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INTRODUCTION

This report and companion preliminary mep describa
the goology of the Mount Hayes quadrangle, eastern Aleska
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
Asgessment Program (AMRAP) of the U.S. Geological Survay.
Field investigations were conducted during the summers of
1978 through 1982, with additional topical studies in 1985
aod 1986.

The Mount Hayes quadrangle is in the eastern Alaska
Range which forms @ great glacially sculptured sarcuate
mountain range extending approximately 1,000 km from the
Canadian border in the wast to the Aleutian Range to the west
and soutbwest, The eastern Alnska range is characterized by
rugged peaks ranging to over 4,180 m in elevation and
spectacular valley glaciers up ta 65 km long. The range is
bisected by the Denall fault which is a major geologic and
geographic boundary between the Yukon River bagin in
interior Alagka to the porth, 2nd the Copper River basin of
southern Alaska to the south.

Thbe bedrock geology is grouped into various
tectonostratigraphic tarranes (index map). North of the Denalf
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 end others, 1987; Aleinikoff and Nokleberg, 19855, b:
Nokleberg and Alsinikoff, 1585). 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, 1589a). A number
of granitic to gabbroic plutons, chiefly of Mesozolc age,
intrude the terranes both north and south of the Denall fault.
Masjor faults or sutures separate terranes, and many yoonger
Cenozoic faults occur along the margins of, and within
terraney.

This pamphlet augments the accompanying geologic
map by providing a morc detailed description of map units. In
addition it containg sections on previous studies,
scknowledgments, and references that are not presented on the
geologic map. In the section on the deteiled description of
map units, localities are generally designated both by
geography and by refercnce to the 24 1S-minute quadrsngles
that constitute the Mt. Hayes 1°x 3° quadrangle. These
quadrangles, bounded by 15 minutes of latitude and 30 minutes
of longitude, are degignated from A-1 in the southeast comer 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 guadrangle have been published
by Holmes (1965), Péwé and Holmes (1964), Rose (1965;
19664, b; 1967), Rose and Saunders (1965), Holmes and Foster
(1968), Matteson (1973), Bond (1976), Stout (1976), Richter
and otbers (1977), and Nokleberg and othess (1982). Surficial
geotogic maps of parts of the quadrangle have becn published
by the U.S. Army Corps of Engloeers (1953, 19601, b),
Kachsdorian and Péwé (1955), Holmes aod Benninghoff
(1957), Péwé and Holmes (1964), Holmes and Péwé (1965),
Weber (1971), and Carter and Galloway (1978). The
companjon geologic map 15 based partly on these published
geotogic maps, but to a much greater degree on tho 1:63,360-
scale geologic mapping that was done for the mineral resource
agsesgment study of the area.

Geologic guides, stratigraphlc and structural studies,
and geophysical studies have also been published foe parts or
all of the quadrangle. A geologic guide to the bedrock geology
and tectonics along the Richardson Highway has been
pubiished by Nokleberg and others (1989a), and a geologic
guide to the surficial geology along the Richardson Highway
bas been published by Péwé and Reger (1983). Stratigraphbic
and structural studies have been published by Bond (1973,
1976), Richtes and Datro (1975), Stout (1976), Nokleberg and
otbers (1981a, b, c, 1983), Nokleberg and Aleinikoff (1985),
and Nokleberg and others (1985, 1986a, 19894). Geopbysical
studies of all or parts of the quadrangle have been publisbed by
the State of Alaska (1974), Bammes (1977), Hillhoose and
Grommé (1984), Campbell and Nokleberg (1984, 1985), and
Campbell (1987).

A compilation of the numerous fossil and isotopic age
studies hoas been published by Nokieberg and others (1992). In
the following description of map umits, the tabular references
to fossil and age localities refer to (he 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), Ricbter (1966), Wolfe
(1966, 1972), Rowett (1969 =, b, 1975), Rowett and Timmer
(1973), Petocz (1970), Richter and Dutro (1975), Bond (1976),
Malteson, (1973), Stout (1976), Richler 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 apd Foster
(1968), Kleist (1971), Matteson (1973), Smith and Turper
(1973), Turner and Smith (1974), Bond (1976), Turner and
otbers (1980), Foley (1982, 1984). Aleinikoff (1984),
Aleinlkoff and Nokleberg (1983, 1984, 19832, b), LeHurray
and othors (1985), Aleinikoff and others (1981, 1984, 1986,



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

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

Several geologists bave contributed unpublished
geologic mapping of parts of the Mount Hayss quadrangle.
G.C. Bond contriboted vopublished geologic mapping in the
south-central part of tho quadrsngle in the ares from Rainbow
Mountain to Gulkana Glacier, and in southeastern part of the
quadrangle in the ares betwoon Gakona Glacies and Chistochina
River. D.H. Ricbter contributed unpublished geologic
mapping in the southeastern part of the quadrangle. T.E. Smith
contributed vnpublished geologic mapping in the southwestern
part of the quadrangle in the area bounded by the Maclaren
River, the Susitna Glacjer, and the western edge of the
quadrangle. J.H. Stout contributed unpublished geologic
mapping in the south-ceniral part of the quadrangle in the area
to the south of the terminus of Black Raplds 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

Alluvlial 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 uncongolidated sand, and gravel. .

Floviolacustrine deposits (Holocene)—Lake,
pond, and low-gradient stream deposits, chiefly
consisting of gand, silt, and clay

Colluvlal deposits (Holocene)—Chiefly talus
and other slope debris deposits,, slso includes alluvium
of minor streams, and locally glacial, rock glacier, and
mass-wasting deposits. In areas of gentle slopes,
conslists 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
End and lateral moratnes of Alaskan
glaciation (Holocene)—Left after recession of

existing glaciers. Chiefly rubble and diamicton

End and lateral moralnes of Wisconsin
glaclation (Holocene amnd Pleistocene)—
Poorly sorted and unstratified till of uncomsolidated
sand and gravel, Chiefly rubble and diamicton; local
sand and gravel. As mapped, may locally include
deposits of Alaskap glsciation (Qam). At higher
elevations, deposits grade verticalty with, and covered
by colluvium (Q¢)

Glacioflavial depaoslits of Wisconsin
glaciatlion (Holoceme and Pleistocene)—
Generally occurs downslope from end moraines of
Wisconsin glaciation, Moderately well-stratified layers
and lenses of well-rounded gravel with matrix of silt and
sand. Poorly to moderately well sorted with lenses of
well-sorted sand locally. Includes minos lateral and
ground moraines, and some deposits of Alaskan
glaciation (Qam). May include posiglacial alluvium
and pond depositz locally

Drift of older glaciatlons (Pleistocene)—
Glacial deposits exhibiting subdwed geomorphic
expression, probably of early Wisconsin or Illinoian
age occurring beyond limit of Wisconsin moraines.
Also includes undifferentiated high-level glacial
deposits. At bigher elevations, deposits merge with
and covered by undifferentiated colluvinm (Qc). At
lower elevations, deposits merge with and covered by
undifferentiated alluvium (Qa). At higher elevations,
consists chiefly of unconsolidated diamicton and
boulder deposits. At lower elevations, consists chiefly
of unconsolidated glaciofluvial deposits of moderately
well-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 Hlckox,
1955). The Nenaoa Gravel occurs mainly in the
northwestern corner of the quadrangle, and north of the
Jarvis Creek coal field in the center of the guadrangle.
The sandstone unit occurs mainiy 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 (Pllocene)—Consists chiefly of
poorly cemented conglomerate but includes some
sandstope 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% quaniz, and 10%
felsic volcanic rocks, mafic volcanic rocks, and
diabase, Bedding strikes nostheast and dips geatly
south in the D-6 quadrangle; and strikes northwest and
dips moderately to steeply north near contact with fipe-
grained metasedimentary rocks of the Jarvis Creek
Glacier terrane (unit jcs) along the Granite Mountain
fault, in the northeru 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 quadsangle, and
northeastern C-3 quadrangle. Unconformably overlies
granite of Granite Mountain (grgm) and fine-grained
metasedimentary rocks (Jes) of Jarvis Creek Glacjer
subterrane; locally io fault contact with Jarvis Creek
Glacier terrane (unit [c8). Unconformably overlasin by
Pleistocene glacial deposits, and overlies coai-bearing
sedimenlary rocks of Jarvis Creek coal field (unit Tsju)
inferred to be of early Tertiary age (Moffit, 1942;
Wabrhaftig and Hickox, 1955), and locally
unconformably overlies the sandstonme unit of
Oligocene to Pliocene age (Ts). Inferred to be of late
Tertiary (Pliocene) age. Lithologically similar to rocks
assigned to Nenana. Gravel occor to west in the Healy
quadrangle; assigned a Miocene(?) and Pliocene age by
(Ceejtey and others, {1992)

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

Fine-to medium-grained, poorly sorted, angular,
and pgrzdes into graywacke. Composition varies from
quartz grains ipn a clay-rich matrix to quarty,
plagioclase, K-feldspar, pyroxene, hormblende, and
biotite in 2 clay-rich matrix. Conglomerate pebbles

Tsj

Tsju

Tsjm

Tsijl

locally composed of granitic rocks and schist; locally
imbricated. Arsgillite composed of tiny quartz grains
and opaque minerals in a ysllow-brown, clay-rich
matrix,

Unit occurs in scatiered 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 Jocally faulted against rocks
of the JYarvis Creek Glacier subterranc. Many
occurrences too small to depict on geologic map.
Largely surrounded by Quaternary deposits. Sparse
plant fossils jndicate Oligacene, Miocene, and Pliocene
age (Table 1 of Nokleberg acd others (1992), localities
1,2 3,4,6)

Sedimentary rocks of Jarvis Creek coal field
(early Tertlary) (Unit of Wahrhaftlg 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 subterrape. Sparse plant fossils
indicate 8 Tertiary age (Table 1 of Nokleberg and others
(1992), locality S). To the west in the Healy
quadrangle, lithologically similar rocks in the Nenana
coal field are Bocene to late Miocene in age (Wahrhaftig
and others, 1969; Csejtey and otbers, 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
sandstope containing scaitered coal beds. Eroded at top.
Occurs in 8n irregular outcrop 4 km across in the central
C-4 quadrangle. Overlies fine-gralned metasedimentary
rocks (jc8) of the Jarvis Creek Glacier subterrane and
the middle member (Tsjm) of the sedimentary rocks of
Jarvis Creek coal field. Estimated maximum exposed
siratigraphic thickness of about 300 m

Middle member—Chiefly buff arkosic sandstone,
containing claystone and scattered cosl beds, and a
prominent coal and shale zone at base. Occurs in an
clongate, arcuate outcrop 9 km loag in the central C-4
quadrangle. Overlies fine-grained metasedimentary
rocks (jc8) 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 frregular outcrop 4 km long in the central C-4
quedrangle. Overlies fine-grained metssedimentary
rocks unit (Jes) of the Jarviz Creek Glacier subterrane.
Estimated stratigraphic thickness of 150 m or less

ALKALIC MAFIC AND ASSOCIATED
PLUTONIC ROCKS

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




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

An Intdcate variety of smatl 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 intrnsive sufte in the Monat
Hajdukovich area. The.suite intrudes the fine-grained
metasedimentary rocks (jcs) of the Jarvis Creek Glacier
subterrane.  Sulte occupies an lrregular 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 penetrative structures and are younger
than the Intense BEarly to mid-Cretaceous deformation
and metamorphism of the Yukon-Tanana terrane,
described below. The alkslic and relsted rocks occur
only in units that ars relatively near the Denali fault,
and not in the deeper-level subterrunes of the Yukon-
Tanana terrane fartber north

Lamprophyre, alkallc gabbro, and =lkalic
dlorite  (early Tertiary and Late
Cretaceous)—Undifferantiated dikes, sills, and small
plutons. Predominantly fins- to medium-grained,
panidiomorphic granular to porphyritic texture.
Composed of phenocrysts, up to 3 mun of hornblende-
rimmed clinopyroxene plagioclase, bjotite, olivine,
orthopyroxene, hornblende, and K-feldspar in a fine-
grained, groundmass of K-feldspar, plegioclase, biotite,
quartz, calcite, chlorite and Minor white mica and
opague minerals. Common interstitial carbonate
alteration, Some dikes almost completely replaced by
carbonate.

Unit occurs in several irvegular bodies up to 3 km
across in the soutbeastern C-3 quadrangle, and s an
irregular body approximately 3 km .across on the
southern C-2 and C-3 quadrangle boundary. Intrudes
fine-graived metasedimontary rocks (Jos) of the Jarvis
Creek Glacier subterrape.

The lamprophyres, alkalic gabbros, and alkslic
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
east-central part of quadrangle (Table 2 of Nokleberg
and others (1992), Jocalities 9, 25, 26); and (2) 2 suite
of mid- to Late Cretaceous K-Ar dges of 75.6 Ma for
homblende, 69.3 Ma for 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),
locatities 29, 30, 31). Additional K-Ar hornblende age
of 91.6 Ma to the east in the southwestern Tanacross
quadrangle (Foley, 1984). These data {ndicate probable
intrusion of the alkalic mafic rocks mainly during the
Late Cretaceous and esrly Tettlary, with one sample
apparently intruded in the mid-Cretaccous. 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 (Tabte 2 of Nokleberg and
others (1992), localities 21, 24)

Monzonlte and dlorite (early Tertiary and
Late Cretaceous)—Includes lesser quartz monzonite
and quertz diprite. Undifferentiated dikes, sills, and
smal]l plutons. Fine- to medium-grained;

hypautomorphic graoular and locally porphyritic.
Compossd of plagloclase, K-feldspar, hornblende,
biotite, quartz, and minor clipopyroxene and sphene.
Homblende and clinopyroxene partially replaced by
biotite and horsbiende rims clinopyroxene. Locally
schistose, fractured and grapulated. Locally altered with
hornblende and blotite pastially altered to chlorite and
calcite, and plagloclase to sericite, and minor epidote
and caleite. Unit occurs in southwestern C-2 quadrangle
in two elongate outcrops up to 2.5 km long which
extend westward Into C-3 guadrangle; also occurs in
stocks to 5 km across in the southeastern C-3
quadrangle

PLUTONIC ROCKS NORTH OF DENALI
FAULT

Au cxtenslve suite of granitic plutonic rocks
occurs ln terranos north of the Denali fault as smalt
dikes, stocks, and a few large plutons. Many
occwTencss are too small to depict an geologic map.
The larger plutons are at Buchanan Creek and
Molybdenam Ridge, west of the Richardson Highway,
Granite Mountain, éast of the Richardson Highway, and
Macomb Plateau in the east-central part of the
quadrangle. The granitic rocks are generally
equigranular to porphyritic and meditm grained and
usually contain both hornblende and biotite. Alteration
of feldspars 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
greengchist facies actinolite, chlorite, and white mica
along tbe schistosity. Contact metamorphic saureole
generally very narrow or lacking around the older, Late
Cretsceous graniic plutons; relation suggests intrusjon
during the waning stages of reglonsl metamorphism and
penctrative deformation while the wall rocks were still
warm (Nokleberg and others, 1989s).

The isotopic ages for granitic piutons north of the
Denali fault are: (1) U-Pb zircon isotopic ages of about
90 Ma (thres determinations) (Table 2 of Nokleberg and
others (1992), locallties 3, 13, 19); (2) K-Ar
horublende and biotite ages of 84.0, 88.7, B88.8, 92.9,
93.3, and 103.6 Ma (Table 2 of Nokleberg and others
(1992), localites 2, 13, 27, 35); and (3) Pb-Alpba 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). Bxcluding the older apd relatively less
reliable Pb-Alpha ages, theso ages range from 84 (o 105
Ma and suggest intrusion of the granitic plutons in the
mid- to Late Cretsceons. The granitic plutons in the
Macomb Plateau region in the east-central part of the
quadrangle are isotopically dated ouly by Pb-Alpha
studies and need additional study

In the eastern part of the quadrangle, southeast of
the Robertson River, the Mount Gekopa fanlt, and the
Jarvis Creek Glacler and Hayes Glacier subterranes are
inttuded by & the granite of Rumble Creek (grre). K-Ar
isotopic analysis of bornblende from this pluton yields
an age of 88.7 Ma (Table 2 of Nokleberg and others
(1992), locality 27). If the K-Ar age represents the age
of graniti¢ intrusion, movement on (he Monnt Gakona
fault ceaged by the Late Cretaceous.
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In the Windy terrane, a narrow, near-vertical
granit¢c pluton exbibits K-Ar biotite and hornblende
ages of 85.2, 859, 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 mctamorphism. A nearby granodiorite
pluton 1o the northwest In Lbe Aurora Peak terrane may
be of similar age.

GRANITIC ROCKS, UNNAMED

Granitic upit 1 (early Tertijary and (or) Late
Cretaceous)—Qrapite 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 cblorite plus epldote-clinozoisite.
Local quartz and calclte 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 fanlt contact with Aurora Peak terrane
(as) to the northeast and Windy leryane (Wm) to the
southwest within the northwest B-4 quadrangle; (2)
stocks up 16 4.5 km across, intruding Hayes Glacier
subterrape (hgs) to the northeastern A-2 quadrangle; (3)
small bodies generally less thap 1| km across; and (4)
numerous dikes and stlls rarely more than 1 m across

Granltic uwolt 2 (esrly Tertlary and (or) Late
Cretaceous)—Granodiorite dikes, stocks, and small
plutons. Firoe- to medivm graiped, hypautomorphic
granular taxture, Major minerals are plagioclase, quartz,
K-feldspar, biotite, and locally horablende. Minor
clinopyroxens and spbepe present locally. Local
sericite and chlorite alteration. Locally weakly
schistose exhibiting lower greenschist facies
metamorpbism and (or) bydrothermal alteration.
Plagioclase partially recrystallized to sgericite, epidote-
clinozoisite, and calcite; mafic minerals to chlorite and
epidote-clinozoisile.

Unit occws tn: (1) 8 small stock approximately 2.5
km across intruding Aurors Peak lerrane (a8) along the
eastern B-S - C-5 quadrangle boundary; and (2) plutons
up to 6 km across intruding the Lake George subterrane
in the northeastern part of the quadrangle

Granitic unlt 3 (early Tertlary and (or) Late
Cretaceons)~—Quartz diorite and diorite dikes,
stocks, and small plutons. Fine- to medium-grained,
bypautomorpbic graoular. Major minerals are
plagioclase, biotito, and locally borublende, quartz,
white mica, and opsque mincrals also present. Minor
calcite, chlonte, and sericite alteration.

Unit occuss in: (1) scattered oulcrops op to S 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
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GRANITIC PLUTONS, INFORMALLY NAMED

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

Unit occurs as: (1) a partial ring dike around; and
(2) small plutons within the intrusive suvite 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 Creck (early Tertlary or
Late Cretaceous)—Here referred to as granite of
Buchanan Creek. Chiefly biotite-hormblende granite
with lesser granodiorite and quartz diorite. Fine- to
medium-grained, hypsutomorphi¢ grapular texture.
Major igneous minerals are quartz, K-feldspar,
plagioclaso, bormblende, and biolte. Locally altered.
Locally fractured and granulated. Plagioclase partially
recrystallized to sericite; bornblende and bjotite 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 containg
inclusions of fine-grained, schistose metavolcanic
rocks and metasedimentary rocks (iev) of the Jarvis
Creek Glacier subterrane; locally intruded by andesite
and granite dikes up 10 1 m wide.

A Late Cretaceons or early Tertiary age inferred
from intrusion into rocks of the Jarvig Creek Glacier
subterrane, subsequent to the main phase of the Early to
mid-Cretaceous metamorphisoL. 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, hypautomorphbic granuvlar texture.
Major munerals are quartz, plagioclase, K-feldspar,
biotite, and minor sphens. 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 subterrape. A Lato Cretaceous or
early Tertisry age indicated by intrusion into the Hayes
Glacier subterrane. subsequeat to Early to mid-
Cretaceous metamorpbism

Granodiorite of Molybdenum Ridge (Late
Cretaccous)—Here referred to as granite of
Molybdenum Ridge. Cbiefly biotite-hornblende
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granodiorite with lesser granmite and quartz diorite.
Local inclusions of fine-grained metasedimentary rocks
(Je8) of Jarvis Creek Glacier sobterrane. Medinm-
grained, -hypautomorphic granular texture, locally
porphyritic with pbenccrysis of plagloclase to 4 mm.
Major minersls are plagioclase, K-feldspar, quartz,
hornblende, and biotite. Hornblende locally replaced
by igueous biotite. Weak local schistosity near contact
with unit jcs. Locally fractured and granulated. Local
hydrothermal alteration with homblende and biotite
partially replaced by chlorite and plagioclase by white
mica. Uoit exposed in an irregular body approximately
9 km across. Intrudes and locally faulted against fine-
grained metasedimentary rocks (jc8) of the Jarvis Creek
Glscier subterrane; intruded by granite, rhyolite, dacite,
and andesile dikes approximately | m wide. A Late
Cretaceous age of intrusion indicated from K-Ar bjotite
and homblende dstes, and U-Pb zircon ages ranging
from 84 to 93 Ma (Table 2 of Nokleberg and others
(1992), Locality 13)

Granite of Graunlte Mountain (Late
Cretaceous)—Here referred to as granite of Granite
Mountsin. Chiefly blotite-hornblende granite; includes
minor quariz diorite. Fine- (o medium-grained,
bypaulomarpbic granular texture. Major minerals are
quartz, plagioclase, K-feldspar, biolite, and hornblende.
Minor minerals arec white mica, apatite, sphene, calcite,
chlorite, epidote, and opague minerals. Local
hydrothermal alteration; hornblende and biotite
partislly roplaced by chlorite and opaque minerals, and
plagioclase by white mica.

Upit 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 northesst and northwest, and by the
Donnelly Dome fault to the southwest. Intrudes fine-
grained metasedimentary rocks unit (jes) of the Jarvis
Creek Glacier subterrane to the southeast. Contains
small igsolated bodies of vnit [c8. Intruded by quartz
diorite and aplite dikes up to I m wide and by a smail
gabbro stock west of Panoramic Peak in the D-3
quadrangle. Late Cretacoous age of intrusion indicated
from a slngle U-Pb zircon dats of 90 Ma (Table 2 of
Nokleberg and otbers (1992), Locality 19)

Granijte of Macomb Plateau (Late
Cretaceous)--Hare referred 10 as grapite of Macomb
Platean. Chiefly homblende granite, biotite granite,
horublende-biotite granite, bornblende granodiorite,
and minor quartz dforite. Very fine- to medinm-grained,
bypautomorphlc granular texture. Locally porphyritic
with pbenocrysis of plagioclsse and poikilitic K-
feldspar up to 8 mm. Poikilitic K-feldspar containing
inclusions composed of plagioclase, quartz, and biotite.
Masjor groundmass minerals are quartz, K-feldspar
(Jocally pertbitic), plagioclase, biotite, local
bornblende partially replaced by biotite and minor
sphene, opaque minerals, and clinopyroxene. Quartz
diorite exhibits sparse, local compositional layering of
hornblende 8nd biotile alternating with quartz and
feldspar. Local schistosity defined by alignment of
biotite. Local weak to intense planar fracturing,
granuiation, and alteration with Jocal development of
protomyionite. Hornblende and biotite partially
replaced by chlorite and minor epidote, plagioclase by

arrc

sericite and minor calcite and opidote, and K-feldspar by
sericite. Locally cut by veins of quartz and caleite.

Unit exposed In numerous outerops up to § km
across. Surrounded by glaclal deposits, colluvium, and
ice within the B-], C-1, and C-2 quadrangles. Bounded
to the north by the Tanana River fault, to the west by
the Johnson Glacier fault, and to the south by the West
fork and Elting Creek faults. Intrudes metamorphosed
pelitic, calcareous, ead quartz-feldspar sedimentary
rocks (Ms) of the Macomb subterrane; intrded by small
dikes wp to 1 m wide of gabbro, lamprophyze, aplite,
and rhyolite. Cretaceous age of intrugion 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 (Lante Cretaceous)—
Here referred to as granite of Rumble Creek. Chiefly
biotite-hornblende granite and granodiorite. Fine- to
medium-grainad, hypautomorphic granular texture,
Locally porphyritic with phenocrysts of plagioclase
and K-feldspar. Major groundmass minerals are quartz,
K-feldspar, plagioclase, biotite, and local hombleade.
Minor sphene, chlorite, opaque minerals, and white
mica. Locsl hydrothermal alteration. Horablende and
biotite partially replaced by cblorite, plagioclass by
calcite and white mica.

Unit exposed in numerous outerops up to 6 km
across. Surrounded by glacial deposits, colluvium, and
ice within the north~central A-1 quadrangle. latrudes
metamorphosed volcanic and pelitic sedimentary rocks
(jev) of the Jarvis Creck 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 Gakopa fault between Jarvis Creek Qlacier
subterrane to northeast aad Hayes Glscier subtorrane to
southwest. Late Cretaceous age of intrusion indicated by
a K-Ar homblende age of 89 Ma (Table 2 of Nokleberg
and others (1992), Locality 27). If the K-Ar age
represents age of grasitic intrusion, movement on the
Mount Gakona fault ceased by the Late Cretaceous

MAFIC PLUTONIC ROCKS

A sujte of mefic plutonic rocks occurs adjacent to
the Denalj fault in the Windy terrane, and the Hayes
Glacier and Jarvis Creek Qlacier subterranes of the
Yukon-Tanana- terrape. Mafic rocks occur ag sills,
dikes, apd plutons of bornblende metagabbro and
hornblende metadiodte. 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- o mediom-grained: generally sub-
concordant to acutely discordant to intense younger
schistosity and parallel compositional layering.
Common major igoeous minerals are hornblende,
plagioclase, apd minor clinopyroxepe, blotite, and
quartz.

The mafic dikes and sills are strongly deformed
along the younger schistosity, and are partly to totally
metamorphosed to lower greenschist facies minerals,
mainly chlorlte, actinolite, epidote, albite, and sericite,
Field relatious indicate the mafic dikes and sills are
relatively older than Cretacecous granitic rocks which
locally crosscut and intrude the mafic dikes and sills.
Because of generally intense, low-grade metamorphism,
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Argon-based isotopic amalyses are unsuitable for
determining the age of these mafic plutonic rocks. An
atterapt to separate zircons from a sample of
metagabbro intruding the Windy terrane to the
southeast in thc nortbwest Nabesna quadrangle yielded
too few zircons for U-Pb isotopic analysis (Nokleberg
and others, 1992)

Gabbro, diorite, metagabbro, metadlorite,
metadlabase, . and amphibolite
(Cretaceous)—Undifferentjated dikes, sills, and
small plutons. Chiefly hornblende metagabbro and
metadiabase and mivor amphibolite.  Variably
metamorphosed to greenschist facies and locally
schigtose.

Metagabbro apnd metadiabase generally fine- to
medium-grained with bypaustomorphic granular to
disbasic; locally porpbyritic.  Phenocrysts are
plagioclase, bornblende, biotite, and pyroxene up to 2
mm. Major minerals are plagioclase, hormblende, local
biotite and minor clinopyroxene, orthopyroxene,
quartz, sphene, end opaqus minerals. Horublende and
biotite partially replacad by chlorite and epidote, and
plagloclase by sericite, calcite, and epidote.

Amphibolite is fine to medium-grained with
granoblastic to porphyroblastic containing hornblende
porpbhyroblasts up to 2 mm. Local relict
bypautomorphic granular texture. Common major
minerals are hornblende and(or) actinolite, and
plagioclase eand local quartz, biotite, and
clnopyroxene. Common minor minerals ere chlorite,
sphane, white mica, garnet, epidote, calcite, and opaque
minerals, and less commonly K-feldspar, tremolite, and
vesuvianite. Compositionsl layertng defined by
ncmatoblastic amphibole and biotite alternating with
plagioclase and quariz, Horublende locally replaced by
blotite and hornblende, biotite, and garnet variably
replaced by chlorite; plagioclase replaced by white
mica.

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

Dikes locally crosscut schlstosity in Windy terrane
and in southern Yukon-.Tanana terrane that formed
during the Barly to mid-Creteceons metamorphism,
Dikes also exhibit Jocally Intense lower greenschist
facies metamorphism. These relations interpreted
syntectonic {ntrusion {n the mid- to Late Cretaceous

Gabbro of Mount Moffit (Cretaceous?)—Here
roferred to as gabbro of Mount Moffit Fine-to medium-
grained, bhypautomorphic granular texture. Two
dominant Uthologles: plagioclase, clinopyroxene and
minor biotite; and plagioclase, biotite, local
bornblénde and minor quasrtz and K-feldspar. Opague
minerels locally abundant. Strongly zoned and twinned
plagioclase phenocrysts to 1.8 mm occur locally.
Clinopyroxens partielly replaced by igmeous biotite
locally. Slight, local alteration of biotite to chlorite;
and plagioclass to gerieite. Unit underlies McGinnis
Poak and Mount Moffit in the southwestern C-S
quadrangle, comprising an arca approximately 6 km
scross. Correlative with gabbro, diorite, metagabbro,
metadiorite, metadiabase, and amphibaolite (ngb)

SOUTHERN YUKON-TANANA TERRANE

The southern Yukon-Tanana terrsne s a major
block of crystalline rocks that occurs porth of the
Denali fault (Foster and otbers, 1987, Nokleberg and
others, 1989a). The subterranes of the Yukon-Tanana
terrane are interpreted as comprising the tectonically-
dismembered remnants of a Devonlan and
Mississippian c¢ontinental-margin igneous arc
(Nokleberg and Aleinikoff, 1985; Nokleberg and
others, 1989a). The upper structural levels, the Hayes
Glacjer and Jarvis Creek Glacier subterranes, are
interpreted as the upper levels of the arc, whereas the
lower levels, the Macomb and Lake George sublerranes,
are interpreted as the deeper levels of the arc. The
metasedimentary, metavolcanic, and metaigneous rocks
of the soutbern Yukon-Tanana terrane sre multiply
metamorphosed and deformed.

The southern Yukon-Tanana terrane is exposed o a
major west-porthwest trending regional antiform. The
Hayes Glacier, Jarvis Creek Glacier, and Macomb”
subterranes occur on tho south limb of the antiform
whereas the Lake QGeorge subterrane, exhibiting
subhorizontal schistosity and compositional Jayering,
occurs near the core of the antiform. Southward, the
subterranes occur at successively blgber 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 subtcrranecs is
significant; siratigraphically higher-level metaigneous
rocks occur in structurally higher-level subterranes. For
example, metamorphosed deep-level plutonic rocks
occur in the Lake George sublerrane (Nokleberg snd
Aleinikoff, 1985; Poster snd otbers, 1987). This
subterrane consists of former mesazonal Devonian and
Mississippian granitic plutons and Devonisn and older
wall rocks, now bighly deformed and pietamorpbosed.
Metamorphosed bypabyssal Devonian metagranitic
rocks occur in the structurally higher Macomb
subterrane (Nokleberg and Aleinikoff, 1985). Shallow
Jevel, submarine metavolcanic and interlayered
metasedimentary rocks occur in the structurally highest
Jarvis Creek Glacler and Hayes Glacier subtestanes,

These stratigrapbic 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-erc (Nokleberg
and Aleinikoff, 1985). Two hypotheses for the origin
of the Yukon-Tseanana terrane are (Nokleberg and
Aleinikoff, 1985): (1) an istand-arc, containing 2 slice
of continental crust wbich contaminated later magmas:
or (2) a submerged continental margin arc, with
continental detritns being shed into a companion trench
and subduction zone systsm. A modesrn-day analog for
the island arc origin is the New Zealand setting; the
anafog for the submerged continental margln arc setting
is the Alentian Arc.

Our preferred interpretation is a submerged
continental-margin arc (Noldeberg and otbers, 1989a).
Data supporting this are: (1) common lead isotopic
studies for feldspar in metaplotonic and metavolcanic
rocks indicate a continental component of higbly
radiogenic lead derived from a continental source, and
assimilation of approximately 2.3 Ga-old material
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(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, bighly
radiogenic lead (LeHwray and others, 1985); (3) high
initial Sr ratios for angen goeiss and granitc goelss in
the Lake George subterrane, indicating incorporation of
crustal material into the granitic magma protolith
{Duse}-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 Gs
(Aleinikoff and others, 1986, 1987). Common lesd
isotopic data mlso 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
(Jopes and others, 1987).

A submerged continental-margio arc origin for the
Yukon-Tanana terrane differs widely from modem-day
igneons arcs, which are almost solely emergent.
However, the abundant countinentally-derived
sediments, and the strong component of continental
lead indicate derivation from a msjor contipentsl
source. In addition, the delicate interlayering of
metavoleanic 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 subterrare (Aleinikoff aad
Nokleberg, 1985a, b; Nokleberg and Aleinikoff, 1985)
occurs in the northeastern part of the quadrangle, and s
composed of: (1) poly-deformed, coarse-grained, pelitic
metasedimentary rocks congisting 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 (Igr); and (3) still younger,
coarse-grained augen gneiss derived from granite and
gragodiorite (Iga). The metasedimentary rocks and
metamorphosed plutonic rocks are duetllity deformed
and regionally metamorphosed at the middle or vpper
amphibolite facies into mylonitic schist and mylonite
gneiss, and exhibit local retrogresston to the Jower
greenschist facies (Nokleberg and others, 1986a,
1989z).

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

Unit intensely deformed; exhibits strong
schistosity that generally dips gently morth 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 facles
mioerals are garnet, biotite, and horablende.
Retrogression to greenschist facies indicated by
replecement of hornblende, biotite, and garnet by
chlorite, and plagioclase by white mica. .

Unil occurs in sparse, widely distributed outerops
up to 3 km across, north of the Tanana River fanlt in the
northeastern C-2 gquadrangle and across the D-2
quadrangle. Intrudes pelitic schist and quartzite (Igs) of
Loke George subtestane. Intruded by Late Cretaccous
and(or) early Tertiary, weakly schistose graniic rocks
(gm1, gm2, gma3).

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 zlrcon isotopic analysis of orthoaugen gneiss
(Iga) in the Big Delta quadrangle to the north yields an
isotopic age of 333 to 345 Ma (Mississippjan)
(Alemikoff and others, 1986). Cretaceous age of
metamorphism interpreted from Rb-Sr dates on biotite,
K- feldspar, plagioclase, and whole rock of 110 Ma,
from upit Igr (Table 2 of Nokleberg and others (1992),
locality 4)

Medlum-grained gnelssose granitic rocks
(Devonian)—Chiefly metagranite but include some
metamorphosed quartz diorite and metagranodiorite,
Relict bypautomorphic grapular texture. Relict igneous
minerals in metagranite of guartz, K-feldspar,
plagioclase, biotite, and minor zircon. Metamorphic
minerals are chlorite, white mica, epidoie-clinozoisite,
opaque minerals, and local calcite, garnet, and
picdmoantite. Major relict minerals in the
metamorphosed quartz diorite of quartz, plagioclase,
hornblande, biotite, and opagque minecals.
Metamorphic minerals are chlorite, epidote-
clinozolzite, garnet, and horablende.

Unit intensely deformed; exhibits strong
schistosity defined by segregation of felsic and maflc
minerals and by paralleling compositional layering.
Variably fractured, granulated, and ductility deformed.
Metamorphosed to amphibolite facies. Diagnostic
amphibolite facies minerals are biotite, garnst apd
hornblende. Local retrogression to lower greeaschist
facies indicated by replacement of biotite and garnet by
chlorite; and plagioclase by white mica. Unit occurs in
several exposures up to 2 ki across, mainly susrounded
by Quaternary deposits in the east-central D-1
quadrangle.

U-Pb zircon isotopic analyses of metagranodiorite
(Igr) yield an isotopic age of about 360 Ma (Table 2 of
Nokleberg and others (1992), locality 4) and indicate
intrusion in the Devonian. A Rb-Sr mineral aud whole
rock Isochron analysis of the metagranodiorite
indicates regional metamorphisrn and penetrative
deformation of the schistose minerals in this rock at
110 Ma (Table 2 of Nokleberg and others (1992),
locality 4) in the Early to mid-Cretaceons

Pelitlc schist and quartzite (Devonlan and
older)—Chiefly fine- to medium-grained, poly-
deformed, mylonitic, pelitic schists and minor quartzite
and calc-schist. Protoliths of quartz-rich shale to clay-
rich shale, sandstone, and marl. Structural base not




exposed. Estlmated structoral thickness of a few
thousand meters.

Pelitic schists chiefly garnet-bearing, quartz-white
mica-biotite schists and minor white mica-gamet-
sillimanite schist, guartz-white mica schist, quartz-
andalusitec-K-feldspar-biotite schist, and white mica-
biotite-staurolite-gamet schist. Calc-schists composed
of quartz, chlorte, calcite, and epidote. Minor minerals
are sericite, chlorite, epidote, plagioclase, garnet, and
opaque minerals. Schistosity parallels compositional
fayering. In pelltic schists, compositional layering
defined by bands apd lenses of quartz and feldspar
alternating with schistose mica. In calc-schists,
compositional layering consists of layers of quartz and
mjoos calcite altemmating with layers of schistose
cblorite and epidote. Variably strained, fractured, and
granulated quartz, plagioclase, and gamet form angen or
augen-shaped aggregates up to 1.5 mm. Plagioclase and
K-feldspar partially replaced by white mica; biotite by
chlorite; garnet by chlorite and white mica and
borudlende by chlorite.

Unit inotensely deformed: exhibits strong
schistosity that dips gently north or south. Small-scale
fsoclinal folds parallel schistosity and compositional
layering in outcrop and tbin section. Metamorphosed
at middle to upper amphibolite facies and locally
retrograded to lower greenschist facies. Diagnostic
amphibolite facics minerals are garnet, biotite,
andalusite, staurolite, hornblende, and sillimanite.
Retrogression to greenschist facies indicated by
replacement of bornblende and biotite by chlorite;
garoct by chlorite and white mica; and plagioclase by
white mica.

Unit occurs in geveral exposures up to 6 km across
in the central D-1 quadrangle. Intruded by augen gneiss
and by Late Cretaceons and (or) early Tertiary, weakly
schbistose granitic rocks (gm 1, gra 2, gm 3) which
range in composition from granite to diorite. -

Unit protolith older than the Devonian
meatagranodiorite. To the porth in the Big Delta
quedrangle, U-Pb 2ircop analysis of a quartz-feldspar-
biotite schist, interpreted as a metatuff layer in
metasedimentary rocks of the Lake George subterrane,
yields an isotopic age of 365 Ma or Devonian
(Aleinikoff and others, 1986)

MACOMB SUBTERRANE
SOUTH OF TANANA RIVER FAULT AND NORTH OF
ELTING CREEK FAULT

The Macomb subterrane (Aleinikoff and
Nokleberg, 1985a; Nokleberg and Aleinikoff, 1985)
oceurs south of the Lake George terrane in the eastern
part of the quadrangle aod i3 composed of: (1) a unit of
older, poly-deformed. medivm-grained pelitic schist,
calc~schist, and quartz-feldspar-biotite schist of
Devonian or older age (M8) derived from shale, mar],
and sandstone and (2) a unit of relatively younger,
shallow-leve), fine- to mediom-grained - gneissose
granite, granodiorite, quartz dlorite, and diorite (mg) of
Devonian age. Botlh units ducdlity deformed and
regionally metamorphosed at epidote-amphibolite
facies to upper greenschist facies into mylonitic schist
(Nokleberg and others, 1986a), The subterrane differs
from the structurally subjacent Lake George subterrane
to the porth in possessing: (1) relatively abundant
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Devonian hypabyssal metagranitic rocks; (2) abundant
calcareous metasedimentary rocks: (3) s lower
metamorphic grade; (4) a finer metamorphic grain size;
and (5) a more intensely-developsd metamorphic fabric.

Medium-grained granitic gnelss
(Devonian)—Chiefly fine- to medium-grained
mylonitic gneiss derived from grapite, granodiorite,
and quartz diorite. Includes minor augea gneiss derived
from granite to diorite.  Textures vary from
protomylonite to mylonitic schist. Relict
bypautomorphic granular texture. Porphyroclasts of
plagioclase and local K-feldspar, up to 5 mm across, in
a fine-grained, variably granulated and recrystallized
matrix cousisting predominanly of quartz, plagloclase,
and locally K-feldspsr, and minor schistose biotite and
white mica. Relict igneous minerals are plagioclase, K-
feldspar (locally pertbite), biotite, lacal hornblende,
and sphene. Common metamorphic minerals are
biotite, white mica, chlorite, carbonate, garnet,
homblende, and opaque minerals, and less commonly,
zoisite, stavrolite, clinopyroxene, and allanite. Local
poikiloblastic plagioclase includes variable amouats of
biotite, epidote, quarlz, sphenc, garnet, and
clinopyroxene. Biotite locally includes quartz and
epidote and garnet locally includes epidote. Plagloclase
partially replaced by sericite, calcite, and epidote;
hornblende by chlorite and epidote; biotite by chlorite
and hematite; garnet by biolite and chlorite. Local
augen gneiss composed of flne-grained,
quartzofeldspatbic and biotite-borablende-rich bands
with augen, up to 2 mun long, of variably granulated
quartz and feldspar.

Intensely deformed exbibiung strong schistosity.
Schistosity and parallel compositional layering dip
moderately southwest and strike porthwest, generally
parallel to the Elting Creek fault. Unit forms
northwest-trending anticline with metamorphosed
pelitic, calcareous, and quartz-feldspar ssdimentary
rocks (ms) of the Macomb subterrane in the B-1
quadrangle. Minor, small-scale, tightly appressed to
isoclinal folds occur in outcrop and thin section scale.
Younger asymmetrical folds generally soutbh. or
southeast-verging; formed in older schistosity and
compositional layering, Irregular contacts and locally
abundant dikes indicate shallow intrusion.

Unit metamorphosed at epidote-ampbibolite to
local amphibolite facies.  Diagnostic epidote-
amphibolite facles minerals are epidote-clinozolsite,
biotite, and gernet. Diagnostic amphibolite facjes
minerals are staurolite aud clinopyroxens. Local
retrogressive metamorpbism to lower greenschist facies
indicated by replacement of biotite, hornblende, and
garnet by chlorite. Unit occurs in the B-1 quadrangle in
several stocks up to 6 km acrogs, northeast of the
Elting Creek fault. Intrudes unit of metamorphosed
pefitic, calcareous, and quartz-feldspar sedimentary
rocks (Ms).

U-Pb zircon isotopic analyses of samples of
metagranodiorite and metagranite yield isotopic ages of
about 372 Ma (Table 2 of Nokleberg and others (1992),
localities 7, 10), and indicate iotrusion in the
Devonian. A Rb-Sr mineral isochron isotopic analysis
of the metagranodiorite with a U-Pb zircon age of 372
Ma indicates regional metamorpbism and penetrative
deformation of the schistose minerals in this rock at



102 Ma (Table 2 of Nokleberg and others (1992),
jocality 10) (Nokleberg and others, 1986a)

Metemorphosed pelitle, calcareows, aund
quartz-feldspar sedlmentary rocks (Devonian
or older)—Chlafly fine-grained, mylonitic,
metssedimentary scbists. Chiefly quartz-mica schist
with lesser calc-schist. Protoliths mainly sandstone,
. -siltstone¢, and marl. Estimated structural thickness of a
few thousand meters.

Quartz-mica schists consist of garnet-bearing
quartz-white mica schisl, garnet-bearing quartz-biotite-
white mica schist, quartz-biotite schist, quartz-
plagloclage-biotite-andalusite-white mica schist,
quartz-white mics-biotite-andalusite-cordierite-
sillimanite schist, and minor quartzite. Minor minerals
arc graphlte, chlorite, epidote, calcite, K-feldspar,
fourmaline, spatite, zircon, and rarely hornblende and
stauyolite. Generally consists of fine-grained schistose
mica in granular quartz. Local compositional layering
parallels schistosity. Garnet porphyroblasts up to 8
mm across, averaging 1-2 mm, and plagioclase
porphyroblasts up lo 2 mm. Local helicitic garnet
contalos biotite, quartz, carbosate, and epidote
inclusions. Andalusile poikiloblasts include biotite,
and myrmekitdc Intergrowths in andalugite-sillimanite-
bearing schist. Quartzite includes sparse, schistose
mies, plagioclase, bematite, and opaque minerals.
Local older schistosity oriented 45-60 degrees from
more prominent younger schistosity.- Weak to locally
intense granulation and fracturing of quartz and feldspar.
Plagioclase partially replaced by sericite and calcite;
biotite by chlorite; garnet by chlorite, biotite, and
white mica; andalusite by white mica.

Calc-scbists consist of fine-grained tremolite-

quartz-clinozoisile schist and quartz-calcite schist. .

Tremolite-quartz-clinozoisite schist contains
dimensionally sligned tremolite in granular quartz and
clinozoisite. Minor minerals are chlorite, sphene,
biotite, clinopyroxene, and opaque minerals. Quartz-
calcite schist composed of crude to well defined layers
of granular quartz, calcite, and locally epidote-
clinozoisite.

Unit Iotensely deformed; exhibits strong
schistosity. Schistosity and parallel compositional
layering dip modcrately southwest and strike northwest,
generally paraliel to the Elting Creek fault. In the B-1
quadrangle, this upit forms the southwest limb of a
northwest trending anticline. Minor small-scale,
tightly approssed- to isoclinal folds occur in outcrop
and thin secon scale. Younger agsymunetrical folds
mainly south- or soulheast-verging; formed in older
schistosity and compositional layering.

Unil metamorphosed mainly at epidote-
amphibolite facies, and locally to amphibolite facies.
Diagnostic epidote-amphibolite facies minerals are
epidote-clinozoisite, biotite, garnet, andalusite,
cordierite, and staurolite. Diagnostic local amphibolite
facles mioerals are hornblende, sillimanite, and
clinopyroxene. Local retrogressive metamorphism to
lower greenscblst facies indicated by replacement of
biotite by chlorite; garnet by chlorite and white mica;
and andalusite by white mica.

Unit occurs in B-1, B-2 and C-2 quadrangles.
Bouuded by Jarvis Creek subterrane to the southwest
along the Elting Creek fault and to the west along the
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Johnson Glacier fault Intruded by medivm-grained
gramitic gneiss (M@), and by non-metamorpbosed
granitic rocks of the Macomb Platsau platon (grma).
Age of the protolith older than the Devonian
metagranitic rocks

JARVIS CREEK GLACIER SUBTERRANE
- SOUTH OF ELTING CREEK FAULT AND
NORTH OF HINES CREEK AND MOUNT GAKONA
FAULTS

The Jarvis Creek Glacier subterrane (Alsinikoff and
Nokleberg, 1985a; Nokleberg and Alelnikoff, 1985)
occurs across the northern part of the quadrangle, south
of the Macomb subterrage. The Jarvis Creek Glacier
subterrane consists of fine-grained, poly-deformed
schists derived from Devoalsn metavolcanic and
metagranitic rocks and Devonian and older sedimentary
rocks. The subterrane differs from the structurally
subjacent Macomb subterrane to the north in
possessing: (1) relatively few Devonian metagranitic
rocks; (2) abundant Devonian metavolcanic rocks; (3) a
lower metamorphic grade; (4) a finer metamorpbic grain
size; and (5) a more Intensely-developed metamorphic
fabric.

This subterrane is subdivided into three units: (1) a
metasedimentary racks unit (jc8) composed chiefly of
fine-grained metasedimentary rocks and very minor
metavolcanic rocks; (2) a metavolcanic rocks unit (jov)
composed chiefly of finc-grained metavolcanic rocks
and moderate amounts of fine-grained metasedimentary
rocks; and (3) a small unil of gneissose granodjorits and
diorite and subordinate augen gneiss (Jcg) in the north-
central part of the quadrangle.

The metasedimentary and metavolcanic rocks are
almost totally recrystallized and are composed of
varying proportions of pelitic schist, quartzite, calc-
schist, quartz-feldspar schist, and marble. Protoliths of
shale, quartz sandstone, marl, sandstone, volcanic
graywacke, and limestone, The metavolcanic rocks
consist of varying proportions of abundaant
metaandesite and metamorphosed quartz keratophyre,
less abundant metadacite and metabasalt, and very
minor metarhyodacite,

The metasedimentary rock and metavoleanic rock
units are ductility deformed and regionally
metamorphosed at greenschist facies into mylonitic
schist or local phyllonite (Nokleberg and others,
1986a). Locally, large areas of upper greenschist facies
and lower amphibolite facies metamorphism occur in
the northern part of the Jarvis Creek Glacier subterrane
in the area south of Granite Mountain and southeast of
Donnelly Dome. The higher-grade metamorpbic
minerals to the north are progressively replaced by
lower-grade metamorphic minerals to the south

Fine- to medium-grained gneissose granltic
rocks (Devonlan)—Chiefly gchistose
metagranodiorite, and augen gneiss derived from
granite.  Intensely deformed exhibiting strong
schistosity.

Metagranodiorite contains K-feldspar augen and
relict phenocrysts up to 2.0 ¢m across in a fine-graloed
matrix of schistose biotite and granular and fractured
quartz, K-feldspar, plagioclase, hornblende, and opsque
minerals. Hornblende largely replaced by biotite and




jov

chiorite. Biotite partially replaced by chiorite;
plagioclsse by white mica and minor epidote.

Augen gneiss contains K-feldspar augen snd relict
phenocrysts up to 1,.5.cm in a fine-grained matrix of

schistose biotite with granular and fractured quartz, K- -

feldspar, plagioclase, bornblende, and opaque minerals.
Variably developed segregations of quartz, feldspar, and
biotite. Plagioclase and K-feldspar partially replaced
by .white mica and minor epidote and calcite.
Hornblende and biotite partially replaced by chiorite.
Variably metamorphosed at lower amphibolite to lower
greenschigt facies. Diagnostic metamorphic minerals
are hornblende in amphibolite facies rocks and chlorite
and epidote in lower greenschist facies rocks.

Unjt mainly underlies Donnelly Dome in southern
D-4 quadrangle. Also occurs la several stocks up to 5
km across south of the Donnelly Dome fault in the
southern D-4 and porthern C-4 quadrangles. Unit
intrudes fine-grained metasedimentary rocks (jc8) and
fine-grained schistose metavolcanic rocks and
metasedimentary rocks (icv)

U-Pb zircon isotopic analysls of a sample of a
small body of augen goeiss intruding ugit (jev), in the
area soutbeast of Donpelly Dome, yields an age of 372
Ma (Table 2 of Nokleberg and others (1992), locality
17), aand indicates intrusion in the Devonian,
contemporaneously with extrusion of the metavolcanic
rocks

Filne-grajned schlstose metavolcanlc rocks
and mwotasedimentary rocks (Devonjan)—
Chiefly fine-grained, mylonitic, metavolcanic rocks
interlayered with . lesser metasedimentary rocks.
Metavolcanic rocks consist chiocfly of metamorphosed
quartz keratophyre, metadacite, and metaandesite with
lesser metarhyodacite and metabasalt derived from fine-
grained mffs and flows. Metasedlmentary rocks chiefly
quartz-mica schists and some calc-schists, marble,
skarn, and quartzite, Protoliths for metassdimentary
rocks mainly pelite, quartz sandstone, siltstone. marl,
and limestone. Metavolcanic rocks occur in )ayers from
about 0.5 to a few meters thick; interlayered with thin-
to thick layers of metasedimentary rocks. Estimated
structural thickness of a few thousand meters

Unit metamorphosed from lower greenschist to
lower amphibolite facles. Differentiated from adjacent
schists of the Hayes Glecier subterrane to the south by a
greater abuadance of metavolcanic rocks, much sparser
graphite-rich metasedimentary rocks, & coarser
metamorphlc mineral grain size, and a higher grade of
metamorpbism.

Metavolcanic rocks generally characterized by
relict microporphyritic texture containing eubedral to
subhedral, twinned, and often zoned plagioclase
phenocrysts up to 4 mm long in a fine-grained
groundmass of quartz, plagioclase, and schistose mica.
Common poikilitic and clean, relict plagioclase
phenocrysts. Relict quartz and K-feldspar phenocrysts
occur locally. Local resorbed outlines of guartz and
feldspar phenocrysts. Common metamorphic minerals
are quartz, plagiocluse, white mica, chlorite, epidote-
clinozoixite, calcite, and opzrque minerals. Sparse
metabasalts composed mainly of aclinolite and locally
epidote aod calcite. Minor metamorphic minerals are
sericite, chlorite, sphene, biotite, gamet, hornblende,
and opsque minerals. Compositional layering parellels
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schistosity; defined by bands and lenses of granoblastic
quartz and feldspar alternating with schistose mica.
Frecluring and granulation of relict pbenocrysts
common with development of augen and augen-shaped
aggregates of quartz and feldspar in finer grained
recrystallized matrix. Plagioclase and K-feldspar
partially replaced by sericite; biotite, actinolite, and
hornblende by chlorite.

- Quartz-mica schists consist of: quartz-white mica
schist, graphite-quartz-wbite mica schist,. quartz-
plagloclase-white mica-chiorite schist, quartz-white
mica-chlorite-plagioclase schist, and calcite-chlorite- .
quartz schist. Minor minerals are calcite, plagioclase,
chlorite, graphite and other opaque minerals, and sparse
garnet, bornblende, apatite, spheve, cordierite, zircon,
and tourmaline. Generally fige-grained. Sparse
porpbyroclasts of quartz and feldspar to 2 mm. Sparse,
local, relict clagtic grains of quartz and feldspar.
Compositional layering parallels schistosity;
geunerally defined by layers of granoblastic quartz and
feldspar altermating with micaceous layers. Variebly
distorted, fractured, and graculated quartz sod feldspar
form augen or augen-shaped aggregates that accompany
bent mica. Plagioclase partially replaced by white mica
and cakite; biotite by chlorite.

Calc-schists and marbles consist of quartz-white
mica-calcite schbist, quartz-calcite schisl, quartz-
plagioclase-white mica-caicite schist, quartz-epidote-
clinozoisite schist, quartz-whita mica-epidote schist,
epidote-plagioclase-actinolite schist, bornbleade-

- biotite-calcite schist, hornblende-plagioclase-calcite

schist, marble, and biotite marble. Minor minerals are
K-foldspar, biotite, graphite, and opaque minerals.
Skarns composed of variable proportions of major
epidote, garnet, chlorite, calcite, aond locally
clinopyroxene, actinolite, and wollastonite. Calc-
schists and marbles generally fine-grained with sparse
porphyroclasts of quartz and plagioclase to 6 mm.
Compositional layering generally defired by
granoblastic layers of guartz and (or) plagioclase
alternating with calcite and combinations of schistose
mica, epidote-clinozoisite, amphibole, and opague
minerals. Quartz and caleite grains locally elongate
parallel to schistosity and compositional layering.
Plagioclase partially replaced by sericite end calcite;
hornblepnde, actinolite, and biotite by chlorite.
Quartzites generally composed of sparse flakes to
stringers and bands of schistose white mica and {or)
biotite and chlorite in fine-grained granoblastic quartz.
Common weak to strong alignment of elongate quartz
gralng paralle] to schistosity. Calcite occurs locally as
porphyroclasts and in bands and patches. Common
loca! fracturing and granulation. Minor minerals are
graphite, plagioclase, K-feldspar, and opaque minerals.
Upit intensely deformed; exhibits strong
schistosity. Schistosity and parallel compositional
Iayerlng dips gently to moderately north or south
locally defining broad aantiforms and synforms. In
outcrop and thin section, compositional layering and
schistosity are generally folded into moderately
appressed to tight Jsoclinal folds with axial planes
parallel to the schistosity. Unit occurs mainly
structurally above fine-grained metasedimentary rocks
(jcs). Folds are formed in an older schistosity and
subperallel compositional layering. Later folds are
geverally asymmetrical with south to southwest



vergence and areé superposed on older more tightly
appressed folds. In the eastern part of the quadrangle,
unit cut by the left lateral, northeast trending West Fork
and Robertson River faults. Ductile deformation
adjacent to major faults has formed locally abuadant
phyllonites and blastomylonites.

Unit variably metamorphosed from lower
amphibolite to lower greenschist facies. Upper
greenschist to lower amphibolite facies mincrals are
biotite, garnel, cordierite, and bormblende. Lower to
middle greenschist facies metamorphic minerals are
actinolits, chlorite, graphite, white mica, epidote-
clnozolsite, and calcite. Areal retrogressive
metamorphism from lower amphibolite to lower
greenschist facies indicated by successive replacement
of hornblende and biotite by chlorite, and plagioclase
by white mica from north to south.

Unit occurs 1n elopgate northwest-trending wedge,
approximately SO km Jong and up to 5 km wide, located
priocipally between the Trident Glacier fault to the
northeast and the Hines Creek fault to the southwest in
the western part of the quadrangle. Also occurs along
the eastern quadrangle boundary in a block
approximately 30 km across, bounded by the West Fork
fauit to the northwest, the Elting Creek fanlt to the
portheast, and the Mount Gakona fault to the southwest.
In contact with the fine-grained metasadimeantary rocks
(jes) of the Jarvis Creek Glacier subterrane to the north,
and with Hayes Glacier subterrape to the south. Intruded
by the granodiorite of Molybdenum Ridge (grmr) and by
numerous smaller stocks, dikes and sills from granitic
to gabbroic composition.: -

U-Pb zircon isotopic analygis of samples of
metavolcanic rocks (jev), locally ipterlayered with
metasedimentary rocks, yield ages of 364, 372, and
about 375 Ma (Table 2 of Nokleberg and others (1992),
localities 12, 15, 28), and are interpreted to indicate
extrusion In the Devonian

Fine-grained metagsedimentary rocks
(Devonian and older)—Chiefly fine-grained,
mylonitic metasedimentary rocks. Unit comprised
approximately of 65% quartz-mica schist; 15%
quartzite, and 5% each of chlorite-whits mica schist,
quartz-biotite schist, calc-schist, and marble.
Protoliths of mainly pelite, quartz sandstone,
graywacke, marl, and limestone. Intense deformation
and recrystallization has obliterated most relict
minerals and textures. Estimated structural thickniess of
a few thousand meters.

Quartz-mica schists consist of (in descending order
of abundance): quartz-wbite mica schist; quartz-white
mica-chlorite schist; quartz-white mica cajcite schist,
quartz-white mica calcite~chlorite schist; quartz-white
mica-garnet-chlorite schist; and garnmet-white mica
quartz schist. Common minor minerals are epidote,
garaet, K-feldspar, graphite, sphene, and rarely
tourmaline and cordierite. Fine-grained.
Porphyroblasts chiefly of quartz, plagioclase, garnet,
and K-feldspar, and average 1 mm across, rarely
exceeding 3 mm across. Rare relict clastic guartz and
plagioclase grains. Compositional layering generally
parallel to schistosity; deflned principally by
alternating bands and lenses of schistose micas and
granular quartz and feldspar. Variably distorted,
fractured, and granulated quartz and plagioclase form

12

augen or sugep-shaped aggregates that accompany bent
mica and locsl helicitic pgarnet. Local.
blastomylonites, Plagioclase and andalusite locally
repleced by white mica, and biotite by chlorite.

Quartzite graln size averages approximately | mm
with occasional porphyroclasts up to 2 mm, No relict
sedimentary textures. Common major minerals are
quartz, biotite, white mica, calcite and minor
plagioclese, K-feldspar, chlorite, opague minerals
epidote. Common minor minerals are opaque minerals,
K-feldspar, calcite and white mica, and rarely
hornblende. Orientation of elongate quartz grains,
lenses of celclte, and(or) opaque miuerals, and local
crystallographlc orientation of quartz parallels
schistoslty. Variable fracturing and granulation of
mineral grains common. Plagioclase partially
recrystallized to white mica and calcite.

Chlosite-white mica schists very-fine to fine-
grained. Local plagioclase porphyroblasts up to 1 mm.
Locally occurring major minerals are quartz, epidote-
clinozoisite, plagioclase, K-feldspar, with lesser calcite
and opaque minerals, Minor minerals are biotite and
garnet.  Local compositional layering parallels
schistosity: defined by bands of quartz alternating with
white mica and chlorite.

Quartz-biotite schists mainly fine-grained.
Plagioclase porphyroblasts up to 1.5 mm. Local major
minerals are plagioclase, chlorite, K-feldspar, and
epidote, and minor white mica, garnet, calcite, sphene,
and garnet. Compositional layering parallels
schistosity; defined by alternating bands of biotite and
chlorite or white mica with bands of quartz and
plagioclase, Helicitic garnet occurs locally. Biotite
partially recrystallized to chlorite; garaet to biotite and
chlorite.

Calc-schists and marbles consist of calcite-chlorite
schist, plagioclase-quartz-epidote schist, marble, and
quartz-rich marble. Minor minerals are white mica,
graphite, opaque minerals, and garmet. Fine-grained.
Porphyroblasts principally of quartz, plagiociase, and
garnet up to 5 mm and average approximately 1 mm.
Rare relict clastic quartz grains. In calc-schists,
composttional fayering parallels schistosity; generaily
defined by alternations of quartz and (or) chlorite with
varigble combinations of plagioclase, calcite or
epidote. Compositional layering in marbles defined by
calcite alternating with quartz-rich, and(or) chlorite-rich
layers. Common fracturing and granulation of mineral
graios. Plagioclase locally replaced by white mica and
calcite; garnet by chlorite,

Upit iotensely deformed; exhibits strong
gchistosity.  Schistosity and parallel compositional
layering dip gently to moderately north or south,
locally defining broad antiforms and synforms. Unit
occurs mainly structurally beneath fine-grained
schistose metavolcanic rocks and metasedimentary
rocks (Jev). Broad, major antiform occurs in B-2, B-3,
and B4 guadrangles, subparallel to the Denali fauir.
Major companion gynform occurs to north in C-3 and
C-4 quadrangles, and trends east-west. Towards the
south, near the Hines Creek and Denali fanlts,
schistosity and compositional layering dip moderately
to steeply south and strikes west-northwest parallel to
the faults. In outcrop and thin section, compositional
layering and schistosity generally folded into
moderately appressed to tight isoclinal folds with axisl




planes paralle] to the schistosity. Polds formed in an
older schistosity and compositional Jayering rather
than bedding. Minar folds generally asymmetrical with
south, or southwest vergence. In the central and sastern
parts of the quadrangle, unit cut by the left lateral,
northeast trending Johason Glacier, West Fork, and
Robertson River faults. Ductile deformation bas formed
locally abundant phyllonites and blastomylonites
adjacent to major faults.

Unit metamorphosed from local Jower amphibolite
facies tolower greenschist facies. Diagnostic lower Lo
middle greenschist facies metamorpbic minerals are
actinolite, chlorite, white mica, epidote-clinozoisite,
and calcite. Diagnostic upper greenschist to lower
amphibolite facies minerals are biotite, garoet,
andalusite, cordierite, and bhornblende.  Arcal
retrogressive metamorphism ranges from lower
amphibolite facies in the north to Jower greenschist
facies to the south; defined by successive replacement
of hornblende, biotite, and garpnet to chlorite, and
plagioclase to white mica.

Unit well exposed north of Denali fault,
particularly in B-1 to B-6 and C-2 to C-4 quadrangles.
Faulted against Hayes Glacier subtecrane along the
Mount Gakona fault in the central and eastern psrts of
the quadrangle. Faulted against Aurora Peak terrane
along the Hines Creek fault in B4 and B-5 quadrsngles,
and against Wrangellia terrane atong the Denali fault in
B4 quadrangle. Intruded, from west to east, by granile
of Buchanan Creek (grbe), granodiorite of Motybdenum
Ridge (grmr), granite of Grapite Mountain (grgm),
granite of Gerstle River (grgr), granite of Macomb
Platean (grma), granite of Rumble Creek (grre), and by
numerous dikes, sills, and small plutons ranging from
granitic to gabbroic in composition.

On strike to the west in the Healy quadrangle,
metasedimentary rocks correlated with the fine-grainod
metasedimentary rocks (jcs) of the Jarvis Creek Glacier
subterrane contain Devonian to Mississippian
conodonts (Sherwood and Craddock, 1979; Csejtey and
others, 1992). U-Pb isotopic analysis of clastic
zircons in quartzites in unit (jes) indicates the protolith
was derived in part from an Early Proterozoic source
rock with radiometric sample ages of 2,0 to 2.3 Ga
(Table 2 of Nokleberg and others (1992), localities 22,
23) (Aleinikoff and Nokleberg, 19854; Aleinikoff and
others, 1987).

Isotopic analyses of the schistose minersls in
vnits (jcs) and (jev) indicate that regional
metamorphism and associated penetralive deformation
occurred in the Early to mid-Cretaceovs. K-Ar isotopic
analysis of white mica yields isotopic ages of 106,
107, 115, and 118 Ma (Table 2 of Nokleberg and others
(1992), localities 14, 16, 18, 20). Isotopic ages
interpreted as the age of metamorphism, ratber than as
the age of later cooling, because highes-temperature
isotopic systems for higher-grade rocks, in the deepest
structural levels of the Yukon-Tanapa terrage to the
north, yield the same Early to mid-Cretaceous ages
(Nokleberg and others, 1989a)
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HAYES GLACTER SUBTERRANE
SQUTH OF HINES CREEK AND MOUNT GAKONA
* FAULTS ANDNORTH OF NENANA GLACIER AND
DENALIFAULT

The Hayes Glacies subierrane (Aleinikoff and
Nokleberg, 1985a; Nokleberg and Aleinikoff, 1985)
occurs scross the east- and west-centiral parts of the
quadrangle, south of the Jarvis Creek Glacier subterrane.
The Hayes Glacier subtesrane bounded to north by the
Jarvis Creek Glacier subterrane along the Mount
Gakona fault, and to the south by Wrangellia terrane
along tbe Denali fault, and by Aurora Peak terrane along
the Nenana Glacier fault. The Hayes Glacier subterrane
consists of fine-grained, poly-deformed phyllite derived
from Devonian or older sedimentary and volcenic rocks.
The Hayes Glacier subterrane can be subdivided into two
major units: (1) a metavolcanic rocks unit (hgv) with
moderate to substantial amounts of metasedimentary
rocks; and (2) a metasedimentary rocks unit (hgs) with
sparse melavolcanic rocks. Rocks in both umits are
almost totally recrystallized with few to no relict
minerajs. The subterrane differs from the structurally
subjacent Jarvis Creek Glacier subterrane to the north in
possessing: (1) no Devonian metagranitic rocks; (2) a
greater abundance of graphitic-rich metasedimentary
rocks and fewer metavolcanic rocks; (3) a lower
metamorphic grade; (4) a finer metamorphic grain size;
and (5) a more intensely-developed metamorphic fabric
with sbundant mylonitic phyllites.

In the eastern part of the quadrangle, the
metasedimentary rocks unit consists of varying
proportions of pelitic phyllite, quartz-rich phyllite,
quartz.feldspar phyllite, and minor calc-phyllite and
marble. Protoliths are shale, chert or, lessg likely, quartz
siltstone, voleanic graywacke, marl, and limestone. In
the western part of the quadrangle, the metasedimentary
rocks wnit consists predominantly of poly-deformed
black to dark gray pelitic schist, quartz-mica schist, and
mipor quartzite and calc-schist. Protoliths are shale,
quartz siltstone and sandstone, and marble of pre-mid-
Cretaceous age. The metavolcanic racks counsist of
varying proportions of sbundant metaandesite and
metamorphosed quartz keratophyre, and sparse
metsdacite and metabasalt. The metasedimentary rocks
and metavoicanic rocks units are ductility deformed and
segionally metamorphosed at lower to middle
greenschist facies into phyllonite and blastomylonite
(Nokleberg and others, 1986a)

Fine-gralned schistose volecanic rocks and
phyllite (Devontan)—Chiefly fine-grained,
metavolcenic and metasedimentary phyllonites and
biastomylonites, Metavolcanic rocks chiefly
metamorpbosed guartz keratophyre and metaandesite,
and sparse metadacite and metabasalt. Estimated
structural thickness of a few thousand meters.
Metamorphosed quartz keratophyre composed of
relict phenoerysts, up to 3.5 mm and averaging about
1.5 mm, of quartz and plagioclase in a groundmass of
very fine-grained granular quartz, feldspar, abundant
schistose sericite, and local, K-feldspar and sparse
flakes of biotite. Intensely deformed into
blastomylonite. Quartz-free metavalcanic rocks,
chiefly metaandesite and metabasalt, composed of
variable smounts of chlorite, calcite, epidote,



actinolite, blotite, end plagioclase. Local relict
plagloclase pbenocrysts; commonly fractured and
locally recrystallized to augen-shaped agpregates.
Intensely deformed into phyllonite. Plagioclase and K-
foldspar partially replaced by white mica; biotite by
chlorite.

Metasedimentary rocks chiefly quartz-mica
phyllonite, quartzite, quartz-calc phyllonite, end

marble. . Protoliths for the metasedimentary rocks of ..

siltstone, sandstone, graywacke, marl, and limestone.
Quartz-mica  phyllonites (and lesser
blastomylonites) consist predominantly of quartz-white
mica pbyllonite with lesger quartz biotite phyllonite,
quartz-biotite-K-feldspar phyllonite, and white mica-
biotite-quartz-graphite phyllonite. Common minor
minerals are plagloclase, chlorite, calcite, epidote,
hematite, andalusite, graphite, chlorite, and opaque
minerals, QGegerally fine-grained. Sparse to locally
abundant relict clasts of quartz and minor plagioclase,
up to 3 mm loug, in matrix of fine-grained guartz and
schistose white mica and locally biotite. Patches of
calcite occur locally.  Compositional layering,
. preferred orientation of elongate quartz graing, and
grain-size segregation parallel schistosity.
Compositional layering defined by layers of guartz
alternating with layers of mica and locally layers of K-
feldspar, graphite, and rarely andalusite. Local relict
ronnded quartz pebbles. Local intense granulation and
fracturing of quartz and plagioclase. Plagioclase

partially replaced by calcite and white mica. Biotite
partislly replaced by chlorite.
Quartz-calc-phyllonites (and lesser

blastomylonites) congist of quartz-calcite phyllonite,
calcite-quartz phyllonite, gquartz-calcite-chlorite
phyllonite, quartz.calcite-white mica phyllonite,
quartz-chlorite-calcito phyllonite, and quartz-graphite-
carbonate phyllonite, Minor minerals are plagioclase,
biotite, opidote-clinozoisite, actinolite, and opaque
minerals, Compositional layering parallels
schistosity; defined by layers of quartz and plagioclase
alternating with variable combinations of calcite,
opaque minerals, and schistose chlorite and white mica,
Local irregular calcite patches. Thin layers of quariz and
gparze plagioclsse, opaque minerals, and schistose
white mica in marbles. Common intense granulation
and fracturing of quartz and plagioclase. Plagioclase
partially replaced by calcite and white mica.

Unit jotensely recrystallized and ductility
deformed. Motamorphosed at lower to middle
greenschist facies. Lower greenschist facies rocks
occur mainly In the eastern part of the quadrangle.
Diagnostic metamorphic minerals are white mica,
chlorite, graphite, epidote-clinozoisite, actinolite, and
calcite. Middle greenschist facies rocks occur mainly in
the western part of the guadrangle with diagnostic
biotite. Schistosity dips moderately to steeply south
and strikex cast-west to northwest, generally parallel to
the Denali and Hines Creek faults. Remnant, small-
scale, isoclinal folds, with axial planes parallel to
schistosity, formed in an older relict schistosity. Most
folds abliterated by intense deformation along younger
schistosity.

Unit oceurs in fault-bounded wedges in east- and
west-central parts of quadrangle. Intynded by gabbro of
Mount Moffit (gbm), and smaller gabbroic stocks,
dixes, and sills, U-Pb zircon isotopic analysis of

hgs
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samples of metavolcanic rocks (hgv), interlayered and
metasedimentary rocks, yield ages of 375 Ma (Table 2
of Nokleberg and others (1992). localities 32, 34, 36 );
interpreted as Devonian extrusion

Fine-gralned schistose sedimentary rocks
and volcanle rocks (Devonlan and older)—
Chiefly fine-grained, pale-yellow, pale-green, and
graphitic black metasedimentary phyllonite and
blastomylonite with minor metavolcanic
blastomylonite. Estimated structural thickness of a few
thousand meters. Predominant lithologies of quartz-
mica phyllonite, quartz-calc-pbyllonite, quartzite,
marble, and metavolcanic blastomylonite. Protoliths
of giltstone, shale, marl, limestone, quartz-rich
volcanjc rocks, and volcanlc graywacke. Intense
recrystallization and ductile deformation has obliterated
most relict minerals and textures. Local relict meter-
scale bedding. Metamorphosed at lower to middle
greenschist facies.

Quartz-mica phyllonites composed of subanguiar
to subrounded quartz clasts in a fine-grained matrix of
granular quartz and schistose white mica, and localty
biotite. Minor minerals are graphite, plagioclase,
chlorite, caicite, hematite, opaque minerals, and rare
andalusite. Local, millimeter-scale, guartz-rich, mica-
rich, and celcite-rich, layers parallel schistosity. Relict
subrounded to subangular clastic quartz grains, vp to 2
mm. Local fine to coarse bands of graphite along
schistosity.

Quartz-cale-phyllonites composed mainly of
sparse lo abundant relict clasts of guartz and calcite up
to 2 mm in matrix very fine-grained quartz, schistose
sericite, and abundapt calclte. Local fine, graphite-rich
layers. Minor local feldzpar., Marbje granoblastic to
schistose and composed of minor quartz, white mica,
and graphite.

Quartzite, includes local quartz-mica phyllonite.
Compositional layering consists of varlably
proportioned bands of quartz and white mica, and minor
biotite, chlorite, and calcite.

Sparse, metavolcanic blastomylonites oomposed
mainly of relict phenocrysts of plagioclase and lesser
guartz and K-feldspar, up to 3 mm long, variably
frectured and granulated in a matrix of fine granulsy
quartz and schistose sericite. Minor miperals are
calcite, chlorite, and opaque minerals. Resorbed
outlines of quartz and plagioclase locally preserved.
Plagioclase partially replaced by sericite.

Unit intensely deformed; exhibits strong
schistosity. Schistosity dips moderately to steeply
south and strikes east-west t0 northwest, generally
parallel to the Denali and Hines Creek fsults. Remnant
small-scale isoclinal folds in outcrop and thin section
with axial planes parallel to schistosity formed in an
older, less apparent schistogity. Most folds obliterated
by intense deformation along younger schistosity.

Lower greenschist facies metamorphism oceurs in
the eastern part of the quadrangle. Diagnostic lower
greenschist facies minerais are white mica, chlorite,
graphite, and calcite. Middle greenschist facies
metamorphism occurs in the weslern part of the
quadrangle. Diagnostic biotite.

Unit occurs in fault-bounded wedges in esst- and
west-central parts of quadrangle, Intraded by the granite
of Mount Hayes (grmh), gabbro of Mount Moffit (gbm),




ag

and by smaller bodies, dikes, and sills of granite,
gabbro, and lamprophyre. Age of the metasedimentary
rocks interpreted as Devonian and older because these
rocks locally interlayered with Devonian metavolcanic
rocks as determined by U-Pb zircon isotopic analysis.
No isotopic data available on the age of metamorphism
of metasedimentary and metavolcanic rocks of the
Hayes Glacier subterrane. Unit contains penetrative
fabric similar to the Jarvis Creek Glacier subterrane,
suggesting a similar, Early to mid-Cretaceous age of
metamorphism

AURORA PEAK TERRANE
SOUTH OF NENANA GLACIER FAULT AND
NORTH OF DENALI FAULT

The Aurora Peak terrane (Nokleberg and others,
1985) occurs porth of the Depali fault in the western
part of the guadrangle. The terrane consists of: (1) a
relatively older unit of metasedimentary rocks, chiefty
fine- to medivin-grained and poly-deformed calc-scbist,
marble, quartzite, and pelitic schist (as); and (2) a
relatively younger unit of regionally metamorphosed
and penetratively deformed gneissic granitic rocks
derived from quartz diorite, granodiorite, granite, and
gabbro, and diorite (ag). The protoliths for
metascdimontary rocks are marl, quartzite, and shale.
The Aurora Peak terrane was twice ductility
metamorphosed and deformed, once during an earlier
period of upper amphibolite facies metamorphism into
mylonitic schist, and later during a period of middle
greenschist facies metamorphism into blastomylonite
(Nokleberg and others, 1985). The general parallelism
of the schistosity in the gneissic granitic rocks with
the Denali and Nenana Glacier faulls suggests that
melamorpbism apnd deformation .occurred during
faulting.

Lixe the Maclaren terrane to the south, the Aurora
Peak lerrane is interpreted as g displaced fragment of the
Kluane schist and the Ruby Range batholith that occur
northeast of the Denali fault some 400 km to the
southeast in the Yukon Territory (Nokleberg and others,
1985). The Awrora Peak terrape is interpreted to have
been tectonically transported before transport of the
Maclaren terrane because of oecurrence of the structural
melange of sedimentary and volcanic rocks of the
Paleozoic and Cretaceons Windy terrane between the
Aurora Peak and Maclaren terranes.

Metamorphosed graultlc rocks (Late to wid-
Cretaceoux)—Consists chlefly stocks, dikes, and
sills of metadiorite and minor metamorphosed quartz
diorite, granite, granodiorite, and gabbro. Metadiorits
and metamorphosed quartz diorite composed of variable
amounts of hormblende, clinopyroxene, quartz, and
blotite and lesser orthopyroxene, quartz, calcite,
sericite, clinozoisite, sphene, apatite, and hematite.
Fino- (0 medium-graiped with relict hypautomorpbic
graowlar texture. Variably recrystallized hornblende and
plagioclase. Hommblende rms clinopyroxene and
opaque minerals. Plagioclase partially replaced by
white mica.

Metagranite and metagranodiorite composed of
variable amounts of biotite and white mica, and lesser
chlorite, epidote, calcite, gericite, sphene, garnet,
andalusite, and actinolita. Relict hypautomorphic
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granular texture. Granodiorite locally contains relict K-
fcldspar phenocrysts to 7 mm across. Fine~ to medivm-
grained. Plagioclase and K-feldspar variably replaced
by sericite and minor epidote; clinopyroxene by biotite
and chlorite; biotite by chlarite.

Metagabbro composed of fine-grained, hornblende
and plagloclase and minor biotite, clinopyroxene,
calcite, chlorite, quartz, white mica, and spbene. Local
compositional layering defined by alternating bands of
schistose biotite and nematoblastic hornblende.
Clinopyroxene partially replaced by hornblende and
biotite; plagioclase by white mics.

Unit moderately deformed; oxbibits moderate
schistosity that dips steeply to verlically and strikes
west-northwest. Variably fractured, deformed, and
granulated. Metamorphosed to amphibolite facies.
Diagnostic amphibolite facies minerals are biotite,
garnet, hornblende, and clinopyroxene. Local
retrogressive metamorphism indicated by partial
replacement of plagioclase and K-feldspar by sericite
and epidote; clinopyroxene by biotite and chlorite; and
biotite by chlorite.

Unit occurs principally in the southern C-§
quadrangle. Faulted against the Maclaren terrane to the
south along the Denali fanlt and against Hayes Glacier
subterrene to the north along the Nenana Glacier fault.
Intrudes metamorphosed sedimentary rocks (8s) in
stocks, dikes, and silis. Intruded by slightly
metamorphosed granite dikes approximately 1 m wide.

U-Pb zircon isotopic analysis of 2 metadiorite
yields a Late Cretaceous age of 71 Ma (Table 2 of
Nokleberg and others (1992), locality 38). To the west
in the east-central Healy quadrangle, *°Ar-**Ar isotopic
analysis of horablende in correlative (meta)granitic
rocks yields an age of 106 Ma (Csejtey and others,
1992, locality 33). Dates interpreted as mid- to Late
Cretaceous intrusion of metfagranitic rocks in Aurora
Peadk terrane.

Isotopic analyses of schistose biotite and
hommblende in metagranitic rocks indicate either very
young metamorphism =and =ssocisted pepetrative
deformation, and (or) uplift and cooling of the Aurora
Peak terrage in the middle Tertiary, K-Ar isotopic
analysis of biotite yields isotopic ages of 18.2, 24.0,
and 27 Ma (Table 2 of Nokleberg and others (1992),
localities 37, 38). K-Ar isotopic anpalysis of
homnblende yields an isotopic age of 36.8 Ma (Table 2
of Nokleberg and others {1992), locality 37). As the
Aurora Peak terrane occurs adjacent to the Denali fauli,
these K-Ar izotopic dates interpretod ss the age of uplift
and cooling of the Avrora Peak terrane during Cenozoic
migration along the Denali fault (Nokleberg and others,
1985, 1989a)

Metamorphosed sedimentary rocks (Trlassic
to Silurian)—Chiefly fine- to medium-grained,
mylonitic, calc-schist, marble, guartz-mica schist, and
quartzite. Protoliths of marl, limestone, pelite, and
sandstone. Estimated structural thickness of a few
thousand meters.

Calc-schist consists predominsntly of guartz-
calcite schist grading to marble, but includes some
chlorite-calcite schist, plagioclase-cajcite gchist,
biotite-quartz-calcite-hornblende schist, and qoartz-
epidote-biotite-calcite schist. Minor minerals are white
mica, K-feldspar, actinolite, wollastonite, tremolite,



and clinopyroxene, gurnet, graphite, spbene, zoisite,
apd opaque minerals. Marble Jocally couatains
clinopyroxene and garmet. Compositional layering
generally consists of alternating quartz and calcite-rich
layers with Jesser schistose mica. Quartz, plagioclase,
and calcite commonly elongate parallel to schistosity.
Veriably fractured, granulated, and recrystallized quartz
and plagioclase porphyroclasts form augen and augen-
shaped aggregates up to 1.5 mm In blastomylonites.
Sparse relict clastic quartz gralns occur locally,
Plagioclase partially replaced by white mica and
clinozoisite; clinopyroxene by actinolite gad
clinozoisite.

Quartz-mica schists consist of quartz-whits mica
schist, white mica-quartz sckist, quartz-blotite gchist,
chlorite-white mica-quartz schist, and quartz-chlorite-
white mica-graphite schist. Minor migerals are
plagioclase, graphite, garmet, calcite, biotite, and
opague minerals. Compositional layering defined by
alternating quartz and mica-rich layers. Variably
distorted, fractured, and granulated quartz and
plagioclase commonly form elongate grains parallel to
schistosity. Plagioclase parljally recrystallized to
white mica.

A thin lens of metabasalt occurs near the Hines
Creek fault in the B-4 quadrangle and may be part of a
local melange formed along the fault. Maetabasalt
chiefly fine-grained, amygdaloida]l and porphyritic.
Relict plagioclase phenocrysts vp to 3 mm Jong ocour,
in a very fine-grained, recrystallized groundmass of
quartz, actinolite, and epidote. Amygdules filled with

chlorite and epidote. Local calcite veins.- Plagloclase .

largely replaced by saussurite.
structure.

Intensely ductility deformed. Schistosity and
parailel compositional layering dip steeply to
vertically and strike west-northwest, parallel to the
Hines Creek, Nenana Glacier, and Denali feults. In the
B.5 and C-5 quadrangles, scbistosity and layering
folded around a weakly schistose granitlc ptuton (grn2,
part); in the C-6 guadrangle schistoslty folded lnto a
gentle, east-west-trending synform. Small isoclinal
folds, formed in an older schistosity, octur with axial
planes paralle]l to dominant schistosity. Local extreme
ductile deformation along schistosity produces
mylonitic schist and locally, blastomylonite.

Unit exhibits two periods of metamorpbism; an
older period at upper amphibolite facies. and a younger
period at middle greenschist facies. Diagnostic upper
amphibolite facies minerals are boraoblende,
clinopyroxene, garnet, biotite, and wollastonite.
Diagnostic middle greenschist facies minerals gre
chlorite, epidote, biotite, white mic¢a, actinolite, and
biotite. Lower grade rocks mainly occur aloog ths
margins of the terrane near the Denali, Nenang Glacler,
and Hines Creek fanlts. Retrogressive metamorpbism
indicated by partial replacement of clinopyroxene by
actinolite and clinozoisite, plagioclase by white mica.

Unit occurs in a fault-bounded wedge, in the west-
central part of the quadrangle, between the Hines Creek
fault to the northeast, Nenana Glecier fault to the north,
-and the Denali fault to the south. Imtruded by stocks,
dikes, and sills, of metamorpbosed and .deformed
diorite, granodiorite, and granite, and by stocks, dikes,
and sills, of weakly schistogse and weakly

Local faint pillow
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metamorpbosed gabbro. Intrusive contacts locally
faulted.

Age of the protolith of the metasedimentary rocks
congtrained to Silurian through Triassic as indicated
from conodont fragments of post-Ordovician
morpbotype from one marble body (Table 1 of
Nokleberg and others (1992), Ilocality 7).
Metasedimentary rocks may correlate with a upit of
weakly metamnorphosed, calcareous sedimentary rocks
to the west in the Healy quadrangle that contains
Triassic conodonts (Brewer, 1982; Csejtey and others,
1992)

WINDY TERRANE
WITHIN SPLAYS OF DENALI FAULT

The Windy terrane (Jones and others, 1987;
Nokleberg and others, 1985) occurs within branches of
the Denali fault, north of the Maclaren terrane, and
south of the Aurora Peak and Yukon-Tanana terranes.
Unlike the adjacent terranes to the north and the south,
tbe Windy terrane exhibits primary sedimentary or
voleanic textures and structures. Relict sedimentary
structures of bedding, graded bedding, and crossbedding.
The Windy terrane occurs in narrow slivers that occur
discontinuously for sevesal hundred kilometers along
the Denali fault (Jones and others, 1987. The terrane
consists of two major assemblages: (1) Mesozoic
flysch and associated volcanic rocks, interpreted as
remnants of the Kahiltna terrane and associated Gravina
arc (Stanley and others, 1990); and (2) Silurian(?) and
Devonian limestone and marl, possibly derived from
weakly metamorphosed parts of the Yukon-Tanana
terrane to the north. The terrame is interpreted as a
structural melange of diverse rock types and ages that
have been tectonically mixed during Cenozoic right-
lateral strike-glip movement along the Denali fault
(Nokleberg and others, 1989a).

Melaoge (Cretaceous, Devonian, and
Silurian?)—Structural melange consisting of two
agsemblages: (1) Fault-bounded lenses of Cretaczous
flysch and volcanic rocks consisting mainly of
argillite, and wezkly metamorphosed quartz siltstone,
quartz  ssndstone, metagraywacke, and
metaconglomerate and minor andesite and Jacite, and
(2) Small to large, fault-bounded lenses of Surian (?)
and Devoslan limestone and marl, BEstimated strucharal
thickness of about three to four thousand meters.
Argillite composed of quartz grains, up to 0.2 mm,
in very five-grained matrix of quartz, chlorite, graphite,
and sericite. Local plagioclase and guartz-rich silty
layers, and minor hematite and oparque minerals. Local
sandy-to pebbly siltstone composed of subangulsr
quartz clasts in variable matrix of quartz and sericite,
and minor calcits, biotite, epidote, actinolite, opaque
minerals, and sphene. Metagraywacke composed of
angular clasts of quartz, plagioclase, and locally K-
feldgpar, up to 0.4 mm, in matrix of sparse, very fine-
grained quartz, white mica, and calcite. Plagioclase
clasts locelty twinned and zoned. Minor minerals are
epidote, biotite, chlorite, sphene, and opaque minerals.
Cooglomerate composed of medium- lo coarse-grained,
angular fragments of argillite, silty argillite, chert, and
mectavoleanic graywacke in a matrix of very fine-
grained quartz and mica. Relict radiolaria in chert clasts.




Sandstone composed of fine- to medium-grained,
subangular grains of quartz in a finc-grained matrix
predomlnantly of sericite. Plagioclase and K-feldspar
partially replaced by white mica.

Andesite composed of phenocrysts of plagioclese,
up to 1.0 mm long, and occasional quartz and biotite in
groundmass composed predominantly of plagioclase
and minor calcite, epidote, chlorite, white mica and
opaque minerals. Dacite composed of phenocrysts of
quartz, plagioclase, and biotite up to 1.0 mm across in
groondmass of plagioclase microlites with epidote,
white mica, and opagoe minerals. Relict fine-grained
{gneous textures. Plagioclase snd K-feldspar partally
roplaced by white mica.

Light- to derk-gray limestons composed mainly of
calcite and minor dofomite. Fine- to medinm-grained.
Local abundant corals. Local sparse gralns of quartz and
varlable amounts of graphite.

Mar] mainly black-to light-gray, well bedded.
Exhibits spasse cross bedding. Mainly fine-grained,
pbyllitic white mica and caleite enclosing granuiar
quastz and epidote. Major minerals are quartz, caleite,
epidote, and white mica. Minor minerals are chiorite,
grapbite, sphene, tourmaline, and opaque minerals.
Sparse relict angular quartz grainsa. Grades into
calcareous sandstone. Local sparse guartz pebbles.

Both asgemblages occur in nartow, interleaved,
fault-bounded lenses. Local intense schistosity strikes
northwest paralle]l to branches of Denall fault and dips
moderately to steeply northeast in western past of
quadrangle and moderately southwest in eastern part of
quadrangle. Local intense deformation and development
of phyllonite and protomylonits. Local intensc
shearing and fanlt gouge along sovthern margin of unit,
Incipient greenschist faciées metamorphism.
Diagnostic minerals are very fine-grained chiorite,
graphite, sericite, epidote, and actinolite.

Upit occurs in two areas: (1) eastern A-1
quadrangle, north of and adjacent to the Denali fault; and
(2) across the B-4 - B-5 quadrangle boundary within
branches of the Denali fault. In fault contact with Jarvis
Creek Glacier and Hayes Glacier subterranes and Aurora
Peak terrane north of the Denall fault, and Wrangellia
and Maclaren temranes south of the Denali fanjt. Intruded
by a weakly schistose granitic pluton (gm3) in the B-4
quadrangle, and by small gramitic and gabbroic dikes
and sills.

Unit contains one known fragment of a Cretaceous
ammonite (Table 1 of Nokleborg and others (1992),
locality 8). Ammonite fragment was found in float, but
interpreted asg derived from the assemblage of flysch and
volcanic rocks (J.H. Stout, writtcn commua., 1976).
Assemblage of limestone and marl contains Silurian(?)
and Devonian megafossils and microfossils (Table 1 of
Nokleberg and others (1992), localities 8, 9, 10, 11).
Marble on strike to southeast in Nabesna quadrangle
contains Middle Devonian rugose corals (Richter,
1976). Correlative unit of melange of Windy terrane
occurs on strike to the west in the Healy quadrsngle
(Jones and others, 1982, 1987: Csejtey and others,
1992). Melange into three sheared and intermixed unitg
designated: unit m_ (sandstooe, argillite, and
subordinats conglomerzte), unit 11 (limestone), and unit
um (serpentinized ultramafic focks). Unit 1 yields
Ordovician or Devonian mollusks, brachiopods aod
conodonts, Devonian crinoids and corals, Middle
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Devonian corais and stromatoporoids, late Middle
Devonian conodonts, and Late Triassic pelecypods and
&n ammonite(?). Unit m yields Mississippian and
Jurassic radiolarians, and Late Jurassic to Late
Cretaceous pelecypods

SEDIMENTARY AND VOLCANIC ROCKS AND
METAMORPHOSED SEDIMENTARY,
VOLCANIC, AND PLUTONIC ROCKS SOUTH
OF DENALI FAULTTERTIARY -
SEDIMENTARY AND VOLCANIC ROCKS

Scattered outcrops of coantinental Tertiary
sedimentary and volcanic rocks occur south of the
Denali fault and consist, from oldest to youngest, of a
unit of volcanic rocks (TV), & conglomerste unit (Tc),
and a sandstone and conglomerate unit (Tsc). The
sandstone and conglomerate unit locally contains
sparse volcanic ash and argillite, and the conglomerate
unit locally contains sandstone and argillite. The
stratigraphic succession of these wunits is best
established atong the southern flanks and to the
southeast of Rainbow Mountain in the south-ceatral
part of the quadrangle. Elsewhere, these three
sedimentary and volcanic rock vmits may Jaterally grade
into one another.

Sandstope and conglomerate (Milocene to
Eocene)—Chiefly continental clastic deposits of
light-colored, fine-grained, poorly sorted sandstone
consisting of locally interbedded siitstone, pebdbly
sandstone, pebble to cobble conglomerate, and sparse
thin cosl layers. Also contains very sparse white
rhyodacite ash layers in the vicinity of The Hoodoos.
Moderately well cemested, locally by hematite. Locally
weatbers orsoge-brown. Abundant cross bedding,
ripple marks, and pebble imbrication. Local crude
bedded containing lenticular sandstone sad
conglomerate layers. Locally abundant organic debris
including cerbonized leaf impressions and tree trunks.
Top eroded; base often faslted. Maximum exposed
stratigraphic thickness of a few hundred meters.

Conglomerate clasts composed predominantly of
andesite porphyry, fine grained granitic rocks,
schistose rocks, quartz, and locally sbundant ultramafic
rocks, apd coal. Sparse clasts of dark argillite contaln
late Paleozoic bryozoans and brachiopods derived from
Eagle Creek Pormation or upper part of Slana Spur
Formation.

Common lithic fragments in sandstone of gramite,
schist, mafic and ultramafic rocks. Common miperal
grains of quartz and plagioclase; minor homblende and
clinopyroxene. Local chlorite, white mics, caleite, and
epidote alteration. Interpreted as probable chanmel
deposits laid down by braided streams on alluvial fans.
Maximum exposed stratigraphic thickness of several
bundred meters,

Unit oceurs mainly in scattered exposures up to 4
ki across, within the A-3, A-4 and sovthern B-4, B-5
quadrangles. Unit both depositionally overlies, and
favited against Slana Spur Formation.

Age range of Eocene to Miocene. K-Ar isotopic
analygis of hornblende from a white rhyodacite ash
layer about ope-balf mile south of The Hoodoos yields
an age of 5.5 Ma (late Miocene) (Table 2 of Nokleberp
and others (1992), locality 78). K-Ar isotopic analyses
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of horoblende from & rhyedacite tuff from fault-bounded
wedge of sandstons in the southwestern part of the
quadrangle yiclds an age of 31.1 Ma (Oligocene) (Table
2 of Nokleberg and others (1992), locality 84). Several
localities, mainly in the south-central &nd sontheastern
parts of the qusdrangle, yleld plant and pollen fossils
that range in age from late Bocene to Pliocene (Table 1
of Nokleberg and others (1992), localities 58, 64, 70,
75, 85)

Conglomerate (Eocene)—Chiefly continental
clasic deposits composed of poorly sorted, crudely
bedded to massive, polymictic conglomerate and lesser
sandstone, Contains abundant clasts of rhyodacite to
dacite tuff and flows, Nikolai Greenstone, argillite,
voleanic sandstone, andesite to dacite volcanic rocks of
Eagle Creck and Slans Spur Formations, quartz diorite,
greenschist, gabbro, and ultramafic rocks. Local thin
beds of coal in sandstone layers. Clast composition,
south of the Chistochina Glacier In the A-2 quadrangle,
in desconding order of abundance: chlorite schist,
gabbro, granodiorite, metadiabase, amphibolite, and
metagabbro and minor rhyodacite, granite, diabase,
metagranodiorite, and quartz. Clast composition, south
of College glacler in the A-3 quadrangle: argillite,
limestone, gabbro, and granitic rocks with minor chert,
aod metavoleanic rocks.  Thickness variable,
Maximum exposed stratigraphic thickness of a few
bundred meters.

On hil abowt 6 km west of Broxson Gulch,
conglomerate unit composed predominantly of clasts of
ultramafic rocks occurs (Moffit, 1912; Stout, 1976). In
Slate Creek area, upit includes “round wash”
conglomerate which contains clasts mainly of
metagabbro and diabagse, chlorite-epidote schist,
amphibolite, granodiorite, and quartz. In area west of
Delta River, unit lacks clasts of Maclaren Glacier
metamorphic belt that occurs directly north, suggesting
that the Maclaren Glacier metamorpbic belt was faulted
into its present position after deposition (Stout, 1976).

Unit occurs in several exposures up to 2 km across
north of the McCallum-Slats Cresk fault across the A-2
and A-3 quadrangle, and in smabler exposures west of the
Delta River. Ovorlles Tertiary volcanic rocks (Tv) and
rocks of Slana Spur Formation; locally in fault contact
with rocks of Slanz Spur Formation. Local source of
placer gold, particularly in Chistochina district and
Broxson Guleh area (Mendenball, 1905; Moffit, 1912;
Yeend, 1981; Nokleberg and athers, 1991).

Unfosstliferous, probably FKocene in age.
Relatively younger than the vodeslying, volcanic rocks
unit of Bocene age. Relatively older than the overlying
sandstone and conglomerste unit of Eocene to Miocene
age

Volcante rocks (Eocene)—Cbiefly vitric-lithic-
crystat ash-flow tuff, breccls, sgglomerate, flows,
dikes, and sills, and minor volcanic sandstone,
coaglomerate, and fossiliferous limestone. Igneous
rocks mainly volcanic flows snd taffs. Thickness
varable. Maximum exposed stratigraphic thickness of
& few tundred meters,

Dacites and andesites generally porphyritic,
Composed of phenocrysts and fragments of
plagioclase, quartz, and sparse K-feldspar and biotite in
relict glassy groundmass, largely replaced by chiorite
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and lesser sericite and epidote, and local trachytic
plagioclase micyolites. Locally amygdaloidal. Local
veins of quartz and calcite.

Tuffes composed of fragments of sanidine,
orthoclase, plagioclase, quartz, and blotite with clear
glass shards and lesser lithic fragments from 0.1 to 3
mm acrogs in matrix composed of isotropic, brown
glass. Hypautomorphic granular texture. Plagioclase
twinned; locally zoned. Perluc fractures in larger
shards. Lithie fragments mainly siltstone, altered
diorite, and andesite or dacite. Sligbtly welded. Local
weak schistosity. Local intense bydrotbermal
alteration. Plegloclase partially replaced by sericite,
saussurite, and epidote; biotite by chlorite. Abundant
hydrothermal alteration in vicinity of The Hoodoos.

Unit occurs in scattered outcrops up to 3.5 km
across, mainly north of the McCallum Creek-Slate
Creek fault in south-central part of the quadrangle, and
in fault-bounded lenses within splays of the Broxson
Gulch thrust in the soutbwostern part of the quadrangle.
Overlain by Tertiary sandstooe and conglomerate (Tsc)
and conglomerate (Tc); tocally in fault contact with
units Tsc and Tc, and rocks of Slana Spur subterrane.
K-Ar isotople whote-rock apalysis of 8 rhyodacite tuff
from about one mile southeast of The Hoodoos ylalds an
age of 49 Ma (Eocene) (Table 2 of Nokleberg and others
(1992), locality 77)

GRANITIC PLUTONIC ROCKS SOUTH OF
THE DENALI FAULT

Numerous, small to large granitic plutons. of
Mesozoic and early Cenozolc age occur south of the
Denali faolt in the Clearwater, Maclaren, snd Wrangellia
terranes, Most of the rocks are unfoliated and igneous-
textured. These plutons are much youager than the
stratified coeval volcaaic and plutonic rocks in each
terrane, and are interpreted to have formed relatively
late in the teclonic history of the region. The larger of
these granitic plutons are the granite of Susitne Glacier,
the granite porpbyry of Caribou Lake, and the
granodiorite of Ralobow Mountain. Numerous smaller
granitic bodies occur across the southern part of the
guadrangle south of the Denali fauit,

A small bydrothermally-altered granitic pluton
(grs1, part) occurs in the Maclaren terrane im the
western part of the quadrangle and intrudes the argillite
and metagraywacke unjt of the Maclaren Glacier
metamorphic belt Granite medium-~to coarse-grained,
hypautomorphic igneous-textured granuviar to seriate
and locally aplitic and porphyritic. Major primary
minerals ars quartz, biotite, K-feldspar, and plagiociase.
Accessory minerals are sphene, garnet, apalite, and
opaque minerals. Many quartz phenacrysts are
relatively large with resorbed outlines. Feldspar
partially replaced by secondary white mica; biotits by
chlorite.

A fault-bounded and weakly gneissose pluton
{grs3, part) of diorite and quartz diorits locally Intrudes
the Clearwater terrane. The pluton exbibits & well
preserved hypsutomorphic granular texture. Grapulation
and strong undulose extinction are locally developed
along & vein-like ghear structure. Major minerals are
quartz, plagioclase, and biotite. Sericite partally
replaces plagioclase. Age of pluton assumed to be
Jurassic and (or) Cretaceous in age.
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Several small- to moderate-size Mesozoic granitic
plutons (grel, part) that are tocally weakly to
extensively hydrothermally altered intruded Wrangellia
terrane. ‘These granitic plutons arc interpreted as belng
at least partly coeval and co-magmatc with the Upper
Jurassic and Lower Cretaceous flysch and voleanic rocks
of the Gravina-Nutzotin belt, and the Lower Cretacecus
marine and gubeerial andesite volcanic flows and
volcaniclastic rocks of the Chisana Formation, part of
the Gravina-Nutzotin belt to the southeast in the
Nabesna quasdrangle (Richbter, 1976). Suite of granitic
plutons pamed the Gravina arc by Stanley and otbers
(1990). Sparse K-Ar hornblende Isotopic analyses
yield ages of 129 and 146 Ma (Late Jurassic and Early
Cretaceous) (Table 2 of Nokleberg sad otbers (1992),
localities 83, 85). However, some Mesozoic(?) granitic
plutons in the Wrangellia terrane are similar ip
petrology to the Pennsyivanian granitic plutons (1Pg)
and could be of lats Paleozoic age.

Alkslic gabbro dikes locally intrude the
southwestern part of the Bast Susima batholith of the
Maclaren terrané in the west-central part of the
quadrangle. A K-Ar biotite isotopic apalysis yields an
age of 52.8 Ma (early Tertiary) (Table 2 of Nokleberg
and others (1992), Jocality 45). Theso dikes, too thin
to depict on the geologic map, are similar in petrology
and age (o the locally abundant alkalic dikes that occur
north and east of the Denall fault in the southern Yukon-
Tanana quadrangle in the east-central part of the
guadrangle. This relation may iodicate a8 minimum
Cenozoic dextral offset of approximately 60 km along
the Denali fault

Granitic uplt 1 (Cretaceous, and Late
Jurassic)—Chiefly granitic and minor monzonite snd
diorite dikes, stocks, and -small plutons. Fine- to
mediem-grained, bypautomorpbic granular texture,
Major minerals are quartz, complexly twinned
plaglociase, K-feldspar, local homblende, blotite, and
white mica, and mioor sphene, zlrcon, apatite, and
opague mincrals plagioclase. Local hydrothermat
alteration. Weak local deformation resulting in
fractured and strained quartz and plagioclase. Locally
metamorpbosed to lower greenschist facies.
Plagioclase partially replaced by sericite, epidote-
clinozoisite, and =aussurite; horablende by epidote.
¢linozoisite, actinolite, and chlorite; biotte by
chlorite. Local quartz and calcite veins. Pluton north of
the McCallum-Slate Creek fault in the A-2 quadrangle
containg gabbro xanoliths.

Unit widely distributed south of the Denal fault in
Wrangellia and Maclasen terranes in numerous smaller
bodies generally less than 1 km across, and in dikes and
sllls aboat 1 m wide, Locally intruded by small mafic
and felsic dikes

Granitic unit 2 (Cretacecous, and Late
Jurasslc)—Cbiefly hornblende-biotite granodiorite
aod boroblende granodiorite and minor granodiorite and
granite dikes, stocks, and small plutons. Includes
sparse syenodiorite sand quartz diorite (Richler and
others, 1977). Fine- to medium-grained,
hypaotomorphic granular texture. Major minerals are
plagioclase, quartz, K-feldspar, biotite, and hornblende;
minor minerals are white mica, zrcon, sphene, and
apatite. Locally deformed, exhibiting fractured and
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strained quartz and feldspar and bent blotite. Locally
weakly metamorphosed to greenschist facies.
Plagioclase partially replaced by sericite, saugsurite and
epidots; biotite and homblende by chlorite, epidote-
clinozoisite, and actipolite. .Sparse quartz and caleite
veins. Widely distributed south of the Denali fault
throughont Wrangellia terrape. Unit occurs in plutons
up to 5 ki across, and in numerovs dikes and sills op to
500 m long and 50 m wide. Dikes usunally less than 1 m
wide

Granitlc unit 3 (Cretaceous, and Late
Jurass{c)—Quartz diorite and diorite dikes, stocks,
and zmall plutons. Pine- to medium-grained,
hypaotomorphic granular texturs; locally seriate and
porphyritic,. Composed of plagioclase and hornblende
pbenocrysts up to 7 mm Jong in groundmass of quartz
and plagioclase. Local, crude flow-alignment of tabular
plagioclase. Local weak deformation resulting io
fractured and strained quartz and plagioclase and kink-
banded clinopyroxene, Major minerals ere plagioclase
and quartz, and locally hornblende and biotite, Minor
minerals are K-feldspar, clinopyroxcae, sphene, zircon,
apatite, and opaque minerals. Normal and oscillatory
zoning in pisgioclase. Locally granulated phenocrysts.
Local greenschist facies metamorphism; Jocally
schistose. Plagioclase partlally replace by sericite,
epidote-clinozoisite, and saussurite; horablende by
chlorite, actinolite, and epidote-clinozoisite; biotite by
chlorite. Widely distributed south of Denali faunit in
Clearwater and Wrangellia terranes. Unit occurs in
scatiered exposures up to about 1 km across, in
numerous smaller bodies, and in dikes and sills about 1
m wide

GRANITIC PLUTONS, INFORMALLY NAMED

Granite of Susitpa Glacler (early Tertlary)—
Here refesred to as granite of Susitna Glacler. Chiefly
biotite-white mica grapite. Fine- 10 medjum-grained,
bypautwmorphic granular texture. Major groundmass
minerals are quartz, K-fekdspar, plagioclase, and biotite.
Minor chlorite and opaque minerals. Loeal
hydrothermal alteration, plagioclase partizlly replaced
by white mica.

Unit forms large pluton exposed in pumerous
oltcrops up to 7 km across. Sumrounded by glacial
deposits, colluvium, and ice within tbe north-central B-
6 and southern C-6 quadrangles. Intrudes schist and
amphibolite woit (sa8) of East Susitne batholith of
Maclaren terrane. Truncated by Depall fault along
portherm margin. K-Ar bornbiende and biotite isotopic
analyses yield mearly concordant ages of 35.5, 35.6,
and 36.1 (Table 2 of Nokleberg and others (1992),
localitles 48, 54). Early Tertiary ages similar to
youngest ages for gneissose granitic rocks in the East
Susitna batholith of the Maclaren terrane; may
represent intrusion of part of the batholith in & small
area that was tectonically quiet

Granite porphyry of Carlbou Lake (Early
Cretaceous and (or) Late Jurasslc?)—Here
referred to as granite porpbyry of Caribou Lake.
Chiefly biotite granite porphyry. Fine-grained; locally
medium-grained. Porphyritic with K-feldspar
phenocrysts up to 3 mm diameter. Local
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hypautomorpbic granular texture. Major groundmass
minerals are quartz, plagioclase, biotite. Minor
hornblende, sphene, epidote, opaque minerals including
hematite, and white mica, Local exteasive
hydrothermal alteratlon. Biotite and hornblende
partiaily replaced by chlorite, feldspar by calcite and
white mica.

Unit exposed in numerous outerops up to 5 km
across. Intrudes Nikolai Greenstone of Slana River
subterrane of Wrangellia terrane within the southeastern
A-3 quadrangle. Locally surrounded by glacial deposits
and colluvium, No isotopic age data

Granodiorlte of Rafnbow  Mountain
(Cretaceous and (or) Mississipplan)—Here
referred to as granodiorite of Rainbow Mountain.
Northern part of ploton chiefly granite and
granodiorite, Fine- to mediuvm-grained,
hypautomorphic granular texture. Major minerals are
quartz, K-feldspar, and plagioclase. Minor minerals are
epidote, white mica, chlorite, sphene, and opague
minerals. An Barly to mid-Cretaceous age of intrusion
or reheating indicated by a K-Ar homblende apge of
about 110 Ma (Table 2 of Nokieberg and others (1992),
focality 75).

Southern and southeastern part of plutor chiefly
biotite-homblende quartz diorite and granodiorite.
PFine- to mediom-grained, hypautomorphic granular
texture. Other major minerals are quartz, K-feldspar, and
plagioclase. Minor minerals are epidate, white mica,
chlorite, sphene, and opaque minerals. Local gneissose
textore with moderate schistosity. Quartz and K-
feldspar occur interstitially to plagioclase. Local
abundant hydrothermal(?) alteration of plagioclase to
saussurite, lesser sericite and epidote; biotite and
bornblende to chlorite and epidote. Metamorphosed at
lower greenschist facles. From 30 to 100 percent of
hornblende metamorphosed to chlorite and actinolite;
from 20 to 100 percent of plagiociase metamorphosed
to white mica a&nd epidote. A possible Late
Mississippian age of intrusion indjcated by a K-Ar
homblende age of 326 Ma (Table 2 of Nokleberg and
others (1992), locality 76).

Both parts of .pleton surrounded by glacial
deposits, colluvium, and ice within the north-central B-
4 quadrangle and intrude lower volcaniclastic rocks
member of Slana Spur Formation and shallow-level
intrusive stocks, dikes, sills, and small plutons (Barly
Permlan?) of Slena River subterrase of Wrangeilia
terrane

TERRANE OF ULTRAMAFIC AND
ASSOCIATED ROCKS WITHIN BRANCHES
OF DENAL] FAULT

A terrane of ultramafic and associated rocks (um)
occurs in the southeastern part of quadrangle, as a fault-
bounded sliver (um) along the Denzli fault, and as
klippen south of the Denali fault. This unit consists
chiefly of ultramafic and mafic rocks, with lesser
metagedimentary rocks and granitic rocks. It represents
part of a string of alpine peridotites that occur along or
near the Denali fault for several hundred kilometars in
east-central Alaska (Ricbter and otbers, 1977;
Nokleberg and others, 1982, 1985). The terrane occursg
in two settings: (1) a namow, fault-bounded lens atong
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branches of the Denali fault in the eastern part of the
quadrangle in the Gillette Pass area (Richter and others,
1977) and (2) as two subhorizontal klippen a few
Kilometers south of the Denali fault in the east-central
part of the quadrangle in the area between Gekona and
Chistochina Glaclers (Rose, 1967; Nokleberg and
others, 1982). Klippen floored by subhorizontal thrust
faults, and occur structurally on the northern margin of
Wrangellia terrane. The ultramafic and mafic rocks
exhibit a locally well-defined, medium- to coarse-
gralned schistosity that parallels a weak scbistosity in
the granitic rocks.

The uitramafic rocks are chiefly dark-green
serpentinized pyroxenite and pesidotite, light- gray to
green dunite, dark-green schistose amphibolite, and
lighter hornblende-plagioclase gneiss derived from
gabbro. Interlayered with the gneiss are sparse, thin
lenses of light-green and gray marble and zones of dack-
gray graphitic schist. The ultramafic and mafic rocks are
istruded by light-gray tonalite and granite. The
ultramafic and mafic rocks are ductility deformed and
regionally metamorphosed.

The terrane of ultramafic and associated rocks, of
Mesozoic age, is interpreted as a crustal-suture belt
composed of fragments of either oceanic or deep-level
contipental lithosphere (Richter, 1976). The
tithosphere fragments are probably derived from the
basement of terranes juxtaposed along the Denali fault,
such a3 the Yukon-Tanana or Wrangellia terranes
(Nokleberg and otkers, 1989a). The two klippen south
of the Denali fault may represent remnapts of
amalgamation of the Wrangellia terrane along- the
ancestral, continentward-dipping Denali fault.

Ultramafic and associnted rocks
(Mesozolc?)—Chiefly variably serpentinized
pyroxenite, peridotite, dunite, schistosse amphibolite,
serpentinite, and hormblende-plagioclase gneiss derived
from gabbro. Rare thin lenses of Mght-green and gray
marble and narrow lenses of dark gray graphitic schist
interlayered with the gneiss. Locally intruded by
gabbro dikes, tonalite, and grapite. Intensely deformed
and fault-bounded. Estimated structural thickness of a
few thousand meters.

Peridotite and pyroxenite form crudely layered
elongate bodies mssociated with amphibolite and
boroblende-plagioclase guneiss. Pyroxenite occurs as
discrete masses and as thin layers in peridotite.
Peridotite, including minor dunite, largely altered to
gerpentinite.  Fine-to medinm-grained, with relict
hypautomorphic granular texture. Relict igneous
minerals are olivine, clinopyroxene, and hornblende
and minor bijotite and orthopyroxene. Metamorphic
minerals mainly serpentine and chlorite. Remnant
olivine a the peridotite ranges between Fo  and Fo, .
Olivine partially to completely replaced by serpenrlne
pyroxene, horoblende, and biotite by chlorite.

Dunite forms two elongate masses seperated from
the pyroxenite-peridotite body by awmphibole-rich
metamorphic rock. Dunite light-gray to greenish-gray
and massive; average grain size of 1 to 2 mm. Local
ductility-deformed fabric containing large olivine
grains, Jess than 10 mm, surrounded by finer-grained
olivine. Local planar shattering of ollvine grains.
Unevenly distributed grains of chromite locally
arranged in short layers. Relict primary minerals




mainly olivine and minor plagioclase, clinopyroxene,
orthopyroxene, and biotite. Plagioclsse saussuritized.
Veinlets and cracks throughout body generally filled
with sarpentine, chlorite, talc, and iddingsite, Local
gabbro dikes.

Amphibolite and horublende-plagioclase gneiss
range from massive dark-green amphibolite to finely
banded gneissic rocks. Fine- to medium-grained
exhibiting granoblastic textures. Banding thickness
and ampbibole-feldspar ratio extremely variable. Rare
thin lenses of light-green and gray, epidotc-bearing
marble and zounes of dark-gray, graphitic schist
interlayered with gneiss. Local abundant amphibole-
rich pegmatite. Major minerals are green hornblende,
calcic plagloclase, quartz, minor clinopyroxene,
gulfides, and black oxides. Plagioclase partially
replaced by saussurite, sericite, and chlorite;
hornblende by chlorite. Carbonate occurs throughout
the rock In granular masses and veinlets, Unit forms
host to ultramafic rocks. Intruded by tonalite and
granite.

Serpentinite occurs in isolated, fault-bounded
lenses and masses within or adjacent to major fault
zones. Intensely deformed and schistose. Protoliths of
donite, pyroxenite, and peridotite. Contains local
minor rellct plagioclase, calcite, white mica, and
chlorite.

Tonalite and grasite form small elongate plutons
intruding the amphibole-rich metamorphic rocks.
Mottled light-gray to light-greenish-gray. Includes
high-soda and high-alumina variants.. Fine to medium-
grained, porpbyritic to porphyroblastic. Composed of
large phenocrysts or porphyroblasts of sodic
plagioclase, generally altered to white mica and
clinozoisite, in a gronndmass of fibe-grained quartz, and
minor pyroxene and amphibole. Pyroxene and

amphibole generally altered to chlorite. Weakly
metamorphosed.
Unit exbibits well-developed schistosity,

generally strikes wast-northwest and dips north or
south.  Schistosity defined by ductility deformed,
fractured, and granulated mafic minerals. Locally
blastomylonite. Upper amphibolite facles
metamorphism. Diagnostic minerals are metamorphic
clinopyroxene, olivine, hornblende, and calcic
plagioclase. Retrogressive lower greenschist facies
metamorphism. Diagnostic minerals are serpentine,
chlorite, epidote, talc, and, albite.

Uuit occurs in sparse outcrops up W 4 km across,
in the A-1, A-2, and A-3 quadrangles, adjacent to and
south of the Denali fault. Faulted against rocks of
Wrangellia and Maclaren terranes.

K-Ar isotopic analyses of biotite and hormblende
from pyroxenite yield nearly concordant ages of 123
and 126 Ma (Table 2 of Nokleberg and others (1992),
localities 80, 81), Early Cretaceouns ages interpreted as
apparent age of regional metamorphism and penetrative
deformation of terrane. Age of the protolith of the
ultramafic and mafic rocks older, perhaps Paleozole(?).
Relatively younager granitic bodies form elongate
plutons and exhibit a weaker fabric compared to the
ultramafic and mafic rocks. Relations suggest graaitic
rocks possibly intruded during regional metamorphism
agd penetrative deformnation ia the Early Cretaceous.
The Early Cretaceous ages of metamorphism and
deformation for the tefrans of ultramafic and associated
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rocks similar to interpreted age of regional
metamorphism and penetrative deformation of the
Yukon-Tanana terrane to the north, Both may have
been metamorphosed and deformed during.the same
event

MACLAREN TERRANE
SOUTH OF DENALI FAULT AND NORTH OF
BROXSON GULCH THRUST

The Maclaren terrane occurs south of the Denali
fault in the central and western parts of the quadrangle.
The Maclaren terrane consists two major umits: (1) the
penetratively-deformed and reglonally-metamorphosed
granitic plutonic rocks of the Bast Susitna batholith to
the morth; and (2) the schist, amphibolite, phyllite,
argillite, and metagraywacke of the Maclaren Glacier
metamorphbic belt to the south (Nokleberg and others,
1982, 1985, 1989a). The contact between the East
Susitna batholith and the Maclaren Glacier
metamorphic belt is a fanlted intrusjve contact named
the Meteor Peak fault (Nokleberg and others, 1982,
1985).

The Maclaren terrane is interpreted as a
tectonically detached part of a prograde Barrovian-type
metamorphic belt and a companion composite
batholith, both intensely metamorphosed and deformed
(Smith and Turner, 1973; Smith, 1981; Nokleberg and
others, 1985). The increase of metamorphic grade in
the Maclaren Glacier metamorphic belt toward the East
Susitna batholjth indicates metamorphismn occurred in
response to syntectonic emplacement of the batholith. -
In addition, similar middle amphibolite facles
metamorphism occurs in both the schist and
amphibolite unit of the Maclaren Glacier metamorphic
belt and the East Susitna batholjth, and both contain a
parallel or snbparallel schistosity. This relation
indicates that both were regionally deformed and
metamorphosed togetber during the syomkinematic
intrusion of the batholith over a relatively long time
span from the Late Cretaceous to the middle Tertiary.

The East Susitaa batholith and the Maclaren
Glacier metamorphic belt are interpreted as having
formed in a continental-margin, Andean-type arc
setting (Nokleberg and others, 1985). The locally
abundant andesitic and basaltic debris in
mietagraywacke, the abundant quartz detritus in both
argillite and metagraywacke, the sparse occurrence of
andesite and bazalt flows, and sedimentary structures
indicating turbidite deposition, all suggest that the
protolith for the argillite and metagraywacke unit was
volcanogenic flysch derived from an Andean-type arc.
A continental-margin arc setting is also indicated by
common lead compositions for zircorn and feldspar
(Aleinikoff and others, 1987). Isotopic analysis of lead
from samples of the East Susitma batholith show
moderate radiogenic values, and derivation from a
source of about 1.2- Ga age (Aleinikoff and others,
1987).

EAST SUSITNA BATHOLITH, AND SCHIST,
QUARTZITE AND AMPHIBOLITE SOUTH OF DENALI
FAULT AND NORTH OF METEOR PEAK FAULT

The East Susitna batbolith consists of five major
units: (1) gneissose granitic rocks (gg): (2} migmatite




(mig); (3) migmatitic scbist (mgsh); (4) schist and

amphibolite (sa), and (5) schist, quartzite, and
amphibolite (sq) that occur in roof pendants of
metasedimentary rocks. The gnejstose granitic
plutonic rocks of the East Susitna batbolith are derived
from diorite, granodjorite, and minor granite and
locally grade into units of migmatite, migmatitic
schist, and schist and amphibolite. Tbe schist and

- amphibolite unijt consists mainly. of older, more .

intensely regionally metamorphosed and penetratively
deformed gabbro and diorite and lesser high-grade
pelitic sedimentary rocks.

East Susitna batbolitb ductility deformed and
metamorphosed into mylonitic gneiss and schist at the
npper amphibolite facies, and local retrograde
metamorphism at lower greenschist facies (Nokleberg
and others, 1985). East Susitna batholith displaced pagt
of the Kinane arc of Plafker and others (1989).

Gneissose granltle rocks (early Tertiary and
Late Cretaceous)—Chiefly gneissose granodiorite
and quartz diorite and mipor granits, Pine- to medium-
grained, with relict bypautomorphbic graoular, seriate,
and porphyritic textures containing relict phenocrysts
of plagioclase and K-feldspar up to 6 mm across. Relict
igneous minerals are plagioclase, quartz, K-feldspar
(locally perthitic), biotite, bornblende rimmed by
biotite, and clinopyroxene rimmed by biotite and
hornblende. Minor zircon, and apatite. Relict igneous
hommblende rimmed by igneous biotite; clinopyroxene
by biotite and minor hornblende. Clinopyroxene and
horeblende commonly poikiloblastic containing
abundant inclusions of feldspar snd gquartz. Strong
undulose extinction in feldspar and quartz augen. Relict
igneous plagioclase with complex twioning, normal
zoning, and' oscillatory  zoning.. Sparse crosscutting
dikes of nonfoliated gabbro, disbase, rhyodacite, and
rhyolite. Locally grades to migmatits.

Unit exhibits single pervesive schistosity that
generally strikes northwest to soutbwest, dips
moderately to steeply west and parallels younger
structures in part (msh) of the Maclaren Glacier
metamorphic belt to south in the B-6 quadrangle.
Penetratively deformed. Locally grades to
blastomylonite. Schistosity defined by parsllel-aligned
biotite, white mica, and clongate grains end augen of
quartz and feldspar.

Urit metamorphosed at middle to upper
amphibolite facies. Diagnostic amphibolite facies
minerals are recrystallized clinopyroxene, hornblende,
calcic plagioclase, and gamet. Locally retrogressively
metamorphosed to greenschist facies. Diagnostic lower
greenschist facies minerals are white mica, epidote-
clinozoisite, and cblorite. Biotite, bornblende, and
clinopyroxene partially replaced by chlorite;
plagioclase by epidote and white mica; K-feldspar by
white mica Local intense granulation along margins of
feldspar and quartz avgen.

Unit well exposed between the Denali fault to the
north and the Meteor Peak fault to the south within the
B-4, B-5, and B-6 quadrangles. Unit algo occurs within
branches of the Meteor Peak fault in the B-6 quadrangle.
Intrudes, and locally feulted against schist and
amphibolite (sa) of Maclaren Qlacier metamorphic
belt.
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U-Pb zircou, U-Pb sphene, and K-Ar mica and
hornblende isotopic analyses yield a wide range of ages
between 70.0 and 29.2 Ma (Table 2 of Nokleberg and
others (1992), localities 42, 44, 45, 49, 53, 56-69).
Oldest isolopic age of 70 Ma from a U-Pb zircon
analysis of 8 gneissosc granodiorite (Table 2 of
Noklcberg and others (1992), locality 45). Oldest,
nearly concordsnt K-Ar bornblende and biotite isotopic
ages from 8 single sample of 65.9 and 56.9 Ma (Table 2
of Nokleberg and others (1992), locality 50). To the
west in Healy quadrangle, oldest K-Ar hormblende
isotopic age 87.4 Ma (Turner and Smith, 1974; Csejtey
and others, 1992). Ages interpreted as Late Cretaceous
intrusion of this part of the East Susitna batholith, and
continued syntectounic intrusion, regional
metamorphism, and penetrative deformation in early
Tertiary (Nokleberg and others, 1983, 1989a).

Other, younger isotopic ages range from about 56
Ma to 30 Ma. A U-Pb isotopic analysis of deformed and
metamorphosed sphene yields an age of metamorphism
of 56 Ma from the sample of gneissose granodiorite
that exhbibits a U-Pb zircon igneous age of 70 Ma (Table
2 of Nokleberg and others (1992), locality 45).
Metamorpbic biotite from this sample yields a K-Ar age
of 56.9 Ma. These and similar ages interpreted as
regional metamorphism and penetrative deformation of
this granodiorite that occurred after intrusion
(Nokleberg and others, 1985).

The youngest K-Ar isotopic ages of 29.2 and 36.6
Ma for muscovite, biokite, and hornblende (Table 2 of
Nokleberg and otbers (1992), localities 56-65, 67-69)
tend to occur close to the Denali fault; interpreted as
either continued, syntectonic intrusion of parts of East
Susitna batbolith, or varoofing and cooling of East
Susitna batholith during lateral migration along the
Cenozoic Denali fault.  General parallelism of
schistosity in the batholith with the Denali faunlt
suggests that some metamorphism and deformation of
the batbolitb occurred during faulting (Nokleberg and
others, 1985) '

Schist and amphibolite (Late Cretaceons or
older)—Chiefly garnet-biotite-plagioclase schist and
bornblende amphibolite. Relatively older, more mafic,
and more highly metamorphosed variation of gneissose
granitic rocks (gg@) which locally intrude this wnit.
Intensely regionally metamorphosed and penetratively
deformed gabbro, quariz gabbro, diorite, and quartz
diorite recrystaliized to garnet-biotite-plagioctase
schist and amphibolite. Includes local pelitic schist
and pelitic gneiss. Fine-to medium-grained, Mainly
schistose aggregates of clinopyroxene, hornblende,
biotite, plagioclasc, and quartz, and lesser calcite,
gamet, chlorite, epidote, white mica, and calcite. Very
sparse relict hypautomorphic granular texture. Relict
igneous plagioclase, biotite, bornblende, quartz, and
clinopyroxene.

Unit intensely regionally metamorphosed and
penetratively deformed. Schistosity generally strikes
north or northwest and dips moderately north. Locally
migmatitle. Local intense granulation and strong
undulose extinction in quartz and feldspar augen.
Metamorphosed to amphibolite facies. Diagnostic
amphibolite facies minerals are hornblende, biotite,
and garpet. Local retrogressive metamorphic overprint
at lower greenschist facies with partial replacement of




clinopyroxene by blotite and hornblende; garnet by
chlorite and white mics; plagioclase by whits mica and
caleits. Well exposed north of the Meteor Peak fault in

- the central and nortbern B-6 and eastern B-5 quadrangles

mig

mgsh

Migmatite (Cretaceous?)—Transitional rock unit
between migmatitic schist (mgsh) and goeissose
granitic rocks (gg). Grades from gneissose granitic

rocks (gg), containing fragments of noarly completely .

sssimilated schist end amphibolite, to highly contorted
schist and amphibolite with diffuse veins of
granodiorite 1o diorite. Contains abundant small to
large diffuse dikes of granitic rock. Granitc rock dikes
grade laterally into gneissose granitic rocks (gg) of
Bast Susitma batholith. Locally contains pods and veins
of rose quartz. Swirly schistosity. Fine- to medinm-
grained. Major minerals are plagioclase, quartz, and
biotite. Lesser hormblende, K-feldspar, white mica,
garnet, and minor chlorite also preseat. Plagioclase
partially replaced by white mica.

Unit occurs in outcrops up to 1 km across in the
northwestern B-6 quadrangle. Interpreted as a possible
partial melting product that formed during the Late
Cretaceons and early Tertiary intrusion of the East
Susitna batholith

Migmatitlc schist (Cretaceous?)—Grades from
schist and amphibolite (8a), containing diffuse granitic
dikes concordant to schistosity, to contorted and partly
assimijlated schist and amphibolite. Grades laterally
into migmatite (mMig). Contains fewer granitic dikes
than migmatite (mig). Attitude of schistosity

consistent in large ouwtcrops. Diffuse granitic dikes
composed of fine- to medium-grained hypautomorphic
granular to schistose aggregates of biotite, plagioclase,

quartz, and K-feldspar. Major minerals are hornblende, -

biotite, plagioclase, quartz, clinozoisite, white mica,
and lesser garnet, K-feldgpar, and chlorite. Transitional
rock-type between migmatite (mlg) and schist and
amphibolite (sa).

Unit occurs in a cluster of exposures, individvally
up to 3 km across, and jointly comprising two large
bodies up to 10 km across within gneissose granitic
rocks (gg) and schist and amphibolite {sa) in the
northwestern B-6 quadrangle. Unit interpreted as
possible partial melting products that formed during
Late Cretaceous and early Tertiery imtrusion of the Bast
Susitna batholith,

Ages similar to those in the unijt of gneissose
granitic rocks (§g). The oldest nearly concordant K-Ar
hornblende and biotite jsotopic ages from a single
sample of 65.9 and 56.9 Ma (Table 2 of Nokleberg and
others (1992), locality 50). Other K-Ar hornblende
ages range from 61.7 to 58.5 Ma (Table 2 of Nokleberg
and others (1992), localities 43, 47, 51, 52), and K-Ar
biotite ages of 31.9, 33.7, and 55.9 Ma (Table 2 of
Nokleberg and others (1992), localities 53, 56).
Younger isotopic ages interpreted as either continued
gyntectonic ntrusion, or unroofing and cooling

Schise, quartzite, and amphlbolite
(Triagsic?)—Unlt of relatively older calc-silicate
schist, quartzite, and amphibolite.: Moderately to
intensely deformed with a moderate schistosity. Pine-
to medium grained. Intruded by various metamorphosed
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-strike

granitic rocks of East Susitna batholith. Estimated
structural thickness of a few hundred meters.

Calc-silicate schist and amphibolite mainly fine-
to medinm-grained and strongly schistose. Major
minerals in calc-gilicate schist of plagioclase,
hornblende, clinopyroxene, quartz, and calcite. Minor
minerals are garnct and clinozoisite. Garnet partially
replaced by clinozoisite. Derived mainly from mar).

Quartzite varies from fine- to medium-grained.
Schistose texture. Contains both fractured and
undulatory quartz. Contains minor K-feldspar, biotite,
hornbleade, and epidote.

Amphibolite consists of schistose plagioclase,
hornblende, and biotite, Minor minerals are
clinopyroxene and opaque minerals. Clinopyroxene
mostly replaced by hornblende and plagioclase.
Derived mainly from marl.

Unit occurs in west-central part of quadrangle,
south of Denali fault in small roof pendants in the East
Susitne batholith. Lithologically similar rocks on
in Healy quadrangle to west contain
Pennsylvanian to Triassic conodonts (Sherwood and
Craddock, 1979; Csejtey and otbers, 1992), and
fragments of bivalves of Late Triassic age (Jones and
others, 1987). Correlated with Nenana terrane of Jones
and others (1987). Intruded by gneissose granitic rocks
(gg) of Bast Susitna batholith

MACLAREN GLACIFR METAMORPHIC BELT
SOUTH OF METEOR PEAK FAULT AND NORTH OF
BROXSON GULCH THRUST

The Maclaren Glacier metamorphic belt occurs to
the south of the East Susitna batholith and is a pro-
grade Barrovian type metamosphic belt. From sonth to
nerth, the principal units of Late Jurassic or older
argillite and metagraywacke (ma), phyllite (mph), and
quartz-mica schist, calc-sebist, and amphibolite (msh)
(Nokleberg and others, 1982, 1985). Contacts between
the three map units geaerally faults exhibiting intense
shearing and abrupt changes of metamorphic facies at
each contact.

The protolith for the sedimentary and volcamnic
rocks of the metamorpbic belt is in part Late Jurasgic or
older ip age. To the west in the southeastern Healy
quadrangle, an alkali gabbro pluton intrudes the
southern part of the metamorphic belt, yielded
discordant K-Ar isotopic ages of 146 Ma for homblende
and 133 Ma for biotite (Turner and Smith, 1974; Smith,
1981; Csejtsy and others, 1992). These relations
suggest that at |east part of the protolith is Late Jurassic
and possibly older. A minimum age for the protolith is
indicated by intrusion of dikes of the Late Cretaceous
and early Tertiary East Susitna batholith into the quartz-
mica scblst, calc-schist, and ampbibolite unit of the
metamorphic belt

The Maclaren Glacier metamorphic belt is duetility
deformed into protomylonite and phyllonite in the
argillite and metagraywacke unit, phyllonite in the
phyllite unit, and mylonitic schist in the quartz-mica
schist, calc-schist, and amphibolite unit. A general
increase in metamorphic grade occurs from the argillite
and metagraywacke unit in the south to the quartz-mica
schist, calc-schist, and amphibolite unit in the oorth,
grading from lower greenschist facies in the argillite
snd metagraywacke unit to Jower or middte amphibolite



msh

facies melamorpbism in the quartz-mica schist, calc-
schist, and amphibolite unit (Nokleberg and others,
1985). Relations interpreted as result of regional
metamorphism and penetrative deformation during
syntectonic intrusion of East Susitna batholith to the
north (Nokleberg and others, 1985 (989a),

Quartz-mica schist, calce-schist, and
amphibolite (Late Jurassic or older)—Chiefly
quartz-mica schist, amphibolite, and calc-schist.
Protoliths chiefly pelite, sandstone, graywacke and
minor marl, andesite, and gabbro, Grain size of 0.1 to
0.3 mm. Estimated structural thickness about 6,700 m.

Quartz-mica schists consist of white mica-quartz
schist, biotite-white mica-quartz schist, garnet-white
mica-quartz schist. blotite-quartz schist, plagioclase-
white mica-quartz schist, and plagioclasechlorite-
quartz-white mijca schist. Generally fine-grained.
Major minerals are plagioclase and garnet
porphyroblasts and quartz augen up to 4 mm across.
Minor minerals are calcite, epidote-clinozoisite,
apatite, graphite, opaque minerals, hornblende,
staurolite, and tourmaline. Sparse relict clastic quartz
and plagioclase prains. Complicated twinning and
zoaing in relict plagioclase. Local helicitic and rolled
garaet. Locally abundant poikiloblastic plagioclase
whose cores contsin relict phyllite defined by schistose
aggregates of graphite, white mica, and clinozoisite.
Sparse sillimanite and kyanite observed in rocks of
appropriate bulk composition by Stout (1976), but not
observed In this smdy.

Amphibolite, derived from marl, composed of
schistose hornblende, garnet, biotite, quartz,
plagioclage, and calcite. Rolled hornblende and gampet
porphyroblasts exhibit relict schistosity. Amphibolite
derived from gabbro. Ehibits relict bypautomorphic
granular texture. Major minerals are plagioclase,
hornblende, white mica, and minor chlorite. Cale-
schist composed of hornblende-clinozolsite schist and
calctte schist Minor minerals are white mica, quartz,
chlorite, and plagioclase.

Unit intensely deformed with a strong schistosity.
Two generations of isoclinal folds occur with opposite
vergences, with axial planes parallel to schistosity.
Older generation folds generally show north vergence
whereas younger generatios folds generally show south
vergence. Near the Broxson Gulch thrust to the south,
the axial planes of folds, schistosity, and subparallel
compositional layering in the metamorphic belt
generally dip moderately to steeply porth, whereas to
the north, these structures dip steeply south, paratlel to
the Meteor Peak fault. This change in the dip of
schistosity and other structures defines a large
overturned antiform that extends from just west of the
Delta River o near the western edge of quadrangle.

Unit metzmorpbosed to amphibolite facies.
Diagnostic minerals are hornblende, staurolite, calclc
plagioclase, biotite, and pgarnet. Local retrogressive
metamorphism (o greenschist facies. Diagnostic
greenschist facies minerals are chlorite, epidote-
clinozoisite, and whlte mica. Hornblende partally
replaced by biotite and chlorite; garnet by biotite,
biotite by while mica; plagioclase by sericite and
epidote.

Unit well exposed between the Meteor Peak fault
and the Broxson Guich thrust in the soutbwestern part
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of the quadrangle. Intruded by small dikes and sills of
the East Susitna batholith and by locally pegmatitic
granodiorite. Faulted against gneissose granitic rocks
(gg) and phyllite (mph) to the north, and rocks of
Wrangellia terrane to south.

K-Ar isotopic analyscs of biotite and muscovite
from the schist and amphibolite unit range from 48.0 to
30.6 Ma (Table 2 of Nokleberg and otherz (1992),
localities 70-72). One K-Ar hornblende isotopic
analysis yields an age of 69.6 Ma (Table 2 of Nokleberg
and others (1992), locality 70). The oldest isotopic age
of 69.6 Ma may represent prograde regional
metamorphism and penetrative deformation during
syntectopnic intrusion of parts of the East Susitna
batholith, described above. The younger X-Ar mica
ages may represent either retrograde metamorphisim and
(or) unroofing and cooling of the Maclaren terrane
during lateral migration along the Cenozoic Denali
fault. Late Jurassic or oldes age for protolith

Phyllite . (Late Jurassic or older)—Chiefly fine-
grained white mica-quartz phyllite, and minor quartz-
plagioclase-white mica phyllite, clinozoisite-chlorite-
quartz phbyllite, calcite-chlorite phyllite, and quartz-rich
marbie and metaandesite. Protoliths mainly silistone,
metavolcanic siltstone, marl, limestone, and andesite.
Bstimated structural thickness about 2,400 m.

Fine-grained, grain size approximately 0.05 to 0.1
mm. Minor metamorphic minerals are garnet, graphite,
and sphene. Porphyroblasts of quartz, plagioclase, and
garnet up to 1.5 mm across. Reliet clastic quartz grains
up to 2 mm sacross. Complexly twinned and zoned
plagioclase porphyroclasts. Local grain-size variation
paratlels schistosity. Local carbonate rich layers.
Local relict patches or areas of argillite and
metagraywacke (ma). Metaandesite composed of
plagiociase microlites with mafic minerals replaced by
chlorite and opague minerals. Local extensive sericite
alteration. Metavolcanic praywacke contains clasts of
relict igneous plagioclase exhibiting complicated
twinning, normal, and oscillatory zoning.

Unit intensely deformed; exhibits strong
schistosity. Numerous isoclinal folds and axi{al plane
faults parallel to schistosity. Varlably fractured and
granuiated quartz and plagioclase.  Schistosity
generally parallels Broxson Gulch thrust and dips
moderately to steeply north, Locally intensely sheared.
Local relict bedding, Metamorphosed to upper
greenschist facles. Diagnostic minerals are biotite and
garmet. Local retrogressive lower greenschist facies
indicated by partial replacement of garnet by
clinozoisite, and plagioclase by white mica.

Unit well exposed in the B-5 and B-6 gquadrangles
between the Broxson Gulch thrust and the Meteor Peak
fault. Generally faulted against quartz-mica schist, calc-
schist, and amphibolite (msh) to the north, and
argillite and metagraywacke (ma) to the south.
Interpreted as an intermediate, metamorphic-grade part
of metamorpbic belt, between units ma and msh

Argillite and metagraywacke (Late Jurassic
or older)—Cblefly argillite, metagraywacke and
metaandesite locally. Protolithe of siltstone,
calcareous mudstone, and volcanic graywacke. Average
grain size 0.01 to 0.05 mm. Estimated stroctural
thickness about 2,000 m.




Argillite composed principally of graphite-quartz
argillite and lesser calcite-biotite-white mica argillite.
Major minerals are graphite, quartz, epidote, chlorite,
plagioclage, white mica, calcite, and biotite. Locally

graded beds baving quartz-rich bases and graphite-rich -

tops. Sparse relict clastic grains.
Metagraywacke composed of wbite mlca,
clinozoisite, quartz, graphite, plagioclase, chlorite, and

. lesser calcite aud opaque minerals. -Abugdant relict

resorbed quartz pbenocrysts, and lesser relict igneous
plagioclase exhibiting normal and oscillatory
zooation, and complicated twinning. Locally abundant
graded bedding, load casts, bimodal geain distribution,
and wavy cross lamination (Nokieberg and others,
1982; Smith, 1981).

Uit strongly schistose. Schistosity generally
strikes northeast and dips moderately to steeply north
or south. Locally refolded into isoclinal folds.
Intensely faultéd and sheared. Variably fractured and
granulated quartz and plagioclase. Metamorphosed to
lower greenschist facies. Diagposti¢c minerals are
graphite, chlorite, clinozoisite, and white mica.
Plagioclase partially replaced by white mlica.

Unit occurs in the soutbwestern B-6 =and
porthwestern A-6 quadrangles between the Broxson
Gulch thrust and the Meteor Peak fault to the north.
Generally faulted against pbyllite (mph) to the sorth
end apeinst rocks of the Clearwater and Wrangellia
terranes to the south along the Broxson Gulich thrust
Intruded by lacal, small rhyodscite and granite dikes of
Late Cretaceous or early Tertlary age

CLEARWATER TERRANE
WITHIN BRANCHES OF BROXSON GULCH
THRUST

The Clearwater terrane (Jones and others, 1987,
Nokieberg and others, 1982, 1985) occurs in the
western pant of the quadrangle as a narrow, fault-bounded
lens along the Broxson Gulch thrust between the
Maclaren lefrrane to tbe north and the Wrangellia terrane
to the south, The Clearwaler terrane consists of highly-
deformed chlorite-calcite-quartz  schist, quartz-
muscovite schist, Upper Triassic marble, greenstone
derived from pillow basalt, and sparse metadacite,
Metamorphosed at lower greenschist facies. Diagnostic
minerals are sericite, epidote, chlorite, and actinolits.
Clearwater terraneé interpreted as a small fragment of 2
Late Triassic island arc.

Schilstose metasedimentary and
metavolcanic rocks (Late Triassic)}—Chiefly
fine-pgralned quartz-white mica-schist, chlorite-calcite-
quartz schist, marble, greenstone, sand sparse
metadacite. Protoliths of quartz siltstope, calcareous
sandy siltstone, limestone, fine-grained bssall, aod
fine-grained dacite. Strongly faunlted apd fault bounded.
Estimated structural thickness of a few thousand meters.

Quartz-white mica schist composed of refict clastic
grains of quartz, plagioclase, and K-feldspar in a matrix
of very fire-grained quartz and abundant schistose
sericite. Peldspars form granular streaks snd augen,
largely replaced by sericite, and accompanied by
conceotrations of brown iron oxide. Sparse patches of
calcite. Abundant fracturing and granulation. Average
grain size 0.02 to 0.5 mm. Chlorite-calcite-quartz
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schist composed of relict grains of calcareous sand up to
5 mm across in a schistose matrix of very fine-grained
chlorite, caleite, and quartz. Major minerals in 5chist of
quartz, white mica, calcite, and chlorite.

Masble composed of calcite gralns up to 7. mm
across in very fine-grained schistose matrix of calcite
and sparse grains and augen of quarti. Very fipe- to
fine-grajned, averago grain size vari¢s from 0.02 to 2
mm. To the west in the soutbeastern Healy guadrangle,
marble Jayers in sedimentary rocks correlative with the
Clearwater terrane contain Heterastridium sp. of Late
Triassic age (Jones and otbers, 1987; Csejley and
others, 1992).

Greenstone composed of plagioclase phenocrysts

. and sparse glomerocrysts, up to 1.5 mm and averaging

0.5 mm long, in groundmass of clipopyroxene largely
replaced by chlorite, actinolite, epidote, and locally by
turbid, brown, cryptocrystalline material. Relict
ophitic textare. Local pillow structure. Sparse calcits
and chloritc veins. Major minerals are clinopyroxene,
partially replaced by chiorite, actinolite, and epidole.
and plagioclese.

Metadacite composed of relict quartz aod
plagioclase microphenocrysts, averaging 1.0 to 1.5
mum 8cross, in a matrix of very fine-grained granvlar
quartz and varying proportions of schistose white mica,
chlorite, and calcite. Major relict minerals are qoartz
and plagioctase; secondary minerals are calcite, quartz,
whits mica, chlorite, apatite, and opaque minerals.
Relict plagioclase pbenocrysts euhedral to anbedrat;
vsually exbibits albite twinaing. ULocal extensive
calcite replacement of relict plagiociase phenocrysts
and matrix.

Unit exbibits weak schistosity strikes portheast to
east and dips moderately to steeply north. Local
phyllonite occurs parallel to schistosity, Clasts in
metamorphosed fine-grained detrital rocks flattened
parallel to schistogity. Metasedimentary rocks locally
display relict bedding.

Unit occurs in a fault-bounded block within
branches of the Broxson Gulch (tbrust io the
vorthwestern A-6 guadrangle. Faulted against Maclazen
terrane to the northwest and Wrangellia tecrane to the
southeast. Unit includes a small exposure of fault-
bounded diorite and quartz diorite (grs3, part)

WRANGELLIA TERRANE

The Wrangellia terrane (Jones and others, 1987:
Nokleberg and others, 1982, 1985, 1989a) is
subdivided into the Slana River subterrane t the north,
and the Tangle subterrane to the south (Nokleberg and
otbers, 1982, 1985), and occurs across the southern
part of the quadrangle. The Sians River subterrane is
bounded 1o the north by the Broxson Guleh thrust and to
the south by the Eureka Creek fault. The Tangle
sublerrane occurs south of the Bureka Creek fault. The
Wrangellia terrane is weakly regionally metamorphosed
at lower greenschist facies (Nokleberg and others,
1985). Metamorphic minerals generally fine-grained
and disseminated; sbundant relict minerals occur in
most rocks,

Tbe Slana River and Tangle subterranes exhibit
significantly different stratigraphies, as described
below, whicb indicate important differences in origin
(Nokleberg and others, 1985): (1) To the Tangle




subterrane, the upper Paleozoic rocks formed in deep
water, at some distance from a site of submarine island-
ar¢ volcanism, whereas in the Slana River subterrane,
the upper Paleozoic rocks formed along an axis of
submarine volcanism. (2) In the Tangle subterrase,
Triassic rifting and basaltic volcanism were loitially
submarine and closer to the axis of rifting, wbercas in
the Slapa River subterrane, Triassic rifting and basalde
voleanism were initially - subaerial and probably
commenced later and farther from the axis of rifting. (3)
During the later stages of rifting, basaltic voleanism
was much more volominous in the Tangle subterrane
than in the Slana River subterrane. And (4) io the Slana
River subterrane, oceanic and continenlal-margio
sedimentation continued through the Jursssic and
Cretaceous, whereas no similar event is preserved in the
Tangle subterrane.

These differences in geologic history suggest that
the Tangle and Slana River subterranes: (1) represent
distal and proximal parts, respectively, of the same late
Paleozoic island-arc; (2) represent proximal and distal
parts, respectively of the same Triassic rift system; and
(3) have been considerably shortened tectooically, and
Joxtaposed during terrane migration and accreton.

Three major geologic events occurred in the origin
and ovolution of the Wraogellia terrane. These events
were first summarized by Richter and Jones (1973) and
later amplified by Nokleberg and others (1985). Esach
cvent contributed to the formation of one of the three
myjor stratigraphic units in Wrangellia.

The first event was formation of the late Paleozoic
submarine volcanic and associated sedimentary rocks
and plutonic rocks of the Skolai arc (Bond, 1973, 1976;
Ricbter and Jones, 1973; Nokleberg and others, 1985;
Barker and Stern, 1986). The main evidence for an
Island-arc origin of the late Paleozoic volcanic and
associated rocks is @ (1) submarine deposttion of the
volcanic flows, tuff, and breccia, and associated
volcanic graywacke and argillite of the Slapa Spur
Formation and Tetelna Volcanics (Bond, 1973, 1976);
(2) ltle or no quartz in the volcanic rocks and
associated shallow-intrusive bodies; (3) locally
abundant features that indicate turbiditic deposition of
sedimentary and volcanic debris to form volcanic
graywacke; and (4) the absence of abundant continental
"crustal detritus in upper Paleozoic stratified rocks
(Richter, 1976; Nokleberg and others, 1982). In
addition, common lead jsotopic compositions for late
Paleozoic granitic rocks intruding Wrangellia terrane
are low in radiogenic lead, and are derived from a
mixture of oceanic mantle and pelagic sediment leads,
witbout ap older continental component (Aleinikoff and
others, 1987).

The second event was rifting that formed the Upper
Triagsic Nikolai Greenstone and associated gabbro
dikes and cvmulate mafic and ultramafic sills (Richter
and Jones, 1973; Jones and others, 1977: Nokleberg
and otbers, 1985). The main evidence for a rift orgin of
the Nikolai Greenstone and associated intrusive rocks
is: (1) the vast extent and great thickness througbout
Wrangellia terrane (Jones and others, 1977); (2) the
rolatively constant originally igneous composition and
texture (Jomes and others, 1977; MacKevett, 1978;
Winkler and others, 1981, Nokleberg and others,
1982a); (3) an average chemical composition,
approximating a typical tholeiite (MacKevett and
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Richter, 1975; Silberling and others, 1981); (4) REE
analyses compatible with (back-arc) spreading (Barker
and others, 1989); and (5) the narrow age range for
extrusion of the basalt (Jones and others, 1977).
However, recent studies by Richards and others (1991)
suggest formation in a mantle plume getting. The main
ovidence cited for a plume origin is: (1) lack of sheected
dikes and rift structores; (2) no indication of crustel
extension; and (3) a relatively short-lived period of
mainly mafic volcanism that commenced with
submarine and ended with subaerial eruption.

The third event was formation of a marginal flysck
basin in which was deposited the Upper Jurassic aond
Lower Cretaceovs argillite, graywacke, conglomerate,
and andesite of the Gravina-Nutzotin belt onto the
northern edge of the Wrangellia terrane (Berg and
others, 1972; Richter and Jones, 1973; Nokleberg and
others, 1985). The abundant volcanic-derived detritus in
the flysch, the associated andesite volcanic and
voleaniclastic rocks of the Lower Cretaceous Chisana
Formation, and the sparse coeval granitic plutonic
rocks are interpreted as portions of the Gravina or
Chisana arc which formed along the margin of
Wrangellia terrane (Plafker and others, 1989; Stanley
and others, 1990). The main evidence for deposition of
the Gravina-Nuizotin belt within a flysch basin on the
accreting margin of Wrangellia terrane ig the derivation
of clasts in conglomerate, some from Wrangellia
terrane, and some from a continental source (Berg and
others, 1972; Richter, 1976). The local andesitic and
volcanic detritus in graywacke, and the abundant
andesite flows and breccia in the upper part of the belt
(Berg and others, 1972; Richter, 1976) suggests a
short-lived island arc built on the leading edge of
Wrangellia terrane as it neared North America.

WITHIN BRANCHES OF THE BROXSON GULCH

THRUST
Ultramafic and mafic Igreous rocks
occurring along Broxsom Gulch thrust

(Cretaceous to Triassic?)—Chiefly dunite,
olivine-clinopyroxene cumulates, serpeutinite,
metagabbro, and metadiabase. Ultramafic rocks
possess both camulate and metamorphic textures;
fnterpreted as probable exposures of dismembered
slpine peridotite. Relationship of the mafic rocks to
the ultramafic rocks unclear. Mafic rocks of relatively
younger dikes within the alpine peridotite; locally may
be part of unit of gabbro, diabase and metagabbro (ga)
that intrudes Late Triassic and older rocks throughout
the Wrangellia terrane. Estimated structural thicknoss
sbout 1,500 m.

Dunite medium- to coarse-grained: exhibits s well
developed crystalloblastic texture. Primary minerals
are olivine, commonly kink-banded and magnetite.
Variably altered from nearly fresh to completely
serpontinized. Magnetite content varies from about one
to ten percent. A weak schistosity and planar fractoring
occur Jocally. Massive sulfides occur locally.

Olivine-clinopyroxene cumulates composed of
olivine-clinopyroxene cumulate, clinopyroxens-
olivine cumulate, plagioclage-olivine-clinopyroxene
cuwmulate, and plagioclase-orthopyroxene-
clinopyroxene-olivine cumulate. Generally medium-
grained exhibiting orthocumulate textures. Subbedral




to anbkedral olivine generally surrounded by anhedral
pyroxens. Less abundant euhedral to subhedral
pyroxene surroundad by olivine. Plagioclase,
comprising up to 20 percent, generally occurs
interstitially; however in one sample it occurs both
interstitial to, and poikilitically included, in olivine
and clinopyroxene. Olivine varles from about 30 to
90% with an average of 70%:; clinopyroxene varies
from sbout § to 30% with ap average of 25%;
orthopyroxene gencrally present in amounts less than
5%. Minor opaque minerals, biotite, and browa
hornblende occur locally. Olivine locally replaced by
serpentine and pyroxcne and plagioclase by saussurite.

Serpentinjte fine- to medium-grained, locally with
mesh texture. Locel faint relict cumulate igneous
texture. Contsing up to 10% opaque mlnerals some of
which occur along vein-like petworks. Locally highly
sheared.

Metagabbro composed principally of hornblende
metagabbro and minor hornblende-clinopyroxene
metagabbro and clinopyroxene meétagabbro. Mainly
relict fine- to medium-grained, bypautomorphic
granular and lesser subopbitic texture, Relict minerals
are hornblende, plegioclase, and clinopyroxene and
Jocal olivine, quartz, biotite, ilmenite, and other opaque
minerals. Metamorphic minerals are actinolite,
saussurlte, sericite, cblorite, clinozoisite-epidote, and
serpentine. Clinopyroxenc locally replaced by primary
bhornblende.

Metsdisbase composed of horoblende-plagioclase
metadiabase and clinopyroxene-plagioclase
metadiabase. Fine- to medium-grained, diabasic texture.
Relict minerals are plagioclase, clinopyroxene, and
hornblende. Meotamorphic minerals are actinolite,
sericile, chlorite, epidote, and gaussurite.

Metagabbro and metadiabase variably
metamorphosed at lower greenschist facies. Diagnostic
minerals are actinolits, saussurite, sericite, chblorite,
and clinozoisite-cpidote. Plagioclase partially to
completely repleced by saussurite, sericite, chlorite,
and epidote; clinopyroxens and hornblende by
actinolite, saussurite, epidote, and chlorite; biotite by
chlorite, and olivine by serpentine, epidote, and
chlorite.

Unit occurs in scattered, fault-bounded exposures
within branches of the Broxson thrust in the B-4, B-5,
and B-6 quadrangles. Interpreted either as: (1) fault-
bounded remnants of cumulate mafic and ultramafic
rocks occusring in the Wrangellla terrane; (2) fault-
bounded remnants of other terranes that were
tectonically enclosed along the Broxson Guich thrust;
(3) a remnant of the terrane of uvitramafic and associated
rocks that occur along northern margin of Wrangellia
terrano in castern part of quadrangle; or (4) some
combigetion thereof.

Part of unit may be co-magmatic with the unit of
cumulate mafic and ultramafic rocks and the Nikolai
Greenstone, and therefore Late Triassic(?) in age.
However, K-Ar isotopic anslyses of hornblende in
gabbro dikes in picrite sills st two localities in the B-4
guadrangle ylelded ages of ages of 91.9 and 97.7 Ma
(Tablc 2 of Nokleberg and others (1992), localities 73,
74). Bacause the cumulate mafic and ultramafic rocks
exhibit local, low-grade metamorphism, these Late
Cretaceous sges could represent the sge of the low-grade
regional metamorphism of the Wrangeilia terrane.
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Alternatively, the vltramafic rocks at these localities,
which occur in narrow fault-bounded lenses near the
Denpali and Broxson Gulch faults, could represent
younger, fault-bounded Late Crotaceous Intrusions

UNITS SOUTH OF BROXSON GULCH THRUST AND
DENALI FAULT AND NORTH OF THE PAXSON LAKE
FAULT

McCarthy Formatlon (Early Jurassic and -
Late Trlassic)—-Chiefly rhythmically, thin- to
medium-bedded, calcarcous sargillite and impure
limestone, mainly spiculitic, skeletal, or infraclastic
lime packstone (Silberling and others, 1981).
Estimated maximom stratigrapbic thickness of a few
hundred m. X

Limestone contains abundsnt, poorly preserved
and recrystallized fossils up to 0.5 mm across, each
composed of one to several calcite crystals. Possils
occur in fine-grained, turbid, green-brown calcareous
matrix containing sparse veins of coarser calcite.
Fossil materiat tentatively identified as radiolarians,
sparse sponge spicules, and rare benthic foraminifers.
Calcareous shales contain distinctve occurrence of
Monotis M, subcircularia(?), snd indicate a Late Triassic
age for pert of this unit in this quadrangle (Table 1 of
Nokleberg and others (1992), localities 121, 122),

Unit occurs in a narrow, fault-bounded lens along
branches of the Broxson Gulch thrust in the western
part of the quadrangle between the Clearwater terrane to
the north and the Wrangellia terrane 10 the south. The
nearest other occurrence of the McCarthy Formation
about 220 km to the southesst ln the (ype area in the
McCartby quadrangle, where the age ranges from Late
Triassic to Early Jurassic (MacKevett, 1978)

GABBRO, DIABASE, AND METAGABBRO,
AND CUMULATE MAFIC AND ULTRAMAFIC
ROCKS

Locally extensive gabbro dikes, small sills, large,
cumulate mafic and vltramafic sills, and small plutons
intrude the Nikolai Greenstons and older rocks
throughout Wrangellia terrane. Interpreted as co-
magmatic with the - basalts that formed the Nikolai
Greenstone (NokJeberg and others, 1982, 1985)

Gabbro, dlabase, sand metagabbra (Late
Triassic?)-—~Chlefly hbhornblende gabbro,
clinopyroxene gabbro, and hornblende-clinopyroxene
gabbro and sparse quartz gabbro end hornblende quartz
diorite. Dark-gray, fine- to mediuro-grained, and mainly
relict hypautomorphic granular texture, but locally
porphyritic, ophitic to subopbitic, and diabasic.
Porphyritic variants coantain relict phenocrysts of
plagioclase up t0 3 mm long. Relict primary minerals
are clinopyroxene and plagioclase; local hormblende,
biotite, quactz, magnetite, and sparse olivine.
Metamorphic minerals are chlorite, white mica,
actinolite, quartz, calcite, epidote, and zeolites.
Clinopyroxene commonly twinned and zoned and
locally rimmed by igneous hornblende. Hornblende
locally replaced by igneous biotite.

Locally intensely metamorpbosed and weakly
schistose,  Variably fractured and granulated.
Metamorpbosed to lower greenschist facies.
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Diagnostic minerals are chlorite, spidote, actinolite,
white mica, and calceite. Clinopyroxeoe partially
replaced by nactinolite, chlorite, and epidote;
bornblende by chlorite, epidote, and actinolite;
plagloclase by white prica, epidote, and saussurite.

Numerouz sills, too small to be depicted on map,
occur in the Jower limestone member of the Eagle Creek
Pormation in southeastern pert of quadrangle. Intrudes
Nikolai Greenstone and older rocks in both Slana River
and Tangle subterranes. Interpreted as forming in late-
magmatic stage of eruption of mafic lavas that formed
Nikolai Greenstone (Nokleberg and others, 1985).
Only larger bodies sbown on the geologic map. In some
areas, may be late Paleozoic in age and part of the
igneous suite in the Slana Spur Formation and Tetelna
volcanics

Cumulate mafic and nltramafic rocks (Late
Trlassic?)—Chiefly consists of: (1) fault-bounded
lenses of olivine-cumulstz and olivine-pyroxene
cumttlate in Slana River subterrane, particularly in the
area between Delta and Maclaren Rivers and, (2) large
sills of olivine cumulate, olivine pyroxeas cumulate,
and pyroxene plagioclase cumulate south of Fish Lake
in Tangle subterrane. Includes the Fish Lake Complex
of Stout (1976). Estimated thickness of a few thousand
meters

Olivine cumulate composed of fine- to medium-
grained agpregates of eubedral to subhedral olivine and
sparse chromjte in 2 matrix of overgrown olivine,
clinopyroxene or plagioclase. Locally aligned tabular
olivine. Local layering defined by variation in grain
slze and serpentinization.  Generally intensely
serpentinized with olivine replaced by serpentine,
magnetite, and tale, and matrix replaced by chlorite
and(or) sericite. Common undulose extinction and
kink-banding in olivine. Relict cumulate texture in
intensely serpentinized samples. Varigbly fractured,
granulated, and deformed.

Olivine-pyroxene cumulate composed of fine-to
medium-grained aggregates of eubedral to subhedral
olivine, clinopyroxens, and sparse chromite in a matrix
of overgrown olivine and clinopyroxene and locally
plagioclase. Olivine variably fractured. Loeally
intensely altered with olivine replaced by serpentine
and magnetite; c¢linopyroxene by actinolite and
chlorite; and plagioclase by very fine-grained epidote
and white mica.

Pyroxene-plagioctase comulate composed of fine-
to medium-grrined aggregates of enhedral to subhedral
clinopyroxene, plagloclage, and sparse chromite in a
matrix of overgrown clinopyroxene or plagioclase.
Local minor orthopyroxene.

Locally intensely metamorphosed to lower
greenschist facies exhibiting granoblastic texture.
Diagaostic minerals are chlorite, epidote, actinolite,
white mica, and calcite. Locally weakly schistose.
Most of unit occurs in Tangle subterrane, in vicinity of
Fisb Lake in central pant of quadrangte. Intrudes Nikolai
Greenstone and older rocks in both Slana River and
Tengle subterranes. Interpreted as comagmatic with
magmas that formed Nikolaj Greepstone (Nokleberg and
otbers, 1985)
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SLANA RIVER SUBTERRANE
SOUTH OF BROXSON GULCH THRUST AND DENALT
FAULT AND NORTH OF EUREKA CREEK FAULT

The Slana River subterrane (Nokleberg and otbers,
1982b, 1985) consists mainly of: (1) upper Paleozoic
manne volcanic and sedimentary rocks; (2) assoclated
late Paleozoic hypabyssal and plutonic rocks, (3)
disconformably overlying massive bagalt flows of the
Triagsic Nikolsi Greenstone and, (4) coeval gabbro and
cumulate mafic aod ultramafic rocks, Triassic Jimestone,
and younger Mesozoic flysch.

Marine metasedimentary rocks (Early
Cretacegsus and Late Jurassie)—Principaliy
deep-marine turbidite deposits conslsting of graded beds
of metamorphosed dark-gray to gray argillite, siltstone,
and graywacke that locally elternate with beds of
massive graywacke, pebbly graywacke, pebble to
cobble conglomerate and sparse andesite. Graded beds
well developed locally; consist of rhythmically
alternating units that range from 1 c¢m to more than 30
cm in thickness. Massive graywacke and conglomerate
beds up to 20 m thick. Thickness probably greater than
1,000 m; top not exposed.

Arglilite composed of fine-grained, relict guartz
and plagioclase clasis in matrix of chlorite and white
mica. Minor minerals are epidote-clinozoisite, calcite,
and sparse biotite. Millimeter-scale bedding defined by
graphite-rich layers. Incipient schistosity at 18° to 20°
to bedding defined by preferred orientation of sericite,

and by clongation of quartz and plagioclase grains. -

Argillite grades to schist adjacent to Chistochina
Glacier. Schist composed of metamorphic quarts,
chlorite, epidote, fibrous amphibole, and minor calcite.

Boulder to cobble, and pebble conglomerates
composed chiefly of granitic clasts in a matrix of sand-
sized schist, slate, quartz and local plagioclase apd
interstitial * ehlarite. Quartz grains partially
rocrystallized. Sandstone composed of relict clastic
quartz and plagioclase grains. Plagioclase partislly
replaced by white mica and epidote. Matrix generally
consists of variable proportions of very fine-grained
schistose aggregates of chlorite, epidote, sericite,
guartz, calcite and opaque mioerals. Andesite exhibits
relict ophitic texture; mainly plagloclase microlites in
groundmass of chlorite and minor white mica.

Unit locally intensely fawlted and isoclinally
folded. Local weak to moderately deveioped
schistosity. Metamorphosed to lower greenschist
facies. Diagoostic minerals are chlorite, epidote, white
mica, actinotite, and calcite.

Unit occurs in eastern part of quadraegle along a 2-
to 4-km-wide bands south of, and sdjacent to, the Denali
fanlt.  Unconformably overlies Upper Triassic
limestone snd Nikolai Grecostone. Locally faulted
along marging. Forms northwestern part of a thick
sequence of flysch and associated rocks of the Gravina-
Nutzotin belt which extends several thousand
kilometers to the southeast (Berg and others, 1972;
Monger and Berg, 1977). One locality in the
southeastern part of the quadrangle yields Late Jurasgic
megafossils (Table 1 of Nokleberg and others (1992),
locality 77). In the Nabesna quadrangle (0 the
southeast, unit contains locally abundant Buchjs
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assemblages rangiog in age from Late Juragsic to Barly
Cretaceous (Richter, 1976)

Limestone (Late Triassic) (Unlt of Richter

and others, 1977)—Chiefly. dark-to-- light-gray |

micrite, dismlcrite, or microsparite. Conformably
overlies the Nikolai Greenstone (Trn). Fine- to

medium-grained, mediym- to massive-bedded (10 cm to
2 m) containiog lenses and nodules of gray and black
chert and irregunlar patch works of disseminated fine-
grained quartz. Locslly recrystallized, commonly
brecciated, and velned by coarsely crystalline calcite.
Basal part of unit generally conlains clasts of Nikolai
Greenstone. Many outcrops too small to depict on msap.
Thickness approximately 20 to 150 m.

Generally metamorphosed to lower gresnschist
facies; locally weakly schistogse. Unit often occurs in
narrow fault-encloscd leoses and slivers in subjacent
Nikolai Greenstons in southeastern part of quadrangle.
Locally contains moderately abundant Late Triassic
megafossils and microfossils (Table 1 of Nokleberg and
others (1992), localities 78, 79, 111-119).

Nikolal Greepstone (Late Triassic) (Unit of
Rohn, 1900)—Similar to Nikolal Greenstone in
Tangle subterrane, Chiefly massive dark-gray-green,
dark-gray-brown, reddish-brown, and maroon-gray
subaerial, amygdsloidal basalt flows separated locally
by thin beds of reddish-brown nonmarine volcaniclastc
racks. Defined predominantly from intermixed aa aod
pahochoe flows with individual flow units ranging from
a few centimeters to more than 15 m thick.
generally marked by discontinuous conglomerate-
breccia, with fragments of basalt, and underlyipg
sedimentary rocks. Shale and chert occur interlayered
with greemstone in sparse exposures in south-central
part of the quadrangle. Chiefly interbedded black
carbonaceous shale, gray thin-bedded argillite, light-
colored chert, and light-gray limestone with minor gray
siltstone and conglomerate (Richter and others, 1977).
Approximately 1,500 m thick

Common relict igneous texturcs in greenstones,
generally fine-grained ophitic 1o Intergranular, Jocally
grading to porphyridc, and glomeroporphyritic with a
felty groundmass of plagioclase mijcrolites. Relict
igneous minerals are clinopyroxenc, plagioclase, and
magnetite and very sparse olivine. Local undelose
extinction in plagloclase and clinopyroxeoe. Locally
resorbed plagioclase. Amygdules op to 6 mm across
filled by calcite, chtorite, epidote, quartz, and(or)
zeolite.

Unit pervasively metamorphosed to lower
greenschist facies. Metamorphic minerals are chlorite,
epidote, quartz, tsericite, caleite, and actinolite.
Clinopyroxene partially replaced by actinolite,
epidote, and chlorite; plagioclese by epidote, sericite,
and chlarite. Olivine partially scrpontinized. Rare

metamorphic prebnile and pumpellyite. - Locally weakly |

schistose. Sparse quartz velns, Locsl abundant
pervasive epidote apd chlorile alteration associated
with regional metamorpbism. Amygdules filled by
chalcopyrite, bornite, malachite, and(or) azvrite in
arcas of pervasive epidote~chlorits alteration. -

Unit widely distributed between the Denali and
Eureka Creek faults in the south-central and
southeastern part of the quadrangle. Disconformably

Base .
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overlies the Eagle Creek Formation (Pe); overlain by
Upper Triagsic limestone (Trl). Contains Middle or Late
Triassic fossils in the Tangle subterrane, described
below. Jo southeastern part of quadrangle, unit locally
composed of Middle Triassic shale, limestone, and
chert, up to 40 m thick (Richter and others, 1977), tao
small to depict on map.

Eagle Creek Formatlon (Early Permian)
(Unlt of Richter and Dutro, 1975)—Occurs in
southeastarn and south-central parts of quadrangle.
Disconformably overlies the Slana Spur Formation.
Abundant mega- and microfossils, mainly brachiopods,
corals, and foraminifers, indicating an Early Permian
age (Table I of Nokicberg and others (1992), localities
17-51, 73-74, 80-84, 87-94, 96-106, 109-110).
Correlative with the limestone of Hasen Creek
Formadon of Skolsi Group in southern Wrangell
Mountaing (MacKevett, 1978).

Chiefly conformable sequence of alternating
marine argillite and limestoas. In south-centrat part of
quadrangle, east of Gulkana Glacier, consists of a lower
limestone member composed of calcilutite, calcarenite,
and calcirudite, and an upper member of argillite (Bond,
1976). Bioclastic material composed of a
beterogeneous mixture of coral, bryozoan, brachiopod,
echinoid, crinoid, fusulinid, and algal(?) fragments
(Bond, 1976; Richter aod Dutro, 1975). Fine- to
medium-grained. Thin- 0 medium-bedded. Local planar
cross-bedding {o limestone. Limestones deposited in
shallow water at or near wave base (Bond, 1976). Upper
part of umit grades into thin (less than 40 m thick)
radjolarian chert, shale, and limestone (Richter and
others, 1977) of Permian age (N. J. Silberling, written
commun., 1981). In ecasterm part of quadrangle,
differentiated iato two limestone and two argillite
moembers, described below (Richter and others, 1977).
Disconformably overlain by Nikolai Greenstone;
conformably overlies the Slana Spur Formation.
Thlckness approximately 900 m. In southeastern part
of quadrangle, subdivided by Ricbter and others (1977)
into four members:

Upper argiltlite member, chiefly thin-bedded and
dark-gray with thin lenses and laminae of gray siltstone
and mijnor bioclastic limestons, calcareous siltstone,
and pyritic sandstone. Locally cootains a thin (0 to 40
m) upper unit of shale, limestone, and chert. Thickness
about 125 m.

Upper limestone member, chiefly thin-bedded gray
and siliceous. Locally weathers ocherous yellow-
orange.  Contains thin argillite interbeds and
discontinuous lenses of massive light-gray-weathering
limestone as much as 50 m thick. Argillite content
increases In lower part of member. Locally
metamorphosed to a conspicuous white, crystalline,
granoblastic marble. Thickaess probably ranges
between 75 and 150 m.

Lower arglllitc member, chiefly thin-bedded, dark-
gray, sbaley argillite, and gray-green, locally
calcareous siltstones. Also contains subordinate dark-
gray bioclastic limestone (bryozoan biostromes), and
thin-bedded gray limestone. Gray limestone increases
in abundance in upper part of member, forming a
ribboned upit thet grades into limestone-argillite beds
of upper limestone member. Locally cut by a number of
irregular intrusive masses, dikes, and sills of
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equigranuler gabbro and porphyritic diorite. Thickness
approximately 400 m.

Lower limestone member, chiefly massive to thin-
bedded gray limestone. Locally contains nodules and

lenses of black snd Ughbt-gray chert.: Also contains -

subordinate beds of dark-gray calcareous, volcanic
graywacke, sapdstone, and siltstone, and clastic
limestone. Clastic beds generally praded and locally

cross bedded. Gabbro sills, some as much as 25 m thick, .
relatively numerous. Thickness approximately 275 m. .

Argillite composed mainly of relict clagtic quartz,
lesser plagioclass, and sparse hornblende in a
recrystsllized, variable matrix of chlorite, epidote-
clinozoisite, sericite, actinolite, sphene, opaque
minerals, and sparse biotite and gammet. Schistose
argillite defined by alignment of sericite and elongate
mineral grains.

Limestonc composed mainly of detrital calcite with
lesser quartz and plagioclase. Metamorphic minerals
are chlorite, sericite, white mica, zeolites, and opaque
miperals. Locally recrystallized calcite. Local
bioclagtic material roplaced by zeolites.

Calcareous volcanic graywacke composed mainly
of relict clasts of carbonate, twinned and zoned
plagioclase, and sparse K-feldspar and quartz, up to 2
mm, in 2 recrystallized matrix of very fine-grained
carbonate, epidote, white mica, chlorite, opaque
minerals, and clay(?) minerals. Local fractures filled by
iron oxide, carbonate, and zeolites.

Volcanjc sandstone composed mainly of rounded to
subangular relict clasts of twinned plagioclase and

minor quertz jn 8 recrystallized matrix of chlorite,-

carbonate, and lesser white mica, epidote, and opaque
minerals.

Local schistose siltstone composed mainly of
cquidimensionsl to . slightly elongate
porphyroclasts up t0 0.6 mm Jong in matrix of aligned
white mica, fine opaque stringers, and lenticular patches
of cblorte and white mica. Minor minerals are epidote-
clinozolsite, actinolite, biotite, and garnet.

Unit metamorphosed mainly to greenschist facies.
Diagnostic minerals are cblorite, epidote-clinozoisite,
actinolite, white mica, and sparse biotite and garnet.
Plagioclase partially replaced by white mica, saussurite,
epidote-clinozoisite, and clay minerals; hornblende by
chlorite and actinolits; biotite by chlorite.

Shallow-level Intrusive stocks, dikes, sills,
and small plutons (Early Permian?)—Sparse to
locally abundant andesite, and lesser dacite and
rbyolite, stocks, sills, and dikes that intrude the Slana
Spur Pormation and Tetelna Volcamics. Unit occurs
masjaly in the south-central and southeastern parts of
the gosdrangle. Only larger bodies shown on geologic
map.
Medlum-gray, fine- to medinm-grained dacite
porphyry composed of euhedral to anhedral, variably
resorbed quartz pbeoocrysts, up to 5 mm across,
twinped and zoned plagioclase, and minor K-feldspar
phenocrysts and glomerocrysts, up to 3 mm across, in a
very fine-grained groundmass composed predominantly
of granoblastic quartz and feldspar. Weathers pale-
ycllow,

Dask-gray-green aandesite porphyry composed of
locally abundant twinned and zoned plagioclase
pbenocrysts and glomerocrysts np to 5 mm long and

quartz.
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'59-63, 65-69, 71-72, 76, 86, 107-108).

local relict hornblende phenocrysts, up 0 2 mm long,
in a groundmass composed predominantly of chlorite
and locally sparse to felty plagioclase microlites
weathers orange. Minor minerals are quartz, biotite,
opaque minerals, and rare clinopyroxese.. Local relict
hypautomorphic granular texture. Sparse amygdules
filled with calcite, chlorite, and quartz,

Granoblastic overprint metaworphic texture with
local weak schistosity. Metamorphosed to lower
greenschist facies. Diagnostic mioerals are chlorite,
epidote-clinozoisite, actinolite, sericite, and calcite,
Plagioclase partially replaced by variable combinatons
of saussurite, sericite, epidota-clinozoisite, snd calcite;
K-feldspar by sericite, epidote-clinozoisite and calcite;
hornblende by chlorite and actinolite; biotite by
chlorite; clinopyroxenc by chlorite and eopidote-
clinozoisite.

Locally intensely, bydrothermally altered to very
fine-grained aggregates of sericite, chlorile, spidote,
actinolite, albite, potassinm feldspar, montmorillonite,
kaolinite(?), and calcite. Local disscminated sulfide
minerals and sparse quartz-sulfide mineral veins.
Svlfide minerals are pyrite, chalcopyrits, and
sphalerite. Local intense iron-staining from
weathering of accessory iron-sulphide minerals.

The shallow-level intrusive rocks occur in the
Slana Spur Formation and Tetelna Volcanics, but not in
the younger, Lower Permian Eagle Creek Formation;
interpreted as co-magmatic with volcanic rocks of the
Slana Spur Formation and of Early Permian (?) age

Slana Spur Formation (Early Permlan to
Middle Pennsylvanian) (Unit of Richter and
Dutro, 1975)—Chiefly a thick sequence of marine
calcareous and noncalcareous volcaniclaste rocks and
legser limestone, tuff, and volcapic breccia. Occurs in
the southeastern and south-central parts of the
quadrangle. Ages of mecgafossils end microfossils in
both members of formation, maioly brachiopods,
corals, and foraminifers, range from Middle
Pennsylvanian through Early Permiao (Table 1 of
Nokleberg and others (1992), lecalities 13-16, 52-57,
A K-Ar
hornblende isotopic analysis of a weakly
metamorphosed mafic nodule in the Slana Spur
Pormation yields an age of 94.4 Ma (Table 2 of
Nokleberg and others (1992), locality 82), and may
represent the age of the low-grade regional
metamorphism of the Wrangellia terrane. Unit
correlative with volcaniclastic member of Station
Creek Formation of Skolai Group in soutbern Wrangell
Mountains (MacKevett, 1978).  Disconformably
overlies Tetelna Volcanics. Chiefly andesite (uff,
flows, and breccia, and volcemic-rich sedimentary rocks
including mudstone, sandstone, graywacke, and
conglomerate, and locally fossiliferous limestone.
Thickness 700 to 1,400 m.

Highly sheared adjaccot to the Broxson Gulch
thrust. General weak granoblastic texture with local
weak schistosity, Lower greenschlst facles
metamorphism defined by fine-graived granoblastic
occurrence of chlorite, epidote-clinozoisite, actinolite,
white mica, and calcite throughout unit. Plagioclese
and K-feldspar partially replaced by white mica,
epidote, saussurite, and calcite; hornblende by chlorite,
epidote, and actinolite. Variably strained, fractured,
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and grapulated quartz and feldspar and beot mica. Local
relict hydrothermal alteration and Pe-staining adjecent
to shallow-level intrusive rocks. Hydrothermal
alteration defined by very fine.grained aggregates of
epidote, chlorite, actinolite, albite, X-feldspar, calcite,
and sericite. Locally divided into:

Calcareous volceniclastic rocks member—
Predominantly gray-green, clastic, locally
fossiliferous limestone and marble, and gray-preen,
coarse-grained, calcareous volcanic sandstone.
Tacludes minor volcanic cooglomerate, light-gray-
green lapilli tff, and andogits. Clastic rocks generally
contain sngular 1o subangular clasts, bave abundant
graded bedding, abundant contorted stratification,
slump structures; poorly sorted. Volcaniclastic rocks
contain abundant andesitic, decitic and pumice rock
fragments, with relict pyroclastic, pilotaxitic,
trachytic, scoriaceous, and glassy textures, Thickness
350 to 450 m.

Limestone to marble composed of calcite with
minor quartz, plagloclase, and ssricite. Local skarm,
developed in lenses vp to 1 m thick along diabase-
marble contact, composed of fine~ to medium-grained,
schistose calcite and minor epidote, hormblende,
wollastonite, garael, and clinopyroxene.

Volcanic sandstone composed of fine-grained,
ronnded to subanguiar clasts of twinned and zoned
plagioclase and minor quartz in matrix predominantly
of chlorite. Authigenic analcite replaces and cements
clasts in some calcareous sandstone.

Calcareous volcenic graywsacke composed of
abundant twinned and zoned plagioclase clasts op to 1.5
mm long in 2 fine-grained, sparsely fossiliferous matrix
of caleite and minor cpidote and whito mice. Presence

of graded bedding, poor sorting, and gslump structures .

indicates sedimentary - and volcaniclastic strata
deposited from turbidity currents in a low-energy
environment below wave base located near active
volcanic vents (Bond, 1973, 1976),

Andesite hax intergraoular to ophitic porphyritic
texture, Composed of twinned and zoned plagioclase
phenocrysts locally resorbed and sparse glomerocrysts
np to 3.5 mm long, and locally, hornbiende
phenocrysts, up to 2 mm long, in a fine-grained to felty
groundmass of plagioclase. quartz, and white mica.
Locally amygdules filed with clinozoisite and chlorite,

Andesite tuff composed of angular to subangular
plagioclase fragmenis in matrix predominantly of clay
minerals, opaque minerals, and locally abundant calcite.
Hornblende(7) completely replaced by chlorite.

Diabase composed of fine-grained plagioclase and
clinopyroxene and minor opaque minerals, chlorite, and
epidote. Relict minerals are plagioclass amd sparse
horoblende, quartz, clioopyroxene, and opaque
minerals, Metamorphic minerals sre chlorite, epidote,
calcite, and white mica.

Dacitic to rhyodscitic ash to lapilli tuffs green to
gray, mainly broken plagioclase, quartz, K-feldspar,
and lithic fragments jn meatrix of very fine-grained
aggregate of quartz, feldsgpar, cblorite, and locally
leucoxene. Plagioclase comumonly twinned. Pumice
fragments preserved as Lrregular platelets apd disks of
chlorite with porous or tubular texture. Lithic
fragments angular; composed of a variety of volcanic
rocks exhibiting porpbyritic, trachytic, pilotaxitic,
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glassy, microvesicular, and scoriaceous textures.
Locally stratified due to varjation in grain size, color,
and grading. Local normal and double grading. A 200-
m-thick, vnstratified lapilli tuff, in the northwest A-3
quadraengle, exhibits distinctive large aerial extent, lack
of K-feldspar, and coarse pumice fragments ranging
from less that 1 ¢m to nesrly I m long (Bond, 1976).

Green to grayish green debris flow deposits
composed of poorly sorted angular fragments, from 5 to
20 cm scross and locally inbricate, in a matrix of sand,
silt, and mud. Angular fragments composed of volcanic
rock fragments, plagioclase, quartz, and fossil debris.
Matrix mainly microcrystalline quartz, fine chlorite,
and(or) sericite, and leucoxene. Individual beds range in
thickness from a few cm to about 18 m. Upper parts of
beds often graded, with thin, laminated tops (Bond,
1976).

Gray, brown, or green, poorly sorted gandstone and
graywacke beds, from 2 cm. to over 1 m thick;
interbedded with subordingte, massive or laminated,
silty claystones from a few joches to several feet thick.
Beds graded but lack internal current features such as
crossbedding, convoluted bedding, parallel lamination,
or ripple-drift [amination. Grain size ranges from
pebbles to fine gand. Clasts mainly sngular to
subangular. Clasts composed of andesitic(?) fragments,
plagioclasc. and quartz, Volcanic rock fragments
exhibit pyroclastic, pilotaxitic, trachytic, glassy, and
sparse scoriaceous and pumiceous textures. Matrix
chiefly a dark, microcsystalline aggregate of chlorite
and leucoxene and minor amounts of quartz and feldspar
(Bond, 1976).

Unit metamorphosed to lower greemschist facjes.
Well exposed in tho south-central and southeastern part
of the quadrangle, south of the Denali fanlt and Broxson
Gulch thrust, and north of the Eureka Creek faglt
Underlies Bagle Creek Formation (Ps). Overlies
volcaniclastic rocks member (IPsl)

Voleaniclastic rocks member—Dark-gray, dark-
green, and maroon volcanic and volcaniclastic rocks.
Chiefly volcanic flows interpedded with lapilli mff,
volcanic breccla, graywacks, argillite, and limestone to
marble. Local massive to bedded conglomerate,
graywacke, and siltstone. Volcaniclastic rocks contain
abundant volcenic rock fragments and relict pumice,
exhibiting trachytic, scoriaceous, and relict glassy
textures. Lbmestope to marble lenses, as much as 25 m
thick, mainly gray thin- to medium-bedded locally
voleanic-rich limestone. Local gra bedding in
volcaniclastic rocks. Presence of graded bedding in
voleaniclastic rocks and fossll fragments in volcanic
breccias indicate volcaniclastic and volcanic rocks
deposited on sea floor as blanket deposits around
volcanic vents (Bood, 1973, 1976). Thickness 300 to
950 m.

Lepilli tuff composed of crystals and crystal
fregments of quartz, plagioclase, and K-feldspar(?) up to
3 mm acrosgs, and lithic volcanic rock fragments up to 9
mm 8cross and lesser microcrystalline quartz fragments.
Matrix mainly chlorite and minor sericite, calcite, and
opaque minerals.

Andesitic flows composed mainly of phenccrysts
and sparse glomerocrysts of zoned and twinmed
plagioclase, up to 4 mm long, in groundmass of very
fine-grained quartz, chlorite, epidote, sericite, and
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opaque minerals. Voleanic textures range from
hypautomorphic granular to porphyritic. Sparse to
abundant plagioclase microlites form local pilotaxitic
to felty groundmass textures. Phenocrysts of

hornblende and biotite, up to 1 mm long, occur locally, .

Quartz phenocrysts, up to 6 mm across, with resorbed
outlines in dacite,

Basaltic flows composed of clinopyroxene and
sparse hornblende phenocrysts, up to 1.8 mm, scross in
trachytic groundmass of calcic plagioctase. Local
amygdules filled with quartz amd chlorite. Relict
igneous minerals are plagioclase, hornblende,
clinopyroxene, and biotite. Metamorphic minerals are
quartz, chlorite, epidote, sericite, calcite, and opaque
minerals,

Volcanic graywacke composed of rounded to
subangular relict clastic plagioclase, quartz, and sparse
K-feldspar in a very fine-grained, largely recrystallized
matrix of chlorite, feldspar, quartz, white mica,
carbonate, and clay. Locally caleite-rich. Local
resorbed outlines on quartz clasts. Relict volcanic
plagioclase commonly twinned and 2oned.

Argpillite composed of variable combinations of
very fine-grained, angular to subangular quartz,
plagioclase, and K-feldspar in a recrystallized matrix of
calcite, white mica, chlorite, epidote, and opaque
minerals. Local abundant calcite veins. Weak
schistosity defined by aligned mica and elongate opaque
minerals,

Limestone composed of fine-grained calcite with
minor quartz, white mica, chlorite and opaque minerals,
Locally grades into medium- to coarse-grained light
gray to white marble. Locally contains volcanic clasts,
up to 5 mm across, composed of quartz and plagioclase.
Local carbonaceous coating on calcite grains. Local
veins . of coarser-grained calcite and sparse quartz.
Locally metasomatized to sulfide-silicate skarn adjacent
o shallow intrusive rocks. Local disseminations and
pods of sulfide minerals, mainly pyrite, chalcopyrite,
bornite, and sphalerite.

Unit metamorphosed to lower greenschist facies.
Well exposed in the south-central and southeastern part
of the quadrangle, soath of the Depali fault and Broxson
Gulch thrust, and north of the Eureka Creek fault
Overlies Tetelna Volcanics ([Pt)

Tetelva Volcanics (Pennsylvanjan) (Unit of
Mendenhall, 1905)—Chiefly dark-green, dark-
gray-green, and purplish-gray-green volcanic flows,
mud and debris avalanches, locally graded, and lapilli-
pumicd tuffs interbedded with fine- to coarse-grained
volcaniclastic rocks. Volcaaic flows generally massive
and porphyritic. Thickness greater than 1,000 m. Base
not exposed.

Volcanic flows, mainly andegite, composed of
phenocrysts and glomerocrysts of twinned and zoned
plagioclase and local hormnblende, up to 4 mm long, in a
fine-grained groundmass of chlorite, epidote, felty
plagioclase microlites, and sparse microphenocrysts of

clnopyroxene. Local amygdules filled with chlorite.
Relict minerals are plagioclase, harnblende,
clinopyroxene, and sparse quartz, Metamorphic

minerals are quartz, actigolite, epidote-clinozoisite,
sericite, calcite, and opagque minerals. Tuffs contain
pumice and andesitic lithic fragments from millimeters
to tens of centimeters across.
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Unit metamorphosed to lower greenschist facles.
Diagnostic minerals are chiorite, epidote-clinozoisite,
actinolite, sericite, and calcite. Plagioclase replaced by
epidote, sericite, calcite, and sanssurite; hornblende by
chlorite and actinolite: clinopyroxene by epidote and
actinolite. Weak granoblastic metamorphic texture
with varlably strained and fractured quartz, plagioclase,
homnblende, and clinopyroxene.

Unit occurs malnly in the southeastern coruer of
the quadrangle in scattered outerops up to 3 km across.
Underlies Slana Spur Formation (PPsl). Interpreted to
be of Pennsylvanian age because of occurring
stratigraphically beneath, and containing volcanic
rocks lithologically similar to those in the Slana Spur
Formation (Richter, 1976; Richter and others, 1977).
Correlative with the volcanic flows member of the
Statton Creck Formation of the Skolai Group in the
southern Wrangell Mountains (MacKevett, 1978)

Granitic platons south of Denall fauvlt
(Pennsylvanlan)—Chiefly granite. Generally
mediom-grained, hypantomorphic granular texture,
locally porphyritic. Composed of euhedral to subhedral
phenocrysts of K-feldspar up to 5.0 mm, with sparse
inclusions of plagioclase and biotite, in a groundmass
of quartz, K-feldspar, plagioclase, biotite, sparse
opaque minerals and rare zircon. Slight alteration of
plagioclase to sericite; biotite to chlorite. Complex
twinning and zoning in plagioclase and moderately
undulose quartz. Metamorphosed to lower greenschist
facies; diagnostic minerals are chlorite, actinolite, and
sericite. Occurs In lsolated outcrops west of the
Chistochina River in the A-2 quadrangle.

U-Pb zircon isotopic analysis yields an age of 309
Ma (Table 2 of Nokleberg and others (1992), locality
79); interpreted as intrusive age. Unit probably
northwest extension of the Penmnsylvanian Ahtell
pluton in the northwestern Gulkana quadrangle (Richter,
1966; Beard and Barker, 1989). K-Ar hornblende
isotopic analysis of Lthe granodiorite at Rainbow
Mountsin in B-4 quadrangle yields a value of 326 Ma
(Table 2 of Nokleberg and others (1992), locality 76).
This value, if correct, would be a Late Mississipplan
age, and would be older than the surrounding wallrocks
of the Slana Spur Formation. However, the isotopic
analysis’-may be erroneous, and the granitic pluton
could be younger

TANGLE SUBTERRANE
SOUTH OF EUREKA CREEK FAULT AND NORTH OF
PAXSON LAKE FAULT

The Tangle subterrane (Noklieberg and others,
1982b, 1985) comsists mainly of a relatively thin
sequence of Upper Paleozolc and lower Trlassic
sedimentary and tuffaceous rocks, and a relatively thick
sequence of unconformably overlying pillow basalt and
subaerial basalt flows of the Triassic Nikolal
Greenstone and Jocally overlying limestone. The
Tangle sgubterrane includes the Amphitheates Group of
Smith (1974), Stout (1976), and Silberling aad others
(1981).

Limestone (Late Trlassic)—Fine- to medium-
grained, medium- (o massive-bedded. Generally
composed of calcite clasts in a very fine-grained matrix
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of calcite and mivcor quartz. Moderately (o highly
recrystallized. Locally weakly schistose. Contains
irregular veins of fine-gralned gquartz. Commonly
veined by coarsely crystalline calcite. Locally
extensively metasomatized along veing to
hedeabergite-garnet skarn. Major minerals in skarn of
calcite, wollastonite, bedenbergite, and garnet; minor
minerals are sctinolite, plagioclase, and chlorite.
Bxposed .in one locality, faulted against the Nikolai

- Greenstone and unit gre3 in southwestern part of the

quadrangle. Maximum exposed thickness of scveral
bundred m.

Ugit contains Late Triassic cephalopods and
pelecypods (Table 1 of Nokleberg and others (1992),
localities 120, 123). To the west in the southeastern
part of the Healy quadrangle, similar limestone layers
within the basal member of the Nikolai Greenstone
contain megafossils and microfossils also of Late

Triassic age (Csejtey and others, 1992)

Nikolaj Greenstone (Late Trlassic) (Unit
of Robn, 1960)—Unconformably overlies aquagene
tuff, argillite, llmestone, chert, andesite tuff, and
greenstone (Pzt). Divided into:

Subaerial basalt flows member—Similar to
Nikolai Greenstone in Slana River subterrane. Chiefly
dark gray-green, gray, purple, black, or brown, massive
amygdaloidal basalt flows lithologically similar to
Nikolai Greenstone in Slana River subterrane. PFine- to
medium-grained. Includes sparse basaltic breccia and
basaltlc aquagene tuff. Sparse limestone, siltstone,
shale, and chert occur in south-central part of
quadrangle, southeast of Summit Lake. As mapped,
includes rocks assigned to Boulder Creek Volcanics and
Paxson Mountain Basalt by Stout (1976). Maximum
exposed stratigraphic thickness greater than 4,350 m.
top eroded.

Basalt flows composed of local phenocrysts and
glomerocrysts of complexly twinped and zoned
plagioclase, up to 7 mm long (average 1 to 2 mm), in a
relict ophitic to intergragular groundmass of
plagioclase microlites, hornblende, clinopyroxene,
ilmenite, magnetite, and very fine-grained chlorite and
opaque minerals. Local, very fine-grained hematite or
limonite in the groundmass impart the maroon color.
Locally cootalns concentrically zoned amygdules filled
with epidote, calcite, chlorite quartz, zeolites, and
occasionally Cu-sulfides. Layers of amygdaloidal
concentrations parallel primary layering. Amygdules
locally stretched paralle]l to flow direction.

Unit metamorphosed to lower greenschist facies.
Generally weak pgrapoblastic texture superposed on
relict ophitic, intergranular, and diabasic textures;
Jocally schistose. Locally mylonitic.  Variably
fractured and granulated quartz and feldspar. Diagnostic
metamorphic minerals are chlorite, epidote-
clinozoisite, actinolite, white mics, and rare prehnite
and pumpellylte. Plagioclase replaced by white mica,
epidote, sericite, calcite, and saussurite; hormblende by
chlorite and actinalite; clinopyroxene by chlorite,
actinolite, and epidote. Sparse to locally abundant
quartz veing up to 30 m thick, composed of minor
chlorite, epldote-clinozoisite, calcite, pyrite,
chalcopyrite, borpite, and malachite.
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Unit well exposed in the southwedtern part of the
quadrangle. Faulted sgainst Slana Spur Formation along
the Eureka Creek fault and against the Maclaren Glacier
metamorphic belt of the Maclaren teyranc along the
Broxson Gulch thrust

Ptllow basalt flows member—Chiefly
interlayered dark gray-green pillow basgalt flows, and
minor basalt flow breccia, aguagene and epiclastic tuff,
breccia, argillite, and radiolarian chert; eguivalent
pillowed andesite flows form upper part of Tangle Lakes
Formation of Stout (1976). Thickness about 1,020 m.

Pillow basalis exhibit relict ophitic, subophitic,
and intergranular textures. Locally porphyritic.
Composed of relict plagioclase, hornblende, and
clinopyroxene phenocrysts, from 2 to 7 mm long, ip
chlorite-rich gronndmass. Relict igneous minerals are
plagioclase, hornblende, and clinopyroxene. Glassy
pilow rims replaced by very fine-grained chlorite,
actinolite, plagioclase, and epidote. Plagioclase
phenocrysts complexly twinned and zoped. Contains
amygdules filled by calcite, chlorite, epldote, guartz,
zeolites, and sparse Cu-sulfides. Sparse concentric
zonting in amygdules.

Aquagene tuff composed of relict pillow rind
fragments containing microlites of plagloclase and
clinopyroxene. Glass-rich pillow rinds replaced by
very fine-grained chlorite, actinolite, feldspar, and
epidote.

Epiclastic tuff compased of thin layers, 1 to 3 mm
thick, of well sorted, very fine-grained plagioclase and
clinopyroxene, extensively.replaced by epidote,
chlorite, and actinolite.

Volcanic breccia, interbedded with finer-grained
tuffs, composed of angular clasts in a light- to dark-
green aphanitic matrix. Fragments, average a few
inches across and up to 3 feet in diameter; composed of -
siliceous tuffs, andesite flow rocks, other breccias, and
rare tuffaceous limestone (Stout, 1976).

Argillite composed of very fine-grained schistose
aggregates of plagioclase, calclite, graphite, and sparse
chlorite, sericite, and opaque minerals, Locally finely
Jaminated and calcite-rich.

Gray radiolasian chert composed of grancblastic
aggregates of very fine-grained quartz and sparse
sericite, chlorite, calcite, epidote, and opaque minerals
and with very sparse highly recrystallized radiolaria.

Unit metamorphosed to lower greenschist facies.
Generally weak granoblastic texture superposed on
relict igneous textures: locally schistose, Variably
fractured and granulated. Diagnostic minerals in mafic
lithologies of chlorite, epidote~clinozoisite, actinolite,
white mica, and graphite. Plagioclase partially replaced
by epidote, saussurite, and white mice; homblende and
clinopyroxene by chlorite and actinolite.

Unit well exposed in the southwestern part of the
quadrangle. Faulted against Slana River subterrane
along the Eureka Creek fault and against the Maclaren
Glacler metamorphic belt of the Maclaren terrane along
the Broxson Guich thrust. Underlies subaerial piliow
basalt flows member (Trnf).

Sparge layers and lenses of argillite from small hill
one locality yield very sparse Middie or Late Triassic
Daonella or Halobia (Table 1 of Nokleberg and others
(1992), loculity 124). Late Triassic fossils occur in
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same unit to west in southeastern Healy quadrangle
(Csejtey and others, 1992)

Aquagene tuff, argillite, llmestone, chert,
andesite - tuff, and . grecnstone ' (late
Paleozolc) (Umit of Nokleberg and others
(1982)—Chiefly andesite flows, mud and debrls
avalanche deposits, and tuff interbedded with fine- to
coarse-grained volcaniclastic rocks... Contains lesser
interlayered basaltic aguagene twff, gray-green andesite
tuff, gray-green basalt, dark-gray siliceous argillite,
light-gray to white calcite, limestone, aad marble, and
red and black chert. Thickness greater than 875 m: base
not exposed.

Aquagene tuff composed of fine- to medium-grained
fragments of pillow rinds and basall up to 7 mm scross.
Highly altered to very fine-grained aggregates of
cblorite, plagioclase, actinolite, graphite, and sericite,
Local abundant fine-grained quartz fragments,

Light to dark-gray andesite wff composed of gparge
to abundant plagioclase phenocrysts and crystal
fragments, up to 2 mm long. in a very fine-grained
granoblastic matrix of actinolite, chlorite, and epidote.
Local homblende phenocrysts. Local felty groundmass
composed of plagioclase microlites. Minor zircon and
opaque minerals.

Basalt composed of fins-grained opbitic
plagioclase and clinopyroxone partly recrystallized to
granoblastic epidote, chlorite, actinolite, and sericite.
Local clinopyroxene phenocrysts up to 2 mm long.
Local relict ophitic to intergranular texture.
Amygdaloidal. -
Metamorphic minerals are epidote, chlorite, actinolite,
sericite, calcite, and graphite. Generally thick-bedded
to massive.

-Argillite composed of sbundant, very fine-grained
clagtic plagioclase in a matrix composed either of
graphite, epidote, and chlorite, or graphite, quartz, and
clay. Very fine-grained. Locally tuffaceous.

Light-gray limestone and marble composed of
granoblastic to schistose sggregates of medivm-
grained caicite and sparse dolomite containiag local
chext nodules, thin chert beds, and minor quartz grains.

Calcareous siltstone composed of approximately
equal proportions of granoblastic to schistose calcite
and quartz.

Gray o green-gray chert composed of granoblastic
aggregates of very fine-grained quartz and sparse
gericite, chlorite, calcite, epidote, and opaque minerals
and very sparse highly reecrystallized radiolaria.
Solitary corals occur in limy chert.

Unit generally granoblastic; local weak
schistosity. Metamorphosed to lower greenschist
facies. Diagrostic minperals are chlorite, e¢pidote,
actinolite, white mica, and grapbite. Plagioclase
partially replaced by white mica; clinopyroxene and
horablende replaced by chlorite and actinolite.

Unit well exposed on east side of Maclarec River, .

in canyous in foothills to north of East Fork of Eureka
Creek, on north side of Amphitheater Mountains, and in
narrow canyons cutting foothills to northwest of
Wildhorse Creek. Underlies Nikolai Greenstope.
Locally folded. Intruded by extensive dikes of gabbro
and large sills of diabase and gabbro grading downward
into cumulate mafic and ultramafic rocks. Basal cait of
the Tangle subterrane. Bquivalent 10 middie and Jower

Sparse pillows . exposed at base. .
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parts of Tangle Lakes Formation of Stout (1976).
Sparse limestone lenses at one locality contain
fragments of late Paleozoic bryozoans (Table 1 of
Nokleberg and others (1992), locality 125). On strike
to the west in Talkeetna Mountains D-2 quadrangle,
correlative unit contains limestones with Early through
Late Permian conodonts (Kline and others, 1990)

- GULKANA RIVER TERRANE
SOUTH OF PAXSON LAKE FAULT

A small part of the Gnlkana River terrane, called
the metamorphic complex of Gulkane River by
Nokleberg and others (1986b), occurs in the south-
central part of the quadrangle, south of the Wrangellia
terrane. The Paxson lake fault separates the Gulkana
River and Wrangellia terranes. The metamorphic
complex of Gulkana River consists of massive to
weakly schistose, weakly metamorphosed bornblende
aodesite (mha). Samples of metaandesite were too low
in zirconium to warrant U-Pb zircon isotopic analysis.
The complex has been correlated with the Lithologically
gimilar Haley Creek metamorphic assemblage in the
porthern Valdez quadrangle to the southeast (Nokleberg
and others, 1989b; Plafker and others, 1989). Both
bave: (1) similar upper Paleozoic metavolcanic and
metssedimentary protoliths; (2) litholagically similar
saites of older schistose gabbro and diorite plutons and
younger schistose granitic plutons; (3) a similar Late
Jurassic K-Ar age of metamorphism and deformation;
and (4) = similar geologic history. The major
differences between the metamorphic complex of
Gulkana River and the Haley Creek metamorphic
assemblage are the more sbundant metasedimentary
rocks in the Haley Creek metamorphic assemblage, and
locally higher grade, synplutomic metamorphism for
the Haloy Creck metamorphic assemblage (Nokleberg
and others, 1989b).

The metasedimentary and metavoleanic rocks of
both the metamorphic complex of Gulkana River and
the Haley Creek metamorphic agsemblage are derived
from Early Pennsylvanian or clder gquartzofeldspathic,
pelitic, and calcareons marine sedimeatary rocks with
subordinate mafic and intermediate volcanic rocks that
are intruded by Pennsylvanmian and Late Jurassic
metaplutonic rocks (Nokleberg and otbers, 1989b;
Plafker and others, 1989b). Together, the metamorphic
complex of Gulkana River and the Haley Creek
wmetamorphic assemblage have been interpreted as the
southern and decper stratigraphic/structural levels of the
Wrangellia terrane (Plafker and others, 1989b). Data
supportipg this interpretation are: (1) the occurrence of
the metamorphic complex along the southern margin of
the Wrangellia terrane for several hundred kilometers;
and (2) the occurrence of the Pennsylvanien and
younger rocks of the Wrangellia terrane to the north and
generally structurally, if not stratigraphically above the
metamorphic complex.

Alternatively, the metamorphic complex of
Gulkana River may be a separate terrane juxtaposed
between the Wrangellia terrane to the north and the
Peninsular terrand to the south, The foltowing data
support this interpretation: (1) the metamorphic
complex contsins a penetrative fabric apd & higher--
grade of metamorphism than Wrangellia terrane. (2) the
metamorphic complex contains a suite of syntectonic,




two-mica granitic rocks thet do not occur in the
Wraogellia terrane. And (3) the upper Paleozoic rocks of
the Wrangellia terrane do not stratigraphically overly
the metamorpbic complex. Instead, the Paxson Lake
fault occurs between the metamorphic complex and
Wrangellla terrane. Additional studies are needed to
resolve these differing interpretations

Metamorphosed. bornblende andesite
Paleozoic?)~—Porphyritic. Composed of relict
hornblende phenoorysts, up to 4 mm long, in a
plagioclase microlite-rich groundmass of chlorite,
actinolite, quartz, and celcite. Minor relict
clinopyroxene occurs in groundmass. Amygdules filled
with epidote, calcite, quartz, and chiorite.

Metamorphosed mainly to lower greenschist
facies. Locally retrogressed to lower greenschist facies.
Plagioclase partially replaced by white mica and
epidote; hornblende by chlorite, actinolite, and
epidote. Metamorphic grade increases to lower
amphibolite facies in highly deformed aress adjacent to
metamorpbosed granitic and gabbroic plutons within
the Gulkana quadrangle to the south. Schistosity strikes
east-west and dips sieeply to vertically, parallel to
Paxson Lake fault. Locally intensely schistose. Local
mylonitic schist,

Unit occurs in several outcrops along the southern
A-4 and A-5 quadrangle boundaries. Faulted against
Tangle subterrane ajong concealed Paxson Lake fault.
Includes pre-Pennsylvanian(?) greeaschists and
amphibolites of Stout (1976). Faulted along northern
margin, Bstimated structural thickness of a few hundred
meters
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