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Base of Naknek Formation is located assuming total thickness to be 1,900 m across
the section. Chisik Conglomerate Member (unit Jnc) is assumed to thin eastward as North-
east Creek Sandstone Member (unit Jnn) thickens.

DISCUSSION
INTROBUCTION

This map is one of a series of maps and reports on the geology and mineral
resources of the Mount Katmai region; others focus on fossils, geochronologic results,
Quaternary deposits, geochemical surveys, and mineral-resource potential. This map
supercedes a preliminary version (Riehle and others, 1987) from which it differs
mainly in having subdivisions of the Naknek Formation. Lesser differences include
minor modifications of some unit contacts, particularly those between unconsolidated
deposits and bedrock, and deletion of reference to the Meshik volcanic arc (Wilson,
1985) with regards to volcanic rocks north of Naknek Lake. The distribution of map
units is based on field observations and samples collected at sites or along traverses
(see field location map), supplemented by interpretation of vertical aerial photographs.
Fieldwork was carried out during each summer from 1983 through 1987 and consisted
of a total of 130 days of helicopter support of about four geologists per day. About
15 days of the 130 were entirely lost to inclement weather and another 15 were
partly lost. Base camps were at five sites: Amalik Bay and Kukak Bay harbored the
helicopter ship R/V Don J. Miller (1983 and 1984); Naknek Lake (1984); Becharof
Lake (1985 and 1986); and a former hunting camp on Battle Lake (1985 and 1986).
In addition, commercial facilities in King Salmon were used briefly in 1983, 1985,
and 1987.

Previous studies of the region that have resulted in published maps are few. The
most comprehensive report (Keller and Reiser, 1959) includes a geologic map at
1:250,000 scale, a text briefly describing the map units, several measured sections,
and a review of prior topical and regional studies. This map differs from that of
Keller and Reiser (1959) in the detailed distribution of map units and occasionally in
assignment to major units. We had, however, the logistical advantage of helicopter
access, more time in the field, and better understanding of the regional geology as a
result of field studies in adjacent areas carried out after 1959. The outcrop area of
the Alaska-Aleutian Range batholith is broadly outlined by Reed and Lanphere (1972;
scale 1:1,000,000). The northeastern part of the area of this map was included in a
compilation by Magoon and others (1976b) of published and previously unpublished
data; the compiled map in the northeastern part of the area was subsequently
modified by Magoon and others (1978). The distribution of the ash-flow tuff in the
Valley of Ten Thousand Smokes is essentially that shown by Hildreth (1983). Lastly,
the descriptions of sedimentary-rock units here are mainly those of Detterman and
others (in press) in their summary of the stratigraphic framework of the Alaska
Peninsula.

Subsurface data to aid in defining structures within the map area are few: there are,
for example, no seismic data nor any bedrock wells. An aeromagnetic survey was
flown in 1955, west of longitude 156°15', on 1.6- to 4.5-km spacing of lines
(Andreasen and others, 1963). High-amplitude, steep-sided magnetic anomalies
north of the Naknek River coincide in part with known outcrops of Tertiary volcanic
rocks. Moderate-amplitude anomalies having a northeast trend north of Becharof
Lake probably originate in plutons and wallrocks of the Alaska-Aleutian Ranges
batholith. West of Becharof Lake and south of the Egegik River, a nearly flat magnetic
field continues south into the Ugashik quadrangle where it is inferred to be deeply
buried magnetic basement devoid of Tertiary volcanic rocks (Case and others, 1988).
Gravity data are available along eight profiles that extend northwest from Shelikof
Strait about 75 km (Berg and others, 1967; Kienle, 1969), supplemented by sparse
data from near Bristol Bay (see compilations by Barnes, 1977a, b). The eastern part
of the map area is within a negative Bouguer anomaly that extends from Cook Inlet
southwest to Becharof Lake. The transition to positive Bouguer gravity southwest of
Becharof Lake coincides with the transition from a structural high in the Katmai
region to a structural low (Fisher and others, 1981). One of the gravity profiles, that
from Lake Grosvenor to Shelikof Strait, is modeled by Kienle (1969) and Kienle and
Swanson (1983) who infer the origin of the negative anomaly to be chiefly in an
eastward-thickening wedge of the Naknek Formation that is as much as 4 km deep
beneath the Aleutian Range crest. Our structural cross sections are based solely on
extrapolation of surface observations and east of the Bruin Bay fault are terminated at
the base of the oldest exposed unit, the Naknek Formation. Based on regional data
(Detterman and others, in press) and on wells in lower Cook Inlet, we assume that the
Naknek Formation is 2 km thick where it occurs in the Katmai region. Thus our
cross sections are limited throughout most of their extent to less than 3 km depth,
and they have no implications about sedimentary rocks that may be present below the
Naknek Formation and above crystalline basement, which may contribute to the
gravity anomaly.

OVERVIEW OF GEOLOGY

The Mount Katmai area includes two magmatic belts (see summaries by Hudson,
1979; Wallace and Engebretsen, 1984), one of Jurassic age and one of Tertiary age.
Pre-Jurassic rocks, chiefly marine limestone and oceanic basalt flows, are overlain by
rocks of an Early Jurassic volcanic arc and associated sedimentary rocks. These rocks
were intruded and metamorphosed in about Middle Jurassic time by plutons that are
coeval to slightly younger than the volcanic rocks. The plutonic rocks together with
the volcanic rocks compose the Jurassic magmatic belt (Reed and Lanphere, 1969,
1973). Lower Tertiary volcanic rocks in the western Katmai region extend north into
the lliamna quadrangle where they may have been partly coeval with nearby Tertiary
plutons (Detterman and Reed, 1980, p. 52). In the eastern part of the region upper
Tertiary hypabyssal and volcanic rocks near Shelikof Strait together with Quaternary
volcanoes compose the active portion of the Aleutian volcanic arc. The Tertiary
hypabyssal and volcanic rocks are part of the Aleutian magmatic belt (Scholl and
others, 1975; Wallace and Engebretsen, 1984). The Mesozoic and Tertiary plutonic
rocks belong to the informally named Alaska-Aleutian Range batholith that crops out
from south of the study area north for 750 km (Reed and Lanphere, 1973). '

The Upper Jurassic Naknek Formation, the most extensive rock unit on the Alaska
Peninsula, was deposited as the Alaska-Aleutian Ranges batholith was uplifted to the
northwest. Its lower members are nonmarine to shallow marine, its upper members
marine. Three subsequent cycles of emergence followed by submergence and marine
deposition occurred during Early Cretaceous time and produced the Staniukovich
Formation, the Herendeen Formation, and the Pedmar Formation. The Kaguyak
Formation represents a Late Cretaceous, prograding submarine fan in the northeastern
part of the region. Continental Tertiary sedimentary rocks occur mainly along the
Shelikof Strait and, locally, near Tertiary volcanic rocks in the northwestern part of
the study area.

The main structural feature in the Katmai area is the Bruin Bay fault, a high-angle
reverse fault that juxtaposes batholith and older rocks on the west against the Naknek
Formation.

PALEOZOIC(?) AND MESOZOIC ROCKS

The oldest rocks in the Katmai area are metamorphic rocks mainly of greenschist
facies but locally of amphibolite facies or possibly pyroxene hornfels facies. These
rocks crop out as a northeast-trending belt of roof pendants and wallrock of the
Alaska-Aleutian Ranges batholith. The metamorphic and deformational effects
shown by most of the rocks are probably the result simply of intrusion by adjacent
Jurassic or Tertiary plutons. All metamorphic rocks in the study area are assigned to
the Paleozoic(?), Triassic, and Jurassic Kakhonak Complex (unit JPzk) defined by
Detterman and Reed (1980) in the adjacent Iliamna quadrangle to the north.
Protoliths include exposed pre-Middle Jurassic units and possibly pre-Mesozoic rocks
otherwise unknown in the Katmai region.

MESOZOIC ROCKS

The oldest rocks in the Katmai region of relatively certain age are submarine basalt
flows and associated(?) diabase sills of the Cottonwood Bay Greenstone (unit Rc),
now recrystallized to massive chlorite-actinolite-plagioclase assemblages suggestive of
greenschist facies. The type locality is in the lliamna quadrangle (Detterman and
Reed, 1980) where the formation is inferred to be of Late Triassic age. Basalt lava
flows are also intercalated with limestone in the Mount Katmai and Iliamna quadrangles
and compose the Kamishak Formation (unit Rk) of Norian age (Detterman and others,
in press). The Cottonwood Bay Greenstone and the Kamishak Formation may be
correlative with the Nikolai Greenstone and overlying Nizina Limestone and lower
part of the McCarthy Formation in the McCarthy area, 800 km to the northeast
(Detterman and Reed, 1980).

The Lower Jurassic Talkeetna Formation (unit Jt) disconformably overlies Triassic
strata in the Iliamna quadrangle (Detterman and Reed, 1980) but is conformable on
them at Puale Bay, south of the Katmai area (Detterman and others, in press). The
unit consists of marine and volcaniclastic sedimentary rocks interbedded with volcanic
rocks and occurs from the Talkeetna Mountains (Martin, 1926), 500 km northwest of
the map region, through the Cook Inlet area (Detterman and Hartsock, 1966) to
Puale Bay (Detterman and others, 1987), 30 km south of the map region. The
Talkeetna Formation is predominantly stratified rocks in the Katmai region. Missing
from the Katmai area are exposures of the Kialagvik Formation (late Toarcian
through Callovian) and Shelikof Formation (late Bathonian? to early Callovian?),
marine sedimentary rocks that occur south of the Katmai area and are temporal
equivalents of parts of the Tuxedni Group and Chinitna Formation in the Iliamna
quadrangle (Detterman and others, in press).

The Talkeetna Formation and older rocks are intruded by plutons of the Alaska-
Aleutian Ranges batholith. The dJurassic plutons and coeval to slightly older volcanic
rocks (unit Jt) represent a magmatic arc that, based on spatial trends of K;O and
SiOg, developed above a southeast-directed subduction zone (Reed and others, 1983).
We classified samples of the plutons by modal quartz-plagioclase-alkali feldspar ratios
determined by point counting of stained slabs, following the scheme of Streckeisen
(1973). The greatest number of our samples are tonalite, followed by granodiorite,
quartz diorite, granite, diorite, and gabbro. Contacts between compositional units (plu-
tons?) are approximately located; following Detterman and Reed (1980) in the adja-
cent lliamna quadrangle, many of our contacts are simply midpoints between localities
where different lithologies were sampled. In some cases intrusive contacts are indicat-
ed by alteration or color anomalies; in other cases a map unit may include multiple
intrusions or may be a single but zoned or heterogeneous intrusion. Potassium-argon
ages of 11 samples range from 153 Ma to 173 Ma (Reed and Lanphere, 1972;
Shew and Lanphere, 1992), that is, from late Early to Late Jurassic. No intrusive
rocks of Cretaceous or early Tertiary age have been found in the Katmai region,
although such rocks occur to the north (Reed and Lanphere, 1969, 1973).

Deposition of the Naknek Formation (unit Jn), the most extensive formation of the
Alaska Peninsula, followed intrusive activity in Late Jurassic time. The formation in
the study area is subdivided into five members that range from nonmarine at the base,
to mixed nonmarine and shallow marine, to marine at the top (Detterman and others,
in press). The formation is an average of about 1,800 m thick in the Katmai region
but rapid facies changes occur and the formation at any one locality typically consists
of only one or two members. If the subduction direction of the Jurassic arc was to
the southeast as postulated, then the Naknek Formation represents back-arc deposits
derived by erosion of the magmatic rocks (Reed and others, 1983). Sandstone of the
Tuxedni Group (Bajocian and Bathonian) and lower part of the Chinitna Formation
(Callovian) in the Iliamna quadrangle (Detterman and Reed, 1980) was derived
dominantly from a volcanic province; midway in the deposition of the Chinitna
Formation the source changed to mixed plutenic and voleanic, documenting the earliest
unroofing of the batholith of its volcanic cover (Egbert and Magoon, 1981). In the
Katmai region, even the lower conglomerate member of the Naknek Formation has
clasts of plutonic rocks.
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Ks, Kh, and Kp) each represent a cycle of emergence followed by submergence and
marine deposition. The shelf deposits of the Herendeen Formation are widespread
on the Alaska Peninsula, erosional remnants occurring from Herendeen Bay
(Detterman and others, in press), 450 km southwest of Mount Katmai, to the upper
Cook Inlet area (Magoon and Egbert, 1986). The top of the Herendeen Formation is
a major regional unconformity except where disconformably overlain by the Pedmar
Formation in the Katmai region (Detterman and others, in press). The Upper
Cretaceous Kaguyak Formation (unit Kk) unconformably overlies older strata with
slight but distinct angular discordance in the northeastern part of the map area (Jones
and Detterman, 1966; Magoon and others, 1978). Subaerially exposed Cretaceous
rocks are volumetrically minor in the lliamna quadrangle (Detterman and Reed, 1980)
and are missing from the latitude of Mount Katmai to near the head of Wide Bay,
more than 1° to the south. The missing strata reflect a structural high that extends
from Becharof Lake to the northeast (Fisher and others, 1981). Upper Cretaceous
rocks near Wide Bay belong to the Chignik and Hoodoo Formations, shallow-water
marine deposits (Detterman and others, 1987) unlike the deep-water turbidites of the
Kaguyak Formation in the Katmai region.

TERTIARY ROCKS

Tertiary strata are 5,000-6,000 m thick near the southwest end of the Alaska
Peninsula (Detterman and others, in press) and are a maximum of 8,000 m thick in
the Cook Inlet region (Calderwood and Fackler, 1972) north of the Katmai area, but
are no more than about 1,600 m thick in the Katmai area. As is true for Crétaceous
strata, exposures of Tertiary strata are missing across the Becharof Lake structural
high. A thick subsurface Tertiary section in the Ugashik-Karluk quadrangles south of
the Katmai area, west of the Bruin Bay fault (Detterman and others, 1987), has lower
Tertiary rocks that pinch out on the south flank of the structural high (Detterman and
others, in press). North of the structural high, lower Tertiary sedimentary rocks are
preserved near Cape Douglas and lower Tertiary volcanic rocks occur in the north-
eastern part of the Naknek quadrangle. The lower Tertiary sedimentary rocks near
Cape Douglas were originally mapped as the West Foreland Formation (Magoon and
others, 1976b) but were reassigned to the Copper Lake Formation (unit Tc) because
thick conglomerate associated with carbonaceous siltstone is more similar to the lower
part of type-Copper Lake Formation (Detterman and others, in press). The Copper
Lake Formation is disconformably overlain by middle Tertiary rocks of the Hemlock
Conglomerate (unit Th), which crop out in the map area from Cape Douglas south to
the Barrier Range. The Hemlock Conglomerate in the Katmai region has a greater
proportion of tuffaceous material than at the type section in the Cook Inlet area
(Calderwood and Fackler, 1972), presumably reflecting proximity to volcanic sources
(unit Tab).

Isolated occurrences of undifferentiated Tertiary sedimentary rocks (unit Ts) west of
the Aleutian Range crest probably represent deposition in local basins having no
necessary temporal relations with one another. Some conglomerates of unit Ts contain
clasts of altered volcanic rocks that were probably derived at least partly from the
Talkeetna Formation; others contain only fresh volcanic clasts. These two types of
conglomerates lithologically resemble the lower and upper conglomerate members of
the Copper Lake Formation in the adjacent lliamna quadrangle. It was difficult deciding
whether to assign isolated outcrops of the altered-clast conglomerate west of the
range crest to unit Ts or to unit Jt (Talkeetna Formation). The lower conglomerate
member of the Copper Lake Formation in the lliamna quadrangle fractures through
clasts and contains some plutonic and metamorphic clasts (Detterman and Reed,
1980). The distinctive conglomerate in the Katmai region that contains spherical
volcanic clasts and that is assigned to unit Jt also fractures through clasts but contains
no plutonic clasts despite intensive examination at Mount Kelez (T. 20 S., R. 39 W.),
on the northwest and north shore of Lake Brooks, and at Oakley Peak on the south
shore of Kulik Lake. Thus we assign conglomerates that fracture through clasts and
that lack plutonic clasts to unit Jt and those that fracture around clasts to unit Ts;
future work could lead to revision of this assignment.

Tertiary intrusive rocks of the Alaska-Aleutian Ranges batholith are chiefly granodiorite
and quartz monzodiorite (unit Tgd) and lesser amounts of tonalite, quartz diorite (unit
Tqd), and gabbro (unit Tgb). Radiometric ages of nine samples range from about 26
to 38 Ma (Reed and Lanphere, 1972; Shew and Lanphere, 1992). Contact meta-
morphic effects—induration, veining, and alteration—are prominent where Tertiary
plutons have intruded Mesozoic sedimentary rocks east of the Bruin Bay fault.
Hydrothermal alteration of the plutonic rocks, however, is not intensive.

Tertiary volcanic and hypabyssal rocks comprise two main groups: Early to middle
Tertiary lava flows, domes, and dikes west of the Aleutian Range crest (units Tvb and
Tva), and late Tertiary lava flows and sills of the Aleutian volcanic arc at and east of
the range crest (unit Tab). Five radiometric ages of lava flows from the western group
range from 34 to 44 Ma, and a single dike age is about 25 Ma (Shew and Lanphere,
1992). The western volcanic rocks have incipient propylitic alteration but neither
extensive mineralization nor alteration. Tertiary volcanic rocks east of the range crest
are a part of the Aleutian volcanic arc that was active during Miocene and Pliocene
time. Extrusive rocks are chiefly andesitic and dacitic lava flows that overlie, intrude,
and locally deform rocks of the upper Oligocene Hemlock Conglomerate. Two K-Ar
ages of lava flows are each about 14 Ma (Shew and Lanphere, 1992). Tertiary and
older rocks east of the range crest are intruded by small, tonalitic or granodioritic
plugs, sills, and plutons (unit Ti) that have associated hydrothermal alteration.
Potassium-argon ages of such hypabyssal bodies near Fourpeaked Mountain and
Mount Douglas range from about 4 to 10 Ma, that of a pluton at Dakavak Lake is 5
Ma, and that of a pluton near the range crest west of Kukak Bay is about 2.5 Ma
(Shew and Lanphere, 1992). Dikes occur everywhere east of the Bruin Bay fault but
are especially prevalent in the vicinity of Tertiary hypabyssal intrusives and east of the

altered. Dikes occur in rocks as young as the upper Tertiary Aleutian volcanic rocks,
indicating a late Tertiary or Quaternary age for most.

Tertiary sills, dikes, and hypabyssal plutons of altered tonalite or quartz diorite (unit
Thi) occur in the region between Yori Pass and the Rainbow River, northwest of the
range crest. These high-level intrusions are locally associated with mineralization and
(or) oxidation of iron in both the intrusive rocks and the sedimentary wallrocks.
Owing to pervasive deuteric alteration, no radiometric ages are available.

UPPERMOST TERTIARY AND QUATERNARY DEPOSITS AND ROCKS

Uppermost Cenozoic rocks and deposits in the map area (units Qs, Qls, Qac, Qad,
Qap, QTac, QTap) are chiefly glacial deposits and volcanic rocks and deposits of the
Aleutian volcanic arc. The map area was glaciated several times, yet extensive
deposits of drift are found only west of the Aleutian Range in the Bristol Bay lowlands.
The glacial deposits and history of the area are the subject of a separate geologic map
(Riehle and Detterman, 1993). Central-vent deposits of the Aleutian volcanic arc
comprise the active stratocones at and near the Aleutian Range crest. Pyroclastic-
flow deposits are found at the south margin of the study area, in the Valley of Ten
Thousand Smokes and at Kaguyak Crater. Pumiceous fallout deposits of the 1912
Novarupta (Katmai) eruption are more than 1 m thick in the area from the head of
the Valley of Ten Thousand Smokes east to Shelikof Strait (Fierstein and Hildreth,
1992). One K-Ar age of these latest Tertiary and Quaternary volcanic rocks is 13 Ma
and the rest fall between 3.0 and 0.4 Ma (Shew and Lanphere, 1992), ages that are
consistent with a lesser degree of erosion and alteration than of the older Tertiary
volcanic rocks.

STRUCTURES

The major structural feature of the map area is the Bruin Bay fault, a high-angle
reverse fault that extends from near the Castle Mountain fault 400 km to the north
(Detterman and others, 1976) to its disappearance at Becharof Lake just south of the
study area. Movement is clearly up on the west side of the fault in the Katmai region,
as well as to the north in the Iliamna quadrangle where there is evidence for as much
as 3 km of stratigraphic throw and as much as 65 km of left-lateral offset (Detterman
and Reed, 1980, p. 69; Detterman and Hartsock, 1966, p. 68). If the fault continues
in the subsurface south of Becharof Lake, then the west side may have been down-
dropped (Detterman and others, 1987), perhaps during Tertiary time (Burk, 1965).
Because the fault in the Katmai region juxtaposes only Jurassic intrusive rocks against
strata of the Naknek Formation, there is no clear evidence for the amount of throw or
of horizontal displacement. One exposed strand of the fault a few kilometers in length
near the center of the study area (Tps. 16 and 17 S., R. 35 W.) is actually a high-angle
normal fault. Two middle Tertiary plutons intruded along the fault in the northern
part of the study area provide a minimum estimate of the age of last movement.

Fold axes northwest of the Bruin Bay fault are obscured by low relief, vegetation, or
intrusion of magma in migmatites and have not been located precisely. The Naknek
Formation adjacent to the Bruin Bay fault is locally overturned (T. 22 S., R. 40 W.),
implying drag along the fault. Southeast of the fault, particularly south of the Valley
of Ten Thousand Smokes, bedding attitudes in the Naknek Formation range from
seemingly random to clusters defining homioclinal blocks. Where regional folds in
Upper Jurassic, Cretaceous, and Tertiary rocks southeast of the Bruin Bay fault are
well defined, folds are open and fold axes trend approximately northeast, parallel to
the structural grain of the Alaska Peninsula elsewhere (Burk, 1965). Bedding in
Tertiary strata near Shelikof Strait locally deviates from the average northeasterly
strike. Tertiary strata are deformed near contacts with hypabyssal plugs and domes
(for example, Tps. 16 and 17 S., R. 25 W.) and deviations of bedding attitude at
some localities are probably due simply to nearby intrusions. On the east headland of
Dakavak Bay (T. 24 S., R. 33 W.), however, a mapped, north-trending synclinal axis
indicates a systematic deviation of stress that is not readily accounted for by intrusions.

Previous authors have suggested that the siting of Quaternary volcanoes in the
Katmai area is structurally controlled (Keller and Reiser, 1959; Kienle, 1969; Kienle
and Swanson, 1983). Shallow structures beneath the volcanoes are largely hidden
from view by an extensive cover of ice and volcanic deposits. Kienle (1969) documents,
but has not modeled, a steep-sided negative Bouguer gravity anomaly at Katmai Pass
(cross section A-A') that is superimposed on a broader negative anomaly. The steep-
sided anomaly may reflect shallow magma bodies related to historic eruptions of
Trident Volcano and nearby Novarupta (Kubota and Berg, 1967; Kienle, 1969;
Matumoto, 1971), together with fractured and altered sedimentary wallrocks. Forty
kilometers to the northeast, Kienle (1969; see also Kienle and Swanson, 1983) models
a steep gravity gradient beneath Mount Denison by inferring a buried high-angle fault,
up on the southeast. We have no observations that bear directly on this inferred fault.
We note, however, that a sharply hinged, asymmetric anticline is exposed on the north
side of the Ninagiak River (cross section C-C'), 16 km northeast of Mount Denison.
The anticlinal axis emerges from beneath the Hook Glacier and dies out 6 km to the
northeast. The anticline could have developed by extension next to a flattening normal
fault (Suppe, 1983, fig. 1B) or above a horizontal detachment (Groshong, 1989, fig. 1).
There is, however, no obvious offset of the average elevation of unit Jns across the
anticline (cross section C-C') to corroborate a normal fault; moreover, the adjacent
symmetric anticline to the southeast indicates compressive deformation. If the two
anticlines formed simultaneously, then the asymmetric anticline may be a fault-bend
fold developed above a ramp in a thrust ‘fault or decollement at some unknown depth
(see Suppe, 1983, especially fig. 3).

Two main periods of deformation in the Katmai area can be demonstrated. The
top of the Talkeetna Formation is an unconformity immediately south of the Katmai
region (Detterman and others, in press); the unit in the map area dips homoclinally

Kakhonak Complex are, however, clearly folded, presumably reflecting deformation
during intrusion of Jurassic plutons (see Reed and Lanphere, 1973, p. 2585). Such
deformation of rocks northwest of the Bruin Bay fault occurred in about Middle
Jurassic time. Southeast of the Bruin Bay fault in the map area, unconformities are
present at the base of the Lower Cretaceous rocks (Herendeen Formation), at the
base of the Upper Cretaceous rocks (Kaguyak Formation), and at the base of upper
Oligocene rocks (Hemlock Conglomerate). A slight angular discordance at each of
the two older unconformities occurs in the northeastern part of the map area (Jones
and Detterman, 1966; Magoon and others, 1978). A normal fault, down on the east
side, that cuts the Naknek Formation and dies out in the overlying Kaguyak
Formation is exposed on recently deglaciated bedrock at the south side of the Hallo
Glacier (sec. 34, T. 20 S., R. 30 W.; L.B. Magoon, written commun., 1990). Thus
local crustal unrest, if not actual deformation, occurred between Late Jurassic and
Early Cretaceous time and between Early and Late Cretaceous time in the northeastern
part of the map area. Regional folds southeast of the Bruin Bay fault involve rocks as
young as the upper Oligocene Hemlock Conglomerate and overlying Miocene
volcanic rocks of the Barrier Range, indicating a second major deformation of the
Katmai region in Miocene or later time.
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SURFICIAL DEPOSITS AND SEDIMENTARY ROCKS
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DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS AND SEDIMENTARY ROCKS

Qs Surficial deposits (Holocene and Pleistocene)—Unconsolidated to
poorly consolidated alluvial, colluvial, glacial, marine, lacustrine, and
eolian deposits. Mainly gravel, sand, and silt; locally includes extensive
redeposited pumice and ash initially deposited during 1912 Novarupta
(Katmai) eruption. Unit includes local areas shown by Riehle and
Detterman (1993) as bedrock but which is thinly covered by colluvium
or glacial deposits

Landslide deposits (Holocene and Pleistocene)—Deposits ranging
from nonsorted, nonstratified, coarse angular rubble forming lobes, to
large discrete blocks that resemble undisturbed bedrock

Hemlock Conglomerate (Oligocene)—Poorly indurated flivial sand-
stone and conglomerate and subordinate siltstone, shale, coal, and tuff.
Yellowish brown to olive gray. Conglomerate has mainly chert, quartz,
and plutonic-rock clasts and less abundant clasts of metamorphic rocks
and silicified volcanic rocks. Rare tree stumps in growth position;
abundant plant fossils in fine-grained strata. Locally metamorphosed
where adjacent to plutons and sills of units Tab and Ti. Measured
thickness of 558 m on north shore of Kukak Bay at Cape Nukshak is
probably maximum in the map area. Unit at Cape Nukshak is
probably late Oligocene and may be as young as early Miocene in age
on the basis of plant fossils (J.A. Wolfe, written commun., 1988).
Disconformable on unit Tc, unconformable on either unit Kk or unit Jn

Te Copper Lake Formation (Eocene and Paleocene(?))—Two sequences
of well-indurated, massive fluvial conglomerate, separated by an
interval of interbedded, medium- to dark-gray sandstone and siltstone.
Clasts are chiefly subequal volcanic and metamorphic rocks, including
chert and quartz, and lesser plutonic rocks. Carbonaceous detritus is
locally abundant in sandstones and siltstones. Locally metamorphosed
where adjacent to plutons and sills of unit Ti. Named for exposures in
Iliamna quadrangle immediately north of the Katmai region (Detterman
and Reed, 1980). Measured thickness of 1,025 m along east side of
Spotted Glacier northwest of Cape Douglas (Detterman and others, in
press), first measured by Magoon and others (1976a), is probably
maximum in map area. Disconformable on unit Kk

Ts Sedimentary rocks (late and early Tertiary)—Poorly to moderately
well indurated, pale- to dark-gray or brown fluvial sandstone, siltstone,
conglomerate, and volcaniclastic tuff and breccia. Conglomerate clasts
are chiefly plutonic and (or) altered volcanic rocks, and lesser
metamorphic and sedimentary rocks. Unit consists of local deposits,
some of which lithologically resemble lower (altered volcanic clasts) and
upper (fresh volcanic clasts) conglomerate members of Copper Lake
Formation (unit Tc) in adjacent Iliamna quadrangle (Detterman and
Reed, 1980). Maximum thickness of about 300 m occurs 4 km north
of west end of Lake Grosvenor (T. 16 S., R. 37 W.) where volcanic
breccia and tuff are conformably(?) overlain and underlain by lava flows
of unit Tva. Other exposures are located 10 km south of Nanwhyenuk
(Nonvianuk) Lake (T. 15 S., R.36 W.), 10 km south of the Iliuk Arm of
Naknek Lake (T. 20 S., R. 39 W.), and near the headwaters of the
Rainbow River (T. 21 S., R. 33 W.). Age is in part early Tertiary
based on radiometric dating of an intercalated lava flow (Shew and
Lanphere, 1992)

- Kaguyak Formation (Late Cretaceous)—Lower part consists of thin-
bedded, medium- to dark-gray siltstone and local thin limestone beds
and abundant ammonites, pelecypods (Inoceramus), and limestone
concretions. Upper part consists of medium- to dark-gray or pale-
brown, graded graywacke sandstone interbedded with siltstone; flame
structures occur in siltstone, and sandstone is thin bedded to massive
and has rip-up clasts, load casts, and flute casts. Upper part represents
upper and middle regimes of submarine fan, thus unit is inferred to be
a marine fan prograding onto deep-water marine deposits (Detterman
and others, in press). Type locality is seacliff exposures between
Swikshak and Big Rivers (Keller and Reiser, 1959; Detterman and
Miller, 1985), where the measured thickness of 897 m is close to
maximum in map area of about 1,050 m. Age is latest Campanian to
early Maestrichtian. Unit is disconformable on unit Kp and older rocks

- Pedmar Formation (Early Cretaceous)—Thick-bedded gray sandstone
and minor amounts of siltstone and shale that contain ammonites of
Albian age. Type section, 82 m thick, is on the coast between Katmai
and Dakavak Bays (T. 25 S., R. 34 W.) and has crossbedded pebbly
sandstone near its middle. Also occurs 12 km north-northeast of
Mount Katmai (T. 21 S., Rs. 34 and 35 W.) where unit is chiefly silt-
stone and is 88 m thick. Unit inferred to represent marine shelf
deposits. The only other occurrence of Albian rocks on the Alaska
Peninsula is in the Port Moller quadrangle, 440 km to the southwest
(Detterman and others, in press). Disconformable on unit Kh

Herendeen Formation (Early Cretaceous)—Distinctive calcareous sand-
stone, thin-bedded, light-yellowish-gray or yellowish-brown to dark-
olive-gray, which in the Katmai region is interbedded with an equal
amount of siltstone or shale. Platy fracture and tabular crossbedding
are common. Has belemnites (Acroteuthis) and Inoceramus prisms
and, locally, complete Inoceramus ovatoides. Maximum thickness in
map area is about 250 m, 12 km north-northeast of Mount Katmai
(T. 21 S., Rs. 34 and 35 W.), but typical thickness is probably 25 m.
Well exposed in northeastern part of map area and on west side of
Barrier Range. Marine shelf deposit formerly present throughout the
Alaska Peninsula; in Katmai region, probably an outer shelf deposit
(Detterman and others, in press). Age is Hauterivian and Barremian.
Unconformable on units Ks and Jn

- Staniukovich Formation (Early Cretaceous)—Three intervals of cross-
bedded, fine-grained, feldspathic brown sandstone that probably
represent offshore barrier bars, separated by thinly interbedded sand-
stone and siltstone. Abundant pelecypods (Buchia). Thickness is nearly
100 m 12 km north-northeast of Mount Katmai (Tps. 20 and 21 S.,
Rs. 34 and 35 W.). Age is Berriasian and Valanginian at principal
reference section near Herendeen Bay, 400 km southwest of map
area (Detterman and others, in press). Unconformable on unit Jn

Sedimentary rocks (Cretaceous)—Massive, olive-brown, locally cross-
bedded and channeled sandstone. Occurs only on northwest shore of
Hallo Bay (T. 19 S., R. 29 W.), where it is 12-15 m thick. Highly
carbonaceous and has lag gravel in channels. Upper contact not
preserved, lower contact not exposed

- Naknek Formation, undivided (Late Jurassic)—Most extensive
sedimentary rock unit of Alaska Peninsula, which in Katmai area
consists of five members. Oldest conglomerate member contains
granitic clasts derived by erosion of adjacent Alaska-Aleutian Ranges
batholith. Fossils locally abundant in fine-grained rocks are chiefly
several species of pelecypod Buchia, representing late Oxfordian
through Tithonian time. Thickness throughout Alaska Peninsula is
typically 1,700-2,000 m (Detterman and others, in press); 1,663 m
were penetrated in a well in lower Cook Inlet, 70 km northeast of map
area (Magoon and Egbert, 1986). At most localities formation consists
mainly of only one or two members. Crops out only southeast of
Bruin Bay fault. Locally divided into:

Katolinat Conglomerate Member—Massive, pebble-cobble conglomerate
and interbedded grayish-green marine sandstone that is locally cross-
bedded and has pelecypods (Buchia) and pebble lenses. Occurs only in
Mount Katmai quadrangle. Clasts are mainly granitic rocks, quartz,
and red chert and include subordinate metamorphic rocks. In part a
lateral facies variant of unit Jni. Type section and maximum thickness
of 450 m is on northeast shore of Lake Grosvenor (T. 17 S., R. 35 W.),
where unit Jnk is gradational on unit Jni; also well exposed in vicinity
of Mount Katolinat (T. 20 S., R. 37 W.)

- Indecision Creek Sandstone Member—Thin- to thick-bedded, yellowish-
brown to grayish-green sandstone 400-800 m thick. Locally cross-
bedded. Deposited in shallow shelf to inner neritic environment.
Widespread in Katmai region; well exposed atop Buttress Range and at
south margin of map area west of Gas Creek. Gradational on unit Jns

Snug Harbor Siltstone Member—Thin-bedded gray siltstone and interbedded
gray sandstone 200-600 m thick, locally containing abundant lime-
stone concretions or thin limestone beds. Richly fossiliferous marine
deposit that is sharply gradational on unit Jnn. Unit is well exposed in
headwaters of Takayofo Creek (T. 23 S., R. 39 W.); basal contact on
Jnn is exposed on north side of Hardscrabble Creek. Maximum thick-
ness in region, a little less than 500 m, occurs on north side of Hallo
Bay where deposition of unit in a starved basin represents nearly entire
Naknek Formation (Detterman and others, in press)

Northeast Creek Sandstone Member—Coarse-grained, yellowish- to
brownish-gray, thick-bedded to massive, arkosic sandstone having
magnetite laminae and siltstone partings. Nonmarine o shallow
marine unit. Channels having lag gravel and plant debris are locally
abundant. 200-600 m thick. In part a lateral facies variant of unit
Jnc. Maximum section in area is well exposed on ridges adjacent to
Rainbow River (T. 19 S., Rs. 33 and 34 W.)

Chisik Conglomerate Member—Massive, nonmarine, pebble-cobble
conglomerate interbedded with lenses or layers of crossbedded sand-
stone. Clasts are mainly plutonic rocks, quartzite, chert, and quartz,
and minor metavolcanic rocks and schist. Reference section 614 m
thick is sited 50 km south of Mount Katmai quadrangle (Detterman and
others, in press). Base of unit is nowhere exposed in map area;
maximum thickness in map area of about 600 m is well exposed along
northwest valley wall of Strike Creek (Tps. 15 and 16 S., R. 31 W.).
Unconformable on unit Jt

Talkeetna Formation (Early Jurassic)—Brown tuffaceous sandstone
and dark-gray siltstone, interbedded in upper part(?) with red, green, or
pink tuff and lahar deposits, volcaniclastic conglomerate, and dark-
green, purplish-green, or grayish-brown lava flows and breccia mainly
of basaltic andesite or andesitic composition. Unit represents deposits
of volcanic arc (Reed and others, 1983) and interbedded marine
sediments. Includes sills of uncertain age. Distinctive conglomerate
contains highly rounded, spherical clasts solely of porphyroaphanitic
lava that may be pillows. Non-schistose epidote-chlorite-calcite
assemblages suggest propylitic alteration or low-grade metamorphism;
near intrusions, metamorphosed to andesine(?)-epidote-actinolite
assemblages. Secondary quartz, calcite, and zeolites are locally
common. Crops out only northwest of Bruin Bay fault. Maximum
exposed thickness in map area is about 1,200 m on south shore of
Kulik Lake (T. 14 S., R. 34 W.). At Puale Bay, 30 km south of map
area, ammonites are indicative of a Hettangian and early Sinemurian
age (Detterman and others, in press). Gradational on unit Rk
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Qa

Late Triassic

- Kamishak Formation (Late Triassic)—Slightly recrystallized, light- to
dark-gray limestone and interbedded basalt flows and breccia. Exposed
only along King Salmon River (Takayofo Creek) in southwest part of
map area (T. 23 S., R. 42 W.), where thickness is about 200 m.
Intruded by mafic dikes and sills of uncertain age. Small angular to
subround clasts of greenstone occur locally within limestone and lime-
stone clasts occur within greenstone, where basalt flows are adjacent to
the unit. In adjacent lliamna quadrangle to north, unit is divided into
three members inferred to be shallow marine reef deposits ranging
from Norian to Early Jurassic(?) age (Detterman and Reed, 1980).
Unit extends to Puale Bay (south of map area) where Norian limestone
and interbedded basalt flows (Detterman and others, 1987) are
correlated with lowermost of three members (Detterman and others, in
press). In Katmai region close proximity to basalt flows correlated with
underlying Cottonwood Bay Greenstone (Rc) suggests that Kamishak

rocks also correlate with lowermost member of the Kamishak
Formation mapped in lliamna quadrangle

VOLCANIC DEPOSITS AND ROCKS

Deposits and rocks of the Aleutian volcanic arc (Quaternary and
late Tertiary)—Units Qap, Qad, and Qac compose the active part of
the Aleutian volcanic arc

Qap Pyroclastic-flow deposits (Holocene)—Nonsorted, variably indurated
deposits of ash, vitrophyre blocks, and (or) pumiceous lapilli. Locally
interbedded with stratified colluvial and fluvial deposits of reworked
pumice and ash. Unit consists of 1912 ash-flow deposits of Novarupta
dome and Holocene block-and-ash flow deposits of Kaguyak Crater.
Individual pumiceous clasts are andesitic (56-63 percent SiOg; dark
gray; some Novarupta), dacitic (63—-69 percent SiO2; pale gray or
brown; Kaguyak, some Novarupta), or rhyolitic (>69 percent SiO;
light yellow to yellowish gray; most Novarupta). None of the deposits
has been glacially eroded. Maximum thickness of Novarupta deposit
more than several hundred meters away from Novarupta dome is possibly
250 m (Hildreth, 1983), and that of Kaguyak deposit is probably about
125 m. Local alteration marked by red, yellow, and brown is typically
concentrated at fissures or fossil fumarole pipes

-l Domes (Holocene)—Dacitic or rhyolitic vitrophyres having plagioclase,
pyroxene, and (or) hornblende phenocrysts in a brown to grayish-
brown glassy groundmass that is locally devitrified. Local red to yellow-
orange fumarolic alteration. Dacitic dome at Snowy Mountain
occupies central vent of older composite cone, whereas dacitic domes
in Kaguyak Crater are intra-caldera domes. Cerberus, Falling
Mountain, and unnamed domes southeast of Katmai Pass and outside
Kaguyak Crater are all of dacitic composition, whereas Novarupta dome
is rhyolitic

Younger central-vent deposits and rocks (Holocene and Pleistocene)—
Lava flows, tuffs, and breccias mainly of andesitic composition but
locally including low-silica dacite lava flows, andesite, dacite, and
rhyolite fallout deposits on Baked Mountain and Broken Mountain, and
basaltic scoria cones (<51 percent SiO,). Plagioclase- and pyroxene-
bearing (* hornblende), porphyritic lava flows are typically grayish to
reddish brown; well-sorted, bedded fallout deposits are pale yellow to
medium grayish brown; and basaltic scoria cones are dark reddish
brown. Unit probably includes small domes and local pyroclastic-flow
deposits. Only local fumarolic alteration and slight to moderate dissection
by glacial erosion. Rocks of this unit compose part or all of Mount
Douglas, Fourpeaked Mountain, Kaguyak Crater, Devils Desk, Kukak
volcano, Mount Stellar, Mount Denison, Snowy Mountain, an
unnamed peak 5 km southwest of Snowy Mountain, Mount Griggs
(formerly Knife Peak), Mount Katmai, Trident volcano, Mount Mageik,
and Martin Mountain. Three basaltic scoria cones are sited 24 km
west of Kaguyak Crater at VABM "Iron" (T. 18 S., R. 31 W.), on the
northeast side of the Rainbow River (T. 19 S., R. 33 W.), and 11 km
east of Blue Mountain (Whale Mountain) on north side of Becharof
Lake (T. 25S.,R. 42 W.)

-] Pyroclastic-flow deposits (Pleistocene and late Tertiary)—Nonsorted,
variably indurated deposits of ash, vitrophyre blocks, and (or)
pumiceous lapilli. Lithologically resembles unit Qap except locally has
greater degree of erosion. Primary compositions are uncertain owing
to alteration and (or) weathering but are probably andesitic and dacitic.
Occurrences are: 5 km northeast of Devils Desk (T. 19 S., R. 30 W.),
4 km east of Mount Griggs (Knife Peak; T. 21 S., R. 35 W.), and at
south margin of map area 22 km east of Blue Mountain (Whale
Mountain; T. 25 S., R. 41 W.). Maximum preserved thickness at each
occurrence is about 200 m

Older central-vent deposits and rocks (Pleistocene and late Tertiary)}—
Lava flows, breccias, tuffs, and domes of andesitic and dacitic
composition. Locally moderate to extensive fumarolic alteration to red
or yellow. Resembles unit Qac except for more extensive alteration
and greater average degree of erosion. Thickness at the following
vents or volcanic centers exceeds 300 m: Kejulik Mountains (Tps. 24
and 25 S., R. 39 W.); between Mount Katmai and Snowy Mountain
(Tps. 21 and 22 S., R. 34 W.; T. 22 S., R. 33 W.); and ridge between
Devils Desk and Ninagiak River (T. 19 S., R. 30 W.). Smaller cones
and plugs are 10 km northwest of Mount Griggs (T. 21 S., R. 36 W.),
along Savonoski River (Tps. 18 and 19 S., R. 32 W.), 8 km northwest
of Kiukpalik Island (T. 17 S., R. 26 W.), and small domes or flows
capping ridges up to 10 km west of Martin Mountain (T. 23 S.,
R. 38 W.)

Volcanic rocks of Barrier Range (late Tertiary)—Breccia, lava flows, sills,
and local pyroclastic and epiclastic tuff located southeast of active part
of Aleutian volcanic arc, from Katmai River to Kukak Bay. Chiefly
dark-reddish-brown or greenish-brown, porphuyritic lava flows of
andesitic and dacitic composition that have phenocrysts of plagioclase
and pyroxene (* hornblende). Tuffs and breccias are light to medium
greenish brown. Propylitic alteration is extensive and argillic or
potassic alteration, together with quartz and (or) calcite veining and
silicification, occur locally such as near contacts with hypabyssal
intrusive rocks of unit Ti. Large areas of oxidized iron marked by red
and orange are common. The maximum thickness of about 800 m
occurs along axis of open syncline that trends through Kukak Bay.
Unit overlies unit Th, in part along irregular or gradational contact
marked by sills in unit Th and by tightly folded sedimentary rocks.
Deformed sedimentary rocks are inferred to have been nonlithified at
time of intrusion or extrusion, indicating near-synchroneity of oldest
volcanic deposits with youngest strata of unit Th

Volcanic rocks north of Naknek Lake (early Tertiary)—Deposits are
continuous north into Iliamna quadrangle, where fresh volcanic clasts
first appear in associated sedimentary rocks of early Eocene(?) age, and
volcanic deposits at other sites are interbedded with sedimentary rocks
as young as late Tertiary (Detterman and Reed, 1980)

Basaltic lava—Small outcroppings of plugs, dikes, and eroded remnants of
basalt flows that intrude or overlie rocks of unit Tva. Dense, dark-gray
porphyroaphanitic lavas, locally vitrophyric, having sparse phenocrysts
of plagioclase, pyroxene, and olivine in a locally vesicular groundmass.
Maximum thickness of lava flows is probably about 200 m

- Andesitic and dacitic lava flows and breccias—Compact, highly porphyritic
lavas having abundant phenocrysts of plagioclase and pyroxene
(* hornblende). Dark brown, reddish brown, or purplish brown.
Pervasive horizontal flaggy parting and minor fumarolic alteration.
Uncommon breccia zones are probably flow margins. No pyroclastic
deposits occur in place; however, an aphyric, foliated dome or tuff,
now silicified and hydrothermally or fumarolically altered, occurs near
elevation 1097 (north margin of T. 15 S., R. 39 W.) and boulders of
pumiceous tuff occur in glacial drift northeast of Idavain Lake.
Maximum exposed thickness northeast of Idavain Lake is about 600 m

‘ Cottonwood Bay Greenstone (Late Triassic)—Slightly metamorphosed
basalt flows comprising massive, dark-green assemblages of albite(?)-
chlorite (* epidote * actinolite) suggestive of greenschist facies. Relict
amygdules are locally preserved. Unit includes fine- to medium-grained
diabase sills(?) of uncertain age. Unit is named for metamorphosed
submarine lava flows exposed near head of Cottonwood Bay in
adjacent Iliamna quadrangle (Detterman and Reed, 1980) and has
been geographically extended south to the Katmai region by
Detterman and others (in press)
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(Inclusions chiefly of sedimentary or volcanic rocks that are metamorphosed to varying

degrees occur in all intrusive rocks but are especially common in units Jgd and Jqd)

Td / Dikes (late and early Tertiary)—Dikes from 1 m to 20 m wide, mainly

found southeast of Bruin Bay fault and having a northwest trend.
Many cut rocks as young as units Th and Tab, implying a late Tertiary
or Quaternary age. Some are porphyritic and have quartz and potassium
feldspar in groundmass; others have partially altered phenocrysts of
plagioclase and pyroxene and (or) homblende in chloritized groundmass.
Chemical analyses were not obtained because of common occurrence
of propylitic alteration and inclusions of sedimentary rocks

- Hypabyssal instrasive rocks near Shelikof Strait (late Tertiary)—Sillike

or cross-cutting subvolcanic intrusive bodies occurring beneath or
southeast of active volcanoes of Aleutian volcanic arc. Fine-grained,
light-gray to grayish-green, porphyritic to equigranular rocks consisting
mainly of granodiorite or tonalite and minor quartz diorite. Green
veins and patches of secondary quartz, epidote, chlorite, and albite
suggesting deuteric alteration are common. Unit includes small plugs
and sills as well as larger plutons such as those near Fourpeaked
Mountain or east of Serpent Tongue Glacier. Small stocks north of
Kaguyak Crater are probably related to pluton exposed south and east
of Fourpeaked Mountain and Mount Douglas and are included in the
unit. Rocks intrude chiefly units Kk, Tc, and Tab

Hypabyssal intrusive rocks (late and early Tertiary)—Light- to medium-
gray or grayish-brown intrusive rocks that occur northwest of active
volcanoes of Aleutian volcanic arc. Rocks are commonly porphuyritic,
have fine- to medium-grained groundmass, and consist chiefly of
quartz diorite or tonalite. Green veins and patches of secondary
quartz, epidote, chlorite, and albite suggesting deuteric alteration are
common. Unit includes small plugs and sills as well as plutons exposed
over as much as 30 km?. Intrudes rocks as young as unit Kk

Granodiorite (late Tertiary)—Light-gray to grayish-green, medium-
grained, equigranular to marginally porphyritic rocks that have
subhedral plagioclase and (or) hornblende phenocrysts. Fracture zones
and protoclastic textures occur locally. Biotite is subequal to
clinopyroxene or hornblende, secondary epidote and chlorite are
common, and tourmaline occurs locally. Average color index (percentage
of dark mafic minerals) is 18. Modal quartz rarely exceeds 25 percent
and unit includes rocks that marginally classify as quartz monzodiorite,
quartz diorite, or, uncommonly, tonalite

Quartz diorite (late Tertiary)—Gray, medium-grained, equigranular
rocks consisting chiefly of plagioclase, pyroxene, and quartz and
having accessory hornblende in excess of biotite. Average color index
is 23. Occurrences shown on map are probably separate plutons;
quartz diorite also occurs as zones within heterogeneous or zoned
intrusions of unit Tgd

- Gabbro and diorite (late and early Tertiary)—Medium-grained, gray to

dark-grayish-green gabbroic or diabasic rocks. Single mapped
occurrence is a sill-like body of uncertain exact age that is located 9 km
north-northeast of east end of Lake Grosvenor (T. 17 S., R. 35 W.).
Clinopyroxene and poikilitic hornblende are mafic minerals in
hypidiomorphic-granular rock. Local veins or schlieren of pyroxenite
are common, thus color index ranges from 30 to 70

-] Granite (Jurassic)—Light-gray, medium-grained, equigranular or fine-

grained porphyritic rocks. Average color index is 8; biotite equals or
exceeds hornblende. Rounded quartz grains weather prominently from
these rocks and, where elliptical, define a foliation. Antiperthite and
protoclastic textures are present

Granodiorite (Jurassic)—Medium-grained, gray, equigranular or fine-
grained porphyritic rocks in which incipient to well-developed
protoclastic textures are common. Color index averages 16; either
hornblende or biotite can be dominant mafic phase. Modal quartz
composes 22-44 percent of these rocks, in excess of that found in unit
Tgd. Myrmekite, antiperthite, and tourmaline occur but are uncommon.

Unit includes some tonalite and quartz diorite

Tonalite and quartz diorite (Jurassic)—Medium-grained, gray,
equigranular rocks. Average color index of tonalites is 28, of quartz
diorites is 37. Either clinopyroxene or hornblende is dominant mafic
phase, and biotite is accessory. Inclusions of fine-grained mafic rocks
or of porphyroaphanitic volcanic rocks are common. Both foliation
and layering commonly occur together. Unit includes some granodiorite

Diorite and gabbro (Jurassic)—Small bodies of dark-gray, diabasic- and
gabbroic-textured rocks having two pyroxenes (* hornblende). In some
bodies hornblende is secondary; other bodies are hornfelses in which
biotite and muscovite have partly replaced hornblende and clinopyroxene,
suggesting that unit at least in part has been metamorphosed by
younger intrusions. Quartz veins and felsic igneous dikes are common

METAMORPHIC ROCKS

- Kakhonak Complex (Jurassic, Triassic, and Paleozoic(?))—Quartzite,

schist, amphibolite, gneiss, and minor amounts of migmatite. Mineral
assemblages typically include plagioclase-chlorite-epidote (* actinolite
* mica) or, locally, andesine-hornblende (* biotite). Occurs as roof
pendants or wallrocks of Alaska-Aleutian Ranges batholith. Protoliths
presumably include the Talkeetna Formation (Jt), the Kamishak
Formation (Rk), and the Cottonwood Bay Greenstone (kc). Layered
and foliated, quartz-potassium feldspar-mica schist and hornblende-
biotite gneiss on an island in Naknek Lake (T. 18 S., R. 38 W.) appear
to have faint boudins and isoclinal folds, which could be the result of a
regional metamorphic event that predates intrusion of the batholith.
Alternatively, boudinage and felding could have been a response to
forceful intrusion of a shallow subjacent pluton. Pure quartzite and
potassium-feldspar-rich schist have no certain nonmetamorphosed
equivalents in Katmai region; the protolith of the schist could have
been a rhyolitic tuff of unit Jt. Lithologically similar quartzite and
schist, also without obvious protoliths, are reported from the lliamna
quadrangle (Detterman and Reed, 1980). The protoliths of such rocks
in the Katmai and Iliamna quadrangles could be as old as pre-Mesozoic
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