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THE NUSHAGAH DISTRICT, ALASKA 

The Nushagak district, aa here defined, is an area of about 14,000 NMre 
miles In aouthweprtern Alaska which extends northward from Nnshagak and 
Kvichak Bnya for a distance of about 100 miles. This regIon is dralned by tha 
Nushagak River, and the mapped area include~ mainly t h e  western part of the 
Nushagak Ynllq. Except in It8 ~outhern part, little was known r e ~ r d i n g  this 
dtstrIct until 1930 and lW1, when a topographic map was prepared by the Geo- 
logical Hur~eg. The geologic mnpplng wns done in 19:a and 1ES. 
The dfstrict cornprism t b r e  rather well-defined geognrphk units. The f b s t  

of theae Is known as the Tikchik Mountnilla, which form the eastern part of 
a large mountainous province that constitutes the western part of this didrlct ,  
The Tikchik Mountains farm a rugged highland that is imlsted from the main 
mountain ranges of wnthern Alaska and was the site of extensive Pleistocene 
ice field& These mountains are bordered on their enst side bg a system of 
12 more m lesa parallel deep glacial lake#. wueh now occopy essentially M- 
rock: basrim. The aecond unit, called the Nu~hagak Hills, is a group of low 
rounded b l u  that form the northeastern part of the di~trict. The third unit 
is the  lowland of fhe Xusl~ngnk ISIvex and Bay, which comprfw the eastern 
and southern parts of the distsfct. 

The geologic aequence ~onsivts of sedimentary and Igneous rack#, pRhiCh 

mnge in age from Garbonlferous to Recent. The Cnrbonlferous w k s  magist 
of Misirnippian ( 1 )  and Permlnn sedimenta~-y rocks and P e d n a  voIcanie 
m k s .  The Bfi~sisslppian 1 3 )  atrata comprise mainly cherty and qnnrtzitic . rocks but hclnde also some argillnccons and calcareous beds. T h e  Permian 
strata consist of ffosillferom limestone. The Permlan yolcania comprise bade - lava#, which haw developed n greenfitone habit. A few fowiWerous Upper 
TrlaMc rocks have also been recogmized, but ~uch mks appear to comtltute 
~ n l y  a P e r g  small part of the geologlc coInrnn. No Jrrradc rocks are known 
to be present, but the Crehceoua syatem L represented in the Tlkchik Mom- 
tab by a great ~ o I m e  of rocks, which crop out for more tbnn 60 miles normal 
to their strike. h m  Lith010glc and structural evidence, thla seqaence has been 
divided h t o  two unconformable groups, which are correlated roughly wfth 
the U p p x  and Lower Cretaceous epochs. In the Nushagak Bills fmaiIiferous 
TJpper C-ceona rocks have also been recognized and mapped. The Tertiary 
eyatem Is reprewnted by marine beds of Pliocene nge, which occur only along 
the mcoast.  The Qnaternary deposits consist of older ~eedlnrentary beds, 
Including glacial, glacfoflu*tile, and fluviatile deposit4 which were laid down 
during the perid of nctiw glacfation; and younger duvlatile and beach depos- 
its, maidy of Recent age. The Carbonffemus and Mesoaoic sedimentary rockg 
are intruded by granitic and monzonitic rocks of Tertiary age. 

1 



No mehlliierws depmita of commerciaI mine have yet been found in 
the Nmbagak Mrict, but the gseaewe of ma11 bodlea of granltlc rock# 
a-ts tha t  the countq  rock IPJ probably more or lees mfnemlhed. Tbe oc- 
currence of gold in -11 quantities at w i d e 4  separate8 localftlw materlallf < 
atrengtbem this probabfiity. f t Is concluded that the Tikchlk MounCaf~  
becanm they have been extemlvely glaclsted, are not a iavambls site for 
the occurrence of commercial placere, though lode depdts may be pment ! r. 

The northeastern part of the district and contiguous areas to the mrth and eaat f 

are regarded as more fawrabIe for prospecting for gold place= 9: 

The Nushagak district lim in southmestern Alaska and takes its 
name from the Nushagak River, which flaws southwad through this 
district, draining a considerable part of it. Beginning at Nushapk 
and Kvichak Bays, which sre arms of Bristol Bay, the Nushagak 
district as the name is uwd in this report, extends northward for 
about 140 mil= to the headwahm of the Holitna River, a tributary 
of the Kuskokwim R h r .  The width of the district, as shown on 
the accompanying hpographic and geologic maps, is about 100 miles, 
so that iB area is about 14,000 square miles. The appmximata geo- 
graphic limits of the Nushagak district are meridians 156'40' and 
158"241f west longitude and parallels 58"4OP and WaM' north latitude. 
Figure 1 shows the location of the Nushagak di&rict in Alaska. 

The mainland of Alaskrt was discovered by the Russians in the 
&at half of the eighteanth century, but the Erst whits man know11 
to have visited the Brim1 Bay region wrts Captain Jamas Cook? an 
English explotorer, who entered BristoZ Bay in July 17'18 and gave it fl  

the name it now bears, in honor af the Earl of Bristol. Eeutsnant $ 
Williamson, one of Cook's officers, also named C a p  Newenham, the 
rocky promontory that separates Bristol Ray from Ruskokwh Bay. 

After the disco~ery of Alaska the Russi~ns probably visitad much 
of the muthwesbrn coast, but so far as can be ascerbbd no per- -> 

manent settlement was made in the Bristol Bay region during the 
eighteenth In 1818, however, Xoraaakovsky, probably act- 
ing under orders given to him by Baranof, organized an expedition 
on Cook Inlet, crossed to h k e  Tliamna, descended the Kvichak River 
to Kvichak Bay, the head of Bristol Bay, and followed the m a s t  
around to the mout;h of the Nushagak River. At thie point Koraaa- 

a Cook, James, A voyage t o  th% Pacltrc O w n ,  17T8-1786, 2d ed., pp. 4 2 4 8 S ,  1785. 
~ h n c r o f t ,  & H., HLtom of a I a 9 k q  173G1885, pp* 6 2 G 2 9 ,  San Fraaclw, MU., 

1886. 



Bovsky left a part of his man with instructions to build e fort. Re- 
turning after a visit to Kuskokwim Bay* he found the fort nearly 
m p l e t e d ,  and named it Alexanhvsk. This station, which was the 
first settlement established in the Nushragak Bay district, was near the 
present post office of Nushapk. 

The first survey of the Brjstol Bay region was made sometime dur- 
ing the years 1822-24, by an expedition under the command of 
Khromchenko, Etulin, and Vasilief,' who charted the ma& from 
Brbtol Ray westward to the month of the Ruskokwim. Five yesre 
laterL another expedition, led by VasiIief, departed from Kodiak 
Island and, a%r crossing the Alaska Peninsula, entered Nushag& 
Bay, ascended bhe Nushagalr River to the region of the lakes, and: 
continued northward to the Rusko'lrwim. This was the first re- 
corded visit of white men to the Tikchik Lakes. In succeeding yeam 
other parts of the Nushagak district were doubtless visited by the 
Russians, but the complete records of thew explorations are not: 
available. 

SBanaoft, 8. EL. ap, dt., p. B48. 
A Idem, p 547. 



4 NESHSGAK DISTRICT, ALASKA 

After the parchase of Alaska. by &a United States, in 1867, this 
district wwas a h  visited by Americans, but only a part of these ex- 
plorations have been recorded. In 1881 a me0eorologic station was 

I 
established by the Signal Corps of the United States Army at Fort --- 
Alexander. C. W. BcKay, in charge of t.his station, is reported to 
have made numerous trips into the country surrounding Mushagak x 
Bay and on one of these trips to have ascended the W d  River to 
Lake AJehgik ,  the southernmost of the Wood River Lakes. In < 
1884 McKay was drowned in the Nushagak River, and J. W, Johnson 
succeeded him in charge of the meteorologic station. Both BlcKay 
and Johnson wen3 interested in na tml  history, and together they 
sent severaI hundred specimens of birds and mammals to the United 
States National Museum in Washington. 

A further contribution to the geographic howledge of this region 
was made in 1891 by A. B, Schanz, under the sponsorship of Frank 
Leslie's Magazine. Schanz, accompanied by J. W. Clark, the agent of' 
t he  Alaska Commercial Co. a t  Nusl~agak, and by several natives, 
made a winter trip from Fort Alexander up the Nushagak, Mul- 
chatna, and Kakhtul Rivers and thence across the divide to Lake 
Clark. In the sarne year W. C. Greenfield, compiling information 
for tho eleventh census of the United S t a h ,  came up the Holitna 
River from the Kuskokwim, portaged to  the Chichitnok, a head- 
water tributary of the Nushagak, and descended the Nushagak River 
to  Fort Alexander. 

LATER BUKVEYS 

By the end of the nineteenth century the genera1 character of the 
coastal, part of the Nushqpk district was fairly well known, for in 
the meanwhile Bristol Bay had come to  be recognized as one of the 
best sites for red-salmon fishing in Alaska, Aa ths fishing industry 
grew, settlements of whito pop19 had been established at numerous 
lwttlities from the Alaskn Peninsula to Kuskokwim Bay. The in- * 

land region, north of Bridal Bay, however, remained comparatively 
unknown, as it was visited only by occasional traders, trappers, and 
~rosp&=, 

3119 first survey of this inland region wns undertaken by the: 
Gealogical Survey, J. E. Spun: geologist in charge of this 
expedition, acxompanied by W. S. Post, topographer, and six 
others, made an exploratory trip from Cook Inlet northwestward 
into the valley of the Kuskokwim River, down that river to 
Kuskokwim Bay, khence overland to Togiak Bay and ea&wward 
along the coast of Bristol Bay to the present site of Nahelt, 

* Osgood, W, H., A biolodc rccannaiaaance of the b a e  of the AImkan penlnmla: U. S. 
tkpt. Am., Biot. Survey, North Am. Fauna, No, 24, p p  2SZ0,  IOW* 

Bmrr, I. E., A reconnalwance In southmatern Alaska 1n 180E : Owl. Burrep 20th Ann. 
Rept., pt. 7, pp. 31-284, 1800. 



PREVIOUS WORK 5 

and on across the AIeutjan Peninsula to Shelikof Strait. In the 
course of the overland part of his traverse, Spurr ascended the( 
Ranekt.uk River to Ragati and Nenavok Lakes, portaged to 
Togiak Lake, and descended the Togink River to Togiak Bay. On 
this part of his trip he saw the west side of the Tikchik Mountains 
and obtained the first accurate geographic and geologic information 
regarding this inland mountainous province. 
h later years members of the United States Bureau of Fisheries 

visited the Wood River Lakes, the Nushagak and Nuyakuk Rivers, 
and the lower Tikchik Lakes, in connection with stndies relating to 
salmon spawning. Thus, irk 1808 and 1909 M. C. Marsh: of thia 
organization, visited Lake Aleknagik for the purpose of making 
counts of the red salmon escaping up the Wood River. h connec- 
tion with this work Marsh made a sketch map of Lake Aleknagik 
and J so  made the first recorded soundings in this lake. Similarly 
in 1923 A. T. Looff made a ~p to the Tikchik Lakes, and as a 
result of this and other coi~current investigations by the Bureau of 
Fisheries he published a &etch map of the Nushagak and Nuyak& 
Rivers and of the Tikchik and Wood River Lakes. In 1925 and 1926 * 
h f f  also explored the Snake River and Lake Nunavaugaluk, which 
discharges into the Snake River. In 1928 F. R. Waskey lo m d e  an 
examination of tha spawning grounds of the Wood River Lakes sys- 
tem for the Bureau of Fisheries; and as s result of this work, Washey 
prepared a sketch map of all four of the Wood River Lakes. 

Nushagak Bay and its ttpproacl~es mere first accurat~ly surveyed 
by the Unikd States Coast and Gadetic Snrvey. Most of the coast 
line of Nushapk Ray was mapped, and the bay was sounded for 
purposss of navigation. Tho resulting map was published on a scale 
of 1 : 150,000, as chart 9050, in 1911. 

After Spurr's expadition in 1898, no furth~r work was done in the 
Nushagak district by the Geological Survey until 1930, btrt other 
reports were prepared which dealt with nearby or contiguow 
r~gions.ll 

TU. hf. Bur. mherles Doc. 961, pn. 41-50, 1929. 
U. 8. Bur. Flsheriee nor .  992, pp. 108-112, 1825. 
'U. 8. Bur. FiRhPriee Doc. 1023, pp. 26S261, 1427. 
"U. 8. Bur. Flaherlea DM- 1064, pp. 24S2B1, 19s. 
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NUSHAGAX DIBTRICT, ALASKA 

BUOFEP AND XTllFU- 

The present report is a dewription of the geography, geology, and -2 
mineral resources of the Nushagak district and is accompanied by 
a topographic and a geologia map (pla, 1 and 9 ) .  The topographic >z 
map was made by Gerald FitzGerald, topographic engineer, during 
the field seasons of 1830 and 1931 but bas been amplified from a 

i~ 
sketch map of the country around Lakes Chikuminuk, Dpnuk, and 
NisW, made by Nelson SSaIlea, a mining engineer and prospector. 
The shore line of Nushngak and Kvicliak Bays and also the p d e t i a  
placement of the map ara based upon the work of the United States 
Coast and Geodetic Survey. The poIogy of the Tikchik and Wmd 
River Lakes is based largely upon a poTogic mmey made by the 
writer in 1935, but the geology of the Nirshagak River and the 
Nushagak RilIs is based entirrly upon the observations of P. A. 
Dwison, assistant geologist, rho  accompnnierl FitzGerald on the 
expedition of 1931. A hrief account af the orplnization md work 
of the expeditions of 1930,1931, and 1935 is given below. 
On June 5,1930, FitzGerald left Anchorage by airplane for Snsg 

Point (Dillingharn post oflice)* whem he purchased a river bat, 
an outboard motor9 and supplies for part of the summer. With 
two camp assistants, ~Iso hired at Snag Point, he bepn work at < 
one, and h;v the end of July he had aomnleted the mapping of - 
Nushapak Ba7, Wood River, und the four W a d   rive^ hk Re- 
turning to Snag Point on Augnst 1, he obtained mom supplies and 

r 

b e p n  a traverse o f  the Nushagak River, which he carried u-m 
to Kaliganek, at the mouth of the Nuyakuk River. On August 24 
FitzGerald apain Teturned to  Snag Point, and fmm that t i m e  until 
September 8 he mapped the Snake River, the Weary River, and 
Lrr-ke Nunavau~luk, nfkr which he returned by airplane to An- 
chomp. * 

T h e  members of the expedition sf 1931 were Gerald FitzGerald, 
topographic engineer in charge, P. A. Dltvison, assistant geologist, 
and two camp mistant9. The party left Anchorage by airplane 
early in June and, aa hefore, went to Snag Point, where the expedi- 
tion was outfitted. A Iarg;~ part of the summer's supplies was then 
tr~nsported by eivlrane to Tikchik Lake, where a cache was made. 
The party then gtnrted from Snag Point in two river boats, with 
outboard motors, and ascended the Nushagak and Nuyakuk Rivers 
to  Tikchik Lake, whem topographic and p Z o g i c  mapping were 
mn on June 26. From that time until July 29 Lakes Tikchik, 
Nuyalruk, and C%anekuktuli and the mrrounding country were sur- 
veyed, and from July 80 ta August 2 the Nugakuk River wm tmv- 
ersed, the survey thus being tied to  &a work of 1930 at Koliganek. 



The prty then ascended the Nushagak River to the mouth of the 
King Salmon River, and from August 7 to August 29 the t o p -  
p p h i c  and geologic mapping of the Nushagak Rills was corn- 
pletd. The Nushagak River, from the mouth of the King S~1mon 
Bimr to Koliganek, was travemed on the return trip. Returning to 
Snag Point on August 30, tho party then visihd the thrm lower 
Wood River Lakes, in order to give tho polopist an opportunity to 
see this arsa and also to expand the topographic work of the preced- 
ing year. On September 13 the party returned to Anchorage from 
Snag'Point by airplane. 

The p l o g i c  mapping of the Nushagak was not completed in 1930, 
and therefore in 1935 the writer wwas d ireckl  to visit the area and to 
complete this work. The personnel of this expedition consisted of . 
J. B. Mede, Jr., palogist in charge ; R. J. Roberts, field assistant ; 
and two camp assistants. The party with ita equipment and h d f  
the summer's supplies left Anchorage on June 14 in two Bellancmr 
airplanes and flew directly to L&0 Chauekuktuli, wl~iare field work 
was begun on the fallowing day. Qasoline and oil were freighted 
from Snag Point by sirplane, and in the next month, with s folding 
canvas canoe and a mall outboard motor, a geologic map of the 
country sumunding Lakes Chauelnlktuli and Nuyahk w 8 ~  pre- 
pared. Returning after a month, by prior arranpment, one airplane 
than transported the party and ita equipment to Lake Beverly, where 
a base camp w~lg made. Leaping the cook at this bam camp, the 
writer, toether with the other two members of the party, then went 
to Snag Point by sirplane, where a river boat equipped with an out- 
board motor was hired. The two men then took the boat back to 
Lake Beverly, and the miter returned by airplane. The rest of the 
sawn was spent in ~onducting gsologic someys in the neighborhood 
of the Wood River h k e s .  The party retmed to Anchoraga from 
Snag Point on September 5. 

The bpographic survey of the Nnshagak district was begun in 
1930 from control established on Nushagak Bay in 1902 by the Unihd 
Stutes Coast and Geodetic Survey. The field seab of the main surV87 
was 1 : 180,000, and the contour internal wes 200 feet. The Nushagak, 
Nuj"akuk, and Snake Rivers and several srnaller streams were tmv- 
e m d  on a scale of 1 : 96,006, with a contour interval of 100 feet, The 
standard methods adopted far reconnaissance plane-table ~uurveys in 
Alaska were used. Triangulation points on the coast and seve~al 
eharp mountain bps located by triangulation were plott;ed on the 
field sheet. This control was expanded graphically over the Wood 
River Lake region to include the raountains on the north edge of 



8 NWSHAQAK DISTRICT, ALASKA 

Lake Kulik, In I981 ra base line 3,600 feet long mas measured on 
the norhh side of Tikcl~ilr Lake. O n  this base line t h  statione 
wen3 occupied with a theodolite, and four flagEd points from 3 to 8 

. "  miles distant were obaervd md the angle measured. The tr iangb - 
were computed, and the positions obtained were plotted on the field 1 
sheet. Thew computed positions gave several bases from a to 8 miles 
long for the expansion of plane-table control. From this first expan- 
ken several of the peaks on the north side of h k e  Kulik were 'U 
]mated. As these peaks had been located in 1930 f m  the Wood 
River Lab control, the Tikchik Lake survey was d d  tn the' Const 
Suwey triangulation on Wushagak Bay. Solnr observations were 
made for latitude and azimulh on the Tikchik Lake base line. 

Far the survey of the trpper Nushagak Bimr a baa line of 2,800 
feet was measured abont 2 miles blow the mout,h of the King Sdman 
River. From the expansion af this base neveml p i n h  near the 
east end of Tikcll4k Lake w e e  located, thus tying the Nnshagak sur- 
vey with the Tikchilr L~kes  control. Retok Mountain, a prominent 
landmark 6 miles sonthe& of Kol igmek rillqpf was also located from 
both the Tikchik base and the Nashagnk base. Solar observations 
. for  latitude and azimuth were made on the Nushapk base line. 

Ebr the river traverse a 14foot starlita rod was used with the 
micrometer eyepiece attachment far the alidsde. Sights ranged in 
distance from a few hundred feet to nearly 2 miles. The topographer 
and rodman traveled in ~eparate boats and traversed from 15 to 40 
milea in a day, a19 the traverse mas praeticaIIy all downstream. 
Wherever possible a threo-point Emation was made, m d  every 30 or40 
miles a solar obsermtion for  azimuth and latitude. The t h e  main 
traremm, cavering the lower Nushsgak below Holiganek village, the 
upper Nushagak abcwe Koliganek village, and the Kupkuk River, 
were tied to Ketok Mountain. The total area mapped on the 
1 : 180,000 =ale was 6,000 square miles. The river trarem on the 
1 : 96,0001 scale was more than 250 miles. 

Geologic observations w e ~ e  made by P. A. Davim in 1931 and by 
the mribr in 1935. Davison, however, was attached to a top~grapfiic 
party, and themfom his observations were of necessity made along a 
common line of t m I ,  determined for the most part by the exigen- 
cies of topographic mapping. The writer, on the other hrtnd, was 
free. to go or to m a i n  ~t such places as the geologio study demanded 
and was therefore in a bettar position for obtaining data, 3 critical 
localities. Both Davison and the writer utilismd the compasa, barom- 
eter, and nohbmk for geologic mnpping, but the writer had the 
additional advantage of having a completed topographic map on 
which to plot results. About 600 specimens of rocks were collected 
by Davison, Mertie, md Roberts, and many of these have been studied 
in thin section under the microscope by the wrihr. 
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For Mr. FitzOerald, acknowledgment is made herewith to Chester 
h 
I -. Bakke and Olaf Ophiem, the temporary members of the party 0-F 

r 1930, and t o  E. J. FitzGerald and Robert Acheson, the temporary 
personnel of the party of 1931. The writer takes this opportunity 
tm acknowledge wit11 thanks the faithful field services r e n d e d  by 

d R. J. Roberts in 1931 and also to thank the other temporary members 
of the party, E. J. Fitzlferald and J. B. Acheson. 

The residents of Dillingham nnd the Wood River Lakes assisted 
all three of these expeditions in rnany mays, Special thanks are due 
to Fmnk IE. Waskey for much local information regarding the 
whole region; 13. H. Polloy for information concerning the Wood 
River Lakes, and adjacent cotrntry ; and Butch Smith. and Fred 
McC;arry for information on the Nushagak mid Mulclmtna Rivers. 
Among those residing or temporarily stationed at Dillingham and the 
Wood River Lakcs, the writer wishes to acknowledge courtesies and 
assistance extended by Mr. and Mrs. A. H. Bradford, Eric Fenno, 
Hma Sarhr? Rny Smith, and numerous trappers and prospectors. 
For Mr. FitxCferald, acknowledgment is also made to Noel U'ein, of 
the Alaskan Airways, and for the writer to BIessrs. McGee, Nease, 
and Mills, of the Star Air Service. 

2 A rough draft of his observations wss prepared by Mr. Davison. 
The writer has had the use of this manuscript, togetl~er with Mr. 
Davjmn's not- and specimens, in the preparation of tlla present re- 

5 port and has used the information they affod to snpplement his own 
obsswations. In particular, these records have been utilized in the 
description of the geoq.raphy and geology of the Xushagmk Valley 
and the Nushagak Hills, as these areas haw not been visited by the 
writer. 

QEOaRaPaP 

% DRAINAGE ABD RELIEP 

For descriptive purposes the Nushagak district may conveniently 
be divided into tliree geograpl~ic u n i t s t h e  lowland of the Nushagak 
River and Bay, the Nushagak Ells, and the mountainous province 

9 of the Tikchik and Wood River Lakes, hem designated the Tikchik 
Mountains. The Nushagak River, the master stream of the district, 
heads in the Nushagak Hills and floms generally southmad to tide- 
water at  the head of Nushagak Bay. A large tributary of the Nusha- 
gab the NnpakuIr River, drains the six ~~or thern  Ink-, or Tikchik 
Lakes, of the mountainous province; the Wood Riser drains tha 
four southern lakes, or Wood River Lakes, of tho mountainous pror- 
ince; and the Snake and Xgusl~ik Rivers dmin respectively Lakes 
N~ma~augaluk and Amankrt, southwe& of tlie Wood River Lakes. 
(See pl. 1.) 
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The Nwhagak lowland may be subdivided into two subordinate 
1 .. anits-the flat, nearly treeless ares around Nushttgsk ~rld Kvichrtk 

Bays mid the dIuviaI flats of the Nushsgak River. According to 1 
current usage the mouth of the Nushsgak Riwr is mnsidemd to Iw 
direct.1~ east of Dillingham, just south of the mouth of the Wood 
River; but only horn Black Point, abut  20 miles to the swtheast, CI; 
does the river begin to rnsintain rs continuous downst~earn current. 
The effect of the tides, however, is reoognined on the Nushajpk R i ~ e r  
as far upstream as the Reefer Cutoff. Similarly, in the Wood River 
the tides are apparent as  fa^ upstream trs the Iower end of Lake 
Meknafik, for at times of very high tide the normal current out of 
the lake into the Wood River is reversed, and at such times the 
water Isval at the lower end of the lrtke may be raised as much as 
8 inches. Thew effects are due to the fact that the tidal waters, 
though having maxima of only 19 and 21 feet, mpectively, at Clark 
Point and Dillingharn, pile up in the narrow waterways of the lower 
parts of the Wood and Nushrtgak Rivers and raise the water lmLs 
upstream wverd feat higher. 

Nnshagak Bay is a great, ~ h d l o w  tidal embapent, about 90 miles 
wide where it opens into Bristol Bay, but it narrows to about Z+$ 
miles off Dillingham. From Etolin Point northward there are many 
shifting channels and shoals in the rniddIe of the hay, with extensive 
tide flats and shoals dong the west side up to Coffee Point. T h e  
ship channel lies west of the center of the bay and ranges in depth 
from 8 fathoms off .Coffee Point to about 4 fathoms rat Dillingh~m. 
The tidal cnmnts are strong, the ebb king the stronger on account 
of the e m n t  from the PuTushagak and Wood Rivers. At 15illing- 
ham, &ccording. to the TJnitd States Coast and Geodetic Sumy;" 
the mean velocity of the current at  full strength is 2.3 knots on the 
flood and 3.2 knots on the ebb. 

The country bordering upon Nushapk and Hvichsk Bays is a 
desolab, nearly treeless, swRmpy lowland, with the tmdm type of 
vegetation. Along the beach am pearl-py to dsrk-gmy silts, which 
f o m  the tidal flats. At some places where the bordering diffs of 
auuv-ial material are close at hand the beach is pve1Ey. F m  C a p  
Cansbntine to the. mouth of the Snake River the land bordering 
Nushaek Bay on the west is a lorn, tundra-cove& a m  bordewd 
by silt flats; and the Snake River is little more than a tidal slough 
from its month to Lake Nuna~augduk. Northeast of the Snake 
River sand and clay appear along tha shores, the eastern border of 
the foreland rangea from gentle slop- to bluffs 60 to 100 feet high ; 
Bnd in the area back of  Dillingharn 8 mttering p h h  of spruce 

u united A t a m  Cmmt H o t ,  AIM& lmt ed., fl. 2. p 942,1916. 
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begins to appear. These higher plains of ailt, sand, and gravel 
extend 12 to 16 miles northward to the mountains m d  eastward to 

/ 
and beyond the Nushagak River. On tha east side of Nushagak 
Bay, however, the foreland rises in gently rolling benches to a height 

,f of more than 200 feet, and the village of Nushagak ~tsnds on one of 
the higher parts of this plain. The coast muth of Nushapk mnsists 
either of gravelly bluffs or of less abrupt declivities farther back 

d from the water, with a silt plain fringing the shore. 
The lowland of the lower Nt~shagak River is abont 90 miles long 

in a northerly direction and 60 miles from west to east. The estu- 
arine part of the river, from Black Point to the month of the Wood 
River, has s lmgth of about 20 miIes and an average width of 2 
miles, Both sidss of this estuary are borded by da~k-gray mud 
flats that rise only slightly a h v e  the level of high tide. Thasa low 
fiats have an average width of 2 miles but wedge out toward Black 
Point. Treeless, lakedotted plains of gravel, sand, and clay, ranging 
from 100 to  250 feat in altitude, lie beyond tho mud flats. 

Upstream fram Black Point the Nusha~ak River is a rndemi%ly 
swift, shallow stream, which in its tidal renches is braided with old 
channels and dou~hs  from 3 to 10 miles long. Fmm a pint about 
10 miles east of Black Point and continuing upstwarn for about 18 

P 
miles in an air line the Nushagak flows in two large channels, about 
2 miles apart, in which the w&r i s  almost qunlly divided, The. 
eastern of these two channels is h o r n  .as the Reefor Cutoff. Above 
this split the river to its source is fairly we11 confined h one major 

'r channel, though numerous small isran&, gravel bats, and sloughs 
occur up&ream nearly to the mouth of the King Salmon River. The 
Nushag& River i s  navigable a t  an aver* stage of water for small 
boats for  more than 250 miles upstream. measured along the course 
of the river to a point &out $0 or 44 miIes  above the Chichitnok 
River; and in May and June, when the water is high, a scow capable 

% of handling a field park?, its equipment, and about 8 h o r n  could 
b8 taken upstream to  a point 6 to 8 rniles &ove Ekwok (Hurley's). 

?She west bank of the Nushagak, from the Hoffithla River upstream 
tn a point 10 miIes n b ~ e  the mouth of the Mulchatna River, is - h d e r e d  by an abrupt bluE that rangy from 40 ta 200 fmt in alti- 
tud& This bluff is the eastern limit of an undulating plain, com- 
posed of pvel, sand, and clap, which forms the surface of the 
country between the Nushapak and the Wood River and Tikchik 
Lakea. The enstern extremities of these lakes show many croppinm 
of hard rock, but the p w l  plain nevertheless extends wwward to 

the main hills. This plain is covered with mass and brush, but mt- 
tering spruce and poplar occur along the main Nushagak River. 
MukEung Hills and Kemuk Monntain, with devatiom respectively of 
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2,800 m d  1,800 feet, are two p u p s  of low, rounded hills that rim 
above this plain. The Kohok  River, a tributary of the Nushagsk, 
drains most of the area bemeen the Muklung Hills and Kemuk 
Mountain. This stream drains many ma11 baver lakes and is said to 
be navigable by anoe  for 30 miles ahre  its mouth. ! 

The country adjacent to the east bank of the Nt~shagmk River from 
Portage Creek northward to the mouth of the Nr~yrtkuk is lower than, 
that west of the river and rises only 5 to 20 feet a b o ~ e  the leael of the 'u' 
river. The first well-defined bluffs along the river above its mouth 
appear about 4 m i l e  a h v e  the mouth of the Mulchatna River, tlie 
largest eastern tributary of the Nushaflk. From the M~~lchatna  
southward to Kvichak Ray this Iow plain is an undrsinerl country 
dotted with hundreds of m a l l  lakes, which constitute an imprewive 
sight from tin airplane. About 4 miles muth of the village of Inak- 
pulr a low ridge runs northeustward for an undetermined distance, 
more or less parallel wit11 the Nushngak, and this ridge, which is the 
first hilly country on this side of the river abova its mouth, may bc a 
possfile route of entry into the Mulchatna country with pack harm. 

About 6 miles east of the confluence of the Nuyakuk and Nushagak 
Bivers is a law xounded two-peaked mountain, rising 1;800 feet above 
the wide expanse of the surrounding plain, This prominence, known 
as Kehk Mountain, is a prominent, landmark when approach in^ the 
Tilrchik Lnkes by airplane from Clark Lake or Iliamna h k e .  It 
marks the southwest end of the divide that mparates the drainage 
basins of the Mttlchatna and upper Nushaek Rivers, 

The Nushap11: River from the mouth of the Nuyakuk upstroam 
flows across a gravel plain of nncon~olidnted alluvial material and 
has numerous gravel ham and stretches of shoal water. As a rule 
the banks are low, but at two placw, one just below the mouth of 
Harris C R P ~  and the other just below the Nushagak Hills, 900-foot 
bluffs of gravel and sand border the east bank of the river. 

The hrupaknk River is the principnl western tributary of the Nush- 
figak. It flows from Tikchik Lake and has a length of about 40 
mil=, flowing in an easterIp direction. This ~fmarn is deep and 
clear and has s moderate nlrrent.  Just below Tikchik Lake is a 
short stretch of swift water, and about 3135 mmiles below the lake is a 
smdl waterfrtll. (See pl. 3, A.) A third atretch of swift water oc- 
cum 6 miles M o w  tho lake. At all three of these pl~ces  the river 
cuts hectrock, River bo~ts may be lined through the two stretches 
of swift water, but a portage of a third of a mile must b made 
around the waterfnI1. Wit11 these exceptions tha river is well con- 
fined and is favorable for naviption by small h a b .  The Nuyalruk 
River flows through a plain of unconsolidated materials, which a t  
many places have been c a d  into distinct terrrcces, from 10 to  1QD 







feet abve  the river. At abont 24 miles by river below Tikchik 
Lake, along the north side of the river, is a 1 ~ w  ridge which rises 
a b u t  500 feet above the river, but other than this the country close 
to the, river shows little relief. The river banks are well wooded 
with spruce, poplar, and willow. The general appeara~ice of the 
Nushqak lowland, as viewed from Tikchik Mountain, is shown UI 

plate 3, B. 
RUSWAGAK m S  

The Nusfiagak River heads somewhat t o  tht? east of the northeast, 
corner of the mapped portion of ths Nusl~agak district and flows in 
8 genera1 wmterly coursa for about 30 miles (in an air line) to the 
point where it is joined by the Chichitnok River, a tributary about 
2U miles long entering from tho north. About 10 miles below this 
confluence the King Salmon River enters the Nush~gak &lorn the 
west. The King Salmon River 11as not been srrrveyed hut is believed 
to have one branch that heads against the Rohtna and flows south- 
ward and another branch that heads against the Tikchik River and 
flows eastward. Its maximum length is probably about -40 miles. Re- 
tween the mouth a£ the King Snlrnon River and the mouth of the 
Nuyakuk River the Nushagak mcires *vend smaller tributaries 
both from ther east and the west. 

Above the mouth of the Chichitnak the Nuhagak River flows over 
a gravelly bed and is split into numerous mall chnnnels. It is swift 
in places, and this, topther with numerous s~recprs ,  snags, and log 
jams, makes it a dangerous stream for navigation with small ha t s .  
The valley floor is an abandoned flrsori plain sloping south~xrd and 
is dotted with hundreds of small Eakm. A pronounced change in its 
course, near the limits of the area shown on the accompanying map, 
@gives rise to a featrim known locally as the "Dig Rend." Below the 
mouth of the Chichitnok the Ynshagrtk flo.rvs in an open vdley 
with a floor about 2 m i l e  wide until it leaves the hills and flows 
out onto the gavel  plain above descrihd, Tho Chichitnok River is a 
swift, dear-water stream that also Rows over a gravelly floor. It is 
characterized chiefly by tlre fact that it f01lo.r~~ clmely alnng the 
base of the hills an the vest: side of its vaIley. 

The Nushapk Hills are considered to include nl1 tho cnnntry 
d r ~ i n d  by the upper Nushagak and its headwater tribut~ries, but 
nnlp that pert of these hills that is drained by the upper Ynshagnlr nnA 
the Chichitnok River hns yet been surveyed. T~IA N~ishagak Hills, so 
far es they have been surveyed, a m  lorn, smooth hills t h ~ t  arc cievoid 
of distinctive landmarks and represent EL mature t y p  of topography. 
The h i~her  summits in the mapped area rise to aItitud~s of about 
2,400 f e ~ k  above sea level, but the region as a whole perhaps has an 
averap altitude of ahout 1,500 feet and is covered with the common 

Bt?64&38--2 
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vegetation of the tundra, k n t  fires have burnt over much of the 
area east of the Chichitnok River. 

The Tikchik Mountains, as the term is used in this report, cunsti- 
tub the ea~tern part of a large mountainous province, the southern 
limit of which lies about 20 miles north of the head of Nushapk 
Bay. This province is bodered on the north by the rolling hills 
that lie at the heads of the Hlitna and Aniak River& On the e& 
it is delimited by the lowland of the Nushipk River. OR the south 
it is bounded by the nearly tmlws co&l pIain that lies north of 
Bristol Bay, but on the west the Yunih of this province am not yet 
definitely known. Fmm north to south thee mountains extend far 
100 miles. The width of this high country, from east to west within 
the Nushagak district, is about 80 miles, and it is probable that coun- 
try of the same type extends at least that far  to the w e t  of the 
Nuhag& district. It seems reasonable, therefore, to believe that 
the whole of this mountainous region occupies an area of not less 
than 6,000 quam miles. The general ccharachr of the Tikchik 
Mountains is shown on plate 4, An 

The Tikchik Mountains are hrdewd on the mst by a system of 
mom or less parallel lakes. Togiak Like and perhaps others lie 
along the western side of this range. All the higher parts of the 
Tikchik Mountains have been glaciated, and some small glaciers still 
prsisl; in the csntrd part of these mountsins. Except the Coast, 
&aka, Aleutian, and other ranges of southern Alaska md the 
BrooEcs Range of northern Alaska, these manntahs show signs of 
more extensive past glaciation than any of the other Alashn high- 
lands. The Tikchik Mountains are therefore of speGial intemst in 
that they constitute an isolated alpine province of considerable mag- 
nitude. 
The higher parts of the T&&k Mountains are corn@ of sharp, 

ragged divides, or comb ridges, pinnaclelike peaks or horns, and high 
alpine valleys that show ~ 1 1  the marb of severe and long-continued 
glaciation. This mountainous province during the glacial, epoch was 
clearly the site of an extemive im field, Where this range meets the 
bordering lake8 the mountrtins are lower but still exhibit oversteep- 
ened dopes and  elated features of glacial origin. Still fmther ersst, 
in the intsrlah areas, the mountains are lass abrupt and their topa 
are either flat or rounded in outline. At many places these more 
rounded hills occur as isolated buttes, or p u p s  of several buttes, 
geprrtted from one another by broad, low alluviated valleys. Similar 
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bmad vallep occur at the heads of the various lakes but extend only 
short distances into the rnonntahs, giving place within ghort dis- 

'3 
tmw to higher valleys of the alpine type. The e&rnmost spurs 
of the hills project outward into the lowland of the Nushagnk River 
and h l l y  plunge M o w  the great outwash plain that borders these 
mountains. 

The two highest mountains so far mapped within the Tilrchik 
aJ Mountains are Konilrut Mountain and Mount Waskey, both of which 

are abut  5,000 feet above aea Jevel, but it is dehitdy known that 
thew sre still higher peaks farther to the west, in the heart of the 
range. Near the heads of the lakes the mountains rise to altitudes 
averaging close to 3,000 feet, but atill fwther east, in the interlake 
country? the amrage height of the hills ranpa from 1,500 to 2,500 
feet. The I&= that border this highland region and in fact lie with- 
in its eastern part have altitudes ranging from 30 to 300 feet. Xenw 
the maximum relief is more than 5,000 feet md the average relief 
close to 2,000 feet. 

~~ 
kt1 of the eastern front of the Tikchik Mountains drains inta 12 

lakes, which in turn discharp into rivers that flow inta Nushag& 
Bay. Tha six northemmost lakes are known as the Tikchik Lakes, 

P and these named from north to south, are Lakes Nishlik, Upnuk, 
Chikuminuk, Chauekuktuli, Nuyakuk, and Tikchik. Lake Nuya$uk, 
with an area of 66 square miles, is the largest of this p u p .  Tikchik 

a* L k e  is really the lower end of Lake Nuyakuk, but on amount of a 
bedrock peninsula that almost separates them it h ~ s  b n  given a 
separate name. Lalies Nishlik and Upnuk discharge into the Tikehik 
River, which empties into Tikchi Lake. Lake Chikuminuk dis- 
charges into the Allen River, which empties into Lake Chauekuktuli. 
Lake Chauekuktuli discharges through a short stretch of swift  water 

3 into Lake Nuyakuk; and Tikchik Lake, which therefore takes the 
water horn all five lakes, drains into and is the source of the Nuyakuk 
River. 

South of the Tikchik Lakes is another graup of four lake8 known as 
a the Wood River Lakes, which, named in order from north to south, 

are Lakes Kulik, Beverly, Nerh, and AZeknagik. These four lakes 
are wnnectd with one another by short rapids, and L ~ k e  Alelmapik, 
which finally receivm the water from the other three, dimhmgcs into 
the Wood River. Of the Wood River Lakes, Lake Nerka is the 
largest, with an area of '78 square miles. Lake Aleknagik is s l m  
in plate 4, B, 

Southwest of Lrake AIeknagik are Lake N~inavaugaluk and h a n k s  
Lake, discharging respectively into the Snake and Igushik Rivers, 
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both of which enter Nusl~agak Bey. In the following table the areas 
of these lakes rare given and also, for purposes of comparison, the 
areas of Lakes Clark and niarnna: 

A m 8  ot t a e s  fn w new Nuehwak diatdcb, 4% sgtlore Wlea 

Tikchb Lakes : Wood Rtver Lakea: 
Nlahllk ,,,-----,,----- 144 Kullk ,,--,,--,,,,,,,,,,, 24 
Upnuk ---,,,,,,- -,,, 25* Beverly--,-,,-l,,,,,,, 81 
Cltlkumhuk,,,-, 3 5 2  Nerka -,,,,,,-,,,,,,,,,,- 78 
CllnaekuktnlI 31 Aleknardk-- ,,,---,-,-,- 34 
Nnyakuk -------- - ---+ - 68 Nnnnrnugaluk ,-,,,--,,,,,, S 
c h i  - -  !E Amanka --,,-,-, -,,---,,,,,, 33 

Clark,,,,,,----,,,---,, 143 
lTinmna --,,,,-,,--,-- 1,228 

From these figures it d l 1  be m n  t.hat the Tikchik Lakes have a 
total area of 196 quare miles, that the 7Vood Rirer Lakes hsve a kohl 
mrea of 1'13 square miles, find t h ~ t  all 12 lakes, taken together, have 
an area of 410 square milcs, 1~1licl1 is about one-third the area of 
Lake TBamna. 

Soundings were made in Lakes Chauekuktuli, NuphIk: Be~erly, 
hferka, and Aleknagik, and these lakas in general were founrl. to b 
deep. On Lake Chauekulrtuli a sounding was made 8 miles down 
the t k e  from the lower end of Shadow Bay and ahnt HI0 yards 
from lthe south shore. The depth was 700 feet, which places the 
bottom of the lake at this point r s h ~ ~ t  376 feet below sea level. 011 
Nuyakuk h k a  a wunding was made abut  4% miles east of the 
promontory thnt separates Portage Arm f mrn Mirror Bay rtnd about 
half a mile from a pmminent point on the south ~hore. Hero the 
depth mas 930 feet, m ~ k i n g  the bottom of the lake at this point 
about 618 feet below sp,a level. On Lake Beverly two soundings 
wore mde.  About half a mile e m  of the lower end of the Si1ve.r 
Horn, near the middle of the lake, the depth mas found to be 400 
f ~ e t ,  but about half a mile east of the mouth of the Golden Horn a 
depth of 500 fcet was recorded. The fiordlike heads of mmt of these 
lakes are also deep, rand some of them am as deep as or deoper t,hm 
the main lakes. Thus, on Lake Nerka, two soundings, about a mile 
northwest of Elbow Point, each gave a depth of 350 feet; but two 
sor~ndings in Amakuk Arm, one of them 1 mile and the other 2 miles 
from the head of the arm, ahowed depths rcspectirely of 400 and 
473; feet. The two main arms of Lake Nerka were found to be rela- 
tively shallow, one sounding in tha muth branch about 2 miles ~011th 
of Elbow Point giving s depth of only 225 feet. Little Togiak 
Lake ww also sounded in two places, one about a mile above th0 
outlet and the other a b u t  midway of the Inke. These soundings 
were 215 and 210 feet, respectively, or nearly as deep as the main 
part of Lake Nerka. 'On Lake Alehagik 18 soundings were made at 
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intervals from one end of the lake to the other, closer together in. 
the western part of the l ~ k e .  From these observations a longitudinal 
profile of Lake Aleknagik was prepared, which is shown in figure 2, 
The greatest depth recorded was 330 feet, &out m i d ~ a y  of the lake 
and south of the islands that lie offshore from Jack XCnife Ridge. 
Even between these islands and the maidand shore fairly deep 
water was found, as one sounding in this narrow channel showed a 
depth of 110 feet. 

Vnlerzicel seala 
HKI 0 500 I O M )  Feet 

P~arram 2.-tongitudloal pmflle nt  Lake Alelm~glk 

v 
For purposes of comparison a tabulation has bebe made of the 

deep lakos of the world that m u r  in glaciated regions. 

Deep leks of gladobed re-egfons 
4 

8mudbvlan rovbm (mafnly Norway): 
~ornlnda?-dcc ,------- ++-. - ++ --++----++. . ++. --+-+ 

Salsvsndet 1 Fos- ..--..--..-- + --------. -------- -------- 
Tinmjde~ .--...u.-..--..---.----.---m------------------- 

Mjdssn ..._.-_.._-.-..,-L---....-...--.-..--..---.---------- 

I? vrrvnndst .............................................. 
mdevandet ,...-,-.--...---..--------------------------- 

t o r  i 0 
Gtorsjfic.~ i Itsndlen ......---.+------------------.-------- 
T r n f j t , r d ~ n  .-........---.-.,..,--..+...----.-------..-+--.++ 

Dredhci~ns~andat -_-------- L . . . . . . . . . . . . . . . . . . . . . . . . . .  
I,adoga (Russia) .--.---..-----------------------.. 
~ # w n n d e t  
 TOT^^; 
Randok ..---.---_._---------------------------u-------+.--2 
Rnrnsv~n 18weden) 
Bpadin ..._..--..---...--...---------------------------- 
Strynsvandet i NordBprd --.--...-.---------------------- 
A~rdalsvnndet --.-.---+-------------------------------.--- 

Jplsterv8ndet ---..-.--,.---..---,----.-------..----------- 
TulursI8 .......--..-.---.--..---.--------a----------------- 
Fircdalsvnndet .-....-------------------------------------- 
TosnslrIlsk (Sweden) ..-.2.--.. BBBBBBBBBBBBBBBBBBBBBBBB - -  
Ekcm - - - - . . . . - - . - - - - - - - - - - - - - - . - - . - - - - . + . - - -  

Bcotland : 
MUFW 
Naus 
~omond ..-,-.-..,,-,--..--.------------------------L-2- 
L C ~ Y  .-.---..--....-------m+------------------------------ 

r i c h  . .  
~ a y  ..--.---..--..-.-------------------------------------- 

nwa 
(fCCt) 

? % 
1,4M 
1,4;3 
l , U X  
1,033 
RB 
!M 
922 
RWJ 
520 
a20 
b20 
725 
325 
705 
650 
8k0 
OOa 
577 
F A  
631 
61% 

1,018 
755 
623 
b31 
b12 
m a  

*, 
'3" l-1 

a0 
17 
17 

3 3 9  
4 

I 1  
13 
Po 
62 
9 

7,ole 
73 
15 
24 
~4 
18 
i! 
4 

15 
23 
7 

1% 
11 

10 
23 
n 
8 
7 

10 

At t lMo  (feet) 

S m o g  

167 

823 
a97 

7 
134 

. 4211 
W3 
207 
Id4 
re 

1,237 
a.217 

256 
. L a g 4  

a 484 
8, 
I6  

722 
49 
131 

1,061 
42 

a1 
52 
m 
W 

1,154 
346 

Bottom ---- 
-1,427 
-1,617 

-837 
-1,050 
-1.1370 

-8!rQ 
-602 
-145 
-715 
-712 
-804 

407 
1,427 
-48B 
869 

".: 
-5U4 

-6211 
-427 

M3 
-456 

-a7 
-703 
-593 
-437 
M2 

-1'33 



18 NUSHBGAK DISTRICT, ALASKA 

The data shown in this table have bean taken largely from the 
more complete compilation by Halbfass but have been sopple- 
merited by some later observations on tlla Canadian lakes, supplied 
by the Director of the Geological Survey of C~nsda. The figures 
given far the G& Lakes are those published by the United States 
Coast and Geodetie Survey, instead of t h m  published by Walbfaw. 
The soundings of Alaskan l a b ,  with the exception of U e s  Clark 
and CriIlan, ham not hitherto been published. For greater bmvity 

a H n l W a  WUhelm, Dle Been der Ede: Petermann'm Mtt, Em5manpband 40, Eeft 
lM, PP. 1-1M, 1922. 
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this compillttion has hen restricted to lakes with a depth of 500 feet 
OF mow, except for Lakes Nerka and Aleknagik, which, though 
shallower than 500 feet, were included because the data on them are 

i; new. Not all the lakes shorn in the tabla ere entirely of glacial 
origin, though all occur .in glaciated regions. The basins occupied 
by some of the Scottish lakes are due in part to faulting and in part 
to glacial action. Lake Tahoa, of California, is known to be largely 

'-A of volcanic: origin. With regard to t h e  Tikchik and Wood River 
Lakes, it should also be noted that the greatest depths of some of 
these lakes have not hen found. On Lakes Chauekuktuli and Wuya- 
hk, for example, only one Bounding was made in each lake; and, 
although the m - i r  sounded where he believed thew lakes were deep- 
est, it is altogether improbable that the deepest places were thus 
located. 

Glacial lakes may be classified in several ways, depending upon 
their made of origin. One sirnplidied s y h m  of classification is as 
foIlows: . 

1. Glaciotectonic lakes, in the formation of which faulting or sur&cial 
warping bad some important part 

2. Rock-basin lake& exemplUI4 bg t h e  hm, or mall lake$, found in 
cirque& and the glint Iakes, or larger hkm, occupying bedrock 
basin8 In glaciated valleys. 

8. Pit lakes, formed by the meIting of moraine-covered lmfb of ice, 
thne c n n a l n ~  subsidence within a momhe, 

4. Barrler h k e g  Impoundd by IbarrIm of moraine, fee, or landslide ma- 
terial. Barrier lakes m y  k e  vasiomIy subdivided. 

b 
Some of the Scottish lakes sre partly of teetonic origin and are 

therefore glaciatectonic lakes. Most of the Alpine lakes of Europe 
are barrier lakes. Many of the Scandinavian lakes, however, oc- 
cupy bedrock bmins and are therefore classified as glint lakes. One 
e x d h n t  example of a large lake of this sort is Lake Tornetrisk, in 
Sweden. The Tikchik and W d  River h k w ,  as will appear from 

.E, the following descriptions, are also essentially glint lakes, comparable 
with many of the Scandinavian lakes. 

'SP1a m~ndings and other features observed reg~rdfng the Tikchik 
and Wood River Lakes bring to light some interesting facts. 'I%- 

.. lakes lie partly within mountainous valleys but also extend outward 
beyond the mountains into the Nushagak lowland. Thus it might 
appear that such lakes might be barrier lakes, impounded by uncon- 
mlidated depmits of glaci~l  origin, which lie beyond the valleys 
proper, comparable +th Lake l l i~mna  and also with Lake Constance, 
Lake Lucerne, and others of the Swiss lakes. Examination of these 
lakw, however, shows that croppings of hard m k  m r  intermit- 
tently around their lower ends and that the islands and shoals that 
are so char~teristic of these lower ends am bedrock. Moreover$ the 



20 PCUSHAGAE DISTRICT, ALASKA 

two main outlets of them lakes, namely, the Nuyahk and Wood 
Rivers, cut bedrock at their upper ends, and the Nuyaknk River has 
two rapids and one waterfall over bedrock. The terraces on all 
these lakes, however, show that their w~tbter surfaces were once much 2 

higher than at present, and in these earlier sttages they were pmb- 
ably barrier lakes, impounded by morainal material at their lower 
ends. But the interlake drainage. system of the Woari River h k e s  
and the lowering of the level of Lake AZeknagik, which occurred in x. - 
poskgImiaE time, have so lowered the water lwels in all the ITmd 
River lakes that they now occupy essentially Mrock basins and 
ara therefore best regarded as glint lakes. The ssme is aIm true 
of the Tikchik Lakes, although they have not developed ta the same 
degree the interlake type of drain* system. 
The bedrock constrictions in thesa lakes am also features of eon- 

siderable significnnce. On Lake Chauekuktuli, far example, the head 
of the lake is separated from the main lake by two bedrock head- 
lands, which almost mnke Shadow Bay a separate small lake. The 
same is also true of Amakuk A m ,  one of tlle heads of Lake Nerka; 
and Little Togiak h k e ,  the other head of Lalre Ne~ka, is completely 
isolated from the main lake, being connected with i t  by a short 
stream. A still better i1Iustration is the bedrock basin occupied by 
Lake Elva. This Iittla lako, lying between Amakuk A m  and Little 
Togink Lake, occupies a well-defined glacial valley but is connected 
with Lake Nerka by a stream 3 miles long. Though no soundingx 
were made at  the mouths of the Golden Horn and Silver Horn, the 
same condition is believed ta bo prcsent there, as the water appears 
to be shallower than either within the two Horns or in the lake below 
them, Even an Lake Alelaagik, the shallowest of these lakes, tha 
profile of fiffllre 2 shows a slight rim in tho bottom at the constricted 
part of the lake b l o w  the Fish Camp. The constriction in the lower 
end of L k e  Chauekuktuli is of another type, as it appeam to have 
resr~lted from the dumping of morainal material. 

The narrow bodies of w ~ h r  a t  the upper ends of many of thew 
lakes have some pculinr characteristics. At their heads they end 
ahruptly in a straight line, normal to the bodrock wallq a feature 
which is shown on the topopphic rnRp (pl. 1) and also in plata 5, A. 
These headwater shores rrre beaches of sand and grarel, deposited by 
cle~~-\rrihr streams from the rnount,~Ens. Along the beaches these 
deposits are clearly foreset beds, wit.h a steep an& of inclination, so 
thrtt the water becomes very deep a ahort distance from shore. Bed- 
sock, however, is not far below these beds, as it is exposed at most 
places ss rounded gIacier-riddon hummocks a shorE distance back 
fmm the beaches. The walla of these headwater bays are steep, 
U-shaped, and at many places rough and irregular, due to glacial 
pludring. The last-named feature is well i l lus traa  in the w ~ l l s  of 
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Little Togiak Lake. (See pl. 6, 8.) These wdls  also commonly 
have cirques or conies high above the ~ a t e r  let-el, forming distinct 
hanging valleys. This is well esemplified by the cirque at the upper - end of Little Togiak Lake (see pl. 5,  B )  and that along the north- 
east side of Amnkuk -4m. The steep walls of tl~est! hearlwater bays 
al.9 show well the effects of postglackl erosion, by the presence of 
many s m d ,  closely spaced gullies cut in the bedrock. (See pl. 6, R.) 
Below the water level these valley ~ralls a m  extremely steep. At 
many places the submerged w d l s  nre practically vertical, RS far down 
as one can see in the clenr blue-green \rater, nnd at Boma places they 
are obviously underc~rt, forming great ~uhaqueous caverns. The 
water quickly becomes deep clown them arms from the headwater 
beaches, but after the rnaxim~~m depth is m.eac11ed the soundings v q  
little. fmm one another until the lemor constrictions are approachd, 
whem the bottom g~clually rim% 

A fiord is orclinarily defrl~ed tls an arm of the sca that lies in a long, 
deep ghirlterl valley, wid1 steep parallel or subparallel sides and with 
a comparatively flat floor, so that the cross saction is trough-shaped or 
U-sl~apd. A fiord has also beon defined by Johnson as "a partially 
submerged glncirrl trongh." In this definition 'lflooded'' might per- 
haps be a better word than "submerged," as it is now a well-mug- 

z nized fact that glaciezs may emdc b l o w  sea level. so that flooding may 
subseq~~ently occur mi tl~ou t any subidenca Thn hadwater bays 
of the 'I'ikchik Lakes, though they are bodies of fresh water, obvi- 

* sudy have all the characteristic features of fiords, except that they 
are not ams of the sea. (See pl. ?.$ Their altitude above sea 
level, however, is so slight, that s coastal wbsidence of about 800 feet 
muld make fiords of all of them. For such bays some authors llave 
used the designation "fresh-mter and there seems to be 
considerable justification for tllis term. 

The main lakes have certain resemblances to their headwstar bays 
E but also differ in some important respects. The longitudinal profile 

of most of them is similar in that the depth inc~ases  rapidly down 
the Iake from the bedrock canstrictions that form their upper ends, 
and the maximum depth is soon attained. Irr the nppr third of tho 

C lakes this maximum depth does not change materirtlly, hut farther 
down the lakes the depth dmreasea gradually, and the lower ends 
of all these lake8 are cl~aracterized by irregular coast Pines, numer- 
ous shoals and islands, and, in genaml, by sI~al1ow water. The walls 
of the valley8 that enclose the upper ends of the lakes are much 
less steep than those of the headwater bays, and at most; placles there 
are short f oreImds between the hills ancl the lakes and intermittent 

Johnaoa Do-, The New Inglnnd-Acadlrq ehore Unm, p. 01, John Wfley & Eiom* 
1925. 



sand or gavel  beachas, Farther down the lakea the hills am farther 
back, the hummocky forsland attains a width of a mile or two, and 
the beaches become almost continuous. T h e  lower ends of the Iakes 
project outward into lower country, m p o d  either of low, hum- * 
mock bedrock hills, auch as those surrounding Tikchik hake, or 
of outwash deposits that form a thin veneer over the Mrack as at 
the lower ends of  Lakes Beverly and Nerka. 

, . 
The valleys that lead from the hills bordering the likes like- - - 

wim differ according to thair position, Near the upper ends of the 
lakes tham side valleys were the sib of former tributary glaciers 
and are therefore U-shaped in gene& outIine, but they also show 
pronounced V-shaped incisions made by postglacia2 emsion. The 
atreams mupying these podgl.lacial valleys are swift, clear-watar 
streams, which head mainly in cirques, and either cut bdmck 
throughout their length or else flow .in their loww mursea over narrow 
daod plains composed of coarse gravel and boulders. The spum 
between them valleys have been truncad by glacial action. In the 
upper part of the zone of truncation, at altitudes of 1,000 to 2,W 
feet, ice-cut terraca are also present at some localities-for example, 
along the south side of the northern arm of Lake Nerka. H m  
and there cirques lie slang the fw of the hills at the rear of tth fore- 
land, and some of these in the upper or middle reaches of the lnkm 
are well defined-for example, one ia the Frog Mountaim, facing 
north on Lake Nerka. Farther down on the lakw these cirques are 
less perfect, partly k u s ~  the ice action was lem potent and partly 
because they have k n  longer to postglacial erosion and 
are therefore mom dissected. An example of such an imperfect 
cirque is on0 dong the north side of Lake Aleknagik, near its lower 
end. 

Another ink&bg pmorphic feat- in well marked on Lakee 
Chauekdduli, Nuyakuk, and K d i k  From the topographic map, and 
also from tho distribution of alluvium indicated on the geologic 
map, it will be observed that the valleys occupied by these three lakes 
are dwiddly asymmetric in cross section. The fomlands and allu- 
vial deposits occur mainly on the north sides of thm lakes, whereas 
an the south sides, particularly on Lakes Chsuekuhnli and Hulik; 
the valley walls are abrupt and &pp. The bottom of these three 
lakes are dm believed to slope southward, so that the deepest water 
lies closes to the south sides. These features are probably due to the 
gened southward dip of the rocla, which in this area of the mast 
severe glaciation caused the erosional action of the glaciers to be 
accentuated along the aout;h walh of the valleye. 

Much of the country surrounding the lower ends of the lakes is an 
undrained region of morainal material, dotted with m a l l  lakes. The 
glacial action is believed to have been most severe in the latitude of 
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UES Chauekuktuli and Nuyakuk, and it is here that the prewnce of 
morainal material is most marked. The lowland in the valley of 
the Tikchik River is an outatanding example of a pitted plain, 

Y formed by the dumping of detritus by a melting glacier. Paren- 
thet idy ,  it may be added that the hills that atmd Tikchik Valley 
on the east are believed. ta mark the eastern limit of active glaciation 
in this area. The glmiera may indeed have overridden these hills, 

/ - as they appear to have overridden Tikchik Mountain, but mribinly 
they had little erosive power east of these bills, and it is not blieved 
that they reached the preaent site of the Hush& River. In the 
country closely examined by the writer few of the more distinctive 
forms of glacial debris were seen, though along the foreland north 
of the lower end of Lake Chauekuktuli there is a well-defined drum- 
lin-shaped moraine. Similar ridges were observed along the lower 
a d  of Lake Kulik. 

Gravel terraces, which at places give plaoe to bedrock terraces, are 
dm present along most of the lakes, and near some of the lake9, 
these terraces are rather conspicuous topographic features. They 
are composed mainly of sand and fairly well rounded gravel, of the 
game type now visible on the present baches. The= terraces are 
dimtinuoua and occur at levels mging from 5 to 65 feet above the 

7 p m n t  lake surfaces and indicate that the lakes formerly stood  EL^ 
higher altitudes than at ppresent. On Lakes Chrtuekuktdi and 
Nuyakuk two such terraces, 6 and 20 feet above the water level, were! 

q 
seen at a number of localities, md remnants of 1- well develop4 
termes of intermediate height were also observed. ;Similarly om 
Lake Kulik a low terrace at 5 feet and a higher one estimated at 15 
feet were noted. Between Lake Kulik and Lake Beverly is a water 
paswge consisting of the Wild River, which empties into a litt14 
lake known as Lake Mikch~lk, which in turn discharges into the 
Peace River. On the lower end of Lake Mikchalk i g  a well-defined! 

8 gravel terrace, 55 feet high, and along the w& side of the Peace 
River is a similar terrace that varies in height from 10 to 85 feet, 
apparently becoming lower downstream. A low terrace, perhaps B 
or 8 feet high, is well developed at places on Lake Beverly, and on 

* WB Nerka it similar low terrmx and two higher ones, at 25 tte 30 
feet and 36 feet, were also recorded, as we11 as a single remnant of 
s stiU higher terrace, a b u t  60 feet high. ' Lake terraces are probably 
best developed along the lower end of Lake Alehagik, where four 
are pment, approximately 6, 25, 40, and 65 feet above tho present 
water level. T h e  highest terrace on Lake Alehag& a h  continues 
down tb Wood River, where it is wall exposed along the west Bide 
of the uppr  part of the river. Farther down the Wood River this 
higher terrace retreats from the river bank but mBy b be hem and: 
them, particularly along the weat side. In its lower reaches the 
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Wood River widens rapidly, and 5 or 6 miles below Lake Aleknagik 
it clranges from a char-water to a muddy stream. Below the mouth 
of the MukIung River it has a width of a quarter to htllf a mile, 
with low, muddy banks, and is a tidal estuary. At the Wood River 
C a n n e ~ ,  however, two or three gravel terraces are again visible, and 
Snag Point also is on a high gravel terrace. 
No detailed physiographic study of this district has yet been made, 

BO that it is not possible at the present time to correlate these brraces 
with one another and to work out in detail the postglacial drainage 
history of t he  lakes. The major axes of the Tikchik and Wood 
River Lakes trend emt, veering to the southeast toward Nushag& 
Bay. It seems evident, therefore, that them lakes w u p y  old pre- 
glaciaI valleys, which drained eastwad or southeastward to the 
Nushagak Valley, and that the direction of flow of the ice w m  
controlled largely by the form of the pmglacial valleps, though 
locally it was apparently controlled in same measure by the structure 
of the rocks. These ice; streams issued from rt large ice field that onca 
mupied this mountainous province, ~ n d  impelled by constant acme- 
tion of ice in the highland, they pushed forward and downward inta 
the relat.helg narrow preglacial valleys md p d u c e d  by ,qlmial ero- 
sion the p s t  ovedepening now evident in the lake basins. East of 
t,he praent site of ltbe lakw the old preghcial outlets of the v a l l e ~ ~ s  
were filled by moraine and outwash deposits to form the presentl 
Nushagak lowland. By o v d o w  from the lakea, which resulted 
from szrbsequenl; melting of the old glaciers, the water from thesel 
bedrock basins sought new ontlets, which hnve resulted in the present 
intricate drainage system, particularly of the Wood River Lakes. 

B E T l Z E I E r n  m POPuLATrOB 

Snag Point, along the west side of the head of Nushagak Bay, is 
the principal settlement of the Nushagak district, but them are other 
settlements, canneries, 8nd trading posts elsewhere on Nushagak Ray, 
on the Nushagak Rivar, and an Lake hleknagik TWO other settle- 
ments, about 5 miles southwest of Snag Point, a re  known as Dilling- 
ham and Ranakanak, but these villapa mergo into one mother to 
such an extent that they are not wparately recorded in ths Fifteenth 
Census. With regard to Snag Point, Dillingham, and Rannkanak, 
tl curious confusion of nomenclature exists. S ~ a g  Point has a 
fourth-class p t  office, which is known officially as Dillingham. 
The village of Dillingham has a similar post office, known officially 
as KanaJzanak, and the village of Kanakasnak has no post office. Ac- 
cording to the Fifteenth Census:"nnag Point and Dillingham- 
Kanakanak are accredited respectively with 85 and 117 persons, 
many of whom, however, sre natives or half-breeds. About 234~ 

SIT. B, 16th C e n w  Pagalation buII- Xnt m.. A h a h .  p. 8. 1930. 
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miles north of Snag Point, at the mouth of the Wood River, is the 
Wood River Cannery, where there is a native village that has tr 

population of 55. On the east side of Xushitgak Bay there are also 
ip canneries and native villages at Nushagak, Clark Point, and Ekuk 

Spit, with populations sesl~ectively of 43, 25, and 37. Another ns- 
. tive village called Igushik, with a population of 28, is located at the 

mouth of Igushik River. Along the fishagak River are numerous 
settlements of natives, of wbich the largest is Ekwok, or Hurleys 
(population 401, on the west bank of the river, a b u t  6 miles in 
an air line abom the mouth of the Kohvok River. About 23 miIes 
in an airline above Ekwok, on the east bank of the river, is the villaga 
of Nunachuak, which in 1931 had a population of about 25 natives. 
Akokpak village, wit11 rr, population in 1931 of about 20 natives and 
a church, is on the west bank of the Nushagak about 3 miles tbir lhle 
upstream from Nunachuak. Kolispnek village is at the mouth of 
the Nuyahk River, on the southwest bank of that stream. It also 
has an old ~ussian church and in 1931 had a population of about 25 
natives. In recent years severd white families have established 
homes on Lake Alehagik. Most of these families have located at 
or near Mosquito Point, at  the lower end of the lake, and they now 
number 40 or more persons. A post office, called Aleknagik, has ro- 
cently hen established at Mosquito Point. 

P Xaknek, on the. northwest side of the Aleutian Peninsula, is also 
shown at the southwest corner of the n'ushagak map, but in this ro- 
port it is not considered a part of the Nushagak district. According 

1 ta the Fifteenth Census, Naknek has a population of 173 pmna .  
Snag Point, is tho commercial center of the Ynshagak district, for 

here are located two trading companies, one of which dso operates 
a floating cannery off Dillingham during the summer. Another can- 
nery is located 3 Snag Point, snd the proximity of the Wood River 
and other nearby canneries also brings business to the town. Snag 
Point has two mstatlrants and two small motion-picture hdls. There 

2. are also atoms at Dllingham, Nnshagak, Clark Point, and Ekwok, 
and one man maintains a part-time trading post at Nunachuak (new 
village). X m a h a k  is the site of a Government hospital, a radio 
station operated by the United States Signal Corps, and the Federal 

C- jd. The Government hospital has a staff including a doctor and 
two professional nurses, aided by several native girls. Three radio 
operators axe maintained at the radio station at Kzn~k,kanab and one 
of these men records the weather conditions for the United States 
Weather Burem. For the Snag Point-Dillingham-R~nakaak area 
there am also a United States commissioner and B United States 
deputy rn&rsh1. 

Schools are maintained by the Territory of Alaska at Snag Point, 
Dillingham, Nushagak, and Mosquito Point. A Federal school for 
natives is located at E h o k ,  on the Xushaph RRer. The Alaska 
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Game Commission also has a game warden who makes his head- 
qaarhrs at Snag Point, and during the summer the Bureau of Fish- 
eries has men in thia district for patrolling the fishing grounds of 
Bristol Bay to see that the fishing mgulstions am obyed. 

Bristal Bay is closed to navigation in winter, but during the 
summer Snag Point and D i l l i a m  are served by &amhips from 
Seward and from Seattle. Five monthly trips, in May to Septembr, 
inclusive, are made by the shamship S t m  of the Alaska Steamship 
Co., from Seward to Snag Point. The power schooner Tupper, 
which makes two summer trip from Seattle to Bethel, also puts in 
at Snag Point. The freight rate in 1935 from Seward to Snag 
Point, via the #taw, averaged for general merchandise about $17 s 
tan, plus lighterage and wharfage. Lumber, imported from Seattle, 
sells for $50 5 thousand feet ; fuel oil for 10 cent a e gallon ; and wsl 
for $22 a ton, or $1.85 for a 100-pound sack. 

For rapid transit, prtrticularly for passengers, a weekly airplane 
aewica. is maintained by the Star Air Service between Anchorage 
and Snag Point, the one-w~y trip taking 8% hours, as compared with 
10 days on the Stam between Sewad and Snag Point. The airplane 
one-may fare is $75. The steamship fare is $70. Otlier airplane 
compariien operating out of Anchorage alao make occasional, trips 
to Snag Point. In mmmer the Star Air Service has en emergency 
air mail m n h t  for the weekly delivery of first-class mail only, but 
second- and lower-class mail is del ived by the steamship StQPr. In 
winter, however, all mail is transported fortnightly from Anchorage 
h, Snag Point by airplane. The airplane companies allso handle 
express and other packages, charging 38 cents a pound from 
Anchorage. 

An automobile road, surfaced with gravel, was built in the summer 
and fall of 1934 between Snag Point and Ranakanak. The inter- 
vening country is twampy, so that some atretches of the road had to 
be planked, but in genaral road building in this district is favored 
by the presenca of plenty of, available p e l .  A gravel pit was 
opened about halfway between Snag Point and Kanakanak for the 
building of this road. Another automobile road has been planned 
between Snag Point ~ n d  Mosquito Point, by way of the Wood River 
Cannery. Even if all of this road is not built, the stretch between 
Snag Point and the Wood River Cannery wilI ba most usaful, not 
only for those miding at  Wood River, but aIso for the inhabitants 
of M q u i t o  Point, who aften find the watsr trip in small boats from 
the mouth of the Wood River to Snag Point to be hazsrdous and 
unpleasant, on mcc~unt of advem tides and winds. 



Most of the loat travel betmeen Snag Point and outlying p in t s  
is done either by boat or by airplane. On Nu3h-k Bay and the 
Nnshqik Ri-r many mall h a t s  are u d .  Airplane travel, haw- 

= ever, is rapidly h o m i n g  a favored mode of transportation, and 
trappers, prospectors, and cannery people are now using airplanes to 
an increasing extent, both far local transportation and freighting 
and for ^longdistance travel. The airplanes operating in and out 
of Snag Point am all equipped with pontoons, as there is no landing - 
field at Snag Point, but it is doubtful if a landing field is much 
dssired, as the airplane opmtors prefer to be on pontoons, because 
the presence of so many lakes and other bodies of water between 
Anchorage and Bristol Ray affords s great number of emergency 
lwding fidds in case of motor trouble, 

Climatic records have been obtained by the United Ststes Weather 
Bursau la at DiUingham and vicinity sinm 1881 and at h'ahek since 
1917. At neither of these places, however, has a. continuous record 
been mainhind since the establishment of the stations, but both 
series of records we adequate for obhining good aver- of the 
precipitation, snowfall, and mean temperature. The available data 

P up to and including 1933 have been assembled and averaged, and 
the table given blow represents a summary of then data. 

Man mdplbtSon Mum m m  Mean i e m m  
(WH) (M-1 (* P.1 

M 

J-.-.- ................ --- -------- 1.76 168 1I.P .... Fern., ...................... 1.M 1.14 16.7 10. t 
M W C ~  ................................... t w  LM ar. a z1.6 
A ril ..................................... 1. n .sl 23.2 $3.2 
d87 ...................................... 1.82 1.71 40. 9 42. 1 
3uw ...................................... 1.81 L M  M1.8 
July ...................................... 880 3.m M 2  W.0 
Au~uSt ................................... 4.00 a 5.5 M. 5 M.O 
@aptember ................................ 413 8.M 
octohoc ................................... 2 6 5  .28j a2 . a  8.i. R 35, 8 
Novombw .... .. .......................... 1.74 21.7 
Demrnbr* ............................... 
Annual.--, ............*.....*.*.......... 

I R s m r d p t l w ~ ~ I P 1 P * * l ~ m t F o r t ~ d ~ ~ t h e ~ t s i t a o t N ~ k ) , 1 m n ~ w u t b ~  
-.-.rn.e---- 

During the field wason of 1935 the writer kept a daily m r d  of 
the hmpersture, using s maximum and minimum themnometar, which 

i 5 m m . w  oC the elltMt~Ias!cal reeorcTr a t  Alaska, aectlme: 0. 9. Weather Bar. 
BmU W, 2d eb. =I. S, 1928; also Climatolaglcal ants, Alaaka aectloa, wle. %I9 1922-33. 
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mas read morning and evening when it mas practicable to do so, 
For a pxiod of 76 days, from June 17 to August 31, this record is 70 
percent cumpIete, md inasmuch as the daily variations in tempera- 
ture in this district during the summer are not gmat, the m r d  
is believed to give a fair avemp of temperature conditions in the 
lake region during the summer days and nights. 

This record is p m n t e d  below : 

From them dimatic data it will be wen that the precipitation, 
though light m compared with that in southeastern Alaska, is more 
than twice as great as it is in the upper Yukan Valley. Moreover, 
abut  half of the precipitation falls in the months of July, August, 
September, and October, which constitute the rainy senson. The 
smallest precipitation occurs in April. A record kept by the writer 
during the field season of 1935 shows that there were 30 days in the 
period from June 17 to August 31 whrm it rained dl or a considerable 
part of the day. In figure 3 snowfall has been reduced to its equiva- 
lent amount of water by t he  conventional method used by the United 
States Weather Bureau, regarding 10 inehes of snow as the equiva- 
lent of 1 inch of wabr. This method of plotting ma468 it possible 
to compare snowfall with total precipitation, and it will b noticed 
that the curve of melted snowfall in this district though nearly paral- 
lel with the curve of precipitation for the months of January, Feb- 
n~ary, and March, lies uniformly below it. Probably most of the 
precipitation during these hhree months falls as snow, and therefore - 
the two c u m  should be nearIy identical instead of paraIIe1. This 
seems to indicate that a conversion ratio of 6% to 1, i n h d  of 10 
to 1, would probably lm clomr to the truth for this particular dis- 
trict. It is also of interst to learn that the summer period of maxi- 
mum temperature precedes the period of maximum precipitation by 
about 6 weelm, end although this is the usual condition in Inany parts 
of Almka, this intervd is somewhat longer than the corresponding 
interval In the upper Yukon Valley. 

The curve of mean temperature shows s rather broad, flat peak 
during tlie summer sewn, from the middle of June to the last -of 
August, during which the variation in the mean tsmpmtum is slight. 
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The tabulation of obsefved ternpemtum during the Geld season of 
1935 shows the mms feature. The Bummers are eool, with an absence 
of the occasional w a r n  days of early summer that characterize in. 

e. terior Almka. Thus, during the summer of 1935 the warmest day 
noted by tho writer was July 3, when the temperature on Lake Yuya- 
kuk m to S O 0 ;  but there were only 8 days when the tempatum 
lase to 70' or more. The srzmmer season is also longer tban in in% 

d - rior Alaska, and frost is uncommon after June X and before Septem- 
ber 1, though during the night of August 12, 1935, the temperature 
on Lake Nerka dropped to 30'. The p a t e s t  extremes of tempera- 
ture that have been recorded at Dillingham and Nushagak, from 
1881 to 1919, am 80" and -54'. 

4 Fmom 8 . 4 m e a  8 h d n g  mmn grPCIpIFAtton. mean BnOaTaU, and mean temperarate rt 
-barn. 

The Wood River breaks up the first or second weelr in Map and 
free= in November, but the ice persists on I a k ~  Alelmagik for 3 
weeks longer, and sometimes the lake is not entirely free of ice 
until the middle of June. No data are available for the disappar- 

b ance of the ice on. the Tikchik Lakes, but when the writer landed 
by airplane on Lake Cllauekuktuli on June 14, 1935, the upper third 
of the Inke was still covered by ice, tliougl~ this ice was honeycombed 
and rotten and disappeared cornpleteIy within the next 4 or 5 days. - The Nushagak Rives also breaks up the first or second week in 
May and freezes anywhew from the first to the third meek in Novem- 
r During the winter thick ice forms along the shores of Briatol 
Ray and its headwater arms, ~nrl this ice, which is dislodgod by the 
tides and wind, mills ~ronnd  in these shallow waterways as dan- 
g~mus ice floes. Nrrshagak Ray is therefore closed to navigation 
about the first of ~overnber but is usually reopened by the later part 
of May, though sometimes not until the middle of June. The same 
is generally true for Kvichak Bay. 

88- 
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Spruce, poplar, and birch are the three common types of trees that 
grow in the Nushapk district. Plate 8 shows the approximate 
distribution of timber. The foreland facing on Nushagak and 
Kvichsk I5qs is in general timberless, but a scattered growth of 
sprnce hgms near Snag Point and continues northward as isolated 
patches to the lakes. Spruce and poplar grow.along the lower shores 
of all the lakes and on Lake Aleknagilr continue to the head of the 
lake, but the upper arms of the lakes north of Lake Alebagik are 
free of timber. Birch is found mainly farther back on the forelands, 
near the base of the hills. In  general, timber in the lake country 
is approximately coextensive with the distribution of alluvial de- 
posits, where such deposits occur along or closc to the lakes. East 
of the lakes, and also in the low country betwesn the lower ends of 
the lakes, the area is timberless. 

Above the upper limit' of timber in the lake region and even On 
the treeless upper arms of the lakes, a heavy p w t h  of alder md 
willow brush begins, and continues up to an altitude of abut  1390 
feet. Considerable alder and wiHom also grow in the timber, par- 
ticularly along atraam murses and in marshy dapmssions. This 
brush p w s  t o  a haigl~t of 8 or 10 feet and is so dense that it is h a d  

L 
to  trwerse on foot, and pack horses could not possibly bo led through 
5 t  without fimt cutting trails Also, on account of the rain that 
occum in the summer, this b d  on the upland is usually met and 
affords a continuous shower bath to the traveler. C 

Below Black Paint, on the Nnshagak River, only alder brush oc- 
curs along the west side of the river. Ahve Black Point, however, 
a strip of timber about 2 miles  wide grows on tho Aood plain of 
the river and continues upstream into the Nushagalr Hills. This 
timber consists mainly of spruce and poplar, with soma birch on 
btter-drrained parts of the flood pldn. The tributaries of the 
Nushagak, including the Wupakuk River, %re similarly timbered, 
The heaviest timber in the Nushagak drainage basin occurs in tha 
lower part of the Mulchatna ValIey. The Nushagak Hills, except 
for the main river valleys, am timberless. 

Several kinds of wild berriea grow in this e o n ,  of which the 
more plentiful ~ n d  important are the blaebemy, the high-bnsh cmn- 
berry, and the low-bush cranberry. The American red currant, 
thwgh it grows in the region, is not everywhere plentiful. The 
Arctic red raspberry and a dwarf blackberry, or dewberry, am also 
found. In a region like this, where f m h  fruit is mrcs and costly, 
these wild fruits afford a pleasing and welcome addition to the diet, 
not only during the summer, when they are pickd, but also during 
the winter as consemed fruits, jams, bnd jellies. 



Bluejoint grass md other kind9 a€ grams grow lu~uriantly in this 
region. A fern of the more common types of grasses are given in the 
accompanying list of plants. 

A colIection of flowering planti nand soma of the lower t y p  of 
plant life mere collected by tile writer and his asaoeiates in the lake 
region during the summer of 1935. Tile plants were submitted to 
the United States National Museum, whem they mere exarr~ind md 
determined by specialists under the direction of Dr* W, R. Mmon. 
The Compositm wsre determined by S. F, Blake, the gra-s by J. R 
SwaUen, and the remainder of the plats  by E. C.  h n a r d .  This 
collection, which wntains 52 genera and 142 s p i e s ,  by no meana 
represents all the plant life that thrires in the lake region, but it. 
does indicate the plants that are more commonly found. TIM general. 
aapect of this flora is rather different from that of the upper Yukon 
Valley, as is indicated by the fact that only a third of these plant@ 
are the same as those obtained by the writerI7 in a collection of 
similar size, along the Yukon River near the international boundary. 
'She list of plants collected in I935 is presented herewith: 

F l m  of the Tikchfk am? Wood R4ww Lakes 

Powinfame (mat tamfly) : 
Pa ccinia hot hoe11 i i  ( Ran~emal~n) Xtostrnp. Northern arabls mst 

Cladoniaceae (Cladonla family) : 
CZadoniu uncialis (Llnnaenii) Hobman. L i e h a  
Rfmrmrrlun paachalt: 1 Llnnaens) IToffmen. Llchen. 

By-pnaceae (H3pnum fnmiIy) : 
ITupfrm mpresaifomr: LinnReek Feather moaa. 

PoLHricl~aceae (haircap family) : 
Polvtricawn commune Linnaeula Common haircap moas, 

Polppodtaceae (fern family) : 
At h y~'I'1tm omerdmnfrm (Rntters) Maxon. American lady fern. 
Dtynpteris dilakta (Hoffmnn) Gray. Spreadlag ~hle ld  fen. 

- Uqopfenfa Iiawawma 6. Ohristenwn. Oakfern. 
f l ~ ~ t i 8  aOd?&Zo~lZ (&fkhalIX) Nieuwl~nd. 

EqnIsetaceae (horwtalI family) : 
Eqdaet!m m m e  Linnaens. Ffdd horsetafl. 

Lpcopodinceae (clubmoss famfIy ) : 
Lycopadiam ohzm.twn Linnaens Rmlng-plne clnbmolar. 

Potarno~tonaceae (pondneed famfb) : 
Potamgeton pwfoliatus rich.urdamli EennetL W n g - l e a v e d  .pondw& 
potamogotm prill t la Linnaens. Smdl pondweed. 

Poawnc ( ~ r a s s  h m i l y )  r 
Crrlnmngrasifa m~adtutrtis (Mfchanx) Beamok Huejoint gram, 
Rfnrwh?oa alpfira (swart%) Roemer m d  Scbnltea M ~ h e  holy 
Ilfmchloa odomta ILlnnaeus) Bef~umh. Seneca mama 

1?Mertl@, J. B., Jr., m e  Tatondnk-NatIon dfstri* Blmka: Geol, lnrvey BulI. 856, mp, 
8 B W 7 ,  1988. 
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Cgperame (sedge fnmIIy) : 
Curex phgrswarpa Presl. Sedge. 
Carez podorarpa R o h ~ r t  Brown. Sedge. 
Caw* iolrnid W t t  Sedgc, 
Erjophorum chamiaaond8 C. A. %eyer. Rumet cotton grass. 
Pdrpua cacrnltoeaas Linnaene. f i f t ed  club rush. 

Melanthaceae bunchflower f nmily) : 
Veratrum e8chffcholtM Asa Gray. Hellebw. 

LIliaceae (lily family) : 

Btrep toptsa amplcakfolh (Unnaeua) De Uanaolle. Chapiag-leaved W- 
stalk. 

Trfdeceae (his -19) : 
Iris aetora Pallas. Arctic bluetlag. 

Omhidnceae (orchid family) : 
J b f d i m  ronaanzan&anum (Chamiaso) Daniel& Ladiebtrmees. 

lallcamae (d l low family) : 
Poputue tncnmahlmcca Hfller. Bm+fGflead, 
Yoprtltds tt-ichocurpa Torrey and Gray. Black cotton& 
8alirp afmensfa t Andemon) Codlle. Felt leaf wIUow. 
fia7& barcfnM Andersson. Barclny dl low.  
flalfw p~r l chm Chamisso. Diamondleaf willow. 

3fgrlcltceae (bayberry famt l~ )  : 
M~lrdCa onlo Unmeus. Sweetgale. 

BeEulaceae (birch farnns) : 
Betlala prandar1ora 31ichant. Resin birch. 
Jtrlrrla ocridmfnF4s Hooker. mFestesa birch. 

Poly~onaceae (brrckwheat fnmilg) : 
Rumex acetoaa Llnnneue. SmmL 
Rrrmex arctttw8 Middenderfl. Arctic dock. 
Rwrnew m~xicanuu 3letsner. White dock. 

Silenaceae (pink iarntly) : 
Arennrla orc.tira Steven. Amtic aandwort. 
Crraatlum alpdnwm Llnnaeurr. Alpine chickweed. 
M m M c s  phg~0de8 Flscher. 
Moehtingia latm~flora ( Llnnaeua) Fenzl. Blunt-leaved sandwort. 
B t o l b d a  craa&folla Zhrhart. Fleshy stltchwort. 

h'gmphaeaceac (waterlily family) : 
N~mphaea pol?lnapa?a (lqngclmann) Greena Pond Uly. 

Ranunculaceae (crowfoot f nmlls) : 
Amnitum ~ l p h i ~ 4 f n l i u m  Dc Candolle. Monkshoo& 
Anenmne m a ~ e i ~ ~ 4 f l o r a  Llunaeu~. 
A m o n e  paruB$opa Mlchaux. Northern anemone. 
Ammme rfchardsolm6i Hooker. R-ichardmn's anemone. 
B~trarA.lscm flaccddtrna (Persow) Rnprecht. Water buttercup 
Cartha arctire Rohert Drown, Arctic marshmarigold. 
Ranuncvtlu~ veptnna Llnoacna Crecptng buttercup 
ThaIktmm spcsrstflonirn T+rrcaanlnow. Felv-flewrrpd m e e d m a  

Papaveraceae (poppy f amllg) : 
Pmplavw nudicaule Linoaeus. Tceland poppy. 



Brasstmme (mustard iamlly S : 
BmMa ombfprra De Crindolle. Rockrm.  
Campe O r l h o c m u  (Lcdcborrr) HelEer. W i n b r c r a  
Gsmpa plandatllque (C. A. M m r )  Heller. W i n t e m  
Cardam~ne pruten8fa Einnaeu8. Cut%mflower. 
Cardnmine flMrpgirea Chnmls%o and Schlechtendal. Purple cre#a 
Dtrrba boteoiia De Candollc. Northern whitlowgrass. 
Drab nivakk LIljeblnd. Arctic whitlowgmshf, 

Craasulnceae (stonecrop fnmtIy) : 
Rhodioh i91 lrteprifoEia ltnflncqne-Schmfirtz Rolserootl 

P ~ r n a ~ l a c e a e  (ParnaasIa f m l l y )  : 
Pumas& p d a s a t r i ~  Lfnnn~ua. Marsh mas8 of Pamama 

Baxifragrtccae saxifrage family) : 
Hezschcro: plabra Willdenow. Alum-root. 
R a ~ f f  raga bronchitali8 Linnaens. Saxif rage. 
Raxifraga ndrmfnnrm D. Don. Saxifrage. 
Ba@irmga oppoekiffolfa Linnaeuk Purple saxifrage. 
Rlaxifrwm rcrp~/llilotla Pumh. 
Bamirrafla sp#rota D. Don. 

Qroestrlnrfaceac (~oosehrry  famllg) : 
Ribsre tr ia l@ Pnllns. ilmerlcnn red currant. 

Romccne (rose fnmHy) : 
D q o s  octopetah Linntlens. Whlte mountain xlvena 
.ih~etk#iI pectbata (Pnrnh] Runtze. 
Potmttlla ~ P M I I P Q ~ W U ~ O  Pllr~h. Arrtic dnqaefoil. 
Pot~,wtEEila ?rtrrb$cos@ Linnacun. Shrttbby cingnefoil. 

Rp~bug charnamoma Linnneus, BIountaln raspberry. 
BanguJsorba ettchenais C. A. Mer~r.  Durnet. 

?tut?CG4ffa Pr&. 
Rorbrsr 8ambncffoJla Chnmiuao and Scl~lwbtendnl. Mountnh-a&. 
Gpiraen atecrni. IC. Schneider) Rydberg. Meadomweet. 

Fabnceac (pen fnmlly) : 
A~tmgalus  a lpbue  Linnneus. Alpine milkvetch. 
A~#raQahca FZ'itomth3 (Hooker) Rousseau. 
Lupfws~e amticur Linna~us. Amtic lupine. 
Ozplropis rarapestris ( LEnnaeus) A. I3e Cnndolle. Weld o x y h g e .  
Oxl/tropb- n~wwsesmr8 t PnIlns) Fiwher. Black oxyttopa 

Qemnlacene lermneabli' famiry3 : 
CIerafiirm erianihim Dr! Candolle. CmmsbiU, 

VIoIaccae (vloIet family) : 
Viola M f l W  L ~ ~ ~ R P u B .  I?Ieolor ~ i o l e t .  
Vrola galuniHs LInnneus. Mamh violet. 

Onagracme (emnlng-primrm fnmilg) : 
Epiloblum anngallidifoliuna hmarck. Gottonweed. 
Epllol~ium l a f i f o l i ~ r n ~  Lfnnneus. Broad-leaved willow herb. 

Rdorn~ldnwae (wn tcr mflfoil f ~ m i l ~ )  : 
I!ipflrtri~ w l p n r i s  Linnneus. Blarestail 

Aptaccne Icnrmt family) : 
Corloplerrwim gmellnt (Be hndolle) 1Gedebour. Sea celery. 
Bwackum lanuturn Michnux. Cow-parsnip. 



Andmedm polifolda Linnaeua. Bog memarg. 
' Arclorra alplna (Llnnaemt ) Niedenau. Alpfne besfberry. 

Brarrimanelh sfeIkrIama ( Pallus ) Covllle. Mms bush. 
Ledurn demmbma ( Aiton) L o d d l p .  Narrow-leaved Labrador 1'3% 
Lobeleuria prommlm ( lnnaeus) Deavanx. TraiIfng amlea. 
Phyllodooe oaeuttcn ( B p r q B )  Hellcr. Mauata2nbealh. 
Phvllodocs earnlee ( Llnnaeus) hblogton, Purple mountainheath 

Vacciniaceae (blueberry f amtly ) : 
Voc&nium uligimazsm Llnnaens. Bog blueberry. 
Vaecfniurn vBt$aAdaea Linnnens. Mountain cranberrg. 

Mapemlaceae (Diapemia famllg) : 
Dfapmala Eapponim L ~ M ~ U K  Dia3~naiB. 

IWmuIacene (prlmrow family) : 
Androsoce choneaejanm~ WuMen. Rockjammine. 
Primuta ws?teifolia Mehour. PxIrnmse. 
PreamwEa IIornemann. 
17Tdepebalis arctics Fischer. Bhrflower. 

Gentianaceae (gentjan family} : 
Qentfatso frigid@ Haenke. Genthn. 
Qmdiana giuucc~ Pallns. Ctentlan. 

Menyanf hacerle (buckbean family) : 
bfenvmthes lrlfoliafm Llnnaena. Backbean 

Polemoniaceae Iphlox family } : 
P o ~ i ~ m  ac~rtRmrum Willdenow. Jacob*wIadder. 
Polernmiwn h#mib Willdenow. 

BoragIaaeerte (bonge family) : 
MertmIa p~tricubto (illton) G. Don. Bluebelt. 
Y Y O S O ~ ~ ~  a&perr#rls Schmidt. Alplne forget-me-not. 

Ubiatae ( m h t  family) : 
Ymtm comttenaia L h e b n  WjlB mlnt 

EmophdularlacPae (fkwort family) : 
Lagom rainor (WUIdenow) 8tsodle~- 
PedictiIari9 aw3ica Robed Brown. ArctIC pedicuhdk 
PedicuEaris oapitata A d a m  Capitate pe8lcuEarla 
PedimEads rrerrrfmlor Gmrg Wahlenberg. 
Pedicukrrds aerificizhta Limaeos. Whorled-leaved ~ ~ r L a  
Veronica monnskfoldd Rwmer and Schultes. Wotmsldold'a speedwen. 

Robiaceae (medder fami&) : 
&lJum bweaFe Linnaeua. Northem beantraw. 

CaMfoUaceae (honeysuckle ~ W J )  : 
Znnaso bwealb Lfnnaeua. Twinflower. 
Gum blrcsre ptr bmr Micham. EIderbem. 
Vibzlrnwm paarciflmm Pylaie. Higbbu~h cranbem. 

ValerInnnceae (valerlan family) : 
Vakrlana capllota PaIlaa 

Campnulame (bd-flower famlly) : 
Campanda Iamcarga C h a m h .  



ANIMAL LIFE 

bteraceae (aster iamilg) : 
AchiUeo boreass Bangad. Nortbern y a m .  
Antenna* aamocep h rara De Candolle. BlngZebeaded cat'sfmt 
Arnica chmkamda Leasing. CharnI~.m'a arnica 
Arnica hypwbwealds Ownman. Northern arnica. 
dmfm Zesd~g i i  (Terrey and Qray) Greene. Leaafngs arnica. 
drnfco nutan8 R~dberg. Nodding arnica. 
ArnfctE renodifolltss Lemfng. R~meda-leavd arnica. 
Aster rilidczia Llnnaena Siberlan aslter. 
Er$geron rrniflorua Ltnnaena Arctic edgeron. 
Rolidapo miria De Ctuldolle. Flegant goldenrod. 
&oIidogo multimdIafa Alton. Northern goldenrod. 
Tamaacurn A-om tchabfcum Dahlstedt Hamchatka dandelion. 

The lmpr animals native to this district are caribou, moose, and 
bar ,  but none of them are very p1entifnI. Caribou in mall herds 
were m n  by t h e  party of 1935 near Eqle Mountain, south of Lake 
Nuyakuk; southwest of Akuluktok Mountain, at the head of Lalre 
Nerka; and in the Frog Mountains, between the two branches of 
Lake Nerka. Moose are scarce in the area of the Wood River Lakes 
but are more numerous in the country around the Tikchik W e s ;  
and along the Nushagak River and in the Nushagak Rills they appear 

F to be fairly plentifd, as several were seen by the perty of 1931. Nu 
bears or s i p  of bears were m n  in the area of the Wood River 
Lakes, though some have been reported, In the Tikchik Valley and 
the area around the Tikchik Ltrkes, however, signs of both black - and bmm bear were oherved, but they are rather wmmmon. 
&ny small herds of reindeer were m n  in the Nwhagak district. 

The natives had several herda on the Wood River Lltkes and on the 
Kohok River in 1930 and 1031. Scattered herds of several dozen 
were also seen along the Nudlagak and Nuyakuk Rivers, and more 
than a hundred were men in the vaIIey of the Tikchik River in 1931. 

3 Thm scattered herds wem apparently wild and were undoubtedly 
strays from the native and Lapp herds on the Kuskokwim. 

The more common of the smaller animals are beaver, mink, lynx, 
wolverine, fox, porcupine, land otter, and muskrat, but only certain of - these ars of much importance as s source of commercial fur. In the 
lake region mink is the main catch, though some lynx and beaver are 
also taken. East of the lakes, however, in the Nushagak Valley, and 
particularIy on the Mdchatna, bwrver and fox are plentiful and con- 
stitute the main murce of commefid fur. 

Geese and ducks nest in this district and are seen at da~omd 
locahties. Sea gulls also nest on the islands in the lakes and arc 
very common. On Nushagak Bay m d  along the larger rivers the 
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Arctic tern, jager, marsh hawk, kingfisher, whistling swan, and 
mind-hill crane mere noted by P. I. Davison; and in the Tikehik gnd 
Wood River Lakes he observed the common occurrence of the golden 
eagle, bald eagle, craw, magpie, woodpecker, raven, and camp robber, 
as well as aeveral apecies of thrush, plover, and loon. l h k  and 
willow ptarmigan and spruoe p u s e  live in this district but do not 
seem ta be plentiful. 

The Tikchik and Wood River Lakes afford ideal. spawning grounds 
for salmon, and it is largely for this reason that Bristol Bay and its 
arms have become the greatest red-salmon fishing grounds in AIasktl. 
9% salmon first appear in the lakes in June, but in July and August 
hundreds of thousands make their way upstream to the lakes to 
q a m  and die, so that by fall the shores of the rivers and I d e s  am 
IiteralEy lined with dead salmon. The lakes are also the habitat of 
dolly varden, rainbow, and the l a r p  mackinaw trout, though tho 
last-named were seen only in the Tikchik Lakes. As the trout feed 
upon the eggs of the salmon, the Alaska Game Commission has 
placed a bounty on each dolly varden t ha t  is killed, in order to con- 
serve the salmon. Gray@, whitefish, md pike are also caught in 
nearly all the rivers a d  lakes. 

Salmon-fishing is the main industry of the Nushapk district. 
The earliest commercial fishing by whites in the Bristol Bay region 
mas done for salteries, operated by the trsdhg companies, perticu- 
larly by the Alaska Commercial Co. st Fort Nexnnder. Later, 
when the canning of sahnon began to be carried on extensively, thb 
region scan became one of the most important dishing grounds in 
Alaska. At present a lnrge part of the population derives its i n m e  
directly or indimt1y from the fisheries, though considerable tmp- 
ping is also done. Many salmon are also dried, salted, or canned 
for local use, and these a£€ord an important soum of f d  for the 
population of this district. 

QEOLUQY 

The rocks of the Nushapk district are predominantly sedimentary 
rocks, with minor bodies of igneous rocks. On Lakes Chauekuktuli 
and Nuyakuk, Carboniferous m k s  of Permian and pre-Permian age 
form the country rock, but from Lake Nuyakuk southward to  tho 
lowland north of Nushagak Bay a great thicknm of Memzoio rocks 
is exposed. Along the south share of Lake Nuyakuk aome rocks ofi 
Upper X s s i c  age have been identified, but, for masons presented 
blow,  most of tlie other Mesozoic rocks to  *he muth are believed 
to be of h w e r  and Upper Cretaceous age. The bedmk that forms 
t he  Nushagak Hills appears to be dominantly of Upper Cretaceous 
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age. T h e  surface deposits throughout the remainder of the district, 
and by far the larger part of it, consist of unconsolidated or slightly 
consolidated deposits, made up of marine Tertiary sediments and - - Quaternary morainal debris, outwash deposits, and stream-laid 
duvinm. 

The igneous rocks consist eessentially of basic: volcanic rocks of 
Carboniferous age and granitic intrusives of Tertiary age. Semi 

JI - vwieties of granitic rocks hava &n identified, and it iq considem1 
possible that granitic intrusion took place in two epochs in Tertiaq 
time. There are also a considerable vmicty of dike rocks, which 
range in age from Carboniferous to  Tertiary and in cornposition 
from baic to acidic. 

Rocks that are definitely pre-Permian in age and am believed to 
belong to the Mi~issippian series have bwn found along Ithe shorn 
of Lalre Cheuehku l i  and in the ldls north and south of this I n k .  
These rocks mrrpy most of the ridge country htween Lakes 
Chanektrktuli and Xugakuk, except for narrow &rip northeast of 

w Portage Arm, where Permian voolcanics and sedimentary racks occur. 
~orth-of  Lake Cha~~eknktuli the Mississippian ( 1 )  racks extend for 
~tn undetermined distance, as the three northern lakes of the Tikchik 

C p n p  have not been visited. 

The rocks of this series consist of chert, cherty grit, and con- 
glomerate; quartzite and quartzitic sandstone, weathering locally to 
a red ferruginous variety; a gronp of argillamus rocks, including 

?& 
shale, slate, and argillite ; and limestone and calcareous andstones 
and shales. These- rocks are cut at places by dikes of basic and intar- 
mediate composition. Sheared tlnd semischistose varieties of all t h m  
mka also occur. 

No complete stratigraphic section sf these rocks e m  b given, first, - because a considerable part of tho seqnence lies under the lakes, and 
second, because the slopes of the hills nre covered by h e a v  brush up 
to an altitude of 1,500 feet. The rocks seen, therefore, are those that 
crop out along the shores of the lakes and on the upper hill sIopes and 
ridge summits. From the exposures examined, hewever, it is be- 
lieved that chert forms a major part of the sequence. These cherty 
rocks have a considerable variation in color, in the character of the 
beds, and in their structural features. A large part of the &chert is 
dark gray to nearly black, but light-gray, cream, brown, and red 
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chert was also obmrved. ,Much of the chert is maadve, wi th  a hacktg . 
fracture, so that the thickness and structure of the beds are inde- 
terminate, At some places, however, dark-gray chert occurs; in thia 
beda, but at other localities alternating beds of light- and dark-gray 
chert were observed to form a banded sequence. Usually the chert is 
much fractured, and to a considerable extent the m~llt ing cracks 
are filled with chatcedonic quartz, forming a system of reticulating 
veinlets. In places, beds of very fine-grained light-colored quartzite 
am associated with the chert in such a way ns to  suggeat that they 
have been formed by tb rwqstallization of chert. Sheared and 
pemischistow phasew of the chert were also obwrved, 
To illustrate the dominance of the chert and cherty gr i ts  and con- 

glomerates in this series, a partial &ion is given from the southeast 
slopes of Onp~tvak Mountain, north of the lower end of Lake 
Chauekuktnli, to  the north slopes of the mountain just north of 
Ongutvak Mountah The strike and dip in this section are some- 
what variable, but in general the rocks dip southward, so that the 
youn* mks appear at  the south end of the section. On ascending 
the southeast spur of Ongutvak Mountain, the fiFst exposure above 
the brush line is shale, cut at one place by a p n s t o n e  dike. Chert 
begins a short distance up the slope from this dike, about 860 feet 
~ertimlly above the lake, and with an increasing proportion of chert 
grit and chert conglomerate continues almost itto the east summit of 
Ongutvnk Mountain. The chert of this sequence is light to dark gray 
and is greatly fractured and veined. The gritty and conglomeratic 
phases consist essentially of subangular to rounded pieces of chert, 
from some tho size of a pinhead up to  pebbles 2 inches in diameter, 
set in, a sandy matrix. Up the bill from these cherty mcks, but 
stratigraphically below them, dark-gray sandy shale and slab, to- 
gether with gome quartzite, appear and continue to the Oop of the 
east summit. The chert and chert conglomerate, however, form the 
west sumnit of Ongutvak Mountain. North of Ongutvak Mountain 
b t h  massive and banded dlert reappear, but still farther north, on 
the north s l o p  overlooking the lower end of the Allen River, a 
prominent band of fine- to medium-grained recrystallized limestone 
crops out, followed to the north by more slaty and quartxitic rwka, 
StilI farther north more crystalhe limestone occurs, but it is best 
exposed at the base of the hills to the west. 

A possible continuation of thia gequeuce, downward in the &ion, 
appears on the ridge west a€ a creok that enters h k 0  Chauekukdi 
from the north, about 8 milea down tha lake from Shadow Bay. 
On this r i d e  cbsrt and one band of lim-ne are poorly exposed 
in the Iower slopes, among some brush-m~emd irregular knobs. T7'p 
the hill, but gtratip2>hicaUy b l o w  thw rocks, argdlite and intru- 
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give W n e  wers found, followed by more cherk, which in turn 
is followed by quartzite and quartzitic sand~tom to the top of the 
spur. - - Dark-gray fa black massive chert crops out dong tba steep muth 
shore of Lake Chauekuktuli, southeast of the creak above mentioned, 
and continues up a spur to the southeast to an altitude of 1,200 feet 
above the lake. Above this chert, both topographically md strati- 

I - graphically, occur quartzites and calcareous sandstanes, overlain by 
mlcawus shales. Still farther south black chert reappears and 
continues to the top of the spur. The general appearance of the 
country south of Lake Chuekuktuli, where tl1w rock were seen, 
is shown in plate 9. 

Bands of limestone form the only recognized horizon markem 
within this sequence of rocks. In addition to the lmalities already 
described there is one plnce along the north shore of Lake Chauekuk- 
tuli and another along the muth shore, farther up the lake where 
limestone crops out. From the outcrop on the south shore the lime- 
stone was traced eastward for a short distance, and also southeast- 
ward intermittently to  the Permian limestone. 

Along the west side of the creek west, of Ongutvak: Mountain, one 
bnnd of limestono is partly exposed in a steep bluff. Here the lower 

I part was found to be a dark-gray massive variety, weathering white. 
The central part of the limestone band is characterized by thin, dis- 
continuous clerty bands and bnses, interbedded with kh~ limestone. - The upper part is an impure limestone, appnrently overlain by chert. 
FinaUy, the same type of limestone was found along the north shore 
of Lake Nuyakuk, and also among some islets just offshore, at a 
locality about 5 miles north of Eagle Mountain and just east of the 
Pemian volcanic rocks. Here the limestone dips northwad and 
is clomly associated with chert and chert conglomerate and is i-lf 

1 
impure and much silicified. At all thtm localities the limestone is 

+ more or less recrystallizsd and varies from dark gray to white or 
cream, the wlor depending upon its degree of recryskallization. From 
thase dewriptiom of the limestone, and from its OCGurrences plotted 
on the geologic map, it seems probable that two or more well-defined - ban& Lie about midway in the known section of the Mi&ssippian ( 8 )  
mks.  

mvemw mn raraglaEss 

The strike and dip of the Mississippian ( 8 )  rocks were observed 
at numerous localities, but they mere found to be highly variable. 
The strike in particular varies p t l y ,  ranging from R. 20" W. to 
8. 20" W., but the mean of 27 observations was found to be about 
N. Ti'" W. The directions and frequency of these !3' strike obwma- 
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tfons are shown in figr~re 4. This mean &&ion is not exactly that 
indicated by the general twnd of tbe limestone bands, which seems 
to run gamewhat soutll of west, though parts of the limestone show 
an east-west trend. The cropping of the limesdone may give a better 
idea of the general trend of these rocks, but, on the other hand, 
transverse faults may play un jrnportant part in causing the  aria- 
tion between the avemp observed strike and the regional trend of 
the rocks. Positive evidence of such trensvem faults waa observed 
at  one locality along the north shore of Lake ChaueEruktuli, about 7 
miles below Shadow Bay, where a fault with a sinuous trace but 
striking in general N. 2 5 O  W. and dipping steeply northeast can ba 
seen along the shore and extending out in to  the hard-mk b t t o m  of 
the lake. This fault is only a short distance east of a cropping of 
highly fractured and marbleized limestone along this beach, and it 
is likely that similar but concealed f~u l t s  are also present in the near 
vicinity, marking a zone of transverse faulting. Another transrerse 
fault is indicated in Shadow Bay by the fact t,hat the Permian limo- 
stone does not crop out a l o n ~  the south aide of Shadow Bay, though 
it crop out: on the north side and in the hills south of Slladow Bay. 

Under any interpmtntion the strike of the Mississippian (?)  mks 
is roughly east-wmt, nnd this direction, or any maderste variation 
from it, is markedly at variance with the genarnl strike of the Per- 
mian limestone and the overlying. Permian volcanic rocks, which 
trend about N. 30" W, 

In earlier publicntions dealing with the geology of interior Alwka 
the writer has severaI timcw stated that no structural unconformity 
had been definitely recognized within the rocks of the Carboniferous 
system, nor between the Carboniferous and tho overlying Trisssic 
rocks, The sequence of rocks here described, however, shows that a 
definite structural tlnconfomity exists between Ule Mississippian ( 03 
and Permian wries and raises the question whether similax structural 
features may not be present at other places in Alaska where the 
opportunities for structural observntions nre less favorable. 

About 76 percent of tho obsewations of structure in the Missis- 
sippian ( I )  rocks indicate a sduth~vnrd dip that rangea from 20" 
to 90". The remainder show ra northward clip with a similsr range 
in magnitude. If the southward or dominant d i p  are regarded as 
positive and the northward dips zhs negative numbers, their algebraic 
sum is found to ba about 80" S., which may represent roughly the 
pneral tilt of this whole sequence of beds. That is, the folding is 
such that if no faults were present a stratigraphic section of about 
1,80 feet would be exposed for every mile traversed across the drike 
of this series in the area immediately north and south of Lake 
Chauekuktuli. Faulting, however, is known to have mrd in 



Bfooas 4.-DlrecUons oP atrlke o b m e d  In MisaiUppian (? )  rocks. 
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these M s ,  though its effects are at  present indeterminate. This, to- 
gether with the fact that some of these rocks adjacent to Lake 
Nuyakuk have not been studied and t h e  additional fwt that fie north- 
ern limit of the Mississippian (!) series has not been recognized, 
makes it impossib1e to give any definite staterrlent regarding the thick- 
ness of thesa mh; but, it seems probable that several thousand feet 
may be present. 

AGE AX0 QORRELATTOW 

No fossils have been found within the so-called Mississippian ( 8 )  
sequence, so that on dbxt  paleontologic grounds its age is indeter- 
minate. The structure of these rocks, however, shows that they lie 
unconfomably below the Perminn limestone, w that they are def- 
initely pre-f ermian in age. That they are not Pennsylvanian can- 
not be de.monstratd, but this conclusion is indicated by the fa& 
that these rwks do not appear ta bs of terrig~nous origin and that 
marine Pennsylvanian rocks are practically rrnlaown in M d a ,  ac- 
c o w  to the many fossil debminations that have been made by 
43. H. Girty, of the Geological Sumey. It is therefom inferred that 
these rocks were laid down either during the Miskippian epoch 
or earlier. Devonian rocks occur at many places in interior and north- 
ern Nsskrt but am almost entirely absent from southern Alaska For 
this reaaon, and also because the litholom comeponds fairly well 
with parts of the Mississippian sequence exposed tit other places in 
southern Alaska, it has soomed best t o  designate this srjes as prob- 
nbly of Mississippian age, the doubt being indicated by the addition 
of an interrogation point, 

T*he Permian r m h  of this region are b e l i e d  to  comprise two 
well-defined formations. The lower one is limestone, This is be- 
lieved to be overlain conformably and in fact to grade upward into 
v~lcanie rocks, which likewise are considered to be, st least in part, 
of Permian nge, though they may range upward into the Trimsic 
system. 

-om 
1L 

Dl-OR 

Permian limestone has been recognized in this district only at the 
head of Lake Chanekuktuli and in t h ~  hills between the heads of 
Lakes Chsuehktuli and Nuyakuk. During the season of 1035 this 
limesane was examined only at two localities, one along the eat& 
&ore of Shadow Bay md the other north of the head of  Portage 
Arm. These and long-distance. observations  haw that this limestone 
crops out as a narrow h n d ,  whose trend ranges from N. 20" W. to 



N. W0 W. but averages about N. 30" W. over its h o v n  distribution 
st the surface. It is mapped for a distance of 62 miles, but it un- 
doubtedly extends farther northwmt into the rugged mountains of 

-. - the highland province. 

. J 
The Permian limostone is a cream-colored to yellowish limmtone, 

weathering brown, which is more or IEES rec@aIlized but neverthe- 
less contains many well-preserved fossil inpertebmtes. No A s  other 
than limestone are known to lie at the btw of the Permian limestone, 
but along the west side of Shadow Bay some slaty m h  are exposed 
between the limestone and the overlying wlcsnic rock. These slates, 
hovever, m u r  at a locality mhem faulting is h o r n  to have QG 

curred, and their present position may therefom be due to this cam.  
North of Portage Arm She upper pnrt of the limestone form~tion in- 
cludes beds of iron-stained impure limestone, some of which has 
bean found under the microscope to contain laths of feldspar and 
fragments of bnsaltic rock, toget her with secand%ry minerals, mostly 
chloritic, whiclk are derived from tha alteration of basio volcnnic ma- 
terial. Whether these volcanic fragments are ejectnmenta that fell 
into the sea while the  1imaston.e was in process of formation, or 

w whether they were transported by streams and distributed offshore, . 
cennclt be determined. But evidently Permian volcanism had begun 
before the e p h  of limestone deposition ended. Some of the hpma- - titic limestone, at the top of the Permian ~dimentary seguenca, hsa 
slm been found under the microscope to be fossiliferous. 

Practically no structural data on the Permian limestone have been 
obtained, beyond the fact thak the main band of this limestone in 
S h d o w  Bay strilra N. 20' W. and dips about 30' W., under the 
rocks that lie west of the limestone. The general trend of the lime- 

-. stone, however, measured from its two ends, as shown on the map, is 
7 N. 30" W., but faulting undoubtedly has had some MUBRCB in deter.. 

mining thie tmnd. 
No measurement of the thicknem of the Permian Iimestone wag 

made, but from ib croppinga, together with its ohmed structuw, - its thicknms i s  believed to be between 500 and 1,000 beet. 

Two collectionrs of fossils were mado from the Permian heston$ 
one along the east side of Shadow Bay and the other in the hills north 
of Portnge Arm. These fossils mere examined and idmtified by G. H. 
Girty, of the Geological Survey. The numbers and Iwalitiea of them 
collections, together with Dr. Girty's report themn, are given 'below. 
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UhFdt23 (ISIOW) . Ehadow Bay, at the bead of Lake Chanekaktnll. Polnt along 
northeast dde of Rbadow Bay, about 0.9 mile from entrance of bay: 

Csinoid stema 
Rhombpora sp 
Prdnctus I L i n ~ n c h s )  d. P. schrenkt. 
Productns (Horrfdonfa) d P. timrtnIcu& 
Productns cf. P. umlicns. 
Productns ( Ecblnoconchns) cf. P. iasdatus. 
Prcductua (Pustula) sp. 
Maranifera aaganli? 
Marginifera ci. M. typIca var. septentrionalis 
Spiriferina ct. 8. laminosa. 

85AMt536 (8008). Red HiIIs, a gronp of hiIls lying between Portnge Arm and 
the west end of Lake Chauekuktuli. About 1 mile northeant of the nortliwaat , 

end of Portage Arm: 
Znphrentis ~ p .  

Rhombopor~ sp. 
Chonetes cP. 0. granulifer. 
Chonetes ct. (3. gelnltrhnua? 
Praductus cf. P. uralicus. 
Prodt~ctus cf. P. grnenewzldtl. 
Productus (Linoprodnctw) cf. P. corn. 
Prnductus (Llnoproductus) cf. P. koninckianna. 
Prductw cf. P. marnmatu& 
Prorl~ictua (Echinaconchus) cf. P. faFdatoa 
Frodnctus (Pnatula) cf. P. tuberculatns 
Mnrg-lnifera ci. M. typiica Tar. txptenttionalia 
Cnmarophorla cf. C. miitabilis. 
Bhpnrbopora m. 
Splrif erella arctic& 

These two collections, though g e n e d y  similar, differ in some 
mi no^ respects from one another in the genera and species included. 
This may be due in part to incomplete collecting but is possibly due in 
some measure to the fact that collection 80%' came from tho lower or 
middle part of the formation, w11ereas collection 8008 came from the 
upper part. In all, about 10 genera and 20 species are mpfesented in 
these two collections, and together these fossils have been definitely 
identified by Dr. Girty as Permian. 

A specimen of the hematitic limestone at. the top of the formation 
was also fonnd in thin section to contain minute fossils, which, accord- 
ing to P. V. Roundy, of the GeoIogical Survey, indude echinoids, 
corals, bryozosns, and foraminifers. 'Shese add nothing definite to  
the determinntion of the age of the limestone but show the presenca 
of a somewhat different fauna which lived near the end of the period 
of limestone deposition, when the effects of volcanism in this diatrict 
may have changed to some extent the chemical composition of the 
marina waters, 

Permian rocks are mrnrnon in southeastern, southern, and central 
Alaska, but it seems unnecessary to  enumerate the many localitieg 
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where ~uch  rocks have been found. Special mention should be made, 
however, of t l ~ e  highly f ossiliferola Permian limestone found by 
Mofit 1"nd 0 t h ~  at the lawst side of Russell Glacier, in the bed- 
waters of Whih River, and of the Permian limestones that are inter- 
bedded with volcanic roclrs, ttnd in fact grade upward into the Nikolai 
greenstone, as described by BI~ffit,'~ in the vicinity of Skolai Crcek, 
at the head of the Nizina River. This locality is a specially pertinent 
one, as it shows the close association of the Perrnisa limestone wit11 
volcanic rocks, sj~lliltlr to what has beell found north of Por t~ge  A m  
in the Nushagak district. Maddren 20 has also reported the accumnca 
of a fowi2ifer.oua calcareous tuff at tho top of a formation of vol- 
cnnic rocks in the lomer Ruskokwim Valley. For interior Alaska 
the Tahkandit limestone, of lower Permian age, as doscribed by the 
wrikr," is a suitable correlati~e, blrt in that area the Permian lime- 
stone appears to grade upward into a later Cnrboniferous formation 
of terripnous character. Similar Pennian rocks are highly devel- 
oped on Ruiu, Kupreanof, Admiralty, and Snemez Idtlnds and at 
other localities in southeosterm Alaska. 

Basic volcanic mks, classifid pr~erically arJ greenstone, crop out 
in a bdt that begins on the north side of Kaynkuk Lnke and extends 
up the northexst side of Portnge A m  and no~th~~estwnrt l  into the 
Tikchik Mountains for an undetermined distance. TI10 wirlth of this 
belt of greenstone is fmm 1v2 to 21/, mil-, and its known extent 
along tha strike is ahollt 15 milea Except in ono small R ~ P A  tl~ew 
rocks do not occur along tho south shore of Nuyaknk Lnke. Green- 
stone brts dm been mapped by Davison along tllo northwest bank of 
the Nuyakuk and Nushagak Rivers, above and blow the village of 
Koliganek. 

BTRUCTt'II& AXD TIiICXRER8 

As these pwnstones are igneoas rocks their lithology and ptro- 
graphic character are statetl in the stlctjon devoted to  jgnoous rocks. 
Few structural data am availabla regarding this formation, ns the 
lava beds am thick and rnaqive and the structure is not readily dis- 
cernible. They lie stratigraphic~lly a b o ~ s  the Permian limestone and 
appear to grade damnward into the limestone, through the medium 

u ~ o f i t ,  F, R.. and Knopf. Allolph, M l n e r ~ l  reaoarcen of the Nabeana-White Elver dia- 
trlrt. Almka: W!. Surrey Bull. 417. pp. 21-24, 1910. 

1nMotT+t, F. R.. Notea on thc amlong of upper Nlzlna Rlver: Beol. Burveg R u l l  813, 
pp. 147-152. 1030. 

mMaddren. A. Q., urrpahtl.shd notea. 
m IIrrtly. J. B., Jr., Qpolm~ of the hgld31rcle &alTkt : aml. S m e r  Bull. SIC, pp. 

121-130. 1930. 
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of tu%accooua beds, which are in part of calcareous character. With 
littla doubt this greenstone strikes about N. 45" W. and dips south- 
westward at about the same angle as the underlying Permian Lime- 
stone, The upper stratigraphic limit of the ,greemtone is not known, 
as it is overIapped conformably by the Mesozoic rocks that lie to  
the. southwest. Judging from the known exposarest however, and 
assuming a, dip of 30°, aa shown by the underlying Permian lime- 
stone, the writer concludes that the minimnm thichess ia  about 4,600 
feet, but tha true thickness may be somewhat greater. 

It has been shown above t.hat the calcareous beds at the. top of the 
Permian limestone, which grade upward through tuffaceous beds 
into the greenstone, fir13 fossilifemus. Therefore, the bnse of the 
greenstone formation is probably of Permian age, but its upper part 
may range u p ~ ~ a r d  into the Triassic, though no data, indicating such 
a range weso found. It is not believed that this greenstone can be 
of late Trinssic or post-Triassic age, because Upper Triassic rocks 
that have no igneous members are exposed along the south shorn 
of Nugakuk Lake; and for other reasons, presented on paps 54-56, 
it ia  not believed that any large volume of Juwssic rocks is present 
in this area. In the absenee of more definite knowledge the green- 
atone formation of the lakes area, has therefore been mapped as 
Permian. 

The menatone that occurs along the southwest side of the N u p -  
kuk and Nushapk Rivers, upstream and downstream fmm R o b  
ganek, is similar in appoarancs to the penstone found st the head 
of Lake Nuyakuk, but as no other hard rocks occur in the vicinity, 
its a p  cannot be substantiated upon stratigraphic pounds. For 
lack of mom definite information, and solely bec~use of it8 lithologio 
similarity to the p u s t o n e  of Lake Nuyakuk, i t  is mmlatd  with 
and mapped as a part of the sequence of Permian volcanics. 

This peenstone is similar in many ways to the Nikolai grwnstone, 
which occurs in the Copper Rirer region. The thicknesii is about 
the same as that of the UikoIai greenstone, and the lavm comprising 
the formation am likewise comparable. Mornover, the Nikolai p n -  
stone in the vicinity of Skolai Creek has been faund by Moffit " to 
ham the same general stmtiwphic relation with Permian l b  
stone as is found at the head of Nuyakuk Lake. This formation of 
greenshne, therefom, is rather definitely correllrted with the Nikolai 
gmnstone. 

=Motat. F. R.. Fotea on the mla$f o f  VQW? N f d ~  R f w a :  -1, Mr*el Bnn. 818, 
pp. 3 47-152, 1930. 
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XBtIBhSSIC SYSTEM 

UPPER 'FRIABma SEEtrES 

Upper Triassic rocks have been recognized dong the south shore of 
Nuyakuk Lake, a short distance west of tlie point about 4 miles east 

k' 
of the entrance to Mirror Bay. Limestone crops out here intermit- 
tently at four places along the beach for a distance of about 1,000 
feeh and the same limestone is imperfectly exposed just back of the 
beach in some low brush-covered knolls facing the lake. Similar 
limestone was found at one place on the spur to the southwest. It 
is not known whether these croppings along the beach represent a 
single horizon of limestone, but they are too small to be shown in- 
dividudly on the accompanying geologic map. They h v e  therefore 
been represented diagramrnaticdly on plate 2 as a single, small body, 
which has been extended sor~theastwartrd to  its lrnown crapping on 
the spur. The site of the Upper Triassic rocks is shown in plate 10. 

The best exposures of the Upper Trimic limestone occur along the 

? 
beach, where it crops out in place and where also much limestone 
debris occurs. The limestone at the west end of these croppings is 
white ta cream and is thoroughly recrystallized. At the east end, 
however, where the limestone crops out for the Jon,&. di~tance along 

r the beach, it is dark gray and only finely crystalline, and it is at the 
extreme east end of this cropping that f o d s  were found. Much of 
this less altered Limestone is pebbly, with the general appearance of 
a limestone conglomerate or limestone grit, but. the pebbly material 
included by the matrix is only in part limestone, the remainder con- 
sisting of chert and h l e .  

s The struckurn of the Upper Triassic limestone and its relation 
to the adjacent country rock are indeterminate, for its eastern and 
western contacts are not visible, and it cannot be traced continuously 
southeastward, as the low spurs are heavily covered by brush. Be - tween the beach croppings some quartzite occurs, but the marbleized 
condition of most of this limestone, together with the structure of 
the nearby rocks, indicates that its present position is the result of 
faulting. The discovery of a similar limestone along the main spur 
to the southeast suggests a general structure comparable with that of 
the Carboniferous rmks on the north side of Nuyak& Lake, but be- 
yond this nothing is known of the stmctum. The thicknes, o b 6  
oudy, is also indeterminab. 
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The fossils collected from the limestme have been examined and 
identified by J o h  B. Reeside, Jr., of the Geological Survey. The 
locality and the identification of these fossils are stated below: 

85AMt63 (17080). Bonth shore of  Nup&~~k Lake, abont S milea north of 
Eagle Mountnin and a qnarter of a mile wesi of a promontory dong the beach: 

Pseudomonottg subcircuIaris Gabb. 
Myoconchal n. sp. 
Pladtes n. BP. 

Mr. Bertside statttes that these fossils are of Upper Triassic age and 
that they are correlative with the Noric stage of the Upper Triassic. 
P ~ d m m o t i a  d d m 9 ~ Z a ~  is a type fossil of the Upper Triassio 
rocks of Alaska, but M?yoconcha has not been repoted elsewhere in 
Alaska. Phcites also, though questionably identified from the show 
of Keku Strait in southeastern Alaska and from a locdity at the 
mouth of the Nation River, along the Yukon, has not heretofore been 
definitely identified from the Upper Triassic of Alaska. These 
faunal variations, though they do not aEect the determination of 
the age of this lim-ne, are nevertheless worthy of mention in rela- 
tion to later work that may be done in this part of so~~thwestem 
Alaska. 

Lower Triassic rocks and, with one possible exception, Middle 
Triasic rocks have not been found in Alaska, but Upper Triassic 
rocks have a wide distsbution throughout tho Territory. The gen- 
eral distribution, chmcter, and fauna of the Triassic rocks of Alaska 
h v e  been given by Martin? and it will suffice here to date that such 
rocks are found in southeastern, mutI~ern, southwestern, central, and 
northern Alaska. 

CRETACEOUS 8YP1TEM 

Cretaceous rucks ~onsti t t~te a major part of the conntry m k  of 
the Nushqak district. With the exception of tho granitic intrusivos 
and cert~in dike mcks they form practically all of the hard rock 
from the south shorn of Nuyahk h k e  to Nwl~agak Bay, md they 
are also the country rock of the Nushagak Hills. 

The C-retacaous rocks have been divided, +or purposes of mapping, 
into two major gmups, which, however, may not be mutually exclu- 
sive. The first goup, designated undifferentiated Cretaceous, in- 
cludes those sedimentary rocks which m u r  in the area of the 
Tjkchik and Wood Rivor L&m, The  second gronp, designated 
Upper Cretaceous, comprises only the rocks of the Nushagalc Hills. 
This separation of the Cretaceous sequence into geologic units that 
are perhaps not mutually exclusive arises from the fact that no fos- 

* IIZBrtiw G. C., The Mwmic stratigraphy of Alaska : h l  Survey Bull. 776, gp.  3-134 
1928. 
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ds of diagnostic value have been found in the rocks of fie Tikchik 
and Wood River Lakes, so that they cannot be subdivided into Upper 
and lower  Cretaceous series, though the Cret~ceous a p  of mod of 
these rmh seems to be reasonably certain On the basis of lithologic 
and structural data, however, these m h  may be subdivided into 
two fairly well defined units, which may or may nok correspond to 
the sk~atipaphic divisions of Upper and Lower Cretaceous. There- 
fore, although the Cretaceous r w k a  of the Tilrchik and Wood River 
Lakes are mapped as s single unit, they are here deserihd as two 
units. The Cretaceous rocks of the Nushetgak Hills, on t31e other 
hand, am fossiliferous, and thoir geologic age has been determined 
as Upper Cmtaceaus. 

'She older rocks of the mdiff erentiatsd Cretnceous assemblage crop 
out at the south shore of Kuyakuk Lake, and except for tho 
Carboniferous and TriaSSic mcks that are exposed in two small areas 
dong this shore, they constitute the sedimentary sequence as far 
soutll as the north arm of Lake Nr:rl<a. More specifically, their 
southern Emit ~ ~ o u l d  be a line running t h ~  length of the nortll arms 
of Lake h'erks and passjrig westward across the western part of 
Sunsllin~ Valley. 

L I T H O W Y  

As a group thcsc elder rocks may be described essentially as im- 
pure quartzite, quartzose grapvacke, and siliceous argillite and slate, 
with which are interbeddctl n minor proportion of conglomer~tic or 
gritty beds and a few thin beds of impure carbonate rocks. Soma 
beds of red and p n  chert nnd siliceous argillite, which crop out st 
the west end of Tikchik Lake, are also probably a part of this series. 

!The quartzih and quartzose graywwlce are dark-gray rocks, which 
occur mainly as massive beds ranging in thickness from a fern to 
many fat. They m e  resistant to weathering and erosion and am 
therefore especially prominent on the lower ridges and spurs, where 
both glacial and postglacial erosion have acted differentially upon 
the country m k .  In some of the U-shaped fiordlike arms at the 
heads of the lakes them harder rocks am nIso mnspicuous ns precipi- 
tous bounding walla on one or both sides. 
In a pot~.ologic classification these massive rocks are J1 similar, in 

that they are composed of a heterogeneous assemblage of quartz and 
other mck-forming minerals, as well as fragments of various types 
of older country m k  T l ~ q  are distinguisllable from the younger 



undifferentiated Cmtaceous rocks in the relatively large proportion 
of quartz which they contain. The qnartzitic m k s  are composed 
dominantly of grains of quartz, although they also contain so many 
mineral grains and rock fragments ithat none of them can be classi- 
fied as ot,her than impure quartzites. Snch rocks, however, have s 
vitreous quartzme appearance, and even in the hand specimen their 
generic character can hardly be mistaken. The quartzose gaywackes, 
on the other hand, contain a larger proportion of these constituents 
called impurities, but still have a much greater proportion of quartz 
than is commonly found in the younger paywnckes f~trtl~er south 
or in the graywackes murring in the region of Prir~ce T'iIliaa 
Sound and the Susitna Valley, where the name graywwke is EO much 
used as a petrographic designation. Obviously, therefore, the im- 
pure quartzites and the quartzose gaywackbs grade imperceptibly 
into one another. Moat of them massive rocks are composod of 
rounded to subangulm grains, which show plainly their orighal 
detritnl character, though in most of them there is sufficient evidence 
of incipient recrystallization to  justify the term quartzite or quartxitic 
mcks. Incipient cleavage is also apparent in some of the massive 
mks ,  but this feature is much more noticeable in the argillaceous 
m k s  of this series. 
In addition to quartz the impure quartzite8 and quartzom gray- 

wackes also contain graina of plagioclase feldspar, commonly much 
mricit id and less commonly albitized; pyroxene, usually augite; 
fragments of older sedimentary rocks, including alate, chert, and 
limestone; lavm of glussy and pnnular types, mainly basaltic, but 
also some of intermedinte snd even acidic composition; iron o m ,  
with hem and there some pyrite; and, most significant of all, some 
orthoclase, original biotite and muscovite, and other rninemla dig- 
tinctive of granitic rocks, together with actnal fragments of these 
granitic rocks. Them rock-form- constituents are mentioned 
roughly in the order of their relative %bundance, brrt no quantitative 
measurements of the variotis components of these rocks have yet been 
made, either by crushing and wparation into homogeneous fractions 
or by aoIumetric estimates bawd upon areal measumments in thin 
section, although an intensive study along these l i n ~  might yield 
some inhresting results. 

These mmive mcks sre fairly uniform in the average size of their 
component p i n s ,  The mineral particles and rock fragments usuaIly 
range from 0.05 to 1.5 millimeter in k, and in some of the hand 
specimens tho detrital character is recognizable without the aid of 
a hand lens, though a lens is useful or n-ry for obseming indi- 
vidual p i n s  in most of these mks .  As above deted, however, gritty 
and conglomeratic phasea are also present, and it is not uncommon 
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to h d  massive grits composed of grains several millimeters in 
&meter .  Conglomerates, however, are rare, 

One conglomerata worthy of special rn~ntion m u m  along the 
- 

muth shore of Nuyakuk h k e ,  about 3 mfIes north and s IittIe east 
of Eagle Mountain This rock contains cobbles and boulders that 
reach 4 feet in diameter and, as might be expected from its proximity 
to the C~rboniferous rocks, the larger detritus consists mainly of 

i /  mnstone  and limestone, though considemble qu~rtz i  ts and chert 
also constitute s, part of the cobbles. The matrix rangas from grit 
and graywacke to more argillaceous varieties. Under tho microscope 
samples of the graywacko matrix were found to consist largely of 
grains of altered feldspar and fragments of gedimantary and basic 
igneous rmks. This mng1omerate lies in or near the same zone of 
faulting that has affected the !Triassic limestone, a short distanoc to 
the wed, and its stratigraphic position, with regard to the rocks 
immediately adjacent to it, js anomalous. It appears to over1 ie well- 
bedded quartzitic rocks that crop out along the beach just fa the east, 
but its lithologic and petrologic character suggests rather strongly 
that it may really be part of a well-defined basal conglomerate that 
marks elm beginning of Cretaceous sedimentation. 

The siliceoue argillites and slates differ from the: coarser-grained 
d and more massive rocks in several respects. They occur in both thick 

and thin b d s  but also commonly show a lamination dong the bedding 
planes, due to the altornation of light-colored and dark-colored rock. 
The lighteralored lnminae arc at some places harder than the dask- 

! colored laminae and stand out in relief, but at  other localities the 
l i g h t e r a l o d  mck is less &tant to erosion, the darker bands 
standing out in relief. Somo of these rocks, particularly the more 
argillaceous varieties, have a weI1-developed slaty deavage, but others 
are massive. 
Petrographically the argi l l ih  ~ n d  slates have many of the char- 

1 
H acteristics of the more rnassi~e coarse-grained rocks, but they are 

mmpomd of finer-grained detritus and contain a larger proportion 
of argillaceous material. A11 thcso rocks, however, are more or less 
siliceous, but the more masive, noncleaving types are the most 

a siliceous. Many of these harder, more siliceous rocks are either 
visibly laminated in light and dark bands or show lamjnation on a 
microampic scale. Where thus laminated the light-colored bands 
are compowi dominantly of fine quartz, together with a smaller pro- 
portion of argillaceous material, altered feldspar, and ion ores. The 
darker bands are dominantly argillaceous. The areram size of the 
mineral grains is about 0.01 to 0.02 millimeter. All these rocks are 
thoroughly indurated, and some of them d ~ o w  incipient recrgshlliza- 
tion, with the development of fine flaky biotite in the more argillaceous 
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types. Some originaT grains of biotite, however, probably derived 
directly h m  granitic rocks, were found in several specimens of the 
siliceous argillites. One specialized type of argillite that occurs here 
and there in this sequence contains hardly any argillaceous material 
but is essentially s h e - p i n e d  quartzom p y w a e k e  ancl differs from 
the other ~ U B P ~ X O S E  paymacke only in the exceedingly fine grain of 
the component minerals. 

Certain red and green cherh and siliceous argillites that are pos- 
sibly a part of thia Cretaceous sequence desewe particular mention. 
These rocks crop out most conspicnoudy on the pninmla that di- 
vides Tikchik and Nuyakuk Lakes, but some of them have Jso been 
found along the south shore of Nuyaknk h k e  and in the hills for 
a short distance to the sorrth, among tho more usual type3 of Cre- 
taceous rocks. One of the red r o c h  of this p u p  pmvss, under the 
microscope, to IM an almost opaque red ~iliceous argillite, in which 
banding is produced by the variable density of hematite along the 
bedding planes. This rock and atliera like it also contain quartz and 
altered laths of feldspar, which occur in graina that are not only 
angular but very irregular in olltline. It is possible that these rocks 
are of ituflnceous origin. The green varieties are likewise h e - p i n e d  
but consist of chalceclonic quartz, chIorites, and carbonates and h v s  
the same origin as the red varieties, if they are not actually derived 
from them. 

A few bods of impure limestone occur among the Cretaceous A, 
but they are rare, inconspicuous, and laterally discontinuous. Some 
of these beds are composed almost entirely of carbonates, but more 
commonly they have as impurities the other rock-forming minerah 
of this scguence, so that they grade from limestone into calcareous 
argillite or graywacke. At most places, but particularly along the 
water's edge, these impure limestones are lighter in color than the 
rocb with which they are interbedded and are to a greater or 1- 
extent dissolved away. Several h d s  or lenses of impure limestone 
from 4 to 12 inch= thick, which occur at one locality along the south 
shore near the emst end of Nuyskuk Lake, were found to mntain 
some imperfect1 J prewrved invertebrates. Similarly along the north 
side of the north arm of Lake Nerh same f o m  m~ggestive of small 
crinoid stems mere found at the end of the little peninsula, southeast 
of Akulnktok Mountain. Evidently these calcareous horizons am 
favorable plams to look for fossils in a sequence of rocks otherwise 
almost devoid of trrrses of organic life. 

In general, the older part of the andifferentiat& Cretaceous 
sequence consists of a monotonous repetition of dark-mlored quartz- 
ites and siliceous graywackes, argilli tes, nnd dates. Lithological'ly 
and structurally thew mks can be diffmntiated from the younger 
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Cmtacmus mks that overlie them and also from the various Car- 
bniferous rockg that underlie thsm, but they contnin no recogniza- 
ble horizon markers. 

These r& are atrongly folded, but on account of the absence of 
prominent beds that can be followed and used as structlrral indexes, 

f - the foliling is not very apparent on a m a l l  scale. It is believed, 
however, that the folds, though universally present, am fairly open 
in type, except locally in zones of faulting and in the vicinity of 
intrusive rock#. Forty-eight observations of strike and dip were 
made, and from these data the average sstrjko was found to be 
N. 83" E. The dips range in magniturle from 20° to 90°, but 67 
p m n t  of them are ta the north, and the algebraic sum of thcse dips 
is 26" W. 

The minimum distance across the strike of these mks is abut 
22 miles. To estimate the thickness of sedimentary beds by apply- 
ing such a mean dip is open to several objections. First, it might 
be questioned whether the recoded observations are really repre- 
sentative of the regional distribution of the rocks, tl~ough the mertns 
of strike and dip werc obtained by two independent observers. One 

.t 
of the= observers worked largely along the laka shores, while the 
other worked mainly dong the summits of tile l~ills; and tho means 
obtained by each worker agee surprisingly we11 with those obtained 
by the other. Yet eren if the use of these mean dips, or the mean 

E sines of theso dips, were justifid for computing the stratigxaphic 
t l~ ichess ,  a more cogcnt objection is the fact that such a computa- 
tion neglects entirely the effects of faulting, of which ample evidence 
was found at  many localities. Most of the observcd faults, however, 
are minor structural features that have caused no large displace- 
ments of the rocks; yet their mere presence suggests the possibility 

5 that larger faults may nlsa be present. In a similar way, urmecog- 
nized effech of close folding may also ba of much importance. For 
these reasons, the mean structural obsewations may not be used for 
deriving any accurate estimate of the true thicknes of the sequence. 

a But in the absence of any btter data they signify grossly that this 
stratigraphic sequene, though folded and faulted, has a general or 
regional dip to the north and that it comprises many thousands of 
feet of strata. 

Both the strike and the dip of the lowor group of t h e  nndiffemnti- 
~ t e d  Cmbceous rocks appear to be rn~rkedly divergent from those of 
the underlying Carboniforoua rocks. The difference between the 
average strike of these rocks and that of the Pennian Iimestone is 
s h u t  67*, and the avemge dipa, thongh of the s m e  order of rnagni- 



iude, are respectively narthward and muthward, EO that the bedding 
planes of the two mries are sharply inclined to one another. These 
facts indicate that a marked structural unconformitp exists between 
the lower un i t  of the Cretaceous rocks and the Carboniferous, as well 
as the Triamic rocks, both of which underlie the Cmtamous series. 
For reasons given below, no wnsiderable sequence of Jurassic rockg 
is believed to be present in this area, though gome may IM infolded in 
the Crctaeeous. The unconformity at the base of the Cretaceous is 
therefore thought to represent a perid of uplift, folding, and igneous 
intmsion, probably accompanied also by mountain building, all of 
which took place during the Jurassic period. Subsequently the Car- 
boniferous and Triassic rocks, much deformad and intruded by the 
gmnitic rocks, were submerged, and the Cretaceous sediments were 
deposited on their upturned and eroded edges 

AQE AAD WB8ELATXOR 

T h e  undiflmntiatd Cretaceous rocks, both in this district and 
elsewhem in southem Alaska, contain fern traces of organic life, and 
in the Nushag& district invertebrntes were found in the lower part 
of this series at only one locality, The exact fossils were determined 
by J. B. Reside, Jr., of the Geologicat Survey, as indicated below : 
35AMt46 (17079). Sonth show of Nuyaknk Mke, 6.3 miles N. IS' W. from 

Ageauk Blonntaln and 8.75 milea 8. 8" E. from Chndchlvak Mountain: 
nfgtilua sp. 

m e  age ia indeterminate, 

The genua JfytiZw is a pelecypd that is known to mnge strati- 
graphically from the Triaaic to the M n t ,  and in AIaska has been 
found in rocks af Upper Trimic, Upper Jurassic, and Upper Cra- 
taceous age. The collection a b v e  recorded has therefore little value 
in determining the age of these rocks, but it indicates the marine 
character of the mdimentation and also shows that some organic 
Ijfe was present in the water from which these sediments were depos- 
ited. 

The best evidence for the age of them A s  is found in the charac- 
ter of their component minerals. It has already been shown that 
minerals derived from granitic rocks, as well as fragments of mch 
granitic rocks, have been identified among the minerds of the quartz- 
ites and pywackes .  This granitic material cannot be the snme as 
that which constitutes the granite and related rocks of Agenuk and 
Akuluktok Mountains, these massa intrude the undiflemntiated 
Cretaceous rocks and are therefore probably of post-Cretaceous age. 
The panit ic  minerals and fragments have therefore been derived 
f mrn some granite body or bodies that existed prior to the deposition 
of these rock  The old& co~mtry rock of this district ia of Carbonif- 
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erous a@, and even for soutllem Alaska as s whole the m t q ' m k  
in general is not dder than Devonian. Henca any early Paleozoic or 
pre-Paleozoic granitic rocks are not likely to ba the sources of this 
granitic material. The only msining ganitic mks  from which 
~ u c h  granitic debris is likely to have been derived are the Coast Bangs 
granitic rocks, which began to be intruded in Middle or Upper Juras- 
sic time. If sufficient time is allowed for erosional processes to un- 
cover such intrusives, which mere injected a t  a considerable depth 
below the surface, it does not seem probable that the lower rocks of 
this undifferentiated assemblage of rocks can be as young as Jurassic. 
On the other hand, they have none of the characteristics of the Ter- 
tiary rocks of southern Alaska, but they do mmb1e greatly the 
Cretaceous m k s  found at many other places in southern Alaska. For 
these reasons this series of undifferentiated rocks has been cunsided 
to  be mainly of Cretmaous age. 

The younger mcks of this undifferentiated sequence, as shown be- 
low, differ both in their lithology and structum from the older rock3 
of the sequenw. In the absence of fossils of determinative value 
these differences, though significant, do not afford sufficient evidence 
for dividing the &es into two groups of h w e r  and Upper Creta- 
ceous age. It is probable, however, that the older rocks of the series, 

T above described, are mainly Lower Cmtaceous. The really doubtful 
matter is vhetller they represent the entire Lower Cretaceous se- 
quence, or perhaps only the lower part of it. 

The nearest rmks of d&nitdy knon-n age with which the older 
? rocks of this series may p~ssiblg be wmlated are those of a forma- 

tion that lies west of the mountainous provinca, in the headwaters of 
the Kanektok River. This p u p  of rocks was called by Spurr " the 
t Oklune series;* and its age was determind on the basis of a large 

. float boulder of sandstone and conglomerate, which contained Aucella 
crmsicoZtia Keyserling, the t y p  fossil of the Lower Cretawoua This 

5- boulder was found on the Km~ekhk River abut 12 miles below Klak 
Creek and abut 6!5 miles west of the west ~ n d  of Lake Beverly. The 
country rock within the area near the site of this boulder is described 
by Spurr as mnsisthg essenlhlly of sandstone, ark-, conglomerata, 
ma carbonaceous shale, grading upstream into massive fine-grained 
feldspathic sandstones. Allowing far possible difference in the d e p  
of metamorphism, thk lithology corresponds rat.l~er closely to that 
of the older rocks of the undifferentiated Cretaceous q u e n c e  in the 
Ndtmgak district. Above the mouth of Klak Creek, however, the 
rocks are dominantly of volcanic character, and as limestones and 

"Spnrr, a. E., A recwnafrrsance in sonthwmterm Alaska ia 1898: M I .  l n r w  20th 
Ann. Rat., pt. I ,  pp. 16%1&9, 1900. 

A dagger (?I preceding a geoldc name indicate. that the name has bwn Rh~ndOnrtd 
or rel- for uae in classification in publieatlonrr of the U. 8. Qeologfcal thrweg. 
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cherti are also mentioned, it is probable that the tOlrZune series, as 
mapped, contains soma rocks that are older than Cretaceous. Never- 
theless, the fossils found on tho south shore of Nuyakuk Lake, we& 
of the mountainous province, on the strike of the older unit of the 
undifferentiated Cretaceous rocks, hwe considerable sipificrincg be- 
cause they bnd to confirm the assignment of these older undif- 
ferentiated roclis to the Lower Cretaceous and hecauw they suggest 
that such rocks continue westward for many miles. 

YOUAQEE BOOKS 

The younger & of the undifferentiated Cretaceous seqnence be- 
gin at the north a m  of Lake Nerka and continue southward for a 
distance of about 40 miles, to the last hard-rock hills in the vicinity 
of the Snake and Weary Rivers. They thus comprise all the sedi- 
mentary h d m k  in the country contiguous to the south a m  of Lake 
Herka and to Lakes Aleknagik and Nuna~augaluk. 

The mks of this younger p u p  are assentially graywacke, argil- 
lite, and slate, which constitutn a, monotonous sequence of dark-gay 
roch witlront any mnspicuous horizon markers. The massive rmks 
of the older p a p ,  as is evident from their vitreous apparance, are 
rather siliceous. The rocks of the Frog Mountains and of the islands 
off Elbow Point, however, obviously differ in composition from those 
to the north m d  are typical graywaclie. The same type of rwk con- 
tinues southward to the lower lakes. 

As generally used by Alaskan geologists, the term "graywacke" 
means a well-indurated dark-colored sandy rwk, composed domi- 
nantly of pIagi0clas~ feldspar, ferromagnesian minerals derived from 
basic mks, and fmgments of darkalored country rock, either 
igneous or sedimentary. QuarLz, though usually present, is not one 
of the principal minerals. The detrital material of such rocks has 
evidently resulted from n rapid rnachanical comminution of the 
muntry rock, with a h i m u m  of chemical decay and suheq~~ent 
transportation. Hence the lime-soda feldspm, ferromagnesian min- 
erals, and fragments of basalt m d  slate, which under ordinary cIi- 
matic conditions would have disintegrated to form ergillaceous ma- 
terial, have been preserved aa detritnl pins, The character of the 
grains shows that these rocks have Seen derived from a country rack 
cornpod mainly of basic lams and intrusive9 and dark-colored well- 
indurated argillaceous rocks. 

The graywackes of the younger group of the undifferentiated 
Cretaceous rmks correspond closely with the typical graywackes of 
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southern AIaska, as defined above. They occur in beds from a few 
inches to many feet in thickness and are nt many places interbedded 
with thinner beds of argillitic rocks. The hand specimens of p y -  
wacke are dark-gray, rnoclerrttely coarse-grained rocks, in many of 
which feldspar and pyroxene are visiblc, ta the unaided eye. In 
fact, some of these rocks look so much like basic igneous rocks that 
u d w  their fragmental charwter is recognized by close scrutiny, 
they may be mistaken for diahass or coarse-pined basalt. Under 
the microscope thsy are found to consist essentially of rounded b 
angular grains of plagioclase feldspar, pyroxene, and fragments of 
b~saltic rocks. Other minerals and rock fragments, however, are 
also pwxnt., among whicli ara q~~nrt;rl, iron ores, hornblende, frag  
men& of fine-grained ipeons rocks of intermediate composition, 
graywackes, argillite, slate, chert, and crgshlline limestone. The 
plagiwlase feldspar varies somewhat in composition, but much of 
it has the wmpuqition of aeidio labradorite. Most of it is extensively 
altered to sericite, carbonates, find kmlinic prt~lucts. The pymxene 
is mainly augite, which is more or less alte~~cd to chloritic minerals. 
The basaltic detritua is partly granular and partly glassy and like- 
wise diows altaration of tlm same type that has, affected the grains 
of plngioclsse and pyroxene. At some places the graywnckes are 
great(1y fiacturecl, msult,ing in a network of ret,iculrtting veinlets 
filled by wllite secondary mi~lerals, among which prehnite and sev- 
eral zeolites were ideitified. P I R ~  11, A ,  shows an exposure of gray- 
wwke, thrls fractumd and veined. 

The argillite and slab of this ,pup am well-indurated hnrd m k s  
snd differ only in the fact that tho argillite has no secondary cleavage. 
Tlieso rocks occur in beds from R few inches to several feet in thick- 
ness and differ from the graywnckes in that they a m  much finer- 
grained and wntnin a lnrger proportion of nrgillweous material. 
Under the microscope, bower-er, it r n R y  be seen that they were derivod 
from the same source, racks as the gr~ywacke. Some of the arrgillitea 
a m  sornawllat siliceous, nntI such rocks am particularly hard, massive, 
and devoid of cleavage. One feature seen in tIiese hard argillftes 
is the presence hem and there of small rounded to subangyl~r pebbles 
of the same material as the matrix. These ppbbly forms are Believed 
to have origkat~d cither as concretions or in thc manner af a primary 
conglomerate, but in either event they =ere form~cl nppsre~tly at 
essentially the same time as tho including sedime~\ts mere deposited. 

Calcareous rocks also form a part of this p u p ,  but such rwks 
are relatively rare and inconspicu:uous. They consist of impure Iime- 
dona and calcsmus gxaywacke, essentially similar to those d e x i h d  
aa found among the older rocks. They occur BS thin h d s  which 
pinch out laterally, extending commonly but a few feet, so that they 
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are distinctly Ienticular. One variant from the usual type of cal- 
careous mck occurs on a small outlying island in the north arm of 
Lake Nerka, northeast of Anvil Bay. The rocks at this locality 
are reddish when viewed from a distmm, but the hand ~ p c i m e n s  
are buff to cream-colored rocks composed of p i n s  of calcite, frag- 
rnants of slaty rocks, iron ores, and quartz, cut by veinlets of calcit~ 
and chalcedony. !t'l~o grains of calcite, however, appear under the 
microscope to be a secondary mineral derived from the alteration of 
plagiocIase feldspar. Soma of thew rocks are rather coarse grained, 
with a conglomeratic aspect. 

The mks of the younger group of the undifferentiated Cretaceous 
differ fmm those of the olcler group in thnt lthey approxima& a 
monmlinal sequence, which dips geners'lly southward. Fram 57 ob- 
servations of strike and dip the average strike was found to be 
N. 88" E. This regional trend, it will be abmrved, differs only by 
5 O  from that of the older rocks, the ape- strike of which was 
found to be N. 83" E. This  difference is not snfficiently great to 
be of any significance, as it is within the limits of a m m y  of them 
averages and mny be quite accidental, owing to lack of su6cient 
data. These rocks, however, are highly tilted, and 91 prcent of 
the observed dips are to the muth. 13y balancing the southward and 
northwad dips, in the manner heretofom described, the avemp 
dip is found to be 48" S. In pncral, therefore, the Mding of the 
younger rocks lies at an angle of 74" to that of the older mb, 
and if the younger rocks were laid down emntially as horizontal 
beds, the older rocks must havo hnd a much higher tilt fa the north 
at  the beginning of the later sedimentation than  they do at the 
present time. 

Generalized structural observations of this sort cannot ham any 
such degree of p ~ i s i o n  as is indicated by the figures ahva de- 
duced, as many other unknown fnctors ham not been and cannot 
be evaluated. Faults, for exampIe, are h o w n  to be present, and 
it is very likely that strike f~ult infi  on a large male must have 
occurred to explain such a tremendous monoclinal sequence of beds. 
Rather close folds were alsb observed at a, few plftces, and if m y  of 
the folds are of the. appressed type, the figures above given might 
n e ~ d  to b considerably modified. Neverthelaw, the structure of tho 
older and young mcks wos observed and recorded in the same way, 
and in fact the obsemakiona recorded are the sum of independent ob- 
servations made by two geoloRists, which check one mother closely. 
No fortuitous causas am known, therefore, which could account for 
these differences in structure, and with due d o w m r n  for the ad- 
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mi&d lack of data sufffciently complete .orre in rt stntistical 
nnalysis, and for unknown and unwaluated p l o g i c  factors, it m m s  
evident that the bedding of tho younger rmks is mal.lredly discord- 

* 
8 ant from that of the older rocks of this sgcjuence, A pronounced 

structural unconformity is therefore indicated between these two 
p u p s  of rocks. 

Tlre distanca across the strike of the younger rocks is about 40 
miles and this distanm, if computed with an averam dip of 48" S., 
mould m l t ,  in a thickness of rocks of the order of many miles. 
Tt is not believed possible that nny such thickness of these rocks 
can km p m n t ,  and the probable alternative explanation that sug- 
gests itself is block faulting, pnrnllel to tZln strike, on a large scale. 
Such major faults, if  present, are probably Incnlized in the lake 
basins, and their presenm mny in fnct hnve been a potent factor 
in lmlizing the old strentn valleys thnt antdnted tha present gIacial 
valleys and lakes. 

M E  AND 0 0 W m O R  

No paleontologic data whahver are available far assigning a geo- 
logic age to these rocks, and the structural data have already been 
presented. They lie above mcks thnt nre belie~ed to Ibe of h w e r  
Cretaceous age, and their ago is therefore either h w r  or Upper r 
Cmtaceous, but probably not both. The structuraI unconformity 
above deduced suggests strongly that the younger m k s  am of Upper 
Cretacmus a@, and their lithology, ns compared with that of the 

! Upper Cretaceous slates and graywackes of Prince William Sound, 
Cook Inlet, and the Stiaitnn Valley, strengthens this probability. 
In the absence of paleontologic dntn, however, they have not been 
definitely assigned to tha Upper Cretaceous, but instead have been 
mapped merely as the younger p u p  of the undifferentiated Cm- 
taceoua rocks. - .* UPPER C-A-US ROCKS 

DrnTXmUTIO?T 

Rocks that am assigned to the Upper Cretaceous epoch, on the 
basis of paleontologic evid~nce, form the bedrock of the Nushagnk 

t Hills in the northern reaches of the Nushapk Valley. These hills 
occupy a p011ghly circular area with a di~meter of about 30 miles. 
in the northenstern pnrt of the Kushqpk district. This p a e  of the 
district h~ not k n  visited by the writer, and the following de- 
scriptions nre themfore b w d  entirely upon the work done by P. A. 
Dnvison in 1931. 

LZTHOLO~Y 

The Nushqpk Wills are smooth and well rounded snd are largely 
covered by veptation of the tundra type. Bedrock crops out aIong 
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the ridges, but the exposures in general are intennittent and are wp- 
arated by long intervals in which only bedrock rubble can 'be ohwed, 
Better exposures are found here and there in the valIeys where the 
streams have cut against the valley walls. Most of the bedrock ex- 
posures, as we11 as the rubble, consist, of graymadre and shale, though 
tz few bands of conglomer~te wore noted in the upper valley of the 
Chichitnok River and also in the N u s h a d  Valley above its junction 
with the Chichitnok. 

Along the r i ~ e r s ,  whers Itllese FOC~<S am best exposed, graywacka wag 
observed in beds from 2 to 8 inches thick, interbedded with shales 
ranging from 1 to 12 inches in thicknw. Mucl~ of the shale is fiesilo 
rand is broken into pieces as thin as cardhard and from 4 to 6 inches 
in diameter. On the lrills graywacke is more apparent. Here the 
surfaces of the rocks are much weathemd, and mlren broken mme of 
the gaywaclte ahows small rustry pits about ths size of a pinhead, 
which appear to be the result of solution of some of the rock-forming 
minerals or rock fragments. Quartz veins, generally about one-six- 
teenth of an inch thick, though some as large as half  an inch wore 
seen, are rnther common in the pywacke .  Some yeins af calcite 
were also ohscrved, but some of them may also have contained 
zeolitic minerals, 

Tho graywacke in general consists of nngular to subanplnr p i n s  
of detritus, ranging in size from grrtfns aa lnrge as three-eighths of an 
inch in dirtmeter down to particles too small to be resolved with tbe. 
unaided eye. The mnstitnents of tho graywncke are fragments of 
white and clear quartz, quartzite, fine-grained graywacke, chert, 
argillite, plagiodase, feldspar, and bmrtltic rock in various stagea of 
alterahion. 

STBUQTDEE A D  TEIC-B 

The strike 03 the hodding is approximately northwest. Fifteen 
ohrvations of dip were worded, of which tllre were 90°, two were 
to the south, and the remainder showed a dominant northward in- 
clination of the beds areraping 58". Along the rivers several mall 
open folds were wen, but most of these were broken by normal faults, 
with throws of SO to 50 feet. The thickness of them beds is inde- 
terminate from the information at hand. 

Fragments of fossil invertebmtcs were found in the shales of the 
Nnshagak Hills bg Davison at three localities within a mila of one 
another. None of these wera found in place, but the absence of 
glwiation in these hills precludes the possibility that the fossils am 
of other tban local origin. The exact localities of these fossils, ta- 
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gether with their identifications by J. B. Reeside, Jr., of the Geologi- 
cal Survey, are given below : 

SlAD75 and S1BJ375B. Slopes of spur abont % mlle north cd Nmhagak Rlver - and about 11 mUes N. W0 B. of month of Chichitok River. 
SlAM5-A. Oravels of Xashngak River, at base of spnt where co2l~tione 

SLID75 and 83AD75-I3 were made. 
These three colIections mntnln fragments of Ilsocmsnus sp. A W m e n  

found in collection 31AM5-A suggests on U m r  Cretaceous age, and m y  beat 
mesa irr that Ule material ia of that age. 

It is doubtful if these rocks should be correlated dirwfly with those 
of the Tikchik and Wood River Lakes. In lithology they corre- 
spond more closely with the younger group of the undiflerentiated 
Cretaceous rocks, but they appear to be much less indurated than 
sither the older or the younger ~.ocks of that sequence. The lithologic 
differences, however, may possibly be due to diiferences iu the char- 
acter of the country rock from which the detritus was supplied, or 
to varirttions in the conditions of sedimentation; and the difference in 
dagree of induration may be due either to local metamorphism in the 
lake region or to residl~al alteration in the Nuahagssk Hills. For 
these rekmng the Upper Cretaceous rocks of the Nushagak Hills have 
ken mparably mapped. 

The nearest m k s  with which the Upper Cretaceous series of the 
t Nushagak Hills may be directly comlrtted are the rocks that crop 

out on both sides o f  the Kllskokwim River b e t m e n  Sleitmut and 
Georgetown, about 100 miles to the north. The region between these 
two localities, however, is ltlrgely unmapped, and it is rather prob- r - able that the same series of rocks occupies a considerable part of this 
intewening area. Northeast of the Nushagmk Hills, in the head- 
waters of the Hoholitna River, similar rocks have been mapped by 
Smith Pa under the designation AMesozoic shales and sandston% 
though he considered that most of them were of CI.etaoeons and 
Jurassic age. 

Unconsolidated or st igh tly consolidated marine sediments, called 
u by S p u n  the L'Nushagrtk hds" and here called the Nushagmk for- 

mation, have been observed along the east shores of Nushagak Bay 
and extend e~stwarcl amnnd Cape Etolin into Kvichak Bay. These 
beds have not been seen by the writer, but, according tm Spurrs de- 

sgmith ,  F. 8, The Lake Clark-central KuskokwIm region. .&hahi: Gear. Seweg BnU 
85% pp. 6%7i3, 1911. 

mIporr. J. E.. A refwnahnnm Tn u o a t h w ~ e m  Alaeka: Ged. Satvey 20th Ann. Rept. 
gt. 7 .  PR 17Sf74. 1900. 
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*ription, they consist of strstified gravel, coarse sand, arkw, and 
days, which in part are slightly cemented and mnsolidated by iron 
hydroxides. Some of the gravel shows striae, which were thought 
to be of glacial origin. These M s  are in places distinctly flexed and 
folded and dip at angles as high as 20°. These strata are alao 
markedly cross-bedded. They are said to be overlain mmnfomably 
by l~orizontally bedded gravel and clay. There can be Iittle doubt 
that the Nushagak farmation af Nushapk Bay represents near-shore 
m~rine sedimentation. 

S p u n  referred these M s  to the M i m e  epoch, on the basis of a 
collection of fossils made *ornethe htmees 1881 md 1884 by C. W. 
McKrty, who at that time h d  charge of the Signal C o y  meteom- 
Iogic ~tation d,t Fort Alexander. These fossils wera found sorne- 
where near the head of Nushagak Bay, probably near old Fort Alex- 
ander (now NushaeIr), but the exact lwality was not recoxled. 
These fossils, as determined by W. H. DslIt7 are listed below : 

Modlola multlradfata f3abb. 
Pectnnculns patulus mntad. 
Nucula tenuh Lamarck. 
Serrlpes gronlandlcns Beck. 
Tellina carlottensis Wblteavea. 
Macoma mlddendorfli Dnll. 
Macoma nnguta Conmd. 
Mrtctra albaria Conrad. 
Baxlcava arctlca Linnaeus. 
Teredo sp. 
Neverita Isnxea cdnran. 
Xatlm clan= BroderIp and Sowerby. 

These fossils were determined by DJI  to be equiv~lent in a p  to 
the Astoria shale (Miocene) but were thought to be mom nearly rep- 
mntatiae of the upper part of the Astoria. In a similar determina- 
tion of some Tertiary fomils found by the writer nt 1,iituya Bay, 
southeastern Alaska, Dall correlated the fmils vith the " A ~ r i a  or 
Etchegoin Miocene," which was interpreted as indicating tile equiva- 
lence of the Astoria and Etchegoin  formation^. The Etchegoin sand- 
&one, however, is nnw considered to be wholly of Pliocene age and 
is so classified by the Geolodcat Survey. This fact raises a doubt 
reprdinr  Drill$ conception of the upper limit of the Astoria shale, 
and it is psiblle that he may have correlated m k a  now regarded as 
Pliocene with the Astoria shale, which is still considered to be of 
Miocene age. In view of this uncet-tdnty, the writer has designated 
tlhe Tertiary f ossila from Nushqak Ray a~ Miocene or Pliocene. 
-- 

ma BI1, W. A., Repmt on ml: and llmite In b l a a b :  -1. 8 u m ~  17th Ann. Rept., pt. 1. 
pp 8 4 M 4 7 ,  1898. 
a Mertlp. 5. R.. Jr.. Nam an the gcogrnghy &nd geolwy of t i w a  Bay, Alaaka : GeoL 

Bnrvey Bull. 888, pp. 1%130. 193X 
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i Prim to the beginning of gl.laciahion, the regional c~nfrguration of 

the Nush~gak district was probably considerably diffemnt from what 
it is May. No data are available regarding absolute sea level at 
that time, but with reference to the Tertiary and dder sediments 

- -, near the mast, the sea level was relatively lower, md the regional 
baselevel of erasion was therefore also relatively lower than at the 
present time. Nushagak and Kvichak Bays mere  roba ably river 
valleys, which in their lower muma were carved in the newly els- 
vated Nushagak formation. The Nushaek lowland was probably 
the sib of a wide, open, and maturely disseetd valley, but of course 
it lacked the outwash deposita under which it is now larply b~~ried, 
Finally, the d e p e o n s  new occupied by the Tikchik and Wood 
River Lakes were normal alpine valleys, which opened eeastward inta 
wider valleys th11.t drained to the Nushagak River. 

The conclusion that saa level was relatively lower 'before the pe- 
riod of glaciation than &t the present time is based upon the fact 
that the baa1 glaciofluviatile and fluriatile deposits now visible at 
the h e ~ d  of Nushag& Bay lie upon the irregular upper surface of 

t the Kushagak formation, which was p d u d  apparently by erosion. 
At some plmm thwa basal h d s  are entirely above sea level, but at  
other places, according to Spun;Pa the mntact between the two for- 
mations dips below the m, so that the Nushqpk formation is 

S invisible. The folding of the Nushagak formation and the erosion~l 
surface rtt the top suggest strongly that the Nushapk had been up- 
lifted above ma level:; t ha t  it had b n  somewhat &formed in that 
pmcass; and that it hrtd been subjected to erosion and sculpturing 
by stream before the overlying Pleistocene sequence began to be 
deposited. As the site of the old Nushaek Valley may not h 

!4 exactly the present site of Nushagak Ray, the maximum depth below 
level of the surface of the old valley cannot be estimated, al- 

though certain data, presented below, indicate that this old erosional 
mrfam lies at least 150 feet M o w  the p m n t  level of the sea. 

c The present drainage of the Wmd River Lakes constitub clear 
evidence of the changes pduced.  by glaciation. Lake Kulik, for 
example, now drains southward into h k e  Beverly through a chm- 
nel at. the upper end of the I n k ,  and a part of this channel cuts 
bedrock. In a similar way Lake Nerka empties into Lake Mek- 
nagik through a back-hand drninse  channel that is 10 miles we& 
of the lower end of Jake h'erka. Tikchik and Wood River Lakes 

'Sporr, J. B., op. tit., pp. 173-174. 
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have intermittent croppings of bedrock at their lower ends and are 
essentially glinL lakes, though in their earlier stages they were prob- 
ably barrier lakes, dammed by morainal material. Tha present 
altitudes of the lakes therefore give a rough idea of the minimum - 
Ievels of the old pxwglacial stream valleys at the points now marked 
by the east ends of the lakes. Thus Tikchik Lake has a present 
w ~ t e r  level of sbo~it 300 feet, but the fall in 2 1 1 ~  Nuyahk md 
Nushagak Rivera from the lake to Snag Point, on account of la lower c 
relative wa level at the beginning of glaciation, may have b n  
considorably greater than it is at the p m n t  time. 

West of the east ends of the l a k e  little can be learned of the 
con fig ti ratio^^ of the olrl preglacial valleys, as they have clearly hen 
scoured out and greatly overcf~qwned by glacial erosion The Tik- 
chik Mountains were pre~umably high mountains in pqlacial time, 
possibly higher with r e p d  to the present m level than they are 
now, M the sapping effects on high rid,% prvdnced by a major 
glaciation must have been severe. The stlwms that drained ellst- 
ward and southeastward from the Tikchik Mountains were probably 
alpine atreams in their upper courses, confinocl to narmw mounttlin 
valleys, which opened up into wider valleys farther do~ynstream, 
beyond tbe wstarn front of tla mountains. 

G L A ~  aommoas 

It has f requmtly been emphasized that the PIeiawne and glacial 
epochs in parts of Alaska are not necessarily synonymous. Little 
defiaite informstion is available regarding the beginning of glacia- 
tion in Alaska, k u w  the last stage of glaciation, presumably of 
7Pisconsin tage, was so intense that it largely obLiterated the widenee 
of any earlier glacial and interglacial stages. Hence, in the abwnce 
of dofinite data bearing upon this question, most of the effects of 
glaciation in Alaska are r e f e d  to ice of Wisconsin age. T h e  
fapts show clearly, however, that parts of Alaska have n d  y& 
emerged from the glacial d q ~ ,  8o that in p l o g i c  terminology some 
of the glaciation of Alaska is postWkonsin and therefore of 
Recent age. 

At some time during the PIeistbcene epoch the Tikchik Mountains 
and the mountainous province of which they form a part began to 
accumulate extensive im field& B e g b h g  in the highest part of 
this range, the ice gradually extended down the alpine valleys until, 
in the caurse of b e ,  these preglacial valleys were occupied by great 
tongues of thick ice which moved outward from the mountains and 
in this area eastward and southeastward toward the Nushagak 
Valley. Eventually tl~ese ice tongues k a m e  thick enough to fill 
t l ~ e  valleys to an altitude, in the region of the lakes, of about 2,000 
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feet and to a~erride the lower hills at  the eastern fwe of the 
mountains. 

The erosional effects of this glacirttion are dearly shown by the 
F smoothly worn bedrock surfaces with glacial striae at the lowar 

ands of the lakes ; by truncated spurs, pafiicularly on the south sides 
of the lakes; by the overdeepening that produced the I&0 basins; 
by well-dewloped hanging valleys in the upper ends of the lskes 

-' and las prfectly developed ones in tlla lower hills farther down 
the 'lakes; and by the comb ridges ant2 pinnacle summits in tha 
higher mountains. Appnmntly the rnnxinum effects of this glmia- 
tion were produced in the vicinity of Lakes Chauekuktuli and 
Nuyakuk, for hem the ice tongues were ~uficiently thick and exten- 
sive to override lorn hills such ns Tikchik Mountain ttnd possibly 
the hills to the north of Tikchik &fountain. This fwA is nttated 
by the presence of o n t i c  b~a l r I~ , r s  on Tikchilc Mountain and by the 
chamter of the valley of the Tikchik River, which from a distance 
appears to bs the site of a p ~ t  ground or hrminal momine formed 
when the glaciers were melting and retre~ting. Notwithstanding 
the fact that the ice field extended to the Mls north of Tikchik 
Mountain, there is no evidence of glaciation east of these hiIls, and 
it is b e l i e d  that they formed nn affective barrier to the msin ice 

I field, though some earnall tongnes of ice map hwe pushed through low 
divides and dminage cl~amels for a short distance east of t,hesc hills. 
The shallowness of Tikchjk LRke is further evidence that the ice 

r had lost its maximum e&ve power by the time it had remhed the 
longitude of Tikchik and Agenulr Mountains. 

The gltwiers that discl~nrpd eastward from the Tikchik Moun- 
tains probably persisted and maintdned their maximum lengths for 
a long time. During this perid, and partic~ilnrly in its waning 
stagw, a l a r p  volume of outmnsh msferial wwns moved eastwnrd and 
m~~thcastward into the Nushagnk Valley, Likewise an even greater 

b volume of such materid wns moved westwarcl into this valley, as a 
m ~ l t  of glaciation in the Alaska and Aleutian ranges. The net 
mult was an exhasiv~ aggshtion sf the Nushagttk VaIley. 
The thickness of these ice tongues and the magnitude of the +cia- 

c tiun are also best appreciated h the vicinity of ZaItcs C h u e M u l i  
and Nugakuk. These lakm have deptAhs respectively of at least 70QI 
and 930 feet, and their bottoms &rare therefore 376 and 818 feet below 
the present level of the sea. These depths do not n e ~ e ~ ~ a r i l y  repre- 
sent the maximum amount of glacid overdeepening-fil=srt h a u m  

may bs in pl- deeper than the two soundings show, 
and second bemuse the old gradients of the preghcial vnllem from 
the heads of these lakes to their emtern e d m i t i w ,  have not h n  
dehmined. With evidence of ice action 2,000 feet above the prow 
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mt lake levels, the thickness of ice in the Nuyakuk depression was 
therefore lml lp  as much as 3,000 feet. The Nuyakuk glacier, more- 
over, had a length perhaps of 40 miles from the ice Balds at its head 
to  its lower end. Altllongh in area and in the thickness and I_ 

length of the ice tongues issning from it, t;ha central ice field is not 
comparable in magnitude with the ancient ice fields of the Alaska 
Range, yet this region certainly ranks as one in which glaciation tmk 
place on a large scale. 

It m a  probable that in their waning stages the glaciers re- 
tmted rather rapidly, as otherwise there would be more evidence 
of m o i n s l  material along the hkes. Moreover, the hkm would 
probably have bean more or less Hled, at least in places, by morainal 
material, or outwash deposits, if this retreat had been gradual and 
of long duration. The two projecting spits of unconsolidated mate- 
rial in the lower end of h k e  Chauekukt~di, as seen .in plate 12, point 
to a pause in the retreat of the Chauekuktuli glscier, but little evi- 
dence of this sort was found in the lower ends of the other lakes. 
The deep headwater bays and fiordlike arms that m r  in so many 
of these lakes, however, suggest either a p ~ u s e  in the process of 
glacial retreat, or perhaps a renown1 of glaciation on a amdl s a l e  
after the original valley glaciers bad largely disappeared. The fact 
that the constrictions at tho lowar ends of these headwater arms 
consist of bedrock suggests a renewal of glaciation rather than a 
pause in the retreat of t h ~  original glaciem, for in such a renewal 
the. morainal material from the en& of these smaller glmiem cuuld 
have been dumped into the deep water of the lower lakes, thus 
becoming aflectively concealed. Eventuallg practically all the ice in 
this region mas melted, but small valley gIaciem apparently persisted 
long after the retreat of the main ice tongues, and in fact a few 
mall  gIaders are still presemd in the high alpine valleys west of 
the lakes. 

WmLdCult C O m m O R S  

A h r  the retreat of the ice the drainage conditions in this region 
changed matmially but did not revert to those which existad prior to 
glaciation. The Nushagak River continued to function as the master 
stream of lthe region, but under somdwhat difTemnt conditions. Its 
principal eastern tributary, the Mulchatna River, ceased to b a gla- 
cial stream and there was a corresponding dimhution in ita flow of 
water; rand a9 glacial tributaries from the WE& side of its vnlley were 
also eliminated, the Nushag& likewise became a clear-water stream. 
The agpadation of the Nushagak Vdley duriug the glacial epoch 
alone was suficient to raise materially the baselevel of eraion in 
th'i region, but it a h  seems probable from conditions now visible 
along the coast that, either by subsidence of the land or by elevation 



of the sea, the relative level of the ocean was raised, thus aiding in 
the risen of the regional baselevel of erosion in the Nushagak Valley. 

Along the west side of Itha Nushagak Valley the combined aggrada- 
tion prducad by ontwasl~ deposits from the enst and west, was suffi- 
cient to close off the old preg1acial valleys and to impound the 
stream that issued from the Tikchik Moui~tains, so that a system 
of lakes with more or less parallel headwater a m  hending east 
and southeast was developed in these glaciabd tributary valleys. 
In their initial &ages these lakas were probably dammed by moon- 
solidatad material, either moraine or outwash, which multed from 
the preexisting glaciation. The system of terrrtcas on these lakes 
also indicates that their water levels were originally much high~r 
than at the present time, for the detritns now visible a h  the ruins 
of thw terracea shows from its character and also its Ievel disposi- 
tion, that these depoaita are old b e d  gavel rather than stream 
deposits. 

With a continuous supply of water from the rnounhins emptying 
into these l a k q  overflow channels were quickly established. For 
Lakes Chauekuktuli and Nuyakuk the height of the bounding hills 
on the north and south mas adequate to insure an outlet toward the 
ea& and therefore the p m n t  Pu'uyakuk River was goon established, 
probably with the same general course 5s that of its old preglacial 
valley. (b pl. 10.) In a similsr way, Nishlik and Upnuk Lakes 
overflowed southeastward in fa the general sites of pmglaci a1 valleys, 
thus estabIishing the Tikehik River. Chikuminuk Lake likewise began 
to discharge mutheadmad, forming the Allen River, which, however, 
may not necessarily occupy the site of a preglacial tnlnk valley. 
The Wood River Lakes, on the other hand, were evidently barred 

from the Nushagak Valley by bugher land, composed of glacial out- 
wash. The mapping of the country east of the Wood River Lakc8 
is not sufficiently detailed ta show the exact site of this ancient bar- 
rier, but in the disposition of the higher hills in this area there ia 
a sugption that a low divide may connect the Muklung Hills with 
Kemuk Mountain and extend thence northwestward tol A p m k  
Mountain. The partly drained mall lakes in the headwaters of the 
Rokwok River, the partly drained small lakes that drain westward 
into the Wood River Lakes, and other, unmapped lakes in this gen- 
eral area, which are visible from the air, all suggest strongly t h ~ t  
a much larpr lake, connecting the aast ends of Lakes Kulik, Beverly, 
a d  Nerka, may at one time have extended eastward tb the low 
divide above postulated. 

A new postglacial drainage system was soon established for the 
Wood River Lakes, but in thia area the divides between the lake 
were relatively low compared with the divide south of Nay&& Lake 
and evidently lower than the barrier that existed ta the east. As a 
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result each of the mveral Wood River Lakes quickly overflowed into 
the next lower one, thus establishing the present int~rlake b i n -  
age. 011 account of the aggadation in the Nushagak VaUey, the 
Kokwok River is a sluggish stream that has not been sufficiently 
active in pstglecirsl time to extend its drainage westward to Lalkes 
Kulik, Beverly, and Nerka, Hence the streams t h ~ t  connect these 
lakes with one another and with Lake Aleknagik have been able to 
maintain their courses, in spite of the fact that they now cut bed- 
rock at many places. On the other hand, a lowering of the b w -  
level of erosion for the Nushqak River, with the consequent re 
juvenation of that strersm and its tributaries, might subsequently 
enable the Kokwok to extend its drainage backward, thus tapping 
some or all of the upper Wood River L a k e .  

The unconsolidated deposih of the Quaternary system may be 
divided broadly ieto two general p u p ,  b m d  on relative age, Tile 
older p u p  of these deposits consists of glacial, gluciofluviatile, and 
fluviatib deposits that were laid down mainly during the period of 
active glaciation. They are largely of Pleistocene age, but Ihe latest 
of these deposits undoubtedly have been formed during the Recent 
epoch. The younger deposits consist of fluviatile and boach depos- 
j ts, the Iatbr including both estuarine and hsh-water typa. Thoy 
are largely of Recent age. The separation of these uncansolidated 
deposits into P l e i s b n e  md Reeent groups is not fensible, however, 
as they doubtless overlap one another in the pologic time scale, 
They rtre therefore di~~ided for the purpose of doscription into two 
wbp, of which the older is more or less contemporaneous with 
the epoch of major gIaciation, whereas the younger for the most 
part potdates the glacial epoch. 
On the geologic map it hag not beon found pmticnble to map 

them two clams of deposih separately. T h i s  is due in part to the: 
mall mala of the map but in mticl~ larger part to the lack of de- 
tailed goologic investigation so far done in this region. MoreoverS 
the Nushagak formation cannot be sepamtely mapped becanss it 
cmps out only in bluffs along Nushapk and Kvichak Bays rcnd even 
on a detailed map could be represented only by'& sinuous line fol- 
lowing the back All the Quaternary deposits, ~s well as the 
Nushag& formatian, are therefore shown on the geologic map 
(pl. 2) by a single pattern, but the hetempneity of this assembltge 
is indicated in the explanation. 

The alluvial deposits that were formed in this district during the 
glacial epoch consist esentinlly of morainal, glacioffuviatile, and 







fluviatile deposits, of which the plneioflaviatilc or outwash deposits 
have the largest surficial area. The morainal deposits am confined 
largely to the lower ends of tlie Inkes and to the valley of the 
Tikchik River, but few of these deposits were wen by tho writor, 
and little information regarding them can therefore be given. Gla- 
cial till was o k e d  by Da~ison at tlie rno~~tll of Tilrchik Luke, and 
the two low spits in the lower end of Lake ChauekuktuIi are believed 
to havo been formed of morkinal material, t,l~ough tho subsequent 
action of lake waters has larpjy obliterated the surficlal evidence 
of the ~Ilarader of this deposit. 

The upper portion of the great Nushapk loa71and is  mad^ up 
largely of glacio%uviatile or outwa,sh deposits. These deposits orig- 
inated as debris eroded by glacial action, but they were reworked and 
more or less sorted by the streams that issued from the ends of 
the glaciers and were distributed eastward and aouthe8stward into 
the Nushwak Vrtlley largely as a p a t  outwash plain. Sections of 
these deposits are not in general risible, ss ihe Nushagak lowlrmd 
is n gently undulating plain covered by moss or other vegetation, bnt 
where such &posits have been di-d by the present streams, they 
are seen t~ consist of more or less rounded but poorly assortecl gravel, 
sltnd, and silt. Such d e p i t s  were noted by Davison in R higll bluff 
along the north aide of the Nupakuk River and 17 miles below the 
rnauth of Tikchik Lake. Similar deposits are visible at numerous 
places in the bluffs along the Nus1mgak River, but these on the 
whole are better sorted and p d e  imperceptibly into fluviatile de- 
posits. Similar hlnffs, about 50 feet in height, mere observed by 
Drtvison on the Chichitnok River and on the Nashthgak rtbo~e the 
mouth of the michitnok. Alluvial t e r n s  md dopes were also 
noted on h t h  sides of the Nusl~apk River below the moutl~ of the 
Chichitnok, rrnrl at, the lower ~ n d  of the valley of a tributary of the 
fishnffak River a b u t  halftrap htween the CXchitnolr and King 
Salmon Rivers the vaIl~y floor is flanked by a terrace that rises 
about 450 feet above the rires level. This tributary stream is rather 
sharply incised into the terrace, as the width of the valley at the 
level of the top of the terrace is less than a quarter of s mile. Below 
Kolipnek these depmits, as obsemed an tho river bluffs, consist 
of yellowish khaki-colored gravel and and,  with some clay, which 
show bedding and cross-bodding clearly. 
In the Nuahagak Bnp area the daciofluvi~tile and fluviatde de- 

positg m u r  both as bluffs nlong the mast and also extend below sea 
level. Just east of the settlement of Snag Point is a bluff ahat  60 
feet in height, which r ises ~hruptly from s, low muddy beach. The 
lower two-thirds of the blud consist3 of gravel and sand, above which 
the d m a n t s  are dominantly sandy. At other p l w s  aIang Nushagak 



Bay these beds, f w ~ r d i n g  to consist of gravel,  and, and 
clay, contailzing numy pebbles and boulders that are polished and 
deeply scratched by the action of ica, Some of the bluffs in which 
these sdments are exposed am as high as 200 feet, but many of these 
higher 'bluffs consist of the Nushagak formation, overlain by as little 
as 10 feet of the later deposits. E~stwaA toward Kvichak Bay the 
bluffs b m e  lower m d  are crrmpoaed entidy of the latar deposits. 
This fmt suggests the possibility that the outlet of the Nushwk 
Rirer, at the time when this gravel was depositad, may have been 
farther t& the east, txa that it drained dimt1y into Kvichak Bay. 

Some facts that bear upon the character of them glaciofluviatile 
dsposita ma availabla frorn the records of wrtttin wells that have been 
drilled in the Nushagak Bay area. These drill-hole data have been 
furnished in part by Fmnk Wamn, now of Porklmand, Omg., and in 
part by Fred Petenon, of Clark Point. In 1927 a well was drilled by 
the Alaska-Portland Packers Association at Snag Point for the pur- 
pose of obtaining an additional supply of drinking water. This well 
was driven to a depth of about 223 feet, using an $-inch casing for 
the apper 160 feet and a &-inch cmhg for the lower part of the hole. 
For the first 8 or 10 feet the hole v a s  drilled through h m n  ground, 
and lenses of iae were atso found at irregular inhrvtk Water was 
encmnted throughout the drilling operations, at some p l w ~  in 
fairly good quantity but at othara as mere mp-. The p m d  
drilled consisted of fine gravel, snnd, and clay, msemblbg the d i -  
mentrary beds exposed along the Nushagk River and showing 
clearly its fluviatile character, kt the depth of 213 feat a s tm tmn  
of rnodemtely k e  gravel ~ n d  black sand was found, from which a 
strong flow of fine, clear water was obtained that rom in the casing 
within 15 feet of the surf- of the ground. This we13 was us4  
throughout the m+sons of 1827 and 1928 but p v e  tmnble h u w  
the flow of m&r was interrupted at times by a heavy run of sand, 
although the bottom bowl of the pump was 10 feet from the bottom 
of the well and the lower 10 feet of the hole was lined with a per- 
forated casing. It wemad impossible to pump a basin around the 
base of the cming large enough to prevent the sand mns, PO that 
finally the well waB abandoned. The pmsence of the flow of watar 
and t,he black sand at the 213-foot level in this hole sugest strongly 
that this point marked the t q  of the Nnshagak formation, and there- 
fore the old erosion surfam at the time when the glmiofluviatile de- 
p m i ~  nem first laid down. I f  so, this indi- a thicknass of these 
beds at Snag Point of at least 213 feet, and rassnming an altitude of 
60 feet above sea level fur the top of the well giveis the depth of the 
Nushwk formation beIow ma level at Snag Point as probably at least 
150 feet. 

rgpmr, J. E., & -admanm la mthwwtern Alaska in l b B :  W I .  Bar~ef  wtb 
anrt mp~, pt 1, R 178, 1QOO. 
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At Clark Point, near Clark Slough (locally h o r n  as Combine 
Slough), only a few hundred yards from the b y ,  another well was 
drilled by the Columbia River Packers Association, According to 
Fred Peterson, of Clark Point, who was present when the d r i w  
wm done, this well was sunk to a depth of 186 feet. At from 20 fo 20 
feet below the surface this hole penetrated a lens of im from' 2 Eo 3 
feet thick, and at greater depth it passed through several thicker 
bodies of ice. A shofi distance bIow the lnst body of ice, which was 
found at a depth of 175 fmt, a good flow of water WRB obtained, but 
it is said b have b n  coffee-colod, full  of mossy detritus, and unfit 
for drinking. Bedrock was not reached, but gravel was found in 
the bottom of the hole. 
A third hole, drilled at N b e k ,  yielded an artesian well with a 

g a d  supply of ffree-flowing potable water. The depth of this well 
is not known to  the writer. Jt therefom appears that in the; vicinity 
of Nushagak Bay glwiofluviatile and fiuviatile deposits, in pIaces, 
have a thickness of at least 800 feet. 

About 3 milas south of C l ~ r k  Point is a point af land known a8 
Ekuk Spit. About 6 or 8 miles southerrst of E W  Spit a 14-foot 
mammoth tusk has been mgshecl out of a 20-foot clay bluff and at the 
time of the Survey party's visit lay on the beach. Another mammoth 
tusk was found on the m t  side of NuFlhagak Bay at Coffee Point, 
about 8 miles wuthwest of Kmskanak. Thwe two occurrenm of 
vertebrate remains mmtitute the only available pdeontologic evi- 
den@ besting upon the geologic a s  of these deposits, but they suf- 
fica to show that tha gravel, sand, and clay that lie above the Nmh- 
agak formation am of Pleistocene age. 

The po&glaciaI deposits may be divided into three typs-the flu% 
atile deposits that form the valley floors of the present streams; the 
tide-flttt deposits that line the beaches and form tho hottoms of Nush- 
agak md Kvichak Bays and their estuaries; and the fresh-water 
beach deposits along the shores of the Tikchik and W a d  River 
Lakes. 

The ff uviatile deposits are typically e x p o d  in the valley floor of 
the Nushagak River but require little description. They consist for 
the most part of fine to fairly coarse gravel and sand but include 
also soma larger cobbles and boulders a foot or more in diameter, 
which, however, are sparsely distributd. All the pebbles of the 
gravel, including the l a r p t  ones, are well rounded, and ko mataria1 
of distinctly morainal chtlracter was obs~rvd .  From the headwaters 
downstream them is little variation in the size of the gravel, until 
the extreme lower end of the river is reached, where the gravel be- 
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'mmea finer, and fillally, near Blwk Point, the coarser alluvium gives 
place padually to  tidd silts. 

The tide-flat deposits consist of silt and mud, which at mo& places 
form the benches of Pu'nshagak md Kvlchak Bays. Them muddy 
tidal depo~its nm .s soft and fid of water that a man will sink into 
them for a foot or two at every step when a landing is made from a 
,boat. At places, however, whem the bluff of oIder deposits occurs 
d m  to the water, gravel ha9 been wwhed out of the bluffs and f o m  
good gravel baachea that give firm footing, but at other plsces tha 
gravel is only a thin veneer over the mud and i s  by no means firm 
A good gravel beach occurs a few hundred yards east of Snag Point, 
and it is near this beach that hydmplane~ commonly land in order 
to disharge passengers and freight for Snag Point. Simila~ good 
bemhes were obssrved at placm along the west side of the 1 F T d  
River within the lower or estuarine zone of the river. 

The mapping of the alluvium in t h ~  area of the Tikchik and 
Wood River Lakes, particularly at their east ends, is more or l a  
conventional. These lakes, though originally bnrrior lakm that were 
dammed by u n m l i d a t e d  materials of glacial origin, am now glint 
lakes, which occupy essentially bedrock basins. The geologic map 
shows that in their headwater arms the barks of the Iakes are com- 
posed of hard mk. In their e&. ends, however, the banks of these 
lakes are composed largely of allavid deposits, but bedrock crops 
out intermittently and at places for considerable stretches. The 
bdrmk, however, occurs mainly at the water's edge, and buck from 
the lakes is immediately overlain by z~nconsolidated deposits of aII 
kinds, ranging 'from the shingle of old beaches to outwaih and 
morainal material. Therefore the Mrock cannot be mapped .on 
the male of plate 2 without p s s  exaggeration, nor can it every- 
where be shown bccnuse of a lack of such recorded dish An attempt 
has h n  made, howevor, to show in part the distribution of alluvium 
and lmd~mk at the east ends of these lakes by indicatbg roughly 
mrno of the places where bedrodr has been enn mder the alluvium, 
dong tho beaches. 

The unconsolidated deposits in the lake region are mved 6 t h  
heavy vogotntion and in general are not visible for examination. 
In the central zone of the Tikchik and npper Wood River h k e s  
well-defined sand and gravel haches occur at short intervals, and 
where such haches rtra bordered by law tirnber-covered b n a m  
excellent camp sites may be found. Such beaches and camp sites, 
however, are less common on Lake Aleha@. At the lower ends 
of all the labs the shores are low and swampy, with a growth of 
marsh p s s ,  though even hem bedrock crops out in places. The 
shingly deposits of the present and older beaches cansist of well- 
rounded and assorbxl gravel and sand, and owing to the presence of 
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slaty and other thin beds in the country rock much of this p m l  
is inclined to  be discoid in outline. At some p l m  alwg tho lake 
shores and on projecting spits there is coarse debris which represents - - glacial material that has slumped into the lakes. 

The deposits that constitute the l n h ~  terraces are made up of a 
variety of matkrials, hs a rule, the alder tsrrnce fronts lie some 
distance back from the present beaches, and their laka-f wing fronts 

I am in general gentle slopes rather than bluffs and are covered 
with a growth of shrubby vegetation. These terrace fronts were 
investigabd at same places by means of shnllaw cuts made with a 
geologic pick, and the material was found ~KI be essentially similar 
to t h ~ t  found on the present beaicbes, The rounding and sorting in 
this rnatarial is due to wave action, but probably such material 
extends for only a short ciistnnce b ~ c k  from these old beach lines, 
beyond which the alIuvium is more likely to be coarse and little 
sorted, particalarly on the higher termces. The higher gravel also 
occurs along somo of the interlake charnels, as for errample on the 
Agulowak and Peace Rirers,  hem them  deposit^ consist mainly of 
gravel which forms fairly well defined slopes and bluffs close to 
the river banks. 

The present ha& deposits are naturally of Recent age, but the 
3 same is not nmssllrily true of all the beach deposits along the fronts 

of the older kmaces. In fact, though these deposits are liero de- 
~ ~ r i b e d  under the Ileading "&cent deposits," it is by no means certain 
that aII of them are later than the main glaciation, as glacial lakes 

3 undoubtedly bagan to form concurrently with the retreat of the valley 
glaciersm As the rotreat of the ice is b e l i e d  ta ham been a fairly 
rapid pmms, however, it is unlikely that the original Itig11-water 
levels of the lakes m-ere much mduced before the ice tonguw had 
retreated to the heads of the headwater fiordlike arms, and in this 
mnm all but the very highest of the= water-worked ancient bewh + depsits may be regarded as essentiaIly of postglacial age. 

The igneous m d a  of the Nushagak district may be divided brosdly 
iP into two major p u p s ,  which differ from each other not only in 

their geologic age but also in their petrographic character and mode 
of occurrence. The older of these two gmup consists of a series of 
ba~ic  lava flows of Permian age, the distribution and stratigraphic 
characteristics of which hare already h e n  demibed. In the fo1- 
lowing pages their petrographic charmter will IM stated. 

The second p u p  of ignwus rocks consists of granitic rocks that 
intmcle the undifferentiated Cretaceous sedimentary rocks and are 
considered to be of Tortiary nge. These rocks at diflerent localities 
differ in petrographic character to a degree sufficient to w a m n t  their 
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subdivision jnto two minor groups, which may @bly repmnt 
different e p h s  of Tertiary intrusive activity. 
In addition to these two major p u p s ,  there am also a variety of 

dike mh, most of which are related genetically either to the Car- 
boniferous volcanic% or to the Tertiary intrusives, The petrographic 
characteristics of some of these dike m k s  are also described below. 

FERMIAM VQWAXlO ROOKS 

The distribution, str~tigmphic relations, and age of the Peminn 
vo~cmic roch have already been stated, and it remains to d d b e  
their petropphic character. They are d a r k - p n  to almost black 
massive rocks which occur mainly in thick beds, m t h ~ t ,  thong$ dip 
tinctly bedded, the attitude of the beds ia not easily discernible. At 
the base of this sequence, as seen along thm north shorn of Lake 
Nuyakuk, the Iavas are in contact with Mississippian ( 8 )  chert ~ n d  
limestone. Them basd beds are distinctly agglorner~tic and mnsist 
of half-rounded to angular fragments and aohbles of p n s t o n e  in a 
matrix of the same general character, though pmbltbly tnflaceous. 
Some of these b a d  rocks, however, appew to  km ellipsoidal, sug- 
gesting that the earlieat of the lavas were poured out under the sea. 
The Iavas above these basal beds are massive peenstones, which at 
many places &OW a columnar strmture, but mme tuffacems beds 
were a290 seen somewhat higher in the sequence. In the ~icinitg of 
the Red Hills, where the bawl beds are also exposed, these rocks lie 
in contact with the Permian limestone and include much tuffmous 
material, some of which is more or lem calcareous and appeam to 
have been deposited fn shaUow water shortly after the deposition of 
the Permian limestone wss completed. Theso rocks are brownish 
and give to the hills a reddish appeamnce when viewed from a 
distance. 

The layas and agglomeratic rocks nmga from hoIocysts2line rocks 
with a considerable variety in granularity to verg fim p i n e d  and 
prrrtly glasey rocks. Nearly all them ma~lsive lams originally had 
gas cavities, which subsequently were filPecl with secondary minerals, 
thus developing an mygdaloidal habit. All. t h w  rocks have a 
greenish hue, but where they are in contact with the water of the 
lake they have acquired a distinctive b l u i s h - p n  stain that readers 
their recognition unmistakable even from. a b a t  some distanm 
off share. 

Under the mimsmpe these rocks are found to consist esentidly 
of normal basalt and diabase, the difference being one of fabric only. 
Some of them are porphyritic, and in such rocks the phsnocrysb are 
n8ually plagiwIase feldspar, or lm commonly pyroxene. The 
groundmass cons* emntiany of oflagimlase feldspar, augite, and 
iron oms. Both the feldspar and pyroxene are geatly altered, and 
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in the few &ions studied the feldspar is too much alhmd for RC- 

curate determination, though its twinning and general appearance 
indicata that it is probably close to 1abmdorit.e. Most of the pyrox- 
ene is extensively changed to chloritic minerals and other products. 
The iron ores are also oxidized in considerabIe part to iron hydrox- 
ides, This altered a p t  of the minerals of these rocks gives rise to 
t,he so-called peenstone habit. 

As the Permian volcanics  cam^ t o  the ~urface they had b pass 
through the older rocks, and in this process the magma also pro- 
duced sills, dikes, and small intrusive bodies in these older rocks, 
partjculsrly in the Mississippian (8) wquenca. Such &or intru- 
sives were obsemed at many places in the country bordering on 
Wes Chauehktuli and Nuyakuk. Most of them mks are so essen- 
tially aimilar t o  the lavas, both in texture and composition, that no 
separate description of them seems nmsSILry. Among them, how- 
ever, one hornblende basalt was identified. Like the laras, they are 
much chloritized, but some of them are sheared and cut by veinlets 
of quartz, calcite, and other secondary minerals. 

'FERTIART a m m c  RDOICS 

DDTBIBUTEOB 

The granitic mIcs occur as good-sized intrusive m w s  at aavsraI 
locdities in the m a  of khe Tikchik and Wood River h k m .  The 
largest body of such m k s  murs  north and muth of Tikchik Lake, 
extending about 5.30' W. from the north side of Tikchik Mountain 
almost to the top of Agenuk Mountain. The hdrmk under the 
eastern part of Tikchik Lake is probably a psrt of this intrusiv~ 
body, so that the total length of the mass is about 15 miles. The 
width ranges from 3 to 5 milea. The appearance of these granitic 
rocks dong the south side of Tikchik Lake is shown on plate 11, B. 

The geoond largest body of p n i t i c  rocks forms the bedrock of 
the north end of the Muklang Hills, and though the geologic map 
ehowa two m ~ i n  a m  and aeveral small croppi* at this locality, 
separated by alluvium, it is probable that these mnatitute B single 
large mass with than elongation similar to that of the Tikchik-Agenuk 
mass. The length of the granita body in the Muklung Hills is about 
7 miles, and t h ~  width about 5 miles. Because of their pehgmphic 
similarity, the Tikchik-Agenuk and Muklung intnrsives are de- 
w r i M  here as a, unit. 

A third body of granitic, mka constitutes the country rock at 
and about Akuluktok Mountain, extending from the head of Silver 
Horn, a headwater a m  of Lake Beverly, in the Bame general muth- 
westerly dimtion dmwt to Lake Xerka. This maas b mom irregu- 
lar in outline but has a length of about 5 miles and a width of 
1 to 3 miles. A short distance to the m& n small outlying mass 
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of granitic mcks of the same type is exposed along the northeast 
side of Arnakuk Arm, extending northward toward the crest of 
the tidp. Granitic rocks are reported to occur at the north and of 
Kemuk Mountain; and according to F. H. Waskey granite has also 
been f ouncl in the vicinity of Sleitat, Mountain. Smaller apophysss 
of the granitic rocks, which have not been mapped, may also be 
present. 

A small mass af granitic m k ,  of rwmewhak more basic character 
thnn thorn heretofore mentioned, occupies the crest of the ridge be- 
twsen the lower end of Lake Kulik and the upper end of Lake 
Beverly. 

TWO mall Wie~ of granitic rocks which are IittIe larger than 
d i i  we= fonnd dong the ridge tap sout?~west of Sunshine Valley, 
at the head of h k e  Aleknagik. Dikes of acidic and intermediata 
charmter, b t h  coarse- ~ n d  fine-pined, have also been found at 
numerous loca'lities within this district. 

The granitic mb of this district include granite, quartz man- 
zonite, granodiorib, and quartz diorite, ttnd their fine-grained q i v -  
dents, but the rnonzonitic rocks have certain distinctive features 
which guggest thst they may represent a different s t a ~  if not a 
diflerent epmh of intrusion. Though these mrieties of granitic 
rocks have all been recognized, it is neverthelw. true that the larger 
bodies, such as tl~oose ahve mentioned, fall n~tural ly  into two gan- 
e d  groups, granite and quartz rnmzonite; and the other t y p  are 
mapatic  vvarimta that occur mainly as dikes and other small in- 
tmsive bodies. 

The rocks composing the Tikchik-Apnuk mass and the h d ~  
exposed at Muklung Hills are coarm-grained light-colored granites. 
Such m k s  probably offered less resistance to glacid e d o n  than 
the harder, well -indurat ed members of the sedimentary sequence. 
11Zoreover, they disintegrate rapidly under the influence of the 
weather, so f lat  f=h mmples are not everywhere ~vtrilable. The 
granitic rocks at the east end of Tikchik Lake and tho- of the 
Muklung Hills have nlso been exposed to the weather longer than 
others far ther  west, h a u s e  the glaciers mt;reated first, from the 
eRstern part of the ama. For these remans the emtern hills made 
np of these rocks are low, smooth, and hconspicuous. Within thr 
main masses most of these rocks are uniformly coarse-grained, but 
along tho edge8 of the intrusires some finer-grained porphyritic 
t t p s  were seen. In the coarse-grained varieties the mineral par- 
ticles commonly rmge in size from 2 to 5 millimeters nnd with the 
nnaided eye can be seen to consist essentially of quartz, feldspar, 
rwld biotite. 



Under the microwope the feldspar k fwnd to be dominantly 
microelhe or orthoclase. In some specimens a 1it.tIe albite is per- 
thitieally intargrown with the microcline, but in others a srnnll 

.L amount of acidic plagioelsse is premnt as separate pains. Dark 
minerals, of which biotite is the most common, compose a  ath her 
s u l l  proportion of these rocks. Hornblende, though not common, 
is also present in some of the mcks from the Muklung Hills, and 

a small amounts of muscovite and diopside were found in tho rocks 
of the Tikcllik-Apuk area. The wxessory minerals include some 
iron ores, rapatite, titanite, nnd zircon. 

The gm~iitic rocks of the Akuluktok Mountain area are finer- 
e i n d  than those above described and show more textural and 
petrographic variations, but petrographically and chemically the 
more common types do not appear to ba esscntidg different. 
Though mme porphyritic types are present, most of these rocks are 
rather uniformly granular, with individunl g a b  that range in 
general from 1 to 2 millimeters in size, rarely reaching 5 millimeters. 
They consist wnt ia l ly  of quartz, potash feldspar, and dark min- 
erals, mainly biotite. Perthitic intergrowths of microcline and 
albite a m  not unusual, but orthoclnse rind a s m 1 3  amount of acidic 
plagioclwe am also rather common. Xn some specimens the quartz 

I shows strain shadows and has an undulatory extinction. In the 
granitic types the acidic plagioclase ia either albite or oliplrtse, 
and hornblende, thongh present, is lew abundant than biotite. The 

t 
same accewary minerals am present as above noted, Among these 
rocks, however, numerous specimens mere found of types that are 
best described as gnnodiorite. These difler from the granites in 
the fact that plagioclase is the dominant feldspnr and potash feld- 
gpar is relatively scam In several specimens the plagioclase was 
determined to be andesine, but some of the ~ n d ~ i n e  is mnally grown 
with more acidic vnrieties. It is probnbk that thew pnodioritic 

5, types were intruded somewhat later than the main granitic ma% 
The granitic rocks that cmp out on the ridge between Lnkes 

Kulik and Beverly mere found to he dominantly quartz monmnjte, 
with which are awcirtted, however, aome more basic types,  dnssifieil 

4 as pyroxene dioritc. The quartz monmnites nre panulnr rocks, com- 
parable in the size of their grains with those of Aki11nktolc Moun- 
tain, but Gecause they contain n larger proportion of d ~ k  minerals, 
they are darker in color, They aro mnde up essentially of ertloclase 
and phgiioclase in about eq~raI amounts, quartz, and much biotite 
and pyroxene, together with ficceKqory iron ores, aprrtite, and titrtnib. 
In the more acidic types the plagiocla~ feldspar 11as been defer- 
mined to  range fmm olipclnse to  nnd~qine, but in the pyroxene 
dioritsa the plagioclase lies between andesin~ and labradorite. In 

8864&8&B 
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the monzonitic typee quartz is less abundant than in the granites, 
and in the pyroxene diorites it is either scarce or a k n t  Biotite 
and pyroxene are present in nearly all these mcks, and hornblende 
in some of them. Some of the; biotite is mom or less chloritizad. 
T h e  pyroxene is a diopsidic augite, some of which is ~ l s o  chloritid. 
Apatite ia more common tl~m in the granitic m h  and is particularly 
plentiful in tho pyroxene diorites. 

The granitic mch that occur as small intrusive Miw, dike9, 
inclusions, and border facies exhibit a wide range of fabric, gram- 
larity, and composition. Among the finer-pined types rhyolite 
porphyry ~ n d  dncite porphyry have been fdund, and in the coarser 
types porphyritic granites and granodiorites are pment. Along the 
north shorn of the north arm of Lake Nerka a dike or perhaps a 
mtrll intrusion of diorite was ohrved, in which the dark minerals 
were found to be chloritized biotite and brown hornblende. At a 
locality along the south shore of h k e  ChauehlktuEi, about 1% miles 
wed of the shore cropping of the Mississippian (?) limestona, an- 
other igneous rock contwining brown hornblende was found as a dike 
m k .  $%is rock, which is probably dioritic, contained so t~rge  a 
percentage of brown hornblenrle that it may be considered to belong 
ta the vogesite-spesmrtite series. At another locality along the west 
side of the Akuliktok Mountain mass a peculirrr granitic typ was 
mIIectd, which consisted of the high-temperature mriant of ortho- 
clase, sanidine, together with qunrtz, much biotite, rend a little garnet 
and iron ares. On account of the high percentsge of biotits this 
m k  approaches a minette. Along the ridge southwest of Sunshine 
Palley s variee of granitic mks wore found RS dikes and small 
intrusive masses. Among these rtre granite porphyry, porphyritic 
pnodiorite, quartz monzonite, and andesite ( 8 )  porphyry. Them 
rocks are not essentially diffemnt from those atready described, 
except that in most of them the feldspars are altered by ~ricitization. 
It is of pnrticular interest that the monzonitic type here occurs in 
close ammiation with the granite and pnodiorita. 

To learn more regarding the chemical composition of the granitic 
mks, three samples were mbmitted to the chemicaI laboratory of 
the Gsolo.ogica1 Survey for complete analysis. All thm of t h e  sam- 
ples were cumpod of a number of specimens, which were taken and 
mixed with th0 intention of obtaining wmposits samples that would 
repfesent the Eve- composition of these intrusivm. Sample 
35AMt41 represents the granite of the Tikchik-Agenu& mass, which 
appears to be mther uniform in granularity and composition. AB 
the granite of the Muklung Hills was essentiallp similar, no analysis 
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m w  made of mk from this intrusive body. Sample 36AMtl05 is a 
composite sample of the granitic mks of Akuluhk Mountain and 
included specirnans from the northern, central, and muthern parts 
of this mass. Sample 35AMtW1 is a composite sample of the in- 
trusive mass thpt mmrs on the ridge btwean Lakes Kulik and Bev- 
erly. In addition to the analytical work, spectrowpic testa were aIsa 
made for certain metals by George Steiger, of the Geological Survey. 
In order to compare the chemical composition of the.m three Sam- 

ples with that of Alaskan granitic mb of other types and ages, 
five additional analyses have also been tabulated. The first of these 
represents a composite sample of the pnodierite of the Coast Range 
intrusives, collected by Buddington in southeastern Alaska, and 
analyrad by J ,  G. Fairchild, of the Geological Survey. The p a n o -  
diorite of the Coast Range mas considered by Buddington to be of 
approximately Upper Jurassic or Lower Cretaceous age. The second 
and third sm analyse~ of granites, collected by the writer from the 
Ruby and Gircle districts of interior Alaska. Bath of these granites 
have been referred questionably to the. Mesomic, with the alternative 
t b t  they may ba of eerly Tertiary age. The fourth and fifth are 
analps of monzonitic mh from the Iditad and Nixon Fork dis- 
tricts of southwestern Alaska, considered to ba of Tertiary a p .  
The four andysas last  named were made by E. T. Erickson, of the 
hloS;ml Sumy. None of these analyses, except the one given by 
Buddingtun, have heretofore k n  published. 

AmIuaaa of pranitia mcRa from Ahska  

1 $6AMUI ( mito 
$ S S A M ~ ~ W  g h n i t e j .  
3, saAMtRol (quartz mnnrmlh). 
4 (3rnnndl~ita o l  the Coast (Buddn&n). 
6: 34AM170 (prnnltn lrom Creek, Ruby d m ) .  
8. 34bMr71 (errmilo from hllrrtln~crth C m k .  Chk dWd-r). 
7. 81AM tQ8 100, nnd 101 (montoofte from heed of Flat Cmk, Idit- 
B, 3 3 ~ ~ ~ 1 7 2 ' ( r j u n t t e  momonhe from head of ihdden Creek, N b n  Fmk d l s t d ,  

*Budbtnflon, h F, and CbnPln, Ihcodom, Geology knd d m 1  depoalt~ of mth-  
castern d!aska : Survg Bull. SOP, p 218,1928. 
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These analyses have been computed into normative molecdea, by 
the methods given by Cross, Iddings, Pirsson, and Nrshingtan.'8 Tr, 
the writer it sesm of little practical utility to  compute norms to a 
hundredth of s percent, particularly when the molecular proportions 
are derived from the analyses in such a way that the laat figure of the 
norm i s  consistently in error. However, as it is conventional to tabu- 
late norms to a hundredth of ia percent, this usage has been followed, 
but in the computation the molec~~lar proportions have been carried to 
rtn extra decimal, in order to insure accuracy in the East digit of the 
norms, It will he o h r v e d  that the norm given for the grnnodiorite 
of the Coast Rango differs from that published by B~ddington.~~  
This arises, first, from the fsct that M f l  and FeO were allocated in 
different ratios to  the diopside and hypersthene rnolecufes, and, 
spcond, because TiOz was allotted to titmite instead of to ilmenite. 
!r'hese eight norms and their symbols in the quantitative clamification 
sre given below: 

N o m a  of gmaitfc mka from A b b  

=&om. Whitman, Xddhgs. J. P, PI-, L. V.. and WaaWgton, H, 81., mantffatIva. 
clasdfimtien of igumus rock& Unlv. Chicago Prese, 1903. 
a Bndd:ngton, A. F., Op. c i t ,  p 21%. 
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Alblto .....-.--....-+..........-------- 
Anorthtte .............................. 
Uio~)sitle .,,-..--.-..---..+. ........... 
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Ilmemre ............................... 
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'Shew anralyses and no- bring out some interesting facts. F~E& 
mill be observed tZle marked similarity between the granites of tlm 
Nushngak district (coIumns 1 and 2) and the granites from Ruby and 
Cifcle (columns 5 and 6) in the upper Yulron Valley. All four am 
very d i m u s  rocks, ranging from 74 to  76 percent of silica and 
from 31 to 36 percent of normntive quartz. me only granular 
igneous mks rat present h o l m  in AlasIra that are as siliceous or more 
siliceous than these am five dike racks of aplitic chnrackr, collated 
by Sp~rr:~  which range in their content of silica from 76 to 77 
p m n t .  The siliceous character is also indicated by tho low per- 
antage of femic or dark-colored minerals, os a result of vkch  all 
four of these rocks fall into class 1 of the qusntitative system. 
'The feldspars in all four rocks are highly dkalic, as is indicabd by 
the fact that aU bclong either in rang 1 or in rang 2 ~ e a r i n g  to rang 
1. This feature dso shows in thin section by the perthitic intar- 
growths of microcline and albitc, and by the small percentnhm of 
plqicclam feldspar as brtsic as olqglase. Finally, a l l  hlong either 
in gubrang 3 or in subrnnfi 2 veering to snbrmg 3, showing a gen- 
.em1 but slight pmpondemnm of potnsh over soda. 

The intrusipe rock from the ridge between Lakes Kulik and Beverly 
(oolumn 3) is distinctly less siliceous, nnd this feature shows not only 
in the small amount of normativa qurtrtz but also in the higher per- 
centage of darkalored minernls. On the other hand, it d m  not 
.mnfonn exactly with the monzonitic rocks of southwestern Alaska, a9 
~exemplifid by the intrusives from t11e Iditarod and Nixon Fork 
districts, thongh it is not greatly dissimilar tn the Irrtter. It resembles 
the quartz monzonite from Nixon Fork (column 8 )  in that the ratio 
of potnsh to limo-soda feldspars is nearly the =me, but it differs in 
%wing more normative quartz and less nonnative diopsi~te and 
hypersthene. Actually neither the intrusive from the .ridge between 
Lakes ICulik and Beverly nor the intmsir-e from the Nixon Fork dis- 
trict,  if cln~ified on the basis of normative feldspar dono, is a true 
monzonitic rw.k, because their ratios of potash to lime-soda feldspar 
are, respectively, 1 : 1.6 and 1 : 1.7, as compared with the theoretical 
limits of 1 : 1.5. Both, however, have certain characteristics, mcl~ es 
the constant appenranw of au& in their motles, that relnte them 
much more closely to  the rnonzonitic mks of southwestern Alaska 
than to the granitic rocks of interior Alnsks. Both thew rocks have 
therefore been described by the writer as quartz monzoniks, though 
they might more murnteIy be design~hd grano-mtmzonitos. In the 
quantitative system of clnssification of igneous m h  the diffemnm 
between these monzo~tic  mcks of soutllwestarn Alaska and klle 

m S m ,  X E, h &010&t, VOI. 25, Vp. 221-238, 1900. F. W., kaalm M 
zoeh from the laboratory of  the U. 8. ( l d ,  Sarveg, 18SCW9, p. 229, 1900. 
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siliceous granites of interior Alaska is sug@atsd by their tandency to 
fall into c l w  2 instead of clam 1, and RS the class ia based upon the 
ratio of sdic  ta femic minsmls, this tendency indictatas their more 
bssic character. Their greater basicity is dso shown by the universal 
assignment of the monzonitic rocks to rang 2 instaad of rang 1, a 
difference that is based upon the ratios of (BsO+Ntl,O) CaO. 

Comparing both the granites nnd the monzonitia rocks with the 
granodiorite of the Coast Range, as exemplified by the cornpode 
analysis of Buddington's samples (column 4) shows t h ~ t  the latter 
has some of the characteristics of both the former but also shows 
certain diflerences. Though mom basic, as meaaured by normative 
feldspar, than either the granites or the quartz monzonita (column 81, 
the g-ranodiorita still belongs in class 1, showing ib relatively low 
percentage of dark minerals. On the other hand, it belongs in the 
same rang as the quartz monzonite-that is, rang !?-thus showing R 
~imilar ratio of (K,0+Na20) to CEO, bot the prcenhgn of the 
anorthite molecule is definitely greater, and as the percentap of 
albite is much the same in the rnonzonitic mk6,  a lower percentage 
of potash feldspar is indicated. This lower pemnhge of K,O 
shows up cIearIy both in the chemical analysis and in the normative 
orthoclam. 
To summarize these minemlogim1 and chemical chamcbristics, 

it appears that three types of granitic mh, only two of which m u r  
in the Nushagak district, am repmentd by the itnalysres given above. 
Fist, them is a highly siliceous granite; second, a p u p  of man- 
zonitic mh, which are characterized by p t e r  basicitg and s much 
higher percentsgg of dark-colored minemls, among which augit~ 
and biotite are the usual modal types; and t h d ,  the pnodiorita 
of the Coast R a w ,  which is less siIicic thm the granitm and wm- 
parable in this mpxt with the monzonitic rocks. kt differs from 
the monzonitic m k s ,  harrerer, in ha* a low pment.ap of dark 
minerals, which relates it to the granites, and in hsving a lomr per- 
centage of normative orthdase and a higher percentage of nonna- 
tive anorthite than either the granite or the quartz m o m i t e .  

OOrnhOT ALTEEATIOlr 

The larger bodies of pni t ic  rocks haw prodncd considerable 
alteration of the sedimentary mks dong their peripheries. At same 
lmalitjss t h w  contrtct. effects are noticmble, eren at a distance, by 
the reddish mcaEor of the sedimentary rocks e l m  to the intrusives. 
The rocks bordering the muth end of the intrusive mass of  Akuluk- 
tok hlounhin afford a good example of this alteration. On closer 
inspection this dd i sh  color is found to be can& by the deposition 
of oxides and hydroxides of iron along the cleavage, jointf and 
bedding planes of the bordering sedimentary m k s ,  for a &stance of 
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a quarter of a mile or more from the surface ouhmps of the &ranitic 
rocks. This process has clearly been cauwd by tho deposition of 
iron salts from heated mineral-bearing scllutions that penetrahd the 
sedimentary mcks through connecting crevices. It is also apparent 
that this prcms~ hns been mod eff e c t i r ~  in those rmh which, through 
folding and fmturing, had developed the largest number of cIeamp, 
joint, and bedding planes. The sourn of the heated water and 
of the contained mineral salts, however, is not so clear. These 
watam may have b u  of either connate or meteoric origin, and the 
contained minerals may either have amnded with the mnnate 
waters or may hare been lemllod from the intrusive or tle sedi- 
mentary rocks. If the water mas of meteoric origin and the in- 
trusive was injected close enough to the surfam to affac2: the zone 
of underground watar, these solutions may have been heat& at 
the time of the granitic injection. But if the water was of meteoric 
origin md the injection .occurred at moderata or great depths, the 
hatad solatiom could not have existgd until erosion had sufficiently 
denudd this region, so that the zone of underpound water wm 
extended downward to the intrusive mass. Tha thermal me&- 
morphism of the bordering sediments, as described below, rather 
favors the idea of intrusion at considerabla depth, but the characbr 
of the m i n e d  salts does not favor their origin from connab 
,granitic water. Regardless, however, of the absolute depth of the 
granite of Akduktok Ekuntain below the aurfw rat the time of its 
intrusion, it w m s  most probable that the reddening of the nearby 
esdimentary m k s  was caused by heated meteoric waters, possibly 
long itftsr the injection hnd murred but before the granitic m k s  
h d  thamughly cooled. The iron contained in these solutions may 
easily have been leached from the sedimante~ry rocks, most of which 
mab.in abut 5 percent of FeO. 

The same reddening of the country rock is visibla along the ridge 
muthwest of Sunshine Valley, where only rl few malt croppiqp of 
gmnitic r& occur. It is bolieved that at this lmalitg a larger body 
of granitic racks lies at no great distance below the surface, sa that 
the visible red border effects rrre those produced clbove the a p x  of an 
intrusive mass, rather than along its borders. If this interpretation 
ia correct, this locality should be a favorable site for prospecting for 
deposits of rnetaZliferous ores. 
To judge from the character of the sedimentary m k s  close to the 

granitic mh, these htrusives have tended to follow argjllaeeous 
beds, rather than grapacke, in the process of their injection. Such 
argilIamus rocks are likewim more prone to be altered by thnmal 
rnetamorphim thm the more ailicmus and feldspathic massive rocks. 
Herice, in the vicinity of most of these intrusives a l t a d  phases af the 
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~ r g i l l m u s  m k s  are &her &on, but altered graymacke is dm 
found. Some of the argillaceous mh along the south side of 
Akuluktok Mountain clow tn the granite show only incipient mrys- 
tallization to biotite, but others are more thoroughly mrystallized to 
biotite and quartz, with sporadic crystals of green hornblende, and 
intersected by finer seams of quartz. Another: phase of the recrys- 
tallization at this same locality is the developmen5 along with fine- 
p i n e d  biotite and quartz, of phenocrysts of fresh, unartemd lnbra- 
dorite. One of ths most complete examples of recry~~tallieation and 
replacement was o b r ~ e d  in the contact rack at the north end of the 
intrusiva mass at Akuluktok Mountain, where the country rock is 
altered to a panidiomorphic groundmaus of fine qnarte, in which are 
set larger crystals of biotite and some garnets. Rocks of t11e gray- 
wake type, which &ow the edects of thermal and contact metamor- 
phism, were also observed in places along the south margin of the 
intrusive. In such rocks the groundmass is similarly recrystallized 
to he-grained biotite. and quartz, but the original detrjtal grains of 
plagioclage are either micitized or are replaced by quartz and nlbite. 
Along the border of the intrusiva of the MukIung Rills, a contact rock 
of unique type was seen at  one locality. This was found under the 
micr~scope to consist mainly of greenish pyroxene and quartz, with 
some apatite md a little interstitial alkali feldspar, either orthoclase 
or albite. 

It should be emphasized that the contact-metamorphic effech above 
outlined mere obsewed in the vicinity of the granite intrusives and 
were not 8een to the same extent around the periphery of the qua& 
monzonite on the ridge between IAL~AS Knlik R I I ~  Beverly. Thew 
facts suggest that the g-r~niks were injected tat n considerable depth 
below the snrf,m that existed at tho time of the intntsion. Such 
facB likewise sngffest, though they do not definitely prove, t h ~ t  the 
quartz; monzonite may have come clmr ta the surface that existed 
at the time of its injection. Rut as the granih of Akul~~ktok Mourn- 
tain, rsnd tho quarts monmnite on the ridge bebetwmn hk Kulik and 
Beverly occur in m a w s  of the same pneral order of magnitude; 
and, further, as both types .occur together in the ridge southwest 
of Sunshine Valley, it would appear probable that the quartz mon- 
zonite represents a later intrusion, which took place after s con- 
siderable part of the original cover above the granites had been 
denuded. 'Shm facts also suggest that this differenw in age does not 
reprwent merely an intrusive Imdy shattemd after OF dwing its m1-  
ing s h e  and invaded by a, magmatic residue, such as forms late 
aplitic or p e p ~ t i t i c  dikes. On the contrary, there is ~uggested a 
second and distinctly latap epoch of intrusion when the quark2 
monzonita was injected, 



AGE ban OOEEELATIOBf 

As no determinable fossils have been found in the mquence of 
+ eedimenhry rocks that extend from Lake Nuyakuk southward to the 
Z flats about Nushag& Bay, the age of the granitic rocks that have 

invaded them cannot be determined from paimntologic evidence. 
From stratigraphic and lithologic evidence, however, which has been 

. ,  given on p a p  59 and 6041, it is i n f a d  that this series of sedi- - rnentary m k s  is largely of Cretaceous age and that the more south- 
erly part of the sequence may be as young as Upper Cretaceous. Tha 
gmnitic rocks are found both in the older and in the younger groups 
of the undifferentiated Lketltceous rocks, but it cannot be inferred 
that the latest Cretaceous sediments have been intruded, &st because. 
the mount of these sediments that has been mmoved by erosion is 
unknown, and second because the stratigraphic sequence of the 
unamded rocks is not sufficiently wII known to recognize with assup- 
mce the youngcst part of the sequence. The direct stratigraplfic 
svidenoe, therefore, indicates merely that the granitic intrusion oc- 
curred rthr mme of the later undifferentiated Crataeeous mdirnents 
had been deposited. 

It is rather unlikely, however, that the Cretaceous sediments were 
intruded while they were still flat-lying? little-indurated beds. In 

b fact, the stratigraphy gives soma ind4mtion on this p i n 4  for granitic 
rocks of the stme composition and texture a m  found in the vicinity 
of Tikchik Lake, in the basal part of the Cretaceous system, and at 

t the MuWung. Hills, in what appears to be the upper part of the 
system. It is therefore believd that the Cretaceous rocks were 
folded before the granitic rocks were injected, and it is not unlikely 
that they were also elevatsd above the xrt mid exposed to erosion 
before the invasion of the granitic mks .  Yet even without a strati- 
graphic basis, this assumption of general contempor aneity betmeen - tedonic movements and volcanism is not illogical. Such eonsidera- 
tiom suggest strongIy, though they do not necessarily prove, that 
the granitic mks of this ares are of Tertiary ago; and they am 
thus shown on the explanation that accompanies the geoIogic map. 
Petrographic comparisons are generally regarded as unsafe criteria 

C for correlating granitic rwks from difbmnt mgions, yeb mcll simi- 
larities or diflerences in granitic rocks fi-orn different parts of Alaska 
may have more significance thm is now redized. It should therefom 

1 be okrved thRt the petrographic and chemical characters of the 
gmmih of the Nushagak district are essentially similar to those found 
in some of the srnaller bodies of granite in the Yukon Valley, as at 
Ruby and at Cide.  

The granitss at both Ruby and Circle, in the absenm of strati- 
grsphic data in those regions, have more or legs conventionally been 
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regarded as of Me8amic age, but it is entirely possible t b t  many 
of the so-called Meaozoic granitic mks of interior Alaska may sub*. 
quently be found to be of Tertiary sgc. The monzonitic rocks from 
the rid@ bet~#n h k e 9  Kulik and Beverly, however, resemble very 
much the quartz monzonite from the Nixon Fork district, and they 
al% resemble some of tle rnonmnitic mks of the Rampart dis- 
trict. The monzonitic intrusives in the Nixon Fork and Rampart 
districts have been considered to Ix of Tertiary and possibly of mid- 
Tertiary age. 

The facts now h o r n  with regard to the age of the past-Paleozoic 
granitic rocks of Alaska are these : The earliest of such p n i t i c  
intrusions took place sometime, and perhaps intemittently, in the in- 
terval h t m n  late Middle Jursssic and early Zower Cretaceous time. 
This, the greatest of all p n i t i c  injections in Alaska, gave rim to the 
Coast Ranga batholith. For stratigraphic, lithologic, and petro- 
p p h i c  reasons already presented the granitic rocks now known in 
the Nushagak district am not b e l i e d  to have originated at this 
time. 

The second period of post-Paleozoic pn i t i c  injection occurred 
in late Upper ~ ~ 1 ~ s  or early Tertiary t h e .  The evidence for 
this mnclasion is described in the various gaologic reports on parts 
of the Alaska Range, but it is not within the smpe of this report 
to review that evidence. The granites of the Nushapk district cer- 
tainly belong to thia sme  epoch of intrusion, and the conclusion 
favored by the writer is that thia injection m a m d  in early Ter- 
tiary time. This statement, while it correlates the granites of tha 
Nushapk district with similar granitic m b  in the Alnska Range, 
does not necmmrily correlate them with all the granites of tho 
Yukon Valley, though the petrographic characters make a c o d a -  
tion with some of those granites apperrr powible. It is known thnt 
granitic rocks of two distinct, ages fire present in the Yukon-Tmana 
region, and it  js  probable that three epochs of intrnsion a m  repre- 
sented. Hence it may not be inappropriate to come9ate the granites 
of the Nushagak district with some of the similar p-mites of the 
Yukon-Tanana region, with the proviso that both older and younger 
p n i t i c  rocks are probably also present in that region. 

The correlation of the quartz mnnzonite front the rid@ batween 
Lakes Kulik and Beverly with similar rnonmnitic rocks elsewhere in 
Alaska, must nmssa~ily be based largely upon comparative peho- 
graphia studies and is therefore correspondingly inconclusive. The 
&eralogic and chemical similarity of this monzonitic intrusive, 
however* ts numetous other m h  of the same ganerral character, 
from the Rampart district soutbwsstward in southwestern A l ~ k q  
js highly suggestive though not conclusive evidence of their consan- 
puinity. All them monzonitic rocks are believed to be of Tertiary 



w, and at  mme localities stratigraphic and other evidence sugpsta 
that they may dl represent a third, distinct epoch of granitic intru- 
sion that m m d  in mid-Tertiary time. 

For the reasons already given, as well as from analogy with condi- 
tions of granitic injection in other parts of Alaska, fie rnoazonitits 
rwks are regard~d as probably injected as the latest phase of granitic 
activity in the Noshagak district, thougl~ no absolute proof of this 
interpretation can be cited. Under such a hypothesis, the granites 
of the Nushag& district may be regarded as early Tertiary, w h e w  
4ha quartz momonite may possibly be of mid-Tertiary age. 

~ I ~ R ~ L A T I O N  AND PWSPECTINGI 

In  the preceding pages the sedimentary and igneous bedrock 
geology has hen d d b e d ,  and the physical geogmphy of the pres- 
ent surface has been in some measure ttnalyeed. From these facta 
certain conclusions may be drawn as to whether the Nu~hagak dis- 
trict is a favorable area in which to prospect for mineral deposits, 

Mineral deposits include many kinds of raw materials fwnd in 
nature, but all inorganic and mme organic products, if they occur in 
air, waterS or ground, are classified into two #enem1 types of de- 
pits-metallif erous and nonmehllif emus. Many nonmetallif erous 
deposits occur in Alaska, but on account of high casts af produotion, 
high freight rates to markets, and other causes, few such deposits now 
have signi6cant ewnomic value, except for l w l  use. In the Nnshaga-k 
district there is, for example, an abundant supply of gravel that is 
suitable for road-building and h s  been excavated and u d  in build- 
ing the Snag Point-hakmak road. In a similar way the Nushapk 
district rni'ght yield many other nonmetallic mineral pmducts, such 
.m building stone, day, lime, and cement materials, but all such prod- 
ucts are practically valueless st the present time, as there seems to be 
little local dernmd for them. On the other hmd, coal deposits, which 
might possibly be of local economic value, h v e  not been found in tha 
Nushwak district. 

The same economic considerations that apply to the ncrrunetallifer- 
oas minerds apply likewise to mast of the metallifemus deposits. 
Large supplies of ores of hn, copper, lead, zinc, and other common 
metals are av8iJable in the United States, so that even if such o m  
in workable quantities could be located in the less acxessible parts of 
&ash, they would not have any immediate comemid value. Ores 
of certain metals, such as tin and nickel, in which the United States 
is de5cient, would be valuable if found in workable deposits, but no 
evidence of t.he pmsema of such metals has yet been found in the 
Nnshagak distrid 
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There remain the precious and semipmious metals, such as gold, 
silver, and platinum, ns possible metalliferous msources. These 
metals may occur either ns lodes or aa placer deposits, but as mineral- 
ized rock must exist as a source for placer deposits, the possible oc- 
cumnee of lodes of the precious and semiprecious metals is of prime 
mnsideration. It is now a well-known fact that gold and dver  ares 
are genetically mlatd, either directly or indirectly, to granitic 
rocks. Experience in Alaska bas also shown diat such lodes sre 
more likely to be found in or near maU bodlea of granitic M&S 

than in the vicinity of the Iarger maws. This is believed to result 
from the facts that hot mineral-bearing ~lolutions tend to move np- 
ward along the flanks of cooling mmes of p n i t i c  r& and to be 
precipitated at or near the apices of such bodies, and that many 
small arem of gtanitic rocks rcpmsent merely apophyses projecting 
upward from larger massea of the grime rocks that lie below the sur- 
face. Hence, any or all such small areas of granitic rocks in the 
Nushagak district am potential sites of gold and silver ores. On 
the other hand, it is equally well recognized that only a mall per- 
centage of such areas will prom ta contain commercial ores, and in 
the pmaent date of knowledge regarding such matters the Wt way 
of loclttinp; productive areas is to prospect for them. The mapping 
of the granitic ttreas, however, ia an important preliminary step, as. 
it aaves much prospecting in areas where the chanm af finding o r e  
of gold md siIver firs almost nil. 
On the accompanying geologic map several areas of granitic rocks 

are shown. Tfiese, however, am not the only amas whore such rmks 
occur, as the exigencies of reconnaissance mapping do not permit the 
carefi~l examinntion of all the country, This is not only true for the 
unmapped parts of the Nushagak district but is hardly less true for 
the mapped area, ss i t  is easily possible in reconnaissance mapping 
to overlook small p n i t i c  areas, and t h w  smaller a m s  may have as 
much significanm sa s i k  of ore bodies as the larger areas. In 
places, nlsa, the pni t i c  rocks are not exposed at the p m n t  surface 
but lie at so short a distance below the surfme that they may easily 
have cauwd important mineralization. Usually, however, at such 
places small apophyses, dikes, or quartz veins mill &ow at the sur- 
face and give n clue to the subsurface proximity of intrusive rocks. 
This condition is well exemplified along the ridge southwest of Slm- 
shine Valley, at the head of Lake Aleknagik, and it should be added 
that a diffuse type of mineralization has been recognized along this 
ridge and n little placer gold has been found by prospectors in one 
or more of the streams leading northward from it. 

hference has already been made to the analysts of three of the 
granitic rocks of the Nushagnk district, These rocks were also ex- 
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mined spectrascopically by George Steiger, of the G e o l o @ ~ l  Bur- 
vey, for traces of the rarer metals. As a result of this work the 
grttnites near Tikchik Lake and at Akuluktok Mountain b t h  showed 

5 two persistent Iines characteristic of silver, and the granite of Aku- 
l*k Mountain also showed a single beryllium line. These tests 
were made by plming the powdered granitic rock directly in the an: 
and therefore obviate any possible contamination from other labars- 

2 tory chemicals, as might occur if the material had just ;teen fused 
with a flux. Such tests are capable 09 detecting quantities as mall 
as 0.01 or 0.02 percent but will not show 0.001 percent. No spectro- 
scopic tests were made for gold. The presence of silver in quanti- 
ties as p t  nB this in granitic rocks that were not visibly mineral- 
ized is an encouraging feature, as it indicates that silver and pos- 
sibly gold were associated with these particular granitic intrusives, 
but it does not necessarily indicate the presence of commercial lodes. 
The prospector for lodes of gold and silver is therefore advised to 
concentrate his effort;s around the mapped and unmapped areas of 
granite, in order to save much useless effort in other areaa where 
there can be little or no probability of finding ore deposits. 

The platinum metals are commonly associated with intrusive rocks 
of ultrab,bnGc character, such as psridotite or pyroxonh. Within the 

3 areas of tke Tikchik nnd W o d  Rker Lakes, where the m k s  were 
mapped by the mribr, no such ultrabasic rocks were observed. It 

4- should be noted, however, that such rocks and important placer de- 
posits af platinum metals have W n  found in recent years in the 

? Goodnews B&y district, a b u t  100 miles m& of Lake Aleknagik. 
Inmuch  as all of the Nuslmgak district has not been mapped, it 
would be well for prospectors to have in mind the possible occur- 
wnm of such deposits. 
To the prospector with small capital, who is interested in obtain- 

ing quick returns for his work, placer deposits am of more im- 
a portance than lodes. Placer deposits may be found at any locality 

where them are lodes that can act as tt source of metetala, but in gen- 
e& they are best developed in areas where prolonged and undis- 
turbed stream erosion and mnmntrration hnve taken place. Thm 

d. conditions exist in the highest degree in unglaciated regions of low 
relief. Interior Alaska, for example, has not been regionally gla- 
ciated, and there, in areas lying from 600 to 1,000 feet above sea level, 
most of the highIy productive placer camps of Alaska are Imated. 
Pl-r deposits m u r  in some glaciated regions, however, as, for 
example, in the Cache Creek and Vddez Creek districts, but gen- 
erally the odds are against finding commercial pIacsrs in glaciated 
areas, as the heavy metals are likely to be greatly disseminabd in 
glacial or glaciofluviatile deposits. The formation of placer deposits 
from such disseminated metals requires that the postglacial or pprewnt 
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&ream must have accomplished a great dsd  of concentration of 
these elements in a relatively sd101-L time; md the candition~ neces- 
sary for such mn~ntmtion are not commonly p m n t  in m n t l y  
glnciatd regions. 
On applying  the^ facts to the Nushagak district, it will appear at 

once that the region of the Tikchik and Wood River Lakes is not a 
favorable site in which to search for high-pde. placer dewts. 
This is due in part to the fact that any preglncial placers would 
probably have been scoured out and diwipated by glacis1 action, 
but also to the fact that most of the streams have high gmhents and 
therefom have not been thoroughly effective in the concentration of 
heavy metals. Moreo~er, even if their gradients were lower, they 
have scarce1 y had time since the retreat of the im to develop con- 
tinuous and high-grade plamr d$eposits. 

The= considerations, however, do not apply to the Nushag& Hills 
or to the country north and enst of the Nushagak district. Prac- 
tically the entire N ~ ~ s h a p k  Valley, within the area shown on plates 
1 and 2, with the exception of the headwaters of its western tribu- 
taries, is unglnciasd. To the enst of the mapped area, the lower 
half if not t wo-thirds of the Mulchatna Valley is l ikewk unglaci.. 
atd. The Aniak and Holitna Rivers and their tributaries drain the 
region north of the Nushagak district, and both these streams oc- 
cupy unglaciated reI1e~ts. Moreover, the Nushagak Hills and most 
of the region mntiguous to the Nushag~k district on the north and 
B$St m areas of m18tively low hilts, drained by streams of rnderata 
gradient so thnt the physiographic conditions required for concen- 
tmtion of gold into workable plwem ELM excellent. 

Such f avorabls physiographic wnditions, however, have, no sipif - 
icrtnce unless the ggologic conditions are such that mineralization 
has oemrrerE in the country rock. The p m n c e  of granitic mcks 
is the most important desideratum, if gold lodes or place= are ta be 
found. Kemuk Mountain, east of the gl~tciahd area, rtnd Tikchik a 

Mountah and the Muklung Hills, at the eastern edge of the glaciated 
area, R~"B the sites of granitic intrclsives and are themfore better sitm ' 

for placer prospecting than the Tikcha Mountains proper. If Mi- 
of granitic racks are present in the Mushagak Hills, that area should 
be an even better site for prospecting; but not enough work baa yet 
been dohe by the Geological Survey to determine definitely whether 
granitic rocks nre there present. The =me lack of definite informa- 
tion also applies ta the Aniak, Eolitna, Roholitna, and Mulcllatna 
Rivers, but no reasons are known why granitic mks should not be 
expected to occur in the Nushagak Hills and in the contiguous arem 
north and east a£ the N~~ehagal; district. 

The pmpecting that has already been done indicates that gold is 
widely distributed, in the emtern part of the Nnshagak district and in 
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aontjguous areas to the north and east. Some of them aocuxrenm of 
gold were sl~mmtnrized for the Geological Survey by Mr. F. H. 
Waskey and are outlined below. 

a 
0, 

It is stated that flour gold may be pmed on Raeler's Bar, on the 
Nushag& River abut a mib downstream from the inlet tn Scandi- 
navian Slough. Some coarse gold has been found along the north- 
east slopes of the Muklung Hills, in a tributary of the Kokwok River; 

- and fine gold has k n  found along both the north and west s l o p  of 
Tikcbik Mountain, In the vicinity of Sleitat Mountain, south of the 
Nushagmk Hills, a mall b d y  of granitic rocks mas located years ago, 
and along their periphery were found some small gtfsh reins, from 
which lode gold to the value of $200 mas recowred; and a fern coarse 
colors of gold were found on a nearby creek. Colors of gold have 
alao been found on a headwater tributary of the Nushagak River, 
known by the natives as the Pulch&tnachakcharak River, which Aows 
northward into the Nushajiak River in the northeastern part of the 
Nushagak district. ~nc i the r  headwahr t.ributary of the Nushagrtk 
River, !mown locally as Caribou Creek, which is beyond the mapped 
area, is said to have been the site of some small-scale gold placer min- 
ing in the ar ly  days succeeding the stampedes of 1900. Some coarse 
gold was also found in the upper valley of the King Salmon River 
in 1907. The he~dmater region of the Holitna River has nut yet 

8 b n  visited or mapped by the Geological Survey, but some prospect- - ing for p l d  placers was being done in 1933 abut 12 miles east of 
Nishlik h k e ,  so that there appears to be evidence of mineralization 

7 in the muntrp drained by tile \Irest Fork of the I-IeIitna and ths King 
Salmon Rivers. 

East and northeast of the Nnshngak Rills gold has been found st a 
number of I d i t i e s  in the Mulchatna Valley. En fact, gold was dis- 
covered on the Mnlchatnlt River as early as 1k990, and since that time 
this =?.ley has been a site for prospecting and even for gold placer - mining an a mall scab, though no oornmercial placers of importance 
have yet been located; but prospecting and development work may be 
expected to lx slow in areas as illaccessible as the Mulchatna Valley. 

In the a k n m  of geologic information showing the presence or 
absence of granitic rocks in the areas above mentioned, the pre9811m 

\ 

of gold, whether in workable deposits or otl-lerwise, is of much signif- 
icance. The wide distribution of the repohd occumnces of p l d  
indicates that the country rock hiis been intn~ded and pmnmably 
mineralized at numerous sites. These facts are certainly favorable 
indications and taken together suggest strongly that gold place- may 
porrsibly be found in the northeastern p ~ r t  of the Nushqak district 
and in contiguous areas t o  the north and east. Such am=, at lewd, 
must be rnted as favorable for prospecting. 
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