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GEOLOGY OF THE INISKIN-TUXEDNI REGION, ALASKA

By RoserT L. DETrErmMaN and Jorn K. Hartsock

ABSTRACT

The Iniskin-Tuxedni region, on the west side of Cook Inlet,
Alaska, is an area of about 710 square miles between Iniskin
Bay and Tuxedni Bay. Systematic geologic work was begun
along the coast in 1903, 1904, and 1909 by the U.S. Geological
Survey. Additional work was done in 1920 and 1921. More
intensive exploration was started in 1944 and continued in
1946, 1948-51, and 1957-58 as part of the Geological Survey
program of investigations of the natural resources of Alaska.

Iliamna Volcano (10,016 ft) dominates this mountainous
region; the average relief is about 2,500-3,500 feet. Ten glaciers
radiate from Iliamna Volcano and cover about 15 percent of
the area. Tuxedni Glacier, the largest, is 16 miles long and
extends to the tidal flats at Tuxedni Bay. The region has a
cool maritime climate with abundant rainfall in summer and
snow in winter. Dense brush and grass cover the lowlands and
mountains to about 2,000 feet; spruce and cottonwood grow to
about 800 feet.

The oldest rocks exposed are metalimestone, metachert,
quartzite, argillite, and metabasalt of Late(?) Triassic age.
These rocks are in discontinuous bands in the Chigmit Moun-
tains, a segment of the Aleutian Range, along the western side
of the region.

The Iniskin-Tuxedni region has what may be one of the
thickest and most nearly complete sequences of bedded Jurassic
rocks in the United States. As much as 26,600 feet of Lower,
Middle, and Upper Jurassic rocks are exposed. These rocks
are divided into nine formations, three of which are subdivided
into eight members.

The Talkeetna Formation of Early Jurassic age is 5,900-9,000
feet thick and consists mostly of volcanic breccia, agglomerate,
lava flows, and tuff containing interbeds of siltstone, sandstone,
and argillite. In this region the formation can be divided into
three members: Marsh Creek Breccia, Portage Creek Agglom-
erate, and Horn Mountain Tuff Members.

The Tuxedni Group of Middle and Late Jurassic age is
4,970-9,715 feet thick and unconformably overlies the Talkeetna
Formation. The marine sedimentary rocks of the Tuxedni
Group were deposited in an epieugeosynclinal environment;
they consist of thick units of graywacke-type sandstone, con-
glomerate, siltstone, and shale derived from sediments of a
nearby landmass to the northwest. Fluctuations in the amount
and types of sediment supplied to the eugeosyncline caused the
deposition of alternating thick units of predominantly coarse
and predominantly fine clastic rocks mapped as the following
formations of the Tuxedni Group: Red Glacier Formation,
Gaikema Sandstone, Fitz Creek Siltstone, Cynthia Falls Sand-
stone, Twist Creek Siltstone, and Bowser Formation.

Marine invertebrate fossils, particularly ammonites and
pelecypods, are abundant throughout most of the Tuxedni
Group. Correlation of the ammonites with similar genera from
northwest Europe indicates that most of the European standard
zones of the Bajocian (early Middle Jurassic) as well as the
upper Bathonian (late Middle Jurassic) are present in this

region. Breaksin the faunal record are marked by corresponding
local unconformities in the stratigraphic sequence.

The Chinitna Formation of Late Jurassic (Callovian) age has
a maximum thickness of 2,680 feet in this region. The forma-
tion is predominantly a massive arenaceous siltstone, but it
can be divided into two members separated by an interval of
sandstone. The Tonnie Siltstone Member, at the base, is
mainly 2 red-brown-weathering siltstone containing small lime-
stone concretions; it is overlain by the Paveloff Siltstone Member,
which weathers gray and has large ellipsoidal limestone con-
cretions. Ammonites and pelecypods found in the formation
indicate a correlation with middle Callovian faunal zones of
northwest Europe.

The Naknek Formation of Late Jurassic (Oxfordian and
Kimmeridgian) age is as much as 5,200 feet thick and is divided
into four members: Chisik Conglomerate, lower sandstone,
Snug Harbor Siltstone, and Pomeroy Arkose Members. A
local unconformity is present at the base of the formation.

The Kenai Formation of Oligocene(?) and Miocene age overlies
the Upper Jurassic sequence with an angular unconformity.
About 1,050 feet of nonmarine conglomerate, sandstone, and
siltstone is present at one locality near Red Glacier.

A quartz diorite to quartz monzonite batholith intruded the
core of the Aleutian Range during late Early Jurassic to early
Middle Jurassic time. By Late Jurassic time, the batholith

. was exposed to erosion; it became an important source of sedi-

ments for the Naknek Formation. Tertiary lava flows are
found at a few localities, and Iliamna Volcano is Quaternary.

Quaternary surficial deposits, which are separated from the
underlying rocks by an angular unconformity, cover about
15 percent of the region. Glacial moraines of the Naptowne
Glaciation and Tustumena and Tunnel Stades of the Alaskan
Glaciation of Wisconsin to post-Wisconsin age are present
north of Chinitna Bay. Landslides are a common feature in
this mountainous region; one slide forms the dam for Hickerson
Lake.

The main structural feature of the region is the Bruin Bay
fault, which is a continuation of the major fault on the Alaska
Peninsula. Offsetting of beds across the fault indicates a possible
left-lateral movement of as much as 12 miles. The main move-
ment along the fault dates from middle to late Tertiary. Most

-of the folding and associated faulting is contemporaneous with

the movement along the Bruin Bay fault, but some may be
associated with eruptions from Iliamna Volcano.

Seepages of oil and gas were first discovered on Iniskin Pe-
ninsula in 1853. Six wells were drilled at Oil Bay and Dry
Bay during the years 1898-1906. Small quantities of oil and
gas were produced, but not enough for commercial development.
Recent exploration for oil started in 1936 with the drilling of
Iniskin Bay Association well 1 on Fitz Creek anticline. Beal
well 1 was drilled in 1954-56 and Antonio Zappa well 1in 1958-
59. All three wells tapped minor quantities of oil and gas near
zones of faulting or fracturing.

1



2 GEOLOGY, INISKIN-TUXEDNI REGION, ALASKA

The Fitz Creek structure is a faulted asymmetrical anticline
that bifurcates northeast of the structural high. Closure is
on the Fitz Creek fault and may be as much as 1,000 feet.
The structural high is between two cross faults. Oil and gas
are known to be present but the generally impervious nature
of the rocks diminishes the value of the structure as.an oil
trap. Any possible major production will have to come from
zones of faulting and fracturing or from the unconformity be-
tween the Lower and Middle Jurassic rocks.

The only evidence of mineralization in the region is a small
magnetite deposit at Tuxedni Bay and small veins of copper
and magnetite on Iniskin Bay and Marsh Creek.

INTRODUCTION
LOCATION AND AREA

The Iniskin-Tuxedni region is on the west side of
Cook Inlet about 125 miles southwest of Anchorage,
Alaska, and 50 miles northwest across Cook Inlet
from Homer, Alaska (fig. 1). The region is about
710 square miles in area and extends from Iniskin
Bay on the south to Tuxedni Bay on the north, a
distance of about 47 miles. The area included in
this report is 8-23 miles wide; it extends inland from the
shoreline of Cook Inlet to the Chigmit Mountains and
includes the offshore islands. Chinitna Bay bisects

164° 156°

the region, and the area between Chinitna and Iniskin
Bays is referred to as the Iniskin Peninsula.

EARLY GEOLOGIC INVESTIGATIONS

The first publication on the geology of the region
apparently was that by Eichwald (1871, p. 91), a
German scientist attached to a Russian exploration
party. He mentioned sandstone and shale containing
ammonites at Chisik Island and Fossil Point across
Tuxedni Channel from Chisik Island. Rather brief
descriptions of the rocks and fossils in Tuxedni Bay
by Dall (1896, p. 869-870) and Hyatt (1896, p. 907—
908) are reported as part of a mineral-resources in-
vestigation of Alaska by the U.S. Geological Survey.

In 1903 Martin (1905, p. 37-49) visited Oil Bay,
where several oil wells were being drilled. This visit
yielded the first report on the oil possibilities of the
region based on field investigations by the Geological
Survey. The next year Stanton and Martin (1905,
p- 393-395, 401-402) visited Chinitna, Iniskin, and
Oil Bays, where they studied and measured in detail
numerous sections of Jurassic rocks. The report of
the 1909 survey by Martin and Katz (1912, p. 59-64,
77-78) in the Iliamna region included a discussion
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of the sections measured by Stanton and Martin
in 1904. Members of the Geological Survey did
not revisit the area until 1920, when Moffit, Herbert
Insley, and C. P. McKinley (Moffit, 1922a) made
a topographic and geologic reconnaissance in the
vicinity of Snug Harbor. This work was continued
by Moffit and A. A. Baker (Moffit, 1927, p. 71) in
1921, when the Iniskin Peninsula was mapped.

The 1921 expedition of Moffit and Baker ended the
early investigations of the Iniskin-Tuxedni region by
the Geological Survey. Private oil companies may
have worked in the area at the same time, but the
scope and extent of their work are not known.

RECENT INVESTIGATIONS

The Iniskin Peninsula was studied in detail by oil
company geologists in the period 1934-39, prior to
and during the drilling of the Iniskin Bay Association
well 1 by the Iniskin Drilling Co. The results of this
study have not been published but were made available
for review.

In 1944, as part of the war-minerals investigations
of the Geological Survey, Lewis B. Kellum and Hel-
muth Wedow assisted by Warren Gilman and Spencer
Schoonover mapped about 20 square miles along Fitz
Creek and the south shore of Chinitna Bay. Some
of the results of this investigation were published by
Kellum (1945), and some of the material was included
in a report on the Iniskin Peninsula by Kirschner and
Minard (1949). Kirschner and Minard .were assisted
in the 1946 survey of the Iniskin Peninsula by D. R.
Clark. Most of their work was in the southern part
of the Iniskin Peninsula, near Iniskin and Oil Bays.

The investigations of the Iniskin-Tuxedni region
that resulted in the present report were started in 1948
by Don J. Miller, Ralph W. Imlay, and John K. Hart-
sock. Miller and Imlay spent part of the summer at
other Jurassic localities on Cook Inlet and the Alaska
Peninsula. Hartsock was assisted by J. S. T. Kirk-
land and D. B. Snodgrass. Arthur Grantz joined
Hartsock in 1949 and continued with the project until
it was recessed in 1951. They were assisted by R.
Werner Juhle, Richard Hoare, William Cunningham,
Anthony Fetler, and David Hill. In addition to the
present report the investigation has produced reports
by Hartsock (1954), Juhle (1955), and Grantz (1956).

Juble obtained most of the data on the Talkeetna
Formation and the intrusive rocks, and Hartsock and
Grantz did most of the fieldwork on the sedimentary
rocks. Detterman compiled this paper, revised the
stratigraphic units, and field-checked the geologic map
(pl. 1) in 1957 and 1958.

Several oil companies conducted investigations in
the region during the period 1953-58. Most of their

work was confined to the Iniskin Peninsula, where
several oil wells had been drilled and oil seeps were
known to occur.

METHODS OF WORK

The methods of geologic investigation used in the
Iniskin-Tuxedni region varied with accessibility of the
area, with base maps available, and with the amount
of detailed knowledge desired in areas of special interest.

Lack of adequate base maps and vertical aerial
photographs complicated the geologic mapping north
of Chinitna Bay prior to 1951. In that year the U.S.
Geological Survey compiled several quadrangles from
trimetrogon aerial photographs. A complete coverage
of vertical aerial photographs was not available until
1957, and 1:63,360 quadrangle maps were not available
until 1960.

The surface exposures of rocks on Fitz Creek anticline
were mapped by planetable methods, as were the rocks
on Chisik Island and in the vicinity of Hickerson Lake.
Observations in other parts of the region were plotted
on aerial photographs at a scale of 1:40,000 and then
transferred to base maps.-

Travel and transportation of supplies were by skiff
and outboard motor along the coast and on foot with
packboards in the interior. None of the streams are
deep enough to permit the use of an outboard motor.
In 1957 and 1958 a truck was available for use on the
road from Camp Point to the drilling camp on Fitz
Creek, a distance of about 9 miles.
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GEOGRAPHY

The Iniskin-Tuxedni region, on the west side of
Cook Inlet, is dominated by Iliamna Volcano (alt 10,016
ft.) In 1958 the volcano was sending up four columns
of vapor from vents in the precipitous eastern face.
The last eruption was in 1867 (Coats, 1950, table 2);
since then smoke, and possibly light ash, was ejected
in 1876, 1933, 1941, and again in 1947. A reported
ejection of smoke and some light ash in the late winter
of 1956 or early spring of 1957 has not been confirmed.
Gravel cemented by reddish volcanic ash is exposed
in the stream banks of Red Glacier River; this
ash probably dates from one of the recent eruptions.

The region is mountainous, and land adjacent to
the tidal flats is rugged and steep. Mountains within
a mile of the coast are 2,000-3,800 feet in altitude.
West of the coastal mountains is a valley %-1 mile
wide extending northeastward from Iniskin Bay to
Chinitna Bay. This valley reflects the structure of
the underlying bedrock and continues, with minor
interruptions, in a northeasterly direction to Tuxedni
Bay. West of this valley the mountains become higher
and more rugged as they coalesce with the Chigmit
Mountains, a part of the Aleutian Range.

The stream valleys and shorelines have a very dense
brush and grass cover that extends up the mountain
sides to about 2,000 feet; above this, rock exposures
are excellent, having only a thin cover of moss and
lichens. Spruce groves and cottonwood trees are
common in the valleys and along the shore.

RELIEF AND DRAINAGE
INISKIN PENINSULA

Chinitna Bay divides the Iniskin-Tuxedni region
into two unequal parts that have different geographic
characteristics. The Iniskin Peninsula, south of Chin-
itna Bay, is about half the size of the area between
Chinitna and Tuxedni Bays.

The coast mountains rise steeply from Cook Inlet
to an altitude of 3,830 feet near Chinitna Bay and
2,410 feet at Mount Pomeroy near Iniskin Bay. The
west face of these mountains is in many places a nearly
vertical escarpment 500-1,000 feet high cut by nu-
merous small streams. Sea cliffs 100-200 feet high
form the shoreline of Cook Inlet between Chinitna and
Iniskin Bay, and with the exception of Oil Bay, there
is no protected anchorage for small boats.

Bowser and Park Creek valleys lie northwest of the
west-facing escarpment and are separated from the
Fitz Creek valley by the narrow flat-topped Haven-
strite Ridge. A northeast-trending linear belt of hills
lies between the Fitz Creek and the Portage Creek
valley to the northwest; the highest hill is Tonnie Peak,
2,442 feet in altitude. Northwest of Portage Creek
the mountains merge into the Chigmit Mountains and
average 3,000-4,000 feet in altitude.

The streams on Iniskin Peninsula are all small, and
many have gradients of nearly 1,000 feet per mile.
Bowser, Park, Fitz, and Portage Creeks are the princi-
pal streams; Fitz Creek, the largest, is about 8 miles
long. They meander on flood plains 1,000-5,000 feet
wide and have gradients of 75-100 feet per mile.
Their general course is parallel to the strike of the rocks.
Tributaries of these streams are characterized by steep
gradients, V-shaped canyons, and numerous waterfalls.
Brown and Bow Creeks are the only large streams in
transverse valleys and both flow directly into Cook
Inlet.

The transverse valleys of Brown and Bow Creeks
and the valley between Bowser Creek and Right Arm
are apparently determined by a system of transverse
faults that has the same direction as the valleys. The
northeast-trending valleys of Bowser, Park, Fitz, and
Portage Creeks are dependent on the principal lines of
geologic structure in the peninsula.

CHINITNA BAY TO TUXEDNI BAY

The area north of Chinitna Bay is dominated by the
mass of Iliamna Volcano, whose summit rises 10,016
feet above Chinitna Bay, and by the peaks associated
with it, all of which are more than 5,500 feet in altitude. -
Ten glaciers radiate from the slopes and snowfields
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of Tliamna Volcano. Tuxedni Glacier is the longest,
extending about 16 miles north to within 3 miles of
Tuxedni Bay. End moraines beyond the present ice
margin indicate that the glacier entered the bay in the
not too distant past. Red Glacier is the next largest,
extending 10 miles east toward Cook Inlet. Deep,
glacially scoured U-shaped valleys radiating from the
snowfields of Iliamna Volcano indicate that all the
glaciers reached sea level during at least one stage of
glaciation.

The principal streams in this part of the mapped
area are Johnson and Red Glacier Rivers and West
Glacier, Middle Glacier, East Glacier, Shelter, and
Difficult Creeks. All are glacial streams, in contrast
to the streams of the Iniskin Peninsula, which are all
nonglacial at present. The streams flow in the
glacially scoured valleys that are for the most part
transverse to the northeast-trending structural pattern
of the bedrock. Tributaries of the major streams have
V-shaped canyons with steep gradients and numerous
waterfalls. Ten waterfalls, ranging in height from 40
to 160 feet, can be seen on streams flowing into
Hickerson Lake.

Mountains that correspond to the coastal mountains
south of Chinitna Bay are here separated from Cook
Inlet by deposits of glacial and fluvial origin 1-3 miles
wide. North of Johnson River the mountains reach
Cook Inlet and have the same topographic features
that characterize the shoreline between Chinitna and
Iniskin Bays. The highest peak, Slope Mountain
(alt 3,850 ft), is adjacent to Tuxedni Bay. The altitude
of the coast mountains decreases gradually south-
westward from Tuxedni Bay, the lowest peak being
adjacent to Iniskin Bay.

The northeast-trending system of valleys present on
the Iniskin Peninsula is not as conspicuous or con-
tinuous in this part of theregion. The coast mountains
are separated from the mountains to the northwest
by a discontinuous valley having transverse ridges
between segments. These transverse ridges were
apparently formed by glacial action and headward
erosion of tributary streams from adjoining valleys.

Marsh and Tooie Creeks drain the area at the head
of Chinitna Bay. Marsh Creek valley was once
glaciated, but at present only a small amount of
glacial discharge runs into the valley.

ACCESSIBILITY

In 1955 the Iniskin Drilling Co. built a 3,600-foot
airstrip at their drilling camp on Fitz Creek that made
the Iniskin-Tuxedni region readily accessible to planes

205-530 0—66—2

from Anchorage and Homer. The company also con-
structed a road from Camp Point on Chinitna Bay to
the drilling camp, a distance of about 9 miles. The
road needs continual maintenance because the heavy
rainfall causes numerous washouts and slides. Part
of the road is built in Fitz Creek and is washed out
with each flood; road damage was particularly extensive
during the 1958 field season.

Iniskin, Chinitna, and Tuxedni Bays are natural
harbors for boats drawing less than 10 feet of water.
Mudflats are exposed at the head of all three bays
at low tide, and the only safe anchorage for large
ships is in Tuxedni Channel between Chisik Island and
the mainland.

All travel into the interior, except on the Fitz Creek
road, is by foot and is extremely difficult owing to
the dense growth of brush and grass. A trail from
Right Arm to Chinitna Bay was originally used by the
Indians, and a wagon road from Right Arm to Oil Bay
was built in 1903; all traces of the trail and road have
since disappeared. Travel by horseback was tried by
some of the early Geological Survey parties and some
oil-company parties, but owing to dense brush and to
bears, this mode of travel was never successful.

The best way to get into the interior is to walk in
the streams, but this can be done only during low
water. An alternative is to follow bear trails.

WILDLIFE

Game, with the exception of bears, is not particularly
plentiful in the Iniskin-Tuxedni region. The Kodiak
brown bear and the small black bear are abundant,
especially when salmon come into the streams to spawn.
Hardly a day passed without our sighting one or both
of these species of bear. The small black bear is more
troublesome, if less dangerous, than the brown bear,
owing to its habit of raiding camps.

Beaver, marten, otter, and lynx were seen by members
of the Geological Survey, and moose and wolves were
reported by Gary Brown on the north side of Chinitna
Bay. A few ground squirrels were noted on the rocky
slopes but were not abundant.

Birds are plentiful in the tidal marshes and along
the streams. Numerous ducks and geese were seen in
the spring and fall. A few spruce hens were noted in
the timbered areas.

VEGETATION
If any single factor were to be considered the greatest
deterrent to field investigation in the Iniskin-Tuxedni
region, the unanimous choice would be the dense
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growth of brush. Brush, especially alder and willow,
forms an all but impenetrable wall along streams,
shorelines, and hillsides to an altitude of about 2,000
feet. Ferns and ubiquitous devilsclub thrive under
the brush.

There is a fairly rigid altitude zonation of the
vegetation in this region, as in most of Alaska. Spruce
and cottonwood grow to about 750 feet and most of
the brush stops at about 2,000 feet. Dwarf birch,
blueberry, crowberry, and moss continue to 3,000 feet
in favorable locations; above this altitude the rocks
are bare except for a few lichens.

Spruce and cottonwood are not uniformly distributed
over the area in which they grow, but commonly form
small groves or appear as isolated trees. The timbered
areas are interspaced with glades of ‘“redtop” grass
or thickets of alder and willow. Spruce timber is
present in all the larger valleys and along the shoreline.
Many fine groves of spruce grow along the beach from
Chinitna Bay to Johnson River and at Oil and Iniskin
Bays. A sawmill near the mouth of Red Glacier
River produces enough lumber for local use. Cotton-
wood is not as abundant as spruce but grows much
larger. It is not uncommon to see trees 4-5 feet in
diameter and 100 feet tall. The wood is of little use
for lumber because it is soft and punky.

The abundant rainfall contributes to the luxuriant
growth of the vegetation. Stalks of grass and fireweed
6 feet tall are not uncommon and make climbing
difficult. Wild fruit is present but not as abundant
as in the interior of Alaska; this may be due to
the excessive rainfall. Blueberries, salmonberries,
currants, and crowberries were noted.

CLIMATE

The climate of the Iniskin-Tuxedni region is sub-
polar marine characterized by abundant precipitation
(40-80 in. per year) and strong winds. Rain, fog, and
overcast skies occur on about 80 percent of the days
during the field season. 1957 was abnormally dry,
precipitation falling on only about 20 percent of the
days. Rainfall varies from light to extremely heavy;
during the 1958 field season it averaged almost 1 inch
per day. On the night of August 11, 1958, 7.30 inches
of rain fell in 8 hours; the total rainfall for the 24-hour
period was 11.21 inches. Wind at times in excess of
60 miles per hour accompanied this storm.

Snowfall is heavy during the winter months, gen-
erally starting in late October and continuing to late
April on the lowlands. At higher altitudes snow may
fall every month of the year. The weather station
at the Iniskin drilling camp reported 26 feet of snow
during the winter of 1957-58.

This region does not have the extremes of tem-

perature common to much of Alaska. The tempera-
ture rarely goes below —20°F in winter, and then
only for a few days; the average summer temperature
is about 50°-55°F.

DESCRIPTIVE GEOLOGY OF THE BEDDED ROCKS
REGIONAL SETTING

The Iniskin-Tuxedni region is near the southern
margin of a mobile belt of mountain building that
borders the northern part of the Pacific Ocean. The
floor of the Pacific Ocean is a stable area to the south,
and the Arctic Ocean basin and adjacent part of
northern Alaska is a stable area to the north.

The region lies within the belt of recent volcanism
that borders the Pacific Ocean. Iliamna Voleano,
near the center of the region, has been active within
historic time and is sending up columns of vapor at
present. This activity would suggest that the region
is still mobile and undergoing mountain-building
movements. The major fault system of the Alaska
Peninsula-Cook Inlet area, the Bruin Bay fault,
transects the region in a northeasterly direction and
in general separates the younger bedded sedimentary
rocks from the older volcanic, metamorphic, and
intrusive rocks of the Aleutian Range (pl. 2).

The rocks that crop out in the Alaska Peninsula-
Cook Inlet part of the mobile continental margin
range in age through most of the periods of geologic
time since about the middle of the Paleozoic Era.
There are at least six successive and contrasting types
of bedded rocks: (1) crystalline basement rocks of
Paleozoic age, but undetermined system; (2) marine
limestone of Permian and Triassic age; (3) chert,
siltstone, and limestone containing interbedded vol-
canic rocks predominantly of marine origin and of
Triassic and Early Jurassic age; (4) marine and con-
tinental graywacke and siltstone of Jurassic, Creta-
ceous, and Tertiary age; (5) continental andesitic
volcanic rocks of Tertiary and Quaternary age; and
(6) Quaternary surficial deposits. Other kinds of
rocks, less abundant and less characteristic, are asso-
ciated with each type.

The mobile continental margin of this part of Alaska
was generally a belt of subsidence during the late
Paleozoic and early Mesozoic. During this time the
bedded rocks of the primary eugeosyncline uncon-
formably overlapped the older crystalline basement
complex of rocks. The mobile zone was uplifted at
or near the beginning of Middle Jurassic time with
accompanying formation of secondary geanticlines
and geosynclines that established the present structural
framework of the region. The Aleutian Range batho-
lith was emplaced along the core of one of the ge-
anticlines during this Early to Middle Jurassic uplift.
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Between the geanticlines are belts of secondary mio-
geosynclinal deposition in which bedded rocks accumu-
lated unconformably on the older formations. These
belts were nearly all marine deposits of graywacke,
conglomerate, siltstone, and shale laid down in the
Matanuska and Chugach Mountains geosynclines.
Early Cenozoic mountain building was followed by
subsidence and the formation of the Cook Inlet and
Nushagak Basins and Shelikof Trough, in which a
great thickness of predominantly continental sand-
stone, conglomerate, and shale accumulated uncon-
formably on the older bedded rocks.

GENERAL RELATIONS
STRATIGRAPHIC UNITS
Sedimentary rocks underlie about 60 percent of
the mapped area. Associated with them are bedded
lava flows, agglomerate, and related pyroclastic rocks

SETTING 7
that form another 20 percent of the rocks. Granitic
rocks of the Aleutian Range batholith form the re-
maining 20 percent of the bedrock. The major rock
types comprise stratigraphic units whose surface
distribution is shown on the geologic map (pl. 1).
The succession of stratigraphic units is given in table 1
to show how the units fit into the geologic time scale.
The geologic nomenclature of these stratigraphic
units has undergone a considerable metamorphosis
since the first comprehensive report on the area by
Martin and Katz (1912, p. 31). The past and present
nomenclature of the Jurassic units are given in table 2.

The bedded rocks have a maximum thickness of
29,600 feet, and most of them were deposited in a
marine environment. Nearly all of these rocks were
laid down in the Matanuska geosyncline and uncon-
formably overlie the metasedimentary and volcanic

TaBLE 1.—Stratigraphic units in the Iniskin-Tuxedni region, Alaska

Period Epoch Unit Character Thickness
(feet)
Alluvial deposits Gravel, sand, and silt; may include some talus and glacial outwash. 0-100+
Recent Littoral deposits Boulders, gravel, sand, and silt. 0-50=&
Orat Colluvial deposits Rubble, talus, and landslides. 0400z
||ﬁl‘y
Glacial deposits Drift, moraine, and outwash. 0-100==
Pleistocene Iliamna flows Andesitic flows and fragmental ejecta. 80400
Residual deposits ! 8oil, rubble, and talus. 0-20+
- Angular unconformity
X Middle(?) to late(?) Flows Andesite to basalt. 0-300:
Tertiary - - gular unconformity
Oliogocene(?) and Miocene | Kenai Formation Conglomerate, sandstone, and siltstone (terrestrial). 0-1,085
Angular unconformity
Pomeroy Arkose Member Arkosic sandstone, conglomerate, and siltstone. 850~ 3,300+
o Local unconformity
4.8 | Snug Harbor Siltstone Member Siltstone, mainly thin bedded, gray to black; interbeds of arkose. 720-860
=k
4
G E Lower sandstone member Arkosic sandstone, acke, and siltstone.
Late zé > Brayw Intertonguing 0-840
Chisik Conglomerate Member | Conglomerate, massive. — 0-660
Local unconformity
@, Paveloff Siltstone Member Siltstone, massive, gray-weathering; large ellipsoidal limestone 900-1,370
£ g o concretions; sandstone unit at base.
2
EE“ Tonnie Siltstone Member Siltstone, massive, reddish-brown-weathering; small limestone con- 820-1,310
5] cretions; sandstone unit at base.
Local unconformity
Middle(?) and Late Bowser Formation Sandstone, conglomerate, siltstone, and shale. 1,250-1,830
- - Angular unconformity -
Twist Creek Siltstone Siltstone, massive, gray, rust-brown-weathering; small limestone con- 0420
5 cretions; ash beds.
2 - Local unconformity
. ’(5 Cynthia Falls Sandstone Sandstone, massive; minor conglomerate and siltstone. 600-765
Jurassic het TLocal unconformity
Middle = Fitz Creek Siltstone Siltstt(;ne, massive, gray; locally arenaceous; small limestone con- 640-1,280
5 cretions.
=
3] Gaikema Sandstone Sandstone, massive, locally conglomeratic; minor siltstone. 500-880
Red Glacier Formation Siltstone, thin-bedded to massive, brown; tan arkosic sandstone; | 1,980-4,540
black arenaoeou§ shale. ) . nformit
egional angular unconformity
Early(?) and Middle Aleutian Range batholith Quartz diorite, quartz monzonite, granodiorite, and other granitic
rocks; potassium-argon date on biotite 10 mi. west of mapped area
gives 1695 my.
Horn Mountain Tuff Member Andesitic tuff, mottled; locally contains andesite flows and arkosic | 1,800-2,850
g g sandstone.
Early §'§ Portage Creek Agglomerate Agglomerate, massive, pink; minor green volcanic breccia; locally | 2,250-2.850
E g8 Member thick andesitic flows; minor argillite.
=]
& | Marsh Creek Breccia Member | Volcanic breccia massive, green; thick andesitic flows; minor agglom- | 1,850-3,350
erate and argillite. Angul At ity ()
ar unconformity
Triassic Late(?) Metamorphic rocks undivided Marble, quartzite, metachert, and argillite; iocally contains basalt |  160-1,300=t
flows; complexly folded.

it Range in age from Tertiary through Recent.
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rock of the primary geosyncline. Continental deposits
of the Cenozoic Cook Inlet Basin unconformably over-
lie a small area of the older rocks. Crystalline rocks
forming the basement complex are not exposed in the
Iniskin-Tuxedni region.

“Metamorphic rocks undivided” is the term herein
adopted for a sequence of Upper(?) Triassic meta-
sedimentary rocks that includes metachert, metalime-
stone, quartzite, argillite, and low-rank schist. These
rocks are exposed at few localities (and the thickness of
the unit is therefore uncertain) but is probably no
more than 1,300 feet in all.

The Talkeetna Formation consists predominantly of
marine volcanic rocks and interbedded sedimentary
rocks. Three members are recognized, from oldest to
youngest: the Marsh Creek Breccia Member, mainly
green volcanic breccia; the Portage Creek Agglomerate
Member, mainly a pink agglomerate that is inter-
layered with metasedimentary rock and andesitic
porphyritic flows; and the Horn Mountain Tuff
Member, tuff and tuffaceous sandstone. The clastic
sediments are both volcanic and terrigenous. Most
of the Talkeetna Formation was probably derived
locally by repeated volcanic eruptions.

The Tuxedni Group is a thick sequence of sedi-
mentary rocks made up of mineral grains and rock
fragments derived mainly from the underlying Tal-
keetna Formation. Coarse clastic graywacke and con-
glomerates are in about equal proportion with fine
clastic siltstone and shale. The coarse and fine
clastics occur generally only in well-defined units of
varying thickness that can be readily mapped. The
six formations of the group, from oldest to youngest,
are: Red Glacier Formation, Gaikema Sandstone,
Fitz Creek Siltstone, Cynthia Falls Sandstone, Twist
Creek Siltstone, and Bowser Formation. The sedi-
ments of the Tuxedni Group, believed to have come
from terrestrial sources on the nearby Talkeetna
geanticline to the northwest, were deposited in the
secondary geosynclinal trough of the Matanuska
geosyncline. The alternation of rather thick units
of coarse and fine clastic rocks suggests a degree of
mobility that generally accompanies incipient mountain
building. The formations of the Tuxedni Group are
subject to considerable lateral variation in both
thickness and texture; this variation, too, would con-
firm the concept of crustal unrest.

The siltstone of the Chinitna Formation is composed
of finer grained minerals and rock fragments of the
same general composition as the underlying Tuxedni
Group. The sediments probably were derived in
part from the Tuxedni, but the Talkeetna Formation
undoubtedly furnished some of the sediments that
were deposited under fairly quiescent conditions in

the geosynclinal trough. The Chinitna was deposited
entirely in a marine environment.

The Chisik Conglomerate Member at the base of
the Naknek Formation indicates renewed mountain
building and uplift of the Talkeetna geanticline.
A massive cobble-boulder conglomerate contains gra-
nitic rocks from the Aleutian Range batholith, frag-
ments of metamorphic rock from the Triassic, and
detritus from the Tuxedni and Chinitna Formations.
The Chisik is overlain by the lower sandstone member,
Snug Harbor Siltstone Member, and the Pomeroy
Atkose Member. The Pomeroy Arkose Member is
almost entirely a granitic sheetwash type of rock
derived from the batholith. The Matanuska geo-
syncline, as well as the Talkeetna geanticline, was
uplifted during the deposition of the Naknek Forma-
tion.

The continental deposits of the Kenai Formation
are found at a few localities near the shore of Cook
Inlet. The main rock type is a cobble conglomerate
composed of constituents representing nearly all the
older formations. The conglomerate contains a few
interbeds of siltstone and shale and thin lenticular
seamlets of coal.

STRATIGRAPHIC RELATIONS

The bedded rocks may be divided into at least three
major sequences that are separated by regional or
angular unconformities. The oldest are the meta-
sedimentary and volcanic rocks of the primary geo-
syncline: metamorphic rocks of Late(?) Triassic age
and Talkeetna Formation of Early Jurassic age.
The next sequence was formed in the secondary
geosyncline: the Tuxedni Group and the Chinitna and
Naknek Formations of Middle and Late Jurassic
age. The youngest sequence was deposited in the
Cenozoic Cook Inlet Basin: the Kenai Formation
and the Tertiary and Quaternary lava flows. The
unconformities between these major units extend far
beyond the mapped area and mark major intervals of
crustal movement in southwestern Alaska.

TRIASSIC SYSTEM
METAMORPHIC ROCKS UNDIFFERENTIATED

Metamorphic rocks, tentatively assigned to the
Upper(?) Triassic, are exposed at a few localities in
the Iniskin-Tuxedni region. These exposures are in
the Chigmit Mountains near the western margin of
the mapped area. The metamorphic rocks are the
oldest exposed in the region; they are flanked by, and
intruded by, the quartz diorite and quartz monzonite
of the Aleutian Range batholith. The batholith is
primarily responsible for the exomorphic alteration
of this dominantly marine sedimentary sequence,
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as shown by the well-defined contact aureole adjacent
to the pluton. The contact phase generally is pyro-
metasomatically enriched with base-metal sulfides
and magnetite.

AREAL DISTRIBUTION

The largest exposures of Triassic metamorphic
rocks are between the head of Iniskin Bay and Marsh
Creek.! Two northeast-trending belts, 1,500-2,000
feet wide, were mapped across this area. The western-
most belt continues along Marsh Creek for several
miles before it bends sharply to the east and crosses
the mountains into the headwaters of Chinitna River.
This belt is in contact with both the quartz diorite of
the first intrusive phase and the pink quartz monzonite
of the second intrusive phase. Mineralization is
markedly increased where the crystalline metalime-
stone and argillite are in contact with the quartz
monzonite. The rocks of this western belt are in
their original stratigraphic position, underlying the
volcanic rocks of the Lower Jurassic Talkeetna For-
mation. ,

The easternmost of the two belts of Triassic meta-
morphic rock, between Iniskin Bay and Marsh Creek,
was thrust faulted into its present position. The
metasedimentary rocks are intimately associated with
the plutonic rock between the shoreline and the crest
of the mountains to the northeast. Two small roof
pendants are engulfed in the quartz diorite; they
probably represent two blocks of the original country
rock that were not quite assimilated in the cooling
fluids near the top of the magma chamber. The rocks
within these roef pendants are predominantly fine-
to coarse-crystalline marble and hornfels. The en-
closing rocks have some of the characteristics of mig-
matite but pass into normal quartz diorite a short dis-
tance from the exotic blocks of Triassic rock. Plutonic
rocks are absent from the fault block northeast of the
. crestline of the mountains, and the faults die out a
short distance northeast of Marsh Creek. Near
Marsh Creek the rocks are crystalline marble, argillite,
and quartzite that have all been mineralized slightly.
The minerals are chiefly malachite and azurite in a
thin vein and pyrite disseminated in the marble.
The marble is normally white but is stained in various
shades of blue and green from the finely disseminated
copper. Magnetite is present also in the mineralized
area on Marsh Creek.

Triassic rocks crop out in two small areas between
the heads of Chinitna River and Tooie Creek. These
areas are remnants of the western Triassic belt that starts
on Iniskin Bay. The easternmost, about half a mile

1The name ‘“Marsh Creek’’ appears on maps of the area published by the Geolog-

ical Survey prior to 1958, and that name is used in this report. The former ‘“Marsh
Creek” is shown as ‘““Clearwater Creek” in later maps.

long and 500 feet wide, is completely engulfed in the
pink quartz monzonite. The other area, about 2%
miles long by a few hundred feet wide, is irregular in
outline; it is on the contact between the diorite and
monzonite. The rocks of both areas are highly altered
marble, argillite, and hornfels and are probably roof
pendants in the pluton.

Triassic metamorphic rocks were observed at several
small, widely scattered localities north of Chinitna
Bay. One such locality is at about the 3,500-foot
level on the southwest slope of Iliamna Volcano.
This patch of metamorphic rock, about 3 miles long,
is cut by Umbrella Glacier. The eastward-striking
beds are in contact with the pluton as well as the
Talkeetna Formation. Middle Glacier truncates the
east end of the belt, and no other exposures of Triassic
rocks were found in the vicinity of Iliamna Volcano,
the beds being either covered by Recent lava flows or
actually assimilated into the rising magma of the
volcano. Assimilation is probably the correct ex-
planation, for the pluton .is in thrust-fault contact
with the Talkeetna Formation northeast of the volcano,
and field evidence indicates that the volcanic neck is
about on the contact between the pluton and the
Jurassic volcanics. However, the true relationship
may never be known, for about 90 percent of the
possible Triassic outcrop area is covered by glaciers.

Two other areas of Triassic rock are present in the
mountains near the head of Tuxedni Bay. The larger
area is about 10 miles northwest of Chisik Island,
where about 1,100 feet of crystalline limestone, argil-
lite, and basaltic lava flows is exposed in a mountain
along the shore of the bay. A similar, but much
thinner section, is exposed about 1 mile north of the
limestone mountain. Both areas are on the east side
of the Bruin Bay fault zone.

The only other occurrence of known Triassic rocks
is a thin sliver along the Bruin Bay fault 3 miles north-
east of Johnson Glacier. A maximum of about 160
feet of crystalline limestone and argillite is exposed
between the major thrust fault and a high-angle reverse
fault east of the thrust. These beds are highly meta-
morphosed and fractured.

Triassic rocks are not known to be present in the
area north of the shoreline of Tuxedni Bay; however,
most of this adjoining area has never been mapped by
the Geological Survey. The rocks do continue south
of Iniskin Bay and have been reported on by Martin
and Katz (1912, p. 41-48), Mather (1925, p. 162-63),
and Martin (1926, p. 51-65).

CHARACTER

All the Triassic rocks have been subjected to varying
degrees of contact and (or) dislocation metamorphism,
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and though the Triassic was not studied in great detail
by the present investigation, certain generalizations
concerning this sequence of rocks can be made. The
rocks were originally deposited in a marine environ-
ment and consisted of limestone, in part dolomitic,
sandstone, shale, and basaltic lava flows. The chert
characteristic of the Kamishak Formation at Ursus
Cove and Bruin Bay (Stanton and Martin, 1905, p.
393-396; Martin and Katz, 1912, p. 47-50), just south
of the Tniskin-Tuxedni region, is not present in the
mapped area. As suggested by Martin (1926, p. 52),
the sequence exposed in the mapped area may be
slightly older than the Kamishak Formation.

The first phase of metamorphism occurred during
late Early Jurassic or early Middle Jurassic time when
the quartz diorite of the Aleutian Range batholith
was emplaced. Contact metamorphism produced
medium- to coarse-crystalline metalimestone and argil-
lite in which the contact aureole does not extend more
than 50-100 feet from the contact; this type of meta-
morphism is preserved along the north side of the
Triassic belt on the southwest slope of Iliamna Volcano.
A pink quartz monzonite was injected into both the
quartz diorite and the Triassic sedimentary sequence
~ at a later date, forming the second phase of contact
metamorphism. The quartz monzonite was apparently
more fluid, and at a correspondingly higher tempera-
ture, and it produced high-grade contact metamorphic
rocks of the pyroxene-hornfels facies. Some of the
metalimestone was altered to granoblastic marble;
hornfels was formed near Iniskin Bay and quartzite and
argillite along Marsh Creek. Some of the rocks were
further altered by dislocation metamorphism during
movement along the Bruin Bay fault and associated
fault systems. This third phase of metamorphism
probably took place during middle to late Tertiary,
although exact dating is impossible at present. The
sliver of Triassic rocks 3 miles northeast of Johnson
Glacier shows the effect of dislocation metamorphism
very well.

Limestone, metalimestone, and marble are considered
together for this discussion, because they are of the
same rock unit but have undergone varying degrees
of metamorphism. TUnaltered limestone is rather
uncommon in this region, being confined chiefly to
part of the section exposed in the mountain at the
head of Tuxedni Bay, where massive light-gray and
thin-bedded dark-gray carbonaceous limestone was
observed. The limestone is slightly crystalline and
metamorphosed near the basaltic sills and flows that
are a part of the section but does not appear to have
been altered by the quartz diorite with which it is
in fault contact. The juxtaposition of the limestone

and quartz diorite occurred at a date much later than
the intrusion.

The sliver of Triassic rocks in the mountains 3 miles
northeast of the terminus of Johnson Glacier contains a
thin sequence of gray crystalline metalimestone and
green argillite about 160 feet thick. The beds were
subjected to all three phases of metamorphism. A
thin section (field sample 52AJu564) of the metalime-
stone about 100 feet from the contact was examined
(pl. 3); it is composed of about 60-65 percent anhedral
to subhedral calcite in crystals 0.02-5.0 mm in di-
ameter, most of which show polysynthetic twinning.
Carbonaceous material constitutes about 25-30 percent,
mostly in finely disseminated flakes and small masses.
Euhedral quartz and subhedral dolomite were the only
other minerals present and they constitute less than 3
percent of the rock. The rock is not greatly altered,
but does show some coarsely crystalline calcite; it has
been shattered by faulting and the cracks are sealed by
the fine-crystalline calcite. This specimen probably
was taken at too great a distance from the intrusive to
show maximum effects of metamorphism.

Two samples of marble (50AGz39, 50AGz40) from
the westernmost belt of Triassic at the head of Chinitna
River were examined in thin section. Sample 39 was
taken from near the contact between the Triassic and
quartz monzonite and sample 40 from about halfway
between the quartz monzonite and quartz diorite.
Both samples are typical low-grade contact metamor-
phic rocks. They are granoblastic, sample 39 more so
than 40, having crystals of calcite and dolomite about
5 mm in diameter. Calcite constitutes about 80 per-
cent of both; it is anhedral, polysynthetic twinned,
and has many inclusions of accessory minerals that
suggest the rock was originally a siliceous dolomitic
limestone. Both samples contained 5-8 percent diop-
side in 0.02-0.05-mm subhedral crystal inclusions in
the calcite. In addition, sample 39 contained 3—4
percent forsterite as rounded idioblastic grains, 2-3
percent long prismatic crystals of tremolite, and 2-3
percent pyrite. Sample 40 did not have forsterite or
tremolite, but did contain a little wollastonite and 1-2
percent magnetite in addition to the pyrite. The
magnetite was in 0.01-0.02-mm grains. Quartz was
not identified in either sample, but the presence of
forsterite and diopside indicates that the rock origi-
nally contained silica, and chert was found in sample 39.

Argillite is interbedded with the limestone in all
sections of the Triassic in this region; it is massive,
dark gray, dark green, and blue, and in a few local-
ities is somewhat granular. The argillite has undergone
metamorphism similar to the limestone series and now
shows increasing grades of metamorphism from well-
indurated argillite to pelitic hornfels, slate, and, at
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the head of Chinitna River, phyllite. A few thin
sections were examined cursorily, more from the
point of view of confirming field identification
of the rocks rather than doing a detailed analysis.
The pelitic hornfels has the typical granoblastic matrix
of quartz, orthoclase, biotite, and finely disseminated
flakes of graphite; included in this matrix are large
porphyroblasts of andalusite. The slate and phyllite
show a preferred orientation of the mica and were
deficient in feldspar. One specimen was almost a mica
schist, as it chiefly contained only quartz and mica in
well-defined bands.

Gray quartzite, greenstone, and welded tuff breccia
are present locally in parts of the region mapped as
Triassic; it cannot be stated definitely that these rocks
are Triassic, but because they are metamorphosed more
than the Lower Jurassic rocks, it seemed advisable
to include them with the Triassic. This group of
rocks forms a very minor part of the sequence in the
area between Iniskin Bay and the head of Marsh Creek,
and may be part of a somewhat similar, but thicker,
sequence exposed south of the mapped area (Martin
and Katz, 1912, p. 38-40).

THICKNESS AND STRATIGRAPHIC RELATIONS

The computed thickness of Triassic rocks ranges from
160 to 1,300 feet (pl. 4). This thickness is probably
only a small part of the sequence originally deposited,
for in all exposures the lower contact is with intrusive
igneous rocks. The figures given are considered as
only approximate by the authors; because exomorphic
changes in the sedimentary rock have obliterated most
of the bedding in some of the area and faulting has
further complicated the stratigraphic relationships.

The contact with the overlying beds of the Talkeetna
Formation is arbitrarily placed at the point where the
beds change from a dominantly volcanic sequence to
rocks of dominantly sedimentary origin. Because the
rocks in the lower part of the Talkeetna Formation are
metamorphosed somewhat, the presence of metamor-
phism cannot be used as a key in mapping except to
the extent that rocks in the Talkeetna show mainly
low-grade metamorphism as contrasted to the higher
grade metamorphism of rocks in parts of the Triassic.

AGE AND CORRELATION

The age of the metamorphic rocks cannot be deter-
mined definitely from fossil evidence, for only two
meager collections were made. One collection (sample
52AJu402) was from the metalimestone 1.5 miles north
of the terminus of Middle Glacier; it contained poorly
preserved spongelike fossils that were identified by
Helen Duncan, of the U.S. Geological Survey, as
Spongiomorpha (Heptastyloppis) ramosa Frech of Tri-

assic age. This species was obtained also from a col-
lection made on Iliamna Lake (Martin and Katz, 1912,
p. 44-46) that contained other faunal elements of
definite Late Triassic age.

The other collection from the Triassic of the mapped
area (58ADt53) was from a silicified limestone on
Marsh Creek about 3.3 miles from the tidal flats.
These rocks contained impressions of fossils resem-
bling corals.

A single specimen of Monotis was collected by Arthur
Grantz from silicified limestone on the south shore of
Iniskin Bay. This limestone is on strike with the Tri-
assic beds on the north shore of the bay and in all
probability is a continuation of the limestone that con-
tained the corallike structures of sample 58ADt53.
Monotis is fairly common in the Kamishak Formation
of Late Triassic age.

The metalimestone and associated rocks of this region
are part of the Upper(?) Triassic sequence; however,
the position within this sequence and the relationship
to the Kamishak Formation were not determined.

JURASSIC SYSTEM
LOWER JURASSIC ROCKS
TALKEETNA FORMATION

Bedded volcanic rocks consisting of lava flows, tuff,
volcanic breccia, agglomerate, and lesser amounts of
sandstone and shale have been recognized for many
years in the mapped area (Martin, 1905, p. 38; Martin
and Katz, 1912, p. 50-59; Martin, 1926, 137-140;
Moffit, 1927, p. 11). This thick sequence of rocks has
been variously referred to as Lower Jurassic(?) rocks
or porphyries and tuffs. The present authors herein
propose to extend the Talkeetna Formation of the
Talkeetna Mountains and Matanuska Valley to these
rocks on the west side of Cook Inlet. The senior
author visited many Talkeetna Formation localities in
the Talkeetna Mountains with Arthur Grantz in the
summer of 1957 and observed the similarity of the
rocks in the two areas. Good correlation can be made
despite the 225 miles that separate the areas, and it is
the authors’ opinion that these rocks are of the same
stratigraphic unit.

Much new information obtained on these Lower
Jurassic rocks during the present investigation of the
Iniskin-Tuxedni regions shows that they can be sub-
divided, broadly, into three stratigraphic units, each
having a dominant distinctive lithology. The units
are, from oldest” to youngest: Marsh Creek Breccia
Member, massive dark-green volcanic breccia and
argillite ; Portage Creek Agglomerate Member, massive
red and pink agglomerate, tuff breccia, and argillite;
Horn Mountain Tuff Member, thin-bedded to massive
tuff and tuffaceous sandstone. Lava flows are common
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to all members, but porphyritic flows are largely con-
fined to the Horn Mountain Tuff Member; green
aphanitic flows are more common in the older units.
The characteristic lithologic features mentioned for
the above members are by no means limited to the
specific members, but the features are dominant for

each member.
Marsh Creek Breccia Member

AREAL DISTRIBUTION

Rocks making up the Marsh Creek Breccia Member
are best exposed in a belt 1-2 miles wide from the
head of Iniskin Bay northeastward to the south slope
of Iliamna Volcano. The continuity of this belt is
broken by numerous faults and by the quartz monzo-
nite intrusive near West Glacier Creek. The member
is missing from this northeastward-trending belt for
12 miles starting at a point on the south slope of Iliamna
Volcano; it reappears & few miles south of Tuxedni
Bay and continues at least as far as the bay, where
the rocks are well exposed. Quartz diorite of the
Aleutian Range batholith is in fault contact with
younger rocks along most of the 12 miles. In the
vicinity of Iliamna Volcano the rocks were undoubt-
edly assimilated into the rising magma chamber under
the volcano.

Volcanic rocks of Early Jurassic(?) age occur im-
mediately southwest of the area mapped (Martin
and Katz, 1912, p. 50-53), but it is not known if these
rocks are equivalent to the Marsh Creek Member.
Martin and Katz described the rocks as one unit, and
their description (p. 51) indicates to the present authors
that at least part of the Marsh Creek Member is present
there.

CHARACTER

Massive dark-green to green volcanic breccia is
the dominant rock type of this member. Much of
the breccia has a tuff matrix and is actually a tuff
breccia. Bedding is not readily discernible in many
of the massive units that range from 40 to as much as
1,100 feet thick. Angular fragments making up the
breccia range from about half an inch to nearly 3 feet
across. Size sorting is not conspicuous, but in general
the constituents become coarser downward in the
section. Most of the fragmental constituents are aph-
anitic green and pink volcanic rocks of the same general
composition as the lava flows associated with the breccia.

Lava flows are interbedded with the volcanic tuff
breccia throughout the Marsh Creek Breccia Member,
but the flows become more abundant and of greater
thickness southward across the mapped area. The
bedded lava, partly of submarine origin, is dominantly
microcrystalline and is mainly andesite and dacite.
Phenocrysts, ¥+ inch long, may be abundant or sparse
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within short distances in the same flow, and the flows
vary in color from light-red to light- to medium-green,
the greenish type predominating. Because these lavas
are considerably altered near the quartz diorite pluton
and are cut by numerous dikes, identification is difficult
even in thin section. The holocrystalline to hypo-
crystalline groundmass was extremely altered in most
specimens examined in thin section.

Plagioclase feldspar laths were identified in the felted
groundmass of a specimen (51AJu86) taken from one
of the green flows at Tuxedni Bay. The plagioclase,
extremely corroded, is about andesine. Phenocrysts
of andesine are fairly common and orthoclase uncom-
mon, both are altered to sericite along fractures. The
mafic mineral phenocrysts were mostly chloritized
augite. Magnetite and other opacite crystallites are
scattered throughout. A zeolite mineral, probably
thomsonite, is present in minor amounts. -

A thin section of sample 51AJu296 taken from a red
lava flow on the ridge between Middle Glacier and East
Glacier Creeks shows a felted texture of albitized
plagioclase feldspar microlites. Phenocrysts of ande-
sine and orthoclase are altered to epidote and sericite.
Hematite is fairly common and may be partly an
oxidation product that imparts the reddish color to
the flows. This rock may be dacite but is probably
closer to andesite.

Bedded tuff, similar to that described as the matrix
in the tuff breccia, is locally an important part of the
section of the Marsh Creek Breccia Member. The
tuff is present in all parts of the region but is thicker
in the southern part and coarser grained in the north-
ern part.

Greenstoné was noted at several localities, the thick-
est unit being about 260 feet near the head of Tuxedni
Bay. Although the rocks were not studied in thin
section, they were probably derived by alteration of
some of the mafic lava flows.

THICKNESS AND STRATIGRAPHIC RELATIONS

All thickness values shown on plate 4 were computed
from rather meager field information, the primary ob-
jective of this project being to study the sedimentary
rocks for possible petroleum-resource potential. The
study of the Lower Jurassic volcanics and Triassic
metamorphic rocks was secondary; consequently, the
amount of detail on these older rocks is not as great as
it is for the younger sedimentary rocks. Moreover,
the character of the older rocks also makes the thick-
ness values less meaningful, inasmuch as they are com-
plexly faulted, and in some places the amount of
displacement could not be ascertained.

The estimated thickness for the Marsh Creek Breccia
Member probably is more questionable than that for
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any other stratigraphic unit in the mapped area. This
uncertainty is the result of a combination of such
factors as greater faulting, obscure contact relationships
with the pluton and Triassic metamorphic rocks, and
remoteness of outcrop areas in an extremely rough
terrane.

The thickest section, about 3,350 feet, was measured
along the south shore of Tuxedni Bay. This section is
relatively accessible from the bay and was checked in
greater detail than were most other sections of the
member; therefore, it is designated the type section,
although the member is here named after Marsh Creek
(Clearwater Creek). The section starts about 6 miles
northwest of Fossil Point and continues along the
shoreline for approximately 2! miles to the contact
with the quartz diorite pluton. The upper contact
with the overlying Portage Creek member is a fault,
but displacement is considered to be minor. The 3,350
feet of section at this locality does not represent the
full sequence of rocks originally deposited, for part was
assimilated into the pluton.

Details of the type section are listed below. The sec-
tion was studied by Arthur Grantz and J. K. Hartsock
in 1951 and by R. W. Juhle in 1951 and 1952.

Type section of Marsh Creek Breccia Member along south shore
of Tuxedni Bay

Fault. . Thickness
Marsh Creek Breccia Member: (feet)
Volcanic breccia, massive, coarse, green, tuff matrix;
green aphanitic lava flow in upper part__________ 400
Lava flow, bedded, aphanitic, green; porphyritic sill
near middle; unit cut by minor fault____________ 250
Volcanic breccia, massive, medium to coarse, green;
several dikes and a green aphanitic lava near base._ 850
Lava flow, aphanitie, green______________________ 150
Greenstone .. ________________________________ 250
Lava flow, aphanitie, green___ ___________________ 150
Covered. - ____ 350
Lava flow, aphanitic, green_ _____________________ 50
Tuff, coarse, greenish____________________________ 250
Volecanic breccia, massive, coarse, green to dark-
BreeN . e 400
Tuff, light-green. . _____________________________ 100
Volcanic breccia, massive, green; increasing metamor-
phism near contact with pluton_________________ 150
Total _____ L ______ 3, 350

The section from between Iniskin Bay and Marsh
Creek (Clearwater Creek) is nearly as thick, 3,100
feet, as the type section, but is not as well exposed;
it contains less coarse breccia and more fine-grained
fragmental rocks, most of which are more highly met-
amorphosed than those elsewhere in the region. Contact
relationships with both younger and older rocks are
obscure.

Sections of the Marsh Creek Breccia Member are

thinner or missing in the central part of the region.
This absence is mainly due to displacement along the
Bruin Bay fault and to assimilation of the rocks in the
rising magma chamber under Iliamna Volcano.

AGE AND CORRELATION

The age of the Marsh Creek Breccia Member can-
not be determined from fossils, because none have
yet been found in the mapped area. This apparent
lack of fossils probably is due in part to insufficient
collecting, for elsewhere—Talkeetna Mountains, Sel-
dovia, and Alaska Peninsula—the Lower Jurassic is
fossiliferous. In the Talkeetna Mountains most of
the fossils come from the upper part of the Talkeetna
Formation, but fossils are present throughout the
formation (Arthur Grantz, oral commun., 1953).
According to Imlay (written commun., 1961), these
fossils from the Talkeetna Mountains represent most
of the stages of the Lower Jurassic, some being as old
as early Sinemurian, on the basis of the presence of
the ammonite Arnioceras sp. Correlation of the rocks
in the Iniskin-Tuxedni region with the standard zones
from northwest Europe is given in table 3.

The stratigraphic sequence in the Talkeetna Moun-
tains is not quite the same as in the Iniskin-Tuxedni
region in that Lower Jurassic sedimentary rocks are
present below the thick sequence of volcanic rocks.
In the Iniskin-Tuxedni region, rocks that are correlated
as Upper(?) Triassic may be equivalent to part of these
Lower Jurassic rocks in the Talkeetna Mountains but
here have been included in the Upper(?) Triassic on
the basis of increased metamorphism,

Fossils from the lower sedimentary unit in the Tal-
keetna Mountains include the ammonites Arnioceras,
Crucilobiceras, Acanthopleuroceras, and Radstockiceras
of Sinemurian and Pliensbachian age. It is impossible
to state, at present, if any part of the Marsh Creek
Breccia Member is as old; the member may correlate
with the upper part of the type Talkeetna Formation
and, if so, is of Toarcian age.

The correlation of the Marsh Creek Breccia Member
with other Lower Jurassic rocks in the Cook Inlet-
Alaska Peninsula region is rather tenuous. Martin
and Katz (1912, p. 51) described a sequence from the
area just south of the region that seems to correlate in
part, but for most of southwestern Alaska the Lower
Jurassic volcanic sequence has not been studied in
enough detail to permit any direct correlation.

Portage Creek Agglomerate Member

AREAL DISTRIBUTION

Rocks mapped as the Portage Creek Agglomerate
Member are exposed in a northeastward-trending belt
adjacent to the Marsh Creek Breccia Member in the
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Chigmit Mountains. The belt, about 1-2 miles wide,
is complexly folded and faulted between Iniskin Bay
and Iliamna Volcano. The northward-trending Bruin
Bay thrust fault transects the northeastward-striking
beds on the southeast slope of Iliamna Volcano, and
the member is missing to just north of Johnson River,
where it reappears in the east side of the fault zone.
The beds continue at least as far as Tuxedni Bay and
may continue northeast of the bay for some distance.
The segment northeast of Johnson River is less complex
structurally than is the part southwest of Iliamna
Volcano, probably because the northern segment lies
on the east side of the fault zone and was not subjected
to the crushing and crumpling that was exerted on the
west or upthrown side of the fault.

The abnormally wide outcrop area between Iniskin
Bay and Marsh Creek (Clearwater Creek) may be
caused by a large anticlinal structure, or possibly by
several structural features. Field observations are
rather meager for this interval, but they do support the
existence of at least one major anticline having steeply
dipping flanks and a strong southwesterly plunge.
This anticlinal trend was not observed north of Marsh
Creek (Clearwater Creek), where the beds have a steep
monoclinal dip to the east. Many faults cut the beds
on the south slope of Iliamna Volcano. A few of the
more conspicuous faults are shown on plate 1; they
probably were formed by the rising magma chamber
under the volcano, and displacement on them probably
is minor.

CHARACTER

The Portage Creek Agglomerate Member is com-
posed mainly of fragmental volcanic ejecta somewhat
similar to that of the underlying Marsh Creek Member,
the main difference being in the form and color of the
ejecta. In this member the fragments are mostly
rounded volcanic bomb-type detritus, and they form
massive beds of agglomerate and lapilli tuff having
an overall red or pink color. Some beds contain a
preponderance of tuff matrix, others consist almost
entirely of coarse fragments having little or no matrix.

The distribution of the coarse volcanic ejecta is
just opposite to that of the Marsh Creek Member in
that most of the agglomerate and lapilli tuff beds are
in the southern rather than the northern part of the
region where the rocks grade into fine-grained tuffs,
clastic sediments, and lava flows. This distribution
seems to indicate a different source area, and could
be the reason for the difference in rock types. These
rocks are lighter than those of the Marsh Creek Mem-
ber and are more felsic. Agglomerate and lapilli tuff
constitute about 50 percent of the section between
Iniskin Bay and Marsh Creek. In the central part
of the region these rocks form less than 20 percent of

the section, and at Tuxedni Bay, about 30 percent.
Neither the ratio of lapilli tuff to agglomerate nor the
rate and direction of change can be determined, because
most of the rocks were identified in the field simply as
agglomerate and samples are not now available for
determination.

The tuffaceous agglomerate and lapilli tuff form
thick to massive units in the Portage Creek Member.
These units, however, are not quite as massive as are
the beds of coarse fragmental ejecta in the underlying
Marsh Creek Member, but the interbeds of lava,
tuff, and clastic sedimentary rocks are thicker than in
the Marsh Creek Member. This change in the litho-
logic character of the beds would indicate a lessening
of the violent volcanic activity in the source area,
particularly in the source area adjacent to the central
part of the region where thick units of normal sedi-
mentary rock were deposited during this time.

Crystalline to vitric andesitic tuff in thin to medium
beds is interlayered with the agglomerate and the lava
flows; it is also an important constituent of the clastic
sedimentary rocks. Most of the tuff is red to tan,
but in a few localities it is basaltic. The bedded tuff
is well indurated and brittle, and most beds are
laminated.

A specimen of welded lithic tuff agglomerate from
the section on the south shore of Tuxedni Bay was
examined in thin section. This sample (51AJull9)
is from about 1,500 feet below the top of the member.
The rock is altered considerably but seems to have
a matrix of albite, epidote, and sericite. Devitrified
pumice lapilli that have crushed spherulites and
lithophysae are present; spherulites are filled with
tridymite. Large crystals of orthoclase and andesine
are scattered throughout the specimen, as are small
crystals of epidote. Numerous lithic fragments of
porphyritic volcanic rock are included; these fragments
appear less altered than the host rock. Anhedral
to subhedral crystals of hematite and ilmenite form
2-3 percent of the specimen. Opacite crystallites are
scattered throughout; they are believed to be mostly
ilmenite altered to leucoxene.

Lava flows are interbedded with the other rocks in
the Portage Creek Member. The flows are generally
medium-green andesite porphyry. The thickest se-
quence of flows is exposed at Tuxedni Bay, where 430
feet of porphyritic andesite underlies a thick unit of
agglomerate and breccia and overlies another unit of
agglomerate. Sample 51AJul10, from the top of this
sequence (600 feet below the top of the member), is
probably typical of those examined in thin section. It
is a biotite andesite porphyry having a pilotaxitic to
felted groundmass of andesine in which large pheno-
crysts of altered biotite and zoned labradorite are
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common and hornblende and andesine less common.
Some of the biotite is altered to chlorite, and the feld-
spars commonly are partly altered to kaolinite. The
authors interpret this section as being very close to the
vent, because about 75-80 percent of the rock is coarse
pyroclastic.

Sedimentary rocks in the Portage Creek Member are
mainly argillite, green to dark greenish gray and well
indurated. These rocks are found primarily in the
central part of the region along with bedded tuff. A
massive coarse-grained tuffaceous voleanic sandstone is
present at Tuxedni Bay, where it is the only sedimen-
tary rock in the section. Several limestone beds were
noted with the argillite on Middle Glacier Ridge.

THICKNESS AND STRATIGRAPHIC RELATIONS

The authors qualify all thickness estimates listed for
this member as they did for the Marsh Creek Breccia
Member, that is, thickness values were computed from
rather meager field information and are therefore ap-
proximate. The thickness of the Portage Creek Ag-
glomerate Member is believed to be between about
2,250 and 2,850 feet.

The member is here named after Portage Creek, on
Iniskin Peninsula, and is fairly well exposed on the east
slope of Mount Eleanor, which is just west of the creek.
However, the section on the south shore of Tuxedni
Bay is better exposed and has more field control; it is
therefore designated the type section for the member.
It starts about 2.4 miles northwest of Fossil Point and
continues along the shoreline to the contact with the
underlying Marsh Creek Member. The section was
studied by Arthur Grantz and J. K. Hartsock in 1951
and by R. W. Juhle in 1951 and 1952. Details of the
type section are listed below.

Type section of Portage Creek Agglomerate Member from south
shore of Tuxedni Bay
Fault.
Portage Creek Agglomerate:
Agglomerate, massive, coarse, red to pink, tuff ma-
trix; green volcanic breccia near base; small fault

Thickness
e

euts seetion__________________________________ 400
Lava flow, bedded, biotite andesite porphyry; diorite
dike and sill cuts lava_ ________________________ 400
Agglomerate and breceia, coarse, red, tuff matrix___ 150
Voleanic breccia, massive, coarse, red; several thick
units of hard crystalline tuff; andesite porphyry
flow near base________________________________ 550
Lava flow, massive, aphanitic, green______________ 150
Sandstone, massive, coarse-grained, tuffaceous______ 450
Fault, probably small.
Agglomerate and breccia, coarse, red to pink; cut by
diorite dike_ - - _______________________________ 150
Total . _____ 2, 250

Fault.
Marsh Creek Breccia Member.

The stratigraphic relationship between the Portage
Creek Agglomerate and Marsh Creek Breccia Members
is not known clearly, because in nearly all parts of the
mapped area their contact is a fault. The contact is
apparently conformable on the divide between Diffi-
cult Creek and Johnson River. The contact with the
overlying Horn Mountain Tuff Member is also com-
monly faulted. Where not faulted, the contacts seem
to be conformable. However, inasmuch as the field
observations are rather meager and the beds are nearly
all massive, the authors hesitate to call any of these
contacts conformable.

AGE AND CORRELATION

Because the Portage Creek Agglomerate Member is
unfossiliferous in this region, the exact position within
the Lower Jurassic cannot be determined. The Early
Jurassic age assignment is reliable, however, for the
member underlies beds that can be correlated with
part of the Lower Jurassic (see p. 14) and overlies
rocks that rest on Upper Triassic. Additional work
in the sedimentary rocks of the central part of the
region may demonstrate the presence of fossils usable
for more precise dating.

Horn Mountain Tuff Member

AREAL DISTRIBUTION

On the Iniskin Peninsula, the Horn Mountain Tuff
Member is exposed in a narrow belt ¥ to 1 mile wide
along the west side of Portage Creek valley. Tertiary
lava flows in Range Peak cover several square miles
of the member at the Iniskin Bay end of this belt. The
area of exposure on the steep eastern slopes of the
Chigmit Mountains is sharply defined by fault bound-
aries. The Bruin Bay fault is the eastern boundary.
The western fault boundary with the Portage Creek
Agglomerate Member probably has only minor strati-
graphic displacement.

The member is not present in the mountains at the
head of Chinitna Bay but reappears on the north side
of the bay between West Glacier Creek and the Bruin
Bay fault along Horn Creek. The best exposures are
in Horn Mountain, the type locality for the member.
The section is highly faulted north of Chinitna Bay; a
few of the more important faults are shown on plate 1.
Stratigraphic displacement along Bruin Bay fault
reaches a maximum of 12,000-13,000 feet in this area.

A small pateh of Horn Mountain Tuff Member is
present on a mountain top between the north branch
and middle branch of East Glacier Creek. At this
point the northward-trending Bruin Bay fault zone
transects the northeastward-striking beds. The mem-
ber reappears east of the fault along the south side of
Lateral Glacier and then continues as a belt 1-2 miles
wide in a northeasterly direction to Tuxedni Bay.
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CHARACTER

Bedded tuff and tuffaceous feldspathic sandstone
are the dominant lithologic types in the Horn Mountain
Tuff Member. Porphyritic andesite lava flows are
present locally, although they constitute only a minor
part of the total thickness. Volcanic breccia, agglom-
erate, greenstone, and argillite are minor constituents.

Bedded tuff is present in all sections; it is best exposed
in Horn Mountain, where it occurs as thin-bedded to
massive units that are fine to coarse grained and white,
tan, red, green, purple, or mottled. Most of the beds
are fine to coarsely crystalline, but a few are lithic
tuff; all are well indurated. Some of the beds, at
least, were deposited in a continental environment, for
tree stumps in an upright position were noted near the
top of Horn Mountain. The thin-bedded laminated
units may have been deposited in a marine environment,
inasmuch as graded bedding is not uncommon and a few
belemnite fragments were found.

A sample of coarse red lithic tuff (51AJu9) from
about 50 feet below the top of the Tuxedni Bay section
was examined in thin section. This rock is a water-
laid lithic tuff in which many of the large crystals and
rock fragments are distinctly rounded. The matrix
is very fine grained to microcryptocrystalline. Several
large masses of black vesicular devitrified pumice were
noted ; the vesicles were filled with kaolinized orthoclase
and olivine. Large euhedral crystals of orthoclase,
hornblende, plagioclase, and magnetite were common
throughout in clasts of volecanic flow rock. The rock
was considerably altered, there being kaolinite on the
feldspars. This sample was more highly altered than
similar tuff from either of the underlying members
of the formation. The reason for this alteration is
increased weathering due to the proximity of the sample
to the overlying major unconformity.

Tuff is present in nearly all the clastic sedimentary
rocks of the member, particularly the arkosic sand-
stone and conglomerate. One such sample (51AJu-
102A) from 1,000 to 1,200 feet below the top of the
Tuxedni Bay section was examined in thin section
under the microscope. The matrix constitutes about
50-60 percent of the rock and is about half silt and
half clay, the silt being angular microcrystalline quartz.
Large rounded grains of cloudy quartz, orthoclase,
and volcanic rock fragments make up about 35-40
percent of the rocks. Minor amounts of garnet and
zircon are also present. A specimen of quartz arenite
from an overlying bed was 90-95 percent quartz. The
quartz is subangular to subround and slightly frosted.
Little or no matrix is present, but finely crystalline
quartz probably was derived from a silt matrix. Pla-

gioclase, orthoclase, zircon, and magnetite are present
in minor amounts.

The quartz arenite at this locality is of minor im-
portance, for the bed is only a few feet thick. Al-
though there is little or no matrix, the rock is well
indurated and has negligible pore space. Microcrys-
talline quartz surrounding larger quartz grains was
formed probably from a relic silt matrix. The bed
probably does not have much areal extent because
arenite is an exotic rock type in a typical eugeosyn-
cline. The quartz probably is merely a well-sorted
phase of rock derived from the same source as the
arkosic sandstone.

Many of the arkosic sandstone beds have more feld-
spar than the specimen described above and probably
could be accurately termed feldspathic graywacke.
Volcanic and other rock fragments as much as a few
inches in diameter are commonly included in the arkosic
rocks.

Bedded tuff and the tuffaceous content of the clastic
sedimentary rock increases southward across the region.
A few beds of agglomerate and breccia are present in
each of the sections measured south of Tuxedni Bay,
but the coarse volcanic ejecta is not an important part
of the stratigraphic sequence.

Porphyritic andesite lava flows are present in all
sections. Most of the bedded flows are thick, as much
as 550 feet thick at Tuxedni Bay.

THICKNESS AND STRATIGRAPHIC RELATIONS

The Horn Mountain Tuff Member was examined in
somewhat greater detail in the field than were the
underlying members of the formation, owing chiefly
to its accessibility and to its proximity to the sedimen-
tary rocks of the Middle Jurassic. Thickness estimates
are therefore believed to be fairly reliable.

The top of all sections is either an angular uncon-
formity or a fault. The unconformity is a major depo-
sitional break between the Lower and Middle Jurassic
and represents a hiatus of considerable magnitude.
The amount of section missing is of course unknown,
but the region apparently was reduced to about the
same base level, inasmuch as the section from the Beal
well correlates fairly closely with the exposed section.

The thickest section measured is 2,850 feet; it is
exposed on the south shore of Tuxedni Bay. The type
locality is Horn Mountain, after which the member is
here named, from the shore of Chinitna Bay to the peak
of Horn Mountain and north along the ridge to the
contact with the Portage Creek Agglomerate Member;
this section is 1,800 feet thick. The Bruin Bay fault
cuts off the top of the section, so details of the section
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above the lava flow are added from sections exposed
farther north.

The type section was examined by Arthur Grantz
in 1951 and R. W. Juhle in 1952. Some additional
details were added by R. L. Detterman and W. D.
Hinckley in 1958.

Type section of Horn Mountain Tuff Member at Horn Mountain

Horn Mountain Tuff Member:
Top of exposed section.
Porphyritic andesite lava flow____________________
Sandstone, arkosic to feldspathie, thin-bedded, fine-

to coarse-grained, tuffaceous; few interbeds of
brown to gray siltstone and a few pebble layers;

Thickness
(feet)

100

plant and belemnite fragments_________________ 550
Tuff, bedded, coarse, red and mottled; a few interbeds
of tuffaceous sandstone________________________ 300
Tuff, thin-bedded, fine- to coarse-grained, red, green,
purple, and mottled; voleanic breccia near top and
a thin unit of green argillite in lower part; few
plant fragments_ . ____________________________ 550
Sandstone, massive, fine- to coarse-grained, feld-
spathic, tuffaceous; few interbeds of red and mot-
tled tuff. ____________ . 300
Total . __ . o ___ 1, 800

Contact Portage Creek Agglomerate Member.

Sections exposed farther north indicate that about
800 feet was cut from the top of the Horn Mountain
section by the fault. Of this amount, 100-150 feet is
porphyritic andesite lava; the remainder is mainly
bedded tuff and some tuffaceous arkosic sandstone.

AGE AND CORRELATION

A few belemnites and plant fragments were found in
the bedded tuff near the top of the member. Un-
fortunately, these fossils were of little value for an age
determination because they were poorly preserved and
could not be identified specifically. Belemnites are
abundant in the overlying beds of Middle Jurassic age,
but the Horn Mountain Tuff Member is not considered
to be Middle Jurassic, mainly because of the degree of
induration, difference in lithology, and the angular
unconformity separating the member from the over-
lying beds. Perhaps the best correlation can be made
with beds in the upper part of the Talkeetna Forma-
tion from the Talkeetna Mountains area. At that
locality the upper part of the formation contains fossils
that represent the upper Pleinsbachian and Toarcian
stages of Early Jurassic age (Arthur Grantz, oral
commun., 1963).

MIDDLE JURASSIC ROCKS
TUXEDNI GROUP

As a result of the present investigations in the Iniskin-
Tuxedni region, the Tuxedni Formation was raised to
group status and the former members to formations

(Detterman, 1963). This change in nomenclature is
considered the best solution for mapping the thick
sequence of Jurassic rocks exposed in southern Alaska
and on the Alaska Peninsula. The new formational
units are readily mappable everywhere within the re-
gion and conform to all requirements of a formation.

The Tuxedni Group was first described as the
Tuxedni Sandstone by Martin and Katz (1912, p. 59),
and the type section was given as the south shore of
Tuxedni Bay, after which it was named. This section
on Tuxedni Bay had been visited by Eichwald (1871)
and Dall (1896); consequently, it was one of the better
known geologic units in Alaska at the time Martin and
Katz described the formation. They gave a thickness
of 1,128 feet for the unit that starts at Fossil Point
and extends 2% miles northwest along the shoreline.
They also recognized the presence of a fault within
the section.

The Tuxedni Group, as used in this report, is much
thicker than the unit described by Martin and Katz,
but the general composition of the included rock units
are similar to the beds exposed in the Fossil Point
section. Fossil Point is retained as the type locality
for the group, but type localities are refined for the six
formations. The group has an exposed thickness of
4,970-9,715 feet; some additional section is penetrated
by the oil wells in the subsurface under Iniskin Penin-
sula.

The Tuxedni Group underlies more of the mapped
area than any other unit and forms an almost contin-
uous belt 2-6 miles wide from Iniskin Bay to Tuxedni
Bay. The group is faulted out for a short distance
north of Chinitna Bay, as it is south of Iniskin Bay.
The areal extent of the Tuxedni Group immediately
porth of Tuxedni Bay is not known; however, it prob-
ably extends northward from the bay in line with
outcrops to the south. Good exposures of nearly all
of its formations are present on streams that drain the
central part of the mapped region.

Feldspathic graywacke, low-rank graywacke, sand-
stone, conglomerate composed mainly of voleanic rocks
in a graywacke matrix, siltstone, and shale are the
chief rock types in the Tuxedni Group. Thick units
of one predominant rock type are found within the
group and constitute the basis for differentiating the
Gaikema Sandstone, Fitz Creek Siltstone, Cynthia
Falls Sandstone, and Twist Creek Siltstone Forma-
tions. In all these formations other kinds of rocks
are interlayered with the dominant rock type. Con-
versely, the Red Glacier Formation at the base of the
Tuxedni Group and the Bowser Formation at the top
are distinguished by the heterogeneous nature of the
included rocks.
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Red Glacier Formation

A thick sequence of massive dark-gray arenaceous
siltstone and sandstone interbeds, tan arkosic sand-
stone, and black silty shale at the base of the Tuxedni
Group was named the Red Glacier Formation by
Detterman (1963). Good exposures are present on
both sides of Red Glacier, after which it is named.
This unit was formerly named the siltstone.member
of the Kialagvik Formation by Kirschner and Minard
(1949) (table 2). The Kialagvik Formation is exposed
at Wide Bay on the Alaska Peninsula some 200 miles
southwest of this region. As far as can be determined
from present field information, there are no exposures
of equivalent beds between the two areas. This se-
quence of rocks is now part of the Tuxedni Group
(Detterman, 1963) for it is genetically related to the
Tuxedni and is part of the original Tuxedni Sandstone
at Fossil Point; no logical tie can be found with the
Kialagvik Formation. The term ‘‘siltstone member”’
used for this unit by Kirschner and Minard (1949)
is a misnomer; it resulted from the fact that at the
time of their report only the upper silty part of the
present formation was known from Iniskin Peninsula.
Below the siltstone are thick units of sandstone and
shale that are also included in the formation by the
present authors.

AREAL DISTRIBUTION

Part of the type section of the Tuxedni Group as
described by Martin and Katz (1912, p. 60, units
21-37) is now mapped as Red Glacier Formation.
From the exposures on the south shore of Tuxedni
Bay, the formation continues about S. 50° W. in a
well-defined belt 1-2% miles wide to the valley of
Boulder Creek. The general structural trend of the
rock changes abruptly south of Boulder Creek; this
change may be in part due to the upwelling of magma
in Iliamna Volcano. The strike becomes more west-
erly, and the beds are terminated on the east slope
of the volcano by the Bruin Bay fault or are covered
by lava flows. No other exposures of the member
are known for the area north of Chinitna Bay.

Good exposures are found in bluffs on the south
shore of Chinitna Bay between the mouth of Gaikema
Creek and the Marsh Creek tidal flat. Only the
upper part is present where these beds wrap around
the end of Tonnie syncline. The beds continue south-
west along the flanks of Tonnie syncline as far as Low
Creek, where they are terminated by the intersection
of the Low Creek cross fault and a branch of the Bruin
Bay fault. A thin unit of the formation is exposed
at the base of the ridges forming the west wall of the
Fitz Creek Valley, between the mouth of Twist Creek
and Hardy Creek. A maximum of about 300 feet is
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exposed at the mouth of Tonnie Creek, where the
formation was faulted to its present position.

CHARACTER

The Red Glacier Formation is a heterogeneous as-
semblage of rocks consisting mainly of siltstone, arko-
sic sandstone, and shale, and minor amounts of sub- -
graywacke, conglomerate, and limestone. The main
constituents generally are in units a few hundred to
more than a thousand feet thick that contain thin
interbeds of other rock types (pl. 5).

Siltstone forms about 40 percent of the exposed
rock and is concentrated mainly in the upper part;
these features explain why this unit was originally
called the siltstone member (Kirschner and Minard,
1949). The siltstone is predominantly coarse grained,
thin bedded to massive and dark gray to moderate
olive gray; it weathers brownish gray to dark rusty
brown. It contains numerous rock fragments and,
because it is highly arenaceous, it is not much dif-
ferent from the fine-grained subgraywacke sandstone
that forms interbeds in the section. Locally the upper
part of this siltstone unit contains lenticular interbeds
and ovoid concretions of reddish-gray dense, very hard
limestone and a few very thin seamlets of coally mate-
rial. The sandstone interbeds have a few pebbles
locally, generally less than half an inch in diameter.

Arkosic sandstone underlies the siltstone and forms
about 25 percent of the total exposed section. Sev-
eral well-defined units of arkose, 200 to more than 700
feet thick, occur in the sections north of Chinitna Bay.
The same units were found in the oil wells on Iniskin
Peninsula as well as additional units that probably
represent the rocks faulted out in the type section.
The arkosic sandstone is massive, fine to medium
grained, light tan to buff, and hard. The grains are
angular to subangular and contain only a small amount
of kaolinitic matrix. Feldspar makes up about 35-40
percent of the component minerals. Contacts between
the arkose and the enclosing shale and siltstone are
sharp, and there are only a few interbeds of other
rock types.

A thick shale sequence is exposed in the type section
and is found in the oil wells. The shale is silty to
arenaceous, black, very fissile, and soft, and is easily
weathered. Many lenticular limestone beds and con-
cretions occur in this unit, as do a few thin silty sand-
stone interbeds. Locally the shale is in contact with
Quaternary lava flows from Iliamna Volcano and has
been baked to a slatelike texture. The baked shale is
commonly red owing to oxidation of the pyrite during
contact with the hot lava. Much of the black shale
has a high carbonaceous content.
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The lithology of the formation is remarkably uniform
throughout the mapped area. Rapid facies changes
that are present in the younger formations of the Tux-
edni Group are not noticeably present in the Red Gla-
cier, and equivalent beds can be readily recognized at
the various localities.

THICKNESS AND STRATIGRAPHIC RELATIONS

The exposed parts of the Red Glacier Formation
range in thickness from about 2,000 to 4,500 feet;
about 2,000 feet of additional section was penetrated
in the oil wells. This additional section may represent
in part the rocks cut out of the type section by a fault,
inasmuch as good correlation above the fault can be
maintained between the two areas.

Most exposures of the formation include only the
upper part. On Iniskin Peninsula about 1,525 feet
of the upper part is exposed in steeply dipping beds
on the south shore of Chinitna Bay. The beds wrap
around the sharply folded Tonnie syncline with an aver-
age dip of about 45°. Southwest along the flanks
of the syncline even less of the formation is exposed.
The only complete section is exposed along Hungryman
Creek and the south shore of Tuxedni Bay. The
formation is 1,980 feet thick at this locality and 1ests
unconformably on the older Talkeetna Formation.

This 1,980 feet is believed to represent only the upper

part of the formation, for it probably was deposited by
progressive onlap onto the older rocks.

The thickest section is computed to be 4,540 feet
thick from exposures along Red Glacier; this is the type
section for the Red Glacier Formation. Part of the
type section is exposed on the south side of the glacier
and part on the north side. The type locality for the
upper 3,310 feet is defined as being the ridge between
Red Glacier and Boulder Creek, lat 59°59’45"’ N.,
long 152°57’ to 152°59’ W.; that for the lower 1,230
feet is the ridge between Red Glacier and Lateral
Glacier, lat 60°02’30” N., long 152°57’ to 152°58’ W.
The section was measured with planetable and alidade
by Arthur Grantz and Richard Hoare in 1951 and re-
checked by R. L. Detterman and D. W. Hinckley in
1958.

Type section of Red Glacier Formation

. Approxi-
Gradational contact. mate
Red Glacier Formation: tha%”

Siltstone, thin-bedded, coarse-grained, brownish-
gray; thin interbeds of very fine grained sand-
stone; large limestone concretions in upper part;
porphyritic andesite sill near middle of unit;
many thin coquina beds containing Wiichellia,
Parabigotites, Holcophylloceras, and the pelecy-
pods Meleagrinella, Trigonia, and Inoceramus._.. 750
Siltstone, massive, coarse-grained, gray; weathers
grayish brown______________________________ 410

Type section of Red Glacier Formation—Continued
Approxi-
mate

Red Glacier "‘(‘fj‘,’})" ¢
Sandstone and siltsone; the sandstone is thin to
medium bedded, fine to medium grained, light
brown; the siltstone is thin bedded, coarse
grained, brownish gray; plant fragments and a
few pelecypods and belemnites_.______________
Sandstone, arkosic, massive, fine- to medium-grain-
ed, buff; 35-40 percent feldspar in kaolinitic
matrix; few plant fragments__._______________
Shale, massive, silty to arenaceous, black, very
soft and easily weathered, carbonaceous; large
concretions and lenticular beds of limestone in
upper part; siltstone interbeds in lower parts;
many plant fragments; few invertebrate fossils,
T'metoceras; fault near middle, section below fault
measured on ridge north of Red Glacier_______
Sandstone, arkosic, massive_ ___________________
Shale, thin-bedded, silty, banded, black and gray;
altered to slate in upper part; few thin sandstone
interbeds. _ ______ . _______
Sandstone, arkosic, massive, tan________________

1, 060

720

1, 000+
200

Total section exposed. _ . .- ________ 4, 540+
Angular unconformity. .

The contact between the Red Glacier Formation and
the overlying Gaikema Sandstone is conformable in all
exposures. It is not a sharp contact but is gradational
through about 50-100 feet of section in which there is
a gradual increase in sand constituents and a corre-
sponding decrease in silt. The authors recognize the
fact that the contact may not be on the same bed
throughout the region, but for convenience they have
placed it at the base of the first predominantly sand-
stone unit.

The depositional contact with the Talkeetna For-
mation is rarely seen because in most exposures the
Red Glacier Formation is in a fault contact relationship
with the older rocks. The sections from Hungryman
Creek and the north side of Red Glacier show the
normal relationship between the two formations, and
the contact is an angular unconformity. The strike
and dip of the beds change across the contact, and the
older rocks appear to be more highly weathered.

The upper and lower contacts of the Red Glacier
Formation apparently converge rapidly toward the
northeast, for the formation thins from about 6,500
feet at the oil wells on Iniskin Peninsula to 4,540 feet
at Red Glacier and finally to 1,980 feet near Tuxedni
Bay (fig. 2). Inasmuch as the upper contact with the
Gaikema Sandstone is conformable and, fauna of the
Tuxedni Bay section of the Red Glacier Formation
correlates fairly well with that of the upper part of the
thicker sections to the southwest, the change would
appear to be mainly at the base of the formation. The
formation probably was deposited by progressive onlap



INISKIN BAY
Tonntie Creek
CHINITNA BAY

Beal well

&8

JURASSIC SYSTEM

Red Glacier
Johnson River
TUXEDNI BAY

Chisik Conglomerate
— — Member

Upper
Jurassic

Tertiary

Naknek
Formation

Chisik Conglomerate Member:

Pomeroy Arkose Member

Snug Harbor Siltstone Member
Lower sandstone mem
Chinitna J Paveloff Siltstone Member

Formation LTonnie Siltstone Member

/
Bowser Formation
Cynthia Falls Sandsto
Fitz Creek Siltstone
Gaikema Sandstone

Middle
Jurassic

EXPLANATION

Interpretation drawn from
incomplete sections

Horizontal scale 1:500,000
Vertical scale approximately 17 =800"

—_——— Horn Mountain Tuff Member

Tuxedm

Group Red Glacier Formation

——

Portage Creek

Agglomerate Member
arsh CreelJ
Breccia Member|

F1aure 2.—Depositional relationships of the Jurassic stratigraphic units.

onto an irregular south-dipping erosional surface formed
on the Talkeetna Formation; some of the increase in
section probably is due to subsidence of the

during depesition.

AGE AND CORRELATION

Ammonites in the Red Glacier Formation represent
at least two distinct faunal assemblages that can be
correlated with the standard zones of northwest Eurepe.
The lower assemblage includes Erycites, Tmetoceras,
and Pseudolioceras that correlate closely with the
standard zone of Tmetoceras scissum of early Bajocian

basin

Middle Jurassic sedimentary rocks in the Iniskin-
Tuxedni region include some of the most fossiliferous
beds discovered in Alaska. Fossils consist mainly of
pelecypeds and ammeonites collected from beds for
which there is good stratigraphic control and relatively
close spacing of samples (table 4). The ammenites in
particular permit a close correlation with the standard
stages and zones as set up for northwest Europe by
Arkell (1946, 1956). Many new species have been
studied and described by R. W. Imlay, of the U.S.
Geological Survey, who helped collect and who iden-
tified and dated all recently obtained material from

age.

The genus Erycites in Europe ranges through the

early Bajocian (Arkell and others 1957, p. L267;

Imlay, 1964, p. B17).

In the Iniskin Tuxedni region

this faunal assemblage occurs from 1,500 te 4,550 feet

below the top of the formation.

No fossils have been

recorded from the lower 2,000 feet present in the well

sections.

The upper faunal assemblage is in the upper 1,300
feet of the formation and with but one exception it

does not overlap the lower assemblage.

The one excep-

tion may be mislocated stratigraphically. The upper

the region.

Molluscan faunal remains reported from the Red
Glacier Formation are largely from the upper 2,000
feet because that part of the section is exposed more
often and in more accessible locations than is the lower
The few sections of the lower
part studied indicate that the upper few thousand feet
Numerous thin layers
of cequina are recorded in the upper 800-1,000 feet.
The coquina is composed mainly of the pelecypeds
Meleagrinella, Trigonia, Inoceramus, Camptonectes, and
Belemnite fragments are also common in

part of the formation.

are actually more fossiliferous.

Pleuromya.
the coquina layers, but ammonites are neot.

assemblage of ammonites includes Sonninia, Emileia,
Parabigotites, and in the upper 500 feet, includes also
Papilliceras, Strigoceras, Lissoceras, Stephanoceras, Stem-
matoceras, and Skirroceras. The abundant Sonninia
and Emileia by themselves indicate a pessible correla-
tion with the zone of Sonninia sowerbyi of early middle
Bajocian age (R. W. Imlay, written commun., 1958).
The addition of Stemmatoceras, Stephanoceras, Nor-
mannites, and Witchellia in the upper 500 feet indicate
a good correlation with the lower part of the zone of
Otoites sauzei of middle Bajocian age, on the basis of
the association of Emileia and Normannites (Imlay,
1964, p. B10-B12).
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TaBLE 4.—Geographic and stratigraphic distribution

[Identified by R. W. Imlay. Collections made by R. L. Detterman, Arthur Grantz,

Geographie location..__..___.._ .. ___________. Tonnie Creek area QGaikema Creek South shore of Chinitna Bay
Map reference (pl. 3) .o ___._ 1 16 |41 2 13 22 23 261 3| 6)8([10 17 19 20
=2
< =3 (=
St}'atilgtaphm position below top of formation olg § § E - 8 % % % § § i 2 2 § § B
------------------------------------------ 23e(g|5|3| 2| |28 |5 5 e |5|g |82 |t|a|5 |2 5|52 |2|8]s
b~
bl
USGS Mesozoic I § E
esozolc loc. . ... siglele|zle |z o -« ~ 28 RN -] | ®
SEIHEHERE 3 2lgl2/8|8|8|2|8|8|8(8|8|(8
§§§E§s§§§%a%%égaa%§s§§aaaaaa

Crinoid columnals_ .. ...
Grammatodon Sp....
Cucullaea Sp-__ ...
Pinnas

Oxytoma sp.
Pteria Sp--
Trigonia sp.
Chlamyssp-
Pecten sp-__..__

Goniomyasp.- -
Thracia sp.
Astarte sp-._
Tancredia sp.
Lucina sp-...
Protocardia sp--
Meleagrinella sp

Lopha sp.
Macrophyllocems cf. M. undulatum Imlay
Holcophylloceras coatzsparsum Imlay. ...
Lytoceras cf. L. eudisianum d’Orbigny..
Sonninia turedniensis Imlay_.____________
(Papilliceras) cf. S. (P.) at
? glacmlzs Imlay.

Pseudolmceras whiteaves (White) ..
Tmetoceras regleyi
cf. T, scissum {Benecke)
Erycites howelli (White)
cf. E. kialagvikensis (White).
XVztchellm adnete Imlay. . _..__

Smyoceraa ) o U
Lzssoceras cf. L. semicostulatum Buckman__
Otmtes? filicostatus Imlay. .
Emileia constricta Imlay...
of. E, constricta Imlay_
Chondroceras cf. C. defonti
Normannites kialagvikensis Imlay.
cf. N. kialagrikensis Imlay___.___.__
cf. N. (Itinsaites) crzckmayi (McLearn). ...
Stephanoceras cf. S. nodosum (Quenstedt)_._____ -
(Skirroceras) kirschneri Imlay_______________ S I
(S.) juhlei Imlay.

sp
Stemmatoceras snugharborense Imlay. .. _____.__
cf. S. snugharborense Imlay__..____.._______
milleriImlay_.._.______.___.
Parabzgotztes crasazcostatue Imlay_

The pelecypods have not been studied in detail, and
only two are identified as to species, Inoceramus lucifer
Eichwald and Pleuromya dalli (White). The Inocera-
mus is a type having swollen umbones that is present
throughout the formation and continues into the
overlying Gaikema Sandstone. The Pleuromya is a
coarse-ribbed form that is virtually restricted to the
Red Glacier Formation. The belemnites have not
been identified.

The faunal assemblages present in the formation

can be correlated with those in the Kialagvik Formation
at Wide Bay on the Alaska Peninsula. Most of the
genera are present in both stratigraphic units. The
Kialagvik as currently known is less than 2,000 feet
thick; this thickness probably correlates with the upper
4,500 feet of the Red Glacier. The lower 2,000 feet
of the Red Ulacier is apparently unfossiliferous but
lithologically is more closely related to the Tuxedni
Group than to the underlying volcanics and meta-
sedimentary rocks of the Talkeetna Formation of
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show the graded bedding feature that is present in
the sandstone; however, some beds are graded. The
conglomerate becomes thinner and the constituents
smaller in a southeasterly direction on Iniskin Penin-
sula. North of Chinitna Bay the rocks of the forma-
tion are generally finer grained, having only a few
pebbles in a sandstone matrix to mark the presence
of beds that correlate with the massive conglomerate
farther south.

Siltstone forms nearly 40 percent of the formation
exposed in the ridge between Boulder Creek and Red
Glacier; elsewhere it is generally less than 10 percent,
occurring mainly as thin interbeds in a section that
is otherwise predominantly sandstone. The formation
is not exposed between the silty section exposed on
Boulder Creek and the predominantly coarse clastic
section on the south shore of Chinitna Bay, so the exact
nature of the facies change is the subject of much
conjecture. The change would have to be rapid, for
the two areas are only 11 miles apart.

The siltstone is thin bedded to massive, generally
coarse grained to sandy, and gray to olive gray; it
weathers brownish to rusty brown. Graded bedding
is common. Arenaceous limestone interbeds that
weather a bright-rusty orange are found in a few ex-
posures. The siltstone has the same general compo-
sition as the sandstone.

Lenticular to slightly irregular bedding surfaces are
common in many exposures of the Gaikema Sandstone
but not in areas where graded bedding features are
abundant. Carbonized plant remains are sometimes
localized into lenticular pockets along the irregular
surfaces of the beds. Thin coquina layers formed
mainly of pelecypods occupy well-defined zones in the
lower part of the formation similar to those in the
underlying Red Glacier Formation.

THICKNESS AND STRATIGRAPHIC RELATIONS

Exposed sections of Gaikema Sandstone range in
thickness from 500 to 870 feet. The type section from
Gaikema Creek, measured on the southeast flank of
Tonnie syncline in beds having an average dip of 45°,
is 850 feet thick. The section thins in a southwest-
erly direction on Iniskin Peninsula, being only 500
feet thick on Tonnie Creek.

The thickest section is exposed along the north side
of Boulder Creek about 1 mile northwest of Hickerson
Lake in beds that dip 15°-20° SE. This section also
contains the highest percentage of fine clastic rocks.
The section from Bear Creek, near Tuxedni Bay, is
computed as 600 feet thick; it was measured in the
ridge between Bear Creek and Hungryman Creek.
This part of the region is cut by many faults, but the
section is believed to be complete.

Sections from parts of the area not included on
plate 5 range in thickness between the values repre-
sented on the plate. One possible exception may be
a section on a tributary of Gaikema Creek, where
L. B. Kellum and Helmuth Wedow measured 970
feet. The stream follows the faulted axis of the
Gaikema creek anticline, and the present authors be-
lieve the 970 feet represents some duplication of sec-
tion by faulting, particularly inasmuch as the unfaulted
type section a quarter of a mile northwest is 850
feet thick.

The type section for the Gaikema Sandstone is
along the north bank of Gaikema Creek, lat 59°48’
35" N., long 153°10’50’’ to 153°11'30"”" W. (pl. 3;
fig. 3). This section is about 1 mile from the shore
of Chinitna Bay and is readily accessible from the bay.
The section was measured with plane table and ali-
dade by L. B. Kellum and Helmuth Wedow in 1944
and was rechecked several times between 1948 and 1958.

Type section of Gaikema Sandstone

Contact.
Thickness
Gaikema Sandstone: (feet)

Sandstone, medium-bedded, medium-grained, dark-
olive-green; weathers dark brown; cobble con-
glomerate near middle of unit, mainly well-rounded
voleanie rock___ - ________ ..
Sandstone, thin- to medium-bedded, medium-grained,
olive-green to gray; mottled by many light-gray
angular feldspar fragments; few silty shale inter-
beds containing fossils; Witchellia. - - - _______
Sandstone, medium-bedded, medium- to coarse-
grained, arkosic; numerous thick beds of
cobble-boulder conglomerate, mainly green and red
felsitic rocks; numerous thin coquina beds, mainly
Meleagrinella and Trigonta__ - __________ 110
Covered interval__________ . ____ 50

Sandstone, medium-bedded, medium- to coarse-

grained, arkosic, greenish-gray; well-rounded felsic

and aphanitic igneous cobble conglomerate; thin
coquina beds, mainly pelecypods as above_ ______ 130
Covered interval . ___ . ___ . . ________ 40
Sandstone, medium-bedded to massive, medium- to
coarse-grained, olive-gray to dusky-yellow-green;
weathers dark brown; lenticular beds of pebble-
cobble conglomerate; silty shale and siltstone in
lower part of unit; one thin bed of chocolate-brown
friable sandstone near base of unit; many coquina
beds, Witchellia, Trigonia, and Inoceramus..__.__ -

120

220

Total section measured__ . _______________._.__ 850

The contact between the Gaikema Sandstone and
the underlying Red Glacier Formation is exposed at
many localities on Iniskin Peninsula and in the area
north of Chinitna Bay. In all exposures the contact
appears to be gradational through about 50-100 feet
of section. The authors have placed the contact at
the base of the first predominant sandstone unit for
convenience in field mapping.
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The upper contact with the Fitz Creek Siltstone is
sharp throughout most of the region, being placed at
the base of a blue-gray massive siltstone unit. This
contact is conformable in all exposures.

AGE AND CORRELATION

The Gaikema Sandstone is fossiliferous throughout,
having many thin coquina layers, particularly in the
lower part, that contain an abundance of the same
general pelecypod fauna (table 5) that is present in
the underlying Red Glacier Formation. The coquina
is comprised mainly of the pelecypods Meleagrinella,
Trigonia, and Inoceramus.

Ammonites from the Gaikema Sandstone show a
general correlation with the European standard zone
of Otoites sauzei. This correlation is based partly on
the presence of Watchellia?, which genus is known only
from the zones of 0. sauzet and Sonninia sowerbyi
(Imlay, 1964, p. B17). Stephanoceras from the lower
part also is common in the O. sauzei zone but ranges
higher (Imlay, 1964, p. B17). One collection from
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the lower 150 feet contained Sonninia (Papilliceras),
Lissoceras, and Emileia, which in association indicate a
good correlation with the 0. sauzei zone (Imlay, 1964, p.
B12). The ammonites are all characteristic of the Mid-
dle Jurassic, in particular the lower middle Bajocian.
Pelecypods are abundant in the coquina layers
scattered throughout the formation. Most of the fauna
has not been identified specifically, but Inoceramus
lucifer Eichwald is abundant in both the Gaikema
Sandstone and Red Glacier Formation; it does not
continue into the Fitz Creek Siltstone. Meleagrinella
is probably the most common pelecypod in the coquina
layers in both the Gaikema and the Red Glacier.
Pelecypods are considerably more abundant than
ammonites in the beds of the Gaikema Sandstone and
Red Glacier Formation. Starting with the Fitz Creek
Siltstone, their role is reversed—the ammonite popu-
lation suddenly increases and the pelecypod population is
depleted. This reversal is probably due to a change in
the ecological conditions under which the beds were
deposited. Further study of this important pelecypod

TABLE 5.—Geographic and siratigraphic distribution of fossils in the Gaikema Sandstone
[Identified by R. W. Imlay. Collections made by R. L. Detterman, Arthur Grantz, J. K. Hartsock, D. W. Hinckley, R. Werner Juhle, and Helmuth Wedow]
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Pinna sp
Inoceramus lucifer Eichwald
SPoccees
Ozytoma sp
Pteria sp..
Ostrea sp.-....
Trigonia Sp_ - -~ N "
Pecten Sp- oo JERE SR R
Camptonectes Sp. - ...

Mytilus (Acromytilus) sp
Pleuromya sp_._...___
Pholadomya sp_._ ..
Thraci@ SP- - - - occeeee
Astartesp...____.____.______________
Arctica s
Tancredia sp.... .
Meleagrinella sp
Lucing Sp...___
Protocardia sp..
Quenstedtia sp._
Plaginstoma sp.._
Isocrypring ? sp-.
Veriamusium sp-
Gastropad (undet.
Phylloceras ? sp -
Lytoceras cf. L. eudisianum d’Or-

bigny.._________ JRUR P,
Sonninia

(Quens
Witchellia ?sp_ - ...-__
Lissoceras sp. ...
Bradfordia? caribouensis Imlay _ _
Emileia constricta Tml

Stephanocer@s Sp- -« .oo___________.
Bel%mnites __________________________
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fauna may necessitate some change in the age deter-
minations as given above.

Fitz Creek Siltstone

The name Fitz Creek Siltstone was introduced
by Detterman (1963) for a thick sequence of dark-gray
arenaceous siltstone that overlies the Gaikema Sand-
stone in the Iniskin-Tuxedni region. This unit was
called the lower siltstone member of the Tuxedni For-
mation by Kirschner and Minard (1949) and the
siltstone member of the Tuxedni Formation by Imlay
(1953). There are many thick siltstone units in this
region; therefore, to avoid confusion, this unit is herein
named after the principal stream on the Iniskin Penin-
sula. The formation is exposed at many localities
along the upper course of Fitz Creek and on nearly
all tributaries that drain the high ridge to the north-
west. The type locality is along Tonnie Creek, 2,000~
3,400 feet northwest of Iniskin Bay Association well
1 (fig. 3).

AREAL DISTRIBUTION

On Iniskin Peninsula, outcrops of the Fitz Creek
Siltstone are mainly confined to two belts along the
flanks of Tonnie syncline. These belts, 1,000-1,500
feet wide, lie between two prominent hogback ridges
on the lower slopes of the mountain mass formed by
Tonnie syncline. The hogback ridges are formed by
sandstone and conglomerate of the Gaikema and
Cynthia Falls Sandstones. The Fitz Creek Siltstone
is less resistant than the underlying and overlying beds
and forms a trough between them in which the rocks
are less well exposed than are the adjacent beds.

The belt along the northwest flank of Tonnie syn-
cline is terminated by a normal fault that roughly
follows the base of the mountain mass along the south-
east side of Portage Creek. The section is repeated
in Portage Creek valley between this fault and the
Bruin Bay fault along the west side of the valley.

The belt on the southeast flank of the syncline con-
tinues southwest as far as the pass between Right Arm
and Oil Bay; its disappearance here is due partly to
faulting and partly to the southwest plunge on the
Fitz Creek anticline.

The Fitz Creek Siltstone is the lowest formation of
the Tuxedni Group to be exposed in the southeast
flank of Fitz Creek anticline. The main exposures
here are in the general vicinity of the oil wells, where
the formation is present at the base of Havenstrite
Ridge. A thin belt is present across the anticlinal

205-530 O—66——5

axis from the point where the anticline enters Haven-
strite Ridge to the cross fault about 2,000 feet south-
west of Cliff Creek. Between Cliff Creek and the
south shore of Chinitna Bay, the Fitz Creek Siltstone
is exposed at a few scattered localities where streams
have cut through the overlying Cynthia Falls Sand-
stone. The formation occupies the core of the anti-
cline in the bluffs on the south shore of the bay, as
well as the small plunging anticlines that lie west of
the main anticline as exposed in the bluffs.

In the area north of Chinitna Bay, the Fitz Creek
Siltstone is present in a poorly defined belt 1,000-
1,500 feet wide from near Tuxedni Bay to Boulder
Creek. The soft nonresistant character of the member
has aided the growth of streams that occupy the same
position as the member, notably Bear Creek and Red
Creek. The best exposures north of Chinitna Bay are
in the ridge between Boulder Creek and Red Glacier.

CHARACTER

Massive bluish-gray arenaceous siltstone that com-
monly weathers a rusty orange and contains many
small ovoid fossiliferous limestone concretions is the
dominant lithic type of the Fitz Creek Siltstone.
Interbedded with the siltstone are fine-grained sand-
stone and, locally, conglomerate.

The siltstone is coarse to fine grained and in the
upper part it is actually more of a silty shale than a
siltstone. The shaly part is somewhat banded in
appearance with an alternation of light and dark
bands ¥, to % inch thick; coarser grained siltstone inter-
beds in this shaly section are banded also. Minuscule
specks of finely disseminated limonitic material give
the shaly parts a rusty-red-brown appearance on a
weathered surface. A concretionary weathering fea-
ture is also common to the more shaly parts. This
part of the section is not seen often in outcrops because
the rocks are soft and easily eroded, the best exposures
being in some of the roadcuts along the shore of Chi-
nitna Bay and along Fitz Creek. The medium- to
coarse-grained siltstone is generally well indurated and
weathers brownish gray. It is composed of rock frag-
ments and subrounded grains of feldspar set in a
chloritic matrix. Intercalated with the coarser grained
siltstone are thin beds of fine-grained sandstone of the
same general composition and arenaceous limestone
concretions.

Sandstone and conglomerate are not common con-
stituents of the Fitz Creek Siltstone but form an impor-
tant part in the Gaikema Creek section, where a 75-foot
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unit of conglomerate and sandstene occur near the
middle of the formation. The constituents are mainly
well-rounded pebbles and cobbles of light-green to
dark-gray volcanic rock in a very cearse grained dark-
green sandstone matrix consisting of angular fragments
of volcanic rocks, chloritic material, and feldspar.
Most of these constituents probably were derived from
the Lower Jurassic Talkeetna Formation. The thin
sandstene beds intercalated in the siltstone section are
generally very fine to fine grained, dark gray on fresh
surface, and light brown on the weathered surface.
Feldspar is the most abundant mineral.

Exposures of the Fitz Creek Siltstone in the northern
part of Iniskin Peninsula contain a higher percentage
of coarse clastic fragments than de exposures elsewhere
in the region. This part of the region must have been
very near the seurce area or at the meouth of a large
stream that drained the source area to the northwest.
The facies change is rapid and fairly consistent in all
directions away from the present Gaikema Creek;
therefore, sections expesed at peints equidistant from
Gaikema Creek have about the same propertion of
coarse to fine clastics. Sections to the nertheast may
have a slightly higher percentage of sand.

THICKNESS AND STRATIGRAPHIC RELATIONS

Exposed sections of the Fitz Creek Siltstone range
in thickness from about 650 to 1,280 feet. As might
be expected, the thickest section is from Gaikema Creek
and the formation becomes progressively thinner away
from this locality. The section from Teonnie Creek is
1,090 feet thick; it was designated the type section
because the rocks are more typical of the formation
throughout the area than are the rocks in the Gaikema
Creek section.

North of Chinitna Bay the maximum exposed thick-
ness is 825 feet in the ridge between Boulder Creek
and Red Glacier. Thinning in a nertheastward direc-
tien further reduces the section to about 650 feet in the
vicinity of Tuxedni Bay. Thus, the formation becomes
thinner at a rate of about 25 feet per mile northeast
of Gaikema Creek and nearly 50 feet per mile southwest
of Gaikema Creek..

The type section for the Fitz Creek Siltstone is
designated as the section exposed along Teonnie Creek
between 2,000 and 3,400 feet N. 55° W. of the Iniskin
Bay Asseociation well 1. This is in the southeast flank
of Tonnie Syncline in rocks that dip 38°-45° NW
(fig. 3). The section was measured with planetable
and alidade by L. B. Kellum and Helmuth Wedow in
1944 and rechecked several times between 1948 and
1958.

Type seciton Fitz Creek Siltstone

Contact.
Fitz Creek Siltstone:
Siltstone, arenaceous, massive, gray; weathers rusty
yellow brown and nodular; numerous small lime-
stone concretions and a few beds of nodular lime-
stone and silty sandstone; contains Normannites
and Chondroceras_ - - .- ___ o ___
Sandstone, medium-bedded, very fine grained, silty,
gray; weathers brown__ _______________________ 70
Siltstone, platy, blue-gray; thin beds of silty greenish-
gray sandstone; few small limestone concretions;
contains abundant Chondroceras, Holcophylloceras,

Thickness
(feet)

530

and Zemastephanus_ - . . _________________ 340
Covered interval; approximate thickness___________ 70
Siltstone, platy, blue-gray; few limestone concretions;

Sonninia__________________ . ____ 80

Total section measured.______________________ 1, 090

The contact between beds of the Fitz Creek Siltstone
and the underlying Gaikema Sandstene appears to be
conformable in all exposures. In most places it is a
sharp siltstone-on-sandstone contact, but in the vicin-
ity of Gaikema Creek the contact is between two
sandstone units and is a little harder to locate. For-
tunately the two sandstone units are lithelogically
dissimilar and the contact can be picked with a fair
degree of accuracy. The general area of the contact
is expressed topographically by a prenounced break
in slope. The relatively incompetent siltstone of the
Fitz Creek forms low saddles adjacent to the hogback
ridges formed by the resistant Gaikema Sandstone.

The upper contact with the Cynthia Falls Sandstone
is sharp and easily recognized. The massive resistant
sandstone of the Cynthia Falls forms hogback ridges
and many waterfalls on the streams draining the meun-
tains formed by Tennie syncline. The contact is eon-
formable except in the area just nerth of Hickerson
Lake, where the two formatiens are locally uncenform-
able. At this locality the top of the Fitz Creek Silt-
stone is an erosional surface. The authors believe
that only a small amount of the Fitz Creek was stripped
off here prior to depesition of the Cynthia Falls Sand-
stone.

The considerable variation in thickness of the Fitz
Creek Siltstone suggests the presence of minor depo-
sitional unconformities within the formation. These
features are undoubtedly present, but they cannot be
identified within the limits of a single outcrop.

AGE AND CORRELATION
The Fitz Creek Siltstone is abundantly fossiliferous,
having a large and varied ammonite fauna that sur-
passes any present in the older rocks, both in size of
individual specimens and in number of species (table
6). Many pelecypods are found, but for the first time
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in the Jurassic of this region the pelecypods are less
numerous than are the ammonites. This sudden burst
in the ammonite population probably represents a
change in the ecological conditions of deposition as
shown by the change from a general sandstone to
siltstone facies. A few brachiopods are present but
are nondiagnostic.

Ammonites present in the Fitz Creek Siltstone in-
dicate that the lower fourth correlates with the standard
European zone of Ofoites sauzei and the upper three-
fourths correlates with the zone of Stephanoceras
humphriesianum (Imlay, 1964, p. B12-B14). Corre-
lation with the S. humphriesianum zone is indicated
by the association of Normannites (Itinsaites), Telo-
ceras, and Chondroceras. Correlation of the lower
fourth of the formation with the 0. sauzei zone is
suggested by the presence of Sonninia and the absence
of Teloceras in that part.

The correlation chart (table 3) shows an overlapping
of zones between the formations in the lower part of
the Tuxedni Group. The chart is based on ammonites
that have a restricted range, and thus demonstrates a
period of rapid deposition without any major breaks
for most of Red Glacier time and all of Gaikema, Fitz

Creek, and Cynthia Falls time.

"~ The common pelecypods in this formation are Ino-
ceramus and Pleuromya. The Inoceramus has been
identified specifically as I. ambiguus Eichwald and is
different from the common Inoceramus in the older
rocks. The Pleuromya is a smooth type in contrast
to the coarsely ribbed forms in the older beds; as
yet the Pleuromya has not been identified specifically.
Other abundant but less common pelecypods include
Trigonia, Parallelodon, Pecten, Camptonectes,
Astarte.

The Fitz Creek fauna is Middle Jurassic, and can be
restricted to the Otoites sauzei and Stephanoceras
humphriesianum zones of middle Bajocian age. All
recent collections are given in table 6. The identifi-
cations and age assignments were made by R. W.
Imlay, who has examined all recent material.

and

Cynthia Falls Sandstone

Massively bedded sandstone and conglomerate that
overlies the Fitz Creek Siltstone was named the Cynthia
Falls Sandstone by Kellum (1945) after a prominent
waterfall on Hardy Creek. The rocks are exposed a
little better on Tonnie Creek, and this section is des-
ignated the type locality (fig. 3).

AREAL DISTRIBUTION

The narrow linear belt of hogback ridges on the
flanks of Tonnie syncline, formed by the resistant
sandstone and conglomerate of this formation, are no
more than 1,000-1,500 feet wide. The belt on the
northwest flank of the syncline is cut by the normal
fault that follows the east side of Portage Creek Valley,
and the section is repeated in the valley. The Bruin
Bay fault places the Lower Jurassic Talkeetna Forma-
tion in contact with the Cynthia Falls Sandstone along
the west side of the valley.

Beds that dip steeply northwest in the belt on the
southeast flank of the syncline continue to a point
about 1 mile southwest of the pass between Right Arm
and Oil Bay. A reversal in dip occurs at this point and
the beds cross over the nose of the southwest-plunging
Fitz Creek anticline. Havenstrite Ridge and the other
ridges forming the east wall of Fitz Creek valley are
composed almost entirely of rocks of the Cynthia Falls
Sandstone. This easternmost belt of Cynthia Falls is
as much as 3,500 feet wide.

North of Chinitna Bay the formation is exposed in
a discontinuous belt from Fossil Point to southwest
of Boulder Creek, where it disappears under a Quater-
nary lava flow from Iliamna Volcano. The continuity
of this belt is broken by Red Glacier and the transverse-
flowing Johnson River. This part of the region does
not have the conspicuous hogback ridges that are
characteristic of the formation on Iniskin Peninsula.

CHARACTER

Massive to thick-bedded graywacke-type sandstone
and layers of pebble-cobble conglomerate are the main
constituents of the Cynthia Falls Sandstone. Minor
amounts of arenaceous siltstone, containing a few
small limestone concretions, are interbedded with the
sandstone at a few localities. Graded bedding fea-
tures are present in the sandstone.

The sandstone is predominantly medium to coarse
grained and greenish gray to dark green; it weathers
to light gray, and is commonly mottled on the weath-
ered surface. The mottled appearance is caused by
small light-green to gray spots rich in zeolite minerals.
The sandstone is composed mainly of angular fragments
of feldspar and volcanic rocks in a matrix of silt-size
grains of the same general composition. Quartz,
biotite, chlorite, and magnetite are present in minor
amounts. Thin lenticular beds of pebble conglomerate
are present in most sections except at the extreme
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TABLE 6. —Geographic and stratigraphic distribution
[Identified by R. W. Imlay. Collections made by R. L. Detterman, Arthur Grantz, J. K.
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Rhychonellid brachiopods.____________________________.______

Brachiopods undet. .. ________________________________

Gastropods undet. . -

Grammatodon sp.._.

Cuculea Sp.....__.

Goniomya sp
Pholadomyae

Phytloceras Sp- - oo __.___
Macruﬁhvllocems sp. indet . .
Calliphytloceras Sp_ - - o .
Holcoph'ylloceras cf. H. costisparsum Imlay. _

Lissoceras Sp———. ...
gfpelia stantoni Imlaif .....
ondroceras defonti (McLearn)_ ___.______
ef. C. defonti McLearn). .. __._________
allani (MeLearn) ... ___ .. . . ____..___._.
cf. C. allani (McLearn)_

D
(Itinsaites) crickmayi (McLearn)
cf. (1) crickmayi (McLearn)
(1.) itinsae (McLearn).____
of. (I.) itinsae (McLearn).. - B B o) et o) P
(I.) variabilis Imlay__________________ X X|---
cf. (1.) variabilis Tmlay____._.________ X D, & P
Stephanoceras SP. - - oo P R
(Skirroceras) KirschneriImlay__________________.______

oy

aff. T itinsae (McLearn) .
Zemistephanus richardsoni (Whiteaves).
cf. Z. richardsoni (Whiteaves)._____ N -
carlottensis (Whiteaves)_______. I

northern part near Tuxedni Bay. The Gaikema of sandstone and is coarse grained, brownish gray, and
Creek section contains thick beds of pebble-cobble arenaceous. A few small limestone concretions may
conglomerate. In all places the conglomeratic con- be present in the siltstone unit, but they are rarely
stituents are well sorted as to size within individual fossiliferous. The siltstone constitutes about 10-20
beds, and most are composed of red and green felsitic percent of the.total section.
rocks, aphanitic igneous rocks, and a few metased- The Cynthia Falls Sandstone exhibits the same type
imentary rocks that are primarily dark-gray quartzite. of facies change as the Fitz Creek and Gaikema For-
Siltstone in varing amounts is present in nearly all mations. The coarser rock fragments are in the general
sections of the Cynthia Falls Sandstone; it generally area of Gaikema Creek, and the size of the constituents
occupies a well-defined zone between two thick units diminishes away from this point. The change is not
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of fossils in the Fitz Creek Siltstone
Hartsock, D. W. Hinckley, R. W,
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as rapid, however, as it was in the older rocks. The
character of the rocks and the nature of the facies
change all suggest a nearby source area to the north-
west.

THICKNESS AND STRATIGRAPHIC RELATIONS

Measured sections of the Cynthia Falls indicate a
fairly uniform thickness of 600-650 feet throughout
the region; at only a few spots does it exceed 700 feet.
This uniformity of thickness coupled with a homo-

geneity of composition make the formation a remark-

able unit in the Jurassic of this region. The other
stratigraphic units are considerably more variable in
both thickness and composition.

The type section on Tonnie Creek starts 1.1 miles
S. 50° E. of Tonnie Peak and continues upstream for
600 feet (fig. 3). The average dip is about 40° NW.
The section was measured by using planetable and
alidade by L. B. Kellum and Helmuth Wedow in 1944
and rechecked several times between 1948 and 1958.
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Type section of Cynthia Falls Sandstone

Local unconformity. .
Cynthia Falls Sandstone: Thickness
Sandstone, massive, coarse-grained, gray-green;
weathers light gray; mottled by light-green;
splotches of minerals rich in zeolite; few lenticular
beds of small pebbles, mainly voleanic rocks______
Siltstone, thin-bedded, coarse-grained, arenaceous,
brownish-gray___________________________._____ 50
Sandstone, similar to top unit except fewer pebbles_.. 270

Total section measured________________________
Contact.

The upper contact with the Twist Creek Siltstone
is confermable thoughout mest of the area. An ex-
ception to this conformity occurs in the southwestern
part of Iniskin Peninsula, near the pass between Right
Arm and Oil Bay. At this locality an uncenformity
that exists between the Twist Creek Siltstone and the
Bowser Formation becomes mere prenounced, with
the result that all of the Twist Creek is removed and
the Bowser rests uncenformably en Cynthia Falls
Sandstene. Expesures are very peer at this locality,
but the available field evidence seems to indicate that
very little of the Cyntbia Falls was removed prior to
deposition of the overlying rocks. The same situation
may be present in parts of the area nerth of Chinitna
Bay, but in general the exposures are too poor to be
certain of the contact relationships.

The lower contact with the Fitz Creek Siltstone is
conformable and sharp except for a small area near
Hickerson Lake, where a slight angularity exists be-
tween the two units and the top of the Fitz Creek
exhibits some features common to an eresional surface.

600

AGE AND CORRELATION

The environment under which the massive sandstone
was depesited apparently was not cenducive to a diver-
sified fauna, for this member is practically destitute
of all molluscan remains. The beds are believed to
represent a marine nearshore depesit rather than a
a nonmarine ene, but they were either depesited very
rapidly or else under some condition such as a change
in sea temperature or circulation that effectively re-
stiicted the growth of marine life.

The meager fauna collected from the Cynthia Falls
Sandstone is given in table 7. Four collections con-
tained identifiable ammonite remains consisting of
Chondroceras and Stephanoceras that are correlative
with specimens from the European standard zone of
Stephanoceras humphriesianum (Imlay, 1964, p. B14).
The cerrelation of the entire formation with the S.
humphriesianum zone may be evidence of rapid dep-
osition, particularly inasmuch as the underlying Fitz
Creek Siltstone also occupies part of this zone. The
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faunal evidence indicates that depesition must have
been virtually continueus, and an uncenformity weuld
not be expected between these two formations. The
uncenformity present in the vicinity of Hickerson Lake
must be only a very localized feature. The few pele-
cypods collected contain elements that link them
specifically with these from the underlying Fitz Creek
Siltstone.

TABLE 7.—Geographic and stratigraphic distribution of fossils in

the Cynthia Falls Sandstone

[Identified by R. W. Imla.y Collections made by Arthur Grantz, R. W. Imlay,
. J. Miller, and Helmuth Wedow]

Geographic location- ... ____________ Bowser Creek-Fitz Fossil Point area
Creek area
Map reference (pl. 8)-cocoooaeoanooo 117 | 119 | 120 | 123 | 118 | 121 122
Stratigraphic position above base of
formg;tign (f’B ...................... 0-150 | 100- | 200 | 600 | 70-80| 400- | 550-
150 500 | 650
USGS Mesozoicloc.. ... _....__.__ 21771(21307 |20004 {22444 (21280 |22707 | 22708

Rhychonellid brachiopad
Grammatodon SP-- .- .______
Inoceramus Sp... .-
Mytilus SP- - e oo
Chogdrocems defonti (McLearn)

Stephanoceras SP- - - cm oo
Ammonite fragment (undet.)._______

Twist Creek Siltstone

The rocks herein described and mapped as the Twist
Creek Siltstone were formerly included in the lower
part of the Bowser Member by Kirschner and Minard
(1949) and Imlay (1953, 1961) and as the Twist Creek
Siltstone by Detterman (1963). The primary reason
for formational status is that the distinctive character-
istics of the siltstone make it one of the most readily
recognized units in the region; furthermeore, an angular
uncenformity exists between the siltstone sequence and
the overlying beds of the Bowser Formation. The
unit was named after the Twist Creek, a tributary of
Fitz Creek, and the type locality is on Teonnie Creek.

AREAL DISTRIBUTION

Outcrops of the Twist Creek Siltstone on Iniskin
Peninsula are confined to three narrow northeast-
trending belts. The best expesures are in the hills
along the flanks of Tonnie syncline, where the nen-
resistant siltstone is preserved between the resistant
sandstone of the underlying and overlying formations.
The maximum eoutcrop width is about 1,000 feet near
the nertheast end of the syncline where the beds cross
the axis of the structure. Seouthwest of this point the
belts became narrower as the unconfermity between
Twist Creek Siltstone and the Bowser Formation cuts
out part of the section. The formatien is missing
southwest of the pass between Right Arm and Oil Bay.

The belt of Twist Creek Siltstone along the east
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flank of Havenstrite Ridge is somewhat wider than the
ones along the hills northwest of Fitz Creek because the
beds are exposed on a dip slope. The only good expo-
sures of the formation in this eastern belt are along
Cliff Creek and a few of the small streams tributary
to Park Creek.

The formation is seen next in the vicinity of Hickerson
Lake, where the siltstone emerges from beneath a lava
flow on the south side of Boulder Creek. From this
point the formation continues northeast to Bear Creek,
near Tuxedni Bay. The best exposures of the siltstone
north of Chinitna Bay are in the ridge forming the
divide between Boulder Creek and Red Glacier.

CHARACTER

The formation is remarkably uniform throughout
the entire region. It consists of soft, poorly consoli-
dated siltstone and silty shale interbedded with a few
thin beds of graywacke-type sandstone. The siltstone
is thin bedded to massive, arenaceous, and dark gray,
and weathers to dark rusty brown. Many thin beds
of volcanic ash are intercalated with the siltstone, and
small discoidal limestone concretions, as much as 6
inches across, occur abundantly throughout.

The soft nonresistant character of the siltstone, the
numerous thin ash layers, and the overall rusty-brown-
weathering color make the formation one of the easiest
units to recognize in the region. The ash layers are
commonly oxidized to a bright orange color that further
increases the distinctiveness of the unit. The poorly
indurated siltstone does not form good exposures except
in stream cuts or where protected by resistant sandstone
of the underlying and overlying formations. The
numerous small limestone concretions are commonly
fossiliferous.

THICKNESS AND STRATIGRAPHIC RELATIONS

An angular unconformity exists between the Twist
Creek Siltstone and the Bowser Formation. This un-
conformity is very apparent on Iniskin Peninsula, where
the Twist Creek Siltstone is 420 feet thick on Gaikema
Creek, 400 feet on Cliff Creek, 240 feet on Tonnie Creek,
and 100 feet in the headwaters of Fitz Creek. The
formation continues to become thinner in a southwest-
erly direction and is missing entirely southwest of the
pass between Right Arm and Qil Bay, where the Bowser
Formation rests directly on the Cynthia Falls Sand-
stone. The 410 feet present north of Hickerson Lake
compares favorably with the Gaikema Creek section,
but a northeasterly thinning reduces this thickness to
about 300 feet near Tuxedni Bay. The unconformity
apparently is present in this part of the area too, but
it cannot be mapped from field evidence.

The type section for the Twist Creek Siltstone is
designated as being on Tonnie Creek, starting at a
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point about 5,000 feet S. 47° E. of Tonnie Peak and
continuing upstream for about 500 feet. The section
is well exposed along the stream and was measured by
planetable and alidade by L. B. Kellum and Helmuth
Wedow in 1944; it was rechecked numerous times
between 1948 and 1958.

Type section of Twist Creek Siltstone

Unconformity.
Twist Creek Siltstone:
Siltstone, thin-bedded to massive, arenaceous, brown-
ish-gray; weathers dark-rusty brown; numerous
voleanic ash layers % to % inch thick; many small,
yellow-weathering discoidal limestone concretions
containing Liroxyites, Megasphaeroceras, and Lepto-
sphinctes

Thickness
(feet)

Total section exposed._ - - .- 240

The lower contact of the formation with the Cynthia
Falls Sandstone appears to be conformable in most
exposures. A considerable difference in time is sug-
gested by the ammonites for the rocks on opposite
sides of the contact, but there is no field evidence for
an unconformity except in the southwestern part of
Iniskin Peninsula. The contact is sharp, being the
boundary between a soft incompetent siltstone and
a resistant sandstone.

AGE AND CORRELATION

The Twist Creek Siltstone has an abundant am-
monite fauna that is for the most part restricted to
the limestone concretions. A few pelecypods are
associated with the ammonites, which were dentified,
dated, and discussed by R. W. Imlay (1961, 1962a).
The fossils are listed in table 8.

The main elements of this fauna include Oppelia
(Liroxyites), Megasphaeroceras, Leptosphinctes, Lisso-
ceras, and Normannites (Dettermanites) (Imlay, 1962a,
p. A-6; 1964, p. B6). Of these, Leptosphinctes is typ-
ical of the zone of Strenoceras subfurcatum of late Bajocian
of Europe and the presence of Normannifes indicates
an age not younger than early late Bajocian (Imlay,
1964, p. B17).

MIDDLE(?) AND UPPER JURASSIC ROCKS

TUXEDNI GROUP

Bowser Formation
The rocks herein mapped and described as the
Bowser Formation of the Tuxedni Group are virtually
the same sequence of rocks mapped as Bowser Member
by Kirschner and Minard (1949). However, Kirschner
and Minard included the Twist Creek Siltstone and
an overlying siltstone. The present authors believe
that the overlying siltstone beds are more closely re-
lated to the Chinitna Formation and have designated
the Bowser Formation as the uppermost unit of the
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TABLE 8.—Geographic and stratigraphic distribution of fossils in
the Twist Creek Silistone

[Identified by R. W. Imlay. Collﬁctions made by R. L.

Detterman, Arthur
Grantz, R. W. Imlay, C. ’

Kirschner, and Helmuth Wedow]

Tonnie Cliff Creek- Bear
QGeographie location_ ... ___ Creek Gaikema Creek Creek
area
Map reference (pl. 8)..__.____..___. 126 [{120(130{125| 124 (127)131{134/128{132(133
w0 W0 w
8 oSS 8§
Stratigraphic position above base of 5|7 g8
Tortiaton (15 - e L 32|2|8|T|Zj5]s (83 5(5|8
Qg”%i‘ﬁﬁﬁ%@ggig
USGS Mesosoto loc. ... ——..___. SSHHEEEHEHEHBEEE
Crustacean fragmen X|-- - J--]- JEUN O PR O N
Brachlopodsundet - X]- [N 4 R R P o
Grammatodon sp..__.. --l- e UL RO DR RO B~ DIV D O
Parallelodon sp - RO RO DIV P RO DR I P DR O
Amberleya of. A, densinodose Huddle-
ston I X1 - cee]eme] e X X
| X IX]-- O DO DS (R
RS S o X]eee]e--
- o Xeaa]aae] -
- X - _
- [ X |- -
- - X|--
culiphgiiacerss .. B o< el ot e
Lytoceras sp_.______.___ S Y O U VO S PO RO P
Spiroceras Sp._ ... RS O N S DO B I R I 4
Lissoceras bakeri Imlay. - XX |--f-- X XXX
Oppelia (Lirozyites) kellumi Imlay | X|X[ X |---| X {X[XIX[|---]. [ N R 4
Megasphaeroceras rotundum Imlay - __|X|X|._|--2| X [X|XIX|-—-| X |-l -]0) X
ef. M. rotundum Imlay.__________ b T NN (RO SO ' O DO I8 RV ) OO DO I
£ T PRI O O SO RSN B O Y ) O O I I
Dettermanites vigorosus Imlay . _..___ X-- .>.<_ e X
Leptosphinctes cliffensis Im.lay ________ DR DUORY DRI FROUO (RNUO U " O SO DU BV U RO O
(Proaiaphmctex?) delicatus Imlay.. | X|--|ocofooc|ooo|ccfoc]an]aacl o] aan e
Belem?ift'e‘fr}{g'ﬁie'ﬁiéjIZZIIZZIZ:ZZZI X|-Z| X - >>§ R A O A D
Tuxedni Group (Detterman, 1963). Kirschner and

Minard further suggested the possibility that the Bow-
ser is both Middle and Late Jurassic in age; recent
field evidence has confirmed this suggestion. For the
purpose of this report, the Bowser is informally divided
into two parts on plate 5; this division is based pri-
marily on faunal evidence and is made at the break
between the Middle(?) and Late Jurassic.

The Bowser Formation was named after Bowser
Creek, which drains the southeastern part of Imiskin
Peninsula. The formation crops out over a large part
of the peninsula in many good exposures in stream
valleys tributary to Bowser Creek. The section ex-
posed on Tonnie Creek has been studied in more detail
than other sections and was designated the type lo-
cality for the formation; it starts 4,500 feet S. 47° E.
of Tonnie Peak and continues upstream for about
1,500 feet (fig. 3).

AREAL DISTRIBUTION

The Bowser Formation crops out over a wide part
of Iniskin Peninsula, underlying more of the area than
all other formations of the Tuxedni Group combined.
The main outcrop areas are in general confined to three
belts. The widest occupies a low saddle and the low
western slopes of the coastal mountains; it is on the
east flank of Fitz Creek anticline and lies between

ridges formed by the resistant Cynthia Falls Sandstone
and the coastal mountains. This eastern belt, 4,000
14,000 feet wide, extends southwest from Chinitna
Bay to Iniskin Bay, where it underlies a broad area
over the nose of Fitz Creek anticline and across the
southwest-plunging Tonnie syncline. The formation
is exposed along the eastern shore of Iniskin Bay from
Portage Creek to the base of Mount Pomeroy. The
other two belts occur along the flanks of Tonnie syn-
cline, where the formation occupies the upper slopes
of the mountainous mass formed by the steeply dipping
beds of the syncline. The Bruin Bay fault system
cuts the section near Right Arm and the sequence is
repeated in the valley of Portage Creek.

The Bowser is the only formation of the Tuxedni
Group to be exposed on the north shore of Chinitna
Bay. A few hundred feet are present in the lower
part of Horn Creek Valley, where it was brought to
the surface between two faults. The westernmost
fault is a continuation of the Bruin Bay fault and
brings up Lower Jurassic beds against the Middle(?)
and Upper Jurassic. The Bowser occupies a tri-
angular-shaped area abous 1 milelong in which the beds
are vertical to steeply dipping. The formation is next
seén in the upper part of the valley of East Glacier
Creek, 5 miles to the northeast, where it partly under-
lies a quaternary lava flow. The beds are terminated
near the base of Iliamna Volcano by the Bruin Bay
fault. The lava flow caps the ridge between East
Glacier Creek and Boulder Creek, and the Bowser is
next seen under the flow in the valley of Boulder Creek.
From Hickerson Lake, the Bowser Formation con-
tinues N. 40° E. as a narrow belt on the lower north-
west-facing slopes of the coast mountains. The
continuity of this belt is broken by Red Glacier and
Johnson River. A few feet of Bowser Formation is
exposed at low tide on the extreme northwestern tip
of Chisik Island.

CHARACTER

The heterogenous assemblage of rocks assigned to
the Bowser Formation includes massive units-of cliff-
forming graywacke-type sandstone and pebble-cobble
conglomerate, thin-bedded, poorly consolidated shale,
and massive siltstone. The character is further con-
fused by rapid facies changes.

Massive sandstone and conglomerate units several
hundreds of feet thick are the dominant lithic types on
the Iniskin Peninsula. The sandstone and the matrix
of the conglomerate beds are coarse grained, consisting
mainly of angular fragments of feldspar and quartz;
silt-sized feldspar and chlorite occur in minor amounts.
Biotite, augite, and magnetite are common accessory
minerals. The sandstone is light gray to dark gray
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and greenish gray. The light-gray sandstone is com-
monly calcareous and is interbedded with the darker
sandstone, which is generally spotted; it resembles the
sandstone of the Cynthia Falls. The conglomeratic
constituents include well-rounded small pebbles to
large boulders of felsite and basalt and about 10 percent
granitic rock types. The coarser clastic components
of the sandstone and conglomerate are concentrated in
the vicinity of Tonnie Peak, which is a little farther
south than such components of the underlying units.
Elsewhere the sandstone becomes finer grained and
thinner bedded. Units that are equivalent to the mas-
sive sandstone near Tonnie Peak are thin-bedded
sandstone and siltstone near Tuxedni Bay.

Siltstone units several hundred feet thick occur with
the coarser clastic rocks on Iniskin Peninsula. North
of Chinitna Bay the units are as much as 700-800 feet
thick and are the dominant lithic type in the Bowser
Formation. The siltstone is massive to thin bedded,
medium to coarse grained, dark-brownish gray, light
gray where calcareous, and weathers to light brown.
Some parts are quite arenaceous and grade into sand-
stone. Much of the siltstone is well indurated and
fractures into small angular fragments. Large, len-
ticular laminated yellow-weathering fossiliferous lime-
stone concretions are abundant in the exposures north
of Chinitna Bay.

The best exposures of the Bowser Formation are in
the two belts on the flanks of Tonnie syncline. This
is the area that contains most of the coarse clastic
material. The eastern belt on Iniskin Peninsula has
more siltstone, as does the area north of Chinitna Bay,
and the exposures are confined to stream-cut banks.
The facies change suggests a northwest source area for
the member similar to the source areas for the older
units. Close similarity of texture and structure of
the included rocks to that of some of the older units
indicates that very little change occurred in the source
area during the entire period of Tuxedni Group
deposition. .

An important feature of the Bowser are the num-
erous coquina beds in the calcareous light-gray sand-
stone. The beds are 1-3 feet thick and are similar
to the ones in the Gaikema and Red Glacier Formations.
These beds appear to be confined to the coarser clastic
parts of the formation on Iniskin Peninsula; they
were not seen north of Chinitna Bay, where the beds
contain abundant ammonite-bearing concretions. The
coquina beds are composed almost entirely of the pele-
cypods Inoceramus and Trigonia.

THICKNESS AND STRATIGRAPHIC RELATION

Exposed sections of the Bowser Formation range
in thickness from about 1,250 feet to as much as

205-530 O -~ 66 ~ 6

1,850 feet. The thicker sections are on Iniskin Penin-
sula at the localities that contain the coarse eclastic
material.

The section exposed in the ridge between Hickerson
Lake and Red Glacier is the thickest single section
of the formation. The clastic constituents are some-
what finer grained than the rocks on Iniskin Peninsula,
but this area apparently was close enough to the source
to receive abundant detritus. The predominantly
siltstone sections are considerably thinner near Tuxedni
Bay than elsewhere in the area; the Bear Creek section
is only 1,250 feet thick.

The type section on Tonnie Creek, starting 4,500
feet S. 47° E. of Tonnie Peak, is on the southeast
flank of the syncline in beds that dip 30°-35° NW. It
is well exposed with -numerous waterfalls where the
stream flows over the more resistant sandstone and
conglomerate beds. The type section was measured
with planetable and alidade by I B. Kellum and
Helmuth Wedow in 1944 and rechecked numerous
times between 1948 and 1958.

Type section of Bowser Formation
Contact.
Bowser Formation:

Sandstone, massive, medium- to coarse-grained, dark-
gray; interbeds of calcareous light-gray sandstone
containing numerous coquina layers; thin to thick
irregularly bedded layers of small-pebble-to-cobble
conglomerate, mainly felsitic rocks____ - -.____

Siltstone, massive, arenaceous, olive-gray; weathers
light brown; thin interbeds of fine-grained gray-
wacke sandstone; contains the ammonites Kep-
plerites and Kheraiceras_ . ... __ - ____

Conglomerate, massive, irregular bedded, cobble to
small boulder, mainly felsite and porphyry but some
basalt and granitic rock types; matrix is coarse-
grained felspathic sandstone ... ...

Sandstone, thin- to shaly bedded, fine- to medium-
grained, light-gray; few interbeds of medium-
grained dark-gray mottled sandstone and lenticular
beds of pebble conglomerate; abundant pelecypods. -

Siltstone, thin-bedded to massive, arenaceous, dark-
gray; contains peleeypods_ .. . - ..___-

Sandstone, medium-bedded to massive, medium- to
fine-grained, light olive-gray; contains numerous
interbeds of coarse-grained sandstone and pebble
conglomerate. . oo

Siltstone, massive, sandy, gray - - ccocooomoooonn

Conglomerate, massive; cobbles mostly voleanie rock
types and some intraformational sandstone; lentic-
ular interbeds of coarse-grained sandstone_.____ - 70

Siltstone, massive, coarse-grained, arenaceous; few
small pebbles________ .- 50

Siltstone, massive, coarse-grained, arenaceous, dark-
gray; contains Cranocephalites_ _____ -

Sandstone, thin- to shaly bedded, fine- to medium-
grained, dark-gray; few pebbles_.____________ - 70

Thickness
(feet)

180

250

170

170

130

250
260

230

Total section exposed_ _ - - oo 1, 830
Unconformity.
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TABLE 9.—Geographic and stratigraphic
[Identified by R. W. Imlay. Collections made by: R. L. Detterman, Arthur Grantz, J. K.

Geographie loeation.. . ... ..o _ Iniskin Bay—Portage Creek area Bwsﬁ'; }gmg-ml
Map reference (Pl 8) - - - oo oo 141|154{158/150|151 152 |153|163|164/168(179| 182 |185/188(177(190{192/193(139(140| 143 |148(149155
glg|8|8|8|ala 818
; HHHEBEHEHEHEHERHEBE glglglg|Z|3
Stratigraphic position above base of formation (It).____________._________ § 2122|2127 2|2 2|2 Il é Sinulalsls ; ; céo e
HHHEHHEHEEHHEHEHHEHEHEEHEEEEERE
USGB Mes0z0iC 106 oo - el o = 2 | o0 & zlgltlelg(zl|giz|g|2 <
F < | B S 0 [ | <
EIB|E\B|5\8|3\2|2(B(BIE|B|7\5|B|E\5|E|E\2IE(EI5 &5 8
Cidarid echinoid fragments. .. ... RS NS JUUUN R UUNN SSVEORY DRV RSN JRPUI O SO (VU (RO NN RVUY PRPUOR) DRI FUOUO PR PRON) N
Echingites sp.. X - X ---
Rhynchonellid brachlopod .......................
Grammatodon SP-- - e
Grammatodon? SP- -
Paralleldon cumshewaeensis Whiteaves.._._________.____.__________.______
mmllzmus (Whiteaves). _ ..
Cucull-a-e&-éﬁ_.:::::::::-,____‘_- R R
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