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Generalized geologic map showing the distribution of plutonic rock with older
plutons to the east and progressively younger plutons to the west.

EXPLANATION

Intrusive rocks (Tertiary)

Intrusive rocks (Tertiary and (or)
Cretaceous)

vzl Intrusive rocks (Cretaceous)--As
mapped, unit contains some rocks
in northeast corner of quadrangle
that may be Jurassic

Intrusive rocks (Jurassic)

Volcanic and sedimentary deposits
(Tertiary, Mesozoic, and Silurian)

Metamorphic rocks (Mesozoic and
Paleozoic)
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TABLE 1--PLUTONIC ROCKS
[Modal analyses of plutonic rocks in eastern part of the quadrangle by B. L. Reed; see index to geologic mapping]
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CONTOUR INTERVAL 200 FEET

Potassium No. of Approx. Location

Map Lithology Quartz  feldspar Plagioclase Color samples area Township Range
unit (%) (%) (%) Index counted (km?) W.
LRET Aplite 28.0 48.0 22.0 2.0 -- 2.1/2 9N. 25
Tiig Granite -- -- -- -- -- 9 9N. 24
T1'17 Granite 31.0 23.3 37.6 8.1 33 550 9N. 24
Tiyg Granodiorite 28.1 12.8 44.1 15.0 12 150 9N. 24
Tiyg Tonalite 17,7 7.8 L. 21.8 5 45 10N. 25
Tiqg Quartz monzodiorite b == i = == 30 6N. 25
Tiys Granite 26.1 34.8 32.6 6.5 11 155 6N. 25
Tipp Granite and

granodiorite 30.6 20.7 41.8 6.9 20 130 4N. 25
Tipg Granodiorite 21.6 20.4 43.5 14.5 15 150 2N. 26
Titg Granite 26.4 25.4 38.5 9.7 21 680 2N. 25
Tig Granodiorite 25.4 12.7 42.3 19.6 7 45 252 25
Tig Granodiorite 19.3 19.2 44.0 17.5 24 190 IN. 25
Tiy Granite 28.3 48.9 19.3 3.7 1 35 9N. 25
Tig Quartz monzodiorite 14.0 175 4.4 24.5 1 3/4 8N. 25
Tig Gabbronorite -- -- -- -- -- 4 1S. 27
Tig Granodiorite 20.0 19.7 46.3 14.0 5 42 10N. 22
Tij Peralkaline granite 40.0 48.3 3.1 8.6 6 85 8N. 25 & 26
Tiy Quartz monzodiorite 14.1 20.3 46.0 19.6 - 6 IN. & 1S, 28
Tiy Granodiorite -- -- -- -- -- 20 3N. 26
TKiqq Granodiorite 25.1 16.8 39.9 18.1 1 9 8N. 30
TKiy3  Granodioritic rock -- -- -- -~ -- 1 1N, 29
TKiqp Granodioritic rocks -- -- -- -- -- 1 8N. 26
TKi;;  Granite 25.7 53.8 i 33 -- 1 IN. 34
TKiqg Granite 26.7 42.3 24.3 6.7 3 100 3N 29 & 30
TKig Granodiorite 24.8 20.0 41.8 13.4 1 25 3N. 35
TKig Monzodiorite -- 20.3 505 29.3 1 51/2 3N. 36
TKiy Rhyolite dikes -- - -- -- -- -- N. 30
TKig Diorite -- -- -- -- -- -- 2 to 8N. 29 to 33
TKig Quartz monzonite - -- - -- -- -- 2 to 8N. 29 to 34
TKig Granodiorite 16.8 171 45.9 20.2 6 10 5N. 25
TKi3 Quartz diorite - -- -- - -- 15 28, 27
TKi, Granodiorite 31.7 19.2 39.5 9.6 5 4 28, 26
TKip Diorite -- -- - -- -- 25 18&2S, 29
Kiisg Quartz monzonite 13.8 24.4 43.4 18.4 1 21/2 25 35
Kiyg Granodiorite 23.5 18.1 38.9 19.3 1 1 2N. 32
Kiqs Granodiorite 24.3 22.9 48.0 4.8 7 75 5N. 24
K112 Quartz diorite 14.5 4.7 57.9 22.9 10 85 IN. 22
Kiqq Granodiorite 21.4 22.5 48.9 7.2 7 45 6N. 23
Kiig Granodiorite 26.1 17.8 49.6 6.5 31 180 2N. to 5. 23 to 26
Kig Granodiorite 21.3 9.0 52.8 16.9 36 400 3N. 24
Kig Granite 28.2 40.2 25.6 6.0 6 3172 28, 27
Kiz Granodiorite 18.9 11.3 52.6 16.5 31 140 2N, to¥S. 23 to 27
Kig Quartz diorite 12.7 6.4 58.5 22.4 8 40 5N. 24
Kig Quartz diorite 11.0 35.0 54.7 30.8 14 160 6N. 22
Kig Quartz diorite 14.6 3.9 53.9 27.6 19 240 aN. 23
Kig Quartz monzodiorite 12.5 12:1 53.5 21.9 4 17 5N. 24
Kip Quartz monzodiorite 15.3 16.5 48.3 19.9 10 60 7N. 23
Kiq Granodiorite 19,2 12.5 52.0 16.3 7 65 8N. 23
KJiq Quartz monzodiorite 10.1 8.5 52.9 28.5 31 210 8N. 22
Jig Granodiorite 24.9 9.7 572 8.2 10 45 5N. 22
Jip Trondhjemite 3323 9.3 50.2 7.2 13 35 25. 24
Jip Tonalite 15.9 0.5 49.6 34.0 38 730 IN. 24
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DESCRIPTION OF MAP UNITS
SEDIMENTARY DEPOSITS AND VOLCANIC ROCKS

MORAINE, TILL, GLACIAL OUTWASH, ALLUVIUM, AND COLLUVIUM, UNDIVIDED
(QUATERNARY)--Terminal and lateral moraines of alpine glaciers
are common in the mountains of the eastern part of the
quadrangle. Ground moraine covers much of the low terrane in the
west, and till, anchored by bedrock knobs, makes up ridges such
as the ones northeast of Whitefish Lake and between and west of
Turquoise and Telaquana Lakes. Erratics occur on most of the Tow
hills, and outwash deposits are widespread in broad valleys

ANDESITIC LAVA AND TUFF OF ILIAMNA VOLCANO (QUATERNARY)--Lava, light-
gray felty groundmass of andesine microlites with phenocrysts of
plagioclase, hypersthene, and augite. Tuff, yellowish-gray,
opalized. More detailed descriptions are given in Juhle (1955)

VOLCANIC ROCKS (TERTIARY)--Rhyolitic breccia, ash-flow tuff, flows,
and intrusive rocks and subordinate mafic to intermediate
flows. The rhyolitic rocks are light-yellowish orange, light-
greenish gray, reddish gray, and light gray. Most of the
rhyolitic rocks contain plagioclase phenocrysts, some contain
quartz phenocrysts, and a few contain biotite phenocrysts;
hornblende phenocrysts, where present, are usually altered. Very
light gray pumice fragments occur in some of the breccia. Some
of the tuff beds are finely laminated, and those in the ridge
south of Twin Lakes (T. 6 N., R. 27 W.) are very thinly layered
as the result of extreme flattening of glass shards and (or)
blebs. The mafic to intermediate lava flows are dark colored,
aphanitic; some contain feldspar, hornblende and (or) pyroxene
phenocrysts. Vesicles, amygdules, and red interflow breccia are
locally present.

An arcuate band of rhyolitic ash-flow tuff units and domes
south of Twin Lakes, peripheral to a thick pile of andesitic
flows and breccia units north of Twin Lakes, strongly suggests an
ash-flow tuff caldera with a diameter of about 30 km (20 mi)
containing a younger eroded composite andesitic volcano.
Andesitic dikes and sills south of Twin Lakes may be related to
this volcano. A rhyolite dome occurs in T. 6 N., R. 27 W. about
11/2 km (1 mi) east of the northwest corner.

Another eruptive center south of Port Alsworth is suggested by
the heterogeneity of the volcanic rocks there and their
association with granitic rocks that seem to have been intruded
at shallow depths.

Potassium-argon ages from 56.2 to 62.7 m.y. by D. L. Turner
(Eakins and others, 1978) indicate a Tertiary age for these
rocks, and regional relations suggest that the age range
encompasses the entire Tertiary. Detterman and Reed (1980)
mapped volcanic rocks that they assigned to the Talkeetna
Formation just outside the Lake Clark. quadrangle to the south.
Similar rocks probably occur in the Lake Clark quadrangle, but it
was not possible in the time available to separate these rocks
from similar unnamed Tertiary rocks in the Lake Clark quadrangle
Mafic to intermediate flows--Mafic to intermediate flows, as

described above, which form mappable entities.

SEDIMENTARY ROCKS (CRETACEOUS? AND JURASSIC)--Interbedded medium-
gray, medium- to fine-grained lithic graywacke [feldspatholithic
sandstone (see Crook, 1960)], silty sandstone, black shale, and
local conglomerate.

The graywacke contains a heterogeneous lithic population which
indicates derivation from several diverse source terranes.
Framework components are: most abundant, mafic to intermediate
volcanic fragments and feldspar grains; abundant, felsic volcanic
clasts, resorbed to bipyramidal quartz grains, and chert-
metachert grains; common, argillaceous sedimentary,
metasedimentary, and pyroboles grains; and minor, tectonite
grains, nonfoliate polycrystalline aggregates, and detrital mica
flakes. Sandstone-shale ratios are variable within the
quadrangle. Pervasive frost shattering of outcrops obscures many
details of bedding and sedimentary structures, Timiting
recognition of individual sedimentary facies.

Beds range from a few millimeters to several centimeters in
thickness and are laterally continuous within a given outcrop, up
to a few tens of meters. Basal contacts of sandstone beds are
sharp, load casts and slump structures common. Locally,
entrained shale clasts can be related to scoured shale beds a few
millimeters lower in the section. Massive and laminated
sandstone beds, commonly graded, suggest turbidite deposition.

Regiona] strike parallels fold axes and trends consistently

N. 50° E. Dips are moderate to steep and locally overturned.

Large-scale folding, with wavelengths of about 1 km (0.6 mi),

varies from open folds in the low foothills west of the 'Mulchatna

River to steeply inclined, tight to isoclinal folds in the

canyons of the Chulitna, Chilikadrotna, and Mulchatna Rivers to

the east.

Metamorphism is recorded in textural changes from well
indurated, unmetamorphosed sandstone and shale to rocks that
Tocally have well developed slaty cleavage and visible cataclasis
in hand specimen. Our sampling of these rocks was not intensive
enough to delineate systematic variations in the degree of
metamorphism. Irregular quartz segregations and veinlets are
locally present.

Scattered stocks and locally abundant dikes of intermediate to
felsic composition intrude these sedimentary rocks. Adjacent to
some of the larger igneous bodies, narrow contact aureoles of
pelitic hornfels consist of quartz, biotite, chlorite, muscovite,
+ andalusite, + cordierite.

Where exposed, this unit is bounded by faults, intrusive
contacts, or is unconformably overlain by an extensive pile of
Paleocene and younger volcanic rocks. The base is not exposed
but, because the unit has folds with wavelengths of about a
thousand meters, the thickness probably exceeds several thousand
meters. ®

The only known fossil, probable Buchia mosquensis (Eakins and
others, 1978), from in and about 2 1/2 km (1 1/2 mi) north of the

southwest corner of T. 5 N., R. 31 W., indicates a Late Jurassic
age for at least part of this unit. The overall fine grain size,
well developed bedding, and extreme scarcity of fossils suggest
deep-water deposition. Other extensive sequences of graywacke
that are generally comparable in lithology with the graywacke
sequence in the Lake Clark quadrangle occur in the Talkeetna
quadrangle to the northeast (Reed and Nelson, 1977) and the
Goodnews quadrangle to the southwest (Hoare and others, 1975).
The rocks from these three areas may all have been deposited at
the same time in a continuous basin. The graywacke to the
northeast contains sparse Cretaceous fossils (Reed and Nelson,
1977) which suggests a probable Cretaceous age for part of the
sequence of graywacke in the Lake Clark quadrangle

INTRUSIVE ROCKS!»?

TERTIARY ROCKS
Unit 19--Aplite. Light-gray, fine-grained xenomorphic granular
stock consisting of quartz, potassium feldspar, sodic
plagioclase, biotite, and minor disseminated pyrite. Stock cuts
Tertiary unit 17 and contains xenoliths of medium- to coarse-
grained biotite granite

Unit 18--Granite. A small area of fractured fine-grained biotite
granite and quartz porphyry in which interstitial potassium
feldspar comprises as much as 40 percent of the rock. Allanite
is a rare accessory mineral. Disseminated pyrite is common, and
the unit is believed to be either a satellitic body of Tertiary
unit 17 or to be equivalent in age to Tertiary unit 19. It
contains local reddish-orange alteration zones; a few float
samples contain sparse molybdenite along fractures

Unit 17--Granite. Biotite granite and biotite-hornblende granite
and granodiorite. In and north of T. 9 N. the rocks are
uniformly grayish-white, coarse-grained biotite granite; light-
pink subhedral phenocrysts of perthite, as much as 2 cm in
maximum dimension, and interstitial potassium feldspar constitute
between 30 and 35 percent of this rock. Biotite is the only
mafic mineral in this part of the body, and it comprises between
4 and 7 percent of the rock. Accessory minerals include zircon
and apatite; sphene was not observed in thin section of these
rocks. Miarolitic cavities are locally present. In and south of
T. 8 N., the rocks are less uniform in both texture and
composition and seem to comsist of at least two medium- to fine-
grained phases that include biotite-hornblende granite and
granodiorite. The color index of the southern rocks ranges
between 8 and 15. Accessory minerals include apatite, zircon,
and minor sphene and allanite(?). The rocks in the south seem to
be younger than the rocks in the north. Potassium-argon dates
on samples from this body range from about 35 to 41 m.y. (Reed
and Lanphere, 1972; 1973, map numbers 47, 48, 49, 58, 59, 61)

Unit 16--Granodiorite. Medium-gray, medium-grained uniform body of
hypidiomorphic granular biotite-hornblende granodiorite. Biotite
is twice as abundant as hornblende; interstitial potassium
feldspar comprises about 13 percent of the rock. Accessory
minerals include apatite, zircon, and sphene. Potassium-argon
dates on biotite and hornblende from one specimen of this unit
yielded ages of about 31 and 35 m.y. (Reed and Lanphere, 1972;
1973, map number 60), and they previously mapped this unit to be
part of the Merrill Pass sequence. They are herein mapped as a
separate middle Tertiary unit based on their color index (about
15) and the presence of hornblende. Where they are in contact
with metamorphosed volcanic sedimentary rocks (T. 10 N., R. 24
W.), they are intensely pyritized and contain sparse
disseminations of molybdenite. The contact with Tertiary unit 17
is inferred

Unit 15--Tonalite. Compositionally varied, medium-grained,
slightly foliated tonalite and quartz diorite. The most common
rock type is hornblende-biotite tonalite with a color index
between 25 and 30. Sphene and apatite are common accessory
minerals. Slightly foliated leucocratic biotite granodiorite
with sparse subhedral phenocrysts of potassium feldspar crops out
in northwest quarter of T. 10 N., R. 25 W.

Unit 14--Quartz monzodiorite. A heterogeneous sequence of
intensely sheared and locally altered medium- to fine-grained
igneous rocks that ranges in composition from tonalite to
monzodiorite. The color index ranges from 25 to 40.
Deuterically altered hornblende is the most abundant mafic
mineral. Chloritized biotite is present in some samples.
Hornblende in the monzodiorite has an intense pale-yellow to
dark-brown pleochroism. The internal contact relations of thest
rocks are not known. They cut Mesozoic metavolcanic rocks and
are intruded by Tertiary unit 13

Unit 13-- Granite. Multiphase hypabyssal leucocratic grayish-pink
biotite granite pluton with diverse crystallinity and texture.
Rocks at the southern end of pluton and at higher elevations
within the pluton tend to be porphyritic, and subhedral to
euhedral phenocrysts of sericitized sodic plagioclase and quartz
0.5 to 1.5 cm in maximum dimension lie in a fine-grained seriate
matrix of quartz and perthite. These rocks are similar in fabric
and mineralogy to the granite of the southern part of Tertiary
unit 10. Samples collected from the central part, which is
interpreted to be the deepest exposed part of the pluton, are
medium grained and seriate to weakly porphyritic. Potassium
feldspar is generally interstitial, although irregular clots of
perthite up to 2 cm in maximum dimension are not uncommon. Cores
of sodic plagioclase crystals are weakly sericitized. In the
northeastern part of the pluton quartz-feldspar porphyry is a
common rock type, and anhedral phenocrysts of quartz and
plagioclase lie in a seriate matrix of quartz and perthite.

Biotite is generally chloritized and occurs as shreds up to 2
mm in maximum dimension. The pleochroism is X = pale yellow and
Z = dark brown. Minor amounts of pale-green hornblende make up
less than 1 percent of the rock. Accessory minerals include
sparse sphene, zircon, and allanite(?)

Unit 12--Granite and granodiorite. North of Currant Creek, these
rocks are grayish-white coarse-grained biotite granite with pale-
pink perthite. Megascopically they closely resemble the hiotite
granite in the northern part of Tertiary unit 17. Accessory
minerals include apatite, zircon, allanite(?), and sparse
sphene. South of Currant Creek the rocks are medium- to coarse-
grained granodiorite; hornblende is locally as abundant as
biotite, and sphene is a common accessory mineral

Unit 11--Granodiorite. A northeast-trending composite body
consisting chiefly of medium-grained biotite-hornblende
granodiorite but which also includes granite and quartz
monzodiorite. Contacts between individual phases are not mapped,
and the unit locally includes granite of Tertiary unit 10.
Biotite is generally more common than hornblende. Two samples of
quartz monzodiorite near South Currant Creek contain only minor
biotite, and clinopyroxene occurs as discrete mineral grains and
is deuterically altered to pale-green amphibole. Sphene and
apatite are the most abundant accessory minerals

Unit 10--Granite. A composite sequence of granite and granodiorite
which forms the western border of the Alaska-Aleutian Range
batholith from Little Lake Clark southwestward into the Iliamna
quadrangle. The unit characteristically weathers grayish pink to
light-brownish orange. From north to south, the exposed rocks
seem to have been emplaced at progressively shallower depths as
shown by an increase in the abundance of rhyolite and rhyodacite
intruded by their subvolcanic equivalents. North of Currant
Creek the unit consists of medium-grained, equigranular biotite-
hornblende granodiorite in which late interstitial potassium
feldspar comprises between 20 and 25 percent of the rock. South
of Currant Creek the unit is finer grained and quartz and (or)
feldspar porphyry are more abundant. Late potassium feldspar
constititues as much as 40 percent of the rock, and
microgranophyre and miarolitic cavities increase to the south.
Along the southern part of the Lake Clark quadrangle, these rocks
are mixed with rocks that indicate volcanic or subvolcanic
activity. Multiphase intrusion is evidenced by units of fine-
grained inequigranular chloritized hornblende-biotite
granodiorite intruded by fine-grained biotite granite which is,
in turn, cut and locally engulfed by light-pink rhyolite. South
of Kontrashibuna Lake, light-pink feldspar porphyry is an
abundant rock type. Sodic plagioclase phenocrysts up to 1 cm in
maximum dimension lie in a matrix of quartz, albite, and
potassium feldspar. Fluorite is locally a common accessory
mineral

Unit 9--Granodiorite. The unit is medium-grained equigranular
hornblende-biotite granodiorite similar to Tertiary unit 8 except
that interstitial potassium feldspar makes up only about 13
percent of the rock. Locally it contains abundant mafic
inclusions of fine-grained hornblende-biotite tonalite. Apatite
and sparse sphene are accessory minerals. Intrudes Jurassic unit
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Unit 8--Granodiorite. Modal analyses indicate that the average
composition of this unit is silicic granddiorite and that it
ranges from granite to quartz monzodiorite. Medium-grained
equigranular granodiorite and quartz monzodiorite are the most
common rock types. Hornblende locally occurs as a uralitic
marginal replacement of sparse clinopyroxene. Hornblende
slightly exceeds biotite in abundance. Interstitial pale-pink
potassium feldspar makes up between 15 and 25 percent of the
rock. A notable feature of this unit is abundant ovoid mafic
inclusions that have average dimensions between 10 and 30 cm.
Opaque minerals (in part, leucoxene) locally make up 0.5 percent
of the rock, and sphene and apatite are the most common accessory
minerals. This pluton cuts plutonic rocks of Jurassic and Late :
Cretaceous age in the central part of the Alaska-Aleutian Range Kig
batholith

Unit 7--Granite. Coarse to medium grained, xenomorphic granular,
seriate. Biotite and hornblende together comprise less than 5
percent of the rock

Unit 6--Quartz monzodiorite. A small irregular body that cuts
metamorphic rocks. The unit contains abundant mafic
inclusions. Potassium feldspar is interstitial. Hornblende is
the principal mafic mineral, is medium to 1ight brown, and shows
varying degrees of alteration to chlorite and epidote.
Plagioclase is normally zoned and has an average composition of
about An35. The affinities of this rock are uncertain. It is
not mineralogically related to the peralkaline granite (Tertiary
unit 13) immediately to the northwest, but may be related to
Tertiary unit 16.

Unit 5--Gabbronorite. A small coarse-grained stock of hornblende-
and biotite-bearing olivine gabbronorite that cuts Mesozoic
sedimentary rocks. Relations to surrounding igneous rocks are Kig
unknown, but the stock is most likely related to the Tertiary
volcanic rocks in this part of the Lake Clark quadrangle

Unit 4--Granodiorite. Medium- to coarse-grained biotite-hornblende
granodiorite. Rocks weather light gray and unit is difficult to
distinguish in the field from Tertiary unit 17. Hornblende is
usually present, however, and sphene and zircon are common
accessory minerals. This unit differs from Tertiary unit 16 in
that it contains about 8 percent less quartz and 7 percent more
potassium feldspar. The unit is tentatively thought to be a
slightly more mafic border phase of Tertiary unit 17

Unit 3--Peralkaline granite. Most of the granite is medium grained
hypidiomorphic-granular with subhedral to euhedral crystals of
perthite in a seriate matrix of quartz. Late, interstitial
alkali ferromagnesian minerals comprise about 8 percent of the
rock. The most prominent of these is a strongly pleochroic
hornblende in which X = olive to brownish green, Y = very dark Kiy
blue to dark bluish green, and Z = deep greenish blue, very dark
blue to black. Lesser amounts of late aegirine or aegirine-
augite are also present. Sparse accessory minerals include
zircon, fluorite, monazite(?), and sparse sphene.

This is the only presently known peralkaline granite body in
the environs of the Alaska-Aleutian Range batholith. Its genesis
is probably not related to the calc-alkaline rocks of the
batholith

Unit 2--Quartz monzodiorite. Medium- to fine-grained
hypidiomorphic-granular hornblende-biotite quartz monzodiorite.
Alkaline feldspar is perthite and is interstitial. The
plagioclase is An27-35. Hornblende is slightly more abundant
than biotite. This pluton yields concordant potassium-argon ages
for hornblende and biotite of about 61 m.y. (Reed and Lanphere,
1972; 1973, map number 25). It is cut by Tertiary unit 10

Unit 1--Granodiorite. The unit is composed of compositionally
variable, medium-grained hypidiomorphic-granular igneous rock
which, dependihg on the amount of interstitial perthite, ranges
from granodiorite to tonalite. Cores of andesine-oligoclase are
sericitized and saussuritized. Mafic minerals comprise 15 to 30
percent of the rock. Hornblende generally is more abundant than
biotite. Minor amounts of early pyroxene are present within
hornblende, and some of the hornblende appears to have formed by
deuteric alteration of pyroxene. Sphene and apatite are the most
abundant accessory minerals

TERTIARY AND (OR) CRETACEOUS ROCKS

Unit 14--Granodiorite. Medium-grained, hypidiomorphic- granular, ;
seriate. Biotite is more abundant than hornblende, which is Kig
locally altered to penninite. A potassium-argon age on biotite
of 64.0 m.y. by D. L. Turner (Eakins and others, 1978) indicates
an age near the Cretaceous-Tertiary boundary. Other data (M. A.

Lanphere, written commun., 1980) tends to confirm this age

Unit 13--Granodioritic rocks. Light-colored intrusive rocks
reported from this area; composition and extent unknown

Unit 12--Granodioritic rocks. Outcrops ofllight—colored intrusive
rocks reported from this area; composition and texture unknown

Unit 11--Granite. Medium-grained; xenomorphic; potassium feldspar Kig
is altered, whereas plagioclase is not. Contains subequal
amounts of biotite and hornblende

Unit 10--Granite porphyry. Hypidiomorphic-granular; phenocrysts
are quartz, plagioclase, and potassic feldspar up to 4 mm
across in a groundmass of quartz, potassic feldspar, and
plagioclase grains up to 1 mm across. The rocks contain a
little biotite, very localized muscovite and zircon. Locally,
all the feldspar is potassic

Unit 9--Granodiorite. Coarse- to fine-grained; hypidiomorphic
seriate texture; contains a few plagioclase phenocrysts and a few
xenoliths composed of hornblende, biotite, and plagioclase

Unit 8--Monzodiorite. Medium-grained, hypidiomorphic seriate
texture. Contains subequal amounts of hornblende and
clinopyroxene. The hornblende is nonaltered; pyroxene and
feldspars are partly altered

Unit 7--Rhyolite dikes. Phenocrysts of sanidine and partly
resorbed high temperature quartz 0.5 to 2 mm across in a fine- Kig
grained groundmass that contains sericite, potassic feldspar, and
probably some quartz

Unit 6--Diorite. Numerous small intrusive bodies in the central
part of the quadrangle mapped and identified by Eakins, Gilbert
and Bundtzen (1978) of the Alaska Division of Geological and
Geophysical Surveys. One of these plutons, T. 6 N., R. 30 W.,
has yielded a potassium-argon age on hornblende of
69.4 + 2.1 m.y. (D. L. Turner in Eakins and others, 1978)

Unit 5--Quartz monzonite. Numerous small intrusive bodies in the
central part of the quadrangle mapped and identified by Eakins,
Gilbert, and Bundtzen (1978?. One of these plutons, T. 5 N., R.
34 W., has yielded a potassium-argon age on biotite of 71.3 + 2.1
(D. L. Turner in Eakins and others, 1978)

Unit 4--Granodiorite. Medium- to fine-grained, light-pinkish-gray
hornblende-biotite granodiorite containing 15 to 19 percent
interstitial potassium feldspar. Some modal analyses of rocks
from this unit fall in the field of quartz monzodiorite.
Hornblende is pale green and locally contains irregular cores of
deuterically altered pyroxene. Sphene, although present, is not
an abundant accessory mineral. This body seems to be cut by
Tertiary unit 12 and locally contains abundant mafic inclusions
of metasedimentary rocks

Unit 3--Quartz diorite. Igneous rocks of various compositions and
textures. The rocks examined are predominantly fine- to medium-
grained altered hornblende-biotite quartz diorite and less
commonly granodiorite. These rocks may be in part equivalent to
Cretaceous unit 7. On the east, rocks of this unit are in fault Kig
contact with hypabyssal granite of Tertiary unit 10, whereas on
the west they seem to be intruded by Tertiary unit 10. Rhyolite
porphyry, believed to be related to Tertiary unit 10, also
intrude these rocks

Unit 2--Granodiorite. Medium- to locally fine-grained

hypidiomorphic-granular pinkish-gray granodiorite. Plagioclase Ki,
occurs as generally fresh, zoned, euhedral to subhedral crystals
that average 3 mm in length. It ranges in composition from
calcic andesine to sodic oligoclase and shows oscillatory zoning
superimposed over an overall normal trend. Quartz, which locally
comprises 40 percent of the rock, is generally interstitial,
although subrounded grains up to 1 cm in diameter are present in
some of the samples. Perthite is interstitial. Biotite is more
abundant than hornblende. Minor pyroxene, present in one sample,
is deuterically altered to pale-green hornblende. Sphene and
apatite are the most notable accessory minerals. Contact
relations of the unit with adjacent plutonic rocks are not known

Unit 1--Diorite. Altered pyroxene gabbro and hornblende-pyroxene
diorite in poorly exposed outcrops in T. 1 and 2 S.,
R. 29 W. Rocks exposed south of the Tazimina River are coarse- Kip
grained uralitized pyroxene (dillage?) gabbro in which pyroxene
forms fillings interstitial to euhedral, normally zoned
plagioclase that ranges in composition from labradorite to
andesine. The exposure contains blocks of mafic Mesozoic
volcanic rocks. North of the Tazimina River the rocks are
altered medium-grained hornblende-pyroxene diorite which contains
minor quartz and a few shreds of dark-brown biotite. Pyroxene is
extensively uralitized and hornblende is chloritized.
Plagioclase is normally zoned and has an average composition of
calcic andesine. This diorite is thought to be unconformably
overlain by Tertiary volcanic rocks and is cut by subvertical
faults. The age of the unit is not known; although here assigned
a Late Cretaceous or Tertiary age, a Jurassic age is possible KJiq

CRETACEOUS ROCKS

Unit 15--Quartz monzonite. Fine- to medium-grained;
hypidiomorphic, seriate. Average grain size 2 mm, maximum grain
size 4.5 mm. Accessory minerals include apatite, zircon, and
sulfide minerals. A potassium-argon age on hornblende indicates
a Late Cretaceous age for this unit (M. A. Lanphere, written
commun., 1980)

Unit 14--Granodiorite. Porphyritic granodiorite consisting of
euhedral to subhedral phenocrysts of quartz, plagioclase, and
biotite, and glomeroritic clusters of pale-green amphibole up to
3 mm across in a groundmass of anhedral quartz and feldspar,
mostly potassic. The groundmass comprises about 30 percent of
the rock and consists of grains that are anhedral and have a
maximum size of about 0.1 mm. The plagioclase phenocrysts are
about oligoclase to andesine and have a few cycles of repeated
normal zoning. A potassium-argon age from biotite indicates a
Late Cretaceous age for this unit (M. A. Lanphere, written
commun., 1980)

Unit 13--Granodiorite. Primarily granodiorite, but some modal
analyses fall within the granite field. The most notable feature
of the rock is its texture. The rock is generally coarse
grained. Irregular clots of orthoclase up to 2 cm in diameter
and, locally, euhedral, light-pink orthoclase phenocrysts up to 4
cm long, which in places poikilitically enclose euhedral
plagioclase, are irregularly distributed in a coarse seriate
matrix of sodic plagioclase and quartz. In some places quartz
crystals form ovoid aggregates up to 2 cm in maximum dimension.
The rocks have a color index of about 5, and biotite is the major
mafic mineral. Trace amounts of hornblende and primary muscovite
are present in all of the thin sections examined. Accessory
minerals include abundant sphene, relatively large discrete
crystals of apatite, and lesser amounts of epidote and zircon. iy
The pluton intrudes igneous rocks of Late Cretaceous age and is
truncated on the northwest by a fault along the Chokotonk River

Unit 12--Quartz diorite. Locally foliated, seriate hornblende-
biotite quartz diorite. The rock has a relatively uniform color
index of about 23, but the relative abundance of the two mafic
minerals is not consistent; deuteric epidote is common.
Subhedral to euhedral andesine-oligoclase in all specimens
examined shows oscillatory zoning superimposed over an overall
normal trend. Quartz and minor potassium feldspar are generally
interstitial. In some samples, quartz has been fractured. Jiz
Sphene, the most abundant accessory mineral, can generally be
observed in hand specimens. Other primary accessory minerals
include apatite and zircon that generally is poikilitically
enclosed by biotite

Unit 11--Granodiorite. Medium- to coarse-grained subporphyritic
granodiorite. Orthoclase occurs in euhedral phenocrysts up to
1.5 cm long, as irregular clots up to 1 cm in diameter, and as an
interstitial mineral. Subhedral to euhedral, light-pink, zoned
sodic plagioclase shows erratic saussuritic and sericitic
alteration. Calcite is locally present as an alteration mineral
in cores of plagioclase and as a late interstitial mineral that
forms small, irregular, angular fillings between grains of
feldspar and quartz. In one specimen, muscovite occurs as an
alteration product and possibly as a primary mineral. The rock
has a color index of about 7, and green hornblende and biotite
are approximately equal in abundance. Epidote is a common
deuteric mineral; much of it is an alteration product of
hornblende. Sphene is the most abundant accessory mineral, and
relatively large crystals of apatite are present in all of the
samples. This pluton may have once been part of the same igneous
mass as Cretaceous unit 13 but is now offset by the fault along
the Chokotonk River. The modal analyses of the two plutons are
quite similar, and the accessory minerals sphene and apatite are
virtually identical in abundance and shape in both units. The
most notable difference in the mineralogy between Cretaceous
units 11 and 13 is the relatively greater abundance of hornblende
in Cretaceous unit 11. This difference may be the result of
differences in levels of exposure

Unit 10--Granodiorite. Samples of this unit are relatively uniform
in modal composition; the rock is seriate, medium-grained,
whitish-gray granodiorite. Subhedral to euhedral calcic
oligoclase and anhedral quartz lie in finer interstitial perthite
and quartz. Sericitic alteration of plagioclase is erratic; some
grains are fresh, whereas nearby grains are intensely altered.
Notably in some specimens, there is selective sericitization of
oscillatory zones. Similar alteration is also present in Jig
Jurassic unit 3 to the northeast. Myrmekitic intergrowths are
locally common on margins of plagioclase, and some specimens
contain interstitial granophyre intergrowths of quartz and
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potassium feldspar. The color index of the rock is generally
less than six. Samples from the margins of this pluton generally
contain trace to moderate amounts of hornblende. In the
northeastern part of the pluton, hornblende becomes more
abundant. . Two specimens contain minor amounts of late primary
muscovite. Some specimens show weak to moderate cataclasis that
formed either late during, or after crystallization. Trace
minerals are not abundant and include, in relative order of
abundance, sphene, apatite, opaque minerals, and sparse
allanite(?). Trace amounts of garnet are present in one
specimen. This unit is gradational outward to Cretaceous unit 7,
and both units are cut discordantly by Tertiary unit 8

Unit 9--Granodiorite. This unit ranges in composition from silicic
granodiorite to mafic tonalite and quartz diorite. The most
common rock type is granodiorite that contains between 8 and 12
percent interstitial orthoclase. These rocks are medium grained
and seriate, and some have subvertical, northeast-trending
primary foliation. Many of the rocks show weak to strong
cataclasis. Where cataclasis is strong, quartz has been
granulated into streaks and laminae, plagioclase twinning is
deformed, and bending and kink bands of biotite cleavage planes
are prevalent. The average composition of the plagioclase is
andesine; albite, carlsbad and pericline twinning are locally
well developed. Orthoclase is moderately sericitized; hornblende
is generally more abundant than biotite. Epidote is a common
deuteric mineral. Accessory minerals include moderately abundant
sphene and opaque minerals (some of which is magnetite), lesser
amounts of apatite and sparse zircon. Rocks near the margin of
the pluton contain lesser quartz and fall within the quartz
diorite field. One specimen contains minor clinopyroxene which
is locally deuterically altered to amphibole minerals

Unit 8--Granite. Coarse-grained, subporphyritic, composed of
subrounded gray quartz phenocrysts up to 1 cm in diameter in a
medium-grained, euhedral matrix of sodic plagioclase and
interstitial granophyre. Hornblende and biotite comprise about
10 percent of the rock. Most of the samples examined were from
the southern part of this body where the rocks -have .a
characteristic light-pink color and consists of fine-grained
hypabyssal quartz- and sodic-plagioclase porphyry. Quartz and
plagioclase phenocrysts range in size from 2 to 10 mm in diameter
and lie in a fine seriate matrix of perthite and quartz. Biotite
is the only mafic mineral present in the southern part of the
unit; it is generally chloritized, and makes up about 4 percent
of the rock. Accessory minerals are not abundant and include, in
order of abundance, apatite, zircon, and sparse sphene. This
unit is in fault contact with the surrounding plutonic rocks and
is tentatively thought to represent a deeper upfaulted part of a
granite body exposed to the south in the Iliamna quadrangle

Unit 7--Granodiorite. Medium-gray granodiorite, most
characteristically with euhedral, elongate, alined hornblende
crystals 0.5-2 cm long in a medium-grained, locally seriate,
hypidiomorphic-granular matrix of plagioclase, quartz, and
generally less than 5 percent interstitial orthoclase.
Hornblende shows varying degrees of alteration to epidote, and
coronas of epidote locally envelop hornblende. The average
composition of zoned plagioclase i5 andesine (An40); myrmekitic
intergrowths along the margins of plagioclase crystals are
locally well developed. Plagioclece exhibits a range of
intensity of sericitic, and locall s saussuritic, alteration.
Texture of orthoclase is quite variable; in most places,
orthoclase occurs as a minor interstitial mineral, but locally
large, irregular interstitial clots up to 2 cm across, which
poikilitically enclose euhedral plagioclase and hornblende, are
present. In most places, alined hornblende is a structure of the
flow stage; in other places, minor cataclasis has enhanced the
alinement of the hornblende crystals. Cataclastic granulation is
well developed in rocks close to the margin of Tertiary unit 8.
Biotite, although not as abundant as hornblende, is present in
the northwestern part of the unit, T. 1 S., R. 27 W. and
T. 2 N., R. 23 W. Sphene is the most abundant accessory
mineral. It tends to cluster as euhedral grains adjacent to
hornblende, but large (up to 2 mm long) isolated crystals are
present in all specimens. Apatite, the second most abundant
accessory mineral, commonly is poikilitically enclosed by
hornblende and (or) biotite. Opaque minerals constitute less
than 0.5 percent of the rock, and zircon is present in some of
the specimens. This body of rock is truncated on the northeast
by Tertiary unit 8 and is gradational with Cretaceous unit 10

Unit 6--Quartz diorite. Slightly foliated, medium-grained, seriate
hornblende-biotite quartz diorite. Saussuritic and sericitic
alteration of plagioclase cores is common. Potassium feldspar is
interstitial and makes up about 6 percent of the rock, although
one specimen contains less than 1 percent potassium feldspar.

The rock has a uniform color index (22), and hornblende is more
abundant than biotite. Sphene and opaque minerals (in part,
magnetite) are the most common accessory minerals, although
apatite is relatively common in some specimens. The unit is cut
by Tertiary unit 12 and Cretaceous unit 3. The contact relation
with Cretaceous unit 11 to the northeast is not known

Unit 5--Quartz diorite. Mafic igneous rocks, chiefly of quartz
diorite composition. The rocks are medium to locally coarse
grained and have a well-developed subvertical primary foliation
that trends northeast. Elongate mafic streaks and inclusions are
common and are parallel to the foliation. Euhedral plagioclase
(An25-45), hornblende, and lesser amounts of biotite generally
constitute 75-85 percent of the rock. Hornblende is in part
secondary; it replaces pyroxene and poikilitically encloses small
grains of euhedral plagioclase. Most specimens collected show
evidence of cataclasis, which is pronounced near the shear zone
in the southern part of the unit. Extensive cataclasis has
resulted in very fine grained recrystallized lenses and streaks
of quartz (subparallel to the primary folation) and bent, broken,
and microfaulted cleavage and twin planes.

This unit is mineralogically similar to Cretaceous unit 4,
except that Cretaceous unit 4 contains hornblende-pyroxene
diorite and gabbro, which do not occur in this unit. These two
units may be parts of the same igneous mass, which has been
separated along the shear zone that now separates them. On the
north this unit seems to be intruded by Cretaceous unit 12

Unit 4--Quartz diorite. A composite igneous unit that includes
hornblende-pyroxene gabbro and diorite, quartz diorite, tonalite,
and minor granodiorite. Compositional phases of the unit have
not been mapped, and the contact with enclosing rocks is
inferred. Quartz diorite, the most abundant rock type, is medium
to coarse grained, locally foliated, seriate, and has a color
index of about 20. Hornblende is more abundant than biotite. In
some specimens biotite has crystallized Tater than and
poikilitically encloses small subhedral to euhedral
plagioclase. Secondary epidote, sphene, and opaque minerals
commonly cluster adjacent to or with the mafic minerals. Sphene
and apatite, though not abundant, are the most common primary
accessory minerals. The rock types included in this unit, which
have lower color indices and which also contain minor (generally
less than 6 percent) interstitial potassium feldspar, tend to
occur in the western half of the pluton. Foliated quartz diorite
and diorite are more common along the eastern and northern parts
of the body than to the west. Elongate mafic inclusions are
common throughout the unit. Mafic phases consist chiefly of
medium- to locally fine-grained hypidiomorphic-granular
hornblende-pyroxene diorite or gabbro. Quartz and potassium
feldspar are absent. Augite is the characteristic pyroxene and
shows various stages of uralitization to amphibole. Hypersthene
is also present. In the mafic phases, plagioclase ranges from
An40 to An65 and normal zoning is more characteristic than
oscillatory zoning. Sphene ‘and ~»atite, although present, are
not abundant accessory minerals. Opaque minerals (in large part
magnetite) constitute up to 2 per:ent of the rock and occur both
as early euhedral grains and as a late interstitial mineral or a
micro-veinlets

Unit 3--Quartz monzodiorite. Medium- to coarse-grained medium-gray
hornblende-biotite quartz monzodierite. Subhedral sericitized
plagioclase (oligoclase) crystals 3-7 mm long are slightly
alined. Potassium feldspar occurs as irregular interstitial
clots 2-8 mm in maximim dimension. Sphene is an abundant
accessory mineral

Unit 2--Quartz monzodiorite. Medium- to coarse-grained, locally
foliated composite pluton chiefly of hornblende-biotite
monzodiorite composition. Samples collected from the west margin
of the pluton contain less than 10 percent quartz, and pyroxene
is locally abundant. Much of the hornblende appears to have
formed by deuteric alteration of pyroxene. The major part of the
pluton does not, however, contain pyroxene, and pale-green
hornblende is more abundant that biotite. The cores of subhedral
to euhedral plagioclase crystals are sericitized, and the
crystals locally are alined. Sphene is an abundant accessory
mineral. In mineralogy and texture, this unit is very similar to
Cretaceous unit 3, and these two units may have once been part of
the same igneous mass that is now offset by the fault along the
Tlikakila River

Unit 1--Granodiorite. Light- to medium-gray, medium-grained,
seriate hypidiomorphic-granular granodiorite. Hornblende is more
abundant than biotite. Crystals of sodic andesine to calcic
oligoclase show varying degrees of sericitization. Interstitial
potassium feldspar occurs as clear orthoclase, perthite, and, in
places, microcline. Sporadic irregular clots of orthoclase
poikilitically enclose euhedral grains of plagioclase,
hornblende, and biotite. Accessory minerals are sphene, opaque
minerals, and apatite. Samples from the southern part of this
body, not far from the fault along Tlikakila River, show a slight
cataclastic texture

CRETACEOUS(?) AND JURASSIC(?) ROCKS
Quartz monzodiorite--Medium-gray hornblende-biotite quartz

monzodiorite that contains variable amounts of pyroxene (augite)
and generally less than 10 percent quartz. It has a relatively
high color index of about 28. Quartz diorite and diorite are
also present. The rock is medium grained and hypidiomorphic-
granular; plagioclase, with an average content of about An45, and
hornblende are generally euhedral and lie in interstitial quartz
and, where it is present, potassium feldspar. Biotite is
generally less abundant than hornblende. Structures of the flow
stage are locally present, and hornblende and plagioclase are
alined in a north-northeast direction parallel to elongate mafic
inclusions and schlieren. Pyroxene tends to be more abundant in
rocks that have a greater amount of interstitial potassium
feldspar. In all specimens examined, pyroxene shows various
stages of uralitization, from complete replacement of pyroxene by
hornblende to the formation of primary hornblende as an
overgrowth on the pyroxene. In many specimens it is difficult to
distinguish primary from uralitic amphibole. Interstitial
potassium feldspar occurs as grancphyre but most commonly is
present as various types of perthite. Epidote is a minor
deuteric mineral. In decreasing order of abundance, accessory
minerals are sphene, opaque minerals, and apatite. Apatite is
generally poikilitically enclosed by hornblende or biotite. The
western contact with Cretaceous unit 1 is inferred from widely
spaced sample locations, and Cretaceous unit 1 may be a marginal
phase of this quartz monzodiorite. Biotite aplite and
intermediate dikes are common in the unit northeast of North
Fork, and the pluton may be underlain at a relatively shallow
depth by younger plutonic rocks. Discordant potassium-argon
dates on biotite and hornblende .yield ages from 57.4 + 1.7 to
95.1 + 3.8 m.y. (Reed and Lanphere, 1972; 1973, map number 57);
the age of the unit is uncertain, but most likely it is
Jurassic(?) and Cretaceous(?)

JURASSIC ROCKS

UNIT 3--Granodiorite. Medium-grained, seriate, whitish-gray
biotite granodiorite. Aggregates of quartz grains form ovoid
phenocrysts 0.5-0.7 mm in diameter. Orthoclase is interstitial,
and minor amounts (less than 1 percent) of late primary muscovite
are present in all specimens ~:2~ined. In some specimens,
oscillatory zones in sodic plagi..’ase are selectively
sericitized, Trace amounts of hornblende and sphene are present
in one specimen. Minor apatite is the most abundant accessory
mineral, deuteric epidote is generally present, and zircon is
sparse

Unit 2--Trondhjemite. The rock is composed of oligoclase, quartz,
muscovite, and minor biotite; it is leucocratic, medium to coarse
grained and seriate, and has a color index of less than 4. The
average modal analysis given in table 1 for this unit is
misleading because muscovite is included with mafic and opaque
minerals, and the average potassium feldspar content (9.3
percent) is high because modal analyses were not done on four
samples that do not contain potassium feldspar. In general the
rock is estimated to contain about 5 percent interstitial
potassium feldspar that is generally present as perthite,
although clear orthoclase and sparse microcline are present. In
one specimen, interstitial microcline envelops euhedral muscovite
and plagioclase and is later than quartz. Plagioclase (sodic
oligoclase to albite) characteristically is sericitized with
small shreds of sericite sparsely distributed throughout the
mineral. Myrmekite is locally well developed along the margins
of plagioclase. In some specimens sericitization and local
saussuritization are intense and epidote-group minerals, abundant
sericite, and minor calcite are developed. One specimen contains
minor interstitial calcite. Quartz is generally interstitial
between plagioclase crystals, but some specimens have ovoid
quartz aggregates up to 2 cm in diameter. Muscovite makes up as
much as 10 percent of the rock, locally occurs as euhedral books
up to 3 cm in diameter, and is more abundant than biotite.
Biotite, where present, is generally chloritized and adjacent to
deuteric epidote, which is a moderately abundant secondary
accessory mineral. Primary accessory minerals are not
abundant. They include apatite, garnet, and sparse zircon.
Primary(?) sphene is present in two specimens. Locally, the unit
has a faint northeast-trending primary foliation. Evidence of
slight cataclasis is locally present but generally is restricted
to fracturing of quartz. 3

A sample of this unit from about 14 km (6 mi) south of the
Lake Clark quadrangle gave a potassium-argon age on muscovite of
145 m.y. (Reed and Lanphere, 1972; 1973, map .number 20) and
suggests that emplacement of the trondhjemite was one of the last
episodes of Jurassic plutonism in this part of the batholith

Unit 1--Tonalite. Medium-grained tonalite and quartz diorite that
are locally foliated parallel to the trend of the pluton. These
rocks, as well as parts of Cretaceous units 4 and 5, are
characterized by their low (generally less than 1 percent)

MISCELLANEOUS FIELD STUDIES
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potassium feldspar content. Euhedral plagioclase (andesine) is
characteristically normally zoned and shows various degrees of
alteration. The rocks have a high color index (34); hornblende
is more abundant than biotite. Hornblende poikilitically
encloses euhedral grains of plagioclase and, in many specimens,
forms an irregular filling between euhedral plagioclase. Quartz,
which is all interstitial, comprises about 15 percent of the
rock. Apatite and opaque minerals are the most abundant
accessory minerals; sphene is sparse. North of the Tuxedni River
the unit is extensively altered. Plagioclase is intensely
sericitized and (or) saussuritized, and mafic minerals are
altered to epidote-group minerals, chlorite, and fibrous
amphibole. Large blocks (tens of meters in length) of
hornblendite, thought to be autholiths (T. 1 N., R. 24 W.), and
elongate mafic inclusions are common throughout the unit.

Two small exposures of hornblende-pyroxene gabbro and diorite
west of the main tonalite mass in T. 1 N. and T. 2 N., R. 24 W.
are considered to be part of the Jurassic intrusive sequence. In
both exposures pyroxene shows various stage of uralization

METAMORPHOSED IGNEOUS AND SEDIMENTARY ROCKS

MzPzm METAMORPHOSED MAFIC VOLCANIC ROCKS, PHYLLITE, SCHIST, QUARTZITE,
MARBLE, CALC-SILICATE ROCKS, SERPENTINITE, GABBRO, AND CHERT--
Metamorphosed mafic volcanic rocks are the most widespread rocks
of this unit; they are aphaniti¢ and were probably originally
composed mostly of plagioclase and pyroxene, and locally of
olivine and amphibole. These rocks have been altered, and they
now consist mostly of chlorite, epidote, and fibrous amphibole.

The schist, phyllite, metasiltstone, and quartzite consist
mostly of quartz, muscovite, biotite, and locally garnet; some
contain plagioclase and cummingtonite. Most of the rocks have
been deformed at least twice; the first episode of deformation
produced a strong foliation, partly the result of growth of
oriented biotite. Garnet, where present, is broken, and the
fragments drawn out parallel to this foliation, which suggests
the garnet formed prior to or early during this deformation. A
later episode of deformation produced closely spaced fractures
and locally tightly folded the earlier foliation.

Schist is present north of Chulitna Bay (in and near T. 2 N.,
R. 30 W.), locally in Tanalian Mountain (T. 1 N., R. 28 W.),
Copper Mountain (T. 8 N., R. 27-28 W.) and the ridge 5 km (3 mi)
southwest of Otter Lake (NW., T. 4 N., R. 26 W.). Schistose
quartzite was observed in the roof pendants north of Gladiator
Basin (NE., T. 1 N., R. 26 W.) and west of Ospook Creek (E , T. 1
S., R. 27 W.). Some of this schistose quartzite may be
metamorphosed sedimentary rocks (KJs).

Marble is interbedded in the schist and phyllite and possibly
in the metamorphosed mafic volcanic rocks. Two economically
interesting concentrations of sulfide minerals, one on Kasna
Creek, T. 1 N., R. 28 W., and the other in T. 9 N., R. 22 W., are
present in skarns associated with marble.

Schistose calc-silicate rocks contain calcite and one or more
of the following minerals: talc, fibrous amphibole,
clinozoisite, quartz, diopside, chlorite, and garnet.

Serpentinite commonly contains talc, magnetite, and sulfide
minerals. Some serpentinite contains chromium spinel and most
seems to have had dunite protoliths, but locally there is a
little bastite, which indicates peridotite protoliths.
Serpentinite was observed only in the western end of the Copper
Mountain, T. 2 N., R. 27 W., and in the ridges 3 km (2 mi) west
of Otter Lake, T. 5 N., R. 26 W., and 4 km (2 1/2 mi) north of
Otter Lake, T. 5 N., R. 26 W.

Metagabbro has been recognized at two places in this unit. At
one locality, T. 5 N., R. 26 W., 4 km (2 mi) north of Otter Lake,
two kinds of metagabbro crop out: one type consists of
hornblende and little calcic plagioclase, and the other type
consists of actinolite, clinopyroxene, clinozoisite and a little
chlorite, and serpentine. These two types of metagabbro are
associated with serpentinite, marble, and a little pyroxenite,
and chert. The clinozoisite probably was originally calcic
plagioclase. Another body that is part gabbro occurs about 4 km
(2 mi) southeast of the upper end of upper Twin Lake, T. 7 N., R.
25 W. This body ranges in composition from gabbro to quartz
monzonite. Hornblende is the principal mafic mineral present; it
seems to be cumulus and may be derived from alteration of
pyroxene. Hornblende has subsequently been partly altered to
saussurite, uralite, and actinolite. In the quartz monzonite
part of this body, plagioclase as well as hornblende seems to be
cumulus. This body may be intrusive into metasedimentary rocks
that are also included in this unit.

Chert is locally interbedded with other rock types of this
unit. It is light to very light gray and is difficult to
distinguish from silica-rich metasiltstone in the field, but has
been identified by the presence of relict radiolarians in thin
sections.

The stratigraphic affinities of these rocks are uncertain.
Some of the metamorphosed mafic volcanic rocks are lithologically
similar to rocks that occur in the Chilikadrotna Greenstone, and
some are similar to rocks of the Talkeetna Formation of Jurassic
age in the Iliamna quadrangle to the south (Detterman and Reed,
1980). Some of the metasedimentary rocks may correlate with the
Kakhonak Complex of Permian(?), Triassic, and Jurassic age in the
ITliamna quadrangle, and some may be graywacke of Jurassic and
Cretaceous(?) age that has been metamorphosed by nearby plutonic
rocks. -Some of the metamorphosed volcanic rocks, especially in
roof pendants, that are now included in this unit are probably
actually part of, and if sufficient evidence were available would
be included in, the volcanic rocks of Tertiary age (Tv). An
indication that some of these rocks are part of the latter unit
is the presence of clasts of Tertiary unit 4 in volcanic rock in
float that seems to have been derived from roof pendants in T. 8
N., R. 23 and 24 W. Sandstone and siltstone that do not seem to
be related to other rocks in the quadrangle are mapped with this
unit only because they occur within a band of rocks here assigned
to this unit. These sandstones and siltstones are not
metamorphosed, and they contain interbeds that are highly
carbonaceous; they occur near the west edge of the band of ¢
metamorphic rocks and just south of the north edge of T. 6 N., R.
25 W.

Se CHILIKADROTNA GREENSTONE (LATE SILARIAN)--Basalt, andesite, chert,
limestone, and tuffaceous sedimentary rock, all weakly
metamorphosed. This unit, which was named by Bundtzen and others
(1979), is here adopted as they described it. They did not
specify a type locality, so we are designating the type locality
to be the unnamed hills north of the Chilikadrotna River in T. 6
N., R. 30 and 31 W. near the center of the Lake Clark
quadrangle. These hills contain the majority of the known
exposures of this unit, as well as a complete variety of the
lithologies that comprise the unit. The following descriptions
are abstracted from Bundtzen and others (1979).

About 60 percent of the exposed rock is fine-grained to
aphanitic, in part porphyritic, olive-gray to dark-green
metabasalt, which forms resistant ridges. Local weathered
spheroids suggest pillows. Maroon to brown metabasalt and minor
meta-andesite seem to be somewhat more altered, less resistant,
and form depressions and saddles. Amygdaloidal zones are common.

In thin-section, the typical metabasalt is seen to consist of
phenocrysts of clinopyroxene(?), plagioclase, and minor amounts
of hornblende in a groundmass of secondary chlorite,
clinozoisite, and magnetite. Clinopyroxene(?) is altered to
chlorite and opaque minerals; plagioclase is albitized or altered
to pumpellyite and prehnite(?), and hornblende is rimmed with
chlorite. Some metabasalt contains calcite-filled, stretched
amygdules, and consists largely of nonoriented dusty plagioclase
laths and opaque minerals. -Epidote-group minerals locally make
up as much as 25 percent of the metabasalt. The maroon to brown
metabasalt differs from the olive-gray to dark-green metabasalt
in that fine-grained hematite and limonite are evenly distributed
throughout the groundmass.

Minor amounts of dark-gray and reddish laminated chert with
relict radiolarians are interlayered with the brown to maroon
metabasalt.

Discontinuous lenses of light-gray, coarse-grained
fossiliferous limestone and marble up to 25 m (80 ft) thick are
exposed for distances as much as 1 km (0.6 mi) along strike, and
are folded discordantly within basalt. Other sedimentary rocks
interbedded in this unit include red shale, medium- to dark-gray
slate, and volcaniclastic sandstone. The sandstone is medium

rained and is composed of angular grains of dusty plagioclase
?An20-35), rounded clasts of quartz (0.5 mm) that have embayed
contacts, and andesite lapilli in a groundmass of limonite,
anhedral to rounded feldspar laths of undetermined composition,
and quartz.

Fossils from one lens of limestone in section 20, T. 6 N., R.
30 W. were identified by Blodgett and reported by Bundtzen and
others (1979). They include the brachiopods Pentamerus or
Pentrameroides sp., and the pelecypod, Palaeopecten. The
composite range of these two taxa suggests a Wenlockian (early
Late Silurian) age for the Chilikadrotna Greenstone. The
metamorphism is, possibly, pre-Jurassic

IMost of the descriptions of the intrusive rocks in the eastern part
of the quadrangle are by B. L. Reed and most of the mapping of these rocks was
by B. L. Reed and M. A. Lanphere. See index to geologic mapping.

2plutonic rocks are named according to I1.U.G.S. recommendations
(Streckeisen, 1973), except that mineral modifiers are in decreasing order of
abundance with the most abundant qualifying mineral at the beginning of the
name.
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