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Unconsolidated deposits

g Glaciers and superglacial moraine (Holocene)—Exposed glacial ice locally

mantled by unsorted jumbles of fresh boulders, cobbles, sand, silt, and
mud as much as several meters thick. On larger alpine and valley glaciers,
unweathered rock debris forms conspicuous medial and lateral moraines
and is especially abundant on lower reaches of Matanuska Glacier

Qs Surficial deposits (Quaternary)—Widespread glacial, alluvial, colluvial, and

lacustrine deposits, rock glaciers, and landslides; these diverse deposits
have not been subdivided on map. In much of map area, distribution
of surficial deposits is inferred from examination of aerial photographs,
and has been verified in the field by only cursory examination. (No aerial
photographs were available for westernmost Talkeetna Mountains at
the time of this compilation.)

Glacial deposits consist of extensive ground, lateral, and terminal
moraines, and associated outwash deposited during several advances
and retreats. Most of Anchorage lowland is mantled by drift that is
entirely Pleistocene in age (Miller and Dobrovolny, 1959; Schmoll and
others, 1984). Holocene drift occurs on valley sides and heads in higher
mountains. Alluvium occupies floors of most valleys and forms con-
spicuous fans in many places where tributaries enter larger valleys.
Colluvium is widespread on mountain slopes of intermediate steepness;
it has been included consistently in map unit only between Turnagain
Arm and Knik River. Lacustrine deposits, generally formed in glacier-
dammed lakes, occur locally, and in places are more than 100 m thick.
Both rock glaciers and landslides are common in mountainous parts
of quadrangle. Landslides are particularly common in upper Matanuska
Valley near trace of Talkeetna segment of Castle Mountain fault, where
some slides still are active and are as much as 13 km2 in extent
(Detterman and others, 1976)

NORTH OF BORDER RANGES FAULT
Bedded rocks

Tyonek Formation (Miocene)—Carbonaceous sandstone, siltstone, shale,
and claystone in several isolated outcrops near town of Eagle River
(Clark, 1972a) and along Little Susitna River south of concealed trace
of Castle Mountain fault (Magoon and others, 1976; Clardy, 1984).
Outcrops near Eagle River have yielded early(?) Seldovian Stage plant
remains (Wolfe and others, 1966), which supports at least a partial
correlation with the Tyonek Formation of upper Cook Inlet. Outcrops
along Little Susitna River are located stratigraphically above nearby
outcrops of the Tsadaka and Wishbone Formations, but no contacts
between these units are exposed. The Tyonek gradationally overlies the
Tsadaka in the Union Oil Company Pittman well west of quadrangle
(Clardy, 1984). Only a few hundred meters of the Tyonek are exposed
in map area, but unit thickens markedly toward axis of upper Cook
Inlet Tertiary basin, where it reaches a thickness of more than 2,300
m in subsurface (Calderwood and Fackler, 1972)

Volcanic rocks (Miocene? to Paleocene)—Nearly flat lying sequence of
volcanic and minor intercalated sedimentary rocks forming highest
stratigraphic unit in Talkeetna Mountains (Csejtey and others, 1978).
Upper part of sequence consists of andesite and basalt flows, and minor
rhyolitic tuff, lithofeldspathic sandstone, and fluviatile conglomerate.
Lower part consists of stocks, dikes, lenticular flows, and pyroclastic
rocks, chiefly of quartz latite, latite, and rhyolite, and minor andesite
and basalt. Stocks, rhyolite domes, and breccia mounds are particularly
prominent near Chitna Pass. Volcanic rocks have a bimodal distribu-
tion of silica, with peaks at 45-53 and 69-78 percent SiOy; mafic flows
in lower part of sequence and related subvolcanic mafic and felsic
intrusions are characterized by primitive initial 87Sr/86Sr ratios indicative
of a strong mantle component (Silberman and Grantz, 1984). In Nelchina
area just northeast of quadrangle, interbedded volcaniclastic rocks that
may be in upper part of sequence contain fossil plants of Eocene age
(Grantz, 1960a). Whole-rock K-Ar age from near middle of sequence
is 60 Ma (table 1, No. 13); whole-rock K-Ar ages from volcanic rocks
within the Arkose Ridge Formation that probably are cogenetic range
from 56 to 50 Ma (table 1, Nos. 14-16, 18-20). Upper part of sequence
is not dated radiometrically, but predominance of andesite flows led
Csejtey and others (1978) to correlate it with the basal part of the
Wrangell Lava, which also is characterized by andesite flows in Wrangell
Mountains. On Castle Mountain and Puddingstone Hill, contacts
between olivine basalt flows and the underlying Wishbone Formation
generally exhibit slight angular unconformity, and lower part of sequence
may be missing. North of Caribou fault, contacts with the underlying
Arkose Ridge Formation are poorly exposed, but appear to be confor-
mable. Undated volcanic facies in lower part of sequence indicate
explosive volcanism; this activity may have been a source for ashes that
are widespread in Paleocene and Eocene sedimentary formations of
upper Cook Inlet region. Near the bottoms of several exploratory wells
just west of quadrangle and north of Castle Mountain fault, igneous rocks
underlie sedimentary sequences of Oligocene age (Magoon and others,
1976; Conwell and others, 1982). These igneous rocks may correlate
with this unit (Tv), with volcanic rocks in the lower part of the Arkose
Ridge Formation (Tar), or with Eocene hypabyssal intrusive rocks (Tim
and Ti) that are widespread in Matanuska Valley. Unit Tv is esitmated
to be more than 1,500 m thick

Tsadaka Formation (Oligocene)—Poorly sorted cobble to boulder con-
glomerate, consisting principally of plutonic clasts, interbedded with
lenses of feldspathic sandstone, siltstone, and shale; crops out in
Tsadaka Canyon on Moose Creek, and on crest of Wishbone Hill. Rapid
lateral changes in lithology and thickness, local provenance, and souther-
ly paleocurrents indicate that the Tsadaka was deposited on alluvial fans
and in braided streams bounded by a steep mountain front to the north
(Clardy, 1984). Correlative rocks of the Hemlock Conglomerate of the
Kenai Group exist at depth in exploratory wells in western part of
quadrangle (Calderwood and Fackler, 1972; Hartman and others, 1972).
On Wishbone Hill, the Tsadaka is separated from the underlying
Wishbone Formation by an angular unconformity; on Moose Creek, the
Tsadaka rests directly on the Chickaloon Formation—the entire
Wishbone Formation has been removed by erosion (Clardy, 1984).
Depositional top of the Tsadaka has not been observed. In outcrop,
the Tsadaka is as much as 200 m thick; in wells in upper Cook Inlet
petroleum province, the Tsadaka (or its correlative, the Hemlock Con-
glomerate) is of approximately equal thickness

Tw Wishbone Formation (Eocene)—Fluviatile conglomerate and thick interbeds

of sandstone, siltstone, and claystone, with local partings of volcanic
ash; forms prominent cliffs of Castle Mountain, Puddingstone Hill, and
Wishbone Hill, and is present along northern boundary of map along
Billy and Sheep Creeks. Unit extends at least 30 km northward into
Talkeetna Mountains 1° x 3° quadrangle, where outcrops are discon-
tinuous but widespread beneath volcanic rocks of unit Tv (Grantz,
1960b). Detritus in the Wishbone was derived principally from erosion
of older volcanic rocks, most likely the Talkeetna Formation (Clardy,
1984). Paleocurrents flowed to the south, southwest, and west,
depositing Wishbone detritus at the foot of a steep mountain front that
lay to the north. Thick sections of massive to crudely stratified con-
glomerate suggest deposition by sheet floods near the apices of alluvial
fans, and horizontally bedded sandstone and siltstone containing abun-
dant wood fragments suggest deposition in associated braided streams
(Clardy, 1984). South of Castle Mountain and Caribou faults, contact
of the Wishbone with the underlying Chickaloon Formation generally
is conformable, but locally is an angular unconformity (Clardy, 1984);
north of Caribou fault near Sheep Creek, the Wishbone rests with slight
angular unconformity on the Chickaloon. Age of the Wishbone is based
on bracketing provided by paleontologic materials and radiometric dates
in the overlying (Tv) and underlying (T¢) formations. Volcanic prov-
enance of the Wishbone has been used to infer post-Eocene offset on
Castle Mountain fault. Deposition of proximal Wishbone facies in
Little Susitna River area that must have been derived from adjacent
Talkeetna outcrops requires restoration of approximately 40 km of post-
Wishbone right-lateral separation along Castle Mountain fault (Clardy,
1984). This estimate is in general agreement with Grantz’ original inter-
pretation of a few tens of kilometers of offset (Grantz, 1966). The
Wishbone ranges in thickness between 600 and 900 m
Chickaloon Formation (Eocene and Paleocene)—Predominantly fluviatile

and alluvial carbonaceous mudstone, siltstone, conglomeratic sandstone,
and polymictic conglomerate; forms widespread exposures in Matanuska
Valley and along Caribou and Border Ranges faults. In Matanuska
Valley, the middle and upper parts of the Chickaloon contain numerous
beds of bituminous coal. Lower part consists of conglomerate and lithic
sandstone derived locally, principally from erosion of the Talkeetna
Formation (Winkler, 1978). In northern Chugach Mountains between
Gravel Creek and Matanuska Glacier, the Chickaloon includes a souther-
ly derived, green-weathering, noncarbonaceous basal sequence of poorly
sorted, massive to crudely stratified cobble and boulder conglomerate,
grading upward into well-stratified, thick-bedded sandstone and con-
glomerate with a chloritic matrix. This strongly deformed local facies
is more than 1,200 m thick and represents a northward-prograding,
syntectonic alluvial fan derived from uplift and erosion of subduction
complex of Chugach terrane (Little, 1988, 1990). West of Nelchina
Glacier, conglomerate, tentatively correlated with the Chickaloon,
unconformably overlaps the Border Ranges fault and the Chugach
terrane, and consists of locally derived clasts. Throughout Matanuska
Valley, the Chickaloon disconformably overlies the Matanuska Forma-
tion or is in angular unconformity on older units. Unit is at least partly
of early Eocene age, based on K-Ar and fission-track ages ranging from
about 56 to 53 Ma of ash partings within coals in upper part of the
Chickaloon at the Evan Jones mine northwest of Jonesville (table 1,
Nos. 27A-C). Lower part extends into the late Paleocene in this area,
based on fossil leaf correlations with flora of the Fort Union Forma-
tion, which also contains diagnostic Paleocene mammalian fossils (Wolfe
and others, 1966), and based on unpublished oil company palynological
studies (B.I. Clardy, in Triplehorn and others, 1984). The Chickaloon
is more than 1,500 m thick in Matanuska Valley

Arkose Ridge Formation (Eocene and Paleocene)—Fluviatile and alluvial
feldspathic and biotitic sandstone, conglomerate, siltstone, and shale
containing abundant plant fragments; forms widespread exposures north
of Castle Mountain and Caribou faults. Isolated outcrops on Kashwitna
River in northwestern part of map area have been assigned tentatively
to the Arkose Ridge and contain thin interbeds of lignitic coal. West
of Chickaloon River, lower part of formation contains intercalated basalt
flows and rhyolite tuffs that may correlate with the volcanic rocks of
unit Tv; mafic rocks have primitive initial 87Sr/86Sr ratios, suggesting
mantle derivation (Silberman and Grantz, 1984). Outcrops north of
Caribou fault between Chickaloon River and Boulder Creek become very

conglomeratic upsection, with the uppermost 200 m exclusively poly-
mictic conglomerate that may correlate with the Wishbone Formation.
East of Chickaloon River, contacts with overlying volcanic rocks are
poorly exposed, but apparently are conformable; west of Chickaloon
River, top of the Arkose Ridge is not exposed. The Arkose Ridge lies
with angular unconformity on subjacent Jurassic plutonic, metamorphic,
and volcanic rocks, and lithology of its subcrops is reflected in clast
compositions of overlying strata (Winkler, 1978). The Arkose Ridge was
deposited on fans and braided plains by streams that were overloaded
with sediment from rapid erosion of uplifted mountains to the north.
Csejtey and others (1977) reported a Late Cretaceous age of 67.5 + 2.4
Ma on metamorphic biotite obtained from the Arkose Ridge near where
it is intruded by tonalite of unit TKt (table 1, No. 17). It is difficult to
reconcile this radiometric age with other fossil and radiometric ages,
which include (1) a late Paleocene age on fossil plants (J.A. Wolfe, in
Silberman and Grantz, 1984), (2) six primarily early to middle Eocene
K-Ar whole-rock ages ranging from about 56 to 46 Ma on volcanic rocks
in lower part of formation west of Chickaloon River (table 1, Nos. 14,
15A-B, 18-20), and(3) a middle Eocene K-Ar whole-rock age of about
46 Ma for a basalt dike from middle part of formation on Arkose Ridge
(table 1, No. 16). Thus, although a possible pre-Tertiary age for the
Arkose Ridge locally cannot be dismissed entirely, most dated rocks
from the Arkose Ridge are broadly coeval with dated rocks from the
Chickaloon Formation and from the bimodal volcanic rocks of unit Tv
to the north. The Arkose Ridge is as much as 700 m thick

Matanuska Formation (Late and Early Cretaceous)—Fossiliferous marine

shale containing conspicuous calcareous concretions, and volcanic-lithic
siltstone, sandstone, and subordinate conglomerate; forms widespread
exposures from Matanuska Valley to beyond northeast corner of map
area in Copper River basin (Grantz, 1964). The Matanuska consists
of diverse shallow- to deep-marine (in part, turbiditic) deposits that were
derived from the north, either from an unidentified mid-Cretaceous
magmatic arc or from erosion of the uplifted Jurassic Talkeetna arc of
Barker and Grantz (1982), and were deposited in a forearc apron. The
Matanuska ranges in age from Albian to Maestrichtian. Upper part of
formation, at least, is coeval with flysch of the Valdez Group to the
south, which makes up crest of Chugach Mountains and constitutes
a related subduction assemblage. The Matanuska is more than 4,300
m thick

Naknek Formation (Late Jurassic)—Thin- to thick-bedded, fossiliferous

marine siltstone, shale, and lithofeldspathic sandstone and conglomerate;
crops out near traces of Caribou fault in Talkeetna Mountains and in
one small area north of Wolverine Creek in northern Chugach Moun-
tains (Grantz, 1961a; Barnes, 1962). The Naknek is composed prin-
cipally of plutonic and volcanic detritus, which no doubt was derived
from erosion of the Middle and Late Jurassic Alaska-Aleutian Range-
Talkeetna Mountains magmatic arc (Grantz and others, 1963). Age of
the Naknek in quadrangle ranges from early Oxfordian to late Kim-
meridgian or early Portlandian (Imlay and Detterman, 1973). Contact
with the underlying Chinitna Formation ranges from a disconformity
to a slightly angular unconformity; contact with the overlying Matanuska
Formation is unconformable (Grantz, 1961a). The Naknek is more than
1,400 m thick locally, but varies laterally in thickness and in distribu-
tion of facies

Chinitna Formation (Middle Jurassic)—Shallow-marine shale, siltstone,

and subordinate sandstone containing numerous large limestone con-
cretions; crops out near traces of Caribou fault in Talkeetna Mountains
(Grantz, 1961a). Regionally, age of the Chinitna is confined to the late
Bathonian(?) and early and middle Callovian (Imlay, 1975, 1981); a single
new fossil collection from quadrangle is late early Callovian (R.W. Imlay,
written commun., 1982). The Chinitna incorporates volcanic and
plutonic detritus that probably was derived from erosion of the adjoining
Talkeetna arc of Barker and Grantz (1982). The Chinitna disconform-
ably overlies the Tuxedni Group. The Chinitna is as much as 600 m
thick, but its thickness varies locally

Tuxedni Group (Middle Jurassic)—Fossiliferous shallow-marine siltstone,

shale, and sandstone along traces of Caribou fault; mapped previously
as the Tuxedni Formation by Grantz (1961a, b) and as the Tuxedni
Group by Detterman and others (1976). The Tuxedni has not been
subdivided in quadrangle. Upper part consists of thin- to thick-bedded,
dark siltstone and shale; lower part consists of thin- to thick-bedded
sandstone, which in places is pebbly. Regionally, almost all of the
Bajocian and Bathonian Stages of the Middle Jurassic are represented
by the strata of the Tuxedni (Imlay and Detterman, 1973). Age ranges
of three new fossil collections from the Tuxedni in quadrangle are limited
to the early and middle Bajocian (R.W. Imlay, written commun., 1982).
Contact of the Tuxedni with the underlying Talkeetna Formation is an
angular unconformity. In map area, the Tuxedni ranges from 300 to
400 m thick, which is only one-fifth its typical thickness in its type area
on northern Alaska Peninsula

Talkeetna Formation (Early Jurassic and Late Triassic?)—Andesitic,

dacitic, and basaltic flows, flow breccia, tuff, shallow sills, and agglomer-
ate; crops out widely both north and south of Matanuska Valley in
Talkeetna and Chugach Mountains. In many places the Talkeetna con-
tains subordinate interbedded volcaniclastic sandstone, conglomerate,
and fossiliferous marine siltstone and shale, especially in its upper part.
Lenticular limestone and marble bodies are interstratified with the
Talkeetna but are mapped separately as unit l. The Talkeetna generally
is cut by numerous faults and, in many places, is strongly altered.
Shallow-marine and subaerial deposition for much of the formation is
indicated by its fossil content and sedimentary facies (Grantz, 1961a,
b; Imlay and Detterman, 1973; Plafker and others, 1989). No new age-
diagnostic fossil collections were obtained from the formation in
quadrangle during this study. Age in map area is inferred to be Late
Triassic(?) and Early Jurassic based on the presence of a diagnostic Early
Jurassic marine megafauna regionally in the Talkeetna and on the
presence of Late Triassic fossils in tuffaceous strata in basal part of
correlative rocks (Pogibshi unit of Kelley, 1984) in southern Kenai
Peninsula. Andesite and basalt from the Talkeetna show geochemical
affinities with the medium-K tholeiitic type of orogenic andesite and have
been inferred to represent the extrusive part of an intraoceanic volcanic
arc (Barker and Grantz, 1982; Newberry and others, 1986). The
Talkeetna is intruded by Jurassic plutonic rocks of map units Jgd, Jqad,
Jat, and Jmip. The Talkeetna is estimated to be between 1,000 and
2,000 m thick, and its base is not exposed

Limestone and marble (Late Triassic)—Unfossiliferous, massive to poorly

bedded limestone near head of east fork of Kings River, and limestone
lenses as much as 30 m thick in broad shear zones in the Talkeetna
Formation along Castle Mountain fault and southeast of Lazy Moun-
tain in Chugach Mountains; medium- to coarse-grained marble occurring
as roof pendants in epizonal plutons in Talkeetna Mountains is thought
to be correlative, and locally contains sulfide-bearing skarns. These rocks
were correlated with the Talkeetna Formation (and hence assigned an
Early Jurassic age) by Csejtey and others (1978). That these rocks may
be, in part, older than the Talkeetna is indicated by (1) the similar massive
character of outcrops near head of Kings River to the Upper Triassic
Bruin Limestone Member of the Kamishak Formation in Iliamna area
of Alaska Peninsula and the Upper Triassic Chitistone Limestone in
Wrangell Mountains, (2) limestone samples from outcrops near Castle
Mountain fault, which are well bedded and contain nodular lenses of
chert, have yielded no microfossils, but do contain oolites and rounded
detrital grains (M.W. Mullen, written commun., 1985), which characterize
Upper Triassic limestones from both Iliamna area and Wrangell Moun-
tains, (3) limestone outcrops in Chugach Mountains south of Wolverine
Creek are associated with greenstone containing severely deformed
pillows, which indicate a possible correlation with the Triassic Cotton-
wood Bay Greenstone and the Kamishak Formation of Iliamna area
(Detterman and Reed, 1980), or, less likely, with the Tangle subterrane
of the Wrangellia terrane in eastern Alaska Range (Nokleberg and others,
1985), which contains a pillow basalt facies of the Nikolai Greenstone
underlying an Upper Triassic limestone, and (4) the absence, throughout
region, of thick carbonate rocks of Early Jurassic age that might be
correlatives

Intrusive rocks
[Igneous rock names after Streckeisen, 1976]

Hypabyssal mafic intrusions (Eocene)—Small stocks and irregular-shaped

dikes and sills of diorite porphyry, diabase, basalt, and lamprophyre
widely exposed in and north of Matanuska Valley. They may represent
feeders for, or subvolcanic equivalents of, upper parts of unit Tv.
Silberman and Grantz (1984) reported primitive initial 87Sr/86Sr ratios
for two samples and a whole-rock K-Ar age of about 41 Ma (table 1,
No. 8). Some mafic dikes of this unit intrude stocks of unit Ti, as well
as all older bedded rocks north of Border Ranges fault

Hypabyssal felsic and intermediate intrusions (Eocene)—Small stocks

and irregular-shaped dikes and sills of rhyolite, quartz latite, latite, and
dacite widely exposed in Talkeetna Mountains and Matanuska Valley.
They may correlate with widely scattered felsic volcanic rocks in upper
part of unit Tv and also may correlate, in part, with felsic plutons south
of Border Ranges fault. Primitive 87Sr/86Sr ratios for two samples
indicate little crustal contamination during intrusion (Silberman and
Grantz, 1984). Radiometric ages include (1) four whole-rock K-Ar ages
ranging from about 46 to 38 Ma (table 1, Nos. 2, 9, 10, 12A), (2) a
K-Ar age on hornblende of about 38 Ma for the stock that forms much
of Kings Mountain (table 1, No. 11), and (3) three zircon fission-track
ages of about 41-37 Ma on felsic intrusions (table 1, Nos. 1, 3, 11).
Little (1988) reported hornblende K-Ar ages of 43 and 40 Ma for two
rhyodacitic dikes that intrude unit Tv north of map area in central
Talkeetna Mountains. In map area, felsic plutons intrude rocks as young
as basal part of unit Ty, as well as all older bedded rocks north of Border
Ranges fault. Apparently emplacement and cooling of plutons of this
unit continued through much of Middle and Late Eocene time

Mafic and intermediate dikes, sills, and stocks (Eocene? to Jurassic?)—

Numerous compositionally variable, altered dikes, sills, and small stocks
intruding the Talkeetna Formation and dJurassic plutonic rocks in
northern Chugach Mountains; only larger bodies east of Matanuska
Glacier are shown. Rock types consist of fine-grained basalt, porphyritic
andesite, and dacite. Unit may represent a late stage of Jurassic
plutonism, or may be younger and related to the hypabyssal mafic
intrusions of unit Tim. Generally, the dikes and sills exhibit linear,
approximately east-west traces and steep orientations suggestive of a
Tertiary age. Whole-rock K-Ar ages of 130 and 38 Ma for two basalt
dikes (table 1; Nos. 45, 46) are not definitive

Granite (early Paleocene and Late Cretaceous)—Large, epizonal, biotite-

muscovite pluton occupying much of western Talkeetna Mountains.
Pluton is principally granite, but also includes granodiorite and lesser
quartz monzonite. A sample yielded concordant K-Ar ages on muscovite
and biotite, respectively, of 67 and 65 Ma (table 1, No. 38). Pegmatite
dikes (not shown on map) emanate from the granite and intrude the
Willow Creek pluton (unit Kw); they may be related to a first episode
of quartz veining and hydrothermal alteration in the Willow Creek district,
dated at 66 Ma (table 1, Nos. 35-37). Age of unit is considered to
be Late Cretaceous and early Paleocene

Tonalite (early Paleocene and Late Cretaceous)—Large pluton of

predominantly biotite-hornblende tonalite and lesser biotite-hornblende
quartz diorite occupying most of headwaters of Little Susitna and
Kashwitna Rivers in western Talkeetna Mountains. Pluton is epizonal
or mesozonal. Weakly developed foliation occurs in many places, and
orbicular textures are present locally (R.J. Newberry, written commun.,
1989). Samples yield slightly discordant (partially reset?) K-Ar ages of
73-67 Ma (table 1, Nos. 28, 29). Age of unit is considered to be Late
Cretaceous and early Paleocene

Willow Creek pluton (Late Cretaceous)—Pervasively altered, zoned pluton

occupying much of headwaters of Willow Creek; based on its distinc-
tive aeromagnetic signature, it is interpreted to extend at least to
northern boundary of map area (L.E. Burns, written commun., 1989).
Pluton has a 30- to 200-m-wide outer margin of hornblende quartz diorite
and lesser hornblende tonalite. Its core is hornblende-biotite granodiorite,
and lesser hornblende-biotite quartz monzodiorite and biotite quartz
monzonite. Foliation is common, particularly near its margins. Plutonic
rocks are predominant host for mineralized veins of the Willow Creek
mining district. Partial alteration of mafic minerals to
chlorite + magnetite + pyrite-chalcopyrite is common throughout pluton;
sericite-ankerite-rutile alteration is common within 30 m of major gold-
bearing quartz veins (R.J. Newberry, written commun., 1989). Samples
give subconcordant K-Ar ages of 79-72 Ma (table 1, Nos. 30-32, 34A ).
K-Ar ages from propylitized pluton and gold-bearing veins and dikes
that cut the pluton in the Willow Creek district indicate episodes of altera-
tion and quartz veining at 66 and 57 Ma (table 1, Nos. 33, 34B, 35-37)

Serpentinized ultramafic rocks (Late Cretaceous)—Small, structurally

bounded, pervasively sheared, discordant bodies of serpentinized
ultramafic rocks wholly enclosed in pelitic schist (Jps) near Bald Moun-
tain Ridge. Age of origin unknown, but early Late Cretaceous K-Ar
minimum ages of 91-89 Ma are presumed to date their emplacement
(table 1; Nos. 39, 40)

Leucotonalite and trondhjemite (Early Cretaceous)—Medium-grained

plugs and elongate, irregular-shaped, sill-like bodies of leucocratic plutonic
rocks in northern Chugach Mountains in a zone about 5 km wide near
Border Ranges fault. According to Pavlis and others (1988), bodies
intrude crystalline rocks of the Peninsular terrane, the McHugh Com-
plex of the Chugach terrane, and the Border Ranges fault which
separates the terranes. Rocks generally are foliated and contain less than
10 percent mafic minerals including muscovite, biotite, or hornblende
(and minor garnet). Radiometric ages (table 1, Nos. 41-44 ) include:
K-Ar ages on hornblende (126 and 124 Ma), biotite (116 Ma), and
muscovite (110 Ma), and a concordant U-Pb zircon age of 103 Ma (table
1, No. 43). These ages are comparable to 40Ar/39Ar plateau ages on
hornblende (129, 125, and 114 Ma), biotite (123 Ma), and muscovite
(118 Ma), and two Rb/Sr mineral isochrons (133 and 130 Ma) reported
by Pavlis and others (1988). This spectrum of ages and observed fabrics
in the rocks are interpreted to result from progressive syntectonic
emplacement of the plutons during ductile and then brittle thrusting along
Border Ranges fault in the Early Cretaceous (Pavlis and others, 1988).
How these plutons formed and were injected into an active regional sub-
duction boundary is enigmatic

Trondhjemite (Late Jurassic)—Two discordant, northeast-trending,

elongate, epizonal, muscovite-biotite, leucocratic plutons intruding
Jurassic quartz diorite (Jqd) and amphibolite (Jma) in Talkeetna Moun-
tains. As mapped, plutons also may include considerable quartz diorite—
in particular, the northern pluton. Trondhjemite bodies generally are
altered and sheared and have a faint foliation locally. A K-Ar age for
northern pluton is 129 Ma (table 1, No. 47 ), and three K-Ar ages for
southern pluton range from 134 to 142 Ma (table 1, Nos. 48, 49). Four
K-Ar ages from northern pluton, where it extends northward into
Talkeetna Mountains 1° x 3° quadrangle, are tightly clustered from
143 to 149 Ma and include a concordant mineral pair (Csejtey and
others, 1978)

Granodiorite (Middle Jurassic)—Large, discordant, epizonal pluton and

two smaller satellitic stocks of homblende-biotite granodiorite and lesser
tonalite and quartz diorite immediately west of Chickaloon River in
southern Talkeetna Mountains. Plutons intrude the Talkeetna Forma-
tion (JRt) and quartz diorite (Jqd) and are overlain nonconformably by
the Arkose Ridge Formation (Tar). In northern Chugach Mountains,
several small, discordant stocks less than 3 km2 in extent intrude quartz
diorite and tonalite (Jqt) and the Talkeetna Formation (J&t); only one
is large enough to show at map scale (T. 19 N., Rs. 4-5 E.). K-Ar ages
in Talkeetna Mountains range from 173 to 168 Ma and include a con-
cordant mineral pair (table 1, Nos. 50, 53). In Chugach Mountains,
one granodiorite stock is dated by a concordant K-Ar mineral pair at
175 and 174 Ma (table 1, No. 66)

occupying much of drainage of Kings River north of Castle Mountain
fault in southern Talkeetna Mountains. Poorly exposed outcrops of mafic
plutonic rocks on Bald Mountain Ridge may be related to this pluton.
Pluton is predominantly medium- to coarse-grained homblende ( + biotite)
quartz diorite, but also includes diorite and tonalite. Large areas of pluton
have been sheared and altered. Pluton intrudes the Talkeetna Forma-
tion (JRt) and amphibolite of unit Jma, is intruded by granodiorite of
unit Jgd, and is overlain nonconformably by the Arkose Ridge Forma-
tion (Tar). Pluton has yielded discordant K-Ar ages between 169 and
154 Ma (tablel, Nos. 51, 52), which are regarded as minimum ages.

Quartz diorite and tonalite (Middle Jurassic)—Series of discordant inter-

mediate plutons between Nelchina Glacier and Lazy Mountain in
northern Chugach Mountains. Plutons are relatively homogeneous, fine-
to medium-grained quartz diorite and tonalite. Large areas are sheared
and altered. Plutons intrude the Talkeetna Formation (JEt) and gab-
broic rocks of unit Jg, and are intruded by granodiorite stocks of unit
Jgd and locally by abundant dikes of variable composition, mostly basalt,
but including andesite, dacite, and trondhjemite. Radiometric ages span
the Middle Jurassic: K-Ar ages range from 181 to 167 Ma (table 1, Nos.
55, 56A, 57), and include a concordant mineral pair; zircon fission-
track ages are 186 and 170 Ma (table 1, Nos. 56B, 57)

Mafic and intermediate plutonic rocks (Middle and Early Jurassic)—

Complexly intermixed series of mafic to intermediate plutonic rocks
widely exposed in northern Chugach Mountains and near villages of
Eklutna and Peters Creek. Plutons consist of gabbronorite, hornblende
gabbro, diorite, quartz diorite, and tonalite. Diorite is predominant
lithology between Carpenter Creek and Knik River; elsewhere lithologies
are mixed, generally with xenoliths or schlieren of more mafic rock in
less mafic rock. Xenoliths of gabbro show ductile deformation as though
they still were warm when intruded by more silicic magmas, and
migmatitic textures are common at contacts between lithologies. Hence,
much of mixing may have been caused by multiple intrusions, and
entire series of plutonic rocks may be mostly coeval (Burns, 1985). Unit
includes the so-called plutonic subterrane of the Knik River terrane
(Pavlis, 1983; Pavlis and others, 1988). Plutonic rocks are cut by a
network of steeply dipping faults that form northern part of Border
Ranges fault. Faults superimpose a tectonic mixing of lithologies on
igneous mixing. K-Ar ages on hornblende and biotite range between
194 and 165 Ma (table 1, Nos. 58, 59, 61, 62, 64, 65, 68, 69); Burns
and others (1991) reported 12 K-Ar ages on hornblende and biotite
from this unit that are comparable and range between 187 and 160
Ma. The younger K-Ar ages are regarded as minimum ages. U-Pb
zircon ages range from 183 to 171 Ma (table 1, Nos. 63, 67 ). Apparent-
ly, emplacement and cooling of plutons occurred during much of Early
and Middle Jurassic time

Gabbronorite (Middle and Early Jurassic)—Fine- to coarse-grained gab-

broic rocks widely exposed in northern Chugach Mountains, especially
between Nelchina and Matanuska Glaciers, where they are assigned to
the Nelchina River Gabbronorite (Plafker and others, 1989; Burns, in
press). Elsewhere gabbroic rocks occur as fault-bounded slices, or as
layers and dikes in the Wolverine and Eklutna ultramafic complexes.
Gabbroic rocks consist primarily of gabbronorite, leucogabbronorite, and
pyroxene-hornblende gabbro, lesser hornblende gabbro, and minor
anorthositic gabbro (Burns, 1985). Primary magnetite and ilmenite are
abundant in most gabbroic rocks (as much as 15 percent) and cause
a characteristic positive aeromagnetic anomaly. Minor amounts of totally
to partly serpentinized ultramafic rocks are included locally. Gabbroic
rocks are intruded by mafic and intermediate plutonic rocks of units
Jmip and Jqt. K-Ar age of about 177 Ma (table 1; No. 54) from west
of Nelchina Glacier compares well with K-Ar and 40Ar/39Ar ages of
181-175 Ma from correlative rocks in Valdez 1° x 3° quadrangle
(Plafker and others, 1989) and indicates approximate contemporaneity
with units Jmip, Jqt, and Jgd. K-Ar age of 135 Ma (table 1, No. 60)
indicates partial or total resetting by intrusion of nearby pluton of unit
Kt (Pavlis, 1982; Pavlis and others, 1988). Correlative gabbroic rocks
extend for more than 1,000 km from southwest of present-day Kodiak
Island (Fisher, 1981) to Copper River (Winkler and others, 1981) and
apparently represent an early phase of magmatism associated with a
Late Triassic to Middle Jurassic intraoceanic arc. In this interpretation
(Burns, 1985), gabbronorite and affiliated rocks represent deep frac-
tional crystallization products of arc formation and were emplaced into
early-formed extrusive rocks of the sequence, the Talkeetna Formation,
which crop out in close proximity throughout the same 1,000-km-long arc

Sheared gabbronorite (Middle and Early Jurassic)—Intensely sheared and

altered serpentinized gabbroic and ultramafic rocks in northern Chugach
Mountains between Nelchina and Matanuska Glaciers (Pessel and others,
1981; Burns and others, 1983). Serpentinized rocks occur in most
outcrops of gabbronorite (Jg), but have been mapped separately only
in this area. Typically, serpentinized rocks occupy parts of broad shear
zones that contain blocks of relatively undeformed gabbroic rocks in
a comminuted matrix

Ultramafic and mafic rocks (Middle and Early Jurassic)—Cumulate

ultramafic and mafic rocks forming two large fault-bounded sequences
in northern Chugach Mountains, the Eklutna and Wolverine complexes
(Rose, 1966; Clark, 1972b; Burns, 1985). Cumulate rocks also occur
as numerous small unmapped bodies within the gabbronorite of unit Jg.

The Eklutna sequence is 2-3 km thick and, from exposed base
to top, comprises chromite-bearing dunite, wehrlite, olivine clinopyrox-
enite, clinopyroxenite, and websterite (Burns, 1985; Newberry, 1986).
Sequence is capped by gabbronorite (Jg) as much as 1 km thick, which
also occurs as thin layers in the clinopyroxenite and websterite. Exposed
sequence is about 11 km long, but positive gravity and aeromagnetic
anomalies associated with the ultramafic and gabbroic rocks extend
northeast under surficial deposits of Knik River flats for an additional
20 km to connect with exposures of gabbroic rocks east of Jim Lake.

The Wolverine sequence is 1-2 km thick and consists of chromite-
bearing dunite grading upsection into clinopyroxenite (Clark, 1972b;
Burns, 1985). Sequence is capped by gabbronorite (Jg), which also
occurs as dikes from 5-40 m thick intruding clinopyroxenite and dunite.

Both sequences are undated, but are intruded by dikes and plutons
of diorite, quartz diorite, and tonalite of unit Jmip, which are of Early

and Middle Jurassic age. In Valdez 1° x 3° quadrangle to the east,
the lithologically equivalent Tonsina ultramafic-mafic sequence has Early
and Middle Jurassic K-Ar and 40Ar/39Ar ages of 188-180 Ma (Winkler
and others, 1981; Plafker and others, 1989). Thus, by inference, the
ultramafic-mafic rocks of unit Jumand the Nelchina River Gabbronorite
are essentially coeval and represent different crustal levels of the same
plutonic suite (Burns, 1985; Plafker and others, 1989; DeBari and
Coleman, 1989)

Metamorphic rocks

Cataclasite (Eocene? and Early Cretaceous?)—Chlorite-rich, fine-grained

granular rocks formed by cataclasis and retrograde alteration of mafic
and ultramafic plutonic rocks and mafic volcanic rocks; found in
northern Chugach Mountains between Knik and Nelchina Rivers. In part,
these rocks may be equivalent lithologically to the sheared gabbronorite
(Jgs). They may represent central zones or major strands of Border
Ranges fault system where rocks from both upper and lower plates were
cataclastically deformed, mixed, and metamorphosed. Deformation in
Border Ranges fault system is at least as old as Early Cretaceous (Pavlis,
1982), by which time the system acted as a major subduction thrust.
However, much of present cataclastic fabric may be an Eocene over-
print from reactivation of the system as a strike-slip boundary (Little
and Naeser, 1989; Pavlis and Crouse, 1989). Lithologies and fabrics
of these rocks resemble parts of the Haley Creek metamorphic
assemblage (Plafker and others, 1989), which to the east in Valdez
1° x 3° quadrangle represents the southern margin of the Wrangellia
terrane, and includes presumed basement for the terrane

Amphibolite and quartz diorite (Middle and Early Jurassic?)—Intricately

intermixed amphibolite, foliated quartz diorite, and lesser trondhjemite
widely exposed along west edge of Jurassic plutonic rocks in southern
Talkeetna Mountains. Although metamorphic rocks are principally
amphibolite with pronounced segregation layering, they include minor
biotite-quartz-feldspar gneiss along lower Granite Creek and eastern
slopes of Government Peak. Amphibolite and associated metamorphic
rocks are correlated with rocks to the north in Talkeetna Mountains
1° x 3° quadrangle that have a K-Ar age of 176 Ma (Csejtey and others,
1978). Foliated quartz diorite probably represents a broad western border
zone of the quartz diorite unit (Jqd)

Pelitic schist (Jurassic?)—Quartz-muscovite-albite-chlorite ( + garnet-biotite)

pelitic schist in southwestern Talkeetna Mountains. Schist is remarkably
uniform in lithology, and has no known correlative rocks nearby.
Mineralogy of schist indicates greenschist facies metamorphism, which
probably is retrograded from amphibolite-grade metamorphism (Csejtey
and others, 1978). Age of prograde metamorphism is inferred to be
dJurassic, and to reflect the same metamorphism as the amphibolite of
unit Jma. However, K-Ar ages on muscovite from schist range from
66 to 51 Ma (table 1, Nos. 70-73), and are presumed to be reset by
intrusion of adjacent tonalite and quartz monzonite of units TKt and
TKg. Numerous thin veins and stringers of quartz throughout schist
reflect this same hydrothermal event

Metamorphic rocks, undivided (Jurassic to middle Paleozoic?)—Diverse

metasedimentary and metavolcanic rocks along northern flank of
Chugach Mountains, cropping out near Jurassic plutonic rocks. Rocks
are strongly to weakly foliated and variably metamorphosed from
middle greenschist to amphibolite facies, and include the so-called
metamorphic subterrane of the Knik River terrane of Pavlis (1983) and
Pavlis and others (1988). Rocks are intruded by mafic and intermediate
plutons of units Jmip and Jg. Sedimentary protoliths consist of shale,
chert, tuffaceous arenite, and limestone, and volcanic protoliths are
probably mostly basalt. Diversity of protoliths may indicate tectonic
mixing prior to metamorphism. Although metasedimentary rocks retain
bedding features locally, in most places the fabric is cataclastic or
recrystallized. Near Nelchina Glacier and Carbon Creek, argillaceous
limestone is recrystallized to marble and garnet-bearing calc-silicate rock.
Premetamorphic age of unit is uncertain. A single collection of fusulinids
from limestone is dated as Permian (Clark, 1972a). By analogy with
the lithologically similar Strelna Metamorphics of Plafker and others
(1989) in Valdez 1° x 3° quadrangle, some components may be as
old as middle Paleozoic. A K-Ar age on actinolite indicates a minimum
age of metamorphism of 177 Ma (table 1, No. 76); however, this age
may have been reset by intrusion of a nearby pluton dated at 165 Ma
(table 1, No. 69). Hornblende K-Ar ages of 121 and 107 Ma (table 1,
Nos. 74, 75) and a hornblende 40Ar/39Ar plateau age of 117 Ma
(Pavlis and others, 1988) on mafic schists indicate local partial to total
resetting during metamorphism associated with intrusion of Early
Cretaceous plutons of unit Kt

SOUTH OF BORDER RANGES FAULT
Bedded rocks

Orca Group (Eocene and Paleocene)—Thick, complexly deformed accre-

tionary sequence of ensimatic flysch and tholeiitic volcanic rocks in fault
contact with southern margin of the Valdez Group along Contact fault.
Sparse paleontologic data in nearby quadrangles indicate an Eocene and
Paleocene age. Intruded by early Eocene and Oligocene granitic plutons.
Aggregate stratigraphic thickness has been estimated as many thousands
of meters (Platker, 1971), but complex deformation of relatively
homogeneous lithologies has precluded accurate measurement

Sedimentary rocks—Monotonous sequences of thin- to thick-bedded
sandstone, siltstone, and mudstone. Primary sedimentary features
indicate deposition by turbidity currents

Conglomerate—Massive, clast-supported pebble, cobble, and boulder con-
glomerate to matrix-supported pebbly mudstone and sandstone; clasts
generally are well rounded and consist entirely of sandstone and siltstone.
About 900 m thick near Miners Bay (Nelson and others, 1985)

Sedimentary and volcanic rocks, undivided—Basaltic flows, pillow
breccia, and tuff interbedded with flyschoid siltstone and sandstone
southeast of Miners Bay. Volcanic interbeds weather a conspicuous rusty
color

Valdez Group (Late Cretaceous)—Thick sequence of complexly deformed

flyschoid metasedimentary rocks and minor interbedded mafic metatuff
making up crest of Chugach Mountains. Bounded on the south by the
Contact fault and the Orca Group, and on the north by either the Eagle
River fault and the McHugh Complex or by the Border Ranges and Knik
faults and diverse Paleozoic through Paleocene rocks. Paleocene(?) con-
glomerate west of Nelchina Glacier unconformably overlies the Valdez.
Sparse paleontologic data from nearby quadrangles indicate a Late
Cretaceous (Campanian? and Maestrichtian) age for the Valdez (Tysdal
and Plafker, 1978). A single megafossil collection from Anchorage (B-4)
quadrangle east of Inner Lake George (locality A) contains nonspecific
Inoceramus sp. that may be of latest Campanian or early Maestrichtian
age (J.W. Miller, written commun., 1985). The Valdez Group is intruded
by Eocene plugs and dikes (Tfp) and by the Oligocene composite pluton
(Tmg, Tmm) of Miners Bay (Nelson and others, 1985). In quadrangle,
metamorphic mineral assemblages generally indicate lower greenschist
facies conditions, and foliation is well developed in both pelitic and
psammitic rocks. A strong schistosity is developed through more than
one episode of tight to isoclinal folding and flattening, believed to have
resulted from accretion of successive wedges of Valdez and Orca
turbidites (Nokleberg and others, 1989). Superimposed on fault-bounded
stacks of isoclines are broad regional warps that appear to intersect
Border Ranges fault at acute angles. This orientation suggests that the
warps may be related to early Tertiary reactivation of Border Ranges
fault as a series of en echelon wrench and oblique-slip faults (Little and
Naeser, 1989). Alternatively, the warps may reflect compressional defor-
mation and regional uplift related to late Tertiary collison of the Yakutat
terrane with the southern Alaska continental margin (Plafker and others,
1989). Because of complex deformation, superimposed metamorphic
fabric, and lack of marker units, aggregate stratigraphic thickness is
unknown, but must exceed several kilometers

Metasedimentary rocks—Thick sequences of drab, rhythmically alter-
nating, multiply deformed turbidites, including metasandstone,
metasiltstone, ardillite, slate, and phyllite, and rare beds of pebbly argillite
and metasandstone; generally beds are a few centimeters to a few meters
thick, but locally massive metasandstone is as thick as several tens of
meters. In some places, primary sedimentary structures including graded
bedding, current-ripple cross-lamination, convolute bedding, and sole
markings have been preserved

Mafic metatuff—Altered chlorite-epidote-actinolite semischist interbedded
with metasedimentary rocks in a small area near the divide between
Coal Creek and Metal Creek. Believed to represent aquagene tuff
analogous to widespread thicker metavolcanic rocks in Cordova and
Valdez 1° x 3° a:w&m:m_mm (Winkler and Plafker, 1981 ; Winkler and
others, 1981)

McHugh Complex (Mesozoic)—Strongly deformed, melange-like

assemblage of diverse lithologies between Eagle River and Border Ranges
faults. Unit was defined originally in Anchorage area by Clark (1973)
and subsequently was extended to include lithically comparable rocks
that occur discontinuously along northern margin of Kenai and Chugach
Mountains (Plafker and others, 1977; Tysdal and Case, 1979; Winkler
and others, 1981). Within the McHugh, broad zones as wide as 1 km
of intense shearing lack any stratal continuity and, in many places, are
marked by angular, elongate phacoids, either enclosed in pervasively
sheared matrix or juxtaposed against other phacoids. Larger phacoids
are lithologically diverse, consisting of schist, amphibolite, marble, sand-
stone, conglomerate, diorite, gabbro, serpentinized ultramafic rocks, and
mafic volcanic rocks. Phacoids are not randomly disposed, but are
aligned with their longest dimensions subparallel to the “scaly” shear-

foliation of enclosing matrix-rich rocks. Otherwise, these broad zones
of “blocks-in-matrix” melange correspond to Type-lll melange of Cowan
(1985). Melange zones separate large tracts, as wide as 10 km, of less
chaotic McHugh rocks that have some stratal contintity, and can be
described either as broken formation or as Type-Il melange of Cowan
(1985). Tracts consist of argillite with wispy lenses of green chloritized
tuff, thinly bedded siliceous argillite and argillaceous chert, light-colored
lenses and pods of marble, green wacke sandstone and conglomerate,
massive and pillowed greenstone, and lesser amounts of buff and maroon
bedded chert. Within tracts, a spectrum of fabric disruption ranges from
vaguely disordered sedimentary textures to jumbled blocks in cognate
matrix. These fabrics in the McHugh generally have been ascribed to
its formation in an active subduction zone. However, the McHugh's
lithologies and deformational styles are very similar to the more
thoroughly studied Pacific Rim Complex of Brandon (1989) on Van-
couver Island in British Columbia. Brandon (1989) cautioned that
pervasive stratal disruption, layer-parallel fragmentation, and intermixing
of exotic blocks can form in olistostromes and should not be considered
as diagnostic of purely tectonic processes.

Depositional age of the McHugh in map area is inferred to be Late
Triassic to mid-Cretaceous by correlation with the McHugh Complex
in Valdez 1° x 3° quadrangle to the east (Winkler and others, 1981:
Plafker and others, 1989). Previously reported older ages of Late
Mississippian through Early Pennsylvanian from conodonts (Nelson and
others, 1986), late Paleozoic (Pennsylvanian?) from fusulinids (Clark,
1973), and Permian from fusulinids in correlative rocks on Kodiak Island
(Connelly, 1978) are demonstrably or suppositionally from clasts in con-
glomerate or phacoids in melange; they indicate a provenance from rocks
of the adjacent Peninsular or Wrangellia terrane. Likeliest depositional
ages are provided by radiolarians in matrix of melange, which presumably
were deposited as pelagic ooze on seafloor (Plafker and others, 1989).
Published ages of McHugh radiolarians in map area range from Late
Triassic to Early Cretaceous (Karl and others, 1979; Nelson and others,
1987). Radiolarians as young as mid-Cretaceous have been recovered
from McHugh outcrops in Valdez 1° x 3° quadrangle (Winkler and
others, 1981). Regionally, accretion of the McHugh apparently occurred
in successive stages in the Middle Jurassic and mid-Cretaceous, and
was completed by early Late Cretaceous. Age of latest accretion in
Anchorage quadrangle must predate Late Cretaceous to Paleocene
deposition, deformation, and accretion of the Valdez Group, which is
located outboard (south) of the McHugh (Plafker and others, 1989).
There is no known overlap between the paleontologic ages of the
McHugh and the Valdez Group of the Chugach terrane. According to
Pavlis (1982), latest Jurassic(?) and Early Cretaceous leucotonalite and
trondhjemite plutons of unit Kt (isotopic ages of about 145-103 Ma)
were emplaced into the McHugh during its accretion to southern margin
of the Peninsular terrane. Metamorphic mineral assemblages of prehnite-
pumpellyite facies characterize the McHugh

Intrusive rocks

5 Granitic phase of Miners Bay pluton (Oligocene)—Altered, medium-
grained, leucocratic (color index ranges from 3 to 10) biotite granite
pluton and affiliated dikes east of Unakwik Inlet. Nelson and others
(1985) reported a K-Ar age of 32.2+1.6 Ma on biatite (table 1, No.
21A). Granitic rocks intrude a slightly older mafic phase (Tmm), intrude
both the Valdez and Orca Groups, and are cut by Contact fault

Mafic phase of Miners Bay pluton (Oligocene)—Texturally and composi-
tionally variable composite mafic pluton east of Unakwik Inlet. Pluton
consists of medium-grained clinopyroxene + orthopyroxene gabbro (color
indices between 35 and 45) and lesser clinopyroxene-bearing diorite.
Quartz gabbro and quartz diorite (color indices between 25 and 35)
occur near pluton margins, and locally contain biotite. More mafic rocks
contain disseminated pyrrhotite, pentlandite, and chalcopyrite. Nelson
and others (1985) reported a K-Ar age of 38.4 +1.9 Ma on hornblende
(table 1, No. 21B). Mafic phase intrudes the Valdez Group, is intruded
by the granitic phase (Tmg), and is bounded by Contact fault

Granite and granodiorite (Oligocene or Eocene)—Small plutons west of
Columbia Glacier and south of Wells Bay that are coextensive with the
Cedar Bay Granite (Tysdal and Case, 1979), and numerous leucocratic
dikes that intrude the Orca Group between Unakwik Inlet and Columbia
Glacier. Plutons consist of biotite + hornblende granite and granodioritic
border phases, have low color indices (ranging from 5 to 20), and
contain abundant alkali-feldspar (and primary muscovite in the Cedar
Bay Granite). Dikes contain an alkali-feldspar-rich groundmass and
fluorite, sphalerite, galena, and chalcopyrite, minerals that also are
present in the Cedar Bay Granite (Nelson and others, 1985). Plutons
are undated, but are correlated by Tysdal and Case (1979) with dated
Eocene plutons elsewhere in eastern Prince William Sound on the basis
of similar major-oxide chemistry. However, low color indices and abun-
dance of potassium-bearing minerals indicate an alternative possible
correlation with dated bimodal Oligocene plutons in western Prince
‘William Sound that exhibit similar characteristics

! Felsic intrusions (Eocene)—Leucocratic dikes, sills, and small stocks

occurring widely south of Border Ranges fault. Intrusions are widespread
in the Valdez Group and less common in the McHugh Complex.
Although intrusions seldom are thicker than a few meters, they persist
for remarkable distances laterally; individual dikes near center of map
area can be traced for several kilometers and may extend as much as
30 km across strike of the Valdez Group. They have no visible connec-
tion with large intrusive bodies. Dacite predominates, but rhyolite also
is present. Intrusions usually are porphyritic with fine- to medium-grained
phenocrysts of plagioclase and occasional hornblende. Groundmass is
a very fine grained, in places felted, mat of felsic minerals. Generally,
phenocrysts and groundmass are extensively altered to sericite and
carbonate, and scarce mafic minerals nearly always are totally altered
to chlorite. In most locales, intrusions have a thin chilled margin, but
country rock rarely shows any thermal metamorphism.

In map area, intrusions of two distinct ages invade the Valdez
Group. An older set, which is sill-like, cuts early metamorphic foliation,
but is folded into later antiforms and synforms. A younger set of steeply
dipping to vertical, dike-like intrusions generally has a pronounced north-
south alignment. K-Ar and zircon fission-track ages of intrusions in the
Valdez Group also show two distinct groupings: (1) an older group, about
55-48 Ma (table 1, Nos. 4, 6, 7, 23-25) and (2) a younger group,
about 44-43 Ma (table 1, Nos. 5, 22). Near Anchorage, a K-Ar age
of about 34 Ma has been obtained from a hornblende dacite dike
intruding the McHugh Complex and Border Ranges fault system (table
1, No. 26).

Intrusions may correlate, in part, with hypabyssal felsic and inter-
mediate intrusions north of Border Ranges fault, which also show
multiple episodes of intrusion. If the intrusions north and south of Border
Ranges fault are genetically linked, which seems probable, then the Penin-
sular terrane and the composite Chugach-Prince William terrane had
been juxtaposed prior to early to middle Eocene time. This accords with
observations in Valdez 1° x 3° quadrangle to the east that the com-
posite Alexander-Peninsular-Wrangellia superterrane and the Chugach
terrane both are intruded across Border Ranges fault by roughly 53-Ma
plutons of comparable lithologies (Plafker and others, 1989)

Contact—Approximately located; dotted where concealed:; queried where
75 inferred
¢Elk|||\. High-angle fault—Showing direction and amount of dip where known.
Approximately located; dotted where concealed; queried where inferred.
U, upthrown side; D, downthrown side; bar and ball, normal sense of
dip-slip separation; single-barb arrow, reverse dip-slip sense; opposed
arrows, dextral strike-slip sense. In cross section A-A’, T, movement
toward viewer; A, movement away from viewer
—A_——A_ Thrust fault—Approximately located; dotted where concealed

~~—>—  Shear zone—Sense of offset unknown

AJf| Anticline—Showing trace of axial surface and direction of plunge. Approx-
imately located; dashed where concealed by unconsolidated deposits
but position is known from well or seismic records; dotted where
concealed; queried where inferred

AIN| Syncline—Showing trace of axial surface and direction of plunge. Approx-
imately located; dashed where concealed by unconsclidated deposits
but position is known from well or seismic records; dotted where con-
cealed; queried where inferred

e Monocline—Showing trace of axial surface. Approximately located

- -

Minor upright anticline

||N|| Minor upright syncline
25 a0
Minor isoclinal fold—Showing dip of axial surface and direction and amount
of plunge
0 Strike and dip of beds
—l Inclined—Ball indicates tops of beds known from sedimentary structures

== Overturned

-

== Vertical
-1 Approximate—Showing direction and amount of dip where estimated
— Strike and dip of foliation
° Dated rock sample locality—See table 1
m”A  Mollusk collection locality—T. 14 N, R. 6 E.
Res Dry exploratory well

~3400 ft Dry exploratory well with igneous rocks near bottom—Number is approx-
+ imate depth, in feet, of upper contact of igneous rocks beneath surface

GENERAL GEOLOGIC SUMMARY AND TECTONIC INTERPRETATION

The Anchorage quadrangle extends from the rugged fiords of northwestern Prince
William Sound through the glacier-clad summits of the Chugach and Talkeetna Moun-
tains to the broad, drift-mantled lowlands and alluvial valleys at the head of Cook Inlet.
The quadrangle encompasses three fault-bounded lithotectonic terranes of contrasting
stratigraphy, age, and structural style. From north to south, they are the Peninsular,
Chugach, and Prince William terranes (Jones and others, 1987; fig. 1).

The Peninsular terrane occupies the northern part of the map area and includes both
intrusive and extrusive phases of a Late Triassic(?) through Middle Jurassic intraoceanic
magmatic arc (Barker and Grantz, 1982; Burns, 1985), as well as Middle Jurassic through
Cretaceous marine sedimentary rocks deposited in forearc basins. The Peninsular terrane
generally dips northward, thereby exposing deeper structural levels alongits southern edge.
In a zone as wide as 10 km along the northern flank of the Chugach Mountains, the
crystalline roots of the terrane are cut by densely spaced north-dipping faults (Pavlis, 1982).
The southern margin of the Peninsular terrane includes a multiply deformed metamor-
phic assemblage of probable Paleozoic protoliths, which was basement for part of the
early Mesozoic Talkeetna arc (Pavlis, 1983). In the western Talkeetna Mountains, the
Peninsular terrane is intruded by voluminous composite plutons of Late Cretaceous and
Paleocene age (Csejtey and others, 1978). Nearly flat lying, mildly deformed, nonmarine,
bimodal volcanic and coal-bearing sedimentary rocks of Paleogene age are deposited
unconformably on the Peninsular terrane and the Chugach terrane to the south (Little,
1988).

The Peninsular terrane is separated from the Chugach terrane by the Border Ranges
fault (MacKevett and Plafker, 1974). The Border Ranges fault originated as a subduction
thrust along the trailing edge of a microcontinent (consisting of the Alexander, Wrangellia,
Peninsular, and northern Taku terranes), which collided in mid-Cretaceous and (or) Late
Cretaceous time with the North American continental margin (Csejtey and St. Aubin,
1981; Csejtey and others, 1982; Monger and others, 1982; Pavlis, 1982). However,
only a few vestiges of the subduction margin remain, and the present Border Ranges fault
in the Anchorage quadrangle is marked by several steeply dipping zones of cataclasite
ranging from a few meters to a kilometer in width that were produced by Paleogene
reactivation of the system as an oblique-slip boundary (Little, 1988; Little and Naeser,
1989). Local wrench-fault basins along strands of the system contain Paleogene syntec-
tonic alluvial sequences as thick as 1,200 m (Little, 1990) that were derived both from
the arc assemblages to the north and the subduction assemblages to the south.

The Chugach terrane occupies the central part of the map area and consists of
polygenetic broken formation and melange of the McHugh Complex and accreted wedges
of volcaniclastic flysch and minor mafic metatuff of the Valdez Group (Plafker and others,
1977). Stratal disruption in the McHugh records a complex history of superimposed
processes. Wispy intercalations and disharmonic folding record either submarine
slumping or tectonic deformation of unlithified sediments, or both. Post-consolidation
brittle disruption is pervasive, randomly oriented, and varies in scale from microscopic
fractures to large-scale mixing of lithologies in complex fault networks. These fabrics and
the incorporation of dissimilar oceanic and terrigenous lithologies of diverse ages indicate
episodic soft-sediment and tectonic disruption and mixing at a convergent plate margin.
The ages and lithologies of distinctive phacoids and clasts in the McHugh Complex
indicate their provenance from the microcontinental block to the north (mainly the Penin-
sular terrane, but also from the Wrangellia terrane). In this interpretation, slabs of the
McHugh were accreted successively beneath the Peninsular terrane along the Border
Ranges fault and unnamed faults to the south, apparently principally in Late Jurassic
and Early Cretaceous time, but possibly beginning as early as Late Triassic or Early
dJurassic. The main episodes of melange formation are roughly coeval with successive
magmatic events in the adjacent Talkeetna, Chitina, and Chisana arcs (Plafker and others;
1989).

Early Cretaceous and older rocks of the McHugh Complex are separated from
Upper Cretaceous rocks of the Valdez Group by the Eagle River fault (Clark, 1972a),
a broadly folded, generally shallow dipping thrust. The voluminous flysch of the Valdez
Group probably accumulated in a continental margin trench adjacent to an Andean-type
arc (Nilsen and Zuffa, 1982; Plafker and others, 1989). Regional sedimentologic data
(Zuffa and others, 1980) indicate that the bulk of this sediment was derived from the
region of southeastern Alaska and coastal British Columbia and was transported north-
westward along the continental margin. In most places, structural features of the Valdez
Group contrast markedly with those in the McHugh: the Valdez is characterized by
penetrative fabrics that record two major deformations (Little, 1988, 1990; Nokleberg
and others, 1989). The first event produced tight isoclinal folds and transposition of fold
hinges, and is manifested by a pervasive planar or slaty cleavage that in many places
is parallel to bedding. This event is related to accretion of the Valdez Group against the
continental margin, and created a series of imbricated coherent stratigraphic sequences
bounded by shear zones or thrusts, with only local preservation of fold hinges. The
timing of the first event is not constrained well, but is believed to be latest Cretaceous
to earliest Tertiary in age, occurring prior to the accretion of the Prince William terrane
along its southern margin. The second deformational event produced upright open to
tight folding of earlier structures, and is manifested by one or more generations of crenula-
tion cleavage in pelitic rocks, generally at high angles to earlier planar cleavage. At deeper
structural levels, this second event produced intense ductile deformation and flattening.
The second event probably is related to regional metamorphism and intrusion of plutons
and dikes into the southern part of the Chugach terrane in the middle Eocene and again
in the Oligocene concurrently with deformation and intrusion in the Prince William
terrane to the south.

The Chugach terrane is separated from the Prince William terrane in the southeast
corner of the map area by steeply dipping splays of the Contact fault (Plafker and others,
1977; Winkler and Plafker, 1981; Plafker and others, 1986). The Prince William terrane
consists of an accreted Paleogene deep-sea fan complex interbedded with tholeiitic basalt
(Winkler, 1976). The sediment was derived mainly from the Coast Mountains of British
Columbia and Alaska during the principal phase of plutonism and uplift in the Paleocene
to middle Eocene (Hollister, 1979), and was deposited as submarine fans on the Kula
oceanic plate as it moved relatively northwestward. Successive accretion of wedges of
flysch and basalt produced complex deformation of the Prince William terrane. Interbedded
basalt is believed to result from magma leakage along one or more transform faults in
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Table 1. Radiometric ages and analytical data for plutonic, volcanic, and metamorphic rocks
from the Anchorage quadrangle
[For new analyses presented in this report: potassium content analyzed by flame photometry, using a lithium internal standard (analysts: S. Neil, P. Klock, U.S. Geological
Survey); argon content analyzed by standard isotope dilution and mass spectrometry technigues (analysts: N.B. Shew, R.J. Miller, G.D. Dubois, F.H. Wilson, U.S. Geological
Survey). Constants used in calculation of age: AR -4.962x10"10year!, Ag-0.572x10-10year!, Ag'=8,78x10"13year!, 40K/K=1.167x104 atom percent. Ages in-
cluded herein from pre-1978 references have been recalculated using the preceding constants, as recommended by the IUGS Subcommission on Geochronology (Dalrymple,

1979)]
Number Sample No. Location Unit! Lithology Material Age (Ma) K20 Reference Comments
on map (LR dated
1 L&N1 20 N., 11 E. Ti Dacite dike Zircon 36.8+4.8 Little and Naeser (1989).
2 79AG-112 20 N., 10 E. T Dacite stock Whole rock 45.5+2.3 0.67 Silberman and Grantz (1984).
2 L&N3 19 N., 10 E. T Dacite dike Zircon 41.3+6.0 Little and Naeser (1989).
4 L&NG6 18N, 9E. Tfp Oxidized Zircon 47.8%£7.0 Little and Naeser (1989).
dacite dike.
5 L&N7 18 N., 9 E. Tfp Oxidized Zircon 42.945.5 Little and Naeser (1989).
dacite dike.
6 L&NY9 18 N., 8 E. Tfp Dacite dike Zircon 47.345.3 Little and Naeser (1989).
7 L&NS8 18 N., 8 E. Tfp Dacite dike Zircon 49.6+6.8 Little and Naeser (1989).
8 78ASi-M45 20 N., 8 E. Tim Basalt sill Whole rock 40.9£1.6 043 Silberman and Grantz (1984).
9 78ASi-M8 20 N., 6 E. Ti Dacite dike Whole rock 43.5+1.7 1.0 Silberman and Grantz (1984).
10 78ASi-M6 19 N.. 5 E. Ti Rhyolite dike Whole rock 40.0+1.6 0.91 Silberman and Grantz (1984).
11 L&N2 19IN:, 5 E. i Granodiorite Hornblende 37.7+2.2 Little (1988); Little and
Zircon 37.3t4.7 Naeser (1989).

12A 78ASi-M22A 19 N., 5E. ik Rhyolite stock Whole rock

71.8+2.2 0.918 Csejtey and others (1978)
4+2.0

37.5+1.2 1.70 Silberman and Grantz (1984).

40.0£1.2 2.05 Silberman and Grantz (1984).

60.1+4.6 0.200 Silberman and Grantz (1984) Very low K20.

50.5+1.5 8.43 Silberman and Grantz (1984).

45.5+1.8 1.95 Silberman and Grantz (1984).

51.4+1 2:31 Silberman and Grantz (1984).

46.1+2.8 0.28 Silberman and Grantz (1984).

67.5+2.4 1.078 Csejtey and others (1978).

50.0+£2.5 0.43 Silberman and Grantz (1984).

51.8+1.6 1.90 Silberman and Grantz (1984).

56.2+1.7 0.28 Silberman and Grantz (1984).

32.2£1.6 Nelson and others (1985).
38.4£1.9 Nelson and others (1985).
43.6%1.6 Nelson and others (1985).
54.5+1.6 Nelson and others (1985).
54.8+2.7 Nelson and others (1985).

50.2+2.5 0:51 Updike and Ulery (1988).

50.0+2.6 0.35 Updike and Ulery (1988).
34.8+2.0 0.132 Clark and others (1976).
0.200 Triplehorn and others (1984) Concordant. Ash

el 7/
53.1:+1.3 parting in coal bed
5, Evan Jones mine.

52.2+1.6 0.195 Triplehorn and others (1984) Concordant. Ash
52.8+1.5 parting in coal bed
5, Evan Jones mine.
55.8:+:9.7 0.121 Triplehorn and others (1984) Discordant. Ash
43.5%+1.4 parting in coal bed

8, Evan Jones mine.

Discordant mineral
8.70 pair.

12B 78ASi-M7 19N BlE: Km Shale; horn- Whole rock
felsed by
rhyolite stock.
13 79AGz-112 22 N., 7E. Tv Basalt flow Whole rock
14 78ASi-M23 2ENHIE, Tar Rhyolite tuff Whole rock
15A 79AGz-38A 21 N., 5E. Tar Rhyolite tuff Whole rock
15B 79AGz-38B 21N 5°E. Tar Rhyolite ash- Alkali
flow tuff. feldspar.
16 77AGz-AR10 19 N., 2 E. Tar Basalt dike Whole rock
17 76ACy19 19N 2 Tar Metamorphosed Biotite
graywacke.
18 77AGz-AR3 19 N., 1 W. Tar Basalt flow Whole rock
1) 78ASi-21 21 N., 2 W. Tar? Basalt flow Whole rock
20 78ASi-M19 20 N., 3 W. Tar Basalt flow Whole rock
21A 81AMHE69A 12 N., 11 E. Tmg Granite Biotite
21B 81ANS82 12N E. Tmm  Quartz diorite Hornblende
22 81AMH65A 15 N., 11 E. Tfp Dacite dike Whole rock
23A 80AMS34 11 N., 2 E. Tfp Dacite dike Muscovite
23B 80KMS32-| TN 2 E: Tfp Dacite dike Whole rock
24 CKA-1 14 N., 1 E. Tfp Felsic sill Whole rock
25 CKA-2 14 N= 1 E. Tfp Felsic dike Whole rock
26 70ACs423 11 N., 3 W. Ti Dacite Hornblende
27A 6-27-77-6 19N, 3 E: iic Crystal vitric Plagioclase
tuff. Zircon
27B 8-7-78-8 19 N., 3E. Tc Crystal vitric Plagioclase
tuff. Zircon
21€ 8-7-78-4 T9sNS-2IE Te Crystal vitric Plagioclase
tuff. Zircon
28 73ACy97 21 N., 2 E. TKt Quartz diorite Hornblende
Biotite
29 84AWk29 21 N.; 2 E. TKt Tonalite Hornblende
Biotite
30 66AGzW2 20'N-; 1 E. Kw Tonalite Hornblende
Biotite
31 66AGzW4 20N, 1 E. Kw Tonalite Hornblende
Biotite
32 60AGz40 201N 1E: Kw Tonalite Hornblende
33 MLS 9 20iN.E: Kw Propylitized Plagioclase
tonalite. Chlorite
34A MLS 4 20 N., 1E. Kw Tonalite Biotite
Hornblende
34B MLS 10 20N, 1 E. Kw Altered Muscovite
tonalite.
35 MLS 6 200N-; 1 E: Kw Pegmatite dike = Muscovite
(mineralized).  Alkali
feldspar.
36 MLS 5 20 N:, 1 W. Kw Lamprophyre Hornblende
dike in
tonalite.
37 MLS 8 20 N., 1T W. Kw? Gold-bearing Muscovite
quartz vein
in tonalite.
38 75ACy135 22 N., TW. TKg Granodiorite Biotite
Muscovite
329 74ASj100a 19 N., 1 W. Kum  Serpentinite Actinolite
40 73ACy17 19 N., 1T W. Kum  Serpentinite Actinolite
41 81AWk44B 19°N., 6'E. Kt Trondhjemite Muscovite
42 Pavlis A 18 N-5E. Kt Trondhjemite Hornblende
43 AK341 18 N; 4 E. Kt Trondhjemite Zircon
44 Pavlis H 17 N., 4 E. Kt Trondhjemite Hornblende
Biotite
45 81AWk51B 19 N., 6 E. TJds Basalt dike Whole rock
46 81AWk49A 19 N., 6 E. TJds  Basalt dike Whole rock
47 74ACy146 22 N.; 4 E. Jtr Trondhjemite Muscovite
48 74ACy151 20 N.3 E. Jtr Trondhjemite Muscovite
49 82ARM21 20 N., 3 E. o Trondhjemite Biotite
Muscovite
50 74ACy149 22 N.,5 E. Jgd Granodiorite Biotite
51 82SK305 22 N.,5E. Jad Quartz diorite Hornblende
52 82AWk62 21 N., 5E. Jgd  Tonalite Hornblende
Biotite
53 82AWKB5A 21 N., 5 E. Jgd Granodiorite Hornblende
Biotite
54 AK336 19N 12 E. Jg Hornblende Hornblende
gabbro.
55 AK338 19N, 12 E. Jat Quartz diorite Hornblende
56A 81AWk14 T9INCE: Jat Tonalite Hornblende
Biotite
56B L&NS5 18 N, 9 E. Jat Tonalite Zircon
57 L&N4 19 N., 9 E. Jagt Tonalite Zircon
58 AK320 19N, 5'E. Jmip  Quartz diorite Hornblende
59 82AWk59 19 N., B E. Jmip  Tonalite Hornblende
60 Pavlis C 18 N., 5 E. Jg Gabbro Hornblende
61 AK332 19N, 5 E. Jmip Diorite Hornblende
62 Pavlis G 18 N., 4 E. Jmip Diorite Hornblende
63 AK317 18 N., 4 E. Jmip  Quartz diorite Zircon
64 Pavlis F 18 N., 4 E. Jmip  Quartz diorite Hornblende
65 Pavlis E 18 N., 4 E. Jmip  Quartz diorite Hornblende
66 81AWk34 18 N., 4 E. Jgd Granodiorite Hornblende
Biotite
67 AK319 18 N., 4 E. Jmip  Quartz diorite Zircon
68 AK316 17 N.; SIE, Jmip  Quartz diorite Hornblende
69 SClark 1 16 N., 1T W. Jmip  Quartz diorite Biotite
70 MLS 11 20 N., 1 E. Jps Schist Muscovite
Chlorite
71 73ACy11A 19 N., 1 W. JPs Schist Muscovite
72 73ACy27 19 N., T W. JPs Schist Muscovite
73 73ACy85 19 N., 2 W. JPs Schist Muscovite
74 Pavlis D 18 N., 5 E. JPzm  Amphibolite Hornblende
749 Pavlis B 18N, 5. E. JPzm  Amphibolite Hornblende
76 JD-1 16N, 1 E, JPzm  Schist Actinolite

7301 0.814 This report Discordant mineral
68.0+1.4 9.54 pair.
73.3+:2.2 0.880 Csejtey and others (1978) Subconcordant
69.0+2.1 8.61 mineral pair.
74.4+2.2 0.492 Csejtey and others (1978) Concordant mineral
72.0£2.2 7-22 pair.
73.1£2.2 0.759 Csejtey and others (1978)
54.7+1.6 Madden-McGuire and others Concordant mineral
56.6+1.7 (1990). pair.
78.8+2.4 Silberman and others (1978) Discordant mineral
72.2+2.2 pair.
56.6+1.7 Silberman and others (1978); Quartz-sericite selvage
Madden-McGuire and on gold-bearing vein
others (1990). at Bullion mine.
66.8+2.0 Madden-McGuire and others Concordant mineral
64.7+1.9 (1990). pair.
66.2+2.0 Silberman and others (1978).
66.3£2.0 Madden-McGuire and others
(1990).

65.0£2.0 9.68 Csejtey and others (1978) Concordant mineral
67.2+2.0 10.64 pair.

91.0£4.6 0.029 Csejtey and others (1978); K20 by isotope
Silberman and others (1978). dilution.

88.9+4.4 0.032 Csejtey and others (1978); K20 by isotope
Silberman and others (1978). dilution.

110£3 8.86 This report.
12448 0.125 Pavlis (1983).
103 T.L. Hudson and J.G. Arth Concordant.
(U.S. Geological Survey,
unpub. data, 1989).
126+6 Pavlis (1982, 1986) Concordant mineral
11645 pair.
38+2 0.158 This report Very low K20; reset.
130£6 0.386 This report Reset.

129+3.9 3.46 Csejtey and others (1978).

134+4.0 10.58 Csejtey and others (1978).

136.2+2.2  8.52 This report Concordant mineral
142.5%4.1 10.68 pair.
16845 8.06 Csejtey and others (1978).

168.7+1.0 0.423 This report.

154.2+4.5 0.58 This report Discordant mineral
169.1+2.9 6.58 pair.
173.2+2.3 0.530 This report Concordant mineral
169.0£3.5 6.59 pair.
127E11 0.37 T.L. Hudson and J.G. Arth
(U.S. Geological Survey,
unpub. data, 1989).
16710 1.49 T.L. Hudson and J.G. Arth
(U.S. Geological Survey,
unpub. data, 1989).
181+8 0.440 This report Concordant mineral
172+5 0.432 pair.
186+29 Little and Naeser (1989).
170+23 Little and Naeser (1989).
165+10 0.28 T.L. Hudson and J.G. Arth

(U.S. Geological Survey,
unpub. data, 1989). i

176.4£3.7 0.111 This report.
135+6 0.133 Pavlis (1983) Reset.
T.L. Hudson and J.G. Arth

(U.S. Geological Survey,
unpub. data, 1989).

172+£11 0.65

189+8 0.207 Pavlis (1983).

171 T.L. Hudson and J.G. Arth
(U.S. Geological Survey,
unpub. data, 1989).

Concordant.

19447 02133 Pavlis (1983).
19147 0.224 Pavlis (1983).
1758 0.421 This report Concordant mineral
174+5 5.88 pair.
183 T.L. Hudson and J.G. Arth Concordant.
(U.S. Geological Survey,
unpub. data, 1989).
1679 0.83 T.L. Hudson and J.G. Arth
(U.S. Geological Survey,
unpub. data, 1989).
165+5 Clark (1972a).
54.5+1.6 Madden-McGuire and others Concordant mineral
50.6%2.5 (1990). pair; reset.
59.6%1.8 9.10 Csejtey and Smith (1975) Reset.
65.9+3.0 8.86 Csejtey and Smith (1975) Reset.
59.0+1.8 8.34 Csejtey and Smith (1975) Reset.
12148 0.141 Pavlis (1983) Reset.
10745 0.830 Pavlis (1983) Reset.

1777 0.167 Carden and Decker (1977).

10n map, outcrops of some units sampled are too small to show at map scale.

the Kula plate as seafloor spreading brought the Kula-Farallon ridge near the Gulf of Alaska
continental margin (Tysdal and others, 1977; Marshak and Karig, 1977). Timing for
subduction of the active ridge cannot be closely constrained with seafloor magnetic data
(Byrme, 1979). However, widespread middle Eocene anatexis, intrusion, and low-pressure,
high-temperature metamorphism in the Chugach and Prince William terranes (Hudson
and others, 1979; Hudson and Plafker, 1982; Sisson and others, 1989) manifest its sub-
duction in the eastern Gulf of Alaska (Plafker, 1987). East of the Anchorage quadrangle,
early middle Eocene plutons intrude across both the Contact and the Border Ranges faults,
and thus indicate that there has been little or no subsequent horizontal displacement along
the faults (Winkler and Plafker, 1981).

The effects of this early Tertiary thermal event may be reflected north of the Border
Ranges fault by Eocene bimodal volcanism in the Talkeetna Mountains. Tuffs in the
Chickaloon Formation (Triplehorn and others, 1984) and basalt flows in the Arkose Ridge
Formation (Silberman and Grantz, 1984) are of aproximately this age, and they are pre-
cursory to a main stage of volcanism represented by widespread flows, hypabyssal intru-
sions, and pyroclastic rocks (Csejtey and others, 1978). Primitive initial 87Sr/86Sr ratios
for both mafic and silicic phases of these volcanic rocks indicate little crustal contamina-
tion (Silberman and Grantz, 1984). The age and petrology of these volcanic rocks may
support the supposition of Plafker and others (1989) that as the Kula-Farallon ridge was
subducted, the Kula plate pulled away from the composite Farallon-Pacific plate, and
a high-temperature oceanic-slab-free mantle “window” opened beneath the continental
margin.

The Paleogene episodes of accretion along the Gulf of Alaska margin are reflected
in regional uplift of the Peninsular terrane and forearc basin north of the Border Ranges
fault. Deposition of the terrestrial Chickaloon and Arkose Ridge Formations indicates
withdrawal of the sea and creation of nearby highlands. Underplating of a structural
thickness of nearly 20 km of the Valdez Group (Plafker and others, 1989) also resulted
in vertical uplift along the Border Ranges fault sufficient to expose the deepest metamor-
phosed levels of the accretionary prism by no later than 50 million years ago—that is,
at least 3 km of uplift within 15 million years of deposition (Little and Naeser, 1989).
Successive episodes of accretion of the Prince William terrane in the Eocene are recorded
by renewed normal offset on the Border Ranges fault, and also by reverse-slip uplift on
the Castle Mountain fault (Fuchs, 1980), which bisects the Peninsular terrane. Deposi-
tion of the thick proximal alluvial and fluvial deposits of the Wishbone Formation in the
Matanuska Valley and Talkeetna Mountains attest to the uplift north of the Castle Mountain
fault (Clardy, 1984).

In the area between Ninemile Creek and the Matanuska Glacier, Tertiary strands
of the Border Ranges fault form a major kink. Within this zone, deformation includes
wrench faults, en echelon folds, fault-bend folds, and local pull-apart basins, which all
have affected rocks as young as the Chickaloon Formation (Little, 1988, 1990). An
aggregate dextral strike-slip offset of several tens of kilometers in post-early Eocene time
is distributed within this area (Little, 1990). Apparent right-lateral offsets of the Eagle
River thrust north of Friday Creek and along the ridge between Coal and Gravel Creeks
may be of this same generation and are of the same order of magnitude. In a similar
manner to the Border Ranges fault, post-middle Eocene oblique-slip offset along the Castle
Mountain fault, including a few tens of kilometers of dextral strike-slip offset (Fuchs, 1980),
created local basins that are filled with alluvial and fluvial detritus. Apparently the syncline
that underlies Wishbone Hill is of this generation; it formed after deposition of the Wishbone
Formation and prior to deposition of the Tsadaka Formation—that is, in late Eocene or
early Oligocene time.

The bend in the trace of the Border Ranges fault, comparable bends in traces of
the Contact and Castle Mountain faults, deflections in regional metamorphic and struc-
tural fabrics of Paleogene age in the Chugach and Prince William terranes, and
paleomagnetic data indicating early Tertiary counterclockwise rotation of southwestern
Alaska, have been adduced as evidence for development of the southern Alaska orocline
(summarized in Plafker, 1987; Nokleberg and others, 1989; and Little and Naeser, 1989).
This interval also was a period of rapid oblique subduction of Pacific oceanic crust beneath
the continental margin (Engebretson and others, 1986).

With the subduction of the Kula-Farallon ridge in the middle Eocene, motion of the
Pacific oceanic plate relative to the northern and eastern Gulf of Alaska margin became
much slower and nearly orthogonal. A widespread regional unconformity was developed
throughout the forearc basin (Fisher and Magoon, 1978). It is possible that partitioning
of displacement between the Castle Mountain fault and its major eastward splay, the
Caribou fault (Grantz, 1966), developed about this time. However, detailed studies of
lithology, age, and deformation of Tertiary rocks along the traces of both faults are
needed to substantiate or to disprove this supposition.

By Miocene time, the Yakutat terrane became coupled to the Pacific plate along the
Queen Charlotte-Fairweather dextral transform fault and was displaced northwestward
to impinge against the Gulf of Alaska continental margin (Plafker, 1983, 1987). This
collision caused renewed rapid uplift of the Chugach Mountains and deep erosion along
the Border Ranges fault, as indicated by early Miocene apatite fission track ages of samples
from the vicinity of Kings Mountain (Little and Naeser, 1989). No scarps of Holocene
age are known along the Border Ranges fault in the quadrangle, and marine seismic reflec-
tion data in the Cook Inlet-Shelikof Strait area show no evidence for seafloor scarps
or for offset of Pliocene and Quaternary strata (Fisher and von Huene, 1984). Thus, there
is little or no late Cenozoic vertical displacement on the Border Ranges fault throughout
the region.

In the forearc region, the Neogene tectonic history is complex, but includes displace-
ment on high-angle faults with east-northeast strikes, such as the Castle Mountain fault,
and formation of parallel, upright, open to moderately tight folds (Barnes, 1962). In the
upper Cook Inlet petroleum province, comparable upright folding, reverse faulting, and
apparent warping of fold axes by dextral strike-slip faulting have been interpreted in the
subsurface (Kirschner and Lyon, 1973; Boss and others, 1976). In the Matanuska Valley
area, compression apparently was taken up both on the east-northeast faults and a con-
jugate set of northeast- and northwest-striking transcurrent faults (Bruhn and Pavlis, 1981).
Inferred Neogene uplift along the Talkeetna segment of the Castle Mountain-Caribou
fault system is nearly 3 km (Grantz, 1966; Detterman and others, 1976), and there
probably is dextral strike-slip offset as well. The fault system diverges to the east in a
series of splays that bound wedge-shaped horsts (Grantz, 1966), and its aggregate displace-
ment is unknown. To the west along the Susitna segment of the Castle Mountain fault,
the total Tertiary vertical offset is estimated from interpretation of subsurface data to
be 1/2 km (Kelly, 1963), with the north side relatively upthrown (Detterman and others,
1974). In exploratory wells in the upper Cook Inlet petroleum province, igneous rocks
of probable Eocene age occur at depths of approximately 550-565 m north of the
Castle Mountain fault just west of the quadrangle, and at depths ranging from approx-
imately 1,035 to 2,505 m south of the Castle Mountain fault within the quadrangle (Magoon
and others, 1976; Conwell and others, 1982). These differences on opposite sides of
the fault roughly corroborate the sense and amount of total Tertiary offset estimated by
Kelly (1963).

No scarps of Holocene age are known from the Talkeetna segment of the Castle
Mountain-Caribou fault system, but in the Little Susitna River area on the west edge
of the map area, the trace of the Susitna segment forms a conspicuous, discontinuous
scarp that offsets unconsolidated alluvium and glacial drift of Holocene age. As much
as 2.3 m of dip-slip (north side up) and 7 m of dextral strike-slip are indicated near Houston
in material that is between 1,700 and 250 years old (Detterman and others, 1974; Bruhn,
1979). The Sutton earthquake of August 14, 1984, a dextral-slip event that occurred
at 20 km depth beneath the surface trace of the Talkeetna segment (see fig. 1 for loca-
tion), indicates that the Castle Mountain fault still is active, although there was no sur-
face disruption in this event (Lahr and others, 1985).
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