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INTRODUCTION

This report presenis a preliminary geologic map of
the Bethel and southern Russian Missions quadrangles in
southwestern Alaska. This report is one part of a [olio on the
geological, geochemical, geophysical, and mineral resource
assessment studies of this area prepared as pari of the Alaskan
Mineral Resourcc Assessment Program (AMRAP) of the U.S.
Geological Survey.

The Bethel and southern Russian Mission quadrangles
map area in southwestern Alaska is divisible into three
physiographically distinct areas. The west half of the map area
consists of a low-relief alluvigl plain underlain entirely by
unconsolidated Quaternary deposits. The southeastern one-
ninth of the map area consisls of steep, glaciated mountainous
terrain with up to 1,525 m of relief and with neasly 100 percent
bedrock expasure, dissected by broad, flat-bottomed glacial
va)leys. The intervening erce consists of hilly to mountainous
terrain with low to moderate relief and with a semiconlinvous
colluvial or frost-shatiered bedrock cover, variably dissected by
broad glacial, glacial outwash, and alluvial valleys. Bedrock in
this central area is exposed as isolated knobs on nidges, on locally
glaciated valley or cirque walls, and in present-dsy sircam
cutbanks.

The bedrock can be broadly divided inlo four units:
(1) a complex assemblage of Early Cretaceous and older
tectonostratigraphic terranes (Gemuk Group: Hoare and
Coonrad, 1959a,b). (2) a thick, highly deformed sequenco of
Upper Cretaceous clastic sedimentary rocks (Kuskokwim
Qroup; Cady and others, 1955), (3) gently deformed, Late
Cretaceous and earty Teruary intermediale o felsic volcanic
and plutonic rocks, and (4) a few Quaternary olivine basalt
flows (fig. 1). Severe deformation occurred after deposition of
¢ach of units 1 and 2, and mild folding, tilting, and faulting
followed deposition and emplacement of unit 3. Unit 4 is
undeformed.

The Early Crelaceous and older tectonostratigraphic
terranes include (from east lo west) the Tikchik, Togiak,
Goodnews, Kilbuck, and Nyac terranes (Jones and others,
1987). The Tikchik terrane is the most poorly understood, and
consists of a strucrurally complex assemblsge of volcanic rocks,
chert, clastic rocks, argillite. and limcstone whose ages range
from early Paleozoic (o Triassic. The Tikehik 1crrane is faulted
against the Togiak terrane along the Cenozoic Togiak Fault in
the map area; earlicr relations befween thesc (wo 1cITanes are
uncertain. The Togiak terrane consists of a coherent
stratigraphic sequence of Upper Triassic through Lower
Cretaceous volcaniclastic and minor volcanic rocks of volcanse
arc affinity. The Togiak rerrane is interpreted as part of an
aceartic island-arc terrane emplaced against North America in
Early Cretaceous time (Box, 1985). The Goodnews lerrane
consists of a structurally disrupted assemblage of basal, chert,

argillite, Yimestone, and minor clastic rocks, ranging from
Ordovician 10 Early Cretaceous in sge, These lichologies are
locally overprinted by high-pressure/low-temperature regional
metamorphism. The Goodnews terrane is interpreted as a
forcarc accretionary complex, which was progressively
undcrthrust beneath and emplaced against the northwestern
flank (present cootdinates) of the island arc crust of the Togiak
terrane from Early Jurassic through Early Cretaceous tme
(Box. 1985). The Kilbuck terrane consists of amphibolite-
facies orthogneiss and minor paragneiss with Early Proterozoic
prowoliths (Box and others, 1990). This relalively narrow and
thin crustal sliver is interpreted as a fragment of continental
North America with which the amalgamated Togiak-
Goodnews arc-forcarc terrane collided in Eanly Cretzceous
time. Tho Nyac terrane consists psimarily of Jurassic and
Cretaceous volcanic, volcaniclastic, and plutonic rocks of
volcanic arc affinity. This terrane (s interpreted as part of 8
Mesozoic volcanic arc terrane. Sedimentary rocks of the
Kuskokwim Group overlap all the older terranes except the
Nyac terrane, indicating these terranes were juxtaposed by
earliest Lale Crelaceous ume (about 96 Ma). The Nyac terrane
is scparated from the other four terranes and their overlapping
Kuskokwim Group by the Sawpit Fault. Late Crewaceous and
(or) early Temiasy volcanic and plutonic rocks appear to
ovcerlap the Sawpit Fault, and indicate that the Nyac terrane
was juxtapased with the terranes 1o the east by that time.

The Late Cretaceous and early Tertiary volcanic and
plutonic rocks in the map area arc part of a broad belt of
correlative rocks in western Alaska. This magmatic belt is
interpreled as the product of subduction-related magmatism
resulting from northward subduction of the Pacific plaie
beneath continesital Alaska in roughly ils present configuration
(Moll-Steleup, in press). Minor post-subduction, intraplate-
affinity volcanic rocks were erupted during Eocene time. Minor
Quaternary olivine basalt flows in the map area are part of the
broadly distributed but volumetrically minor Bexing Sea basalt
province, a region of Pliocene 1o Holocene intraplate-affinity
volcanism in westermm Alaska behind the late Neogene
Aleutian-Alaska Peninsula volcanic arc (Moll-Stalcup, in
press),

DESCRIPTION OF MAP UNITS
UNCONSOLIDATED DEPOSITS

Qa Alluvium (Holocene and Plefstocene) —
Unconsolidated alluvial, colluvial, glacial
outwash, lacustrine, and eolian
conglomerate, sand, silt, and mudrock.
Found &8s continsous blanket covering
bedrock over western omne-third of map area;
elsewhere restricted to alluvial deposits in



Qt

Qb

stream valleys and thick colluvial deposits
covering some unglaciated slopes. Age
presumcd to rangs from Pleistocene 1o
Holocene

Glacla) i) (Pleistocene)—Unconsolidated glacial

till, including ground, lateral, and end
moraines. End moraines of at least throe
distingt glacial advances are present, with
aldest found (arthest downvalley.
Geomorphological expression of oldest
deposits almost completely obscured, Oldest
moraines contain basalt clasts derived from
unit Qb, s0 are younger than 400 ka. As
mapped, includes minor Holocene till in
areas around srnall modern glaciers in
southeastern part of map area

SUPERJACENT ROCKS

Consist of consolidated wnits which are
present throughout entire map area. Rocks
overlie all older terranes or were emplaced in
or through them

VOLCANIC ROCKS

Basalt (Plelstocene)—Unatiered olivine tholeiite

basalt flows having diktyaxitic texture. Rock
containg olivine, subophitic clinopyroxene,
plagioclase and iron oxides with sparse
interstitizl volcanic glass, Exposed in south-
central part of map arez in cibanks within 2
few melers of river level along Kwethluk
River and Crooked Creek, and on wost-
sloping terrace as Wigh as 70 m above river
level along Kisaralik River sbove Upper
Falls. Basaltic {avas flowed at least 45 km
down pre-Wisconsin-age glacial valley now
occupied by upper Kisaralik River, Crooked
Creek, and Kwethluk River. Flows are
essentially horizontal with tota) thickness of
less than 30 m. Flows are typically 3104 m
thick with nonvesicular bases and highly
vosicular (o scoriaceous tops and are overlsin
by glacial ull or glacial outwash gravels.
Lava chemistry is similar 1o Hawaijan
tholgiitic lavas, characteristic of magmas in
intraplate, non-arc-related seiling.
Pleistocene age assignment based on whole-
rock K/Ar age of 0.418£0.016 Ma (table 1,
locality 1)

Nukluk Volcanic Field

Consists primarily of alkali rthyolite and losser
basalt exposed in low hills between Clear
Creek and Otter Creek in central part of map
area. Volcanic rocks crop out at sops of hills
and are exposed as rubble along flanks. Main
voleanic field, south of Fog River, has exposed
thickness of at least 300 m and is estimated to
bo as thick as 2 km on the basis of graviry dam
(Robert Morin and others, unpublished data,
1993). At least 30 m of incipienlly welded

Tnr

Tnba

Rhyol

Basalt

rhyolitic ash-flow tuff (Tnr) is8 exposed along
Fog River and is overlaint by basalt flows (unit
Tnbg). Field overlies sedimentary rocks
(Kked) of Kuskokwim Croup to east and is
flanked on south and west sides by slightly
older rocks (TKee, Tker) of Eek Volcanic
Field. Volcanic rocks of Nukluk voleanic field
are distinguished from latest Cretaceous to
early Tertiary volcanic rocks by abundance of
sanidine and presence of risbeckite in
thyolites and more strongly atkaline chemical
composition in 2all Iithologies. Nukluk lavas
have lower La/Ta elemental ratios and higher
TiOy contents than typical magmatic rocks
from latest Cretaceous to early Tertiary
magmatic province (Mall-Stalcup, in press).
Their compositions are not typical of arc-
related magmatismn, and Nukluk lavas are
presumed to represent postsubduction
intraplale magmatism in this area. Divided
into:

[te (Eocene)—Moderatety aitered rhyolite
flows, domes, and ash-flow wffs. Ash-flow
tuffs are welded 10 nonwelded. Rhyolites of
mein volcanic field are characlerized by
phenocrysts of samsidine, riebeckilic
amphibole, and rare quartz, and by
groundmass of finely erystalline feldspar and
oxides. Rhyolites north of Fog River have 0 ko
15 percent very fine grained phenoerysts of
plagioclasetsanidinetquartztbiotite
+magnetite in groumdmass of glass shards and
pumice. Eocene age assignment based on
riebeckite “0Ar/3%Ar total-fusion age of
54.7+1.6 Ma from main volcanic field (lable
2, locality 11)

and andesite flows (Eocene)—Massive to
columnar-jointed basalt and subordinate
andesite flows; minor latite and dacite.
Basalts and andesites typically contein 1 ta §
percent phenocrysts of plagioclase+
clinopyroxenetotivine; clinopyroxene in
basalt is pinkish brown and may be titanium
rich. Basalt overlies rhyolitic ash-flow tff
(Tnr) along Fog River; elsewhcre relations
between thyolite (unit Tar) and bagalts are
uncertain, but vwnits are presumed o be
interbedded. Unit ealso includes
compositionatly similar bagalt found north of
Elbow Mountain in southwestern part of
quadrangle. Age assigned on basis of age of
interbedded rhyolite unit (Tnr)

Eek Volcanic Field

Consists of andesite, dacite, and rhyolite
exposed in discontinuous low hills west of
Golden Gawe Fault from Kisaralik River
south over 80 Jun to middle fork of Bek River
in central and south-central perts of map
area, Volcanic rocks appear to overlie
sedimentary rocks (Kked) of Kuskokwim
Group in northern and centra] parts of field
and overlie rocks of Nyac terrane in west-



central part of field. In southem part of field,
unit found in isolated hills surrounded by
alluvium. Lavas are typical arc-related, calc-
alkaline rocks. Data on low-silica rocks (less
than 68 percent SiO,) plot in medinum-K field
nsing classification of Gill (1981); data on
high-silica rocks plot in high-K field. Divided
milo:

Andesite flows and porphyry (Paleocene and

Cretaceons?)—Andesite flows and
subordinete altered andesite porphyry.
Andesite flows found as small outcrops and
columnar-joimed cliffs along ridges or along
cutbanks of rivers. Flows have vesicular tops.
Unit has estimated exposed thickness of 60 to
250 m but may be much thicker. Andesite
flows have 1 to 30 percent fine- to coarse-
grained phenocrysts of plagioclasetortho-
pyroxenetclinopyroxene; some in
glomeroporphyritic clots. Groundmass has
same mineralogy plus opaque oxides and as
much as 40 percent glass.  Subordinate,
altered andesite porphyry found chiefly in
northermn part of volcanic field, north of
Akulikwiak River, and at Eluwaktak
Mountain in southemn part of volcanic field.
Rock consisis of coarse- to medium-grained
phenocrysts of plagioclasetbiotitezmafic
minerals altered to chlorite+opaque
oxidestcalcite. Groundmass is only slightly
finer grained and consists of
plagioclase+quartztbiotite+altered mafic
mincral.  Unit also contains minor olivine
basall, andesite lithic wff, and dacite. Ape
assignment based on plagioclase ‘CAr/39Ar
total-fusion age of 59.5£12.3 Ma (table I,
locality 20). Unit also possibly inctudes rocks
a8 old as Late Cretaceous

Rhyolite (Paleacene and Cretaceous?)—Rhyolile

domes found as small knobs or large domical
hills as Targe as 4 km in diameter and 300 (o
500 m in relief, like those at Spein Mountain
or Shining Dome. Domes are composed of
moderately to deeply weathered pale-pink 1o
orange, platy srhyolite. Rhyolites generally
contain 2 to 3 percent phenocrysts of feldspar
(plagioclase or sanidine; rare anorthoclase)
and sparse biotite in finely crystalline
groundmass of quartz+potassium feldspar
+plagioclase+magnetitetbiotite. Unit
tentatively includes thin (25-75 m) highly
altered rhyolite tuffs and flows that
discontinuously overlie wmits Jab and Jve of
Nyac 1terrane north of Elbow Mountain in
south-central part of map area. Poor
exposwe allows for possibility that these
undated rhyolites north of Elbow Mountain
may not be correlative but instead might be
interbedded with unit Jvc of Nyac terrane.
Statigraphic relation between rhyolites and
andesites (unit TKea) is uncertain. Age
assignment based on bjotite and whale-rock
K/Ar ages of 62.5£1.9 Ma and 59.311.8 Ma,
respectively, from sample of rhyolite dome

TKst

TKsr

TKsa

east of Kisaralik River (table 1, locality 8;
Robinson and Decker, 1986). X/Ar and
40Ar/39Ar ages indicate Eek field is generally
older than, and therefore underlies, Nukluk
Volcanic Field to east. Unit also possibly
includes rocks as old as Late Cretaceous

Swift Creek Volcanic Field

Consists of thick pile of pyroclastic deposils
and capping lava flows in area between
Akoswift Creek and Kisaralik River in
southeastern pant of map area. Field is
intruded and locally contact metamorphosed
by Crooked Mountain pluton (Xick) on
southeast side and unconformably overlies
sedimentary rocks (Kkv) of Upper Cretaceous
Kuskokwim Group. Main volcanic field is
divided into two stratigraphic units. Lower
unit (Ksl) forms broad semicircular siream-
cut plateau composed of lithic tuff, lapilli wf,
ash, and lesser lava flows and breccias; upper
unit (TKsa) consists of erosional remnants of
andesite lava flows that cap small hills rising
above plateau. Two additional units, small
rhyolite dome (TKsr) exposed about 2 km
south of main voleanic field, and rhyolite ash-
flow wmiff (TKst) located 8 to 10 km south, are
also included in Swift Creek Volanic Field
All of igneous rocks of field are arc-related,
calc-alkaline rocks. Divided into:

Rhyolite ash-flow tuff (early Tertlary and (or)

Late Cretaceous)—Fresh to moderately
altered, densely welded rhyolite ash-flow tuff
exposed on ridges on both sides of Liule Swift
Creek. Chiefly black glassy vitrophyze;
subordinate white to pink, parialty devitrified
thyolite. Tuff contsins 3 > 10 percemt
medium-grained phenocrysts of plagioclase,
quartz, and sanidine and sparse fine-grained
magnelite in groundmass of pale-brown glassy
pumice and shards. Partially devirrified
samples are oxidized. Rock contains
abundant small (less than 1 em) sandstone
xenoliths. Unconformably overfies unit Kvs
of Togiak terrane. Uncertain relation to
main volcanic field. Age constrained only as
younger than Valanginian (Early Cretaceous)
biostratigraphic age of unit Kvs

Rhyolite (early Tertlary and (or) Late

Cretaceous)—Frosl-riven rubble from single
rhyolite dome(?) exposed on ndge north of
Akoswift Creek snd west of Crooked
Mountain pluton (Kick). Rhyolite contains 7
to 10 percent fine-grained phenocrysts of
plagioclase, quartz, biotite, and garner in
groundmass of potassium feldspar, plagiociase,
quartz, and sparse oxides. Overlies and (or)
intrudes sedimentary rocks (Kkv) of
Kuskokwim Group. Age constrained only as
younger than Turonian (Late Cretaceous)
biostratigraphic age of unjt Kkv

Andesite flows (early Tertlary and (or) Late

Cretaceous)—~Columnay-jointed andesite



Ksl

Lithic

flows capping small hills that overlie unit Ksl.
Flows consist of andesite containing 4 to 30
percent fine- to medium-grained phenocrysts
of plagioclase, pyroxene, magnetite, and rare
biotite. Brown amphibole is common in some
flows. In parts of field, mafic minerals are
altered to chlorite, calcite, or dark-brown
opaque oxides. Plagioclase laths, granular
pyroxene, magnetite, and ilmenile comprise
groundmass in freshest andesites, Plagioclase
laths, opaque oxides, and glass comprise
groundmass in more altered andesite. Unit is
about 50 to 70 m thick and conformably(?)
overlies uwnit Ksl.  Unpit also includes
prominent columnar-jointed andasite dike
exposed about 2 km south of main voleanic
field. Age constrained as younger than
Campanian (Late Cretaceous) radiometric
age of umit Ksl

ajr-fall tuff (Late Cretaceous;
Campanian)—Moderately aliered, andesite
lithic air-fall tuffs, wff breccias, and altered
andesite flows. Makes up extensive basal unit
of Swift Creek Voleanic Ficld, Varies from
very coarse-grained lithic toff breccia
containing dispersed clasts as large as 2 m in
diameter to greenish-gray ash beds containing
lithic fragments less than 0.6 ¢m in diameter.
Most lithic clasts aze 1 to 2 ¢m in diameter,
angular, and poorly sorted and consist of
maroon, green, or black sphaniuc andesite
clasts, set in finer gndesitic 1uff matrix.
Rhyolitic breccias present in some areas.
Clasts often have numerous veins or vesicles
filed with calcite, chlorite and quartz, Unit
appears to be more coarse-grained in basal
part, grading into finer grained tuff in
uppermost part. Coarsc-grained parts of
section appear to be more crudely bedded,
finer grained parts are well bedded and
display normal and, Jess commonly, reverse
grading. Lower part of unit is probably vent
breccia; upper bedded part of unit is
interpreted as air-fall wff. Unil is oxlensively
cut by dikes presumed to be feeder vents for
overlying flows (unit TKsa) in main part of
volcanic field. Conformably(?) overlain by
andesitic lava flows (unit TKsa). Appears to
unconformably overlie sedimentary rocks
(Kkv) of Kuskokwim Group along western
and eastem flanks of field, but may be in fault
contact locally. Exposed thickness is
estimated to exceed 500 m in central part of
field. The circular outcrop pattern of unit
and its alteration suggest it may rcpresent
caldera fill. An interbedded andesite flow
yielded whole-rock %0Ar/39 Ar total-fusion age
of 74,3122 M= (table 2, loeality 17)

Tulip Volcanic Field
Located in east-central part of map area near

headwaters of Kipchuk River, and consists
chiefly of dacite flows and subordinate

TKtb

TKtd

thyolite bodies. Field is divided wato 3 units,
from oldest to youngest: (1) rhyolite domes
and flows (Ktr), located chiefly around
margin of field; (2) andesite and dacits flows
(TKu), which comprise main volume of fisld,
Yocally underlain by a basal section of dacitic
tuffs; and (3) single block and ash flow
(TKib). In eastern, southern, and northern
parts of field, dacite tuffs unconformably
overlie sedimentary rocks (Kkv) of Upper
Cretaceous Kuskokwim Group, Along parts
of west and east-central margins of field,
dacite tuffs or flows overlie(?) large rhyolite
domes as large as 1 kn in diameter. Volcanic
pile has minimum exposed thickness of 430 m
in central part of field. All of lavas are
typical arc-related, calc-alkaline rocks.
Divided intw:

Block and ash Flow (early Tertlary and (or) Late

Cretaceous)—Only onre small block and ash
Now was mapped and is exposed on steep slope
on northwestern flank of volcanic ficld. Flow
consists of long narrow tongue approximately
15 m thick and 100 m long of broken blocks of
dacite in ashy matrix of same litholagy.
Interpreted o be hot avalanche deposit
formed during dome collapse. Blocks are
poorly soried, angular to subrounded, and are
either black and glassy, red and oxidized, or
have banded streaks of red in black., One o
three-m-thick sequence of red and black
banded dacite flows found as a detached,
folded sheet about 20 m long floating in ashy
metrix. Matrix is red, and granulated fine ash
contains broken crystals, bent biotite crystals,
and chalcedony-filled pore space. Mineral
assemblages in unit vary considerably,
probably indicating that parent dome {ormed
from inhomogeneous (or mixed) magma
chamber. However, all parts are dacite and
all are characterized by very coarse (a3 large
as 14 mm) to fine-graimed phenocrysts. Most
mefic part consists of 20 percen! coarse- 10
fine-grained phenocrysts of plagioclase+clino-
pyroxene+orthopyroxene (some in glom-
eroporphyritic clots) in groundmess of fine-
grained feldspars. More felsic pans of flow
contgin 5 to 10 percent phenocrysts of
plagioclasexquartztsanidine+biotite-+ortho-
pyroxenetclinopyroxene+magnetite in brown
to black glassy matrix. Gold-brown
amphubole, anorthoclase, gamet, zircon, and
apatite present in some parts of flow but are
uncommon. Minerals in block and ash flow
appesr to be out of equilibrium: some feldspar
is highly resorbed and garnet has thick
reaction rims. Depositionally overlies unit
TKid. Age constrained only as younger than
Turonian (Late Cretaceous) biostratigraphic
age of unit Kkv

Dacite and andesite flows and dacite tuff (early

Tertiary and (or) Late Cretaceous}-—Dacite
and subordinate andesite flows and underlying
dacitic pyroclastic rocks. Flows crop out as




columnar-jointed cliffs throughout main part
of Tulip Volcanic Field. Pyroclastic rocks
inchude wffs and breccias exposed in lower 50
m of unit Dacite flows contain 7 10 10
pexcent medium- to fine-grained phenocrysts
of plagioclasetorthopyroxene+magnelitex
clinopyroxenotamphiboletbistitetquartz.
Andesite flows consist of 10 percent fine- to
medium-grained phenocrysts of plagioclase+
clinopyroxene+orthopyroxene+magnetile in
groundmass of fibrous plagioclase necdles,
colorless glass, and wny opague-oxide dust;
intergrown clots of plagioclase, ortho-
pyroxene, snd opaques appear to have
replaced biotite. Dacitic tuffs generally
consist of plagioclase+orthopyroxcne+
amphibale+mapnetite phenocrysts in
vitroclastic groundmass. Lavas charac-
teristically contain inclusions of orthopyrox-
enexclinopyroxcnetplagioclasetmagnetite
(andesites) and plagioclase =*ilmenitet
orthopyroxenezclinopyroxenetbrown glass
(dacite). Unit overlies sedimentary rocks
(Kkv) of Kuskokwira Group oy rhyolite (Kir),
and is locally overlain by unit TKib. Age
constrained only as younger than Turonian
(Late Cretacoous) biostratigraphic age of unit
Kiv

Rhyoljte domes and flows (Late Cretaceous)—

Rhyolite domes and flows found as small
knobs ar hilts of orange o pink to white platy
rhyolite.  All aro moderately to scverely
altered. Most rhyolite bodies appear to be
overlain by dacite and andesite flows that
comprise cenlral part of volcanic field.
Dacite flow just north of VABM Tulip has
columnar joints that curve from near vertical
to near horizontal at contact with rhyolite
dome to north, indicaling that (he dacite
cooled against a preexisting hill of cooled
rhyolite. Rhyolites contain 3 10 5 percent
fine-grained phenocrysts of
plagioclasa-+biotite+quarlzt
magnetitetgammet, or less than 1 percent (ine-
grained plagioclase phenocrysts, in
groundmass of glass or fine-grained crystalline
polassium fcldspar +quartz+spongy patches of
opaque oxides. Aliered samples contain as
much as 10 1o 15 percent sccondary calcite.
Unit overlies sedimentary rocks (Kkv) of
Kuskokwim Group and is overlain by unit
TKtd. Late Cretaceous age bascd on
presumed correlation with unil Kvkr of
Kipchuk Volcanic Field 1o north

Kipchuk Volcanic Field

Consists primarily of andcsitic flows and tuffs
and subordinate rhyolite domes exposed in
area covering greater than 230 km?2beiween
Kipchuk and Aniak Rivers in east-central and
northeasiern part of map area. Rhyolite
bodies found only st casl and west cdges of
central part of field. Intermediate volcanic

Kvkg

section i3 here divided into six units (given
numbered subscripts  starting  with
stratigraphically lowest). Lower part of
section (units Kvky through Kvk4, inclusive)
crops out in northwest-dipping homocline in
southern part of field. Upper part of section
(Kvks. Kvkg) is exposed in broad north-
northeast-rending syncline in northern parn
of field. Lower part of section only found on
southeast side of synctine. Lavas and tuffs of
Kipchuk Volcanic Field have chemical
compositions typical of arc-related, calc-
alkaline rocks. However, there are significant
compositional differences beiween varjous
units in Kipchuk Volcanic Field. Units in
lower part of section have lower TiO,, K0,
and MgO content and higher Na,O and
Al,05 conlent than rocks in upper part of
section. Lower part of section also has lower
incompatible trace-clement contents (for
example, Ba, Rb, Nb, Ta, La) than upper part
of section at same silica content.  Limited St
and Nd isotopic data (Moll-Stalcup and
others, 1989) indicate that rocks in lower pan
of section have higher initial 375r/36Sr and
lower initial '43Nd/*4Nd ratios than rocks in
upper section. Many of lavas in wpper part of
section show disequilibrium mineral
assemblages and large variatiors in
mineralogy and incompatible element
chemistry, suggeslive of mixing of two very
different magmas. Divided into:

Andesite and basalt flows (Late Cretaceous;

Maestrichitian)—Porphyritic plagioclase-
pyroxene-olivine andesitic flows and flow
breccias, minor interbedded flows of olivine
basalt, and black andesite niff. Flows exposed
in broad syncline cut by Kipchuk River in
north-centra) part of volcanic field. Unit is
well exposed along ridges near Kipchuk River
where flows are marked by columnar-jointed
cliffs, Farther north, unit is covered with
dense brush and exposure is limited to rubble
and small outcrop. Lavas have between 51
and 63 percent SiO; and are characterized by
high to very high Mg and Cr contents and
large variations in potassium (K) content.
Typical andesites contain 2 10 20 percent
coarse- to fine-grained phenocrysts of
plagioclasetolivinetclinopyroxenetortho-

pyroxenetopaque oxides. More K-rich
andesiles contain phenocrysts of plagioclase+
clinopyroxene-+biotitetotivinetsanidinet

orthopyroxens. Groundmasses vary from
holocrystalline to intersertal glass to granular
pyroxcne, magnetite, and ilmenite enclosed in
brown glass 1o sparse plagioclzse microlites
surrounded by abundant brown glass, Mafic
glomeroporphyritic clots are common end
consist of orthopyroxene (&5 many as 35
crystals im single clot) or plagioclase
*clinopyroxenetorthopyroxene,  Some
olivine appears xenocrystic. Orthopyroxene
in some K-rich samples has exsolution



Kvks

lamellae of clinopyroxene; clinopyroxene
contains abundant inclusions of
orthopyroxene. Many of K.rich samples
appear 1o be out of equilibrium and probably
formed by mixing of discrete magmas.
Basalts contain 3 to 5 percont phenocrysts of
olivine or clinopyroxene in holacrystalline
groundmass of flow-oriented plagioclase,
ilmenite, clinopyroxene, and magnetite.
Black andesite wffs contain approximately 15
percent phenocrysts of plagioclase. Thickness
is estimated to be between 1,200 and 1,700 m.
Conformably overlies unit Kvks on east flank
of syncline; unconformably overlies
sedimentary rocks (Kkv) of Kuskokwim
Group and is interbedded with lacustrine
strata of unit Kvks on west {lank of syncline,
indicating that these lavas were deposited in
shallow lake. High-silica andesile [low [rom
near top of sequence yielded biotite “Ar/*¥Ar
total-fusion age of 69.5+2.1 Ma (lable 1,
locality 12)

Fine-gralned tuff, crystal-vitric tuff, and

tuffaceous sandstone (Late Cretaceous;
Maestrichtian)—Water-lain (lacustrine and
fiuvial) and air-fall ff. Exposed in northem
part of ficld along west and east margins.
Crops out primarily in cutbanks, in canyons,
and on ridges. On west side of voleanic field,
uni¢ is estimated to be about 100 m thick. It
consists of very fine grained Lo finc-grained
tuffs that are finely laminated on millimeter
to centimeter scale from greenish gray to
white. Beds are interpreted 1o have been
deposited in lacusirine environment. Coarscst
samples are composed primarily of pumice
and plagioclase, wilh subordinate clino-
pyroxene crystals and andesitic lithic
fragments. On east side of field, vnit is
generally coarser grained. Along cutbank of
Kipchuk River, unit consists of white air-fal}
wff, stream-reworked tulf, and minor
interbedded, finely laminated tuffaceous
lacustrine deposits similar o those found on
west side,  Air-fatl taff is fine- to medium-
grained crystal wff and has well-developed
bedding. It consists primarily of vesicular
pumice (2 10 3 mm actoss), plagioclase (25 to
40 percent) partially replaced by calcite, and
subordinate andesite lithic fragments.
Farther north, (uff appears to be more
reworked and, in places, more mafic,
conlaining as grest as 5 percent allered
clinopyroxene or chloritic pseudomorphs
after mafic minerals. Here, unit consists of
coarse- to {ine-grained wffaceous sandstone
and siltstone with well-delincd beds, 0.5 em to
t m thick. Sparse andesile flows gre
interbedded with wffs in some areas. Unit is
estimnted to be about 150 m thick on east side
of field. It conformably overlies unit Kvkg
and underlies unit Kvkg on east side of field;
on west side of field, it is interbedded with
tower flows of unit Kvkg. Macsrichtian age is
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constrained by radiometric ages from
overlying unit Kvkg and underlying unit Kvkg

Upper black andesitic lithlc tuff (Late Cretaceous;

Maestrichtian)—Black, densely welded
andesite tuff exposed in low bills and ridges
south and east of Kipchuk River. Rocks
consist of fresh, broken crystals of plagioclase,
orthopyroxene, and magnetite and lithic
fragments of andesite and sandsione in
groundmass of black, almost opaque glass.
Some of plagioclase is strongly zoned and
some is strongly resorbed. Flaitened fiamme
appear as dark lenses. Lithic fragments are
commonly 0.2 ta 0.7 mm, but some are
severa) centimeters, Clasts incjude various
lithologies of andesite and rarer felsic
volcanic and sandstone fragments. Generally
fresh, but where altered, clasts are replaced by
epidoie, calcite, and chlorite. Mafic minerals
are altered to chiorite, Unit is estimated to be
about 200 m thick at radiometric age sample
tocality (locality 7). Unit is petrographically
similar 10 lower black andesite lithic tuff
(Kvk2) but much thinner; may be correlative
with unit Kvk?) (see below). Overlies andesite
flows unit (Kvk3) and is overlain by water-
lain @ff unit (Kvks). Age assignment based
on plagioclase and whole-rock K/Ar ages of
69.042.1 Ma and 71.4£2.1 Ma, respectively
(1able 1, locality 7; Robinson and Decker,
1986)

Andestte flows (Late Cretaceous)—Porphyritic,

propylitically altered, one- and two-pyroxene
andesite lava flows; minor olivine basalt
flows, dacite flows, and andesite wff. Bxposed
as rubble and small outcrop in low hills,
ridges, end canyons in south-central part of
volcanic field. Andesiie generally comtains 5
to 30 percent very coarse (as long as 1 cm) to
fine-grained phenocrysts of plagioclaset
orthopyroxenetclinopyroxene+magnititetil-
menite, Mafic minerals often in
glomeroporphyritic clots with plagioclase.
Groundmasses vary from intersertal to
hyaloophitic. Glass is colorless, brown, gold or
gray black, Mafic minerals commonly altered
to calcite, chlorite, and magnetite, less
commonly repiaced by colorlass or blue-green
amphibole. Some replacement by chalcedony
and blue-green or blue-brown tourmaline.
Some rocks have pore space lined with
alieration products and vesicles fillad with
quartz, chlorite, and zeolites(?). Some rocks
having black, plassy groundmass strongly
resemble black lithic tuff but lack broken
crysials, lithic fragments, apd vitroclastic
texture, Ofivine basalt composed of very
coarse grained olivine+orthopyroxene+
plagioclasetclinopyroxene phenocrysts in
holocrystalline groundmass of chiefly
plagioclasetorthopyroxene+opaque oxides.
Dacile composed of 5 percent fine- to coarse~
grained phenocrysts of wormy plagiocless,
fine-grained fresh plsgioclase, quartz,




Kvka

orthopyroxene, and brown and black oxides in
groundmass of quartz, plagioclase, and
approximately 5 percenmt rusty oxides.
Andesite wff composed of 20 to 25 percem
fine-grained broken crystals of altered
plagiaclase and mafic minerals (altered to
fibrous chlorite), and lithic {ragments of
andesite gnd basall in groundmass of
plagioclase, opaque oxides, altered mafic
minerals, and glass, Swoucture of unit is poorly
known, but it is at least 300 m thick. May be
as thick as 1,700 m if dip is consisient with
single measured allitude near northwest
margin of unit and with the allilude of unit
Kvk] to southeast. Relations with adjacent
units are uncertain; inferced to be sandwiched
berween glassy il units Kvkg and Kvky in
west-dipping homoclinat siack. However, an
alternative interpretation, based on similarity
and unaltered character of units Kvky and
Kvk4 in contrast with consistently alicyed
unit Kvk3, is that unir Kvk3 is older than both
black wff wnits (Kvkp, Kvky), and that the
black wff units are correlative and were
erupted through and onto previousty altered
unit Kvkq, In this altemative model, unit
Kviky would be caldera-ponded ashflows,
down faulted into unit Kvk3 during caldera
collapse, and thinncr unit Kvkgq would be
oulllow sheets. Latc Cretaceous age con-
strained by Maesurichtian (radiometric) age
of overlying unit Kvkg and Turonian (bio-
stratigraphic) age of underlying unit Kkv

Lower black andesitic lithic tuff (Late

Cretaceous)—Massive, dark, fine-grained
ff having black opaque vitroclustic
groundmass and abundant Jithic fragments of
voleanic rock and lesser sandstone and shale.
Forms prominent ridge in southeaslern part
of Kipchuk Volcanic Field. Probably rclated
to caldera-forming eruption and may be
(tilted?) caldera-filling depozit. Andesite tuff
consists of pumice, crystals, and lithic
fragments, generally 0.3 to 5 cm in diameter.
Typical ruff contains 10 1o 15 percent erystals
of plagioclase+orthopyroxenctclinopyroxene
+opaque oxidesktred-brown amphibolex
brown secondary(?) biotitetgarnci(?) xeno-
crysts.  Crystals within pumice are well
preserved but those in matrix are broken and
range from very fine grained to medium-
grained. One 1o two pereent of plagioclase
crystals are highly rcsorbed and have sponge-
like appearance. Pumice lenses are gencrally
black, almost opaque glass; rest of rock is
more transtucent black glass or lighter black,
partially devitrified glass. Parts of unit are
completely devirified obscuring vitroclastic
texture. Structure of unit is poorly known. If
it is flat lying, it may be as litde as 300 m
thick; if its attitude is similar to that measured
in upper part of unit and in anderlying unit
Kviky itis at least 2.2 km thick. Appears to
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be conformable above unit Kvk| and below
unit Kvk3. Altematively, may be younges
than and faulted against unit Kviy (see unit
Kvkis description). Late Cretaceons age
constrained by Maestrichtian (radiometric)
age of overlying unit Kvkgq and by Turonian
(biostratigraphic) age of underlying unit Kkv

Basal andesite flows (Late Cretaceous)—Light-

gray to tan, sugary lexmured, fine-grained
andesite flows with well-developed flow
banding and irregular platy fracure. Black
where glassy near base of umit. Consists of 1 o
3 percent (ine-grained plagioclase phenocrysts
in a very finc grained groundmass of aligned
plagioclase laths, granular pyroxene
(orthopyroxene and (or) clinopyroxene), and
opaque oxides. Subordinate high-silica
andesite has groundmass of felted feldspar
and sparse quartz; groundmass ranges from
holocrystalline 1o viwric with as much as 30
percent black interstitial glass. Rare
xenocrysts of orthopyroxene in crystal clusters
or brown amphibole crystals with thick
oxidized rims. Altered samples have oxidized
mafic minerals and glass(?) or contain calcite
lenses along flow banding. Unit includes
andesite dike cutling unit Kvkr at VABM Cap
just west of volcanic field. Dike consists of
sparse plagioclase phenocrsis in groundmass
of stubby plagioclase laths, biotite, opaque
oxides, and interstitial potassium feldspar,
Unit is 1.6 km thick where it is exposed along
west-dipping homocline in southeast part of
Kipchuk Volcanic Field. Unit extends to
south and west of main Kipchuk Volcanic
Field as far as VABM Cone. Unconformably
overlies sedimentary rocks (Kkv, Kkmf) of
Kuskokwim Group and underlies unit Kvkg
Intruded by rhyolile dome (Kvkr) a1t VABM
Obvious. Late Cretaceous age constrained by
Macstrichtian (radiometric) age of overlying
unit Kvk4 and Turonian (bio-stratigraphic)
age of underlying unit Kkv

Rhyollte domes and fows (Late Cretaceous)—

Moderately to scverely altered, white to
orange, platy rhyolite domeg and flows, and
minor rhyolite breccia. Litholagically similar
to unit Ku. Includes prominent rhyolite
domes at VABM Obvious and VABM Cap,
large rhyolite body on west side of volcanic
field in bend of Kipchuk River, and small
dacite knob north of VABM  Obvious.
Rhyolite at VABM Obvious generally
containg 1 to 2 percent fine-grained
phenocrysts of plagioclase+quartzt sanidinet
biolitexmagnetite in very fine grained
groundmass of plagioclase+quartz+ potassium
feldspar+ magnetite, More altered samples
contain secondary muscovite and 1 percent
blue to brown tourmaline, Dacite north of
VABM Obvious consists of 3 percent
medium-grained phenocrysts of embayed
quartz and feldspar in groundmass of



plagioclase, abundant muscovile, and clusters
of dark oxides. Body west of central part of
volcanic field consists of highly sliered
thyolite containing no remaining phenocrysts
and is composed entirely of fine-grained
quartz, feldspar, opaque oxides, and minor
white mica. Unit is at least 500 m thick al
VABM Obvious, where il includes basal tuff
ring. Relation 1o surrounding units is
uncertain; unit could be of several ages. At
VABM Cap rhyolite dome is cut by dike of
unit Kvky. At VABM Obvious unit appears
to intrude and depositionally overlic unit
Kvki. Ash flows of unit Kvky probably flow
around dome &t VABM Obvious and are
younger. Lale Cretaceous age conslrained by
Maestrichtian (radiomeitric) age of
stratigraphically overlying unit Kvky4 and by
Turonian (biosaatigraphic) age of underlying
sedimentary rocks (Kkv, Kkmf) of
Kuskokwim Group

INTRUSIVE ROCKS

Intrusive rocks, urdivided—With exceplion of

diorite {(nomenclawre of Streckeisen, 1976)
pluton (TKie) west of Shining Dome, il
intrusive units described in this section crop
out east of Sawpit Faull. Most common rock
is coarse-grained porphyritic to scriale-
textured hornblende-biotite granodiorite to
biotite granile. Partial rims of two-pyroxene
gabbro (locally quartz bearing) lo horublende
diosite and biotite-augite or biolite-
hornblende quarz, diorite are present arovnd
some felsic pluons. Contacts betwceen [elsic
and mafic bodies generally are poorly
exposed, bul most mafic bodies are sharply cul
by adjacent felsic piutonic rocks where
contacls are exposed. Hypidiomorphic
granular texmure is most common in diorites
and quariz diorites. Couarse, mesocumulale
textures are present in some mafic rocks,
Geochemical character and isotopic ages of
plutonic rocks indicate that they are product
of arc-related magmatism roughly contem-
poraneous with easly Tertiary and (or) Late
Cretaceous volcanic fields. Plutons are
elliptical, erosionally resistant [except Cripple
Mounlains pluton (Ticp), which is crosionally
recessive), and in sharp conlact with biotite-
and cordierite-homfels zones as wide as 1 km.
Divided into:

Anlak Lake pluton (Paleocene)—Coarse-

graincd, porphyritic o seriate leucocratic
biotite granite pluton 10 km? in area supports
prominent glacially carved ridges northwest
of Aniak Lake in cast-central part of map
area. Color index (CI) = 2-7. Rock has
distincrive speckled lexture with randomly
oriented [eldspar phenocrysts.  Subhedral
white, palchy microperthile phenocrysts arc 2
to 4 cm, commonly along with smaller
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cuhedral plagioclase phenocrysts, in seriste
matrix of orthoclase, quartz, plagioclase, and
euhedral biotite. Muscovite is present in some
samples; zircon with pleochroic haloes is
prominent accessory. Parial replacement of
biotite by chlorite is common in some
samples. Porphyritic rhyolite dikes are
common in uppermost parts of pluson and in
surrounding biotite hornfels. Intrudes and
contaci-metamorphoses unit Kkv of
Kuskokwim Group. Pluton-wallrock contact
forms near-perfect hemisphere for its exposed
uppermost 770 m. Age assignment based on
biotite **Ar/A%Ar total-fusion age of 60.8+1.8
Ma (1able 2, locality 14)

Cripple Mountains pluton (Paleocene) —

Elliptical, erosionally recessive pluton, 40 km?
in area in east-central part of map area.
Coarse-grained, hypidiomorphic-granular
hornblende-biotite granodiorite and granite
are most comynon rock types, with lesser
quartz monzodiorite and quartz monzonite.
CI=2-12. Biotite forms euhderal books and
typically is unaltered; hornblende is subhedral
10 euhedral and partially replaced by chlorite.
Local poikilitic orthoclase contains euhadral
biotite and plagioclase. Sphene and zircon
are gccessory minerals. Igneous-textured
hornblende-biotite quarz diorite inclusions
comprise as much as 5 percent of outcrop
near pluton margin; abundance of inclusions
decreases toward pluton core. Aplite dikes
are common ncar pluton margin. I[ntrudes
sedimentary rocks (Kksh, Kkmf, Kkmc) of
Kuskokwim Group, wilh resistant biotite-
cordierite hornfels zone 1 km wide. Sample
of homblende-biotite granite yielded biotite
40Ar/39Ar total-fusion age of 62.2£1.9 Ma
{table 2, locality 13)

Eek Rlver pluton and related plutonic rocks

(early Tertlary and (or) Late Cretaceous)—
Sill 50 to 500 m thick crops out in
discontinuous exposures over 10 km length
cutting and contact-metamorphosing
sedimentary rocks (Kked) of Kuskokwim
Group north of Eek River in south-central
pars of map area; other small bodies exposed
west and east of Shining Dome and north of
moulh of Johnson Creek in central part of
map arca. Mass on west flank of Shining
Dome may lie west of or intrude trace of
Sawpit Fault. Rock is medium- to coarse-
grained, porphyritic to diabasic (hombiende)
augite diorite, quartz diorite, and mafic
quartz monzodiorite. C[=}5-35. Interstitial
quartz and potassium feldspar are present in
some samples; locally these phases are
graphically intergrown. Sumilarities in major
and trace-element chemistry suggest Eek
River pluton and quartz diorite on west side of
Shining Dome are comagmatic. Age is
consirained only as younger than Turonjan
{Late Cretaceous) biosiratigraphic age of unit
Kked of Kuskokwim Group
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Fisher Dome and Marvel Creek plutons,

undlvided (early Tertlary and (or) Late
Cretaceous)—Small intrusions of ebowt 1
km? area exposed al Fisher Dome and in
valley near headwaiers of Marvel Creek in
northeastern part of map ares. Biotire
homfels zone 100 m wide developed in
sedimentary rocks (Kkmf) of Kuskokwim
Group around intresions. Rocks are
homblende-biotite granite and granodiorite
porphyry. Randomly oricnted cuhcdral
brown hombiende, brown biotite, plagioclase,
and resorbed quartz pheaocrysts as large as 3
mm comprise 20 o 40 percent of rock and are
set in very fine grained aplitic mawix of
quartz, plagioclase, potassium feldspar, and
minor biotite and hormblende. CI= §-7.
Accessory minerals include opaque oxides,
apatite, and zircon. Age constrained zs
younger than Turonian (Late Crelaceous)
biostraligraphic age of unit Kkmf of
Kuskokwim Group

Gemuk Mountalo pluton (early Tertiary and

(or) Late Cretaceous)—Elongate, north-
trending, crosionally resistant, mafic to
intermediate quariz gabbro 1o mafic
granodiorite ptuton, 25 km? in srea, that has
cut and contagt-metamorphosed sedimentary
rocks (Kkv) of Kuskokwim Group and wni¢
Kvs of Togiak teryane in northeaslern part of
map area. Varies from coarse-grained,
cumnulus-textured biolite-augile quartz diorite
and quartz gabbro lo intergranvlar-textured
biotite-augite quartz diorite, quartz
monzadiorite, und mafic granogiorite. Some
samples conlain intergranvlar micrographic
quartz-potassinm feldspar intergrowths.
CI=15-35. Age is consirained 85 younger than
Turonian (Late Cretaceous) bioslraligraphic
age of unit Kkv of Kuskokwim Group

Quartz monzodiorite of Klpchuk River (early

Tertiary and {or) Lute Cretaceous)-—Smalt
(less than 1 km?) quartz monzodiorite
intrusion in sedimemtary rocks (Kkecd) of
Kuskokwim Group below unconformily,
which is overlain by Kipchuk Volcanic Field.
Found just east of Kipchuk River in
northeastern part of mep arca. Sedimentary
rocks of Kuskokwim Group are conlact me(z-
morphosed by pluton. Volcanic rocks of
Kipchuk Volcanic Field do nol appear to be
metamorphosed, although extensive
tourmaline-quartz, replacement of volcani-
clastic wuffs is present near base of volcanic
secrion (Frosl, 1990). Pluton consisis of
medism-grained, intergranuiar-lexturcd
biotile-augite quariz monzodiorite and quartz
diorite. Quartz-potassium feldspar graphic
intergrowths are common. Age constrained
as younger than Turonian (Lale Cretaceous)
biostratigraphic age of wnil Kkcd of
Kuskokwim Group: age relative 1o adjacent
Kipchuk Volcanic Field uncertain
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North Fork ptuton (early Tertlary and (or) Late

Mt.

Cretaceous)—Mafic margin and eastern
mafic sill shown by diagonal-line pattern.
Two discrete phases mapped: (1) main felsic
phase that forms bulk of pluton; and (2) mafic
phase that crops out on south margin of
pluton above North Fork Lakes, in large sil}
cutting sedimentary rocks (Kkv) of
Kuskokwim Group east of main part of
pluton, and in small outcrop north of main
pluton. Located in east-cenrral part of map
arez. Main felsic phase of pluton is seriate to
hypidiomorphic granular (augite-)
hornbiende-biotite guartz monzodiorite,
granodiorite, and minor biotite granite. CI=7-
15. Homblende is partially altered to chlorite.
Aplite dikes are common. Mafic phase is
characterized by coarse-grained, cumulus-
textured augite quartz gabbro and quariz
diorite. Augile is partially replaced by green
amphibole. Euhedral opague oxides along
with interstitial brown biotite and green
hormblende are ubiquitous. Sill cutting
sedimentary rocks of Kuskokwim Group has
similer mineralogy but intergranular texture,
Cl=20-30. Masfic phase is inguded by main
folsic phase on south margin of pluton.
Sample of biotite granite yielded biotite
40Ar/3Ar total-fusion age of 64.321.9 Ma
(1able 1, locality 15) on main felsic phase of
pluton

Plummer pluton (earty Tertfary and (or)
Late Cretaceous)—Erosionally resistamy
pluton 1n rnorlheastern part of map area
consisting of medium- o coarse-grained
hypidiomorphi¢ granular augile-biotite mafic
granodiorite, quartz monzodiorite, and quartz
diorite. Characterized by euhderal
plagioclase, anhedral amoeboid deep.
brownish-red biotite, and subhedral pinkish
augite, Accessory minerals include euhedral
opaque oxides and apasite.  Minor
chloritization of biotite, CI=15-25. Iniruded
into and has contact metamorphosed
sedimentary rocks (Kkmf, Kksh, Kked) of
Kuskokwim Group. Age assignment based on
biotitz K/Ar ages of 65.1+2.0 Ma and 66.642.0
Ma (table 2, localities 2 and 6, respectively)

Crooked Mountsln pluton (Late Cretaceous)—

Large, composite pluton with thin gabbro and
diorite margin that partially rims and js
intruded by massive core of biotite.
hornblende grenodiorite snd grenite.
Located in southeastern part of map area.
Mafic margin is approximately 200 m wide on
west side of pluton between Swift and
Akoswift Creeks; elscwhere ovtcrop patterns
suggesl margin is thin or absenl. Augite.
biotitc-homblende and (zugile-) hornblende-
biolite granodiorite, quartz monzonite, and
granite comprise main phase of pluion. CI=3-
15. Augite is pregent both as discrete euhedral
erystals and 88 cores of green hornblende
prisms. Bulk of main phase hag
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hypidiomorphic granular 10 seriate texture.
Igneous-textured quartz diorite inclusions are
present in very low abundances throughout
pluton. Mafic margin is composed of biotite-
sugite gabbro, quartz gabbre, and quartz
diorite. ClI=15-35. Eubedral unzonod
plagioclase as large as 8 mm, subhedral
pinkish augite as large as 3 mm, and opaques
to 2 mm are cumulus phases. Subhedral
olivine is present in some samples. Inierstitial
0 subophitic dark-brown biotite is ubiquitons,
In lithologies of intermediate composition,
green homblende joins augite as a cumulog
phase; plagioclase retains unzoned cores with
strongly zoned rims. Texture and mineralogy
of most mafic parts of main phuse are
gradational to most silicic parts of mafic
margin. Most samples without olivine
contain quartz as interstital phase, in many
cases graphically intergrown with potassium
feldspar, Patches of secondary fibrous pale-
green amphibole sre common. Intruded into
and has contact metamorphosxl unils Ks),
Kkv, Kvs, and KJc. Sample of homblende-
biotite granite yielded biotite “PAr/° Ar 1otal-
fusion age of 69.8+2.1 Mr (lable 2, locality
18)

Canyon Creek pluton (Late Cretaceous)—Smasll

pluzon about } k2 in area, cutting hornfels
of unit Kvs at hesdwaters of Canyon Creek in
south-cenural part of map area, Map unit
includes perographically similar body cutting
unit Kkv, 10 km to northwest. Rock is
composed of medium- (o coarse-grained,
intergranular to hypidiomorphic granular
augile-biolite quariz diorite to homblende-
biotite granodiorite. Ci=15-25. Interstitial
quariz is common. Iron-stained pyriliferous
aplite dikes tocally present cutting both philon
and unit Kvs, Age assignment based on
biotite 0Ar/*?As tolal-fusion age of 70.3+2.1
Ma (1able 2, locality 19)

Hornblende diorite stocks and dlkes (Late

Cretaceous)~Small stocks and dikes
scaltered through Togiak terranc. All but rwo
bodies are wo smatl 1o show at map scale,
Rock is composed of 15 o 35 percent
unaltered. euhedral, dark-honey-brown
homblende prisms 1 1o 4 mm long and lesser,
pinkish subhedral augile, along wilh minor
subhedral opaque oxides. Remainder of rock
is extensively aliered and is composed of relict
evhedral plagioclase prisms parlially to
completely replaced by calcite, chlorite, and
zeolites. Secondary quariz is common. Some
examples are strongly foliated. Trace element
chemistry is characterized by high chromiom
content (200-900 ppm). Age assignment
based on homblende 49Ar/2%Ar wtal-fusion
age of 68.0+2.0 Ma (wable 2, locality 16) from
small jntrusive body in east-cenursl purt of
map area

Serpentinite (Lete Cretaceous}—Smaeall,

pervasively slickensided bodies of serpentinite,

10

serpentinite-matrix melange, and silica-
carbonate ahered serpentinite, found just west
and east of Colden Gate Fault in
northeastern and central part of map area.
Bodies just north of Nukluk Creek are
serpentinmite melange with 0.1- 1o S.0.m blocks
of massive, layered and pegmatitic gabbro,
unserpentinized peridotite, and dunite with
chromitite Jayers; bodies west of Golden Gate
Fault have been extensively altered 1o silica-
carbonate rock by replacement of serpentine
minerals by iron-rich carbonate end quartz,
and were subsequently brecciated and
extensively veined by quartz {Frost, 1990).
Apparentty intruded as cold serpentinite
diapirs along faulls cutting rocks ag young as
middle Late Creiaceous (Turonisn), probably
during Late Cretaceous tectonism. Protolith
age uncerrain

ROCKS WEST OF SAWPIT FAULT
VOLCANIC AND SEDIMENTARY ROCKS

Nyac terrane

Consists of four-part siratigraphic sequence of
volcanic and subordinate volcaniclastic rocks
of primarily Middle and Late Jurassic and
Early(?) Cretaceous age. Located in central,
north-central, and northeastern parts of map
area along west side of area of bedrock
exposure, Lavas exhibit weak to moderate
light rere.earth-element (REE) enrichment
and high La/Nb elementsl ratios
characleristic of arc-related magmatism.
Acromeagnelic deta (Jeff Phillips and others,
unpublished data, 1993) indicate terrane
extends to northwesl for distance of about 30
t0 50 km benesdth allovial deposits. Terrane
nowhere overlain depositionslfy by
sedimentary rocks of Kuskokwim Group.
Separated from Kuskokwien Group exposures
by Sawpit Fault, which is overlapped by Late
Cretaceous(?) and carly Tertiary volcanic
(TKer, TKea) and Late Cretaceous and(or)
early Tertiary plutonic (TKie) rocks. Late
Cretacecus displacement on Sawpis Fault is
inferred 1o have been about 250 km in right-
lateral scnse (Box and others, 1990).
Intrusive rocks of known mid-Cretacedus nge
(Kine, Kis) and of inferred mid-Cretaceaus
(in part, at least) age (TTih, TJim, TJik, TJis)
found only within Nyac terrane and are also
cut by Sawpit Fault

Whiteflsh Lake Volcanic Fleld (early Tertlary?,

Cretaceous, and Jurassic?»—Chiefly highly
altered basaltic flows, subordinate aliered
andesite, dacite, rhyolite, and gabbro. Crops
out in low hills along north edge of map area.
Basalt contains 50 percent plagiociase
phenocrysts in groundmass of clinopyroxens,
ilmenite, magnetite, chlorite, calcite, trace
potassium feldspar, apatite and amphibole,
Andesite consists of 2 to 30 percent
phenocrysis of plagioclase Iclinopyroxens



altered 10 calcite. sericite, or cryplocrystalline
quartz; mafic minerals are altered 1o calcite,
chlorite, epidote, and opaque oxides.
Groundmass consists of plagioclase laths,
chlorite, calcite, opagque oxides, potassium
feldspar, and trece quartz. Some samples
contain secondary biotite and (or) amphibole.
Dacites contain 3 0 15 percent phenocryst of
plagioclase, amphibole, and biotite in
groundimass of plagioclase, potassium feldspar,
quartz, chiorile, and opague oxides.
Plagioclase is ofton seplaced by sericiie; mafic
minerals are altered to calcite and opuque
oxides in dacites., Most of gabbros are
medium-grained plutonic rocks; some contain
coarse-grained plagioclase phenocrysts as long
as S mm. Gabbros consist of plegioclase laths
(partially  altered to  sericile)
torthopyroxenetclinopyroxenedsphenetepi-

dotetamphiboletbiotitetchlorite+magnelite

+apatite+trace quartz+potassium feldspar.
Extrusive rhyolites conlain 1 to 2 percent
phenocrysts; shallow intrusive rhyolites
contain 40 percent phunocrysts. Extrusive
rhyolites contain phenocrysts of plagiocluse,
partially reptaced by calcite in groundmass of
partially altered feldspar laths, polygonal
quartz, and rusty brown oxides. Shallow
intrusive rhyolite contains phenocrysts of
ganidine and plagioclase nmmed by potassium
feldspar.  Interstices arc filled with
polycrystalline quartz, potassium feldspar,
magnetite, biotite, chlorite, and zircon. Lavas
are strongly magnelic, and aeromagnelic data
(Jeff Phillips and others, unpublished data,
1993) indicale this unit continues as far as 50
km to west and southwest under thin surficial
deposits, Map relations suggest unit is
unconformable on units Jve ang KJba of Nyac
terrane. Lavas are inferred to be exirusive
equivalem of parts of dioniies and gabbros
(TJim) of Nyac terrane, on Lhe basis of their
close similarity in major and trace-element
contents. Regional constraints suggest unit
could be as old as Jurassic or as younng as
Tertiary

Basaltlec apd andesitic lava flows (Early

Cretaceous and (or) Late Jurassic)—
Basallic and andesitic lava flows; poorly to
moderately exposed in tow hills. Flow rocks
are variably altered basalis and andesites(?)
containing phenocrysts of plagioclase
tclinopyroxene wills secondary chlorite and
calcite and are chemically similar o flow
rocks (unit Jab), Thickness is uncertain.
Conformably(?) ovcrlies unit Jve, and is
unconformably(?) overlain by unit TIwl.
Susatgraphic relations indicate latest Jurassic
or Early Cretaceous age

Vokanlclastic conglomerate, sandstone, and shale

(Late and Mlddle Jurassic)—Mostly
epiclastic sequence of tuffaceous marine
sandstones, shales, and conglomerales with
minor interbedded basaltic and andesitic lava

Jab

flows. Poorly to moderately exposed in low
hills,  Sandstones and conglomerates
¢composed primarily of rounded clasts of
andesitic and basalijc lavas with minor
component of mafic to intermediate plutonic
yock fragments. Estimated thickness is
approximately 1 to 2 km in central part of
map area. Felsic pyroclastic rocks found
Jocally near base of sequence in northern
outcrop bell and in middle part of sequence in
southern outcrop belt, Rests conformably(?)
on unit Jeb and is conformably(?) overlain by
unit KJba. In north-central part of map area,
unit js unconformably(?) overiain by unit
TIwl and inruded by known mid-Cretaceous
(Kinc) and presumed mid-Cretaceous (in
part, at least) (TBh, TJim, TJik) pluionic
rocks, Bajocian (early Middle Jurassic)
marine pelecypods found locally west of
Shining Dome in cental part of map area in
shallow-marine deposits near base of
sequence; Tithonian (late Late Jurassic)
marine pelecypods found in upper part of
sequence above felsic pyroclastic rocks in
rorth-central part of map area (Stephen Box
and others, unpublished data, 1993)

Andesitle and basaltic lava flows and marine

epiclastic rocks (Middle Jurassic)—
Andesitic and basaltic lava flows, flow
breccias, and tuffaceous marine sedimentary
rocks. Poorly to moderately exposed in low
hills. Andesite flows contain phenocryis of
plagiociasetclinopyroxenethombiende; lesser
basalt flows contain plagioclasetclinopyrox-
ene phenocrysts. Tuffaceous sedimentary
rocks consist of lithic sandstones and
conglomerates, and contain similar volcanic
rock fragments and minor component of
mafic o intermediate plutonic rock
fragments. Altered lo static greenschist-
facies metamorphic-mineral assemblages
with variable replacement by chlorite, calcite,
epidote, albite, and quartz. Thickness is
uncertain.  Conformably(?) underlies clastic
rocks of unit Jvg; intruded by known mid-
Cretaceous (Kimc, Kis) and inferred mid-
Cretaceous (in part, at least) (TJim, TJih,
TIik, Tlis) pletenic racks. Interbedded
volcaniclastic strata fiave yielded marine
pelecypods of Bajocian (early Middle Jurassic)
age (Stephen Box and others, unpublished
data, 1993)

INTRUSIVE ROCKS
(Inrusive into Nyac terrane)

Intruslve rocks, undivided-—Elliptical plutons of

hornblende-biotite granodiorite o granite
and biotite granite that weather recessively
and are rimmed by erosionally resistant
biotitetcordierite hornfels zones. Mafic
plutons include small bodies of coarse-grained
cumulate- and static-textured augite gabbro
and diorite; minor hornblende quartz diorite



TJIk

TJIm

is present locelly. Plutons found exclusively
west of Sawpit Fauk, intruding Jurassic 1o
Lower Cretaceous andesitic and volcaniclastic
sedimentary rocks of Nyac terrane.
Radiometric ages of felsic intrusive rocks
range from 120 o 101 Ma. Mafic intrusive
rocks are thoughi to be cogenetic with daled
felsic ingusive rocks, bus ages are uncertain
and may range from Jurassic through
Tertiary. Hypabyssal rhyolite porphyries
(TJih) appear to cut some of mafic plutonic
rocks but have chemical affinites wilh them.
All platonic rocks have chemical
characteristics typical of arc-related
magmadsm. Divided into;

Little Kasigluk River pluton (early Tertiary?,

Cretaceous, and Jurassle?)—Forms several
small masses, each foss than 6 km?in area,
intruding andesilic watl rocks (Jab, Jvc) of
Nyac terrane at headwasters of Little Kasigluk
River in cenwral part of map area. Medium-
grained, hypidiomorphi¢ granular homblende
diorite and gebbro., CI=20-30. Cosmposed of
euhedral plagioctase, subhedral to intesstitjal
green hornblends, and opaque oxides. Patchy
color zoning and locally fibrous nature of
amphibole indicates much of it is replacing
clinopyroxene,  Contact metamorphism
adjacent 1o these badies is weak. Age is
uncertain; maximum age constrained by
Jurassic age of wall rock units Jab and Jve

Altered mafic plutonie rocks (early Tertlary?,

Cretaceous, and Jurassic?)—Small,
erosionally neutral, texturally and
compositionally diverse, partially 1o
extensively aliered diorite and gabbro bodies
cuiting andesitic wal rocks (Jab, Jve) of Nyac
terrane north of Fog River in northeastern
part of map mrea. Contact melamorphism
adjacent w Lhese bodies is weak. Largest mass
is in Fox Creek draipage ares and consists of
massive snd cumulus-textured augite and
augite-amphibole gabbra and diorite along
with hypidiomorphijc-texiured gabbro, diorile,
and quanz diorite. Plagioclase 15 most
commonly euhedral; augite and amphibole
are subophili¢ to interstitial. Most amphibole
is secondary after augite; in many cases
amphibole is fibrous. Intersiitial opaque
oxides are ubtquitous; intersttial biotite and
quartz are present in some samples. Qther
masses are lithologically similar, but most
lack cumulus-textured gabbros. CI=20-40.
Gabbro bodies northwest of the Nyac pluion
(Kinc, pan) exhibit major and trace-clement
similarities to rocks of Whilefish Lake
Volcenic Pield (TIw}), suggesting that they
may represent inirusive equivalents of some
of the volcanic racks. Northwesternmost
body, west of large Nyac pluton (Kinc, par),
appears to be cut by unit TJih . Ages are
uncertain, maximum age constrained by
Juressic age of units Jab and Jve
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Slate Creek pluton (early Tertlary?,

Cretaceous, and Jurassic?)—Erosionally
neutral, mafic hornblende tonalite and
granodiorite pluton, less than 2 km? (n ares,
cuating andesitic wall rocks (Jab) of Nyac
terranc notth of Siate Creek in northeast part
of map area, No prominent hornfels zone
developed. Medium-grained,
hypidiomorphic-granular hornblende tonalite
and granodiorite. CI=15-30. Euhedral,
randornly oriented, twinned green homblende
prisms, eohedra) zomed plagioclase, and
opaque oxides. Quartz is abundant,
comprising 20 10 25 percent of rock, snd
forms anhedral inferstital crystals o
subophilic pools enclosing other minerals.
Distinguished from other quartz-rich plutons
by low potassium feldspar content, lack of
bictite, and chemically by low potasgium and
flatter chondrite-normalized rare earth
element (REE) patterns, Trace-element
signatures simitar to those of bodies of unit
Tlih south of Slate Creek. Age uncertain;
maximum age constrained by Jurassic age of
wall rock unit Jab

Hypabyssal felsle intruslve rocks (early

Tertiary?, Cretaceous, and Jurassle?)—
Highly altered rhyolile and dacite parphyries.
Included in map unit are porphyries of Fox
Creek, Dry Creck, and large unnamed body
west of the Nyac pluton (Kine, pant) in
northcastern part of map area. Found as
Tubbie and small outcrop. Rhyalite consists of
orarnige-weathering, highly altered rock
comaining as much as 10 percent phenocrysis
of resorbed quariz, plagioclase, and altered
mafic minorals replaced by opaque oxides and
chlorite.  Groundmass in rhyolites is
composed of quartz, potassium feldspar, and
plagiociase, locally with graphic intergrowths.
In most samples, groundmass is altered to
granular aggregate of quartz, sericite, zzolites,
and calcite. Some rhyolites contain lithic
fragments of andesitz and may be ruffs, but
alteration has obscured their original exture.
Dacites contain as much as 5 percent
plagioclase and biotite phenocrysts in
groundmass of chiefly plagioclase, quartz, and
opaque oxides. Alteration with partia}
reptacement by chiorite, calcite, and zeolites
is comumon. Bodies south of Siate Creek have
race-element signatures similar to Slate
Creek pluton (TJis). Unit appears o cut
coarse-grained diorite (TJim) west of Nyac
pluton (Kinc, part). Age uncertain;
meaximum age constrained by Jurassic age of
wallrock units Jab and Jve

Nyac, Bonanza Creek, and Columbla Creek

plutons, undlvided (Early Cretaceous)—
Nyac pluion, west of mining camp of Nyac in
north-central part of map area, is largest in
region and underlies approximately 200 km?,
Bonanza Creek pluton underlies 2 km?. and
craps oul east of Nyac pluton as resistant ridge



Kis

centered on VABM Bonanza. Columbia
Creek pluton, 22 km?in area, is exposed in
low hills west of headwalers of Columbia
Creek in central part of map area. Most
plutons form recessive, smooth-weathering
hills with scatered resistant tors, rimmed by
resistant  fine-grained biotite hornfels  of
andesitic wall rocks (Jab, Jvc) of Nyac
terrane. Rock is pale-pink-weathering, light-
gray, cogrse-grained porphyritic to seriate
hornblende-biotite ard biotite-hornblende
granite, quartz monzonite, and lesser
granodiorite and quartz monzodiorie. Nyac
pluton is crudely concentrically 2oned [rom
homblende-biotite granodiorite and granite
at margin o hornblende-biotite granite at
core; somewhat mare porphyritic L core,
Biotite and homblende are euhedral,
plagioclase is subhedral, and perthitic
microcline most commonly present as
anhedral phenocrysts containing small
incliuded plagioclase and mafic minerals;
quartz is ahedral and interstitial. Nyac and
Columbia Creek plutons Cl=5-12; Bonanza
Creek pluton CI=10-15. Common sccessory
minerals include monazite, sphene, zircon,
and apatite.  Igneous-textured mafic
inclusions are common in Nyac pluton near
its margin; pink aplite and pegmatite dikes are
abundant throughout all three plutons and in
adjacent wall rocks. Distinguished from
Sawpit pluton by presence of hormblende and
lower silica content (62 10 72 percent).
Radiomeltric ages include: Nyac pluton:
101.113.0 Ma (K/Ar, homblende; table ],
Jocality 4), 108.543.3 Ma (K/Ar, biolle; lable
1, locatity 4), 120.0+3.6 Ma (K/Ar biolile;
table 1, localiry 5), and 104 10 129 Ma (U/Pb,
zircan; table 3, locality 21); Bonanza Creek
pluon: 110433 Ma (¥Ar/?%Ar total-fusion ,
biotite; table 2, locality 10). Columbia Creek
plulon: 115.043.5 Ma (K/Ar biotite; table 1,
locality 3)

Sawplt pluton (Early Cretaceous)—Recessively

wealhering, pink-colored, leucocratic biotite
granite pluton underlying 35 km? northwest
of Sawpit Creek in northeastcrn part of map
ares. Coarse-grained seriale lexturc with
subhedral andesine, perthitic microcline,
subhedral to euhedral biolite, and anhedral
interstita! quartz. Opaque oxides and sphene
are common accessories. CI=24. As mapped,
unit includes small, chemically and
petrographically similar pluton rcar mouth of
Cale Creek. Probably related to Nyac and
correlative plulons dut distinguished from
them by lack of hornblende, grealer
compositional and texiural homogeneity, and
higher silica conient (74.3 1o 75.0 percent
§i02). Age constrained only as younger than
Jurassic age of wallrock unit Jab, but
chemistry and field relations suggest that
Sawpit pluton is similar in age 1o dated
phutons camprising unit Kinc
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ROCKS EAST OF SAWPIT FAULT
SEDIMENTARY AND VOLCANIC ROCKS

Kuskokwim Group—Kuskokwim Group (Cady and

others, 1955) in map area consists of Upper
Cretaceous (Cénomanian and Turonian)
¢lastic sedimentary rocks that unconformably
overlie three older 1erranes (Togiak,
Goodnews, and Kilbuck terranes) and that
are unconformably overtain by Upper
Cretaceous and lower Tertiary volcanic rocks.
Lower pant of Kuskokwim Group consists of
basal marine conglomerate (Kkbc) overlain
by marine shale (Kksh). Upper part of
Kuskokwim Group consists of five broadly
time-equivalent facies (Kked, Kkef, Kkmf,
Kkme, Kkv). subdivided using clastic
composition (¢, chert-clast dominant; m,
significant metamorphic-clast component;
and v, volcanic-ciast dominant) and
depositional facies (d, deltaic; f, submarine
fan; and ¢, nirbidite channel). Divided into:

Chert-clast provenance rocks (Late Cretaceous;

Turonian)

Deltalc facles—Thick-bedded quarzose sand-

stone, pebbly sandstone, and subordinate
siltstone and shale. Exposed as north-
northeast-trending belt in western foothills of
Kilbuck Mountains in south-central, central,
and northeaslern parts of the map area and as
smaller areas of exposures to east in
northeastern part of map area. Unit is well
exposed on ridges in southern part of exposure
belt (for example, Great Ridge): elsewhere
exposed in sporadic stream cuts and on ridges
as frost-heaved sandsione rubble.
Characteristic sandstwones are composed of
clasts of monocrystalline quartz, foliated and
unfoliated polycrystalline vein quantz,
radiolarian chert and argillaceous chert,
minor graphic granite, and rare recrystallized
quariz-rich sandstone, with rare interbeds of
volcanic provenance rocks. Sandstone at
northern Little Crow Hills near Kisaralik
River in central part of map area contains
abundant clasts of phyliitic silistone and
metachent. Great Ridge exposures consist of
lower section of shaley prodelia deposits, a
middle section composed of a deltaic sequence
of thick-bedded marine sandstones, and upper
section of fluvial meandering soeam deposite
wilh minor coaly interbeds. Stream cuts on
Kisaralik River expose highly bioturbated
prodelta shaley rurbidites with rare
conglomeratic channels, presumably
equivalent to prodeha sequence of lower
section at Great Ridge; sisewhere exposures
generally consist of rubbly ouicrops of
medium to coarse sandstone. Paleocurrents in
marine and nonmarine sandstones at Great
Ridge indicate palcoflow to east-southeasi
(Box and Elder, 1992), end wending north-
northeasy/south-southwest in prodelta faciss



at Kisaralik River. Rocks deformed into tight,
upright lo overturned (to northwest) folds
lacking penetrative siaty cleavage. On west,
unit is separated by Sawpit Fault from
volcanic rocks of Nyac terrans, which are not
compositionally appropriale source rocks for
clastic rocks of unit Kked. Golden Gate Fault
forms much of east boundary of unit.
However, in northeastern part of mep area,
unit found depositionally above unit Kkv
along lower Kipchuk River, and
depositionatly(?) above Kkmf north of
Dominion Creek. Intruded by Late
Cretaceous and (or) carly Tertinry plutons
and unconformably overlain by volcanic
rocks of Eek River, Nukluk, and Kipchuk
Volcanic Fields. Age considered (o be
Turonian (Late Cretaceous) on the basis of
several megafossil occurrences {Elder and
Box, 1992)

Outer-fan turbidite facles—Thin-bedded, fine-
grained quarzose sandstone and slale with
lesser thin- and thick-bedded medium-grained
sandstone. Exposed in north-northeast-
rending belt along 900 m ridge north from
north end of Greenstone Ridge 1o Bear Creek
in centra] and northeastorn parts of map
area. Characteristic sandslones composed of
clasts of monocrystalline and polycrysialline
quartz, radiolarian cheri, and minor graphic
granite; plagioclase and volcanic rock
fragments are rare to absent. Sandstone-
shale interbeds exhibit turbidite feanres, with
thickening and coarsening-upward bedding
cycles noted in a few places, suggesting mid or
outer submarine-fan depositional
enivromment.  Similarity in sandsione
composition suggests this unit is & deep-watex
facies equivalent of deltaic unit Kked. Strata
folded into tight. overturned folds (to
northwest) and pervasively overprinted by
strong slaty cleavage in both shales and
sandstones. Unit depositionally overlies unit
Kksh. Age considered to be Turonian (Late
Cretaceous) on the basis of three megalossil
collections (Elder and Box, 1992)

Mixed provenance rocks (Late Cretaceous;

Turonian)

.Outer-fTan turbldite facles—~Shale-rich

sequence with lesser thin- to thick-bedded,
medium-grained sandstone sections. Widely
exposed in east-central and northeasiemn
parts of map arez. Sandstone compositions
are variable: westermn cxposures (upper
Salmon River and Fisher Dome ridge)
composed of clasts of monocrystalline and
polyerystzlline quariz, chert, quartz-mica
schist, and muscovite and plagioclaso crystals;
eastern exposures composed of clasts of
volcanic rock, quariz-mica schisi, and felsic
plutonic vock, end dalritet grains of
plagioclase, muscovite, and monocrysualline
quartz. Sandstone-shale interbeds exhibil
turbidite featurcs, with thickening- and
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coarsening-upward cycles relatively common,
suggesting mid to ouler submarine-fan
depositional environments. Bed-bottom
paleocurrent features (for example, flutes,
grooves, tool marks) indicate generally
northeast-directed paleocurrents (Box and
Etder, 1992). Depositionally overlies umit
Kksh and apparemily interfingers with umit
Kkme to south in area around and south of
Cripple Mountains pluton (Ticp). Overlain
by or fsulted against unit Kked north of
Dominion Creek. Strata are tghtly folded
into west-verging overmurmned folds with weak
glary cleavege in western exposures and into
east-verging overturned folds (no slaty
cieavage) in eastern exposures. Age
considered 1o be Turoniar (Late Cretaceous)
on the basis of two megafossil occurrences
(Elder and Box, 1992)

Inner-fen-chanpel facles—Mixed shale-rich

and sandstone-rich sections, with coarse
sandstone and pebbly sandstone in thick-
bedded, amalgamated sequences with minor
interbedded shales. Exposed m stream cuts
and rubbly ridges in east-central part of map
srea south of Cripple Mountains pluton
(Ticp) and north of Crooked Creek.
Characteristic sandstones composed of
phyllitic and schisiose metasedimentary and
metaplutonic rock fragments with minor
component of unfoliated volcanic and
plutonic rock fragments. Base of sequence is
prominent 20-m-thick, coarse to pebbly
sandstone with sharp conglomeratic base on
underlying shale of unit Kish. Above basal
sandsione, section is variable from shale-rich
sactions with thin discontinuous sandstone
beds (facies E of Mumi and Ricchi-Lucchi,
1972) to channeclized sandstone or pebbly
conglomerate sections that fine and thin
upward (fscies B of Muti and Ricchi-Luechi,
1972). Preserves mrbidite and other mass-
flow depositional features. Bed-bottom
features indicate northeast-directed
paleocurrents (Box and Elder, 1992).
Sedimentary features suggest deposition as
inner to middle submarine fan channel-and-
levee complex. Depositionally overlies and
probably interfingers with upper part of unit
Kksh; apparentdy interfingers northward with
unit Kkmf, Age based on swratigraphic
position and apparent interfingering with unit
Kionf. Recovered fossils are nondiagnostic
Crewaccous forms (Stephen Box and others,
unpublished data, 1993)

Voleanic provenance rocks (Late Cretaceous;

Turonian)~Interbedded shale, siltstone,
sandsione, and conglomerate composed of
rosnded clasis of volcanic, volcaniciastic, and
plutonic rocks. Found along east side of
Kuskokwim Group outcrop area flanking west
margin of older rocks (Kvs) of Togiak terrane
in eastern part of map area.  Praminent
coarse clasic horizons, typically tens of



Kksh

Kkbe

meters thick, found sporagdically in
predominantly shale-rich section. Coarse
horizons typically consist of amalgamated
sandstone and conglomerate beds with no
intervening shales; conglomerates range from
clast-supported to sand matrix and mud-
matrix supporied. Slump folding at ouwtcrop
scale is relatively common; one 20-m-thick
stump-folded section well exposed in
prominent rivercut on east bank of lowermost
Kipchuk River, Paleocurrents arc generatly
westerly directed (Box and Elder, 1992),
Depositional environment inferpreted as
slope and inner submarine fan, fringing an
eastern source area. Relatively sharp west
contact with units Kksh and Kkmf may be
fault. Conformably(?) overlain by unit Kked
along lower Kipchuk River. Eastern contact
with unit Kvs is locally an unconformity (for
example, east of North Fork of Kisaralik
River), but is typically faulted. Apge
constrained by megafossil occurrences of
Turonian (Late Cretaceous) age (Elder and
Box, 1992)

Shale and slitstone (Late Cretaceous; early

Turonjan and (or) Jate Cenomanian)—
Dark-gray to black, finely laminated shale,
siltstone and thin-bedded, very fine grained
sandstone. Sandstone beds generslly cross-
laminated (interval Tege of Bouma, 1964)
and pinch and swell in thickness, which are
generally 1 1o 2 cm but locally as thick as 50
cm. Slump folding on scales from Scmito 2 m
locally common. Weak to strong slaty
cleavage often makes recognition of bedding
difficult. Interpreted to represent several
sand-poor depositional environments,
including slope, interchannel areas on inner
part of submarme fan, and distal basin-plain
environments. Depositionally overlies unit
Kkbc and gradationally underlies units Kkef,
Kkmf, and Kkme. Agc consirained by mega-
fosssl occurences of late Cernomnanian and (or)
early Turonian age low in section and by
overlying units of Turonian age (Elder and
Box, 1992)

Basal conglomerate (Late Cretaceous;

Cenomanian?)—Pebble 1o boulder
conglomerate, coarse sandstonc, and minor
interbedded medium-grained sandstone,
siltstane, and shale, Conglomerate
composition is variable with basal strata
dominated by clasts of underlying lithology
and with higher strata consisting of mixlure
of clasts of quartz-mica schist, quartzite,
dioritic to granidc gneiss, phyllitic
metavolcanic and metasedimentary rocks,
and unfoliated volcanic and plutonic rocks.
Conglomerate is typically clast supported with
moderaely rounded ta wetl-rounded clasts, or
poorly soried with sandy matrix. Mcter-scale
crossbedding, flat-pebbie imbrication, and
large. oversized, locally derived clasts in
channelized basal few meters suggest
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nearshore-marine deposition on profound
erosional surface along cast side of
Greenstone Ridge in central part of map ares,
around anticlinorinm of oller rocks on ridge
tmmediately east of Greenswne Ridge (Box
and Murphy. 1987), and on unit Xo of
Kilbuck terrane west of Eek Mountains in
south-ceniral part of map area. Interbedded
turbiditic sandstones above basal {ew meters
indicate most of conglomerate was deposited
in deeper water below effect of surface waves.
Murphy (1987, 1989) interprets thick
canglomerate in Eek Mountains to be fill of
submarine canyon cutting into older rocks,
with no basal shallow-marine deposits. Cross-
bedding and pebble imbrication indicate
easterly direcied paleocurrents (Box and
Elder, 1992). Age constrained hy occurrence
of late Cenomanian to early Turonian fossils
from basal parn of overlying unit Kksh unit
and Valanginian fossils from unit Kis
immediately below unconformity in Eek
Mountains (Stephen Box and others,
unpublished data, 1993)

PRE-LATE CRETACEOUS TERRANES EAST

OF SAWPIT FAULT

Four pre-Late Cretaceous tectonasiral-
igraphic terranes are defined east of the
Sawpil Fault (from west 1o east): the Kilbuck,
Goodnews, Togiak, and Tikchik tarranes
(Jones and others, 1987). These terranes are
interpreted to have experienced significantly
different geologic histories prior to overlap by
the Upper Cretaceous Kuskokwim Group.
Faults or inferred faults separate the
exposures of these terranes, and we infer that
these terranes haved moved an unspecified
distance relative to each other prior to Late
Cretaceous juxtaposition

Kilbuck terrane

Amphibolite-facies orthognelss and amphibollte

with minor Intercalated pelitic schist
(Early Proterozoic)}—Strongly lineated and
foliated, muscovits, biotite-muscovite, of
amphibole orthogneiss with granjte to
tonalite to diorite protoliths. Unit is more
extensively oxposed to south in Goodnews Bey
quadrangle, where it also includes
amphibolite and minor pelitic schist and
marble (Hoare and Coonrad, 1979). Exposed
as rubble and small outcrops in southern part
of map arca: in low hills sast of Great Ridge,
on a small knob north of Kwethluk River, and
as gmall exposure Jow on the west side of
Greenstone Ridge. Granilic and tonalitic
gneiss consist of large strained and
recrysiallized quartz crystals and granulated
plagioclase and potassium feldspar crystals,
with urdulating biotite-rich and (or)
muscovite-rich seams. Mafic minerals



comprise as much as 25 percent of gneisses
and inciude biotite, chlorite, opsque oxides,
and zoisite in felsic rocks, and green to yellow
to blue-green amphibole, epidote, and sphene
in intermediate and malic rocks. Tourmaline
or gamef is present is some rocks.
Depositionally overlain by conglomeratic
rocks (Kkbc) of Kuskokwim Group near south
boundary of map ares, natwe of contact to
east with fine-grained sedimentary rocks
(Kksh) of Kuskokwim Group is uncertain,
Inferred 10 structurally overlie sedimentary
rocks (Kked) of Kuskokwim Group to west
along southern extension of Golden Gare
Fault, on the basis of relalionships to north
and south. Smaller exposures to north are
structurally overiain by unit MzFzb along
strands of Golden Gate Fault, and ar least the
northern expasure stracturally overties
sedimentary rocks (Kked) of Kuskokwim
Group along another sirand of same fault
Two U/Pb zircon ages indicale igneous
protolith is aboat 2.06 Ga (table 3, localities
22, 23); neodymium-samarium isolopic
systematics inlerpreted Lo indicale that rocks
formed from dcpletcd mantle source in arc-
related environment at about 2 Ga (Box and
others, 1990). Euwly Proterozoic age of
amphibolite-facies metamorphism indicated
by U-Pb sphene age of 1.78 Ga (Tumer and
others, t983). Cretaceous overprinting of
most K/Ar sages suggests thermal or
dynamothermal event between 120 to 150 Ma
(Turner and others, 1983)

Goodnews Lerranc

Consists of structurally disrupted assemblage
of deep-marine sedimentary and mafic
volcanic rocks of diverse origin. In map area,
Goodnews terrane is cxposed in cores of
thrust-related anliclines, which fold
unconformably overlying strata of
Kuskokwim Group, in three areas in cenlra)
and south-central parts of map area. Each
area is distinct in strucrural style and
metamorphic grade, but shares common
associaton of protolith [ypes. ln southern
area (Eek Mountains), shale-matrix melange
(MzPea) of prehnite-pumpelleyite meta-
morphic grads is depositionally overlain by
and structurally imbricated with Lower
Cretaceovs clastic sedimentary rocks (Kes).
On Greensione Ridge in centrzl part of map
area, greenschist facies, foliated metabasalt
and minor meiachert (Mz Fz b) bear
northeast-trending mineral lineation and are
internally imbricated. On ridge immediately
east of Greenstone Ridge is antiformally
folded strucrural sequence, inlormally
referred to as Kisara)ik anticlinorium. South
half of anticlinorivm (south of Swift Creek)
congists of five lithologic units (units Mz Pzp,
MDm, MzBm, MzBs, and Mz B v, in

structurally descending order), which are
interpreted 10 be separated by antiformally
folded low-angle faults. Meamorphic grade
decreases structurally downward in structurat
stack from strongly foliated and crenvlated
greenschist facies (M Pep, MxPem) and
transitional greenschist-blueschist facies (unit
MDm) rocks o prehnite-pumpelleyite facies
rocks (MxPes, MxPev) with weak to strong
slaty cleavage. North half of anticlinorium
consists of two units of prehnite-pumpelleyite
metamorphic grade (MwPrs, MxPFec), which
are imbricaled along southesst-dipping faulis.
South half of anliclinorium structuratly
overlies north half along low-angle(?) fault
south of Swift Creek. Divided into:

Turblditic sandstone, conglomerate, and phyliite

(Early Cretaceous)—Sandstone, sandy
conglomerate, pebdly mudstone, siltstone, and
shale with phyllitic fabric. Exposed only in
Eek Mountsins in south-central part of map
area.  Sandstone compositions range from
entirely volcanogeric (o polymictic, with
clasts derived from adjacent Togizk,
Goodnews, and Kilbuck terranss (Murphy,
1989). Thickness is uncertain, Depositionally
overlies and imbricately fauited with unit
Mz B2 a.  Unconformably overlain by
conglomeratic swrata (Kkbe) of Kuskokwim
Group on northwest; fauled over unit Kkbe
to west near south boundary of map area.
Depositionally or structurally overlain by
sedimentary rocks (Kkv) of Kuskokwim
Group on east, Age assignment based on
several pelecypod fossi! collections of
Valanginian, and of Late Jurassic and (or)
Early Cretaceous, sge (Murphy, 1989;
Stephen Box and others, unpublished data,
1993)

Marble with metabasaltic dlkes (Early

Misslsslpplan and (or) Late Devonian)—
Light-gray to white calcitic and dolomitic
marble cut by premetarnorphic basaltic dikes.
Only found in small area east of Greenstone
Ridge in central part of map area. Locally
containg a5 much as 20 percent clastic graing
of feldspar, quartz, and plutonic rock
fragments. Rare metamorphic blue
amphiboles (magnesioriebeckite) in
metabasaltic dikes indicate relazively high-
pressure, low-temperalure metamorphism
(Sarah Roesks, written commun., 1988).
Ranges from 100 to 300 m thick. Unit found
structurally above unit Mz Fam and
structurally below unit Mz Pep; original
depositional relalions are uncertain. Age
consirained by conodonts of latest Devonian
to earliest Mississippian age (Stephen Box and
others, unpublished data, 1993)

MzFeb Metabasalt and mlnor metachert (Mesozolc and

(or) Paleozolc)—Weukly to strongly folisted
metfabasalt with variable recrystallization to
greenaschist-facies assemblage of albite-
epidote-chlorite-actinolite; scveral inter-



MzPec Chert

bedded sequences (to 50 m thick) of thin-
bedded, white or green melachert with white
mica-rich laminse.  Found only on
Greensione Ridge in central part of map ares.
Typical protolith lithology is plagioclase-
clinopyroxene diabase but rarely basalt
containing plagioclase phenocrysts. Whole-
rock frace-element chemical compositions of
lavas are similar to modern mid-ocean ridge
basalts and range from tight REE-depleted to
slightly light REE-enriched vanieties. Age of
protolith i3 unknown. Age of metamorphic
cooting constrained to Late Jurassic or Early
Cretaceous time on the basis of actinolite
K/Ar age of 146.0£15.0 Ma (1able 1, locality
9)

MzPes Arkoslc sandstone and slate (Mesozolc and (or)

Paleozolc)—Strongly cleaved, medium-
grained, generally thin-bedded, arkosic
sandstone and slate. Exposed on prominent
ridge east of Greenstone Ridge in central part
of map area Detital grains in sandstones
inciude monocrysialline quartz (30 to 50
percent), plagioclase (10 percent). and
potassium feldspar (5 percent), and minor
mica, slate, and volcanic rock fragments.
Alleration products include secondary
prehnite, calcite, quartz, and white mica,
Turbidite depositional fealures locally
preserved, Thickness is uncertain,
Intercalaled (smuerurally?) over 100-m-thick
zones with thin-bedded chert-asgillite sections
(Mz B m); unconformably overlain by
conglomeratic rocks (Kkbc) of Kuskokwim
Group. Age is uncenain, bui older than Laie
Cretaceous age of unit Kkbe

and arglilite (Mesozoic and (or)
Paleozolc)—White, gray-green, and blue-
green recrystallized chert in 2- to S-cm-thick
beds interbedded with black to dark-green
phyllite or slate beds of similar thickness,
Exposed on prominent ridge cast of
Greenstone Ridge in central part of map area.
Structurally(?) intercalated with unit MzFes;
unconformably overlain by conglomeratic
rocks (Kkbc) of Kuskokwim Group. Age
constrained by presence of recrystailized
radiolarians (Phanerozoic) and Late
Cretaceous age of overlying unit Kkbe

MzPerv Volcaniclastic sandstone and argiltite (Mesozalc

and (or) Paleozolc)}—Turbidilic, thin-bedded,
medium- to fino-grained, volcaniclastic
sandstones, and dark-green 1o black argillites
with weak 10 nonexistent slaly cleavage.
Exposed along prominent ridge east of
Greenstone Ridge in central pan of map area,
Detrital grains include volcanic rock
fragments containing plagioclase phenocrysts,
plagioclase, and minor polassium feldspar,
clinopyroxene, and quartz. Thickness is
uncertain,  Structurally overlain and
underlain by unit MzPes; structurally overlain
by unit Mz P m along Kisaralik River;
unconformably overlain by conglomeratic
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strata (Kkbe) of Kuskokwim Group north of
Kisaralik River. Age is uncertain, but older
than Late Cretaceous age of unit Kibe

MzRem Metachert and phyllltic metachert (Mesozole and

(or) Paleozolc)—Finely crystalline, thin-
bedded quartzites (metachert) and finely
interlayered quartzite and black phylite.
Found east of southern part of Greenstone
Ridge in central part of map area. Composed
of fine aggregates of quartz with seams to
centimeter-thick bands rich in fine-grained
white mica. Recrystallized radiolarian tests
present in some horizons. Thickness is
uncertain.  Siructurally overlies units MzPes
and Mz B v on north and is strucrurally
overlain by unit MDm on south.
Unconformably overlain by conglomeratic
rocks (Kkbe) of Kuskakwim Group along
Kisaralik River. Age consirained by presence
of radiolarians (Phanerozoic) and by Late
Cretaceous age of overtying unit Kkbe

MzFep Chloritic phyllite (Mesozoic and (or) Paleozolc)—

Relatively homogenous unit of finely foliated
and crenulated phyllite composed of
chlorite+albite+white mica+epidote+quarz,
Found east of southern part of Greenstone
Ridge in south-central part of map area,
Protolith was probably [ine-grained
tuffaceaus sediment of uncertain age. Whole-
tock major- and trace-element chemical
compogsitions are similar to those of modern
mid-ocean ridge basalts and strikingly similar
to those of tavas from unit Mz R b.
Suucturally overlies unit MDm and is
imyuded by serpentinite body (Ksp).
Depozitionally overlain by conglomeratic
rocks (Kkbc) of Kuskokwim Group. Age is
uncertain, but older than Late Cretaceous age
of unit Kkbe

Arglllaceous melange with blocks of limestone,

basalt, and chert (Mesozolc and (or)
Paleozoic)}—Argillaceous melange of black to
green, weakly to intensely fracture foliated
argillite with disconlinwous phacoids of
recrystallized radiolarian chert and limey
siltstone. Larger phacoidal blocks of massive
to subphyllitic, amygdaloidal basalt with
interbedded clastic limesione are swrounded
by deformed argillite-chert mairix (Murphy,
1989). Found only in Eek Mouniains in
south-ceniral part of map area. Basalt hag
diabasic texture of plagioclase &nd
clinopyroxene and has irace-elemeat
chemisuy ranging from arc-like lo ocean-
island-basalt-like. Faulted against and locally
depositionally overlain by unit Kis.
Unconformably overlain by conglomeratic
sedimentary rocks (Kkbe) of Kuskokwim
Group to northwest. Namre of contact with
sedimentary rocks (Kkv) of Kugkokwim
Group to east is uncertain. Age range based
on range of fossil ages (Ordovician through
Late Jurassic) in unit south of map area
(Hoare and Coonrad, 1978). In map area,
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Permian pelecypods were recovered from
basalt-limestone block (Murphy, 1989), and
Permian conodonts were recovered from
limey siltstones in argillaceous matrix
(Stephen Box and others, unpublished data,
1993)

Togiak terrane

Consists of stratigraphic sequence ranging
from Late Triassic 10 Early Cretaccous in age,
cropping out in southeastern part of map
aren. Consists primerily of deep-marine
basinal stratz deposited sdjacent to
intermittently active, subaerially eroding,
andesitic volcanic highland. Late Triassic
pitlow basaits (Rb) with chemical char-
acteristics of island arc tholeiitic magmas
form base of exposed section. Divided into:

Marine volcaniclastic sandstone, conglomerate,

shale, and Interbedded tuff (Early
Cretaceovus)—Thin- to thick-bedded, green
tuffacecus sandstone, silistone, argillite,
conglomerate, wff and tuffsceous chert.
Clastic rocks are slmost enlirely volcanogenic
containing dominantly pyroclastic
comporents {glass shards, broken ¢rystals) in
lower part of section with increasing epiclastic
component upward, Unit is at least a few
kilometers thick. Distinctive white dacitic to
thyolitic crystal wff beds as thick as tens of
meters ere inderbedded with 1urbidiric
sandstones and argillite. Unconformably
overlain by scdimentary rocks (Kkv) of
Kuskokwim Group; relations with older units
obscured by complex folding and faulting.
Age essignment based on Early Cretaceous
pelecypods and radiolarians from the upper
part of section (Hoare and Coonrad, 1978;
Stephen Box and others, unpublished data,
1993)

Argfllite and tuffaceous chert (Early Cretaceous

and (or) Late Jurassic)—Thin-bedded green
to brown argillite with occesional 1- (o 4-cm-
thick wmffaceous chert, siltstone, and fine-
grained mff interbeds. Thickness is unceriain
due to complex structure but probably at least
a few kilometers thick. Appedrs to be
conformable above unit Jvs south of Kisaralik
Lake. Pillow basalts (KJb) found within unit
KIc section south of Heart Lake. Apparently
faulted over umit Kvs southwest of Heart
Lake. Unconformably overlain by
sedimentary rocks (Kkv) of Kuskokwim
Group west of Kisara}ik Lake. Late Jurassic
and {or) Early Cretaccous sge given by range
of poorly preserved radiolarians (Stephen Box
and others, unpublished daa, 1993)

Pillow basalt (Early Cretaceons and (or) Late

Jurassle)—Very asltered pillow basalt
sequence. Exposed along narrow wend for
about 10 km of strike south of Heart Lake
near south margin of mup area. Original
ophitic texture of clinopyroxene and

plagioclase is barely discemible through
exiensive salteration assemblage of chlorite,
calcite, quartz, epidote and iron oxides.
Thickness is about 300 to 500 m. Interbedded
with argillite and thin-bedded chert of unit
KJc. Chemically characterized by slight light
REE enrichment and low La/Nb raties,
suggesting a change from earlier arc setting
(backarc? intra-arc rift?). Superficially
similar to wnit RY, but distinguished from that
unit by its swratigraphic position-—enclosed
within wiit Kle—and by its distinct trsce-
element chemiswry. Age given by range of
radiotarian fauna in interbedded unit Kle
(Stephen Box and others, unpublished data,
1993)

Marine volcaniclastic sandstone, conglomerate,

and arglllite (Jurassic)—Turbidite facies
volcaniclastic strata, locally as coarse as fine-
greined pebble conglomerale. Sandstone
composed predominently of intermediate
voltcanic lithic fragments and detrital grains
of plagioclase, clinopyroxene, and
homblende, but contains persistent minor
coraponent of plutonic reck fragments, felsic
voicanic and hypabyssal plutonic rock
fragments, sandy and argillaceous (some
radiolarian-bearing) sedimentary rock
fragments, and low-greenschist facies,
foliated, finely micaceous quartzite
{metachert?), phyllite, and rare foliated
epidote-aciinolite-chlorile metabasall; cut by
secondary prehnite veins.  Thickness
uncertain due to complex structure but may
rcach at least a few kilometers, Interfingers
with unit Ja along strike to north. Maximum
age given by stratigraphic position sbove
Upper Triassic(?) and Lower Jurassic unit SEp
east of Kisaralik Lake; minimum age of given
by Late Jurassic and (or) Early Cretaceous age
of overlying unit Kle

Marine arkosic sandstone and argillite

(Juragsic)—Turbidite-facies arkosic
sandstone and shale. Sandstone composed
predominantly of detrital grains of
plagioclase, quartz, and potassium feldspar
with lesser hornblende, biotite and
clinopyroxene of plusonic origin, less then 10
percent felsic and subordinate intermedigte
voleanic rock fragments, and trace amounts
of clasts of low-greenschist-facies phyllite and
metachext, and of detrital graing of epidote.
Cut by secondary prehnile veins, Sandsiones
within unit are unfoliated except east of
porth-striking, easl-dipping low-angle
thrust(?) fault that trends from south arm of
Chikuminuk Lake to just east of Aniak Lake.
Age inferred from its stratigraphic position
above Upper Triassic(?) and Lower Jursssic
unit 'Rp; found along sirike with and is
presumably correlarive with Jvz cast of Milk
Creek Faull

Phyllite and chert (Early Jurassic and Late

Trlassle?)—Gray, green, and black phyllise,
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fine-grained tuff, and twffaceous chert.
Thickness is uncertain. Depositionally
vnderlies unit Jvs south of Mitk Creek and
unit Ja northy of Milk Creek: depositionally
overlies unit Kb near Anisk and Upnuk
Lakes. Late Triassic(?) and Early Jurassic age
constrained by age of underlying unit &b and
by single radiolanian collection of Early
Jurassic(?) age (Stephen Box and others,
unpublished data, 1993)

Plllow basalt and minor interbedded chert (Late

Triassic)—Massive and pillow basalt and
basaltic breccis interbedded with thin-bedded
nuffaceous chert and shale. Subophitic and
fine-grained plagioclase porphyritic
protolithic textures overprinted by vroriented
secondary chlorite, quariz, end calcite west of
Milk Creek Fault; strong foliation and
recrystallization east of Milk Creek Faule
produced fine-grained schist or phyllite
composad of chlorite, epidote, calcite, and
pumpellyite.  Whole-rock trace-etement
chemistry characterized by flat to light REE-
depleted chondrite-normalized REE pattern,
and by high La/Nb elemental ratios,
characteristic of istand-arc tholeiilic basajts.
Imterbedded shale has yielded Late Triassic
pelecypods just east of Aniak Lake in map
area (Stephen Box and others, unpublished
data, 1993) and in two places in Taylor
Mountain quadrangle just east of map area
(W.L. Coonrad, unpublished data, 1991).
Unit Rb is tdentilied on east side of Mifk
Creek Fault on the basis of  similar
stratigraphic position and trace-element
chemistry

Tikchik terrane

Consists of structusafly disrupted assemblage
of sedimentary and volcanic rocks exposed
only east of Togiak Fault in southeasternmost
part of map arez. Broadly, terrane can be
divided into two assemblages separaled by
low-angle(?) fault: (1) upper piate of voleanic
rocks (MDv), depositionally oveslain by
clastic marine section (RDs), and (2) lower
plate of structurally disrupled melange
{(RRem). However our mapping of this area is
woefutly insufficicnt, and our interprelalions
of relations within and between unils are
highly uncertam, Divided into:

Marine sandstone, shale, llmestone, and

conglomerate (Middle? Triassic to Late
Devonlan)}—Wel-bedded, cleaved sandsione,
shale, thin limestone interbeds, and cobble
conglomerate exposed both north and south
of head of Upnuk Lake. Well-bedded
sandstone and conglomerates are composed
predominantly of chert clasts (contgining
radiolarign ghosts and internal quartz veins)
and minor phyllite and porphyritic volcanic
clasts; shale-rich sectons have thin limestone
turbidite beds and thin sund to gravel beds of

volcaniclastic composition. Thickness is
uncertain.  Unit appears to depositionally
ovezlie unit MDv except at north end, where
unit MDv is {aulted over it. Faulted against
rocks (Rb, JRp, and Ja) of Togiak terrane
along Togiak Fault 10 west. Age assignment
based on conodont collections near top and
bouom of section that give Middie(?) Triassic
and Late Devonian to Early Mississippian
ages, respectively (Stephen Box and athers,
unpublished daia, 1993)

Masslve volcanic and volcaniclastic rocks (Early

Mlssissipplan and (or) Late Devonian)—
Wesakly to moderately foliated and flatened
pillowed and massive basalt, andesite, dacite,
end rhyolite flows and breccia with
greenschist-facies metamorphic-mineral
assemblages. Flow rocks are compositionally
variable from diabasic basalt, to andesites and
dacites containing phenocrysts of plagioclase
and clinopyroxene, and to quartz-plagioclase
porphyrilic dacites and rhyolites. Whole-rock
trace-elemenl chemical compositions indicate
calc-alkaline arc affinities. Depositionally
overlain by unit ADs to west and faulted
against structurally complex melange (EPem)
with Upper Triassic limesione blocks on east .
Juxtaposed against rocks (Ja, Jvs, JRp) of
Togiak terrane along Togiak Fault on west.
Minimum age from Late Devonian to Early
Mississippian fossils near base of
depositionally overlying unit RDs, which is
interbedded with flow rocks near its base

Melange (Triassic and Paleozolc)—Structurally

complex assemblage of intercalated chert,
limestone, basalt, and graywacke,
dismembered along anastomosing cleavage
into argillite matrix, Clastic rocks are
composed of volcamic and chert lithic
fragments. Apparently faulted beneath unit
MDv o nosthwest across low-angle(?) fault;
separated from rocks (Ivs) of Togiak terrane
to southwest by subvertical Togiak Fault.
Fossils recovered from limestones are of
Permian and Late Triassic age (Hoare and
Coonrad, 1978; Stephen Box and others,
unpublished data, 1993) radiolarian fossils
from cherts are of Paleozoic(?), pre-Lale
Devonian, Devonian(?), and Triassic ages
(Hoare and Jones, 1981)
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