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PREFACE.
By Arrrep H. Brooxs.

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.
' X






THE KOTSINA-KUSKULANA DISTRICT, ALASKA.

By Freo H. Morrir and J. B. MerTIE, JT.

INTRODUCTION.
By . H. MorFIT.
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 also 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 account 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.

Schrader and Spencer? visited the Kotsina-Kuskulana district in
1900, during the course of a geologic reconnaissance survey of the

1 Rohn, Oscar, A reconnaissance of the Chitina River and the Skolai Mountains, Alaska :-
U. 8. Geol. Survey Twenty-first Ann. Rept., pt."2, pp. 393—440, 1900.
2 S8chrader, F. C., and Spencer, A. C., The geology and mineral resources of a portion
of the Copper River district, Alaska : U. 8. Geol. Survey special pub., 1901.
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 disposal 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 Geological
Survey there should be mentioned the work of many capable mining
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 possible of
the copper-bearing rocks was outlined for topographic mapping
and about one-third of the area wag surveyed 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 planc table and an open-sight alidade in mapping forma-
tion boundarics and lecating outcrops, transferring Mr. Wither-
spooh’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 the writer also entered the field, having been unable

2 Mendenhall, W. C., and Schrader, F. C., The mineral resources of the Mount Wrangell
distriet, Alaska : U. 8. Geol, Survey Prof. Paper 15, 1903. Mendelhall, W. C., Geology of
the central Copper River region, Alaska: U. S. Geol. Survey Prof. Paper 41, 1905.

¢ Mofit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitina reygion,
Alaska : U. 8. Geol. Survey Bull. 374, 1909.
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INTRODUCTION. 3

to go sooner because of the delay of Congress in making the annual
appropriation for geologic work in Alaska. They were joined by
Mz, Chapin and began work in the Strelna Valley, but during the
Jater part of September heavy rains destroyed long stretches of the
Copper River & Northwestern Railway, interrupting all traffic and
making it impossible to obtain supplies for the men and feed for the
horses, so that the party was compelled to leave the field October 1.

Topographic mapping was completed in 1913 (PL II, in pocket),
but geologic mapping was suspended that year. In 1914 Mr. Mertie
and the writer again entered the field to continue the geologic surveys
and to study the mineral deposits. They were accompanied by Glenn
Connelly, B. C. Palmer, and S. A. Witherspoon, all of whom had
had extensive previous experience in Alaska as members of Geologi-
cal Survey expeditions. The party was supplied with the necessary
camp equipment and a pack train of horses. The field season ex-
tended from June 10 to October 1. The weather was favorable dur-
ing most of the season except the later part of August and the early
part of September, when fog, rain, and snow interfered seriously
with the work. It was hoped that time would be available for a
rapid revision of the formation boundaries mapped by Mr. Chapin
in 1912, for it was suspected that-some adjustment of the plane-table
surveys to the finished topographic map would be necessary, but the
snows of later September prevented this revision. Parts of the dis-
trict were revisited in 1916, but before the report describing the work
was ready to be printed the United States entered the World War,
and it became necessary to postpone publication. Another visit to
the Kuskulana Valley was made by the writer in September, 1919,
in order to revise the chapters on economic geology, for it was known
that considerable development work had been done since 1916.

The writer is indebted to nearly all those living within the bound-
aries of the area mapped for favors of one kind or another—for
information furnished, for hospitality, for the use of cabins, and for
many other kindnesses. Special mention, however, should be made
of Messrs. V. J. Dwyer, A. G. Elliott, Adolph Ammann, E. F. Gray,
Angus MacLeod, Ole Berg, and Angus MacDougall. During an ex-
perience in Alaska extending over a considerable number of years
the writer has rarely found an Alaskan who did not willingly as-
sist him by every means, even when such assistance involved con-
siderable personal inconvenience. The mining men of the Kotsina-
Kuskulana district have furnished no exception to this rule.

The petrographic and related descriptions in this report, together
with a part of the description of the metalliferous deposits, were
written by Mr. Mertie, who carried on the office petrographic studies.
R. M. Overbeck assisted in the study of polished sections of ores.



4 KOTSINA-KUSKULANA DISTRICT, ALASKA,

GEOGRAPHY.

DRAINAGE.

Kotsina and Kuskulana rivers are the principal streams of the
district which is here designated by their names. Together with
certain of their tributaries they drain all the area mapped (PL II,
in pocket). The drainage basins of the two rivers include an area
of about 500 square miles, a little more than half of which belongs to
Kotsina River.. It happens also that a little more than half the
area under consideration lies within the Kotsina basin. Both rivers
are glacial streams, receiving most of their water from melting ice
on the south slopes of Mount Wrangell and Mount Blackburn, and
therefore show great variation in the quantity of water discharged{
dependent on variations in seasonal and daily temperatures.

Kotsina River has two principal branches, the Long Glacier stream,
not shown on Plate II, and Kluvesna River. Long Glacier, some-
times known as “the mud glacier,” and Kluvesna Glacier descend
the slopes of Mount Wrangell. They contribute most of the water
in the Kotsina. The several small glaciers that feed the upper
Kotsina descend from the ridge connecting Mount Wrangell with
Mount Blackburn. Clear Creek is the only clear-water stream of
considerable size coming into Kotsina River from the north. All
the tributaries from the south, including Elliott Creek, are clear
except in very warm weather or in time of heavy rains, yet several
of them, such as Peacock, Roaring, Amy, Rock, and Lime creeks, head
in small glaciers.

The parts of Kotsina and Kluvesna rivers represented on Plate
IT flow over broad gravel-covered valley floors shut in by steeply
rising mountains. The river flood plain nowhere exceeds half a mile
in width, although the low, flat timber-covered benches that border
the flood plain increase the width of the valley floor to 1 mile near
the junction of Kotsina and Kluvesna rivers. A mile above the
mouth of Rock Creek the Kotsina flood plain narrows to about 100
feet where the river runs between two rock benches that form a
short canyon. The flood plain again narrows for a short distance
at Rock Creek but spreads out immediately below and shows no
further pronounced contraction within the area mapped. A short
distance below Long Glacier Kotsina River enters a canyon, PL
IV, p. 6) partly in gravel deposits, partly in hard rock, which
gradually becomes narrower and deeper and which continues as far
as Copper River, half a mile above the mouth of Chitina River.

A notable feature of Kotsina River that it shares with several
other streams of Chitina Valley is its annual flooding due to the
sudden release of water impounded by one of the small glaciers
of the upper Kotsina. The glacier blocks the lower end of a tribu-
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tary valley not occupied by ice. During the winter the under-
glacier outlet of the stream in this valley is closed by ice, so that
the water gradually accumulates, forming a lake held back by the
glacier. When the pressure becomes so great that the ice is no
longer able to withstand it the water bursts out from beneath the
glacier, flooding the Kotsina Valley and strewing it with blocks of
ice for several miles below the glacier. The flooding commonly
takes place in the later part of July, less commonly early in August.
Occasionally the dam persists through the summer and is broken
out in winter. Such a time was late in the winter of 1907, when
several men who were freighting their summer’s supplies over the
ice of Kotsina River narrowly escaped losing them. In 1914 the
flood began late on July 25 and gradually increased till it was at its
height, covering the whole valley floor for a width of half a mile
about 11 p. m. July 26. Before noon of July 27 the stream was in
normal condition again. Those who have seen it say that the water
bursts from beneath the glacier like a great fountain and throws
blocks of ice in all directions. One of the most noticeable effects of
the flooding is that the stream channels are shifted from one place
to another and that immense quantities of gravel are moved down-
stream.

Kuskulana River heads in Kuskulana Glacier and flows south-
westward to Chitina River, which it joins 9 miles above the Copper.
Its principal tributaries are Strelna, Clear, Porcupine, and Nugget
creeks on the north and Trail and Slatka creeks on the south. The
valley of upper Kuskulana River is broad and open. For 5 or 6
miles below the glacier the river runs over the gravel bars of the
broad flood plain. Before emerging from its own valley, however,
and entering that of Chitina River at a point about 9 miles below
Kuskulana Glacier, it flows into a canyon in which it crosses the
broad lowland between the mountains and the Chitina. The tribu-
taries of Kuskulana River are clear-water streams. One or two of
them have small glaciers at their heads but do not receive enough
mud from these glaciers to color the water. Like most of the tribu-
taries of the Kotsina, they are torrential streams flowing in narrow
valleys and rocky gulches. Strelna Creek is the largest tributary of
the Kuskulana. Its drainage basin occupies the south-central part
of the area mapped and gives access by high passes to Elliott, Copper,
and Rock creeks of the Kotsina drainage basin.

RELIEF.

- The XKotsina-Kuskulana district lies in the foothills of the
Wrangell Mountains, a region of lofty peaks and rugged topog-
raphy. Mount Wrangell (altitude 14,005 feet) and Mount Black-
burn (16,140 feet) stand near by on the north and northeast, the
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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 the head 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 entirely 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 with 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 3.500 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 destroy the forms pro-
duced by glaciation. This is seen most plainly in the narrow rock-
walled canyons at the mouths of nearly all‘the smaller tributary
streams (Pl IX, 4) and in the steep, narrow gulches on many
mountain 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 drainage 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 are
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KOTSINA RIVER A FEW MILES BELOW THE MOUTH OF ELLIOTT CREEK, LOOKING SOUTHWEST.
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A. PANORAMA OF MOUNT BLACKBURN AND ADJACENT MOUNTAINS, FROM A HIGH POINT NORTH OF SLATKA CREEK.

B, NORTH SLOPE OF ELLIOTT CREEK VALLEY,

Shows the scarp of the Chitistone limestone, beneath which is the Nikolai greenstone. The rugged ridge above the limestone is conglomerate.
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MOUNT WRANGELL FROM THE MOUNTAINS WEST OF KLUVESNA RIVER.

Mount Drum on the extreme left. Taken from an altitude of about 6,000 feet.
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VALLEY OF LIME CREEK

Nikolai greenstone on the left; scarp of Chitistone limestone on the right.
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A. THIN BEDS IN THE CHITISTONE LIMESTONE WEST OF B. FOLDED AND SHEARED CARBONIFEROUS LIMESTONE
KLUVESNA RIVER. ON IRON CREEK.
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4. MOUTH OF PEACOCK CREEK.

Shows a canyon cut through the lip of a hanging valley.

B. FOLDED AND FAULTED TRIASSIC LIMESTONES ON THE WEST BRANCH
OF ROCK CREEK.

Talus at the left almost conceals the Nikolai greenstone.
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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
*valley. Nugget Creek and Slatka Creek, tributaries to the Kusku-
lana, also have fine hanging valleys. This feature is not so pro-
nounced on the other streams flowing into the Kuskulana, for the
valley of that river is broad and its walls have a gentler 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 district, where
the great Chitina Glacier impinged on the mountain wall of its val-
ley. The straight front of the ridge and the triangular faces of the
interstream mountain masses attract the attention of every observant
person.

Some of the topographic forms in the district are evidently de-
pendent on geologic structure and the difference in hardness, re-
sistance to weathering, and other characteristics: exhibited by the
geologic formations. The valleys of lower Rock Creek, Lime Creek,
and Clear Creek and the ridges that bound them on the west are the
product of both of these causes. The scarp of the westward-dipping
Chitistone limestone determines the ridges and has controlled the
position of the streams that flow along them. A glance at the geo-
logic map (PL IIL, in pocket) will make this clear. The Chitistone
limestone 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 place. In a similar way the
Nikolai greenstone also breaks down along joint and fault planes,
but owing to its greater thickness, the absence of soft beds above and
below it, and other causes 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 rough, craggy slopes, steep and inaccessible in many places, with
smooth talus slopes below. On the other hand, the shale formations
yield forms with smooth contours, even where weathering is proceed-
ing at a rapid rate, for the rock breaks down in smaller fragments,
which disintegrate readily. The area south of Kotsina River, between
Copper and Rock creeks, shows well the characteristic topography of
shale 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

19198—23——2
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to recognize the formation at a long distance. Huge pillars and
blocklike masses are common on the crests of the conglomerate ridges
and make walking 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 Rock
Creek that runs northwestward and the branch of Strelna 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.

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 drain its western and
northern margins. This basin, although very small in comparison
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 basm,
but-its climate, particularly the rainfall, does not fully correspond
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 Center, 35 miles
from the nearest point on Kotsina River, are useful in helping form
an idea of the climate of the district, and a summary of them, pre-
pared by Ellsworth and Davenport,® is given here.

Summary of precipitation and temperature at Copper Center for a period of 7
full years and 22 scattering months (August, 1902-November, 1913).

Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.| Oct. | Nov.| Deec. | Year.

Mean precipitation, )
inches............ 0.57 ) 0.46 ) 0.17 | 0.07 | 0.39 | 0.86 | 1.56 | 1.12 ) 1.13 | 0.96 076"074 8.79

Temperature (°F.):
een 49 49 49 64 80 96 87 87 80 66 49 5014......
ceveed| —T4| —55| —48 | ~26 18 22 22 20 3| ~2 | —46
Mean........... —~10.8 | 2.3114.3|29.0| 44.1 | 53.1| 55.4 | 52.4 ' 42.9 i 27.7 .6

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 observations made at Kennecott, in the Nizina district, is

8 Abbe, Cleveland, jr., U. 8. Geol. Survey Prof. Paper 45, p. 140, 19086.
¢ Ellsworth, C. E., and Davenport, R, W., Preliminary report on a water-power recon-
najssance in south-central Alaska: U. 8. Geol. Survey Bull. 592, p. 159, 1914.

”~

r
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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-
marization.

Record of temperature and precipitation at Kennecott, in the Nizina dtsmct
of Chitina Valley.

[T'="Trace.]

Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. Oci. Nov. | Dec.

Temperature (°F.):
aximum—
1905

No printed weather records taken within the district were avail-
able when the geologic 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
coastal 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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a year is 63 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 indicate about 10 feet annually at
Cordova, 12 feet at Valdez, 6 feet at Seward, and 3 feet at Copper Center. In
the mountains the snowfall is much greater and accumulates in enormous
drifts, which in sheltered 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 middle of May, but in the upper valleys, in gulches and pro-
tected places, it persists till late in the summer or does not melt at all,
although most of the Kotsina-Kuskulana district is below the line of
perpetual snow. Around the head and on the south 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 ridge. At times rain
falls only in the mountainous area, while the clouds are absent and-
the sun is shining over 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 Xluvesna, Kotsina,
and Kuskulana rivers, have their maximum discharge. This state-
ment, however, refers to normal conditions and excludes 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
snows are melting 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 glaciers are a source of supply that never fail till cool weather
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 engineering calculations. .

7 Op. cit., p. 167.
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Miscellaneoug measurements in Copper River dreainage basin in 1913,

Dis-
: i harge
. . Dis- |Drainage| ®'3T8
Date Stream. Tributary to— Locality. charge. | area. Squ).l(gm
mile.
. . Sec.-ft. | Sq. miles.| Sec.ft.
Nov. 9 | Kotsina River. . ..| Copper River. ....| Near mouth........... 200 47 0.45
Nov. — | Nizina River...... Chitina River..... Ai){ove Kennicott 492 865 .57
1vVer
May 31 | Dan Creck........ Nizina River...... Above hydraulic 37 40 .92
June 1| White Creek. . ....| Chititu Creek. .... A{))ove Jolly Gulch.. 14.1 9.4 1.50
' 3 | Chititu Creek. .... Nizina River...... Below Rex Creek. . 53 24 2,21
3 | Rex Creek. ....... Chititu Creek. . ... Ablovf hydrauhc 18.4 9.5 1.94
an
Nov. 5 | McCarthy Creek...[ Kennicott River Above Nikolai Creek. . 21 48 .44
June 9 | Lakina River..... Chitina Rwer Ra:lroad crossing...... e 1,750 124 14.11
Oct. 3 d [P« Vo D . 224 124 1.81
..do. 99 124 . 80
June B0 212 56 3.79
Oct. do . eeiiiiiiiiaas 81 56 1.45
June [ 241 43 562
I L 172 43 4.00
Oct. do...ieiiiiiinnnnt 69 43 1.60
May [ T 145 221 .66
June do...iiiiiiiiannns 603 221 2.73
Oct. do.. ..ot b 500 221 2.2
Nov. do. . ieieiiiiinns 130 221 .59
June 1 (s TN 46 25 1.84
do...eeieiiiiiaat 55 25 2,20
Sept. JR s U TR 24 25 .96
Nov. d LU TN M do................ 3 .
Oct. 3 iver.......| Tiekel River......| Below Ptarmigan| 87 [..........|..........
Creek.
Nov.
pe
uly
Sept.
Oct.
Nov.
Oct. 2 mlles above mouth
at head of lower
canyon.
Nov. do 23 16 1. 44
Oct. 14,8 1o eeaeen
Nov. - S O .
Oct. 146 175 83
Nov. do do. 69 175 39
July 26 | Salmon Creek..... Alagamk Slough. . B0 O [
6 Float measurement. b Estimated.

The early winter snows begin in September. The first falls rarely
last more than a few days, but gradually the snow line creeps down
the mountain slopes, reversing the direction of its spring movement,
till finally it reaches the lower valleys in October or early in Novem-
ber. Although snow comes early in this district, the heavy falls
do not take place till the middle or later part of winter.

Winter work in many places in the mountainous parts of this
region is made dangerous by snowslides. All the valleys of the
Kotsina-Kuskulana district are subject to them. Nine men have been
killed in this way during the last few years, and others either have
been seriously injured or have narrowly escaped with their lives.

An unusual quantity of snow fell in the winter of 1913-14. It
reached a depth of 5 or 6 feet at :Strelna and lay on the ground for
two weeks later than is common, so that the grass and leaves were
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backward in coming out. The month 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 vegetation 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 altitude 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. Above timber line and extending somewhat
below it is a belt in which alder, associated in places with willows,
small cottonwoods, and aspens, prevails. The alder, however, is not
so large or so abundant as on the mountain sides of the coastal
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, a sparse growth of grasses, and numerous small plants,
forming the higher zone of vegetation.

Spruce and cottonwood are the large trees of the region and are
the trees usually referred to as timber. Spruce is widely distributed
at all elevations below timber line. (See Pls. IV and XIII, B,
pp- 6, 31.) Large cottonwoods, on the other hand, are restricted to
the gravelly benches and bars of the lower valleys. They 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 feet in diameter at the butt are found in the better
stands of timber. Such trees, however, form only a very small pro-
portion of the whole growth and are short in comparison with trees
of the same diameter on the Pacific coast of the United States. Few
if any of them would furnish a timber 10 inches square and 30 feet
long. '
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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
Kuskulana Valley, and in the lower part of Kotsina Valley. Very
good timber is found also on the lower part of Elliott Creek. Away
from the mountains in the open Chitina Valley the trees are small
and scrubby exceptra border of a larger growth along the stream
bottoms. They are scattered over a moss-covered morainal lowland
that becomes in part an almost impassable swamp during the rainy

1aa 10’ B g - 50" 14340

Vo " g . 45" 14340’

F1cure 1.—Map showing the distribution of timber in the Kotsina-Kuskulana district.

seasons. Most 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
Valley, the mouth of Surprise Creek, and an area near Fall Creek
on Kluvesna River, the trees and small brush were burned purposely
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 Kotsina-Kuskulana district.
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 areas except
where the timber has been burned, and even there it requires years
to become established, particularly on the level gravel benches like
those forming the floor of Kuskulana Valley above Clear Creek.
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 pasturage 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 variety
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-Kuskulana district. Among them sheep, bear, and lynx are
the most common. Moose have been seen but so rarely that they
hardly deserve to be included in the list." ‘

Both sheep and bear are less plentlful 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 country since 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 is generally obliged
to go farther and work harder for his supply. About 50 sheep were
seen by members of the United States Geological Survey party in
1914.

Most of the bears of the district are of the black variety. They
prefer the wooded areas and the brushy mountain slopes, where they
can keep under cover and avoid being seen. A large brown bear,
probably a variety of grizzly, lives in the vicinity of the glaciers
and is sometimes seen on the glaciers or on the bare mountain sides
near the glaciers. It is much less common than the black bear.
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A good many lynx 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 scarce they cut off the
twigs and smaller branches at the snow level or peel the bark from
larger ones, leaving a stubble of bare white sticks that looks like a
field after the grain has been cut.

The wolverine 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
ptarmigan are present. The larger one frequents the willow thickets
near timber line, especially at the upper ends of the valleys. A
smaller variety lives at higher elevations on the rocky mountain
slopes. Like the rabbits and the spruce grouse, the ptarmigan have
favorable seasons when their numbers increase and unfavorable sea-
‘sons when they diminish. The season of 1914 was unfavorable, and
ptarmigan were scarce 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
killed many of the old birds and the young ones. '

The 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 hag 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
usually avoid the -milky water of glacial streams, at times they are
numerous in such streams at the mouths of clear-water tributaries.
They are present also in the swift water of the large clear-water
creeks and in the deep quiet water where some of these creeks flow
across the valley floors.
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TRAILS AND TRANSPORTATION.

Since the Copper River & Northwestern Railway was completed
the problem of reaching the Kotsina-Kuskulana district and of
transporting supplies to it has been much simplified. The nearest
station on the railroad is Strelna, on Strelna Creek, 4 or 5 miles
from the boundary of this district. Strelna is 146 miles from
Cordova. The next near point is Chitina, 131 miles from Cordova.
Chitina is about 1 mile from the point where Kotsina River joins
Copper River and is about 12 miles from the nearest point in the
Kotsina-Kuskulana district.

All summer travel to Kuskulana River and Elliott Creek and most
of that to Kotsina River now goes through Strelna. A wagon road
leads from Strelna up Kuskulana River to Nugget Creek. From
this road a horse trail branches off to Elliott Creek and another into
the upper Strelna Valley, whence other trails lead to Rock Creek,
Pass Creek, and Elliott Creek.

The Kuskulana road follows Strelna Creek northward for about 2
miles, then turns eastward and crosses 3 or 4 miles of flat swampy
country, covered with the scrubby spruce, to the Kuskulana Valley.
This road is suitable for automobile trucks and was used a great deal
in 1918 and 1919. The distance from Strelna to Clear Creek by the
road is between 11 and 12 miles. A good trail leads up Clear Creek.
Another ascends Nugget Creek above the camp on that stream, from
which it is possible to cross over the high divide to Roaring Creek. -
The old trail to the Nizina follows Trail Creek to Kuskulana Pass.
Other trails lead up Porcupine Creek, up both sides of Kuskulana
Glacier, up Slatka Creek, and to the different mining properties.

All the trails in the Strelna Creek valley afford firm footing for
horses but have a few steep places. The three passes leading to Rock,
Pass, and Elliott creeks have altitudes of 5,100 to 5,200 feet. They are
difficult early in summer, on account of the snow on the steep slopes
below them. '

The trail to Elliott Creek leaves Strelna Creek 2} miles from
Strelna and takes a northwesterly course to Cow Creek, whence, con-
tinuing northwestward, it gradually climbs the southwest slope of
the mountain south of Elliott Creek and crosses the northwest end
of the ridge at an elevation of 3,500 feet. Thence it turns directly
east and reaches Elliott Creek by a steep descent which ends just
above the mouth of Five Sheep Creek. The distance by direct line
ig about 14 miles, but the distance covered by the traveler is consid-
erably greater owing to crooks in the trail. Parts of the trail are
hard to travel in wet weather, although they offer little difficulty
during much of the summer. This trail is used regularly by pack
horses carrying supplies to Elliott Creek but is not suitable for trucks
or automobiles. :
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A good trail follows the north side of Kotsina River from Klu-
vesna River to the Copper River valley. It was laid out by A. K.
Crawford and Adolph Ammann, who also built the bridge over
Kluvesna River. Since Mr. Crawford’s death Mr. Ammann has
kept both the bridge and trail in repair. Branch trails lead up Klu-
vesna River and the Kotsina, and from them other trails have been
built up all the streams where copper prospects are situated. There
are trails on Fall. Copper, Rock, Roaring, Peacock, and Surprise
creeks. A wagon road leads from the camp of the Great Northern
Development Co. on Kotsina River to the upper camp on Amy Gulch.

The trails that have been mentioned were nearly all intended for
pack trails and are unsuited for wagons. Some of them, however,
could be made into roads without great difficulty.

Until the Copper River & Northwestern Railway was put through
the supplies used by prospectors in this district were brought to the
camps in winter. Part of the supplies used on Kotsina River in
1914 were freighted from Valdez, but doubtless in future supplies
will be brought from Chitina rather than Valdez. Freighting from
Chitina to the Kotsina Valley in winter is less expensive than freight-
ing from Strelna, for, although the distance is a little greater, the
ice of Kotsina River furnishes a better sled road. The same is true
of winter freighting to Elliott Creek. Supplies may now be obtained
in Kuskulana Valley at any season, for all the main distributing
camps may be reached either by wagon or by automobile.

If copper mining becomes established in this district, spurs from
the railroad will doubtless be built to several of the creeks. Two
such spur roads have already been surveyed. One leads to Elliott
Creek from a point on the railroad between Strelna and Copper
River. The other branches from the railroad at Strelna and runs
up Kuskulana Valley. The latter offers no unusual engineering diffi-
culties and can be built with comparatively small cost. The branch
to Elliott Creek has less favorable grades and would require more
rock work, so that the average cost per mile would be greater. As
an alternative means of transporting ore to the present line of rail-
road, the Hubbard-Elliott Co. has proposed constructing a tramway
over the mountain from Elliott Creek to Strelna. A railroad into
Kotsina Valley would probably require one or more expensive
bridges. Aside from this the engineering difficulties would be of
about the same order as those on a road into Elliott Creek. A wagon
road into Kotsina Valley from some point on the railroad would be
of great benefit to the prospectors now at work there.

POPULATION.

The populatioh of the Kotsina-Kuskulana district in the summer
of 1914 was about 60, all but two of whom were men. Not more than
half a dozen of these men remain in the district during the winter;
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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 assessment 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-
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F1gure 2.—Columnar section showing the formations repre-
sented on the geologic map of the Kotsina-Kuskulana
district.

DESCRIPTIVE GEOLOGY.
By F. H. Morrit and J. B, MERTIE, Jr.
STRATIGRAPHY.

OUTLINE.

The geologic map (Pl III, in pocket) shows the areal distribution
of the formations within the Kotsina-Kuskulana district. Figure 2
shows diagrammatically the stratigraphic relations of the rocks rep-
resented on the map.
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Six hard-rock formations are recognized. They are, in order of
age, from oldest to youngest, the Strelna formation, the Nikolai -
greenstone, the Chitistone limestone, the Kuskulana formation, the
Kotsina 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
stratified tuff beds and dense fine-grained basalts. With the tuffs
and basalts are associated a minor amount 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
Strelna formation are cut by intrusive masses of diorite and gabbro,
more or less altered. The thickness of the Strelna 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, 4, p. 38) 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 138,500 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 Strelna formation, and they furnish the evidence on which
the limestone and 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.
Although it is of Upper Triassic age it appears to lie without deposi-
tional unconformity on the Nikolai lavas (Permian or Triassic).

The 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 massive Chitistone limestone and the shales in the upper part
of the Kuskulana formation there is a transition zone of greatly
varying 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 deformed along with the older rocks, but on account
of its relative weakness it shows much more pronounced folding.
It is of Upper Triassic age.

Unconformably overlying the Kuskulana and older formations is
the Kotsina conglomerate, probably of Upper Jurassic age. It con-
sists of waterworn pebbles and cobbles inclosed in a shaly or arkosic
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 rocks of this district in addition to the Kotsina 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, but in general the thickness is much less,
not exceeding 100 or 200 feet.

All the formations previously mentioned, with the possible excep-
tion of the Jurassic limestone and sandstone beds, are intruded by
igneous rocks. These intrusives are most common in the older for-
mations, particularly in the Strelna, in which the largest intrusive
masses are found. They include pyroxene diorite, gabbro, grano-
diorite, quartz diorite, quartz diorite porphyry, and quartz latite.
Dikes and sills are numerous in certain areas of the Kuskulana
formation but are not common 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 formations and associated lava flows have
been folded and extensively faulted. The folding is greatest in the
formations below the Kotsina conglomerate, 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 resist
pressure than the more massive lava flows, limestone, and con-
glomerate. Thrust faulting is the common type of displacement,
but folding has combined with faulting in some places to produce

complicated and anomalous results.
. / -
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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, particularly 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 an earlier period of their history, morainal
deposits, and accumulations of unsorted débris such as talus and
other 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, and their history will be interpreted so far as possible
from the evidence at hand.

' PALEOZOIO SEDIMENTARY ROCKS,
SEDIMENTARY BEDS OF THE STRELNA FORMATION (MISSISSIPPIAN),
CHARACTER AND DISTRIBUTION.

The basal formation of the geologic column in the Kotsina-Kus-
kulana district is a ccmnplex composed of bedded lavas and tuffs in-
tercalated 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,
including 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 certain 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

8 Schrader, F. C., and Spencer, A. C,, The geology and mineral resources of a portion
of the Copper River district, Alaska, p. 40, U. 8. Geol. Survey Special Pub., 1901.
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between the two formations is fairly clear. 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 column, rocks thought to be
of clastic origin were first encountered. Inasmuch as many of the
tuffaceous members of the basal formation, especially in its upper
part, are so fine grained that the clastic character is recognizable
with certainty only under the microscope, and as the lavas in the
lower portion of the Nikolai greenstone are dense and fine grained,
the line of contact between the two formations is necessarily some-
what indefinite in places. In spite of this indefiniteness, however,
the separation is entirely justified by the increasing 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-
sible to get a clear idea of their extent and stratigraphic relations.
The sediments are black argillites that locally may be described as
slates, thin-bedded cherts that in part, at least, are possibly altered
limestone, and more or less completely silicified limestone. They are
intercalated in the tuffs, some of which appear conglomeratic, 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 limestone 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 sequence of the sedimentary members of the basal forma-
tion upon which further subdivision could be based was observed. 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 covering 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 greenstones 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 crops out in small 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 VIII, 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
overlain 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 argillités. In a few places,
as 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-
trusive 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 formation in Nugget Creek valley.

Feet.
Fine-grained basalt 360
Water-laid and subaerial tuff 885
Fine-grained basalt i e 450
Shaly, argillaceous beds : - 405 -
Siliceous beds - 10
Fine-grained basalt__ - 450
Silicified limestone____ — 5
Gabbro with some tuffaceous beds - 405
Chert__ — 225
Gabbro_.._ - e 650
3, 845

19198—23——3
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An unusual phase of the sedimentary 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 essentially 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—and with
a soft dirty-white tuff in small irregularly shaped but very con-
spicuous areas. The stratigraphic relations of these rocks are not
known, but it appears 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 in the
Strelna formation is not complete. The formation is exposed along
the northeast and southwest sides of the area mapped, but with the
exception 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 area.

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 Creek 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 Creek so as to
bring the Strelna rocks into contact with the Triassic limestone and
shale, but the conditions east of Strelna Creek are different. There
the Nikolai greenstone 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 tuffaceous 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 structure, and finally a great thickness of amygda-
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loidal basalt, the Nikolai greenstone, extending to the top of the
mountain.

On the cast 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 avea.
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 impossible 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

FEET N.
3,750 W
3,500 + I Amygdaloidal basalt (Nikolai)
' ine-grained tuffaceous basalt with pillow structure
3,250 Thin-bedded chert
Banded slate or argillite
with sandy beds

3,000 A

ve e .
2,750 4 ML

o ) | 500 1000 FEET

A s I

Fraure 3.—Section at the base of the Nikolai greenstone 1 mile east of Streina 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.

Tvidence 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. IFurthermore, 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 else 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 arew
dip toward the northeast. Those in the northeastern avea 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
tufls or argillites. Although the fossils ave 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 resnlt indicated in the following list:

Fossils collected from the Strelna formation.

i
8170 | 8171 ; 8172 | 8173 |

Zaphrentis Sp..........oooiiviiiiiiiiiiii.
Amplexus sp......... -

Crinoid stems .
Echinoid spines...................
Fenestelloid Bryozoa..............
Yenestella sp.........
Polyporasp..........
Pinnatopora sp...
Lingula sp..........
Productus semiretic
Pustula afl. P. clegans
Pustula atf. P. pustulo:
Pustula sp............
Rhipidomella s| .. BN .. . . .
Rhynchonelloid, small (Pugnax?).. N N (R PR PR PR
Rhynchopora? sp................. e PRI G PPN AU
Dieiasma? SPee it R R PR M T G PR
Terebratuloid (small)............ JS I G O SN PR PR
Cliothyridina? sp................ . R PO FROL R D G MU RO
Composita? Sp........oevveenns . . X
Spirifer aff. S. pinguis.
Spirifersp............
Euomphalus? sp...
Platyceras sp.....
Phillipsia sp...... ceen ..
Griflithides Spovev e et

8170 (12AC59). Strelna Creek, east side above main fork., Limestone member of sedi-
mentary series of limestone, shale, conglomerate and cherty siliceous beds. These appear
to dip beneath the greenstone and may underlie it or be the lower part of it.

8171 (12AC61). Ridge between forks of Strelna Creek, Cherty limestone beds asso-
ciated with greenstone. )

8172 (12AC66). Ridge south of west fork of Strelna Creek. Limestone, chert, and
shale interbedded with greenstone,

8173 (12AC67). West fork of Strelma Creek. Limestone.

Lot 1 (J. B. M. 24). 6,500 feet N. 74° W, from forks of Strelna Creek, clevation 4,700

feet.
Lot 2 (J. B. M. 34;. 7,000 feet S. 48° W. from Iron Mountain, elevation 4,000 feet.
3 (J. B. M. 41). 7,600 feet S. 84° W, from Iron Mountain, elevation §,300 feet.
Lot 4 (J. B. M. 45). 10,250 fcet N, 78° W. from Iron Mountain, elevation 5,700 feet.
Lot 519 (F. H. M, 519). Same as lot 2.
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Concerning the fossils found at the last five localities, Mr. Girty
SAVS

The fossils in these collections ure in a poor state of preservation. So far
as cin be determined all the collections represent the same fauna, which is
clearly of Carboniferous age. A more definite statement it is difficult to make
with certainty, but T am inclined to believe that the horizon is lower Car-
boniferous (Mississippian) or Lisburne limestone. It is not possible to do
more than suggest the character of the fauna in a general way, for accurate,
specitic determinations can not he 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 morve 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., A

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. DProbably the Carboniferous fossiliferous rocks of
the Strelna formation ave 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.

? Collier, A. J., Geology and coal resources of the Cape Lisburne region, Alaska: U. S.
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1
Yukon-Tanana | Kotsina-Kusku-

Slate, shale, and
limestone con-

Shale and sand-
stone, 420 feet.

(sandstone con-
taining a little
shale and lime-
stone).

(shale, a little
limestone,
quartzite, grit,
and conglomer-
ate).
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MESOZOIC SEDIMENTARY FORMATIONS.
CHITISTONE LIMESTONE (UPPER TRIASSIC).

CHARACTER AND DISTRIBUTION.

The Chitistone limestone is a marine sedimentary formation that
1s extensively developed on the north side of Chitina Valley and is &
conspicuous feature of the mountains in the Kotsina-Kuskulana dis-
trict. It forms bold cliffs (Pls. X1, 4, and XIII, B, pp. 80, 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 regar~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 beds 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,
go 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 (P1. 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, 4; and XI, 4); and the rest, of less regular outline, lie
between (Pl III, 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 rock, 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 or less continuous belts a number of small scat-
tered areas of limestdne 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 continuous
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 Kuskulana formation throws doubt on the



U. S. GEOLOGICAL SURVEY BULLETIN 745 PLATE X

4. HEAD OF ELLIOTT CREEK.

Shows the Chitistone limestone scarp encircling the valley. Mount Blackburn in the
background.

B. AN EXPOSURE OF CHITISTONE LIMESTONE ON CLEAR CREEK.
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A. SCARP OF THE CHITISTONE LIMESTONE WEST OF DECEPTION CREEK.

A small mass of Nikolai greenstong is faulted over the limestone but is separated from it by
conglomerate.

SRy

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



U. S. GEOLOGICAL SURVEY BULLETIN 745 PLATE XII

A. VIEW LOOKING DOWN I\i)CK CREEK AND ACROSS KOTSINA RIVER.

On the right the Chitistone limestone OY()l'licS the Nikolai greenstone. In the distant mountain on the
left the limestone is repeated by faulting.

MOUNTAIN SHOWN IN A.

B. NEARER VIEW OF THE DISTAN

The Chitistone limestone is overlain by Triassic shale, and this in turn by conglomerate.
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A. MOUNTAIN BETWEEN THE FORKS OF THE EASTERN BRANCH OF
STRELNA CREEK.

The light-colored Chitistone limestone overlies black Triassic shale, which in turn rests on
Jurassic conglomerate.

B. CHARACTERISTIC EXPOSURE OF CHITISTONE LIMESTONE ON STRELNA
CREEK.

Below the limestone is greenstone.
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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-weathering,
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.
1t 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. 37).

Folding and faulting give the Chitistone limestone a complicated
structure. So far ag 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 {rom

38 Moffit, F. H., and Capps, S. R., Geology and mineral resources of the Nizina district,
Alagka: U, 8, Geol. Survey Bull, 448, p. 23, 1911,
1 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull,, vol. 27, p. 690, 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. TFaulting 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. 6) 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 Chitistone limestone are not com-
mon. No large masses of igneous rock were seen in the formation, and
although a 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 tho
head of Clear Creek. It 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
pronounced 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 CORRELATION.

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
district :

Iossils collected from the Chitistone limestone in the Kotsing-Kuskulana district,
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