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PREFACE.
By Avrreo H. Brooks.

Topographic and geologic reconnaissance surveys of the Kotsina-
Chitina copper belt, Alaska, were completed by the United States
Geological Survey some 20 years ago. Surveys of this character de-
termine the general distribution and geologic occurrence of mineral
deposits. They do not, however, yield the detailed facts on the geology
of the mineral deposits necessary to the mining engineer who is
charged with the duty of determining the commercial possibilities
of development. In the case of copper deposits it is particularly
desirable to have full geologic information before installing the large
plants that are necessary to mine and concentrate copper ores. It
is the purpose of the Geological Survey to examine and map in detail
all the Alaskan copper-bearing districts which give promise of yield-
ing commercial ores. This plan is being carried out as rapidly as
the funds available will permit, and the present report is one of the
results of this plan.

It is unfortunate that, owing to the interruption caused in Mr,
Moffit’s and Mr. Mertie’s Alaska work by their assignment to war
duties, the completion of this report has been long delayed. This
volume not only contains a complete analysis of the economic prob-
lems relating to the ore deposits of the district but is a noteworthy
contribution to knowledge of its geology. It also becomes the medium
of publication of D. C. Witherspoon’s topographic map of the dis-

trict, which most admirably pictures the surface relief.
IX
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* ‘of the Copper Rlver district, Alaska : U, 8. Geol. SBurvey special pub,, 1901.

THE KOTSINA-KUSKULANA DISTRICT, ALASKA.

- —

By Freo H. MorriT and J. B. MertIE, Jr.

INTRODUCTION.
By F. H, MoF¥FiT.
LT LOCATION AND AREA,

The Kotsina-Kuskulana district is in the part of Alaska known
as the Copper River region. It lies at the west end of Chitina
Valley, on the southwest slope of the Wrangell Mountains. (See
PL I, p. 2.) The district owes its present importance to the possi-
bility of its becoming a producer of copper and perhaps alse of gold
and silver.

The area described in this report is about 16 miles long and 123
miles wide, thus having an area of approximately 200 square miles.
Its longer axis extends from northwest to southeast, and its center
is near the intersection of parallel 61° 40 north latitude and me-
ridian 143° 55’ west longitude.

PREVIOUS WORK.

The first secount of the Kotsina-Kuskulana district by a repre-
sentative of the Federal Government was given by Rohn* in 1900.
Rohn visited upper Kuskulana River in 1899 on his way from the
mouth of Chitina River to the Nizina and wrote a brief description
of its geography and geology. His trip was an exploratory trip
and he could give little attention to details of geology, yet he inter-
preted the principal geologic features of the district with consid-
erable accuracy and proposed most of the formation names now in
use there.

'S¢hrader and Spencer? visited the Kotsina-Kuskulana district in
1900, during the course of a geologic reconnaissance survey of the

* Rohn, Oscar, A reconnaissance of the Chitina River and the Skolal Mountains, Alaska :
U. 8. Geol. Burvey Twenty-first Ann. Rept., pt. 2, pp. 393—440, 1900.
* Behrader, F. C., and Spencer, A, C., The geology and mineral resources of a portion

1



2 KOTSINA-KUSKULANA DISTRICT, ALASKA,

Chitina .and Hanagita valleys. At the same time Gerdine and
Witherspoon made a topographic map of an area including this
district, which, with some corrections, has been in use ever since.
The work of Schrader and Spencer greatly increased our knowledge
of the areal geology and gave the first official account of such copper
deposits as were known at that time.

Mendenhall,” the next to visit the district, examined the copper
prospects of Kotsina River and Elliott Creek in 1902. He was able
to give a more extended account of the Kotsina prospects than
Schrader and Spencer and described for the first time the copper de-
posits of Elliott Creek.

In 1907 Moffit and Maddren * examined the copper prospects of the
Chitina Valley from Kotsina River to Nizina River and made cer-
tain additions and a few corrections to the geologic map prepared
by Schrader and Spencer. New prospects had been discovered in

the five years from 1902 to 1907, and; although little underground:
work had been done, numerous open cuts on the many claims gave op-

portunity to examine the surface exposures, so that with the longer
time for study at their dxsposal they were able to describe the copper
deposits of the district in greater detail than the earlier workers.

Besides these studies by geologists of the United States Geoluglcal
burvey there should be mentioned the work of many capable mlmng
engineers who have visited the district from time to time in the in-
terest of capitalists and miners. Their work is not intended for the
public, so that their written reports, although containing much valu-
able information, are not available for general use.

" PRESENT INVESTIGATION,

The work that furnishes the material for this report was begun
in 1912, when an area that would include as much as’ poasikg,a of
the eopper-bearmg rocks was outlined for topographic ‘ﬂrnppmcr
and about one-third of the area was: survéyed by D. C. Wither-
spoon. He was accompanied to the field by Theodore Chapin,
who started the geologic mapping about the middle of July. In the
absence of a-suitable topographic base map Mr. Chapin made use
of a small-plaic-table and an open-sight-alidade in mapping forma-
tion boundaries and locating outcrops, transferring Mr. Wither-
spoon’s control points to his own sheet as fast as the position of these
points was determined. About the middle of September J. B.
Mertie, jr., and tlie writer also entered. the ﬁeld hnvmg been unable

'Hemleuhall Ww. C., l.nd Schnder F. C The mineral rmnrm of the aotmt Wrangtll
district, Alaska : U. 8. Geol. Burvey Prof. :Pa,per 15, 1903. Mendelhall, W. C., Geology of
the centfal Copper Biver region, Alaska: U. B. Geol. Survey Prof. Paper 41, 1905,

4Momt, F, H, and Maddren, A. G., Mineral regources of the Kotsina-Chitina region,
Alagka: T. 8, Gml BW Bull, 874, 1909.
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6 KOTSINA-KUSKULANA DISTRICT, ALASKA.

summit of Mount Wrangell (Pl. VI) being only 15 miles from
the mouth of Fall Creek on Kluvesna River and that of Mount

Blackburn (Pls. V, 4, and X, 4) only 11 miles from théhead of Kus-

kulana River. Adjoining the district on the southwest is the broad
rolling .valley floor of Chitina River, which here, where it joins that
of Copper River, has a width of nearly 10 miles. The southwest
slopes of the mountains along the border of the district merge into
this valley floor and form the valley wall, which sharply delimits
the lowland and mountain areas.

The 'Kotsina-Kuskulana district is occupied enti.re.ly by high
mountains separated by narrow valleys. The maximum relief of
the district as shown by the difference in elevation between Scotty
Peak (7,395 feet), at the northern corner, and Kuskulana River
(1,600 feet), on the southern border, is 5,795 feet. The valley floors
of Kotsina, Kluvesna, and Kuskulana rivers and' the margin of the
Chitina Valley floor along the southwest border of the district range
from 2,000 to 2,500 feet above the sea. Few of the peaks within
the district rise w1th notable prominence above their neighbors, but
many of them reach elevations of 5,000 to 6,500 feet. It thus ap-
pears that the general relief of the area is from 3500 to 4,000 feet.

The main valleys, those of Kotsina, Kluvesna, and Kuskulana
rivers, were once occupied by large ice streams that formed the trunk
glaciers, just as now the streams that flow through these valleys are
the trunk streams of the present drainage system. Their walls are
steep and straight, for the spurs of the preglacial mountains were
truncated, and they show the typical U.shaped cross section of
recently. glaciated valleys. In places the smoothness of their out-
lines is modified by gravel benches and other glacial deposits, and
everywhere postglacial erosion has begun to destmy the forms pro-
duced by glaciation. This is seen most plumly in tha na rr
walled canyons at the mouths of nearly a L Butary
streams (PL IX, A) and in the steep, narrow gulches on many
mountpm slopes.

Some of the smaller streams within the district show the same
modifications of their preglacial topography as the larger streams.
The best examples of this are Elliott, Copper, Rock, Roaring, and
Peacock creeks, in the Kotsina dmma.ge basin. Others have steep,
narrow V-shaped valleys that undoubtedly were filled with ice at one
time but show much less modification by glacial erosion than the
larger valleys.

Most of the valleys tributary to the Kotsina and Kuskulana are
hanging valleys. Their mouths are above the level of the main
valley floors, and they are entered only after a steep climb of several

hundred or a thousand feet. Again the most striking examples nre_

iy, "'* .-."u-‘-. i.
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in the Kotsina basin. Copper, Rock, Roaring, and Peacock valleys
(PL IX; A) exhibit this feature well, although each stream has
cut at its mouth a steep, narrow canyon to the level of the main
nlhy Nugget Creek and Slatka Creek, tributaries to the Kusku-

_ funs, alse have fine hanging valleys. This feature is not. so pro-
: nouneed on the other streams flowing into the Kuskulana, for the

valley of that river is broad and its walls have a genﬁler slope than
those of the Kotsina. -

The truncated spurs and straightened, oversteepened walls of Kot-
sina and Kuskulana valleys have been mentioned. Similar features
are well displayed along the southwest border of the districf, where
t'hp great Chitina Glacier impinged on the mountain wall of its val-
Iey The straight front of the ridge and the triangular faces of the
Wmmmln -masses attract the attention of every observant

rsop,
mﬁm of the topographlc forms in the district are evidently de-
pendent on geologic structure and the difference in hardness, re-
sistance to weathering, and other characteristics exhibited b
geologic formations. The valleys of lower Rock Creek, Lime greek,
angd Clegr Creek and the ridges that bound them on the west are the
produgt of both of these cayses. . The scarp of the westward-dipping
hitistone limestone determines the ridges and has cantrolled the
position of the streams that flow along them. A glance at the geo-
I?ggg map (PL III, in pocket) will make this clear. The Chitistone
Timestone forms many bold cliffs and prominent points throughout
the district, for it breaks down in blocks, controlled by the joint
planes, and does not disintegrate in placa. In a similar way the
Nikolai greenstone also breaks down along joint and fault planes,
but owing ta its greater thickness, the absence of soft beds above and
below it, and:sther: cagises the topography of the greenstone areas is
unlike that of the limestone areas. In particular, the long precipi-
tous walls, like the limestone walls on Lime Creek and on Elliott
Creek, are not formed on the greenstone. The greenstone weathers
into mugh craggy slopes, steep and inaccessible in many places, with
smiooth talus slopes below. On the other hand, the shale formations
yield forms with smooth contours, even where weathering is proceed-
ing st a rapid rate, for the rock brenks down in smaller fragments,
which disintegrate readily. The area south of Kotsina River, between
Copper and Rock creeks, shows well the characteristic topography of
shple areas, _

One other peculiar topographic form is conspicuous in areas of
massive conglomerate like that at the head of Strelna Creek and in
the ridge north of Elliott Creek. The rough surface and black color
of the mountains formed of the conglomerate often makes it possible

19188—23——2




8 KOTSINA-KUSKULANA DISTRICT, ALASKA,

to recognize the formation at a long distance. Huge pillars and
blocklike masses are common on the crests of the conglomerate ridges
and make wa]]nng there impossible.

The position of some of the valleys has most probably been influ-
enced by faults, Examples are the part of the west fork of Roeck
Creek that runs northwestward and the branch of Strélna Creek in
line with it, possibly also the east forks of Rock ,Creek and Lime
Creek. Yet many of the faults have no recognized topographic ex.
pression. S A :

CLIMATE,

The Wrangell Mountains form the eastern wall of a broad basin-
like depression that is inclosed on the remaining three sides by the
Alaska Range and the Talkeetna and Chugach mountains. Copper
River flows along the eastern margin of this basin, and the head-
waters of Matanuska, Susitna, and Delta rivers dram itg, western and
northern margins. This basin, although very small in eomleﬁon
with the rest of Alaska, forms one of the climatic provinces into
which Abbe® divides the Territory. It has low precipitation and a
wide range of temperature.

The Kotsina-Kuskulana district lies at the border of this
but its climate, particularly the rainfall, does not fully co!
with that of the Copper River lowland, to the northwest. The moun-
tainous character of the district is the chief cause of such differences
as exist. Nevertheless the weather records of Copper Cent.er, 85 miles
from the nearest point on Kotsina River, are useful in helping :l'orm
an idea of the c'hmate of the district, and a summary of them, pre-
pared by Ellsworth and Davenport,® i is given here.

Summary of precipitation and !emperaxm at Copper Cenier for a period or 1'
Jull years:and 22 scattering months (August, IsMw 1913)..

) :u. Feb. | Mar. | Apr. | May. Tgne. qu_;y._ Aug.

a : o

Bept. Oct. Nov.! Dee, | Year.

m: pitation, | 77

| O | 046|017 | 0.07 0.0 | 0,86 | 1.06 112|113 | 0.98 |07 | 074 | BT
Xl el | w| o] sl w| o) m| 0| @] 4] ®...
Mintmum . 74| —55 | —48 | 36| 18| 2| 23] W) 3yoge| e -8 |l
Mean........... ~10.8 | 2.3 |14.3 [ 20.0 | 441 | 531|864 | 524 (429127 | 46/ 8.3 [ 2

These records were made at a station in the open Copper River
basin, 15 miles ‘from the Wrangell Mountains, so that in order to
have figures for comparison which are more nearly like those that
might be expected from the Kotsina and Kuskulana valleys, a table
based on obseryations made at Kennecott, in the Niz'ma district, is

5 Abbe, Cleve]and, ir. 'IJ B. Geol.' Bnrvex Prof, Paper 45, p. 140, 19086.
¢ Bllsworth, C. K. ‘and Davenport. R. W., Preliminary repert.on a water-power rgcen-
najssance in south-central Alaska : U. 8. Geol. Survey Bull. 592, p. 169. 1914

e, E4iT
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also given. The record covers a period of years from 1905 to 1920
but is imperfect and is therefore given without an attempt at sum-

mlrx.g.tlon.

Rocord of lomporature ond provipiiation ei Kenaecots, in the Nisine Sleiriot
of Chitina Valley.

[T=Trace.]

At

Jan. | Feb. | Mar. | Apr. | May. JJune. July.| Aug. | 8ept.|-Oct. | ¥ov. | Dec.

Hﬁprmted weather records taken within the district were avail-
able when, the geohglc mapping was completed, but a Weather
Bureau station has since been established at Strelna, where observa-
tions are now made by Mr. V. J. Dwyer. If records were at hand
for comparison it would doubtless be found that the precipitation
on.the mountainous parts of the Kotsina and Kuskulana drainage
basins is considerably greater than at Copper Center and that the
range of temperature is somewhat less. In the paper by Ellsworth
and. Davenport previously cited the Copper Center records are com-
pared with those of stations on Prince William Sound and near-by

coagtak points as follows:

The records show that the heaviest precipitation along the coast occurs dur-
ing September, November, and December ; farther inland the months of maxi-
mum precipitation are July, August, and September. The mean monthly tem-
perature is below freezing for seven months in the year at Copper Center and
for four to six months on the coast. The average number of rainy days in
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& year is 83 at Copper Center, about 150 at Seward and Sunrise, from 150 to
200 at Valdez, and about 200:at Cordova and Katalla,

Records of snowfall are rather meager but indleate about 10 teet annually at
Cordova, 12 feet at Valdez, 6 feet at Seward, and 3 feet at Copper Center. In
the mountains the smowfall i8 much greater and accumulates in enormous
drifts, which in sheMered spots last throughout the summer.

The summers of the Chitina and Copper river valleys are short
and pleasant, the temperatures are generally moderate, although
high at times, and there are many clear days, particularly in the
spring and early in summer. The ice goes out of the Chitina late
in April or early in May Snow disappears from the lower valleys
by. the middfe ot—%lay, t he upper valleys, in gulches and pro-
tected plades, it pers if} Iate in’ the spmmer or does not melt at all,
although most of the Kotama Kuskulana district is below the line of
perpetual snow. Around the head and on the sotith wall of the Elliott
Creek valley slides fill the gulches and cover the slopes with snow
that lasts till the end of July (Pl X, 4, p. 30).

Frosts may occur in the valleys in any month of the year but are
uncommon in June and July. A slight fall of snow may be seen on
the high mountain tops after almost every summer rain, lasting a
day or more, but the snow disappears in a few hours when the clouds
lift. The lower limit of the heavy storm clouds marks the lower
limit of summer snow. Below this plane precipitation takes the
form of rain, Many of the rains are entirely local, being confined
to one of the larger valleys or to one side of a rldge. At times rain
falls only in the mountainous area, while the clouds are absent and
the sun is shining ever the lowland area.

In summer, during the warm days of late June and of July, the
large trunk streams that head in glaciers, such as Kluvesna, Kotsina,
and Kuskulana rivers, have their maximum discharge. - This state-
ment, however, refers to normal conditions andexeledes such unusual
flows as those that take place on the bursting of the glacial lake at
the head of Kotsina River and the disastrous floods of September,
1912. High water on the smaller streams comes in June, when the
SDOWS @re melti'liﬁ- in the mountains, and subsides, except at times
of heavy rain, when the snow is gone. The period of high water in
the large streams is therefore longer than on most of the tributaries,
for the glaciersaré a source of supply that never fail till cool wenther
puts an end to the melting of the ice.

Some measurements of stream flow made by Ellsworth and Daven-
port" are of interest, although such detached observations can have
no value as a basis for enginéering calculations.

T Op. cit,, p. 187,
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Miscellaneous meosurements in Coepper River drainage baein in 1913,
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~ The early winter snows begin in September. The first falls rarely
last more than a few days, but gradually the snow line:¢reeps down
the mbtmtain slopes, reversing the direction of it& spfing movement,
till finally it reaches the lower valleys in October or early in Novem.
ber. Although snow comes early in this district, the heavy fn’l’h
do not take place till the middle or later part of winter.

Winter work in many places in the mountainous parts of this
tegion it made dangerous by snowslides. All the valleys of the
Kotsina-Ruskulana district are subject to them. Nine men have been
killéd in this way during the last few years; and others eifher have
beerr seriously injtired or have narrowly escaped with their lives.

. An unusual guantity of snow fell in ‘the Wistér of 1918-14. Ta
3 a depth of 5 or 6 feet at:Strélna afid lay on the ground for
n waaks later than is common, so that the grass and leaves weare-
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backward in coming out. The menth of June was clear, warm, and
almost without rain. Most of July also was pleasant, with occa-
sional rains, but August and the first half of September were foggy
or stormy, with-only a few clear days. Cold, clear weather, with
temperatures as low as 12° F., followed the stormy period and lasted
for a week or ten days till the early winter snows began,

VEGETATION.

The vegatatm of a region interests most.prospectors and miners
only so far as it'directly affects their work. Miners and those who
investigate mining properties wish to know the quantity and dis-
tribution of timber available for lumber and general use and of
grass suitable for forage or the extent to which moss and bushes
cover the hard-rock formations and thereby increase the difficulty
of discovering ore bodies. Only such general subjects as these can
be considered here, “

Vegetation covers the lower lands and the mountain slopes of the
district to an alitude of 4,000 or 5,000 feet and shows a scanty
growth at still higher levels. It grows luxuriantly in the valleys
where conditions are favorable but becomes more and more dwarfed
as the altitude increases. Timber line ranges from 2,500 to 3,000
feet above the sea, yet in several localities a few small, gnarly spruces
were seen at 4,000 feet. Aboveé timber line and extendmg somewhat
below it is a balt. in which alder, associated in places with wdlowq,
small ¢ottonwoods, and aspens,’ prevnnls The alder, however, is not
so large or so abundant as on the mountain mdes of . the coa.stal
region, Above the alder belt is another belt made up chiefly of
dwarf birch or “buck brush,” with a few small willows. Above this
come mosses, & SPRArse growth of grasses, and numerous smn.ll plants,
: formmg the higher zone of vegetation.

Spruce and. cosgppwood, are the large trees ot the reg-lon and are
the tress usualiyt mferred. to, as ‘timbar, , Spruce is widely distributed
st lllsalomtlmqvhlow timber line. (See Pls. IV and XIH, B,
pp. 6,81.) Lazga.cottonwoods, on the other hand, are mstnct&d to
the: gvavelly benches and bars of the lower valleys. Thay are of
little if any value for lumber but are useful for house logs if suitable
spruce. is not at:hand.

Much of the spruce is of fair size and good quality. Trees from
18.inches to 2 fe¢t' in diameter at the butt are found in the better
stands.of timber: ;-Buch trees, however, form only a very: -small pro-
portion ‘of the whele growth and are ghort in comparison with trees

of the same dismeter on the Pacific coast of the- U,n,lted States. Few
if apy.of ghem wpuld furnish: s timber.10 mches squm md 80 feﬂ;

Weg. o v e g el 2 _ iy
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The best-timber (fig. 1) is found on the bench land along the
southwest. side of the district, on the benches in the lower part of
Kuslrubans Valley, and in the lower part of Kotsina Valley. Very
good timber is found also on the lower part of Elliott Creek. Away
fromi' the mountains in the open Chitina Valley the trees are small
and gcrubby except a border of a larger growth along the stream
bottoms. They are scattered over a moss-covered morsainal lowland
that becomes in part an almost impassable swamp during the rainy

B’m L—llp m the distribution of timber in the Eotsina-Kiskulana district

seasons. Mast. of this timber has no value except for firewood. In

many localities the timber on the better-drained ridges has been

burned and is replaced by a dense growth of small willows, .
In-a few places, such as Nugget Creek, parts of the Kuskulana

m th9 month of Surprise Creek, snd an area near Fall Creek

on Bmaﬁ;u Rﬁat, the trees and small brush were burned purposeljr
to give the grass a chance to grow. In this way excellent pasturage
for, stock has been provided.

Grass is-not abundant in most of the Kolmns—Kuskulm dmtnct
Near timber line it grows best and is sufficient for any demands likely
to be made on it for local grazing needs but shows no such luxuriant
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growth as the grass of Kenai Peninsula and the Cook Inlet and
Susitna River regions. No grass grows in the timbered &reas except
where the timberihas been burned, and even there it, retjuires years
to become establisghed, parhmhrly ol the level gravel benches like
those forming- thé: floor 6f Kuskulana Valley above Clear Creelr.
The hill slopes are more favorable to its growth. When the brush
has been killed by fire grass comes up quickly and soon becomes well
established. All the best pasturagp of;the district has'been obtained
in this way.

Currants and blueberries are plentiful in certain localities. Cur-
rants are perhaps more common than the blueberries. They are
found frequently underneath the:scattered alders and in the open
spaces between them and form a welcome addition to the table fare
in August and the early part of September.

Those who have never visited Alaska and hold the common ideas
of its climate and vegetation would be surprised to see the vu'wty
and abundance of its wild flowers. They are no less attractive in
the Kotsina-Kuskulana district than in most of the remainder of the
Territory.

GAME.

Several of the larger Alaskan game animals are found in the
Kotsina-Kuskulans district. Among them sheep, bear, and lynx are
the most common. Moosehuvebeenaaenbutsanelythstthq
hardly deserve to be included in the list.

Both sheep and bear are less plamful than when white men first
entered the district, It is evident to anyone who travels the higher

ridges and sees the well-marked trails that sheep must at some time
have been more numerous than now. This is confirmed by the testi-
mony of prospectors who have been in the epuntry singe the early
days. A great many sheep have been killed for meat during the last
17 years, but the number killed at present is less than a few years
ago, when the white population of the district was greater. Sheep
are not found-on some of the feeding grounds that they formerly
frequented, and ‘the prospector in search of meat js generally obliged
to go farther aid work hatder for his su (gply Kbout 80 heep were

seen by membé!'l- ﬂ ' the Uﬂited Si:ntea eological Survey party in

= l[os% of the béufm of the district are of the black variety. They
p!;afer the woode hreas and the brushy mountain slopes, where they
can kéep under dover and avoid bBeing seen. A lare brown ‘bear,
pro"haﬂy a varléty of grizzly, lives in the vicinity of the glaciers
-and is sometimes $een on the glaciers or on the barg moutitain sides
near the glaciers. ‘Tt is much less comnon than the black bear.

% 407 : P L« £ & g
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A good many lytix are caught by trappers, but ordinarily the lynx
keeps himself well hidden so that it is rarely possible to catch sight
of him. As one of his principal food sources is rabbit, the number
of lynx bears a direct relation to the number of rabbits. When
rabbits are plentiful the number of lynx increases; when the rabbits
die off, as they do periodically, the lynx decreases in numbers.

Rabbits were exceedingly plentiful during the three years 1912
1914 and were present everywhere in the brush-covered areas. Many
acres of small willow and dwarf birch or buck brush were eaten by
them during the two winters. When food is searce they cut off the
twigs:and smaller branches at the snow level or peel the bark from
laxger ones, leaving a stubble of bare white sticks that looks like a
field after the grain has been cut.

The wolvering is not common but occasionally is known to rob
a poorly protected cache or the traps of hunters. Several small
fur-bearing animals are found in the district and are taken by the
trappers. Martin, mink, and weasel or “ermine” are the prin-
cipal ones.

The game birds are ptarmigan and spruce grouse. Two species of
plasmigan are present. The larger one frequents the willow thickets
near timber line, especially at the upper ends of the walleys. A
smaller variety lives at higher elevations on the rocky mountain
slopes. Like the rabbits and the spruce grouse, the ptarmigan have
fayorable seasons when their numbers increase and unfavorable sea-
sons when they diminish. The season of 1914 was unfavorable, and
ptarmigan were scaros in comparison with their numbers in the two
preceding seasons. Possibly this was due to the slowness with which
the winter snow melted, causing a late spring and cool weather dur-
ing nesting time. Possibly also the numerous lynxes may have
h%m;, of the eld birds and the young ones.

e spruce hen lives in the timbered areas but seems to avoid wet,
marshy places. On sunny mornings late in summer and early in
fall it is often seen on the dry gravel and sand patches near streams
and trails or on the railroad tracks. It either has little fear of
man or else no realization of danger and is easily shot The spruce
hen, like the rabbit, is periodically abundant and scarce. -

Trout live in some of the streams of the district. Although they
usua.lly avoid the milky water of glacial streams, at times they are
numerous in such streams at the mouths of clear-water tributaries.

are present also in the swift water of the large clear-water
crae{n and in the deep quiet water where some of these creeks flow
across the valley floors. '

B AT



18 KOTSINA-KUSKULANA DISTRICT, ALASKA,

part of them go to points in the States; the rest to Chitina, Cordova,
Valdez, or other Alaskan towns. The population is largely a sum-
mer population that varies with the amount of asgessment work or
«levelopment work to be done. In 1919 the population was consid-
erably less than in 1914, for the war took some who had not returned,
- and the law exempt-

e | Lir::ii'r:::ah, sandstone,and shale. i z lng owners from t'he
I:;r:g‘:;r e of t :?(:I:Ilrrl:o or;:_glem:rmg_ necessity of dOlllg
e S assessment work left
some streams, such

as Kotsina River
and Elliott Creek,
without inhabitants.
g None of the native
110 Chitistorie limestane population live per-
R A4 manently within the
arep mapped, sl-
though most of the
Indiang who for.
merly lived at Taral,
on the east side of
Copper River below
the mouth of the
Chitina, bave built
cabins at Streina
and live there the
year round. Nearly
i | all the Indian men

Piovan 2.~~Columnar sedtion showing the formations repre- Are at work in some
pented ou the geologle map of the Kotsina-Kuskulsns cqmacity much of the

distriet, A
time. They are em-
ployed as section hands on the railroad, as waiters or guides, or
in almost any labor requiring unskilled worlmen.
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DESCRIPTIVE GEOLOGY.

By ¥, H. Morrrt #nd J. B, Mewris, Jr.

o STEATIGRAPHY.
OUTLINE.

The geologic map (PL I1X, in pocket) shows the areal digttibution
of the formations Within the Kotsina-Kuskulana district. Figare 2
shows diagrammatically the strttigraphic relations of the rocks rep-
resented on the map.

R



~

1

i e O
2 ;

STRATIGRAPHY, 19

Six hard-rock formations are recognized. They are, in order of
age, from oldest to youngest, the Strelna formatien, the Nikolai
greenstone, the Chitistone limestone, the Kuskulana' formation, the
Ketsina conglomerate, and the later Jurassic limestone, shale, sand-

‘stone, and conglomerate succession. In addition there are surface

deposits consisting principally of stream gravels, glacial débris, and
unsorted rock waste.
. “As may be seen from figure 2, the oldest rocks recognized within
the district belong to the Strelna formation. This formation in-
cludes both igneous and sedimentary rocks. It consists chiefly of
iffed tuff beds and dense fine-grained basalts. With the tuffs
d basalts are associated a minor arhount of argillaceous and sandy
shale; thin-bedded cherts, and, locally, beds of limestone in varying
stages of silicification. In a number of places the rocks of the
Strelas-formstion are cut by intrusive masses of diorite and glbbro

#iow6 or less altered. The thickness of the Strelns formation is

probably between 7,000 and 8,000 feet but may reach 10,000 feet.
The Nikolai greenstone is made up of flows of amygdaloidal basalt
(Pl. XVI, A, p. 88) resting without apparent unconformity on

the underlying tuffs and fine-grained basalts of the Strelna forma.

tion. These flows have undergone extensive chemical alteration, as
have also the underlying rocks, and are the typical Nikolai green-
stone of the Nizina district. The thickness of the basalt flows within
the Kotsina-Kuskulana district is thought to range from 6,500 to
7,000 feet. The total thickness of the Nikolai greenstone and Strelna
formation thus appears to be from 13,500 to 14,500 feet, yet it is
recognized that there may be a considerable error in these figures.
A few fossils were collected from limestone and argillaceous beds
in the Btrelna formation, and they furnish the evidence on which

f end associated sedimentary and igneous rocks are as-
signed to the lower Carboniferous (Mississippian) epoch.

The Chitistone formation is a bluish-gray limestone whose thick-
ness in this district ranges from 75 to 700 or possibly 1,000 feet. In
the lower part it is massive and without distinct marks of stratifica-
tion, but in the upper part it is thin bedded, and the bedding planes
are conspicuous. It grades without marked stratigraphic break into
the thin-bedded limestones of the overlying Kuskulana formation.
A]though'it is of Upper Triassic age it appears to lie without deposi-
tional unconformity on the Nikolai lavas (Permian or Trisssic).
“c#Phe Kuskulana formation comprises a great thickness, possibly
5,000 feet or more, of shale, thin-bedded argillite, and thin-bedded
limestone. Shale forms the upper part of the formation. Between
the nisssive Chitistone limestone and the shales in the upper part
of the Kuskulana formation there is a transition zone of greatly
varyidg thickness, made up of thin-bedded limestone, shale, and

-+
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argillite. In some places.this zone is almost lacking; in others it
reaches a thickness of many hundred feet. The:Kuskulana forma-
tion has been defermed along with the older rocks, but an account
of its relative seskness it shows much more pmnounqtd foldmg.
It is of Upper Friassic age. ,

Unconformably overlying the Kuskulam and older formatlons is
the Kotsina conglomerate, probably of Upper Jurassic age. - It con-
sists of waterworn pebbles and cobbles inclosed in a shaly or arkesic
matrix. The component pebbles are plainly derived from-the forma-
tions already mentioned and from the intrusive rocks in them. The
conglomerate weathers readily, yielding a characteristic rugged
topography. Measurements of its thickness are of doubtful accuracy.
but in the mountains north of Elliott Creek the conglomerate prob-
ably is from 1,500 to 2,000 feet thick.

The Jurassic roeks of this district in addition to th&m con-
glomerate comprise limestone, sandstone, sandy limestone and shale,
and fine conglomerate or grit. These beds are not widely distributed
in the :district and have heretofore been considered part of the
Kennicott formation (Upper Jurassic). At one place the higher
beds appear to rest unconformably on fine sandstone or grit that is
referred to the Jurassic. The beds are highly fossiliferous. They
have a thickness of possibly 500 feet east of Kuskulana River and
of 880 feet west of the river, hut in general the thickness is much less,
not exceeding 100 or 200 feet.

All the formatiens previously mentioned, with the pﬁssiblemnep'-
tion of the Jurassic limestone and sandstt_ane_ beds, are intruded by
igneous rocks. These intrusives are most common in the older for-
mations, particulagly in the Strelna, in which the largest intrusive
masses are found. They include pyrozene diorite, gabbro, grano-
diorite, quartz diorite, quartz diorite porphyry, and quextz latite,
Dikes and sills are numerous in certain areas of the Kuskulana
formation but are mot commmon in the Chitistone limestone or the
Kotsina conglomerate. The .intrusive-rocks probably belong to
several periods and range in age from lower Carboniferous to
post-Cretaceous.

All the sedimentary formanons and associated lava ﬂows have
been folded and.extensively faulted. The folding is greatest in the
formations below jthe Kotsina eonglomerate, yet in places the Juras-
sic limestone and sandstone beds show pronounced folding., These

beds; like the Kuskulana shale and limestone, were, less able. to,pegist. -

pressure ‘than the:inore massive lava flows, limestone, ami con-
glomerite. Thrust faulting.is the common type of displacement,
but’ folding has combined with faulting in some placas to produce
complmu.ted and amomalous resulfs,

LY 3 1
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In addition to folding and faulting the Strelna formation and
Nikolai greenstone have undergone metamorphic changes not seen
in the overlying beds. Chemical alteration has taken place, espe.
cially in all the lava flows of the Nikolai greenstone, and locally,
along zones of intense pressure, a schistose structure has been pro-
duced | particulazly in the Strelna formation.

Unconsolidated surficial deposits are widely distributed in the
area, - They include present stream gravel, the bench gravel de-
posited by streams in sn earlier period of their history, morainal
deposits, and accumulations of unsorted débris such as talus and
othier rock waste not subject to the action of running water in streams.
~.‘In.the pages that follow these formations will be described in
greater detail, their stratigraphic and structural relations will be
explained, a.nd stheir: history will be interpreted so far as poesrble
fmm the evidenice at hand.

PALEOZOIO SBEDIMENTARY ROCKS, )
BEDIMENTARY BEDS OF THE STRELNA FORMATION (MISBISSIPPIAN).
CHARACTER AND DISTRIBUTION.

The baaal formation of the geologic column in the Kotsina-Kus-
kulapa. district is & complex composed of bedded lavas and tuffs in-
terealated with sedimentary beds and cut by basic intrusive rocks.
To this complex of igneous and sedimentary rocks the name Strelna
formation is here given, from their occurrence in the valley of Strelna
Creek, The volcanic rocks of this formation will be described sepa-
rately by Mr. Mertie in the section that deals with igneous rocks
(p. 55), but the sedimentary members and the evidence for the age
of the whole formation are considered here.

Schrader and Spencer,® in 1900, noted the presence of “ sediments,

_ m limestones, shales, and coarse conglomerates, with inter-

calated sheets or flows of basalt like the Nikolai greenstone,” on Kot-
sina River in the vicinity of Long Glacier and Clear Creek and south-
ward to Elliott Creek. Not being certain about the age of these
rocks, they showed them on their reconnaissance map as rocks of un-
known age. It is now evident that the rocks thus shown do not con-
stitute a geologic unit, for some of the basal rocks were included with
sediments that have since been found to be of Mesozoic age, and other
portions were mapped as a part of the Nikolai greenstone. Recent
work has served to separate the truly basal rocks of this district and
in a, gertain degree to establish their relations to the overlying rocks.

The basis upon which the Strelna formation has been separated
from the overlying Nikolai greenstone is strictly lithologic. In
the upper valley of Kotsina River, where the. geologic structure is
less complex than at any other locality in the district, the relation

I'I#'3chrader, ¥. C., and Spencer, A. C., The geology and mineral resourees of a portion
ol the Cépper River district, Alaska, p. 40, U. B, Geol Burvey Bpecial Pub.,, 1001.
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between the two #ormations is fairly elear. It was found that at
the base of the Nikolai greenstone the lavas became less vesicular
and finer grained; and that still lower in the geologic column inter-
bedded clastic rocks began to appear. In accord with the usage of
Rohn in the Nizina district, the term Nikolai greenstone is here re-
stricted to the massive lava flows, and the line between the Nikolai
greenstone and the underlying Strelna formation is drawn at that
point where, in descending the geologic eolumn, rocks thought to be
of clastic origin: 'were first encountered. Inasmuch as many of the
tuffaceous members of the basal formation, especislly in its upper
part, are so fine grained that the clastic character is recognizable
with certainty only under the microseope, and as the lawas in:the
~lower. portion.of the Nikolai greenstone are dense and fine grained,
the line of contaet between the two formatioms is necessarily some.
what indefinite in places. In spite of this indefinitemsss; however,
the separation is egtirely justified by the incressing divergence in
the lithologic character of the two formations away from the contact.

Inasmuch as the sedimentary rocks and the volcanic rocks with
which they are interbedded have been much folded and faulted and
have undergone extensive further alteration, it was not found pos-
gible to get a clear idea of their extent and stratigraphic relations.
The sediments gré black argillites that locally may be described as
slates, thin-bedded cherts that in part, at least, are poseibly altered
limestone, and marg or less completely silicified limestone., They are
intercalated in the tuffs, some of which appear conglomératic; and
fine-grained basalts but form only a small proportion of the total
thickness of the Strelna formation. In the field it was’ difficult in
places to distinguish between the argillites and crushed and altered
phases of the dense black basalt. The cherts also present difficulties
in that some of them appear to be altered thin-bedded: Hmestone and
others are more probably silicified fine-grained tuffs. “ Cherts are well
developed in parts of the Strelna formation, but most of them are
probably of the fine-grained tuff variety.

No definite sequéfice of the sedimentary members of the basal forma-
tion upon which fu¥ther subdivision could be based was obgérved. In
the geologic mapping it was found practicable, however, to separate
most of the limestones from the rest of the formation; and these are
shown on the geologic map as a separate unit. On the other hand, the
gabbros and basic diorites which intrude the Strelna formation were
not separated, and in the geologic mapping they are included in the
block povering that formation. This was made necessary by the inti-

. mate nature of the intrusions and the alteration of the invaded and in-
vading rocks to gresnstones that resembled one another to such an ex-
tent as to make their separation at many places in the field impossible.

The limestone of the Strelna formation is white or light gray and
makes rather prominent exposures. It erops out in smal} isolated

-
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areas, which represent parts of beds that have been much folded
and faulted. Few of the limestone areas are continuous for as
much as a mile, although some exposures show beds of massive lime-
stone not less than 200 feet thick that must at one time have been
part of a continuous bed of considerable extent. Plate VIIL, B

(p. 6), illustrates one of the mapped exposures of limestone on Iron
Creek. The beds in this place are vertical, but the strike and dip
are constant for only a short distance. In places the limestone has
been so much silicified that some of the thinner beds appear to be
entirely replaced by silica. -A good example of this change was
found on the ridge west of Iron Creek, where tuffaceous beds are
overlsin by limestone having a thickness between 100 and 200 feet.
The base of the limestone is massive and contains fossils, but the top
consists of thin cherty beds. Above the limestone is altered diorite
which is overlain in turn by light-gray cherty beds that weather
brownish and look like quartzite.

. Argillaceous beds are found at several horizons in the basal for-
mation. As a rule they are dark-gray well-indurated rocks without
good cleavage and are best described as argillites. In a few places,
aa on the south wall of Elliott Creek, they have developed a good
secondary cleavage and may be considered slates.

Tuffaceous beds and lava sheets constitute the major part of the
Strelna formation, but the limestones and argillaceous and siliceous
beds that have been described are interbedded with them, and in-
trtsive | gabbro and pyroxene diorite are found at many localities.
On account of faulting and structural irregularities no complete
section of the formation can be given. In general it appears to con-
sist of two parts, of which the lower is prevailingly igneous and the
upper contains the sedimentary members. The following incom-
plete section, from data obtained in the upper part of Nugget Creek
valley, shows the lithologic variation observed at that locality. The
exact position of this section in the Strelna formation is not known
definitely, but it is believed certainly to be in the upper half.

Partial section of Strelna rormaﬁon in Nugget Creek valley.

Feet,

Fm&gmined basalt 360
Water-laid and subaerial tuff 885
Fine-grained .basalt -~ 450
Shaly, argillaceous beds__ 405
Siliceous beds.__ 10
“¥Ffe-grained basalt. : 450
Siticified limestone________ - 5
Gabbro with some tuffaceous beds 405
Chert. 225
Gabbro. i - 850
3,845

19198—23—3

]



24 KOTSINA-KUSKULANA DISTRICT, ALASKA.

An unusual phase of the sedlmentsry rocks appearing possibly to
be in the Strelna formation is found in a small area of conglomerate
or breccia on the east branch of Nugget Creek. The conglomerate
consists emntully of greenstone fragments and boulders 1 foot or
less in diameter in a coarse-grained matrix that also consists of
greenstone. It is associated with a few beds of hard fissile slate of
various colors—gray, dark blue, black, red, and green—end with
& soft dirty-white tuff in small irregularly shaped but very con-
spicuous areas. The stratigraphic relations of these rocks are not
known, but it sppears more probable that the conglomerate is a
faulted mass of rock belonging to the Kotsina conglomerate

The evidence for the position of the sedimentary beds im the

Strelna formation is not complete. The formation is exposed along
ﬁhe, northea.st and southwest sides of the area mapped, but with the
exeeptlon of a minor amount of shale and a few thin beds of silicified
limestone (see p. 23) rocks of undoubted sedimentary origin are
found chiefly on the southwest side. Such a condition suggests a
number of possibilities. The sedimentary beds may occupy the mid-
dle or the lower part of the formation, or the rocks of the two areas
may not be properly correlated, or the equivalent of the sedimentary
beds in the southwestern area may be found in the tuffs of the north-
eastern srea. .

If the sedimentary beds represent a part of the Strelna formation
well below the top of the section, then it seems necessary to suppose
that a large part of the sedimentary beds has not been raised to the
surface in the northeastern area and that they have been brought
into their present position, in contact with or close to the Triassic
rocks on Elliott Oreek and the Nikolai greenstone on Strelna Creek,
by faulting that has cut out the upper part of the formation. Fault-
ing has taken place along the south side of Elliott Cresk so s to
bring the Strelna ‘rocks into contact with the Triasgic limestone and
shale, but the conditions east of Strelna Creek are different. There
the Nikolai greemstone appears to rest conformably on rocks of the
Strelna formation. A section which is believed to include the base
of the Nikolai greenstone was examined on a small southward-flow-
ing creek 1 mile east of Strelna Creek (fig. 3).

All the outcrops along the lower part of the creek are altered
diorite. The diorite is followed on the north by about 500 feet of
black faintly banded rock that appears to be a baked shale and con-
tains thin sandy beds. Over this is 20 feet of -thin-bedded chert.
Then follow about 75 feet of fine-grained tuffageous greenstone or
altered basalt with pillow structure, 30 feet of thinly bedded chert
containing carbonaceous matter, 150 feet more of tuffaceous green-
stone with pillow structurs, and finally a great thickness of amygda-

b ]
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loidal basalt, the Nikolai greenstone, extending to the top of the
mountain.

On the east fork of Strelna Creek the Nikolai greenstone rests on
cherty beds associated with thin beds of limestone and with tuffs or
shales that contain fossils.

The fine-grained basalts, tuffs, and cherts of the northeastern area.
correlated with the Strelna formation, have a structural parallelism
with the overlying amygdaloidal basalts (Nikolai) in many places
and grade into them so that it is imposgible to draw a sharp dividing
line between the two formations. Only a small amount of limestone
and no fossils were found in these rocks.

If the rocks in these two areas referred to the Strelna formation
are not corresponding parts of one series of conformable beds, then

Amygdaloidal basalt (Nikolai)

Fine-grained tuffaceous basalt with pillow structure

3,280 - ; Thin-bedded chert
Banded slate or argjllite
myWilh sandy beds
!.i 3 - / i
Altered,
s~ diorite
i ""A':_“v
v ST
2,750 Ve

?_ . ) ) ) 5?0 1,000 FEET

mouih&-—m at the base of the Nikolal greenstone 1 mile east of Strelna Creek.

it is probable that an unconformity exists at the base of the. Nikolai
greenstone, that the equivalents of the northeastern rocks are absent
on Strelna and Elliott creeks, because they have been faulted out
or have been eroded away, and that the tuffs, fine-grained basalts.
cherts, limestones, and other members of the Strelna formation in
the southwestern area are much older than the tuffs, fine-grained
basalts, and cherty beds in the northeastern area.

Evidence for the stratigraphic relations of the Strelna formation
and Nikolai greenstone was sought in the places where these rela-
tions were likely to-be shown, particularly on Kluvesna and Kotsina
rivers and on Nugget Creek and the east side of Strelna Creek. On
Kluvesna River there is a seeming discordance of structure and, as
has been indicated, a variation in the character of rocks immediately
below lava flows regarded as belonging to the Nikolai greenstone.
The first of these conditions might be due either to faulting or to an
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original unconformity. The second might result from an uncon-
formity, from failure to determine exactly the position of the bound-
ary line between the two series of rocks, or from local variations in
the character of the volcanic and sedimentary materials that were
being deposited at a particular time.

In a region of extreme faulting, such as the Kotsina-Kuskulana
district, it is difficult to weigh the evidence bearing on the relations
of two such series of rocks as the Strelna formation and the Nikolai
greenstone, The field evidence in some places indicates structural
parallelism, yet in other places discordance of structure and differ-
ence in character of beds underlying the greenstone suggest the possi-
bility that the greenstone was poured out over an eroded land surface.

The similarity between the basaltic and tuffaceous rocks underly-
ing the Nikolai greenstone on the two sides of the district is so great
that no doubt was felt in the field concerning the equivalence of the
rocks in the two areas, although the thick fossiliferous limestones
were not seen in the northeastern area. It was recognized, how-
ever, that the basic intrusive rocks in the southwestern area were far
more abundant and much more altered than those on Kotsina River
and Nugget Creek. This was believed to follow from the fact that
Strelna and Elliott creeks lie in areas of great disturbance, where
folding and faulting have been intense.

The southern boundary of the Triassic rocks of the south side of
Elliott Creek is determined by a great fault, but the position of the
Nikolai greenstone on the volcanic and associated sedimentary beds
on the east side of Strelna Creek is probably not the result of fault-
ing. More likely it represents the original position, which, from the
best evidence that was seen in the field, is one of conformity, although
that evidence is not conclusive. If this is true, the sedimentary rocks
appear to have a considerable range within the Strelna formation,
possibly from the middle or lower part to the top. Furthermore, it
would appear that part of the sedimentary beds on Strelna Creek
and near by are the equivalents of some of the fragmental volcanic
rocks of the northeastern area or elss are unrepresented there.

THICKNESS AND STRUCTURE,

The thickness of the sedimentary part of the Strelna formation is
very much in doubt. Reasons are given on page 60 for regarding
the total thickness of the formation as not less than 6,500 feet and
possibly as much greater. The thickness of the sedimentary portion,
by which is meant the argillites, limestones, and some of the cherts,
does not appear to be more than one-tenth or possibly one-eighth of
that, although several beds of argillite and a number of limestones,
the largest of which is not less than 200 feet thick, are present.

The structure of the beds has been indicated. The members of the
formation, particularly those of the southwestern area, are much
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folded and faulted. In general the rocks of the southwestern area
dip toward the northeast. Those in the northeastern area dip south-
west under the Nikolai greenstone except in the vicinity of Kuskulana
Glacier, where the dip is northeast again, suggesting an anticline
with northwesterly axis in the northeastern area.

Faulting and folding in the southwestern area are seen more dis-
tinctly in the limestones than in other members of the formation.
This is due to the fact that the limestones are more readily identified
and traced. The limestone beds have been broken up into numerous
isolated areas that apparently have little connection with one another
and are scattered about without regularity or order.

AGE AND CORRELATION.

The age determination of the Strelna formation is based on the evi-
dence of fossils collected from the limestones and from some of the
tuffs or argillites. Although the fossils are in a poor state of preserva-
tion, they show clearly that the rocks containing them are Car-
boniferous, probably lower Carboniferous (Mississippian). The
collections were submitted to George H. Girty for identification, with
the result indicated in the following list:

Fossils collected from the Strelna formation.

sm'mn mnlsm Tk | 2o

B170 (12.&.059 !tnl.nt. Croak, east side nhove mal.n for! Limestone member of sed.i-

men serl tl: lllnelwne lhnle, mnglomfe ilt.m‘.l cbl:l:rtthy s]illaeous bteclst. it"lll"hue appear
may un e it or e lower o

8y 1), wgawm of Strelna Creek. Cnertwwirimmune beds asso-

ciated with [m
B172 (l C66). Ridge muth ut west fork of Strelna Creek. Limestone, chert, and

s "I greensto!
8173 (IA\CO‘I West fork nt Btrelna Creek. Limestone.
Lot 1 (J. B ‘24). 6,600 feet N. 74° W, from forks of Strelnd Creek, elevation 4,700

I..ot2 J. B. M. 34). 7000 feet 8, 48' W. from Iron Mountain, elevation 4,000 feet
Lot 8 (J. B, M. 41). 7,600 feet S. 84° W. from Iron Mountain, elevation 5,800

Lot 4 J. B. M. 45) .‘250 feet N, 18' W. from Iron Mountain, elevation 51’00 feet.
Lot (F. H. M. hl . Same as lot ~
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Concerning the fossils found at the last five localities, Mr. Girty
says:

The fossils in these collections are in a poor state of preservation. So far
as can be determined all the collections represent the same fauna, which is
clearly of Carboniferous age. A wore definite statement 1t is dificult to make
with eertainty, but I am inclined to believe that the horizon is lower Car-
boniferous (Mississippian) or Lishurne limestone, It' is not possible to do
more than suggest the character of the fauna in a general way, for accurate
specitic deterniinations ¢an not be made from this material.

The Lisburne formation at its type locality consists of massive
limestone interstratified with white chert and has a total thickness
of more than 2,000 feet. It contains an extensive coral and bryozoan
fauna. This formation is well developed in the vicinity of Cape
Lisburne and was described first by Collier® and later by Kindle.'®
Smith " found it also on Noatak River. It was correlated with the
limestones of John and Anuktuvuk rivers described by Schrader,'*
and from the work of Leffingwell,'® Kindle.* and Maddren ** it is
known to extend eastward across northern Alaska to the inter-
national boundary.

Rocks yielding the fauna of the Lisburne limestone are found on
some of the islands of southeastern Alaska®® and at the head of
Chitina River. Probably the Carboniferous fossiliferous rocks of
the Strelna formation are to be correlated also with those of
Hanagita Valley.™ The nearness of the two localities would sug-
gest this correlation.

A table showing the principal districts of Alaska where Carbon-
iferous rocks are known appears opposite this page.

* Colller, A. J., Geology and coal resources of the Cape Lisburne region, Alaska: U. 8.
Geol. Burvey Bull. 278, pp. 18-27, 1906,

1 Kindle, . M., The pection at Cape Thompson, Alaska: Am. Jour. Sci., 4th ser., vol.
28, pp.’ 520-528, 1808, . . 3

u @mith, P. 8., The Noatak-Kobuk region, Alaska: U. 8. Geol. Burvey Bull. 538, sp-
75-78, 1918, . , :

13 Bchrader, ¥'. C., Reconnaissance in northern Alaska in 1901: U. B. Gepl. S8urvey Prof.
Paper 20, pp. 6465, 1904,

u LafMngwell, E. deK., The Canning River region, northern Alaska: U. 8. Geol. Burvey
Prof, Paper 109, pp. 108-113, 1919, '

u Kindle, B, M., Geologic reconnaissance of the Porcupine Valley, Alaska: Geol. Soc.
America Bull., vol. 19, pp. 315338, 1908,

i Maddren, A. G., Geologic work along the Canada-Alaska boundary: U. 8. Geol
Survey Bull. 520, pp. 310-312, 1911.

1 Kindle, E. M., Notes on the faunas and stratigraphy of southeastern Alaska : Jour.
Geology, vol. 15, pp: 330-837, 1907. Wright, F, E. and C. W., The Ketchikan and
Wrangell mining districts, Alaska: U. 8. Geol. Burvey Bull. 347, pp. 52-567, 1908,

W Mofit, F. H., Geology of the Hanagita-Bremner region, Alaska: U. 8. Geol. Survey
Bull. 578, pp. 18-21, 1914,
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', & GEOLOGICAL SURVEY BULLETIN 740 PLATE X

A. HEAD OF ELLIOTT CREEK

Shows the Chitistone limestone searp encircling the valley.  Mount Blackburn in the
background,

A’-{
A

B, AN EXPOSURE OF CHITISTONE LIMESTONE ON CLEAR CREEK.




. 8. GEOLOGICAL SURVEY BULLETIN 43 FLATE XI

A. SCARP OF THE CHITISTONE LIMESTONE WEST OF DECEPTION CREEK

A sl mass of Nikolad grevostono is fiulted over the limestonae but is separated Ceom it by
vonglomeraie

B, THIN LIMESTONE BEDS IN BLACK TRIASSIC SHALE ON STRELNA
CREEK NEAR DIXIE PASS,



U. 8. GEOLOGICAL SURVEY BULLETIN 743 PLATE XTI

A. MOUNTAIN BETWEEN THE FORKS OF THE FASTERN BRANCH OF
STRELNA CREEK.

I'be light-colored Chitisione limestone overlies hblack Trinssic shale, which in taen rests on
Jurassic conglomerate

B. CHARACTERISTIC EXPOSURE OF CHITISTONE LIMESTONE ON STRELMNA

CHEEK,

whone.

Helow the limestone is gr



e

STRATIGRAPHY. 29

MEBOZOIC SEDIMENTARY FORMATIONS,
CHITISTONE LIMESTONE (UFFER TRIASBIO).

CHARACTER AND DISTRIBUTION.

The Chitistone limestone is a marine sedimentary formation that
is extensively developed on the north side of Chitina Valley and is a
conspiduous feature of the mountains in the Kotsina-Kuskulana dis-
trict. It forms bold cliffs (Pls. XI, 4, and XIII, B, pp. 30, 31), and
its light color is in strong contrast with the dark greenstone, shale, or
conglomerate associated with it, so that the formation has been most
useful as a horizon marker to all who have studied the geologic
structure of the district.

Freshly broken surfaces of the limestone show a bluish-gray color
that becomes a lighter gray after the rock has been exposed a long
time to the weather. This bluish-gray color is one of the means for
distinguishing between the Chitistone limestone and the yellowish-
brown weathered limestone of the overlying Kuskulana formation,
yet a yellowish weathering is seen on beds that are rega~ded as be-
longing in the Chitistone limestone.

The basal part of the Chitistone limestone consists of one or more
massive limestone beds showing little or no evidence of stratification.
The structure is difficult to determine in this part of the formation,
especially where the overlying beds are absent. The upper part,
however, is distinctly bedded (Pl. VIII, 4, p. 6) but is practically
without shaly partings, the strata being of the same character as the
basal beds and ranging from less than a foot to several feet in thick-
ness. These statements describe the Chitistone limestone on Strelna
Creek, where about 400 feet of beds are exposed.

A slightly different section is seen on Clear Creek, where the for-
mation includes possibly 700 feet of bluish-gray limestone. Its lower
part is composed principally of massive beds (Pl X. B, p. 30), which
make up about three-fourths of the entire thickness. This part is
divided into two members by a few thin béds near the top. Frag-
mentary and poorly preserved fossils were obtained from the thin
beds. The upper part of the formation is more thinly stratified, al-
though the massive character of the strata is still maintained.

Although the Chitistone limestone has suffered less folding than
the thin-bedded limestone and shale that overlie it, yet it is con-
siderably faulted (Pl. IX, B, p. 7) and in places is brecciated.
The thin beds in particular show by an intricate system of fine calcite
veins the effects of crushing. Nearly all the exposures of the Chiti-
stone limestone contain inclusions of black cherty material in masses
of irregular shape and variable size. Some of the cherts are in the

~ form of small veins, but more commonly they have peculiar shapes

like flattened and distorted cylinders with knobby protrusions such as
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might be made by filling the open spaces of a giant sponge with some
hard black material. Most of these cherty masses do not exceed 18
inches in greatest diameter.

Fossils are rare in the massive part of the Chitistone formation
and are so like the limestone surrounding them that they are difficult
to find until weathering has freed them from the casts. They are
more common in the thin beds of the upper part of the formation,
so that a short search is usually sufficient to discover them there.

The principal exposures of the Chitistone limestone form five belts
or scarps that have a radial arrangement and extend in an approxi-
mate northwesterly direction. The longest and least disturbed of
these belts (Pl VII, p. 6) runs from the mouth of Clear Creek on
Kuskulana River to the top of the mountains west of Kluvesna
River; the southernmost belt is in the valley of Elliott Creek (Pls.
V,B; X, A; and XI, A); and the rest, of less regular outline, lie
between (Pl IIL, in pocket). The limestone in one of these belts—
that which follows the valleys of Pass and Rock creeks—was at first
regarded in the field as possibly a second massive limestone within
the Kuskulana formation, the chief reasons for this correlation being
that the limestone is thinner than the Chitistone limestone on Clear
and Lime creeks, although no thinner than on Elliott Creek, and
that less of the thin-bedded limestone and shale appears to overlie
it at all exposures. This roek, however, is lithologically identical
with the basal beds of the Chitistone limestone, carries the Chitistone
fauna, and is faulted into its present position on the shale and thin-
bedded limestone. ’

Besides these more of less continuous belts a number of small scat-
tered areas of limestone are present in the district. The largest are
near Kuskulana Glacier, on its east side; the others are on Nugget,
Roaring, and Pass creeks. They are the remnants of a continuevs
sheet of limestone that once extended over the whole area. The
isolated areas of limestone on Nugget and Roaring creeks appear to
be out of their normal position, for they should be separated from
the rocks of the underlying Strelna formation by the full thickness
of the Nikolai greenstone. They evidently were brought into their
present position by faulting, which cut out part of the rocks that
normally would underlie the limestone.

THICKNESS AND STRUCTURE.

The apparent thickness of the Chitistone limestone varies much in
certain localities. On the north side of Elliott Creek it ranges from
75 to about 200 feet. On the north fork of Strelna Creek it appears
to be not less than 400 feet, but here the difficulty of drawing a defi-
nite line between the Chitistone limestone and the overlying thin-
bedded limestone of the Kuskulans formation throws doubt on the
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accuracy of the measurement. At this locality the limestone stands
on edge and strikes about N. 45° W. The massive basal beds on the
southwest are 200 feet thick. They are followed on the northeast
by 200 feet of thinner beds that are considered to belong in the Chiti-
stone, and these in turn are followed by thin-bedded limestone with
a small amount of interstratified shale that may belong to the Kusku-
lana formation, but the exact position of the boundary line between
the last two appears to be a matter of individual judgment. On
Clear Creek the thickness of the Chitistone limestone can be meas-
ured with considerable accuracy at several places. The beds dip to
the west without minor folds and indicate a thickness of 700 feet. A
thickness of 700 or possibly 1,000 feet is indicated at the head of Lime
Creek. On both streams the most uncertain factor in this measure-
ment is the position of the horizon that marks the top of the Chiti-
stone limestone.

The Chitistone limestone in its type locality, opposite the mouth
of Chitistone River, in the Nizina district, was considered by Moffit
and Capps*® to have a thickness of 3,000 feet.

For lithologic reasons the upper 1,200 feet of yellow-weathanng,
thin-bedded limestone in this section might be assigned to an over-
lying formation, as has been done by Martin,*® although this assign-
ment can not yet be confirmed by the evidence of fossils. In spite of
so great a reduction in thickness as this division would mean, it is
evident that the Chitistone limestone on Nizina River is much
thicker than in the Kotsina-Kuskulana district. An even more
striking difference in thickness is seen within the district itself.
Along the north side of Elliott Creek less than 100 feet of the lime-
stone appears between the greenstone and shale in some places.
It is this small thickness of the Chitistone limestone and the absence
of the overlying thin-bedded limestone that led Martin to assume an
unconformity immediately below the McCarthy shale in this district.
The possibility of this unconformity is considered in the description
of the rocks overlying the Chitistone limestone (p. 87).

Folding and faulting give the Chitistone limestone a complicated
structure. So far as is known from the evidence collected, the lime-
stone was deposited conformably on the Nikolai greenstone. Move-
ment has taken place along the contact of the two formations in many
localities, but no positive evidence of an extended interval of erosion
between the pouring out of the Nikolai lavas and the deposition of the
Chitistone limestone has been recognized in the field, although from

s Moffit, F. H., and Capps, B. ., Geology and mineral resources of the Nizina dlstrict,
Alasks : U, B, Geol. Burvey Bull, 448, p. 23, 1011,
# Martin, G. C., Triassic rocks of Alaska : Geol. Soc. America Bull,, vol, 27, p. 890, 1916.
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other considerations the occurrence of such a break might be sus-
pected.

The three northern belts of the Chitistone limestone dip at rather
high angles to the southwest (Pls. VII and XII, 4 pp. 6, 30). The
northernmost belt lies on the Nikolai greenstone in its normal posi-
tion, but the other two belts owe their positions to faulting, which
thrust them over'beds that normally would rest on them.

The two limestone belts on Elliott Creek and the west branch of
Strelna Creek are the limbs of anticlines (Pl. X, 4, p. 30), whose
crests have been eroded away. Faulting along the south side of
Elliott Creek cut out the Kuskulana formation in places and brought
the limestone into contact with rocks of the Strelna formation. The
limestone on the north side of Elliott Creek dips north (PL V, B,
p. 8) and reappears on Copper and Pass creeks, forming a synclinal
trough in which lies a great mass of Kotsina conglomerate.

The Chitistone is cut by many other faults besides the major ones
already mentioned. Some of these are shown on the map. The area
about. the.head of Elliott Creek and the west fork of Strelna Creek:
was subjected to an exceptional amount of disturbance of this kind,
so that blocks of the different formations have been brought into a
most confusing complex.

INTRUSIVE ROCKS.

Igneous rocks intruded into the Chitistene limestone are not com-
mon. No large masses of igneous rock were seen in the formation, and
although & few dikes were found, they and the sills associated with
them are far more numerous in the overlying shale and in the Kotsina
conglomerate than in the limestone. It appears to have been more
difficult for the molten rock to penetrate the limestone than the shale
or even the massive conglomerate, and although it must have been
necessary for the intrusives to cut the Chitistone limestone in order to
reach the overlying beds in places where the limestone had not been
removed by erosion, only a few such places were discovered. The
possibility of the sills having been intruded at different times is con-
sidered on page 73. '

Dikes of granodiorite, apophyses of the larger mass near by, cut
the Chitistone limestone at the mouth of Pass Creek. Dikes of quartz
diorite porphyry with phenocrysts of feldspar are intruded into the
limestone west of Kluvesna River. They are associated at the same
locality with dikes of porphyritic basalt containing long crystals of
either hornblende or pyroxene. Near the mouth of Clear Creek, a
tributary of Kuskulana River, a tabular body of basalt porphyry
about 100 feet thick intrudes the limestone. For the most part it fol-
lows the bedding.planes of its host, but in places it cuts across the
beds. Columnar structure is well developed in this basalt. A small
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dike of similar rock cuts the limestone-greenstone contact near the
liead of Clear Creek. Tt is easily distinguished from the greenstone
in places where the greenstone shows a reddish color but is hard to
recognize where the greenstone assumes its normal appearance.

The intrusives in the Chitistone limestone have not produced any
proneunced alteration in the inclosing rock. Recrystallization, mar-
marization, and contact-metamorphic effects were not seen. The
molten rock was forced into the limestone along planes of fracture
that crossed the bedding or along the bedding planes themselves and
there solidified without bringing about conspicuous chemical or
physical changes in the limestone.

AGE AND CORBELATION,

The Chitistone limestone is of Upper Triassic age. Fossils, al-
though not abundant, have been found in it at many places in the
Chitina Valley, from Kotsina River to the Nizina district. The fol-
lowing list shows the fossils collected in the Kotsina-Kuskulana
distriet : _ i .

Fossils collected from the Chitistone limestone in the Kol sina-Kuskulana district.

Corals? (hrge l‘ndiattng ruasses, inor-
pnle?)

Halobia of, H. ba Mojsisovics.
S[I
Halobis sp...... per ..............

Undetermined ammonites. .. x

2149, between head of Pa and Rock Creek. F
lulo!hur nmmne. F. C w 0" o Pans AIng Just: waley

from low !wottthts limest !
Mot and Madadren. 1001 O eet of Chitistone ou Copper Creek
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4805 (2, 28). Hoodoo or Mullen claim on Co?per Creek, about 200 feet above base of

tistone limestone, MoMt and Maddren, 1
4806 L‘nwford'a cl.u!m on Roaring Creek from lower 100 feet of Chitistone
llmentane. Hoﬂ!t and ltl.d
8148, N ur‘k 5 Gt'ee‘l on_ east nldp of first creek near 1ts mouth,
from npper ne limeltone (n. H. Moffit, 1

8152, Clear ka, blue limestone above rudh Theodo

8
S50 Clear Creek, crom calus slope beigw the C Chitistone > and ¢ e oaertying Chin-beddet

8164, Clear Creek, Theodore Chapir, 1012,

Chilﬂﬁ. iisaliggat Creek mear forks, from fault block of Chitistone limestone. Theodore
B , Des pmen Spen e, Rt oy By Ohtun 12 1
8925, 8,200 feet S, 87° K. from forks of cast fork of Streina Creek, elevation 4,500

feet. F. H, Mofit, 1914.

B031. About 8, feet N. 44° E. of Dixle Pass, elevation 5,500 feet. F. H, Moffit,
Hol{gle ipamt 5,850 feet N. 81° W. from Ammann's cabln on Kluvesna River. F. H.
nsﬁsslamm 11,800 feet 5. 803" B. from Alice Peak, elevation 4,800 feet. F. H.

08948 Bouth fork of Rock Creek on trall leading to west fork of Strelna Creek, eleva-
Hon 4 300 fset robably from thin plate of Chitistone limestone, G, C. Martin, 1914.

ork of Strelna Creek near bench mark 8664.

0029. H 'hrancl: of east fork of Btrelna Creek.

9046, Dl:ie Pass branch of Strelna Creeck.

It is 1mportmt- to note that Pseudomonotis mbcsrc!dmu which
appears in previous lists of fossils belonging in the Chltmtone lime-
stone, is here omitted. Martin ** sets forth reasons for considering
this particular fossil to be characteristic of the McCarthy shale,
which is also of Upper Triassic age and, in the Nizina district at
least, seemingly followed the Triassic limestones without a break
of any kind other than the changed conditions that brought about
the deposition of interstratified limestone and shale beds and finally
of shale instead of limestone alone.

Schrader and Spencer #* did not determine the age of the Chiti-
stone limestone from paleontologic evidence during their reconnais-
sance in 1900 and correlated it with the massive limestone of White
River, which was regarded by Schuchert to be of “ Upper Carbonifer-
ous” age.® This correlation was questioned by Mendenhall*® but
it was not till 1907 that definite evidence of the age of the Chitistone
limestone was obtained.* _

A table of correlations of the Mesozoic formations of southern and
southwestern Alaska, compiled by Martin,* but with some additions,

is given opposite this page.

» Op. eit., p. 712,

= Bchrader, F. C., and Spencer, A, C,, The geology nnd mingeral resources of a portion
of the Copper River district, p. 46, U, 8, Geol. Burvey special publication, 1901,

= Brooks, A. H., A reconnaissance from Pyramld Harbor to Eagle Clty, Alaska: U, 8.
Geol, Survey Twenty-first Ann. Rept., pt. 2, p. 859, 1900,

# Mendenhall, W. C., Geology of the central Copper River reglon, Alaska: U. 8. Geol.
Burvey Prof. Paper 41, p. 43, 1805,

M Mofiit, F. H., and llnddren A. G., Mineral resources of the Kotsina-Chitina -region,
Alagka : U. 8. Geol Survey Bull. 374, p 28, 1009

= Martin, G. C., Geology and mineral resources of Kenal Peninsula, Alaska: U 'S.

= Op. cit., p. 712.



»

STRATIGRAPHY, 35

EUBEULANA FORMATION (UFPER TRIASSIC).

CHARACTER AND DISTRIBUTION.

The Chitistone limestone is overlain by probably 5,000 feet of
Upper Triassic marine sedimentary strata consisting of black shale
and considerable but varying amounts of thin-bedded limestone and
argillite, which are best developed at the base of the formation.
These strata are equivalent to the Nizina limestone and the McCarthy
shale of the Nizina district, but because of their complicated folding
and the difficulty of making the separation they were not mapped
as two formations, being here described under the term Kuskulana
formation, though it is realized that future work may result in
dividing the rocks into the two formations just named. It is doubt-
ful if the separation can be made in the west end of the Chitina
Valley on any other basis than the evidence of fossils, for the litho-
logic differences are not sufficient to make the separation possible
where the beds are so intricately folded into one another as is com-
mon in the Kotsina-Kuskulana district. It might be asserted with
reason that a separation of the shale and argillite from the thin-
bedded limestones would be more logical than that of' the limestone
from the underlying Chitistone limestone, and this would undoubt-
edly be true except for the physical difficulties.

The shale is a black fissile rock nearly everywhere much folded
and otherwise disturbed and nowhere without more or less impure
limestone in thin beds (Pl. XI, B, p. 30). In some places it rests
on the Chitistone limestone, but in others it is separated from the
Chitistone by a variable thickness of thin-bedded limestone overlain
by alternating thin beds of impure limestone or argillite and shale.
Dikes and sills of light-colored intrusive rock are-common in the
shale at a number of localities.

The thin-bedded limestone at the base of the formation, adjacent
to the Chitistone beds, is bluish gray but alters to a brownish yellow
after it has been exposed to weathering. It becomes impure in the
higher beds as the shale makes its appearance and changes its color
from bluish gray to black. Where the impurities are most abun-
dant the limestone changes to hard black argillite or calcareous
argillite without distinct cleavage, but nowhere in the Kotsina-
Kuskulana district are the:limestone or argillite beds replaced by
chert beds, as they are in Chokosna and Lakina River valleys and
in the Nizina district. ’

The thickness of the limestone beds ranges from less than a foot
to 2 or 3 feet but is more commonly less than 2 feet. These figures
apply to the limestone beds near the base of the formation where
shale is absent, as well as to the higher beds where limestone and shale
are interstratified. These limestone-shale beds are more extensively
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developed than the thin limestones below, and in most of them the
limestone predominates over the shale,

The thin-bedded limestone is not a constant member of the for-
mation. In a few places it is practically absent; in others it con-
stitutes a large proportion of the known thickness of the Kuskulana
formation. The bluish-gray Chitistone beds of Lime Creek, where
the seetion appears to be least disturbed, are succeeded by brown-
weathering thin-bedded limestone without shale in its lower part
except possibly in the form of thin partings, Kigher in the series
the limestone becomes more and more impure, and shale beds in
increasing amount make their appearance between the limestone
strata {Pl. XVIII, 4, p. 388). A little higher the shale predominates
over the hmestone (PL. XVIII, B) and finally replaces it almost
altogether (Pl. XI, B, p. 30).. Practically ‘the same condition is
seen on Clear Creek. West of Rock Creek, however, the thin-bedded
limestone rests upon the Chitistone beds, just as on Lime Creek, but
is much reduced in thickness and gives place more rapidly to the
shale. This part of the formation is much folded. The thin lime-
- stone beds ar¢ contorted and broken and displaced by faulting.

Farther west, on Pass, Coppar and Elliott creeks, the thin lime-
stones are still more reduced in number. In some localities they
are practically absent, but there is reason for suspecting that this
absence is due in part if not wholly to faulting. Thin beds of lime-
stone are seen in the black shales at different horizons but are almost
negligible in comparison with their abundance lower in the for-
mation.

Previous workers in Chitina Valley have based divisions of the
Upper Triassic. sediments on lithologic differences alome, for the
evidence furnished by fossils collected in this region was not such
as to lead.the paleontologists to suggest the establishment of for-
mations on other grounds. For this reason all the Triassic lime-
stone of the Nizina district was mapped by Moffit and Capps® as
belonging to the Chitistone limestone, and about 300 feet of thin-
bedded limestone and shale, regarded as a transition zone, were in-
cluded in the overlying McCarthy shale.

Martin,*” who has made an extended investigation of the Mesozoic
rocks of Alaska and spent part of the summer of 1914 in studying
the Mesozoic section of Chitina Valley, has reached the conclusion
that the Upper Triassic sediments of this valley should be divided
into three formations—the Chitistone limestone, consisting of the
lower 1,800 feet of that formation as mapped by Moffit and Capps
in the type locality near the mouth of Chitistone River; the Nizina

= Moffit, F. H., and Capps, 8. R., Geology and mineral resources of the Nisina district,

alaska : U. 8, Geol. Burvey Bull. 448, pp. 21-30, pl. 2, 1911,
% Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull, vol. 27. No. 4,

pp. 685-718, 1916.
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U. 5. GEOLOGICAL EURVEY BULLETIN 3 PLATE XV1

A. HEAD OF KUSKULANA RIVER

Showing the morasine-covered terminus of the glacier and the bedded character of the Nikolni green-
stone, parlly snow covered.,

B, “SOIL FLOWS" ON THE SOUTH SIDE OF SLATKA CREEK,

The moantain slope is covered with small angular fragments of light-colored igneous rocks,
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U, 8, GEOLOGICAL SUNVEY BULLETIN 145 FPLATE XV

A. THIN-BEDDED LIMESTONE, ARGILLITE, AND SHALE ON THE WEST SLOPE OF
THE RIDGE BETWEEN LIME AND ROCK CREEKS,

0. FOLDED THIN-BEDDED ARGILLITE AND SHALE ON ROCK CREERK.
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1. West side of Kuskulana River, Oscar Rghn, 1899.

2. Wegtl side of Kuskulana River, a short distance north of \lo 1. Oscar Rohn, 1899,

2202, Creek on north side of Kuskulana River. A. C. § 19040

22068, Head of Rock Creek, from black slaty limestobe thm-bedded linrestone and
slate serles, F. C. Bchnrnder. 1800,

30—!. lslbuotple Creek, 1 mile above junction with Eiilntt Creek. F H. Momt, 1007.

B147. abﬂre canyon of Btrelna Creek, m
Slibvﬂﬁrthnl’ﬂ? :II.' Birelna Creek, shale area m of ll'tt Jarge branch om

uﬂ{o B ortb fork of Btrelna Creek, 2,000 feet north of first large branch on east, F.H.
B101. ll‘int branch of north fork of Strelna Creek near its mouth, float. F. H. Modit,

9

8168. Clear Creek. Theodore Chapin, 1912

8154. Ridge south of Clear Creek. Theodore Chapin, 1912,

8166, First creek south of Clear Creek, from black calearcous shale. Theodore Chapin,

1912,

8157, First creek south of Clear Creek, from gray limestone. Theodore Cha 1912,

8168, Clear Creek, from thin-bedded l%inestone smil shale, Theodare Chapin, ph:)l 2,

8160, Divide between Clear Creek and Rock Creek, ridge east of Dixle Plu. elevation
600 feet. Theodore Chaniu, 1912,

between Clear Creek and Rock Creek irail on ridge south of 8,270-foot

peak, elevation 6,100 feet. Theodore Cl'uf 212,

8189, Divide between Nugget and Roaring eTatn, Troul thindedded ibale. Theodere

1 ;
North F of Strelna Creek, elevation 3,000 feet. F. H, Moflt, 1914,
anza.va &ooufea 3 19517“ E. from forks of nerth fork of Streina Creek, elevation 4,000
offit,
8930, Left braneh -pf north fork of Strelna Creek, mouth of gulch about 1,400 feet
above forks. F. H. Moffit, 1814,

8933, Creek enterm Kotsim Biver from north at junectlon of Kotsina and Kluvesna

rivers, elevatlon F. H. Mofit, 1914,
About C l'eet nbove trail at same locality ns 8043, from limestone nbove 8943

and

8942 Abput 10 nhou tnﬂ at same locality as 8943, from Mmestone u few bt
above 8943, G. C. 814.

B943, Outcrop t;{ gide ot trni u:}_trulch on north slde of Kotsina River nbout 13 miles
below Kluvesna b

8044, Float from same Ioml!ty G C, Martin, 1014.

8845, Rock C elevation 8,41’5 teat. G. C, Martin, 1914.

9920, 9921, 9922. Nerth fork of Btnlnl Creek.
9928, 0924, 9925, 9926, 0927, East branch of east fork of Btrelna Creek.
9928, North branch of eawst fork ot Strelna Creek,
. Ridge between Dixie Pass branch of Strelas Creek and Clear Creek.\
9981, e 200 feet north of 9930.
9932, South brow of round-top hlll on ridge between cast fork of Strelna Creek and
small ereek between Bquaw and reeks,
:E %lé?: between eut folt ol' atnlu Creek and Clear Creek.

ch o
het'weun forh of Rock Creek.
To?ch I ttom wett branch of Rotk Creek to saddle between Rock Creek
nngo agt fotk o

nghut point or rldgs between east fork of Copper Creck, Pass Creck, and Rock
9938, 9989 West branch of Rock Creek,
9940, 3,000 feet northwest of Dixle Paes
9941, E‘nut braneh of Reck Creek near Dixke Creek.

Gulch tributary to east fork of Rock Creek from nerth side.

4. Slme ?llnh as 0943, but only 200 feet from Roek Creek.
hrane of Strelna Creek. :

9947 0948 Squaw C

Whether the presence of Pseudomonotis subearculms in the Kus-
kulana formation indicates a new fauna such as might be expected
in rocks laid down on a land surface that had undergone erosion for
a long period and had then been submerged, rather than a fauna
made possible by a changing environment, not connected with a
period of land erosion, in sediments oont;mnously deposited is by
no means established. This fossil is excéedingly abundant at certain
horizons, in both the hard limestone and argillite beds and in the
shale partings between the hard beds. It was found repeatedly
within a few feet stratigraphically of exactly similar beds contain-
ing the typical fauna of the Chitistone and Nizina limestones and
within 500 feet of the Chitistone limestone. On Strelna Creek at
the point where the trail to the west fork of Rock Creek leaves the

:
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creek and starts up toward the pass there is a geod exposure of
impure yellowish-weathering platy limestone with paper-thin shale
partings, striking N. 20° W. and dipping 20° W. These beds con-
tain Pseudomonotis subcircularis abundantly in the shale partings
and less abundantly in the limestone. They overlie black limestone
in beds from 8 to 10 inches thick with little or no shale between,
which strike N. 10° W. and dip 25° W. The black beds are 50 feet
stratigraphically below .the yellow-weathering limestone and. crop
out in the creek bank 150 feet east of them. They contain Halobia.
Outcrops are practically continuous for 700 or 800 feet to the east
and show that the limestone becomes less impure as the beds are
followed downward, that the shale disappears entirely, and that the
dip of the strata increases gradually for most of that distance. At
a point 600 feet from the Pseudomonotis-bearing beds the limestone
strikes N. 30° W. and dips 30° W. A noticeable feature of the purer
limestone beds is that they pinch and swell and the bedding planes
show a wavy surface. The most distant outerops show variable
strikes and dips. Aw»cestes was found about 400 feet stratigraphi-
cally below the Psendomonotis-bearing beds. These details are given
to show the orderly succession of deposits within the Kuskulana for-
mation ; they might be duplicated from other localities. They do
not’ prec'lude ‘the” possibility of an erosion interval within the for-
mation, but they do not suggest it and at least they indicate that no
structural unconformity is present.

The fossils as interpreted by Mr. Stanton do not furnish grounds
for separating the thin-bedded limestone at the base of the Kus-
kulana formation from the Chitistone limestone, for the fauna of
the two are essentially the same. This separation must be made on
lithologic grounds.

In the table facing page 84 the Kuskulana formation is correlated
with other formations of southern and southwestern Alaska. It
will be seen that the Kuskulana formation is represented as equiva-
Ient to the Nizina limestone (upper part of the Chitistone limestone
as represented by Moffit and Capps?®!) and the McCarthy formation.

The McCarthy formation includes a considerable thickness of
black chert, exposed on Nikolai Creek and on Folin Creek but not
known in the Kotsina-Kuskunlana district. Its most common fossil
is_Pseudomonotis subcircularis.

The type locality of the McCarthy formation is on McCarthy
Creek,** where it has a thickness of probably not less than 2,500
feet.”* Below the McCarthy formation are about 300 feet of alter-

= Mofiit, F. H., and Capps, B. B., Geology and mineral resources of the Nizina district,
Alaska : U. 8. Geol. Burvey Bull. 448, p. 21, 1911,
= Rohn, Osear, A reconnaissance of the Chitipa River and the Skolal Mountalns,

" Alaska: U. §. Geol. Survey Twenty-first Ann. Rept., pt. 2, p. 426, 1900,

= Momt, F. H., a_nd Capps, 8, R., op. cit,, p. 29.
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nating limestone and shale beds that were regarded by Moffit and
Capps as forming,a transition zone between the Chitistone limestone
and the McCarthy formation. In the light of the work done in the
Kotsina-Kuskulana district in 1912 and 1914 it appears probable
that these transition beds, together with about 1,200 feet of thin-
bedded yellowish-weathering limestone containing only a small pro-
portion of shale, included by Moffit and Capps in the Chitistone
limestone, are the equivalent of the upper thin-bedded limestone
and limestone-shale beds of the western area in this district. These
are the beds that are now included in the Nizina limestone and that
give-rise to the difficulties in dividing the Upper Triassic rocks
of Chitins Valley into formations consistent, within themselves.

The Chitistone limestone and overlying Triassic limestone and
shale are present along the south flanks of the Wrangell Mountains
as far east as their type localities in Nizina Valley. Probably they
extend still farther toward the head of Chitina Valley, for the
Nikolai greenstone and Chitistone limestone are exposed near the
head of Canyon Creek east of Young and Chititu creeks.

On the northeast side of the Wrangell Mountains, the east end of
the Alaska Ramge, called the Nutzotin Mountains, is made up largely
of Mesozoic rocks that include Upper Triassic beds.* Their extent
is not known, but a mass of limestone in Cooper Pass yielded fossils
on the evidence of which the limestone was correlated with the
Chitistone limestone. The foesils include Pseudomonotis. subcircu-
laris, which suggests a correlation with the thin-bedded limestone or
the thin-bedded limestone and shale of the Chitina Yn].ley. For the
same reason, at. least. a part of the Triassic limestone in the head-
water regions of: Gulkana and Susitna rivers** wou.ld be correlated
with the same bods.

UPPER JURASSIC ROOKS, wrd alilar wdy o
CHARACTER AND DISTRIBUTION, e

The rocks of the Kotsina-Kuskulana district that are regarded as
belonging to the Upper Jurassic epoch lie unconformably on the
Triassic and older rocks and include conglomerate, grit, sandstone,
shale, and limestone. Among these rock types conglomerate is by
far the most abundant. Its greatest development is seen in a narrow
belt extending northwestward from the head of Strelna Creek to the
north side of Kotsina River. Rohn® saw its outcrops in 1899 and
called it the Kotsina conglomerate. Outcrops of the finer-structured

% Momt, F. H., and Knopf, Adolph, Mineral resources of the Nabesna-White River dis-
triet, Alagka : U. 8. Geol. Burvey Bull. 417, pp. 27-82, 1910.
= \ofit, F. H., Headwater reglons of Gulkana and Susitna rivers, Alaska: U, 8. Geol.
Survey Bull, 498, p. 38, 1912,
' ® Rohmn, Oscar, op. cit., p. 481, pl. 52.
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fragmental rocks and the limestone are confined to a few relatively
small areas scattered over the district.

The belt of rock just mentioned is made up of massive black con-
glomeraté, almost: without lines of bedding, yet containing:a lttle
black shale. It is composed largely of waterworn pebbles and cob-
bles, most of which are plainly of local origin and are derived from
the underlying formations. Pebbles of greenstone, limestone, the
light-colored granodioritic intrusives, and quartz are mest common.
It was noticed repeatedly that in the vicinity of areas of the Chiti-
stone limestone the limestone pebbles in the conglomerate increase
greatly in number and form a large proportion of the rock. The
same is doubtless true of other constituents of the conglomerate,
but these are not so readily seen.

The pebbles are inclosed in a shaly or arkosic matrix which dis-
integrates rather easily and breaks down rapidly under the influence
of weathering. . In consequence the outcrops are rough, and the talus
slopes consist largely of pebbles freed from their matrix. The
conglomerate mountains are rugged, with precipitous cliffs and a
ragged sky line: (Pls. V, B, and XII, B, pp. 6, 80). Their dark
color and rough surface give them a forbidding aspect, and in fact
many of the ridges are practically impassable.

A few thin beds of black shale are interstratified with the con-
glomerate but form an insignificant part of the whole. The sand-
stone and limestone members of the Jurassic are of much greater
extent. Thé massive conglomerate (Kotsina) occurs in a curving belt
that extends from Strelna Creek to and beyond Kotsina River. On
the mountain between Clear Creek, tributary to Kotsina River, and
Kluvesna River it has a much finer structure than in its southeasterly
extemsion, changing first to a grit made up of tiny flattened pebbles
of faisly uniform size and then to a soft yellowish-brown fossiliferous
sandstone. About 50 feet of massive light-gray limestone with &
slightly sugary texture and surface peppered over with tiny black
specks rests on the brown sandstone and is overlain in turn by a
small thickness of gray limy sandstone. Both the limestone and sand-
stone are fossiliferous.

Three small areas of Jurassic sandstone and conglomerate are
faulted into or rest on the Kuskulana formation in the mountains
west of Cl