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PREFACE.

By Arrrep H. Brooxs.

Even during the Russian occupation of Alaska the journeys of
traders and a few explorers had determined the position of the larger
geographic features of the southern part of the region described in
this volume. Since then this knowledge has been augmented by two
expeditions organized for exploration and by the journeys of traders
and prospectors. In this way a general knowledge of the relief and
drainage of the province was obtained as well as some idea of its
mineral resources. Previous to 1909, however, when the surveys
whose results are here presented were made, accurate maps and
knowledge of the geology and the distribution and occurrence of the
mineral resources of the Iliamna region, except for the shores of
Cook Inlet, were almost entirely lacking.

The Geological Survey’s general plan for the investigation of the
mineral resources of Alaska provides for reconnaissance geologic
and topographic surveys of the Territory. Naturally the areas of
proved economic importance have been taken up first, and this
accounts for the long delay in surveying the Iliamna region, in which
there has been no mineral production. Copper and gold lode pros-
pects have been found within the district, some of which may prove
to have commercial value. Relatively little work has been done on
these prospects, so that it is not possible to give a definite opinion of
the commercial importance of any of them.

The report is based on about four months of field work. During
this time the two topographers of the party mapped 5,150 square
miles, including the area of the lakes, and the two geologists 3,000
square miles. The topographic work is accurate to the scale, and
much of the geologic mapping was done to a greater degree of refine-
ment than has usually been possible in rapid reconnaissance surveys.
Surveys made in 1903 and 1904 along the west shore of Cook Inlet
were utilized to extend the mapped area to the east.

The matter presented in this volume is of importance not only
because it describes a field new to the geologist, but also because it

9
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s

contributes many facts that will help elucidate the stratigraphy and
structure of adjacent fields. The considerable detail in which the
Mesozoic sequence has been determined is worthy of special note.
Of importance to the miner are the facts set forth that the copper
lodes occur in metamorphic limestones near the contacts of intrusive
rocks and that the auriferous quartz veins thus far discovered occur
either in greenstones or in granites.

This report covers an area lying between the Mount McKinley
region on the north, which has already been described,' and the
Alaska Peninsula, the general features of the geology and mineral
resources of which have been summarized.? Some progress has been
made in this volume in correlating the geology of these two regions,
but much remains to be done before definite statements can be made
concerning the stratigraphic equivalency of their geologic forma-
tions. There still remains a large area 1ying between Lake Clark on
the south and the. Rainy Pass region of the Alaska Range on the
north which is almost entirely unexplored and which should, there-
fore, be surveyed.

Of possibly greater commercial importance would be a survey of
the basin of Mulchatna River, lying west of the area here discussed.
Auriferous gravels have been found within this basin, some of which
are reported to carry sufficient gold to warrant exploitation, and
a survey of this field will be undertaken as soon as circumstances
permit.

1 Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper U. 8. Geol. Survey
No. 70, 1911.

2 Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula:
Bull. U. 8. Geol. Survey No. 467, 1911,



A GEOLOGIC RECONNAISSANCE OF THE ILIAMNA
REGION, ALASKA.

By G. C. Marmin and F. J. Karz.

INTRODUCTION.
LOCATION.

The region described in this report covers an area of about 5,150
square miles. It is situated, as is shown on figure 1 (p. 12), in
southwestern Alaska, west of the southern half of Cook Inlet and
north of the Alaska Peninsula. It comprises the greater part of the
drainage basins of Kvichak River, which is the outlet of Iliamna and
Clark lakes flowing into Bristol Bay, and of the streams flowing
into Cook Inlet from the west, south of and including Tuxedni Bay.
The extreme limits of this area are bounded by parallels 59° and

- 60° 30" N. and meridians 152° 30" and 157° W. The nearest large
town is Seward, which is about 150 miles to the east.

GEOGRAPHIC FEATURES.

TOPOGRAPHY.

Most of the northeastern part of this region lies within the Chig-
mit Mountains and consists of high, rugged mountain masses and
narrow intervening valleys. The general elevation of these moun-
tains is from 4,000 to 6,000 feet, although many peaks near the north
end of Lake Clark are 7,000 feet high and the highest peak of the
whole district is Mount Iliamna, which is about 10,000 feet high. (See
Pl VIII, 4, p. 86.)

At Tliamna Bay the mountains extend eastward to the waters of
Cook Inlet. Both north and south of this point a belt of foothills and
lowlands, from 2 to 10 miles in width, reaches from the edge of the
high mountains to the shore of the inlet. Much of the coast is deeply
embayed, Tuxedni Bay, Iniskin Bay, and Iliamna Bay extending into
the high mountains, and the other bays having their heads in the foot-
hill belt. Iliamna and Bruin?! bays head at well-known low passes

1 Locally known as Bear Bay.

1
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through the mountains, and Tuxedni Bay and the southwest arm of

Kamishak Bay are reported to have passable routes from them
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FI16URE 1.—Outline map of Alaska, showing areas covered by the larger scale maps.

The topographic features of such parts of

through the mountains.

the region as have been surveyed are shown on Plate I (in pocket).
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The western part of the region lies in the wide valleys of the lower
ends of Iliamna and Clark lakes and consists of low gravel-covered
flats with numerous isolated hills and groups of hills distributed ir-
regularly through them. At the west end of Iliamna Lake the val-
ley opens out into the wide coastal plain of Bering Sea. A broad low
pass at the head of Chulitna River leads into the Mulchatna Valley,
which is a region of flats and low rounded hills. The general posi-
tion of the Mulchatna region is shown on figure 20 (p. 131).

LAKES.

Tliamna Lake lies in the south-central part of the region. It is
about 80 miles long and in general is from 8 to 20 miles wide, being
the largest body of fresh water in Alaska. It is about 50 feet above
tide, and drains through Kvichak River into Bristol Bay. Reported
soundings indicate a depth, at the east end, of many hundred feet.
Lake Clark, in the northern part of the region, is about 52 miles long
and from 1 to 4 miles wide. It is about 220 feet above tide or 170
feet above Iliamna Lake, to which it is tributary through Sixmile .
Lake and Newhalen River. The depth of Lake Clark “about 6
miles east of Cape Shishkin and about half a mile from the south
shore of the lake ” (probably not far from Tanalian Point) was de-
termined by Schanz?! to exceed 606 feet. Sixmile Lake is at prac-
tically the same elevation as Lake Clark, from which it is separated
by a short strait. It flows out through Newhalen River into Iliamna
Lake. Kontrashibuna Lake, tributary to Lake Clark from the east
through Tanalian River, is 14 miles long and half a mile to a mile
wide and lies about 560 feet above tide. Upper and Lower Tazimina
lakes, which are about 650 feet above tide, drain through Tazimina
River into Sixmile Lake. Many other smaller lakes lie on the vari-
ous tributaries of Lake Clark. Meadow and Moose lakes lie about
600 feet, above tide, on the headwaters of the river which enters
Iliamna Lake at the head of Intricate Bay. Kakhonak Lake, about
260 feet above tide, and another unnamed lake above it, drain
through Kakhonak River into Iliamna Lake at the head of Kakho-
nak Bay. Hundreds of smaller lakes are distributed over the whole
western part of the region.

RIVERS.

The largest stream of this region is Kvichak River, which flows
from Iliamna Lake into Bristol Bay. Its length from the outlet of
the lake to Koggiung is about 62 miles. In the upper 17 miles of its
course it has an average current of probably 6 miles an hour and is
much broken up by islands and -bars into narrow, shallow channels.

1 §chanz, A, B, Frank Leslie’s I1l. Mag., vol, 73, 1891, p. 224,
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The greater part of its fall is in this part of its course. For the next
13 miles it is somewhat less swift, probably running 3 or 4 miles an
hour, and is confined in a single deep channel. The lower 32 miles
of its course is tidal, the water being of considerable depth even at low
tide. The river is navigated by cannery steamers for about 22 miles
above Koggiung, and by launches and Columbia River boats (when
favored by strong west winds) for its entire length.

Newhalen River, the second stream of the-area in size, is about half
the volume of the Kvichak and about 23 miles in length. For the
upper 11 miles of its course it can be navigated by canoes and poling
boats. Rapids and reported falls make even canoe navigation impos-
sible for the lower 12 miles. These rapids are avoided by a 5-mile
portage. ’

The other large streams of the region are Pile, Iliamna, Kakhonak,

Chekok, and other unnamed rivers tributary to Iliamna Lake; and
Chulitna, Tlikakila, Chokotonk, and Tanalian rivers, and other
streams tributary to Lake Clark. (See Pl IIL.) Tazimina River,
draining the lakes of the same name, enters Sixmile Lake just above
its outlet. Large unnamed rivers enter Cook Inlet from the region
here under discussion at the head of Tuxedni Bay and at the head of
the southwesternmost arm of Kamishak Bay. The streams reaching
Cook Inlet between these are all small.
" Many of these streams may be used for water power whenever the
development of the region creates a demand for it. One of the most
promising water powers is on Tanalian River, which has a fall of
60 feet in a single drop at the outlet of Kontrashibuna Lake (PL.
IT1, B) and which descends about 340 feet in the 4} miles between
Kontrashibuna and Clark lakes. Tazimina River descends about
430 feet in about 8 miles from the lip of the hanging valley contain-
ing the Tazimina Lakes to Sixmile Lalke, most of this fall being in
a distance of 3 miles. Newhalen River descends nearly 170 feet in
its lower rapids, which are distributed throughout a distance of about
6 miles. Meadow Lake lies about 550 feet above Iliamna Lake, and
the stream draining it, which is about 20 miles long, may have avail-
able water power. Kakhonak Lake is about 210 feet above Iliamna
Lake, and its water descends in a distance of about 5 miles. These
streams are all large, and their flow is regulated by natural storage
in lakes. Many of the smaller streams could also doubtless be used
if local power should ever be needed.

GLACIERS.

The existing glaciers of this region are neither numerous nor
large. Only near Mounts Iliamna and Douglas, and outside of the
area actually mapped, are there large unbroken areas above snow line
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A. ILIAMNA VILLAGE AND RIVER.

Showing character of lowlands in valleys tributary to lliamna Lake.

B. TANALIAN FALLS,

Showing water power and character of timber on Clark Lake
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which are competent to form the gathering grounds for extensive
glaciers. '

There are 18 small glaciers in the headwaters of the drainage
tributary to Kontrashibuna Lake, and four on the streams coming
into Lake Clark near its head from the east. These glaciers lie at
altitudes of 3,400 to 5,800 feet in the Kontrashibuna drainage, and
2,000 to 6,000 feet at the head of Lake Clark.

The snow fields around Mount Iliamna send out several valley
glaciers of fair size. Three of these go to the south and are tributary
to streams entering Chinitna Bay. They are known as East, Middle,
and West glaciers. Another good-sized valley tongue goes out to
the north and is tributary to the unnaped stream at the head of
Tuxedni Bay. Several other glaciers of this type must flow west
from these snow fields, but nothing is known of their position nor
size. The abundance of glacial silt in the waters of Iliamna and
Pile rivers and of all the larger streams east of Lake Clark is
conclusive evidence of the existence of many glaciers in that region.

The high country around Mount Douglas and the neighboring
peaks at the north end of the Aleutian Range is a notable feeding
ground for glaciers. Seven or eight large glaciers are known to radi-
ate from these snow fields, several of which reach almost to tidewater.

CLIMATE.

The climate of this region has some features of both the coast and
the interior climates of Alaska. The coast of Alaska is characterized
by heavy precipitation and by mild winters and rather cool summers.
The interior of the Territory has far less precipitation, the conditions
verging in places on semiaridity, and has very cold winters and
rather warm summers.

This region has abundant precipitation, though not as much as the
ocean coast. The early summer months are frequently favored with
long intervals of clear weather. Similar conditions are said to exist
also during part of the winter. It was noticed during the summer of
1909 that cloudiness and precipitation were much greater in the high
mountains at the upper ends of Iliamna and Clark lakes and in the
Aleutian Range than in the broad valleys of the lower ends of the
lakes. In the summers of 1903 and 1904, cloudiness and rain were
far less at the head of Kamishak Bay than on the mountainous parts
of the coast both north and south of that point.

This region is also believed to have a colder winter and a warmer
summer temperature than the open coast, in this respect also being
intermediate between the coast and the interior.

98153°—Bull. 485—12——2
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The following fragmentary weather observations have been made
within the area described:

Temperature (° F.) at Millet's camp (north shore of Iliwmna Lalke) from
Dec, 1, 1997, to May 31, 1908.

[Records by O. B. Millet.]

8a.m. 7 p. m.

Maximum. | Minimum. | Mean. |Maximum.|Minimum.| Mean.

34 -10

December.............cooooiiaan.. 38 -13 9.9 11.3
JanuAry. oo ceiiiiciiii i 34 —-10 15.3 36 -5 16.1
February... ..................... 28 -30 —8.0 31 —26 -3.8
March... cees 32 -20 11.1 34 —15 14.8
April.. et 40 -13 26.3 40 3 29.3
MaY. ot 49 30 40.7 65 29 41.6

Miscellancous observations.

December 31, 1905.—Ice began to form on Iliamna Lake.
January 12, 1906.—Ice 16 or 18 inches thick on Iliamna Lake.!
February 12, 1906.—Ice in Iliamna Bay.!

March 16, 1906.—Ground began to become bare.!

January 17, 1908.—Iliamna Lake froze.

May 28, 1908.—Iliamna Lake opened.’

June 2, 1909.—Ice out of upper end of Iliamna Lake?

June 20, 1909.—Ice all gone from Iliamna Lake?

September 13, 1909.—Snow at 2,000 feet.?

September 17, 1909.—Snow at 1,200 feet.®

September 20, 1909.—Severe freeze.?

September 27, 1909.—Snow at Iliamna Bay.t

VEGETATION.
GENERAL FEATURES.

This region lies in the borderland between the densely forested
coast of southeastern and south-central Alaska and the treeless coasts
of the Alaska Peninsula and Bering Sea. -Parts of it have the vegeta-
tion of the treeless tundras. -Other parts have a vegetation rather
closely akin to that of much of the lightly forested interior of Alaska
and of much of northern Canada. Still other tracts are treeless be-
cause they are high and possess the universal features of the area
above and near to snow line. The distribution of the forested and
nonforested areas is shown on Plate IV.

FORESTS.

The forests extend throughout the lowland areas on the coast of
Cook Inlet north of Iniskin Bay, in the valley of Lake Clark (Pl III,

1 Fifteenth annual report on the introduction of domestic reindeer into Alaska, 1906,
pp. 168-172. .

2 Statement by O. B. Millet.

8 Observations of U. S. Geological Survey.
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B), and along the shores of Iliamna Lake east of longitude 155° W.
The south shore of Iliamna Lake between longitude 155° W. and the
outlet of the lake and most of the Kvichak Valley have only small
scattered areas of forest. These forests consist chiefly of spruce with
much birch intermingled with it or in separate groves. Birch is
practically coextensive with the spruce throughout this region, ex-
cept possibly on Cook Inlet. “ Cottonwoods” also grow throughout
the area of the spruce, but have a wider distribution, being present
along many of the streams in the otherwise treeless areas.

The character of the vegetation at the mouth of Iliamna River
has been described by Osgood * as follows:

The timber in this vicinity is of the characteristic type found throughout
the Hudsonian zone in northern Alaska. The white spruce (Picea conadensis)
is the dominant tree, and with it are found its usual deciduous neighbors, the
balsam poplar and the paper birch. Alders abound on the hillsides and willow
thickets border the streams. Mosses, lichens, and small woody plants, chiefly
Ericace®, cover the ground. A few small ponds near the river are bordered
with grasses and sedges, and, where conditions favor, are filled with large
yellow pond lilies (Nymphea).

Concerning the timber on Lake Clark, Osgood * says:

A good growth of timber surrounds the entire lake and runs up the mountain
sides from 500 to about 1,500 feet. It is of much the same character as that
at the head of Lake Iliamna. The black spruce (Picea marianae), which was
not found about Lake Iliamna, however, is quite abundant on Lake Clark.
This is particularly the case about the lower end of the lake, from the head
of the Nogheling [Newhalen] River to Keejik, where there is more or less low,
moist ground suited to the trees. 'The aspen (Populus tremuloides) is also
found in a few places near the Nogheling and about Lake Clark. On the steep
mountain sides south of the lake the white spruce is the principal tree, and in
many places composes the entire forest. On the north side it is also abundant,
but the deciduous poplars and birches are largely mixed with it. This differ-
ence in the timber of the two sides is doubtless due to slope exposure. Many
of the small, low peninsulas projecting into the lake on the mnorth side are
almost entirely occupied by groves of poplars (Populus balsamifera), many
individual trees slightly excecding 12 inches in diameter. A beautiful open
forest of birch and spruce is found in some localities, and much of the ground
in some places produces tall grass (Agrostis) in great abundance. Devil's-’
club (HEchinopanaz) occurs in a few dark, sheltered places near the head of
the lake, and perhaps reaches the northwestern limit of its range there. Wil-
lows and alders abound in their respective relative positions, while smaller
shrubs and boreal plants are in characteristic profusion.

The spruce forests mentioned above contain good timber only
locally. They are everywhere interspersed with open grassy
meadows, bare ridges and hilltops, treeless swamps, and patches of
alders and willows. (See PL III, 4, p. 14.) Much of the spruce

10sgood, W. H., A biological reconnaissance of the base of the Alaska Peninsula:

North Am. Fauna, No. 24, 1904, p. 11,
31dem, pp. 13-14,
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is, moreover, very small and is worthless save for firewood. None
of the forest can really be classed as commercial timberland. The
best of it would supply good lumber for little more than the slight
present local needs. The supply of material suitable for mine tim-
ber 1is, however, probably adequate to any local demands which can
now be foreseen.

A rank growth of grass is present in all parts of the region, espe-
cially where the timber has been burned, and in the Cook Inlet low-
lands. Abundant horse feed can be found throughout the greater
part of the region, from about June 1 to October 1. Some hay is
cut every year, especially near Iliamna village and the “ Dutton
prospects 7’ and at the head of Cottonwood Bay. The areas of good
grass are, however, not large and it is not probable that this could
become a grazing country to more than a comparatively minor extent.

TREELESS AREAS,

The north shore of Iliamna Lake between Newhalen and Kvichak
Rivers has no trees except “ cottonwoods.” The same condition holds
on the west coast of Cook Inlet south of Iniskin Bay and over the
greater part of the Alaska Peninsula. In the latter district spruce
is known only on the shores of Iliamna Lake and on Kukak Bay.
It is definitely known to be absent on the southeast coast of the-
peninsula from Iliamna Bay to Cold Bay (except at Kukak Bay),
along the route across the peninsula? from Naknek to Katmai, in
the vicinity of Becharof Lake® and Ugashik Lakes,* and in the
vicinity of Chignik Bay and Port Moller.?

The character of the vegetation in these nonforested areas at low
altitudes is shown in the following description by Osgood® of the
vegetation of the lower slopes around Iliamna Bay:

They support no trees worthy of the name, but there are several groves of
fair-sized balsam poplars (Populus balsamifera) in the narrow valley at the
head of the bay and also on some low ground about a small indentation on the
west side called Cottonwood Bay. On the mountain sides a few tiny spruces
from 1 to 2 feet high proudly raise their heads above the ma?ted mosses,
lichens, and small shrubs. A few depauperate sprouts of the paper birch
(Betula papyrifera alaskana) also occur. The characteristic shrubs are the
alder (Alnus viridis?) and the dwarf birch (Betule glandulose rotundifolia),
which are found in great abundance.

Throughout this region the higher lands are bare of all vegetation
except moss, grass, and small bushes. Timber line, the term being

1 Fernow, B. C., Forests of Alaska: Harriman Alaska Expedition, vol. 2, 1902, p. 244,

28purr, J. E., and Post, W. 8., Report of the Kuskokwim Expedition: Maps and
description of routes of exploration in Alaska in 1898, p. 33.

8 Osgood, W. H., A biologic reconnaissance of the base of the Alaska Peninsula: North
American Fauna, No. 24, 1904, pp. 19-22,

¢ Observations of A. G. Maddren.

5 According to several members of the Geological Survey.

6 Osgood, W. H., op. cit,, pp. 10-11.
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used to mean the upper limit in altitude of nonstunted spruce, and
not the lateral limits of the forests where they abut on the low-
altitude, nonforested areas, is in general at an altitude of 800 to 1,400
feet. Timber line was seen at its highest local altitudes near the
heads of Clark, Kontrashibuna, and Upper Tazimina lakes, from
which points it decreases to the south and west.

Altitude of upper limit of spruce.

Ireet.
Head of Lake Clark-. o ______._ 1, 200-1, 400
Kontrashibuna Lakeo - ______________________ 1, 100-1, 200
Head of Upper Tazimina Lake______________________ 1, 200-1, 400
North side, Lower Tazimina Lake_.__ . ____________ 1,100
South side, Lower Tazimina Lake_--._______________ 900-1, 000
‘West of lower end of Lake Clark___________________ 1, 000
West of Newhalen River——._ . _____.___ 8001, 000
Head of Pile Bay___. e 1, 000
Knutson Bay___ . __ 800
East of Reindeer Station . ____._______ 800- 900

Large areas of “ reindeer moss ” are found throughout the greater
part of the region, both in the open areas within the forested belt
and in the nonforested areas. The low hills south of Iliamna Lake
have an especial abundance of it. This has led to the establishment
of the Government reindeer station at the head of Kakhonak Bay.

CAUSE OF LIMITS OI FORESTS.

In the lowlands of southwestern Alaska densely forested and
absolutely unforested districts lie in close proximity, in areas which
are not known or believed to differ appreciably in any characteristic -
determining the presence or absence of trees. Several explanations
of this fact have been offered, and as some of these are geologic they
are presented here. _

Becker® believes that there may have been recent uplift of this
part of the Alaska coast, and that, the absence of trees may be due to
the former presence of salt-water straits with heavy tidal currents
connecting Bristol Bay with Cook Inlet by way of Iliamna and
Clark lakes, and to the submergence of the western part of Kodiak
Island.

This explanation was accepted as probable by Spurr,* who believes
that the recent submergence is an established fact, and that the subse-
quent uplift has been so rapid that the timber has been unable to
migrate westward at a rate equal to the retreat of the shore line.

1 Becker, G. I., Reconnaissance of the gold ficlds of southwestern Alaska, with some
notes on the general geology: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898,
p. 19. .

2 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann,
Rept. U. 8. Geol. Survey, pt. 7, 1900, p. 68.
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Gannett * believes that the cause of the absence of timber is an
open question. He holds that in neither rainfall, temperature, nor
winds do the treeless areas differ from the forested coasts farther
east.

On the other hand, Fernow ? claims that the spruce has in very
recent time migrated westward, and may still be migrating, although
the movement is retarded by the prevalence of moist winds from the '
southeast and south from September to May. He subsequently ®
elaborated this explanation, holding that the Alaska Peninsula and
Aleutian Islands show evidence of recent and volcanic origin, that a
forest could come to them only from the northeast, and that for this
to take place it is essential that the winds should be dry and should
blow from the north and east when the spruce releases its seed, from
September to May.

According to Osgood ¢ it hardly seems possible that there is even
an appreciable difference in temperature between the timbered region
around Lake Clark and the treeless region around Becharof Lake.
He believes that all the causes determining the nonexistence of
coniferous trees can hardly be ascertained until more work is done,
but that the prevalence of wind and storm regardless of temperature
would restrict arborescent vegetation in almost any latitude, though
in spite of these adverse circumstances the timber may be advancing.

The observations of the Geological Survey party in 1909 show
that there is no essential difference between the forested and non-
forested areas in rainfall, temperature, intensity of winds, or in rocks
and soils. They also. support the conclusions -of Fernow and of
Osgood that the forests are now advancing into the treeless areas.
The evidence for this lies chiefly in the scarcity of old dead trees
throughout most of the forest areas and their complete absence on
the margins of the forests. The earlier geologic explanation by
assumed recent elevation following a period of submergence must be
discarded, for proof of these recent movements is not at hand.

SETTLEMENTS.

The largest settlement and the chief trading point for this entire
region is Iliamna village (Pl III, 4, p. 14), situated on Iliamna
River, 4 miles above its mouth and 12 miles from Iliamna Bay. This
village has a population of about 15 whites and 40 natives. It has

1 Gannett, Henry, General geography: Harriman Alaska Expedition, vol. 2, 1902,
pp. 272-273.

2 Fernow, B. E. Forests of Alaska: Harriman Alaska Expedition, vol. 2, 1902, pD.
244-246.

3 Fernow, B. E., The forests of Alaska: Forestry and Irrigation, vol. & No. 2, 1902,
p. 70.

4 Osgood, W. H., A biologic xenonnaisaance of the base of the Alaska Peninsula: North
Am. Fauna, No. 24 1904, pp. 23-24.
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a United States commissioner and a Government school. Three
stores are located here. A Government reindeer station has been
located at the head of Kakhonak Bay since the spring of 1905. The
other villages, which”are inhabited permanently only by natives, in-
clude Kakhonak, on the south shore of Iliamna Lake 12 miles west of
the head of Kakhonak Bay; Newhalen, near the mouth of Newhalen
River; Nondalton, on the west shore of Sixmile Lake; and Kaskanak,
on Kvichak River, about 10 miles below Iliamna Lake. Iliamna and
Nondalton are Kenai villages, the others being Eskimo. The for-
mer villages of Chekok and Nikhkak are now abandoned. There are
several cabins belonging to prospectors and traders at Iliamna and
Cottonwood bays, but these are occupied only when a steamer is
expected or when freight is being moved from the coast. Numerous
isolated camps and cabins are scattered throughout the district.
Most of these were built by prospectors, who have been at work in
a small way since 1898 over the greater part of this region and in
the adjacent Mulchatna country. The most active of these operations
were from 1903 to 1906; they are described under the heading of
“ Mineral resources.”

Dutton post office, which was formerly situated at the head of Cot-
tonwood Bay (the southern arm of Iliamna Bay), is now (1910)
abandoned. The entire region is dependent for its summer mail on
the accommodation of the postmasters east of Cook Inlet and of the
mail clerks and other officers of the steamers calling at Iliamna Bay.!
Winter mail is received by private delivery from points on the Cold
Bay and Nushagak mail route.

The population of the local and neighboring villages according to
census reports has been as follows:

Population of native villages.

Tenth Eleventh
Census, 1880. | Census, 1890.

'I‘l L] 11121 ié Not givené
244 (T M 7
Eak]?onallc ........................... Not givclmé 28
ASKANAK. . .o i 1 66
’I‘{Kichik” ......................... !2); Not given.
oggiung............ veen 133
CRIVIChAKN . it Not given., 37
“Molchatna villages’ . ... ... i 180 | Not given.
ENTRDKAK . L. e et Not given. 42

“Noghelingamiut™......... ... J . Not given. 16
’ 519 398

TRANSPORTATION ROUTES.

This region is accessible only by water, there being two well-
traveled routes leading to it—one from the east by way of Iliamna
Bay and the other from the west by way of Koggiung.

1 Iliamna post oflice was established in 1910.
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The steamers from Seattle to Prince William Sound and Cook
Inlet and also the local steamers from Valdez westward and from
Seldovia and Port Graham to the upper Cook Inlet ports will land
at Iliamna Bay whenever weather permits and sufficient business
warrants it. Iliamna Bay is about a day’s sail from Seward or 6 to
12- days from Seattle. There is usually about a boat a month from
May to October, inclusive, and occasional boats during the winter.

A good horse trail leads from the head of Iliamna Bay to Iliamna
village, a distance of about 12 miles. This trail crosses a 900-foot
summit 3 miles west of Iliamna Bay. Another trail leads from the
head of Cottonwood Bay to Iliamna village, about 20 miles, crossing
three summits at elevations of 1,700, 1,500, and 1,975 feet, at 4, 53,
and 15 miles from Cottonwood Bay, descending to 1,400 and 600 feet
between the summits. A good wagon road has been built for the
first 2 miles and from the fifth to the fourteenth mile, or as far as
the Dutton copper prospects. These trails can usually be used by
horses from June 1 to November 1. Dogs are used during the rest
of the year. :

From Iliamna village all parts of Iliamna Lake and Kvichak
River can be reached in boats, there being several large sailboats and
a gasoline launch at the village. Horses can also be taken from
Iliamna village throughout the greater part of the region, except in
the high mountains. The shores of Lake Clark are impassable for
horses east of longitude 154° W.

Bristol Bay is visited by cannery vessels about May 1, and by a
passenger steamer from Valdez once a month in June, July, August,
and September. Part of the supplies for the stores at Iliamna vil-
lage are brought in by this route, which has the advantage of being
all water and avoiding the portage from Iliamna Bay to the village.

Tliamna Lake can also be reached by a portage from the head of
Kamishak Bay to the head of Kakhonak Bay. This route is said to
be easy, the pass being low. It is, however, not much used except
by natives, because of the difficulty of having supplies landed on this
uncharted part of the coast.

Many of the supplies for Lake Clark and the Mulchatna country
west of it are taken in from Iliamna village by dogs in the winter.
Summer transportation to Lake Clark may be accomplished either

" with horses or by boats to a point on the shore of Iliamna Lake 4
miles east of Newhalen River, by a 5-mile portage from that point to
Newhalen River above the lower rapids, and thence by boat up the
Newhalen. Native packers are usually available at this portage.

The Mulchatna region can be reached from Lake Clark by boats up
Chulitna River to a short portage at the head of Swan River, or up
Chulitna and Koksetna rivers to points near the headwaters of other
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of the eastern tributaries of the Mulchatna. (See fig. 20, p. 131.)
It can also be reached by taking horses over this same general route.

Railroad surveys for the proposed Alaska Shortline Railway were
made from 1902 to 1908 along a route leading from the head of Ili-
amna Bay westward along the trail to Iliamna village, around the
north shore of Iliamna Lake to Chekok Bay, northwestward to the
lower end of Lake Clark, up the Chulitha Valley and across the -
Mulchatna Valley to the Kuskokwim and Yukon. An attempt was
made in 1902 to carry mail and passengers over this route by the
Trans-Alaska Co. Several miles of trail and a few cabins were
built, but the venture was not a success.

ACCOUNT OF INVESTIGATIONS.

The field work on which this report is based was a combined topo-
graphic and geologic reconnaissance by a party of 12 men in charge
of D. C. Witherspoon, topographer. The party landed and began
work at Iliamna Bay, May 16, 1909. After crossing the mountains
to Iliamna village two subparties were organized. One of these, in
charge of Mr. Witherspoon, consisted of six men and was equipped
with a pack train of eight horses. This party traversed the area
north of Iliamna Lake and east of Lake Clark. F. J. Katz accom-
panied this party as geologist. The other party, in charge of G. C.
Martin, geologist, likewise consisted of six men and was equipped
with three Peterborough canoes. This party traversed the shore lines
of Iliamna and Clark lakes, mapping as much of the topography and
geology as could be reached from the shore, and made an exploratory
trip down Kvichak River to Koggiung. C. E. Giffin accompanied
this party as topographer and Theodore Chapin served as geologic
field assistant. TField work for both parties ended at Iliamna Bay
on September 28.

The results here given include the hitherto partly unpublished
results of a geologic and topographic reconnaissance of the supposed
oil fields between Iniskin and Chinitna bays made by G. C. Martin*
in 1903, and of a similar reconnaissance by T. W. Stanton and G. C.
Martin 2 in 1904, of the west coast of Cook Inlet from Tuxedni Bay
to Cape Douglas and on the southern coast of the Alaska Peninsula.

Comparatively little was known of either the geology or the gen-
eral features of this region prior to these investigations. The earlier
explorations are, however, of interest and are briefly described below.

1 Petroleum fields of Alaska and the Bering River coal fields: Bull. U. S. Geol. Survey
No. 225, 1904, pp. 365-382; The petroleum ficlds of the Pacific coast of Alaska, with an
account of the Bering River coal deposits: Bull. U, 8. Geol. Survey No. 250, 1903, pp.
87—49; Notes on the petroleum fields of Alaska: Bull. U. 8. Geol. Survey No. 259, 1905,
pp. 128-139. .

2 Mesozoic section on Cook Inlet and Alaska Peninsula: Bull. Geol. Soc. America, vol.
16, 1905, pp. 291-410.
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The first exploration of parts of this region of which records are
available was by Pinart,* who, in 1872, made extensive explorations on
the coast of the Alaska Peninsula and Bering Sea, ascending Kvichak
River to Iliamna Lake. The results of these explorations are still
largely unpublished. -

Schanz and Clark, early in the winter of 1891, ascended Nushagak
and Mulchatna rivers and explored the lower ends of Clark and
Tliamna lakes. This expedition brought back important geographic
information, but no geologic data. The accounts of this exploration,
written by Schanz, made known the existence of Lake Clark defi-
nitely to the general public for the first time. The presence of a
large lake in this general position had, however, been vaguely known
for a long time. In fact it had been represented on some of the early
Russian charts, and it is now known that it was visited by McKay
about 1881. :

Later and more detailed information, including some geologic
~ data, was gained in an exploration made for the Biological Survey

by Osgood ® and Maddren in 1902.

Brief geologic notes dealing chiefly with the outlying parts of this
district have been published by Dall* Spurr,® and Brooks.® Dall is
the only one of these who was personally familiar with any part of
the area described in this report, having studied the Jurassic rocks at
Tuxedni Bay in 1896.

The United States Coast and Geodetic Survey made a detailed
chart (No. 8665) of Iliamna Bay in 1907, and has been engaged in
primary triangulation on Cook Inlet in the succeeding seasons.

The results of the investigation on which the present report is
based have already been published ” in abstract.

Although this is strictly a joint publication it nevertheless seems
desirable to indicate the individual responsibility for the opinions

1 Pinart, A. L., Voyage & la cote nord-ouest d’Amérique, d’Ounalashka i Kadiak (fles
Aléoutiennes et péninsule d’Aliaska) : Bull. Géographie, 6th ser., vol. 6, Paris, 1873, pp.
561-580, map. .

2 §chanz, A. B., Frank Leslie’s Ill. Mag., vol. 73, 1891, pp. 138, 240; The fourth or
Nushagak district : Report on population and resources of Alaska at the Eleventh Census,
1890, pp. 91-97.

30sgood, W. H.,, A biologic reconnaissance along the base of the Alaska Peninsula:
North Am. Fauna No. 24, 1904, 86 pp.; Lake Clark, a little known Alaskan lake: Nat.
Geog. Mag., vol. 15, 1904, pp. 326-331.

4Dall, W. H., Report on coal and lignite of Alaska: Seventeenth Ann. Rept. U. S.
Geol. Survey, pt. 1, 1896, pp. 763-906.

5 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898 ; Twentieth Ann, Rept.
U. 8. Geol. Survey, pt. 7, 1900, pp. 33—264 ; Lakes Iliamna and Clark: Maps and descrip-
tions of routes of exploration in Alaska in 1898, with general information concerning the
Territory, U. 8. Geol. Survey, 1899, p. 129. .

6 Brooks, A. H., The geography and geology of Alaska : Prof. Paper U. 8. Geol. Survey
No. 45, 1906.

7Martin, G. C., and Katz, F. J., Outline of the geology and mineral resources of the
Iliamna and Clark lakes region: Bull. U. 8. Geol. Survey No. 442, 1910, pp. 179-200.
Katz, F. J., Gold placers of the Mulchatna: Bull. U. S. Geol. Survey No. 442, 1910, pp.
201-202. :
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here expressed by a brief statement as to the subdivision of the prepa-
ration of the manuseript.

The introduction (pp. 11-25) was written by the senior author, as
were also the introductory pages (pp. 25-30) of the section on geology.
In the description of the Paleozoic and Paleozoic or early Mesozoic
rocks (pp. 30-41) the division of responsibility was as follows: The
senlor author wrote the discussions entitled * Areal distribution ”
and “ Age,” and the junior author wrote those entitled “ Lithologic
character ¥ and * Petrographic description.” The description of the
Mesozoic and Tertiary rocks (pp. 41-82) was prepared by the senior
author, with the exception of the sections on lithologic character of
the porphyries and tuffs (pp. 51-58) and petrographic description
of the granitic rocks (pp. 74-76) and of the basaltic flows and tuffs
(pp. 79-81), which are the work of the junior author. In the section
on the Qaternary (pp. 82-94) the junior author prepared the dis-
cussion of conditions of deposition of the glacial deposits (pp. 83-88)
and the description of the high terrace gravels (pp. 91-92), the re-
mainder of this section being the work of the senior author. The
sections on structure and on historical geology (pp. 94-113) were
prepared by the senior author. The junior author wrote the entire
section on mineral resources (pp. 113-132), except pages 126-130 on
petroleum. '

GEOLOGY.

GENERAL FEATURES OF THE REGION.

The region here described covers the southern end and parts of
the eastern and western sides of the Chigmit Mountains, the northern
end of the Aleutian Range, an intermediate region lying between
them, and parts of the Cook Inlet and Bristol Bay regions on the
east and west sides. It consequently includes parts of several geo-
graphic and geologic subprovinces, the general features of .which
will be briefly reviewed before passing to the detailed description of
the special area here under discussion.

The geologic subprovinces included in part by this area are the
Cook Inlet basin on the east, the Chigmit Mountains west of it, the
Alaska Peninsula in the southern part, the Bering Sea coastal plain
in the western, and the Iliamna basin in a central portion between
the last three. These subprovinces are each characterized by distinc-
tive physiographie, stratigraphic, and structural features, and their
boundaries according to any of these criteria not only are fairly dis-
tinct but are approximately concordant. The geologic map (Pl II,
in pocket) consequently shows approximately the local geographic
limits of the subprovinces.
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GEOLOGIC SUBPROVINCES.
COOK INLET BASIN.

The Cook Inlet basin is topographically a lowland area bounded
by more or less linear-fronted mountain masses on the east and west
sides. The waters of Cook Inlet occupy about half of the total area
of the basin. The larger land areas are at the north end and on the
east side. The bounding mountain masses are the Talkeetna, Chugach,
and Kenai mountains on the east side of the basin and the Alaska,
Chigmit, and Aleutian mountains on the west side. The mountain
fronts are deeply embayed by the Matanuska and Turnagain Arm
valleys, between the Talkeetna and Chugach and between the Chugach
and Kenai mountains, respectively, and by valleys north of Mount
Redoubt and at the head of Kamishak Bay, which separate the
Chigmit Mountains from the Alaska and Aleutian ranges.

The rocks of the valley floor consist chiefly of Tertiary and Quater-
nary deposits. The former are only locally more than slightly
folded, and are only partly consolidated. The latter consist chiefly
of glacial outwash deposited in what are now a series of terraces,
and underlain, in at least part of the region, by till.

The rocks of the bounding mountains are mostly granitic and
metamorphic. Those of the Kenai and Chugach mountains are
slaty sediments. The Talkeetna Mountains are largely quartz dio-
rite, with some schists and other rocks. The Alaska Range consists
chiefly of slightly metamorphosed Jurassic rocks. The Chigmit
Mountains are largely granitic, although metamorphic and volcanic
rocks also are present, as will be described below (pp. 27-28). The
Aleutian Range is essentially volcanic, but considerable areas of
granite rocks and of Mesozoic and Tertiary sediments are known to
be present.

Intermediate in geographic position as well as in geologic char-
acter between the valley floor described above and the bounding
mountains are locally developed belts of foothills. One of these
borders the Cook Inlet basin along the eastern front of the Chigmit
Mountains. These hills differ geologically from the floor of the
basin and also from the bounding mountains in that they consist of
unaltered Mesozoic sediments and volcanic rocks. Similar rocks are
also present in the lowlands between the Chigmit and Aleutian
ranges and in the foothills of the Kenai Mountains on the south
shore of Kachemak Bay.

Only the western edge of the Cook Inlet basin is included within
" the area described in this report. It comprises the foothills and
lowlands east of the Chigmit Mountains. The local rocks are un-
metamorphosed Mesozoic sedimentary and volcanic beds with one or
two small remnants of a former fringe of Tertiary rocks east of
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them. The structure is dominantly simple, the Jurassic and Ter-
tiary rocks being but gently flexed and having a general dip east-
ward toward the center of the basin, the Triassic rocks alone being
complexly folded.

CHIGMIT MOUNTAINS.

The Chigmit Mountains are that part of the Pacific mountain sys-
tem which fronts on the west coast of Cook Inlet from Redoubt Bay
to Bruin Bay. The neighboring parts of the Pacific mountain system
are the Alaska Range, which is north of the Chigmit Mountains, and
the Aleutian Range, which is south of them. The axes of these three
ranges are parallel, but are offset progressively southeastward, so that
the axis of the Chigmit Mountains occupies a position southeastward
and coastward from that of the Alaska Range and northwestward

and inland from that of the Aleutian Range. The northeastward
continuation of the Chigmit Mountain belt is probably to be found in
the Talkeetna Mountains, east of the Cook Inlet basin, with which
1t possesses many geologic features in common.

The eastern boundary of the Chigmit Mountains lies parallel to
the coast of Cook Inlet. The northern termination is somewhere in
the unexplored country northeast of Redoubt Bay. The southern
end is at the head of Bruin Bay. The western boundaries are rather-
indefinite. The hills west and north of Kakhonak River and of
Kakhonak Lake should not be included, but the mountains west of
Lake Clark above Chulitna River and west of a line from Chekok
Bay to the mouth of Currant Creek may be included or not, according
to the point of view. These hills merge imperceptibly with the main
mountain mass, which, in the writer’s opinion, should include the
mountains north of Chulitna River and east of Lake Clark and east
of a line from the outlet of Lake Clark to the mouth of Iliamna River
and thence to the head of Bruin Bay.

These mountains are a rugged mass, which has been mapped only
within the area described in this report, and whose topographic detail
is consequently largely unknown. The general height of the summits
ranges from 4,000 to 6,000 feet, as is shown on the topographic map,
Plate I (in pocket), and in the characteristic view shown on Plate
VIIL, 4 (p.86). Many summits in the northern part of the moun-
tain mass exceed 7,000 feet in height, and the isolated volcanic peaks,
Iliamna and Redoubt, on the eastern front of the mountains rise to
approximately 10,000 feet.

The Chigmit Mountains consist geologically of the granitic, meta-
morphic, and volcanic rocks described in the following pages. Their
geology is not known outside of the area here described. Within this
region they contain detached areas of gneisses and schists, probably
of early Paleozoic age, overlain by limestones, slates, and greenstones,
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all considerably altered and severely folded, and probably chiefly of
Paleozoic age. Some less altered Triassic limestone also is present.
Large areas of porphyries and tuffs, probably of Lower Jurassic age,
are found on the eastern and western flanks of the mountains. All
these rocks are cut by great masses of granite which were intruded
_in early Jurassic time. The granite appears to occupy by far the
greater part of the area of the mountains.

These mountains were formerly occupied by an extensive system of
glaciers of the alpine type, which have left behind them the usual
erosion féatures at all but the higher altitudes, which seem to have
overtopped the ice, and are consequently of the ragged nonglacial
form. Glacial deposits are in general scanty, doubtless because this
was a region of vigorous glacial erosion rather than of glacial deposi-
tion. The character of the land surface from which these mountains
were produced is not known.

ALASKA PENINSULA.

The southern border of the region here described is the north end
of the Alaska Peninsula, which extends southwestward from Kami-
shak Bay between the waters of Iliamna Lake, Bristol Bay, and -
Bering Sea on the north and those of Shelikof Strait and the Pacific
on the south.

The Alaska Peninsula consists of two parts, a mountain axis on the
south and a coastal plain on the north. The mountains are the
Aleutian Range, which consists of volcanic rocks, cutting Mesozoic
and Tertiary sediments, and of granitic intrusives. The Aleutian
Mountains extend from Cape Douglas to the western end of the
peninsula, being broken by many low passes, of which the lowest
and broadest is probably the one at the head of Becharof Lake.
These mountains are separated from the Chigmit Mountains by a
broad, low belt of rolling country which extends from the head of
Kamishak Bay to the head of Kakhonak Bay on Iliamna Lake. The
coastal plain forms the western part of the peninsula throughout the
greater part of its length. It is covered with Quaternary gravel,
sand, and clay, lying in a series of terraces.

ILIAMNA BASIN.

The Iliamna Basin constitutes a physiographic and geologic sub-
province, here described for the first time. Its area is that of the
greater part of the drainage basin of Iliamna and Clark lakes,
including the broader reentrants between the southern ends of the
Chigmit Mountains on the north and the Aleutian Range on the
south, but not the narrow fiord of Lake Clark above the mouth of
Chulitna River nor the deep narrow upper ends of the valleys
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tributary to the east sides of Clark and Iliamna lakes, which belong
to the Chigmit Mountains.

This subprovince possesses a physiographic unity characterized
by the breadth of valleys and terracing of their sides, by the mod-
erate height of the mountains, by their distribution as isolated indi-
viduals or groups, and by the rounded character of their tops and
sides. These physiographic features accompany and were in large
part caused by the geologic features described below, which likewise
characterize this subprovince as a whole and distinguish it from the
neighboring subprovinces.

The rocks of the Iliamna Basin consist chiefly .of volcanic flows
and tuffs, which are not metamorphosed nor closely folded, and are
overlain at the lower altitudes by terrace gravels and by a small
amount of glacial till. At two points within the area of the volcanic:
rocks are small patches of older rocks apparently protruding through
the volcanic mantle. One of these is the limestone west of Chekok
Bay, and the other is the greenstone near the head of Kakhonak
Bay. The volcanic rocks include Mesozoic porphyries and tuffs and
Tertiary basalts and tuffs. The former occur also on the western
border of the Chigmit Mountains, as described above. The basaltic
flows and tuffs are apparently restricted to this subprovince and give
it some of its most striking geologic characteristics. Over large
areas the basalts are horizontal or but gently tilted and are promi-
nently exposed in the escarpments surrounding the mesas which they
form. The greater part of the district has been scoured by the large
ice sheets which formerly occupied the basin, and all the lower areas
are mantled by the till and the terrace gravels left upon the retreat
of the ice. '

BERING SEA COASTAL PLAIN.

The Bering Sea coastal plain extends along the greater part of the
shore line of Bering Sea, attaining its broadest development, except
for the Yukon-Kuskokwim delta, on the shores of Bristol Bay,
where it is from 20 to 50 miles in width. The part of it described
in this report extends from the west shore of Iliamna Lake to the
mouth of the Kvichak River. This is a terraced plain, at few points
exceeding 200 feet in height, composed of stratified gravels, sands,
and clays. The eastern end of the Kvichak Valley contains some till,
vhich probably underlies part and may underlie all of the plain.
Exposures of hard rock are not known in this district and are not
believed to exist.

This subprovince merges eastward into the Iliamna Basin, the
western part of which contains the same gravel-covered terraces, and
overlaps southward upon the Alaska Peninsula.
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The rocks of this region include a great variety of sedimentary,
metamorphic, intrusive, and volcanic types. As stated above (p. 25),
the several physiographic and geologic subprovinces are each in gen-
eral characterized by distinctive rocks or groups of rocks, although
some of the groups of rocks recognized below are common to several
of the subprovinces. At ne locality is there a geologic section show-
ing anywhere near the complete stratigraphic sequence. The com-
plex structure and the general absence of fossils throughout all but
the eastern part of the region make correlation and the establishment
of a complete geologic section rather difficult and subject to doubt.
The first table following shows what is now believed to be the local
geologic sequence in various parts of the region as well as the prob-
able correlation between these local fragmentary columns. The sec-
ond table shows also the probable relations of these rocks with those
of the neighboring regions.

PALEOZOIC ROCKS.
GNEISSES AND QUARTZITIC SCHISTS.

Areal distribution.—The oldest rocks of this region are believed to
be some highly metamorphosed sediments now appearing as gneisses,
mica schists, and quartzites. These rocks occupy two districts, a
southern one in the mountains between Iliamna and Pile bays, and a -
northern in the valley of Lake Clark from the valley of Kontrashi-
buna Lake northward to the mountains west of Tlikakila River.
The areas occupied by these rocks are shown on the geologic map,
Plate IT (in pocket).

The southern district is probably divided into two detached areas
by a large intrusive mass of granitic rocks. The rocks of the eastern
area are exposed on the trail 2 miles west of the head of Iliamna Bay,
and also on the Hicks and Dutton trails west of Cottonwood Bay.
This area is bordered on the east in part by the slates described below
(pp. 35-38), and in part, as west of the head of Iliamna Bay, by
granite which also probably forms the western boundary of the area.
The western area extends from near the head of Meadow Lake north-
ward to the valley of Iliamna River. It is bounded on the west by
Triassic (?) limestone and on the east by granite, possibly being
connected through the area of the latter, in undetected belts, with the '
eastern area descrlbed above.

The northern or Lake Clark district of quartzite and mica schist
also consists of two areas, which are separated by the waters of the
lake. The southern area, which is on the east side of Lake Clark,



Sequence and character of rocks in different parts of the Iiamna region.

Age. General designation. | Coast north of Niamna Bay. Kamishak Bay. Tiiamna Bay. Mountains west of Iamna Tliamna Lake. Mountains east of Lake Lake Clark.
Recent volcanic material. | Flows from Mount Tliamna. Fl‘gvgzuas!:&gsh from Mount | ypoent, Absent. Absent. Absent. } Absent.
i 3
Beach and flood-plain de- | Beach and flood-plain de- | Beach and flood-plain de- | Beach and flood-plain de- : Beach and flood-plain de- | Beach and flood-plain | Beach and flood-plain de-
posits. posits. posits. P posits. Flood-plain deposits. posits. deposits. posits.
Quaternary. :
Terrace gravels. Not seen. Terrace gravels. Absent. Absent. Terrace gravels. Local terraces. T%rfrla;:ﬁegravels at lower end
Glacial deposits. Moraine of existing glaciers. | Moraine of existing glaciers. Tléilgci;?s(?taine of extinet | yroraine of extinet glaciers. | Till. Moraine. Moraine.
i 5 Basaltic and andesitic beds Basaltic flows and tuffs, and . .
Basaltic flows and tuffs. Not recognized. (on south shore only). Absent. Absent. tuffaceous congl omerate. Basaltic flows. | Basaltic flows and tuffs.
Tertiary. 3si ted b
; Shale, sandstone, and con- | Shale and sandstone (on Possibly  represented Dby .
Sedimentary beds. gl oxherate. 4 south shore only). Absent. Absent. Eg&sa ;xs:s !Jase of Tertiary | Absent. Not recognized.
Upper Cretaceous. Absent. l
Lower Cretaceous. Absent. I
Naknek formation. Shalei sﬁ“(?;m“e' and vol- | ghale and sandstone. Absent. Absent. Not recognized. Absent. l Absent.
Upper Jurassic. caxnic beas.
Chisik conglomerate. Conglomerate and tuff. Not recognized. Absent. Absent. Not recognized. Absent. Not recognized.
Chinitna shale. Shale. Not recognized. Absent. Absent. Not recognized. Absent. Not recognized.
Middle Jurassic. - -
Tuxedni sandstone. Sandstone. Not recognized. Absent. Absent. Not recognized. | Absent. Not recognized.
Middle or Lower Juras- | granitic rocks. Granite. Granite. Granite. Granite. Granite. } Granite. } Granite,
i Basaltic and andesitic por- | Basaltic and andesitic por- . . Rhyolites, andesites, | Rhyolites, andesites, and
Porphyries and tufs. phyries and tuffs. phyries and tuffs. Amygdaloidal tuffs. Quariz latite and tuff. and tufls. ’ tuffs. ’
Lower Jurassic (?). (Beds belonging in this po- 5
sition are known in neigh- o
boring regions but not
here.)
Kamishak chert. Absent. Chert and shale. Chert. Not seen. Not seen. i Not recognized. Not recognized.
Upper Triassic. -
Limestone. Not seen. Limestone. Limestone. Limestone. Limestone. , Not recognized. Not recognized.
Triassic (?). Greenstone, Not seen. Not recognized. Banded greenstone. Greenstone. Atszzg;lxsitbolite and chloritic | ot recognized. Greenstone.
Paleozoic (?). Slate and chert. Not seen. Not seen. Slate. Not recognized. Not seen. Slate and chert. Slate and chert.
(Beds belonging in this po-
sition are known in neigh-
boring regions but not
here.)
Paleozoic. Cﬁt;];].elggs lsttggsséone and | Not seen. Not recognized. Not recognized. Crystalline limestone. Not recognized. Crystalline limestone. C:ﬁgﬂiﬁfm S%g’igi.wne and
Gneiss and quartzitic schist. | Absent. Absent. Absent. Gneiss, schist, and quartzite. | Absent. Mica schist and Mica schist and quartzite.

quartzite.
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Correlation of formations in southern and southwestern Alaska.

Western part of Alaska Peninsula

Cook Inlet and Alaska Peninsula

Matanuska and Talkeetna basins

Kenai Peninsula

Prince William Sound

. u a . Chitina Valley (Moffit
Age. “(Atwood).a (Stanton and Martin).b Tiiamna reglon.c Alaska Range (Brooks). (Paige and Knopf).e (Moffit).7 (Grant and Higgins).g and others)(.h
. fal. Volcani its.
Recent volcanic material Silts, sands, and gravels. anic deposits,
Quaternary. . Beach and flood-plain deposits.
Clay, sand, gravel, and glacial drift. Terrace gravels.
ek 1 & & Terrace silts, sands, and gravels. | Stream and glacial deposits. Silt, gravel, and sand.
Glacial deposits.
Tufis, agglomerates, breccias, and flows. Basaltic flows and tuffs. Basaltic lavas, breceias, and tuffs. Lavas.
Unga formation (clay, sandstone, and
conglomerate).
Tertiary. Kenai formation.

Kenai formation (shale, sandstone, and

Kenai formation.
conglomerate). :

Sedimentary beds.

Basaltic flows,

breccias, agglomerates,
and tuffs.

Upper Cretaceous.

Chignik formation (conglomerate, sand-

Shale, sandstone, and conglomerate at
stone, shale). Chignik.

Kenai formation.

Kenai formation.

Herendeen limestone (arenaceous lime- | Beds with 4 ucella crassicollis at Heren-

Limestone with 4 ucella crassicollis.

stone). deen Bay.
Lower Cretaceous.
Staniukovich shale (shales with thin beds
of sandstone).
Naknek formation (sandstone, conglom- S ith Aucella pallasi. | Naknek formati ¢ Upper Sl;f;let,:axtxd%bonehconilom- Kennicott formation(con-
. erate, and arkose). Naknek | Shalewith Aucella pallasi. | Naknek formation. Jurassic ate, tuy, anc¢ arsose, glomerate, sandstone
Upper Jurassic. ’ formation. . and with Aucella bronni, limestone, and shale.)
Conglomerate. Chisik conglomerate. SP delg :
Jurassic.” Beds with Cadoceras.
Shale with Cadoceras. Chinitna shale. .
. . Enochkin :
Middle Jurassic. s Sandstone with JInoce- - ; Sandstone, shale, and con-
formation. | ™ pus  embiguus  and | Tuxedni sandstone. T‘;{g)rmo formation (cut by gran- glomerate with Inoce-
Trigonia doroschinii. ¢ ramus.
‘‘Lower
Middle or Lower ca s . . . !
Acidic intrusives. Granitic rocks. Middle
Jurassic. * Jurassic.””
. Andesitic greenstones,®
: Tuffs and cherty limestone at Port ! o= ) Tuff, agglomerate, and
Lower Jurassic. . Porphyries and tuffs. tuffs, ete., with T'rigonie 5
Graham and Seldovia. (cut by qﬁartz diorite). cherty limestone.
. Shales and sandstones above known
Lower Jurassie (2). Triassic at Cold Bay.
Chert, shale, and limestone with Pseu~ | gqamishak chert. McCarthy shale (shales
Upper Triassic. domonotis. and thin limestones).
Limestone. Cherts and green dia- Chitistone limestone.
= base of Kachemak
Triassic (?). Greenstone. Skwentna group ¢ (cut by granite). Bay. Nikolai greenstone.?
Paleozoic (?). Slate and chert. Slgvt:ckgnd gray-
Gl('zgyvlragk&s anrtl) slafes of Knik Rui]ver i Orea .
including asaltic  greenstones {
tuffs, and rhyolites). ' group. Gl;;z}s‘tvc;%%e'slzﬁi
conglomerate.
Crystalline limestone and schist. | Limestone (Middle Devonian).
Paleozoic.

Tonzona group (Silurian or Devo-
nian).

Gneiss and quartzitic schist. Tatina group (Ordovician).

Slates and schists of Lower Talkeetna
Valley.1

Sunrise ‘series” ¢
(slates and arkose).

Valdez ‘group ¢ (slate and
graywacke).

Birch Creek schist.

Mica schists of Willow Creek.#
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lies in the mountain west of the lower half of Kontrashibuna Lalke,
being bounded on the east by crystalline limestone and calcareous
schist and on the west and south by much younger volcanic rocks.
The northern area is on the northwest side of Lake Clark, from 3 to 5
miles south of the mouth of Tlikakila River. This is believed to be
continuous with the other area, separated only by the waters of the
lake. This area apparently has crystalline limestone on each side
of it, the probable relation being anticlinal structure (see p. 107) and
limestone overlying the schist.

Lithologic character—The gneisses and schists lying west of
Cottonwood Bay include both coarse and fine grained types, between
which are many intermediate phases. The coarse-grained rocks are
light colored and are either decidedly gneissic or granitoid in texture.
They are composed of quartz, feldspar, and biotite, and in places
also hornblende. The fine-grained types include dark-colored horn-
_ blende-feldspar rocks approaching schists in texture and quartzitic
schist which is among the predominant rocks along the Dutton trail.
These rocks have a general northeast strike and steep northwest dip.
They are probably overthrust or overfolded upon ths slate and
greenstone which lies east of them.

The rocks of the western area north of Meadow Lake include some
biotite gneiss but a larger proportion of coarse to fine hornblende
gneiss and some chloritic schist. The adjacent rocks are limestone
on the west, which is believed to overlie the gneiss unconformably,
and granite on the east, which is regarded as intrusive into it.

The rocks of these two areas constitute an assemblage made up of
members of at least two more or less distinct types. These are the
coarser-grained and more highly metamorphosed gneisses and the
finer-grained and less metamorphosed schists and quartzites. These
two groups are deserving of differentiation and possibly belong to
widely separated geologic periods.

The metamorphic rocks of Lake Clark consist of quartzite, mica
schist, calcareous schist, and crystalline limestone. These are
believed to be separated into the older series of quartzite and mica
schist here described, and a younger series of calcareous schists and
. limestones, described on pages 32-35.

These rocks include distinctly sheared quartzites and argillaceous
quartzites composed largely of quartz with varying amounts of
biotite and accessory magnetite and carbonaceous material. They
resemble the less metamorphosed and presumably younger division
recognized above in the district west of Iliamna Bay. The rocks
exposed on the east shore of Lake Clark west of Currant Creek and
on the opposite shore eastward from Portage Creek are quartzites,
quartzitic schists, and mica schists, of undoubted sedimentary origin,
in alternate succession of moderately thin beds. These are minutely

98153°—Bull. 485—12——3
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plicated, the axial planes of the folds and the schistosity being ver-
tical and striking about N. 40° E. (magnetic). Some basic dikes
invading this formation have been folded with it.” Later unde-
- formed granitic intrusives into this formation were seen also on the
northernmost of the two islands opposite the mouth of Currant
Creek.

Age.—The only evidence now available as to the age of the gneisses
and schists is their degree of metamorphism. They are much more
altered than any of the other rocks of the region and, as they are
apparently not connected with them by metamorphic gradation facies,
it must be concluded that they are older. This determines their age
as certainly pre-Triassic. As some of the less metamorphosed rocks
of the region also are pre-Triassic, the gneisses and schists must
belong well down in the Paleozoic or possibly in part below it.

The rocks of other Alaskan regions with which these may be com- - -

pared include the schists of Willow Creek?* on the edge of the lower
Matanuska Valley, and the “ Klutina series”* farther east. Both
of these lie in the same general belt with the rocks here described, and
neither is of determined age. Other areas of rocks of the same gen-
eral lithology occur in many parts of Alaska.’

CRYSTALLINE LIMESTONE AND CALCAREQUS SCHIST.

Areal distribution.—The more highly metamorphosed and pre-
sumably older calcareous rocks of this region are found in two dis-
tricts—the shores of Clark and Kontrashibuna lakes, and the
mountains west of Iliamna Bay. .

The calcareous rocks of Lake Clark outcrop as a continuous belt
along the eastern margin of the quartzitic schists described above
(pp. 30-31) from a point near the mouth of Currant Creek on the
shore of Lake Clark, southward to a point near the head of Xasna
Creek, about 24 miles south of Kontrashibuna Lake, beyond which
they were not followed. They also outcrop on both east and west
sides of the schist on the west side of Lake Clark about 4 miles below
the mouth of Tlikakila River. Calcareous schist was seen on an
island in the middle of Lake Clark west of the mouth of Currant
Creek, this outcrop being interpreted as part of a limestone belt
along the west side of the quartzitic schists, the rest of this belt,
except at the exposure 5 miles below Tlikakila River, lying in the
lake or concealed by younger volcanic rocks.

The crystalline limestone west of Iliamna Bay occurs in two small
areas surrounded by gneiss. One of these areas is about 2 miles

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and
Talkeetna basins, Alaska : Bull. U. 8. Geol. Survey No. 327, 1907, pp. 10-11, )

2 §chrader, F. C., A reconnaissance of a part of Prince William Sound and the Copper
River district, in 1898 : Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 7, 1900, p. 410.

3 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. 8. Geol. Survey
No. 45, 1906, pp. 208-218.
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‘west, of the head of Iliamna Bay on the trail to the village, and the
other is 3 miles from the head of Cottonwood Bay on the Dutton
trail to the copper prospects.

The limestone southwest of Iliamna village might also be described
here, but there is considerable doubt whether it is to be correlated
with these older crystalline limestones or with the less-altered Tri-
assic limestone described later (pp. 41-47).

Lithologic character—The limestone and calcareous schist on Take
Clark apparently overlie the mica schists and quartzites already de-
scribed. They have an apparent thickness of many hundred feet,
but the complexity of folding is such that the actual thickness can
not be determined. They are predominantly calcareous throughout,
and pure limestone beds contribute to a large proportion of the thick-
ness. The separation from the presumably underlying quartzitic rocks
1s made wholly on the basis of calcareous and noncalcareous char-
acter, neither unconformity nor difference in degree of metamor-
phism having been detected.

On‘the east side of Lake Clark the western and presumably lower
part of the calcareous rocks is made up of thin interlaminated bands
of schistose material and of fine-grained crystalline limestone. Imme-
diately east of this a presumably higher horizon consists of fine-
grained, light-colored limestone, in places coarsely crystalline. The
exposures of this limestone are cut off on the north by the alluvial
lowlands of Currant Creek. On the headland just north of Currant
Creek the cliffs are of calcareous schist composed largely of sericitic
and serpentinous material and calcite with chlorite and quartz and
containing veinlets of quartz and epidote. A secondary parallelism
of the materials is well developed. The rock is without much ques-
tion a sheared calcareous argillite. This rock lies in line with the
belt of the calcareous rocks south of Currant Creek, and the two have
approximately parallel strike and dip. It may be regarded as the
equivalent of the western part of the calcareous outerops seen south
of Currant Creek, or it may be a third, and presumably the highest
horizon of the limestones. These rocks at all localities observed on
Lake Clark are thoroughly recrystallized as the result of regional
metamorphism. The degree of metamorphism is moreover the same
in each of the recognized horizons.

The crystalline limestone or marble of the two small areas west of
Iliamna Bay is a coarse rock composed almost exclusively of large
grains (one-eighth to one-fourth inch) of calcite. No trace of bed-
ding or of the original unaltered calcareous material remains. Non-
calcareous constituents are practically lacking except for quartz
velins. .

- These masses of marble may possibly be lenses in the surrounding
gneiss, but they are more probably small detached areas of an
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unrecognized larger mass, having undetermined structural and strati-
graphic relationship to the gneiss.

- Age.—These calcareous metamorphic rocks have yielded no fossils,
so the only available evidence of their age must be derived from
their stratigraphic relation to the rocks in contact with them or from
correlation on the basis of lithology and sequence.

The rocks in contact with the limestone of Lake Clark are (1) the
granitic rocks, (2) the porphyries and tuffs, (8) the mica schists
and quartzites. The granite, which is presumably early Jurassic,
is intrusive into the limestone, which was metamorphosed and folded
prior to the intrusion. The porphyries and tuffs, which are prob-
ably Lower Jurassic, rest unconformably upon the limestone. The
mica schists and quartzites, which belong at an indeterminate hori-
zon in the Paleozoic, underlie the limestone without known uncon-
formity. Their degree of metamorphism is approximately the same’
as that of the limestone. The local evidence thus merely shows that
the calcareous rocks are certainly pre-Jurassic.

The coarse crystalline limestone of the two small areas west of
Iliamna Bay is metamorphosed to the same extent as the surround-
ing gneisses. It is certainly older than any of the neighboring rocks
except the gneiss. There is no definite proof of its relation to the
latter, but it is certainly older than the activities by which the gneiss
was metamorphosed.

The crystalline limestones of Lake Clark and of the hills west of

Tliamna Bay may reasonably be grouped together in the same gen-
~eral position, as they are of the same lithologic character and are
in both localities associated with schistose and gneissic rocks. Each
appears from its relations to the neighboring rocks to be certainly
pre-Jurassic and probably pre-Triassic. They are presumably to be
correlated with each other, although there is no definite proof of
their identity.

The question which next arises is whether these crystalline lime-
stones can be correlated with any other rocks in this region. The
other limestones, with which possible correlation must be considered,
are the fossiliferous Triassic limestone of Iliamna Lake and Iliamna
Bay, and a limestone of more or less dubious age outcropping south-
west of Iliamna village (pp. 41-47).

The possibility of correlating the crystalline limestone of Lake
Clark with the limestone of Iliamna Lake is suggested by the areal
distribution of the outcrops. These two limestone belts are of about
the same width and are approximately in line with each other, being
separated only by an area of younger and presumably overlapping
volcanic beds. This naturally encourages a search for evidence that
they are identical, as does also the fact that at no point within this
region has a section been found containing two obviously distinct
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limestones. There are, however, important differences between the
limestones of these two belts. The limestone of Lake Clark is much
more strongly metmmorphosed which suggests its greater age. An-
other difference lies in the intimate association of the limestone of
Lake Clark with schists, whereas the limestone of Iliamna Lake is
associated with only igneous rocks. This may, however, be due
merely to the accidental distribution of volcanic rocks younger than
the limestones, which have happened at Iliamna Lake to bury all the
older rocks except a small area of limestone. It is, however, rather
remarkable that the easily eroded limestone alone should happen to
protrude through the volcanics at this point. It must consequently
be concluded that the limestone of Lake Clark can not be correlated
with the limestone of Iliamna Lake, but must be considered as older.
The latter is Triassic (p. 46) so the former must belong somewhere in
the Paleozoic. As the greenstones and slates described below are also
older than the Triassic limestone, yet are less metamorphosed than
these crystalline limestones, the latter must belong well down in the
Paleozoic. The Devonian limestones, which are present in consider-
able thickness in many parts of Alaska,' are perhaps their most
probable equivalents. :

PALEOZOIC OR EARLY MESOZOIC ROCKS.

SLATE AND CHERT,

Areal distribution.—Slates which are in some places associated with
chert and other rocks were seen at several localities widely scattered
throughout this region. The grouping of all these under one head-
ing depends entirely upon the general lithologic similarity.

One area of these rocks lies along the face of the mountain west
of Cottonwood Bay and up the valley at its head. The length of this
belt and the character of its termination at either end is not known,
but, it does not extend as far north as the valley at the head of Iliamna
Bay. The adjacent rocks are gneiss and schist on the west side and
greenstone on the east.

Somewhat similar slates with associated cherts were seen at three
localities between Kontrashibuna Lake and Iliamna Lake. One of
these areas is south of Lower Tazimina Lake, about halfway between
it and Iliamna Lake. A second is on the mountain 4 miles east of
- the lower end of Lake Clark. The third is on the south shore of Kon-
trashibuna Lake, not far above the outlet.

Another area of slates with much associated chert and altered
igneous rocks and with several thin beds of limestone, were seen on
either side of Lake Clark just above the mouth of Tlikakila River.

1 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. S. Geol Survey
No. 45, 1906 pp. 218-221.
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These rocks form the west shore of Lake Clark from 2 to 4 miles
above the mouth of Tlikakila River, and the east shore for 3 miles
above a point opposite the mouth of the same river. The longitu-
dinal extent of this belt is not known.

Lithologic character—The slaty rocks of Cottonwood Bay con-
stitute a monotonous succession of many hundred and possibly several
thousand feet of black slate without characteristic subdivisions
(PL IX, 4, p. 98), although a few thin beds of limestone and
quartzite were seen, and possibly some schist or phyllite should be
included along the western margin. Slaty cleavage is well developed,
but no evidence of stronger metamorphism was seen. These rocks
are considered to overlie unconformably the gneisses and schists west
of them, although in the actual contact the slates are apparently
below. This relation is considered as due to overturned folding or
faulting. (See pp. 102-103.) The rocks east of the slates are the
greenstones described below, which apparently underlie the slates,
although here, too, it is believed that the succession is inverted and
that the greenstone belongs above the slate.

Some schistose rocks apparently interbedded with these slates,
though of rather dubious relations to them, were seen on the trail
about 2 miles west of Cottonwood Bay, where there are some
thoroughly metamorphosed rocks with well-developed “flow cleav-
age.” They are made up principally of quartz and biotite of very
fine grain and with strong dimensional parallelism. In this are
scattered dark mica plates from 4 to 5 millimeters to 3 centimeters
in longer diameter. Most of these are thin and lie in the plane of
the rock cleavage, but a few are more nearly equidimensional, some
being oblique to the cleavage. These mica plates appear to be aggre-
gates of crystallographically nearly parallel flakes, lying in the
plane of the rock cleavage. Quartz and albite are present also as
small “augen.” Zoisite, chlorite, and magnetite were seen in small
amounts. In one specimen there are abundant small crystals of
pyrite. The albite augen are generally single large grains with no
dimensional orientation with respect to the rock cleavage. The
minute mica flakes immediately around them are to some extent
wrapped about them ; that is, they are parallel with the periphery of
the albite grains. The quartz augen are aggregates of interlocking
grains, in some cases larger grains in the central portion and finer
grains in the thin edge of the “ eye,” which is drawn out parallel to
the rock cleavage. ‘

As to the original character of these 'schists the evidence is as
follows: The rock whose thickness is unknown, being something like
a hundred or a few hundred feet, is overlain and perhaps underlain
by slates. It may be sedimentary like them or it may be a.flow
or a sill. The microscopic textural evidence is that there were, in
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the original rock, grains of quartz and albite and grains of femic
material out of which the large aggregates of mica plates were de-
veloped. These conditions would be fulfilled either by a porphyritic
rock or by a conglomeratic sandstone containing some pebbles of
basic material. The evidence of the mineral composition is in favor
of either, though the abundant mica might be taken to indicate a
somewhat higher femic content than sandstones generally have.

At each of the three areas of slaty rocks between Kontrashibuna
and Iliamna lakes the rocks consist of very fine-grained black slate,
argillites, or graywackes, and banded, white, gray, and dark-colored
cherts, or very fine-grained quartzitic rocks. The cleavage in the
slates is only imperfectly developed. These rocks are all minutely
crumpled and no evidence could be obtained as to their thickness
and age. The adjacent rocks are all volcanics, which from their
slight degree of alteration are evidently much younger and which
are believed to overlie the slates unconformably, burying them except
in the areas noted above and probably in other small undetected
areas.

The rocks on the west side of Lake Clark from 2 to 4 miles above
the mouth of Tlikakila River consist predominantly of chert and
slate, with some associated beds which suggest altered volcanic rocks,
and with at least one observed bed of limestone about a foot thick.
The slate has fairly well developed cleavage; the limestone, although
of very fine grain, is somewhat recrystallized; and the chert is
apparently unaltered. These rocks differ from the Cottonwood Bay .
slates in being less altered and in the presence of associated cherts
and igneous rocks.

Age—The evidence as to the age of the slates and cherts is very
unsatisfactory. No fossils have been found in them, or in any rocks
of neighboring provinces with which they could be correlated on the
basis of similar lithology and stratigraphic sequence. The strati-
graphic relations to the areally associated rocks is not of much aid,
as most of these do not have their own age relations well established.
It is, moreover, more or less doubtful whether all the rocks of the
widely separated areas, here grouped under one heading, really be-
long together. The correlation of these local rocks with each other
depends chiefly upon general lithologic similarity, the rocks of each
area differing from the others in considerable detail.

The slates of Cottonwood Bay are clearly younger than the more
metamorphosed gneisses and schists west of them, and older than the
greenstone on (he east. Their age relative to that of the limestones
of this and of the other local districts is less clear. They are some-
what more altered than the limestone on Iliamna Bay and on Iliamna
Lake, probably not much more altered than the limestone north of
Meadow Lake, but decidedly less altered than that of Lake Clark.
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The slates and chert of the district between Kontrashibuna and
Iliamna lakes are more metamorphosed and distinctly older than
the volcanic rocks with which they are areally associated. The latter
are believed to be of early Jurassic age, although the evidence is not
positive. _

At the head of Lake Clark the adjacent rock masses are chiefly
granitic. A granite mass, which is intrusive into the slate, lies east
of them. West of them, on the east side of Lake Clark, is also granite
upon which the slates are overthrust. On the opposite side of the
lake and west of the slates this fault was not seen, but a granitic
arkose of undetermined age lies against the slates. This granite is
supposed to be part of, and of the same age as, the granite on the coast
of Cook Inlet, which was probably intruded in the Lower Jurassic.

It may consequently be concluded that the slates are all certainly
pre-Jurassic, and that at least those on Cottonwood Bay are older
than the greenstone and hence Paleozoic. They are comparable in
lithologic character and in their general relationships with the slates
of the Sunrise * sefies ”’* of the Kenai Peninsula, the Valdez and Orca
groups? of Prince William Sound, and the similar slaty rocks of
doubtful age occurring throughout much of the Pacific coastal region

of Alaska.
GREENSTONES,

Areal distribution.—Altered volcanic rocks here grouped under the
_name of “greenstone” occur at several places within this region.
Considerable diversity of character exists among them, but they pos-
sess in common the following features: The presence of original basic
igneous material, such a degree of alteration that the original char-
acter of that material in general can not be determined, original
banding or secondary schistosity or both, and superficial similarity in
color, texture, and general physical appearance.

A Delt of these rocks extends across the heads of Iliamna and Cot-
tonwood bays and northeastward and southwestward for unknown
distances. The adjacent rock west of the greenstone at the head of
Cottonwood Bay is the slate described above (pp. 35-36). Granite
lies west of the greenstone at the head of Iliamna Bay, and also lies
east of the greenstone belt throughout its known length.

Another large area of greenstone occupies the mountain southwest
of Iliamna village between the lower end of the Iliamna Valley and
Meadow Lake, extending westward to the shore of Pile Bay. It lies
immediately west of a belt of limestone, the greenstone evidently be-

1 Moffit, F. H., Gold fields of the Turnagain Arm region: Bull. U. S. Geol. Survey No.
277, 1906, pp. 17-19. .

2Grant, U. 8., and Higgins, D. F. Reconnaissance of the geology and mineral re-
sources of Prince William Sound, Alaska: Bull. U. 8. Geol. Survey No. 443, 1910, pp.
22-33.
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ing younger than the limestone, though it is not known whether the
contact represents unconformity or intrusion (p. 44). Granite is
intrusive into the greenstone on the shore of Pile Bay.

A small area of schistose amphibolite of indeterminate origin lies
along the contact between granite and rhyolite near the mouth of
Pile Bay.

Somewhat similar green schist (probably chloritic schist) occurs
on the south shore of Kakhonak Bay near its head. The neighboring

"rocks are much younger altered volcanics, which are believed to be
unconformable above it and here locally cut through by erosion.

Schistose greenstone also was seen on the west shore of Lake
Clark opposite the mouth of Currant Creek. The extent of this
area and its relations to neighboring rocks were not determined.

It is possible that the rock on the east shore of Lake Clark from

4 to 6 miles above the mouth of Currant Creek and on the west side
of the Tlikakila Valley should also be grouped with this greenstone,
but it may be only a facies of the Lower Jurassic porphyries and of
tuffs, locally intensely altered by intrusion of the large neighboring
granitic masses.

Petrographic description—The greenstone on Iliamna Bay con-
sists for the most part of dark-green aphanitic rocks here and there
marked by whitish and epidote-green bands, and generally slightly
schistose. In some places, as at the head of Iliamna Bay, the rocks
show considerable schistosity, possibly due to local shearing, while
at near-by localities they are rather massive but mottled with
roundish bright-green spots from. 1 inch to about a foot in diameter.
Under the microscope one of the banded forms is seen to be made up
largely of epidote, zoisite, and quartz with less important amounts
of amphibole and feldspar. Variations in size of grain and in rela-
tive amounts of constituents produce the noticeable banding. Sec-
ondary (flow cleavage) structure cuts the banding, which is pre-
sumably primary, at a small angle. From the structure and com-
position it is assumed that the rock is a metamorphosed volecanic,
perhaps a tuff.

The rocks of the area southwest of Iliamna village are for the
most part thoroughly recrystallized quartz amphibolites or quartz-
epidote amphibolites, their composition indicating that they have
been derived from rocks related to diorite or diabase. One less
thoroughly recrystallized rock from within this greenstone area,
at a point about 7 miles southwest of Iliamna village (9M52), is
very probably .a partly altered pyroxenite. In it augite is seen
altering the fibrous amphibole, beside which there is in the section
some epidote, sericitic material, calcite, and limonite. The beds
exposed on the shore of Pile Bay from 2 to 4 miles below the mouth
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of Iliamna River are in part tuffaceous. The rocks of this area as
a whole are in general not very schistose.

The greenstones seen near the mouth of Pile Bay, near the head
of Kakhonak Bay, and on the west shore of Lake Clark opposite
Currant Creek, are much more altered than any of those described
above, being completely recrystallized and possessing a thoroughly
developed schistosity. They are probably to be classed as amphib-
olites and chloritic schists. No evidence of their origin was ob-
tainable. They may be locally intensely metamorphosed representa-
tives of the greenstones of the other areas or may belong among older
series of rocks. :

Age—The greenstone on Cottonwood Bay is in contact with the
slates described above (pp. 35-37). Although the slates rest upon
the greenstone the former are considered older, as they are more
metamorphosed, and the local attitude of the rocks is explained as
being due to a fault or an overturned fold.

The contacts of greenstone and. granite were seen at many places
on Iliamna, Cottonwood, and Pile bays. At all of these places it
is clearly evident that the contact is one of intrusion, the granite
being younger. The granite is shown below (p. 76) to be of prob-
able Lower Jurassic age. The greenstones must consequently be
Triassic or older.

The Upper Triassic Kamishak chert at Ursus Cove contains much
associated igneous material (Pl. V, B), some of which closely re-
sembles the greenstone on Cottonwood Bay. This material is most
abundant in the lower part of the Ursus Cove section (p. 47),
the relations suggesting that the Kamishak chert grades downward
into the greenstone and that the latter possibly belongs within the
Triassic. It should be noted that the Upper Triassic cherts in the
vicinity of Seldovia are also associated with volcanic material,
chiefly diabase. No evidence was obtainable as to whether these
rocks were erupted contemporaneously with the deposition of the
cherts or were intruded later. They were, however, deformed with
the cherts, and are consequently pre-Jurassic. The similarity of
conditions at Seldovia and at Ursus Cove is striking and suggestive.

The rocks of other neighboring regions with which these should
be compared include the greenstone in the lower part of the Orca
group ? of Prince William Sound, and the Nikolai greenstone?® of
the Chitina Valley. The latter underlies the Chitistone limestone,

1 Moffit, F. H., Gold fields of the Turnagain Arm region: Bull. U. S. Geol. Survey No.
277, 1906, p. 23.

2 Grant, U. 8., and Higgins, D. I, Reconnaissance of the geology and mineral resources
of Prince William Sound, Alaska : Bull. U. S. Geol. Survey No. 443, 1910, pp. 25-33.

3 Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitina region,
Alaska : Bull, U. S. Geol. Survey No. 374, 1909, pp. 23—-25.
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CLOSELY FOLDED KAMISHAK CHERT ON SOUTH SHORE OF BRUIN BAY.

B. KAMISHAK CHERT WITH INTRUSIVE SHEET OR FLOW OF BASIC IGNEOUS ROCK, ON NORTH
SHORE OF URSUS COVE.
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which is of upper Triassic age,® thus corresponding very closely in
relation and presumably in position with the greenstone here
described.

MESOZOIC ROCKS.

UPPER TRIASSIC ROCKS.

© LIMESTONE.

Areal distribution.—Upper Triassic limestone is present on the
north shore of Iliamna Lake at a point west of Chekok Bay and on -
the south shore of Iliamna Bay. The limestone southwest of Iliamna
village is regarded as probably identical with this, and the already
described crystalline limestones of Lake Clark and the mountains
west of Iliamna Bay may possibly be its metamorphosed representa-
tives. Limestone beds were also seen on the north shore of Ursus?
Cove and on the south shore of Bruin? Bay in intimate association
with the Kamishak chert. These beds may possibly be identical with
the limestone here described, but as they have not been cartograph-
ically differentiated,and as they may be but thin membersof the Kami-
shak chert, it seems best, temporarily at least, to include them in the
Kamishak chert and to discuss them under that head in this report.

The limestone on the north shore of Iliamna Lake is exposed in
the lake cliffs about 3 miles west of the mouth of Chekok River, or
just east of Millet’s copper prospects, which are located on the west-
ern edge of the limestone. The limestone belt is about two-thirds of
a mile wide, and extends from the lake shore northward over the
first ridge and down to the edge of the alluvium-floored valley beyond.
No limestone was seen in the hills north of this valley, but possibly it
may outcrop at points which were not visited, or more probably it
may be buried beneath the volcanic rocks which were seen in these
hills.

The limestone on Iliamna Bay occupies the cliffs on the south
shore of the bay from a point due west of White Gull Island to a
point almost south of it. The outcrop along the shore is somewhat
over a mile wide, interrupted locally by several masses of igneous
rock. The area of the limestone south of the bay is not known, but
an outcrop of limestone was seen on the north shore of Ursus Cove,
which may possibly be the same limestone as that on Iliamna Bay,
but it is not believed to be areally continuous with it.

The limestone of the district southwest of Iliamna village occurs
in a belt about 1,000 feet wide and is known to extend from a point
2 miles south of Iliamna village, on the edge of the flats of Iliamna
Valley, to a point 9 miles southwest of the village, near the north end

1Moffit, F. H., and Capps, S. R., The geology and mineral resources of the Nizina dis-
trict, Alaska: Bull. U. 8. Geol. Survey No. 448, 1911, pp. 23-25.

2 Ursus Cove and Bruin Bay are names adopted by the United States Geographic Board.
These features are known locally and in earlier geologic publications as Bear Cove and
Bear Bay.
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of Meadow Lake. It may possibly extend northward through the
valley of Iliamna River and southward through the valley of the
river draining Meadow Lake. In this case the northern termination
of the belt may be an indefinite distance within the unexplored moun-
tains, and the southern termination beneath the Tertiary lavas and
tuffs east of Kakhonak Bay.

Lithologic character and stratigraphic relationships—The lime-
stone on the north shore of Iliamna Lake is a fine-grained blue rock
with a considerable amount of bituminous matter, which is revealed
by a strong odor when the limestone is broken. It has been much
shattered and crushed, the fractures healed by the deposition of
fine-grained white calcite and some quartz. Otherwise it has not
been much altered, no coarse crystallization of the noncrushed frag-
ments having been observed except along the Millet copper lode,
and there being apparently no development of secondary silicates.
A part of the formation near Millet’s cabin is rather siliceous.

The exposures in the cliffs on the shore of the lake (locality 1,
p- 44) have yielded abundant but poorly preserved fossils, chiefly
corals and mollusks. The corals are abundant, and the bed from
which the specimens were collected is probably a reef, although the
field observations, because of the complexity of the structure, are
rather obscure on this point. It should be noted, however, that the
identified - species are true reef builders® and that reefs abound at
this horizon in the Alps, in California, and in all the regions of lower
latitude where this fauna is known. The occurrence here described
is, however, the farthest north that Triassic corals have been found,
and suggests a hitherto unknown extension of the distribution of
Triassic coral reefs.

_The stratigraphic relations to the neighboring rocks are obscure
and offer so little aid in determining the position of the limestone
that were it not for the presence of characteristic fossils no very
definite determination of age could be made. The adjacent rocks on
the south side of the limestone are tuffs which have at their base,
resting discordantly across the beveled edges of the fossiliferous
limestone, a bed of volcanic breccia consisting of angular fragments
of limestone in a matrix of volcanic glass. This is regarded (p. 79)
as the local base of a series of volcanic beds of Tertiary age. The
rocks in contact with the limestone on the east and west sides are
basic igneous masses, which are tentatively correlated on lithologic
evidence (p. 58) with other volcanic rocks, which are believed to be
Lower Jurassic. No local evidence of their relationship to the lime-
stone was obtained. The exposures of limestone are cut off on the
north by a gravel-covered flat. It may readily be seen that the only
positive conclusions that can be drawn from the relationships at

1The writers are indebted to Prof. James Perrin Smith for these facts.
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this locality are that the limestone is pre-Tertiary and that a pro-
found unconformity separates it from the Tertiary beds.

The limestone on the south shore of Iliamna Bay is a large mass
complexly folded so that no idea of its thickness may be obtained,
and contains within its area intruded or structurally included masses
of igneous rock. The limestone is white and blue, fine-grained, much
shattered, the fractures healed with calcite, and very slightly altered
save by this crushing and healing. In all this it resembles the lime-
stone on Iliamna Lake, as it does also in the presence of a fauna
which includes corals. '

The associated rocks are amygdaloidal basaltic tuffs of inde-
terminate relationship on the west side and younger granitic intru-
sives on the east. The tuffs are probably Lower Jurassic (p. 58),
but their structural relationships with the limestone have not been
determined. The granitic rocks are believed to be late Lower Jurassic
or Middle Jurassic (p. 76). They are intrusive into and hence
younger than the limestone, which must consequently be pre-Jurassic.

The lithologic character and degree of metamorphism of the lime-
stone at this locality is not very different from that of the limestone
on Iliamna Lake. Fossils are present (locality 2, p. 44), but the
fauna is scanty and poorly preserved and can not be definitely cor-
related with that from Iliamna Lake. Nevertheless the suggestion
of identity of the limestones of these two localities, from the com-
bined evidence of lithologic similarity, degree of alteration, and
presence of approximately similar coral faunas, is very strong. It
should be remembered that this locality is about 84 miles east of the
locality of Iliamna Lake and across the granitic Chigmit Mountains.

The limestone southwest of Iliamna village is of the same general
character as that on Iliamna Lake and on Iliamna Bay. It evidently
was originally a rather pure and homogeneous rock. It is intricately
folded and intensely crushed and shattered, but is not, however,
greatly metamorphosed, coarse and thorough recrystallization being
apparently largely confined to the lode zones. This rock is somewhat
more altered than the limestone on the north shore of Iliamna Lake,
but decidedly less so than that on Lake Clark. In its relation to the
schist it resembles the latter, although there is here a strong sugges-
tion of greater alteration of the schist than of the limestone and pre-
sumably of an important time break between their dates of deposi-
tion. The character of the folding is such that no estimate of thick-
ness can be made.

The adjacent rocks are gneisses and schists on the east and altered
basic igneous rocks (greenstone) on the west. Several masses of
schist occur within the limestone, but whether they are interbedded
or brought in by structural disturbances is not known. The latter is
believed to be more probable, since the schists are apparently more
metamorphosed than the limestone.
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This limestone, which is about 13 miles distant from that on
Iliamna Bay, has yielded no fossils and can be correlated with the
limestone at the other localities of the region only on lithologic evi-
dence. Its relation to the rocks in contact with it contributes a little
to the evidence of its age. The gneisses and schists east of it are con-
siderably more metamorphosed than the limestone and are believed
to be unconformably below it and much older. The age of these
rocks is, however, not known, so they give no proof of the age of. the
limestone. The fact that this limestone is less metamorphosed than
the neighboring schist and gneiss, whereas the limestone of Lake
Clark is metamorphosed to the same degree as the schist in contact
with it, makes it necessary to conclude that if the limestone of Lake
Clark and that southwest of Iliamna village are of the same age
then the schists underlying them in the two districts are of different
ages, or else the schist and gneiss in the latter district were meta-
morphosed prior to the deposition of the limestone and that in the
former district subsequent to it. The rocks in contact with the lime-
stone on its west side are altered basic igneous masses, originally dia-
base or diorite in composition and in part tuffaceous, but now altered
to greenstone. These rocks are certainly older than the Lower or
Middle Jurassic granite which is intrusive into them, and conse-
quently are probably Triassic or older. (See p.40.) The greenstone
appears to be younger than the limestone, although the exact rela-
tions have not been positively established. The doubtful point is
whether certain basic igneous rocks which are known to be intrusive
into the limestone are an integral part of the main greenstone mass
or are younger intrusions along the contact. Upon this point de-
pends the determination of the age of the limestone. If the green-
stone as a whole is younger than the limestone then the latter is pre-
Triassic and probably belongs with the crystalline limestone de-
scribed above (pp. 32-34) rather than with those under discussion
here. If, however, the basic rocks which cut the limestone are not
part of the main greenstone mass, then there is no local proof as to
the relative ages of the limestone and greenstone, and they can be
correlated, as the lithologic evidence seems to warrant, with the
similar rocks on Iliamna Bay. This interpretation of the strati-
graphic relationship is accordingly adopted, even though it can not
be regarded as positively established.

Fauna.—Marine fossils have been collected from the following
localities:

Locality 1.—North shore of Iliamna Lake, 3 miles west of mouth of Chekok

River (near Millet's camp).
 Locality 2—South shore of Ihamna Bay, 1.1 miles 8. 75° W. of west end of

Whlte Gull Island.
.These collections were referred to Dr. George H. Girty, and on his
determining them to be of Triassic age they were placed in the hands
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of Prof. James Perrin Smith, who is making an extensive study of
the American Triassic faunas. The most striking feature of the
present collections is that they consist largely of species of corals.
Prof. Smith was already familiar with a closely related coral fauna
in the Triassic of California and confined his report to the fossils of
that zoologic group. Both reports are quoted below. Dr. Girty
writes:

The largest collection, and that furnishing the most varied fauna, is from
locality 1. The dominant types of this fauna are the corals, to which I shall
refer later. There are in addition an echinoid spine, a large number of frag-
mentary and ill-preserved pelecypods, a smaller number of gastropods, which are
likewise and for the same reason undeterminable, and two species of brachio-
pods. There are evidently several types among the gastropods, and also among
the pelecypods. One of the latter is marked by radiating ribs and has the gen-
eral appearance of Pecten, Lima, Pseudomonotis, etc. - There may be two species
of this sort. One of the brachiopods, represented by several fragments, is prob-
ably a terebratuloid, but its generic affinities are doubtful. The other species
is fairly abundant, and it is provisionally referred to Bittnerule. This is a
rather small plicated shell with ribs also on the fold and sinus. The ven-
tral valve is high and conical, with a high area marked by longitudinal strice,
which give the hinge a crenulated appearance. The shell substance is punctate.
Fragments of the spiral arms can be seen on the inside. 'There are also short
dental plates which converge and unite with the septum, as in Cyrtine and
Bittnerule. All the Cyrtinas have a simple fold and sinus.

» * * * % % *

A comparison of the corals with those described by Frech® from the Alpine
Trias reveals a striking resemblance between the Alaskan forms and those from
the Alps. This is true of the astrzeid corals and is especially significant in the
case of the spongiomorphine and tubularian forms. In view, therefore, of the
fact that this fauna is completely unlike not only any Paleozoic faunas known
from Alaska, but any known from North America, and that the corals are in the
main of types unknown in the Paleozoic and show on the contrary marked affini-
ties with Triassic corals, I am strongly of the opinion that the geologic age of
this fauna is Triassic, in spite of the fact that it is unlike any of the known
'I'riassic faunas of Alaska. If this opinion is correct, the occurrence in Alaska
of this coral fauna of the °Alpine Trias, and especially the development there
of the singular group of spongiomorphine corals, is new and important.

* £ £ 0 & % *

Lot 2, from Iliamna Bay, contains a number of vague, imperfect shapes, of
probably pelecypods, a few small corals, also indeterminable (cf. the form com-
pared with Thecosmilia) and an imperfect Halobie-like type suggestive of some
of the Halobias which have been brought down from the Triassic of Alaska
elsewhere.

These collections will be described in detail in a future publication
by Prof. James Perrin Smith, who has submitted the following
preliminary report on them: :

The coral fauna is certainly Upper Triassic, of the lower Noric horizon. The
species are closely allied to the Zlambach coral fauna of the Fischerwiese

1Frech, Fritz, Die Korallenfauna der Trias : :Palaeo'ntogrziphica, vol. 87, 1890, pp. 1-
116, Pls. 1-21. '
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locality in the Alps, which is the best Noric coral fauna known. Some of the
species are probably identical with forms I have collected in the Upper Triassic,
Noric horizon, of Shasta County, Cal., and are represented by kindred forms in
the Blue Mountains of Oregon. ’

These forms will have to be sectioned and studied with the microscope before
positive identifications can be made, but the forms capable of more definite
determination, and their probable affinities, are listed below:

Preliminary list of fossils from the limestone on Iliamna Lake.

Thecosmilia cf. fenestrata Reuss (also in Shasta County, Cal.).

Isastreea cf. profunda Reuss (also in Shasta County, Cal.).

Phyllocenia cf. incrassata Frech.

Phyllocenia cf. decussata Reuss.

Stylophyllopsis cf. mojsvari Frech (also in Shasta County).

Astroceenia cf. waltheri Frech (probably same as in the Noric of
Nevada).

Stylophyllopsis cf. zitteli Frech.

Heterastridium sp.? (probably the same as in Oregon).

Spongiomorpha sp.? (probably the same as in Oregon).

Age and correlation.—~The paleontologic facts presented above
clearly establish the age of the limestone on Iliamna, Lake as Upper
"Priassic, and suggest the same age for the limestone on Iliamna Bay.
The local stratigraphic relationships at the exposures of limestone
on Iliamna Lake and Iliamna Bay prove only that the former is
older than the Tertiary volcanic rocks and that the latter is older
than the early Jurassic granite. The lithologic similarity of the
limestones at these localities and the absence of anything which sug-
gests discrepancy in age make it reasonable to assume that they are
the same. The local stratigraphic evidence may also be considered as
showing, with a fair degree of certainty, the identity of the limestone
southwest of Iliamna village with that at the fossil localities, and
as being perfectly in harmony with the assignment of the fossils to
the Upper Triassic.

This limestone corresponds in its general character, as well as in
its stratigraphic relationships, with the Chitistone limestone? of the
Chitina Valley. It is similar in sequence, as is shown by the fact
that the Chitistone limestone is overlain conformably by the
McCarthy shale, which carries the same fauna as does the Kamishak
chert, and is underlain by greenstone, as the limestone here under
discussion is believed to be. The Chitistone limestone is now known
to carry an Upper Triassic fauna, including Pseudomonotis subcir-
cularis and Halobia cf. superba.? Tt should be noted that neither
of these species has been recognized with certainty in the limestone
of Iliamna Lake 'arld of Iliamna Bay, but that they do occur (p. 48)

1Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitina region,
Alasgka: Bull. U. S. Geol. Survey No. 374, 1909, pp. 25-28.

2 Moffit, F. H., and Capps, S. R., The geology and mineral resources of the Nizina
district, Alaska: Bull. U. S. Geol. Survey No. 448, 1911, pp. 23-25.
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in beds referred to the Kamishak chert. Part of these, including the
limestone bed at Bruin Bay, from which Stanton collected Halobia
cf. superba, should possibly be included (p. 50) in the limestone
formation here under discussion.

KAMISHAK CHERT.,

Areal distribution—The Kamishak chert is typically exposed on
the west shore of Kamishak Bay, especially in the vicinity of Bruin
Bay. These rocks occupy practically all of the peninsula on the
south side of Bruin Bay and also appear to form most of the
southern shore of the bay west of the peninsula, as well as the
eastern half of the north shore of the bay. These exposures are part
of a northeast-southwest trending belt which occupies the coast of
Kamishak Bay for 3 or 4 miles north of the entrance to Bruin Bay
and probably also from the fourth to the seventh mile southwest of
the entrance.

The same rocks were seen on Ursus Cove, where they occupy the
‘greater part of the north shore, and extend thence northward in an
apparently continuous belt to the south shore of Cottonwood Bay,
near its head. At this last locality several hundred feet of chert is
exposed in the cliffs just east of the low pass leading southward to
Ursus Cove.

Lithologic character—These rocks, where exposed on Bruin Bay,
consist of thin-bedded chert, black calcareous shale, and impure lime-
stone. The chert and limestone are generally black, green, or dark
red when fresh, but weather to lighter shades. The whole series is
complexly crumpled and faulted (see Pl V, 4, p. 40) and is cut
by a multitude of small calcite veins. A large mass of quartz diorite,
intrusive into these rocks at the end of the peninsula on the south
shore of Bruin Bay, has locally transformed the limestone into white
crystalline marble.

At Ursus Cove the predominant rock is the chert, which occurs in
massive beds, interstratified with thinner beds of limestone, shale, and
sandstone. In the lower part of the section at Ursus Cove there are
large amounts of fine-grained, green igneous rock, intimately but
obscurely associated with the chert. (See PL V, B, p. 40.) It is
somewhat doubtful whether it is intrusive or interbedded. This rock
is somewhat altered, especially in the formation of epidote, and re-
sembles in a way the greenstone at the head of Cottonwood Bay. A
bed of limestone exposed at the mouth of the creek which heads near
Cottonwood Bay is of importance, as it has yielded a few fossils
which are discussed below. (Lot 3, p. 48.) This limestone was re-
garded in the field as a thin bed interstratified with and a member
of the Kamishak chert, because of the presence, practically in contact

98153°—Bull. 485—12—4
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with the limestone, of chert beds which are essentially identical in
lithologic character with those interbedded with the shales from
which Stanton collected Pseudomonotis subcircularis in the same
cliffs and only a short distance away, and because of essentially the
same degree of alteration in the limestone and in the known Triassic
beds. It was furthermore concluded in the field that this limestone
was decidedly less metamorphosed than the limestone only 6 miles
distant on Iliamna Bay, and was hence presumably younger and sepa-
rated from it by a considerable time and structural break. This
conclusion was supported by the fact that the cherts are found on
Cottonwood Bay, only 2 miles from the limestone on Iliamna Bay,
and are no more altered than on Ursus Cove. From these facts it
seemed evident that the limestone at Ursus Cove was but a member
of the Kamishak chert and that the limestone at Iliamna Bay was
considerably older. Other possibilities must, however, be admitted.
The structure at the Ursus Cove locality is complex and it is entirely
possible, so far as the field observations are concerned, that the lime-
stone 1s part of an older formation folded or faulted in with the
Kamishak chert. If this is the case the limestone may well be the
same as the Triassic limestone described above.

The exposures seen at Cottonwood Bay consist entirely of chert.
These exposures, however, are not extensive, and probably only a
small portion of the formation is represented.

The total thickness of the formation is not known, the beds
being so disturbed that no accurate measurement could be made.
At Ursus Cove the thickness probably exceeds 2,000 feet and may
be much greater.

Fauna—Fossils have been collected from the shales and lime-
stones interbedded with the chert beds in this formation at Ursus
Cove and at Bruin Bay. These, according to Stanton’s determina-
tion, consist of Pseudomonotis subcircularis (Gabb) from Ursus .
Cove, and Halobia cf. superba Mojsisovics from Bruin Bay.

The limestone at Ursus Cove, described above (p. 47), has yielded
a few fossils, which have been examined by Dr. George H. Girty,
who says of them:

They are much less extensive and diagnostic than the fossils from the Tri-
assic limestone on Iliamna Lake (p. 45), but are connected with the latter by
a massive astreid coral having similar characters with one of them. There
are in addition a gastropod having the general shape of Natica or Naticopis
and a pelecypod probably belonging to one of the subgenera of Cardium.

Age and correlation.—The Pseudomonotis and Halobia mentioned
above are characteristic Upper Triassic species and clearly establish
the Upper Triassic age of this formation.

Among the rocks of other Alaskan regions with which these should
be compared are beds from Cold Bay on the Alaska Peninsula from
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which Pseudomonotis subcircularis was described by Fischer?® as
Monotis salinaria Bronn, and from which the same species has sub-
sequently been collected by Stanton.? The presence of this species
as well as the similarity of the rocks is sufficient to determine the
equivalence of these beds with those at that locality.

The cherts and associated igneous rocks on the west shore of
Kenai Peninsula ® at Halibut Cove, Seldovia, and Port Graham, have
previously been correlated* with these rocks on the basis of the
lithologic™ similarity, and of the relation to Lower Jurassic beds
which apparently overlie them unconformably. These rocks were
reexamined in 1909 by Grant and Higgins.® Though they found
no fossils in the rocks which they regarded as belonging indisputably
to these cherts and tuffs, they collected Halobia cf. superba from
cherts and limestones which they regarded as conformably beneath
the previously recognized Lower Jurassic beds.

The McCarthy shale of the Chitina Valley, which consists of shales
interbedded with thin limestones, is also characterized by the pres-
ence® of Pseudomonotis subcircularis. The stratigraphic relation-
ship of the McCarthy shale to the conformably underlying Chiti-
stone limestone is likewise similar to the apparent relationship be-
tween the Kamishak chert and its subjacent limestone.

A somewhat similar and possibly equivalent fauna, which, among
other forms, includes Pseudomonotis subcircularis and Halobia
superba (?) has been found by W. W. Atwood in limestones at
Hamilton Bay, Kupreanof Island, in southeastern Alaska.?

. The beds outside of Alaska with which these may be compared
include the Swearinger slate, which is the uppermost Triassic forma-
tion of California and which is characterized by Pseudomonotis sub-
circularis.  The relations of this formation to the other Triassic
rocks of California, including the beds characterized by Halobia
superba, has been discussed by Prof. James Perrin Smith.® It
should be noted that these two fossils are regarded by Smith as
characteristic, in California and elsewhere, of separate zones. The

1 Pischer, M. P., Sur quelques fossiles de 'Alaska : Compt. Rend. Acad. Sci., Paris, vol.
75, 1872, pp. 1784-1786. Also in Pinart’s “ Voyages & la cdte nord-ouest de I'Amérique,”
pt. 1, Paris, 1875, pp. 33-36, PL. A,

3 Bull. Geol. Soc. America, vol. 16, 1905, pp. 394-396.

3 Emerson, B. K., General geology : Harriman Alaska Expedition, vol. 4, 1904, pp. 26,
27. Moffit, F. H., Gold flelds of the Turnagain Arm region: Bull. U. 8. Geol. Survey No.
2717, 1906, pp. 19-20, 23.

4 Stanton, T. W., and Martin, G. C., Mesozoic- section on Cook Inlet and Alaska Penin-
sula: Bull. Geol. Soc. America, vol. 16, 1905, p. 393.

5 Grant, U. S., and Higgins, D. I, Preliminary report on the mineral resources of the
southern part of Kenai Peninsula : Bull. U. S. Geol. Survey No. 442, 1910, pp. 167-168.

6 Moffit, F. H., and Capps, S. R., The geology and mineral resources of the Nizina
district, Alaska: Bull. U. S. Geol. Survey No. 448, 1911, p. 30.

7 Wright, I’. E. and C. W., Bull. U. 8. Geol. Survey No. 347, 1908, p. 57.

8The comparative stratigraphy of the marine Trias of Western America: Proc. Cali-
fornia Acad. Sci., 3d ser., vol. 1, 1904, pp. 323-430.
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Pseudomonotis he regards as characteristic of the highest California
Triassic beds, being the equivalent of the Noric stage of the European
geologists, and the Halobia as characteristic of beds lower down, and
within the Hosselkus limestone, the European equivalent being the
Karnic stage of the Upper Triassic. A suggestion of a somewhat
similar range is found in Alaska, where the Halobia is found in the
Chitistone limestone but not in the overlying McCarthy shale, in the
limestone members (?) provisionally referred to the Kamishak chert
but not in the typical and presumably higher beds of the formation,
and in the beds of less certain horizon at Port Graham and Hamilton
Bay. The Pseudomonotis is abundant, and is practically the only
fossil in the typical beds of the Kamishak chert, in the presumably
equivalent beds at Cold Bay, and in the McCarthy shale. It is re-
ported, however, from the Chitistone limestone and from beds sup-
posed to be below those which yielded Halobia at Hamilton Bay.
This indicates, if the species and the horizons from which they have
been collected have been correctly determined, that these species have
in Alaska a somewhat different range from that which is supposed
to be characteristic of them elsewhere. It is probably safer to assume
the range to be the same and to look for specific differences or for
errors in the field identification of horizons. The presence of Halo-
bia in the limestone beds at Bruin Bay should perhaps be accepted
as evidence that these beds are not members of the Kamishak chert
but belong in or below the older Triassic limestone. °

Beds carrying identical or closely related species of Pseudomonotis
are known on Vancouver Island, the Queen Charlotte Islands, the
mainland of British Columbia, and in Siberia and northern Europe.

LOWER JURASSIC (%) ROCKS.

PORPHYRIES AND TUFFS.

Areal distribution.—The rocks discussed under the above heading
have been found in three districts: (1) On the shores of Iliamna Bay
and elsewhere along the west coast of Cook Inlet; (2) north of
Iliamna Lake from the valley of Chekok River northward through
the valleys of Lower Tazimina and Kontrashibuna lakes to Lake
Clark, possibly extending thence westward; and (3) at several de-
tached areas on the south shore and on some of the islands of
- TIliamna Lake below Pile Bay. These rocks may or may not be of
the same age. They are grouped together, in the absence of proof
that they should be separated, for purposes of convenience, although
it is admitted that further studies may show this grouping to be
erroneous.

The rocks of the first district include those exposed on the south
shore of Cottonwood and Iliamna bays and on the north shore of
Iliamna Bay east of A. C. Point. These appear to be part of a
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more or less continuous belt extending parallel to the coast of Cook
Inlet, other exposures of which are on the south shore of Ursus Cove,
on the west and north shores of Iniskin Bay, near the head of
Chinitna Bay, and on the western arm of Tuxedni Bay.

The second district includes an area east of the Newhalen Valley
and of the southern half of Lake Clark and west of a line from the
mouth of Chekok River to a point about two-thirds of the way up
Kontrashibuna Lake. Most of the east shore of Lake Clark for a
distance of about 8 miles above Tanalian Point also falls within it.
It probably includes also an area between Currant Creek and
Kontrashibuna Lake, and areas west of Lake Clark.

The third district includes four detached areas on the south shore
of Iliamna Lake. The easternmost of these extends from near the
mouth of Pile Bay, 15 miles below the head of the lake, to a point 27
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