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INTRODUCTION

This report describes, summarizes, and interprets all
known bedrock fossil and isotopic age studies for the Mount
Hayes quadrangle, eastern Alaska Range, Alaska. The
accompanying map shows the Jocstion of all known bedrock
fossil and isotopic sample localitics in the quadrangle on a
generalized geologic base map. These fossil and isotopic age
data are pbtained from new studies, unpublished data of the U.S.
Geological Survey, contributed unpublished data, and
published data. This report is one result of a five-year mineral-
resource assessment of the quadrangle that was done during the
summers of 1978 through 1982, with additional wpical studies
in 1985 and 1986. This report is one part of a folio on the
geological, geochemical, geophysical, and minecral-resource
assessment studies of the quadrangle prepared as part of the
Alaskan Mineral Resource Assessment Program (AMRAP) of
the U.S. Geological Servey.

The fossil studies determine \he ages of stratified units in
the quadrangle. The isotopi¢ age studies determine either the
ages of intrusion of plutonic rocks or the age of
metamorphism(s) for metamorphosed sedimentary, volcanic,
and plutonic vocks. These geochronologic data are important
for (1) dctermining the stratigraphy and geologic history of
bedrock units, (2) interpreting the age of formation of lode
mineyal deposits, and (3) interpreting the tectonic history of
the quadrangle and adjacent regjon,

The Mount Hayes quadrangle is in the eastern Alaska
Range that forms a great glacially sculptured arcuate mountain
wall extending spproximately 1,000 km from the Canadian
border on the east to the Alsutian Range on the west and
southwest. The eastern Alaska Range is characicrized by high
peaks ranging 10 over 4,180 m in elevation and spectacular
valley glaciers as long as 65 k. The range is bisected by the
Denali favlt thet is 2 major geologic and geogrsphic boundary
between the Yukon River basin in interior Alaska 1o the north
and the Copper River basin of southern Alaska to the south. To
the north, the bedrock geology is dominated by the Devonian
and older Yukoun-Tanana terrane, a complex of muliply
deformed and metamorphosed sedimentary, volcanic, and
plutonic rocks (Jones and others, 1987; Aleinikoff and
Nokleberg, 1985a, b; Nokleberg and Aleinikoff, 1985). To the
south, the bedrock geology is dominated by the Mesozoic
Maclaren and Paleozoic and Mesozoic Wrangellia terranes
(Jones and others, 1987, Nokieberg and others, 1982, 1985,
1989). A moderate number of mainly granitic and lesser
gabbroic plutons, chiefly of Mesozoic age, are found both
north and south of the Denali favlt, as well as major faulis or

sulures separating terranes, and younger Cenozoic fauhs that
are present chiefly within terranes.

In the last three decades, the Mount Hayes quadrangle has
been the focus of many bedrock geologic smdies. Bedrock
geologic maps were published by Holmes (1965), Pewe and
Holmes (1964), Rose (1965; 1966a, b; 1967), Rose and
Seunders (1965), Matteson (1973), Bond (1976), Stout (1976),
Richier and others (1977), and Nokleberg and others (1982).
The geologic base for this study is based partly on that
geology and to a greater degree on 1:63,360-scale geologic
mapping of the entire quadrangle that was'done for the minersl
resource assessment study of the area (Nokleberg and others,
1990).

Isotopic studics were published for parts of the quadrangle
by Holmes and Foster (1968), Kleist (1971), Matteson (1973),
Smith and Tumer (1973), Tumer and Smith (1974), Bound
(1976). Turmer and others (1980), Foley (1982, 1984),
Aleinikoff (1984), Aleinikoff and Nokleberg (1983, 1984,
19854, b), LeHuray and others (1985), Aleinikoff and others
(198}, 1984, 1986, 1987), Nokleberg and others (1985,
19863, 1989), and Wilson and others (1985).

Stratigraphic and structural studies were published by
Bond (1973, 1976), Richter and Dutro (1975), Stout (1976),
Noklcberg and others (1981a, b, ¢; 1983, 1985, 1986a, 1989),
and Nokleberg and Alcinikoff (1985).

Possil studies were 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), Richicr (1966), Wolfe
(1966, 1972), Rowett (1969a, b; 1975), Rowett and Timmer
(1973), Petacz (1970), Richter and Dutro (1975), Bond (1976),
Maueson, (1973), Swour (1976), Richter and others (1977),
Turmer and others ()980). Nokleberg and others (1982, 1985),
and Busch (1983).

An exploration gcochemistry survey of the ares was
published by Curtin and others (1989). A swdy of the mineral-
resource potential of the area has been published by Nokleberg
and others (1990). A study of the mines, mineral deposits, and
occurrences has been completed by Nokloberg and others
(1991). Summary sivdies of mineral deposits in and
metallogenesis of the Mount Hayes quadrangle were pubfished
by Nokleberg and others (1984) and Nokleberg and Lange
(1985). A geologic bibliography of the¢ Mount ‘Hayes quad-
vangle was published by Zehner and others (1980).



SUMMARY AND INTERPRETATION OF
AGE DATA NORTH OF DENALI FAULT

YUKON-TANANA TERRANE

The southern Yukon-Tanana tarrane is a major block of
crysialline rocks that is present north of the Denali fault. In
the castern Aluska Range, the upper structural and stratigraphic
slices of the southern Yukon-Tanans terrene are the Hayes
Glacier and Jarvis Creek Glacier subterranes (Nokleberg and
Aleinikoff, 1985; Nokleberg and others, 1989). These slices
are interpreted as the upper levels of a Devonian and
Mississippian igneous arc, the Jower levels of which are found
in the Macomb subterrane along the north flank of the Alaska
Range, and in the Lake George subterrane north of the Tanana
River (mep). The metasedimentary, metavofcanic, and
metaigneous rocks of thke southen Yukon-Tanana terrane are
multiply metamorphosed and deformed.

Lake George subtesrane

The Lake George subterrane (Aleinikoff and Nokleberg,
1985a, b; Nokleberg and Aleinikoff, 1985) is present in the
northeastern part of the quadrangle, and is composed of (1)
polydeformed, medium to coarse-grained, metasedimentary
rocks consisting of muscovite-quartz-biotite-gamet schist and
metaquartzite derived from quanz.rich to clay-rich ghale and
quartzite (1gs); (2) relatively younger, medium-grained,
gneissose grancdiorite and granite (Igr); and (3) still younger,
coarse-grained augen gneiss derived from granite and
granodiorite (lga). The metasedimentary rocks and
metamorphosed plutonic rocks are ductilely deformed and
regionally metamorphosed under conditions of the middle or
upper amphibolite facies into mylonitic schist and mylonitic
gneiss, and exhibit local retrogression to the lower
greenschist facies (Nokleberg and others, 1986a, 1989).

One U-Pb zircon isotopic analysis of meragranodiorite
(igr) yields an isotopic age of about 360 Ma (table 2, locality
4) indicating intrusion in the Late Devonian or Early
Mississippian, U-Pb zircon isotopic analysis of orthoaugen
gneiss (lga) in the Big Delta quadrangle about 50 km to the
north yields an isotopic age of 333 to 345 Ma (mid-
Mississippian) (Aleinikoff and others, 1986). A Rb-Sr minera}
isochron analysis of the metagranodiorite indicates regional
metamorphism and penetrative deformation of ths schistosc
minerals in this lithic unit a¢ 110 Ma (table 2, locality 4) in
the mid-Cretaceous.

The protwolith for the metasedimentary rocks of the Lake
George subterrane is relatively older than the Late Devonian
metagranodiorite, that is, Devonian or older. To the north in
the Big Delta quadrangle, U.Pb zircon analysis of a quartz-
feldspar-biotite schist, interpreted a3 a metatuff layer in me-
tasedunentery rocks of the Lake.George subterrane, yiefds an
isotopic age of 362 Ma or Lawe Devonian (Aleinikoff and
others, 1986).

Macombd sabterrane

The - Macomb subterrane (Aleinikoff and Nokleberg,
1985a; Nokleberg samd Aleinikoff, 1985) is found south of the
Lake George subterrane in the eastern part of the guadrangle.
The Macomb subterrane is composed of (1) older,
polydeformed, medium-grained pelitic schist, cale-schist, and
quartz-feldspac-biotite schist derived from shale, mar], and
sandstone (M8} of Devonian or older age; and (2) a suite of
relatively younger, shallow-level, fine- to medium-grained
gneissose granite, granodiorite, quanz diorite, and diorite (mg)
of Devonian age. The metasedimentary rocks and the
metamorphosed plutonic rocks are ductilely deformed and
regionally metamorphosed under conditions of the epidote-
amphibolite facies to upper greenschist facies inte mylonitic
schist (Nokleberg and others, 1986a).

U-Pb zircon isotopic analyses of samples of
metagranodiorite and metagranite are complicated Dby
inheritance of Proterozoic{?) cores and by post-emplacement
episodes of Pb-loss. Fine-grained fractions from 6 samples of
metaplutonic and metevolcanic rocks {orm a composite chord
with an upper intercept of 372 Ma (table 2, localites 7, 10)
and indicate intrusion in the Devonian. A Rb-Sr internal
isochron for the Devonian metagranodiorite indicates a
regional metamorphic event and penetrative deformation of the
schistose minerals in this lithic unit at 102 Ma (table 2,
locality 10) (recalculated from Nokleberg and others, 1986a).
The prowolith for the metasedimentary rocks of the Macomb
subterrane is relayively older than the Devonian metagranitic
rocks, that is, Middle Devanian or older.

Jarvis Creek Glacier subterrane

The Jarvis Creek Glacier subterrane (Aleinikoff and
Nokleberg, 1985a, Nokleberg and Aleinikoff, 1985) is found
across the northern pert of the quadrangle, south of the
Macomb subterrane., The Jarvis Creek Glacier sublerrane
consists of fine-grained, polydeformed schist derived from
Devonian or older sedimentary and volcanic rocks. This
subterrane is subdivided into three lithic units: (1) a
metasedimentary rocks wmit {jc8) rich in fine-grained me-
tasedimentary rocks with very minor metavolcenic racks; (2) a
metavaleanic rocks mnit (jev) rich in fine-grained metavoleanic
rocks with moderate amounts of fine-grained metasedimentary
rocks; and (3) an areally restricted unit of gneissic
granodiorile, diorite, and augen gneiss (Jeg) in the north.
centra) part of the quadrangie.

The metasedimentary rocks are almost totally
recrysiatlized and consist of varying proportions of pelitic
schist, quartzite, calc-schist, quartz-{cldspar schist, and
marble. Protoliths for these rocks consist of shale, quanz
sandstone, marl, sandsione, volcanic graywacke, and
limestone. The metavoleanic rocks consist of various
proportions of abundent metaandesite and meramorphosed
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quartz keratophyre, less abundant metadacite and metabasalt,
and very sparse metarhyodacite.

The metasedimentary rocks and metavoleanic racks units
are ductilely deformed and regionally metamorphosed under
conditions of the greenschist facies into mylonitic schist or
local phyllonite (Nokleberg and others, 1986a). Locelly. large
areas of upper greenschist-facies and lower amphibolite-facies
metamorphism are found in the northern pant of the Jarvis
Creck Glacier subterrane in the area south of Granite Mountain
and southeast of Donnelly Dome. The higher grade
metamorphic minerals 1o the north are progressively replaced
by lower grade metamorphic minerals to the south.

U-Ph zircon isotopic analysis of samples of metavolcanic
rocks {jev). locally interleyered with metasedimentary rocks,
plot on the composite chord that seggests an age of 372 Ma
(table 2, localities 12, 15, 28), and are interpreted 1o indicste
submarine exfrusion in the Devonian. On strike to the west in
the eastern Healy quadrangle, meiasedimentary rocks correlated
with the metasedimentary rocks unit of the Jarvis Creek Glacier
subterrane contain Devonian to Mississippian conodonts
(Sherwood and Craddock. 1979; Csejiey and others, 1986). U-
Pb isoclopic anmalysis of dewital zircons in quartzites in the
metasedimentary rocks unit (jcs) indicates the protolith was
derived in part from an Early Proterozoic source rock with ages
of 2.0 and 2.3 Ga (table 2, localities 22, 23} (Aleinikoff and
Nokleberg, 1985s; Aleinskoff and others, 1987).

U-Pb zircon isotopic analysis of a sampie of a smal) body
of augen gneiss intruding the Farvis Creek Glacier subterrane,
in the area southesst of Donnelly Dome, plots on the 372 Ma
composite chord (Table 2, locality 17) and indicates intrusion
in the Devonian, contemporaneously with extrusion of the
metavalcanic rocks.

Isotopic analyses of the schistose minerals in the
metasedimentary and metavolcanic rocks units indicate that
regional metamorphism and associated penetrative
deformation occurred in the Early to mid-Cretaceous. K-Ar
isotopic analysis of white mica yields isotopic ages of 106,
107, 118, and 115 Ma (table 2, localities 14, 16, 18, 20).
These isotopic ages are intorpreted as the age of
metamorphism, rather than as the age of later cooling, because
higher temperatars isotopic systems for higher grade rocks, in
the deepest structural levels of the Yukon-Tananz terrane to the
nocth, yield the same Early © mid-Cretaceous sges (Nokleberg
and others, 1989).

Hayes Glacier sublerrane

The Hayes Olacier subterzane (Alemnikoff and Nokleberg,
1985a, Nokleberg and Aleinikoff, 1985) is preseni across the
central part of the quadrangle, south of the Jarvis Creek Glacier
subterrane. The Hayes Glacier subterrane consists of fine-
grained, polydeformed phyllite, derived from Devonian or
older sedimentary and volcanic rocks, that can be subdivided
into two major lithic units: (1) a metasedimentary rocks unit
(hgs) with sparse metavolcanic rocks; and (2) a metavolcanic

rocks unit (hgv) with moderate 1o substantial amounts of
metasedimentary rocks. Rocks in both units are almost totally
recrystallized with few to no relict minerals.

In the castern part of the quadrangle, the metasedimentary
rocks Unit consists of various proportions of pelitic phyllite,
guartz-rich phyllite, quartz-feldspar phyllite, and minor cale-
phyllite and marble derived from shale, chert or less likely
quartz siltstone, volcanic graywacke, marl, and limestone, In
the western part of the quadrangle, the metasedimentary rocks
unit consists predominantly of polydeformed black to dark-
gray pelitic schist, quartz-mica schist and lesser quartzite, and
cale-schist derived from shale, quartz silistone and zandstone,
and marble. The melavoleanic rocks consist of various
proportions of abundant meta-andesite and metamorphosed
quartz keratophyre, and sparsc metpdacite and metabasalt. The
metasedimentary rocks and metavolcanic rocks units are
ductilely deformed and rcgionally metamorphosed under
conditions of the lower and middle greenschist facies inio
phylionite and blastomylonite (Nokleberg and others, 1986a).

U-Pb zircon isotopic analysis of 4 sample of metarhyolite
(hgv), interlaycred with metasedimentary rocks, plots on the
372-Ma composite chord (table 2, locality 32). Two other
samples of metavolcanic rocks (table 2, localities 34 and 36)
have comptex isotopic systematics but are probably the same
age as the metathyolite. These data are interpreted to indicate
submarine extrugion in the Middie Devanian. The age of the
interlaycred metasediraentary rocks is imerpreted to be Middle
Devonian or older.

No isotopic data are available on the age of
metamorphism of the metesedimentary and metavolcanic rocks
of the Hayes Glacier subterrane. A penetrative fabric similar to
that found in the Jarvis Creek Glacier subterrane, suggests an
equivalent Early 1o mid-Cretaceous age of metamorphism.

AURORA PEAK TERRANE

The Aurora Peak terrane (Nokleberg and others, 1985) is
found north of the Denali fault in the western part of the
quadrangte. This terrane consists of (1) metasedimentary rocks,
chiefly fine- 10 medium-grained and polydcformed calc-schist,
marble, quarizite, pelitic schist (as); and (2) lesser amounts of
relatively younger, regionally metamorphosed and
penewratively deformed granitic rocks (8g) consisting of
gneissose quartz dioritc, granodiorite, granite, and sparse
amphibolite derived from gabbro and diorite. Protoliths for the
metasedimentary rocks include marl, quartzite, and shale.

The Aurora Peak terrane was twice ductilely
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 (Wokleberg and others,
1985). The general paralielism of the schistosity in the
batholith with the Denali fault may suggest that
metamorphism and deformation of the batholith occurred
during feulting.



The age range of the protoliths of the metasedimentary
rocks is Sjlurian te Triassic as indicated from conodont
fragments of posi-Ordovician morphotype from one marble
body (table 1, locality 7). The mstasedimentary rocks may
correlate with a unit of weakly metamorphosed, calcareous
sedimentary rocks to the west in the Healy quadrangle that
containg Triassic conodonts (Brewer, 1982; Csejtey and
others, 1986).

U-Pb zircon isotopic amalysis of a metaquartz diorite
yields sn age of about 71 Ma (1able 2, locality 38), interprated
as indicating a Late Cretaceous sge of intrusion in the Aurora
Peak terrane. To the west in the east-central Healy quadrangle,
4047 3 Ar isotopie analysis of hornblende in correlative
(meta)granitic rocks yiclds an age of 106 Ma (locality 33 in
Csejtey and othezs, 1986).

K-Ar Isotopic analyses of schistose biotite and
homblende in mewgraniic rocks indicate either very young
metamarphism and essociated penetrative deformation, and
{or) uphft and cooling of the Aurora Peak terrane in the middle
Tertiary. K-Ar isotopic enalysis of biotite yields isotopic ages
of 18.2, 24.0, and 27.0 Ma (table 2, localities 37, 38). K-Ar
isotopic analysis of bornblende yields an isowpic age of 36.8
Ma (table 2, Jocality 37). Because of the presence of the Aurora
Peak terrane adjacent to the Denalt fault, these K-As isotopic
ages are interpreted as the age of uplift and cooling of the
Aurora Pesk terrane during its Cenozoic migration elorg the
Denali fault (Nokieberg and others, 1985, 1989),

WINDY TERRANE

The Windy ierrane (Jones and others, 1987; Nokleberg
and others, 1985) is found within branches of the Denali faul,
north of the Maclaren terrane, and south of the Aurora Peak and
Yukon-Tanana terranas. Unlike the adjacent terranes to the
north and the south, the Windy terrane exhibits mainly
sedimentary or volcanic rather then metamorphic textures and
structures in appropriate units, Relict sedimentary structures
include bedding, graded bedding, and crossbedding.

The Windy terrane 18 8 structural composite of two
assemblages. One assemblage consists fault-bounded lenses of
Cretaceous flysch and volcanic rocks consisting munly of
argillice, and weakly metamorphosed quartz-pebble silistone,
quarz sandstone, graywacke, conglomerate, and lesser gndesite
and dacite. This assemblage contains one known fragment of a
Cretaceous ammonite (table 1, locality 8). The ammonite
fregment was found in floal, but is derived from the claslic
sedimentary rocks (J.H. Stout, written comraun., 1976). The
other assemblage in the melange of the Windy terreme consists
of small {0 large, fault-bounded lenses of limestone and merl
that contein Silurian(?) and Devonian megafossils and
microfossils (table 1, localines 8, 9, 10, 11). Marble on
strike to the southeast in the Nabesna quadrangle contains
Middle Devonian rugose corals (Richser, 1976). A correlapve
unit of melange iy found on suike to the west in the Healy
quadrangie snd is considered 1o be the Windy terrane by Jones

and others (1982, 1987; Csejtey and others, 1986). Csejtey
and others (1986) divided this melange into three sheared and
intermixed units designated m, (sandstone, argillite, and
subordinate conglomercate), 1, (limestone), and um
(serpeatinized ultramafic rocks), Unit 1, yields Ordovician or
Devonian mollusks, brachiopods ard conodonts, Devonjan
crinoids and corals, Middle Devonian corals and
sttomatoporoids, late Middle Devonian conodonts, and Late
Triassic pelecypods and an ammonite(?). Unit m, yields
Mississippian and Jurassic radiolarians and Late Jurassic to
Late Cretaceous pelecypods.

The Windy terrane is singly deformed with a weak
schistosity that, along with parallel bedding, generally dips
steeply and parallels the west-northwest-trending Denali fault.
Locally, however, the terrane is intensely deformed, with
development of phyllonite and protomylonite in narrow shear
zones. The Windy terrane locally exhibits sparse incipient
greenschist-facies metamorphism.

CRETACEOUS AND CENGZOJC PLUTONIC ROCKS
NORTH OF DENALI FAULT

Several suites of Cretaceous and early Cenozoic plutonle
rocks are found north of the Denali fault. From oldest to
youngest, the suites congist of (1) sparse to locatly abundant
sills and dikes, and one large pluton of homblende metagabbro
and hormblende metadiorite; (2) small dikes, stocks, and a few
targe plutans of granite, granodiorite, and diorite; and (3)
widely scattered, local dikes angd smatl plutons of lamprophyre
and alkalic gabbro and diorite that in the Mount Hajdukovich
grea form an intrusive complex of small plutons and dikes
partly surrounded by a ring dike of granite.

Sparse to locally abundant sills, dikes, and plutons of
hornblende metagsbbro and homblende metadiorite

Small to large sills, dikes, and plutons of hornblende
metagabbro and homnblende metadiorite (gb) intrude the Jarvis
Creek Glacier and Hayes Glacier subterranes (of the Yukon-
Tanana terrane) and the Windy terrane, The dikes and sills are
generally 8s wide as few meters and several hundred meters
long. Most of the sills and dikes are too nartow o depict on
the geologic map. The dikes and sills are fine- o medium-
grained, and are generally sub-concordant to acutely crossing
the intense younger schistosity and paralle]l compositionat
layering. The common igreous minerals in the metamorphosed
mafic dikes, sjlls, and plutons are homblende, plagioclase,
minor clinopyroxene and biotite, and sparse quartz.

The mafic dikes and sills are strongly deformed along the
younger schistosity, and are partly metamorphosed to lower
greenschist-facies minerals, mainly chlorite, actinolite,
epidote, albite, and sericite. Field relations indicate that the
mafic dikes and sills are relatively older than Creraceous
granitic rocks, which locally crosscut and intrude the mafic
dikes and sills and are relatively younger than the Early to mid-
Cretaceous regional metamorphism of the host rocks,



discussed above. Because of generally intense. low-grade
metamorphism, argon-based isotopic analyses are unsuitable
for isotopic age determinations of these mafic plutonic rocks.
An attempt at separating rircons from a sample of metagabbro
inruding the Windy terrane to the southeast in the northwest
part of the Nabesna quadrangle yielded too few zircons for U-Pb
isotopic analysis.

Smal! dikes, stocks, and plutons of granite, granodiorite,
mmd quartz diorite

The Yukon-Tanara and Windy terranes are intruded by
small dikes, stocks and, locally, large plutons of granite,
granodiorite, and quartz diorite (grn). The larger plutons are at
Buchanan Creek and Molybdenum Ridge, west of the Rich-
ardson Highway, Granile Mountain. east of the Richardson
Highway, and Macomb Plateau in the east-central part of the
quadrangle. The gramiic rocks are generatly equigranular to
porphyritic and are generally medium grained. The mafic
minerals are usually both homblende and biotite. Alteration of
feldspars 1o sericite is slight and biotite is locally aliered 10
chiorite.

Locaily in the Macomb Plateas area and in the
northeastern part of the quadrangle, many of the Cretaceous
granitic plutons exhibit a weak to moderate schistosity with
formation of lower greenschist-facies actinolite, chlorite, and
white mjca along the schistosity. Generally, 2 very narrow
contact-metamorphic aureole or none at all, found around the
granitic rocks; this suggests intrusion during the waning
stapes of regiona! metamorphism and penetratve deformation
while the wall rocks were still warm (Nokleberg and others,
1989).

In the southermn Yukon-Tanana terrane, the isotopic ages
for granmitic plutons are (1) U-Pb zircon isotopic ages of about
90 Ms (throe determinations), (fable 2, Iocalities 3, 13, 19);
(2) K-Ar hornblende age of 92.9, 84.0, 88.7, 1003, 103.6 Ma
and biotite ages of 88.8, 93.3. (table 2, localities 2, 13, 27,
33, 35); and (3) Pb-alpha ages of 90, 105, and 110 Ma (two
determinations), and 115 Ma (table 2, localives 1, 5, 6, 8, 11).
Excluding the older and refatively less reliable Pb-alpha ages,
these ages range (rom 84 to 104 Ma and suggest inrusion of
the older granitic plutons in the mid-Cretaceous to Late
Cretaceons, Ages of the granitic plutons in the Macomb
Plateav region in the east<central part of the quadrangle were
detormined only by isotopic methods on Pb-alpha and need
additional study.

In the eastern part of Lthe qusdrangle, southeast of the
Robertson River, the Jarvis Creck Glacier and Hayes Glacier
sublerranes are stitched together by a massive granite pluton
that intruded along the Mount Gakona fault. K-Ar isotopic
analysis of hornblende from this pluton yields an age of 88.7
Ma (table 2, locality 27). If the K-Ar age represcnis the age of
granitic intrugion, movement on the Mount Gakona fauh
ceased by the Late Cretaceous.

In the Windy jerrane, a narrow, vertical granitic pluton
exhibits K-Ar biolite and hornbiende ages of 85.2, 85.9, 89.6,
and 94.7 Ma (table 2. localitics 39, 40, and 41). These K-Ar
values may be minimum ages for the piuton becauss of low-
grade hydrothermal slteration and (or) low-grade granoblastic
metamorphism. The ploton may be Late Cretaceous in age, but
could be older. A nearby granodiorite plutan 1o the northwest
in the Aurora Peak terrane may be of similar age.

Lamprophyre, alkalic gabbro, and alkalic diorite dikes,
sills, and plutons

Scattered dikes. sills, and a few small plutons of
lamprophyre, alkalic gabbro, and alkalic diorite (la) inirude the
Jarvis Creek Glacier and Hayes Glacier subterranes of the
southern Yukon-Tanana terranre, mainly in the eastern part of
the quadrangle. Most of the dikes and sills are 100 small to
depict on the geologic map. The related igneous complex of
Mount Hajdukovich 18 found in the Jarvie Creek Glacier
subterrane cgst of the Richardson Highway. This complex
consists of an intricate varjety of small plutens and dikes of
lamprophyre, aikali gabbro and diodite, and monzonite, parily
surrounded by a ring dike of granite, On the accomparying
map, these rocks arc grouped together into lamprophyre and
alkalic gabbro (la) and monzonite (M) vnits. The alkalic rocks
generally contain s wide variety of minerals. In a single thin
section, olivine, orthopyroxene, clinopyroxene, homblende,
biotite, plagioclase, and K-foldspar may be present. Interstitial
carbonete alteration s common, and some dikes are almost
completely replaced Jocally by carbonate. The predominant
textures in relatively unaltered rocks are idiomaorpbic granular
1o porphyritic.

Two important field relations bear on the age of the
alkalic and related rocks. The Jamprophyres and alkalic
gabbros and related rocks crosscut all penetrative structures and
are younger than the intense Barly to mid-Cretaceous
penetrative deformation and regional metamorphism of the
Yukon-Tanana terrano, discussed below. In addition, these
alkalic and related rocks are found only in the southern Yukon-
Tanans terrane, in the Jarvis Creek Glacier and Hayes Glacier
subterranes relatively near the Denali fault, and not in e
decper level Macomb and Lake George subterranes to the north.

The lamprophyres, alkalic gabbros, and ulkalic diorites
exhibit twa clusters of K-Ar ages: (1) in the Robertson River
area in the southeastern pant of the quadrangle, a suite of Late
Cretaceous 10 early Tertiary biotite ages of 62.9, 67.6, and
69.2 Ma (able 2, locatiies 9, 25. 26,; Foley, 1982, 1984);
and (2) in the Tok River area, also in the southeastarn part of
the quadrengle, a suite of mid-Cretaceous to Late Crelaceous K-
Ar ages of 75.6 Ma for amphibole, 69.3 Ma for biotite, and
107.6 Ma for emphibole (table 2, localities 29, 30, 31; Foley,
1984). One additional K-Ar age 1o the east in the southwestern
Tanacross quadrangle is 91,6 Ma for homblende (Foley, 1984).
These data indicate probable inrusion of the alkalic mafic
rocks mainly during Late Cretaceous and early Tertiary, with



one sample apparently intruded in the mid-Cretaceous. No data
are yet evailable for these lithologies in the Mount
Hajdukovich area. The granites that constitute a partial ring
dike around and form a small pluton within the igneous
complex of Mount Hajdukovich exhibit K-Ar isotopic ages on
biotite of 53.4 and 54.3 Ma (1able 2, localities 21, 24).

TERTIARY SEDIMENTARY ROCKS

North of the Denali fanlt, scattered outcrops of continental
Tertiary sedimentary rocks consist of, from oldest to
youngest, sedimentary rocks and coal of the Jarvis Creek coal
field (Wahrhaftig and Hickox, 1955), a sandstone unit, and the
Nenana Gravel. Many of the larger owtcrops of Tertjary
sedimentary rocks are in the Jarvis Creck coal field east of the
Richardson Highway. The sandstone unit i¢ present in fault-
bounded slivers in several arcas.

Sedimentary rocks of the Jarvis Creek coal field

The Jarvis Creek coal field is located between the Delia
River and Jarvis Creek, east of the Richardson Highway. The
sedimentary rocks and coal-bearing rocks that comprise the
Jarvis Creek coal field consist mainly of conglomerate,
sandstone, and coal beds (Wahrhaftig and Hickox, 1955).
Sparse plant fossils are indicative of a Tertiary age (table 1,
tocality 5). To the west in the Healy quadrangle, similar,
correlative units in the Nenana coa! ficld are Bocene to late
Miocene in age (Wahrhaftig and others, 1969: Csejtey and oth-

ers, 1986).
Sandstone

This unit (Ts) consists mainly of sandstone, graywacke,
and argildite and found mainly in fault-bounded prisms along
the north edge of the Alaska Range. Sparse plant fossils are
indicative of Oligacene, Miocene, and Plioccne ages (Table 1,

localities 1, 2, 3. 4, 6).
Nenana Gravel

The Nenana Gravel (Tn) is found mainly in the northwest
corner of the quadrangle and in the central part of the
quadrangle, north of the Jarvis Creek coal field. The Nenana
Gravel consists of thick-bedded to massive, poorly sorted
conglomerate with lesser sandstone and silisione. The Nenana
Gravel is unconformably overlain by Pleistocene glacial
deposits, and locally unconformably ovorlie the Oligocene to
Pliocene sandstone unit. Locally the Nenana Gravel ajso
overlies the coal-bearing sedimentary rocks of the Jarvis Creek
coal field that are inferred to be of early Tertiary age (Moffit,
1942; Wahrhaflig and Hickox, 1955). Because of these
relations, the Nenana Gravel is inferred 10 be of late Tertiary
{Pliocene) age in this srea The Nenana Gravel also is present
10 the west in the Healy quadrangle, and on the basis of similar
relations, is considered there to be Miocene(?) and Pliocene in
age by Csejley and others (1986).

SUMMARY AND INTERPRETATION OF
AGE DATA SOUTH OF DENALI FAULT

TERRANE OF ULTRAMAFIC AND ASSOCIATED ROCKS

The terrane of ulramafic and associated rocks are found in
the southeastern part of qusdrangle either as a fault-bounded
sliver along the Denali faull. or as klippen south of the Denali
fault. This terrane (um) consists of ultramafic rocks, sparse
asgociated mafic rocks, sparse metasedimentary rocks, and
granitic rocks thar represent part of a string of alpine
peridotite bodies that are found along or near the Densli fault
for several hundred kilometers in east-central Alaska (Richter
and others, 1977; Nokleberg and others, 1982, 1985). The
ultramsfic rocks are chiefly derk-green serpentinized pyroxe-
nite and peridotite, light-gray o green dunite, and dark-green,
schistose amphibolite and lighter homblende-plagioclase
gneiss derived from gabbro. Interlayered with the gneiss ace
gparge, thin lenses of light-green and gray marble and zones of
dark-gray graphitic schist. The ultramafic and mafic rocks are
inwruded by light-gray tonalite and granite. The ultramafic and
mafic tocks are ductilely deformed, regionally metamorphosed,
and exhibit a locally well-defined, medium- to coarse-grained
schistosity. The tonalite and granite locally exhibit a weak
schistosity that parallels schistosity in the ultramafic and
malic rocks,

K-Ar isotopic analyses of biotite and homblende from
pyroxenite yield nearly concordent ages of 123.1 and {25.9
Ma (table 2, localides 80, 81). These Early Cretaceous ages are
interpreted as the apparent age of regional meramorphism and
penctrative deformation of the terrane. The age of the proto-
liths of the ultramafic and mafic rocks is older, perhaps early
Mesozoic. The relatively younger granitic bodies form
elongase plutons and possess 8 weaker fabric compared 1o the
viramafic and mafic rocks. These relations suggest that the
granitic rocks possibly intruded during regionsl
metamorphism and penetrative deformation in the Early
Cretaceous. The Barly Cretaceous ages of metamorphism and
deformation for the terrane of vlramafic and associated rocks
are similar to the interpreted age of regional metamorphism
and penetrative deformation of the Yukon-Tanana terrane 1o the
north. Both may have been metamorphosed and deformed
during the same event,

MACLAREN TERRANE

The Maglaren lerrane i8 present south of the Denali fault in
the central and western parts of the quadrangle. The Maclaren
terrane consists of two major lithic units: (1) the penetratively
deformed and regionally metemorphosed granitic plulonic
rocks of the East Susitna batholith to the north; and (2) the
schist and amphibolite, phyllite, and srgillite and
metagraywacke of the Maclaren Glacier metamorphic belt to
the south (Nokleberg and others, 1982, 1985, 1989). The
contact between the East Susitna batholith and the Maclaren



Glacier metamorphic belt is a faulted intrusive contact named
the Meteor Peak fault (Nokleberg and others, 1982, 1985).

Maclaren Glacier metamorphic belt

The Maclaren Glacier metarnorphic belt is found to the
south of the East Susima batholith and is a prograde,
Barrovian-type melamorphic belt. From south to north, its
principal lithic components are (1) argillite and metag-
raywacke, (2) phyllite, and (3) schist and smphibolite (see
Nokleberg and athers, 1982, 1985). The contacts between
these three lithic parts of the terrane are generally faults with
intense shearing and abrupt changes of metamorphic facies at
each contact. The argillite and metagraywacke lithology, the
lowest-grade rocks in the metamorphic bely is composed
predominantly of volcanic graywacke and siltstope, and sparse
andesite and basalt, with lesser calcareous and quartz silistone.

The protolith for the sedimentary and volcanic rocks of
the metamorphic belt is Late Jurassic ar older in age. To the
west in the southeastern Healy quadrangle, en alkali gabbro
pluton intrudes the southern part of the metamorphic belt and
yields discordant K-Ar isotopic ages of 146 Ma for hornblende
and 133 Mz for bionte (Smith and Lanphere, 1971; Turner and
Smith, 1974; Smith, 1981; Csejley and others, 1986). These
relations suggest that at least part of the protolith is Late
Jurassic or 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 schisz and amphibolite
lithology of the metamorphic belt.

The Maclaren Glacicr metamorphic belt is ductilely
deformed into protormylonite and phyllonite in the argillite
and metagraywacke lithology, phyllonite in the phyllite
lithology. and mytonitic schist in the schist and amphibolite
lithology. A general increase in metamorphic grade is found
from the argillite and metagraywacke lithology in the south to
the schist and amphibolite lithology in the north, grading
from lower greenschist facies in the argillile and
metagraywacke lithology to lower or middle amphibolite-
facies metamorphism in the schist and amphiboliic lithology
(Nokleberg and others, 1985). These relations are interpreted
to be the result of regional metamorphism and pencirative
deformation during syntectonic intrusion of the East Susitna
batholith to the north (Nokleberg and others, 1985, 1989).

K-Ar isotopic analyses of biotite and muscovite from the
schist and eamphibolite lithology (mmb, part) in the
metamorphic belt range from 48.0 to 30.6 Ma (1able 2,
lacalities 70-72). One K-Ar hornblende isotopic analysis
yields an age of 69.6 Ma (table 2, locetity 70). The oldest
isotopic age of 69.6 Ma may represent prograde regional
metamorphism and penewalive deformaton during syntectonic
intrusion of portions of the East Susitna batholith., The
younger K-Ar mica ages may represent either ratrograde
metamorphism and (or) unroofing and cooling of the Maclaren
terrane during lateral migration slong the Cenozoic Denalj
fauit.

East Susitna batholith

The Bast Susitna batholith consists of five major units:
(1) gmeissic granitic rocks (gg)—gneissose granodiorite and
granite; (2) migmatite (mig); (3) migmatitic schist (mgsh); (4)
schist and amphibolite (sa); and, (5) schist, quanzite, and
amphibolite (§g)—7oof pendants of merasedimentary 10cks,
mainly calc-schist, quarizite, and para-ampbibolite. The
gneissic granitic plutonic rocks of the East Susitna batholith
are derived mainly from dionte and granodiorite, with lesser
granite. The gneissose granitc yocks locally grade into
migmarite, migmatitic schist, and schist and amphibolite, The
Jatter unit (S@} consisis mainly of older, more intensely
regionally meramorphosed and penetratively deformed gabbro
and diorite and lesser high-grade, petitic sedimentary rocks.

The East Susitna batholith is ductilely deformed and
metamorphosed into mylonitic gneiss and schist under
conditions of the upper amphibolite facies, with tocal
retrograde metamorphism at conditions of the lower
greenschist facies (Nokleberg and others, 1985). Small roof
pendants of calc-schist, quartzite, and amphibotite are found in
the balholith near the west edge of the quadrangte. The BEast
Susitna batholith is a part of the Kluane arc of Plafker and
others (1989).

Schist, quartzite, and amphlibolite

Smal) roof pendants (8q) in the batholith in the west-
central pan of the quadrangle are composed of retatively older
metasedimentary rocks, mainly calc-schist, quarizite, and para-
amphibolite, Similar rocks on strike to the west in the Healy
quadrangle contain Triassic conodonts (Sherwood and
Craddock, 1979; Csejtey and others, 1986).

Gneissose granltic rocks

Isotopic snalyses from gneissose granitic rocks (gg) on
U-Pb zircon, U-Pb sphene, and K-Ar mics and homblende
yielded a8 wide range of ages—from 70 w 29.2 Ma (table 2,
localities 42, 44, 45, 49, 53, 56-69). The oldest isotopic age
is 70 Ma from a U-Pb zircon analysis of a gneissic granodiorite
(able 2, locality 45). The oldest, nearly concordant K-Ar
hornblende and biotite isotopic ages from a single sample are
65.9 and 56.9 Ma (table 2, locality 50). To the west in the
Healy quadrangle, the oldest K-Asr hornblende isotopic age is
87.4 Ma (Tumer and Smith, 1974; Csejtey and others, 1986).
These ages are interpreted as representing intrusion of this part
of the Bast Susitna batholith in the Late Cretaceous, and
continued syntectonic intrusion, regional metamorphism, and
penerrative deformation in the early Tertiary (Nokleberg and
others, 1985, 1989).

Other, younger isotopic ages range from about 56 Ma to
30 Ma. A U-Pb isotopic analysis of metamorphic sphene
yields a concordant age of about 56 Ma from the sample of 70-
Ma gneissic granodiorite (table 2, locality 45; Nokleberg and
others, 1985). Metamorphic biotite from this sample yields &



K-Ar age of 56.9 Ma (table 2, locality 45). These and similar
ages are also interpreted as regional metamorphism and
penetrative deformation of this granodiorite that occurred after
intrusion (Nokleberg and others, 1985).

The youngest K-Ar jsotopic ages range from 29.2 (o 36.6
Ma for muscovite, biotite, and homblende (table 2, localities
56-65, 6§7-69). These youngest isotopic ages are from outcrops
close o the Denali fault and are interpreted as representing
either continued, syntectonic intrusion of parts of the East
Susitna batholith or unroofing and cooling of the East Susitma
batholith during lateral migration along the Cenozoic Denali
fanlt. Argon loss due to faulting may also contribute to these
yournger ages. The general parallelism of the schistosity in the
batholith with the Denali fault suggests that some
metamorphism and deformation of the batholith occurred
during faulting (Nokleberg and others, 1985).

Schist and emphibolite, migmatite, and
migmatitic schist

The migmatite (mig) unit is transitional between the
migmatitic schist (mMgsh) and gneissose granitic rocks (gg)
units. The migmatitic schist (M@gsh) unit is fransitional
between the migmalite (mig) and schist and amphibolite (sa)
units. Both units mig and mgsh are interpreted as possible
partial melting products of the schist and emphibolite (sa)
unit. K-Ar ages on homblende and biotite from the migmalitic
schist unit (mgsh) range from 33.7 1o 65.9 Ma, suggesting
that migmatization was possibly related to the Late Cretaceous
and early Tertiary intrusion of the East Susitna batholith (table
2, localities 43, 47, S0-52, 55). K-Ars ages from similar rocks
on strike to the west in the Healy quadrangle range from 48.4
to 77.3 Ma (Turner and Smith, 1974).

Younger granitic plutons and alkalic gabbro dikes in the
Maclaren terrane

The Mactaren terzane is intruded by two relatively young
plutons of nongneissose granitic rocks. One of the plutons
consists of granodiorite that intrudes the northwest part of the
Bast Susitna batholith and is truncased by the Denali fault in
the wesl-central part of the quadrangle. K-Ar homblende and
biotite isotopic analyses yield nearly concordant ages of 35.5,
35.6, and 36.1 Ma (table 2, localities 48, 54). These early
Tertiary ages are similar to the youngest ages for gneissose
granitic rocks in the East Susitna batholith and may represent
intrugion of the granodiorite pluton in a small area that was
tectonically quiet.

In the western past of the quadvangle, a very small pluton
of nongneissose, hydrothermally altered biotite granite of
early(7) Tertiary age intrudes the argillite and metagraywacke
lithology of the Maclaren Glacier metamorphic belt.

Local sparse alkalic gabbro dikes intrude the southwestern
part of the Bast Susitna batholith. A K-Ar biotite isotopic
analysis yields an age of 52.8 Ma (early Teruary) (table 2,
locality 46). These dikes arc similar in petrology and age to

the locally abundant alkalic dikes that occur across the Denshi
fault in the southern Yukon-Tanana quadrangle in the east-
centra) part of the quadrangle.

CLEARWATER TERRANE

The Clearwater terrane (csv) (Jones and others, 1987;
Nokleberg and others, 1982, 1985) is found in the western part
of the guadrangle as a narrow, fault-bounded lens along the
Broxson Gulch thrust between the Maclaren terrane to the
nonth and the Wrangellia 1errane to the south, The Clearwater
terrane consists of weakly deformed chlorite schist, muscovite
schist, schistose rhyodacite, Upper Triassic marble, and
greenstone derived from pillow basalt (csv). The Clearwater
terranie i5 weakly deformed and metamorphosed at conditions of
the lower greenschist facies. To the west in the southeastern
Healy quadrangle, marble layers in sedimentary rocks
cosrelative with the Clearwater terrane contain Heterastridium
sp. of Late Triassic age (Jones and others, 1987; Csejtey and
others, 1986). The Clearwater terrane is locally intruded by a
fault-bonnded and weakly gneissose pluton of diorite and quartz
diorite. The age of pluton is assumed to be Jurassic and (or)
Cretaceous.

WRANGELLIA TERRANE

The Wrangellia terrane (Jones and others, 1987;
Nokleberg and others, 1982, 1985, 1989) is found across the
southern part of the quadrangle. The Wrengeltia terrane is
subdivided into the Slana River subterrane to the northeast, and
the Tangle subterrane to the southwest (Nokleberg and others,
1982, 1985). The Slana River subterrane is bounded 1o the
north by the Broxson Gulch thrust and to the south by the
Eureka Creek fault. The Tangle subterrane is present south of
the Eureka Creek faull. The Wrangeliiz terrane is weakly
regionally metamorphosed under conditions of the lower
greenschist facies (Naokleberg and others, 1985). Metamorphic
minerals are generally fine-grained and disseminated, and
abundant relict minerals are present in most racks.

Slana River subterrane

The Slana River subterrane consists mainly of upper
Paleozoic marine volcanic and sedimentary rocks, associated
Jate Pateozoic hypabyssal and plutonic rocks, the
disconformably overlying massive basalt flows of the Triassic
Nikolai Greensione, coeval gabbro and cumulate mafic and
ultramafic rocks, Trassic limestone, and younger Mesozoic
flysch.

Tetelna Volcanics

The Tetelna Voleanics(IPt) (Mendenhall, 1905) forms the
lowest stratigraphic part of the Slana River subterrane and is
found muainly in the southeast comer of the quadrangle. The
Tetelng Volcanics consists mainly of andesite flows, mud and
debris avalanches, and wff interbedded with fine- to corrse-



grained volcaniclastic rocks. The Tetetna Volcanics is unfos-
siliferous and is interpreted o be of Pennsylvanian age becsuse
it is located stratigraphically beneath and consists of volcanic
rocks similar 10 those in the Slana Spur Formation (Richter,
1976; Richter and others, 1977).

Slagpa Spur Formatjon

The Slana Spur Formation (PIPs) (Richter end Dutro,
1975) is found in the southeastern and south-central parts of
the quadrangle and discorformably ovetlies the Teteina
Volcanics. The Slana Spur Formation consists mainly of a
thick sequence of marine calcareous and mnoncalcareous
volcaniclastic rocks with lesser limestone, tuff. and volcanic
breccia. The Siana Spur Formation, second most fossiliferous
unit in the quadrangle, has proviously been subdivided locally
into a Jower volcaniclastic member (PPsl), not depicted
separately on the geologic map) and an upper calcareous
volcaniclastic member (PIP3u), not depicted separately on the
geologic map) (see Richter and others, 1977). Ages of
abundant megafossils and microfossils, mainly brachiopods,
corals, and foraminifers, range from Middle Pennsylvanian
through Early Permian (table 1, localities 13-16, 52-57, 59-
63, 65-89, 7t-72, 76, 86, 107-108). The lower member
contains the only definitive Middle Pennsylvanian fusulinids
(1able 1, localities 108, 56, 54).

Granitlc plutons south of Denall fanlt and
shallow-level Inmtrusive stocks, dikes, sills, and
small plutons

Sparse Pennsylvanian granitic plutons and shallow
intrusive andesite and lesser dacite stocks, sills, and dikes of
Permian(?) age intrude the Slana Spur Formation. These units
are interpreted as the plutonic and hypabyssal parts of a late
Paleo2oic arc. The submarine voleanjc vocks of the Tetelna
Yolcanics and Slana Spur Formation form the extrusive parts of
the arc,

The Slana River subterranc is also intruded by a granite
pluton (Pg) in the southeastemn part of the quadrangle, U-Pb
zircon isotopic analysis of this pluton yields an age of 309 Ma
(table 2, locality 79), which is interpreted as the age of
intrusion. This granite is probably the northwesl extension of
the Pennsylvanian Ahtelt pluton in the northwestern Gulkana
quadrangle (Richter, 1966; Beard and Barker, 1989). In the
south-central part of the Mount Hayes guadrangle, K-Ar
hormblende isotopic analysis of the southern part of the
informally named granodiorite of Rainbow Mountain yields a
value of 326 Ma (table 2, locality 76). This value, if correct,
would be a Late Mississippian age (according 1o the time scale
of Palmer, 1983) and would be older than Lhe surrounding
wallracks of the Slena Spur Formation. This value is
tentatively interpreted as & Pennsylvanian age; hawever, the
isotopic #nalysis might have measured minor or major
amounts of excess argon. The granitic pluton may be stightly
to greatly younger. A K-Ar hombiende analysis from the

northern part of the Rainbow Mountain pluton yields a value of
about 110 Ma (Barly Cretaceous) (table 2, locality 75).

The shallow intrusive rocks, mainly stocks, dikes, and
sills of andesite with lesser dacite 1o rhyolite and diabase (Pi),
intrude the Slana Spur Formation in the south-central and
southcastern parts of the quadrangle, These shallow intrusive
focks do not intrude the younger, Lower Permian Eagle Creek
Formation and therefore are interpreted to be of Early Permian
age and to be comagmatic with the submerine volcanic rocks of
the Stana Spur Formation.

Eagle Creek Formation

The Eagle Creek Formation (Pe) (Richter and Dutro, 1975)
is found in the southeastern and south-central parts of the quad-
rangle and disconformably overlies the Slana Spur Formation.
The Eagle Creek Formation is the most fossiliferous unit in the
quadrangle. Abundant megafossils and microfossils, mainly
brachiopods, corals, and foraminifers, indicative of an Early
Permian age (table 1, localities 17-51, 73-74, 80-84, 87-94,
96-106, 109-110), Ages range from earliest Permian (Asselian
or early Wolfcampian) through latest Early Permian
(Artinskian or late Leconardian); two collections contain
cephalopods that may be early Late Permian (table 1, Jocalities
100 and 101 in the upper pan of the Eagle Creek Formation).

Shale, limestone, and chert

An unnamed unit of interbedded, black, carbonaceous
shale, gray, thin-bedded argillite, light-colored chert, and
light-gray limestone is found in the southeastern part of the
quadrangie (Richter and others, 1977), This unit is too thin to
depict separately on the geologic map; it is mapped in this
reporl as part of the Eagle Creek Formation. The unit also
contains minor amounts of gray silistone and conglomerate.
Sparse limestones contain scant crinoid fragments, shale
tocally contains abundant Daonella of Middle Triassic age
(1able 1, loeality 95). The unit is structurally conformable with
the underlying upper part (argillite) of the Eagle Creek
Formation, but the unit is extremely discontinuous and thick-
ness ranges from 0 w 40 m. An erosion interval of long
duration is represented al this contact.

Nikolal Greenstone

The Upper Triassic Niko}ai Greenstonc (Bn) (Rohn, 1900)
disconformably overties the Eagle Creek Formation (and its in-
cluded, urnamed unit of shale, limestone, and chert). The
Nikolai Greenstone consists of massive, subaerial,
amydgaioidal basalt lows about 1,500 m thick, and is present
across central and eastern parts of the Slana River subterrane.
The Nikolai Greenstone is unfossiliferous in the Slana River
subterrane, but is overlain by Upper Triagsic limestone,
described below, and contains Middle or Late Triassic fossils in
the Tangle subterrane, described betow.



Limestone

Conformably overlying the Nikolai Greenstone are thin
ta thick beds of limeswone (H), which locally contain
moderately abundant Late Triassic megafossils and
microfossils (lable 1, localities 78-79, 111-119). Some
outcrops of this limestone are too small to depict on the
geologic map.

Marine sedimentary rocks

Uneonformably overlying the Upper Triassic limestone
and Nikolai Greenstone in the eastem part of the quadrangle is
a thick flysch ssquence composed of marine graywecke,
argillite, conglomerate, and lesser andesite flows of Late
Jurassic and Early Cretaceous age (KJs). The flysch sequence
comprises the extreme northwestern pan of the Gravina-Nutzo-
tin belt, which extends several thousand kilometers to the
southeast (Berg and Richter, 1972). One locality in the
southeastern part of the quadrangle yields Late Jurassic
megafossils (table 1, locatity 77). In the Nabesna quadrangle
to the southeast, the unit contains ltocally abundant Buchia
assemblages ranging in age from Late Jurassic to Early
Cretaceous (Richter, 1976).

Tangle subterrane

Relative 1o the Slana River sublerrane, the Tangle
sublerrane consists of a thinner sequence of upper Paleozoic
and Lower Triassic sedimentary and tuffaczous rocks, and a
thicker sequence of unconformably overlying pillow basalt and
subaerial basalt flows of the Triassic Nikolai Greenstone, and
locally overlying limestone.

Aquagene tuff, argillite, limestone, chert,
andesite tuff, and greenstone

The bsasal unit of the Tangle subterrane consists of
aguagene niff, dark-gray argillite. minor andesite tuff and
flows, and very sparse light-gray limestone (Pet). Sparse
megafossils are suggestive of a late Paleozoic age for the unjt
(table 1, locality 125).

Nikolal Greenstone

Unconformably overlying the upper Paleozoic unit (Pet) is
a thick sequence of the Nikolai Greensione that is subdivided
o a lower pillow basalt flow (Rnp) unit and an upper wnit of
subaerial basglt flows and minor associaled sedimentary rocks
(Fnf). Sparse layors and lenses of argillite in the basal unit
yield very sparse Middle or Late Tnassic megafossils (table 1,
locality 124). Late Triassic fossils are found in the same unit to
west in southeastern Healy quadrangle (Csejtey and others,
1986). Disgnostic fossils in the southern Wrangell Mountsins
are indicative of a Late Triassic age (MacKevett, 1978).

Limestoune

Limestone layers (W) that are faulied against the Nikolaj
Greenstone in the southwestern part of the quadrangle yield
Late Triassic fossils (table 1, localities 120, 123). Nearby in
the southeastern part of the Healy quadrangie, similar
limestone layers within the basal member of the Nikolai
Greenstone contain megafossils and microfossils also of Late
Triassic sge (Csejtey and others, 1986),

Units found throughout the Wrangellia terrane

Gabbro diabase, and metagabbro and cumulate
mafic and vltramaflc rocks

Locally extensive gabbro dikes (ga) and cumulate mafic
and wltramafic sills intrude the Nikolai Greenstone and alder
rocks in the Wrangellia terrane. These dikes and sjlls (cu) are
interpreted as comagmatic with the basalts that formed the
Nikolaj Greensione. K-Ar homblende isotopic analyges yield
ages of ages of 91.9 and 97.7 Ma (table 2, locabities 73, 74).
Becauss the cumulate mafic and ulramafic rocks exhibit local,
low-grade metamorphism, these Late Cretaceous ages could
represent the age of the low-grade regional metamorphism of
the Wrangellia terrane. Alternatively, the ultramafic rocks at
localities 73 and 74 arc present in narrow, faull-bounded lenses
near the Denali and Broxson Guich faults, and could represent
younger, Late Cretaceous intrusions. A K-Ar hornblende
isolopic analysis of a weakly metamorphosed mafic nodule in
the Stana Spur Formation yiclds an age of 94.4 Ma (table 2,
locality 82). This age may also represent the age of the low-
grade regional metamorphism of the Wrangellia terrane.

McCarthy Formution

The Upper Triassic and Lower Jurassic McCarthy
Formation (JPRem) (Mackevett, 1978) is found in a narrow,
fault-bounded lens along branches of the Broxson Gulch thrust
in the western part of the quadrangle. This lens is present
between the Clearwater terrane 1o the north and the Wrangellia
lerrane (o the south, A distinctive occurrence of Monotis
subcircularis(?) in the calcareons shales of the McCarthy
Formation is indicative of a Late Triassic age for part of these
rocks in this area (table 1, Jocalities 121, 122). The nearest
other occurrence of the McCarthy Formation is about 220 km
10 the southeast in the type area in the McCarthy quadrangle,
where the unit’s age ranges from the Late Triassi¢ to the Early
Jurassic (MacKevett, 1978), This age range is adopted for this
unit in the Mount Hayes quadrangle.

Mesozoic granitic plulons in the Wrangellia terrane

The Wrangellia subtorrane is inuwuded by small- to
moderate-size, igneous-textured Mesozoic granitic piutons
(grs) that are locatly, weakly to extensively, hydrothermally
altered. These granitic plutons are interpreted as being coeval
and comagmalic with the Upper Jurassic and Lower Cretaceous
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flysch and volcanic rocks of the Gravina-Nutzotin belt, and the
marine and subzerial andesite volcanic flows and volcaniclastic
rocks of the Lower Cretaceous Chisana Formation, part of the
Gravina-Nurzotin belt to the southeast in the Nabesna
quadrangie (Richter, 1976). This suite of granitic plutons and
coeval volcanic rocks is named the Gravina arc by Stanley and
others (1990). Sparse K-Ar homblende isotopic analyses yield
ages of about 110, 129, and 146 Ma (Late Jurassic and Early
Cretaceous) (tabte 2, localities 75, 83, 85). However, because
some of the undated Mesozoic(?) granitic plutons in the
Wrangellia terrane are petrographically identical o the
Pennsylvanian granitic plutons, they could possibly be of late
Paleozoic age.

GULKANA RIVER TERRANE

A small part of the Gulkana River terrene—mapped
previously in the Gulkana guadrangle (Nokleberg and others,
1986b)—is found in the south-central part of the quadrangle,
south of the Wrangellia terrane. The two terranes are separated
by the Paxson Lake fault, In the map area, the Gulkana River
terrane consists of unfossiliferous, massive to weakly
schistose, weakly metamorphosed hornblende andesite (mha).
Samples of meta-andesite were too poor in zirconium to
warrant U-Pb zircon isolopic analysis. The Gulkans River
terrane jis correlative with the Haley Creek metamorphic
assemblage of Plafker and others (1989) in the northem Valdez
quadrangle to the southeast, which contawns similay late
Paleozoic metamorphosed andesite and basalt flows.

TERTIARY SEDIMENTARY AND VOLCANIC ROCKS

South of the Denali fault scaitered outcrops are found of
continental Terliary sedimentary and volcanic rocks that are
herein mapped as, from oldest 10 youngesi, volcanic rocks
(Tv), conglomerate (Tc), and sandsione and conglomerate
(Tsc). Similar sedimentary and volcanic rock types are found
in all three units. The sandstone and conglomerate unit
contains sparse volcanic ash and argillite, and the
conglomerate unil coritains sparse sandsione and argiflite, The
stratigraphic succession of these units is best eslabiished
along the southern flanks and to the southeast of Rainbow
Mountain in the south-central pert of the quadrangle.
Elsewhere, these three sedimentary and volcanic rock units
may laterally grade into one another.

Volcanic rocks

The volecanic rocks (TV) unit consists chiefly of vilric-
lithic-crystal ash-flow tuff, breccia, agglomerate, flows, dikes,
and sills with lesser volcanic sendstone, conglomerate, and
limestone. The igneous rocks are chiefly rhyodacite, dacite,
and andesite. The volcanic rocks umit oulcrops in scatrerad
localitics as wide as 3.5 km, mainly north of the McCallum
Creek-Slate Creek fault in the south-central part of the
guadrangle. The volcanic rocks unit also is found in fault-

bounded lenses within splays of the Broxson Gulch thrust in
the southwestern part of the quadrangle. The volcanic rocks
unit is overlain by, and locally is in fault contact with the units
of conglomerate (Tc) and sandstone and conglomerate (T8c),
and is locally fanlted against older bedrock of the Slana River
sublerrane (of Wrangelhia terrane).

The age of the volecanic rocks umit is Focene. It is
relatively older than the overlying sandstone and
conglomerale unit of Eocene o Miocene age. A K-Ar isotopic
whole-rock analysis of a rthyvodacite tuff from aboul 1.6 km
southeast of The Hoodoos yields an age of 49 Ma (Eocene)
(1able 2, locality 77).

Conglomerate

The conglomerate unit (T¢) is exposed in several outcrops
as wide as 2 km north of the McCallum Creek-Slate Creek fault
in Lhe south-central part of the quadrangle: it also is present in
several smaller exposures, wo thin to be depicted on the
geologic map, west of the Delta River. Locally, the
conglomerate unit is faulted against older bedrock. The
conglomerate unit consists of continental clastic deposits of
mainly poorly sorted, crudely bedded to massive, polymictic
conglomerate and lesser sandstone with abundant clasts of
rhyodacite to dacite tuff and flows, the Nikolai Greenstone,
argillite, volcanic sandstone, and andesite to dacite flaws from
the Eagle Creek and Slana Spur Formations, quartz diorite,
greenschist, gabbro, and ultramafic rocks. Thin beds of coat
are found locally in the sandstone layers. The conglomerate
unit overlies the Tertiary volcanic rocks (TV) vnit and older
bedrock of the Siana River subterrane (of Wrangellia terrane).
Although unfossiliferous the conglomerate unit is presumably
Eocene in age. It is relatively younger than the underlying,
volcanic rocks unit of Eocene age, and is relatively older than
the overlying sandstone and conglomerate ugit of Eocene to
Miocene age.

Sandstone and conglomerate

The sandstone and conglomerate (TS¢) unit is found in
scattered exposures as wide as 4 km, and overlies the
conglomerate (T¢) unit. The sandstone and conglomerate unit
is generally faulted against older bedrock. The unil consists
mainly of continental clastic deposits of light-brown, fine-
grained, poorly sorted, sandstone with locally interbedded
siltstone, pebbly sandstone, pebbie to cobble conglomerate,
and sparse thin coal layers, and sparse white rhyodacite ash
layers south of The Hoodoos.

The age of the sandstone and conmglomerate unit ranges
from Eocene to Pliocene. K-Ar isotopic analysis of homblende
from a white rhyodacite ash layer about 0.8 km south of The
Hoodoos has yielded an age of 5.5 Ma (late Miocene) (tabie 2,
locality 78). K-Ar isolopic analyses of hommblende from a
rhyodacite wff from a favlt-bounded wedge of sandsione in the
southwestern part of the quadrangle has yielded an sge of 3.1
Ma (Oligocene) (table 2, locality 84). Several localities,
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mainly in the south-central and southeastern parts of the
quadrangle have yielded plant and pollen fossils that range in
age from late Eocene to Pliocene (table 1, localities 12, 58,
64, 70. 75, 85).
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Table 1. Fossils, locations, host rocks, and ages; Mount Hayes quadrangle, eossern Alaska Range, Alaska

[The varicus North American and European age terms appearing in 1able 2 are thosc used by the identifying paleoniologists]

Map Feld No. Location Fossii group(s} Fossil age Maip unit symboi; Identifer Reference; remarks
No. (iat. and long.) or fossil{s) map
unit name or host
rock i known
Cenozoic Sedimentary Rocks in the Yokon-Tanana terrane
1 B1ANKOS6A  63° 39'49" N. Fossil leaves, Tertary(?) Ts; mudsione in USGS report pendding
1467 13'52" W, not yet identified imnamed Tertiary Collected by
sendstone Lk IM. Lange, 1981
2 T6AHTA 637 34'00" N, leaves, Middle tolate  Ts; shalein 1A Wolte USGS Repert A-77-IM
146° (400" W. Almus cappsi or Miocene unnamed Teniary Collected by
A. corylina sandstone unit George Plafker, 1976
3 AEK?5129  63° 34007 N. Leaves, Oligocene Ts; mwadgone in LA Woife USGS Report A-76-23M
146° 04'00" W. Metasequola of. unnamed Terdary colleeted by
M. glyprostrobo sandsione unit Inyo Elleresicck, 1975
Alnus evidens
4 BOAAFMG0A  63° 34'18" N. Leaves, Oligocene to Ts; mudstone in LA, Wolf= USGS Report A-B1-5M
146° 03'51" W, Melasequoia sp. Miocene unnamed Teriary Collected by
Alms sp. sandstone unit IN. Aleinikoff, 1980
5 36 AM-RI  63°38' N. Glypiostrobus ewropaews  Temiary Tsi; shale and RW. Brown F.H. Moffit, 1542
145° 48 W. (Brongniert} Heer sandsione in Collecied by
Alnus Sp coal-bearing F.H. Moffit
Fagus antipafi Abich sedimentary
rocks of Jarvis
Creek coal field
6 Not available 63° 26'3§" N. Conifers, Pliocene Ts; mudsione in W.5. Berminghoff  W.5. Benninghoff and
144° 45'50" W, Picea Miocene(?) umnamed Terdary JA. Wolfe G.W. Holmes, 1961;
Pinut sandstone unit G.W. Holmes and
Tsuga H.L.Fostar, 1968, p. 25
Broadieat
Betula
Alnus
Carya
Juglans()
Quercus(h
Tilia
Hex
Ferma
Dryopteris
Osmuinda
Cinnamomea
Adiantum
Club moss

Lycopodium
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61

19

21

25

%6

29

30

WRM 6,7

WRM §

WRM 4.5

WRM 3,35

WRM 2

RC 25

RC21

RC 24

RC 20

RC22

RC 23

RC 26, 27

63° 1634" N,

145° 52'00" W.

63° 16'34" N.

145° 52'00" W.

63° 16'35" N.

143" 51'59" W.

63° 16'37" N.

145° 5I'54" W,

63° 1637" N.

145° 5144" W.

63° 16'31" N.

1459 50725" W

63° 16'31" N.

145° 520" W.

63% 16731" N,

145° 5020" W.

637 1633 N.

i45° 5018 W.

83° 129° N.

143° 50'i8" W.

63° 16'28" N.
i43° 507187 W,

63° 16'26" N.
145° 5018 W,

Fusuliaids,

Schwagering rainyensis

Fusulinids,
Schwagerina hyperborea
Schwagering mankomen-

ensis

Fusulinids,
Schwagerina Jyperborea
Schwagering mankomen.

ensis

Fusulinids,
Schwagerina hyperborea
Schwagering mankomen-

ensis

Fusulinids,
Schwagering rainyensis

Fusulinids,
Schwagerinag sp. C

Tabulate corals,
Stnopora =p.

Rugose corals,
Hapsipkyllid,
indeterminate

Rugose comls,
Clisiophyltam sp.

Fosulinids,
Schwagerina maffiti
Schuberiella sp.

Fusulinids,
Schwagerina heineri

Ruogose corals,
Auloclisia deliense
Clisiophylium(?} spp.

Brachiopods,
Antiguatonia sp.
Cameruma sp.
Neospirifer sp.

Fugnltinids,
Schwagering heineri
Schwagerina sp. B

Fusulinids,
Schwagerina 5p. C

Eary Pennian
(Artinskian)

Early Permian
{Artinskian}

Early Permian
(Antinskisn}

Barly Permian
(Amninskian)

Early Permian
(Artinskian)

Basly Pesmtian
{Arunskiam)

Early Permian
{Artinsiian)

Early Permnian
(Artinskian)

Barly Permian
¢Agtinskian)

Early Permian
(Artinskian)

Early Permian
(Artinskian)

Early Permian
(Amtinskian)

Po; Eagle Creek
Formation

Pe; Eagle Creek
Formation

Pe; Eagle Creek
Formaiion

Pe; Eagle Creek
Formation

Pe; Eagle Creek
Formation

Pa; Bagle Creek
Formation
Pe; Eagle Creek
Formation
Pe; Eagle Creek

Formation

Pg; Ragle Creek

Formadon

Pe; Bagle Creck
Formation

Pe; Eagle Creck
Formation

Pe; Eagle Cresk
Formation

R.G. Poiocz

R. G. Petocz

R.G. Perocz

R.G. Petocz

R.G. Petocz

RG. Pacce

R.G. Petocz

R.G. Perocz

R.G. Peiocz

R.G. Petocz

R.G. Pexocz

R.G. Petocz

Petocz, 1970, p, 9-1

Petocz, 1970, p. 9-13

Petocz, 1970, p. 913

Petocz, 1970, p. 9-13

Petocz, 1970, p. 9-13

Petocz, 1970, p. 1720

Petocz, 1970, p. 17-20

Petocz, 1970, p. 17-20

Pelocz, 1979, p. 1720

Petocz, 1970, p. 17-20

Peiocz, 1970, p. 1720

Pewocz, 1970, p. 1720
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1T

3 RC 16

38 RC8,9
39 RC i0
40 RCIL 12
41 RC 13
42 RC 14
43 RC7
4 RC 17
45 RC3, 4
46 RCS

63°16'26" N.

145°49'42" W.

63°16'29" N.

145°4939" W,

63°16'29" N.

145°4539" W.

63°1629" N,

145°49"39" 'W.

63°1628" N.

145°49739" W.

63°16'28" N.

145°49'39" W.

63°16'30" N,

145°49'36" W.

63°16'28" N.
145949°36° W.

63°1625" N.

145°4929" W.

63°16'26" N,

1454927 W.

Fusulinids,
E"P""’ J‘
halli
Schwagerina rowetti
Schwagerina caflosa

I A,

Fusulinids,
Pseudofusulinelia sp. A(?)
Schwagerina psendo-

karagazensis
Schwagerina sp. A

Fusulinids,
Pseudofusulinetia sp. A(T
Schwagering sp. cf. 8.

emaciata

Rugose corals,

Caninia sp.

Pusalinids,
Pseudofusulineila
valkenburghae
Schwagerina sp. cf. §.
emaciata
Schweagering whartoni

Fusulinids,

Psendofusiinetls sp. £, P.

parada
Schwagering sp. A
Schwagerina callosa

Fusulinids,
Eoparafusuling menden-
kalli

Fusulinids,
Pseudofusulinella sp. A

Rugose corals,
Caninig petoczi

Brachiopods,
Linoproducies sp.
Stenoscisma 3p.

Fusutinids,
Eoparafusuling sp.
Schwagering sp.
Pseudofusulinella sp.
Schubertella sp.

Fusulinids,
Preudofusulinelia sp. A

Fusulinids,
Pseudsfusuiinella

Early Permian
(Sakmanan)

Early Permian
(Sakmarian)

Eatly Permisn
{(Sakmazian)

Farly Permian
(Sakmarian)

Early Permian
{Sakmarian}

Barly Permian
(Sakmarian)

Early Permian
(Asselian)

Early Permian

Early Permian
(Asgsclian)

Early Permian
(Asselian)

Pe; Eagle Creek
Formation

Pe; Eagle Creek
Formation

Pa; Bagie Creek
Formation

Pe; Bagle Creek
Formation

Pe; Eagle Creek
Formation

Pe; Eagle Creek
Formation

Pa; Eagle Creek
Formation

Pe; Eagle Creek
Formalion

Pe; Bagle Creek
Formaton

Pe; Ezgle Creek
Formation

R.G. Perocz

R.G. Petocz

R.G. Paocz

R.G. Petocz

R.G. Petocz

R.G. Petocz

R.G. Parocz

C.L. Rowett

R.G. Pewocz

R.G. Petocz

Petocz, 1970, p. 17-20

Petocz, 1970, p. 17-20

Petocz, 1979, p. 1720

Petocz, 1970, p. 17-20

Priocz, 1970, p. 17-20

Petocz, 1970, p. 17-20

Petocz, 1970, p. 17-20

Rowert, 1969h, p. 119;
Rowett, 1975, p. 68

Petocz, 1970, p. 1720

Petocz, 1970, p. 17-20
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£L

52

33

55

36

52APW39

78AALOO3R

RM§

S2APWG4

Not available

MCO

6321725 N.

145°47T35" W,

63°19°48" N.

145°43'32" W.

63°1¥48™ N.

1457437327 W,

63°18'42" N.

145°4112" W,

83°LTI5° N,

145°3735" W.

63°15'47" N,

145°3704" W,

Brachiopods,

Bicryoclostus ip.

Bryozoans,
Fanestella sp.
Polypora
stenoporoids
rhomboporoids
fistntiporoids

Echinoderm colummnals,

indeterminate
Brachiopods
Dyoros(?) sp.

chonetid, indeterminate

Cancrinelia sp.

linoproductad, indeterminate

Terrakea(?) sp.

FPsewdomartina wp.
Reticudatia(l) sp.

Neospirifer sp.
Pelecypods,

pectesioid, indeterminale

Rupose corals,

Cryplophkyllum striatwn

Tabulate corals,

Ciadochonus sp.

Michelinia sp.
Brachiopods,

Linoproductus sp.

Jizesania sp.
Stenocisma p.
Institina(?} sp.
Chaoietia(?)} sp.
Cephatopods,

Preuwdoparalegoceras

hansoni

Crmoidal materizt

Hom coral fragment,
sberrant clisiophytiid

Rugose corals,

Bothrophyllum sp. ¢f. B.
pseagoconicamn
Dobrojyabova

Fusalinids,
Fusudinelia sp.

Rugose corals,
Timanie sp. A.

Tabulate comls,
Sinopora(?) sp.

Lace Paleozorc

Early Permian
{Wolfcarmpian)

Earty 10 Middle

Pennsylvanian

Peonian

Middle
Pennsylvanian

Early Permian
{Wolfcampian}

PPs; Slanx Spur
Formation
(opper pen)

PIPs; Slans Spur
Formation

flower part)

PIPs; Stana Spur
Formation

(rower par)

PIPs; Siana Spur
Formation
(lower pamn)

PP s; Stana Spar

Formation

PPs; Siana Spur
Formation

HM Duncan

I.T. Dutro, Ir.

C.L Rowen

CL Roweu

3. W. Skinner

C.L. Rowen

USGS Repont MG-53-7
Collecied by
T.L. Pewe, 1952

USGS Report A-78-35
Collacied by NR.D.
Alben, 1978

Rowett, 1965b, p. 118;
Rowett and R Timmer,
1973, p. 116

USGS Repont MG-53-F;
Rowen, 1975, p. 67
Collected by T.L- Pewe,
1952

G.C. Bond, 1576, p. 5

Rowett, 1969b, p. 119;
Roweu, 1975, p. 67
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MC 13

E1 -63-458

VV2iA

53°16'12" N.
145°36'127 W,

63°1¥54" N,
145°3606° W,
{approximaseiy)

63°36'07" N.
145°3604" W,

63°16'04" N.
145°35'43" W,

63°14°14" N.
H5°314T W,

Rugote conls,
Timania rainbowtnsis
Ganropods,
Qmphalotrochus(T)
Fasabinia

Pseudofusutinella sp.
Brachiopods,

poordy reserved produc-

1id and spirifered, indeterminase

Early Permian
{WoHcampim)

P#P's; Stans Spur
Formation
{opper pam)

Pollen sampie (most
sbundant species),
Poucs 6% clays
Benda 15.6%
Monocots 0.8%
Nap, indeterminae 9.2%
Sphagnum 86%
Picea T
Taxodiaceas,
TCT types 61%
Ericales 4.5%
Peeudotsuga. 3%

Tabelate comls,
Syringopora katoi
Braduopods,
Plicatifera sp.
Derbyia sp-
Bryozoans,
weil-preserved fencairate
fronds, indeterninate

Pliocene

Early Peomian
{Wolfcampian)

PP s: Sana Spuy

Formation
(apper par}

Rugose corals,
Bothrophylion
paeudocomicant
Dobrolyubova
Brachiopods,
Neospirifer sp.
Choristites sp.
Unispirifer(?) sp.
Yakovievia sp.
Linoproductus sp.
Calliprotania(?) sp.
Rugosochoneles sp.
Denticulophorall} sp.
Fosilinidae,
Psewdofusulinefla sp.
Eoparafusulina(?) sp.

Corals, Early Permuan
Timania sp. cf. T. schmidti
Soackenberg

Early Pemmian PP s; Slans Spar
{Wolf campian} Formaden
(upper part}

PPs; Slana Spar

Formpaticn

Tsc; Tertiary lignitic
and wood-bearing

C.L.Rower Rowenr, 1969, p. 118§;
Rowex, 1975, p. 68

E.B. Leopold  USGS Report A-74-4D
Collected by F.R. Weber
and E.B. Leopold

C.L.Rowet Rowet, 1969b, p. {1%;
Rowex, 1975, p. 68

CL Rowetz  Roweu, 19650, p. 119
Rowen, 1973, p. 68

C.L. Rowen  Rowen, 19690, p. 120:
Rowett, 1975, p. 69
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Le

74

75

16

7

8

S2APWO20 63°14°00° N.

Not available

Not available

83ATLOTTA

AK-27344

A-206

FIANKI

145°2T00" W.

63°13'30" N.

145°26'45" W.

{approximste)
S3°09'N.
145°08W,

(spproximate)

63°06'02" N.

144°51'14" W,

63°10'18" N.

144°49°30" W,

63°09"17T" N.

144944267 W,

G307 N.

144°44°26" W,

indeterminate
Bryozoans,
Rhombotrypetla sp.
Polypora sp., indetenminaie
Fenestella(?) sp. (moid)
Brachiopods,
Dictyoclostus(?) sp.
Marginifera(?)
Pelecypod, indeterminate

Pemmiz(?)

Conodonts,
Lonchoding sp. aff. Peomian
L. festiva
Sequoia 5p, Late Eocene
Taxodium tinaforws Heor

Taxodium distichum
miocensum (Brgr) Heer
Carylus macQuarrii (Forbes)

Heer
Juglars nigelic Heer
Tilia alaskana? Heer

Echinoderm debmns,
indeterminate
Bryozoans
fenestrate and
ranose, mdelermminate
Brachiopods
Anidanihus sp.
productoid fragmenis,
indeteyminate
Neospirifer? sp.
Spiriferetia? sp.

Pelecypod
Buchia concentrica
Ammonite
Phylloceras?

Early Permian

Late Jurassic
{Oxfordian)

Gastropeds, Triassic
Zygopleura sp.
Sirobeus sp.

Corals,

Procyathopora sp.

Coclentrates-
Spongiamorpha

Laic Taassic

Pe; Eagle Crock
Formation

Mid-Permian to Late  Pe; Eagle Creek

Formation

Tsc; calcareons
sedirment

PfPs; Slana Spar
Formation

KJs; Argillite

Tst;, Limestone

Tri Limestone

3T, Dotro, Jr.

Unknown

F.H. Knowhom

I.T. Dutro, Jr.

D.L. Jones

R. Allisoa
B Yochelson

NJ. Siiberding

USGS Report MG-53-7
Collscted by
T.L. Pewc,1952

G.C. Bond, 1976, p. §

Mendenhall, 1905

This report
Collected by
P. Burrell, 1983

This repon
Collected by A, Bakke and
). Foley, 1989

Matteson, 1973,
p. 23, 24

USGS Report A-79-44
Collected by
W.J. Nokleberg, 197¢
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6%

84 A-208

85 A-238

86 TIARMOZIA

87 F4ARML L4

88 T3IARHO

8s T3ARHO10

90 Not available

63°08'36" N,

144%4241" W,

63°08'50" N.

144°4 2367 W.

63°0Ti8" N.

144°42'36" W.

63°04°507 N.

144734327 W.

63°0412" N.

14473359 W,

63°04'04" N.

144°33'46" W,

63°07" M.
i44°33 W,

Bruchiopods,
Chonetina? sp.
Rhiynchopora sp.
Thamnosia sp.

Metasequoia sp.

Brachiopods,
Neaspirifer sp.
Bchinoderm debris,
indeterminate

Cephalopods.
Daubickites sp.,
indeterminate
Peritrochia sp. aff. P.

typica

Brachiopods,
Derbyia(?} sp.
Reticulatia sp.
Neospirifer sp.

Peiecypods,
Aviculopecten(?)

Bryozoans,
fencstrate and rumose,
indcigominats

Brachiopods,
Reticulatia(T) sp.
Baikymyonrial?) sp.
Neospirifer sp.
Spiriferetiina sp.

Pelecypods,
Acanthopecien sp.
Aviculopecten sp.

Bryozosns,
fenestraie and ramose,

indeterminate

Bryozoans,
Fistulipora sp.
Batostomella sp.
Fenestella sp.
Polypora sp.

Brachiopods,
Froductus sp. aff.

P. humbotdii
Prodictus sp.
Marginifera sp. aff.

M. avoluta

Rhyrchopora sp. aff.

R. nikitini

Easty Penmisn(?)
{Attinskisn?)

Early Teriary

Easty Permian

Farly Pennian

Barly Permian

Early Permian

Permoan

Pa; fauht bounded
sice of
Hagie Creek
Formation

Tsc: Tertiary
sedimentary
rocks

PIP's: Siana Spur
Formation

Pe; Gagie Creek
Formation

Pe; Eagic Creck

Formation

Pe; Eagle Creek
Formation

Pe; Eagle Creek
Formation

C. Matteson

1.T. Dutro, Ir.

M. Gordon, 1.

LT. Dutre, Ir.

L.T. Duire, Ir.

G. B. Girty

Charies Maneson, 1973,
p. 11

C. Maueson, 1973, p. 36

USGS Report A-79-44
Collected by
R.T. Miyaoka,
1979

Richter 2ad others, 1977

Richter and others, 1977

Richler and others, 1577

This repon.colieced by
I.W.Young, 1917



0c

g1

93

73ARHO09

T4AREI

TIARHOOL

TIARHOOT

T3IARH013

63°03'38" N.

144°32'57" W,

630700 N.

144°31°24" W.

63°05107 N.

144°3024" W,

63°04'02" N.

144°29°36™ W.

63°05'30" N.

144°29'30™ W,

Camarophoria sp. aff.
C. mutabilis
Spirifer cameratus Tsch,
non Morton

Spirifer sp.

Squanndaria?l sp.

Ambocoelia sp.

Spiriferina sp. aff. §. spinosa
Pelecypods,

Aviculipecten sp.
Trilobite,

Griffithides sp.

Fusnlinids,
Sehwagerina sp.,
possibly related
to 8. jemkinsi
Thorsteinsson

Cephalopods,
FParagasirioceras sp. ¢f.
P, kirgizhorum
Uraioceras sp. of. U.
federowi

Brachiopods,
Choneiina(ysp. of. C.
superba Gobbext
Chonetinella sp.
Anemonaria{l} sp.
Horridonia sp.
Calliprotonia(?) sp
Punctospirifer(?) sp
Echinoderm debrig,
mdeterminate
Bryoxzoaas,
fenestrate and ramose
indetarminate

Fusulinids,
EBoparafusuding
mendenhalli Petoez

Pelecypods,
Daonelia sp. cf. D. frami
Kieil

Early Permian Pe; Eagle Creek
(late Formation
Wolfcampian)

Early Permian Pa; Ragle Creek

Formation

Early Permian Pe; Bagle Creek
{late Leonardizn) Eoonation

Early Permian Pe; Bagle Creek

Formation

Middle Triassic Pg; Shale, in

unit of shale,
limeswme, and
chert herein
included within
oppermost pant of
Bagle Creek

Formation

R.C. Douglass

M. Gordon, Jr.

LT. Draro, ¥r.

R.C. Douglass

N.J. Silberling
K.M. Nichols

Richiter and others, 1977

DRichier and others, 1977

Richter and others, 1977

Richter and others, 1977

Richter and others, 1977
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Tangle Subtervane and Fauli-bounded Block of McCanky Fommation within Broxson Gulch Threst

iz
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122

123

124

125

USG56570

USGS65T§

82ACBOOZA

A-1801

Not available

TEANKISIA

63°09°01" N.
146°59'56" W,

63°3ra3" N,

146°36'12" W.

63°10'44" N.

146°55'48" W.

63°1756° N.

146°4132" W,

63°0745" N.

145°51'03" W,

63°07°047 N,
145°48°50" W,

Cephslopods,
Tropites sp.
Pelecypods,
Halobia sp. of. H. superba

Pelecypods,
Monotis subcircu-
faris or M. salinaria

Pelecypods,

Monotis subcircu-
iaris {7}

Pelecypods,
Halobia sp. <. H. superba

Pelecypods,
Daonella or Halobia

. Bryozoans,

indeterminate

Late Toassic
(late Karnian}

Laie Trinssic
(late Norian}

Late Triassic
(late Norian)

Late Trassic
(lete Kamian)

Middle or Laie
Trassic

Lata
Paleozoic

H; limestone

S McCarthy

Formation

JWm; McCarthy
Formation

W limesione

F; argillice
in Nikelai
Greenstone

Pet; limestone

N.1. Silberting

N.J. Silberling

N.I. Silberling

N.J. Silberiing

N.I. Silberling

NJ. Sibeskng

USGS Report A-59-4M
Collected by B.H. Moffit,
191(; recollected by
T.E. Smith, 1968

USGS Repost A-69-4M
Collected by F.H, Moffit,
1910; Ross, 1931

USGS Report A-82-4D
Collected by
CH. Buhrmaster, 1982

USGS Report 0-83.2D
Collected by
C.W. Allison

J.H. Stom, 1976;
W.J. Nokleberg
and others, 1982

W.J. Nokdeherg and others,
1982

it
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Table 2. leotopic sample localities, analyzed minerals, host rocks, and ages, Mount Hayes quadrangle, eastern Alaska Range, Alaska’

Magp Field No. Location Method Mineral Age (Ma) Map unit gymbol; Source; remarks
No. {lat. and long) rock Lype
Lake George subtemmane of Yakan-Tanana terrane
AATE 63° 4912 N. Pb-Alpha Zircon 105£10 grn; granediorite Holmes, 1965; Holmes
144® 53'12" W, and Foster, 1968
75AFR2172 6317 4127 N K-Ar Biotite 38,3427 orn; granite Wilton amd others, 1985
144° 53'12" W.
T5AFR2172 63% 412" N, Kods Hombiende $2.9%2.8 arn; granite Wilson and cthers, 1985
144° 5312" W,
TGAFR200Z  63° 417 N U-bp Zircon ~907 Qen; granite This repont
i44° 127 W.
81ANKI105A 63° 51'29" N. U-Pb Zircon 367134 Igr; granodiorite This report
144° 09'33" W, (~360)
SANKIDSA H3° 5§72¢” N. Rb-Sr Biotite, 1018 lgr; pranodiorite This ccpont
144° 033" W. K-feldspar,
wholerock,
plagioclase
BB2! 63° 400" N. Pb-Alpha Zircon 110+10 g, queen diodte Holmes and Foster, 1968
144° GT06™ W,
G115 63" 43'18" N. Pb-Alpha Zircon 115415 Grn; quartz dierite Marvin and Dobson, 1979
144° Q348" W,
Macomb subtermne of Yukon-Tanzne terrane
BIANK234A  63° 853" N. U5 Ziscon 372458 Mg melagranodiorie Aleinikoff and Nokleberg,
44° 48'50" W, 19850
BB20 63° 38'15" N. Ph-Alpha Zircon 90,0110 grn; granodioriic of Holmes, 1965; Holmes
144° 45340 W, Macormb Plateau and Foster, 1968
190 63° 31"30"N. K-Ar Biovite 62.9£1.9 la; alkalj Foley, 1984
144° 43'00™W. clinopyrexenite dike
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21 AT8853 63° 32'03" N. K-Ar Biotite 53.4+2.0 grn; granite This report; I.T.Galey,
145° Xy5¢" W. wrilten commun., 1987
] SGAAFD2IB  63° 4336 N. U Detritad 320G ics; metapeliie This report
145° IP08" W, zircon
21 B0AATUSTA 63° 422717 N. U Deirital 3-23Gs JE8; quariziie Alemikoff snd
$45° 1OP3RT WL Treon othrers, 1984
24 AB2400 63° 33°59° N. K-Ar Biotite 54.313.6 orny; granite of This report; LT, Galey, Iz,
145° 0746 W. iniragive complex of wrtten comman., 1987
Mount Hajdukovich
5 BT48 63° 23708" N. K-Ar Bioite 69.211.9 la; alkali diorite dike Foley, 1982, 1984
144° 35'36" W.
26 LEN 63° 24'13" N, K-Ar Biotite 67.612.0 la; alkali monzodiorite Foley, 1934
1447 3430" W dike
27 87ANKOGSA 63° 13 00 N. K-Ar Homblende 88.712.7 grn; granodiorile Thig report
144" 1605 W.
28 BIANKZISA  63% 1556 N U.Pb Zircon 7218 fov; metzrhyolite o Aleinikoff and Nokleberg,
1447 J3387 W metadacilc 1985b
29 78 63° (432" N. K-Ar Amphiboic 107.6143.2 la; alkali diorite dike Foley, 1984
144° 83T W,
30 38A 63° 104" N X-Ar Amphibole 75.6£2.3 {a: lzmprophyre dike Foley, 1984
144° 06'37" W
3 67 63° 15'45" N. K-Ar Biotite 69.312.9 la; alkali Foley, 1984
144° 01'12" W clinopyroxenite dike
Hayes Glacier subterrane of Yukon-Tanana 1errane
32 BOAAFO39A 63° 417007 N. Ufo Zircon B7548 hgy, metarhyolite Aleinikoff apd Nokleberg,
(BCANKOZ3ID} 14567 404i™ W, 1983; Aleimikoff and
Nokleberg, 1585z
33 B7TANKOZSR  63°3408 N. K-Ar Homblende 100.343.0 grry; schistose This report
[46° 12 40'W. grarodiorite
34 SIANK2ITAB 63° 15327 N. U Zircon -3757 hav; metasndesite Aleinikoff end Nokieberg,
144° 4TOY W. to thyoedacite 19850
35 72067 63° 1030" N, K-Ar Homblende 103.6:43.1 grn; granodiorite Maueson, 1973

144° 316'55" 'W.
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54

55

56

57

58

59

61

62

TIAWRAT2

DT72-3%A

DT72-38A

DT72-38R

DT72-388

DT72-404

DTT71-40A

DT72-408

DT72-408

DTT2-37TA

DT72-37B

DTT2-378

TOANKOL

T1IAWRARD

TIAWRA4ED

AS9B-Ti

THAWR452

63° 30112" N.
146° 45'48" W.

63° 29000" N.
1465 3400 W,

63° 2815" N.
146° 2300" W.

63° 2815 N,
146° 23'00" W.
63°28715° N.
146° 23007 W.

63° 24'18" N.
146° 19'30" W.

63° 24°18" N.
146° 197307 W.

63° 418" N.
146° 19'30° W.

63° 24187 N.
146° 19307 W,

632 27'06" N.
146° 14'18" W,

63° 2T06™ N.
467 147187 W,

63° 27067 N.
146° 14'318" W,

632 26'06" N.
146° 14127 W,

63 2624" N.
146° 03'00" W.

63° 2624 N,
1467 $3'007 W.

63° 2338" N
146° 00'40” W.

637 24'56™ N.
1430 57307 W,

K-Ar

K-Ar

K-Ar

K-Ar

K-Ar

K-Ax

X-Ar

K-Ar

KB-Ar

K-Ar

K-Ar

K-Ar

K-Ar

Biotte

Biotite

Biotite

Biotle

Homblende

Bigtite

Mascovite

Biotte

Muoscovite

Muscovite

Biodte

Muscovie

Bictile

Biotite

Muscovite

Biotite

Muascovite

35.5x1.0

33.7£1.0

31.430.9

31.240.%

36.6%1.1

31.940.9

32.3120.9

30.310.%

3i.640.9

3z.1£1.0

30.310.8

31.3%0.9

30.110.4

30.340.9

30.0+0.%

31.340.9

33.5x1.0

gre; granodiorite

mgsh; gneisz

T9; quanz diorite

§0; quanz diorite

24, quanz diorite

g9, granodiorite

40. gmnodionite

ag. granodionte

ag. gnanodiorite

g9, granodiorite

49, grancdioriie

Q9; grancdionie

94, schistose

granodiorite

99; granodiorite

99: granodione

8g; gneiss

4G, mylonitic gneiss

Turner and Smith, 1974

Smith and Tumer, 1973

Tomer and Smith, 1974

‘Torner and Smith, 1974

Tumes and Smiek, 1974

Turner sod Smith, 1974

Turner and Smith, 1974

Tomer and Swmith, 1974

Tamer snd Smith, 1974

Tumer and Smak, 1974

Tumer and Smith, 1974

Tumer and Smith, 1974

Tusper aod Smith, 1974

This repont

Tarner and Smith, 1974

Tumer and Senith, (974

Torner and Smith, 1974

Tumer and Smith, 1974
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¥

64 BT72-318 £3° 24'56™ N. K-Ar Bictte 29.240.8 Q9: granitc poeiss Turner and Smith, 1974
1457 52307 W.
65 DT72-36A 63° 2318 N. K-Ar Biotite 32,4309 04, goeiss Tumer and Smith, 1974
145° 45°06" W.
DT72-36B 63° 23'18" N. K-Ar Biotite 31.6%0.9 04, gneiss Tummer and Stnith, 1974
145° 45°06" W.
DT72-368 63° 238" N, K-Ar Homblende 48.8x1.4 G4; gneiss Turner and Smith, 1974
145° 4905 W.
66 TIAWR474B  63° 23'18" N. K-Ar Homblende 47.1+1.4 agq; diorite Tumer and Smith, 1974
145° 49°06" W.
TIAWRATAC  63° 2018 N K-Ar Homblende 44,9413 9g, diorite Turner and Smith, 1974
457 49°06" W,
& TIAWRSETE 63° 271" N. K-Ar Biotie 31909 G, guanite Turper and Smith, 1974
145" 49°06" W,
7IAWRATE 63° 2273 N. K-Ar Muscoviie 36,4301 G0, granite Turser and Smith, 1974
145° 48°55 W,
68 85BT232 63° 2205" N. K-Ar Biotite 32.03x0.96 0g; granile This report; T.K. Bundizen,
145% 4T41" W, written commun,, 1986
858T232 63° 22057 N. X-Ar Muscovite 42.20+1.27 gg; granite This report; TK. Bupdtizen,
145° 4741" W, written commun., 1986
69 Al4s 63° 2¥00" N. K-Ar Bictite 34.5£1.0 gg; gneiss Torner and Smith, 1974
1459 47°30" 'W.
Aldd 63° 23°00™ N, K-Ar Hombiende 500415 93 gneiss Tumes end Smith, 1974
145° 47307 W.
Maclaren Glacier meiamorphnc belt of Maclaren terrane
70 T2AST228 63° 212" N. K-Ar Biotite 48.0x1.4 mmb; metasedimentary Tomer and Smath, 1974
146° 46'30" W. schist
T2A5T228 63° 213" N. K-Ar Homblende 69.612.1 N meiasedimentary Tumer and Smith, 1974
146° 46730 W, schist
T 553B-71 63° 2320" N. K-Ar Biotite 31.4x0.9 mmb; paragneiss Turner and Semith, 1974

145° 54207 W,



YL6] QIS puw Iuza ]

M 009 o901

£L61 ‘rawn] pue qws smorp zasenb ‘s 6 EF6°8T1 PRI - N O£ o£9 VTTHIL 8
aueuat efjaive g Jo suvnaMns a(due]

Sdg% ‘M .9Z.1T obPY
uoda sy, I[apou BN 6'8TPV6 apuajquioy - N .DSI0 .89  JL90ZHV6L 8

"M Z0EY obHT
'CL61 “sosauely s1uax034d fwn 2¢T6'5Z1 2pusjqQUIoy vy ‘N .85.60 of9 6992L 18

‘M ZOED opp(
‘EL61 ‘uOsINEN amwxoikd wn L EFLETl anorg 9y ‘N 85.60 o£9 89072 08

A 8295 o
Lodau sy, smues8 6y TF60¢ vourz an ‘N .TZ10 .69  VIIDINVSL 6L

(sone0]

oreanmxosddr)

9.6 'PooH YBS1 arerawodnod pus "M 00.5Z o5P1
"SI0 PUR F2AN],  SUOISPURS PIWEUTD (98] £0FS°S SpUBqUOY g ‘N .00£]1 €9 10 fL

9L61 “puog w1 paw S1ST o5pl
EWW0o (WO samy T'q Hot epof o5 & (L)eor 3joqm Y-y LLEL 59 QEmAT N LL

M TTSE oSP1
voda smyj, auoipouwid 1(4)B 8L 6¥V6 ST apuUa[quoy ey N JZELL o£9 TNV SL

"M WSTSE oSP1
Lodas sy s1worpoum3 [saf oL~ spwajquioy -y "N 5102 +£9 (- VSS SL

TS duorp

9RG6( "UNWWOD WIPUM s1uoud jo do1 e "M OELP oSHI

‘uazipmg "Y' ‘voda $1q), 21L0Yp spu3[quioy 'nd €6'TFLY LS apwquoy ) ‘N IEIT o£9 5670858 bL
[ns <Lorp

9861 “Unwwoo usMLm 91w jo do1 18 "M S$06b aSPL

‘wozpung Y], rwodar snqp NDOTP IPUIQUIY (N3 9L'TT68'16 IpaquIoy V- "N .10.1Z .£9 $EZLASS €%’
UL WRITURIp O JCRLAWNS JIATY SUB]S

M OT85 oSPI

pL6] ‘TITUS puUm 1w ssudrzed | quiw 6'079°0¢ naotg Ty-y "N J0ZEZ o£9 1LvEY 4

42



-a8wiaaw 51 98% 1dsaianm Jaddn SNy 'sade Aurw jo suoalIZz sumuod A[qeqosd suomoesy UTEISRTA £
'so[dIIBs § 1WOL] BUOTIOBL) pauTesd-auty ()] 0] pAEIno[Eo 938 ua.uo&anN

“PANOU ISVALIGIO SSI[EN WA @ $3By
{6£6Y) HdwAImeq Wy s1Ue1stoo Ar3p PIpPAD GIa PAFROfEIA UIN IAFY SIWRISIOO ATOP AI159Mm,, 13P0 il DIWTONE atam Ry s23u vy

‘M 08¢ 9P
PLOT ‘MINDS pU Jaumy, Auotpourd 'siB P YFT VI spoqrydusy V¥ N WPS.LO o£9 IhISVIL S8
ITRIIDO] IR
PUe IDOWPUES O
TO3R PIOEULR {JEUSS O B RIS 4

uodar sry], 1 aepoky 195y L6 0FVLIE IPUIqUIOH VA ‘N.ZLEL €9 VOLOANYZ8 v8

43



