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DESCRIPTION OF MAP UNITS Neoglacial drift
nd Drift (Hologene)—Massive deposits of unsorted, angular rock debris within cirques
SURFICIAL DEPOSITS and valleys less than 3 km from modern glaciers
no Outwash (Holocene)—Poorly to moderately well sorted sand and gravel forming
plains in front of moraines of neoglacial drift deposits or terraces as much
ALLUVIAL DEPOSITS as 6 m high along streams that originate in modern glaciers
al Alluvium (Holocene)—Varies from poorly sorted and crudely stratified deposits Brooks Lake dsift

deposits too small to show separately

........

outwash (no)

- Abandoned-channel deposits (Holocene and Pleistocene)—Poorly to
moderately well sorted sand and gravel in channels now abandoned or
occupied by underfit streams. Commonly are located within or in front of

moraines, where some channels served as outlets for kettle lakes and

others carried meltwater from former glacier margins. Other locations are

on sides of mountain valleys, where channels formed beneath or alongside

valley glaciers

GLACIAL AND GLACIOFLUVIAL DEPOSITS
- Superglacial drift (Holocene)—Angular rock fragments, varying from sand to

of coarse angular fragments near valley heads to well-sorted and stratified
deposits of sand and pebbles in lowlands. Locally includes boulders where
streams have cut through glacial moraines. Unit includes both active and
vegetated inactive deposits; unit may include older outwash and (or) terrace

Alluvial fan deposits (Holocene)—Vary from coarse, poorly sorted blocks at
head of fan to stratified deposits of moderately well sorted and well-
rounded pebbles and boulders near margin of fan. Unit includes small,
steep-sided alpine fans, commonly inactive, of mixed alluvial and colluvial
origin, as well as larger active fans that grade into alluvium (al) blo

Stream terrace deposits (Holocene and Pleistocene)—Poorly to moderately
well sorted and stratified deposits of sand, gravel, and boulders having flat
surfaces above level of adjacent floodplain. Mapped only along King
Salmon River and along unnamed north-flowing tributary of the Naknek
River. Terrace deposits in mountain valleys are mapped as neoglacial

Drift, undivided (Pleistocene)—Unsorted, unstratified till forming only slightly
modified knob-and-kettle topography. Locally includes stratified sand and
gravel deposits. Fresh to slightly weathered

Drift of Iliuk advance (Pleistocene)—Unsorted, unstratified till forming
morphologically fresh to slightly modified arcuate end moraines and lateral
moraines that are confined to mountain valleys. Locally includes stratified
sand and gravel deposits. Clast shapes vary from subangular to round;
clasts comprise lithologies restricted to local drainages

Outwash deposits, undivided (Pleistocene)}—Moderately well sorted sand and
gravel deposits forming gently sloping, locally pitted plains in front of end
moraines of Brooks Lake advances and local ice-contact deposits of poorly
to moderately sorted sand and gravel

Drift of Newhalen advance (Pleistocene)—Till and stratified ice-contact deposits
as described above, forming subdued arcuate end moraines and minor
lateral moraines that are chiefly confined to mountain valleys. Restricted
areal extent implies that Newhalen moraines may represent a minor
readvance during overall retreat from the preceding Iliamna advance

Drift of lliamna advance (Pleistocene)—Till and stratified ice-contact deposits
forming large prominent end moraines, located 70 to 120 km from source

Naknek, Nanwhyenuk (Nonvianuk), and Becharof Lakes. Slightly modified
knob-and-kettle topography. Matrix of silty sand generally comprises about
50 percent of deposit. Clasts are chiefly rounded; clast lithologies vary
with location but consist essentially of volcanic and hypabyssal rocks (fresh
to extensively altered) and lesser amounts of sedimentary (sandstone,
siltstone, and rare conglomerate), plutonic, and rare metamorphic rocks

coarse blocks, and air-fall ash covering the surfaces of modern glaciers
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cirques, and associated lateral moraines. End moraines enclose basins of
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Drift of Kvichak advance (Pleistocene)—Till and stratified ice-contact deposits
as described above. forming large end moraines located from 16 to 20 km
in front of end moraines of lliamna advance (blil). Slightly to moderately
modified knob-and-kettle topography. Locally includes, or partly buried by,
outwash deposits (blo) that originated from moraines of Iliamna age.
Locally covered by as much as 1 m of loess

Mak Hill drift

Drift deposits (Pleistocene)—Till and stratified ice-contact deposits as described
above, forming discontinuous ridges of arcuate to lobate end moraines as
much as 30 km in front of outer limit of drift of Kvichak advance (blk).
Clasts are uniformly moderately to highly weathered. Constructional
topography is subdued and has been modified by mass movements,
deposition of as much as 2 m of loess, infilling of kettle ponds, and
thermokarst activity

Outwash deposits (Pleistocene)—Moderately well sorted sand and gravel
deposits forming outwash plains in front of Mak Hill moraines (mhd).
Modified by subsequent stream dissection, thermokarst activity, and loess
deposition

Older outwash deposits

Outwash deposits (Pleistocene)—Poorly to moderately well sorted and stratified
sand and gravel deposits. Comprise sloping plains in front of moraines of
Johnston Hill drift (jhd) or are found as irregularly shaped areas adjacent to
morainal ridges of Johnston Hill drift and Mak Hill drift (mhd). Moderately
to highly modified by stream dissection, thermokarst activity, and loess
deposition. Locally overlain by lake deposits (Id), particularly north of the
Naknek River, which are not mapped separately

Johnston Hill drift

- Drift deposits (Pleistocene)—Till and stratified ice-contact deposits as described
above, forming subdued ridges of highly modified end moraines along the
Bristol Bay coast. Ridges are rounded and kettles are partly infilled by loess
and organic deposits. Deposits are buried by, or merge with, those of
older outwash deposits (ou)

MARINE AND LACUSTRINE DEPOSITS

- Estuarine deposits (Holocene)—Silt and fine sand, commonly having high
organic content. Located chiefly at mouths of the Egegik and Kvichak
Rivers
be | Beach deposits (Holocene and Pleistocene)—Moderately well sorted, locally
stratified deposits of sand and gravel. Beach deposits on Bristol Bay
coastline are chiefly sand derived from adjacent glacial deposits, whereas
those along Shelikov Strait are chiefly sandy gravel or gravel derived from
local bedrock. Beaches along Katmai and Dakavak Bays include abundant
pumice from the 1912 Novarupta eruption. Includes the more prominent
beaches formed during late Pleistocene highstands of glacial Lake Naknek
- Lake deposits (Holocene and Pleistocene)—Include (1) organic silt and fine
sand in small intramoraine basins, (2) silty fine sand in broad intermoraine
flats, and (3) silty sand, sandy gravel, and lag boulders on terraces that are
typically bounded by wave-cut scarps bordering Naknek and Becharof
Lakes
- Marine terrace deposits (Holocene and Pleistocene)—Moderately well- sorted,
locally stratified silty sand or sandy gravel forming nearly level plains that
locally end at wave-cut scarps cut in drift of Johnston Hill (jhd) and Mak
Hill (mhd) age along Bristol Bay coastline. Scarps are located at or below
about 18 m elevation south of Egegik River and at or below about 12 m
elevation north of Naknek River. Probably includes local deposits of older
drift (mhd and jhd), older outwash (ou), or lake deposits (Id). Found locally
on headlands on Shelikov Strait coastline, where deposits comprise chiefly

cobbles and boulders
SWAMP DEPOSITS
sw Swamp deposits (Holocene)—Dark-colored organic silt and clay deposits

typically in flats along Bristol Bay shore or in partly to wholly drained kettle
ponds. Commonly an accumulation of sedge grasses and sphagnum moss
that locally forms quaking bogs

EOLIAN DEPOSITS

Dune deposits (Holocene)—Fine-to medium-grained sand or, in Valiey of Ten
Thousand Smokes, ash-and lapilli-sized pumice that typically forms
longitudinal dunes. Found mainly along beaches and stream terraces or
adjacent to ash-flow deposits. Include both stabilized and active deposits

COLLUVIAL DEPOSITS

- Talus (Holocene)—Coarse angular blocks derived from local bedrock sources.
Forms small cone-shaped deposits, which commonly have their apex in a
drainageway. at base of steep bedrock slopes. Grades into alluvial fans (af)

156°00' R. 41 W. R.39 W.

TR 3BW. 30

= )

R. 37 W.

SCALE 1:250 000

10 15 20 25 MILES
| = —— - — F— ==
B 25 0 5 10 15 20 25 30 35 KILOMETERS
HH = H = — — e ]

e S )

| Solifluction deposits (Holocene and Pleistocene)—Silt and (or) organic deposits
mixed with coarse angular blocks of bedrock or with material derived from
underlying glacial deposits. Unsorted to locally poorly stratified. Found
low on valley walls and mountain slopes as thin sheetlike deposits
Landslide deposits (Holocene and Pleistocene)—Unsorted and unstratified
deposits that form lobate masses at base of moderately steep to steep
slopes. Where derived from bedrock, deposits are chiefly coarse angular
blocks; where derived from glacial deposits, deposits are a mixture of silt,
sand, gravel, and boulders
- Rock glaciers (Holocene and Pleistocene)—Unsorted deposits of coarse
angular rock debris having a lobate form, arcuate surface ridges, and a
steep front and sides. Present in higher mountain elevations at foot of
steep bedrock slopes, typically in cirques having at least a partial northerly
exposure. Deposits are commonly separated from cirque headwall by tens
to hundreds of meters, implying former presence of a small glacier

VOLCANIC DEPOSITS AND BEDROCK '

Central-vent deposits and rocks (Holocene and Pleistocene)—Divided into:

Younger pyroclastic-flow deposits (Holocene)—Poorly sorted, variably
indurated deposits of ash, vitrophyric blocks, and pumiceous lapilli.
Pumiceous clasts in the 1912 Novarupta ash-flow tuff (Valley of Ten
Thousand Smokes) are andesitic and rhyolitic in composition; those in the
Kaguyak ash-flow tuff are dacitic

Younger central-vent volcanic deposits and rocks (Holocene and
Pleistocene)—Crudely stratified lava flows, breccia, and tuff chiefly of
andesitic composition, but locally including lava flows of dacitic composi-
tion and air-fall deposits of rhyolitic to andesitic composition at head of
Valley of Ten Thousand Smokes. May also include some domes

Domes (Holocene and Pleistocene)}—Domes of probable Holocene age at
Snowy Mountain, at Mount Cerberus and Falling Mountain near Novarupta
dome at head of the Valley of Ten Thousand Smokes, and at Kaguyak
Crater are dacitic in composition, whereas Novarupta dome is rhyolitic.
An unnamed dome or tuya of probable Pleistocene age about 5 km
northeast of Kaguyak Crater is of unknown composition

Central-vent deposits and rocks (Pleistocene and (or) Pliocene)—Divided into:

Older central-vent volcanic deposits and rocks—Lava flows, breccia, tuff,
and domes of dacitic and andesitic composition. Crudely stratified.
Moderately to extensively dissected by glacial erosion

Older pyroclastic-flow deposits—Poorly sorted, variably indurated deposits of
ash, vitrophyric blocks, and pumiceous lapilli. Primary compositions are
uncertain owing to alteration but probably are andesitic and dacitic. Found
at south margin of map area (Kejulik Mountains), at east margin of the
younger volcanic deposits of Griggs volcano (Mount Griggs, formerly called
Knife Peak), and 5 km northeast of Devils Desk volcano

Sedimentary, igneous, and metamorphic rocks (Tertiary to Triassic)—Unit
consists of (1) sedimentary rocks of Triassic, Jurassic, Cretaceous, and
Tertiary age, (2) metamorphic rocks having pre-Jurassic and possibly
Paleozoic protolith ages, and (3) hypabyssal and plutonic rocks of Jurassic

and Tertiary age
Contact
-——-1_L  Quter margin of end or lateral moraine—Ticks on ice side
—A—4A- Wave-cut scarp— Sawteeth on water side
— 30—  Isopach of 1912 Novarupta tephra—Thickness in centimeters

O Volcanic vent—Active during Quaternary time
Sample locality—Letter refers to table 1
[f Hot spring

s Drumlin—Found 30 km west of Katmai Bay at south margin of map

1Modified slightly from Riehle and others (1987).

CONTOUR INTERVAL 100 and 200 FEET

NATIONAL GEODETIC DATUM OF 1929

DEPTH CURVES IN FEET DATUM IS MEAN LOWER LOW WATER
SHORELINE SHOWN REPRESENTS THE APPROXIMATE LINE OF MEAN HIGH WATER

DISCUSSION
INTRODUCTION

This map comprises an east-west strip extending entirely across the Alaska Peninsula,
including the northwestern part of the Afognak quadrangle on Shelikof Strait, the Mount
Katmai quadrangle, and the eastern two-thirds of the Naknek quadrangle on Bristol Bay.
The northwestern part of the Naknek quadrangle is excluded because of potential
complications by glacial deposits there that may have originated to the northwest, rather
than on the Alaska Peninsula.

Physiographically, the eastern two-thirds of the map is within the mountainous Aleutian
Range and the western one-third is within the Bristol Bay Lowlands (fig. 1). The Bristol
Bay Lowlands fall within the zone of sporadic permafrost occurrence; typically, perennially
frozen ground and buried ice can be expected in areas underlain by fine-grained
unconsolidated deposits (Ferrians, 1965). We observed active bank slumping around
shallow tundra ponds about 18 km north of King Salmon, which we infer to be thermokarst
development, confirming at least local occurrence of perennial ground ice.

Regional aspects of the Quaternary geology of the Alaska Peninsula, including the map
area, have been recently discussed by Detterman (1986).

METHODS

Geologic mapping of the unconsolidated deposits within the map area was
accomplished by field study of each deposit at selected sites from 1983 through 1987.
Contacts between geologic units defined on the basis of such observations were then
extended throughout the map area by interpretation of vertical aerial photographs. Our
photographic base comprised two sets of stereo photopairs: a false-color infrared set
photographed in 1982 (scale 1:60,000) and a black-and-white set photographed mainly in
1951 (scale 1:21,000). The Quaternary volcanic rocks shown here are essentially the
same as those shown on the preliminary bedrock geologic map of this area (Riehle and
others, 1987).

GLACIAL DEPOSITS

The stratigraphic framework we have used for the glacial deposits follows that of
Detterman (1986) for the Allaska Peninsula and Detterman and others (1987) for the
Ugashik and Karluk quadrangles, which adjoin the map area to the south. Drift of four
glaciations (fig. 2) is recognized in the map area, and we follow previous usage in
recognizing a fourfold subdivision of the Brooks Lake glaciation of late Wisconsin age
(Detterman and Reed, 1973).

The Johnston Hill glaciation (Muller, 1952) was named for Johnston Hill, 20 km
southwest of Naknek village: near the shore of Kvichak Bay. Muller recognized the
Johnston Hill drift north to Cape Suworof and south to Middle Bluff. In the map area,
morainal topography is poorly defined owing to extensive degradation of these pre-
Wisconsin deposits by mass movement, deposition of loess, cryoturbation, and infilling of
kettle lakes. A single radiocarbon age of greater than 40,000 yr B.P. (table 1) was obtained
on detrital stem fragments from the top of a section of wavy-bedded fine sand in seacliffs
located 5 km southwest of Johnston Hill. The fine sand overlies a diamicton, which in turn
overlies sandy pebble-boulder till and laterally adjacent sandy gravel. We interpret the
diamicton to be a marine or lacustrine correlative of the Johnston Hill till. The underlying
pebble-boulder till is probably the same as that described by Muller (1952) from Halfmoon
Bay, on the west side of Kvichak Bay.

The Mak Hill glaciation was originally named by Muller (1952) for Mak Hill, probably
the same as VABM Mak (elevation 218 ft) about 3.5 km west of the mouth of Smelt Creek
on the south side of the Naknek River. However, our interpretation is that VABM Mak is
part of the terminal moraine of the Kvichak stade of the succeeding Brooks Lake glaciation.
Our change of Muller's (1952) interpretation, although somewhat uncertain, is based on
careful study of the aerial photographs. In support of the change we note that, if correct,
our interpretation would result in the same succession of moraines west of the Illiamna-age
moraine at the outlet of Naknek Lake as is found west of the lliamna-age moraine at the
outlet of Becharof Lake.

The reason for the uncertainty in mapping the drift around VABM Mak is the absence
of clearly defined morainal topography older than the lliamna moraine in this area:
terminal moraines of the Johnston Hill and Mak Hill glaciations and Kvichak stade of the
Brooks Lake glaciation are areally less extensive west of Naknek Lake than west of
Becharof Lake. One possible reason for the difference in extent is that stillstands of glaciers
in the Naknek Lake basin were less protracted than of glaciers in the Becharof Lake
drainage. Alternatively or additionally, the older glaciers west of the Naknek basin may
have terminated in water. Evidence for termination in water is ambiguous: the tundra plain
north of the Naknek River between the Kvichak River and the foothills, for example, is
mapped as older outwash, the uppermost part of which locally comprises sandy silt
containing freshwater or brackish-water algae (table 1). Such a glaciolacustrine or estuarine
deposit could be a composite of several ages or it could be entirely younger than either
Johnston Hill or Mak Hill drift. Johnston Hill till exposed in the bank of the Naknek River
near Naknek village overlies crossbedded medium sand, permissive evidence for deposition
of the till in water. The till is massive and comprises 25 to 50 percent pebbles and coarser
clasts in a matrix of silty sand. At Cape Suworof, Johnston Hill till is overlain along a
shallowly dipping contact by massive- to planar-bedded sandy silt; the contact is marked by
a concentration of lag boulders, indicating either contemporaneous sedimentation adjacent
to the moraine or subsequent erosion and burial.
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Detterman (1986) reports a radiocarbon age of organic detritus in outwash of Mak Hill
age in the Ugashik quadrangle of greater than 40,000 yr B.P., which is consistent with the
assignment of the Mak Hill glaciation to the early Wisconsin or pre-Wisconsin. Mak Hill till
south of the Egegik River is cut by a wave-cut scarp associated with a marine terrace
deposit. The marine terrace could represent the pre-Wisconsin Pelukian transgression,
which is marked by a terrace 10 to 12 m above present-day sea level, described by Hopkins
(1967) at Nome (fig. 1) and elsewhere in western Alaska. A Pelukian terrace in the Naknek
quadrangle would limit the time of Mak Hill glaciation to pre-Wisconsin. There is evidence
from the Arctic Plain (fig. 1), however, for one and possibly two early to mid-Wisconsin
transgressions several meters above the present-day sea level (Carter and Ager, 1989).
Thus, we are uncertain of the precise age of the marine terrace near the Egegik River, and
consequently, we cannot resolve the uncertainty of the age of the Mak Hill glaciation.

Most of the prominent physiographic features of the map area are the result of the late
Wisconsin Brooks Lake glaciation. Becharof, Naknek, and Nanwhyenuk (Nonvianuk) Lakes
are dammed by well-defined terminal moraines of the Iliamna stade. As noted by
Detterman and others (1987) in the Ugashik quadrangle to the south, the preceding
Kvichak stade also probably formed moraine-dammed lakes, but the deposits of such older
lakes are obscured by copious outwash of the lliamna stade. Moraines of the two youngest
stades, Newhalen and lliuk, are less extensive than older moraines and comprise
discontinuous ridges and (or) dams that enclose lakes within the mountains of the Aleutian
Range. As in the adjoining lliamna quadrangle to the north (Detterman and Reed, 1973),
moraines of lliuk age separate closely adjacent, otherwise single mountain lakes—Lake
Brooks from lIliuk Arm of Naknek Lake and Nanwhyenuk Lake from Kulik Lake. A
radiocarbon age of 10,200+150 yr B.P. was obtained from roots in the uppermost part of
till in an island in Lake Grosvenor (table 1). This age is a minimum age of deglaciation of
the lake basin and is consistent with the assignment of the lliuk stade to the late Wisconsin.

Neoglaciation (Alaskan glaciation of Karlstrom, 1957, 1964) is represented only by
small terminal moraines located within about 3 km of cirque headwalls or of termini of
present-day glaciers. There is no clear evidence here for two separate advances as was
found by Karlstrom (1957, 1964) in the Cook Inlet area to the northeast (fig. 1), unless
moraines in contact, or nearly so, with present-day ice margins in the Afognak and Mount
Katmai quadrangles constitute the younger of the two neoglacial advances.

The lithologic compositions of clasts in the major terminal moraines in the map area
are of little help in determining source areas because identical lithologies crop out from east
to west across the Mount Katmai quadrangle and in the adjacent Iliamna quadrangle to the
north. That is, clasts deposited by glaciers that moved south in Shelikof Strait and then
west into the Becharof Lake drainage do not differ lithologically from clasts deposited by
glaciers that originated near the crest of the Aleutian Range and moved west into the
Naknek Lake drainage. Solely on the basis of flow directions, we infer the following sources
for the various drift deposits. Mak Hill drift east of the Kvichak River probably originated to
the north, in the lliamna quadrangle. All drift within 20 km to the north and south of the
Naknek River, including the type locality of the Johnston Hill drift, originated to the east
within the Naknek Lake basin. Drift 8 km and more to the south of Johnston Hill was
deposited by glaciers that flowed through the Becharof Lake basin; Becharof glaciers
originated chiefly in the headwaters of the Kejulik River on the east side of the Aleutian
Range but may have included ice from Shelikof Strait, which would have flowed through
low passes in the Aleutian Range. Newhalen and younger moraines are deposits of alpine
glaciers that were restricted to local valleys.

LAKE TERRACES

The larger lakes in the map area, where bordered by unconsolidated deposits,
commonly have multiple terraces indicating former high lake levels. Such terraces
terminate landward in a wave-cut cliff and are underlain by coarse lag deposits and (or) a
mantle of fine-grained lake sediments. The terraces are best developed along sections of
coastline exposed to a long fetch and at a high angle to dominant winds. Detterman and
Reed (1973) recorded seven terrace levels at lliamna Lake, 20 km north of the map area,
ranging from 12 to 45 m above the present-day lake level. We surveyed terraces on
Nanwhyenuk, Naknek, and Becharof Lakes by hand level and found from 3 to 5 terraces at
each lake, ranging up to about 30 m above present-day lake levels (fig. 3). Exact
correspondence of terrace levels among these lakes is not expected, owing to regional
differences such as tectonic or isostatic uplift and to local differences such as downcutting of
outlet streams.

VOLCANIC ROCKS AND DEPOSITS

Volcanoes of the Aleutian volcanic arc comprise an important part of the Quaternary
geologic history of the map area. The main part of the arc consists chiefly of andesitic
composite cones and dacitic domes that lie on or near the crest of the Aleutian Range. The
Aleutian volcanic arc also includes small scoria cones of basaltic composition that lie along a
northeast trend 10 to 20 km northwest of, and parallel to, the main arc. Griggs volcano
(Mount Griggs, formerly called Knife Peak) lies approximately midway between the main arc
and the back-arc scoria cones. An older Quaternary vent or vents near Kejulik Pass at the
south margin of the map area is also part of the Aleutian volcanic arc.

The Valley of Ten Thousand Smokes, in the south-central part of the map area, is
unusual in the Aleutian volcanic arc for its highly siliceous rhyolitic dome (Novarupta) and
ash-flow deposits. The dome and ash-flow deposits that hosted the fumaroles—now almost
entirely inactive —were formed during the largest historic volcanic eruption in North
America, that of June 6-9, 1912. Griggs (1922) presented the first systematic descriptions
of the nature and magnitude of the 1912 eruption. Curtis (1968) showed that most of the
fumaroles had sources within the ash-flow deposits and that. although the caldera at Mount
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Katmai subsided during the 1912 eruption, the outpouring of magma was from the site of
Novarupta dome. Hildreth (1983, 1987) showed that the rhyolitic magma was not simply a
partial melt of the exposed basement rocks; his papers refined our understanding of the
timing and mechanics of the eruption and subsidence around Novarupta vent and helped to
focus attention on the unusual concentration of volcanoes at the head of the Valley of Ten
Thousand Smokes.

The fallout deposits of the 1912 eruption are sufficiently thick that underlying rocks and
deposits are largely obscured near the Novarupta vent. It is unfeasible to map the tephra
deposits separately: primary fallout deposits have been reworked and are in complex
contact with secondary deposits of streams, wind, or mass movements, and there is no
distinct distal margin of the primary deposits. Instead, we have plotted isopachs showing
the inital thickness of the 1912 fallout deposits (J.E. Fierstein, written commun., 1988).
Pre-1912 deposits are exceptionally obscured within the 100-cm isopach.

Hot springs—another manifestation of active volcanism—were originally catalogued by
Waring (1917, 1965) and have been plotted where their location and existence are
reasonably certain. The location of the spring shown near Katmai Pass, for example, is
sufficiently specific that we included the spring. Conversely, other springs described only as
being near Mount Katmai were not included because their locations are too imprecise.
Indeed, some of such springs may have been fumaroles seen only from a distance. Several
small, warm streams adjacent to the 1953-1960 Trident lava flows in Katmai Pass are not
shown because they are almost certainly heated solely by the flows at or very near the
ground surface (temperatures ranged from 18°C to 27°C; E.W. Hildreth, written commun.,
1988). The hot spring above the Serpent Tongue Glacier, near Rainbow River, was
described to us by S.E. Church (written commun., 1987) and is newly reported here. We
estimated a water temperature of 40°C on a day when the air temperature was about 20°C.
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QUATERNARY GEOLOGIC MAP OF THE MOUNT KATMAI QUADRANGLE AND ADJACENT PARTS OF THE NAKNEK AND AFOGNAK QUADRANGLES, ALASKA
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Figure 1. Index map of Alaska showing map area (blue).
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Figure 2. Glacial sequence in Mount Katmai quadrangle and adjacent parts of Naknek and Afognak
quadrangles, Alaska. Subdivisions of Pleistocene time are from Bowen and others, 1986.
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EXPLANATION

A Mount Katmai D-5 quadrangle
58°59'N., 155°21'W.

Naknek Lake

B Naknek C-1 quadrangle
58°44'N., 156°06'W.

Becharof Lake
Cc Naknek A-2 quadrangle,

58°03'N., 156°28'W.

D Naknek A-2 quadrangle,

58°02'N., 156°22'W.

E Ugashik D-1 quadrangle,

57°566'N., 156°04'W.

Figure 3. Hand-leveled topographic profiles showing wave-cut terraces on three lakes in Mount
Katmai region. No horizontal scale.

Table 1. Radiocarbon ages and fossil identifications from unconsolidated deposits in the Mount
Katmai quadrangle and adjacent parts of Naknek and Afognak quadrangles, Alaska

[I. Teledune Isotopes. Inc.: USGS MF. U.S. Geological Survey microfossil locality]

Sample Location Age (yr B.P.) and Sample Stratigraphic
site laboratory No. material setting
A Naknek C-5 >40,000; Fine detrital On bedding planes
quadrangle; [-13,468 woody stems, in emergent marine
58°33'N. mosses, and or lacustrine sands.
157°21' W. bark
B Mount Katmai 10,200 +150; Seed husks, Organic material in
C-5 quadrangle; 13,865 grassy stems, uppermost part of
58°42' N. rounded woody till, below base of
155°24' W. detritus peat deposits.
(& Naknek D-3 Age indeterminate; ~ Massive sandy silt Mantle of emergent
quadrangle; Chara and pollen estuarine or
58°58' N. imply fresh or lacustrine deposits.
156°44' W. brackish water;
USGS MF-7067
(K.A. McDougall,

written commun.,
1987)
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