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INTRODUCTION

This report and companion preliminary map describe
the geology of the Mount Hayes quadrangle, eastern Alaska
Range, Alaska. It is part of a folio on the geology,
geochemistry, geophysics, and mineral resources of the
quadrangle prepared as part of the Alaskan Mineral Resource
Assessment Program (AMRAP) of the U.S. Geological Survey.
Field investigations were conducted during the summers of
1978 through 1982, with additional topical studies in 1985
and 1986.

The Mount Hayes quadrangle is in the eastern Alaska
Range which forms a great glacially sculptured arcuate
mountain range extending approximately 1,000 km from the
Canadian border in the east to the Aleutian Range to the west
and southwest. The eastern Alaska range is characterized by
rugged peaks ranging to over 4,180 m in elevation and
spectacular valley glaciers up to 65 km long. The range is
bisected by the Denali fault which is a major geologic and
geographic boundary between the Yukon River basin in
interior Alaska.to the north, and the Copper River basin of
southern Alaska to the south.

The bedrock geology is grouped into various
tectonostratigraphic terranes (index map). North of the Denali
fault the bedrock geology is dominated by the Devonian and
older Yukon-Tanana terrane, a complex of multiply deformed
and metamorphosed sedimentary, volcanic, and plutonic rocks
(Jones and others, 1987; Aleinikoff and Nokleberg, 1985a, b;
Nokleberg and Aleinikoff, 1985). To the south, the bedrock
geology is dominated by the Mesozoic Maclaren, and
Paleozoic and Mesozoic Wrangellia terranes (Jones and others,
1987; Nokleberg and others, 1982, 1985, 1989a). A number
of granitic to gabbroic plutons, chiefly of Mesozoic age,
intrude the terranes both north and south of the Denali fault.
Major faults or sutures separate terranes, and many younger
Cenozoic faults occur along the margins of, and within
terranes.

This pamphlet augments the accompanying geologic
map by providing a more detailed description of map units. In
addition it contains sections on previous studies,
acknowledgments, and references that are not presented on the
geologic map. In the section on the detailed description of
map units, localities are generally designated both by
geography and by reference to the 24 15-minute quadrangles
that constitute the Mt. Hayes 1°x 3° quadrangle. These
quadrangles, bounded by 15 minutes of latitude and 30 minutes
of longitude, are designated from A-1 in the southeast comner to
D-6 in the northwest corner.

PREVIOUS STUDIES

In the last three decades, the Mount Hayes quadrangle
has been the focus of many geologic studies. Bedrock
geologic maps for parts of the quadrangle have been published
by Holmes (1965), Péwé and Holmes (1964), Rose (1965;
1966a, b; 1967), Rose and Saunders (1965), Holmes and Foster

- (1968), Matteson (1973), Bond (1976), Stout (1976), Richter

and others (1977), and Nokleberg and others (1982). Surficial
geologic maps of parts of the quadrangle have been published
by the U.S. Army Corps of Engineers (1953, 1960a, b),
Kachadorian and Péwé (1955), Holmes and Benninghoff
(1957), Péwé and Holmes (1964), Holmes and Péwé (1965),
Weber (1971), and Carter and Galloway (1978). The
companion geologic map is based partly on these published
geologic maps, but to a much greater degree on the 1:63,360-
scale geologic mapping that was done for the mineral resource
assessment study of the area.

Geologic guides, stratigraphic and structural studies,
and geophysical studies have also been published for parts or
all of the quadrangle. A geologic guide to the bedrock geology
and tectonics along the Richardson Highway has been
published by Nokleberg and others (1989a), and a geologic
guide to the surficial geology along the Richardson Highway
has been published by Péwé and Reger (1983). Stratigraphic
and structural studies have been published by Bond (1973,
1976), Richter and Dutro (1975), Stout (1976), Nokleberg and
others (1981a, b, ¢, 1983), Nokleberg and Aleinikoff (1985),
and Nokleberg and others (1985, 1986a, 1989a). Geophysical
studies of all or parts of the quadrangle have been published by
the State of Alaska (1974), Barnes (1977), Hillhouse and
Grommé (1984), Campbell and Nokleberg (1984, 198S5), and
Campbell (1987).

A compilation of the numerous fossil and isotopic age
studies has been published by Nokleberg and others (1992). In
the following description of map units, the tabular references
to fossil and age localities refer to the tables in that report.
Fossil studies have been published for parts of the quadrangle
by Mendenhall (1905), Moffit (1912, 1942, 1954),
Benninghoff and Holmes (1961), Rose (1965, 1966a, b,
1967), Rose and Saunders (1965), Richter (1966), Wolfe
(1966, 1972), Rowett (1969 a, b, 1975), Rowett and Timmer
(1973), Petocz (1970), Richter and Dutro (1975), Bond (1976),
Matteson, (1973), Stout (1976), Richter and others (1977),
Turner and others (1980), and Nokleberg and others (1982,
1985). Isotopic studies are published for parts of the
quadrangle by Ragan and Hawkins, 1966, Holmes and Foster
(1968), Kleist (1971), Matteson (1973), Smith and Turner
(1973), Turner and Smith (1974), Bond (1976), Turner and
others (1980), Foley (1982, 1984), Aleinikoff (1984),
Alcinikoff and Nokleberg (1983, 1984, 1985a, b), LeHurray
and others (1985), Aleinikoff and others (1981, 1984, 1986,



1987), Nokleberg and others (1985, 1986a, 1989a), and
Wilson and others (1985).

Mineral resource studies on the Mount Hayes quadrangle
are also available. An exploration geochemistry survey of the
area has been published by Curtin and others (1989). A study
of the mineral resource potential of the area has been published
by Nokleberg and others (1990), and a study of the mines,
mineral deposits, and occurrences has been published by
INokleberg and others (1991). Summary studies of mineral
deposits in, and metallogenesis of the Mount Hayes quadrangle
have been published by Nokleberg and others (1984) and
Nokleberg and Lange (1985).

Several geologists have contributed unpublished
geologic mapping of parts of the Mount Hayes quadrangle.
G.C. Bond contributed unpublished geologic mapping in the
south-central part of the quadrangle in the area from Rainbow
Mountain to Gulkana Glacier, and in southeastern part of the
quadrangle in the area between Gakona Glacier and Chistochina
River.
mapping in the southeastern part of the quadrangle. T.E. Smith
contributed unpublished geologic mapping in the southwestern
part of the quadrangle in the area bounded by the Maclaren
River, the Susitna Glacier, and the western edge of the
quadrangle. J.H. Stout contributed unpublished geologic
mapping in the south-central part of the quadrangle in the area
to the south of the terminus of Black Rapids Glacier and north
of the Denali fault. These unpublished geologic maps were used
as a guide in the remapping of the entire Mount Hayes
quadrangle at a scale of 1:63,360 that was reduced and compiled
to a scale of 1:250,000 for this geologic map.
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DETAILED DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

ALLUVIUM AND COLLUVIUM

Qa | Alluvial deposits (Holocene)—Flood-plains,
fans, and cones. Only large, well-defined cones
differentiated from colluvium. Oldest deposits may be
outwash from a late advance of the Wisconsin
glaciation. Chiefly unconsolidated sand, and gravel.

Qff  |Fluviolacustrine deposits (Holocene)—Lake,
pond, and low-gradient stream deposits, chiefly
consisting of sand, silt, and clay

Qc |Colluvial deposits (Holocene)—Chiefly talus
'and other slope debris deposits,, also includes alluvium
of minor streams, and locally glacial, rock glacier, and
mass-wasting deposits. In areas of gentle slopes,
consists chiefly of mixed colluvium and alluvium with
local bedrock rubble but may include older glacial drift
'deposits. Locally grades into deposits of Alaskan,
Wisconsin, and older glaciations. Chiefly rubble,
gravel, sand, silt, and clay

GLACIAL DEPOSITS

Qam [End and lateral moraines of Alaskan
laciation (Holocene)—Left after recession of
xisting glaciers. Chiefly rubble and diamicton

Qwm End and lateral moraines of Wisconsin
laciation (Holocene and Pleistocene)—
oorly sorted and unstratified till of unconsolidated

sand and gravel. Chiefly rubble and diamicton; local
sand and gravel. As mapped, may locally include
deposits of Alaskan glaciation (Qam). At higher
elevations, deposits -grade vertically with, and covered
by colluvium (Qc)

Qwf laciofluvial deposits of Wisconsin
laciation (Holocene and Pleistocene)—
enerally occurs downslope from end moraines of
isconsin glaciation. Moderately well-stratified layers
nd lenses of well-rounded gravel with matrix of silt and
and. .Poorly to moderately well sorted with lenses of
ell-sorted sand locally. Includes minor lateral and
round moraines, and some deposits of Alaskan
laciation (Qam). May include postglacial alluvium
nd pond deposits locally

Qog grift of older glaciations (Pleistocene)—
lacial deposits exhibiting subdued geomorphic
expression, probably of early Wisconsin or Illinoian
age occurring beyond limit of Wisconsin moraines.
Also includes undifferentiated high-level glacial
deposits. At higher elevations, deposits merge with
and covered by undifferentiated colluvium (Qc). At
lower elevations, deposits merge with and covered by
ndifferentiated alluvium (Qa). At higher elevations,
onsists chiefly of unconsolidated diamicton and
oulder deposits. At lower elevations, consists chiefly
f unconsolidated glaciofluvial deposits of moderately
ell-stratified and sorted gravel and sand
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SEDIMENTARY ROCKS AND
METAMORPHOSED
SEDIMENTARY,VOLCANIC, AND PLUTONIC
ROCKSNORTH OF DENALI FAULT

TERTIARY SEDIMENTARY ROCKS

Scattered exposures of Tertiary continental
sedimentary rocks occur north of the Denali fault and
consist of, from youngest to oldest, the Nenana Gravel,
a sandstone unit, and the sedimentary rocks and coal of
the Jarvis Creek coal field (Wahrhaftig and Hickox,
1955). The Nenana Gravel occurs mainly in the
northwestern corner of the quadrangle, and north of the
Jarvis Creek coal field in the center of the quadrangle.
The sandstone unit occurs mainly in fault-bounded
prisms along the northern edge of the Alaska Range.
The Jarvis Creek coal field occurs between the Delta
River and Jarvis Creek, east of the Richardson

Highway.

Nenana Gravel (Pliocene)—Consists chiefly of
poorly cemented conglomerate but includes some
sandstone and siltstone. Clast composition within the
D-6 quadrangle of (in decreasing order of abundance) is
schist, quartzite, granitic rocks, gabbro, and
metagabbro. At one locality in the C-3 quadrangle,
clasts approximately 80% schist, 10% quartz, and 10%
felsic volcanic rocks, mafic volcanic rocks, and
diabase. Bedding strikes northeast and dips gently
south in the D-6 quadrangle; and strikes northwest and
dips moderately to steeply north near contact with fine-
grained metasedimentary rocks of the Jarvis Creek
Glacier terrane (unit jcs) along the Granite Mountain
fault, in the northern C-3 quadrangle. Eroded at top.
Maximum exposed stratigraphic thickness of a few
hundred meters

Mainly exposed along northern D-6 quadrangle
boundary, northeastern C-4 quadrangle, and
northeastern C-3 quadrangle. Unconformably overlies
granite of Granite Mountain (grgm) and fine-grained
metasedimentary rocks (jcs) of Jarvis Creek Glacier
subterrane; locally in fault contact with Jarvis Creck
Glacier terrane (unit jcs). Unconformably overlain by
Pleistocene glacial deposits, and overlies coal-bearing
sedimentary rocks of Jarvis Creek coal field (unit Tsju)
inferred to be of early Tertiary age (Moffit, 1942;
Wahrhaftig and Hickox, 1955), and
unconformably overlies the sandstone unit of
Oligocene to Pliocene age (TS). Inferred to be of late
Tertiary (Pliocene) age. Lithologically similar to rocks
assigned to Nenana. Gravel occur to west in the Healy
quadrangle; assigned a Miocene(?) and Pliocene age by
(Csejtey and others, (1992)

Sandstone (Pliocene, Miocene, and
Oligocene)—Chiefly brown sandstone and
graywacke but includes some interbedded conglomerate
and dark argillite. Generally fault bounded. Maximum
exposed stratigraphic thickness of a few hundred
meters.

Fine-to medium-grained, poorly sorted, angular,
and grades into graywacke. Composition varies from
quartz grains in a clay-rich matrix to quartz,
plagioclase, K-feldspar, pyroxene, hornblende, and
biotite in a clay-rich matrix. Conglomerate pebbles

locally -

Tsj

Tsju

Tsjm

Tsjt

locally composed of granitic rocks and schist; focally
imbricated. Argillite composed of tiny quartz grains
and opaque mincrals in a yeliow-brown, ciay-rich
matrix.

Unit occurs in scattered exposures up to 3.5 km
across in the C-5, C-6, D-5, and D-6 quadrangles.
Strikes northeast and dips moderately west in the C-5
quadrangle. Overlies and locally faulted against rocks
of the Jarvis Creek Glacier subterrane. Many
occurrences too small to depict on geologic map.
Largely surrounded by Quaternary deposits. Sparse
plant fossils indicate Oligocene, Miocene, and Pliocene
age (Table 1 of Nokleberg and others (1992), localities
1,2.3,.4,6)

Sedimentary rocks of Jarvis Creek coal field
(early Tertiary) (Unit of Wahrhaftig and
Hickcox, 1955)—Chiefly sandstone, mudstone,
conglomerate, and coal. Eroded at top. Occurs in an
irregular outcrop approximately 10 km long, in the
north-central part of C-4 quadrangle. Overlies bedrock
of Jarvis Creek Glacier subterrane. Sparse plant fossils
indicate a Tertiary age (Table 1 of Nokleberg and others
(1992), locality 5). To the west in the Healy
quadrangle, lithologically similar rocks in the Nenana
coal field are Eocene to late Miocene in age (Wahrhaftig
and others, 1969; Csejtey and others, 1992). Estimated
maximum exposed stratigraphic thickness of about 600
m. Locally divided into upper, middle, and lower
members:

Upper member—Chiefly dark-gray mudstone and
sandstone containing scattered coal beds. Eroded at top.
Occurs in an irregular outcrop 4 km across in the central
C-4 quadrangle. Overlies fine-grained metasedimentary
rocks (jcs) of the Jarvis Creek Glacier subterrane and
the middle member (Tsjm) of the sedimentary rocks of
Jarvis Creek coal field. Estimated maximum exposed
stratigraphic thickness of about 300 m

Middle member—Chiefly buff arkosic sandstone,
containing claystone and scattered coal beds, and a
prominent coal and shale zone at base. Occurs in an
elongate, arcuate outcrop 9 km long in the central C-4
quadrangle. Overlies fine-grained metasedimentary
rocks (jcs) of Jarvis Creek Glacier subterrane and the
lower member (Tsjl) of the sedimentary rocks of Jarvis
Creek coal field. Estimated stratigraphic thickness of
300 m or less .

Lower member—Chiefly angular quartz sandstone
and conglomerate; some claystone, and coal. Occurs in
an irregular outcrop 4 km long in the central C-4
quadrangle. Overlies fine-grained metasedimentary
rocks unit (jcs) of the Jarvis Creek Glacier subterrane.
Estimated stratigraphic thickness of 150 m or less

ALKALIC MAFIC AND ASSOCIATED
PLUTONIC ROCKS

A suite of alkalic mafic and associated plutonic
rocks occurs north of the Denali fault in the Windy
terrane, and in the Hayes Glacier and southern Jarvis
Creek Glacier subterranes of the Yukon-Tanana terrane.
The suite consists of lamprophyre, alkalic gabbro,
alkalic diorite, and monzonite, and diorite in dikes,



sills, and small plutons. Many dikes and sills too small
to depict on the geologic map.

An intricate variety of small plutons and dikes of
lamprophyre, alkalic gabbro, monzonite, and diorite,
partly surrounded by a ring dike of the granite of Gerstle
River (grgr) form a major intrusive suite in the Mount
Hajdukovich area. The suite intrudes the fine-grained
metasedimentary rocks (jcs) of the Jarvis Creek Glacier
subterrane.  Suite occupies an irregular area of
approximately 6 by 12 km within the southeastern C-3
and southwestern C-2 quadrangles.

The lamprophyres and alkalic gabbros and related
rocks crosscut all penctrative structures and are younger
than the intense Early to mid-Cretaceous deformation
and metamorphism of the Yukon-Tanana terrane,
described below. The alkalic and related rocks occur
only in units that are relatively near the Denali fault,
and not in the deeper-level subterranes of the Yukon-
Tanana terrane farther north

Lamprophyre, alkalic gabbro, and alkalic
diorite (early Tertiary and Late
Cretaceous)—Undifferentiated dikes, sills, and small
plutons. Predominantly fine- to medium-grained,
panidiomorphic granular to porphyritic texture.
Composed of phenocrysts, up to 3 mm of homblende-
rimmed clinopyroxene plagioclase, biotite, olivine,
orthopyroxene, hornblende, and K-feldspar in a fine-
grained, groundmass of K-feldspar, plagioclase, biotite,
quartz, calcite, chlorite and Minor white mica and
opaque minerals. Common interstitial carbonate
alteration. Some dikes almost completely replaced by
carbonate.

Unit occurs in several irregular bodies up to 3 km
across in the southeastern C-3 quadrangle, and as an
irregular body approximately 3 km across on the
southern C-2 and C-3 quadrangle boundary. Intrudes
fine-grained metasedimentary rocks (jcs) of the Jarvis
Creek Glacier subterrane.

The lamprophyres, alkalic gabbros, and alkalic
diorites exhibit two clusters of K-Ar ages: (1) a suite of
Late Cretaceous to early Tertiary biotite ages of 62.9,
67.6, and 69.2 Ma in the Robertson River area in the
cast-central part of quadrangle (Table 2 of Nokleberg
and others (1992), localities 9, 25, 26); and (2) a suite
of mid- to Late Cretaccous K-Ar ages of 75.6 Ma for
hornblende, 69.3 Ma far biotite, and 107.6 Ma for
hornblende in the Tok River area in the east-central part
of quadrangle (Table 2 of Nokleberg and others (1992),
localities 29, 30, 31). Additional K-Ar hornblende age
of 91.6 Ma to the cast in the southwestern Tanacross
quadrangle (Foley, 1984). These data indicate probable
intrusion of the alkalic mafic rocks mainly during the
Late Cretaceous and early Tertiary, with one sample
apparently intruded in the mid-Cretaceous. No isotopic
data available for Mount Hajdukovich area. The granite
of Gerstle River (grgr) , part of which forms a partial
ring dike around, and small plutons within the igneous
suite of Mount Hajdukovich, exhibits K-Ar isotopic
ages of 53.4 and 54.3 Ma (Table 2 of Nokleberg and
others (1992), localities 21, 24)

Monzonite and diorite (early Tertiary and
Late Cretaceous)—Includes lesser quartz monzonite
and quartz diorite. Undifferentiated dikes, sills, and
small plutons. Fine- to medium-grained;

hypautomorphic granular and locally porphyritic.
Composed of plagioclase, K-feldspar, hornblende,
bidtite, quartz, and minor clinopyroxene and sphene.
Hornblende and clinopyroxene partially replaced by
bidtite and hornblende rims clinopyroxene. Locally
schistose, fractured and granulated. Locally altered with
hotnblende and biotite partially altered to chlorite and
calcite, and plagioclase to sericite, and minor epidote
and calcite. Unit occurs in southwestern C-2 quadrangle
in two elongate outcrops up to 2.5 km long which
extend westward into C-3 quadrangle; also occurs in
stocks to 5 km across in the southeastern C-3
quadrangle

PLUTONIC ROCKS NORTH OF DENALI
FAULT

An extensive suite of granitic plutonic rocks
occurs in terranes north of the Denali fault as small
dikes, stocks, and a few large plutons. Many
occurrences are too small to depict on geologic map.
The larger plutons are at Buchanan Creck and
Molybdenum Ridge, west of the Richardson Highway,
Granite Mountain, cast of the Richardson Highway, and
M:Eomb Platcau in the ecast-central part of the
quadrangle. The granitic rocks are generally
equjgranular to porphyritic and medium grained and
usually contain both hornblende and biotite. Alteration
of fleldspars to sericite slight; biotite locally altered to
chlorite.

Locally in the Macomb Plateau area and in the
northeastern part of the quadrangle, many of the Late
Cretaceous (grma) granitic plutons exhibit a weak to
moderate schistosity with formation of lower
greenschist facies actinolite, chlorite, and white mica
along the schistosity. Contact metamorphic aurcole
generally very narrow or lacking around the older, Late
Cretaceous granitic plutons; relation suggests intrusion
duripg the waning stages of regional metamorphism and
penetrative deformation while the wall rocks were still
w (Nokleberg and others, 1989a).

The isotopic ages for granitic plutons north of the
Denali fault are: (1) U-Pb zircon isotopic ages of about
90 Ma (three determinations) (Table 2 of Nokleberg and -
others (1992), localities 3, 13, 19); (2) K-Ar
hornblende and biotite ages of 84.0, 88.7, 88.8, 92.9,
93.3, and 103.6 Ma (Table 2 of Nokleberg and others
(1992), localities 2, 13, 27, 35); and (3) Pb-Alpha ages
of 90, 105, and 110 Ma (two determinations), and 115
Ma (Table 2 of Nokleberg and others (1992), localities
1, 5 6, 8, 11). Excluding the older and relatively less
reliable Pb-Alpha ages, these ages range from 84 to 105
Ma and suggest intrusion of the granitic plutons in the
mid4 to Late Cretaceous. The granitic plutons in the
Macpmb Plateau region in the cast-central part of the
quadrangle are isotopically dated only by Pb-Alpha
studies and need additional study

In the eastern part of the quadrangle, southeast of
the Robertson River, the Mount Gakona fault, and the
Jarvis Creek Glacier and Hayes Glacier subterranes are
intruded by a the granite of Rumble Creek (grrc). K-Ar
isotdpic analysis of hornblende from this pluton yields
an ape of 88.7 Ma (Table 2 of Nokleberg and others
(1992), locality 27). If the K-Ar age represents the age
of granitic intrusion, movement on the Mount Gakona
fault|ceased by the Late Cretaceous.




grni

grn2

grn3

In the Windy terrane, a narrow, near-vertical
granitic pluton exhibits K-Ar biotite and hornblende
ages of 85.2, 85.9, 89.6, and 94.7 Ma (Table 2 of
Nokleberg and others (1992), localities 39, 40, 41).
These K-Ar values may be minimum ages for the pluton
because of low-grade hydrothermal alteration and (or)
low-grade static metamorphism. A nearby granodiorite
pluton to the northwest in the Aurora Peak terrane may
be of similar age.

GRANITIC ROCKS, UNNAMED

Granitic unit 1 (early Tertiary and (or) Late
Cretaceous)—Granite dikes, stocks, and small
plutons. Locally schistose. Fine- to coarse-grained.
Hypautomorphic granular and locally porphyritic with
phenocrysts of plagioclase up to 5 mm. Major minerals
are quartz, plagioclase, K-feldspar, biotite, and
hornblende. Local weak to intense hydrothermal
alteration. Plagioclase partially recrystallized to
sericite; biotite to chlorite plus epidote-clinozoisite.
Local quartz and calcite veins.

Unit widely distributed in northern part of
quadrangle. Mainly occurs in: (1) a thin, intermittently
exposed, fault-bounded wedge approximately 1 km wide
and 12 km long in fault contact with Aurora Peak terrane
(as) to the northeast and Windy terrane (wm) to the
southwest within the northwest B-4 quadrangle; (2)
stocks up to 4.5 km across, intruding Hayes Glacier
subterrane (hgs) in the northeastern A-2 quadrangle; (3)
small bodies generally less than 1 km across; and (4)
numerous dikes and sills rarely more than 1 m across

Granitic unit 2 (early Tertiary and (or) Late
Cretaceous)—Granodiorite dikes, stocks, and small
plutons. Fine- to medium grained, hypautomorphic
granular texture. Major minerals are plagioclase, quartz,
K-feldspar, biotite, and locally hornblende. Minor
clinopyroxene and sphene present locally. Local
sericite and chlorite alteration. Locally weakly
schistose exhibiting lower greenschist facies
metamorphism and (or) hydrothermal alteration.
Plagioclase partially recrystallized to sericite, epidote-
clinozoisite, and calcite; mafic minerals to chlorite and
epidote-clinozoisite.

Unit occurs in: (1) a small stock approximately 2.5
km across intruding Aurora Peak terrane (as) along the
eastern B-5 - C-5 quadrangle boundary; and (2) plutons
up to 6 ki across intruding the Lake George subterrane
in the northeastern part of the quadrangle

Granitic unit 3 (early Tertiary and (or) Late
Cretaceous)—Quartz diorite and diorite dikes,
stocks, and small plutons. Fine- to medium-grained,
hypautomorphic granular. Major minerals are
plagioclase, biotite, and locally hornblende, quartz,
white mica, and opaque minerals also present. Minor
calcite, chlorite, and sericite alteration.

Unit occurs in: (1) scattered outcrops up to 5 km
across in the northeastern B-2 and southeastern C-2
quadrangles; (2) dikes and sills up to 1 m wide in east-
central C-3 quadrangle; and (3) small bodies less than 1
km across in the northeastern C-1 quadrangle

grgr

grbc

grmh

grms

GRANITIC PLUTONS, INFORMALLY NAMED

Granite of Gerstle River (early Tertlary)—
Here referred to as granite of Gerstle River. Chiefly
biotite granite; includes minor quartz diorite. Fine- to
medium-grained, bypautomorphic granular texture.
Locally porphyritic with phenocrysts of K-feldspar up
to 8 mm. K-feldspar locally poikilitic with inclusions
of quartz, plagioclase, and biotite. Major minerals are
plagioclase, K-feldspar, quartz, biotite, and locally
hornblende. Minor minerals are clinopyroxene,
sphene, and opaque minerals. Clinopyroxene partially
replaced by igneous hornblende; biotite partially
replaces hornblende. Locally fractured and granulated.
Local epidote,. carbonate, and white mica hydrothermal
alteration.

Unit occurs as: (1) a partial ring dike around; and
(2) small plutons within the intrusive suite of the
Mount Hajdukovich area. An early Tertiary (?) age
indicated by K-Ar isotopic dates of 53.4 and 54.3 Ma
(Table 2 of Nokleberg and others (1992), localities 21,
24)

Granite of Buchanan Creek (early Tertiary or
Late Cretaceous)—Here referred to as granite of
Buchanan Creek. Chiefly biotite-hornblende granite
with lesser granodiorite and quartz diorite. Fine- to
medium-grained, hypautomorphic granular- texture.
Major igneous minerals are quartz, K-feldspar,
plagioclase, hornblende, and biotite. Locally altered.
Locally fractured and granulated. Plagioclase partially
recrystallized to sericite; bornblende and biotite to
chlorite.

Unit exposed in an area of approximately 15 km
across in the southwest D-1 quadrangle and extends
southward and westward into the Mount Hayes C-6 and
Healy C-1 and D-1 quadrangles. Intrudes and contains
inclusions of fine-grained, schistose metavolcanic
rocks and metasedimentary rocks (jcv) of the Jarvis
Creek Glacier subterrane; locally intruded by andesite
and granite dikes up to 1 m wide.

A Late Cretaceous or early Tertiary age inferred
from intrusion into rocks of the Jarvis Creek Glacier
subterrane, subsequent to the main phase of the Early to
mid-Cretaceous metamorphism. Slight deformation and
sericite and chlorite alteration most likely occurred
during the waning stages of metamorphism

Granite of Mount Hayes (early. Tertiary or
Late Cretaceous)—Here referred to as granite of
Mount Hayes. Chiefly biotite granite with fine- to
medium-grained, hypautomorphic granular texture.
Major minerals are quartz, plagioclase, K-feldspar,
biotite, and minor sphene. Locally altered; plagioclase
and K-feldspar partially replaced by sericite. Unit
exposed in an area approximately 10 km across in the
west-central C-6 quadrangle. Intrudes fine-grained
schistose sedimentary rocks and volcanic rocks (hgs)
of the Hayes Glacier subterrane. A Late Cretaceous or
early Tertiary age indicated by intrusion into the Hayes
Glacier subterrane, subsequent to Early to mid-
Cretaceous metamorphism

Granodiorite of Molybdenum Ridge (Late
Cretaceous)—Here referred to as granite of
Molybdenum Ridge. Chiefly biotite-hornblende



grgm

grma

granodiorite with lesser granite and quartz diorite.
Local inclusions of fine-grained metasedimentary rocks
(jcs) of Jarvis Creek Glacier subterrane. Medium-
grained, hypautomorphic granular texture, locally
porphyritic with phenocrysts of plagioclase to 4 mm.
Major minerals are plagioclase, K-feldspar, quartz,
hornblende, and biotite. Hornblende locally replaced
by igneous biotite. Weak local schistosity near contact
with unit jcs. Locally fractured and granulated. Local
hydrothermal alteration with hornblende and biotite
partially replaced by chlorite and plagioclase by white
mica. Unit exposed in an irregular body approximately
9 km across. Intrudes and locally faulted against fine-
grained metasedimentary rocks (jcs) of the Jarvis Creek
Glacier subterrane; intruded by granite, rhyolite, dacite,
and andesite dikes approximately 1 m wide. A Late
Cretaceous age of intrusion indicated from K-Ar biotite
and hornblende dates, and U-Pb zircon ages ranging
from 84 to 93 Ma (Table 2 of Nokleberg and others
(1992), Locality .13)

Granite of Granite Mountain (Late
Cretaceous)—Here referred to as granite of Granite
Mountain. Chiefly biotite-hornblende granite; includes
minor quartz diorite. Fine- to medium-grained,
hypautomorphic granular texture. Major minerals are
quartz, plagioclase, K-feldspar, biotite, and hornblende.
Minor minerals are white mica, apatite, sphene, calcite,
chlorite, .epidote, and opaque minerals. Local
hydrothermal alteration; hornblende and biotite
partially replaced by chlorite and opaque minerals, and
plagioclase by white mica.

Unit forms large, well exposed pluton of
approximately 160 km®within the C-3, C-4, D-3, and
D-4 quadrangles. Bounded by the Granite Mountain
fault to the northeast and northwest, and by the
Donnelly Dome fault to the southwest. Intrudes fine-
grained metasedimentary rocks unit (jcs) of the Jarvis
Creek Glacier subterrane to the southeast. Contains
small isolated bodies of unit jcs. Intruded by quartz
diorite and aplite dikes up to 1 m wide and by a small
gabbro stock west of Panoramic Peak in the D-3
quadrangle. Late Cretaceous age of intrusion indicated
from a single U-Pb zircon date of 90 Ma (Table 2 of
Nokleberg and others (1992), Locality 19)

Granite of Macomb Plateau (Late
Cretaceous)—Here referred to as granite of Macomb
Plateau. Chiefly hornblende granite, biotite granite,
hornblende-biotite granite, hornblende granodiorite,
and minor quartz diorite. Very fine- to medium-grained,
hypautomorphic granular texture. Locally porphyritic
with phenocrysts of plagioclase and poikilitic K-
feldspar up to 8 mm. Poikilitic K-feldspar containing
inclusions composed of plagioclase, quartz, and biotite.
Major groundmass minerals are quartz, K-feldspar
(locally perthitic), plagioclase, biotite, local
hornblende partially replaced by biotite and minor
sphene, opaque minerals, and clinopyroxene. Quartz
diorite exhibits sparse, local compositional layering of
hornblende and biotite alternating with quartz and
feldspar. Local schistosity defined by alignment of
biotite. Local weak to intense planar fracturing,
granulation, and alteration with local development of
protomylonite. Hornblende and biotite partially
replaced by chlorite and minor epidote, plagioclase by
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sericite and minor calcite and epidote, and K-feldspar by
sericite. Locally cut by veins of quartz and calcite.

Unit exposed in numerous outcrops up to 8 km
across. Surrounded by glacial deposits, colluvium, and
ice within the B-1, C-1, and C-2 quadrangles. Bounded
to the north by the Tanana River fault, to the west by
the Jobnson Glacier fault, and to the south by the West
fork and Elting Creek faults. Intrudes metamorphosed
pelitic, calcareous, and quartz-feldspar sedimentary
rocks (ms) of the Macomb subterrane; intruded by small
dikes up to 1 m wide of gabbro, lamprophyre, aplite,
and rhyolite. Cretaceous age of intrusion indicated by
two Pb-Alpha zircon dates of 90 and 110 Ma (Table 2 of
Nokleberg and others (1992), Localities 8, 11

|Granite of Rumble Creek (Late Cretaceous)—
| Here referred to as granite of Rumble Creek. Chiefly
biotite-hornblende granite and granodiorite. Fine- to

medium-grained, hypautomorphic granular texture.
‘Locally porphyritic with phenocrysts of plagioclase
and K-feldspar. Major groundmass minerals are quartz,
K-feldspar, plagioclase, biotite, and local hornblende.
'Minor sphene, chlorite, opaque minerals, and white
mica.. Local hydrothermal alteration. Hornblende and
biotite partially replaced by chlorite, plagioclase by
calcite and white mica.

i Unit exposed in numerous outcrops up to 6 km

across. Surrounded by glacial deposits, colluvium, and
ice within the north-central A-1 guadrangle. Intrudes
metamorphosed volcanic and pelitic sedimentary rocks
(jev) of the Jarvis Creek Glacier subterrane, and’
metamorphosed volcanic and pelitic sedimentary rocks
of the Hayes Glacier subterrane (hgv). Local abundant
mafic inclusions along southeast margin. Crosscuts
and Mount Gakona fault between Jarvis Creek Glacier
subterrane to northeast and Hayes Glacier subterrane to
southwest. Late Cretaceous age of intrusion indicated by
ia K-Ar hornblende age of 89 Ma (Table 2 of Nokleberg
and others (1992), Locality 27). If the K-Ar age
represents age of granitic intrusion, movement on the
Mount Gakona fault ceased by the Late Cretaceous

MAFIC PLUTONIC ROCKS

A suite of mafic plutonic rocks occurs adjacent to
the Denali fault in the Windy terrane, and the Hayes
Glacier and Jarvis Creek Glacier subterranes of the
Yukon-Tanana terrane. Mafic rocks occur as sills,
dikes, and plutons of hornblende metagabbro and
hornblende metadiorite. Dikes and sills generally up to
a few meters wide and several hundred meters long; most
too narrow to depict on the geologic map. Dikes and
sills mainly fine- to medium-grained; generally sub-
concordant to acutely discordant to intense younger
schistosity and parallel compositional layering.
Common major igneous minerals are hornblende,
plagioclase, and minor clinopyroxene, biotite, and
quartz.
| The mafic dikes and sills are strongly deformed
long the younger schistosity, and are partly to totally
etamorphosed to lower greenschist facies minerals,

ainly chlorite, actinolite, epidote, albite, and sericite.
ield relations indicate the mafic dikes and sills are
elatively older than Cretaceous granitic rocks which
ocally crosscut and intrude the mafic dikes and sills.
ecause of generally intense, low-grade metamorphism,
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Argon-based isotopic analyses are unsuitable for
determining the age of these mafic plutonic rocks. An
attempt to separate zircons from a sample of
metagabbro intruding the Windy terrane to the
southeast in the northwest Nabesna quadrangle yielded
too few zircons for U-Pb isotopic analysis (Nokleberg
and others, 1992)

Gabbro, diorite, metagabbro, metadiorite,
metadiabase, and amphibolite
(Cretaceous)—Undifferentiated dikes, sills, and
small plutons. Chiefly hornblende metagabbro and
metadiabase and minor amphibolite.  Variably
metamorphosed to greenschist facies and locally
schistose.

Metagabbro and metadiabase generally fine- to
medium-grained with hypautomorphic granular to
diabasic; ‘locally porphyritic. = Phenocrysts are
plagioclase, hornblende, biotite, and pyroxene up to 2
mm. Major minerals are plagioclase, horblende, local
biotite and minor clinopyroxene, orthopyroxene,
quartz, sphene, and opaque minerals. Hornblende and
biotite partially replaced by chlorite and epidote, and
plagioclase by sericite, calcite, and epidote.

Amphibolite is fine to medium-grained with.

granoblastic to porphyroblastic containing hornblende
porphyroblasts up to 2 mm. Local relict
hypautomorphic granular texture. Common major
minerals are hornblende and(or) actinolite, and
plagioclase and local quartz, biotite, and
clinopyroxene. Common minor minerals are chlorite,
sphene, white mica, garnet, epidote, calcite, and opaque
minerals, and less commonly K-feldspar, tremolite, and
vesuvianite. Compositional layering defined by
nematoblastic amphibole and biotite alternating with
plagioclase and quartz. Homblende locally replaced by
biotite and hornblende, biotite, and garnet variably
replaced by chlorite; plagioclase replaced by white
mica.

Unit widely distributed adjacent to, and north of the
Denali fault. Occurs in stocks and smaller bodies up to
3 km across, and in dikes and sills up to 6 km long and
400 m wide but generally not exceeding 1 m in width.

Dikes locally crosscut schistosity in Windy terrane
and in southemn Yukon-Tanana terrane that formed
during the Early to mid-Cretaceous metamorphism.
Dikes also exhibit locally intense lower greenschist
facies metamorphism. These relations interpreted
syntectonic intrusion in the mid- to Late Cretaceous

Gabbro of Mount Moffit (Cretaceous?)—Here
referred to as gabbro of Mount Moffit. Fine-to medium-
grained, hypautomorphic granular texture. Two
dominant lithologies: plagioclase, clinopyroxene and
minor biotite; and plagioclase, biotite, local
hornblende and minor quartz and K-feldspar. Opaque
minerals locally abundant. Strongly zoned and twinned
plagioclase phenocrysts to 1.8 mm occur locally.
Clinopyroxene partially replaced by igneous biotite
locally. Slight, local alteration of biotite to chlorite;
and plagioclase to sericite. Unit underlies McGinnis
Peak and Mount Moffit in the southwestern C-5
quadrangle, comprising an area approximately 6 km
across. Corrclative with gabbro, diorite, metagabbro,
metadiorite, metadiabase, and amphibolite (mgb)

SOUTHERN YUKON-TANANA TERRANE

The southern Yukon-Tanana terrane is a major
block of crystalline rocks that occurs north of the
Denali fault (Foster and others, 1987, Nokleberg and
others, 1989a). The subterranes of the Yukon-Tanana
terrane are interpreted as comprising the tectonically-
dismembered remnants of a Devonian and
Mississippian continental-margin igneous arc
(Nokleberg and Aleinikoff, 1985; Nokleberg and
others, 1989a). The upper structural levels, the Hayes
Glacier and Jarvis Creek Glacier subterranes, are
interpreted as the upper levels of the arc, whereas the
lower levels, the Macomb and Lake George subterranes,
are interpreted as the deeper levels of the arc. The
metasedimentary, metavolcanic, and metaigneous rocks
of the southern Yukon-Tanana terrane are multiply
metamorphosed and deformed.

The southern Yukon-Tanana terrane is exposed in a
major west-northwest trending regional antiform. The
Hayes Glacier, Jarvis Creek Glacier, and Macomb
subterranes occur on the south limb of the antiform
whereas the Lake George subterrane, exhibiting
subhorizontal schistosity and compositional layering,
occurs near the core of the antiform. Southward, the
subterranes occur at successively higher structural
levels on the south limb of the antiform; dips steepen
progressively to the south, and are near-vertical along
the Denali fault.

The structural stacking of these subterranes is
significant; stratigraphically higher-level metaigneous
rocks occur in structurally higher-level subterranes. For
example, metamorphosed deep-level plutonic rocks
occur in the Lake George subterrane (Nokleberg and
Aleinikoff, 1985; Foster and others, 1987). This
subterrane consists of former mesozonal Devonian and
Mississippian granitic plutons and Devonian and older
wall rocks, now highly deformed and metamorphosed.
Metamorphosed hypabyssal Devonian metagranitic
rocks occur in the structurally higher Macomb
subterrane (Nokleberg and Aleinikoff, 1985). Shallow
level, submarine metavolcanic and interlayered
metasedimentary rocks occur in the structurally highest
Jarvis Creek Glacier and Hayes Glacier subterranes.

These stratigraphic and structural relations suggest
that the subterranes of the Yukon-Tanana terrane
represent, from north to south, successively higher
levels of a single, now highly metamorphosed and
deformed Devonian submarine igneous-arc (Nokleberg
and Aleinikoff, 1985). Two hypotheses for the origin
of the Yukon-Tanana terrane are (Nokleberg and
Aleinikoff, 1985): (1) an island-arc, containing a slice
of continental crust which contaminated later magmas;
or (2) a submerged continental margin arc, with
continental detritus being shed into a companion trench
and subduction zone system. A modern-day analog for
the island arc origin is the New Zealand setting; the
analog for the submerged continental margin arc setting
is the Aleutian Arc.

Our preferred interpretation is a submerged
continental-margin arc (Nokleberg and others, 1989a).
Data supporting this are: (1) common lead isotopic
studies for feldspar in metaplutonic and metavolcanic
rocks indicatc a continental component of highly
radiogenic lead derived from a continental source, and
assimilation of approximately 2.3 Ga-old material



(Aleinikoff and others, 1986, 1987); (2) common lead
isotopic studies on sulfide samples from Kuroko-type
massive sulfide deposits in the metavolcanic rocks and
which also indicate a component of continental, highly
radiogenic lead (LeHurray and others, 1985); (3) high
initial Sr ratios for augen gneiss and granitic gaeiss in
the Lake George subterrane, indicating incorporation of
crustal material into the granitic magma protolith
(Dusel-Bacon and Aleinikoff, 1985; Aleinikoff and
others, 1986); and (4) abundant and widespread quartz-
detritus-rich sedimentary protoliths containing relict
detrital zircons exhibiting U-Pb ages of 2.1 to 2.3 Ga
(Aleinikoff and others, 1986, 1987). Common lead
isotopic data also indicate a unique origin for the
Yukon-Tanana terrane in respect to adjacent units
(Aleinikoff and others, 1986, 1987). These data and
interpretations also indicate a unique origin for the
Yukon-Tanana terrane compared to adjacent terranes
(Jones and others, 1987).

A submerged continental-margin arc origin for the
Yukon-Tanana terrane differs widely from modern-day
igneous arcs, which are almost solely emergent.
However, the abundant continentally-derived
sediments, and the strong component of continental
lead indicate derivation from a major continental
source. In addition, the delicate interlayering of
metavolcanic and metasedimentary rocks, locally with
thin stratiform massive sulfide deposits, indicates
widespread submarine volcanism.

LAKE GEORGE SUBTERRANE
NORTH OF TANANA RIVER FAULT

The Lake George subterrane (Aleinikoff and
Nokleberg, 1985a, b; Nokleberg and Aleinikoff, 1985)
occurs in_the northeastern part of the quadrangle, and is
composed of: (1) poly-deformed, coarse-grained, pelitic
metasedimentary rocks consisting of muscovite-quartz-
biotite-garnet schist and metaquartzite derived from
quartz-rich to clay-rich shale and quartzite (Igs); (2)
relatively younger, medium-grained, gneissose
granodiorite and diorite (lgr); and (3) still younger,
coarse-grained augen gneiss derived from granite and
granodiorite (lga). The metasedimentary rocks and

metamorphosed plutonic rocks are ductility deformed

and regionally metamorphosed at the middle or upper
amphibolite facies into mylonitic schist and mylonitic
gneiss, and exhibit local retrogression to the lower
greenschist facies (Nokleberg and others, 1986a,
1989a). ) :

Augen gneiss and schist (Mississippian)—
Chiefly medium-grained, mylonitic gneiss derived from
granite. Major relict igneous minerals are plagioclase,
K-feldspar, and biotite. Common metamorphic
minerals are white mica, chlorite, hematite, gamnet,
hornblende, and opaque minerals. Local gneissic
segregation of biotite and felsic minerals. Contains
abundant K-feldspar augen up to 2 cm long derived from
phenocrysts. Plagioclase partially replaced by white
mica; hornblende, biotite, and garnet by chlorite.

Unit intensely deformed; exhibits strong
schistosity that generally dips gently north or south.
Small-scale isoclinal folds occur parallel to schistosity
and parallel compositional layering. Metamorphosed
at amphibolite facies with local retrogression to lower
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greenschist facies. Diagnostic amphibolite facies
minerals are garnet, biotite, and hornblende.
Retrogression to greenschist facies indicated by
replacement of hornblende, biotite, and garnet by
chlorite, and plagioclase by white mica.

Unit occurs in sparse, widely distributed outcrops
up|to 3 km across, north of the Tanana River fault in the
northeastern C-2 quadrangle and across the D-2
quadrangle. Intrudes pelitic schist and quartzite (Igs) of
Lake George subterrane. Intruded by Late Cretaceous
and(or) early Tertiary, weakly schistose granitic rocks
(gm1, g2, grn3).

| A Devonian or Mississippian age of intrusion
inferred from a U-Pb date on zircons of about 360 Ma
from metagranite (Igr) of the Lake George subterrane
(Table 2 of Nokleberg and others (1992), Locality 4).
U-Pb zircon isotopic analysis of orthoaugen gneiss
(Iga) in the Big Delta quadrangle to the north yields an
isofopic age of 333 to 345 Ma (Mississippian)
(Aleinikoff and others, 1986). Cretaceous age of
meiamorphism interpreted from Rb-Sr dates on biotite,
K-feldspar, plagioclase, and whole rock of 110 Ma,
fromn unit Igr (Table 2 of Nokleberg and others (1992),
locality 4)

Medium-grained gneissose granitic rocks
(De¢vonian)—Chiefly metagranite but include some
mefamorphosed quartz diorite and metagranodiorite.
Reljct hypautomorphic granular texture. Relict igneous
minjerals in metagranite of quartz, K-feldspar,
plagioclase, biotite, and minor zircon. Metamorphic
minerals are chlorite, white mica, epidote-clinozoisite,
opaque minerals, and local calcite, garnet, and
piedmontite. Major relict minerals in the
metamorphosed quartz diorite of quartz, plagioclase,
hornblende, biotite, and opaque minerals.
Metamorphic minerals are chlorite, epidote-
clinozoisite, garnet, and hornblende.

Unit intensely deformed; exhibits strong

schistosity defined by segregation of felsic and mafic
minerals and by paralleling compositional layering.
Varjably fractured, granulated, and ductility deformed.
Metamorphosed to amphibolite facies. Diagnostic
amphibolite facies minerals are biotite, garnet and
hornblende. Local retrogression to lower greenschist
facies