical plane, as the limeatone beds dip in the same north- 
arly direction as the schist. Mollntain Cmek therefore m m s  to mark 
the locatian of a zone of faulting. As the schist is stratigr~phimlly 
below the limestone, the faulting is in femd to have depmsed the 
limestono beds with respect to the schist. . *. 

At last three, and possibly four, epochs of erosion due to  m a s -  h. 

siw nplifta of the region are m g g W  by the N u l d  Plateau, the 
Pork Plateau, and the recently developed lowlands. The Rougmk 
Plateau is less clearly developed within this region, but is said to lm 
well defined farther east, 
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Tbe Nuluk Plateau lg is indicated by the even crests of the York 
Mombin ridges, the tiIted and fauIted strata of which are beveled 
-to a markedly uniform elevation of 2,W to 2,500 feet. The flat tops 
of Cape- Mountain and Ear Mount~in, which have m elevation of 
2,300 feet, would seem to be remnants of the mme plain. This old& 
plain of m i o n  of the region has been thoronghly dissected and has 

0 been deformed by later differential uplift. (See PI. 111.) 
The .York Plateau is best developed in the slate area west of the 

York Mountrtins, at an elevation of &out 800 feet. It is further 
* 
4 shown in the terrace that caps the sea cliff fronting Bering Sea and 

extends epstward to Dan River. The terrace is cut on the Port 
Clarence. limestone, the highly tilted and faulted &rat& of which have 
been beveld with marked uniformity. It is from 1 to 4 miles wide 
and omum at aa elevation of 500 to 700 feet. On the north side of the 
York Mountains it is present as a system of benches which extend into 
the mountains along the stream channels. Between California md 
Agiapnk rivers it is marked by a plateau surface at an elevation of 
500 feet. This pkin extends up the Agiapuk and is correlabd with 
the temce of the upper Nuluk, which in turn ia  correlated w i h  the 
terrama on the north side of the York Mountains Evidence of the 
plain is found in the low hills surrounding Ear Mountain at an eleva- 
tion of 500 feet. 

Since its elevation the York Plateau has been well dissected. It 
ha~t a mild relief of 200 to 600 feet, which is in marked contrast with 
the rugged limestone ridges of 2,000 to 2,500 feet forming the York 
Mountains. 

At an elevation of about 1,000 feet there is evidence of an old 
erosion surf- which was first named the Kug~uk P l a t e a ~ . ~ ~  It is 
marked in this area, by bench& on Cape and Ear mountains and is 
said to be well developed in the region adjoining to the east. Collier l" 
@peaks of it ss " a  well-marked plateau surface extending * * * 
across the K u p k  [now Kougarok] River and continuing in a 
sgistem of benches and table-topped hills to Cape Prince of Wales. 

* * Its relation to the Nuluk Plateau is best seen a few miles 
east of tho Nulu$ River, where a prominent bench, at 1,000 feet 

t elevation, extends[ for several milas and encircles one of the moun- 
# , tains on which th Nuluk plain is well marked at 1,600 feet." 

The recent lo 9 lands cornprim valley and coaskal plains. The 
vslley plains am covered by unconsolidatad Pleistocene deposits. 

*-- 
*CbWw, A. J., A recoanaiwmca of the nortbweBtmn portion of %waml SPminmla. 

A l a h :  0. I. -1. Burvex Prof. Paper !A, p. 35, 1902. 
=B- A. H., aad o t b s ~  Recoandmccs  lo the Cage Home and Nortan Bag re 

dons, Alaska, in 1900, p 62, U. B. Ctwl. Burr- 8px. Pmh, 1901. 
-Idem. g, 54. 



The coastal plaim are cavemi m pari by Pleistocene ~ n d  Recent 
deposits and in part codst of mantry rock 

Pract idy  dl the larger streams have, along their lower channeb, 
d-developed gavel  terraces, many of which extend well toward 
the headwaters This feature is most marked on Agiapuk, Inat, 

* h u g u k ,  e i k ,  Nduk, and Mint rivers and on h u m '  Creek 
md its tributariee. Few of the streams, except the headwaters, flow # 
on bedrock The stream gravels range from a few feet to 20 feet t o r  
more in depth. 

The coastal-plain areas north of Port Clamce and along the 
(I w 

k c t i c  Ocean am partly mxlgtructional, as is shown by the barrier 
beach, Iagoan, and lake'features. A considerkble part of the fd1 has 
been in the form of peat. Extending throughout the maststplain 
m a  are low mounds of bedrock which have been degraded almost 
to the pIain l e d .  'South of h p p  Lagoon the York Plateau merges 
almost imperceptibly into the coastal plain, so that the two fea%nms 
are difficult h toparate, Along Bering Sea, however, the coastal 
plain is sharply differentiated from the York Plateau and the sea 
terrace. 

-0GP. 

The foIlowiq is a list af minerals known to m u r  in the York 
region, with a brief onthe of their chemical composition and of 
t h m  physical properties which the pmspector may use in their iden- 
tification. 

d~npWok-A # p u p  of minerals9 chletly silicates of calcium, mngn&ium, and 
Imo, which occur commonly as gangue minerals but which In tbemwlves have 
no economic Wne. TremoUte, actlnollte, and hornblende are members of the 
gmup obaomed In the rocks of thia reglo& Tremolite is  a colmlem varlety and 
m m  as diatening alender crystals in the Hmeatone adjacent to the mlneralizM 
part o f  the casaftente dike and aa f h  radial group in the lim&ne of Cape 
Hountaln. It  Is a caldurn-magnesium dlicate. Acthollte, an iron, magne81arn. 
end cnlcInm stlicate, Is green and occurs as fine, slender prima forming velns 
in the slate of Potato Mountain. Hornblende is of more complex mmpoaItlon. 
Is green to blnck, and la the most common vasfety of amphibole. It lu Ponntf In 
limentone adjoin in^ masiterite veinrr and in pl~ces colors the limestone m n .  
Aa a poup, the amphibole mfnerals may be recognized by the angle which the 
prhm facea make with each other-66" or 124". Similar angles on pgmxenea, 
with which amphibole is eaally confnaed, are 87" or 93'. Amphibole can not ,'a 
be scratched with a knife. I& color may vary horn white through brown and 
green to black. Amphibole crpmtals are armally long and   lender as compared 
with cr~taIer of pyroxene, whlch tend to be short am3 stout prisms. 

Apatite.-Essential? y calclum pbmbate. Wldel y dbstributd as a mlnor con- *. 
$titnent of granite and uvme other rocks, but mly In snWdrmt qttantlty to be 
of economic value r s  a mume of phmphate. In this redon it m r a  as a 
mfcrcrasmpic cmtitueat of the granite and is of no mmmerc!d value. 

Armp@le.-A compound at  Iron, nraenlc. and sulphur. SLlver-white, has 
a metallic luster, md a n  not be scmtched with a Lmlfe. !Chb  w t m  fuse 
sIowPy in a Inrnimrns flame, and the arsenic fumes liberated have the d o r  of 
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-1lc The ineed m b magbetic. It 1s rather a b u n h t  In the Cwlterite 
Creell tin ore and a h  occurs at BmIrs and Pobto mountains. Zta nsnsl mln- 
eraE are o m  of siIver, lead, and tin, alm pyrite, chslcoggrite, and 
siphalerite. 

Addte.--ally a calcium, born, and aluminam W i a ~ t a  An UncPm- 
mon mineral ocearrfng with tourmaline at Ear Mountah TW cmEbl8 are 
lur-fhped, w d  ite luster is highly glamy. The Ear Mountain materlal ia b r m  
although the mlaentl may IH blue, yellow, or greenish. It can not be matched 
with n Snife. The thinneat of dgea ;earn slowLy in the lamp flame to a black 
mss and may g i ~ e  a a h h  color to the flame. 

Azorrlts.-Aeure-b1m copper carbonate. Can be scratched with a knife. In 
places ocmm with the green copper carbonate malachite ae an incroshflw on 
toc8s. When treated with nitric acid it efeemasces (bubbles), and ff to the 
nitric acid mlntion some ammonia is added a blue solution muh. It iis 
formed by the altemticm of the mlphide ores of copper, and ia cammontg found 
an or near the surface, It occm in the wolframite-topas lode on k t  River, 
where I t  ia probably derived from the alteration of mnik in the or& 

Bio0ite.-A potassium, magn&um, iron, and alnminnm silicate, mmmonly 
called black mica. Occnrrr in thfn a d e s  whlch crrn mslly be picked apart with 
a Wfe point. The flakes are both flexible aud elastic. It is a common mlnor 
constituent 02 many i g n ~ u s  mcksI in which it occurs aa small luatmus flakea 
Rome biotite has been found in a prosgect on Vilhge C w k  at Oape Mountain, 
where it occurs In a pegmatite vein, but this variety of mica Ls without Wnomic 
valna Mnmvite and phlogopite are white or Ugbtmlored mlcas whkcb may be 
of valne where found in pegmatfte veina such a4 that on ViZlage Creek. The 
value of auch a depowt depend5 on the abundance and the qnaLitg of the mica, 
and mmercial degosIk are rare. Bioete m w  In the gmnfte and nchlh and 
in m u t e  on Bmka Mountah, in plateg as much as halt an inch in w, and 
at Cape Mountain in plates measnrfng as much as wveral Inches. 

Cddte.--Calcium carbonate, the -tin1 condtnent of limestwe. Locally 
m r e  veins and possiblg mistaken for quark& from which it Is dis- 
tinquiehable by its softnwtl. Can be scratched with a pin. Qlvea off gas bnbbIes 
when trated with mld dilute acid. Is wIdeIp dbtribut~d and of no commercial 
value in thia region. 

Ca&t&te.--Tin oxlde, the only commerdal ganrce of tin. me pum cryahl- 
1- mfneral containa 78.6 per cent of tln. It is beet dldlngnlahad by its weight, 
ba~lng a m c  gravity of 6.8 to 7.1. It can not be Bcratched by a knife The 
color map vary imm white through grey, gelEm, and brown to Mack. The lneter 
of a freshly broken surfrice Is brilliaat. It occurs in the york r e o n  In quartz 
velns, in m m a l  portfons of granite, and fn Ifmeatone and poqhyry dikes near 
granite intrusions, but i t s  best-known mcnrrence i a  that m 8-m tln on Buck 
Creek. .When In plncer form Its weight Eerves well to idenufy It, bnt fmquently 
it ia confuwd wIth other matsrial& among which iron odae is the moat common. 
A ~ l m p l y  performed and re1iabIe test for cassiterite i s  ae follows: Using pref- 
erably a shallow dish. cover a mioeral particle onequarter to one-half inch In 
size with dilute hydrochloric acid, m d  add a amall quantity 0 4  grtlnulatd zhc. 
Reaction between the zinc and hgdr~hIorie acid wil l  be vigorow, and at the end 
of two or three minutes the mineral, if CaEaltertte, wiU be coated with a white 
Lncrustatron of metallic tin, which may be polished by rnbhing the particle w a 
amcloth. , 

Cem&#e.--Lead carbonate. White to gray. Xasily scratched wlth knm 
High ~ p d 8 c  gmvity. Commonly ocmm am groupsl or bandlea of h&?119 her- 
trona c ~ s t a k  Efferve8cep1 with acid. F u w  easUy in the lamp flame. It 
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occurs in e o n n d o n  with other lead mlaerak and is formed from galena, the 
~nlphide of lead, pound at the Yankee GSrl proqmA, soothwast of the Th 
Creek granite b a r  

G h a ~ e A  copper-iron cmlphide called copper gyrltw. It is eaailg con- 
fmed with pyrite, or *' whlb iron," which it seaembles in color. Pyrite is Ught 
b r m - M o w ;  &aImpyrite is deep braswyellow. Pyrite mn not be scratched 
d t h  a <knife; chawyrlte m. Pyrite may offur in cum or &ohdmm; 
the crystal form of chalcopyrite is seldom recognizable. Fyrrhotlte, anotbdr P 
mineral with which chalmpgrite may he confused, Is bronee-yellaw and is an 
iron sulphide. is slightly magnetic, and d l 1  not react for copper, Chalcogyrite 
was found on Bmkat Moantala at W s  groqmt. I t  diamlvw in nlmc acid, 
nnd if ammonia ia added to the acid solution a blue solution m 1 @  fndiathg * 

topper, i h t l e  the Iron forms a brownish precIpihte In-the mlutlon. The mfn- 
era1 18 i m p d n t  as an ore of copper where it m m  in s~flcieni?~nantitlea 
It Is known to o m  in this region near the mouth of Tin Creek and in the 
contact Ummtone of Ear MountaLn, 

ChWte.-Iron, mamesium, and aluminam silicaterr with water closely 
related ta the mims in many respects ; cbaractermd by greenfsh color and a 
mica-lf8e ~tructnre. The thin flakes 'of chlorite can be separted Llke mica 
flakes and are flexible hut not elmtic. They occur in thb region in the green- 
~tonea of the alate e m  and are secondary mlnemle resulting from the the 
alteratton of iron-magnesium alllcatw, tach sm pyroxene, amphibole, ,ma blotite. 
Chlorite has no commercial value. 

Glkmdm#ta.-Magnesium silicate with hydmxy1 and flnorlne, Bmall honey- 
yellow crystals of chondrodite occw In the contacbmetamorgbm Ilmeatone of 
Brmh Moll~ltah 

DmbuP.ite.4aIcium-boron silicate. A rare mineral which occurrs aa a con- 
&itwent in the gangue of rmwtedte in the Doleoath lode, on CamiterIte Creek. 
Wine yellawiah C yeIlowIsh brown. Lnater greasy. Can not be scratched with 
kni£e but wIU match g-. Of no commercfal Importance, 

DoloWg.--Caldum-mameslum carbonate. Very sLmIlar to calcite in pbyal- 
cal properties bnt a trifle harder. Dolomite will not effervesce in cold dilate 
acld ; calclte will. Ckrtain &rab of the Port Clarence Iimestane are compomd 
of dolomite. It occnre also In small crystals in the dates of the York area. 
The mineral is of no economic importance. 

EpSante.-Emnthlly calcium, iron, and aluminum silicate, dlffmlng from 
zoldte only in the Iron preseat. Radial gronpe of epidote crystals oecnr at 
Brooks Mountain near the granite eontact. It is dmracternd by itsl pecnlbir 
gellawish-green color. Is prismatic in form, and many of the prlams are fur- 
rowed or &riated Cim not bs gcratched with a knife. Powder white or gray- 
I&. Of no economlc imprtance. 

FeMepar.-A group of minerals which are very abunaant in ignmug rocks. 
' 

The more common members of the grow are aa follows : 3 

Orthoclam --,-,------- ,- Pota~8ium~almlnum silicate. 
PlagiocXase : 

Albite ,,,,,------,------- Sodium-aIuminmn silicate. 
Oligoclarre- I Andes ln~  ,----,,,---,--- Sodium, calcium, and aluminurn sllicate. 
hhmdoxlte -----, ,-I--. 

AnortbLte C ~ l c i n m - d u n  silicate.' 

Orthoclaw feldisparr occurs as the principal consMtuent of the acidic t@w011% 
rocks, such m m i t e ,  quartz porphyry, and-syenlte; the plwtoclaae f d d m r a  
prevail In the more basic rock& mch as meenston- gabbros, and dIoritea 



Both be m t  In the -me bnt ta dbthguhh the one from the other 
by simple nsetbo& l a  not always possible. They are m d l l y  dlstln~nl~lbed on 
mt-IF .examhatIon. Bs a group the feldspars are of emnornic Imporhiace 
onIy Ln that they give hiormatian concerning the type at ma- which prw 
doced them, and In a general way they miry indicate what valuable mlneraln 
might-be erpected to be a d a t e d  with them. The -ah occurring in orthe 
d a M  f not of economic value because of the dlWculQ f n -rating it from lthe 
silica wlth wMch it l8 combined. Feldspars have mooth sarE3- with a glam 
llke luster, and are white or pale yellow to fleshcolored. They m a  not b? 
gcratched with a knlie. Owhd examples may be seen l o  the larger promtnent 
m'petals o t  the granite of Cape, Bmks,  and Ear moontnins or in the grauite of . Tin Creek. * Fhrorlta.--Cal&rn fluoride occurs in the York w o n  chiefly as a g n g u a  
mineral with the tin or= of Camltertte Creek and Ear. Cape, and P h t o  moun- 
tains. UanaIIy I t  I s  present m cubic crystals. The color mag be whlte, yellow, 
blue, red, or green. &n be smtcbed with a Imife, but not wlth a pin. Luater 
ltke that of glaw. UwalIy  break^ easily, glving flat mriam. Can be dlatln- 
gntrihed from calcite by not efferoeschg in boiling acId and by its hnrdnew. 

Balm-Lead sulphide. Commonly m r a  in cuhes, but may be mnnulnr. 
Galena in cub- ir~ easily rmgnized by it8 form and hEgh qecldc gravity. Clan 
be scratched with a pia A mlinter fusw  lowly In n l ~ m p  flame. Color or 
Imhly  broken mineral, and of the powder lead-grag. Bright metalllc luater of 

' 

frmhly broken material m m e a  dull after long exposure. All galena cnrrlea 
more or leas silver, but no external characteristic serves te di~tlngulsh the 
kinds that carry much silver from those that carry llttle. Tbe value of lead ore 
in thia region depende a h m t  entirely npon its silver content. Qalena b one oil 

' the mo8t widely distributed of the metalIic aulphldes. It occura In beds and 
veins in rocks of all sorts. It is In many pIttces aaslociatd a l t h  pyrite, aphal- 
eclte, chalcopyrite, and arsenopyrlte In a gangue of quartz, calcite, flnorlte, etc. 
CerueIte Is localb a wrface alteration product of galena. gal en^ la also corn- 
m m  wIth gold and in veias of silver ores. In this dlstrlct It occnm at B m h  
and Ear mountains and on Lost and Rapld rivers. 

Qiwnet.--A moup of minerals of which grossularite (calclnrn-attimtnurn sfll- 
cate) is the moat common In this region and is usually found in the altered 
Ilmeatones bordering on igneous mama. Garnets may-occur in good crystals 
ohowing diamond-&aped or irregular fonr-sided facea. They can not be 
srratched with a knife, are brtttle, and h v e  a glamy luster. Tba commonly 
ealled " rubies of sand are red garnet8 rounded by stream action. Grossularlte 
aa found in thiij region is yellarp and where only a p r t  of the cryeta1 1s exposed 
may be mltaken ftrr cassiterite, but the eguidlmensbnal crgWs,  diamond- 
s h a m  Pam%, and lower specific gravltg should ser\-e to diwtlngulsh. be for^ ac- 
ceptlng a mineral ns cadterite the acid and zinc M t  deacribd under cassiterite 
should be applied. 

a-. Gold.--Occurs in pla~es throughout the n?@on. 
Hematite.-Pu'nggeta of the red oxide of iron m r  with the stream tin at 

Brick C m k  ming h e a v  and dark In color, It l a  sometimefi mirit~km for 
cagslberite. If a e c 1 e  of hematite is crashed, the mwder resnlthg is red- - dish brown, even though the compact mineral is black The fame teat can be 
made by rnbbin~ the mineral on a piece of unglazed porcelain, when a red 
Btreast -1 mnlt.  Hematite Is  not mgnetEc The nodules m? magnetic iron 
occnrrtng with ,ptream tin gEw when treeted as ahove, a black powder or a 
black 

Hubtte.-A rare boron-ttn mmetal k n m  to occar a t  Brooka MouutnIn. It 
fe black, ban a metallic In-, and can be m t c h e d  wlW a pin. As i t  la rnre 



and contain# but a0 rn mt of tIn oxide It will probably have no value ss an 
ore of tin. 

n~ta.-fmm-ttta~~um' oxide. Oocors am an abundant acrwcogle con- 
atItaa~t of thc p ~ r d o v ~ a n  bsmlte and gabbros of the a h &  area. It in not 
h o w  to m r  in mystala of remmiaable abe. in the York reglon, w b l e a  
hematite, but glvm a black powder or e h a B ;  not m~gnetlc like m m t a  
Dsed in the maoafactare of ferrocltanlm, bat not of -t - o d e  impor- 
tance. Occora as an objwtlonable mnstituemt of some magnetic lm o m .  No 
mmmercial depomits known in the York reglon. # 

KmIdMie.-Aluminum sllitate with water. &cum am an ~Iteratlm prodW 
of alomKnoun mtnerala, espaclallg the fe2dqms of the graniM and m h r g  
dike. It is  abnndant in the dmmposed W o n  of the Cassimte .dike ma 

I 

elsewhere in tbe rs%on, although not In the form of a d-t Chat might ba 
of economic value. It h a  s s o ~ p y  feering, and when breathd upon giaea a 
Btrong odor d clay. Can be matched with a pin, 

Ummtbs.-Tha yellow-brown hydroxlde of Iron. Very common as an 
tion product of other rnlnerale containing Iron, wch aa pyrite, magnetibe, 
prmxm8, ampbfbo1a, and mica, when they are eqmd to the action of air and 
8nrEace waters charged with carbonic and orptntc ndda Numerous varletla 
are known, mme of which have a nearly black varnish-like exterior. It may 

, occur ne soft gellow e~rthg mateHal or may be 8a hard and compaet tbat a 
Imife point will hardly scratch 1+ In all varietfea tbe powder of the mushed 
mineml or the streak l a  brown. It occm commonly on the mFfaoe of ore 
bodierr, farming the m n .  w in the case of the lead oreu of Tnet River. Iake 
deposits Jn the form of bog ore are common. sodim of commercial importnnce 
are not known In ths York regfon. 

Liudwifite.-Iran mamedurn borate. A h e l p  fibrous dark-green mind 
m m l n g  In the mntart llme8tone of Brooke Mountain. Of no economlc vaIae. 

MagnelIte-Mhfamtlc oxide of iton. N w e t a  are iakrlg common in the m t n  

th of Buck Creek. Dlstlngnlshed from asmdate8 minerals by ita welaht, black 
powder, and magnetlem occum In contact-metamorphic lfmeetme of Brooks 
Momtaln and Tln Creek, Arr found in the region it 18 of no economic value. 

Molybdmite.-Molybdenum mlphide. Occurs fn mtaU amonnta aaaoctated 
with the cassiterite ore8 at Camlterlte Oreek. It is lead-gray and ham a brlght 
metalllc l u a r .  When rubbed on pager It leawes a blue atreak Can be 
scratched with the fin= nall. Commonlg occur8 la flftkea, d e s ,  or plates, 
which are flexible but not elnmtic. May be fine gmnnlar. -mblea graphite 
In color and form, but grapblte Imvea a black streak. Molgbdenlte usually 
m r g  distrlbntd through debria of granite, rrpatalline Urneatones, porphyry, 
and pegmatite. No occurrence of econornlc Importance is known in the York 
region. 

MwooPdte,-Whlh mlca, emmtlallly potaes1nm~luminum Isilicata Ita pbyel- 
cal propertfea are the same as those aescrlbed for biotrte except the color. 
Mucovite o m r a  in certain pharles of the granite of Earn Monnhln and is the 
chid mlca En the quartz porphyry dlkes. Mn6covih IR the most common of the 
mrcaa, It Is vem common in mlca sehistrr and not uncommon in certain pranit~ .  
The largest and MiIeveloped cry&aIa occur in p3gmntlte dikes aemlatd with 
granite. It ia from mch dikes that the mica of Eammem (iainglam) b nmnW a 

obtained. No tleposIts of commerdal importance a m  hawn In thls reglon. 
Ot~vifid,-Iroa-rnagnedum dlicate. Occnm aa a mlcroacoplc mnstItnent af 

bawt  dlkea and flows. Can be recognized by I t s  yellow-men &or, e l a m  Ins 
ter, and granular form, Can not be scratched with a knife. Of no economlc 
importance. 



-&-A rare boron-tin mineral found et  Brooks and Ear mountains. 
Ltwhns, -1-black, foliated. Can be matched wlth a pin. Uontaln~ about 15 
p r  cent of tla oxlda Not Important as an ore of tin. 

PhE0gopite.-A mica very rrimilar to biotite in mrnpositlon bnt wntaidng leers 
Iron. Has all the ph~rslcal propertm of blotlte except color. PblogopltB is  
amally light brown or brownish wd, with a copper-like refiecttm. It is  com- 
monIg found in cry8@1llne limestone or dolomite. Occum in the limestone of 

3 Cnw and B m k s  monntnlna 
Pflte.-Iron snIphIde, called iron pyfltea or white iron. A very common and 

widely dlatrlbnted mineral in the York region. Eaallg r e c ~ g n l m l  by its light 
b~~s%peIlow color and la cryartal form. Uwally occurs nu cubes or mto- 

• hedmns Can not be arratchM with n hlle. Dlatlngvhbed from chalcop~~rite 
'r. by Its greater hardness, cryRtal form, and paler colot. A m m o n  assodate of 

the tln and Imd ores of the redon. Found In the pln~ers  and very abundant hi 
. large rnstals in aome of the slates. It ES of DO mnomSc imgorhnce aa foand 

bere, Pyrite is not an ore of iron. Great d w t s  of it am mlned and used la 
the mannfactFlre of mlphurlE ncld. 

Pyrolrrsite.-Mangfinese oxlde. Imn-black to blulah bhck PolRder black. 
Luwer dull. Cnn he mratehed wfth the f i n m  nail or a pia SoLIs the fbgera, 
Differs from rnametite nmally in hardnese and in not being maguetlc. Occurs 
In the York re~!on as dendrItea, or plantlike flmce$. iu the joints of the lime- 
stma a t  Oasal tdte  Crwk. The source of the manganew is probably wolf- 
ramite, which is iron-manganese tnnptate and which on decomposltlon ylelda 
maoganem? to the  cirmlnting -term, to he d d t e d  in the Ilrnestone flssores. 

PwT-A groap of silicate& cblefly of calcium, mammium, and iroo. 
Common constituents of igneons meka. OC no cornmewla1 vaIne. Tbe @lor 
rangem Prom whlte to black, but green and brown pyroxene ere mcmt camman 
in thls w a n .  Pawder grag. Caa not be r*?ratcbed wfth a -lie. Prlm fa- 
on pgmxene cryatah are practlcallg at rlgbt finglea fhne diUrlng from the 
lm" angles of the p&m fncea of amphibole, Pyroxene Is riometlmeg confwsd 
with msdterlte but Is much lighter and wtE not reqmnd ta the acid and ztnc 
temt ontlloed under the d e d p t l o n  of cassiterite. Augite. s brown m i -  of 
pymene, rmrurs In a quartr porphyry dike at Ear M o a n t a b  Bedenberglie 
occurn in the mntaet limestones of Cape Mounhfn associated with ~ F I ,  da 
whIch it has been confuM. 

~hows.-Maffnetlc iron wlphide Emmbles pyrite and ehslcopglrte but 
can I'm dlstlngulsbed tmm them by its bmme coIer, bg Its Jmharm, and by 
Wng oligbtly magnetic. Is often mlstaken for atannfte in the tin deposfts but 
dlmm in ita magnetic prowrty. Can be @ratchet3 with a h i f ~  Lunter la 
metallit. Powder Es dark grayish black. DusalIy granular. It la jntirnatel~ 
mixed with nickel minerals at Sadburp, Ontario, in the largest nlcltel depmit 
known. Occurs lo the Yark region at Brook and Cape mountains and at Tin 
Creek. 

2 
'& . Quwta.-Silbon dioxlde. Vers abundant fa the reglon as Btrin~ra or veloa 

and ns a constituent of the granites and porphyry dikes. Clear crymnl rpartz 
or milky qnartx is easily distinguished from any other mlneml which it rn 
semhlea by 4th hardnws and by its lack of c l e n v a e t h a t  Is, of smooth surfam 

7- along whfch it will break Can not be matched with a knlCe and wtll scratch 
glass. Ualcite La mnch softer. Feldspar has mod cleavage. Quartz c r y d l s  
are &-dad. Smoky quartz b common in the -on and has beea mistaken 
f ir  d t e r l t e .  

f l u i ~ k - ~ l t a n i ~ ~ i  d d a .  Occur% arr a micrwtcopic cMtnent of the gmnIte 
at Cape Konntaln. May be yellowish, brown, or black. Black rutile might be 
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collfaQed with cnmlteriw, bat camlterite Ss header; and the h~rocb10ric add 
end zInc teat for tin will distfnguisb them. c N d y  in manutacturn ol 
ferrotitanlum. No deposits of economie importauq howti in York Pegloo. 

Boapolite.-Sodinm. calcium, and aluminum stllcate mnlalning chlorine. Tte- 
nemble8 famar in appearance and la Wt distindahed by m l c r m p I e  
methda. Occum at Ear and Cape momtafas kn contact-metamorphic limestone 
near the grmite mamx. Of no economic value. 

Echelite.4alclum tnngstate, containing 80.0 per cent of WO,. Occurs a8 a 
microscopic conatitpent of altemd llmmtone at Cape Moantaio and in caaai- 
terite veinlePs and their adjoining altered limestone at Cm~iterlte greek The 
occurrence Cs not of economlc imporhnce. Scheetite ia nsua1Zy yellowish to 
bmwnlsh whfte and has a gamy luster. It is heavy, comparing wall in weight 
with caaslterite. Powder white. Can be ercrakhed wlth a Wife- A slmple chemb 
eal test is as follows: Treat the Aneb powdered mineral with boiling hydro- 
chollric acid. A y~llowlsh mlutlon result#, which on the addition of a llttle . 
granulated zlnc or tin and further boiling turne blue. 

Splmlerlte (zinc blende).--Zinc sulphlde. Yellow to brown or black Lmter 
mInou& Black whal~rite l a  known at Brooks and Ear mountahs, where it im 
distjnguiahed from wnlframlta with dffflmlty. It BilEers f m m  wolfmmlte 
In being ~ofter. A knife will scratch whalerite bnt not wo~rramlte. Sphnlerite 
occurs in both lmeou~ and sedimentary rocks, commonly as an amdate of 
galena: also with chalcopyrite, pyrite, Islderite, fluorite, and other miner&. 
It 1~1 an ore of zinc but Is not known to occur fn commercfnI quantities in thim 
region. 

H p s ~ E . - ~ e n t t s l I y  magne~tvm alumina&. Dlirerent varieties contain Iron, 
manpanew, chromtum, O m r s  as s m a ~  black 0ciahedFana In the contact 
Umestone st I b d ' n  galena grospect, Brooks Mountain. where it is aascwbted 
wfth chondrodite. Is not of economlc importancece 

starraBEe ("Hn W e a  "1 .-A ~ulpbide containing copper, tln, ima, md nwam ' 

she Contafna 286 per cent of copper and B.5 per cent of tin. (lolor mep 
vary from steel-grs9 t o  yellow tp hrowalsb black. (3an be a u n m e d  with a 
knife. Powder blackhh. L u s k  metallic. W n r a  at Loat Rives amodatml 
with &ma and wolframite and in brown-trLek. Stannite L dLfemIt to recog- 
n h ,  and fta identity mnh be deterrnlned by ehemIcaI methods. It IB not 
imporhmt as a sonrce of t3e 

StfWbe-htlmong mlphlde, mmmwSJI referred to by profqmAora as mtl- 
mony, but rrmtaina only 71 ywr cent of aotlmong. Color lead-gray, tarni~hing 
ta black. Can be matched wlth anger nail and cut wIth a W e .  Fuee~l In a 
match flame. Cryetals usnally elonpttd and mmmonly In radiating grow. 
Found at bend of Tin Crpek in a vrln wlth calcite and on Bessie and Maple 
claim. weat oi -st River. 

Tom.-Mumlnnm-floari silicate. OOrnmbnly white or Ught gdow, bnt 
m w  be blue, green, or r d .  Luaec  las say. Can not be srratched with a hlfe.  
Win scratch qnartn. Powder white. Occura In prismatic crsstnls. Cam- - 
monlg found in w k n  of the granite tgge Sr veilre and avitie8. Mag be ae- 
cornpaaid by flwrlte, cassiterite, tourmnllne, &c f n t& reglon It I s  abrmd- 
ant as a constituent of tin ore at Loat River and m u r s  in veins In limestone 
and ae a contact-metamorphic mineral In llmertone adjolnig granite Lntmsives. t 

It ia commonly mmctatd d t h  fluorlte ancl zimwaldlta Ham no emnomlc 
value except aa a gem stone. Only mIneraEs havlnff p%m q u a l i t i ~  c a ~  be 
ueed for that p-. 

Tow~ltaUfle.-A complex silicate d born aad alnmtntIi wlth either mag- 
nwlnm, iron, or the alkaIE metal8 prominent. Crystah prismatic, often slender 
and strongly marked by llne Ilnea. The crcles -on o i  the prim may lm 



thre, or nine sided Can not be mat- with a M e .  Luder brflmnt. 
Color nwalIy bla& but mag be brown or gmxtish. Powder white. Best die- ' 
tingnlabed by tdmgolar &ape oi it@ prlwls, bardnw. and coaI-like fracture. 
'J!onrmaline is very common tbKmgbont the York region as an mmchte  of 
tin ore, but its pr-ce d m  not necessarily Indicate tin. a3 it is fonnd in 
mans places where tin ow does not occur. It b abundant ia the granlki ot 
Cape and Ear moantalne and in the adjoining Umestone. The qua& atrln&Em 
of Potato Mountain carry tonrmallne. At Bmks Mountain and mt River 
I t  Is abundant. Although In plrtm wsembllng cassiterite, i t  Is Iqsa than halt  
am heavy. If cornparlimn of t h e p e i f l c  gradtie of the two mlnmPa la im- 
pw8ible the hydrochloric acId and z b c  tmt for eaastterite should be made. 
Tonmaline has no eccmamIc valne, except in rare apwtmens aa n gem atone. 

'Vesu&~Ue.-IZt3w t1nu calcium-alnminnm silicate. One of the mmmonemt 
contact-metarnorpbic minerals In tbe region C r y s W ~  an? wuam prima. Cam 
not be scratched with a knLie. Cokr brown to green. Luster glassy to m I n -  
one. Powder white. Thin edges and very fine splinters are round'& in the 
 lam^ flame, whlch sene8 to dfstingoish ft h r n  garnet, tourmaIIne, and &- 
terlte, for which it might be mlutaken. Vewvianite m r e  on Brooka Mountain 
and at Tin Creek. It I s  usually of some hue of m u ,  ranang from gmy-gmen 
t o  bmml~h green. It la of no commeerdal importance. 
Wdpaali~.-Iron-manganese tangstate contu!ning 78.4 Mr cent of WOs. 

Crystale are commonly tabular but may be prismntic. Prlam faces BE lined 
Can k scratched by a lmife wlth dimculty, but IR easlly scmtched by quark 
Color mually brownt~h black Powder nearly black. It la about aa heavy ae 
csaalteslte. Wolframlte ts an ore of tunmten and fs in many platen amoclate 
wlth tfn o w :  it also crceam In qua&, with wheelite, pgrlte, galena, sphalerite, 
etc- It E8 d a t e d  wlth easaiterib at  Cassiterite U m k .  It can be distin- 
pulshwl from cassiterite bg Its hatdne8~ and In this locatltg by the ahape of 
Its crgetal~, most: of which ere elonpated, slender prlms. Wolframlte can be 
dWgniahed fmm black mhalerite bp Its greater weight and h r d n e a  It 
i8 not so easy to prove the presence of WOS in woltrarnlte aa it la In scheellte, 
owing to the difficulty of geOttng wolfsamite Into solntton, lChe best m l t s  
are obtained by &at fnamg khe mineral with three parts of mliwn carbonate 
on charcoal and then tmtfnp: with acid. However. it is nwallg powible to 
get some material Into solution by boiling wlth hydrochloric acid. Addition of 
~ I n c  or th to the clear wlution and boillug turns it an Intense Mae. % 

WoE~Zonite.-Ualc~um ~ll!cate, n variety of pyroxene. Color white, m, or 
yellow to brown, Powder white. Can be &ratchet3 with a knife. Lnater 
vittPons to peady. Occura usually jn gmnnlar 1Imemne at granite contact. 
It wmra on Cape MountnIn in proxfmlty to the granite, IocalIy formlng white 
masses 3 feet or 1- in thlcknese. Of no economic value. 

UmauWdHa.-4 micn, eumntlnllg a lithium, iron, and alnmlnum silicate, rom- 
monlg a m l a t e 8  wlth topaz, fluurite, and other mlnerala. In physical proper- * 
ties resembles mnmvl te  but Is yelIowIsh to brawn. It i a  a .common con~tltu- 
snt of the cassiterite veins of Cassiterite Creek. O f  no wnomlc  vaIue. 

Z$mm.--SfiIcate of zImnInm. Occurs a& a microscopic mnstltncrlt of the 
granites d the Pork reglw. Kot di~inguishable in hand Llpeclmens as known 

-c 
to occur here, nod of no economic importnnce. &imn 1s commonly found In 
square prtmts. Color yellow, grnyish, ar brownlah. Will scratch glasa, also 
quark. Very high laetet. Powder whlte. ' 

ZMta-FbsentraW cnlcium4nminnm silicate. Occnra In small mmnts h 
the altered Ilmestones of Enr Xlouatain. Crystals are prlsm~ttc and deepIg 
ntrhterl or furrowd. Can not be scratch& with a knife. Luster glatisy, 
Color gray, yellowlnh, or b m .  Powder white OX w economic importance. 
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LOST RIVER AREA. 

hsk River rises on tha south slope of Brook Mountain, whence 
it flows southward into Bering Sea, 9  mil^ distant, Most of ita 
tributaries enter from the west ; of these, Rapid River, 9 miles in 
length, is the l o n p t .  In the valley of Rapid River is a trail and r 
a wrecked telephone line to York and C a p  Monntain, The tribu- 
taries from the east are short and carry but little water. The area 
of this &de of the Lost Rivar drainage basin has been curtailed by 
the growth of many small rim1 streams flowing southeidward -I 

into Bering  set^ 
Lost River is a swift-flowing perennial stream. Where mnfmed 

to a narrow bed it is mabuut !2& feet deep and 25 feet wide under 
average conditions, but in the vicinity of Cassiterite and Tin creeks 
it spreads out over flats several hundred feet wide. The water of 
the stream is clear m d  cold and where stirred by currents has a 
beautiful bluish-peen color. It is remarkably free from both wp- 
table and a n i d  life. 

Tha valley is bordered by steep barren ridges of the York Mom- 
him, about 2,000 feet high, whose slopes range from 25" to 45a. 
Until the middle of A u g d  the gulches of t h w  high hills are 
buried jn maw and ice and from a distsnca appear like white 
strenks, geshing the. p y  of the hi&. The distance amam Itha 
vslley from ridge txi ridge is about 29 miles, except at  the mouth. 
Bordering the stream are low rounded hills having an elevation of 
&bout 150 feet above Bering Sea. Upstream these hills merge into 
a well-defined bench lying a b u t  30 feet ahve Lost River at the 
mouth of Cassiterite Cieek. Except for scattered patches of mome 
these low-lying lands are hardly less barren than the high ridges. 

Three-eighths of a mile north of Bering Sea the b s t  River v d e y  
is nearly blocked by a ridge half a mile wide, an eroded remnant of 
the great sea terrace referred to on page 35. Thmugh the eastern 
part of this barrier the river has cut a canyon. West of the river 
this ridge merges into a flat a little over 100 feet in elevation and 
about h ~ l f  a mile wide. To the emt and west of the lower 3 miles 
of the river valley lies the great sea krram, about 400 feet high. i 

(See P1. 111.) 
South of the ridge that bars the Lost River valley the stream is 

bordered by a low gravelly flat several hundred feet wide, dotted 
d- 

with limestone outcrops. This flat ie i n c i d  into a st--gravel 
hrrace that rises 24 feet above Bering Sea. Nearly 100 feet from 
the strand line the waves have thrown up a grave1  be^ 15 feet high, 
through which the stream has cut its charnel. During great stoms 
from the south the waves build a temporary gravel bar across the 



mu& of the stream, but the porous dhbris thus piled up does not 
hold buck the water, and shore currents soon destroy the bar. The 
river hes no visibla delta. 

The mouth of Lost River can be rsached by trail along the beach 
of Rering Sea, stding on the shore opposite Teller. From TeIlar 
this k w h  is reached by means of ferry acro~ls a narrow outlet of 
Gsantley Harbor. The numerous streams wrms which the trail 
p m s  are 'not bridged, but under the average summer conditions 
light loads can be taken over this rosd. Severe northerly storms 
improve the trail by driving the waters away from the shore. From -_ 
the mouth of Lost River the trail continues upstream and branches, 
one branch going wedward up Rapid River to York md the c a p  
and the other going northwrtrd to Cassiterita and Tin creek and 
thence across the Lost River and Mint River divide, down the valley 
of the Mint and across a very low divide into the valley of Skookurn 
Creek, which leads northwastward into the Potato Mountain country. 

During the summer a 44-ton gasloline achooner stops on signal at 
the mouth of Lost River, weather permitting, about once in 14 days 
on its way ta end from the Arctic Ocesn. Freight is landed by 
means of mall rowbats, the mbooner anchoring about a mi la from 
land. During timea of fog and windy weather the boat commonly 
omits this stop. Larger freight boats from Seattle -ionally 
reach this shore and lighter their cargo by means of barges, which 
come from Teller for this purpm 

The l&t River are& is underlain by a m&on of limestone beds, 
2,000 feet or more in thickness, which generally strike a h u t  N. 
7P-80" E. and dip &out 25" N. Two syshms of faulting disturb 
t h a  be& The fadts of one @ern strike parallel to the strike of 
the limedone beds, about N. 80" E,, and generally dip steeply to the 
south. Those of the other system generally strike parallel to the 
dip of the beds, N. 20" Wm, and dip steeply to the west. The dis- 
placemenb caused by these faults appear to be mainly of the normal 

; type ; that is, the overhanging side seema to have moved downward. 
Slickensj des on the fad t surfaces show, h o w ,  that in m y  places 
the movements have been more complex, ha* both horizontaI and 
verkical components. - 

After the faulting bad occurred the Iimestone was intruded by 
stocks of granite and dikes of granite and qu- porphyry. One 
p n i b  dock on Tin Creek has been exposed by d o n .  Another is 
surmised to underlie the locality of the Cassiterite Creek tin praspect. 

The d i k ~  were injected main1;v d o n g  planes having the same atti- 
tude as the strike faults, but a few, including one on Camp Creek, 



rose dong planes h a ~ n g  the same relative positinn &s the cTip rhrW 
It is probabh that a11 the dikes rme dmg fault planes, but this in- 
ference can not Be proved bemuse of the lack of sufficient expotsores. 

The intrusion of the granite and quartz porphyry was followed by 
the rise of hot solutions carrying tin, fluorine, and boron from the 
granite stocks below. These solutions caused certah alterrttiona of 
the grmite, dikes, arrd limestone, involving both the accession and S 

removal of material. 
-, 

* 
The limestana includes rt lower group of thin gray to  chocolste- - 

colored ltbyers with grayish-brown and dark clay partings, EL& upper 
p u p  of pure gray layers from 1. ta 3 fdet thick, l d y  with scat- 
tered black flint nodules, and a third group of transitional. beds be- 
tween the two. Layars of the lower type are well exposod in tbe 
*a eliffa 2 miles west of the.month of I ~ s t  River. (Sea PI. IV, A,) 
The upper b d s  can be seen in the high ridges between Tin and Camp 
creeks. The transitiond beds m u r  at the Lost River canyon- T b e  

I 9 . . . . ?  w w  w- 

F m m  4.-ProBIe e o n  along wwt bwk of film awtbwmrd for a b u t  &MID tmt 
- from month Bea for a p l w t i o n .  

r e d t s  of fanlting in the area being diffidt to gsge becam of the 
lack of distinctive Lithologic or fossil markers, it is hpoasible ta 
estimate the thickness of the three l i m h n e  p u p s .  

The following notes on a section taken along the west aide of X;ost 
River from the sea northwad about 3,600 feet, illustrata the lithology 
and structwe of the lower and transitional group of layers; The 
letters refer to positions so marked on the rtccompsnying profile 
(fig. 4) - 

a. west bang of Imt River at month : Pore calcltlc microgranular chocoli~& 
colored Timestone. BMdLng generally o k m t d  by e a c t u m ,  but lmally W 
bedded. Strike N. 45' EZ, dip 40' S. Cut by ltwo sets of joints rrpad at 
Interrals nf 1 Inc&(I) stsike N. 10" W., d!p 55" W.; (2) rtrlke N. 15' W., ci 
dip 60' W. One fanlt strikes N. 20" W., dips 80' W., and 18 marlred by a 
breccia zone 1 Lnch wide; the m t  side bas m v M  upward, Another fault 
strikes N. 20' W., dips SO' W., and shorn flae slickendde groove8 facltned 
20' S. on fanlt plane. C: 

b. About g00 Sax north of mouth: 10 feet of Mu-bedded dark Iimedan~ 
with lenttla ot b r m  ahale. Smke N, 20' W., dip 60' N. OPerlatn by 10 feet 
of dark pure limeatone bed& 8 to 8 inch= thi& with mwh, hackly mrfac&, 
c About 720 fet north of month : 15 feet of Bark-brown thin-bedded aphanltlc 

llnmtone. with m g h ,  bacgly snrfaca Strike N. 20' W., dip IS' N. Cut by 
fault that strikes N. 10' El., diphi 80" E., and shows aflckenslde groovm lndiilen 
Be S. 
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Q. About 1,620 ieet nmtb of month, elevatlon 3 to 60 feet abova a ~ e a  : Dark 
nphaultle brittle llm-e In beds If Inch- thick, with wavy surfam and 
bmwn Bhsla pnrtbgs a fraction of an inch thick. Strike enat, dip ,20" N. 

e. m r l y h g  d, elevatlon fM to 100 i e t  : Thkn-beddml chocolate-colored 
aphPnitlc Ilmesltone l ike a. hame attitude as ti, 

7. Elevation 100 to 1F feet: mbFis af limestone U e  a and e. 
g. About 1,900 feet north of mouth, elevatIoa 146 to 1U6 f&: Wmeetone 

debria 1Ike f but witb thln brown shaly parting% 
h, Hllovation 156 to 195 feet : Dark-gray granular gnre llmwtone &bL, with 

v w e  bedding and rough. bacgls surface. 
L About 2,100 feet north of mouth, elevatlon 1B5 to 224 feet; Chocolate- 

colored thin-bedded llmastone with hackly fracture. 
j* Elevation 224 to 246 feet: Chmlatemiorwl limestone In thin wavy bedrr 

Wth 5lms of light-brown ahale. 
k Elevation 224 to 300 feet : Chocolate-coIored Ilmemtone with indhthct 

Mding, containing small black irregular flint nodulm about 1 inch in diameter. 
Weathered 8urPace of limestone ha8 ash-grng color and Is rough from rninnte 
flint seama 

I .  From 23M to 2m i e e t  north of mouth: No outcrops. 
m Elevntion 295 to 300 feet: Dark-colnred thln-b&d& UrneBtoue cornpoged 

of Imw of Hmeakone 2 knchm by onefourth inch, cemcnted by fllma of shale, 
a Ekvatlon 300 ta 318 feet: Dark-colored pure Umetcone In be& from 2 to 

8 inchm thlck m u g  black filnt nodulm which weather white an ex- 
-= 

o. Ewat lon W8 to 370 feet: Alternations oi debria of granular dark- 
pum limeatme and thln-bedded grag to bmwn ghalx Ilmesbne. At elmtIon 
of 210 feet maZl outcrop of m y  nhaly Iimestone, in beda of onefourth inch 
strike N. 70' E., dip 8' N. To the north a shear mne strf83tng M. 70' E, 
and dipphg steply south. 

The character and mmplexity of the fadt;nS of tha Imt Rimr 
a m  are illustrated by the following tabulated note of the fault 
obsamations made near the mouth of Lost River: 

m. 
1MhukYamth .... 

8 .  
-- 
N.lWW.. 

Dip. 

wow ..... 

Do.. . ..... . ... . ... . 
WmtWstmmth.. .  
Wwt b k 8 a o  p b n ? m  

norCb or mouth. 
Ewt bpnk 24 pacw 

north ni month. 
East tmuk So7 

north 01 mouth. 
Cmyon Wl pams nwth 
ol mouth. 

Canyon z,HOOpsorwnatb 
or mouth. 

hat  benk 8. BB. W. 

m mlth 
MoUntdu.  . 

Id0 #mth a¶ laet 
lacdltg . - 

Rmnmb. 

on hall 

70'-80. B 

m a w  ..... 
tYI.6 ..... 
t'mtkd... 

... do.. .... 
JO' 8.. . ... 
Ya rtie$... 

8S0N.. ... 

8[r E ...... 

N, 80. E... 

N.WW.. 
N.lO*E... 

l h t  ...... 
N.&' W-. 

Em.. .. .. 
N. BO. E... 

N.BS0E ... 

N.6'  E... 

towsrd nm-&west. 
8UrPonaido m e s o n  fault p b n ~ d l p  46.5. Dimlm 

of movement unceMn. 
SMckensldc~covestndlinstla0'8. 

H m i r o m t a l n U ~ ~ .  

West side nppesrsto bum movd dm-  

S s d  @bl Islllts: aaurh aldr b m w e d d m w a d  

Bmth &a ha# movd doailward. 

of MU-. R l n m  mra 4 to 8 feet 
long md 1 foot high. Both riduea and dspmsaiortr 

le l  gr- ltrlkin V 2-3. H. y feat 
% g b ~ e o o t  ~ncb deep. %;dth lags I t b ~ n  t. 
loch. Gmvos hqsved to k c s d  by werthntst 
Iwlt. 

D D W ~  cmlinlt ot hsds w ~mbmlds of hull imlimtef 
that south ~ l d u  has moved upnsrd. 

- 



'She diges form very few outcrops. They can be traced, as a rule, 
by their dkbris, which rninglm with that of the limehltone into which 
thy were injected. Such fragments rarely exceed a foot in diameter. 
The surface ddbris marking an unaltered broad dike may rix 1 foot 
or more ahve  the dhbri~ of the adjacent limestone. In p I m  decom- 

5 p o d  dikea underlie slight depressions a few inches below the 'border- 
ing limestone. On such dikes is commonly growing a l k h t - p y  to 
brownish moss; and, when the mrfsce is dry, they can easily km tmced 
by the color contra& between themselves md the gray limestone 

L. d6bris. 
ORkNfiE. 

Granite ia  e x p o d  in two places in the vicinity of Lost River-- 
north of Tin Creek and on a tributary that enters Lost,  rive^ from 
the west about 2 miles north of the mouth of Rapid River. At the 
lattm pIace the granita is qn a low hill on the south side of the 
stream about 2 miles rrbove its mouth. It occuw as a group of dike- 
like intrusions, str- northeast, about 400 paces long md 150 
paces wide. The surface is covered with granite boulders about 14 
feet in. diameter. Mges  are scam. The granite is B medium- 
grained quartz-feldspar-biotite rock. Several shdlow prospect pits 
rind trenches btwe been opened on it, but show no mineralization, 
The limastons adjacent to the gsanife appears to be unaltered except 
for s slight development of serpentine. A description of the granice 
on Tin C r d  is given on pages 7P75, in the section on the Tin Creek 
tin proepect. At the tin prospect on Cassiterite Creek, granite prob- 
ably underlies the creek bed at  a, depth estimated at 400 to 600 feet. 

After the i n h i o n  of the dikes and the g r d t e  and the develop 
mexlt of the tin minerals, the Imt Biver area was eroded by streams 
snd,by the ma. Several epochs of emion are recorded. 
In spits of the steep dip and notable faulting of the 1imeston.e beds 

of the region, the l~ighest ridges rise to one general l e d ,  areraging 
about 2$00 feet above the sea. It is believed that the beds were 
eroded to about this enera1 level, either by streams or by marina 
planation. In the next epoch of erosion the sea cut the grat sea 
bench now fronting Bering Sea at an elevation of about 400 feet. 
What the h s t  Bivar valley was like at that time is not clear, for no 
h n c h a  dong the stream having this elevation wme noted. The 
p-t epoch of erosion began with the emergence of the ma bench 
to its present level. The sea cliff along Bering Sea was cut by wave 
action. Shw then there have been minor changes in the confignra- 
tion of #0 comst by slop and.shore deposits, which have caused the 
Rea to m d e  from the cliff east of Lost River. 



After the elevation of the sea bench, Lost River l o w e d  ita hd 
until it was a b u t  100 feet above the present sea level an the blnffe 
north of Bering Sea. It then flowed through a broad depression about 
1 mile west of the canyon. Benches of this stage about 80 feet &ova 
the river are found in the lower part of the valley. At the mouth of 
Tin Creek and up Camp and Cassiterite creeks they are 15 or 20 

? 
feet above stream level. The stream finally found a mom direct out- 
Tet to Bering Sea when it was tapped by a gully which haad cut ita 
way back from the sea. This gully is the presnt canyon of the river. ' 

An absemer viewing Eost R i ~ e r  vdey from one of the high paks 
to the east doas not see the present channel. He sees tha bmad benchee 
on each side of the stream and expects to find the river &ill flowing 
an them. The canyon near the mouth is a surprise, for it does not 
fit the width of the valley farther up. 

East of h s t  River the mked ma bench has been only slightly 
eroded by atreams since its elevation, except by those which head in 
the York Mountains. Thwe have cut narrow and deep trenches 
acmss the entire width of the bench. 
No estimates of the amount of erosion during the first epoch, rep- 

meanted by the plain that hvels  the tom of the Ysrk Mountains, cRn 
. be made, for this plain cuts acmm a rnonoclinal succession of beds 
that are faulted to an unhown degree. h t  River hns removed 
from the part of it8 drainage basin east of the channel about 50 per 
cent of the materials between its present level and the Nuluk Pl~lsteau, 
and £mm the part west of the channel perhaps 90 per cant. 

The amount of tin-bring dike rock eroded from the Camitahb 
dike is probably somewhat greater than that which now remains 
above the level of Cwiterite Creek. This wnc~us i~n  is b m d  on the 
a m p t i o n  that prior ta emion the mineralized part of the dike 
extended from the pm4ant creek upward to the level of d i t  No. 3, 
The end of adit No. 3 practically mp-ats the met. end of the 
mineralized part of the dike. It is probable that the rninemlization 
of the dike was 1s- extensive in a mrtimI d id ion  8s in a longitudinal 
direction, or perhaps even more extemiw. Hmoe the assumption 
that the mineralization of the dike onm extended vertically from 
the present creek level to the level of adit No. 3 aems to be wwa 

r- 

ranted. It is therefore probable that a b u t  150m Edm of t h h r -  
ing rock has been removed bg erosion from the Csssihrite dika 

Prospects of tin, lead, antimony, copper, and t u n w n  in lodes 
have been located within the Last River araa. The Imation of the L 

lodes is shown on Plate 1. A mall quantity of placer tin m t s  

on Cassiterite Creek, and the only important lode-tin pmspwt is on 
the same stream. h a d  pmspects have h n  o p d  on Tin C m k  
nbout 400 paces west of the granite, on Rapid River about 4 miles 
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above its junction with River, on eb tributary of h s t  River 
north of Rapid River, m d  on the west side of the I& Rimr valley 
opposite the mouth of Tin Creek (the Southern Cross lode). There 
is a lead-tungshn prospect near the Southern Cross lode, and about , 
400 pacss WE& of the lode, acrom a low divide, is a small antimony 
prospect. Copper was found on the east side of the Lost River val- 

f ley about hdf a mile south of the month of Tin Croek. Of the p m -  
pectg mentioned, only one, the tin prospect on Camiterite Creek, has 
been oonsiderably developed. 

OEOLqOIO BELATIOIPS OF TEE T m  D m a X T l ,  
/ 

The region in the vicinity of Cassiterite C m k  is underlain by 
northward-dipping Jimestone b d s  which have been djalocated by a 
series of faults that strike nearly east and dip steeply to the south, 
and by another series bha;t strike roughly N, 20° W. and generally 
dip  teep ply to the west. 

Aftm the faulting of the limestone beds they were invaded by 
molten materials, which probably found their way upward along 
bums,  as most of the quartz porphyry dikes which they formed 
have the same attitude as the easbrly faults, rtnd in a few plsces the 
molten materiala followed .certain northwesterly faults. One of the 
quartz porphyry dikes thus formed, the C~ssiterite dik% is now be- 
ing prospected for tin ore. 

The injection of the d i i  was foUow4 by the rise of hot tin- 
berllrigg solutions from within the earth. Them solutions caused 
portions of the dikes to be r e p l d  by fluorite snd other minerals, 
including the tin mineral wderite.  The limestone tmmmd by 
them was partly replaced by fluorite, serpentine, pyroxene, and simi- 
lar minerals. They a h  formed certain fissure veins cutting the 
limestone and to s lesser extent the dikes. T h e  fissure wins contain 
s p u p  of minerals charscteristic of tin deposits, including quartz, 
cassiterite, fluorite, topaz, and tourmaline. Present developments in- 
dicate that the dikes contain the most promising deposits of tin. 
The veins cutting the limestone show no probability of future pro- 
dadioa 

Since their introduction Ithe assiterite and related minerals have 
C not been disturbed by any marked f d t i n g .  Erosion haa exposed 

them and has cauwd the aecumulaltion of a little placer tin on Cassi- 
terite Creek. 

mm!mm. 
The limestone in the vicinity of Cadterite C ~ w k  includes thin 

layers with light-brownish shaly partings; thick beds of dark-gray 
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pure limestone with distinct grain; and some thin beds with bIack 
shaly parting. 

Outcrop are not comman except along the high ridgas and in the 
h a m  beds. %use of nmn~rous faults, of which probabl~ only 
r portion have been recognized, no attempt will be made to p m n t  
a detailed section, but notes on the character and Iocation of lime- 

Fmum 6.---&olopie gsteh m ~ p  o f  Cawtttrlte Creek and *Idnlty, Topog~apby b l  
Adolph Rnopi. Elemtlons Uettmined by aatrold. 

stone outcrops are given with the view of setting forth the evidenca 
far certain faults. 

East of Csssiterite Creek, sabot 20 paces north of adit NO. 3 
fig. 51, a line &ng east and west marks the boundary betwen 
thin-bedded shdy limestone an the north, locally called the U1.eef 

rock," nnd pnm p y  limestone on the aanth. The thin-kidad &aly 



limestone extends northwsrd to the ares of stream and s lop waah 
adjacent to Cassiterite Creek. The beds strike on the average N. 
60" E. and dip 35" N. W s t  of Camitmite Creek the northaq bound- 
ary. of the thin-bedded shaIy limestone is a b u t  25 p- north of the 
Ids  Bell tunnel; the muthern boundary about 220 p a w  muth of 
adit No. 3. On the west it extends a little beyond the top of the; hill 

9 between Logt River and Cassiterite Creek. Them detaila are given 
becauae faulting is i l i f e r d  from them and will b discussed on 
page .M. 

.- Outcrop 6-l dark-gray limestone in thick beds striking N. 5'0" E. 
and dipping 26" W. extend from the top of Cassiterite Peak to the 
first saddle on the east. Between the saddle and Deer Horn Peak 
dark-gray thick-bedded pure limestone with black %nt nodules alter- 
nates with thin-bedded shaly limestone. 

From the top of Deer Horn Peak eastward to Chimney Peak 
and muthward dong the ridge between Deer Horn Peak and the 
granite knob of Tin Creek the underlying limestone ia of the d ~ r k -  
gray pure thick-bedded veriet-y, with scattered nodules of black Aint. 

At 500 paces down Cassiterite Creek from the junction of Camp 
C m k  dark-gray pure limestone cut by c lmly  spaced fadts is ex- 
posed. The strike of the beds is obscured but is probably r~bout N. 
2 0 O  W., and the dip 3S0 W. 

About 400 psdes updream from the rnauth of Camp Creek dsrk- 
gray thick-bedded limestone is cut by closely spaced faults that 
strike N. 20'' W. and dip steeply west. 

At the junction of the second north fork of Camp Creek the dark- 
grsy M e  show a few dark ahdy partings. They are trapend by 
seams of serpentb~ and contain tremolita, The upper &am of this 
group is covered with rounded hummocks 14 feet in diemeter and 
about 9 inches high. T h m  elevations are encircled by depressions 
about 3 inches deep. The limestone beds in these; depressions con- 
trast sharpIy with the beds underneath, in tbat they consist of thin 
beds of soft, nometamorphosed limestone, slternating with shaIy 
beds lm thm 1 inch in thickness, weathering to a light-brownish 
color. The conditions suggest unmformity. As they were ob- 
semed in only this one place no conclusions ate dmwn from them. 

4 

Abont 1,500 feet downstream from the mouth of Camp Creek 
+- oukmps of limestone on the south bank of Cassiterite Creek are dia- 

tarbad by several faults that strike N. 20' W, and dip 80" W. The 
Ws on the we& side of the fault planes ham moved downward 
with respect to those on the e&. To judge by the sharp northwest- 
gouthenst baundnry between the debris of thin-bedded limwtone 
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and that of pure gray limestone to the west, on the hiI1 north of the 
creek, it is probsble that these fsults sxhnd about 2,000 feet or ormare 
northw+ard. Certain dikes north of the west end of the Ida 
Bell dike a m  in dinemerit with this zone of faulting. 

At 450 pswa upstream on Camp Creek from its j d a n  with 
Casihrite Creek faults having the same strike and dip as those 
just described cut beds of the pure g b y  hestone. At this place Y 

white h e - g a i n e d  muscovih-bearing dikes as much as 8 inches in 
width are injected dong some of the fadt planes. 

The southern boundary of the thin-bedded shaly limkshme about 
60 feet north of the tunnels, east of Cassiterite C m k  (see descrip- 
tion on p. 521, is believed to be. mmciated with a wries of fault 
planas. Thaw thin beds of limestone, B t r W  on the average HN. 60° 
E. and dipping 15"-35" N., should, if undisturbed by faulting, ex- 
tend considerably south of the tunnels. It is probable that they 
are cut off by a fault striking nearly east and dipping steeply to 
the muth. On the west side of Caiterite Cmdr 220 paces south of 
adit No. 3 the thin-bedded hestone meets the pare p J limestone 
along a sharp boundary that trends nearly due ad. From the hill 
west of adit No. 3 it is d e a r  that the southern boundary of the thin- 
badded shaly l im~tone is considerabIy farther south on the west side 
of the creek than on the east side-a relation which can be explsined 
by w i n g  that a fault, having abut the -ma strike na the trend 
of Cassiterite Creek at this place IN, 10° W.), cuts through the 
limestone in the vicinity of the creek. If such a fault were nearly 
vertical and had displaced the beds in the game direction as the 
faulta exposed farther down Cassiterite Creek and up Camp Creek- 
that is, if the M s  WE& of the fault plane had been deprwsed-this, 
cornbind with the exktimg d t e  of erosion, would bring about the 
pmmt mlation of the tb-bedded limestones on the two sides of 
Cassiterite Creak. This inference is confirmed by the faet that some 
of the limestone up& in the bed of Cassiterita Crwk between the 
mine office and the Ida, Bell tunnel is broken into angular blocka 
about 2 feet in diameter, which have been cemented by vein materiah. 

The limestone in tho vicinity of the tin p r ~ t s  on Cassiterite 
Creek is cut by two mta of fissures, one striking north- to N. 10" 
W. and dipping steeply east, the other skrigmg nearly east and dip- 
ping 8 O - 4 5 "  S. Some of them mnkmin tin. Other &suns m r ,  but 
these are the most prominent. 

A m k  trench on the east side of ~ b t e k t 8  C d  150 paces & 
of the month of the Ida Bell tunnel discZ0ses the fact that move- 
ment of the limastone has taken place along one of the planee strik- 
iw N, E. and dipping 3 5 O  S., as is shown by the development 
of gouge and minor fractures in the adjacent limestone. 
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That bhe fa& described were de~eIopad before the intrusion of 
the quartz porphyry dikw earns to be proved by the fad that they . 
do not disturb the dikes, and in at least one plaoe the dike materials 
were injected along a fault plans. Nor do the two B B ~  of joints' 
daribed as cutting the limestone appear to cross the Csssiterite 
dike. Certain tin-bearing figsure veins of the Ida Bell dike, how- 
ever, have the same attitude as those tin-bearing veins kn the lime- 
stone which strike east and dip gently south. The only fault dis- 
placing dike materials was men in the workings on the: Greenstone 
lode. It strikes N. 10" E. and dips 80° W., and the downthrow 

" appea~s to  ke toward the west. 

The principal tin-bearing dikes of Cassiterite Creek am the CM- 
~iterite dike and the Ida Bell dike. A massive irregular body of 
intrusive material south of the Cassiterite dike ~ n d  ee& of the creek 
will be referred to as the Greenstone lode. The Cassiterite dike 
r m p  in width from about 3 to 12 feet. It c a n  bo traced from 
Lost River southeastward to the top of the hill west: of Cmiterite 
C m k  and thence in a general sol~theastwsrd direction to the west 
side of the north fork of Tin Creelz. On the southwest s lop  of 
Cassiterite Peak it takes a very abmpt turn northeastward. As 

' there a m  no oukmps of the dike, except in one place on C~ssiterite 
Peak, it can be traced only by its d6bris on the surface. It is there- 
fore not certsin whether the very abrupt turn of the dike on 
Cassiterite Pedc h an original feature of the d i h  or whether it is 
due to an offset caused bp faulting. Tt Is very probably originsL 
From the portal of d i t  No. 2 a branch of the Cbterite dike 

a extends southwestward within 100 pmm of Cassiterite Cmek, whem 
it appears to end, about midway between adit No. 3 md the tunnel 
of the Greenmne lode. (See fig. 5.) 

The andecompomd portion of the Cassiterite dike consists of well- 
defined quartz p i n s ,  commonly with hexagonal crroas section &out 
0.1 inch in diameter, which am e m u d e d  in a very h e  grained light- 
mEod groundmass. Besides qunrtz, i t  contains crystal p a i n s  of 
turbid orthoclase and dear oligoclase of about the same size as 
the quartz. Orthoclase incIoses many o f  the'ol iplase crystaIs. 

' Foils of white muscovite mica are aka common. The visibb minerals 
mske up abnnt 20 per cent of the total volnma of the rock. 

C The Ida Bell dike has been traced from the Tda Bell tunnel south- 
westward to Lo& R i d .  On top of the hill west of Cassiterite C ~ e k  
it c- the Cassiterite dike. At this place, to jndge by the d&bris, it 
js about 35 feet wide. It differs from the Cassitsrita dike in contain- 
ing fewer feldspar grains. Quartz in sharply defined grains with 
hexagonal outlines is embedded in a very fine grained light-coIored 
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groundmass and constitutes about one-tenth of the volume of the 
rock. 
. The areu south of the Cassiterite dike end the main ch-d of 
Tin Creek is traversed by a p a t  many qusrtz-fel- dikes of 
very dark color. The feldspar .grains range from 0.1 to h u t  0.5 
inch in diameter, and the quartz grains %re- very fine, dark, and 
glaw, The fine matrix in which these grains are embedded is gen- P 

erally bbck. The distribution of these dikes is shown an figure 5. 
One of them has been tmcd from the north bmch af Tin C m k  
southwestward to the peak southeast of the mouth of Camp Creek. *. 

7 % ~  same group of dikes probably extends under the stpeam wash 
of the Lost Riper valIey and reappears on the hills sauth of tha 
Southern Cross tunnel, opposite Tin Creek. (See fig. 12, p. 78.) 

In the workings of the Ereendone lade a medium-grained granitic 
dike of very irregular shape is exposed. It does not reach the 
surface. In places it is only a few feet thick and dips gently south- 
ward htween limestone layers, thmugh which it cut& A more de- 
tailed description appears on pages 69-71. 

Innu~emble feIsitic dikes an inch or so in width cut tha limestone 
in the vicinity of Cassiterite Creek between adit No. 3 and the Ida 
Ball tunnel. 

aBEOmL 

Boulders mnkaining limestone and granite pebbles found in Cassi- 
terita Cmek near the tin prospects led to a t38~rch for the ledgea from 
which they came. I t  was believed that they might be from a eclnmli- 
dated gravel bed resting on a surface of emion either interrupting 
the Port Clamnm limeatone beds or be~eling them all. T h e  possi- 
bility of finding tin plmm assmiateid with such a formation made 
this saarch of practical inkmt. 

The boulders were traced to dikelike forms, most of which cut the 
Ximestone beds. The lowlands north of Cdterite Creek, upstream 
from the tin prospects, show shattered debris and several outcrop of 
this peculiar rock. One of the beat expoauras is on the we& bank of 
Cassiterite Creek at the junction of the third fork upstream h m  the 
tin prospect. 16 strika N. 55" E., stands vertical, and averages 2 
feet in width. T h e  limestone beds a t  this place atrike N. 70° E. and 
dip 28" N. As rule the limestone walls of the dike are smooth and 
sharply defined, but hem and there mme of the cementing material 
of the dike invades them along minute cracks snd appears to have 

L 

been caught in the act of sloughing ofi e fntment of the wall. The 
dike was t r d  eastward for 160 paces to B point where it disappears 
under daris. If does not mappar whem it should if it extended 
much farther. 



T h e  pebbles compming the dike are chiefly round ta subangular 
pebbles of limestone, whose maximum diameter is about 5 inches. 
Five difTemnt varieties of limestone were noted, mering in color, 
Mum, and composition. Generally the l o n e  dimemion of the 
larger pebbles is parallel ta the walh  of the dike. Here and them a 
d i c t  pebble of medium-grained granite occurs with the limestone 
pebbles None aver 5 inches in diameter were seen. 
In placesr the lheehne pebblm are so closely packed thst the 

cementing materid betwen them is a mere film of fine-grained calcite. 
Where the cement ia more abundant it consists of h e - p i n e d  calcite - with numerous secondary quartz grab and in placea colorless mica. 

The cement, the hestone  pebbles, and the limestone bedrock have 
locally undergone severe alteration such as ia characteristic of deep 
sested conditions, which has ~esulted in the development of abundant 
tremolite in short white prisms, The outer parta of the limastone 
pebblas have changed ints a felt of radial tremolite! needles 
standing perpendicularly to the surfam 

Where the rock isr weathered the limestune and granite pebbles 
stand out in relief, but the cement, because of more rapid solution, 
is marked by depressions. The limestone pebbIes with the tremo- 
litk borders are particularly accentuated. In many places the top 
of such a pebble has been broken off, exposing thd inne~ k e k l  of 
calcite, which then dissolves out much more rapidly than the tremo- 
lited &ell. In such pebbles solution has been paFticularly rapid 
along the border of the outer shell and the calcite, thus farming a 
horn-shaped shell tapering downward, with a mall concave bump 
on khe bottom of the inside, a form very d a r  to that of an ancient 
horn coral. 

At an elevation of about 600 feet on the hill north of the first 
south fork of CassitariB Creek upstream from the 'tin prospects a 
dike of this t p  haa been traced with several interruptions for 
nbout 100 feet. In places it is nearly vertical and cuts across the 
beds, but at its w e  end it is parallel ta the bed*. The dike ends 
abruptly in in rounded contact. The limestone inclosing this dike 
at the west md shows no effects from it. 
O n  the ridge muth of Camp Creek md on the cr& of the hill 

east- of the head of the north fork of Tin Cmk there are some small 
local veinlike occurrences of these matariala Becaum of their being 
more mistant to weathering than the adjacent limestone, they stsnd 

Z 
in slight relief, amidst Iimestone de?,ria. 

A very significant occurrence of this kind ia found on the ewd 
bank of I k t  River at  an elevation of shut 100 feet above the stream, 
1+ mila upstream from the junction of Cassiterite Creek. Here a 

1 0 1 m - M  
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dike composed of limBstone m d  porphgry fragments grades into a 
qua& porphgrg containing angular pebbles of limestone. 

That these dikelike materials are not consolidated grarel beds 
which accumulated on an erosion surface cutting both limestone and 
granib, as was first rmrmised, is evident. They do not lie upon 
Iimmtone beds h t  genemlly cut through them. Nor are they ~ d i -  
mentary dike9--fissures filled from the surface with mek dljbris, * 
for the exceedingly close packing of the pebbles, the oblique position 
of mme of the dikes, the interrupted veinlike character of others, 
and the character of the cement do not fit that explanation. The - 
cement of the pebbles where nnchmged by deep-seated alteration is 
not a coarse white vein calcite like that deposited by aolutiolls m- 
derground but a very fine p i n e d  calcite like that of the pebbles. 

To aasume that these dikes were formed by fracturing and move- 
ment along shear planes followed locally by the invasion of molhn 
materials is a satisfactory explanation of the larger occumnceu, but 
not of those ahdwing lack of continuity, changes in dip, and local 

' 
sporadic appearance. How the granite pebbles got intu dikes of 
this typa that now crop out on Cassiterite Creek is pnzzling. They 
am rounded and ere discrete from the cement. No gnunite was seen 
in the cement of the etched wrfm of weathering, nor in several thin 
sections of cement. If the granite pebbles are fragments of granib 
from some larger mass, how did they get into their present position? 
The only conceivable mum is from below. If they had been brought 
up by shearing, it would 'be reasonable to look for granite fragments 

. resulting from friction 811 through the cement, and some of the dikes 
should contain granite boulders in greater number, whereaa one in 
sever- feet is the usual order of abundance. These dikes may hold 
the key ta the problem of how dikes of igneous material make way 
for themselves under certain conditions. Laterally some of the 
breccia dikes grade into porphyry with liinestone fragments, and 
the porphyry in turn grades Iater~lly into clean igneous dike mate- 
rial. Is it not probable that a11 the breccitl dikes p d e  downwad 
into pure igneow dikea ? It is conceivable that the intrusion of most 
of the true dikes of the region has been accomplished by the'molten 
material forcing upward and displacing zones of broken rock, aud 
that the breccia8 represent the materials which were pushed upward .&. 
from below by intrusive fa-. On the basis of this inference the 
breccia dikes am tentatively c d e d  intrusive breccias. 

The tin-bearing dutions that permeated the rmb in, the vichiiy 
of the tin p r o w  on Cdterite Creek came up from below, chiefly 
along (1) the contact between the Cassiterite dike and the limestone 
walls, (2) fissures cutting the limestone cri-OBS in all directions, 
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(3) nearly vertical fissures that strike rough])* north, and (4) 
fissuses that strike nearly east and dip gently m t h .  The area most 
intetlsely affected by these solutions is elliptical. with its longer 
diameter paralleI to the Cassiterite dike. The longer &xis of this 
altered area extends about 250 feet west and about 1900 feet east 

Fronsm 6.-ldmlkd sketch ~howlng m f m m l h t l o n  of Hmfatone at Creddterite Creek 
an prompmt. 

of ~ k t e r i t e  Creek. Its northern limit is in the vicinity of the 
Ida Bell tunnel, about 180 feet north of the Caasiterits dike, snd it 
extends about an equal distance southward from the dike. Between 
Cmserite Creek and sdit Yo. 3 seems to lie the center of most in- 
tense alteration. (See figs. 5 and 6). 
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Within the area in which the tin-hring solutions have bgen 
effective the Camiterite dike and the Greenstone lode are intensely 
altered. The Ida Bell dike has been but slightly changed. Where 
most altered the Cassiterite dike and Greenstone lode have been 
changed to s, gray or brownish soft, porous chylike mags, Intensely 
altered phases of the Cassiterite dike grade into the unaltered variety 
west and east of Cnssilterite Creek. t 

The changes in the dikes effected by the tin-bearing solutions con- 
sist chiefly in tha alteration of the feldspars and the groundmass to . 
a fine-grained sericite. Locally, however, the groundmass and the 
feIdspars ham been replnced by quartz associated with a small 
amount of f ine-pined ~ r i c i t e  and cassiterite. The change to  seri- 
cite is charachrietic of all the altered phases, including those which 
show only a feeble chrmge. The mmt altered portions of the ground- 
mass and to mme extent the feldspars have been raplaced by fluorite 
of a light yellawish-gr$en color. Fluorite has also invaded qnartz 
grains, and the almost complete absence of quartz in some of the 
most altered phases of the dike seems to ba due ta the removal 
of the quartz. This disappearance of the quartz has given some parts 
the appearance of a feldspar porphyry of which the large& p i n s  
are feldspars changed to fine-grained sericite or amorphous kaolin 
inclosing a few grains of fluorite. 

Cassiterite and wolframite have been introduced in minor quanti- 
ties in the dike. (See PI. WII.) They are not everywhere c1osly 
asxociated. WoIframite occurs in columnar crystals, mms of them , 

an inch or more in length, and locally in distinct veins associated 
with quartz; more commody it replaces the dike. Cassiterite gen- 
erally occurs in minute crystals averaging about 0.1 or 0.2 inch ie 
diameter and rarely is seen in distinct fissum veins except in the Ida 
Bell dike. It also replacea the groundmass and the feldrrpars along 
many minute fismres several inches in length and a fmtiw of an 
inch wide. Quartz rather than fluorite is the common associate of 
both cassiterite and wolframite, 

Zinnwaldits has been introduced in minute flakes and in a few 
tiny veins of very irregular character. In the veins the individual 
plates lie at right angles ta the wall, 

Other m i n e d  introduced in minute quantities with the cassiterite - 
are pyrite in tiny c u h  and fine-grained ammopyrite. Occasionally 
n few small grains of galena., rnolybdenite, sphalerite, and mtibnite are 
f m d  in the dtered dikes. Locally the dike material is almost corn- - 
pletely replaced by round irregular gmins of gray humite 0.03 inch 
in diameter. Topaz in microscopic d i a l  colnmns is common in the 
silicified portions. Tourmaline needles am rare and were seen only 
in the Cassiterite dike. 
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The pare gmy limestone adjacent to the Greenstone lode and the 
Cassiterite dike in the vicinity of Cs&terite Creek was chmpd to 
white granuyar vesu~ianite-bearing marble cut by greenish replace- 
ment veins crisscrossing in all directions (PI. VI, A) .  The altem- 
tion hns been gratest near the dikes. Within 3 feet of the dikes the 
limeatone hag been changed to  a dark-green, finely granalar m k  
which becomes reddish brown on weathering. Here the replacing 
materials am sbout 50 per cent fluorite, and the remainder is chiefly 
serpentine, with some green mica and hombl ende, vesnvianite, zinn- 
waldite, and scattered grains of pyrite, arsenopyrite, and cassiterite. 
bcal ly  hurnite in mall round grains is abundant. Scattered cry5  
tals of partly altered plagioclasa are occasionally seen. Met~mor- 
p h m  limestone of t h b  type occurs near the entrance of the Green- 
&one loda tunnel and in many places along the walls of adits on the 
Cassiterite dike. 
In the bed of Ctassriterite Creek between the mine office and the 

Cassiterite dike the white marble was broken into angular .blocks 
ranging in diameter from a few inches to about 2 feet. Three stages 
of mineralization am shown-(I) the openings between the blocks 
of limestone are filled with n, green mixture of minerals, chiefly fluorite 
md green hornblende, and the adjoining. limestone is replaced by 
similar material; (2) this altered m k  in turn is cut by white- 
weathering veins severzll inches in width consisting chiefly of calcic 
plagioclase and fluorite; (3)  still later veins, a fraction of an inch 
in thickness, containing quartz, wolframite, cassiterite, and zinn- 
waldite, cut the limestone along. planes striking nearly east and dip- 
ping steeply south. Mere and there zinnwsldite occurs alone in 
veinleb about half an inch in width. The plates of this mica have 
grown perpendicular to the walls. Later unmineralized fissures, 
striking approximately east and dipping steeply south, cut through 
the veins. 

At 100 paces north of the mine office in the bed of Cassiterite 
Creek banded green veins about 6 or 8 hchw wide replaw the whih 
marble along nearly vertical planes crossing roughly from e& to 
west and from north to south. The banding consists of alternations 
of green hornblende and fluorite with fluol-ite and phigioclase. The 
vertical parallel. handing gradm into a concentric banding, like that 
of the altered limestone adjoining the granites of Tin Creek. Cores 
of white marble about a foot in diameter commonly remain within 
the concentric rings of green  material^. Both in mineral composition 
and in strudure these veins resemble those border in^ the granites 
of Tin Creek. (See p. 75.) ' 



The thin-bedded shaIg limestone or '' reef rock " north of the Cas- 
siterite dike on the east side of Cassiterita Crmeek snd that on the west 
side of the creek hare been very intensely altered by the tin-bearing 
solutions. (See P1. IT, B ;  Pl. m1.) The shaly bands have become 
hardened end stand out conspicuously on weathering. They consist 
of fine-grained, colorless mica, embedded in a very fine groundmass of * 
indistingnishahle minerals. 

A very complex network of fissure and replacement veins cuts the 
"reef rocks.7' (See PI. VX, B.) The replacement veins, like those - 
that cut the white marble, usually crisscross in all directions and am 
only a fern i n c h  wide. The fissure veins trend in vlrrious directions, 
but most of them fall into kwo goups--one striking ahnt  N. 10° E. 
and standing vertical or dipping steeply to the east, the other striking 
h'. 80" E. and dipping from 8" to about 35" S. Their maximum 
width is about 2 inches, and in the scat.tered outcrops in which they 
occur they usually can not be traced for more than about 20 feet. 
The following mineral combinations h a w  been o k w d  in the veins, 
of which about a dozen were seen: (1) Quartz, zinnwaldite, wolf- 
ramite, cassiterite, with the wolfnunite mmo recommonly in the wnlls 
adjacent to the vein; (2) quartz, zinnwaldite, acid plagimla4e, tour- 
maline, topaz; (3) quartz, fluorite, cassiterite, with tiny nests of zinn- 
waldite : (4) quartz, zinnwalcfite, wolframite, topaz; ( 5 )  quartz, 
cassiterite, plagioclase, topaz; (6) quartz, cassiterits ; (7) quartz, 
zinnwaldite, p1agiocla.w. 

The richest cassiterite win observed in the limestone was in the 
rock trench on the c& side of Cassiterite Creek 100 paces from the 
Ida Bell tunnel. Were a cassiterite-sinnwaldite-quartz vein striking 
S. 80° E. and dipping 36" S. fills a fissure dong which the limestone 
beds were displaced lmfore the vein was deposited. The cassiterite 
crystels nre about fin inch in length and show a well-developed fonr- 
sided prism, whose eclges are beveled by a secondary four-sided 
prism. A major and minor pyramid tarminates them. T h ~ i r  color 
is light brown and their luster adamantine. This vein is cut by a 
vertical quartz-wolfrarnite vein, I jnch in width, which s t r h  north. 
On the west side of Cassiterite Creek 20 paces north of the south- 

ern limit of the "reef rock" and about PO feet below the summit of *. 

the hill two cassiterite veins were found, both striking nearly due 
east. One dips 50" S. and contains quartz, zinnwaldite, topaz, and 
wolframite. Its widt,h is about 1 inch, of which about 2 per cent is - 
cassiterite. The other vein dips 70" h'. and is about hdf  an inch in 
width. It contains quartz, fluorite, and cassiterite, the last in minute 
scattered grains. 

The alteration of the limestone hems tu fall into at Ieast two dis- 
tinct stages, which were probably continuous in time. 
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, In the first stage the limestone that was most altered was changed 
chiefly into fluorite, hornblende, xinnmaldite, and wrpentine, with 
1-P amounts of calcic plagioclsse, chondrodite, vesuvianite, pyrite, 
ammopyrite, md possibly cassiterite, Rock showkg this intensire 
alteration grades into crisscrossing veins of fluorite, calcic phgimlase, 

r and green hornblende cutting granular marble, with minor amounts 
of the silicates and sulphides cha~acteristic of the more altered por- 
tions The c h a n p  involved consisted in the loss of carbon dioxide 
and the-local introductibn of silica, alumina, iron, magnesium, 
sodium, potassium, lithium, sulphur, arsenic, and tin. It is con- 
ceivable that some of these materials, such as silica, alumina, and 
mapmiurn, wew picked up by the solutions in the limestone. Most 
of the other materials must have come from other sources. 
In the mond stage of alteration the materials formed in the earlier 

at* were cut by fissure veins containing various combination of 
qusrb, fluorite, tourndine, h w a l d i t e ,  topaz, acid plagioclase, 
cassiterite, and wolfmite.  These materials are distinctively of 
deep-mated origin, k i n g  derived from the diceom and the most 
soluble constituents of magmas, such as fluorine, boron, lithium, 
d i u m ,  and potassium, wxth other substances, notably tin and 
tungaten. 

X ) E T Z L O P m S .  

During the setwon of 1918 the development work on Cwiterite 
C m k  was in charge of J. F. Halpid, of New York City. For the 
greater part of the summer '22 men were employed in cIeaning out 
rock falls and ice from the drifts and in mine timbering. Most of 
the energies of the crew were spent in rehabilitating the mine and 
prepariq it for examination nnd sampling. At the end of the 
mason there were a b u t  1,375 feet of underground drifts on the prop- 
erty, m e  rais of IN1 feet, two winxes, and mvaral crosscuts, The 
d e  equipment included a bunkhouse accommodating rrbout 25 men, 
mine ofice, blacksmith shop, barns, and two small warehouses an 
the beach at the mouth of Lout River. The mine office on Cassiterite 
Creek is connected by tdephone with one of the buildings on the 
beach. 

3 Descriptions of the underground workings on Cassiterite Creek 
follow. Maps showing the location of the underground workings 
and their general character are given in figures 7-9. The principal - developments are on the Cassiterite dike. East of the creek it is 
opened by three tunnels, referred to as &its or tunnel8 Nos. 1, 9, 
and 3; the lowest is No. 3. West of the creak the dike is opened 
by the Randt E h s i o n  tunnel. Minor tunnels have been opened 
on the Ida Bell dike and Greenstone lode. 
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Adit NO. $.-At 430 feet east of Cassiterite Creek the Cassiterite 
dike is opened up by adit No. 3,650 feet in length. The elevation of 
t h i ~  adit is 61 feet above the m k  From the portal the tunnel trends 
S. 80" E. for 170 feet, east for 130 feet, and 8.85" E. for 350 feet. At 
170 feet from the pork19 a crosscut extends 5 feet north from the 
main tunnel. A winze 20 feet deep has been snnk on the north side 
of the main tunnel 220 feet from the portal. During the =son 

CROSS S ECTlON 

of 1918 a raise was cut at 325 feet from the portal of the tunnel 
to adit No. 2, 100 feet higher, Small cmscuts have been opened 
up on the south side of the tunnel at 400, 520, and 880 feet from 
the poptgl. 

Adit No. 3 does not expse the full width of the Cassiteeb dike 
at any one place but swings from one wall to another in its course. 
At 170 feet from the portal the width of the dike is 11 feet; at  208 
feet from khe portal it is only 3 feet. From the narrowest part nf 
the dike to the end of the tunnel the width of the dike exposed 
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avenges between I1 and 12 feet. The width of the dike in the 
whole length of the tunnel probably averages 9 fsst. 

The dip of the Cassiterite dike is 67" S. at 130 feet from the 
portal and only 4 5 O  S, where the dike is narrowest. At 220 feot 
fsom the portal the dip is 75" S. 

1 During the mason of 1918 the examination of the tunnel was 
hindered by ice, a fraction of an inch to several inches thick? cover- 
ing the walls. The ice crystals were arranged in aggregates of thin 
hexagonal plates, roughly an inch in diemeter. The most favorable 

m 

conditions for examination prevailed in the early part of September, 
when the walls had psrtly thawed off and sample gouges had been 
cut at interval8 of 6 feet. 

Nearly all of $11~ Cassiterite dike in adit No. 3 is soft and mnps 
in loohemncs from that sf clay to that of s very firm shale. Thr: 
color varies from a gray to  a very light olive-green. The p y  por- 
tion is firmer then the p n i s h  portion. The grny dike nnterial is 
a porphyry with very distinct phenocms of qu~rtz, commonly 
hexagonot1 in crom section and constituting about 10 per cent of the 
volume of the material. The feldspars are also fine p i n e d  and 
include orthoclase and oligoclase. The softer p n i s h  mnbrial js 
s porphgry in which what appear to have 'been feldspar phenocwt~ 
about 0.1 inch in diameter constitute a b u t  30 per cent of thr 
volume of the rock. These phenocrysts ara composed of very fine- 
grained &cite and amorphous kaolin, with tiny p n u l e s  of fluorih. 
The groundmass is a yery fine p i n e d  mixture of sericite, ~~norpl~oas  
koaIin, fluorih, and fine granules of quartz. Locally, as a t  300 feet 
from the. month of the tunnel, the feldspars and poundmass have 
been replaced by quartz, with acmsory colorless, mica, enssiterib, 
and topaz. 

The reletions of the gray quartz porphyry ta the mare thiraughly 
decompod feldspar porphm were not entirely clear, because of 
the ice in the tunnel Two relations are possible: m e y  may represent 
two distinct dikes, or the feldspar porphyry may be an alteration 
prodact of the quartz porphyry formed by the removal of quartz by 
fluorine mIntions. The latter dew is probably the right one. No 
fresh feldspar porphyry appears to be exposed on the surface, where- 
as quartz porphyry is Te-erp common. The feldspar porphyry is 
found only in places where the dike has been intensely altered. I f  
the quartz porphyry and the feldspar porphyry were two distinct 
dikes the width of the composite dike would vary considerably, but 
this is not true of the Cassiterite dike. 

The alteration of the Cassiterite dike, as obwwed in adit No. 3, 
con&& chiefly irr a decomposition of the feldspars and the poorly 
differentiated gro~tndmass inta a mixture of he-grained sericite and 
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kaolin. The more decomposed ph- of the dike have been partly 
replaced by fluorite. which in the most a l t e d  portions composes 
about ons-third of the dike. Fluorite is aha found here and there 
in very thin veinlets or stringem. Next to the fluorite, the most 
abundant minewl replacing t.he dike is a lithia mica, which is a h  
found to  some &nt in veins. Thin needle-like aggmgatRs of green 
hurmaEine are mu occasionally. Cassiterite occurs in small a g p  
gates of  grains about 0.1 to  0.2 inch in diameter, usuallp replacing 
the gromdmass or the feldspars, and is mcnsionally found adjacent 
to very thin gashes that are mostly no more than 3 or 4 inches in 
length. Locally cassiterite in minub scattered grains is associated 
with quartz. Microscopic radial topaz and colorless mica replace 
the grounrlmnss and feldstspam. WoIframite in small columnar 
crystals is seen here and there, either independently or in close ass+ 
ciation with cassikrite. Pyrih is found in scattewd c~ibicnl a p -  
g ~ t w  and is usunlly associated with arsenopyrite. Capper-bearing 
minerltls, either chalcopyrite or strmnite, in very fine grains, were 
observed in a few places. Their copper content is indicated by a 
faint p n  stain. A few tiny plates of rnolybdenjte were fouid an 
the dump of adit No. 3. 

Adit $0. g.-At a distance of 630 feet east of Cassiterite Creek the 
Crtsiterite Rike is opened by adit No. 2. The elevation of the portal 
ia  162 feet above the creek. F m  the portal the adit trends S. 68" E. 
fox 63 feet, 5.70" E. for 54 feet, and S. 8U0 E. for 24 feet. Its aver- 
ago width is about 8 feet, and its height about 6+ feet. At 125 feet 
fmm the portal a crosscut 5 feet long extends from ita reouth rida 
The width of the dike at  the east end of the adit is about 8 feet. At 
no other place was the full width of the dike observed. The dip is 
steep to the south. 

Only the gray quartz porphyrg type of dike was obaerved in sdit 
No. 2. The rock has about the firmnm of a strong &ale. The feld- 
spam and groundmass are altered to amorphous kaolin and aericite 
and show replamment by fluorite. The introduction of secondary 
minerals other than fluorite seema to be slight. In n few places 
scattered grains of camiterita replace the dike mck. At the east end 
of the tunnel the secondary mineralization appears ta hrtve been 
especially feeble. 4 

Adit No. I,-!l%e portal of rdit No. 1 on the Cassiterite dike is 
900 feet east of Cassiterite Creek, st an elemtion of 100 feet above 
sdit No. 2. From the portal the sdit runs east for 78 feet, c u m  
northward for s h u t  15 feet, and mumm an easterly direction. The 
total length is about 180 feet, the average width about 8 feet, and the 
height 63 feet. 

The full  width of the dike was not seen at any one place but 
probabb averages between 8 and 11 feet. (Sm pp. 64-65.] The dip 
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is steep to the south. T h e  dike is all of the soft gray quartz por- 
phyv type geen in adit KO. 2. The visible results of secondary min- 
eralieation are inconspicuous, consisting only of s c a t h e d  tourmaline 
aeinlets a fraction of an inch wide and a few thin stringers of caa- 
siterite about 0.2 inch wide and 5 inches long. Them are some scat- 
tered pyrite crystals, and in one place a feeble malachite stain was . 
seen. 
R d  Fxt& banneL-West of Cassiterite Creak tha Cas- 

siterite dike is opened by the Randt Extension tunnel, about 15 feet 
above the creek. The tnnnel is 180 feet long. From the portal it 
trenb S. 6 5 O  W. for 60 feet, S. 60° W. for abaut 70 feet, and S. 65" 
W. for 44 feet. The west end of the tunnel is about 80 feet below 

a a+, ,: feldspar prphyry 

Frcm 8 . 4 m l o g l c  sketch map af Randt Eztendoa tonuel. 

the surface of the hiI1. The average width of the tunneI is about 6 
feet. At 60 feet from the portal a 10-foot crasscut has been opened 
on the south aide of the tunnel, and at  155 feet from the portal 
another crosscut, 3 feet in Iength, has been excavated on the south 
side. (See fig. 8.) 

The entire north face of the tunnel is cornpomd of an alered 
silicated limestone, cammonly containing crystals of secondary 
pyrite. Oxidation has chan~ed most of the surface of this lim&ne 
to a brown granular mass. In the first cmsm~t on the south side of 
the tunnel, 60 feet from the portal, the Cassiterite dike is 8 feet wide 
and dips '75" N. The first 6 feet of this dike nearest the tunnel is a 
light-py! dense, fresh-loohgquartz porphyry. Its qunrtz cqstals 
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am irregular in shape, are about 0.1 inch in diameter, and condituts 
about one-fifth of the rock by volume. The mineral3 of the pund- 
mass are not mopkab le  by the eye. The last 2 feet of the dike is 
soft, brown, and kaoliniad Quartz p i n s  appear to be lacking* 

At 20 feet w e  of the first crosscut s soft feldspar porphyry ap- 
pears on the south waIl m d  widens toward the west. At 10 feet east e 
of the second cmscut this rock mcupies nearly the full width of lthe 
tunnel, but a hard quartz porphyry similar to that of the first cross- 
cut appears on the north wall. The strike of the contact plane be- 
tween the soft feldspar porphyry and the hard quartz porphyry is b' 

N. 75' IT., and the dip appears to be 65" S. From a point 15 feet 
west of the second crosscut the quartz porphyry extends along the 

' 

entire south wall ta the end of the tunnel, where 6 feet of quartz 
porphyry is exp-d, In the second crosscut the t o t ~ l  width of the . 
dike is 8 feet. Here the north or hanging wall is n dark-gray granu- 
lar limestone, with small grains of fluorite and pyrite. 

The soft feldspar porphyry is dark gray to brown and conaists of 
completely altered feldspar grains from 0.1 to  0.2 inch in diameter, 
embedded in a fine-grained clayey material showing many specks 
of f l u o h .  The feldspar grains ha~e~changed to fine scales of seri- 
cita and amorphous kaolin, of which ~Fic i t e  commonly constitutes 
about 40 per cent by volume. The altered feldspar crjlstaIs form 
a b u t  30 per cent of the, volume of the rock. 

Aside from the aericitization, kaolinieation, and fiuoritization of a 
considerable part of the dike above described, there is very little visi- 
ble seeondav mineralization of either the dike or wall rocks. A 
number of amall zinnwaldite wins  abut  1 inch wide appear in the 
limestone of the muth wall of the tunnel between the portal and the 
first cmwut. They are also. common about 15 feet w s t  of the second 
crosscut on the north mall of the tunnel. At the extreme west end 
of the tunnel a quartz-wolframite vein 2 inches wide is exposed. 
The wolfrarnite crystals, which am about 2 inches in length, show 
excellent clenvage and occupy the central part of the vein. Besides 
wolframite, the rein has mall scatlered patches of zinnwaldite and 
fluorite. 

The relation of the decayed feldspar porphyry and the fresh 
quartz porphyry in this dike has not been satisfactorily determined. 
The separation-between the two appeara to be sharp. I f  they rep- 
resent two distinct intrusions the total width of the compound dike 

C 

thus formed would be expected to vary considerably, but this does 
not appear to be the case, as the dike seems to  maintain a uniform 
width of about 8 feet. Nor does it seem probable that the same 
dike material could solidify into qua& porphyry in one place and 
into feldspar porphyry a few feet away. I f  such differentiation were 
possible it seems that it would be relnted to  the wall rock, but the 
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distribution of the quartz porphyry md feldspar porphyry shows nb 
. dependence on t h  proximity of the wall rock. 

One of the ouht~nding differences between the kwo rocks is that 
the feldspar porphyry is much softer and is highly kaolinized. This 

' differenca suggests that the lack of quarts in the feldspar porphyry 
is due to its removal by the Auorins-bearing solutions. The quartz 

b grains in the leas altered phases are commonly corraded. 
Wovkinge on. Grewtolze Zn&.-On the east side of Cassiterite 

Creek at an elevation of abut  55 feet above the creek level, are the 
workings on the Greenstone lode. They are about 300 fwt south 
and 50 feet east from the portal of adit No. 8, the longest tunnel 
on the Cassiterite dike. (Sea figs. 7 and I).) The workinga on the 
Greenstone lode include an abandoned shaft, probably 30 feet deep 
originally, a trench 3 feet deep and about 36 feet long running from 
north to  south, and a tunnel 60 feet long bearing N. 80" E,, with 
a crosscut 40 feet from the portal trending N. lo0 E. About 25 feet 
of the crosscut north of the main tunnel was open in the fall of , 
1918 ; the remaining unhown length waa closed by ice. To the south 
of the main tunnel, the crosscut was open for about 20 feet, but it 
had onm osxtandd farther. 

The name "Greenstone lode" was given to  the dikelike forma- 
tions disclosed by thew workings because of the green color of the 
altemd limestone adjacent to  them. The unusual shape of the intru- 
sive materials was a puzzIa to the discoverers, and even now their 
probable extent is not disclosed. Nowhere do they crop out. 

T h e  north-south trench referred to is about 20 feet west of the 
portal of the tunnel. Near the south end of the trench a sheet of 
whitish granular quartz feldspar about 2 feet thick, dipping 18" S. 
is mpawd. Tn the northern park of the trench it is again exposed, 
but its limits are not clearly defined. Here a part of it occurs as a 
cement of m a l l  limestone fragments. 
In the tunnel the north wall as far as the crosscut is composed 

entirely of a d a r k - p n  massive silicated limestone, which owea its 
color to the secondary minerals. The south wall is composed of the 
same mnhrial, except near the portal, where an irregular ares of 
the broken lhsdnne Is cemented with the white dike material. East 
of the crosscut the main tunnel is in the white granular quartz-feld- . 
spar mk, which is here soft, amorphous, and kaolinized. At tha east 
end of the main tunnel the dike is cut off by a fault striking N. 10° . E. and dipping SO0 W. If this fault plane were projected northward, 
it would cut through adit No. 3 about 140 feet from the portal. The 
fsult plane is bounded on the east by a white granular marble con- 
taining brown garnet. The d i k ~  rock and the marble are separated 
by gouge about 10 inches wide. T h e  nature of the breah along the 
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d u l t  plane shows. that the materials west of the fault have m o v d  
rlomnward with reference to those lying to the east. How much . 

PLAN , 

SECT~OF~ h lh~ t  UNE C-IS 

Granite dike Dark-$men d t r w  
Rne-&a~"d 
mbamerphod 
L~rnsstona 

FIenrr &rpI.n ma H m r  mf nmtlnm on Ommetow lode. 

they have been disp1ad is not clear-probably less than GO feet. 
No evidence of this fault has been found in adit So. 3. 



In the mmcut northward from the main tunnel the wall on the 
east ~ i d e  is composed of the white, altered dike material. On the 
west w d  the lower 6 feet is dark-green silicated limestone, and this 
ia overlsin by the whits dike, whose thickness is unknown but is 
probably less than 10 feet, for otherwise its upper surface would be 
expsed on the wrfm of the hill. -This dike material is nowheere - exposed on the wrface, the surface being mantled by loose limestone 
fragments. The dike is too soft ta form coarse debris. 
In the c m c n t  southward from the main tunnel the esst wall is 

cornpod entirely of the white dike, except in one place where a 
horse of the green dtered limestone extends across the crosscut. 
The lower 6 feet of the west wall is composed of the green silicat,ed 
limestone, which is overlain by BQ ~nknown thickness of the white 
dike. About 15' feet south of the main tunnel the base of the white 
dike dips about 15" S. and descends to the floor of the crosscut. 

The white dike, although its dimensions are not completely known, 
is a sheetlike intrusion of unknown thickness and of v e v  irregular 
boundaries. It limits can not be predicted. It may widen out to 
great size at 21 moderate depth, or it may have the oppwite character. 
It can, however, bo e x p t e d  to continue to considerable depth. It 
may ewm be Iarger than the Cassiterite dike, for its gmin is uniform 
and of moderate size, a condition suggesting the slow cooling of a 
large intrusive W y .  

Embedded in the white dike material are numerous mal l  secondary 
cnbes of pyrite, which average about 0.3 inch in diameter, and here 
and there s, small plate of molybddenite or a tiny stibnite crystal. 
There is nothing to  suggest, however, that the molybdenite and 
stibnite are present in economic quantities- A few nests of purple 
fluorite were seen. Grains of ensiterite were not obseved under- 
gmufld, but pannings from some samples of the decayed dike m k  
on the dump showed black cassiterite cr~rshls abwt one-eighth of an 
inch in diameter. 

b w e  the extent of the dike is unknown, no atimstes of tonnage 
can h made, but it is probably oonsiderably &reafer than present 
developments show, The dike may be difficult b follow h a u s e  of 
its shape. Drillixlg to outline its shspe and composition codd be 
done advantageously before extemive underpund work is under- 
taken, even for exploration. 

Ida Belt tumaeL--About 180 feet north of the Randt Extension - tunnel the Ida Bell dike is opened up by a tunnel 55 feet long, 15 feet 

P above the level of Cissiterite Creek. The strike of the dike at this 
place, to judge from tha d4bris on the surfam, is N. 60" E. Ths tun- 
nel strikes K. 45" W. and rtveragea about 7 feet in height and 6 feet in 
n-idth. At the west end of the tunnel a winze 69 feet deep has been 
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sank T h i s  was Med with water in 1918. The tmel is timbered 
all the way, and hence visible exposums are few. 

The exposma in the tunnel do not indicate the exact width of the 
dike. It in probably more than 10 feet wide. Most of the dlke in 
the tunnel is fresh and in thG~ mpect diffem greatly from the Cm- 
~iterite dike, to the gouth. On the muth wall, however, ~t the ex- 
trsrne end of the tunnel, the dike is decornpo~ed into a mft, claylike .< 

material. 
The freshest dike material consists of qu~rtz cqdsls with sharp 

hexagonal outline embedded jn a h e - g r h e d  matrix of angular 
quartz and mricih. Some thin mctions show no quartz, but a h e -  
grained groundmass of mridte and fluorite in roughly cubical 
grains about 0.1 inch in diameter, serpntine in irregular masses an6 
in roughly rectangular areas, snd s few scatbmd grains of arsenopy- 
rib. 

The north w d  at the northwest end of the tunnel mnsish of lime- 
stone made up of layers of gray fine-grained calcite about 3 inches 
thick alhrnating with layem of l ight-pen serpentinked rock. The . 
limestone beds Btrike N. lo0 E. and dip 3Q0 E. 
9n the north wall of the tunnel, 36 feet from the entmm, are 

two quartz-caasiterita veins, each three-quarters of an inch thick 
(PL VIII, B ) .  The strike N. 40" E. und dip 40" S. In some plaeas 
the entire width of each vein is composed of cassiterite; in others 
it L ell qnirrtz Both cassiterite and quartz m u r  next 4x1 the wall. 
At 40 feet f m  the p d a I  two quartz-cassiterite veins, each about 
half an inch ixl width, occur in the north wall. One of them strikes- 
northeast md dips 1 5 O  S.; and other strikes N, 80' E. and dips 
25" S. They have knife-* waIls, and no cassiterite was seen in 
the wall materid The quartz and cassiterite: show the same re- 
lation to esch other and Ito the wall 88 in th8 veins 85 feet h m  
the entmnce. At 10 feet from the west end of the tnmel, on the 
south wall, are psveral quartz-cassiterite veins, about s quarter of 
an inch thick, which strike N. 7 5 O  E. and dip 15"-20" S. 

If projected southward, the qua&-assiterite veins of the Ida 
Bell turnel would intersect the CsBsiterite dike at depths ranging 
from 50 to 260 feet below creek level. The higher Bgure may give 
some intimation as to the depths of the region h m  which the tin 
mlu tions emanated. 

Estimates of the probable tonnage of tin-bearing dike rock .t 
above the level of Cassiterite Creek justified by the developinents 
in 1918 apply only t~ that portion of tha Caszsiterite dike extend- 
ing from Cassiterite Creek westward 200 feet and eastward 1.080 





- 

I ' .  
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ft. The width of the dike west of the omek aver- 8 feet. 
Very Little is known abut  the width of the dike btween the creek 
and adit No. 3, s distance of 430 feet, but in the tunnels east of 
the creek it ranges from 3 to 11 feet, and 9 feet is probably a fair 
s~erage. The weight of the dike rock has been estimated as 
1 ton to 12 c h i c  feet, It is therefore probable that 107,488 tons 
of tin-bearing dike m k  is available a b v e  the level of Cassiterite 
Creek 

Estimates of the tonnage in the Ids Bell dike and the Gmen- 
stone lode can not be made at present. The tin eontsnt of &a visi- 
ble portion of the Ida Bell dika appears to ba low, and p-nt 
developments do not suggest the extent of the Greenstone lode. 

MiU t~& carried through two seam- on dike mrrterials ob- 
tained by trenching through the middle of a 2,000-ton dump thrown 
cut from adit No. 3 are said to have averaged 4 per cent concan- 
tr*. Aasays of the concentrates are reported as ~v~raging 69.33 
per mt tin and 11.08 per cent tungsten. 

AB the cdtarite  in the Cassiterite dike was deposited by hot go- 

lutions rising h r n  below, i t  probably extends to considerable depths 
in about the same abmtdance as near the p-t surface. T h e  south- 
ward-dipping tin veins of tbe Ids Bell tunnel and the rwk trench 
esgt of tha creek from the I& Bell would, if thap extended far 
enough, intersect the Caasihrite dike at a maximum depth of about 
#O feet. This intersection may represent a center of dispersion of 
thq tin mlutiollbi. 

There ia some probability, however, that kt s depth of 400 to 600 
f i t  below Cagsiterite Creek the limestones and posibIy the dikes 
ere replaced by a massive intrusion of grsnilte like that of Tin Creek 
or Brooks Mountain. The indications favoring this probability 
am the innumerable smaU porphyry dikes in the limesfone adjacent 
to the mk, the rnaasive intrusions of  granitic material in the form 
of the Gmemtone lode, and the intense contact alteration of the 
limdone beds. On Tin Creek the development in the limestone 
of the green concentrically banded silicates orbules") is restricted 
to a zona within 10 feet of the border of the granite. (See p. 76.) 
It is prabsble that tha similar arbules in the limestone on Cassiterite 
C k k  am also in close proximity ta a large intrusion of granite. 
T?I~ narrownebs of the altered l i m h n e  zone adjacent to  other 
granite in the %ion suggests that the bed of Casstterib Creek at  

XM981-2- 
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the tin prospect is not far from large intrusive mas= below. At 
Cape, Brooks, and Ear mountnins and a t  other places in the region 
where granite intrusions are exposed the zone adjacent t o  the gran- ' 
it- in which tbe country rock has been changed into a condition 
similar to that of the Jtered limestone of Cassiterite Creek is meas- 
ured at the maximum in the hundreds of feet. 

Ilt is difficult to forecast the stste of mineralization of the granitic i 

ma= that undoubtedly underlie Cassiterite Creek at a compara- 
tively shallow depth. They may be deeply sericitizd and mom or 
less impregnated with tin-hearing minerals like the tin-bearing p r -  . 
tion of the: Cassiterite dike. If a large tonnage of tin-bearing rock 
is ever to be mined a t  this locality it must mme fram masses of tbig 
charrcter. On the other hand it is equally possible that. mineraliza- 
tion mfiy disappear when these granitic intrusives are reached. 50 
far as known, tkia is the case a t  Bmks Mountain, at Em Mountxtin, 
and to a less m~rked dagree at Cape Mountain. I t  is to be hoped 
that the future developments at Cassiterite Creek will show a de- 
partnm from the general rule of the region in this regard. Only 
deep exploration will answer the question. 

Placer tin in the form of cmiterite In fine grains averaging about 
O,Q inch in diameter lies in the bed of Cassiterite Creek between the 
Tda Re11 dike and the junction of Csmp Creek, a distance of more 
than 2,000 feet. The width of the stream gr~vel is about 100 feet, 
and the depth about 4 feet. T h e  placer tin rests -on a very irregu- 
lar surface of limestone having irregularities over 2 feet in height. 
Tha stream wash a w c i ~ t e d  with the tin is mostly very coarse, in- 
cluding boulders of the "reef" limestone 2 feet in diameter. 
Thorough tests of the quantity of placer tin at this place haw not 
been made. The quantity in the creek bed probably does not exceed 
50 tons. In 1918 about 1 ton of placer materid was taken out by 
mems of sluicing near the junction of Camp Creek. 

The granite area of Tin Creek is several hundred feet northwest of 
the junction of the north branch with ths main stream. It ia roughly + 

semicirculer and has a diameter of about 1,200 feet. The northern 
barde~ trends northeast and follows a nearly ~traight line, a pecdi- 
arity suggesting that it is marked by a fault. Force h added ta this 
suggestion by several faults striking east and dipping steeply to the 
north on the limestone ridges east of the grenite and by similar zones 
of fracturing along the north fork of Tin Gwk. 

The granite crops out chiefly on the muthead side of s. dome- 
&sped hill rising h u t  500 feet above Tin Creek. To tha northwest 
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this hill is separated fro~n still higher hilIsl by a low saddle. Small 
exp&ures of the granite are Jso found in the bed of the north 
branch of Tin Creek. 

Quartz, feldspar (orthoclase and sodic pplagioclase) and small scat- 
tered scales of brown mica are the chief mineral constituents of the . 
m i t e .  The grains of these minerals are nearly all of the same size, 

I about 0.1 inch, and show no marked variation from the border to- 
m a d  the interior of the outcrop. 

The granite is cut by a quartz porphyry diks about 8 feet wide, 
w which extends into the limestone toward the southwest. It can also 

be traced towrtrd the northeast within about 100 feet of the north 
branch of Tin Crsek. That this dike was injected when the granite 
was consolidated is shown by its chilled border. 

The limestone intruded by the granite is of a light-gmy amlor, 
with a, granular ashlike appearance on the weathered surface. It is a 
nearly pure calcite with a few irregular nodules of black chert. 

Within 500 feet of the border of the granita the cherts were 
tleached white by the intrusion. The Iimestone within this 7ane has 
been changed t.a a white coarse-grained mdrble, individual grains of 
which commonly measuro half an inch in length. Along the north- 

. western border of the gr~nite, where the contact between the lime- 
stone and the granite is exposed, the I h d o n e  has been replaced by . 
a mass of greenish minerals from 3 to 10 feet wide. These green 
minerals extend outward dong fissures radiating from the granite 
contact, but they do not invade the granite. Near the fismras the 
green miners1 mass is finely banded parallel to the fissures. Away 
from the fissures this parallel banding grades inta a concentric band- 
ing which has been brought inta relief by weathering The con- 
centric bands form circuInr to elliptical bodies ranging in diamehr 
from 1 inch to abut 2 feet. Certain bands inclose smaller con- 
centriwlly banded bodies or nodules. Some of the concentric bodie~ 
flatten out with reference to one another, as if their growth had 
produced. mutual interference (PI. IX) . 
In a few places the core of a concentric band is a circular or ellip- 

tical area of white marble, the original limestone. The darkest 
hands consist chiefly of hornblende, with some magnetite and fluorita. 

"he lighter-colored bands consist chiefly of fluorite. and limy plagio- 
clase. Fluorite is the chief constituent of these bands. Other min- 
emla observed are pyroxene, garnet, and resnvianite. Cassiterite, - pyrite, and amnopyrite have also b n  found. .An e x d e n t  descrip; 
tion of these concentric bodies is given bp K n ~ p f . ~ ~  

The restriction of this p e n  mineral mass to the limestone side 
of the contact, the p a t  differenre in composition between it and the 

mKnopf, Adolph. Bcalopg of the &ward Penlnanla tin -ta, AIaeh:  U. 8. 
Burvey Rull. 868, w. 44-45, 1908. 
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,limestone, its development along fissures extending into the lime- 
stone, and the fsct that it incloses circular areas of limestone show 

' 
that it has replaced the limestone. Hot solutions containing fluorine, 
aluminum, siIicon, sodium, magnesium, iron and some tin, miulphur, 
and arsenic, appear to ham come up along the granite contact and 
entered into reaction with the limestone, thus setting free cnrbon 
dioxide and with the lime forming a group of lime-bearing silicates. 
The parallel banding along the fissures and the concentric banding 
sway from the fissures appears to have resulted from a process of 
rhythmic intemction between the solutions and the limestones. 

The introduction of the solutions that sltemd the limestone pre- 
ceded the injection of the quartz porphyry dike into the granite, for 
this dike cuts through the p e n  si ticate zone. Whether the solutions 
that altered the lirnestmes had any effect upon the granite is uncer- 
tein. No effect was noted. Solutions similar to tho* which altered 
the limestone have affected the granite locally, as shown in a few 
tiny quartz strinprs that have been observed ta contain a little 
cassiterite. A ghallom prospect pit on the top of the granite has ex- 
posed slightly altered granite containing sul~hides, including pyrite 
and arsenop-mite, and Knopf reporh microscopic amounts of csssi- 
hrite. The feld-spam of the granite in this place aim altered to seri- 
cite, a change which is characteristic of the effects produced by tin- 
bring solutions elsewhere. 

The Dolcoath tin:bearing dike is about 1 mile north of the Casd- 
terite Creek tin prospect, at an elevation of 1,200 feet on the south 
slopes of the high ~ i d g ~  northwest a£ Cassiterite Creek. (See fig. 
5,  p, 62.) The present developments have shown no merchantable 
ore, but the mineral associations of the deposit are very interesting. 
The Dolcoath dike hag an average strike of allout N. 50' E. and 

a general northward dip of about 88". It has h n  traced on the 
mrfaca by d6bris for about 3,700 feet but probably does not maintain 
s uniform width for this distance. The width, where the dike has 
been crosscut, averages about 2$ feet. I& color iP; n dark gray. The 
chief constituents are scattered minute crystals of ~ l a ~ o c l a s e  feId- 
spar, approximating labradorib, and of quartz, erntmdded in a fine- 
grained groundmess. 

In most places the original chtrmter of the rock is nearly abscumd 
by ssxicite and secondary minerals, chidy colorless micas, with 
quartz, tourmsline, denb~lrite, chlorite, pyrite, and amenopyrite in 
small crystals. Cwsiterite is not found in visible amounts but occurs 
in micrompic crystals. 

The lirne~bne h d s  adjacent to the dike strike nearly east and dip 
30° N. They are thin bedded, with shalg partings, and show 
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mgio~al  change, not dependent on the dike, to granular white marble 
with Bn abundance of small white tremolite needles. These needles 
am especially prominent along the shaly seams. 

Near the dike the limestone contains seams of green mineraIs, which 
appear to be like t h e  so common in the lirnmtone near the Cirssit- 
erite Creek tin prospect. Seams of this sort lying paraIIel to the 
bedding can be seen near the  portal of the tunnel. (See 6g. 5.) 
Knopf found danburite, topez, arsenopyrite, cassiterite, and tour- 
maline in both limestone wa1Is within 6 inches of the dike. 

Movement of the beds since the dike wns introduced appears to have 
taken place, but the dike itself apparently mas neither displaced nor 
severed. At the portal of the tunneI the beds shorn slickenside 
pvesonave~icalpIanestrikingN.BOOE. Thegroovesaregently 
inclined ta the west, ancl indicnte nn eastward and upward movement 
of the south wall. In the ahaft (see figs. 5 and 11) a 6-inch seam 
of gouge Iies between 
the dike and the hang- 
ing north wall. This 
gouge, together with 
certain fmct~wes, in- 
dicates n dnwnu-nrd 
movement of the hang- 
ing wall, o KI 20 SO FEET 

I I I J  

The POr- F*GUIW l O . ~ l , i c  mkctch map of Delmath tun,, 
tion of the Dolcoath 
tunnel was  hut 100 feet long in 1918. For the fimt 25 feet from 
the portal the tunnel trends westward and is in limestone. Thence 
it runs southwe~tward for about 10 feet and cuts through two 
branches of the dike wpmted by a horse of limestone. The first 
dike from the portal is 9 feet wide, the one farther in about 5 feet. 
About 35 feet from the portal these braachea unite and continue as 
one dike, 2 feat wide, exposed on the roof of the tunnel for 70 feet or 
more to the we&. (See fig. 10.) 

The dike as exposed in the tunnel is a soft gray claylike mass, with 
very little visible mineralization. In the wide branch cut by the 
southwest turn of the tunnel a lump of arsenopyrite about 8 inches 
in diameter was fmnd embedded in the dike. Three other lumps of 
this sort were seen in the Iast 70 feet of the tunnel. Besides arsenopy- 
rite these lnmp containn small smounta of danburite, tourmaline, and 
tapas. 

The &aft ia about 1,300 feet west of the tunnel, and is about 25 feet 
deep. Here the dike is 2.& feet wide, strikes E. €do E., and dips 70° 
N. It i s  soft and 02 a brownish color from limonib stains, Closely 
s p e d  strike fractures cut the dike pparaUeI and transveme to the, dip. 

'gaopf, Adolph, Omlogy ai the Beward Penlamla ffn d e m t s ,  Alaska: U, 8. OmI. 
Survey BolL 858, 9. 61, 1908, 
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The Pimestone on the hanging wall at the ahaft has been replaced 
by a sheet 6 inch= wide, chiefly menopyrite and flnorite. This sheet 

is sharply separated from the dike 
mb- but invades the limestone along tiny 
~J(M.. fissures. About 6 inch& of dark- 
'- * - brown goup Iies between the B-0- 

i \ WUY pyrite and the limestone hanging waI1. 
L ~ n n  hdl!U Ud , The sheet of anenopyrite is cut by 
m-- fracture9 having the same strike but 

moea8 ll.westml Or a different dip, as shown in figure 11. I 

ehstr 
Both gouge and fractures indicate that 

the hanging wall has moved downward, and that this movement tmk 
place after the amnopyrite was deposited. The limestone bods dip 
about 30" N. and are of about the same character as those at  the 
tunnel. 

BESBIE AND MAPLE ANTIMONY AND m D  CLAIMB. 

Lead and antimony bnve been fonnd on the Bessie and Maple 
claims, about half a mile west af h t  River, opposite the mouth 
of Tin Creek, on 
a saddle of a ridge 
trending about N. 10" 
W., at nn elevation of 
about 900 feet. (See 
fig. 12,) The gsddle 
is underlain by thin- 
bedded shaly line- 
stone, which on the 
eastern slope of tile 
ridge strikes X. 5:i0 
W, In an exposure 
on the west slope of 
the d d l e  the strike 
is N. 10" W., and the 
dip 30" E. The  knob 
muth of the sddle is 
underlain by beds of 
dark-gray pure lime- 
stone that strike east Shety limestone 

and dip 30" N. They 0 0  o m t o w  I S W ~  

appear t o  be wpa- Contour interval l O O C N t  
Elevations by anemid barometer 

rated from the thin- Fronaa l!Z.-Sk@tch of arts armd -e and Mapled*- 
bedded limestone to 
the north by s zone of faulting which caum the two types of lime- 
done to meet in vertical contact. The southeastern slopes of the 



addle  and the knob to the south of it am cut by a peat  many dikea 
of dark-colored quarts porphyry str ik ing N. 5Q0 E. 
On the east slope of the saddle, at an elevation of about 550 feet, 

the Southern Cmas tunnel, trending h'. 55" TV., has bee11 driven into 
the hill for a distance of 160 feet (fig. 13). Pu'early all of it cub 
though ver~r fine grained thin-bedded limestones showing two sets 

3. of fractares, one striking N. 10" W. and dipping s h p l y  wwest, the 
other striking a s t  and dipping south. h a l l y  these fractures are 
very closely spaced, and morement of the beds haa taken place dong 

* them. 
At 130 feet from the portal the tunnel cuts through a soft p y  

dike decayed into a claylike material, 20 feet wide, striking north- 
east and dipping 65" S. Along the south w ~ 1 1  of the tunnel, between 
the dike and the portal, several gaIena-lirnonite veins striking N. 
@I0 W. and dipping 
steeply south are ex- 
posed. Their maxi- 
mnm width is about 
3 inches. Nro met& 
1 i c rninembation 
'was noted west of 
the dike. 

About 100 paces 
we& of the portal of 
the tunnel, at an ele- 
vation of 840 feet, a X ) F * I m -  
small trench exposes 
a soft white kaolin- 

at mhrh d tunm.el hd dike striEdng P I O O ~ I ~  ~ ~ . - ~ e a ~ o g i c  W* map oi ~ u t h e r n  C- tunnel 
about X. TO0 E. 
Although only 2 feet wide, it is very probably the same dike that is 
seen in the tunnel. Five feet north of it the trench crosscuts a h s d  
bremiated gray fine-grained dike for a distance of 2 fwL The total 
width of this dike is ssid to be 8 feet. The fragments, which are of 
all siza up to  about 2 inch% are cemsnted with thin seama a£ galena 
and pyrih, with some chalcopyrite. 

At 79 paces N. 70" E. from this trench, the same dike appeam to ba 
exposed and shows the same sort of mineralization. On platting the 
relative positions of the dike m d  the tunnel it appears that if the 

- tunnel were extended farther it would reach the dike. 
About 500 pscw a. 20" W. from these- exposures of the brqciated 

lead-bearing dike, at ,an elevation of about 760 feet on the west sIop 
of the saddle, a trench cuts through frost-broken materials of a lead- 
bearing dike of the same character. The ledge is not shown, but 



the similarity of dl these materials and the dinement of this spof 
with the other exposures m r t h  it probable thnt stringers and dikes 
of t h i ~  kind underlie the saddle between the two extreme points at  
which they have been found. They ma9 not be strictly continuous, 
however, nor mnstitute rr comiderable body of om. a 

Assays of lead-bearing rock from the Bessie and M~ple  dsimi 
given to  the Qeological 8 m e y  by Mesm. W. B. OYBrien and Alex. 
McInbh am ~s follows: 

duma of rock PDRO Be~Bfe mid MapJe oldma. 
w 

toatlm. 

-- 
T m d  .............................. , ........... ,... 
Open cat northweat al tunnel.. . . . . . . . . . . . . . . . . . . . . . . 
TOP orhlll i m l ~ t  mat oftunnd ................... . n 

-- 

On the west dope of the seddle, at  an elevation of about 750 feet, 
a tunnel driven eastward hm penetrated n white soft h h i z e d  dike. 
Because of the ice on the walls of the tunnel the width of the dike 
was not determined. The dike is cut by seven11 veertical stibnite-' 
beering veins 3 inches wide trending east, pardlel to the dike. The 
dike material has been impregnated with rsdial green tourmalint 
and fluorita. From a point 100 feet f m  the portal the tnnnd rum 
southeast lor 100 feet more, but leaves the dike. 

PAX- GIRL LEAD AND TIN: PROBPECT. 

A few hnndred feet southwed of the Tin Creek boss af granite lead 
was found by BlomqnIst & Goodwin on the Yankea Girl claim. 
(See fig. 5,  p. 52.) A short tunnel on the claim was i n t r d b l e  in 
1918, and nothing to throw light on the dimensions and relations of 
the lead deposits could lae seen on the surface. About a ton of lead- 
&ring rock lay on the dump, and some had been sacked. Part 
of the mineralized material is a yellow mft gmnular p a n  con- 
taining nurnemua cpgstals of cerusite half an inch in maximum 
length. Another part is firm and heavy, consisting chiefly of copper- - 
bearing pyrite, luraenoppite, end fluorite replacing calcite. Arseno- 
pyrite was introduced after fluorite. A feint greenish copper car- 
bonate gtain mvem the surface of the rock in pIaces. In thin section 
the hard material shows 8 &~e-greiwd indistingaishsble p m d -  *. 

mass of 8erpentinous material mnhjning numerous small crystals of 
cassiterih. Amnopyrite is the chief constituent. 'Phe Caw Boy 
tunnel, driven by the same men several hundred feet higher up the 
hill, was in b a r n  limestone. 
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No other prospects were being worked in 1910. Descriptions of 
the wolfmite-topaz lode on the west side of Lost River, the Alaska 
Chief lead claim on Rapid River, and the Idaho copper claim south 
of the mouth of Tin Creek are given by Knopf:' from w h m  mpoTt 

.the following notes have been mndensed. 
WoZfmmdte-top= ?ode.-The wolfranite-top= Ide is on the 

ridge west of Lost River, opposite the mouth of Tin Cmk. The min- 
eralization has taken place along s fault zone running nearly due 
'errst. An open cut shows a atringer lode 1 foot wide, in which the 
vein mkterials are wolframite, galena, stannite, topaz, and fluorite. 
The wall rock is a dense, fine-grained limestone sbo%ing no alters- 
tian. . 

A h h  OhGf oWm.-Abut 4-& miles from Bering Sea on the 
north aide of Rapid Klver is the b h  Chief cleirn. The lime- 
sbnsa in this locality have been faulted, bpsccinkd, and intruded by 
quartz porphyry. A shaft and tunnel have been driven an a haavy 
porous b d y  of red iron oxide containing galens. When examined 
in 1918 the damp showed very little lead. A 600-foot Rmel near by 
struck no ore. 

Id& cqppw &m-A. cupper prospect on-the Idaho elstm is mv 
era1 hundred yards south of the mouth of Tin Creek, on the 15-fad 
bench t h ~ t  fronts h t  Ever. Stringers of ore have been deposited 
in an irregularly shattered zone in the limestone 16 feet wida, in- 
cluding numerous horses of unrninardized Iirnestone. The copper 
mineral chalcopyrite occurs with abundant pyrrhotite in a gangua 
of calcib, fluorite, and m a l l  fragments of slickensided rack. The 
percentage of copper is low. 

Cassihrita hm not been found on Bmoks Mountain. Hulaite and 
p.igeite, two mm tin and bron minentls, were found in minute 
qusntities by Knopfm on the southwest slope of the mombin in 
1908. The occurrence of these tin minerals, the intrusion of granite 
into limestone, and the contact alteration of the limestone adjacent 
to the granite, ally this area with certain other tin-bearing Iocrslities 
of the York region, particularly those of Cassiterite and Tin creeks 
nnd Cape and Ear mountains. The facts known regarding Brooks 

LKnevf* Adolph, O s d m  of the Seward Pminmla th hr* IIamh:  U. 6. Wt 
B n m y  BuU. 868, p p  17-80, 1WR. 

-Idem, p 48. 
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Mountain do not justify the hope &at important tin deposits will be 
found here. 

From an east-west ridge that marks the head of the Lost Rivar 
basin Brooks Mountain extenda northward fox 2+ miles as a narrow, 
precipitous ridge, 2,000 to 2,900 feet high. A short distance north 
of the bighest point it turns east and extend$ 54 miles farther. It 
has the highest peak in the Y ork Mountaim. Its western slope is the - B 

steeped. In place dies 400 fmt high descend westw~brd from the 
crest. Below them are steep slopes of lome, angular fragments, which 
slide under foot. The eastern slopes, although steep, can be scaled m- 

anywhere and form a great amphitheater, the site of many 
joining Andemu Creek. The landscape a t  Brooks Mountain has 
the barren, rugged aspect characteristic of the York Mountains. 
The mountain has been carved by the streams uC the Arctic 

nnd Bering Sea drainage systems out of folded ~1aW and limestonas 
intruded by granite. Its height; as compared with its surroundin@ 
i~ due mainly to the hardening which the limestones and slatas have 
undergone through the action of the granite, This hardening has 
enabled them to resist their removal by frost and stream action more 
effecti~ely than tha rocks around them, 
The only marked contrasts in the surface features of Broolw Moun- 

tain itserf are those between the granite and the area of hardened, 
altered limestone adjacent to the granite. Although flanked by 
steep slopes, $he limestone shows a nearly even m s t  line, indicating 
a nearly uniform resistance. 

The granite ~urface can be distlnguish~d miles away by ib spiny 
protuberances. It is dotted with towers as much as 80 feet high, 
though true spires are lacking. This great irregularity of the granite 
surf ace is due to the fact that the mawive panits is cut by two prin- 
cipal sets of. fissures, one striking nearly east and dipping stmply 
south, the other striking nearly north and dipping 70" E. Lem 
prominent fwsures strike north and dip 90" E. Thus the granite is 
naturally cut into blocks 10 feet or mom in length. The disintegrn- 
tion of the granih is accomplished almost entirely by frost, ns soh- 
tion L practically absent. Frost action breaks the granite into a 
coarse rubbIe, avenging about 1 inch in diameter, Disintegraatioz~ 
starts at the surface and penetrates downward aIong the fissures. 
Wind, runnixlg water, and gravity remove the wmte. Erosion is 
mast rapid in the most fractured parts and where freezing and thaw- 
ing alternate most frequently, ae on southerly exposures. By these 
proFessas of disintegration and  emo oval of the disintegrated ma- 
terials the least fractured blocks am brought into relief. , 
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GEHERAL GEOLOGY. 

The rocks at Brooks Mountain include an unknown thickness of 
black d a b  overlain by mtt Ieask 1,000 feet of limestone. The contact 
ktween the data and limestone is not exposed, hence it is not certain 
whether the data was eroded before the limestone was laid down 
upon it, The lower 100 feet of the limestone consists of black Slaty 
layers a fr~ction of an inch in thickness interbedded with thin layem 
of gray fine-grained limestone, From this fact it would appear 
that there ia a gradation from slate to Iimestone. The slates, how- 
ever, are mare intensely folded than the basal limestone beds. In 
position and character they are like the slates of other parts of tho 
York region. Outside of the Brooks Mountain area the euidence is 
strong that the slates lie uncornformably below the limestones, hence 
it is probable that they bear the same relation here. (See PI. X.) 
The  date and limestone beds in the Bmks  Xountsin area have 

been buckled up into an arch whose axis strikes N. 10" 1V. and which 
is ementially parallel to the crest of Brooks Mountain. The west 
limb of this arch d i p  at an angle of about 30". The east limb ia 
much steeper, and it is probable that the west limb has been thrust 
over the eastern part af the arch. This inference is sngqtsted by 
the fact that the slste m d  limestone contact on the west slope of the 
mountain is about 300 feet beIow the crest, whereas at  the base of 
the east ~ide of the mountain this contact is beIom the surfa'm Only 
lim&one appears at the eastern fmt of the mountain a t  the head of 
Anderson Creek. 

Both slates ttnd limestones have been dislocated by a fault, striking 
N. 70" E. and probably dipping steeply to the swth, at  the warp-  . 
merit that forms the wuth end of the Mint River valley. Faulting 
is shown by the relations of the limestones and slates. Tho lime- 
stones on the escarpment dip northward; the slates in the valIey to  
tha north hare a similar northward dip but a s  inbnsely contorted 
in the vicinity of the limestones. The limestone bds,  if projertecl, 
mould occupy regions underlain by the slates to the north. It is in- 
ferred that the limestones lying south of the fault plane have been 
depressed with respect to the slates lying north of it. 

Along the axis of the slate and limestone arch a large m m  of 
p n i t e  has been injected. The molten materid apparently followed 
the paths of least resistance offered by the arch md may have come 
up along an overthrust fault plane dipping steeply westward. 

Dikes are ram in the Brooks Mountain area. One dacite porphyry 
dike was found in the slates on the east side of the valley, descend- 
ing northwestward from the first saddle north of the highest peak 
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of Brooks Muntain. Knopf found a pegmatite dike in the vicinity 
of the limestone and granite contact at the southeast end of Brook 
Mountain. 

.Since the intrusion of the granites the area has been carved into 
its pwsent relief by the action of stqams. The weak alate west of 
Brooks Mountain was removed more rapidly than the granite and 
the hardened d a b  and limestone adjacent ta the granite. Only a a 

mall  part of the granite mass has been exposed by erosion, and it is 
probable that the surface erosion has descended into the granih a t  
most only a few hundred feet. 

II 

The slate, whera unaffected by the granite intrusion, has an ex- 
ceedingly fine pain, the individual particles being barely discernible 
even under the microscope. The black color is due to finely divided 
carbonaceous material. Fine-pained quartz and delicate shreds of 
brown mica are the principal constituents. Slate is not exposed in 
contact with t.he granite, but from sev~r!rel hundred f aet ta 1,000 feet 
west of the exposed granite contact the  slate is altered to a very 
dense, compact brown mass which has lost its original platy cham- 
ter. It is very f~int ly  banded and re~mblm some fine-grained 
rhyolites. The minerals are slightly coarser than in the unaltered 
slate, and the carbonaceous material has heen awegated  into tiny 
rodlike brown masss. 

~ B T O N E .  

On the west side of the head of the Mint River valley about 100 
feet of thin-bdded bass1 limestone with black shaly graphitic part- 
ings is exposed in a numhr of plates. SimiIar basal beds of bleek 
shaly limedone are e x p o d  in the vatley northwwt of the highest 
peak of Brook Mountain.. West of the Mint River valley th& 
basal limestones are overlain by at least 9.00 feet of thin-bedded p y  
limestone with brown shdy partings. The p a y  lirnestane in turn is 
covered bp an unknown t h i c k  of pure gray granular limestone in 
becls averaging rtbout 3 feet in thickness. 

At the south end of Brooks lMonntain the limestone in contsct with 
the granite is mostly of the pure gray type. About 400 feet west of 
t.he exposed contact with the granite it has h e n  changed into a very 
warn white marble traversed by seams of greenish silicates, which 
have replaced the calcite. The minerals replacing the calcite consist * 
chiefly of rm yellowish-green bof on-baaring vesuvianite and a mono- 
clinic pyroxene, wsually diopside near the contact and either augite 
or hedenbrgite farther away. The minerals known ta replaca the 
limestone near the granite contact include vesuvianite, diopside, 
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gmkulsrite, augite, hedenbergite, phlogopite, and fluorite. Of 
minor importance are acspolite, tourmaline, hulsite, paigeite, ludwi- 
gite, galena, pyrrhotite, black splial~rite, and chondrodite. The oc- 
cumnoes of lead %re described in more detail on pages 86-87. 
North of the white rnarbIe the limestone adjacent to the granite 

w is of the thin-bedded type interlayered with shale. Along the crest, 
in the vicinity of the highest p a k  of the mountain and westward 
for about half tt mile, this limestone has been converted into an ex- 
ceedingly fine grained 'mass resembling chert. Microscopic examina- .. tion of this material shows thab the calcite has nearly all disappeared 
and has been replwed chiefly by thin la ye^ of vesuvianik and color- * 

less pyroxene alternating with grossularite. Farther west the orig- 
inal calcitic layers still remain, but they have become coarser in 
p a i n  and the shaly layers have undergone a recryshllization. 
Weathering emphasizes the shnly layers and give~l the rock the same 
appearance as that of the " reef" north of the tin prospect on Cassi- 
terite Creek. 

aRAWITE. 

The granite area of Brooks Mountain is elliptical, extending about 
miles from north to south and about 1 mile from east to west. 

Except along the southern part of the moi~ntain, all of the granite 
area lies on the emt  slope. 

The granite contact dips less steeply toward the west than tawsrd 
the east, as is indicated by the great width of the area of contact- 
metamorphic limestone west of the granite. That the eastern surface 
of the p n i t e  is very steep is shown by exposures along the northeast 
side of the granite area and by the narrowness of the zone of altered 
limedons on this side of the mountain. 

Away from the border the granite mnsists mainly of very coarse 
crydals of orthanlase averaging about 16 inches in length, which 
mmtitute shu t  three-fourths of the volume of the rock. Between 
the orthdase crystals is a coarse-grained matrix composed chiefly 
of orthodam with minor quantities of acidic plagioclase and coam 
angular grains of glasgy quartz. Within 3 feet of the limestone con- 
tact the granite has an even p i n  of medium size. The minemls are 
the same as in the interior, except for the presence of small crysta1s 
of green hornblende, which takes the place of the biotite. On the 
weathered surface of the granite occur scattered knots or protuber- 

a ancw about 2 inches in diameter. They have a fine, even grain and 
c o b s t  chiefly of orthoclase with an abundance of the green horn- 
blende that is characteristic of the border. T w o  generations of qua& 
me present in these knobs. One with hexagonal outline is older 
than all other minerals; the other lacks crystal outline and was the 
last minere1 to crystallize. 
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T h e  granite shows no visible evidence of having been affeckd by 
hot solutions after i t  had solidified. Samples taken within a few 
inches of the border show the secondary development of fine micro- 
mpic needles of green tourmaline, which penetrate the feldspars. 
These needles are probably related in origm to the tourrnrrline found 
in the altered Limestone adjacent to the granite. Chemicsl decay 
of the granite by weathering is almost entirely absent. As pre- 
viously noted, the granite disintegrates into a coarse rubble in which 

' all the original minerals are present. 

I 

READ LEAD PRORPECT. 

On the R e ~ d  claims, near the contact of the granite and lime- 
stone on the sonthwest slope of Brooks Mountain, at  the head of 
the first east branch of Mint River, are several shallow trenches 
and a shaft about 217 feet tl~ep. When they were examined in 1918 
slope wash had covered the exposures in these openings, and the 
only clue as to the character of the rock and nlineralization was 
obtained from samples on the dumps. Knopf, who examined this 
prospect in 1918, s ~ p s  that a trench 20 feet from the granite contact 
disclosed an om body 33 feet wide, striking N. 15" W, and dipping 
60" E., into the granite. IT@ reports that Rssnys made o f  this ore 
in Nome ran 34 per emt of Iead nnd 11 ounces of silves to t,lle ton. 
and that sereral other assays are said to have shown results ranging 
fmm $17 ta $44 to the ton. 

The ore on the dump consists of pyrrhotite inter~mwn with 
galena in small irregular lenticular mas= about 0.4 inch in lengtll. 
In places galens, of the same charrrcter is embedded in a black opaque 
sphalerite, which has been reported to contain 19 per cent of fer- 
rous iron. The gangue of this om consists of calcite replaced by 
vesuvianite, diopside, phlogopite, tourmaline, and fluorite. Fluorite 
is intimately associated with the sulphides. 

Several hundred feet down the slope from t h e  prosp~rts a small 
ltrench cuts through a mass of altered limestone in which Rnopf dis- 
covered the minerzll hulsite, a previously unknown compo~~nd of tin 
and boron. 

LLTIIER IZAD PROSPEW. 

r 
Across the divide from the first enst br~nch of Mint Rirer, at an 

elevation of nbout 2,CWKI feet, there k is lead prospet consisting of one 
trench 30 feet long, 12 feet deep, and 10 feet wide on a claim owned 
by W. l3. Luther. It is 20 feet north of the limetone and granite 
contact. Within 4 feet of the p n i t e  the Timestone bas been con- 



v e M  to a, yellowish-green hard granular mass, consisting chiefly of 
vesuvianite., At 20 feet beyond this point it is changed to a white 
granular marble, traversed by seams of green minerals similar to 
those which replace the calcite at the contact. At the north end 
of the trench the limestone has h e n  replaced by the green silicates 
along a fissure striking north and dipping steeply east. The minerds 

U replacing the h w t o n e  include tourmaline in black columns several 
inches in length and vesuvianite. Vvglike openings in the mess of 
metamorphic miner& show an occasional cube of galena one-sixteenth 

'- of an inch in diameter. 
h r i p k i o n s  of several other m a l l  prospects in the vicinity of 

the granite contact are given in Knopf's report, d m d y  cited. 

That the alteration of the limestone was effected by gases or solu- 
tions or both is shown by the fact that they followed fissures which 
traverse the limestone. From a comparison of the original minerds 
of the limestones with those deposited by the solutions it is wncluded 
that the solutions introduced fluorine, boron, chlorine, lead, copper, 
zinc, sulphur, and tin into the limestune. They eLo carried silica, 
alumina, magnesium, and iron. From the limestone they removed 
carbon dioxide in very brge quantities. Pure limestone mas almost 
completely replaced by silicates. Impure limestone some distance 
from the granite lost carbon dioxide, and the rnaterisls remaining 
underwent a recrptaUization, probably with very little introduction 
af material. Such are the hard, finely banded chertlike phases of the 
altered limestone. 

It is not proved that these solutions traveled through the granite 
now exposed, for the granite so far as known shows no changes 

that such solutions might have effected. It is conceivable that they 
passsd through when the granite was unfavorable for interaction 
with the solutions. The border of the granih shows a faint introduc- 
tion of tourmaline in the form of fine needles penetrating the feld- 
spars. It is also along the contact that the limestone is most altered. 
The alteration is not due to an interaction of the granite with the 
limedone, for the granite contact has the sharpness of a knife-edge, 
but tO the interne action of the solutiom. To judge by results the 
solutions were most effective in causing deposition and replacement 

Y along the gmnih and limestone contact, and this may have been the 
principal path alsng which they moved. 
Some of the constituents which the solutions carried, nmely, 

fluorine, chlorine, and the metals, are so foreign to the content of 
ordinary surface solutions that they are believed to have been released 
in hot solytions from the granite during the proms of cooling. 



PBQBdBTILCTY OH ETNDIM~ TIH MI, OTRER IN COX- 
m A L  QUAWTITIIEI AT BROOKS f OUXTAIN. 

S t u d i ~  made at Brooks Mountain do not warrant the hope that 
tin or other ores will be found in commercial quantity. This concln- 
sion, however, can not be regarded as final. The chanca of finding 

. ore in the granite are the poorest. Wherever studid the p n i k  w 

shows no visible alterration. It would be usetess to undertake under- 
ground prospecting on the granite unless pIaces were found where 
considerable h d g  of it ~howa alterations of a character slmilsr to 
t h m  .which have affected the tin-bearing dikm in the vicinity of I 

Cassiterite Creek. It is important to bear in mind that &ch plms 
would not l~ easily mcognized. Because of the mftness ' of the 
altered rock it vould be eroded rapidly and thus underlie depressions 
that would be easily covered by slope wash of fresh granite. 

Mineralized portions in the limestone area therefore b a r  a rela- 
tion to the surf ace generally the reveme of that shown by the miner- 
alized panib .  Because df their relative h~rdness silicates, such as. 
vesuvianite, tourmaline, and others characterigtic of the metamor- 

' 

phosed limestone, tend to stand out on the weathered surface and am 
therefm easily discovered. It is probable that nearly all mineral- 
ized areas of the prssent limestone surface have been men. Such 
deposiB in the lim-n~ are found only near the granite contmt 
or adjacent to fissures that extend near the contact. They have an 
irregular shape, and it is possible that mme of those now e x p a  
are larger farther down The proportions of mineralized rock and 
limestone at the present surface, however, are very probably similar 
to those found at greater depth. They are mare likely to  t3e large 
where the g r m i k ~  and limestone contact bm a gentle dip, as on the 
west side of Brmlzs Mountain, t h n  where it is steep. 

POTATO MOUNTAIN. 

CIE0I)EdPHXC FEATURE& 

About two-thirds of the tin produmd in North America has eome 
from the Potato Mountain area, where, thus far, the Buck Creek 
placers have been the chief source of ore. 

The Potato Mountain area is s part of the slate belt, which is 
characterized by a mild relief of 200 to 600 feet and great expanses 
of tundra-covered  hill^. The topography is in marked contrast wit11 
the rugged limestone rid@, 2;000 ta 2,500 feet high, that form the 1 

York Mountains, to the east. (See PI, I and fig. 4.) As a r ~ l %  a? 

the areas of accentuated relief in the slah belt can be accounted for 
by the presence of pre-Ordovician basalt or gabbro, or locally other 
igueous intmaive rwks. Potato Mountnin, which consists of four 
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rakher d a k d  knolls from 1,200 to 1,400 feet high, alined in s 
northcmshrly direction and extending for a distance of about 2 miles, 
is the highest prominence of the slake be1 t and rises near itsl northern 
extremity. Potato Mountain is due parkly to granite porphyry dikes 
which intrude the slab, snd partly to numerous quarkz veins that 
cat the momhin mass in all directions! thereby hcreaaing its re- 

* sistance to erosion. The porphyry dike strikes northeast end co- 
incidm with the b a d  of the mountain rn-. It is not everywhere 
exposed, being in part mnoealed by talus on the mountain dope, and 
in part not yet ~evealsd by erosion. The m1ation of intrusive dike " 
overlain by slate ia well shown in an excavation on the north& 
slop of the nad mo& northerly m d ,  where the slam me exposed 
arching above the dike rock. 

ROCECH. 

Tbe date of the Potato Mountain area is fine textured, in sandy to 
calcareous, and ranges in degree of metamorphism from &alelike to 
well-cleamd varieties. It is interbedded with a few strab of yellow- 
ish he-grained sandatone, bluish clayey sandstone, and sandy lime- 
stone a few inches in thkhem. The beds dip in general at a low 
angle toward the east. 

Intruding the slate is a quartz porphpy dike, already referred t o  . 
sa heving in part caused the mountain mm.  Ramifgihg quartz 
veina which mnge in width from r few inches to a fraction of an 
inch are to bs seen almost everywhere on the area and in some places 
form a &&work One quartz ledge is trceabla for several miles. 
It cuts Suthr Creek at  the mouth and exltends up Buck C m k  to 
Wkst Fork, where it swings almost due. north. No other acidic 
roch were obmved in the districL Pm-Ordovician basalts and 

. gabbrm do not occur in the immediate vicinity of Potah Mountpin. 

me m m n c e  of csssiterite in the rocks of the Potato Mountain 
ama ia not commonly obsebed A study of the placer concentrates, 
however, shows that it is f o n d  in at least two assacistiom, namely. 
with quartz and with porphpy. lbopf  also reports it to occur 

+* 6 

LC intergrown with arsenopprih in a grtngne of radiaI actbdita." 
No depmit of loda tin,in commercid quantity haa yet bean discovered 
in the area. 

Quartz carrying cassiterite is present chiefly as stringers, a frac- 
tion of an inch to mveral inches in width, in the slate. Some of 
t h a  stringers evidently carry gold, as gold is present in mall 

*Knopf, Adolph, oi the Sewawl Penlosul~ tln drpn l t l ,  Alsska: U. 8. Owl. 
S u m g  Ball. 358, p. 32. 1908. 
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quantities in the placers of Back CmeB.. The only porphy~g b b  
semed in the area which night be a m u m  of casiterite is the large 
dike referred h as cutting the mounds. No cassiterite, however, 
was observed in the specimens examined. 

Numerous: attempb have been made to locate the source of the tin 
om. Prospectirip; has beeh confined to Potato Mountain and the 
country adjacent to it. Thus far the attemptg have met with bd 
little success, and no promising lode has been mmvered. There 
is, however, g o d  reasan to consider Potato Mountain as the prob- 
able source of the placer tin, because (1) cadterite nuggets as , 
much as several pounds in weigh6 have been picked up on the mom- 
tnin, (2) quartz veins cutting the date locally show &terit.e 
crystals, (3) the stream placers are limited ta th- streams that 
head in the mountJn, and the coamness and angularity of the tin 
decrease with disEance from the mountain, (4) placer tin fmm the 
headwaters of the creeks shows attsched particles of porphyry and 
quartz, whereas in that from the lower part8 of ,the creeks most of 
the crystals are clean or attached to bits of quartz only. 

LODE D- 

A quartz ledge, traceable for several miles, crossss Sutter C e k  
near the mouth, occurs in the bed of Buck Creek, and at West Fork 
haves the sitream %a continua northward with a strike of N. 10" 
E. The ledge is in place as much aa 3100 feet wide. It has the 
appearance of felsite rock including numerous shale particles, 
Wcmpir :  manhation shows it to consist chiefly of well-developed 
quartz crystds amn@ in ra&d and coxcomb structure about 
nuclei of 3We It repmxmts a filled fimra reopened by repeated 
mavement slong+the fractum meone m that small psrticlea of shale 
fm the vein waU adhered to the vein filling and upon h r t h e ~  . 
introduction of vein material became incorporated in th& qumrta 
ma=. 

Numerow p-t pib have bean sunk at diflemnt points along 
the outcrop of the vein, and assays are said to have k n  made. No 
tin or other &era1 of economic value was obmed,  and the assays 
are reported to have been unfavorable. 

At the herd of Buck Creek, on the divide between Pelak and Fox 
c m h ,  are s e v e d  ahallow prospect trenchm on the Red Fox+clairn. 
One trench exposes what appears to be either a vein or d m m p m d  
dike rock about 6 inch- thick dipping 35" W. and &king north * 
and east. Tho beds of slate inclosing it dip at a low angle t o w a d  the 
north. The dike rock has the appearnee of a limmtune, and micro- 
~eopic exminetion shows it to c o d  of calcite with a littIe, quartz 
and to bs cut by veinlete of serpentine (chrysotiEe) inclosing a 



sprinkling of mlphide crystals. The rnincraIizstion is scanty, and 
the btal snlphides form but a fraction of 1 per cent o f  the rock, 
The sock is sheared and fractured and is seamed with veinlets of 
calcite, 

At 150 paces north of the Red Fox claim there is a shafk (figure 
14) which was filIed with water at  the time of visit but was reported 
to be 30 to 40 feet deep. The material on the dump is bIack slats 
cut by quartz stringers a quarter of an inch in width and a little rust- 

EXPLANATION 

Tin w m e m  unknown 

Lode-tln p r o m  . 

Quarts win 

? , + ,  ! P ? 
Contour intarv;ll ZOOfet?I 

I 
covered quartz showing drusy cavities containing pyrite crystals an& 
~tannite in qnantities of a frmtion of 1 per eent of the rock. 
On the dump of an east-west mnch 80 feet long and 10 feet deep, 

160 p a s  northwest of the shaft, some pyritiferous quartz but no 
other mineralized m k  was observed. 

D6bris of a fine-grained massive dwite showing considerable wl- 
phide mineralization w u r s  on the mound just dutheast of the I;bx 
Creek divide. The rock contains plagbclase feldspar, quartz, mica, 
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and py riia in a groundmaas consisting chiefly of f'eldspar md &om - 
consideFable mmndary calcite. On the southeast slope of this mound 
a prosped m c h  exposes light-jpy porphyry dhbris, with phana- 
cry& of rectangular feIdspar 1 inch in length and quartz pbeno- 
q s t s  a quarter of an inch in diameter. About 80 per cent of the 
rock is dense, compact pondmass .  Some pyrite cubes and tourma- 
line drnses wem the only evidences of mineralization obmwed. 5 

At 160 paces farther down the slope t o  the southmat a pit 15 feet 
deep exposes slate cut by quartz stringers of an average size of 1 inch. 
This ia hown as ths Alan Dale lode. The alate is a massive gray + 

rock and is the metamorphic deriv~tive of a mndy shale. It con- 
sists of 30 per cent quartz groundmass, in which are embedded 
quartz, mica, numemus mall grains of pyrite, and some calcite. 
On the northeast slope of the third mound fsom the north, abont 

100 feet from the crest, a pit 18 feet deep exposes an anticline in the 
date, the core of which is a quartz porphyry dike about 1 foot wide 
at the upper wntact and widening to 8 feet at the base of the ex- 
posure. The outer margin of the dike is d ~ r k  grsy to brown-blwk 
and shows pyrite and 8 brown sulphide, possibly stannite, in m h t e  
imprepatioxla. The mter of the dike is s gray porphyry about 60 
per cent of which is groundmass, containing phenocrysts of feldspar 
measuring half rn inch and of quartz one-fourth inch in size and 
an abundant  ridding of sulphide minerals, pyrite snd Btamite. 
This is the porphyry dike referred ts on page 90 ns a possible source 
of the placer tin of Buck Creek. It mas not observed to contain 
cassiterite. Micrompic examination shows it to consist of quartz;, 
orthoclase, biotite, and m n d a r y  sericite. The boron, flnorine, and 
other minerals so commonly associated with tin are absent, and the 
only constituent obsemed that suggests such an assmiation is the 
wricite, which in the Cassiterite dike of the Lost Rivm area is clmelg 
related td the stanniferous portion of the dike. 

At the top of the third mound from the north two k t  pits ex* 
date cut by quartz veinlets half an inch wide. The quartz is 
slightly drusy and contains very b e  tourmaline needles. No 
cassiterite or dnni te  was observed. Near the fwutheast edge of 
the mound six or more pita ahow slate b&a with fragments 4 ta 
8 inches in size cemented by quartz. The quartz is rusty and d m y  :* 

and contains tourmaline needles. No other epidenm of minedizs- 
tion waB observed. 
In the saddle to the muth of the third mound from the north a * 

trench 100 feet long axposes a banded slate cut by quartz stringera 
which contain tourmaline and mme slight showing of sulphidm. 
On the top of Little Potato Mountain a shaft 9 feet deep on tlhe 

Eureka claim exposes quartz containing crystals of resinons ass- 
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s i e h  and tourmaline in drusy cavities. About 1 ton of ore is 
repodd to have been taken from this shaft to Bork. The slate 
at this l d i t y  is ganerally cut by quartz stringers saverd inches Eb 
width which carry sulphides. Mehnterite, a whita to greenish 
solphste of iron, occurs as an incrustation o f  some rock surfaces in 

hr this I d k y .  Microscopic examination shows that the quartz and 
tin ore occur in distinct bands associated with tourmaline mtnd amen- 
opyrita, the tourmaline crystals penetrating both the quartz and the 
cassitarite crystals. 

t On the Dsisy cleim, near the east edge of the top of Pot~to 
Motmtain, a shaft 25 feet deep has been sunk. The shaft wae filled 
'with wahr at time of visit. So well-defined ledge is reported to 
have been encountered, but rather a wncentmtion of quartz string- 
ers in the date. Two types of vein rock mere observed on the dump- 
one a quartz vein filling, tbs  other a zoisite rock containing 85 per cent 
of ~oisite, hedenbergi te, fluorite, and calcite. 

A north-south tunnel 25 feet long, 100 feet above the left fork 
of Buck Creek *on the east side of Little Potato Mountain, cuts 
numerous intemting quartz-sulphide veinlets half an inch to 1 
inch wide. Some of the veins are accompanied by fault gouge 10 
inchea wide. 

Too few axamples of ore in place are known to permit m extended 
discusion of the origin of the ores at this locality. The occurrence 
of tin in quartz veins and granitic rock mmciated with qua-, 
ammopyrite, tourmaline, and pyrite, as here, is characteristic of 
tin de+b the world over. The aource of the tin-bearing solutions 
is almost oerkaidy n granitic mass which underlies the area. T b t  
mch a m a s  existe i probable also from analogy with the Cape 
Mountain and Lost Riverlareas, where t.h-bearing porphyr~~ dikes 
similar to the one found hem are closely associated with granite 
m$sses. 

The action of mineralizing solutions in the formation of tin 
deposits is discussed on pages 123-124, and that discussion applies 
to this occurrence so fsr as known. 

Conmming the depth at which the granite mass underlying the 
area m r s  f ipms in feet or hundreds of feet can not be given. - However, from outcrops of the dilre overlain by slate it is certain 
that only the upper parts of the dike have been exposed at this point.' 
Further widen= of the marginal position of these exposures with " m p t  to tha source of mineralization lies in the association of the 
tin minerals with quartz. This position is analogous to that of the 
quartz-cassiterite occurrence in the Cassiterite Creek area, where 
the quartz-casrsiterite veins of the Ida Bell dike axtend farther from 
tha center of mineralization than any other combination of as- 
sibrite-bearing minerals. 
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Zt is certain that the porphyry has been m i n e d i d  by tin-be- 
solutions, as the .association of cassiterite, and porphyry in pieces of 
float has been observed. It is eqnnlly obvious from examination of 
the outcrop that ccassiterite is not uniformly distributed throughout 
the dike. 
As expolsum am few and poor, prospecting can perhsps k t  bs 

directed by considering the occurrence a8 analogous with other 
better-hown occurrences in the Ysrk region. At Zost River the 
mineralized porphyry is in the form of an ore shoot md consequently 
fails to persist along the outcrop. In that portion of the dike which + 

haa been acted upon by tin-bearing solutions the feldspar constitu- - 

ent, especially, has suffered alteration (wricitixation), as a mmlt of' 
which the rock is softcn~d and mnde more susceptible to decay when 
exposed to the air. 
To apply the same principle t o  Potato Mountain, the most 

favorable plam to prospect would seem to be the mddh between the 
mounds, it being borne in mind, however, that the upper contact 
of a,dike is likely to be irregular and the ~sddles may be due to a low 
point on the dike, as well as to  difference in its residance to erosion 

just outlined. 
The Iron Creek placer1 show cassiterite amciated with porphyry, 

and the creek heads between Big Patata and Littla Pohto monntains. 
If further work is contemplated in that vicinity the porphyry dike 
should be sought for and explored in deptb. 

Cassiterite waa identified: in the gmvels of Buhner Creek by Alfred 
H. BrooELs in 1900. In the course of prospecting for gold an Buck 
Creek some mineral, thought by the miners to be iron, had b n  
fonnd. By wmparisun with material from Bnhner Cmk it pmved 
to be cassiterite. Buck Creek has since that time been the chief 
source of tin on Semsrd Peninsnla. From 1900 to 1911 $lining w m  
done an the c m k  by hand and automatic scraper. About 324 tans 
of tin ore averaging about 50 per cent of metslTic tin was movered 
in tl& way. ln 1911 the Tork Dredging Co.,and in 1015 the Arneri-- 
can Tin Mining G. installd d r e d p  on Ruck Cmk Since 1911 all 
the ore w v e r d  ha3 hem won by dredging. 

placer-fin e m c m i r a t e ~  prodilced on Back Oreek, 1911-1919, hr r R w l  tma, 
* 

f m l - I  rn 
1912-------------------------- 174 
ID15 ----------,-I----------- 60 

100 
muIsLS -- IBQ 
1916------------------------- lsfl 

191Z--4--------,----d-------, 140 
1938-----------.,,,-,,-------, 55 
1919 ,-,,, , ,,,,,,-,,----- 66 - 

l. lM 



The average ssssy of d* wncentmtes is abut 88 per cant of 
metallic tin. Some gold oemm in the concantrat#. In 1912 an 
svemge of 9 2  p l d  to the ton was reported. An amalgamation bar- 
rel installed on the American Tin Mining &.'s dredge in which 
concentrates from the upper 18 feet of riffles are treated. 

5 
The accompanying map (fig. 14) shows the distribution of placer 

p u n d  BO. far 8s known. Work thus far has been coqhed to the 
streams southeZst of Potato Mountain, and the productive gmund 
has not extended much below the mouth of Buck Creek. 

C The worked placers have shown an average yield of about 8 pounds 8 

of conmntrates, averaging about 68 per cent of metallic tin b the 
cubic yard. n9maller creeks in the area have run as high ns 21 pounds 
of cancantrates to the cubic yard. 

The bedrock ig slate. It is very uneven and shows many i m p -  
hi t ies  in the form of waves or channels parallel to the stream course 
I8 to 20 inchea deap and 3 to  5 feet apart. It is eoft and easily dug, 
and its m r f w  carries most of the tin. The gravela mmist of date 
with a little quartz, More than 80 per cent of the gravel passas a 
2-inch mesh, and nearly all of it, i s  less than a foot in greatest dimen- 
aion. The average depth of gravel is 5 feet. So little d a y  is p m n t  
in the upper creek that the American Tin Mining Co. found difficulty 
in condmcting R, dam to retain water for its dredge. Most of tha 
cawihrite occurs rn small, slightly rounded crystals, although m a -  
sionally nuggets weighing from 1 to 8 pounds are encountered. But 
Little foreign material adheres to the placer tin, 8s is shown by the 
high metallic content of the concentrates, Some magnetite and 
considerable hematite are p m n t  in Ohe plscers in nodules gs much 
a5 m~eral paunda in weight. 

The York D+g Co. hss worked from Satter Creek, a, tribu- 
bry.of Buck C m k ,  to the mouth of Bnck C m k  and down Grouse 
Cmds to Eiwt Fork. The tenor of the gravel at this point did not 

- permit further working, so this may be considered the lower Limit 
of Itha pay ground. The American Tin Mining Co. is dredging on 
upper Bnck Cmk, just below West Fork. The average width of 
gram1 dredged on Buck and Grouse creeks is 80 feet, and the 
average depth of gravel 5 feet. c The ground still remaining to be worked and shown to be. dredge- 
able .cornprism upper Buck Creek, Left Fork, and Peluk creeks 
(headwater trihtaries of Buck Creek), aeveral smltll gulches t;ribu- * tary to Bnck Creek, and a atrip of graund of undetermined width 
bordering &her side of thedredpd area an Buck Creek and extend- 
ing to the mouth. This border arsa has hen drilled and is known 
'to be workable, but it lies below steep tundr*mvered banks and the 
overbuden which must bB removed by pundduicing is consider- 
abla It is conservatively estimated that an area equd to about one- 



fourth the dredged area of Buck Creek and at lem as d d I e  a 

per yard as thbt &Tea iis thus avbvailable. 
Suttm Creek b reporbid to b dredgeable above the mouth, and 

Iron Creek, rr small tributary of Sutter Creek, shows high-grade 
p m d  adaptable to &oPding in but not to d d g i n g .  

Grouse Creek above Buck Creek and below Left Fork containe no 
tin, or at  bast tw little for mining, EO far as known. Skookwa - 
Creek, Left Fork, and Mint River are barren of tin. 

It is thus evident that according to available data the Buck W k  
placers would sesm to be about two-thirds exhausted, Tt is perhaps 
now time to turn atkention to the ahearns northwest of Potato 
Mountain which head on ib flanks and flow into b p p  Lagoon. Mo& 
of these streams are reported to show tin, and several hsve recently 
sstided prospectors as to their dredging pdbilities. Plans are 
said to IM under way ta lastall a dredge .eon t h w  watare in the near 
frrtare. They hsve never baan extensively pmspcted, but the result 
of the work done and their favorabIe position with reference 
Pot& Mountain would justify further expIoration. These streams 
wilI not be so adaptable to easy working as t h m  muthe& of the 
mountain, owing to their low gradient, as they flow for moat of their 
length throagh the wide tundra flats south of the lagoon. Rere 
groundsluicing may prove i m m b l e ,  and the tundm will c o w  
quently be a handicap. It is even poasib1e that no great mnt3entra- 
tion has resuZM in these streams, owing tu their meahdering and 
constantly changing mums in past gedogic time. 

Cttssiterite occurs in amciation with gmnite intmw&ms at Cape 
Mountain. Although consriderable money has h e n  epended here 
in prospecting, na commercial bodiee of ore have been discovered. 
In 1918 all workings were abandoned and inaccessible, owing to rock 
falls and the formstion of ice. The following n o h  on tho tin ores of 
Cape Mountsin are based mainly on m f a m  examinations of the 
ledges and materials on the dumps. 

Cape Mountain is at the exheme west and of %wad Peninsula, 
where the shores of the Arctic Ocean and Bering Sea tunverge and 
form Cape Prince of Wales. It js a dome-shaped peak *rig out of 
the ma, to an elevetion of S300 feet from a base nearly 4 miles wide. 
A narrow t e r n  flanks the mountain at an elevation of 1,000 feet 
(PI. X l ,  B )  . Above 1,000 feet the dopes are very ssteep and in plmw 
difficult t.0 scmle. 

The locality cam be reached by following the sea beach from York, 
a distance of l2nmiles. A light wagon can be taken over this route 
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exsept'durhg severe south winds, The telephone line that once con- 
nected the c&pe with Nome, 140 miles away, was wrecked by a  tom 
in I913 and has never b n  repaired. During the open season gam- 
line ~chooners smiling between Nome and Kot*bue Somd, in the 
Arctic Ooaan, pass the cape at intervals of about two w e b  and stop 

k 
on signal. There is no safe landing place near by, and storms and 
fags a m  more common than fair weather. 

I 3 Empire f In Mining Company B f l R I N b  S E A  

16.-t%oIogle *etch map of Cape Momtala 

'c A large granih intrusion constituw the corn of the mountain. 
Bordering it on the north and east are limestone beds inta which the 

"' granite hae been intruded. In places portions of the limestone roof, 
I which once aovered the grmik, still remain. The; granite is closeIy 

sasociated with granitic dikes, granitic pegmati*, and quartz veins. 
Both the limestone and the granite show contact-metamorphic phagea 
The youngest m k  of the area is an intrusion of blwk olivina por- 
phyry, which in tho fom of dikes cuts both limestone m d  granite. 
@@43 figs. 15-17.) 
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The visible portion of the granite intrusion b a dome-shaped mass 
about 3 miles in dimebr ~ n d  over a,C)(KI feet high. The contact Bur- 
face with the limestone appears to be nearly vertical on the east hut 
dips more gently to the north. I t  is irregular, the granite having 
welled upward into the limestone dong vertical planes and alm be- 
tween the limestone beds. Occasionally limestone blocks are found 
which foundered into the granite. A boulder of granite on the dump 

of the Unihd States Alaska Tin Mining C0.b tunnel (see fig. 15) 
contains a block of lirnfhne about 6 inches in diameter. Between 
Lagoon and Village creeks an area of 9everal hundred acres is under- 
lain by limestone partly submerged in the granite while it was still 
in a molten condition. The.granite on top of the mountain is cov- 
ered by mveraI feet of limestone overlab by about 200 feet of fine- 
grained quartz-biotite schist. 

The main M y  of the granite and the marginal portion, in mod 
places only about 3 feet wide, differ in p i n  and mineral compo- 
sition. Texturally and rninemlogically the main body of the gran- 
ite is identical with that of Brooks Mountain, md ssmples of the 
tva can not be distinguished. It is a porphyq cx)mkting of lsrge 
crystals of orthocl~se about 1 inch long embedded in a medium- 

p i n e d  matrix of orthocIwe, sodic pIsgioclase, anguIar crystals of 
smoky quartz, and minute flakes of brown biotite. 

The grain of the marginal portion is uniform and generally 
of medium &. Feldspar is very prominent, and biotite appeam to 
"oe absent. In this mpect also the granite of Cape Mountsin re- 
wrnbIes that of Brooks Mountain. 

Dikea and sills of granite gsveral feet In width appear to be v w  
common along the margin of the granite and reprwnt o%&oob 
from the granite mass. In grain and composition they r&semb!e 



the marginal portion of the granite. As a rule they have minute 
irregular openine lined with druses of quartz and tourmaline a d  
Eocslly plates of muscovita mica. On Village Creak, at an eleva- 
tion of about g00 feet above the sea, below the confluence of the 
small streams that constitute the head of the creek, a vefiical granite 

+S 
dike 2 feet wide, striking N. WID W., cuts through the limestma 
It is full of druw of tourmaline and muscovite. On the road be- 
tween the sea and the tunnels of the Empire Tin Milling Co, a 
granite dige 15 feet wide, striking S. TO0 W,, cats through the lime- 
stone at m elemtion of about 800 feet. It dips southwest, toward 
the granite. Un the Percy claim a trench discloses B granite dike 
about 10 feet wide striking northeast and cutting the limestone 
vertically. It is overlain by limestone beds and is associated with 
tin minerals. 

BBANITE PE&MATITE. 

Grsnite pegmatits is scttrce at Cape Mount~tin: On the dump 
of the United States Tin Mining Co. boaIders of tt quartz-feldspar- 
mumvite pegmatite were seen. At the Percy claim pegmatite veins 
2 inches in width, composed of qnartz and feldspar, cut through 
limestone boulders on the dump. The largest pegmatite dike seen 
waa on Village Creek rtt an elevation of about 800 feet. It is 
10 feet wide and consists of mame crystals of quartz, feldspar? and - . 
biotite plates B inches in diameter. It has been opened by a tunnel 
I5 feet long. 

KnopfW describes an occurrmm of pegmatite on the Canoe claim. 
ITe says that a sill of granih 8 feet thick has a marginal p h w  of ' 

h+gra ind  granite which is overlain by about I+ i n c h  of very 
coarse pegmatite composed of qua& and feldspar. Observations 
mnde by Knopf show that the pegmatite was mntemporaneous with 
the granite. 

g u m a  V E I ~ .  

Tin-bearing quartz veins, so far as Imown, occur only in the grrsn- 
ik In both granite and limestone quartz veins are scarce. Pieces 
of quartz-vein material were found on the dump of the Empire Tin 

E 
M i i  Co.'s workings. At the tunnel of the United States Alaaka 
Tin .Mining Co., on the north slope of Cape Mountain, at an eleva- 

'. tion of 1,850 feet, a quartz vein bearing N. 4 5 O  W. (magnetic) is mid 
by Knopf t o  cut the granite. He reports: that secondary quartz, tour- 

& maline, end sericite occur in the granite adjacent to this vein In 
1918 a bulder of vein quartz containing several crystals of yellowish- 
brown cassiterite about half an inch in diameter was found on the 
dump of the tunnel, the only cassiterite seen at this place. 

'Kwgi, Molpb Qeolow of th% B m r d  Pwlnsnla tin degmI@ W s :  1~. & Qeo~. 
B o w  Bolt 858, p. 87, 1808. 



At only one other p l m  was vain quuartz observed, namely, on the 
road between the sea and the Empire Tin Mining Go.'$ workin= 
&re at an elevation of about; 1,000 feet a 2-inch quartz vein cut# 
through the limestone and dips muthw&. 

LIlnMMrn. 
t7 

The limestone at Cape Momhin is compoed chiefly of calcite, with 
sbme admixture of quartz. In color it is generally white to blubh 
gray. Beds of quartz sand, now changed to quartzite, averaging 
about 5 inches in thickness, occur at  intervals of about 16 or a0 feet. 
On top of Cape Mountain the limestone is overlain by a fine-pined 
quartz-biotite schist about 200 feet thick, which appears to be mn- 
formable with the limestone. 

Ersst of the granite contact the limestone beds dip towsrd the 
granite ttt an angle of about 15". Between Lagoon and Barluk 
creeks they dip east. North of the granita intrusion they dip north, 
away from the granite. It does not appear that the intrusion of 
the granite has produced the present attitude of the limatone beds. 
The changes which the limestone has suffered because of the in- 

trnsion of the granite fall into two &8ses--thom which involve khe 
introduction of materials and tho= which do not. The changee 

- which do not involve the intmduction of materials are as follows: 
Near the contact the limmtone has been changed into a very coarse 
white marble, in which calcite gains half an inch in diameter are 
common, T h e  quartz sand associated with the l im~tone has h e n  
changed into a dmae white quartzite by the recryatallisstion of tha 
quartz grains. Wollastonih was oommonly formed by a, reaction 
between the calcite and the quartz grains, and locally the quartk beds 
have been changed completely into wollastonite. The change from 
calcite and quartz to wollastonite involves the loas of carbon dioxide 
from the calcite and the combination of the Lima and silica. 

Close to the contact the limastone was locdly invaded by hot tin- 
bearing solutions which converted it into a heavy medium to warm- 
gmined rock. The altered zones appear to have a maximum width 
of only a few feet .and am found immediately adjacent to the gr~nite 
and along fissures that cut the iimesbne in the vicinity of the granite. • 

This aItemd limestone was seen in place d y  at the Percy claim. 
(See fig. 15.) Here narrow seams of green secondary minerals, a 
few inches wide, lie adjacent to a dike and a h  cut through the iC 
limestone. The principal minerals of this p n  rock are g m  
pyroxene md p n  tourndine. Minor constituents are pyrite, 
pyrrhotite, fluorite, scapolite, mcemry sphalerite, quartz, and cas- 
siterite. About 15 tons of tin-bearing altered limestone lies on the 
dump of the P e w  claim. The cassiterite is yellowish brown, fine 
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pined, and irregularly distributed through the rock Some of the 
buldem are ~ e r y  rich in cassiterite. It was impossible to enhr the 
h m d  from which this m k  came, and hence gt~tamexlts as to ita 
extent nnderpned can not be made, 

The tin-brtring solutions that a l h d -  the limestone dong the 
grnnib contact have also affected the border portion of the granite 
i b l f .  On me of the dumps of the Empim Mining Corn's work- 
ings ~amples of granite were found showing a local fracturing along 
which minute mams of cassiterite and burmaline had been intro-, 
duwd. They formed a cement and also replaced the feldspars. 
Pyrite, in minute senttored grains, aooompanied the cmiterite and 
tourmaline. Knopf reports that in tonne1 No. 2, called the North 
Star tunnel, a fractured zone of granite 18 inches wide showing 
visible amounts of both camiterite and tourmaline occurs at 270 feet 
from the portal. 

Gmnite dike materials thrown out on the dump df the Per7 
daim showed tourmaline, sulphides, and sericite. No visible a s -  
iliterite was noted. 

Tin, in the form of cassiterite, is known to occur as a constituent of 
quartz wins, as a, mpI~cement of limestone near the granite contact, 
and in -nib near the limestone contact. The principal a s m i a h  of 
the tin are tonrmaline and pyrite. It is impossible to statx whether 
any of these ~ w n o e s  will yield tin in comercia1 quantities. In 
view of the excellent expsum on Cape Mountain, it would seem 

' that if quartz veins of considerable magnitude were present they 
ccidd d y  be di&vered, because such veins would fom strong 
outcrops, and, therefore, h a u s e  of the scarcity of qmrtz-vein 
material on the mrfam it is improbable that large deposits of vein 
quartz mur w Cape Mountain. 

h r g e  deposits of tin in the limestone would also tend to form 
conspicuous outcrops on the surface. The cassiterite and the minemls 
mciated  with it in the contact limestone mist weathering much 
better than tho lunaltered limeatone ; henca weathering brings such 
deposits into relief. The lack of mch outerops q @ s  s, lack of 
notable deposits of this kind at  the present mrfme. It is possible- 
that in places they may have been covered by slope wash. Such 
replacement deposits are very irregulttr in form, and the Jack of 
them at the surface dws not preclude the possibiIitg that valuable de- 
posits of this kind rnsq  exist at  depths along the p a n i b  contact. Tt 
is more probable that large deposits of this type would occur where 



the contact plane between the granite and Iiinestone has a gentle 
dip than whera it dips steeply. The chances of fmding such de- 
posits are, therefore, better underneath the limestme north of the 
granite than along the eastern border. 

Altered marginal phases of tin-bearing granite are weak mate- 
rials, owing to the development of ~ r i c i t e  and sulphides, and do 
not tend to form conspicuous exposures.  the^ are easily covered C 

up by s lop  wash-and are not readily found. It is impossible to esti- 
mate the extent of the deposits of this margin31 type. 

Fsds previonaly published regarding the developments at Cape 
Monntain indimte that the Empire Tin Mining Co. has three tun- 
nels on the east side of the mountain at an elevation of about 1$00 
feet. Of these tunnels, No. 2 ia the longest, it9 drifts md winza 
aggregating 750 feet In length. This company also has a 5-sfamp mil1 
at t h e  beach, a barn, a ?'-room house, a blacksmith shop, and s e v d  
minor buildings. 

The United States A l a b  Tin Mining Co. has a shaft 22 feet 
deep m d  a ?-foot tunnel trending S. 40' W. for 270 feet on the 
north side of Cape Mountain, at an elevation of 1,650 feet. On the 
beach the company has a 10-stamp miU, which has never been op- 
erated. 
On the Percy claim is a tunnel probably lesa than 100 feat long, 

s shaft about 15 feet deep, and several trenches, 

Concentrates amounting b 110 tons are mprtad ta have k e n  
shipped from Cape Mountain. mege were produced by the Empire. 
Tin Mining &I, (formarly the Bartels Tin Mining Co.) in 1906. 

It. is reported that a small amount of placer tin was diac~vemd 
on Tin City Creek in 1918. The extent of this deposit is unhown, 
but probably it is unimportant, b c a w  of the small size of the 
stream. 

3 
U R M O P N T B J N .  - 

Ear Mountain is 50 miles north of Teller and 15 mile8 south of I ,  

Shishrnrtref Inlet. f t can be reached from Teller by three or four 
days' travel over tmils that are usually pasable for pack harm in 
the summer. In dry westher wagons have gone over the trail. For 
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the la& 20 milw the trail runs mostly over tundra. Travel from 
Shishmaref Tnlet to Ear Mountain is almmt as difficult. The inlet 
is very shallow and is  navigated only by light dories and Eskimo 
skin boats. 

Ear Mountain i ~ i  isolated, like Cape Mountain. It rises from a 
hasu about 4 miles in diameter to a height of about 2,300 feet. Above 
1,000 feet the slopea steepen. The mountain culminates in three 
peaks or mounda of which the one farthest southwest is the highest, 
standing about 2,300 feet above sea leveI. Most of the mountain ia 
underlain by granite, the surface of which is covered with a rubble 
of frost-broken rock and dotted with towers of granite 50 to 100 
f& high. Hers, as at Brooks Mountain, the development of these 
towers is controlled by fissures. From h o  such towers which rise 
from the south aide of the central peak and which from a distance 
have the appearance of two hnge ears the monntaia receives it name. 

The country surrounding Em Mountain is a low, gently rolling 
plateau from 600 to 800 feet high, cut by nummus stream valleys. 
Heady all of it is covered with a brown pest bog. IAW wiEIows 
p o w  dong the vdleys, and in summer homes can be foraged along 
the mdl Btream~. 

I 0- QEOLOOY. 

The m h  that underlie Ear Mountain include dark quartz-biotite 
whist intruded by gabbro and thin-bedded limestom with shaly 
partings. Both schist and limestone dip northward at angles rang- 
ing from 15" to # " and are intruded by a dome-srhaped granite mass, 
steep sided on the muth, =st, and west but dipping more gently on 
the north. (See figs, 18 md 19.) 

At the granite contact certain contact-metamorphic changes have 
affected both the mhist and the limestone and locally the gr~ranite- 
itself. These changes consisted in the expulsion of water and carbon. 
dioxide from the limestone and the recrystaIlization of the materials. 
remaining into heavy lime-bearing silicates. Locally this contact 
metamorphism has also involved the introduction of new mahrials 
by dut ions  Some of the constituents of these golutions were de- 
r i d  from the granite intrusions, namely, boron, fluorine, chlorine, 
tin, lead, copper, and sulphur. These materials were introduced 
chiefly into'the limestone but locally ako into the border portions of' 
the granite. 4 

. After the intrusion of the granite and We development of the con- 
tact alterations, erosion by streams carved this mountain from the. 
mks of the region, thus laying bare the granite and its asmiated 
materials. The relative mistance to erosion of the granite and of' 
the contact-metlsmorphic rockg bordering it has caused them to be. 
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brought into relief, Frost action has been the chief p m  by which 
materials were prepared for &am transportation. The streams 

0 1 2 3 *. MILES 
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flowing from the mountain have pduaed a slight mnmfmtio~ 
af the tin as shewn plmm 



I Q U m - M f O A  BOmBT AND kMMTATED BABIC I X C l ' R ~  EWKS. 

The quartz-mica mhist is a dark gr~phitk rock, composed chiefly 
of vary fine p i n e d  quartz of irregular outline and minute shreds of 
brown biotiB mica. The mica plates have a pamllel amgement 
and occur in very thin wavy bands. As a ruIe the bedding is indis- 
tinct, but a faint banding due to alternation of mica and quartz 
layers is very common. 

On the east mound of Ear Mountain the quartz-mica schist ~ndec-  
liss nearly all of the north slope and appears to alternate with Iirne- 
stone on the south slope. The position of the schist bedq on the south 
slope is indicated by debris except st one outcrop in which the schist 
beds dip 30° SW., a direction almost opposite to that'of the lime- 
stone; beds near by. 

The schist also underlies the tGp of the highest peak of Ear Moun- 
tain Here it is not in contact with the limestone but has been in- 
truded by the granite. 

Alternations of schist and himestane are found in the bed of Quartz 
Creek. .The relations of these schist beds to the limestone ia not clear 

Fmws lS.+m througl~ Ear Mauntaln ~ I w g  1Ine A-B, igam 18. 

in lrll places. Soma of them are overlain by lim&ne beds having 
the same strike and dip as the schist. In other places the schists dip 
much more steeply than the limestones, which everywhere dip about 
aOO N. Near the end bf the Quartz Creek canyon, at an elevation of 
900 feet, beds of black graphitic schist striking nearly north are in- 
clined &ply to  the west. In dip and strike this outcrop is dearly 
dimrdant with that of tbe limestone beds in this vicinity. 

The schist on top of the highast peak of Ear Mountain is in- 
truded by & vertical dike of basalt 15 feet wide, trending N. TO0 W. 
This dike can be traced to n more massive basic intrusion about I00 
feet wide on the northwest side of the peak. On microscopic exami- 
nation the sock of the larger mass is found to be a slightly schistom 
altered gabbm. A faint schistosity is d m  vi&ble in the hand 
specimen. The mineral constituents are limy plagioclase embedded 
in a matrix of hornblende which incIoses numerous small grains of 
mqnetite. The hornblende shows a tendency toward parallelism 
and probably is an &eration product of augite or a similar pyroxene. 

The relation of the quartz-mica schist of Ear Mountain to the Mack 
date of the Pork area is uncertain. Several facts, however, suggest 

1 0 1 9 8 7 - M  
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that the two belong to the same formation. They are dike in their 
mmposition and in their h e l y  laminated atructum. T h e  chief con- 
sltituents of both are fine-grained quartz, bmwn mica, and carbon, 
Both the quartz-mica schist and the slate are intruded by 'basic 
igneous mdm whom gchistosity and other secondary structural 
features indicate that they were intruded befom the slste and lime- 

h 
stone beds were folded. Faults haw disturbed the relations of the 
slate and limestone of the York wea. The quartz-mica schist and 
limestone of Ear Mountain are similarly disturbed by faulting. 
Black slates like t h m  of the Pork area appamntly underlie all the a 

territory between Ear Mountain and Idaho Gulch. The principal 
.facts which suggest the identity of the quartz-mica schist- of Ear 
Mountain and the slate of the York area are, therefore, their simi- . 
larity of mineral composition, lamination, instrusions, faulting, and 
association with limestone. 

Some of the whist beds ~t Ear Mountain appear ta be codomable 
with the limestone beds; others are not. Their present distribution is 
probably due to faulting, for although they are older than the lime- 
stone they Bern to overlie it on two of the p e h  of Ear Mountain, 
namely, the one farthest east and the one farthest ~onthwest. Fault- 
ing is also auggwted by some very marked dimfdanm batween the 
dip and strike of the Limestone beds and those of the schist beds, 
Such discordances were nohd on the muth slope of the east mound 

+ and In the gulch of Quartz Creek. In both of these places certain 
alterations of limestone and slate havebeen i n t e r p d  as due to faulh 
h g  because of discordance in stnctum betwmn the two. At Black 

I Mountain a similar repetition of Iirnsstone and schist beds htm h a  
proved to be due to faulting. 

m m m .  

'She limestone bds at Ear Mountain consist of sttarnsting layers 
of finely granular calcite, amally s h u t  1 inch in thickness, and thin 
layers of crenulabd clayey rnsterial. On weathering the clay seams 
stand out in prominent mlief. The attitute of the limestone b d s  is 
fairly uniform. On both the south and the north sides of the moun- 
tain they dip 16*40° N. and generally strike W. 70° E. It is ap- + 
parent from this uniformity in the posiltion of the Iim&ne beds that 
the granite haa invaded them without producing any marked changes 
in their position 

G 
oaMTm. 

The exposed portion of tbe -nib intrusion of Ear Mountain is 
dome shaped, and the bage is about 2 miles in diameter. All. sides af 
this dome a p p r  to be steep exmpt the north side, but this side 
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slso cuts across the limestme beds. The surface of the granite is 
very irregnlar. Large dikelike masses project upward from the 
main body of granite into the schist and limestone. Most of these 
projecting masses trend east. Offshoots of this type are common on 
the south slopes of the mountain. 

Two types of granite are exposed. The main mass is an even- 
grained rock composed chiefly of orthoclase crystals of fiquare outline 
associated with quartz, ~ d i c  plagiocIas~, ~ n d  a little brown biotite. 
On the surface s d l  hots  2 or 3 inches in diameter mather out 
in many places and rwmble similar forms in the granite of Bmoh 
Mountain. They are of finer p i n  than the granite in 
which they arm embedded, but their minerd composition, cxcept for 
a larger quantity of brown biotite, is the same. 

A minor portion of the granite is a light-colored muscovite-bearing 
rock with prominent quartz crystals. Dikes of this kind a few feet 
in width crop out on the south slope of the mountain east of Crasty 

.Creek at an elevation of 1,400 feet. A larger area of unknown $om 
is expoad south of the Quartz Creek canyon, and another in Vatneg 
Gulch, on the northeast side of the monntain. The crysbllization of 
the muscoviw p n i t e  appears to have been intermpted several times. 
The large quartz and feldspar grains which it wntains are generally 
c o r d e d  and inclose very fine c ~ s t a l s  of feldspar and quartz. The 
matrix consists of grnni~lar quartz and feldspar and of the Imt 
minerah to crystallize, nrrrnely, flnorite and muscovite. Muscovits . 
is prornhent, Jn the occurrence from Vatney Gulch Knopf found 
minute crystals of cassiterite embedded in the muscovite. rn 

The fissures of the granite were studied with the view of detemin- 
ing their origin and ascertaining whether they were related to  the 
mineralization of the p n i t e  and adjacent limestone. The directiom 
of fissuring are not uniform. Outcrops near each other may show 
entirely different systems of fracturing. North-south and east-we& 
~ertieal fissures are the most abundant. Fissures trending in inter- 
mediate directions, northeast and northwest, are not so common. and 
many of them show gentle dips, either to  the north or to the south. 
Some of the north-south and east-west fissures also dip at  low angles. 
The spacing of the fissures changes abruptly. As a rule, gently in- 
clined fissures are closely spaced and develop a platy stnrcture. \Vide . 
spacing no doubt has been ttn important factor in causing mme 
outcrops to persist much longer than others and thus te farm pQlars 
and towers. 

The fissures appear to be independent of the surface of the granite, 
It is difficult to interpret them as shrinkage cracks developed in a 
uniformly cooling magma. Tf they are shrink* crrtcks, they sng- 
p s t  uneven distribution of heat, a condition which map have been 
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caused by the movement of vapors or hot solutions from within. 
The black taumaline crystals covering some of the walls of fissurea 
show that heated solutions circulated through parts of the granite. 

The youngest known rocks of the Ear Mountsin area are quartz 
porphyry dikes that were injected into the granite and lirnestdne 
after the granite had cooled d c i e n t l p  to chi11 the margins 
of the dikes. Two dikes of this kind, striking north and N. 20" E., 
drop out on the north side of the mountain. They &re &bout 20 
feet wide and have been traced for ~arnral hundred feet. They 
have a chocolate-colored dense groundmass, without visible grain, 
in which large crystnls of quartz snnd feldspar and a few of 
augite are embedded. Augite crystals ss much as 2 inches in 
length have been found. Both feldspar and quartz show frayed 
and corroded edges. The feldspar is the limy plagimlase bytown- a 
ite. The groundmnss consists of microscopic crystals of plagiochm 
somewhat less limy than the large one  and an abundance of fine- 
grained biotite. The rock may be classed as a dacite. n 
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tab changes resulting from the intrusion. Soma of these changes 
involve the introduction of new materi sls. 
In the Iimahne thee effects extend severaI hundred feet &yon& 

the visible contnct. Far from the contact the changes consist in 
recrystallization and coarsening of the calcite Iayers aud hardening 
of the shaly aeams. L ies tone  of this type grades into a rock 
in which nearly d1 the cnlcite has disappeared and the original 
calcite and clayey layers are replaced by alternating bands of prom- 
Parite and 3ighbpen pyroxene, either diopside or hedenbergite, 
vesuvianite, and similar minerals, This chango has involved the 
Poss of carbon dioxide and a rccrystallization of the remaining ma- 
terials into h e a v  lime-bearing silicntes. Within a few feet d t h ~  
contact the introduction of npm mnterinls is indicated by the de- 
velopment of tourmaline, axinite, scapolite, paigeite, and occmsion- 
ally cassiterite, chalcopyrite, pyrite, and pyrrhotite. 

A large assortment of contact-metamorphic minmls  is found om 
the dump of the Winfield shaft. The minernls that have replaced the 
limestone at this place include green pyroxene, prossularite, vemvi- 
snite, fluorite, and microscopic crystals of scapolite, csssiterite, 
axinite, topaz, dmburite, amnopyrite, pyrite, and chalcopyrite. 
South of Eldorttdo Creek the contact metamorphism of the limestone 
has developed a banded rock resembling a gneiss. The d c i h  seams 
of t.he original limestone persist, but the clayey layers have barn re- 
placed by black naedIes of tonmaline. In the Quartz-Creek a n p a  
the limestone shows very intense cantact-metamorphic changes, and 
it is here that Knopf found the tin mineral paigeite in the f o m  of 
small black psrtidss embedded in the limestone. Assuciated with the 
paigeite are tourmaline, rmrianite, zoisite, fluorite, phlogopita, chal- 
copyrik, and magnetite. 

Limestone lying on a prosped dump near the head of Tuttle Creek 
shows changes t o  a very dense fine-grained mass of tourmaline and 
axinite. Aceesorp minerals are pyroxene, quartz, fluorik, calcite, 
end cassiterite in microscopic p i n s .  

T h e  chief contact alteration of the border pot-tion of the granite 
cl consists in the develapment of black tourmaline, which also very 

commonly replaces the granite along certain fissures. Tourmalinizeb 
granite crops out a t  the head of Quartz Creek, and pieces of similsr. 

. rock lie on the dump of the  Wixlfield shaft. - 
BUAW"E POEFHYEY DKEE11. 

Where the quartz porphyry dikes cut the granite border, as at the 
Win field shaft, they shol  strong tourmalinizatipn Commonly tha 
tourmaline crystals invade and replace the large feldspars of the 
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dike in preference to other rnakrirsls. of choleopyrite border 
the tourmaline crystds or fill cracks in them. The chalcopyrite waa 
evident.l?; introduced nfter the tournlaline. 

At Ear Mauntain tin in the farm of cassiterite has been found (1 )  
as r e v  ma11 and micrnscopic p i n s  ernbedded in the muscovite of * 
certain muscovite granite dikes, (2) in microscopic p i n s  in contact- 
metamorphic limpstme, and (3)  in microscopic p ins  replacing 
quartz porphyry. The muscovite granite hxa no commercial possi- 

J . hilities. In neither the cwtact- 
* mctnrnorphic limestone nor the 

q u a r t z  porphyry have visible 
amounts of cassibriie bwn found, 
~ I I  t assap of materials of this type , 
from the Winfield shaft am re- 
ported tr, have shown as much as 3 
per cent of tin. 

DEVELOPBmH'IS. 

In 1918 no work had been done 
at Ear Mounhin for aeveral yeam 
and all underground workings 
were inaccessible. At only two 
places has extensive underground 
work been done, namely, on the 

a Winfield property and in Vatney 

o 1m .DFL~T Gulch. In Vatney QuIch, on the 
north side of the mountain, a body 

Flonm 2 0 . 4 e t c b  of W l ~ ~ b e l l  workbm, o f  quartz porphyq was 0 ~ 8 1 1 4  bi 
Ear Mountain. A, Vertical northmuth 
aeetlon throu~h thhaft; B, Plan o l  ZR- Ilnd ' drift 'I2 fest long* 
foot lerr!. From dlngrnms f~~mlahed NO visible c&~!&te&8wasfound,~nd 
by g. A. Winfield. amys showed only trams of tin. 
The Winfield shaft, 29 feet deep, has bemi sunk on the north side 

of the mountain 10 feet north of the granite conk& and 80 feet east 
of a quartz-augite porphyry dike striking north. (See fig. 20.) 
From the bottom of the shaft nn incline was sunk 40 feet to the * 
northeast. Both shaft and incline are in contact-metamorphic lime- 
stone. Some drifting mas done westward from the shaft and has " 

crosscut the quarlz porphyry. The p e a t  variety of eontact-meta- - 
morphic limestone minerals on the dump incIuda conspicuous lenses 
of chtllcopyrita, hut their position underground could not be deer- 
mined Because the shaft was filled with ice. The following assays 
given to the Cfeologic~1 Survey by Mr. E. A. Winfield, of Teller, show 
both tin and coppr: 



No tin has been found st Black Mountain, bnt it is described here 
h a w  the area contains a granite stock and quartz porphyry dikes 
intruded into hes tone  and slate, similar to those of the tin-bearing 
localities of the York Mountains. The contact-metamorphic changes 
of the limestone and slate are the snme as those seen at B m k s  Moun- 
tsm and in other intrusive areas ejcept that no introduction of fluo- 
rine, boron, or tin was noted. Another reason for studying this ewa 

. lay in the fact that it offered detn on the relations of the lim-ne 
and slate. 

Black Mountaim comprises a group of nearly isdated hills, of 
which the highest has an elevation of 2,200 feet, abont 5 miles north 
of Bering Sea, between Don and California rivers, When seen from 
the see its dark color contrasts sharply with the dull grays of the 
adjacent limestone region. It can be easily reached from the beach 
by going up Don Kive-er and its branch 'rozer Creek. 

- The Black &huntain area is underlain by black graphite slate 
intntded by pre-Ordovician basalt and g~bbro dikes, stocks, and 
sills. {See P1. XI1 and figs. 21-28.) The date and basic intrusive 
rocks were covered by an unknown thickness of the Port Clarence 
limestone. Both shte and lirnesbne were tilted northward and 
bmken along fault zones striking in general east. The granite and 
quartz porphyry intrusions followed. The granite caused the de- 
velopment of contact -metamorphic minerals in the adjacent lime- 
stone and slats. After the intrusion of the granite md qtlartz por- 
phyry dikes the area was cawed by streams to its present state of 
relief. The granite end its contact-metamorphic border, resisting 
emion better than the surrounding slate and limestone, have formed 
J3JwKlk Mountain. The slate, king weak, has been removed more 
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rapidly than the limestone, and hence underlies most of the valleys 
of Tozer and Skull creeks and the low area extending eastv~rd fmm 
Black Mountain down the Agiapuk Valley. The peenstone sills 
injeeu prallel to the slate beds, bemuse of their superior resistance 
to weatbering, form elongated ridges parallel to the strike of the 

c slates, steu on one side and 
gentle on' the dip dope. o 
Stocklike injections of 'green- 
stone into the slate have . . 

o m~ect weathered into low* canes, w 
I ~ ~ ~ I I  

P l o m  2l.--f3ectloq a t  h a d  02 Deer Branch. or ''fter the re@on A 

Metamorphosed m n e ;  h Port Clarmee eroded into nearly its pfe~lent 
Jimestone: e, m b h  and basalt; f ,  %!ate. form lavag wen, eEtmded in , 

several places The largest flow of this kind within the ama lies & 
of California River. 

Severd faulta striking in general east havs dislocated the rocks 
of the Bhck Momkain area. One of them f d t e  i~ well expod.  
'l'he position of the othera wa inferred from field relationa 

Within 500 paces north of khe main limestone conhct-metamorphic 
area of Black Mountain, them are two isolated lenses of limestone 
inclosed by 14- A fault is exposed at t he  one farther north. Thie 
lh~stone lens, about 800 feet long and less than 100 feet thick, is 
overIain by beds of black slate strildng N .  70' W, and dipping 50" N. 
The limestone i h l f  strikes east and dips about 36" N. The fault 
plane separates the lime- 
stone from the overlying 
slate along a knife-edge 
mnta& At the west end 
of ofhe outcrop the fault 
strike9 N. 70" W., bot at 
the ead. end it mrves o coop 2 p o d ~ a d  

southcastward, The dip I 1 * l r l  

F I ~ U ~ E  22+8ectlon near WIUow Btaacb. a, Amy#- of the f anlt plane is 45' daloid ; b, porp~~lrrf d t ~ o .  amd quam ; or metarnor. 
N. From the phased Iimestone: +. Port Clareu.re Ibnestone: a, 

afforded by the fault itself gnbbro and h a l t  ; J, alate. b 

it is impossible to say whether the date moved up or down with ref- a 

emnce to the Limestone. 
The conditions leading ta the isolation of this lime&one lens be- 

tween beds of slate are believed t o  t3e essentially as follows: Lime- 
stone beds and slate beds underlying them were tilted northward and 
later cut by an undulating fanlt striking roughly east snd dipping 
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abont 45" N., a dip which is steeper than the inclination of the beds 
(fig. 22, A). On a horizontal plsne~throngh the bedsl the trace of the 
fault plane, h a u s e  of its undulfitiaas, divides the horjzontal surface 
into two  parts, of which the one to  the south is composed of data and 
a 1- of limestone (fig. 93, B) . Still later the overhanging side was . u p t h t  along the fault plane (6g, 23, C) and was thus brought to * averlje the limestone lens shown in figure 23, A arid B. Erosion f al- 
lowed the thrust faulting and wore the ~urface down to a, nesrlp hori- 

.I. zontsl plane. The lens of Iimestone became isolated and inclosed by 

U D 
me- 88.-BIocp aragnuD ahowln~  bow a I-e lens became surrouedad b *la@ 
-h iknltins and esoslon. A, P&tion 'of ISIoe8tuae and slate M o r e  ffiulting; B. 
trse% of fault w pinoa ek-m betore displarement; C+ hymthetlcal Wtlun of h l E  
bl& aiter alspllcerneat; D, conditlon d t e r  erosion ham cut block C down to d, flush 
rkth 6. Note IsolutM patch of llmaitone fa elate. 

(fig. B, D). Further erosion would fmally am this lens to 
dissppear. 

Within 500 paw south of the fay1t just described two other faulta 
b of the same character have been inferred from the xehtions of slate 

and limestom. In this lmslity nometamorphosed limestone rests 
rn upon contact-metamorphosed limestone, as if this faulting had taken 
-r place after the intrusion of the granite. - 

Fsalts of the same general type appear to msrk the sIate and lime- 
stone contact of Black Mountain ffom the basin of California River 
wedward to Deer Creek, The l i ~ e s b n e  beds along this contact, 
dipping uniformly northward, would, if projected northward, ex- 



tend into slate. It seems fmn this that the slate hw been brought 
upward with reference to the bestone. A l d  condition of this 
sort has d o  been absemed near the head of the South Fork of Willow 
Branch. (See fig. 22.) 

The lawst  fault of the is inferred to foUow the southern 
brder  of the slsh belt. The limestme beds in the hills between 
Shrull: Creek and California River dip 15"40" N. Even at the C 
contact with the slate their dip is northward. The slate beds north 
af the limestone generally dip to the north but do not show the uni- 
formiw of dip characteristic of the limestone. h a l l y ,  as on Skull 
Creek, they dip into the limestane. There are no folds by which the 
date, although underlying the limestone, is brought to the surface. 
Evidently faulting hns brought the slah upward with reference to 
the lirneston~ Them is wry probably tt mrlas of faults, as sng- 
w t e d  -by the apparent goat thickness of the limestone east of Skull 
Creek and by the presence of two zones of faulting in the canyon of 
California River 6 miles north of Bering Sea. 

The distribution of the slate in the Black Mountain area is shown 
an Plate XII. Along the northern border of the slate the beds dip 
northward under the limmtone, at an engle aver~ging about go0, 
which is about the same as the dip of the overlying Iimestone beds. 
The contact between the limestone and slate. was not seen. The 
Towet beds of the limestone, being composed of alternating thin 
layers of black shale and limestone, a m b l e  readily on weathering, 
.and their ddhria ohcures the contact. Within the slate area isolahd 
patches of limeetoae stand in fault relations to the slate, and the 
limestone beds along the entire southern border of the slate are& are 
inferred ta IH faulted. epinst the slate. 

Throughout the ares the slate is remarkably uniform in character 
-and of exceedingly fine grain. Microscopic study shows that it i s  
eom@ of very fine grained quartz laminae alternating with thin 
laminae hecomposed of scales of wavy brown mica. Scattsmd through 
It are particles of black carbonaceous material, which in fie vicinity 
of the granite cvntact are sgpgated  into mall irregular rodlike 
~articIes. Tha gxanite has also effected a change in the color 03 the * 
slate. Away fmm the granite contilct the sltlrte is black. Near the * 
granite it has s brown colat like that of mtlple sugar, and in hardnass, 
.color, and grain rewmbles some varieties of rhyolite. I 

PRE-OBDOVZOIAW BASALT A N D  OABRRO. 

The basalt and gabbro are grmn rocks, generally compomd of 
nearly parallel columns of green ~econdary hornblende associated 
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with limy plagioclase decomposed into quartz, ca1cite, and other 
minemls. Many of the intrusions are distinct gills from 3 to 4II 
feet thick injected between the slate layers. Intrusions of this type 
are Irer;p well exposed west of #Skull Creek and on the east side of 
California River near the Luther prmpect. At the latter place the 
sills rtre repeated at intervals of &evemI hundred feet and form a 
series of east-west hogback ridges with gentle north slopen East of 
the granite there are several Iurga stOcks of greenstone, one of which 
is  nearly a mile in diameter. . 

The limestane in the Black Mountain ares shows the thlwfold 
character noted in other parts of the York region. The lowest mem- 
ber ia composed of thin black shaly layers interlaminated with lenseg 
of calcitic limestone. In the section on California River them beds 
ahow chert nodules 2 or 3 inches in diameter. Tho thickness of these 
beds is unknown but probably aoes not ex& 200 feet. G o d  ex- 
posures of them b a d  beds are foand in the cnnyon of C~lifornia 
River miles north of Rering Sea and btmeen WiNow Branch and 
Deer Branch, north of Black Mountain. On California River the ~8(:- 

tion exposad is about 200 paces long and the beds strike N. 65* E. 
and dip steeply south. m e y  lie on the southern flank of an anti- 
cline that strikesr northeast. To the north the basal beds are cut off by 
a vertical brecciated zone of limestone 20 pwes wide, striking north- 
east, Faults also disturb the black beds along planes that dip 
&ply south. Overlying the dark beds are thin beds of gray to 
chwolate-colored Iimestone consisting of fine-grained calcih with 
yellowish-brown shaly partings. 

In the section between Willow Branch and Deer 13ranch the thin- 
bedd~d black l i m ~ h n s  is covered by several hundred feet of the 
thin-bedded limestone interlaminated with yellowish-brown shale. 
The same relation between these two members of the limestone series 
exists st other plam along the northern border of the slate area. 
The uppermost member of the limestone series consists of thick- 

bedded gray, pure limestone, without shaly or sandy constituents. 
The aaerage thichess of the beds is from 1 to 2 feet. These beds 
sra well exposed an the hills between Sklill Creek and California 
River. h the section east of S h l l  Cwek about 4@00 feet of the 
uppermost thick-bedded limestone seems to overlie at least 2,000 feet 
of the thin shaly Sayers, but this thickness of limestone is probabIy 
only appnrent. Ent~lts no doubt nffect this section and cause a repe- 
tition sf bods. 
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The granite intsu~ion forms the core of the Black Mountain area. 
The portion e x p d  ia irregolarly elliptical and is about I mile in 
length. The h & n e  oover has h e n  stripped off only on the south- 
east side. Tbe granite surf- is verg steep on t h i ~  side7 but toward 
the northwest its slape is probably moderate, to judge by the width Y 

of the contacbmetamorphic m a  in that direction. Like, other in- 
trusions of pdte In the York region, it appeam ta be indined in tfie 
same direction as the sediments into which it is intruded but more 
*ply. ? 

The p n i t e  of Black Mountain is an even-grained rock, composed 
chiefly of orthoclase with smttIT amounts of quartz and sodic plagio- 
clase. Biotib occurs in very small brown plates, In grain md 
mineral content it resembles the granite of Tin Creek and Ear 
Mountain. 

T h e  thin-bedded shaly and graphitic limestones which lie at the 
granite contad show alterations similar to tho% of the limestones 
rat the contact of other granites of the York Mountain region. Near 
the border the cdcite has completely disappeared and the rock  has^ 
been changed into fine to medium grained silicates, chiefly color1ess 
garmet, vesuvianite, and pyroxene, probably augite or hedenbergite. 
These minerals m m  in thin alkma;ting laminae. Sdphides, in- 
cluding both pyrite and armnopyrite, have b n  introduced 9s 
minute scattered grains trnd very thin seams. No minerals of 
economic value hare been found associated with them. 

Quartz stringers about 1 inch in width are very mmmon in the 
slab, both parallel to and a c m  the date layers. Valuable min- 
erstls have not bean found in them. The largest quartz vein was 
found on the d d l e  north of the head of the South Fork of Willow 
Branch. It is 3 feet wide, strikes about N. 20° E., and wm traced 
for several hundred feet. It appears to be compoaed of a clear * 
whitg unminerdized quartz. 

Two quartz porphyrg dikes were found in the Blmk Mountain 
4 

area. One, 3 foet wido, crops out at rm elevation of 1,200 feet on 
a peak west of California River. It strikes n 0 h .  The other, 
about 5 feet wide, is exposed at  an elevation of 260 feet on .the 



south slope of the granite. It strikes east and was traced fur mv- 
era1 hundmd feet, These dikes are composed of mall 8catbred 
quartz grains about one-eighth of an inch in diameter m d  small 
whita feldspar phenocrpsts embedded in a bleck dense, he-grained 
pundmnss that forms 95 per cent of the rock. Both dilrea were 
found in the slate, but they probably beIong to the period of grmia 
intrusion and are therefore younger than the limestone. 

Thres bodies of amygdaloidal basalt were found in the Black 
Mountain area. Their identity of charnehr makes it probabb that 
they came from the same magmatic reservoir. Except for a finer 
@n they are like the blsclt dike in the tunnel of the Empire Tin 
Mining Co. at C s p  Mountain, 

The largest of these bodias i s  on the east side of California River. 
Here several thmmnd acres is  underlain by boulders of this rock aa 
much as 10 feet in diameter, broken by frost action. The sock is a 
very vesicular surf- flow poured out on the eroded surface of the 
Port Clarence limestone. The fine groundmass is blsck. In it are 
mttered grains and segregations of olivink Micmscopie study 
shows that the groundmas consids of fine. lath of cdcic p l ~ g i o c l ~  
in which are embedded larger crystals of augite and olivine that 
crptal lked after the feldspar. 

A b u t  4-00 paces west of the limestone contact west of Sh l l  Creek 
stands a small cone 30 feet high composed of a broken mass of . 

' vesicular, slaggy black lava. It is full of blow holes several inches 
long. Sepgntions of olivine gains  1 inch in diameter were seen 
here ~ n d  there. Under the microscope the rock is seen to consist of 
glass in which tiny needles of calcic plagioclase are embedded. 
Olivine farms scattered crystals. - In composition this lava is like 
the flow east of Califomis River. Its recent extrueion is sugp&ed 
by the freshness of the glass. 

On the slope muth of the south fork of Willow Branch black lava 
af the vsicular type appears at elevations of 900 and 1,200 feet. 
At the higher eIevation three beds of ash and b o m b  of scoriamus, 
ropy, and vesicular black lava, each about 15 feet thick are qarated 
by bds of massive bIack lava several feet thick. Small angtlIar in- 
cluaion~, about 2 inches long, of whita dense, p i n l e w  rock like cer- 
tain phases of the metamorphic limestone are embedded in the lava. 
Microscopically this lava is Iike that in the cone west of Skull C m k  
The glassy gromdznass constitutes about 80 per cent of the volume 
of the rock. The remainder consists of small pins of olivine about 
0.1 inch in diameter. 



COMPARf RON OF THLa TZN DEPO8lTB OF S O R E  
REOLON WITH THE OTIXER TIN DEPOBITB 

OF THE WORLD. 

The data on the characteristics of the tin deposits of the world in 
this discussion have been taken chiefly from a paper by Ferguson a 
and Bateman." In their closa association with p n i t e  batholithic 
intrusions the tin depmita of the York region regemble tin deposits 
throughout the world, which, barring a few apparent exceptions, are + 
all in granites or near granite intrusions. AU of them we dm 
closely related in age to the intmive granite with which they occur. 
In some of the apparent excepti~ns to the association with granites 
the tin occurs with rhyolite, quartz porphyry, or ande8it.e. ;Most of 
them apparent exmptions are in little-known areas, hence the total 
absence of granih nay not have been proved for a11 of them. 

The p n i t e  batholiths with which most tin deposits are associated 
have not been eroded deeply, and as a rale portions of the rmf re- 
main. The deposib are generally at or near the border of the 
granib. Where they appear far within an eroded granite area 
there is g.eneraIly reason for believing that the border was not far 
m o v e d  vertically. Tin deposits found severs1 miles from an ex- 
posed granite contact have certain characteristic featares indicating 
that the granite is st  s shallow depth below them. The depsita am 
mom likely to m u r  where the original surface of the granit;e is - gently inclined than where it is steep. 

All these chsmteristics fit the tin deposits of the. York region. 
The granitic intrusions represent stocks from a common batholith 
and are only slightly expcwd. Portions of the m f  remain in all 
of them. Mineralization of the invraded rock is greatest where the 
dope of the granite border is relatively gentle. Thus the limeston- 
north of the Ear Mountain and Cape Mountain stocks and west o f ,  
the Bmks Mountain stock show the most intense mineralization. 
Mineralization d m  not extend fur from the c o n k t  where the border 
is steep. 

Where the granite stock with which the tin mineral8 axe associated 
is exposed the mineralization probably do- not extend more thsn r' 

200 feet from the contact. None of thew tin deposits are directly 
above the taps of the granite Rtmks. The granite inferred to under- 
lie the Cassiterite Creek tin deposit may be fwme ~omewhat deeper C 
than 200 feet, h a u s e  tin scrlutions may he expected to have traveled 
farther oerticaIly fmm the b p  of a ~ltock than from the sides. No 
close estimate of the depth of t h e  panita stock inferred to underlie 



P O W  Mountain can be given, though to jndge by the condition 
of the slate it may be about 2,000 feet. 

GO-OW OF G a  ASSOCIATED WITH TZ# D m ' S S .  

The granites associshd with tin d e p i t e  throughout the world, 
BO far as known, ara d h h e  rocks low in magnesis and b e .  Almost 
without exception they contain more potash than soda. Orthoclasa 
is genenrIly the most abundant mineral. The plagioclase feldspars 
are d i c .  Biotih is usually more common, than either hornblende 
or muscovite. The addie dikes associated with the granites usually 
have abut  the Bame chemical charncteristics afl the granitett them- 
selves, but silica is commonly s little higher in the dikes. 

The granites of the york tin region are alm of the normal type, 
orthoclm king their dominant constituent. Plagioclase feldspars 
are subordinate and are of t.he d i c  typo. In all the granites biotita 
is tha chief mica except in certain dikelike forms at Ear Momtain, 
which contain a conspicuous amount of muscovite as the Iast product 
of crystallization. 'She granite at. Bmks Mountain contains biotite 
except in a border zone about 3 feet wide which contains a green 
hornblende. 

The dikes that am closely associated in time with the granites and 
tin deposits of the York region are generally of the twidicr me, 
Muscovite is cornmo~ly the predominant primary mica. At Ear 
Mountain an augite dacite porphyry altered by tin-baring solutions 
cuts the granite. 

In the York region, the tin-bearing granites are intruded into 
@late m d  'limestone. A compilation of the rocks invaded by the tin- 
bearing granites of the world indicates that the nature of the invaded 
rock has no bearing on tin deposition. Fergumn and Bstemm men- 
tion schist 16 times, slate 11, quartzita 7, sandstone 6, shale 8, lime- 
stone 6, gneiss 8, older granite 3, and other igneous rock 4. 

Most of the tin ores of the world are within the granites. Bate- 
man and Ferguson found that in 26 localities the,cassiterite occure 
Jmost exclnsiveIp in the granite, in 8 it is dirided between the 
granite and the invaded rock, and only in 4 is it preponderantly in 
the invaded rock. 

So far as know11 the tin in the York region cecum mostIy in the 
invaded rocks, chiefly slate, as indicated both by place= and by occur- 
rences in place. T h e  p n i b  themse lv~  have been the direct m u m  
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.of very little pldcer tin. The ody cummercially impartant placer 
depmits are derived from alate at Potato Momtain. T h e  invadd 
rocka influence the shape of the tin deposite f o m d  within them. In 
limestone, because of its tendency to react with tin-bearing solution% 
the tin depbsits nsudly take the form of irregnlar replacement de- 
poaite; in slate and quartzite the tin deposits are more commonly in 4 
the form of fissure veins. 

In age the tin deposjta of the world range h r n  Archean to late 
Tertiary. Most of them appear t o  be late Carbniferous or Memzoic. 
T h e  granites of the York region are probably Mesozoic, The 
youngest rocb known to be penetrated by them are of Mississippian 
age. - The gap between the Misis~ippian and the Pleistocene is not 
known to be represented by sediments, hence the age of the intm- 
sions can not be determined more precisely. 

Fergusop and Bateman have compiled the frequency of occur- 
rence of certain types of tin deposits of the world as follows: Nor- 
mal lodes, 27; p p a t i t e  lodes, 7 ;  stmhorks, 32; p i w ,  9 ;  s e p g a -  
tiom, 2. 

They define normal lodes aa including both veins and bbnlar 
ore bodies formed by a series of parallel, cloaelg. gpaced &sum veins, 
with the intarvening countrg rock more or less ~epIaoed by ore. 
Cornwall, the Zinnwdd district, Tasmania, New South Wales, and 
Bolivia have deposits of thia type. 

Pegmatite lodes are pegmatite veins contsirdng msitarite, De- 
posits of this kind are known in North and South Carolina, the 
Black Hills, the Vegetable Creek district, New South Wales, and 
Swaziland. 

Stmkwork deposits consist of a network of veins and impregnated 
country rock They me mprasented by deposits in the Emgebirp, 
New South Wales, Tasmania, and South Africa. 

Pipes am unique cylindrical deposits, w m p d  of a mtral  core 
of altered granite with disseminated cnsrdterite which is smonnded ' 
by zones of cassiterite and thurmalina, Thsy have beem found in 
Tmsvaal  and New South Wales, 

Segregations are interpreted as pbrtions of the original granih 4 

magma containing unusual amounts of carssiterite. In the Mer@ 
J district, Bolivia, massive segregations of qu& at the outrrkirts of 

the gxanite wntain wolframite, chalcopyrite, and csrssiterite. A 
mgregtttion of tin-beminp; magnetite in granih gnei& j;s said to 
occur at Rwsr-shire, Scotland. 
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Some of the tin deposits of the york region can be classed with 
certain groups established by F.erguson and Bateman, and some 
represent other types. The classes recognized are fissure veins and 
replacement deposits. The latter are not mentioned as such in the 
above classifica$ion. The fissure veins are found a t  Cassiterite 

A 
Creek in the limestone and in the Ida Bell dike. Distinct veins of 
this type are practically absent from the Capiterite dike. I n  these 
veins cassiterite is associated with quartz, topaz, zinnwaldite, fluorite, 
tourmaline, wolframite, and albite. Quartz-cassiterite fissure veins 

-& also occur in the granite at  Cape Mountain and in the slate at 
Potato Mountain. Quartz veins locally form a stockwork as Potato 
Mountin but geqerally do not carry cassiterite in amounts visible 
to the eye. 

The replacement deposits include limestone contact-metamorphic 
deposits in limestone, deposits formed by the replacement of brec- 
ciated border phases of granite, known in the Empire Mining Co.'s 
tunnel at Cape Mountain, and the replacement deposits of the Cas- 
siterite dike and Greenstone lode. I n  the limestone contact-metamor- 
phic deposits the cassiterite occurs as an irregular replacement of 
marble and is associated with secondary tourmaline, axinite, fluorite, 
paigeite, hulsite, hornblende, pyroxene, vesuvianite, humite, serpen- 
tine, danburite, zinnwaldite, phlogopite, green mica, chondrodite, 
grossularite, stannite, wolframite, chalcopyrite, pyrrhotite, arsenopy- 
rite, pyrite, galena, sphalerite, molybdenite, and stibnite. 

The brecciated zones in the granite of Cape Mountain show cas- 
slterite-bearing replacement deposits only a few inches wide. The 
cassiterite is associated with secondary quartz, tourmaline, colorless 
mica, and sulphides of iron. 

The tin-bearing portion of the Cassiterite dike is almost entirely 
replaced by sericite, fluorite, and zinnwaldite, with scattered cw- 
siterite, wolframite, tourmaline, topaz, humite, arsenopyrite, pyrite, 
molybdenite, and stibnite. Similar replacement deposits were noted 
in the Greenstone lode. Locally quartz is an abundant replacing 
mineral and is associated with wolframite, sericite, and cassiterite. 

I 

ROCK ALTERATIONS ASSOCUTED WITH TIN DEPOSITS. 
- 

The contact metamorphism of limestone, slate, and other rocks 
.. adjacent to tin-bearing granite shows phases due to recrystallization 

which do not differ from contact alterations caused by granite that is 
- not tin bearing. It seems that tin has rarely been introduced as a 

contact mineral. I n  the York region, however, th&e have been at  
the limestone contacts, except the one at Black Mountain, marked 
accessions of tin, boron, fluorine, and sulphur bearing minerals, such 

101987-22-9 
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as fluorih, tourmaline, axinite. cassiterite, pnigeite. hulsit~. ehnl- 
copyrite, pyrrhotite, end galena. . 

The alteration of the granites and dikes effected by tin-bearing an- 
lutions is verp much like that generally c~ussd  by hydmdhemd 
mlution on acidic igneous &ks, consisting of silicification and stxi- 
citization. In the Cassiterite dike sericitization id fur mom promi- 

' -- 
nent than silicification, In all phaws of slteration of the granites 
and dikes in ths York region there is a marked introduction of 
fluorite, tourmaline, and sulphides. This is characteristic of the 
alteration of similnr roch by tin-bearing solutions in other parts 
of the world. 

Infmnoes as to the origin of the tin depkts of the York region 
mu& take co@nce of their condank association with granite 
stock The tin minerals m u r  in the border phases of granite, 
quartz veins, porphyry dikes, and in limastone near granite intrusions. 

With one exception aU h o w n  occurrenm of tin in the granites 
of the York region are in fractured zones. The tin in the form of 
mssiterit replaces with other minerals the feldspars of the, grsnite. 
The secondary minerals that were introduced with the miterite 
include quartz, mricits, tourmaline, topaz, fluorite, amnopyrite, and 
pyrite. These facts imply that the cassiterite did not crystallize 
with the feldspars and other minerah of the granite but' was intro- 
duced after the granite had solidified. An unimportant exception 
to this atatemenf is seen at  Ear Monnhin, where a white rnuacovite 
granite dike waa found to contain microscopic crystals of cassiterite 
embedded in muscovite. The mumvite is abundant and with minor 
amom& of topaz and fluorite conatiturn the pundmass  in which 
an earIier genemition of qumtz and feldspar phenmrysts am em. 1 

bedded. Severs1 samples of t h i ~  rock were examined, but only one - 
found by Rnopf showed casaiterita. - 

Whether the tin that replaces rock mabrid adjacent to the granite , 
waa deposited mzter the granih had mlidified can not be stated as - 
mnfidently as in the c m  of the tin occurring in the gmmib. The 
cassiterite in the mllns adjacent to the granites has the &em1 
amciatw w #the k t e r l t e  of the grnnite. Thh implies sim&rity ' 

in the campasition and temperature af the soIutions that deposited 
both. The f& that the two mrmw of cassiterite memble. mch 



other c l d y  and are near each other undoubtedly rnesns that they 
came fAm the same source. 

It is apparent from the chemical composition of hhe tin minem1s 

r: and their mumnce as vein material and as irregular replacement , 

depkts, that tha solutions which carried and deposited the tin tram- 
ported a variety of elements--silicon, aluminum, iron, magnesium, + sodium, po-ium, lithium, fluorine, chlorine, sulphur, tungsten, and - other metals. It. is improbable that BIZ these elements came from 

.the s m e  source, however. The dim, nluminum, iron, magnesium, 
dm, and phmium may have been derived partly or wholly f mrn 
the lime&nes and dikw which the mlutions traversed. Certain 
dhar elements which the solutions carried, cluch as fluorine, Iithium, 
chlorine, wlphur, tin, and tungsten, may have been present in minute 
quantities in the original limestones and d i h ,  but their abundance 
in the wlutions can not be accounted for from this source. Their 

- c l m  asmiation with igneous intrusions points to their having an 
- igneouasorzroe. 

The golutions that deposited the tin and the m n h r y  minerals 
clclosely associated with it were hot solutions of deep-mated origin. 
This ia infemd fram the dm assmiation, both aa to t h e  and pltace, * 

of such minerals a~ tourmaline, topaz, danburite, axinite, and xapo- 
l i b  with igneous activity. Thew minerals are not known to b 
formed under ~ u r f m  conditions. The list of known minerds d e  
pasited by the tin-baring solutions indndes cassiterite, quartz, fluor- 
ite, tourmaline, topaz, mapolite, danburite, a green mica, mnmvite, 
zinnwaldite, phlogopite, wolframite, calcic and die plagimIgse, 
hornblende, pyroxene, vesuvimite, magnestite, humite, chondrdlite, 
serpentine, ammopyrite, pyrite, stannite, end probably py mhoti te, 
galena, sphnlerih, molybdenite, and stibnite. %me of the minerals 
named were deposited from the solutions in cavities, fissures, and 
other openings. Others mplaaed previousIy existing minerals. 
Some of thnm were probably formed by the interntion of the solu- 
tione with rock materials. Quartz, flnorite. tourmaline, topaz, dan- 
burite, muscovite, zinnwaldite, wolframite, and plagioclm occur as 

** mineral8 deposited directly from solutions in fissures. This game 
p u p  of minerals and in addition hornblende, magnetite, chondro- 
dite, serpentine, phlogopite, arsenopyrite, pyrite, and stannite am 

3 lmown to replace previously existing roek materials. It is probable 
that mnsiderable mounts of the fluorita md hornblende found in 
She tin-bearing limestone were formed by the interaction of the 
solutions with the original constituents of the limestone, The cal- 
cium in both the flnorite and the hornblende may have been derived 
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from the limestone, and the alminmq magnesium, and some of the 
iron in the hornblende may also have oome from the' limestme, 
Cert~in dense, compact d~rnating laminae of grossularite, vesu- 
vianite, and colorless to light-gmen pymxme repIacing limestone ar? 
jacent to the granite contacts are not regarded as having been awed 

, by the introduction of materials in solution, for the laminae are 
' ' pmnllel to the bedding and show great regularity. They are amribsd i 

to the expulsion of the carbon dioxide of the limestone and the re- 
cwtdlization of the remaining limestone matariala The occur- 
rence of vwuianite and pyroxene in concentric rings, as at Tin * 
Creek, is ascribed rto the action of solutions, Tremolite occurs as a 
product of regional metamorphism of the limestone. Its distribu- 
tion parallel to the bedding and in association with fine-grained 
clayey layer8 indicntes its development wm influenced by the original - 
cornpwition of the lim&ne. 

In some tin &trick of the world a q u e n c e  of deposition of the 
tin and its tbasociatm bas been inferred. Except at the Cegsiterite 
Creek deposits the opportunitiee for Etudg of the deposits in the York 
region have not h e n  favorable enough to debmine a sequence of 
dewition. Tha limestone thrtt crops out in the creek at the Cas- 
siterite Creek tin prospect shows two stages of mineraIhtion, repre- 
wnted by (1) irreplar9 erimossing replacement veins, consisting 
m a d y  of duorite, hornblende, and calcic plagioclase; (2) fissure 
veins containing chiefly quartz, topaz, tourmaline, albib, wolfmmite, 
h t e r i t e ,  and zinnwddite. No sequence of deposition was noted in 
minenth replacing the dikes of Cassiterite Creek. 

8UOGEBTtONB ON LODE TIN PROBPECTIXG IN W E :  
YORE REGION. 

The following suggestions on tin prospecting in the York region 
apply to deposits in place and not to placam. All the known tin 
deposits of the world are either in granite or closely asmciated with 
granite. d few apparent e.xceptions are associated with rhyolite or 
similar ro& d d y  related to granite. Tin pmpectinp: in the York 
region can therefore be limited to granite areas, to the mch adjacent t. 

to gr~nite, and to plaees where granite is inferred to lie at  a shallow - 
depth below the surf- and which cm be recognized by the contact 
metamorphism which the surface rocks have suffered. < 
In the granita tin may be looked for in quartz wins or in my 

altered portion of the granite. The dbnttions of the granite aasl~ 
cinted with tin are either a sericitization or a silieificirtion. Both 
altemtions may lx accompanied by tourmalinization. ?As smi- 
Citi7,d portions of the granite commonly contain sulphidm and 



fluorite. Tbe qnurtz veins and silicified mssses gtmd out on wedher- 
ing and usually am wi ly  found. The seridtized gmnita, being mft, 
does not form promipent outcrops but is generally covemd bg daris. 

It is d m  to start underground exploration in fresh, unaltered 
granite. Subsurface work is justified only where them is some 
prohbility of finding a large tonnage of one of tbe types of depita  
enurnemtad. Tin deposits, in order to pay, must be capable of yield- 
ing a considmbIe tonnage, for they all have a low tin conten& 
wually less than 3 per cent. 

Tin in the roclm ~djacent to the granite o m m  as a wplamnd 
of quartz porphyry dikes and limestone and in qua* veins mtting 
dikes, limestone, and slab. So far, the best-developed deposit in 
this region ie a dike in which cwiterib occm as a dkerninated 
replmxment mineral in soft fiericitized and locally in silicified por- 
tions of the 'dike. The chief alteration i~ seridtization of the dike+ 
which is therefore vary soft and is commonly covemd s t  the d a m  
by dbbrin. 

Dikea of this End in limestone are not promising mdm the lime- 
stone djacent ta them has undergone mvere contact r n ~ o r p h ~  
rasulting in the deveIopment of many hard &&ant silicates, which 
cause such d e p i t  to stand out in prominent outcrops, that are e a d y  
distiqgi~hed from the soft unaltered limestone. .The metamor- 
p h d  limestone b m b  down into Iaqe blocks several feet in diem- 
eter, but the undkred limestone breaks down to small chip.  

Slate adjamnt to a t in-kmrhg dike may be expectad tn be hard, 
bmwn, and compact and to show very little ~laty structure. Tin baa 
not been f o n d  in place in dikes cutting slate, but large amounts of 
tin could h d l y  be expect& in a dike unIess the rocks associstad with 
it showed conaidefable contact metamorphian. 
Tin as a replaoement of limestone can genetazly ba locatelE without 

difficulQ, Such deposits occur in very hard, d s t a n t  limestone 
' which makm coqicuom ontcrops Siliceous vein deposib, whether 

in limestone, slate, or dikes, ara also readily found as oukmps or in. .. 
float. 
In a rugged open country nearly h from ve@stion and alluvial 

deposits, like the York region, tunneling and shaft sinking ought to 
be m r t e d  to only when surface work has shown the pmence of 
deposits. At almost my place in the region it is poseible to get dawn 

h- 
to bedrock by m e a m  of pits or tmnches. Snch surface work @TBE 

just as much information as underground work and is generally 
m p l i s h e d  in less time and at a lower cost. The natnre of tin 
deposits is such that the tin content at the is very much like 
that which may be expected below the mrface. Hence deep ex- 
ploration is generally uncalled for in advance of thorough rmrfw 
examinstion. 
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