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STUDIBS RELATBD TO WILDEBRNESS

The Wilderness Act (Public Law 88-377, September 3,
1964) and related sota require the U.S. Geologlcal Survey and
the U.S. Buresu of Mlnes to survey certain sreas on Pederal
lands to determine thefr mineral values, If any, that may be
present. Results must be made avallable 1o the public and be
submitted to the President and the Congress. This report
presents the resuits of a geologieal survey of the Chugach
Nstional Forest, Alaska, Including the Nelie Juan and
College Fiord Wilderness Study Area established by Public
Law 96-487, December 2, 1880.

INTRODUCTION

LOCATION

The Chugach Nstional Forest, located in the Kenai-
Chugach Mountains physlographie province of Alaska,
comprises parts of the Anchorage, Cordovs, Blying Sound,
Bering Glacier, Middleton lsland, Veldez, Seward and ley Bay
quadrangles (fig. 1). The western boundary of the national
forest is 43 mi by road southesst of Anchorage, Alaska.
Whittier and Cordova are the only towns losated within the
forest boundary.

SIZR AND GEOGRAPHIC SETTING

The Chugach Nationat Porest i the second largest
National Forest in the United States and i3 about 9,000 mi® in
area. This area encompssses scenic Prince Willlam Sound,
the largest embayment on the coast of Alaska between Cape
Spencer on the Alaskun panhandle to the southeast and Cook
[nlet. Prince William Sound contalns humarous isiands, the
largest being Mortague, Hinchinbrook, Knight, and Hawkins
Islands. The shoreline ls characterized by numerous fiords,
one of which contains Columbia Glaoler, one of the largest
tidewater gleciers in North Ameriea. Numerous other
glaciers originate in the high Chugach Mountains to the north
and {n the Sargent Icefield to the southwest. Mount Marcus
Baker, at 13,250 ft, Is the highest polnt In the national forest.

The national forest boundaries are stlil in a state of
flux. Under the Alsska Native Clalms Settlement Act of
1971 severa) native viDages have selected about 400,000
acrea of national forest land for withdrawal as private land.

GENERAL GEQLOGY

The geology of the Chugach Nationgl Porest i
dominated by two major units, the Valdez Group {(Sehrader,
1300) end the Orea Group (Schrader, 1800). Both groups
consist largely of graywacke, siltstone, and ghale, with the
finer grained rocks commonly displaying & slaty fabric, As
summarized by Mof¢it (1854), the Orcs Group was thought to
be somewhat less metamorphosed than the Valdez Group
(based on the dominance of slate in the tatter unit) and it was
furthermore distingulshed from the Valdez Group by the
presence of mafic volcanle rocks and local beds of
conglomerate. Tysdal end Csse (1978) and Winkler and
Plafker (1981 deseribed the metamorphism in the Orea Group
as ranging from zeolite and prehnite-pumpeliyite fecies to
low greenschist facieg and in the Veldez Group as ranging
from zeolite and low greenschist facies to amphibolite facies

{east of the Copper River). Miller and others (1984) describe
amphibollte {or hornblende-hornfels) facies being present in
both groups east of the Copper River. This supports our
observations that both groups contaln remarkably similar rock
types, 50 that la scme aress of the national forest the two
groups are diffloult to distinguish. Previous workers also
suggested that the type of mineral deposit present distin-
guishes the two groups (Tysdael and Case, 1982) - the Valdez
Group typleeily containing gold deposits and the Orea Group
mainly contalning copper deposits. However, we find that
both types of deposits occur ln each group. Deposit associa-
tion appears to be related to specific host-rock types or
geologic conditlons found tn both groups.

Known massive sulfide copper deposits in the study area
are associated with mafic volcanism, and these deposits are
found in, or are spatially related to, these types of rocks in
both the Valdaz and Orca Groups. The one known exception
is the Ready Bullion prospect near Lynx Creek on the Kenali
Peninsula, where there are no known voleanic rocks.

The copper deposiia can be divided into voleanic-hosted
and sediment-hosted deposits. Voiesnic-hosted deposits
commonly occur In shear zones (some as massive sulfide
lenses) primarily in the mafic complexes on Knight Istand,
Glacier Island, in the Elamar district (Oeca Group) on Resur—
rection Peninsuia, and in the northern part of the Cordove
quadrangle (Veldez Group). Copper sulfide minerals are also
found as disseminated gratns tn pillow basalt (Knight Island);
in small tenses and stringers in greenschist (Cordova quad-
rangle); in quariz veins radiating from the distal(?) end of &
basalt flow (Hinehinbrook Island); as the matrix in voleanie
breccia ond as sulfide brecela (Knlght Island); and as stock-
work veins cutting voleanio rocks on Knight Island.

Sediment-hosted copper deposits historically formed the
largest producing mines bn the area. These mines, Jocated on
Latouche Island, at Ellamsr (Ores Group), end at Solomon
Guleh (Valdez Group) near Valdez, contained sulfide ore
localized In sedimentary rocks near mafic voleanic rocks.

Gold in the Valdez Group {3 found predominantly in
three settings: (1) in quariz veins that are dated at 53 Ma and
cut flysch (Mitohel and others, 1981); (2) in quartz veins that
cut both Myseb gad 34 million year-old plutons {Tysdal and
Case, 1982); and, (3) as placers derived from both of the
above. Minor gold occurrences exist in the Orea Group in
three situations: (1) as deposits In quartz veins that cut
flyseh near the 50 million year-old McKinley Peak piuton east
of Cordovay (2) In quartz veins cutting geeenstone on Culross
Islend; and (3) as possible plecer deposits. Preliminary data
suggest that & particular late-metamorphic {temperature}
condition must be met for gold-bearing quartz veins to
develop in this srea (Mitohell and others, 1981; Pickthorn,
1982). These conditlons apparently have been satisfied near
granitic plutons of bath Eccene and Oligocere age and in
regionally metamorphosad rocks of lowest greenschist facies.

The Orca Group, structurally, is characterized by a
predominantly northeast-trending regional strike. In
confrast, the Valdex Group i3 eharacterized by & northwest
regional trend In the eastern part of the study area that has
been rotated 80° to a northeest trend in the western part of
the area. This oroclinal bending may have oceurred along a
northwest-trending axis In Prince William Sound (Carey, 1958;
Plafker, 1988). The comblnation of northwest-southeast
compression during accretlon of the Oreca Group and almost
concurcent east-west compression due to the oroclinal
bending of the Valdez Group resulted in complex deformation
of the Orca Group in the eastecn part of Prinee Witliam Sound
(Winkier and Piafker, 1881). Thig deformation has resulted in



numerous faults.

Many of the major faults in the area lack any
gignificant evidence of strike-slip displacement, although the
1sek of marker units may obscure this relation. The few
places where feults fave apparently truncated rock units
suggests high-angle reverse or thrust fault relations. This
interpretation iz best observed in such places ast (1) along
the Martin fsult that juxtapoges Eocens granitic roeks against
Orca Group voleanic and sedimentary rocksy (2) along the
Gravina fault that has truncated the north end of the Sheep
Bay pluton; and (3) along the unnamed thrust fault west of
Dey Harbor that places sedimentary rocks of the Valdez
Group over the mafic complex that forms the Resurrection
Peninsua.

For the purposes of this map, we use the terms Valdez
and Orea Groups as defined and mapped by Tysdal and Case
(1879) and Winkler and Plafker (1981). Tnhis was dope for
convenience pending eompletion of detafled comperative
studies of sandstone petrography and metamorphic minersl
distribution in the two groups. Preliminary observations
mede during these studies indlcate that modification of the
stratigraphic nomencizture for the Valdez and Oree Groups is
warranted, because in many places these rock units are
indistinpuishable wlth respeet to the parameters presently
used to define them.
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DESCRIPTION OF MAP UNITS
SURFICIAL DRPOSITS

The surficial deposits have praviously been mapped in
detail in five areas: near Katalla (Kachadoorian, 1960), on
Kayak and Wingham Islands (Plafker, 1874), near Sherman
Glacier (Plafker, 1968), on Hinohinbrook Island (Winkler,
1973), and in the Seward and Blying Sound quadrangles (Tysdal
and Case, 1979). For the purposes of thls map surfical
deposits have been combined into one unijt.

Qu SURPICIAL DRPOSITS, UNDIVIDED (HOLOCENE)-
Predominantly aluvlum deposited by nonglaeial
streams and outwash deposited by glacial
meltwater. Congists of sand end gravel; terminal,
lateral, and ground moraine composed of unsorted
deposits of boulders, cobbles, grave), and sand left
by the retreat of alpine, vealley, and regional
glaciers; and telus and lendslide deposits
consisting of coarse angular rock debrls derived
from adjacent hedrock. Also includes less
extensive deposits consltsting mostly of sand that
may be loeally ebundant and form such feetures as
beaches, spits, offshore bars In coastal sreas, and
dunes on the Copper River delta

SEDIMENTARY, YOLCANIC, AND METAMORPHIC ROCKS

Ty  YAKATAGA FORMATION! (MIOCENE)—Named by
Talinferro (1932) (for sandstone, shale, and
conglomerate that occur conformably above the
Poul Creek Formation ln the ¢oestsl area near
Cape Yakataga (53 mi east of the Cordova quad-
rangle). The name Yakataga Formation has been

14nit descriptions sanewhat modffied fram Winkler end
Plafker (1981, p. 9-12).

extended (see Plafker and Addicott, 1976) to
[nolude strata throughout the onshore Guif of
Alaska Tertiary province and Middleton Island
(Plafker, 1867) {not mapped in this report) and to
Include rocks on Kayak and Wingham Islandg
(Plafker, 1074). The Yakataga Formation on
Kayak and Wingham lslands is of early and middle
Miocene age only (Plafker and Addicott, 1878;
Rau and others, 1977); elsewhere the Yakataga
Pormation ranges from Miocene to Holocene In
age.

On western Kayak Island, the base of formation i3
abrupt and perhaps disconformable above the Poul
Creek Pormation; on the eastern 38ide of the
fsland, the o¢ontact i3 gradational. Conteet is
placed at the lowest oceurrence of floating sand
geaing or cosrse angular clasts believed to record
the Inltlation of jee-rafting of sediment from
tidewater glaclers formed in response to
ronounced uplift along the Gulf of Alaska margin
Plafker, 1974).

The unit consists of diverse marine and glacio-
marine clastic rocks more than 5,475 ft thick on
Keyak and Wingham Islands, with at least an
additiona! 3,934 ft on Middleton Island. Much of
the continental shelf between those two areas i3
also underlain by the Yakataga (Plafker and
others, 1975%), Interbedded gray to dack—gray and
greenish—gray slitstone, mudstone, and sandstone
predominate in the lower part of the formation.
Till~like diamictite Is Interbedded with siltstone in
8ll but the lowest part of the formation and is the
dominant rock type In the upper part of the
formatlon, perticularly on Middleton Island
(Mller, 19853; Plafker and Addicott, 1976).
Conglomerate i3 a minar lithology throughout the
tormatfon and scattered clasts—presumably
dropstones—are present in all lithologies. Sand-
stone and conglomerate combined constitute
about 10 percent of the section on Kayak Island
and about 12 peccent on Middleton Island.

Possll marlne [nvertebrates are abundant and
assoclated with all the lithologic types of the
formation. Bivalves commonly are [ound
artlculated and In growth position. Microfossils
locally are very abundant in siltstone laminae. A
two~fold drop in molluscan species diversity
across the basa) Yakataga contact and the
replacement of taxa of temperate water aspect by
cold water taxa with high latitude species I8
attributable to the Initiation of middle Miocene
laciation along the basin margin to the north
Plafker and Addicott, 1976). Molluscan faunas
range In age from early Miocene to early Fleisto-
eene. Eorly Mlocene assemblsges are known only
trom Kayek Island; elsewhere in the Gulf of
Alaska Tertlary province, the lower part of the
formatlon s of miadle Miocene age. Foraminifers
collected about (3,600 ft above the base on Kayask
and Wingham Islands are typieal of the lower or
middle Mlocene Saucesian or Relizian Stages of
Washington (Rau end others, 1977). Exposures of
the upper part of the formation on Middleton
Island apparently were deposited entirely durlng
the Matoysma Reversed Polarity Chron of early
Plelstocene age, although almost all mollusks and
foraminifers collected from outerops there are
ldent)ien.l to lving species (Plafker and Addicott,
1978).

A dacite body (unit Td) dated nt 6.2 * 0.3 Ma that



{ntruded the upper part of the already deformed
Yakatsga Formatlon indicates that such deforma~
tion occurted prior to 6.2 + 0.3 Ma (tabdle t)

REDWOOD FORMATION! (OLIGOCENE? AND MIO-

CENE)—Named by Taliaferro {1832) for marine
siltstona, sandstone, and conglomerate that crops
out on the southarn slopes of the Don MDler HMs
tn ihe central Katalla district. Formation
redeflned by Milter (1875) to {nclude a tower
sandstone member as much as 492 ft thick, which
conformably overlies the Poul Creek Formation
(strata formerly assigned (o the Katalla
Formation), and the upper Puffy Member as much
as 4,000 ft thick, whase top is aot exposed. The
sandstone moember consists of about two-thirds
thick~bedded sandstone and one~third sUty sand-
stone and siltstone. The Puffy Member is more
diverse and consists of about 50 percent sittstone,
mudstone, and claystone. 30 percent conglom~
eratle mudstone and conglomerate, and about 20
percenl  sandstone  (Mlller, 1975). The
oharaoteristic conglomeratic beds show complate
gradation from coarse, clast-supported conglome=
rate to matrix~supported conglomeratic mudstone
and sandstone in  whieh coarse clasts are
suspended in the matrix. The sitstone, mudstone,
and claystone are similar In appearance to paris
of the underlying Poul Creek Formation, Dut they
contaln few or no concretions, no glauconitie or
volecanie beds, and are sandier and more resistant
to eroslon.

The fauna and the lithology of the Redwood
Formation {ndlcata its deposition betow wave base
in cold water at depths ranging from nerltic to
probably bathyai. The well-rounded character of
clasts in the conglomerate indlcates that the
coarser clastic material was thoroughly abraded
before belng redeposited in the marine environ-
ment. The sparse and poorly preserved mollusaan
fauna from the formation suggests either a corre-
jatton with the upper Galavinian {("Lincoin") and
Matlockian ("Blakeley") Stages of the Pacific
Northwest or a range in age from late Eoocene
through Oligocene (Addicott and others, 1978).
Foraminlferal control is extremely sparse but
suggests that the upper part of the formation may
be a3 young as Mlocene (Rau and others, 1977).
Thus, the Redwood Formation in the Don Miller
Hllls apparently correlates with the upper part of
the Pout Croek Formation and the lower part of
the Yakatags Formation exposed on Keyak and
Wingham Istands. Unit sge is considered late
Ollgocene(?) and Mlocene

POUL CREEK PORMATION! (MIOCENE, OULIGO-

CENE, AND EOCENE)—Originally named the
Katatla Pormation (Martin, 1905) and redefined in
the central Katalla district by Miller (1975). As
so redefined, the Katalla Formation is equivatent
In age and Uthotogy to the Poul Creek Formation
In the Bering Glacier quadrangle to the east and in
offshore wells. Therefore, the name Poul Creek
Formation is extended into the map area a&nd
applied to these equivalent strata, thereby aban~
doning the name Katalla Formation. ({The older
name¢ Katalla Formation iz here abandoned tn
favor of the younger name Poul Creek Formatlon
insplte of the rules of priority owing to the more
widespread extent of the Poul Creek Formation (n
the edjecent Yakataga district.) In this area, the
Poul Creek Formation Is divided into:

Sedimentary  rocks, undividedl—Concretionary,
pyritic, and glauconitic reddish-weathering, dark-
gray to greenish-gray silistone, claystone, and
sandstone with subordinate dark-brown, laminated
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organic-rich shale, silty shale, end gray calcareous
sandstone; als0 inctudes thin {nterbeds of basaitic
tuff locally. Jn the Doa Miller H(lis consists of, in
ascending order, the 8plit Creek Sandstone
Member, Basin Creek Member, and Burls Creek
Shale Member with sggregate maximum thickness
of approximately §,248 ft (Mller, 1975). On
Kayek and Wingham lislands the formation, which
is 4,787 {t thick, I5 undjvided, and the Split Cresk
Sandstone Member Is not prasent (Plafker, 1974).
Deposited in a cool neritle to bathyal marine
environment, mostly below wave  base.
Occurrence of shales a3 much ag 800 (% thick that
have high organle-carbon contents (as much as
7.57 percent), extractable petroleum (0.8 gallons
per ton), abundant glauconite, snd common pyrite
are gsuggestive of depasition fin part under
conditions of restricted bdottom circulakion.
Intercalated basaltle fragmental rocks and less
common pillow basalt {unit Tpv) indicate episodic
submarine matic volcaniam In the basin (Plafker,
1974).

Mollusks from the unit {ndicste @ range In age
from late Eocens (Galvinlan or "Keasey") through
mueh of the Ollgocene (Matlocidan or "Blakeley”)
(Addicott and others, 1878), In general, forami-
nifers {rom the same localities Indicate slightty
younger ages, ranging from late late Eocene
through early Mlocene (Refuglan, Zemorrian, and
Saucesian Stages) (Rau and others, 1977)

Voleanic rocks, undivided!—Basaitic pyroclastic and

flow roeks Including minor pillowed flows; locally
interbedded wlth marine sedlmentary rocks,
including tuffaceous or glauconitic strata,
probably genetically related to mafic dikes, sills,
and plugs of the matie plugs unit (Tm)

TOKUN FORMAT!ONl {OLIGOCENE ARD EOCENE)—

Named by Martln (1908) for transgressive marine
sequence approximately 3,508 ft thick that is
widespread in the Katalla distriot (Miller, 1961,
1975) and also occurs on Kayak and Wingham
Islands (Plafker, 1874). Base exposed only north
of Bering Lake, where {t Is gradational with the
underlying cogl-bearlng Kulthieth Formation
(strata formerly assigned to the Kushtaka Forma-
tion). Contact with the overlying Poul Creek
Formation in exposures south of Bering Lake is
abrupt, but apparently iy conformable. In the
vicinity of Nichawak River, the contact is grada-
tional

Unlt consists predorminantly of corcretionary
siltstone with a lesser and varlable amount of
interbedded sandstone, chiefly In the lower part of
the formation, Thlek sandstone beds exposed near
Point Hey and on Kayak and Wingham [slands
presumeably correlate with lower part of the
formatlon to the north, but were closer to the
sediment source. The siltstone generally is
medium to dark gray and nearly massive; in
places, thin beds and lenses of lighter gray,
brown-weathertng calareous sittstone and silty
limestone occur wlthin the darker siltstone.
Spheroidal calcareous concretions as much as 3 ft
in maximum dimension are distrlbuted randomly
or along surfaces In the siltstone. In the vicinity
of Bering Lake, thin beds of glauconitic sandstone
oceur near the top of the formatlon. Interbedded
gandstone in the Tokun, whioch generally is lighter
gray than the siltstone, i3 mlcaceous, feldspathice,
and brown-weathering. Intertidel outerops of
coarse~ to fine-gralned, brown-waathering, feld-
spathic sandstone on Wessels Reaf may correlate
with the Tokun Formation on the basis of litho~
logic similarities.



Unit's tithology and megafauna indicate general
deposition under qulet bottom conditions seaward
of the surf zone In tropical to warm temperate
water (Miller, 1873). Crabs predominate In fossit
collections from the Tokun, 4nd they are
aspecially abundant In the upper part of the
formation where they echaraeteristloally oceur
intaet in concretions.,  Sparse mollusks occur
mainly in thin beds or {enses of calcaraous sand-
stone in the lower part of the formation. The
mollusean fauna Indicates a correlation with the
middle and upper Eocene "Tejon” and "Keasey"
Stages of the Pacifie Coast standard seation
{Addicott and others, 1978)

KULTHIETH PORMATION' (EOCEN R}-Coal-bearing

sedimentary rocks exposed In the Bertng River
area that ware originally named the Kushtaka
Pormation by Martin (1905, 1908), These rocks
are equivalent to coal-bearing rocks assigned to
the Kuithleth Formation In the edjacent Baring
Glacjer, Yakutat, and Mount Salnt Elias quad-
rangles to the east; therefore, the name Kulthieth
Pormation s extended into the map area and
applied o these equivalent rocks, thereby aban-
doning the name Kusitaka Formation, (The older
name HKushtaka Formation is here abandoned In
favor of the younger name Kulthjeth Formeation in
spite of the rules of priority owing to the more
widespread extent of the Kulthjeth Formation in
the adjacent Malaspina and Yakataga distriets.)

Unit consists of at least 4,818 ft of Interbedded,
masgsive to thin-bedded aoal-bearing, arkosic
sandstone, dark-gray to blaok carbonaceous silt-
stone and shale, and minor cosl. Sandstone and
shale ratios {n measured sectiong of the Kulthieth
Formation average about 1:1 (Martin, 1908), The
gandstone varies {rom massive intervals as much
as 482 ft thick to thin bedded and shaly. Bitumi-
noug to sem{anthpacite coal in beds as mueh as 10
ft thick iz 8 conspiouous, but minor part of the
sequence. Commonly intensely deformed into
imbricated stacks of fault-bounded chewron folds
(Sanders, 1875, 1876) with shearing and structural
thinning and thickening of coal beds.

Unit mostly nonmarine and hes minor tongues of
transitional marine strata Ythologically similar to
the underlying Stillwater Formation and overlying
Tokun Pormation. Represents mejor pro—gradg-
tional ayale into an otherwise marine lower
Tertiary sequence.

Eocene age of umit in map area based on wide-
spread fossil plant collectlons, on a single
collection of moilusks from near the top of the
formation on Kushtaka Ridge, and on stratigraphie
relations with the underlying Stillwater and over-
lying Tokun Pormations. The mollusks indicate a
late Eocene (Tefon) age (F. 8. MacNeil in Wolfe,
1977, p. 6). Rossl} plant coltections from the
Kulthieth Indicate a wider range, from lower
Ravenian {late middle to early middle Eocene) to
lower Kummerian (late Bocene) (Wolfe, 1977;
Turner and others, in press)

STILLWATER FORMATION! (BOCENE)—Named by

Martin (1908) for a sequence that crops out in the
southeastern part of the Cordova gquadrangle just
enst of Ragged Mountain end in the dralnage of
the northern (tributaries of Berlag River.
Lithology and microfauna of the Ragged Mountain
exposures, which may constitute part of the lower
part of the formation, indicate marine deposition
in neritic to upper bathyal depths (Tysdal and
others, 1976a). Unit's lithology and megafauna in
exposures north of the Bering River, which may

constitute part of the upper part of the formation,
indicate regressive shellow marine deposition. in
this mrea the Stillwater intertongues with, and
grades upward into, the shallow marine and non-
marine Kulthieth Formation (Miller, 1851,
MacNell and others, 1861). The Stillwater Forma-
tion ls complexly deformed and I8 chararterized
by tight folds and shearing in incompetent strata;
hence, its thickness can be only orudely estimated
to be at least 4,918 £t (Plafker, 1971).

The domirant Uthology is dense hard dark-gray
siltstone. Where the slitstone s carbonaceous, it
has & coaly appearance; where it Is caleareous,
the siltstone may be varigated in shades of reddish
brown to pale green and usually contains
foraminifers.

Foraminifers have been eollected from the forma-
tion on the east side of Ragged Mountain (Tysdal
and others, 1976a), and mofllugks have been
colleated from outerops in the Shockum Mountains
north of the Bering River (Wolfe, 1877).
According to W. W. Rau and others (1977), the
foraminifers indicate a range from possibly the
Paleocene and lower Bocene Bulitian Stage to the
middle Bocene VUlatisian Stage. The mollusks
indicate a younger age, late middle or early late
Eocene (F, §. MacNell in Wolf, 1977 p. 4). At
present the age of the Stlllwater ceannot be
defined more closely than Rocene. Dominantly
marine strata of the Stillwater Formation in the
map area may be coeval with the nonmarine tower
part of the Kuithieth Pormatlon 40 mi to the east
in the Bering Glacifer quadrangle (Miller, 1961;
MacNeil and others, 1961)

ORCA GROUP (EOCENE? AND PALBOCENE)~

Nemed by Schrader (1900) for a widespread, thick,
and complexly deformed sequence of flyseh and
matic volcanic rocks in fault contact with the
southern margin of the Valdez QGroup. The
Contact fault system forms the landward bound-
ary of the belt (Plafker and others, 1877). The
Oreca Group is considered to be an aceretionary
sequence and part of & geologic belt that extends
through Prince William Sound to the Kodiak
Islands to the west and that probably underlies
muech of the contiguous continental shelf (Plafker,
1969, 19713 Tysdal and Case, 1979).

Rocks originally assigned to the Orea Group
consist of those on most of the istands in Prince
Witliam Sound and those on the adjacent mainland
in the Cordova quadrangle {Schrader, 1800; Grant
and Higgins, 1910). In the Seward and Blying
Sound quadrangles, rocks eastward of a ne from
the west end of Glacier lsland through Knight
Island Passage and Bainbridge Passages were
consldered to be part of the Orca Groupj those to
the west of the line were considered part of the
Valdez Group (Grant and Higging, 18105 Moffit,
1984), Winkler and Plafker (1875) and Plafker and
others (1977) placed the Contact fault in western
Prince William Sound 10 mj west of this line along
what [s now mapped 83 the Johnstone Bay fault,
whereas Tysdal and Case (1979) placed the
Contact fault an additional 6-10 mi further west,
because they were not able to distingulsh a strati-
graphic break across the Johnstone Bay fauwlt. In
western Prince Willlam Sound the reglonal strike
In the two groups is parablel and the elose Uiho-
logie similarities of the two groups makes place-
ment of the boundary difficult. In eastern Prince
Wiiiam Sound the placement of the boundary is
easier, Betwaen the Copper River and Port
Pidaigo the northeast~trending regional strike of
the Orea Group Is truncated alorig the Gravina



fault {part of the Contact fault system), while the
Valdez Group in this area exhibits an east-west
structural trend (Condon, 1965).

Sedimentary rocks of the Orca Group make up a
monotonous sequence of thin- to thlek-bedded
sandstone, siltstone, &nd mudstone Showing
abundant sedimentary structures {ndlcative of
deposition from turbidity currents. Typlecal
structures include graded bedding, crossbedding,
ripple marks, and flute, groove, and 10ad casts.
Sandstone is more abundant than the flner grained
rocks. Pebbly sandstone and conglomerate are
widespread but the total amount 1§ minor.

Tholeiitic basalt is the characteristic voleanic
rock type in the Oreca Group. The basalt ogcurs as
massive flows Interlayered with pillowed flows, In
several areas. On Knight Island these volcanic
rocks may be as much as 5,000 ft thick and were
probably derived from feeder dikes composing the
sheeted-dike unit seen on Xnight 1sland and, to &
lesser extent, on Glacier lsland. In the Ragged
Mountain arer, volcanic flows are lesy abundant,
and voleaniclastic sedimentary rocks, tuff, and
breccia Are more common.

Detailed studies by Winkler (1978) on Hlachin-
brook Is)and and in the vicinity of Cordova suggest
that the Orea Group flysch in thege areas was
deposited primarily in the middle lobate parts of a
complex systern of westward-sloplng submarine
fans. To the north, in the vicinity of Loag Bay
and Miners Lake, extensive chaotle deposits
{probably due to mass slumping) and thlek lenses
of matrix-supported conglomerate Interbedded
with subordinate massive sandstone and thinly
bedded sandstone and mudstone suggest deposition
in the inner fan area (Muttt and Rlocl-Lucchl,
1978).

Mafic volcanic rocks of the Orca Group contain
interbedded sedimentary rocks, ususlly siltstone,
shale, aor argillite. Mafic dlkes and sllis
occasionally intrude the various mixed volcanle
and sedimentary rock units. Larger areas of
volcanic rocks commonly are fault bounded, at
least in part.

Sparse paleontologic and radiometric data
indicate a Paleocene and early Eocene(?) age for
the Orea Group. Foraminifers from eastern
Prince William Sound suggest a middle or late
Paleoccene age (Winkler, 1976); crabs from near
Galena Bay are of probable late Paleocene age
(Addicott anad Plafker. 1971); silicofNagehates
from Ragged Mountain are late Paleocene or early
Eocene (Tysda) and others, 1976b). Foasil
identiflcations and ages are listed in table 2. The
Orca Group has been intruded by both Eocsne
(50.5 to 53.5 Ma) and Oligocene (34.2 to 36.6 Ma)
granitic plutons (table 1) (Plafker and Lanphere,
1974; Tysdal and Case, 1979).

Thickness of the Orea Group is estimated as many
thousands of feet (possibly 19,000 to 32,000 (t)
(Winkler and Plafker, 1981), During the sccretlon
of the Orca Group, the rocks underwent reglonal
changes resulting in advanced dlagenesis to low
greenschist-facies metamorphlc  a@ssembdlages.
These changes are indicated by recrystallization
of matrix material for the lower grade conditions
and by the presence of secondary prehnite,
pumpellyte, and actinolite for the higher
conditions. Loeally, near the Terttary plutons the
Orca Group hss been thermally metamorphosed to
the albite-epidote hornfels facies a3 Indlcated by
metamorphic  biotite, andalusite, silllmanlte,

cordierite, and hornblende. In this area, the Orca
Group (s d{vlded into:

CONQLOMERATE—Ranges from matrix-supported

pebbly mudstone and sandstone to massiva clast-
supported pebble, cobble, and  boulder
conglomerate, The generally well-rounded clasts
consjst of various lithologies that have locally
predominant types as follows: near Valdez Arm,
greenstone, sandstone, argillite, and limestone;
near Shéep Bay, felsic porphyry and tuff, granite,
and sandstone; west of Ragged Mountain, felsic
tuff and porphyry; on Evans and Latouche Islands,
white quartz, felsic porphyry, and argillite; and at
Mtners Bay, sandstone and siltstone. The
conglomarates usually occur as lenses 300-700 ft
thick within fiyschoid rocks. The thickest lens is
found near Miners Bay and measures about 3,000
ft In thickness. The conglomerates probably
represent different stratigraphic horizons: (he
conglomerate north of Galena Bay rests
deposlitionally on pillow basalts and contains
Paleocene crab fossils (Addicott and Plafker,
1971), but the conglomerate west of Ragged
Mountaln {s apparently stratigraphically above
upper Paleocene or lower Eocene volcaniclastic
cocks. Winkler and Tysdal (1977) have interpreted
the clagt~supported conglomerates of the Orea
Group 68 deposits in feeder and distributory
ohannels that supplied a fan complex; they suggest
that matrix-supported conglomerates and pebbly
mudstones may have been formed by sub-marine
landglides on unstable slopes

SEDIMENTARY ROCKS, UNDIVIDED—Sedimentary

rocks of the Orca Group make up a sequence of
thin- to thick-bedded sandstone, siltstone, and
mudstone. Abundant sedimentacy structures, such
as graded dedding, crossbedding, and ripple marks,
along with flute, groove, and load casts, indicate
deposltion from tucbidity currents. Sandstone is
more abundant than finer-grained rocks. Massive
sandstone is prominent in a belt that extends from
Johnstone Bay on the south through Nassau Fiord
to the Unakwik Inlet area on the north {(Tysdal and
Case, 1979).  Minor amounts of hemipelagic
mudstone that contain scattered planktonic fora-
minjfers ocecur throughout the Oreg Group. Lime-
stona lenses or concretions are found locally, and
these, along with the earlier mentioned
conglomerates, are characteristic of sedimentary
rocks belonging to the Orca Group (Moffit, 1954).

Thin-section petrography indicates that most of
the sandstones are feldspathic to {eldspatholithic
(classitication of Decker, 1975). Point counts of
20 medium-grained sandstone samples yield &
modal composition of 31 percent quartz, with &
range of 22 to 58 percent (including chect and
polyerystalline quartz); a range of 18—4B percent
feldspar; and 28 percent lithic grains, with & range
of 15-40 percent. The Orca Group samples fall
fargely within the magmatic arc-derived
provenance field of Dickinson and Suczek (1979).
wWhen analyzed in terms of geographic
dlistribution, preliminary results indicate that
Orca Oroup sandstone compositions in the western
part of the study area (17 of the 20 samples
anatyzed) show a systematic decrease in lithic
grains and increase in quartz and feldspar from
west to east. Modal compositions of the lithic
clasts vary, becoming generally poorer in volcanie
clasts and richer in sedimentary and metamorphie
clasts to the east, and suggest progressive erosion
of & magmatic arc that includes exposure of the
plutonic roots {Dickinson and Suezek, 1979).

The shoreline surrounding Orca Bay was



designated as the type ores of the Orea Group
(Moftit, 1954), During this study three strati-
graphic gsections were measured in the Cordova
quadrangls. Two are in shoreline exposures along
the south fork of Simpson Bay, a part of Oroa
Bay. The third is from a shoreline exposure at the
west end of the peninsula separsting Port Gravina
and Port Fidalgo, One Simpson Bay section (T. 14
8., R. 3 W., sec. 19} consists of 115 ft of sendstone
(67 percent), siltstone, and argillite (33 peccent).
The thickest sandstone bed Iz 8 ft thiok and heg a
distinctly channeled formj other beds ara less than
2 ft thick and seem o tepresent complete or
base-absent Bouma sequences. Parsllel and cross
laminations are locally well-daveloped, and beds
oceur primarlly in fining~ and thinning~upward
sequences. The other 8impson Bay seotion,
located 0.5 mi north of the ficst (township, range,
and section as given above), consists of 133 ft of
conglomerate (20 percent), sandstone (86 percent),
and siltstone and argiliite (14 percent), The
conglomerate occurs in lenses 3 to @ ft thick that
are typically inverse to normally graded
associated fine- to medium-grained sandstone
constitutes 2- to 6-ft thiok beds. Fine-grained
sandstone, siltstone, and argllifte ocour In 0.5~ to
10-in. interbeds that show few sedimentary struc-
tures. The third section (Poroupine Point, T. 13
S., R. 8 W,, sec. 19) congists of 260 ft of sandstone
(84.5 percent), sittstone and argiliite (15 percent),
and limey argillite (0.5 percent). Sandstone beds
show water-escape (dish) structures, basal load
casts, and abundaat locally derlved mudstone rip-
up clasts; beds average 6 to 9 ft in thlckness, but
oceasionally reach 35 ft thlckness In the upper
third of the section. Interbedded finer grained
sediments form 2- to 15-In. paokages with well-
developed cross, pargllel, and convolute laring-
tions. Typically, these beds represent complete
Bouma sequences and océur In thinntng- and
finlng—upward sequences. These measured
sections support Winkier's (13768) and Winkler and
Tysdal's (1977) contention that the bulk of the
Orea Group was deposited ag the middle part of a
deep sea fan that had locsl inner fan deposits
representing feeder and distributary chenneis
within the complex. The northern Simpson Bsy
section and the upper part of the Porcupine Point
section may represent such channet deposits,
while the predominance of thinning- and flning-
upward sequences elsewhere In the sections
suggest a mid-fan depositional environment (Mutti
and Ricei-Lucehi, 1978).

The degree of regional metamorphism exhibited
by these rocks ranges from iess than zeotlte facies
{probably  better classified as  dlagenitia
alteration) to lower greenschist facies. Rocks of
lower metamorphic grade are generslly found
seaward of the higher grade rocks., Outboard
graywackes with minimum grade show the
development of matrix material and clay rima on
detrital grains. However, metamorphism of most
of the outboard graywackes have reached zeolite
ta prehnite-pumpellyite factes with mineral
assemblages that include phyllosilicates. Thls
gradation from diagenetic and low-grade meta-
morphic changes is probably due to increasing
depth of burial (Galloway, 1874). The more
inboard graywackes exhibit lower greenschist-
facies assemblages, including white mica ¢
chlorite * epidote.

Near Tertlary plutons the sedimentary rocks have
been converted to hornfels that have thermal-
metamorphic mineral agsemblages. Tn the Seward
and Blying Sound quadrangles, Tysdal and Case
(1979} reported a biotite + quartz ¢ feldspar
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assemblage in graywackes near the plutons. In the
Cordova qQuadrangle, just south of Miles Glacier,
Ores Oroup matamorphic rocks contain blotite
muscovite : andaluglte * cordierite * garnet
minersl assemblages.

The Orca Group fiysch i3 complexly deformed,
particularly (n the vieinity of major faults. Thick
homoclinal sequences are common, but isoclinal
folds are well devetoped in some places. On
Montague lgland, (olds have south-dipping axial
surfaces, whereas other folds to the northwest
have north-dipping axial surfaces. Rocks found
near mejor thrugt fautts show cataclastic deform-
ation that [ expressed by a semigchistose fabric
in graywackes

PILLOW BASALT—Plilow basalt of the Orea Group

in Prince Whiam Sound has been previously
desoribed by several workers, most extensively by
Capps (19)5) and Richter (1965). Pillow basalt,
sasociated broken pillow breccia, and massive
flows make up large parts of Glacier, Lone,
Knight, and Elrlngton istands, Copper Mountain,
and Ragged Mountaln, This unit may be more
than 5,000 ft thick on Knight Island where it is
part of a larger mafic igneous complex (Tysdal
gnd others, 1977). Pillow diameters average 3 {t;
however, elongated plllows as much as 12 ft long,
a5 well as multliobed and bifurcated pillows, are
comon.

Pilow brecela and massive flows are subordinate
In quantity to pillow Dasalt. Mlioor intercalated
sedimentary rocks are predominantly siliceous
rudstone and ergitllte. Interpillow material
consists of slliclous mudstone, sandstone, or
carbonate rocks. Pjlow basalts are porphyritie
and have phenocrysis of plagioclase and clino—
pyroxene; oltvine {3 present but not abundant.
Altered brown-colored volcanic glass makes up
mueh of the matrix, aspecially in the outer parts
of plbows. Vesicles are usually filled with caleite
and (or) ohlorite. This unit is gradational into
sheeted dikes on Glaclier and Xnight Islands and
into mixed sedimentary and voleanic rocks
elsewhore

PILLOW HBASALT AND SEDIMENTARY ROCKS—

Plllow basalt, masslve basalf flows, minor
voleanic brecels Interbedded with sandstone,
sittstone, and shale.  Distinguished from the
Interbedded =edimentary and mafic voleanics
rocks unlt on the basls of the predominance of
plllow basalt in the section. Probably gradationat
with the plllow basalt unit. Twe measured
sections on Elamar Mountain show significant
Aifferences In the pereent of interbedded volcanice
and sedimentary rocks that reflect rapid lensing
out of units, probably due to the presence of an
frregular paleosurfgce. Ooe section contains 92
percent volcanic rocks and 8 percent sedimentary
rocks, and the other section (about 1,200 ft
laterally distant) contains 75 percent volcanie
rocks and 25 percent sedimentary rocks. The
petrograpny of these volcanic vocks is similar to
thasa of the pillow basalt unit

INTERBEDDED SEDIMENTARY AND MAFIC VOL-

CANIC ROCKS—Unlt conalgts of iocally variable
amounts of voleanle and sedimentary rocks. In
some casaes unit 13 marginat to thicker sequences
composed of pillowed and massive basalt flows.
The lithologies are quite variable throughout the
study area. In Ragged Mountains volcanielastic
and tuffaceous sedimentary rocks are abundant,
and pillow basalt ls rere. On Eyak Ridge above
the city of Cordova, an ),}20-ft-thick messured



seation (T. 16 S.. R. 3 W,, sec 1 and T. 15 S.. R, 2
W., see. 8) contains 75 percent sedimentary rocks
and 26 perecent voleapic rooks. The sedimentary
rocks consist of 35 percent fine- to medium-
grained sandstone, 38 percent siltstone and
arg)lite. and 2 percent breccla composed of
mudstone and (or) greenstone clasts in a sandstone
matrix. The coarser grained sandstone occurs
mostly in distinctly channel-shaped beds. which
have maximum thicknesses of 3~12 ft and lateral
extents rangtng from 50-)60 ft. The finer-grained
sandstone. slitstone. and argillite beds are from 1}-
15 in. thick end often display well-developed
pataile) and cross laminatlong. These beds seem
to represent complete or base-absent Bouma
sequences in thinning~ and fining~upward eycles,
possibly depostted in a mid-fan environment. The
voloenle rocks from thls section consist of 13
percent plllowed basalt Nows (indfvidually ranging
from 35-90 ft thick) and 12 percent massive basalt
flows or silis {individuely ranglng from 3-60 ft
thiok). In contrast, a B8,230-ft-thick measured
seetlon from Hinchinbrook Island (T. 17 S.. R. 7
W.. sec. 34) consists of 22 percent broken pillow
breccia, 20 percent masslve basalt flows. 30
percent pllow basslt flows, and 26 percent
sedimentary rocks. The sedimentary rocks from
thls section are predominantly dark-gray shale and
varlously colored mudstone {gray. green, and red)
and bave subordinate limestone and fine-grained
sandstone. On Knlght Island this unit consists of
massive basalt flows and sils(?) intercalated with
shale ang argillite.

These rooks are typically metamorphosed to
zeolite or prehnite-pumpellyite facies and on
Knight Island they bhave been converted to a hard
hornfels by the abundant gills(?). Foraminifers in
these rocks from near Cordova and from Hinchin-
brook Island are {ndicstive of a Paleocene to
possibly late mjddle Eocene age

TUFFACEOUS SEDIMENTARY ROCXS—Tuffacecus

sedimentary rocks., voleanjclastle sandstone, and
minor chert. Locally, these roeks contain
abundant redlolarians and diatoms. of probable
Tertiary age (table 2). South of the Martin fault,
this unit also Includes minor pillow basait and
abundant voleanic breccla. The rocks are altered
to a bright orange-weathering gossan and are
intruded by numerous porphyritic dikes for a
distance of 10 mi along the south side of the
Martin fault

VOLCANIC ROCKS, UNDIVIDED—Mostly tabular or
lenticular bodies of mafle volcanic rocks altered
to greenstone and not examined in detail. As
mapped, may Include pilowed or massive flows.
broken pillow breccia, tuff, and dikes

SHEETED DIKES—Mafic sheeted-dike complexes in
the Orca Group occur on Knight and Glacier
Islands. The dlkes are basaltie in composition and
display dlabasle. equlgranulsc, and porphyritic
textures. Phenoorysts of plagioclase and clinopy-
roxene are common. Facings of chilled margins
and other field observatlons tndicate that the
dlkes were [ntruded into, between, and across
preexisting dikes. Individua) dikes usually trend
north~-south and are vertical.

Sma)) irregulbr pods. velns. and dikes of plagio-
granite were observed ln the dike complex north
of Bay of Isles on Knight Island. Also on Knight
Island. numerous major and minor shear zones
conslst of ehlorite schist. tuffaceous rocks. and
sheared pilow basalt and are commonly cut by
unshesr¢d mafic dlkes. Also found within the

larger shear zones are small to large (as much as
860 by 1.300 ft) outcrops of ultramafie roeks. On
the east slde of the dlke complex a xenolith of an
unusual white roek forms a linear but discontin-
uous outcrop belt 2 mi long.  Thin-section
examination sfiows that the whlite rock consists of
both metasedimentary and metaigneous rocks,
The presence of these diverse lithologies and the
presence of mafic dlkes cuttlng the shear zones
indlcate that the dike complex was undergoing
signiflcant deformation coinoldent with magmatic
actlvity and that the present outcrops inay
represent the upper part of the dike system. This
un{t I8 metamorphosed tuo greenschist facies
locally on Knight Island

GABBRO—Several small intrusive bodies of gabbro

oceur on Koight Istand. The largest body crops
out aast of Drier Bay, where it intrudes sheeted
dikes. Other gabbro bodies that have been
reported (Richter, 1885; Tysdal and Case, 1979)
sre too small to show at the scale of this map.
Most of these are elongate parallel to the tread of
the sheeoted dlkes. At the north end of Latouche
Jsland a 100-ft-wide exposure of gabbro can be
seen Intruding slate and sandstone

ULTRAMAPIC ROCKS~Rlchter (L985) ceported

xenollths of peridotite and gabbro in massive
rocks (sheeted dikes) of the east and southeast
shores of Drier Bay on Knight Island. These
xenoliths were not observed during subsequent
mapplng (Tysdal and Case, 1974, and this study);
however, three previously undescribed peridotite
bodles were discavered durlng the summer of
1982, Two of these peridotite bodies occur within
or near major shear zonas in the sheeted-dikes
un(t; only the larger (660 by 1,300 ft) body is
shown in the Port Audry shear zone., The third
body occurs as a xenolith n sheeted dikes. The
ultramafic rocks weather orange brown In cotor
and form subdued cubble out¢rops. Minor plagio-
clage-bearlng amphibolite is spatially associated
with the pertdotite from the Port Audry shear
zone

VALDEZ GROUP (UPPER CRETACEOUS)—The name

Valdez Group was orlginglly used by Schrader
(1900) for a sedimentary sequence several
thousand feet thick. Presently the group is inter-
preted as the outboard part of a belt of
Cretacaous accretionary cocks 1,060 mi long and
as much as to 60 ml wide that extends along the
Alasks coastal margin from Chatham Strait in
southeastern Alaska to Kodisk and Shumagain
Islends In southwestern Alaska (Plafker and
others, 1977; Plafker and Campbell. 1978). The
northern llmit of the Valdez Group in the
Anchorage and Valdez quadrangles is considered
to be the Border Ranges fault system in the
Anchorage and Valdez quadrangles (MacKevett
and Plafker, 1874; Plafker and others, 1977) and
the Eagle River fault system fn the Anchorage and
Seward quadrangles (Clark, 1972; Tysdal and Case,
1979). The entire sequence is folded and
deformed and metamorphosed to grades ranging
from zeolite to lower greenschist and to the
amphibolite facies. Paragneiss with a probabie
Valdez Oroup protolith s exposed along Wernicke
River in an area of abundant small granitic stocks
and dlkes that prabably represent the upper
cupolas of & more extenslve granitie pluton.

The Yaldez Group within the map area constitutes
most of the rocks north of the Contact fault and
Is somposed chiefly of {nterbedded sandstone, silt-
stone, and minor mudstone and pebble
conglomerate. Mafie volcanie rocks consist of



greenstone, metapillow basalt and mixed
metasedimentary rocks, greenstone, and
tuffaceous units. These rocks crop out in & large
area in the northern Cordova quadrangie and
contrast in degree of metamorphlsm with the
mafic complex comprising the Resurrection
Peningula. The mafic complex of the
Resurrection Peninsula is strikingly similar to the
mafic eomplex within the Orca Group found on
Knight Island. Both complexes consist of well-
developed pillow basalt and sheeted-dike units
with lesser amounts of gabbro, plsgiogranite, and
ultramafic rocks. On the Kenal Penlnsula.
interpretation of sedimentary and voleanie
lithofacies by Budnik (1974) suggested the
tollowing depositional environmonts: (1) a deep
ocean basin; (2) an abyssal slain; (3) the floor of a
teench; (4) submarine faens at the base of =&
continental slope; and (5) the lower continental
slope. The Valdez Group is considered to be of
Late Cretaceous age (Twsdal and Plafker, 1978).
Age dlagnostic fossils have been found, in place,
in the Girdwood area of the Anchorage quadrangle
and near the outlet of Kenai Lake at the Seward
quadrangte (table 2). Fossils identified to specles
level are Inoceramus kursiroensis and Jnoceramya
concentrica, which indicate a Maastrichtian (Late
Cretaceous) age (Jones and Clark, 1973). In thls
area the Valdez Group ig divided futo:

SEDIMENTARY ROCKS, UNDIVIDED—Thick se-

quences of deformed and metamorphosed flysch
consisting of metasandstone, metasiltstone,
argillite, 3late, and phyllite, with care beds of
conglomerate and pebbly arglllite. Layers are
generally a few inches to a few feet thick, but
massive sandstone as much as several tens of feet
thick is locally present. In many places primary
internal sedimentary structures, consisting of
graded bedding, cross laminations, and convolute
bedding, are preserved, especislly in the areas to
the south of Harriman Tiord and to the east of the
Copper River. However, in most places, orlginal
bedding is transposed by reglons) shearing. This
shearing could be related to the sacretionary and
(or) oroclinal bending deformationa) events.

Two sections were measured in this unit. One In
the Valdez quadrangle on the west shore of Valdez
Narrows (T, 9 S., R. 8 W., see. 29) ut the entrance
to Port Valdez, which is the type aréa of the
Valdez Group (Moffit, 1954). Thls section totals
120 ft in thickness and consists of sandstone (83.4
percent), siltstone and argillite (13.2 percent), and
diabase (3.4 percent), The sandstone forms
sequences as much as 9 ft thicky finer grained
rocks occur in layers 0.5-15 (n. thick. Parallel
lamination is common in some horizons. and load
casts and cross beds sre common locally, No
evidence of isoclinal folding was found. The finer
grained rocks display a locally developad
cleavage, and some pinch and sweil features
observed in individual layers may bhave been
tectonieally produced. Minor metamerphic blotite
was identified in thin section. Postdepositionat
textures range from essentially no penetrative
fabric to slightly semischistcse [fabrle.  The
diabage occurs as a flow or a dike at least 6 ft
thick intercalated with sandstone.

The other measured section is in the Cordova
quadrangle about 1.5 mi east of Mount Denson (T.
11 S.. R. 6 W,, see. 20). It contalns 77 percent
sandstone and 23 percent sittstone and argillite
and totals 285 {t in thickness. Sandstone occurs in
beds as much as 15 (t thick, but interbedded finer
grained sediments typically constitote layers only
a few inches thiek. Beds locally contain primary

persllel laminations, cross beds, and convolute
laminations. Isoclinal folds were noted at several
horlzons within the section. ALl sedimentary
rocks studied contain metamorphic biotite. The
sandstones display a moderately developed semi-
schistose texture that has abundant randomly
oriented interstitial biotite and less abundant
weakly aligned biotite. One of the two siltstone
thin sactions studied shows no penetrative fabric
at ell: blotite laths are randomly oriented, and
delicate sedimentary structures, such as burrows
and bioturbated horizons, are preserved. The
other slitstone sample, taken 130 ft below the
flrst, Is more penetratively deformed and displays
& well-developed parallel alignment of the blotite.

The varlable distribution of semischistose fabrle
sean in the two measured sections is eommon
within the Valdez Group. The presence of semi-
sohlstogse fabric is probably a function of local
deformation. In general, relatively incompetent
fine-grained units display more penetrative
sheering than coarser grained units.

The metamorphic grade of the Valdez Group is
generally low greenschist-facies, but ranges from
zeolite to amphibolite facies. This range, as well
as specific facies assemblages, are similar to
those of the Orea Group and in both cases may
represent metamorphism associated with
accretion. Upper greenschist-facies assemblages
(with bjotite) are found mainly in local
occurrences near major faults, The highest grade
assembDlages, although regionally extensive,
suggest a late thermal aspect 1o the
metamorphism. This is demonstrated in two areas
In partleular: north of Port Fidalgo and east of the
Copper River. In both places, primary
sedimentgry structures are well preserved in
gedimentary rocks thet have  abundant
metsmorphic biotite and locally well-deveioped
porphyroblasts of andalusite * cordierite =
garnet. In these graywackes, biotite usually
parallels, but sometimes grows a4cross, any
penetratlve fabric as porphyroblastic grains. The
paralle) biotite growth is considered to be
mimeti¢ (of an earlier formed fabric) rather than
antiraly syntectonic (Hudson and Plafker, 1982).

A schist unit has previously been differentiated in
three places within the Valdez Group: in & 44-mi-
long belt west of the Placer River fault (Budnik,
1974; Tysdal and Case, 1979); on the Resurrection
Penlinsula (Tysdal and Case, 1979); and adjaceat to
the paragneiss unit (Kvg) near the Wernicke
Glacler (Winkler and Plafker, 1981). Based on
field and thin-section cbservations from eIl three
areas, wa feel that the schist distinction should be
dropped. The schistose rocks of these areas are
texturally semischistose and are interlayered with
rocks that have no penetrative fabric. In addition,
semlschistose rocks are common throughout the
antire erea mapped as the Valdez Group,
espeolally near faults and in areas dominated by
fine-gratned sedimentary recks. In areas where
thlcker sandstone beds are more common, the
thinner, finer grained interbeds usvally have a
semischistose texture even though all rock types
may contaln metamorphic biotite.

Veldez Qroup sandstones range from lithic to
feldspathollthic (classification of Decker, 1975) in
composition. Twelve medium-grained sandstones
from the western half of the study area yield a
modal composition of 19.3 percent quartz
(Including chert and polyerystalline quartz), with a
range of 8 to 30 percent; 36.3 percent feldspar,
with a range of 18 to 54 percent; and 44.4 percent



lithic graing. with a range of 24 to 72 percent.
The Valdez Group samples plot within the
magmatic are~derived provenance field of
Dickinson and Suczek (1979) as did the Orca Group
samples. Prellminary results indicate that Valdez
Group sendstones cannot be petrographically
separated from Ovca Group sandstones on the
basis of texture and composition alone. Rather,
the Valdez sandstones fit the trend previously
described for the Orca Group sandstones, with
samples becoming less lithic-rich and more
feldspar- and quartz-ri¢ch ftom west to east. For
example. Valdez 3andstones from west of the
Placer fIver fault tend to be particularly rich in
voleenic lithic grains. while Valdez Group sand~
stones from east of the Placer River faujt (richer
in quartz, feldspar. and sedimentary and meta~
morphic lithi¢ grains) have Q-F-L modes interme-
diate between those {rom the western part of the
Valdez and sandstone samples from the western
part of the Orca. Two samples of medium-gralned
sandstene intercalaled with the mafic voleanic
rocks of the Resurrection Peninsula have a modal
compogsition of 34 percent quartz. 49.5 percent
feldspar. and 16.3 percent lithic grains. These
values are quite unljke those of other Valdez
Group sandstones analyzed; they suggest that the
sandstones of the Resurrection Peninsula may
have had g different provenance then other sand-
stones currently assigned to the Valdez Group
(Zuffa and others. )980)

SHEETED DIKES—Mafic sheoted dikes forming the

topographically rugged crest of the Resurrection
Peninsula are similar to the sheeted dikes unit of
the Occa Group on Knight Island. Most dikes are 3
to 6 ft thick, verlical. and generally have a
parallel north-south aorientation. Locelly cross-
cufting dikes iIntrude preexisting dikes at low
angles. Aphanitic, porphyritic, and diabasic
textures are common evan scross one outerop.
Weathering color varies from buff to dark gray to
dark green and slong with the {extural variations
suggest slightly differing compositions and {(or)
cooling cates. The sheeted dikes grade westward
into pillow basalt and eastward into gabbro

GABBRO—Two north-south~trending plutons of

medium- to coarse~grained gabbro occur east of
the sheeted dikes unit on the Resurrection
Peninsula.  Severa)l features are displayed in
shoreline exposures of the westernmost pluton
that were unot observed in the easternmost
pluton. Well-developed, west-dipping magmatie
mineral layering was observed in shoreline
outerops between Driftwood Hay and Talus Bay.
Hornblende plagiogranite in a 65-ft-wide stock-
work zone from the western pluton has intruded
the gabbro in Killer Bay. Other small dikes and
pods of plagiogranite intrude the gabbro along the
west shore of Day Harbor, These {eatures may be
present in the easternmost pluton as well, but
were not observed due {6 limited exposures.
Mafic dikes intrude the western gabbro plutoa and

Kvg PARAGNEISS~~Predominantly metasedimentury increasge in abundance f{rom east to west

rocks with wal\-developed gneissic [oliation
consisting of alternating quartz and feldspar-rich Kvu ULTRAMAFIC ROCKS—Serpentinized peridotite

layers with blotite-rich layers. The paragneiss |s
browa weathering. medium grained. and banded on
a 2- to 4-mm 3cale. However. thicker biotite-rich
layers are also feund.  Quartz segregations
parallel to the banding are common but not
laterally contlnuous. Loocally some layers in the
paragnelss conlein 1-In.-long porphyroblasts of
andalusite.

This unit contains up to 10 percent orthognelss.
The orthognelss Is cream colored or light gray.
coarse gralned. contalns less biotite than the
paragneiss, and locally grades into normat-
textured granitic rocks containing abundant
inciusions of ¢ountry roc¢k. The contact with the
paragneiss ts usually sharp and conformable but I3
locally crosscutilng. The orthogneiss is prabably
an injection festure of the biotite granite plutons
in this ares

PILLOW BASALT=—Pllow basalt and lesser massive

basalt and broken plilow breccia make up most of
the western flank of the mafic complex on the
Resurrection Peninsuta. These pillow basalts form
a8 west-dipplng sequence and contain minor
amounts of interbedded slliceous siltstone. This
unit ja remeorkably simllar to the pillow bassalt vnit
of the Orce Group exposed on Knight Island.
Discrete plllows average 2 It in diameter and are
metamorphosed to the lowest greenschist facies

GREENSTONE--This unit consists of massive green-

stone, metamorphosed plltow basalt. and mafic
dikes exposed near the heads of Woodworth and
Sehiwan Glaciers. Elsewhere in the Cordova and
Valdez quadrangtes. the unit includes lenticuar
bodies of chorite sehist that may have originally
been mafic tuffs or flows. These rocks ars
typically metamorphosed to greenschist and low
amphibolite facles. The higher grade facies Is
distinguished by the presence of dark-green
hornblende

and dunite cccur at theee localities underlain by
the Valdez Group: two of these are on the Resur-
rection Peninsula and the third i3 near the head of
Port Fidalgo, On the Resusrection Peninsula
small (36 [t across) sparse Inclusions of altered
dunite are found in the gabbro unit. Blocks of
serpentinlte and serpeoniinized peridotite crop out
within the interbedded volesnle and sedimentary
rocks unit on the ridge above Talus Bay and mlong
the west shore of the adjacent bay to the north.
Their strongly sheared margins suggest that these
rocks have been tectonlcally emplaced. The third
outcrop of ultramafle roexs I3 northeast of the
nead of Port Fidulgo end forms a rounded hild
approximately 700 ft ln dlameter at the toe of a
glacier. The margins of the hill are covered by
moraine. This outerop consists of both banded and
massive dark- to light-green serpentinized dunite
and peridotite, A lower eéxposure of tale-
carponate rock 300 {t high appears to be squeeged
into the valdez Group flysch on the north vatley
wall and is probably a marginal phase of the
serpentinized rocks (Wyllle, 1979)

INTERBEDDED VOLCANIC AND SEDIMENTARY

ROCKS—This unit {s composed of approximately
equal amounts of Interbedded volcanic rocks,
consisting of volcanle breccte, tuff, tuffaceous
sediment, and minor pllow basalt, and
sedimentary rocks, conslsting of sandstone, silt-
stone, shate, and cherl. The two exposures of this
unit differ in character. In the Cordova quad-
cangle the unit tends to weather orange and
includes more sedimentary rocks (lncluding
marble) than on the Resurrection Peninsula. Near
the head of Port Fidalgo this unit has been meta-
morphased to amphibote-bearing greenschist with
a K-Ar age of 47.8 » .4 Ma (table L}

MCHUGH COMPLEX (LOWER CRETACEOUS)}—The

McHugh Complex I5 only exposed along the
extreme western boundary of the study area and
was not examined during the course of this



study, The followlng description is taken f{rom
Clark (198), p. 3-4). "The McHugh Complex is a
heterogensous, chaotic assemblage that inciudes
matamorphosed clastic and volesnie rocks of
diverse ages. The c¢lastic roecks, which are the
most abundant, comprise thick, fault-bounded
sequences of weakly metamorphoged graywacke,
arkose, siltstone. and conglomeratic sandstone.
Bedding (s raraly seen and c¢ommonly
discontinuous, The ¢lastic sequence was deposited
in a high-energy énvironment. The poor sorting
and rounding of the sediments and thefr diverse
compositions  indicate  decivation from a
continental terrane, rapid deposition, and little
reworking of the sediments. The voleanic portion
of the McHugh Complex is composed of green-
stones, mostty of basaltic composition, that are
agsociated with radiolarian metacherts, siltite,
and argillite ® * *. The voleanic rocks of the
McHugh Complex are thought to represent
oceanic crust upon which radjolarian ooze, silt,
and mud were deposited at a mid-ocean rise or on
the abyssal ocean floor. The ctastie sedimeats are
thought to have been deposited in an ocean
trench. The lack of continuity of the units, the
contrasting environments of deposition. and the
style of deformation lead to the conclusion that
this heterogeneous assemblage of rocks is a
melange (n which rocks from two differing areas
have been brought together as tectonically mixed
blocks * *# ¢ The McHugh Complex includes
blocks of rocks that range in age from late Paleo-
zofe through Cretaceous. The age of the Mecliugh
is considered to be the time of emplacement of
the blocks, which can be no older than the
youngest rocks included in the melange (Early
Cretaceous). Poorly preserved fosslls from
marble in the McHugh Complex include fusilintds
of tate Paleozoic, possibly Pennsylvanian, age and
an assemblage of foraminifera and calcareous
algae of Permian age. A granitic clast * * ¢ from
a congiomeratic metasandstone was dated, using
the potassium argon {K-Ar) method on hornblende,
at 146 + 7 m.y. Esrly Cretaceous (Valanginian)
radiotarians have been collected from bedded
chert and from the correlative Uyak Complex of
Kodiak Island (Connelly, 1978), limiting the age of
emplacement to post-Valanginian.”

INTRUSIVE ROCKS

The intrusive rocks of the Chugach Natlonat Forest consist of
those associated with two main intrusive events, one Eocens
and the other Oligocene, and those composing three minor
intrusive units of various ages.

Td DACITE OF CAPE SAINT ELJAS (MJOCENE)—This
minor unit was described by Winkler and Plafker
(1881, p. 18) as follows: "A prominant. very pale
gray dacite plug complex forms the landmarks of
Cepe Selnt Elias and Pinnacle Rock at the
seaward end of Kayak ls)and (Platker, 1974). The
dacite is very dense and hard. and is conspicuously
jointed. I has a microgranitic and porphyritic
texture. and congists ol about 3% percent piaglo-
clage. 35 percent quartz., 25 percent orthoclase.
and 5 percent relict brown hornblendge and
biotite. The dacite has sharp, nearty vectlcal
contacts with adjacent dark-gray argillaceous
rocks of the Yakataga and upper Poul Creek
Formations * * *", A zone of hornfels at least 300
ft wide borders the body (Wlnkler and Plafker,
1981). A whole rock (K-Ar) age determination of
6.2 ¢+ 0.3 Ma was obtained (rom the dacite {table
1)

Te GRANITE AND GRANODIORITE (OLIGOCENE)—The
latest main-phase intrusive event in western
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Prince Willlam Sound is described by Grant and
Higglns (J810), Moffit (1954}, and Tysdal and Cuse
(1979), Surface expgsures of the plutons rangse
from less than 1 mi” (near Billings Glacier) to
greater than 50 mi” (Esther Qranite). Hoth the
Orvea and Valdez Groups are intruded by these
roughly clreular plutons; contacts are sharp and
crosscul deformed bedding. The marginal zones
of the plutons are rich in rounded inclusions of
country rock. Thermal aureoles extend outward
from the pluton contacts up to 0.5 mi into the
country rock.

The central parts of the plutons are dominantly
light-gray. medium- to coarse-grained granite
with color Index ranging (rom 3 to 8. The plutons
grade outward to fine- to medium-grained, more
mafic mineral-rich {color indices of 10 to 20)
margins of granitie, granodioritic. and sometimes
tonalitic compositions. Hypidiomorphic-granular
texture Is most common, but equigrapular as well
as porphycitic varieties also exist. Primary blo-
tite Is the most abundant mafic mineral and [s
sometimes accompenied by hornblende. Towards
the pluton margins, however, hornblende
commonly dominates over biotite. Two of the
plutons (on Culross Island and near Ezhamy
Lagoon) have biotite plus minor amounts of late
muscovite. The graaite on Perry [sland i3 unique
In that it Lears primary magnetite. hornblende,
and  primary(?)  clinopyroxene. Optically
determined plaglociase compositions vange from
ollgoelase to andesine for all rocks of this unit.

Potassium-argon radiometric ages for these
plutons range from 34.2 + 1.7 to 36.2 * 1.0 Ma
(table 1; Lanphere, 1988}

GABBRO AND DIOHITE (OLIGOCENE}—This unit

consists of mafic rocks belonging to one ol the
main  intrusive events, These rocks are
dominantly medium- to coarsegratned gabbro
(labradocite~bearing) and subordinate diorite
(andesite-bearing) with finer grained borders of
quartz gabbro and quartz diocite. The color index
varfes from a range of 30 to 70 in the gabbro and
diorite to a range of 20 to 40 in the quartz
diorite. Texture and mineralogy 4are also
variable. Most of the rocks are subophitie, some
are hypidiomorphic- to allotriomorphic-granular,
and a lew are porphyritic. The dominant mafic
assemblage is clinopyroxene & orthopyroxene.
Grant and Higgins (1910) reported an assemblage
of clinopyroxene + olivine from Esther Island,
Assemblages of primary + subsequent hornblende
and hornblende * biotite are also found, malnly in
the dioritic and quartz dioritic rocks. Where
present, clinopyroxene commonly shows alteration
to hornbteande or actinolite + chlorite.

Rocks of this unit ere considered to be an early
mafic phase associated with the graoftic ptutons
of the granite and granodiorite unit (@), 85 was
suggested by Graat and Higgins (1910) and Tysdal
and Case (18379). The mafic phase Is exposed in
the plutons near Pagsage Canal, near Eshamy
Lagoon. and on Esther 1sland and 5 subordinate in
outcrop to the granitic phase. The granite
intrudes the mafic phoases, and granitic velng and
dikes are most numarous near the mafic rock-
granite boundaries.  However, the boundaries
themselves are gradational from granite through
granodiorite, diorite, quartz diorite, quartz
gabbro, to gabbro over a distance of 0.2-i mk
The contact has been drawn at the granodiorite-
quartz gabbro (or qusrtz diorite) bouadary where
the color index Increases noticeably.



A radiometric age (36.6 * 1,01 Ma) for this unit
(tabte 1), indicates a chronologle relation to the
granlte and granodiorite unit {Tg)

Tmb MINERS BAY PLUTORN (OLIGOCENE)—The pluton at

Miners Bay is unique among the plutons that
belong to the younger of the two main intrusive
events. Here, a slightly o)der maflc phase (simllar
to the gabbro and dlorite unit) is intruded by a
folsic phase (similar to the granite and granodlo-
rite unit, Tg), but the mafic rocks are more
abundant than the felsie rocks. Additionally, the
Miners Bay mafle roeks carcy disseminated
pyrrhotite, pentlandite, and chalcopyrite that are
lacking in the mafic rocks of the gabbro and
diorite unit (Tgd).

The Miners Bay pluton is roughly wedge shaped
and Is bounded on the south by the Contact fault.
The mafie part of this anit was previously mapped
and briefly described by Grant and Higgins (1910).
The mafie rocks intrude VYaldez Group sedimen-
tary rocks and are themseglves Intruded by a
granite phase that is exposed In a narrow zone on
the north side of the pluton.

The matic phase varies in graln size, texture, and
composition, but consists mainly of medium-
gralned subophitic clinopyroxene * orthopyroxene
gabbro (labradorite-bearing) with a color index of
35 to 45. A major part of the body, however, is
fine- to medium~grained diabasic to
hypldiomorphic-granutar ellnopyroxene + horn-
blende dlorite {andestne-bearlng) containing pods
of medium-coarse grained gabbro. As with the
gabbro and diorite unit, quartz gabbro and quartz
diorite compositions are found. primarily near the
pluton borders, and they carry cllnopyroXene +
hornblende * late Dlotite, The color index of the
quartez-bearing mafic rocks ranges from 25 to 35,
The slightly younger (alsic phase conslsts of
medium-grained bfotite granite with a range In
color index from 3 to 10.

Two whole-rock radiometric ages were obtalned
from the Miners Bay pluton, but they are
considered minimum ages because of atteration.
Biotite {n the felsic phase ylelded an age of 32.2 ¢
1.6 Ma, while hornblende in the mafic phase
yielded an age of 38.4 2 1.9 Ma (table 1)

MAFIC PLUGS (OLIGOCENE?)—ThIs minor unit {s part

of Winkler and Plafker’s (1981) "Mafic dikes, sitis,
and plugs” unit. As described here the unit only
includes mafic pluga in the eastern Cordova
quadrangla west of Nichawak Mountain malnly in
the Blying Sound quadrangle. Thesge irregularly
shaped Intruaive plugs are shown schematlcally as
two amall bodies; in reallty, there are numerous
intrusions that are (oo small to dellneate on the
geologle map. Miller (1975) and Winkier and
Plafker (198}) descridad the mafic plugs as coarse
grained and diabasio with 43 percent euhedral
plagioclase intergrown with 30 percent anhedral
augite and enstatite. The remainder of the rock is
composed of 5 percent opaque minerals and 20
percent secondary chlor{te. According to Winkler
and Plafker (1981, p. 19), the mafic rocks are " * #
* probably early and middle Oligocene age.
Nowhere have they been observed to Intrude rocks
younget than the upper part of the Poul Creek
Formation."

Tgg GRANITE AND GHRANODIORITE (EOCENE)—The

older ol the two meln Inteusive events is
represented by plutons exposed in the central and
eastern parts of the study area, which intrude
both the Orca and Valdez Groupz. Surface
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exposurﬁs of these plutons range from less than
0.3 mi” (Ragged ,Mountaln, for example) to
greater than 55 mi“ (Sheep Bay pluton). Faults
truncate a few of the bodles, but elsewhere the
plutons are surrounded by contact-metamorphic
aureoles, East of the Copper River the Intruded
sedimentary rocks show local injection migmatite
and hornblende-hornfels and amphibolite-facles
metamorphle minerals.

Plutons of this unit are generally medlum- and
medium- to ecoarse-grained hypldiomorphic-
granular biotite pgranite with border phases of
biotite t hornblende granite to granodiorite and
tonalite, However, hornblende accompanies
biotite as a slgnificant mafic mineral phase (n the
clongate body west of Columbia Glacier, in the
Sheep Bay pluton, in the pluton south of the Rude
River, and In the plutons west of the Copper
River. The maflic mineral content varies with
composition such that the color index of the
granite canges from 5 to 10; the granodiorite color
index ranges from 10 to 20; and the tonalite color
index ranges from 15 to 35,

Several plutons within thls unit have various
distinguishing characteristies. (1) The group of
three stocks wast of Columbia Glacier ace sglightly
more alkalf feldspar-rich compared with the rest
of the pluions In this unlt, (2) Although many of
the plutons have country rock inclusions near their
borders, the Sheep Bay pluton contains large (up
to 300 ft across) inclusions in itz intaerlor parts.
Moreover, the granoltic rocks near thesa Inclusions
are mildly to moderately foliated as expressed by
mafic mineral alignment. (3) The pluton just
south of the Rude River is unique ln having a
significant part composed of mafic rocks. Here,
an older mafic phase of clinopyroxene (altered to
hornblende + actinolite} gabbro (labradorite-
bearing) is intruded by blotite> clinopyroxene and
blotited> hornblende granodiorite {andesine-
bearing). Perhaps the high mafic content of the
early phase Is due to assimilation of mafic
voleanic country rock.

Six potassium-argon ages ranging from 50,5 to
$3.5 Ma (table 1) have been obtained from rocks
within the granite and granodiorite unit (Tgg).
Howevar, severat of the plutons that have been
correlated with this unit cemain undated; aotably,
the three exposures west of Columbia Glacler, Of
these three plutons, the Eocene(?) Cedar Bay
Granite was correlated with the Sheep Bay piuton
by Tysdal and Case {1979) on the basis of similar
major-oxide chemistry. We have correlated the
remaining two plutons that are west of Columbla
Qlacler with the Cedar Bay Grantte on the basig
of close spatial relationship. Winkler and Plafker
(1981) have correlated rocks of this unit to the
(Sanak-Barenof plutonle belt of Hudson and others
1879)

nX FELSIC DIKES (EOCENE? AND PALEOCENE?)—

T{q

Leucocratic dikes, siilg, and small stocks that are
not obviougly connected to large Intrusive bodies
are found throughout the Valdez Group Aysch and
localty in Orca Group flysch. The dikes and sills
range {rom 1 to 10 {t wide and can generally be
traced for 300 ft or more along strike. A few of
the more continuous dikes and sills of this unit are
shown schematically on the map.

The leucacratic dlkes were first described by
Grant and Higglns (1910), ecommented upon by
Moffit {1954), and further described by Winkler
and others (1981). They are usually prophyritic
with (ine- to medium-grained phenocrysts of



plagiloclase and occasional hornblende.  The
groundmass {8 usually a very fine-grained,
sometimes felted mat of felsic minerals.
Extensive secondary sericite ard caleite often
replace the felgic minerals; the scarce mafic
minerals are almoast ecompletely altered to
chiorlte. Winkler and others (108)) have
interpreted the dikes, sills, and small stocks as
hypabyssal intrugive bodies, We found that dacitic
cormpositions dominate but more rhyolitie compo-
sttions can also be found. The dikes usually have 2
very thin (less than 0.5-in. seele) chilled rind, but
the Intruded country rock rarely shows any
therma) metamorphism.

Another set of leucocratic dikes of slghtly
differant character intrude Oreca Group flysch
between Unakwik Inlet and Columbis Glacier.
These dikes generally contain quartz and plagio-
clage phenocrysts in an slkali feldspar-rich fine-
grained groundmasy, Another gharacter{stic that
distinguishes this set of dikes {s the occurrence of
minor fluorite, Sphalerite, galena, and chalco-
pyrite in some of the dikes. These felsic dikes
may be related to the Cedar Bay Granite, which
als0 shows minor zine mineralization.

Five potassium-grgon radiometric ages ranging
from 43.6 + 1.8 to 54.8 ¥ 2,7 Ma (table 1) were
obtained from leucocratic dikas that cut Valdez
Group flyseh, In the Chugach Wilderness Study
Arag the youngest rocks intruded by felsic dikes
belong to tha Paleocens and Eocene(?) Orea
Group. Winkler and others (198)) state that these
leuvcocratic dikes are yownger than the most
rocent metamorphlsm that affected the Valdez
Group
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Table 1,-=Polxsvium~argon nge data Far rocks from the Chugach National Porsat

Hep Flelo Onit Mliera), Kge Gued Refarenve (analysts)
Np. Bo. (ﬁ)
1 81 AMH &54 Tra Wnole rock §3.6¢41,6 Anchorage Tnis atudy
L (Teledyno lsotopa=s)
2 B1 At 604 Y Bfotite 32.213,6 -do-
(granire)
this svaay (L. Gray}
81 ANS B2 T Hornblendg 38.430.9 -do-
{quarts diorite)
3 PH-2 % Blotite 35.5:0.9 Seunnd Lanphors (1965)
{H, Whitehesd,
L. 3c¢hiooker, M. Lanphere)
A Fil-1 Ted -do~ 36.6%1.0 -40~ De.
E 80 ANS bDA T2 Wnale rock 3.2:1.7 ~do- Thiy otudy
(Yelodyns Tgotopes)
6 80 ANS 1Y Ted Muscovita 54.54).6 Anghoraga
Do.
80 XMS 32I Trd ¥hole roek 54,842.7 ~do~
7 P¥-9 T8 Biotite 36.110.9 Sevanrd Lanpheres (1966)
. (K. #hitehoad,
L. Bonlosker, M. Lanphere)
8 PU-8 —da- 36.241.0
Ts »dow Do.
Horablende 30.42¢,2
9 81RS316C Pfa Whola rack 52.55Y.6 -0a- This ntudy (P. Kloek,
L. Gray, W. Silberman)
0 B) ¥HS 25 Xvmw 1 -do~ S5Y,5£1.3 - his study (&. Nedil,
L. Oray, ¥. Silbarman)
n T9 PNODS 1°d Huscovite S1.641.8 valdor Winkler pad othere (1981)
(P. Klook, B. Lai, C. Conner,
H. Silborzan}
12 7V APF 23A Xvwe 2 whole eock ar.6ar.y Cordova ¥inkler and Plrfker (1381)
(Qacahron Lad, Unjveraity of
Alsska, FsLrbanks)
13 71 APr 22¢ Hornblende . 58.S¢1.5 Winklor and Plafker (1981)
T&d -do- (L. Yehicaksr, J. Von Esszan,
Biototm 53.2¢1.6 M. Lanpners, A. Atklason)
L] 67 APr Tar Phlogopite 51,643 «dd~ Do.
ALY 71 APr 20C R " Biotike 50.9¢1.5 ~dg- bo.
1L 71 APr 208 88 ,Hornblanda 50.6+1.5 do- Do-
17 80 ANs 1483 Blotite 62.721.6 This srudy (b, Vivit,
Tes ~a0 Uy Gray. M. Silberman)
Hornblende 51.3«2.9
8 71 APr 25C 188 =do- 53.5¢1.6 ~do- Winkior snd Plafker {19831}
{L. Sohlooker, 3. Von Easen,
' 4. Lanphara, A. Abtkinson)
AL 72 A¥r T6R1 Tov Whole rock 31.221.3 Middleron 1a.  Winkler wnd Plaficer (1981)
{Xruegar Bnterprises, Inc.)
20 80 ANR 1994 Td =do- 6.2:0.3 ~do-

This study
(Tl

0pe3

; Biotite seaiscniat
> Amphibolite



Table Z.--Foasi) foealities im the Valdes and Orca Qroups

Map Saapla Possfl ldeatifiag
Loos\ity No. Identifleatian Age Un{t Quadrangle by Hafurenoes/ repbris

Y $UAP-63V  FPalacypod: Tate Cretmogous KVm  Anchoraga — Jones and Clprk
Inacsragus (Mpesrrichtien) (1973
Kusiroensis

B W54 Palecypod: Lato Crotaceous  Kvs -do- —— Do
Inaceramus (Maestrianvian)

Kuslroensls

< 1w Palacypod: Late Crotscvous Kvem -do- — Do.
Looceranus {Masstrionhtian)
husiroensis

b 8601 Pelecypod: Lave Crotageous  Kvs —do~ D. L. Jones PlaTker and KaoNaf(l
Znomaramuas (Haestriohtian) {1968)
uiriehi
' iaoteramus
kusicoensis

E 860} Pelacypod: Lata Cretaceovs Kvs  Seward T. ¥, 3veaton  Tyadal and Case
faocaramys (Maeatriahtian) (1979 (rlomn)
concentrica

14 %6009 Pelecypod: Lato Crotacoous  Kvs ~do~ D. L. Jonen Budnik (1974)
lnsasranus (Naestriahuien)
kusiroensis

g 7612 Foraminifers: Provanly Tesy -do=~ R, <. Poore Tyadsl wad Case
S4ra Globigerina or Taresnry 19719)
Sobbatina

] blarr Pollen: Tertiary fos Blying ¥. R. Eviry Piafwer and HaoNeil
1508 Alnus (Alder) Sound {19%6)

H (27849 Pollen: Torriary or Tos -do- -do- De.
1384 Alous (Rlder) Cretacaous(?)

J #260) Crab: Palectene(?) Yoo  Cordove P. S. MaoNa{l Addgaot) end Plafier
Branchioplax Lo late Eoocane (1971
waghingroniana
Palacypod:
Aajla decisa

'3 71460 foraminifers: Paledoons to Tou ~do- H. V. Kagka Winkler And Finfker
Gladugarina sp. early Booenc (1581)
4. genns
Globerotalls
8p.

L 71ws8 Forauingfars: Late Palecoons  Tos ~do— ~do~ bo.
714937 Clobogerina 5p. W zurly Cooane
12936 d. senfiy
Clobggerina gp.
(nispid)
Globoretslia ap.

H 72P155 foraminifera: Pslecoene Tosv -do- -do- Do,
Globigerina sp.
(?)
Globorotalia Bp.

» kAL ILLS Foraminifers: Paleddane ta Tos -do- -do- Do,
Globigerine sp. eacrty Eacens
of . G. sennt
Globorotalia

[*] e Poraminifers: falaoncna 0 Tosv ~do~ ~do- ba.
Globigerina <f, late miadla
G. sengt Eoqune
Globorotalia sp.
TRoconuleides
parvulus
Globigarina ap,
(nigh~apired)

Gipdigerina ap.
(hispid)

3 M28B82 Echinoids: Lats Crevecoous TYos ~go- J. W, Durhar  Plalker (1968)
Holaster 3p. to Rotene Lo Go Hoedlein
THypsopyguster
.
¥ucleopygus

Qq pudre Digtoms:? Late Paleocoda Tots ~do- J. A. Barron Tyadal and éthers
Aracninodiscus vo Esnena (197b0)

A, ghrenbergii
Trinseris ef.
T. pileclus .
Silico-
flagellatas:
7Cornisema
geowetriga
2Corbisema
hasgata
7Corbisema
triasontha
Dictyosha
aspara

Havoculopaia

constricta ! - ) .




