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QUATERNARY GEOLOGY OF THE KENAI LOWLAND AND GLACIAL HISTORY OF 
THE COOK INLET REGION, ALASKA 

By *OR W. V. KARLSTROM 

ABBTRACZI' 

The Kenai ~ ~ ~ l ~ ~ d  is pa* of the cook Inlet ~ ~ ~ l ~ ~ d  physio- 
graphic wbprovince that borders aok Inlet, a major 
reentrant along the Pacific Ocean of wua-central 
Alaska. The Cook Inlet Lowland occupies a structural trough 
underlain by racks of Tel.tiary age and mantled by Quaternary 
deposits of varying thicknesses. The bordering high alpine 
mounbins--the ~ l ~ ~ t i ~ ~  and maska R~~~~~ to the northwest 
and north and the Talkeetna, Chugach, and Kenai I\lountains 
to the northeast and southeast-are underlain by rocks of M e e  
zoic and older ages. 

me present topography of the ~~~~i ~~~~~~d and adjoining 
areas is primarily the product of a t  least five major Pleistocene 
glaciations and two minor post-Pleistocene glacial advances. 
~h~~~ are recorded by the distribution of moraines and ice- 
scoured landforms, by discordant drainage relations, and by 
stratigraphic evidence of multiple drift sheets separated by 
major unconformities and weathering profiles. The Pleistocene 
glaciations, named from the type localities of their respective 
deposits, are (from oldest to yomgest) ~~~t susitana, caribou 
 ill^, Eklutna, Knik, and Naptowne. ~h~ post-pleistocene 
glacial events are named the Tustumena (oldest) and Tunnel 
advances of the Alaskan glaciation. 

During the Mount Susitana, Caribou Hills, and Eklutna 
glaciations, ice lobes fed from multiple icecap areas in the sur- 
rounding mountains coalesced within the Owk Inlet trough and 
filled i t  to su-ively lower levels, as recorded by the alti- 
tudinal distribution of morainal deposits along the flanks of 
the bordering mountains. In  the Knik and Naptowne glacis- 
tions, ice flowing from bordering mountains filled the m k  
Inlet trough from valley wall to valley wall in its northern and 
southwestern constricted parts but did not coalesce in the 
middle, or widest, part where widely separate spatulate-shaped 
end-moraine complexes were deposited in the marginal lowlands. 
Proglacial-lake deposits and high-level strandlines associated 
with these end morainal deposits provide a clear record of 
proglacial-lake environments within the middle, wider part of 
the trough caused by ice damming the lower, constricted end of 
the trough during both the Knik and Naptowne glaciations. 
Comparable but more temporary lake environments probably 
existed in Cook Inlet during initial phases of adwnce and later 
phases of retreat of the earlier and more extensive gladations. 

Complete ice filling of the northern parts of the cook Inlet 
trough during Naptowlle and earlier times disrupted drainage 
connections between Cook Inlet and the adjoining Copper River 
basin ; this provides the most direct and simplest explanation 
for the anomalous drainage course of the present Susitana 
River out of Copper River basin discordantly amom the 
Talkeetna Mountains into Cook Inlet. The Susitai~a River 
Canyon through the Talkeetna Mountains occupies an intermedi- 

ate area that either remained ice free or was the last covered 
and first uncovered by ice during the repeated expandons and 
contractions of glacier ice from the bordering higher alpine 
areas of the Alaska Range and Talkeetna Mountains. Thus i t  
lies in the most likely site for concentration of icediverted and 
ice-dammed melt waters and for cmsequent drainage super- 
position structures. 

Geomorphic subdivision of the moraines throughout Cook Inlet 
is primarily based on sequential position, differences in t o p  
graphic expre~ion,  and angular morainal boundary relations 
suggesting significant intervals of weathering, erosion, and 
glacial retreat between advances. The main morainal dis- 
continuity h marked by the Outer boundary Of the 
glaciation, strongly suggesting that the major interglacial 
interval recorded in the region is between Caribou Hills and 
Eklutna in age. A statistical study of surface boulders on 
morainal deposits of Ciaribou Hills, Eklutna, Knik, and Nap  
towne ages mantling an upland surface near ~ k i l a k  Lake on the 
Kenai Lowland indicates that Caribou Hills moraines may be 
about 7.7 times, Eklutna moraines 4.5 times, and Knik moraines 
2.5 times as old as Naptowne moraines. Distinctive but less 
~ronounced geomorphic differences between subordinate 
morainal belts of Naptowne age on the Kenai Lowland indicate 
a t  least four important glacial advances : the >loosehorn, Killey, 
Skilak, and Tanya. Near Skilak Lake, morainal remnants 
downvalley from Moosehorn moraines may represent a ~ a p -  
towne advance of pre-Moo~horn age. Near Tustumena Lake 
the Moosehorn moraines mark the maximum extent of Naptowne 
ice; and still farther to the south, near Anchor Point, the 
Younger Killey moraines are the outermost. 

Two distinctly separate periods of post-Naptowne glacial ad- 
vances are recorded by two sets of moraines lying well upvalley 
from Naptowne moraines and near fronts of existing glaciers in 
the Kenai Mountains. These represent the Tustumena I, 11, 
and 111, and Tunnel I and I1 advances of the Alaskan glaciation. 
The two sets of moraines of Alaskan age differ slightly in soil 
development, vegetation cover, and degree of dissection. Where 
observed, maximum soil profiles on the Tunnel moraines are a 
fraction of an inch thick; on Tustumena moraines, between 3 
and 12 inches thick ; and on the Naptowne moraines, between 2 
and 10 feet thick. In contrast, weathering profiles observed in 
buried drifts of Knik and Eklutna ages have maximum thick- 
nesses of between 10 and 20 feet and more than 40 feet, respec- 
tively. Natural expOSUrW showing stratigraphic relations be 
tween Eklutna, Caribou Hills, and Mount Susitna drift sheets 
have not been found in the region. 

Regional distribution of the moraines in Cook Inlet and ad- 
joining areas indicates that the Pleistocene glaciers (1) flowed 
from the same high alpine areas that today hold the largest 
concentrations of glacial ice, (2) were larger near the Pacific 
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Coast and decreased progressively in size inland, and (3) were 
larger on the coastal sides of the mountain ranges and extended 
much farther onto marginal lowlands than those flowing inland 
from common ice centers. These regional relationships are 
consistent with the present distribution of glacial ice and with 
present orographically determined climatic zonation and coast- 
ward-inclined climatic snowlines resulting from prevailing 
inland migration across mountain barriers of precipitation 
supplies derived from the Pacific Ocean. They suggest that the 
main topographic and climatic elements which determine pres- 
ent distribution of glacial ice in the region have remained essen- 
tially the same throughout most, if not all, of Pleistocene time. 
Inasmuch as the regional inland decrease in precipitation is ac- 
companied by a general decrease in mean annual temperatures, 
the importance of precipitation over temperature as the signifi- 
cant limiting factor on the distribution of past a s  well as present 
glacial ice in the region is strongly suggested. 

The Pleistocene proglacial-lake history of Cook Inlet is com- 
plex and is known only in part. Multiple strandline levels and 
numerous unconformities, diastems, and buried organic layers 
in the proglacial-lake deposits of Knik and Naptowne ages record 
a complex sequence of high-lake-level fluctuations separated by 
intervals of partial or complete lake drainage. Insofar a s  the 
spillway threshold of the proglacial lakes was determined by a 
glacial-ice dam a t  the lower end of Cook Inlet, the sequence 
of lake-level fluctuations may be related directly to pulsations 
of ice advance and ice thickening and of ice retreat and ice 
stagnation experienced by the coalescent glacier lobes that 
made up the dam. The relations of strandlines to abandoned 
melt-water channels emanating from end moraines of different 
ages deposited above proglacial-lake levels provide geomorphic 
evidence for the following high-level lake phases: about 1,000- 
foot elevation or higher during the Knik maximum ; dullng the 
Naptowne glaciation, about 750 feet a t  the Moosehorn maximum ; 
about 500 feet a t  the Killey maximum; about 275 feet a t  the 
Skilak maximum ; and about 125 and 50 feet, repectively, during 
two stabic lake-level intervals post-Skilak maximum and pre- 
Tanya maximum in age. 

Complete drainage of proglacial-lake waters out of Cook Inlet 
between the Knik and Naptowne glaciations is recorded by 
buried paleosols and, locally, by buried marine sediments de- 
posited in an interglacial sea that penetrated inland to the upper 
reaches of the present Cook Inlet. The marine sediments are 
exposed in coastal bluffs above storm beach levels, indicating 
that this interglacial sea may have risen higher than the present 
sea-level datum. Shells collected from the marine sediments 
are provisionally dated between 33,000 and 48,000 years old by 
the Potratz ionium/uranium ratio dating method. This date 
is consistent with the radiocarbon age of 37,000 B.C. obtained 
from wood collected from the stratigraphically higher proglacial- 
lake sediments of Naptowne age and, in combination with 
the radiocarbon results, indicates that the culmination of the 
Knik-Naptowne interglacial sea-level rise may have come some- 
time between 46,000 and 37,000 B.C. Radiocarbon dating of 
organic beds buried beneath surficial lake sediments exposed 
a t  different elevations in the lowland provide the following 
dates for late-Naptowne strandline levels: the about 275-foot 
strandline level, between 10,500 and 9000 B.C.; the about 125- 
foot strandline level, between 9000 and SO00 B.C. ; and the about 
50-foot strandline level, between 8000 and 7000 B.C. Final 
drainage of proglacial-lake waters from Cook Inlet was ca. 
7000 B.C., or just before the Tanya maximum advance into the 
lowlands. 

The majoritg of the more than 50 radiocarbon-dated organic 
samples now available from Cook Inlet deposits were collected 
from closed-depression, fresh-water coastal-bog deposits over- 
lying proglacial-lake sediments in the lowlands ; from low-lying 
tidal-bog deposits exposed above and below mean sea level along 
the coast; from upland closed-depression bog deposits ; and from 
buried fore& beds overridden by Tustumena and Tunnel ad- 
vances of the Alaskan glaciation. The numerous widely spaced 
radiocarbon-dated coastal type bogs provide sensitive and con- 
tinuous depositional sequences that stratigraphically record con- 
temporaneous shifts in regional ground-water levels following 
final drainage of proglacial-lake waters from Cook Inlet and 
reestablishment of graded drainage connections with the sea. 
Cross-dating this continuous hydrologic record with the dated 
tidal-bog, upland-bog, and morainal sequences indicates the fol- 
lowing geologic relations implying wetter and cooler climate: 
glacial advances contemporaneous with lowering regional 
ground-water levels (coastal-bog environments), also with 
lowering sea levels (tidal-bog environments), thus presumably 
glacioeustatically or thalasostatically controlled hydrologic 
shifts ; with the reverse, or rising lake and ground-water levels 
in the uplands (upland-bog environments), thus presumably pre- 
cipitationtontrolled hydrologic shifts. In contrast, glacial re- 
treats, implying somewhat dryer and warmer climate, coincide 
with rising water levels in tidal- and coastal-bog environments 
and with lowering water levels in upland-bog environments. 

Combined with the radiocarbon-dated proglacial-lake strand- 
line sequence and correlative moraines, and expressed in terms 
of glacial fluctuations, the integrated late Quaternary records of 
glacial and glaciohydrologic changes of Cook Inlet provide the 
following dated chronologg in figures rounded off to the nearest 
500 years : 

Culmination of Killey retreat, ca. 10,500 B.C. 
Skilak maximum (Skilak I ) ,  ca. 10,000 B.C. 
Two subordinate Skilak recessional readvances (Skilak 

I1 and 111), ca. 8500 B.C. and 7500 B.C. 
Culmination of major retreat, ca. 7000 B.C. 
Tanya maximum (Tanya I ) ,  ca. 6500 B.C. 
Two subordinate recessional readvances (Tanya I1 and 

111), ca. 5000 B.C. and 4000 B.C. 
Culmimtion of two major retreats, ca. 4500 B.C. and 

3500 B.C. {the latter considered to mark the boundary 
between the Naptowne glaciation and succeeding ad- 
vances of the Alaskan glaciation). 

Trustumena maximum (Tustumena I ) ,  ca. 2000 B.C., p r e  
ceded by a minor advance (pro-Tustumena), ca. 3000 
B.C., and followed by recessional readvances (Tustu- 
mena I1 and I I I ) ,  ca. 1000 B.C. and a t  the beginning of 
the Christian Era. 

Important retreats, ca. 500 B.C. and A.D. 500. Tunnel 
glacial maximum (Tunnel I ) ,  ca. A.D. 1000, followed by 
recessional readvances (Tunnel 11) after A.D. 1500 but 
before the historical record of general glacial retreat 
to the present, beginning ca. A.D. 1850. 

This independently dated and detailed glacial chronology of 
the past 14,000 years expresses a systematic pattern of glacial 
fluctuations, with major retreatal intervals recurring every 
3,000 to 4,000 years and important but subordinate retreatal 
intervals recurring every 1,000 to 1,200 yeam I t  is reasonable 
to assume that the pre-Skilak glacial oscillations of Naptowne 
age were subject to the same climatic regimen as that recorded 
by the post-Skilak events. Based on this assumption, the fol- 
lowing extrapolated dates are obtained: ca. 13,500 B.C. for the 
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Moosehorn-Killey ,boundary ; ca. 17,000 B.C. for the pre-Moose- 
horn boundary ; and ca. 20,500 B.C., 24,000 B.C., and so forth 
for important retreatal culminations separating earlier pre- 
Moosehorn glacial advances. These figures, obtained by con- 
trolled extrapolations, for early and middle Naptowne events 
are compatible with the radiocarbon-dated samples which 
bracket deposits of comparable age between 37,000 B.C. and 
10,500 B.C. near East Foreland on the Kenai Lowland. By as- 
suming that maximum extension of Naptmne ice near East 
Foreland occurred halfway between these dated boundaries, a 
date of ca. 23,000 B.C., seemingly pre-Moosehorn, is obtained for 
the outermost Naptowne moraines in this area. Elsewhere on 
the Kenai Lowland, as interpreted from more complete morainal 
sequences, other ice lobes attained their Naptowne maxima 
somewhat later : during preMoosehorn or Moosehorn time near 
Skilak Lake; during Moosehorn time near Tustumena Lake; 
and during Killey time near Anchor point. By use of the 
surfaceboulder counts made on the upland moraines near Skilak 
Lake, and by assuming that the Naptowne end moraines here are 
roughly 20,000 to 25,000 years old, the following provisional 
ages are obtained: between 50,000 and 65,000 years for the Knik 
moraines; between 90,000 and 110,000 years for the Eklutna 
moraines; and between 155,000 and 190,000 years for the Cari- 
bou Hills moraines. Although crude, the relative age differ- 
ences suggested by the surface-boulder counts are probably of 
the right order of magnitude, and the derived ages in calendar 
years may be useful as a first approximation of the actual ages 
of the preNaptowne glaciations in Cook Inlet. 

INTRODUCTION 

PURPOSE AND SCOPE OF THE REPORT 

In  recent years the rapid settlement, increased com- 
mercial activity, and mineral prospecting on the Kenai 
Lowland have emphasized the necessity for general 
geologic information on the distribution and character 
of its surficial deposits A glacial chronology has been 
summarized (Karlstrom, 1953, 1957; Krinsley, 1953) 
that is based on mapping of the glacial and associated 
surficial deposits of the Kenai Lowland and adjoin- 
ing areas of the Cook Inlet, and field data are being 
recompiled on base maps recently made available (scale 
1 : 63,360 and 1 : 125,000). Publication of the 1 : 250,- 
000-scale landform map (pl. 3) is intended partly to 
fill the immediate need for knowledge of the area by 
providing a general picture of the major morainal pat- 
tern that largely determines the topography and suffi- 
cia1 geology of the Kenai Lowland and by showing the 
distribution pattern of surficial deposits. The larger 
muskeg and swamp areas constitute the biggest single 
factor restricting land development. The landform 
map depicts an essentially complete morainal record of 
the Cook Inlet glacial sequence as well as some of the 
most significant morphologic relations used in recon- 
structing this chronology. This report includes the 
geomorphic, stratigraphic, and radiocarbon data that 
the author believes are essential to a general understand- 
ing of the geology of the Kenai Lowland and of the re- 

gional glacial history. More than 50 radiocarbon analy- 
ses are now available from organic samples collected 
by the author and others from the ,Cook Inlet glacial 
strata. These are discussed later in this report and, for 
convenience of critical assessment, are summarized in 
table 3. 

PREVIOUS WORK 

The author's work on the Kenai P,eninsula is part of 
a Geological Survey project designed to map the re- 
gional distribution of unconsolidated deposits and to 
reconstruct the glacial history of the Cook Inlet region. 
Field reconnaissance and photointerpretation of Dhe 
upper part of Cook Inlet in 1949 resulted in a prelimi- 
nary map showing major morainal belts in the lower 
Matanuska Valley and the northern part of the Kenai 
Lowland; also shown were the results of site studies of 
the Pleistocene d e p i t s  in the Anchorage area, in the 
Susitnla Valley near Kashwitna and Point MacKenzie, 
and on the Kmai Peninsula near 13enai.l Since 1950, 
field mapping has been amcentrated in the northern 
parts of the Kenai Lowland and Kenai Mountains; 
photointerpretation and spot field checking of the mo- 
rainal record in adjoining areas have continued as new 
photography and base maps became available. 

Because of the lack of a more suitable base map for 
compilation of field data, the author in 1952 sketched 
a landform map (pl. 3), from aerial photographs, on 
parts of the 1 :  250,000-scale Kenai, Seldovia, and Ty- 
onek U.S. Geological Survey Alaska reconnaissance 
topographic maps. This was done to permit more p m  
cise location of ground observation points and to assist 
in the regional interpretation of the morainal record of 
the Kenai Lowland. Photointerpretation of the glacial 
and associated deposits was controlled by field observa- 
tions in the northern part of the lowland made by the 
author during the summers of 1949,1950, and 1951, and 
by field observations in the adjoining southwestern part 
of the lowland made by D. B. Krinsley in the summers 
of 1950, and 1951. By 1952, sufficient data had been 
accumulated so that a broad breakdown of the upper 
Cook Inlet morainal record into at  least four major 
glaoiations could be proposed (Karlstrom, 1952). The 
last three of these are represented by deposits in the 
southwestern part of the Kenai hwland  (Krinsley, 
1952). In  a jointly written p a p  (PQw6 and others, 
1953)' the Cook Inlet glacial sequence is described in the 
reports by Karlstmm and by Krinsley; the names 
"Mount Susiltna" (oldest), "Caribou Hills," "Swan 
Lake," and "Naptowne" glaciations, and the "Nicolai 

1 Karlstrom, T. N. V., 1950, field check of airfield sites, Anchorage, 
Alaska: Rept. to Chief of Engineers, Dept. of the Army, Washington, 
D.C. 

a This informal term is herein discarded from the Cook Inlet glacial 
nomenclature because more than one Swan Lake is present in the region 
and this could lead to confusion of the type section locality. 
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Creek" advance are applied to the Cook Inlet chronol- 
ogy; and tentative correlations are made with other 
gl=id sequences in Alaska and with the type Pleisto- 
cene chronology of the conterminous United States. 
The distribution of the morainw of Naptowne and 
equivalent age described in that paper, along with the 
position of a faulk cutting Naptowne deposits in the 
Cook Inlet region, as photointerpreted by the author, 
are shown on the Geologic Map of Alaska (Dutm and 
Payne, 1957). A brief desclription of the geology, 
hydrology, and vegetation of the Kenai Lowland was 
plublished in 1955 (Karlstrom, 1955a). 

The general accuracy of the morainal boundaries 
and associated ice-marginal features on the 1952 land- 
form map has been confirmed by field checks made in 
the northern part of the Kenai Lowland and adjoining 
areas since 1952 and by partial recompilation, in critical 
areas, of field data on the now available and more ac- 
curate U.S. Geological Survey 1 : 63,360-scale maps of 
Kenai, Alaska. New stratigraphic data, described later 
in this paper, have subdivision of the orig- 
inally proposed chronology and have required some re- 
visions in correlation with type Pleistocene sections 
(Karlstrom, 1956 ; 1957). The "Swan Lake" glaciation 
is divided into 2 major glacial events : the Eklutna and 
the Knik glaciations; the Naptowna glaciation is sub- 
divided into at least 4 subordinate glacial intervals, 
from oldest to youngest : Moosehorn, Killey, Skilak, 
and Tanya advances; and post-Naptowne time is sub- 
divided into 2 main glacial intervals : the Tustumena 
and Tunnel advances of the Alaskan glaciation. These 
events are recognized in the southwestern part of the 
lowland, and their deposits shown in plate 4 are as 
mapped by D. B. Krinsley (written communication, 
1955,1959). 

ACXN0WZEDC)MENTS 

Gealogid Survey field mapping of the Kenai Low- 
land by D. B. Krinsley and the author, and of adjoim- 
ing areas in the upper Cook Inlet region by the author, 
was supported largely by funds transferred by the En- 
gineer Intelligence Division, Office of the Chief of En- 
gineers, Department of the Army. Although the au- 
thor must be held primarily responsible for the in- 
terpretations of the Kenai Lowland landforms shown 
on plate 3, and for the regional reconstruction of 
Pleistocene history, Krinsley's important contributions 
to the glacial geology and chronology of the Kenai 
Lowland are gratefully acknowledged. 

Glacial deposits of the Kenai Lowland are of com- 
plex origin. They are derived from multiple ice sources 
in the mountains surrounding Cook Inlet; and their 
proper interpretation, therefore, requires a general con- 

sideration of the regional distribution of both bedrock 
and the major glacial deposits. In  this regard the 

1 present work has been greatly facilitated by informa- 
tion, both published and unpublished, in previous re- 
ports about the Cook Inlet region. Particularly help- 
ful have been reports by Capps (1931 ; 1935), Martin, 
Grant, and Johnson (1915), and more recent work by 
Trainer (1953, 1955) on the ground-water geology of 
the lower Matanuska Valley; by Dobrovolny and Mil- 
ler (1950) and Miller and Dobrovolny (1959) on the 
engineering geology of the Anchorage area; by Bj@m 
Andersen (written communication, 1955) on the 
Pleistocene geology of the southwestern part of the 
Talkeetna Mountains; by Gordon Gastil (written com- 
munication, 1955) on the Pleistocene geology of the 
lower Matanuska Valley; and by Cobb (1951) on the 
Tertiary bedrock of the southwestern part of the Kenai 
Lowland. The author was fortunate in being able to 
to confer and discuss mutual field problems with Bj@m 
Andersen, Gordon Gastil, Robert Miller, and Ernest 
Dobrovolny during the course of their own field map- 
ping in the upper Cook Inlet region. 

Credit is due Ernest Marshall and Wallace Cropper, 
1950; Robert Nelson and Donald R. Nichols, 1951; 
Lyman Taylor, 1953; and Joseph Durek, 1954, for 
their competent assistance in field mapping the Kenai 
Lowland and adjoining areas during the field seasons 
indicated. 

The interest and cooperation of J. Lawrence Kulp, 
Wallace Broecker, and Edwin Olson of the Lamont 
Laboratory, ancof Hans Suess and Meyer Rubin of the 
Geological Survey, were especially helpful. Their 
analyses and reanalyses of numerous radiocarbon Sam- 
ples collected from Cook Inlet have greatly facilitated 
the author's research, directed first toward testing the 
validity of the radiocarbon results as a tool in the 
geologic correlation of glacial events in Alaska, and 
then in the development of an independently dated 
glacial chronology of the Cook Inlet region. 

REGIONAL SETTING 

The Cook Inlet Lowland physiographic subprovince 
is an area that lies generally below an elevation of 1,000 
feet. I t  is bordered to the west and north by the 
Alaska and Aleutian Ranges and to the northeast and 
east by the Talkeetna, Chugach, and Kenai Mountains 
(fig. 1). Cook Inlet and its extensions, Turnagain Arm 
and Knik Arm, form a major marine reentrant of the 
south-central Alaska coastline and subdivide the Cook 
Inlet Lowland into several natural subunits: (1) the 
Kenai Lowland, which fronts the Kenai Mountains to 
the east; (2) the Kustatan Lowland, a narrow coastal 
shelf fronting the Aleutian and Alaskan Ranges to the 
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west: (3) the Susitna Lowland. a broad lowland be- I REGIONAL MORAINAL PATTERN , , ,  
tween the Alaska Range and the' Talkeetna Mountains 
that is drained by the Susitna River, which in turn 
flows into Cook Inlet from the north; and (4) the 
lower Matanuska Lowland, drained by Knik Arm, 
which lies between the Talkeetna and Chugach Moun- 
tains to the northeast. The Cook Inlet Lowland occu- 
pies a structural trough, is underlain at variable depths 
by rocks of Tertiary age and older, and is mantled by 
unconsolidated deposits of Pleistocene and Recent age. 
Semiconsolidated caal-bearing formations of Tertiary 
age crop out at the surface or occur at  relatively shal- 
low depth at the southwest end of the Kenai Lowland 
and along the flank of the Alaska Range between 
Tyonek and Peters Creek. 

The present topography of the Kenai Lowland is pri- 
marily a product of repeated Pleistocene glaciations. 
Glaciers fed from multiple ice centers in the surround- 
ing mountains and deposited a composite system of 
moraines in the lowland (pl. 1). The regional mo- 
rainal pattern is the product of a series of single and 
compound ice lobes that advanced down major moun- 
tain valleys. These lobes advanced southeast across 
the Kustatan Lowlands from icefields in the Alaska and 
Aleutian Ranges (the Beluga Lake, Trading Bay, 
Tuxedni Bay, and Chinitna Bay lobes), southward into 
the Susitna Lowland from more northerly ice centers 
in the Alaska Range and Talkeetna Mountains (the 
Skwentna-Yentna, Kahiltw, Chulitna, and Susitna 

RIGURIO 1.--Sketch map of major physiographic provinces of south-central Alaska and subdivisions of the Cook Inlet Lowland. 
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River lobes), westward moss the lower Matanuska 
Lowland from Talkeetna and Chugach Mountain ice 
centers (the Matanuska-Knik River lobe), and north- 
westward and southwestward across the Kenai Low- 
land from Kenai Mountain ice centers (the Turnagain 
Arm, Skilak Lake, Killey River, Tustumena Lake, and 
Kachemak Bay lobes). Distribution of moraines indi- 
cates that the Pleistocene glaciers were repeatedly fed 
from the same high-level source areas that today con- 
tain the largest concentrations of alpine ice. 

During the older and more extensive Pleistocene 
glaciations (the Mount Susitna, Caribou Hills, and 
Eklutna) , ice from these alpine source centers coalesced 
and completely covered the floor of the Cook Inlet 
trough to progressively lower levels. Evidence for these 
glaciations is fragmentary; it is restricted to high-level 
glacial deposits and modified moraines in the surround- 
ing mountains and to local exposures of drift in the low- 
land buried beneath younger deposits. I n  the later 
Pleistocene glaciations (the Knik and Naptowne), ex- 
panding ice lobes did not coalwe in the middle and 
upper part of the Cook Inlet trough but deposited sep- 
arate spatulate-shaped end-moraine complexes in the 
lowlands. Below an elevation of about 750 feet these 
and the older moraines in the lowlands are conspicu- 
ously terraced and largely covered by sediments de- 
posited in quiescent water. Stratigraphic and geo- 
morphic evidence, discussed later in greater detail, 
records large proglacial lakes which occupied the upper 
ice-free part of Cmk Inlet during the Knik and Nap- 
towne glaciations and which presumably also came into 
temporary existence during advance and retreatal 
phases of the previous more extensive glaciations. 

The boundary of Glacial Lake Cook of 'Naptowne 
age, shown in plate 1, roughly follows the approxi- 
mately 750-foot strandline level, which is the highest 
but not the most wnspicuously developed series of ter- 
races in the Cook Inlet now recognized as Naptowne in 
age. The 500-foot strandline level provides the most 
continuous and well-developed strandline feature in 
Cook Inlet; is well developed throughout the Kenai 
Lowland; and is locally marked by terrace remnants 
cut into moraine-covered slopes, by hanging deltas, and 
by bars that partly divert the present drainage line. I t  
is traceable along the western flanks of the Talkeetna 
Mountains between Willow and Talkeetna and is in all 
probability represented by one of the better developed 
strandline levels (precise elevations presently un- 
known) on the southern flank of Mount Susitna. A 
major topographic shelf underlain predominantly by 
water-laid sand and gravel at an elevation of about 500 
feet along the Chugach Mountain front is considered 
by the author to mark this strandline level in the 

Anchorage area. Above this bench the mountain tribu- 
tary streams flow in deep terraced valleys cut, into ter- 
raced lateral-moraine deposits. Below this level the 
streams are incised in shallow broad channels cut be- 
low the irregularly terraced lowland surface. The 500- 
foot strandline and associated strandline levels appear 
to follow contours closely from the southeast tip of the 
Kenai Lowland to Talkeetna, a distance of about 200 
miles. This suggests that if differential uplift has af- 
fected Cook Inlet since strandline development, it has 
been less than the present accuracy of mapping from 
aerial photograplly onto the 1:63,360 base maps. 
When more detailed ground mapping is completed it 
will be possible to assess this point more carefully. A 
subordinate glacial lake, Glacial Lake Talchulitna, was 
formed in the broad flat upland valley drained by Tal- 
clhulitna River, Mween Mount Susitna and the Alaska 
Range. Here ice from the Skwentna-Yentna River and 
Beluga Lake lobes dammed the northern and southern 
ends of the valleyduring the Naptomme maximum. 
Conbmporaneous glacial lakes were created in the mid- 
dle course of Ayakulik and adjacent valleys in the Kar- 
lak quadrangle of Kodiak Island. 

Reconstruction of the morainal pattern of Cook Inlet 
and adjoining areas, as shown in plate 1, is primarily 
based on photogeology and compilation of field data 
on the 1 : 250,000-scale topographic series base maps. 
Experience gained in the Anchorage area, Kenai Low- 
land, Kenai Mountains, Mount Susitna, and near 
Beluga Lake by field checking preliminary photointer- 
pretations has been used in drawing the morainal and 
other geomorphic boundaries elsewhere in the region. 
Remapping of the morainal and associated deposits in 
the northern part of the Kenai Lowland, on the western 
flanks of the Talkeetna Mountains, and on Kodiak 

I Island by the author on 1: 63,360-scale topographic 
maps; of the Eklutna and Naptowne moraines on the 
southern flank of the Talkeetna Mountains north of 
Palmer and Houston by Andersen (written communica- 
tion, 1955) ; and of comparable morainal boundaries 
on the opposing Chugach Mountain front near Anchor- 
age by Gastil '(written communication, 1955) has per- ' mitted more precise location of morainal boundaries 
than is possible on the 1: 250,000-scale base maps. 
Similar refinements in mapping will become possible 

I as larger scale base maps @come available in the adjoin- 
ing areas west and north of Cook Inlet. 

Geomorphic subdivision of the moraines throughout 
I Cook Inlet is primarily based on differences in topo- 

graphic expression and on angular morainal-boundary 
relations suggesting significant periods of weathering, 
erosion, and glacial retreat between advances. The 

I moraines of Naptowne age record the youngest major 
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glacial advance into the lowlands and are the most 
prominent and lmst modified of all the moraines with 
the exception of small moraines of post-Naptowne or 
Alaskan age that lie close to present glacier fronts 
throughout the region. Prominent moraines with less 
pronounced glacial construction form, attributed to the 
Knik glaciation, locally lie in front of, or above, the 
Naptowne morainal boundaries on the Kenai Lowland 
and northwest of Tyonek. Distinct but much more 
modified moraines, attributed to the Eklutna glaciation, 
lie in front of, or well above, the Knik and Naptowne 
boundaries and locally project into canyons and gullies 
cut into surfaces mantled by older glacial deposits. 
This Eklutna boundary marks the most distinctive 
geomorphic break in the morainal sequence and can be 
traced nearly continuously along the slopes of the 
Chugach and Kenai Mountain fronts southward from 
the Eagle River north of Anchorage to south of Tustu- 
mena Lake on the Kenai Lowland. Comparable mo- 
raines occur at approximately the same elevations on 
the southwest flank of the Talkeetna Mountains and 
across the Susitna Lowland on the slopes of the Alaska 
Range and Mount Susitna. Highly modified lateral 
moraines and associated drift, attributed to the Caribou 
Hills glaciation, are locally preserved above the Eklutna 
boundary along the southwest Aank of the Talkeetnn 
Mountains, on upper surfaces and slopes in the Chugach 
Mountains, and on Mount Susitna; near the Chicka- 
loon River and between Skilak and Tustumena Lakes 
along the Kenai Mountain front; and on upper sur- 
faces of the Caribou Hills south of Tustumena Lake. 
Scattered remnants of still older glacially scoured sur- 
faces that only locally retain till or glacial erratics 
occur near the ice-rounded summit of Mount Susitna 
(fig. 2) near the Chickalmn River and south of Skilak 
Lake in the Kenai Mountains. Erratic material ob- 
served by Andersen (written communication, 1955) at  
an elevation above 4,000 feet in the western part of the 
Talkeetna Mountains appears to lie above the upper 
boundaries of the Caribou Hills moraines and is con- 
sidered to be Mount Susitna in age. Erratic material 
on the highest surfaces in the eastern part of the Tal- 
keetna Mountains, at elevations greater than 5,000 feet 
(John R. Williams and Oscar J. Ferrians, oral com- 
munication, 1958), may represent the Mount Susitna 
or later glaciations. 

Factors such as lithology, topographic position, and 
morphologic environment that have a considerable 
effect on the rate and character of morainal modification 
have been considered in tha interregional correlation of 
moraines. Judgments based on degree of modification 
have been tested against other geomorphic criteria such 
as morainal position, sequence, and boundary relations. 

FIQURB 2.-Glacially rounded summit area of Mount Susitna dissected 
by younger cirque development. Qlacial erratics of graywacke-argil- 
lite, basalt, sandstone, quertzite, and greenstone are locally present 
in Dockets and fractures on the unland surface underlain hu frost- 
fractured quartz diorite. Erratic material was found within i O O  feet 
of the highest summit, elevation 4,396 feet, of the mountain. Type 
locality of the Mount Susitna glaciation, oldest recognized in Cook 
Inlet. 

At best, these geomorphic criteria relating to age and 
correlations of moraines, though extremely useful, only 
suggest relative age differences; and stratigraphic and 
pedologic evidence is essentially required to demonstrate 
the existence, duration, and intensity of retreat between 
glacial advances. Local stratigraphic evidence, dis- 
cussed later in this paper, supports the geomorphic sug- 
gestion of major age differences between the proposed 
glaciations and provides significant and additional in- 
formation relating to the interglacial intervals. 

The boundaries of the Pleistocene glaciations outside 
of Cook Inlet, shown in plates 1 and 2, are based on the 
distribution of moraines and glacial drift as mapped 
and intercorrelated by E. H. Muller and James Platt 
in the Bristol Bay region ; by A. T. Fernald in the up- 
per Kuskokwim area; by T. N. V. Karlstrom in the 
Tonsona River area ; by J. C. Reed, Jr., in the McKinley 
Park quadrangle; by Clyde Wahrhaftig and T. L. 
PBwB in the central Alaska Range; by G. W. Holmes, 
H. R. Schmoll, A. T. Fernald, and T. L. P6wB in the 
eastern Alaska Range; by J. R. Williams, Oscar J. 
Ferrians, Jr., H. R. Schmoll, and D. R. Nichols, H. W. 
Coulter, and Lynn Yehle in the Copper River basin; 
by Harald Drewes in the Aleutian Islands; and by 
T. N. V. Karlstrom along the Alaska Peninsula south 
of Becharof Lake (Karlstrom and others, 1959). Dur- 
ing the last two major glaciations, interior proglacial 
lakes comparable to those in Cook Inlet were created in 
the Copper River basin by ice damming of exterior 
drainage outlets (Ferrians and Schmoll, 1957 ; Ferrians, 
Nichols, Schmoll, and Williams, written communication, 
1959; Ferrians and Schmoll, in, Karlstrom and others, 
1959). Despite inherent uncertainties of correlating 
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moraines largely on the basis of topographic expression 
and sequential position, it is felt that the correlations are 
generally valid because of the regional evidence now 
available; and that the ice boundaries shown in plates 
1 and 2 provide a reasonably accurate picture of the 
regional extensions of ice throughout central and coastal 
Alaska during Pleistocene time. 

The reconstruction of the Naptowne ice boundary 
shown in plate 2 confirms in most respects Capps' (1931) 
early interpretation of the regional extent of Wiscon- 
sin ice in southwestern, central, and southeastern Alaska 
but differs from Capps' interpretation in that it is now 
known that Cook Inlet and Copper River basin were 
not completely filled with Wisconsin ice but were occu- 
pied largely by extensive interior proglacial lakes. 
Hopkins' (1959) generalized reconstruction of the Wis- 
consin ice boundary in the Bristol Ray area differs from 
the author's in that Hopkins' line is an extrapolation 
of the outer boundary of the Johnston Hill moraines. 
These moraines, as mapped by Muller (in Karl- 
strom, 1957), are much older and lie in front of both the 
Mak Hill (Knik) moraines and the younger Brooks 
Lake (Naptowne) moraines of Wisconsin age. 

CLIHATIC ZONATION IN THE COOK INLET REGION 

The climate of the Cook Inlet region is, in general, 
intermediate between the dry, wld continental type of 
Interior Alaska and the relatively wet and mild mari- 
time climate of the Gulf of Alaska coastal areas. 
Within the region, the orographic effect of bordering 
mountains determines a distinctive climatic zonation 
(Mitchell, 1958). !l%e Kenai Lowland falls in the 
precipitation shadow of the Kenai Mountains and has 
lower mean annual precipitation than the Kenai Moun- 
tains to the east or the lowlands to the west and north 
(pl. 2). Available meteorological data from lowland 
station records indicate mean annual precipitation of 
27 inches at Homer on the southern tip of the lowland, 
18 to 19 inches in the central Kenai-Kasilof area, and 
14.5 inches at  Anchorage, just north of the Kenai Low- 
land. Mean annual temperature and snowfall show the 
same small but progressive northeastward decrease 
from 3S0 F and 61 inches, respectively, at Homer to 
36" F and 59 inches at Anchorage. West and north of 
the Kenai Lowland, mean annual precipitation rises 
progressively from 23 inch- at Tyonek on the west 
shore of Cook Inlet to 28 inches at Susitna, 30 inches 
at Talkeetna, and 45 inches at Curry. Eastward across 
the Kenai Mountains, mean annual precipitation in- 
creases progressively from 27 inches at Coopers Land- 
ing and 35 inches at Moose Pass to a maximum of 69 
inches at Seward, which is at tidewater along the Gulf 
of Alaska coast. Kasilof on the Kenai Lowland has 

an average annual snowfall of 59.6 inches, and Seward 
has an average of 86.7 inches, or about half again as 
much. 

RELATION OF VIGIETATION AND P R E S m  OLACIl3RS 

The climatic zonation with a drier, more continental 
type climate restricted to the lee of the Kenai Moun- 
tains and centered near the head of the inlet is strik- 
ingly reflected in the distribution of both forest types 
and glaciers. The coastal rain forest of southeastern 
Alaska reaches its most northerly range along the 
coastal zone of the Kenai Mountains and in the most 
southerly part of the Kenai Lowland (Hopkins, Karl- 
strom, and others, 1955, p. 136). North of Ninil- 
chik the coastal forest type characterized by hemlock 
and Sitka spruce is predominantly replaced by the 
interior forest type characterized by white spruce and 
white birch. A transitional zone between coastal and 
interior forest types on the Kenai Lowland near Ninil- 
chik closely coincides with the mean-annual-tempera- 
ture and precipitation line of 35O F and 20 inches. 
Similarly, the presence of larger and more abundant 
glaciers at lower elevations adjacent to the Gulf of 
Alaska than are found inland is consistent with the 
meteorological data of diminishing snowfall inland 
across the axis of the coastal range. Inasmuch as this 
decrease in precipitation inland is accompanied by a 
general decrease in mean annual temperatures, the 
importance of precipitation over temperature as the sig- 
nificant limiting factor on glacial intensity within the 
region is strongly suggested. In  keeping with this 
meteorological evidence, the a l t i tudkl  distribution of 
snowfields and cirque glaciers records a regional snow- 
line that is inclined steeply coastward across the axis of 
the Kenai Mountains. Large glaciers near the head of 
Turnagain Arm feed from icefields mostly below an 
elevation of 3,000 feet. Fourteen miles inland, minor 
cirque glaciers, present only on the insolation-protected 
north-facing slopes, occur at elevations of about 4,000 
feet. Twenty-six miles farther inland, cirque glaciers 
are absent on peaks of comparable elevation that instead 
hold modified cirques formed during an earlier period 
(Naptowne) of depressed snowlines. Along this tran- 
sect the present regional snowline therefore drops coast- 
ward much more than 1,000 feet in elevation in a hori- 
zontal distance of about 40 miles. Comparable 
coastward-inclined snowlines are recorded for the 
Chugach coastal mountains to the east, the interior 
Talkeetna Mountains to the north, and the Aleutian 
and Alaska Ranges to the west and northwest. Ac- 
cording to RjZrn A n d m  (written wmmunicaticm, 
1956) the regional snowline across the coastal ranges 
immediately north of Turnagain Arm rises from an 
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elevation of 2,700 feet near the head of Prince William 
Sound to over 7,000 feet in the interior part of the 
Talkeetna Mountains. The regional snowline at the 
southern tip of the Kenai Mountains lies between 4,000 
and 5,000 feet in elevation, and on Kodiak Island it lies 
between 3,000 and 4,000 feet in elevation nmr the Pacific 
Ocean and above 4,000 feet inland. On the coastal 
side of the Aleutian Range northwest of Kodiak Island, 
the regional snowline lies, in general, above 4,000 feet 
in elevation and rises abruptly northward and north- 
westward across the axis of the range to more, than 
8,000 feet in elevation just north of Lake Clark. The 
approximate altitudinal distribution of the climatic 
snowline throughout south-central and southwestern 
Alaska is shown in plate 2. 

RELATTON TO PAST OLACUTION 

The consistent relation between present glacial ice, 
peak elevations, and proximity to the Gulf of Alaska 
provides a direct and reasonable metwmlogical expla- 
nation for the distribution of glacial deposits through- 
out the region. The deposits record for past glacia- 
tions a comparable lower glacial intensity for the 
interior than for the coastal sides of the surrounding 
mountain ranges and a general decrease in glacial in- 
tensity with distance away from the Gulf of Alaska. 
This is particularly well illustrated by the progressive 
northward decrease in size of the ice lobes that fed 
from the Aleutian and Alaska Ranges during the last 
major glaciation and in the striking north-south asym- 
metry of opposite-flowing ice lobes fed from common 
fields in the central part of the Alaska Range (pl. 2). 
Whereas ice lobes draining the northern precipitation- 
starved flanks of the range extended onto the interior 
lowland margins for distances of less than 12 miles, 
those draining the precipitation-favored southern flanks 
pushed out appreciably greater distances (30-40 miles) 
and coalesced to form a continuous ice sheet. This ice 
sheet completely filled the northern part of the Susitna 
lowland to elevations above 3,000 feet and extended 
southward and eastward onto the Susitna lowland to a 
broad terminal position between Talkeetna and Mc- 
Dougal. Westward drainage from the Copper River 
interior basin was blocked by the ice f l l  in the northern 
pa& of the Susitna River lowland and by coalescence 
of ice from the Alaska Range and Talkeetna Mountain 
near Talkeetna. The distribution of Naptowne ice 
within the upper part of the Susitna River lowland thus 
created a persisting ice barrier that disrupted drainage 
patterns and raised exterior surface-drainage thresh- 
olds to elevations above 3,000 feet along the north- 
western margin of the Copper River basin. 

The Susitna River flows into Cook Inlet from the 
Copper River basin through a deep canyon cut across 
structure in the northern part of the Talkeetna Moun- 
tains. The author believes the most direct and simplest 
explanation for this discordant drainage course is that 
of drainage disarrangement and superposition which 
would inevilably result from the pattern of intense and 
repeated glaciations recorded for the region. The 
Susitna River canyon crosses a relatively low glaciated 
mountain area that either remained ice free or was 
the last covered and the first uncovered by ice during 
the Naptowne and earlier more extensive expansions 
and contractions of icecaps developed on bordering 
much higher alpine areas. Thus the canyon occupies 
the most likely site for repeated concentrations of ice- 
diverted and ice-dammed melt waters and for conse- 
quent drainage superposition across topographic and 
structural grain. This interpretation differs from that 
of Wahrhaftig (1950), who believes that the discordant 
drainage pattern can be most reasonably explained by 
superposition from an inferred ancient postmature 
erosional surf ace ( peneplane ? ) uplifted in late Tertiary 
or early Quaternary time. 

Marginal to Cook Inlet, the position of the moraines 
of Naptowne, Knik, Eklutna, and Caribou Hills age 
indicates that glacial ice from the coastal side of the 
higher Aleutian and Alaska Ranges was predominant 
over ice that fed from the interior side of the Kenai 
Mountains and advanced much farther into the Cook 
Inlet trough. During Naptowne and Knik time the 
Skilak Lake and Tustumena ice lobes pushed out from 
30 to 40 miles into Cook Inlet from ice centers on the 
interior side of the Kenai Mountains, whereas the Trad- 
ing Bay lobe advanced 50 to 60 miles from icefields con- 
centrated on the margins of the Aleutian and Alaska 
Ranges. During Eklutna time, ice from these ranges, 
as marked by the position of the interlobate moraine 
on the Kenai Lowland, pushed eastward more than two- 
thirds of the distance across the Cook Inlet trough to 
the boundary of coalescence with the ice flowing west- 
ward from the Kenai Mountains. 

As recorded by the southwestward increase in the 
elevations of the lateral moraines of Naptowne age and 
fresh ice-scoured slopes along the front of the Aleutian 
Range, glacial intensity in Cook Inlet increased down- 
valley, and a large icecap area covered the Aleutian 
Range in the vicinity of Tuxedni Bay and southward 
during the Naptowne time. Ice flowing eastward from 
this icecap coalesced with ice flowing westward out of 
Kachemak Bay. This coalescing ice completely filled 
the floor of the lower part of Cook Inlet and was co- 
extensive with ice that spilled westward across the gla- 
cially scoured low divide in the Aleutian Range as a 
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major ice lobe of Brooks Lake (Naptowne) age in the 
Iliamna Lake basin of the Bristol Bay Lowland (Mul- 
ler, 1953 ; Karlstrom, 1953 ; Krinsley,l953). The ice 
barrier formed in the lower part of Cook Inlet during 
the Naptowne and previous glaciations created interior 
proglacial-lake environments that are recorded geo- 
morphologically and stratigraphically in the upper part 
of Cook Inlet. 

Support for the existence of an ice plug in the lower 
Cook Inlet drainage during the last major glaciation 
in the region is provided by geomorphic and strati- 
graphic evidence from Kodiak Island. Because of the 
distribution and freshness of surface till and glacial- 
erosion forms on the island, Capps (1937) early specu- 
lated that Kodiak Island was covered during the last 
major glaciation (Wisconsin) by a local icecap that 
merged with ice from the Cook Inlet region and Aleu- 
tian Range, filling Shelikof Straits to the west and 
Barren Straits to the north, and pushing out some 50 
miles into the sea southeast of the island. He sug- 
gested that the great eastward bulge of the underwater 
platform east of the mouth of Cook Inlet, the Portlock 
Banks, marks the seaward extent of the Cook Inlet ice 
lobe that was diverted through Barran Straits. This 
interpretation is consistent with the character and re- 
gional distribution of the glacial deposits of Naptowne 
and Brooks Lake age in the adjoining Cook Inlet and 
Bristol Bay regions. I t  is also consistent with the dis- 
tribution pattern of the moraines, which indicates that 
ice in Shelikof Straits was sufficiently high along its 
northern margin to spill northward across the low ice- 
sculptured divide of the Aleutian chain at the head of 
Recharof Lake, and along its southern margin to sur- 
round completely the ice-free area at the southwest tip 
of Kodiak Island. Capps (1937) reported the presence 
of foreign rock types in the drift near Ayakulik at the 
southern tip of the island and considered that this er- 
ratic material was most probably derived from Aleutian 
Range sources. This evidence conforms with the mo- 
rainal evidence, which records a southward-inclined ice- 
surface gradient in this section of Shelikof Straits from 
more than 2,000 feet in elevation near the head of 
Becharof Lake to 1,000 feet and less at  the southwest 
tip of Kodiak Island. 

Moraines, comparable in topographic expression and 
sequence to those of the Brooks Lake and Naptowne 
moraines, have been traced nearly continuously on areal 
photographs and topographic maps from Becharof Lake 
southwestward to Unimak Island. Here, as in the re- 
gion to the northeast, the largest morainal loops de- 
posited on the Bristol Bay lowlands do not lie north 
of the higher nearby mountain ice sources but directly 
in line with low ice-scoured gaps or passes (some below 

present sea level). This indicates derivation from main 
ice sources somewhat seaward and south of the axis of 
the Aleutian Range. The nearby Pacific Ocean island 
groups, Sutwik, Semidi, Chirikof, Shumagin, Sanak, 
and Kremtzin, show topographic characteristics and, 
locally, fiordlike indentations characteristic of the Ko- 
diak Island group that suggest similar modification 
under icecap conditions during Naptowne time. Most 
of the islands are low lying and appear to have been 
buried completely by ice. Sharp ar6telike peaks and 
jagged slopes rising above glacially scoured topography 
on Unga Island suggest burial to an elevation of about 
1,000 feet by ice derived in part from sources to the 
north and in part from the higher fiord-indented 
Koniuji Islands to the south. Thus, it seems evident 
that during Naptowne time a marginal ice sheet, formed 
by coalescence of seaward-flowing ice from the Aleutian 
Range with local island icecaps, was coextensive with 
ice in Shelikof Straits and extended westward along 
the coast to, and probably beyond, Unimak Island. 
' Maximum accumulation of ice along the coastal pre- 

cipitation-favored side of the Aleutian Range provides 
a reasonable explanation, consistent with present cli- 
matic zonation, of the northward-flowing outlet glaciers 
that spilled through low gaps in the range and deposited 
the spatulate morainal complexes on the Bristol Bay 
and Bering Sea lowlands. South of Stepovitch Bay, 
major outlet glaciers eroded below present sea level and 
determined the present bays of Pavlof, Morzhovoi, and 
Bechevin. These bays constitute northward reentrants 
of the Pacific Ocean extending through the Aleutian 
Range and separated from the Bering Sea in whole or 
in large part by wide end-morainal deposits laid down 
by the outlet glaciers during their retreat southward 
from the Bering Sea coast. On the west shore of Pav- 
lof Bay the morainal drift contains coarsely crystalline 
igneous rock whose source is unknown (Kennedy and 
Waldron, 1955, p. 14). According to the author's re- 
construction of regional ice movements, the most likely 
source for these lithologically foreign materials would 
be the geologically unmapped offshore Pacific Ocean 
islands of the Belkofski and Dolgoi groups. 

Low-level old cirques in the Kenai Mountains sug- 
gest that the climatic snowline was depressed more than 
1,000 feet during the Naptowne glaciation. Charles- 
worth (1957, p. 652) estimates that snowlines were, in 
general, depressed between 1,000 and 2,000 feet in north- 
ern latitudes during the last Pleistocene ice age. The 
snowline on Kodiak Island and on the coastal margins 
of the Kenai and Aleutian Mountains now lies between 
3,000 and 4,000 feet in elevation. The climatic snowline 
on the coastal islands west of Kodiak lies below an ele- 
vation of 3,000 feet. A drop of 1,000 to 2,000 feet dur- 
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ing Naptowne time throughout the coastal region would 
therefore have depressed the snowline close to present 
sea level, causing expansion of present icecaps on the 
coastal ranges and creating local icecaps on Kodiak Is- 
land and on the Shumagin Island group. As recon- 
structed from the regional morainal evidence, these ice- 
cap areas in Naptowne time coincided closely with pre- 
sent areas of higher precipitation (pl. 2) and emphasize 
the dominant role played by the distribution of total 
precipitation on the location and size of present and past 
glaciers in the region. 

The extent of Naptowne ice outward from the pre- 
cipitation-favored side of the Kenai Mountains is not 
known, because deposits left by the ice are submerged 
beneath the Gulf of Alaska. However, it is believed 
that ice must have extended out an appreciable distance 
into the Gulf of Alaska and completely filled Prince 
William Sound. Tam and Martin (1914, p. 469) con- 
sider that the fiordlike submarine topography of the 
Prince William Sound resulted from glacial ice excava- 
tion during Pleistocene time. From photointerpreta- 
tion of parts of this region, the author believes that the 
distribution of fresh-appearing moraines and ice- 
scoured slopes indicates that the sound was last filled 
with ice, which completely surrounded Montague Island 
to elevations between 1,000 and 2,000 feet or higher, 
during late Pleistocene (Naptowne) time. Henry 
Cbulter (oral communication, 1958), from geomorphic 
studies near Valdez, believes that ice during the last 
major glaciation nearly covered the bordering Chugach 
coastal ranges and was at least several thousand feet 
thick along the landward margin of the sound. Thus, 
on the basis of this coastal evidence, it seems that 
whereas during Naptowne time interior glaciers from 
the Kenai-Chugach Mountains icefields advanced 
distances of from 15 to 20 miles into the Cook Inlet 
from present ice fronts, coastal glaciers fed from the 
same icefields coalesced and must have formed a huge 
ice shelf that extended out into the Gulf of Alaska for 
an unknown but appreciably greater distance. If 
Capps (1937) was correct in his postulation that ice 
extended some 50 miles into the Pacific Ocean southeast 
of Kodiak Island, a seaward extension of much more 
than 50 miles is suggested for the coastal ice to the 
northeast as this would have been supplied from higher 
and larger nourishment centers. Capps (1935) be- 
lieved that Middleton Island, which lies 70 miles sea- 
ward from the Kenai Mountain coastline, may have 
been covered by glacial ice during the last major glacia- 
tion. Miller (1953) believes that there is no evidence 
on the island for a postbedrock glaciation. The bed- 
rock of the island is made up of a thick section of semi- 
consolidated fossiliferous marine tiIls associated with 

well-sorted and stratified marine sediments that he be- 
lieves are of either Pliocene or Pleistocene age. The 
tilted bedrock sequence is truncated by a series of little- 
wetithered or -eroded uplifted marine terraces that he 
believes are most probably late Pleistocene and Recent 
in age. The mollusk shells collected from the semi- 
consolidated bedrock deposits of the island are identical 
with those of living cold-water forms, most of which 
fall within their known recent geographic range. This 
evidence is not incompatible with the interpretation that 
at least some of the marine till beds of Middleton Island 
were deposited during late Pleistocene time and that 
the uplifted terraces represent uplift (either isostatic 
or tectonic) following retreat of late Pleistocene ice. 
Miller, however, on the basis of degree of compaction 
and lithologic similarity of these deposits with compa- 
rable deposits along the northeast coast of the Gulf of 
Alaska, favors a Tertiary age for the Middleton 
deposits. 

The seaward position of Naptowne ice along the 
northeast coast of the Gulf of Alaska, as shown in plate 
2, is generally consistent with the geomorphic evidence 
in the Prince William Sound area (Henry Coulter, oral 
communication, 1958) and in the region south of Cross 
Sound (Clyde Wahrhaftig, oral communication, 1958), 

I which records ice thicknesses of from 2,000 to more than 
3,000 feet along present coastlines during what seems to 
have been the last major glaciation in these regions. 
The higher mountains and generally high precipitation 
rates in the intervening coastal region between Cordova 
and Cross Sound suggest that the potential seaward. 
extension of ice here should have been just as great, if 
not greater, than in the adjoining coastal sections. 
That this may not have been so is indicated by Miller 
(1958), who recognizes no high-level deposits of late 
Pleistocene age on the narrow coastal shelf, and who 
believes that the recorded glacial sequence in the area 
is anomalous in respect to the North American glacial 
record and thus may be related to tectonic activity. 
Uplifted marine terraces and historically recorded 
faulting and uplifts characteristic of the coastal region 
of Alaska south of Cordova have not been observed by 
the author nor reported from the coastal region north 
of Cordova. I t  is evident that late Cenozoic tectonic 
activity of major magnitude and restricted essentially 
to the fault-bounded crustal block south of Cordova 
introduces a complicating factor in the interpretation 
of the glacial sequence recorded here. 

Judgment of tectonic control for glacial events de- 
pends on either establishing contemporaneity between 
tectonic and glacial movement or the absence of paral- 
lelism between glacial movement and the climatic his- 
tory of the region. I n  this regard the writer deems it 
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significant that the oldest recorded glacial advances of 
the coastal Malaspina glacier, between A.D. 600 and 
1290 and A.D. 1700 and 1791 (as dated by Plafker and 
Miller, 1957, 1958), were essentially contemporaneous 
with culminations of the Tunnel I and I1 glacial ad- 
vances, dated ca. A.D. 1000 and between A.D. 1500 and 
1850, respectively, in the Cook Inlet region, and directly 
correlate with continental climatic events both from 
North America and northern Europe (Karlstrom, 
195513, 1956 ; pl. 7 this report). Likewise, Deevey and 
Flint (1957) correlate their radiocarbon-dated coastal 
glacial sequence from Glacier Bay and Cross Sound 
with the comparable climatic record (the recurrence 
surface sequence) of northern Europe. This regional 
and extraregional parallelism strongly suggests that at 
least some of the coastal glaciers between Cordova and 
Cross Sound responded directly to climatic rather than 
tectonic causes. 

The relative intensities of glacial advance recorded 
for Cook Inlet glaciers and the Malaspina glacier are 
also consistent with a climatic interpretation. Radio- 
carbon-dated moraines of Tunnel I and I1 age lie re- 
spectively 500 and 300 feet in front of Tustumena 
glacier, which drains the interior margin of the 
Harding Icefield (fig. 9), and about 1 mile and 1/2 mile 
in front of Bartlett glacier, which drains the interior 
margin of an icefield near Prince William Sound (fig. 
10). Contrasted with the position of the equivalent 
moraines as much a s  10 to 20 miles in front of the coastd 
Malaspina glacier, the recorded intensity differences of 
glacial advance are consistent with the three glaciers' 
orographic position relative to the coast and to present 
pr&ipftatik supply. The Malaspina glacier moraines 
record the oldest coastal glacial advances and are the 
equivalent of the youngest moraines in the morainal 
sequence of Cook Inlet. On the basis of relative in- 
tensity, then, it is reasonable to conclude that Malaspina 
glacier, like the Cook Inlet glaciers, must have been 
much more extensive in pre-Tunnel time and, during 
Naptowne time, probably terminated some distance sea- 
ward of the ppsent coastline. Miller (1958) concludes 
that coastal Bering glacier has not been any more ex- 
tensive than at present since late Wisconsin time. As 
Bering glacier drains from the same general alpine ice- 
field within the same area of high precipitation as does 
nearby Malaspina glacier, this geomorphic interpreta- 
tion poses a problem now unresolvable in terms of both 
a simple climatic or a simple tectonic explanation. 

KENAI LOWLAND 

GEOGRAPHY 

Kenai Lowland is bordered on the west by Cook Inlet, 
on the east by the coastal Ksnai Mountains, and on the 

north by Turnagain Arm (fig. 1). The lowland is a 
broad low shelf 20 to 50 miles wide and 106 miles long 
that covers an area of about 3,600 square miles between 
lat 59" N. and 61" N. and long 150" W. and 152" W. It 
is mantled largely by glacial deposits. Most of the 
lowland is less than 400 feet above sea level; surfaces 
are flat to undulating; and local relief varies from a 
few feet to more than 200 feet. The Caribou Hills, a 
broad glaciated upland north of Homer, rise abruptly 
1,000 to 2,000 feet above the general lowland surface. 
Remnants of this same upland surface occur as piedmont 
slopes adjacent to the Kenai Mountains between Skilak 
and Tustumena Lakes. 

Drainage in the lowland is poorly integrated; and 
numerous lakes, marshes, and muskeg areas make up 
more than one-third of the total surface. Two major 
lakes, Tustumena and Skilak, occupy glacially scoured 
and moraine-dammed troughs and are drained respec- 
tively by the Kasilof and Kenai Rivers, which empty 
into Cook Inlet. The shoreline of Kenai Lowland is 
characterized by wave-cut cliffs that range in height 
from 800 feet in the Kachemak Bay area to less than 
50 feet near the mouths of major drainage lines. 

Kenai Lowland is subdivided on the basis of topog- 
raphy and geology into seven amas herein named 
"Niki~hka Lowland," 'LBear Creek Upland," "Skilak 
Platform," "Ninilchik Lowland," "Caribou Hills," 
"Homer Bench," and 'Tax River Lowland7' (pls. 3,4). 

NIKISHKA LOWLAND 

Nikishka Lowland lies north of the Kasilof River 
and the Caribou Hills Upland. I t  is characterized by 
a complex largely modified morainal topography, ex- 
tensive areas of muskeg and swamp, a peculiar anasto- 
mosing pattern of broad-floored largely abandoned 
drainage lines, poorly integrated dr,ainage, and nu- 
merous lakes. The eastern margin of the lowland is 
characterized by a series of old, modified lateral mo- 
raines of Eklutna and Caribou Hills age that flank 
the Kenai Mounhain front in its northern part; in its 
southern part the front is flanked by a series of 
younger, less modified spatulate end moraines of Knik 
and Naptowne age that, in the form of well-preserved 
lateral moraines, are traceable on valley walls back into 
the Kenai Mountains toward the Harding Icefield. 
The westernmost w art of the lowland near East Fore- 
land and ~ o u l d e r  Point is underlain by remnants of 
end moraines of Knik and Naptowne age deposited by 
the Trading Bay ice lobe, which advanced southeast- 
ward across Cook Inlet from Alaska Range sources. 
South of East Foreland the moraines of Knik age have 
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been destroyed; and the Naptowne moraines are 
fronted by a terraced, channeled, and lake-dotted sand 
and gravel plain that extends southward to Kenai and 
is coextensive with a broad coastal terrace lying be- 
tween the Kenai and Kasilof Rivers. An interlobate 
moraine of Eklutna age forms a higher rib of ground 
in the central  pa^ of the lowland. It is bordered to 
the southeast by an extensive muskeg area and a chan- 
neled sand and gravel plain with numerous lakes and 
is drained by Moose Creek and the Chickaloon River. 
To the northwest the interlobate moraine is bordered 
by a dissected area drained by the Swanson River and 
Beaver Creek and is characterized by an anastomosing 
system of largely abandoned muskeg-filled drainage 
channels and a series of muskeg-covered terrace levels 
(fig. 3). The lobation of the interlobate moraine ex- 
presses in a striking manner the boundary of coales- 
cence within the lowland between the Susitna River, 
Beluga Lake-Trading Bay, and Redoubt Bay ice lobes 
from Alaska and Aleutian Range sources; the Turn- 
again Arm ice lobe from Chugach-Kenai Mountain 
sources; and the compound SkiLak Lake-Killey River- 
Tustumena Lake ice lobe from Harding Icefield 
sources. At its northern end the interlobate moraine 
is crossed at an angle by an arcuate belt of moraines 
that roughly parallels Chickaloon Bay between Point 
Possession and the Kenai Mountains and which marks 
a major readvance in Knik time of the Turnagain Arm 
ice lobe into the Nikishka Lowland. A comparable belt 
of moraines between Potter and Point Campbell, just 
across the arm, has been mapped in the Anchorage area 
(Gordon aastil, written communication; Miller and 
Dobrovolny, 1959) and are believed by the author to 
mark the north Knik boundary of the Turnagain Arm 
ice lobe in the upper Cook Inlet area. Gastil maps 
these moraines as pre-Naptowne; Miller and Dobro- 
volny suggest that they are Naptowne in age. Reasons 
for this difference in interpretation are discussed later. 

On the eastern margin of the Nikishka Lowland, in 
the type locality near Naptowne Lodge at Sterling, the 
Naptowne morainal w o r d  is of at  least four major 
advances : the Moosehorn (outermost continuous mo- 
rainal boundary), Killey, Skilak, and Tanya. A partly 
buried morainal knoll just outside the Naptowne bound- 
ary near Naptowne may represent either a recessional 
Knik phase or an advance of Naptowne age that just 
preceded the Moosehorn advance. The named Nap- 
towne events are represented by broad morainal belts 
whose boundary relations (local transection of morainal 
trends, boundary drainage diversions, and melt-water 
channel relations) imply regrouping of ice tongues and 
readvances following retreats from earlier advanced 
positions. The names of these advances are derived 
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from the Moosehorn Rapids, formed where the Kenai 
River cuts through the outermost morainal belt of Nap- 
t ome  age near Sterling (formerly Naptowne) ; from 
the Killey River, which flows across the second mo- 
rainal belt; and from Skilak Lake, which is surrounded 
by moraines making up the third belt of the Naptowne 
morainal complex. Although the fourth and youngest 
Naptowne advance is recorded by moraines and strati- 
graphic relations in the Skilak Lake area, it is named 
from Tanya Lake, which lies within a comparable, but 
topographically better expressed, belt of moraines de- 
posited by the Tustumena Lake ice lobe of Naptowne 
age. Comparable belts are also noted for the morainal 
complexes of Naptowne age deposited by the Killey 
River, Tustumena Lake, and Kachemak Bay ice lobes. 
The major geomorphic break in these Naptowne com- 
plexes is marked by the morainal belt of the Skilak ad- 
vance, which is equivalent to the Nicolai Creek mo- 
raines of Karlstrom (1953) and Krinsley (1953). This 
parallel sequence of moraines deposited by coalescent 
a s  well as separate ice lobes strongly implies that these 
Naptowne advances were events of regional rather than 
local climatic significance. 

Moraines of the Moosehorn and Killey advances lie 
closer together in the Tustumena Lake area than they 
do to the northeast near Skilak Lake; to the southwest, 
near Anchor Point, moraines of Moosehorn age are 
missing, and moraines of Killey age mark the Nap- 
towne maximum of the Kachemak Bay ice lobe. A 
buried till unit exposed in the sea bluffs southeast of 
Anchor Point is considered by Krinsley to record a 
distinctly separate Moosehorn advance that fell short 
of the succeeding Killey advance. Comparable geo- 
graphic shifts in glacial intensity with time are known 
from other regions. In  the Alps, the Mindel glaciation 
was the maximum in the east, and the younger Riss 
was the maximum in the west (Charlesworth, 1957, p. 
933). In  the midcontinent, the Wisconsin maximum 
was attained during Tazewell time in Illinois; and 
much later, during Mankato time, in Iowa and South 
Dakota. 

The amount of retreat between the Moosehorn, 
Killey, Skilak, and Tanya advances is not known. 
However, from the similarities in topographic expres- 
sion and weathering of the subordinate morainal belts, 
it is believed that the magnitudes of retreats are prob- 
ably measurable in terms of several miles rather than 
several tens of miles and certainly do not represent 
complete deglaciation back into the mountains prior 
to the next advance. The younger morainal belts be- 
tween the Tanya moraines and the present ice front - 
of Tustumena glacier record two post-Naptowne glacial 
advances attributed to the Alaskan glaciation. 
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FIoURlo 3.-Oblique photograph of northern part of Niklshka Lowland, between Point Possession and Boulder Point. Cook Inlet and Aleutian 
Range in background. Illustrates the peculiar anastornosing and reticulate largely abandons6 drainage pattern developed on the emerged irreg- 
ular floor of the proglacial lake and the character of the lakes that  dot  the lowland surface. Marsh-filled drainage lines and lakes in foreground 
drain into the upper reaches of Swanson River. 

Below an elevation of about 750 feet, the pre-Skilak 
moraines throughout the Nikishka Lowland are con- 
spicuously different in topographic character from those 
that rise above that elevation along the front of the 
Kenai Mountains. Morainal ridges at  the lower ele- 

vation have slopes that are commonly step-terraced, 
and many have broad flat summit areas underlain by 
uncontorted laminated to finely stratified silt and sand 
laid down in quiescent waters. Prominent sets of es- 
sentially horizontal terrace remnants cut across the 
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trends of morainal ridges and are concentrated near 
elevations of 750 and 500 feet along the eastern margin 
of the Nikishka Lowland. These terraces are best 
developed outside the Naptowne end-morainal bound- 
aries along the lower slopes of the Bear Creek Upland 
near the Funney River and along the Kenai Mountain 
front north of Jean Lake. The terraces are cut into 
lateral moraines of Knik and Eklutna age and are 
traceable across a complexly terraced alluvial plain that 
is incised below a hummocky morainal surface where the 
Chickaloon River flows into the lowland from the Kenai 
Mountains. A series of abandoned melt-water chan- 
nels emanating from Naptowne end moraines of the 
Tustumena Lake ice lobes terminate downslope at ter- 
race levels between 500 and 750 feet in elevation. These 
geomorphic relations thus suggest development in a 
large lake that submerged most of the Nikishka LOW- 
land during the maximum phases of the Naptowne gla- 
ciation. Another set of prominent terraces, cut at 
elevations between 250 and 300 feet throughout the low- 
land, are graded to abandoned channels that cut through 
end moraines of the Moosehorn and Killey advances 
and apparently terminate at the end moraines of the 
Skilak advance in both the Skilak and Tustumena Lake 
areas. These suggest a lower lake-level stand during 
the Skilak maximum. Terraces are also numerous be- 
low the 250-foot elevation. The most prominent occur 
at elevations between 100 and 150 feet (125-foot ter- 
race) and at, about 50 feet. Both of the lower terrace 
levels are restricted largely to the coast. The 125-foot 
terrace is most prominently developed in the Kenai- 
Kasilof area (Karlstrom, 1958), where it forms a coastal 
bench that is cut down below the level of the interlobate 
moraine of the Eklutna glaciation.   he coastal bench 
is graded to a terrace level lying above the Kenai River 
and can be traced a short distance inland up the Kenai 
River valley. A much higher strandline, about 1,000 
feet in elevation, is suggested by terrace remnants across 
the trends of lateral moraines of Caribou Hills and Ek- 
lutna age along the Kenai Mountain front north of 
Jean Lake. Uplifted tidal flats occur at elevations 
between 10 and 20 feet near the outlets of the Kasilof, 
Kenai, Swanson, and Chickaloon Rivers. These tidal 
flats postdate the drainage of proglacial-lake waters 
below the 50-foot strandline and are attributed to a sea- 
level stand during late Naptowne time that was higher 
than the present sea level in Cook Inlet. 

The peculiar anastarnosing and reticulats drainage 
pattern of the broad-floored, terraced, and largely aban- 
doned drainage channels on lower ground northwest of 
the interlobate moraine (pl. 3) is atypical of normal 
drainage development under subaerial conditions and 

strongly suggests elements of scabland topography 
developed under torrentia1-flood conditions. In  view 
of the fact that these channals are developed on the 
irregularly modified morainal floor of a proglacial lake 
with a complex hydrologic history, they are believed to 
be largely the product of sudden releases of proglacial- 
lake waters accompanying partial or complete drainage 
of the lake. The uniformly poor integration of drain- 
age and unfilled lake depressions throughout the low- 
land suggest a youthful surface and support the 
conclusion derived from other geomorphic information 
that the lowland emerged for the last time as dry land in 
late Naptowne time. The numerous lakes of the low- 
land thus must occupy either original depressions in the 
emerged proglacial-lake floor or depressions that were 
subsequently formed or enlarged by such processes as 
differential compaction of the fine-grained bottom sedi- 
ments, thawing of ground ice, wave and ice action along 
shorelines, and damming of abandoned channel seg- 
ments by sbpe slumping, alluviation, and muskeg 
development. 

BBIAR CREEK UPLAND 

Bear Creek Upland is a broad piedmontlike surface 
between 1,500 and 3,000 feet in elevation fronting the 
Kenai Mountains and projecting westward into the Ni- 
kishka Lowland between Tustumena Lake and the Kil- 
ley River. (pl. 3).  The upland surface is mantled by 
highly modified moraines and associated drift of Cari- 
bou Hills age, and its steeper flanks are plastered with 
lateral moraines of Eklutna, Knik, and Naptowne age 
deposited by the Killey River and Tustumena Lake ice 
lobe. Unlike their extensions within the Nikishka 
Lowlands, the moraines on the upland are mantled by 
proglacial-lake sediments, and the primary glacial and 
associated coarse granular glaciofluvial deposits crop out 
at the surface beneath either a thin loess mantle or a bare 
frost-stirred zone. Modification of the upland mo- 
raines is primarily a product of subaerial weathering 
and erosion and presumably also is a direct function of 
time. Distinct and progressive stages in the modifica- 
tion of p.rimary morainal form are evident for the mo- 
raines from the Naptowne (least modified) to the 
Caribou Hills (most modified). These relative mor- 
phological differences hold for each morainal belt 
through vertical intervals of 1,000 to 2,000 feet; and 
they are not gradational with elevation but change 
abruptly at the major morainal boundaries, suggesting 
significant age differences between the moraines. Mo- 
raines of Eklutna age locally form reentrants up major 
canyons cut through the drift of Caribou Hills age, 
indicating appreciable retreat of the ice prior to its 
readvance into the lowland in Eklutna time. Similar 
but somewhat less pronounced reentrant relations are 
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recorded for the lateral moraines of Knik and Nap- 
towne age along the south side of the upland. Shifting 
of ice supplies between glaciations is suggested by 
angular relations in morainal trends along the major 
boundarim. 

No systematic ground examination has been made of 
the pre-Naptowne deposits on the Bear Creek Upland, 
and the weathering and boulder characteristics of the 
various moraine deposits in this area. are not known. 
However, a ground study of the same sequence of mor- 
aines was made nearby on a comparable upland surface 
fronting the Kenai Mountains just north of Bear Creek 
Upland and between the Killey River and Skilak Lake. 
This upland area was chosen for a reconnaissance 
ground study because of its somewhat easier access from 
the highway net and because photointerpretation sug- 
gested that a miniature record of much of the Cook 
Inlet glacial chronology might be provided by a com- 
plex of small lobate end moraines deposited on the up- 
land surface by an escape glacier that fed from an ice- 
field through a low col in the marginal high mountain 
ridge. 

SKILAIC PLATFORM 

Skilak Platform is a glaciated small platformlike 
area lying between 2,000 and 2,500 feet in elevation 
between the Killey River and Skilak Lake (pl. 5). 
Along its southeastern side is a graywacke-argillite 
mountain ridge that rises to between 3,000 and 4,500 
feet in elevation and which is part of a system of ridges 
that forms the arcuate rim of a large compound cirque 
drained by Benjamin Creek. A glacially rounded bed- 
rock knoll of graywacke-argillite stands about 1,100 
feet above the general level of the platform along its 
southern margin. To the south, west, and north the 
platform is bounded by steep moraine-covered slopes 
that descend into the valleys of Benjamin Creek and 
the Killey River and into the Skilak Lake trougl~. 
Highly modified lateral moraines of Caribou Hills age 
occur along slopes of the mountain ridge to the east 
up to an elevation of about 3,500 feet; at higher eleva- 
tions on the graywacke-argillite bedrock slopes are 
granitic erratic boulders attributed to the Mount Sus- 
itna glaciation. Moraines of Eklutna, Knik, and Nap- 
towne age rim, and lie below, the platform on the 
surrounding valley slopes. Thus the morainal record 
indicates that the platf orm was completely covered by 
ice during Caribou Hills and earlier time m d  that it 
stood above the general level of lowland ice during 
Eklutna and later time. On the platform surface lies 
a series of nested end moraines depwited by an escape 
glacier that spilled through a low col in the surmount- 
ing mountain ridge from a high-level icefield. This 

icefield occupied the compound cirquelike head of Ben- 
jamin Creek and during glacial maxima, was coexten- 
sive with the enlarged Harding Icefield. This morainal 
complex is made up of three distinct groups of moraines 
with differing topographic expression, suggesting three 
distinctly different ages of glacial advance. The outer- 
most belt of moraines is made up of at  least three sub- 
dued and rounded ridges that are dissected and seg- 
mented by broad channels filled with outwash graded 
to the moraines of the intermediate belt. Although also 
modified, the intermediate belt of moraines is less sub- 
dued and locally retains relatively steep-sloped ridges 
and a few shallow undrained depressions. In contrast, 
the innermost belt of moraines is essentially unmodi- 
fied and is characterized by a complex of steep-sloped 
intersecting subparallel ridges with intervening rela- 
tively deep undrained depressions along the crests of 
subordinate morainal groups. Flat marshy, completely 
filled areas lie behind the outermost belt of moraines; 
two shallow lakes occupy a less completely filled area 
bounded by the intermediate belt of moraines; and a 
deeper lake, confined by steep morainal s l o p ,  is 
bounded by major ridges of the innermost belt of 
moraines. 

Major discontinuities in morainal trends are marked 
along the boundaries separating the three morainal 
belts; and in the bedrock trough leading down from 
the spillway col, lateral morainw of the innermost belt 
are overlain by at least two generations of rock-glacier 
deposits supplied by talus accumulations near the base 
of the steep valley walls. The relative differences in 
geomorphic expression of these moraines are of the same 
order of magnitude as those expressed by the moraines 
of Eklutna, Knik, and Naptowne age deposited else- 
where in t!he lowland by the major ice lobes of Cook 
Inlet. A high-level outwash terrace along King County 
Creek drainage originates along the outer boundary of 
the oldest continuous moraines deposited by the escape 
glacier and is graded to kame terraces at  the upper 
contact of lateral moraines of Eklutna age that rim 
the platform surface. The outer boundary of the 
escape glacier's moraines crosses at sharp angles the 
trends of the Caribou Hills lateral moraines on the 
platform. These geomorphic relations emphasize a 
post-Caribou Hills age as well as the essential contem- 
poraniety both of the maximum advance of the escape- 
glacier lobe onto the platform with the maximum ex- 
tent of Eklutna ice and of the subsequent glacier 
advances with the maximum extents of Knik and Nap- 
towne ice in the adjoining lowland. The rock glaciers 
near the upper end of the spillway trough are compara- 
ble in topographic position, sequence, and expression 
with rock glaciers and moraines of post-Naptown0 age 
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found in alpine valleys throughout the Kenai Moun- 
tains and are attributed to  the Alaskan glaciation. 

The end moraines of Eklutna, Knik, and Naptome 
age and the recessional-morainal remnants of Caribou 
Hills age deposited by the escape glacier on the platform 
surface occupy an area less than 2 miles square. They 
were laid down in a comparable depositional environ- 
ment within a restricted area and were derived from a 
common source area between Benjamin Creek and the 
Harding Icefield. They therefore provide an unusually 
favorable field laboratory for a comprehensive and con- 
trolled study of geomorphic features associated with 
the Cook Inlet morainal sequence and relating to  the 
character and velocity of processes affecting surficial 
deposits in the region. Fog, rain, and high winds re- 
stricted the author's ground observations to less than 2 
of the 5 days spent on the platform in 1954; so a pro- 
jected statistical sampling of surface features could 
not be completed. However, time did permit field check- 
ing of the major morainal boundaries drawn from aerial 
photographs, and this resulted in some additional 
ground observations that. lend geomorphic support to 
the impression of significant age differences between the 
major morainal groups in the region. The surface- 
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the Harding Icefield area to the east. Dense homo- 
geneous greenish-gray subgraywacke rock types present 
in small amounts in morainal deposits of the Skilak 
Lake and the Killey River ice lobes nearby were not 
found in the escape-glacier morainal deposits. Gray 
to dark-gray massive to finely bedded graywacke-argil- 
lite makes up the overwhelming proportion of the rock 
material in the escape-glacier deposits and, below the 
surface frost-stirred zone, seems to maintain a constant 
ratio to the granitic rock types in all the morainal belts. 
Numerous disintegrated frost-split graywacke-argil- 
lite surface boulders and a concentration of angular 
graywacke-argillite particles in the frost-stirred upper 
layer of the morainal deposits indicate that the gray- 
wacke-argillite boulders are much more susceptible to 
weathering in the subalpine climatic regime than the 
homogeneous dense granular granitic types that tend 
to weather by slow surface granulation and rounding 
of exposed surfaces. The striking and progressive in- 
crease in the proportion of granite surface boulders, 
from the youngest (Naptowne) to the oldest (Caribou 
Hills) moraines sampled, thus seems to be the direct 
product of differential destruction of the less resistant 
graywacke-argillite rock types and resultant concen- 
tration, with time, of the more resistant granitic types. 

With the possible exception of the boulder sampling 
of the moraines of Knik age, the counts made a t  selected 
sites in roughly equivalent areas on the different mo- 
raines are believed to reasonably represent the total 
surface-boulder composition and concentration on the 
moraines. This conclusion is supported by compara- 
ble results obtained from two check counts made in 
separate areas on moraines of both Caribou Hills and 
Eklutna ages. 

The major differences in the graywacke-argillite- to 
granite-boulder ratios on the moraines are given a quan- 
titative expression in the boulder count. If  a uniform 
rate of surface weathering is assumed for the time 
interval involved, the boulder ratios indicate that the 
Knik moraines may be from 2 to 3 times as old, the 
Eklutna moraines from 4 to 5 times as old, and the 
Caribou Hills moraines more than 7 times as old as 
the Naptowne moraines. If  an age of about 20,000 to 
25,000 years is assumed for the moraines of Naptowne 
age on the platform, as suggested by radiocarbon- 
dating of Naptowne end moraines of the Trading Bay 
ice lobe (see p. 57), the differences in the boulder 
ratios provide ages of ca. 50,000 to 65,000, 90,000 to 
110,000, and 155,000 to 190,OO years, respectively, for 
moraines of the Knik, Eklutna, and Caribou Hills 
glaciations. 

The numerical accuracy of the derived boulder ratios 
and their use as quantitative factors in the derivation 
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boulder counts given in table 1 are but part of a larger 
plan to sample all moraines of the Skilak Lake and 
Killey River ice lobes as well as those of the escape 
glacier. Although preliminary, results are encouraging 
and suggest that surface-boulder counts made in selec- 
ted sites, and emphasizing ratios of incompetent to com- 
petent rock types, may provide valid indices of relative 
age for purposes of correlation and quasi-quantitative 
estimates of the intervals represented between 
glaciations. 

The depmits in the subalpine tundra-covered escape- 
glacier moraines on Skilak Platform consist of coarse 
bouldery till with a sandy matrix containing pebbles, 
cobbles, and boulders made up exclusively of granite 
and graywacke-argillite rock types derived locally from 
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of age in terms of calendar years may be questioned 
because of uncertainties connected with the representa- 
tiveness of the present sampling, with the assumption of 
a uniform rate of weathering for the time intervals 
involved, and with the mean carbon-14 age of the Nap- 
towne end moraines derived by correlation with the 
Trading Bay ice lobe moraines. However, the ratios 
do demonstrate significant age differences and roughly 
equal time intervals between the Naptowne, Knik, and 
Eklutna glaciations, and a somewhat longer interval be- 
tween the Eklutna and the Caribou Hills glaciations. 
These relative differences conform with the geomorphic 
evidence found in topographic modification and bound- 
ary relations which also suggest that a longer interval 
of time intervened between the Caribou Hills and 
Eklutna than between the Eklutna, Knik, and Nap- 
towne glaciations. Although crude, the relative age 
differences indicated by the boulder counts are prob- 
ably of the right order of magnitude; and the derived 
ages, in calendar years, may be useful as a first approx- 
imation of the actual ages of the pre-Naptowne glaci- 
ations in Cook Inlet, 

Ninilchik Lowland lies south of the Kasilof River 
and forms a narrow terraced coastal bench 10 to 15 
miles wide and 60 to 70 miles long between Cook Inlet 
and the Caribou Hills. The Ninilchik Lowland is a 
southward extension of the Nikishka Lowland and is 
the product of the same glacial and glaciolacustrine his- 
tory. I t  differs from the Nikishka Lowland by having 
somewhat higher average elevations, fewer lakes, and 
a thinner mantle of surficial deposits on Tertiary bed- 
rock. I t  is characterized in its northern lowland by 
numerous broad muskeg-floored northeast-southwest- 
trending channelways that are in part occupied and 
in part crossed by drainage lines heading in the Caribou 
Hills to the east ; in its southern part it is characterized 
by hummocky moraines of Naptowne age (fig. 4). Mus- 
keg-covered benches locally underlain by finely strati- 
fied sand and gravel are cut into the flanks of the 
Caribou Hills; the most prominent benches occur at 
about 500- and 750-foot elevations and seem to be com- 
parable to the proglacial-lake strandlines developed at 
the same elevations in the Nikishka Lowland to the 
north. A higher bench level lies at about the 1,000- 
foot contour. High-level terraces in the headwater val- 
leys of Deep Creek are seemingly graded to this bench 
level and to dissected end moraines of Knik age that 
lie upvalley, suggesting that the bench marks a pro- 
glacial-lake-level stand during the Knik maximum. 

CARIBOU HILL8 

The Caribou Hills is a broad glaciated upland be- 
tween Homer and Tustumena Lake that rises abruptly 
1,000 to 2,000 feet above the Ninilchik and Nikishka 
Lowland surfaces to the west and north and 2,000 to 
3,000 feet above Kachemak Bay and Pox River valley 
to the east and south (fig. 4). The upland includes the 
major part of the same dissected upland surface that 
is represented to the north by the Bear Creek Upland 
and the Skilak Platform and records in its nearly con- 
tinuous mantle of morainal deposits the same glacial 
history. The highest levels of the dissected surface, at 
Ptarmigan Head (elevation 2,850 ft)  and northeast of 
Ninilchik Dome (elevatign 2,400 f t ) ,  are mantled by 
highly modified moraines and associated drift and are 
the type locality of the deposits of Caribou Hills age 
(Karlstrom, 1953 ; Krinsley, 1953). Lower upland sur- 
faces and steep confining flanks of the Caribou Hills are 
plastered with lateral moraines of Eklutna, Knik, and 
Naptowne age deposited by the Tustumena Lake and 
Kachemak Bay ice lobes. During Knik and Naptowne 
time these lobes did not coalesce along the western 
flanks of the upland, but ice rose high enough in the 
Kachemak Bay trough to partly override the western 
flank of the upland in the form of ice tongues that pene- 
trated westward into the headwater areas of the Deep 
Creek and Anchor River drainage lines. Downvalley 
from the end moraines of IZnik age, in the upper reaches 
of the Deep Creek drainage lines, the creeks flow in deep 
terraced canyons; upvalley the creeks flow in shallow 
trenches cut below a broad muskeg-covered valley floor 
whose surface is graded to the end moraines of Nap- 
towne age. 

HOMER BENCH 

Homer Bench is a narrow lowland surface lying be- 
tween steep 500- to 800-foot-high bedrock bluffs and 
Kachemak Bay at the southern tip of the Kenai LOW- 
land. Twenhofel (1952) speculates that the bench is 
an uplifted marine terrace. No marine fossils have 
been found in the alluvial sand and waterlaid blue- 
gray silt that underlie much of the bench surface (D. B. 
Krinsley, oral communication, 1958), and it is believed 
that the bench is of glacial origin, largely excavated 
during the Skilak advance of the Naptowne glaciation. 
The surface of the bench is largely covered by coalescent 
alluvial fans that descend from steep gullies in the sur- 
mounting bedrock bluff. These fans mantle deposits 
laid down during retreat of the same ice lobe that pro- 
duced the lateral moraines near Fritz Creek, at the 
southwest edge of the bench, at an elevation between 400 
and 500 feet. 
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'IouRm 4.-Oblique photograph of southern part  of Ninilchik Lowland near Anchor Point, Kenai Lowland, with Caribou Hills Upland in middle 
ground and Kachmak Bay and Kenai Mountains in the background. Anchor River marks the boundary between the hummocky surface, 
with muskeg- and marsh-filled depressions, of the moraines of Naptowne age in right foreground and the channeled and terraced marsh 
and muskeg-covered proglacial-lake floor in  left foreground. 
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Homer Spit, one of the most conspicuous geomorphic 
features of the Kenai Lowland, extends out into Kache- 
mak Bay for about 4 miles, or more than half way across 
the bay. The spit is made up of coarse beach and bar 
gravel and connects to the lowland along a sea bluff 
cut in till of Naptowne age. Large glacial boulders 
are present in the beach deposits exposed a t  low tide; 
and on its downbay side, the spit is fronted by a sub- 
merged shelf, the Archimandritof shoals. These fea- 
tures suggest that the spit represents a subaqueous end- 
morainal accumulation and that the Archimandritof 
shoals may be its subaqueous outwash counterpart. 
Bjdrn Andersen examined the spit with the author in 
1955 and considered it comparable in all major aspects 
to the numerous wave-worked convex-upvalley end mo- 
raines in Norwegian fiords. These Norwegian moraines 
were deposited in deep water, and during subsequent 
emergence they were covered by beach gravel resulting 
from wave sorting and reworking of the primary mo- 
rainal deposits. The peculiar convex-upvalley ground 
plan of these fiord moraines is considered to reflect de- 
position and differential wave action along an ice front 
extending into deep water where more extensive calving 
takes place in the central floating part of the glacier 
than along its shallow-water margins where the ice is 
grounded. As the spit lies between end moraines at- 
tributed to the maximum extents of Skilak and Tanya 
ice in Kachemak Bay, i t  apparently marks a middle or 
late Skilak ice position that extended into relatively 
deep proglacial waters. As evidence in the Nikishka 
Lowland is of proglacial-lake levels below 275 feet in 
elevation in the period following the Skilak maximum, 
it is possible that Homer Spit was formed when pro- 
glacial-lake waters stood at the 50-foot, or more prob- 
ably the 125-foot, strandline level. 

FOX RIVER LOWLAND 

The Fox River Lowland, a broad flood-plain area 
drained by the Fox and Bradley Rivers and by Sheep 
Creek, is at the head of Kachemak Bay between the 
Caribou Hills Upland and the Kenai Mountains. The 
lowland surface is everywhere below an elevation of 
200 feet and locally is subject to periodic flooding by 
the melt-water streams that drain large glaciers in the 
adjoining Kenai Mountains. Near Kachemak Bay the 
lowland is extremely poorly drained and is underlain 
by tidal silt. Inland the lowland is better drained and 
is underlain by sand and gravel valley trains graded to 
recent moraines and the fronts of the mountain glaciers. 

BEDROCK GEOLOGY 

Kenai Lowland is in the Cook Inlet Lowland physio- 
graphic subprovince, which is a structural basin under- 

lain by mildly deformed and undeformed semiconsoli- 
dated to unconsolidated deposits of Tertiary and 
Quaternary ages and bordered by alpine mountains 
composed of folded, faulted, and intruded consolidated 
rocks of Mesozoic age. 

At the surface, or at  shallow to moderate depths, the 
Kenai Lowland is underlain by the Kenai formation of 
Eocene age, which is composed of semiconsolidated silt, 
sand, and gravel and is locally coal-bearing (Martin 
and others, 1915 ; Cobb, 1951). I n  the southern part of 
the lowland the Kenai formation is probably more than 
5,000 feet thick (Cobb, 1951, p. 9) and underlies a 
nearly continuous thin mantle of glacial drift, alluvium, 
and loess mvering the glacially molded and stream- 
dissected Caribou Hills Upland. Tertiary bedrock, 
which is largely mantled by glacial and loess deposits 
throughout the Caribou Hills, is nearly continuously 
exposed in the sea bluffs from the head of Kachemak 
Bay to a point near Clam Gulch just south of the mouth 
of Kasilof River. The Kenai formation is mildly de- 
formed and is locally cut by normal faults of small dis- 
placement. The regional strike roughly parallels Cook 
Inlet, and the regional dip is inland toward the Kenai 
Mountains. 

North of Kasilof River the Tertiary bedrock is cov- 
ered by a thicker mantle of glacial drift and alluvium 
and is nowhere exposed above beach level. The Rich- 
field Oil Corp. Swanson River unit 1 well, drilled in 
the Nikishka Lowland and spudded on April 5, 1957, 
penetrated an unexpected thick section of Tertiary rock 
to depths greater than 11,215 feet (Icirschner, 1958). 

I n  isolated outcrops, the non-coal-bearing zones of 
the Kenai formation are difficult to distinguish from 
similar deposits of Quaternary age that are locally 
made up largely of reworked Tertiary material. The 
most northerly exposure of bedrock of unquestionable 
Tertiary ,age is a coal-bearing section along the Kasilof 
River west of Sterling Highway. The presence of 
much clastic coal in glacial deposits exposed along the 
Killey River and in the sea bluffs of Turnagain Arm -.. 
suggests that Tertiary bedrock may be at  relatively 
shallow depths in these areas adjacent to the Kenai 
Mountain front. 

I 

Tertiary deposits have yet to be identified positively 
from the Bear Creek Upland area. However, it is be- 
lieved that this drift-covered upland surface is under- 
lain largely by Tertiary bedrock, as is the comparable 
surface of the nearby Caribou Hills. This is suggested 
by the similarity of topographic form and by the clastic 
coal in basal Pleistocene sediments locally exposed 
along the Killey River. Structural relations between 
the Tertiary formations underlying the lowland and 
the older formations of the nearby Kenai Mountains 
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are not known, for the rocks .are not exposed along the 
zone of contact. However, the geomorphology of the 
mountain front in relation to the known bedrock ex- 
posures closely delimits a contact whose trace strongly 
suggests a steep westward-dipping normal fault, with 
the younger Tertiary formations on the downthrow 
side, paralleling the mountain front. This in turn 
suggests that the Cook Inlet Lowland may occupy a 
grabenlike structure. I f  so, normal-fault relations 
should be expected along the western margin of the 
trough as well. Such faults have not been mapped 
in the region, and if present, they must be largely 
buried beneath Pleistocene sediments. The recent fault 
cutting Naptowne end moraines in the Susitna Valley, 
however, falls in line with the northwestern margin 
of the trough, as marked by the Talkeetna Mountain 
and Mount Susitna fronts, and records normal-fault 
displacement with the trough-side block down relative 
to the bordering mountain blocks. According to Gor- 
don Gastil (oral communication, 1955), who ground 
checked the fault for the author, topographic displace- 
ment along the fault suggests a dip slip of less than 10 
feet. This fault is in line with a major shear and 
reverse-fault zone (the Castle Mountain fault) mapped 
along the southern flanks of the Talkeetna Mountains 
and thus appears to represent recurrent recent move- 
ments along a preexisting master fault zone that at 
least in part borders Cook Inlet along its northwestern 
margin. The position of this reflent tensional fault 
across the axis of the Susitna Valley indicates that the 
Susitna Lowland belongs to a crustal block tectonically 
separate from the Cook Inlet and Matanuska Valley 
block and th,at a thinner section of Tertiary rocks may 
lie beneath the Susitna Lowland than beneath the low- 
land areas south of and on the downthrown side of the 
fault. 

Highly deformed, fractured, faulted, and intruded 
graywacke and argillite are the predominant rock types 
in the Kenai Mountains. They constitute a strati- 
graphic and structural complex containing rocks of 
differing ages and diverse lithologic character, mainly 
of poorly sorted sandstone and shale but including 
small amounts of chert, limestone, conglomerate, and 
volcanic dikes and sills. As most recently mapped 
(Dutro and Payne, 1957), the graywacke-argillite 
formations of the northern three-fourths of the Kenai 
Mountains are of middle and Late Cretaceous age, 
whereas graywacke-argillite formations in the southern 
one-fourth include rocks of Jurassic and Early Cre- 
taceous age. Other rock types in the Kenai Mountains 
include (1) intrusive granitic masses of both Mesozoic 
and Tertiary age that are most abundant on the south- 
ern and eastern coasts but which are also believed to 

occupy a large area underlying Harding Icefield; (2) 
marine limestone of Jurassic age with associated chert, 
argillite, and volcanic rocks in the Port Graham area 
near Kachemak Bay; and (3) volcanic rocks inter- 
stratified with graywacke and argillite along the west- 
ern front of the Kenai Mountains between Skilak Lake 
and Turnagain Arm. The zone of volcanic rocks in- 
terstratified with graywacke and argillite exposed 
north of Skilak Lake may represent the gradational 
contact zone between the Mesozoic volcanic rocks of 
probable Jurassic and Triassic age and the graywacke- 
argillite format,ions of middle and Late Cretaceous age 
mapped (Dutro and Payne, 1957) in the Turnagain 
Arm region. I f  so, the contact shown on plate 3 pro- 
vides a previously unmapped extension of the probable 
Jurassic-Cretaceous boundary along the eastern mar- 
gin of the Cook Inlet region and indicates a major 
structural transection of the volcanic and graywacke 
beds by the mountain-front fault. The unmapped area 
of granitic rock in the Harding Icefield region was 
mrly recognized (Martin and others, 101 5) on the basis 
of abundant granitic erratic material in glacial deposits 
of the Benjamin Creek area. Ground observations in 
1953 revealed the intrusive contact between medium- 
to coarse-grained granite and country rock of gray- 
wacke and argillite on a nunatak along the northern 
border of the icefield. The dimensions and shape of 
this intrusive mass are not known, but the distribution 
of granitic erratics derived from the i d e l d  area 
strongly suggests that it is of batholithic proportions 
and that it underlies an appreciable part of the area 
covered by the icefield. 

PLEISTOCENE STRATIGRAPHY 

The Cook Inlet sea bluffs expose thick and nearly con- 
tinuous sections of Pleistocene sediments and provide 
an unusually favorable opportunity for detailed study 
of their stratigraphic record. The sea-bluff stratig- 
raphy of the Nikishka Lowland, along with other 
critical stratigraphic sections exposed elsewhere in Cook 
Inlet, is shown in plate 6. The bluff stratigraphy in 
the area between Kenai and Kasilof was described by 
Karlstrom (1958). Stratigraphic relations exposed in 
the Nikishka Lowland sea bluffs are, in general, repre- 
sentative of the Pleistocene deposits throughout Cook 
Inlet and are described briefly below. 

NIKISHKA LOWLAND SEA-BLUFF STRATIGRAPHY 

North of Kenai the sea bluffs expose primary glacial 
deposits of Naptowne, Knik, and Eklutna age. These 
deposits are everywhere overlain by proglacial-lake 
sediments that in turn are overlain by bog deposits oc- 
cupying poorly drained surface depressions or flats, b j  
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a thin loess mantle covering the better drained areas of 
the lowland, or locally-for example, near Point Pos- 
session-by thick windblown-sand deposits. 

Between Boulder Point and the Swanson R.iver (pl. 
6, profile 11; fig. 5 A-D), blue-gray silty boulder till 
and associated drift in  the end moraines of Naptowne 
age unconformably overlie buff to gray till and asso- 
ciated drift in end moraines of Knik age. The till of 
Knik age in turn unconformably overlies deeply and 
uniformly stained buff to brown silt, sand, gravel, and 
till of Eklutna age. I n  front of the end moraines of 
Knik and Na.ptowne age, the older deposits are not over- 
lain by outwash graded to the moraines; instead, they 
are overlain by a complex of generally fine-grained 
sediments underlying a d5ssected and terraced terrain 
made up of laminated silt, stratified sand and silt, and 
rudely stratified stony silt with scattered boulders, 
cobbles, and pebbles. These deposits represent two 
major cycles of proglacial-lake deposition accompany- 
ing the glacial ad'vances and separated by a major 
period of drainage, erosion, and subaerial weathering. 
The uppermost unit is essentially unweathered, and the 
surface soil profile is commonly restricted to overlying 
loess of dune deposits. Locally, however, where over- 
lying windblown sediments are thin, oxidation extends 
down into the proglacial-lake sediments. 

Because the surficial proglacial-lake deposits uncon- 
formably overlie sediments of Eklutna and Knik age 
as well as till of Naptowne age and are traceable be- 
neath the till of Naptowne age, they record nearly 
continuous sedimentation in a proglacial lake that ex- 
isted before, during, and following the advance of Nap- 
t,owne ice into the Nikishka Lowland area. The 
underlying unit of proglacial-lake sediments locally 
shows weathering profiles between 10 and 20 feet thick 
and records an earlier cycle of glaciolacustrine and 

glaciofluvial sedimentation during and following the 
Knik advance. Deposits attributed to the Eklutna 
glaciation include the deeply weathered bouldery till 
made up largely of completely to partially disintegrated 
quartz diorite boulders exposed near Swanson River 
(fig. 5A) and the stratigraphically higher deeply and 
uniformly limonite-stained recessional deposits of I 

laminated silt and sand exposed near Bishop Creek 
that contain much clastic coal and wood but which lack 
boulders and cobbles (fig. 523). The absence of ice- 
rafted boulders suggests that these sediments were de- 3 

posited when Eklutna ice had largely or completely I 

disappeared from the Cook Inlet trough and that they 1 

may be, at least in part, interglacial in age. Wood col- 
lected near Bishop Creek from near the base of the 
recessional deposits of Eklutna age (carbon-14 loc. 3) 
gave a minimum carbon-14 date of pre-23,000 B.C. I 
The deposits here, as elsewhere between Kenai and 
Point Possession, contain a rich suite of rock types in- 
cluding gabbro, diorite, granite, basalt, rhyolite, con- 
glomerate, sandstone, shale, quartzite, schist, gneiss, 
some limestone, and graywacke-argillite. Most of these 
rock types are foreign to the northern part of the Kenai 
Mountains and are found only in the glacial deposits of 
the lowland west of a line marked by the interlobate 
moraine of Eklutna age. This indicates derivation 
from Talkeetna, Alaska, and Aleutian Range sources 
and deposition by the Susitna River, Beluga Lake, and 
Trading Bay ice lobes. The position of the till of 
Eklutna age near the Swanson River in relation to the 
reconstruction of ice lobation in the lowland suggests 
that it marks an interlobate accumulation between the 
Susitna River, Beluga Lake, and Trading Bay ice lobes. 
Large predominantly angular boulders in the deposits 

=A11 carbon-14 results diecussed in this paper are listed in table 3 ; 
the locations of all carbon-14 samples are indicated on plates 1 and 4. 

A. At Swanson River mouth, Nikishka Lowland. B. A quarter of a mile west of Bishop Creek, Nikishka Lowland. 
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(7. 2% miles west of Bishop Creek, Nikishka Lowland. D. 3% miles west of Bishop Creek, Nikishka Lowland. 

E. Half a mile east of Point Woronaof near Anchorage. F. At Point Woronzof near Anchorage. 

Fronaa 5.-Photographs of sea-bluff exposures in upper Cook Inlet illustrating character and stratigraphic relations of glacial drift units. 
Qnd, unweathered gray to blue-gray stratified drift,  predominantly proglacial-lake sediments of Naptowne age ;  Qkd, partly weathered 
buff to  gray stratified drift, predominantly proglacial-lake sediments of Knik age;  Qkt, boulder till of Knik age;  Qed, deeply weathered 
buff to  brown stratified drift of Eklutna age ; Qet, boulder till of Eklutna age. 

(fig. 5 8 )  represent surface accumulations derived in 
large part from the quartz diorite pluton of Mount 
Susitna that stood as a nunatak above the ice surface 
in the lower Susitna Valley during Eklutna time. 

South of the end moraine of Naptowne age at East 
Foreland (pl. 6, profile I )  the end moraines of Knik 
age have been eroded, and the end moraines of the Nap- 
towne age border a terraced and channeled sand and 
gravel plain that extends southward along the coast to 
and beyond the Kenai River. 

Exposed in the sea bluffs are three main stratigraphic 
units. The lowest unit, attributed to the Knik glacia- 
tion, is a partly exposed section of iron-stained and con- 
torted sand and gravel locally interbedded with blue- 

gray silt beds and uncomformably overlain by till of 
Naptowne age at East Foreland. A lignitized trans- 
ported log collected from the basal 12 inches of a surface 
bog, and presumably derived from the underlying grav- 
els of Knik age, dates pre-38,000 B.C. (carbon-14 loc. 
4). The second unit is an intermediate section of 
laminated silt and finely stratified sand and gravel. It 
grades northward into coarser sand and gravel and is 
traceable to, and in part beneath, till of Naptowne age 
at East Foreland. The basal contact of this unit gen- 
erally lies above an elevation of 100 feet, and between 
Nikishka No. 1 and Salamato Creek, i t  is characterized 
by a thick basal section of finely laminated blue-gray 
silt and fine sand that rests unconformably upon the 
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contorted gravel unit beneath and grades upward into 
a predominantly fine- to coarse-grained gray sand unit 
with channel and scour structure. Iron staining and 
mottling of this upper sand unit are largely restricted to 
lenses and beds of gravel and seem to be largely the 
product of hematitic precipitation from meteoric waters. 
Relations with the till at East Foreland indicate that 
this second unit was largely deposited during the initial 
phases of the Naptowne ice advance across Cook Inlet 
to its maximum position at East Foreland. A trans- 
ported log collected from the upper part of this unit 
dates 37,000 B.C. k 3,000 (carbon-14 loc. 5). An- 
other sample collected near Kenai from a somewhat 
comparable stratigraphic position, but somewhat closer 
to beach level, dates pre-22,000 B.C. (carbon-14 loc. 7). 
The third and uppermost unit is a thin essentially un- 
weathered blue-gray sand and gravel unit that mantles 
the pIain and fills channels cut into the underlying 
sand and gravel unit. As in the underlying unit, the 
mean grain size of the surface gravel and sand unit 
increases northward. Near Kenai it is made up pre- 
dominantly of h e -  to coarse-grained sand; near East 
Foreland it is mainly a coarse cobbly gravel underlying 
terraccs cut on the flanks of the end moraine of Nap- 
towne age. This upper unit therefore appears to be 
largely a product of partial dissection and rework- 
ing of the underlying deposits by proglacial-lake 
waters during progressive lowering or oscillation of 
water levels following the retreat of Naptowne ice from 
its maximum position. 

Till of Knik age is not exposed in the sea bluff south 
of East Foreland; it has been either completely eroded 
or lies below the exposed portion of the bluff section. 
Projection of the trends of the preserved remnants of 
the end moraines of Knik age south of Boulder Point 
toward the Salamato beach bluffs suggests that Knik 
ice may have reached within a mile of Salamato Creek. 
In the lower sand and gravel unit in this sector of the 
sea bluffs is a major southward-inclined overturned fold 
that conceivably could have been formed by the Knik 
advance. If so, the fold may closely mark the maxi- 
mum extent of Knik ice in this locality. 

Thick bog deposits occupy channels cut in the surface 
of the gravel and sand plain. These channels mark ir- 
regular terraced and abandoned drainage lines now 
occupied by a series of lakes and muskeg-filled swamps 
and depressions. The stratigraphy of these bog deposits 
exposed in the sea bluffs suggests a complex history for 
the channels. The thickest deposits occupy channels 
that are cut down through the surface sand and gravel 
units into the lowermost highly deformed and oxidized 
gravel and silt unit. Bog deposits at the north of Ni- 
kishka No. l are floored by contorted thin gray sand and 

silt layers interbedded with two peat and organic silt 
layers overlain by undeformed organic silt and peat , sections. Deformation of the basal organic layers is 
more intense in the bogs near East Foreland than in 
correlative beds in bogs farther to the south. The low- 
ermost contorted peat layer, as represented in the Ni- 
kishka No. 1 bog, dates 10,500 B.C. (carbon-l4loc. F-l) . 
Bogs near Salamato Creek floor at a somewhat higher 
elevation and contain in their basal parts two highly 
contorted silt and sand beds separated by a distinct 
unconformity. These basal beds are unconformably 
underlain by more highly contorted sand and gravel 
and unconformably overlain by undisturbed organic 
lake silt and peat which, on the basis of stratigraphic 
position, are correlated with the contorted organic layer 
in bogs F-1 and F-2. Two ash layers occur in the 
contorted basal silt and sand bed. Wood collected from 
along the unconformity between the two basal beds 
dates pre-35,000 B.C. (carbon-14 loc. 6). 

The fold pattern in the basal part of the Nikishka and 
Salamato bogs is not symmetrically disposed in relation 
to the basin contours but, in general, reflects develop- 
ment under differential stress directed roughly south- 
ward. This seems to exclude formation under local 
basin-environmental conditions such as those owing to 
melting out of ice blocks (glacial ice or permafrost), to 
centripetal slump toward the axes of the basins as a 
consequence of differential compaction, or to frost ac- 
tion, and strongly suggests deformation by ice shove or 
ploughing of marginal sediments during repeated gla- 
cial advances of the Trading Bay ice lobe. I f  this is so, 
the Salamato bog channels were largely developed and 
deformed within a proglacial-lake environment during 
the maximum Knik advances, and the Nikishka No. 1 
bogs, during the Naptowne advances. As recorded at 
both Boulder Point and East. Foreland, the deposits 
of the Naptowne end moraines are also deformed, sug- 
gesting that post-Naptowne maximum readvances are 
involved in the deformation of the marginal sediments. 
The undisturbed organic sediments in the upper parts 
of all. the bogs near East Foreland and Boulder Point 
thus should postdate the retreat of Naptowne ice well 
across the inlet from Boulder Point and East Foreland 
and the drainage of proglacial-lake waters below the 
general level of the sand and gravel plain. 

From the Swanson River north nearly to Point Pos- 
session (pl. 6, profiles 11,111, IV, and V) the sea bluffs 
transect a series of coastal terraces, generally k than 
125 feet in elevation, underlain by a series of proglacial- 
lake-bottom sediments. These sediments are made up 
largely of rudely stratified blue-gray stony silts inter- 
stratified and interfingered with finely laminated sand 
beds and, locally, with crossbedded gravel beds. The 
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stratigraphy along this coastal section, like that west of 
the Swanson River, records two major cycles of pro- 
glacial-lake sedimentation separated by a major uncon- 
formity and, locally, by a weathered profile. The 
buried profile records a significant interval of subaerial 
weathering and has been largely removed by erosion 
that preceded or accompanied deposition of the over 
lying proglacial-lake sediments. 

The deposits of Naptowne age are mainly unweath- 
ered and are largely made up of blue-gray stony silts 
that show initial dip relations to the irregular erosional 
surface cut into the underlying proglacial sediments 
of Knik age. During early mapping in the area these 
stony silts were mistaken for till. More detailed inspec- 
tion of the sea-bluff stratigraphy indicated that much 
of the apparent unsorted aspect of the sediments was 
the product of h e  slump veneers that accumulate quick- 
ly on the bluff faces and tend to obscure the fine and 
continuous stratification relations and initial dip that 
exist in the unmantled sediment. Both horizontally 
,and vertically, the massive t;o crudely stratified stony 
silt beds grade into, and interfinger with, well-stratified 
sand, silt, and gravel facies. Locally, the interrelated 
sand beds and lenses contain armored clay balls that 
definitely indicate a subaqueous origin. Deformational 
features in the sediments are rare, of small scale, and 
generally are most readily explained as the product of 
differential compaction or of subaqueous slump or ice- 
berg drag (penecontemporaneous deformational fea- 
tures). Lag concentrations of sand, sand and gravel, 
or boulders commonly form a surface veneer beneath 
terrace surfaces and in channels cut into the lowland 
surface and record reworking of the finer grained lake- 
bottom sediments by wave and stream action accompa- 
nying and following drainage of the proglacial lake. 
Scattered boulders occur in the stratified sand and silt 
beds as well as in the generally more poorly sorted 
stony silt beds and represent either ice-rafted material 
dropped into the proglacial lake from icebergs or lake- 
ice or slump material that slid into the lake from nearby 
higher ground. 

The underlying proglacial-lake sediments of Knik 
age are comparable in most details with the sediments 
of Naptowne age. Locally, however, they retain buried 
weathered profiles as much as 20 feet in thickness and 
in general, contain a larger percentage of stratified 
sand and gravel. The proglacial-lake sediments of 
Knik age are predominantly of stratified sand and 
gravel near the end moraines of Knik age. At an sp-. 
preciable distance from the end moraines-for example, 
near Gray Cliff-the sediments are finer grained stony 
silts. This lateral change toward coarser, better sorted 
facies of the sediments adjacent to end moraines thus 

seems to reflect proximity to melt-water supplies and 
deposition by stronger transporting currents adjacent 
to the ice fronts. Near Point Possession these sedi- 
ments are traceable beneath till of Knik age where lo- 
cally they unconformably overlie older sediments at- 
tributed to bhe Eklutna glaciation. 

Southeast of Point Possession (pl. 6, ~rofile V) the 
Turnagain Arm sea bluffs expose a thick section of drift 
underlying an irregular terraced surface that lies gen- 
erally between elevations of 125 to 150 feet. Till and 
associated drift attributed to the Knik glaciation con- 
stitute the dominant stratigraphic unit in the bluff, and 
they are divided into three main subunits. The lowest 
shuni t  is stratified blue-gray to gray sand and gravel 
that thickens northwestward and, near Point Posses- 
sion, includes stony silt and laminated blue-gray silt 
beds. The intermediate subunit is bouldery sandy silt 
till that is traceable nearly continuously from beach level 
near Chickaloon Bay to the top of the bluff near Point 
Possession. The top subunit is stratified sand and gra- 
vel, predominantly fine to coarse sand, that overlies the 
till in part conformably and in part unconformably. 
These deposits of Knik age are deformed into broad 
flexures locally cut by high-angle faults. A profile of 
weathering, suggested by buff staining of the deposits, 
is largely restricted to the upper part of the top sub- 
unii of stratified sand but penetrates the underlying till 
where it occurs near the top of the bluff near Point 
Possession. Stratigraphic relations along the base of 
the till suggest no major depositional hiatus, and the 
underlying stratified deposits are considered to repre- 
sent glaciolacustrine and glaciofluvial deposits laid 
down during the advance of the Turnagain ice lobe of 
Knik age into tlhe northern part of the Nikishka Low- 
land. The overlying sediments are mainly finely strati- 
fied and show coarser grained marginal facies and ini- 
tial dip relationships to the irregular partly eroded up- 
per contact of the till unit. They are considered to 
represent sedimentation in the proglacial lake that 
existed during retreatal phases of the Knik glaciation. 

The sediments of Knik age unconformably overlie 
deeply ironstained deposits attributed to the Eklutna 
glaciation near Point Possession and are unconformably 
overlain by blue-gray stoney silt beds that occupy de- 
pressions cut into the weathered sediments of Knik age. 
These basin accumulations of stratified stony silts are 
comparable to the surface sediments exposed elsewhere 
in the lowland that were deposited in the proglacial lake 
of Naptowne age. Their presence here along the coast, 
combined with the absence of recognizable end moraines 
or till of Naptowne age in the Turnagain Arm section 
of the Nikishka Lowland, indicates that during its maxi- 
mum extent the Turnagain ice lobe of Naptowne age 
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must have fronted somewhere northwest of the present 
coastline. Whether the deformation of the Knik and 
older deposits in the sea bluffs represents ice-shove by 
the near approach of Naptowne ice, or by an earlier 
advance during the general retreat of Knik ice from 
the lowland, is not known, Development by regional 
tectonic forces is considered unlikely because the defor- 
mation of the Pleistocene sediments is restricted to the 
area of the end moraines of Knik age and is not evident 
in sediments of comparable age exposed in the sea bluffs 
to the southwest. 

Bog deposits buried beneath thick dune deposits at 
the top of the bluffs record organic accumulations in 
depressions on the proglacial floor after final drainage 
of lake waters below an elevation of about 125 to 150 
feet. In contrast to the rich suite of rock types in the 
glacial deposits southwest of Point Possession and de- 
rived chiefly from Talkeetna Mountain and Alaska 
Range sources, the deposits southeast of Point Posses- 
sion are predominantly made up of graywacke-argillite, 
granite, and greenstone rock types derived from local 
sources in the Kenai and Chugach Mountains to the 
east. Much clastic coal in these sediments suggests the 
presence of Tertiary bedrock at relatively shallow depth 
in the lowland between Point Possession and the Kenai 
Mountain front. 

DISTRIBUTION AND CHARACTER OF TEE SURFICIAL 
DEPOSITS I N  THE NIXISHKA LOWLAND 

Inland from the coast, observations on the surficial 
deposits are restricted to natural exposures along drain- 
age lines and to artificial exposures in roadcuts and in 
numerous trenches dug through the loess mantle at  se- 
lected stations throughout the lowland. In  general, 
the deposits in these relatively shallow exposures belong 
to three main stratigraphic units. They are (I) the 
thin, nearly continuous surficial mantle of loess and, 
locally, thicker deposits of windblown sand; (2) the 
proglacial-lake sediments of Naptowne age made up of 
a variable thickness of essentially unweathered blue- 
gray to gray stratified gravel and sand, laminated silt 
and sand, and massive to rudely stratified dony silt that 
nearly everywhere underlies the loess mantle of the low- 
land; and (3)  a complex of older sediments including 
buff to gray till and ice-contact glaciolacustrine and gla- 
ciofluvial deposits that unconformably underlie either 
loess or proglacial-lake sediments, or both. 

LOESS MANTLE: 

The loess mantle throughout the lowland ranges in 
thickness from a film to more than 6 feet but is generally 
from 2 to 4 feet thick. 'It is composed of well-sorted 

windblown material predominantly of silt size. ii 
well-developed but generally shallow podzolic soil pro- 
file developed in the loess characteristically has a thin 
gray leached A horizon and a red-brown, red, yellow, 
or buff iron-stained R horizon that grades downward 
into unoxidized olive-drab to gray sediment. Through- 
out the lowland the deposits are devoid of detectable 
amounts of calcium carbonate, and the depth of oxida- 
tion provides the main field criterion for determination 
of depth and intensity of soil development. Through- 
out the lowland the depth of podzolic soil development 
below the vegetation mat varies somewhat from plam 
to place, depending on vegetal cover, topographic posi- 
tion, character of the underlying materials, and deposi- 
tional history; but nearly everywhere it is between 2 
and 5 feet deep and most commonly terminates above 
the base of the loess mantle. In  contrast, soil develop- 
ment in the thinner loess deposits overlying moraines 
of post-Naptowne age in the lowland and in valleys of 
the adjoining Kenai Mountains is much shallower; in 
fact, everywhere observed it is less than 1 foot deep. 

At many places the loess is highly frost churned, and 
extreme contortions are outlined by the podzolic and 
other soil horizons as well as such basal reference beds 
as the volcanic ash. Examples of deformation by frost 
action are shown in figures 6 and 7. Near bluff margins 
the loess deposits tend to thicken and locally they con- 
tain several buried soil profiles separated by windblown 
sand or silt, recording a multiple cycle of wind deposi- 
tion. Wood collected from a culture layer buried be- 
neath 6 inches of loess in the Kenai-Kasilof area (car- 
bon-14 loc. H) dates A.D. 1500 +200 years." 

PROGLACIAGLAKE SEDIMENTS OF NAPTOWNE AGE 

The most significant generalizations that can be made 
concerning the distribution and character of the pro- 
glacial-lake sediments underlying the loess are as 
follows : 
1. They disconformably underlie the loess mantle over 

much of the lowland, and where the loess is thicker 
than the depth of soil development, they are un- 
weathered. This suggests that loess deposition 
essentially began immediately after cessation of 
proglacial-lake deposition as a product of wind 
action on the newly emerged and unvegetated bot- 
tom surfaces. I~ca l ly ,  lag deposits of wind-pol- 
ished pebbles occur along the basal contact of the 
loess, indicating deflation prior to wind deposition. 

4 Skepticism expressed by the author as to the validity of the carbon- 
14 results from this sample in the description published by Broecker 
and others (1956) relates to an earlier unpublished result of less than 
350 years and not to the age of 450 +200 years B.P. (Before Present) 
as finally published. The published date seems fully consistent with 
the tree-ring, botanical, and geologic data relating to the archae- 
ological aite. 
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EXPLANATION 

Vegetation turf 

Contorted loess with podzolic soil 
profile and discontinuous vol- 
canic ash layer 

Stratified sand, fine to medium 
grained, contorted near top 

Stony silt interfingered with well- 
stratified medium- to coarse- 
grained sand. Lag pebble layer 
at  top of stony silt unit 

Dark-gray silt with 
charcoal fragments 

Red-brown silt zones 
In buff silt 

Olive-drab silt 
Volcanic ash layer 
Olive-drab silt 

Contorted loess 

, Stratified sand 
and gravel 

FIQURE 6.-Field sketches of frost-contorted loess overlying proglacial-lake sediments of Naptowne age as exposed in 
hand-dug trenches. A, 3% miles north-northwest of confluence of weat fork of Moose River with Moose River, 4% 
miles northeast of Moose Biver bridge. Sterling Highway; B, near Naptowne Lodge on Sterling Highway. 
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EXPLANATION 

Loess a 
Stratlfled sllt, 

sand and gravel 

a 
T~ll 

-x- 
Volcanic 

ash  layers 

r. 
Errat~c 

boulders 

A B 

2. The deposits are extremely variable in mechanical 
composition, ranging from coarse poorly to well- 
sorted sand and gravel beneath strandlines to finely 
laminated silt and sand deposits commonly inter- 
stratified with stony silt beds. The silt and sand 
deposits are thickest in the low areas between the 
major morainal belts in the lowland but are also 
present in the form of finely laminated (varved?) 
silt and sand on the flat summit arettssf the mor- 
ainial ridges as high as 400 to 500 feet in elevation. 
I n  local exposures, the deposits can be traced con- 
tinuously over the tops of buried morainal ridges, 
indicating that the water body in which they were 
deposited stood higher than the elevation of these 
ridges. 

A, B, Meld sketches of exposures in Nikishka Lowland illustrating stratigraphic position of erratic boulders in relation to  proglacial-lake 
sediments. A, Roadcut on moraines of Rnik age approximately 1% miles due south of Boulder Point. Elevation between 250 and 
300 feet. B, Borrow pit on south side of Sterling Highway about half a mile northeast of Soldotna. Elevation between 150 and 
2430 feet. 

3. I n  general, the deposits are coarser grained near end 
moraines of Naptowne age (mdt-water sources) 
and are progressively finer grained in outlying 
areas of the lowland. 

4. They show initial dip relations to underlying con- 
tacts, (are thickest in depressions, and thin laterally 
through coarser grained and interbedded facies 
where underlying deposits rise high in the 
exposure. 

5. Large boulders and cobbles are commonly concen- 
trated along the unconformity cut into underlying 
deposits, particularly where these deposits are of 
till or stony silt, and are either completaly or partly 
buried by the proglacial-lake sediments (fig. 8A). 
Other boulders and cobbles are completely en- 

C, Granitic boulders on beach near Boulder Point, Nikishka Lowland. 
Boulders either represent material washed out of till of Naptowne 
age exposed in nearby sea bluffs or  ice-rafted material dropped 
during retreat of Naptowne ice from Boulder Point. 

FIQUBE 8.-Field sketches and photograph illustrating stratigraphic position of erratic boulders in deposits of Nikishka Lowland. 

695-474 0-63-3 
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closed in the water-laid sediments and indicate 
penecontemporaneous deposition either because of 
short gravity transport downslope from nearby 
higher ground or because of ice rafting (fig. 8). 

6. In numerous exposures a distinctive discontinuous 
ash layer, commonly associated with a brownish 
organic layer that lies slightly higher strati- 
,oraphically, occurs in the upper part of the watm- 
laid deposits (figs. 6, 7, 8). This ash and the 
associated brown layer have been found only in 
exposures underlying surfaces above 200 to 300 
feet in elevation. Deposits containing these dis- 
tinctive reference beds are exposed in roladrmts 
along the Sterling Highway at elevations between 
300 and 350 feet, overlying till of Moosehorn m d  
Killey age; at  elevations between 250 and 450 feet, 
in the deposits manbling the morainal belts of 
Knik and Eklutna age between the settlement of 
Sterling and the Kasilof River and north to the 
Swanson River along the oil-well access road; in 
hand-cut trenches above an elevation of 250 feet 
in deposits mantling moraines of Naptowne and 
Knik age just south of Boulder Point; and above 
an elevation of 300 feet in deposits mantling 
moraines of Eklutna and Knik age in the northern 
part of the lowland. From the distribution and 
elevation of these reference beds in water-laid 
deposits, it is evident that a volcanic-ash fall w- 
curred in the region during a time when pro- 
glacial-lake levels were higher than 400 feet in 
elevation but prior to retreat of Naptowne ice from 
the end moraines of Skilak age, as these moraines 
Iie af lower elevations and are not covered by 
proglacial-lake sediments. Ash underlying strati- 
fied sand and gravel has been reported from tho 
surficial deposits of the end moraines of Naptowne 
(Killey) age near Anchor Point at an elevaticm 
of 250 to 300 feet but has not been found on the 
younger Naptowne deposits in the Homer area 
(D. R. Krinsley, oral communication, 1958). The 
ash and associated brown band were observed by 
the author in proglacial-lake sediments between 
elevations of 200 and 250 feet in a roadcut south 
of the Nikishka Lowland near Clam Gulch and 
in stratified sand and gravel that unwnfomably 
overlie kame deposits in the Anchorage area at an 
elevation of 200 to 250 feet in a gravel pit on the 
Seward Highway near O'Malley Road. The ail- 
thor believes that these ash-bearing water-laid 
sediments in the Ninilchik Lowland and in the 
Anchorage area, as they occur in comparable 
stratigraphic sequences, record the same post- 
Moosehorn, pre-Skilak ash fall'that is recorded in 

.the Xikishka Lowland and provide a further 
demonstration of the regional extent of the pro- 
glacial lake. 

7. The deposits include numerous diwteuns, discon- 
formities, unconformities, pavement layers of 
wind-polished pebbles and cobbles, and locally one 
or more organic layers which mark depositional 
hiatuses and record short-term oscillations of lake 
levels. 

8. Where observed throughout the lowland, the deposits 
are not significantly deformed, indicating develop- 
ment and preservation within a re1a.tively stable 
depositional and postdepositional environment. 
Local minor deformational features appear to have 
resulted from such processes as differential am- 
paction, mbaqueous slump, congeliturbation, or 
iceberg dragging. Major deformational patterns 
suggesting deposition under, alongside of, or over 
brge lnelting glacier-ice blocks have nok been 
found in the deposits. 

9. The deposits mantle the flanks and summits of 
morainal belts of the Eklutna, Knik, and the oldm 
Naptowne advances in the lowland. They occupy 
interridge depressions and locally bury till ridges 
in Naptowne moraines of Mmehorn and Killey 
age but are absent on the moraines of Skilak and 
younger age, which are capped only by loess. 

The distribution and character of these water-laid 
deposits throughout the Nikishka Lowland are con- 
sistent with the geomorphic evidence of a proglacial 
lake environment throughout the upper part of Cook 
Inlet region during the Naptowne glaciation and pro- 
vide additional information concerning the history of 
this lake. The complex histom of lake-level fluctua- 
tions suggested by the multiple terrace levels in the 
lowland is, in general, confirmed by the numerous dia- 
stems in the proglacial-lake sediments that record sig- 
nificant but short-term hiatuses in the depositional se- 
quence. The detailed correlation of individual dia- 
stems exposed with particular terrace levels has not 
been done and must await more detailed mapping in 
the area. Nonetheless, the general distribution of the 
sediments overlying all the pre-Slrilak moraines of the 
lowland to elevations of over 400 feet and their absence 
on moraines of Skilak and later ages agree with the 
fragmentary strandline evidence of higher lake stands 
at 750 and 500 feet during Moosehorn and Killey time 
and lake stands at about 275 feet and lower during and 
following the Skilak maximum. The apparent absence 
below an elevation of about 50 feet of ash commonly 
present at higher elevations in the basal part of the 
overlying loess in turn indicates that a volcanic erup- 
tion and ash fall occurred prior to final recession of 
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proglacial-lake waters from about the 50-foot strand- 
line level. 

OTHER GLACIAL AND RELA!l?BD D-SXTS 

Deposits exposed locally beneath loess or proglacial- 
lake sediments of Naptowne age on the Nikishka Low- 
land inland from the coast include till and ice-contact 
glaciolacustrine and glaciofluvial deposits of Naptowne 
to Eklutna age. 

Till of Naptowne age is exposed in roadcuts along 
Sterling Highway between Naptowne Lodge at Ster- 
ling and the Kenai Mountain front. As exposed in 
these roadcuts, morainal till of the Moosehorn advances 
is an olive-drab to grayish sediment with a sandy silt 
matrix and an overwhelming predominance of dis- 
coidal to tabular pebbles and cobbles of graywacke and 
argillite, some graywacke-argillite boulders, and a few 
pebbles and cobbles of subgrqwacke and granite. Mo- 
rainal tills of the Killey, Skilak, and Tanya advances 
are coarser grained, grayer in color, and contain a small 
but somewhat higher percentage of granitic-rock par- 
ticles than the till of Moosehorn age. The predomi- 
nance of well-rounded discoidal and tabular pebbles 
and cobbles of grayw,acke in the moraines of Moose- 
horn age, similar in size and shape to the material in 
the Skilak Lake modern beach deposits, suggests that 
the Naptowne ice overrode comparable beach deposits 
in its advance to its maximum position. Weathering 
on these four belts of moraines is comparable, and a 
podzolic soil profile from 2 to 5 feet thick is generally 
restricted to the loess and proglacial-lake sediments 
overlying the till. Surface boulders of both 
graywacke-argillite and granite types show little or no 
evidence of weathering or disintegration. Deep cuts 
made through the pre-Skilak interlobate moraine by 
the new cutoff road through Jean Lake valley at an 
elevation of about 500 to 550 feet expose contorted 
laminated buff lake silt underlying unweathered basal 
till of Naptowne age. The degree of weathering in 
these lake silts suggests that they are of late Knik 
rather than early Naptowne age. If so, this means 
that a high-level lake stand persisted in the region rel- 
atively late in Knik time and that the proglacial lake 
generated by the Naptowne glaciation did not rise 
higher than 500-foot elevation until after the Jean 
Lake and Skilak Lake ice lobes coalesced outside the 
boundaries of the Kenai Mountains and began building 
the interlobate moraine which crests between 600 and 
650 feet in elevation. 

Along the new road alinement of Sterling Highway 
east of Jean Lake, thick sections are exposed in road- 
cuts through moraines of the Tanya advance. Till be- 
neath these moraines is extremely coarse and gravelly, 

and in the basal zone it contains transported blocks of 
extremely contorted lake silt. The till stands in near 
vertical contacts with highly contorted lake sediments, 
recording readvances of Naptowne ice during Tanya 
time in a small marginal lake that was dammed between 
the ice front and the valley-floor divide (550-600 ft. in 
elevation) during the late Naptowne deglaciation of 
Jean Lake valley. The marginal glacial lake in Jean 
Valley was but part of a much larger ice-dammed lake 
system that occupied the upper Kenai River valley 
system in late Naptowne time. 

River bluffs along the Killey River locally expose 
thick sections of glacial drift underlying moraines of 
Naptowne age. The Naptowne moraines of the Killey 
River ice lobes were deposited generally above the level 
of proglacial-lake waters and are veneered by a 1- to 
6-foot-thick loess mantle that directly overlies bouldery 
unweathered till. The till is typically olive drab to 
gray in color, has a sandy silt matrix, and contains peb- 
bles, cobbles, and boulders of graywacke, argillite, sub- 
graywacke, and granite rock types. A well-defined 
podzolic soil is developed in the overlying loess; and 
where the loess is thin, the soil extends a short distance 
into the underlying till. Soils developed on the mo- 
raines of the Skilak advance are from 2 to 4 feet deep, 
or similar to those developed in the surficial deposits 
throughout the Nikishka Lowland. Partly exposed 
river-bluff sections observed along the Killey River 
record a t  least one, and probably two, older drift units 
made up of till and associated fluvial and lacustrine 
deposits. These deposits are locally deeply iron stained 
and weathered and are separated by major erosional 
unconformities. In  the absence of more complete sec- 
tions, the age and number of pre-Naptowne glaciations 
recorded in the sediments remain uncertain, but it is 
likely that the lowermost drift exposed in the bluffs 
is at least as old as Eklutna age. Locally, the lower- 
most deposits exposed along the Killey River contain 
much clastic coal, suggesting the presence of Tertiary 
bedrock at relatively shallow depth within the valley. 

A thick section of glacial drift underlying morainal 
deposits of Naptowne age is exposed in Indian Creek 
valley at the head of Tustumena Lake. Here, the till 
of Naptowne age is an extremely coarse gravelly bluish- 
gray to gray sediment made up predominantly of cob- 
bles and boulders of graywacke-argillite, subgraywacke, 
and granite rock types. The till is generally overlain by 
1 to 3 feet of loess. A podzolic soil profile, generally 
2 to 4 feet thick, is developed on the surficial deposits 
in the area. As exposed locally in the river bluffs, the 
unweathered till of Naptowne age unconformably over- 
lies more than 100 feet of coarse gravelly till or channel 
gravel that is yellow buff to brown in the ipper 50 feet 
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and olive drab and bluish gray in the lower 50 feet. 
Limonitic staining of matrix and weathered particles 
in the upper part of the section grades through a mot- 
tled yellow and grayish zone into the underlying un- 
weathered and unstained zone. In  character and depth 
of weathering, these buried deposits are similar to 
those of Eklutna age exposed elsewhere in the region, 
so they are provisionally considered to be of Eklutna 
age. I f  this assignment is correct, as Knik as well as 
Naptowne ice unquestionably overrode this area, ero- 
sion must have removed deposits of Knik age as well 
as a part of the upper zone of the deposits of Eklutna 
age prior to deposition of the overlying till of Nap- 
towne age. 

Compacted slightIy deformed and iron-stained silt 
and sand containing fragments of twigs and clastic coal 
are exposed at beach level in a wave-cut bluff at the 
north corner of Tustumena Lake (carbon-14 loc. 8). 
These sediments, presumed to be of Knik age, are over- 
lain by blue-gray and gray laminated silt and stratified 
sand and gravel comparable to sediments associated 
with till of Naptowne age exposed nearby. Twigs and 
wood fragments collected from the basal sediments gave 
a date of pre-30,000 B.C. (W-76). 

Till attributed to the Knik glaciation, and underlying 
5 to 15 feet of proglacial laminated sand and silt, is 
exposed in a roadcut just west of Moose Creek. The till 
is composed of olive-drab to gray sandy and gravelly 
sediment with numerous rounded pebbles, cobbles, and 
boulders of graywacke, argillite, subgraywacke, and 
granitic rock types derived from the Kenai Mountains. 
I t  is in contact on the west with a buried section of 
deformed and faulted interbedded silt, sand, and gravel 
that indicates stress from the east. The overlying 
undeformed proglacial-lake sediments are slightly 
cemented with silica and are overlain by about 2 feet of 
loess with a podzolic soil profile and, locally, an ash 
layer near its base. The till is considered to be of Knik 
age because it underlies the outer boundary of the end- 
morainal complex of Knik age as defined geomorpholog- 
icnlly, because the associated outwash suggests defor- 
mation in front of a westward-advancing ice front, and 
because the till contains Kenai Mountain lithologies 
whereas the deposits immediately to the west and asso- 
ciated with the Eklutna interlobate moraine are charac- 
terized by a mixture of rock types derived from eastern 
as well as western sources. 

Deep roadcuts in the interlobate moraine of Eklutna 
age, where crossed by Sterling Highway and the oil- 
well access road, locally expose till, highly deformed 
ice-contact deposits, stony silt, undeformed stratified 
silt, sand, and gravel unconformably below a mantle 
of loess and the undeformed proglacial-lake sediments 

of Naptowne age. This older complex of sediments in 
general occurs at shallower depth along the flanks and 
near the tops of the modified morainal ridges and lies 
at greater depth in the broad flat poorly drained areas 
between the terraced ridges. Large erratic boulders 
are commonly concentrated along the upper contact of 
the stony silt and till facies and are either completely 
or partly burid by the overlying sediments. These 
boulder concentrations at or just beneath the surface 
are thus most commonly seen in construction operations 
on steep ridge slopes, near the top of ridges, and on the 
faces of terrace scarps where the overlying deposits are 
thinnest. The primary glacial deposits exposed in the 
interlobate moraine are considered to be of Eklutna 
age because they lie beyond the boundaries of the sub- 
sequent glaciation and thus must have been deposited 
prior to the Knik glaciation. The overlying and asso- 
ciated proglacial-lake sediments probably include de- 
posits of both Eklutna and Knik age. With the possible 
exception of a bug-colored unsorted bouldery sediment 
(stony silt or till?) exposed in a pit at the well site near 
the Swanson River, none of the older sediments ob- 
served elsewhere within the Eklutna moraines show the 
deep-weathering characteristics that are seen in sedi- 
ments of Knik and Eklutna age exposed locally along 
the sea bluffs. This is probably attributable in part to 
the shallow depth and paucity of available exposures 
and in part to the fact that, where exposed, erosion as 
marked by the overlying unconformity has largely or 
completely removed the weathered upper zone of the 
older sediments. 

CORRELATION WITH THE TYPE-SECTION DEPOSITS 
OF THE EKLUTNA AND KNIK GLACIATIONS 

Stratigraphic evidence for two pre-Naptowne glacia- 
tions was first recognized by the author in river-bluff 
exposures along the Eklutna River north of Anchorage 
and in sea-bluff exposures along the northwestern shore 
of Knik Arm. At both localities, two drift units, in- 
cluding till and associated glaciolacustrine and glacio- 
fluvial deposits, underlie surficial till of Naptowne age; 
and at both, the lowermost drift unit is a deeply and 
uniformly limonite-stained, yellow-buff to buff unit 50 
to 100 feet thick unconformably overlain by a moderate- 
ly oxidized unit, which in turn is overlain unconform- 
ably by the surface drift with a relatively shallower 
weathering profile. On the basis of stratigraphic posi- 
tion and relations to regional morainal boundaries, the 
lowermost drift is correlated with the third oldest set 
of moraines of the Eklutna glaciation, named from the 
exposure in the Eklutna Valley. The intermediate 
drift unit of the Knik glaciation, as defined from the 
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exposures along Knik Arm, is post-Eklutna and pre- 
Naptowne in age. 

TYPl SBICTION O F  DRIFT OF !FEB EELUTNA GILACL411ON 

The type-section drift of the Eklutna glaciation is 
exposed in an approximately 150-foot-high bluff along 
the Eklutna, River 1% miles west of the Eklutna Lake 
outlet (pl. 6, profile VIII) .  
The section is as follows : 

Post-Naptowne and Naptowne glaciations 
2 4  f t  loess ; podzolic soil development ; buff to brown 

near top, grading down into olive-drab silt. Depth 
of oxidation 3-4 ft. 

Naptowne glaciation 
2-15 f t  stratified gray sand and gravel; recessional 

outwash and terrace gravel. 
0-25 f t  olive-drab till with sandy silt matrix, sand 

pebbles, cobbles, and boulders of graywacke-argil- 
lite, granitic, and greenstone rock types. 

1 0 3 0  f t  gray stratified sand and gravel ranging from 
cobble to pebble size and locally containing well- 
stratified beds of coarse- to fine-grained sand; ad- 
vance outwash or proglacial-lake sediments. 

Unconforrnity 
Knik glaciation 

30 to 50-ft section, in large part mantled. Buff 
weathered bouldery till exposed locally near top. 
As much as 30 f t  of blue-gray to gray laminated 
sand and silt exposed near bottom. Middle part 
mantled. Nature of the contact between till and 
underlying lake sediments not known. 

Unconf orlqity 
Eklutna glaciation 

40-60 f t  of yellow-buff cmdely to well-stratified cob 
bly gravel and sand; weathered recessional out- 
wash. 

The measured section lies between the 760- and 900- 
foot contours. Upstream, local bluff exposures show 
the lower seotion of drift of the Eklutna glaciation and 
the upper section of till and associated drift of Nap- 
towne age. The middle section in these exposures, how- 
ever, is made up of a series of blue-gray laminated silt 
and sand beds with locally some layers of brownish buff 
sand and gravel ; the till of Knik age is missing. Thus, 
it seems that the till of Knik age was locally removed 
from the Eklutna Valley prior to deposition of the sedi- 
ments of Naptowne age. 

E X P O S U R E S  O F  D E P O S I T S  O F  EELUTNA AGE IN THE 
ANCHORAGE ARJM 

Observations on the character of the deposits under- 
lying the lateral moraines along the flanks of the Chu- 
gach Mountains south of Eklutna River have been made 
by the author along Ski Bowl Road near Ship Creek 
and along roadcuts near Rabbit Creek. Another crit- 
ical exposure has been mapped in the upper canyon 

of Campbell Creek by Miller and Dobrovolny (1959, 
p. 21). 

A deep roadcut through a lateral-morainal ridge of 
~klutna-age is present along Ski Bowl road at  an ele- 
vation of about 650 feet. The exposed section is inter- 
preted as follows : 

Post-Naptowne and Naptowne glaciations 
2-3 f t  loess, with podzolic soil profile extending 

locally below base into underlying sediments. 
Naptowne glaciation 

1-2 f t  gray stratified pebbly and cobbly gravel with 
a slight iron staining locally a t  top. 

2-6 in. of blue-gray finely laminated silt;  proglacial- 
lake sediments. 

Eklutna glaciation 
15 f t  of buff to brownish buff coarse bouldery till with 

pebbles, cobbles, and boulders of graywacke, argil- 
lite, greenstone, and granitic rock types predomi- 
nantly, but with a few poorly consolidated sand- 
stone cobbles of Tertiary age. A lag concentra- 
tion of larger size particles a t  top of till suggests 
erosion and removal of finer grained materials prior 
to deposition of overlying laminated-silt unit. 

Disconformity 
15f f t  of buff to brownish buff fractured and jointed 

laminated silt;  fracture planes coated with brown 
iron-oxide films ; proglacial-lake sediment& 

The lateral moraines which flank the front of the 
Chugach Mountains are terraced and generally mantled 
with thin deposits of loess and, locally, with water-laid 
gravel, sand, and finely laminated silt. I n  contrast to 
the deep and uniform brown coloration and iron stain- 
ing of the underlying coarse till and fine-grained lake 
silt, the overlying coarse-grained sediments contain a 
weathering profile that is less than 3 feet thick. These 
pedologic differences suggest an appreciable difference 
in the ages of the till and of the overlying water-laid 
deposits and essentially eliminate the possibility that 
the surface deposits represent deposition by marginal 
melt-water streams contemporaneous with retreat of the 
Eklutna ice from the region. Insofar as the Ski Bowl 
road exposure lies below the highest level (about 750 
ft in elevation) of the proglacial lake of Naptowne age 
as  rewgnized on the adjoining Nikishka Lowland, the 
author believes that the little-weathered surficial layer 
of gravel and silt mantling the moraines of Eklutna age 
provides direct stratigraphic evidence of this lake in the 

, Anchorage area. 
No marked weathering hiatus appears to be present 

between the till and underlying deposit of lake silt, and 
it is probable that the lake silt represents p~oglacial- 
lake deposition contemporaneous with the advance of 
Eklutna ice into the area. Whether this lake was re- 
stricted to the Ship Creek valley as a consequence of 
damming of the tributary valley mouth by ice of the 
Matanuska-Knik River ice lobe, or whether it was part 
of a larger lake system which temporarily occupied the 
Cook Inlet trough prior to its complete filling by Ek- 
lutna ice, is not certain. 
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New road construction in 1957 near Rabbit Creek 
exposed a thick section of deposits within the morainal 
belt of Eklutna age between elevations of 800 and 900 
feet. The deposits exposed in the roadcut lie beneath 
a terracelike surface cut along the flanks of the Chugach 
Mountains. They are interpreted as follows : 

Post-Naptowne and Naptowne glaciations 
0-1 f t  of thin discontinuous red-brown to buff loess. 

Unconformity 
Knik glaciation 

20-30 f t  of laminated buff to gray silt and sand with 
a few scattered pebbles and cobbles. Upper 6 f t  of 
exposed section is massive semiplastic silt, buff 
with subtle mottling, and with a suggestion of 
primary lamination and contortion (frost action). 
Leaf and twig impressions are IocaIIy preaent ; the 
organic material is completely decomposed. Near 
the base of section buff to olive-drab silt is inter- 
bedded with well-stratified gray medium- to 
coarse-grained sand. The middle part of section 
is mantled. 

Unconformity 
Eklutna glaciation 

10+ f t  of buff coarse bouldery, gravelly till. Boul- 
cters are graywacke-argillite, greenstone, and 
granitic rock types ; they show little sign of weath- 
ering and are generally sound. Locally, a t  top of 
till, lag concentrations of boulders and cobbles eug- 
gest some erosion of till prior to deposition of the 
overlying stratified sand and silt unit. 

The fine-grained and laminated character of the silt 
deposits and their position beneath a topographic bench 
along the mountain front adjacent to the mouth of a 
mountain valley suggest that they were deposited in a 
large lake whose surface stood appreciably above an 
elevation of 900 feet and whose shoreline was some 
distance away. The general paucity of boulders and 
other coarser grained clastic components suggests de- 
position away from melt water as well as tributary 
sources. The general mottled buff coloration in the 
upper zone of the silt unit and its position above the 
highest recognized level (about 750-ft) of the pro- 
glacial lake of Naptowne age, but below the 1,000-foot 
strandline level attributed to a proglacial lake of Knik 
age on the Kenai Lowland, suggest that the high-level 
silt deposit in the Rabbit Creek drainage area may rep- 
resent proglacial-lake deposits of Knik age. 

Miller and Dobrovolny (1959) describe a section ex- 
posed nearby in Campbell Creek Canyon between ele- 
vations of '750 and 1,000 feet. Here, 85 feet of bouldery 
till rests on about 150 feet of bedrock and is overlain by 
more than 15 feet of stratified sand md gravel with a 
coarse cobbly lag bed at its base. In view of the strati- 
graphic relations in the lower section exposed at Rabbit 
Creek, it is possible that the surface sand and gravel at 
Campbell Creek may, at least in part, represent a 
coarser strandline facies deposited essentially contem- 
poraneously with the deeper water silt deposits exposed 
near Rabbit Creek. The sections described ahove are 
schematically shown on plate 6, profile VIII, in rela- 

tionship to the morainal boundaries and to probable 
high-level stands of the proglacial lakes of Naptowne 
and Knik age in Cook Inlet. 

TYPE SECTION OF DEPOSITS OF THBI KNIK GLACIATION 

A most instructive stratigraphic section recording 
the relation of till of Knik age to older drift of Eklutna 
age and to younger drift of Naptowne age is exposed 
in the sea bluffs on the northwest shore of Knik Arm 
south of Goose Bay (pl. 6, profile X). At Goose Bay 
the bluff section is of an upper and lower till separated 
by a section of stratified silt, sand, and gravel with 
weathered horizons, two organic zones and associated 
profdes, and a thin shelly zone of laminated blue-gray 
silt. Both the lower and upper till units are traceable 
discontinuously in the sea bluffs south to the end moraine 
of Naptowne age near Point MacKenzie, where the 
upper till unit terminates and is replaced by stratified 
sand and gravel in the upper part of the bluff section. 
The lower till of Knik age is locally exposed near beach 
level through the bluff mantle to a point 3 to 4 miles 
west of the end moraines of Naptowne age. There, it is 
higher in the bluff and occurs in a near-vertical to 
steeply inclined contact with a highly contorted finely 
laminated buff to yellow-buff silt and sand containing 
disseminated particles and lenses of clastic coal. These 
contact sediments are similar in their uniform limonitic 
staining and in their stratigraphic position to deposits 
of Eklutna age underlying the end moraines of Knik 
age near Boulder Point on the Nikishka Lowland. 
Major recumbent folding (some folds of the magnitude 
of 25-20 f t  from crests to troughs) and minor over- 
turned folding and overthrust faulting to the south are 
recorded in these contact sediments and suggest ice 
shove from the north by the advancing Knik ice front. 
Both the undefomed till and deformed contact sedi- 
ments are overlain unconformably by stratified sand 
and gravel deposits that underlie terrace surfaces which 
border, and locally cut into, the flanks of the end mo- 
raines of Naptowne age. 

East of the contact between deposits of Knik and Ek- 
lutna age the till of Knik age is overlain by .a thick 
section of laminated blue-gray silt that locally contains 
a marine shell zone lying about 30 to 50 feet above sea 
level. The shells are of the same species as those col- 
lected by the author from their original positions in the 
middle section of the Bootlegger Cove clay (of Knik 
age as used by Miller and Dobrovolny, 1959) exposed 
across Knik Arm near Point Woronzof. Earlier col- 
lections by Miller and Cooley (Miller and Dobrovolny, 
1959, p. 45) and Frank C. Trainer (oral communica- 
tion, 1956) from this type section of the Bootlegger 
Cove contained the following mollusks : 
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Racoinum cf. B. physematum Dall 
Odostomia (Evalm) sp. 
Nuoulana fossa Baird 
Cardium ciliaturn Fabricius 
Macoma; d. M. i3wbulosa Gmelin 
Basicava pholadis Linn4 
Mya truneata Linn4 

At present these forms live in moderately shallow waters 
in the intertidal zone. Shells of these species have not 
been seen by the author on the beaches along the Cook 
Inlet coast north of Kenai except in Knik Arm where 
the Bootlegger Cove clay crops out in the sea bluffs. 
Miller collected from slump material, and he believes 
that the shells probably represent wave-tossed modern 
shells. Trainer considers that the shells were derived 
from the Bootlegger Cove clay. Shells collected by 
Trainer from the Bootlegger Cove clay and modern mol- 
lusk shells collected from Cook Inlet by the author were 
transmitted by the author to Dr. Herbert S..~otratz, 
Washington University, St. Louis, Mo., for chemical 
analyses of radioactive contents. The analyses indicate 
a major difference in the ionium and uranium disequili- 
brium ratios (Herbert S. Potratz, written communica- 
tion, 1958; Sackett, 1958 6 ) .  The shells from the Boot- 
legger Cove clay contain 0.26 (k0.03) ppm (parts per 
million) uranium and have an ionium-uranium ratio of 
0.34. The modern-shell material contains 0.32 k0.03) 
ppm uranium and has an ionium-uranium ratio of 0.01. 
From a theoretical consideration of the radioactivity 
of these samples, Sackett suggests that the shells in the 
marine zone of the Bootlegger Cove clay probably are 
between 33,000 and 48,000 years old. 

The only other known exposure of marine deposits 
in the coastal stratigraphy of Cook Inlet is reported 
from the southwest coast of Kodiak Island (Maddren, 
1919; Capps, 1937). Here the marine deposits are 
overlain and underlain by till and occur about 20 feet 
above the present limit of high tide. According to 
Capps, these deposits indicate a relatin elevation of 
Kodiak Island of between 30 and 50 feet at  this place 
since deposition. Fossils collected by A. G. Maddren, 
identified by W. H. Dall, and reviewed by F. S. MacNeil 
(written communications, 1958) include the following 
forms : 

Chlamys ielandious Muller Mya japonica Jay (Mya inter- 
Uonia rnacroachisma Deshayes media Dall) 
Tellina lutea Gray Katisipho halli Dall 
Mamma middendorni DaH Tackyrhymhus polaris Beck 
Cardita (Cyclocordia) Crebi- dstarte bwealis Schumacher 

wstata Krause Susorlomus giganteus Deshy- 
Cardita (Cyclocardia) pauci- ates 

eostata Krause Chrysodomus sp. 

Cardita (Gyclooard,ia) cassi- Roreotrophan sp. I dens Borderip and Sowerby Balnms sp. 

"Sackett, W. M., 1958, Ionium-uranium ratios in marine-deposited 
calcium carbonates and related materials: Washington Univ., St. 
Louis, Mo., Ph. D. thesis. 

According to MacNeil, all of the identifiable forms in 
this collection, like those collected from the Bootlegger 
Cove clay, are within their present geographic range. 

The unweathered till overlying this marine zone on 
Kodiak Island was considered by Capps (1937) to most 
probably represent the Wisconsin glacial stage. As 
previously discussed, the last major glaciation of Ko- 
diak Island is considered to be the equivalent of the 
Naptowne glaciation of Cook Inlet. This correlation, 
which is based on comparable stratigraphic position, 
weathering, and a consideration of ice extents in the 
region, is further supported by the local presence in 
both areas of a marine deposit that underlies surface 
till and which occurs between 20 and 50 feet above 
present sea level. These relations point to a higher 
sea-level stand in the Pacific Ocean and Cook Inlet pre- 
ceding the last major glaciation of central Alaska. Just 
how much the present elevation of the marine zone is 
due to eustatic sea-level shifts or to postdepositional 
emergence resulting from isostatic or tectonic adjust- 
ments is not known. However, its position withill an 
interglacial interval and the fact that it lies at approxi- 
mately the same elevation in two widely separate 
localities suggest a significant eustatic marine trane- 
gression to levels above present datum in the region fol- 
lowing retreat of Knik ice from the Cook Inlet trough 
but prior to the Naptowne glaciation. No comparable 
marine deposits have yet been found along the Kenaj 
Lowland coastline. This suggests the possibility that 
the pre-Naptownc marine reentrant lay somewhere west 
of the present eastern shore of Cook Inlet. Detailed 
study of the startigraphy exposed in the sea bluffs along 
the west shore of Cook Inlet should permit more precise 
location of the western margin of this interglacial 
seaway. 

The stratigraphy near Goose Bay provides a detailed 
record of the interval between the retreat of Knik ice 
and t.he advance of Naptowne ice in Cook Inlet and is 
interpreted as follows : 

Post-Naptowne and Naptowne glaciation 
12 1 4  ft. loess with podziloc soil zone from 3-4 ft. 

thick ; volcanic ash layer locally near base of 1oes;J. 
Locally dune sand as much as 30 ft. thick. 

Disconformity 
Naptowne glaciation 

11. 0-20 ft. of predoniinantly olivedrab to gray lami- 
nated silt and sand, locally stratified gravel. Pro- 
glacial-lake sediments, coni~nonly buff colored near 
top, postdate the Kaptowne maximum. 

Disconformity, locally unconfolrmity 
10. 10-30 ft. of blue grayish silty till with pebbles, 

cobbles, and boulders of metamorphic, igneous, 
sandstone, shale, graywacke-argillite, quartzite, and 



QUATERNARY GEOLOGY, KENAI LOWLAND AND GLACIAL HISTORY, COOK INLET 

chert rock types. The till locally contains striated 
and truncated boulder pavement surfaces, which 
record glacial readvances, and near base shows 
rude stratification with lenses and pockets of 
gravel. Locally near top the till grades into 
coarser bouldery facies that show some deep h e  
matitic iron staining. 

Gradntional contact 
9. 20-40 f t  of well-stratified gray sand and gravel, 

locally crossbedded ; contains some transported 
wood fragments near base. Crossbedding and im- 
bricate structure indicates depositional currents 
from the northeast. Unit unstained and unweath- 
ered except for patches of iron staining locally 
present along basal contact. Advance outwash de- 
posits. 

Disconformity, locally unconformity 
Pro-Naptowne glaciation 

8. 0-6 f t  of contorted stratified silt, sand, and gravel. 
At place where measured in detail, unit is made up 
of 23 f t  of iron-stained gravel, % f t  of iron-stained 
sand grading downward into M-1 f t  of unstained 
sand and laminated blue-gray silt. 

Wisconformity 
Knik glaciation 

7. 0-6 f t  of deformed organic silt and peat deposits. 
Unit can be traced nearly continuously about 10 f t  
above beach level from Goose Bay 3 miles north- 
east along the coast, a t  which point it is truncated 
and overlain directly by till of Naptowne age. At 
Goose Bay the unit contains (from top to bottom) : 
1-2 f t  of stratified gray and dark-gray organic silt, 
with two discontinuous ash layers, and some iron 
staining near top; 1 4  in. of woody moss peat; 
2-2% f t  of dark brown to red-brown dense mossy 
peat; silt film ; 1-2 in. of mossy woody peat; 4-5 
in. of red-brown moss-sedge peat; 2 in. of dark 
brown dense mo-sedge peat; 2-3 in. of banded 
red-brown to dark-brown dense moss-sedge peat; 
silt film ; 2 in. of dark-brown dense moss peat ; 1-3 
in. of laminated organic silt; and M-1 f t  of strati- 
fied slightly iron-mottled gray sand and blue-gray 
silt with scattered pebbles. 

Disconf ormity 
6. 20-30 f t  of iron-stained and locally iron-cemented 

coarse cobbly stratified gravel with imbricate struc- 
tures indicating deposition by currents flowing from 
northeast. Iron-staining is concentrated near top. 
but varies appreciably both in intensity and in 
distribution throughout the unit. The basal part 
is, in general, less iron stained than the upper 
part. 

Disconformity 
5. 0-1 f t  of buff to brownish buff silt with numerous 

pebbles and cobbles. The unit apparently repre- 
sents a mixture along the contact of the overlying 
gravel with the underlying silt. Although it is 
possible that the buiT coloration may represent an 
interval of subaerial weathering prior to gravel 
deposition, it is more likely that it represents mete- 
oric water staining concentrated along the base 
of the overlying more porous and permeable gravel 
unit. 

Gradational contact 
4. 0-6 f t  of finely laminated blue-gray silt containing 

a middle zone rich in finely comminuted calcium 
carbonate shell fragments and a basal organic silt 
zone with numerous twigs and fragments of wood. 
The basal organic layer represents a buried bog 
and is  assocated with a soil profile that penetrates 
into the underlying gravel and silt. 

3. 0-3 f t  of buff pebbly silt, marking a mixture of 
overlying silt with underlying stained gravel. 

2. 5-15 f t  of coarse cobbly sand and gravel, deeply 
iron stained and cemented. 

Disconformity 
1. More than 10 f t  of blue-gray silty till, with pebbles, 

cobbles, and boulders of -metamorphic, igneous, 

sandstone, shale, graywacke, argillite, quartzite, 
conglomerate, and chert rock types. Near the top 
of the unit the till is rudely stratified and contains 
lenses and pockets of washed gravel. 

Wood from a transported log collected from near the 
base of the advance outwash (unit 9) dates pre-38,000 
B.C. (W-644). I f  this transported log represents vege- 
tation growing a t  the time of deposition rather than 
reworked older material, its age closely dates either the 
advance of Naptowne ice to the end-moraine position 
near Point MacKenzie and Cairn Point or the initial 
phase of Glacial Lake Cook. Wood collected from near 
the top and bottom of the underlying buried bog (unit 
8) gives dates respectively of pre-36,000 B.C. (W-1'74) 
and pre-32,000 B.C. (W-77). Samples from the ad- 
vance outwash (unit 9) and the upper (unit 8) and 
lower (unit 4) bog horizons are pending carbon-14 
analyses a t  Lamont Laboratory with instruments that 
extend the carbon-14 dating range to 40,000 to 60,000 
years or more. The results of these analyses should 
clarify whether the advance outwash sample is younger 
than the material in the underlying bog, as i t  should 
be if i t  represents vegetation growing before or a t  the 
time of maximum extension of Naptowne ice. The car- 
bon-14 results may also provide finite dates for signifi- 
cant climatic events of the last interglacial period in 
Cook Inlet. Carbonate material from the shell zone in 
unit 4 is pending analyses by the Potratz ionium- 
uranium dating method that should clarify the present 
correlation of this zone with the marine shell zone 
found elsewhere in the Knik Arm area. 

The significance of the Goose Bay section lies in its 
rather clearcut record of a series of important deposi- 
tional events following retreat of Knik ice from, and 
prior to the advance of Naptowne ice to, its maximum 
position in the lowland. The presence of two buried 
organic soils and an intermediate marine zone suggests 
significant climatic and hydrologic changes within the 
Cook Inlet region during this time interval. The Goose 
Bay section combined with the stratigraphic relations 
exposed elsewhere along the sea bluff suggest the fol- 
lowing sequence of events : 
1. Advance of Knik ice to its maximum position west of 

Point MacKenzie where i t  overrode and deformed 
weathered sediments of Eklutna age. 

2. Retreat of Knik ice in a proglacial-lake environment, 
recorded by laminated silt, sand, and gravel di- 
rectly overlying till of Knik age. 

3. Continued glacial retreat and drainage of the pro- 
glacial lake followed by subaerial erosion and vege- 
tation expansion on the emerged land surface, re- 
corded near Goose Bay by the basal organic layer 
of unit 4. 
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4. Submergence beneath marine waters that rose more 
than 50 feet above present datum, recorded by tho 
marine shell beds near Point MacKenzie and pre- 
sumably also by the shell zone in unit 4 near Goose 
Bay. 

5. Re-emergence accompanied or followed by deposition 
of stratified sand and gravel a t  Goose Bay (unit 
6), with subsequent subaerial weathering and bog 
accumulation in depressions on the emerged land 
surface (unit 7) .  

6. Inundation of the bog surface by rising proglacial 
waters (unit 8) accompanying the initial advance 
of Naptowne ice into the lowland and followed by 
continued advance to  the maximum position near 
Point MacKenzie in a proglacial environment, 
recorded by the advance outwash and till near 
Goose Bay and by the laminated lake silt overlying 
the marine zone in front of the end moraines of 
Naptowne age. A brief interruption in the pro- 
Naptowne lake history is suggested by the uncon- 
formity and weathering profile(?) at the top of 
unit 8. This may therefore mark a brief drainage 
interval of an earlier lake phase accompanying a 
phase of glacial retreat just prior to the final read- 
vance of Naptowne ice to its maximum position. 

7. Fluctuating and falling lake levels accompanying 
retreat of Naptowne ice from its maximum posi- 
tion, recorded by terraces cut into the flanks of end 
moraines and the lowland surf ace. 

8. Wind, deposition of loess and sand dunes subsequent 
to final drainage of the proglacial lake and retreat 
of Naptowne ice out of the Mantanuska Lowland. 

CORRELATION WITH THE STRATIGRAPHIC RECORD 
IN THE ANCHORAGE AREA 

I n  their engineering geology study of the surficial 
deposits of the Anchorage area, Miller and Dobrovolny 
(1957a, b ;  1959) describe deposits which they assign 
to the Eklutna, Knik, and Naptowne glaciations. An 
isolated till-like lens of stony silt that lies along the con- 
tact between Bootlegger Cove clay and the overlying 
advance outwash deposits of Naptowne age near Cairn 
Point is attributed to a glacial advance which just pre- 
ceded the maximum advance of Naptowne ice to the 
Elmendorf moraine a t  Cairn Point. On the basis of 
a radiocarbon date of pre-36,000 B.C. obtained from a 
sample collected from a bog buried beneath till and ad- 
vance outwash deposits of Naptowne age near the Eagle 
River (pl. 6, profile I X )  , Miller and Dobrovolny concur 
with the author in the assignment of the Naptowne gla- 
ciation to all, not just part, of Wisconsin time, and of 
the Knik and Eklutna glaciations to pre-Wisconsin 
events. A brief field conference held jointly in the 

Anchorage area in 1956 with Robert Miller, Ernest 
Dobrovolny, and Wallace Hmsen was most helpful in 
resolving differences of interpretation between the au- 
tllor!s regional reconstruction of the glacial history and 
field interpretations placed on the Pleistocene deposits 
in the Anchorage area bearing directly on the regional 
glacial history. Some interpretative differences re- 
main, holvever, and will be discussed below. The stralti- 
graphy exposed in the sea bluffs along the southeast side 
of Knik Arm is shorn-n in plate 6, profile IX. The local- 
ities of sections observed and measured by the author 
with hand level or by visual estimate are shown on the 
profile. The section between Eagle River Flats and a 
point 2% miles north has not been examined by the 
author and is shown as measured and interpreted by 
Miller and Dobrovolny (1959, pl. 3). However, the 
Eagle Bay section occurs at the same elevation as the 
Goose Bay section, and is comparable in stratigraphic 
detail. This suggests the alternate interpretation that 
the basal till near the Eagle River, mapped as Eklutna 
in age, may be instead the correlative of the basal till of 
Knik age exposed at Goose Bay. I f  so, then the discon- 
tinuous stony silt unit between advance outwash gravel 
and the overlying Bootlegger Cove clay, mapped as till 
of Knik age a t  Eagle Bay, may be but a contact-zone 
mixture of gravel and silt equivalent to  the stony silt 
unit (unit 3) a t  the same stratigraphic position in the 
Goose Bay section. 

Miller and Dobrovolny (1959) do not recognize either 
the middle marine shell zone in the Bootlegger Cove 
clay or the threefold subdivision in the associated gla- 
ciolacustrine deposits near Point Woronzof (fig. 5E).  
They favor the interpretation that the yellow-buff to 
gray deposits near Point Woronzof were deposited con- 
temporaneously with the blue-gray Bootlegger Cove 
clay withlin proglacial lake that developed during 
Knik retreat; that n thin zone of iron staining locally 
present along the upper contact of the Bootlegger Cove 
clay marks a period of interglacial weathering prior to 
the Naptonne advance; and that overlying finely strati- 
fied silt, sand, and interbedded gravel which flank, and 
in general mantle, the moraines of Knik age outside of 
the Naptowne boundary are primary glaciofluvid ice- 
contact and pitted outwash deposits of Knik age. On 
lower surfaces, such as near Point Woronzof, finely stra- 
tified deposits that comparably overlie the Bootlegger 
Cove clay and date ca. 9,500 B.C. are considered to be 
outwash deposits at Naptowne age. On the other hand, 
on the basis of strikingly similar stratigraphic sequences 
both above and below the distinctive marine shell zone 
exposed in the sea bluffs on both sides of Knik Arm, 
the author believes that : 
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1. The Bootlegger Cove clay records proglacial-lake 
sedimention accompanying both the Knik and Nap- 
towne glaciations with an intervening interval of 
marine deposition. 

2. The yellow-buff to buff to brown finely laminated silt 
and sand deposits that unconformably underlie the 
Bootlegger Cove clay and the shell zone near Point 
Woronzof are not a ground-water-stained facies of 
the Bootlegger Cove clay, as favored by Miller and 
Dobrovolny, but are equivalent to comparably deeply 
limonite-stained sediments of Eklutna age uncon- 
formably underlying till of Knik age near Point Mac- 
Kenzie, Boulder Point on the Kenai Lowland, and in 
the Eklutna Valley. 

8. The bulk of the buff-to-gray stratified silt, sand, and 
gravel with scattered large ice-rafted boulders also 
underlying the Bootlegger Cove clay near Point 
Woronzof are, as interpreted by Miller and Dobro- 
volny, glaciolacustrine deposits laid down during the 
Knik glaciation. 

4. The overlying mantle of laminated blue-gray silt, 
gray laminated silt and sand, and stratified sand and 
gravel deposits here, as elsewhere in the Cook Inlet 
Lowland, predominantly record deposition in the 
proglacial lake of Naptowne age. 
Modification of morainal forms by proglacial-lake 

erosion and deposition provides a direct explanation, 
the author believes, for the complexly terraced and chan- 
neled lowland surface; for the stratigraphic sequences 
exposed; and for the similarity of textures and soil de- 
velopment (Miller and Dobrovolny, 1959, p. 22, report 
an average depth of surface weathering of from 4 to 
7 feet) of the water-laid surficial deposits mantling the 
morainal belts of Eklutna, Knik, and Naptowne age 
throughout the lowland around Anchorage. As in the 
Nikishka Lowland, the soils on the moraines of Eklutna, 
Knik, and Naptowne age near Anchorage are not de- 
veloped on primary glacial deposits but on proglacial- 
lake and windblown sediments. Thus they reflect the 
time interval since final lake drainage in late Naptowne 
time and not the much longer intervals since retreat of 
Eklutna, Knik, and Naptowne ice from the region, as 
these events are locally recorded by drift units separated 
by weathering profiles in the coastal-bluff stratigraphy. 

Miller and Dobrovolny classify the surficial water- 
laid deposits solely on the basis of topography and geo- 
morphic position relative to the morainal belts in the 
area. Thus water-laid deposits flanking and overlying 
the moraines outside of the end morainal boundary of 
Naptowne glaciation are considered to be of glaciofluvial 
origin (pitted outwash, outwash, ice-contact) deposited 
during recession of Knilr ice in a down-wasting ice-block 

environment. Comparable sand and gravel deposits at 
the same or higher elevations underlying terraces that 
flank the southeast margin of the dissected deltaic ridge 
of predominantly fine sand and silt between Point 
Woronzof and Point Campbell are considered to be pro- 
delta deposits formed contemporaneously with delta de- 
velopment and along the delta's distal margin within 
the proglacial lake of Knik age. The deltaic deposits 
underlie surfaces that are above 300-foot elevations, in- 
dicating that proglacial waters must have been at least 
this high throughout the region. This means that Mil- 
ler and Dobrovolny's pitted outwash, outwash, and ice- 
contact deposits which lie below 300 feet in elevation 
either were deposited in proglacial-lake water (and 
therefore are not glaciofluvial in origin) or represent 
deposition some time after drainage of the proglacial 
lake but prior to complete melting of Knik ice from the 
lowland. All existing lakes-including muskeg lakes 
and undrained depressions in the Anchorage lowland- 
are considered by Miller and Dobrovolny to be kettle 
lakes formed by melting of glacial ice blocks, even 
though many are formed in deposits overlying the Boot- 
legger Cove clay. All steep slopes on unconsolidated de- 
posits are considered to be ice-contact slopes resulting 
from deposition along the steep sides of large down- 
wasting glacial ice blocks. This interpretation is diffi- 
cult to reconcile with their evidence that the Bootlegger 
Cove clay fills the deepest depressions underlying the 
lowest areas in the lowland; is essentially continuous; 
shows normal stratigraphic relations to overlying and 
underlying sediments; and, as exposed in the sen bluffs 
away from the margin of moraines of the Naptowne gla- 
ciation, is essentially undeformed. Combined with the 
evidence of a marine transgression into the lowland fol- 
lowing Knik retreat, these features indicate that dep- 
osition of the Bootlegger Cove clay must postdate, 
rather than predate, the complete disappearance of Knik 
ice from the lowlands. The overlying deposits, there- 
fore, must be still younger and unrelated to deposition 
along the margins of glacial-ice blocks. 

According to the author's interpretation, most of 
these mantling deposits record deposition or reworking 
of primary deposits in a proglacial lake of Naptowne 
age, with the finer grained sediments (the upper zone 
of the Bootlegger Cove clay) laid down in the deeper 
partsWof the lake and the coarser grained facies depos- 
ited along the margins and beneath strandline terraces. 
Most steeper slopes do not represent ice-contact deposi- 
tion but are beach scarps cut into the flanks of higher 
ground during static intervals of fluctuating lake levels. 
The existing lakes and undrained depressions for the 
most part represent either original depressions on the 
emerged lake bottoms or depressions that formed or 
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were modified after emergence due to differential com- 
paction, melting of ground ice, or other post-deposi- 
tional processes. Excavations in the Spenard area in 
1956 exposed a large lens of ground ice several tens of 
feet long and more than 10 feet deep in the Bootlegger 
Cove clay (Roger Waller, oral communications, 1956). 
This emphasizes the probability that many of the un- 
drained depressions in the lowland resulted from or 
were modified by the melting of ground ice that must 
have been formed in the lake-bottom sediments only 
after emergence from beneath proglacial waters in late 
Naptowne time. 

As in the Nikishka Lowland, many of the lakes in the 
Anchorage Lowland occur on terrace levels or in aban- 
doned channels that appear to represent overflow chan- 
nels across shoals or islands in the lake. The lakes and 
undrained depressions on the upper surface of the ter- 
raced and channeled deltaic deposits between Point 
Woronzof and Point Campbell probably have an origin 
comparable to that of the numerous lakes that dot the 
surface of the present large delta at the mouth of the 
Susitna River, and whose development are totally un- 
related to melting of glacial-ice blocks. 

Miller and Dobrovolny's (1959) classification of the 
surficial carbon-14-dated silt and sand deposits near 
Point Woronzof as outwash deposits of Naptowne age 
implies that the Knik-Matanuska River ice lobe lin- 
gered near its end position of Naptowne time as late as 
ca. 9000 B.C. This is incompatible with the regional 
evidence of the proglacial lake that submerged the low- 
land long after Naptowne ice had retreated from the 
end moraine position and with the radiocarbon evidence 
near the Matanuska glacier at the head of Matanuska 
valley (carbon-14 loc. V, Williams and Ferrians, 1958) 
which indicates that the Matanuska lobe of the Nap- 
towne ice tongue had already retreated prior to 6000 
R.C. well into the upper reaches of the valley near 
present ice sources. The carbon-14-dated deposits near 
Point Woronzof underlie a surface that is not graded 
to, but which lies below, terrace levels cut well below 
the sand and gravel plain that abuts the end moraine 
of Naptowne age in the Anchorage area. This sand 
and gravel plain is not radially graded to the arcnate 
end moraine but to a marginal source area near the 
Eagle River. Surface deposits show a marked and 
progressive change from finer grained material near 
Cairn Point to coarse bouldery gravel near the Eagle 
River. Local exposures in the marginal gravel apron 
indicate that it abuts against till along a steep erosional 
contact. All these features strongly suggest that the 
upper as well as lower terrace surfaces in the Anchorage 
area postdate retreat of the Naptowne ,ice from its end 
moraine position. As discussed below, the carbon-14- 

dated finely laminated deposits near Point Woronzof 
seem to record two of the latest high-level lake stands 
in the proglacial lake of late Naptowne age. 

A major difference in interpretation lies in Miller and 
Dobrovolny's correlation of the deposits of Knik age 
as exposed in the sea bluffs with the lateral moraines 
on the Chugach Mountain front that the author orig- 
inally defined as of the Swan Lake glaciation (Karl- 
strom, 1953) and then redefined as of Eklutna age 
(Karlstrom, 1955b, 1957a). Miller and Dobrovolny 
(1959) support their correlation by noting within the 
Anchorage area the absence of a well-defined morainal 
boundary between the high lateral moraines of Eklutna 
age and the end moraines of Naptowne age on the low- 
land and the lack of major weathering and textural dif- 
ferences in the lowland surficial deposits. As previ- 
ously discussed, the author believes that this absence 
of well-defined morainal boundaries and of major 
weathering differences between the morainal belts in 
the lowland is the logical consequence of partial rework- 
ing and burial within the proglacial lake of Naptowne 
age. 

According to the Miller and Dobrovolny reconstruc- 
tion, Knik ice advanced completely beyond the bound- 
ary of the Anchorage area, and the Naptowne advance 
was the only piedmont glaciation in the area. How- 
ever, stratigraphic and morainal evidence in the Ni- 
kishka Lowland, Kustatan Lowland, and near Anchor- 
age (across Knik Arm) clearly indicate two separate 
piedmont glacier advances, the older of which was 
slightly more extensive than the Naptowne but much 
less extensive than the glaciation marked by the lateral 
moraines along the Chugach Mountain front. The 
presence of the till of the Knik glaciation 3 to 4 miles in 
front of the moraines of Naptowne age near Point Mac- 
Kenzie clearly requires that the Knik ice front must 
have also stood in the nearby Anchorage area. The 
absence of till of Knik age in the sea bluffs west of 
Anchorage is therefore attributed by the author either 
to erosion, prior to deposition of the Bootlegger Cove 
clay, to below the base of the present exposures or to 
the Knik ice not advancing as far on the Anchorage 
side of Knik Arm as on the Point MacKenzie side. As 
shown in plate 6, profile IX, the author favors the in- 
terpretation that till of Knik age lies at depth below 
present sea level east of Point Woronzof. The arc of 
eroded remnants of morainal ridges that lies 3 to 4 
miles south of the end moraine of Naptowne age in the 
Anchorage lowland area falls approximately in line 
with the outermost contact of buried till of Knik age 
exposed near Point MacKenzie and therefore presum- 
ably marks the outer boundary of the Knik-Matanuska 
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ice-lobe advance during Knik time into the Anchor- 
age area. 

Gastil (written communication, 1955) mapped a pre- 
Naptowne arc of subdued and partly eroded morainal 
ridges bordering Turnagain Arm between Potter and 
Port Campbell. This morainal belt lies at a lower ele- 
vation than the lateral moraines of Eklutna age and 
outside the end moraines of Naptowne age in the An- 
chorage area. Miller and Dobrovolny (1959) describe 
these moraines and also consider that they might rep- 
resent a separate glaciation. Because they erroneously 
assign a Knik age to the older lateral moraines nearby 
that, by definition, are of Eklutna age, they suggest that 
this younger belt of moraines may be Naptowne in age. 
These moraines in the Anchorage area fall directly in 
line with the arc of moraines deposited by the Turn- 
again ice lobe in the northern part of the Nikishka Low- 
land and are thus considered by the author to represent 
the Knik advance at  least to, and perhaps slightly be- 
yond, Fire Island, Point Campbell, and Point 
Possession. 

According to this interpretation, the till that is dis- 
continuously exposed in the middle section of the high 
sea bluffs east of Point Campbell (as mapped by Miller 
and Dobrovolny, 1959) thus reasonably represents de- 
position near the maximum margin of the Turnagain 
Arm ice lobe during Knik time. This is consistent 
with Miller and Dobrovolny's interpretation of the as- 
sociated water-laid sediments as deltaic deposits laid 
down in a lake of Knik age but differs from their inter- 
pretation in that they consider that this lake formed 
along the front of an ice lobe which had its source 
either in the Susitna Valley or the Alaska Range to 
the northwest and west. Damming of the lake by ice 
from Susitna Valley or the Alaska Range is supported 
by the following arguments. 1. Because no clastic coal 
was observed in deposits near Potter, the abundant 
clastic coal in the deltaic deposits could not have been 
derived from the Turnagain Arm area but must have 
been transported by ice advancing southward or south- 
eastward into the area from the Susitna Valley or the 
Alaska Range source areas of Tertiary rock. 2. The 
greater amount of gravel exposed near Point Woronzof 
than eastward around the Knik Arm sea bluffs indi- 
cates that the delta must have been supplied from north: 
ern or northwestern melt-water sources. However, 
there is abundant clastic coal in the sediments deposited 
by the Turnagain Arm ice lobe of Knik age east of 
Point Possession, indicating that either Tertiary bed- 
rock or older glacial sediments containing clastic coal 
were overridden by the ice lobe during its westward 
advance across the lowland margin from the Chugach- 
Kenai Mo~ultains to Point Campbell, Point Possession, 

and Fire Island. The absence of clastic coal in the 
deposits near Potter may mean that the Tertiary- 
Mesozoic bedrock contact lies somewhere at  depth be- 
neath the lowland surface just west of Potter. Clastic 
coal has been observed by the author in deposits exposed 
in roadcuts as far east as Little Rabb't Creek. 

It is true that more gravel is exposed in the sea bluffs 
near Point Woronzof than to the east (pl. 6, profile 
I X )  ; however, the gravel here largely represents de- 
position in a restricted channel cut into underlying buff 
to yellow-buff laminated silt, sand, and gravel of El<- 
lutna age (fig. 5F).  The sea bluffs transect these chan- 
nel-fill deposits roughly at right angles to the buried 
channel axis and the concave gravel beds dip 10" to 20' 
out from the bluff, recording deposition from the south- 
west or from water flowing out of Turnagain Arm. 
Further, Miller and Dobrovolny describe coarse granu- 
lar deposits, which flank the delta deposits along the 
southwest margin and locally overlie the Bootlegger 
Cove clay, as prodelta sediments deposited contempora- 
neously with delta formation. The development of 
these extremely coarse flanking deposits as bottom-set 
sediments along what would be, according to their in- 
terpretation, the distal side of the delta is difficult 
to reconcile not only with normal delta development 
but also with their concept that the delta was supplied 
from Alaska Range or Susitna Valley sources. No er- 
ratic material has been observed by the author near 
Point MToronzof that appears suggestive of exclusive 
Alaska Range sources, such as is found immediately to 
the south along the Nikishka Lowland coast and on the 
summit area of Mount Susitna. Perhaps of more sig- 
nificance, however, is the regional morainal evidence 
which indicates that ice from the more distant Susitna 
Valley and Alaska Range sources did not approach 
nearly as close to Point Woronzof during Naptowne 
and Knik time, nor remain as long in the area during 
Eklutna retreat, as did the ice from the nearby Chu- 
gach Mountain sources. The presence of till near Point 
Campbell and its absence in the Point Woronzof section 
to the northeast thus seem fully consistent with the mo- 
rainal evidence of proglacial-lake deposition in the 
Point Woronzof area during Knik time when the Turn- 
again Arm ice lobe fronted near Point Campbell and 
the Knik-Matanuska ice lobe fronted near Point 
MacKenzie. 

MORAINES AND GLACIAL STRATIGRAPHY OF POST- 
NAPTOWNE OR ALASKAN AGE 

Post-Naptowne glacial advances are represented by 
a sequence of fresh-looking moraines that lie between 
more modified moraines of Naptowne age and the fronts 
of existing glaciers, such as Tustumena glacier in the 
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Kenai Lowland, and in numerous alpine mountain val- 
leys throughout the Kenai Mountains. Comparable re- 
cent moraines and related talus and rock-glacier depos- 
its are found in the alpine areas throughout the state 
(PB\\-& and others, 1953 ; Andersen, (written communi- 
cation, 1955; Karlstrom, 1955b, 1957; Wahrhaftig, 
1958) and are readily accessible from the Alaska Rail- 
road where i t  crosses the Kenai Mountains and the 
Alaska Range. To this most recent series in the Cook 
Inlet glacial chronology the name Alaskan glaciation 
is applied. 

It is possible from photointerpretation of recent mo- 
rainal sequences in the Kenai Mountains to distinguish 
two distinctly separate series of glacial advances of 
,Ilaskan age. This twofold subdivision is supported 
by detailed ground mapping of the recent moraines on 
the Kenai Lowland in front of Tustumena glacier, in 
the upper Placer Creek valley near the section house 
of the Alaska Railroad a t  Tunnel, and in Palmer Creek 
rralley. Vegetation on the older moraines is, in general, 
more continuous and more mature than that growing 
on the younger moraines; but the character of the vege- 
tation cover varies appreciably from valley to valley, 
depending on the elevation of the moraines and their 
proximity to the coastal side of the mountains. I n  most 
of the alpine valleys, lateral boundaries of the older 
set of recent moraines are partly overlapped or oblit- 
erated by valley-wall talus, alluvial cones, and gully 
erosion, whereas the lateral moraines of the younger 
set of moraines are generally undissected. Where ob- 
served on the ground, the older morainal complex of 
the Alaskan glaciation is characterized by shallow but 
distinct podzolic soil development (weathering profiles 
4-12 in. deep). The younger moraines show but incipi- 
ent soiI development. This is in contrast to soil-profile 
depths of greater than 2 feet developed in loess man- 
tling moraines of Naptowne age. This pedologic dif- 
ference thus suggests a significant retreatal interval 
between the late Naptowne and Alaskan glaciations. 

From type sections near the head of Tustumena Lake 
in the Nikishka Lowland (fig.. 9) and near the section 
house at Tunnel near Bartlett glacier (fig. lo), the 
glacial advances represented by the older moraines are 
named the "Tustumena advances," and those repre- 
sented by the younger moraines are named the "Tunnel 
advances." The morainal record, where best pre- 
served, comprises at least 3 major Tustumena advances 
and 2 major and several minor Tunnel advances. 

TUSTUMENA ADVANCES 

At the type locality near the head of Tustumena 
Lake, moraines of the Tustumena advances occur less 
than a mile downvalley from the moraines of the 

Tunnel advances, which margin the present Tustumena 
glacier front (fig. 9). The latest Tustumena advance 
is represented by a nearly continuous forest-covered 
end moraine that borders the lake head and is partly 
buried by outwash graded upvalley to the younger 
sparsely vegetated to bare moraines of the Tunnel ad- 
vances. At  least two older and more extensive Tustu- 
mena advances reached beyond the present margins of 
Tustumena Lake, and these are represented only by 
forested lateral moraines preserved locally along the 
base of the bedrock valley wall southeast of the mouth 
of Indian Creek. The youngest moraine of the TUS- 
tumena advance is mantled by a 1%- to 2-foot-thick 
loess unit containing 2 weakly developed buried soils 
and recording 2 separate intervals of accelerated loess 
and sand deposition that may have resulted from in- 
creased alluviation and wind action upvalley ac- 
companying the advance of Tustumena glacier to the 
positions of moraines of the Tunnel 1 and 2 advances. 
I n  contrast to  soil-profile depths of from 2 to 4 feet 
developed downvalley in loess overlying the moraines 
of Tanya age, the combined depth of soil development 
associated with the surface soil and the two buried soils 
in the loess covering the moraines of the Tustumena 
advances is less than 8 inches. 

Moraines of Tustumena age are particularly well 
developed and preserved near the head of Palmer Creek 
valley in the Kenai Mountains. These morainal de- 
posits are covered by a continuous mantle of alpine 
tundra; soil development is from 3 to 8 inches deep. 
They lie upvalley from forested and more deeply weath- 
ered morainal deposits of Naptowne age and down- 
valley from less weathered and essentially unvegetated 
moraines of Tunnel age that margin cirque glaciers at 
the valley head. 

Forested moraines of Tusturnena age ocur just above 
the margins of shrub-covered moraines of Tunnel age 
in Placer Creek valley. Soil profiles in these deposits 
are developed to depths of 5 to 12 inches. During the 
maximum of the Tustumena glaciation in the Placer 
River valley, ice from Bartlett glacier coalesced with 
Spencer glacier and pushed to an end position some- 
where in lower Placer Creek valley. The end moraines 
have been either totally washed away or else buried by 
outwash deposits that completely fill lower Placer Creek 
valley, and the lateral position of maximum Tustumena 
ice on the steep valley walls of the area has yet to  be 
established by detailed mapping. 

TUNNEL ADVANCES 

Minor differences in vegetal cover, soil development, 
and geomorphic and stratigraphic relations among the 
moraines of the Tunnel advarlces in front of Bartlett 
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Iuter rnor 
Tunnel 

rrox 1 mill 

FIovam 9.-Vertical photograph of moraines and outwash apron between front of Tustumena glacier and head of Tustumena Lake, Nikishka 
Lowland. 
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FIonaEl 10.-Oblique photograph of Bartlett and Spencer glaciers flowing northwestward from coastal icefleld in the Kenai Mountains near 
Prince William Sound. 
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and Tustumena glaciers are consistent in recording two 
main glacial advances separated by an interval in which 
the glaciers apparently retreated upvalley from present 
ice-front positions. Uprooted and ice-transported 
trunks of mature spruce, birch, and alder trees are in- 
corporated in the till of the innermost belt of moraines 
(Tunnel I1 advance) within 300 feet of the present 
stagnating ice front of Tustmena glacier (fig. 9) .  
This fossil forest is exposed in an area now devoid of 
forest and apparently represents an overridden forest 
that grew upvalley prior to the Tunnel I1 advance. 
Moraines of the Tunnel I advance lie just outside of 
moraines of the Tunnel I1 advance but within 500 feet 
of the present Tustumena glacier ice front; they are 
covered with willow thickets, whereas moraines of the 
Tunnel I1 advance are bare of vegetation. End mo- 
raines of Tunnel I1 age locally overlap and transect the 
trends of the Tunnel I moraines. 71Tood from the up- 
rooted forest buried in till of Tunnel I1 age dates A.D. 
1550 -+ 150 years (Lll ' i 'K), suggesting that the Tunnel 
I1 advance began somewhere upvalley from the present 
glacial front some time between A.D. 1400 and 1700, 
or ca. A.D. 1500. 

Moraines of the Tunnel I and Tunnel I1 advances in 
Placer River valley lie respectively 1 mile and 1/2 mile 
downvalley from the present front of Bartlett glacier 
(fig. 10). The maximum extent of the Tunnel I ad- 
vance is marked by a distinctive trimline separating a 
mature forest of mountain hemlock and aspen growing 
on deposits of the Tustumena advances from alder 
thickets which largely cover the moraines of Tunnel I 
age (fig. 11). I n  contrast, the moraines of Tunr~el I1 
age are covered by scattered thickets of mature alder 
within the outmost morainal belt, more scattered thick- 
ets of immature alder within an intermediate belt, and 
are essentially vegetation-free in a broad inner zone 
bordering Rartlett glacier. As examined along the 
lateral morainal boundary south of Bartlett glacier, 
soil development-if evident at all-is no more than a 
film of oxidation beneath scattered patches of moss on 
moraines of Tunnel 11 age; whereas, beneath the nearly 
complete moss-grass cover on moraines of Tunnel I age, 
iron staining extends as much as an inch into the under- 
lying deposits. Surface boulders on Tunnel I1 mo- 
raines are largely free of lichen and show little evidence 
of surface alteration; those on Tunnel I moraines have 
a dull-gray weathered appearance and have an ap- 
preciably greater portion of their surfaces covered by 
lichens. 

The stratigraphic section exposed in a railroad cut 
near the section house a t  Tunnel is as follows: 
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FIQURE 11.-Lateral moraines of Tunnel I age marginal to Bartlett 
glacier, upper Placer Creek Valley, Kenai Mountains. Photograph 
illustrate6 character of trimline between the mature forest of 
mountain hemlock covering moraines of Tustumena age and the 
alder- and grass-mver of the younger !Gunnel moraines. Bartlett 
glacier lies just beyond the right edge of the picture, which shows 
the east-facing valley wall of Placer Creek in the background. 
Type locality of the Tunnel advances, youngest glaciation recog- 
nized in Cook Inlet. 

1 
3. 41/24 ft. of olive-drab to blue-gray sandy boulder till 

of Tunnel I age; incipient soil development beneath 
2-4 in. of organic turf. I 

2. Buried soil marked by local pockets of peat, uprooted I 

trees (including mature hemlock, spruce, and alder), I 

and buff oxidation that penetrates from 2-5 in. into 
underlying deposits. carbon-14 sample W-318 was col- 
lected from tree stump in place. 

1. 10-15 ft. of olive-drab to blue-gray sandy boulder till 
of Tustumena I11 age overlying graywicke-argillite I 

bedrock locally exposed above railroad grade level. I 
carbon-14 sample r-78 taken from transported log 
collected from basal part of exposed till. 1 

Wood from the forest zone overridden by Tunnel I 
ice and collected from this railroad.cut dates A.D. 550 
+220 years (W-318; carbon-14 loc. R). The forest 
zone marks the termination of the Tustumena I11 re- 
treatal intervd prior to the advance of Tunnel I 
ice to its maximum position in the area. Its age, com- 
bined with that derived from the forest overridden by 
Tunnel I1 ice in the Tustumena glacier area, indicates 
that Tunnel I glacial maximum was between ca. A.D. 
500 and 1500. Underlying the buried forest zone in the 
railroad cut is an older till with a buried soil typical of 
the deposits of Tustumena age as mapped elsewhere in 
the region. Wood from the ice-transported and 
-scoured log incorporated in the basal part of the buried 
till dates 420 B.C. 4 100 years (W-78; carbon-14 loc. 
R) .  The greater age of this sample is consistent with 
~ t s  lower stratigraphic position relative to the buried 
forest in the exposure and suggests that the Tustumena 
I11 advance, as best marked by end moraines near Tus- 
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tumena glacier and in Palmer Creek, attained its maxi- 
mum some time between ca. 500 B.C. and ca A.D. 500. 
I f  this interpretation is correct, the moraines of the 
Tustumena I and I1 advances must have been deposited 
prior to ca. 500 B.C. 

End moraines of the Alaskan glaciation in front of 
Spencer glacier have been largely dwtroyed and (or) 
buried by the extensive outwash apron and valley train 
that fills lower Placer Creek valley. Spencer glacier is 
just north of, and downvalley from, Bartlett glacier. 
A log collected from till associated with a remnant of 
an end moraine about 1 mile downvalley from the front 
of Spencer glacier dates post-A.D. 1650 (L163G; car- 
bon-14 loc. s ) ,  which suggests Tunnel I1 age for the 
moraine. Historical records indicate readvances of 
Spencer glacier in the late 1890's and about 1916 (Went- 
worth and Ray, 1936). Field mapping of the glacier 
front by the author in 1953 and comparison with maps 
and photographs dated 1931, 1947, and 1951 indicate 
that the glacier expanded slightly to develop push 
moraines in the outwash apron between 1931 and 1947, 
and again between 1947 and 1951. When observed in 
1953, the glacier had retreated 200 to 400 feet from its 
1951 position (fig. 12). 

B'l'Icu~n 12.-Position of Spencer glacier ice front in 1953 relative to 
its 1951 position and to remnants of push moraines that record ice 
advances ca. A.D. 1950 (not shown, but just in front of 1951 po- 
sition) and ca. A.D. 1940. Trimline at  upper margin of alder- 
covered Tunnel moraines shown on bedrock spur in middleground 
of photograph. Behind spur lies Bartlett glacier. 

RADIOCARBON-DATED UPLAND TYPE BOGS 

Numerous bogs occur in depressions on valley floors 
and higher slopes and surfaces throughout the Kenai 
Mountains and on the upland surfaces of the adjoining 
Kenai Lowland. Several have been measured and 
sampled for radiocarbon dating with the expectation 
that they would shed additional light on the climatic 
and glacial history of the region. The selected bogs lie 
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a t  high elevations, occupy closed depressions, and pre- 
sumably in their stratigraphic sequences record hydro- 
logic changes that were directly responsive to changing 
precipitation rates such as those determined for the om- 
brogene or raised bog type (Granlund, 1932). I f  true, 
this means that recorded intervals of lower water-table 
levels should coincide with low precipitation periods 
favoring glacial retreat. Radiocarbon results have 
been obtained from basal organic samples collected by 
the author from 2 upland bogs in the Kenai Mountains 
(carbon-14 loc. P and Q ) ,  and by William S. Benning- 
hoff from 1 bog (carbon-14 loc. N) on an upland surface 
in the Caribou Hills near Homer. I n  addition, radio- 
carbon results are available for basal samples, collected 
by Bjprrn C. Andersen in the company of the aubhor, 
from two upland bogs in the Talkeetna Mountains. 
Analyses of additional samples collected from these and 
other upland bogs can be expected to provide significant 
information bearing on local depositional controls in 
alpine and subalpine areas and will permit more precise 
correlations with climatic and geologic events recorded 
elsewhere in the region. 

KENAI PENINSUIA 

A 4- to 6-foot-thick bog is exposed a t  an elevation 
between 500 and 600 feet in a roadcut along the Seward- 
Anchorage highway approximately 2 miles southeast of 
the Hope road junction in Sixmile Creek valley. The 
bog deposits directly overlie varved silt and clay that 
were laid down in a glacial lake during Naptowne time 
when the Turnagain Arm glacier created an ice dam 
within the lower part of Sixmile Creek valley. This 
lake was drained during late retreat of Naptowne ice 
out of Turnagain A m ,  and bog deposition commenced 
in depressions on the emerged lake floor. Wood col- 
lected from the base of the bog immediately above the 
varved marginal lake sediments dates 4850 B.C. f 500 
years (L237F) ,  and thus provides a close minimum 
date for drainage of the lake and late (Tanya ?) retreat 
of Naptowne ice from the area. Since drainage of the 
lake, Sixmile Creek has cut a 50-foot-deep canyon in 
the bedrock ~nde~rlying the lake sediments. The meas- 
ured section is as follows : 

9. 5-8 in. of dark brawn silty woody peat. 
8. 10-14 in. of red-brown silty moss-peat ~gntaining 

volcanic ash or silt layer in. thick, 1% in. 
down from top of unit. 

7. 3-6 in. of greenish buff to gray silt. 
6. 2 4  in. of woody moss peat. 
5. 14-16 in. of red-brown peaty organic silt. 
4. 2-10 in. of greenish buff to gray silt. 
3. 6-10 in. of dense platy woody peat. Sample L-237F, 

wood fragments collected from base of unit. 
2. 6-8 ft. of varved hlne-gray silt stained greenish buff in 

upper 1-3 in. Laminae average 4i6-% in. in thick- 
ness. Lake sediments of Naptowne age. 

1. Graywacke-argillite bedrock exposed to creek level. 
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As the dated woody peat layer is overlain by organic silt 
indicating a return to wetter depositional conditions, it 
records an interval of bog drying which, on the basis 
of its radiocarbon age, was essentially contemporaneous 
with the recurrence boundary dated ca. 4600 B.C. in 
Sweden and with a comparable bog drying period radio- 
carbon-dated 4430 B.C. & 350 years near Cochrane, 
Canada (Karlstrom, 1956). 

In  nearby Ingram-Granite Creek valley, a small ket- 
tlelike bog deposit underlain in part by bedrock and 
in part by till of late Naptowne age is exposed in a road- 
cut along the Seward-Anchorage highway between ele- 
vations of 1,000 and 1,100 feet about 2 miles northeast 
of Tin Can-Lyon Creeli bridge (carbon-14 loc. Q). 
The bog is in a depression on a moraine-covered bed- 
rock ridge that lies well above the drainage levels of the 
divide area between the headwaters of Ingram and 
Granite Creeks. The bog contains (from top to 
bottom) 3 to 5 feet of intevbedded moss-sedge woody 
peat and organic silt; 8 to 12 inches of wind-blown silt 
with a thin discontinuous ash layer nmr its base and a 
well-developed soil profile extending 3 to 5 inches down 
from the top contact; and from zero to 5 feet of till and 
associated drift of Naptowne age overlying graywacke- 
argillite bedrock. The record is of a dry interval of 
loess deposition and soil development following retreat 
of Naptowne ice from the valley and prior to a return 
to wetter depositional conditions and peat accumula- 
tion in closed depressions that can be equated with the 
expansion of alpine ice during Tustumena and later time 
:IS recorded by moraines in nearby tributary valley 
heads. The date of 2550 B.C. 450 years (L237), 
obtained from moss peat collected from the lower 6 
inches of the peat section, falls between the 4850 B.C. 
date obtained for late Naptowne retreat in the Sixmile 
Creek bog and the pre-500 B.C. age inferred from the 
railroad-cut section near Tunnel for the Tustumena I 
and I1 advances. The combined radiocarbon evidence 
from the Kenai Mountains thus suggests that the mo- 
raines of the Tustumena I and I1 advances were depos- 
ited some time between 2550 and 500 B.C. 

William S. Benninghoff (oral communication, 1964) 
sampled an upland bog that occurs at an elevation of 
1,300 feet on the southeast side of Lookout Mountain, 
iipproximately 5 miles north of Homer (carbon-14 loc. 
N). The radiocarbon sample (L137T; 3850 B.C. + 
500 years) was a composite of sedge peat and wood frag- 
ments obtained by drilling with a' Hiller Sampler at 
five places into the bog. Although some contamination 
of the sample with peat from upper layers may have 
occurred, Benninghoff feels that the date is probably 
valid. The sampled zone was a woody peat layer 15 
to 17 feet below the surface of the bog and 2 to 2% feet 

above the base of the peat section resting on sorted silt 
and sand. Stratigraphic relations between the sampled 
bog and the underlying drift of Eklutna age are not 
known. As dated, the woody zonewhich seems to 
represent a significant dryer period in the history of 
bog development-is essentially contemporaneous with 
the buried soil in Bog Q, with the recurrence surface 
(interval of bog drying) dated in northern Europe ca. 
3500 B.C., with a radiocarbon-dated period of bog dry- 
ing (3350 B.C. + 300 years) recorded in a bog near 
Cochrane, Canada (Karlstrom, 1956), and with the 
altithermal soil of western United States associated with 
charcoal dated 3500 B.C. + 160 and 3830 B.C. 2 160 
(Scott, 1956, p. 426). 

BOUTHW1ST.WRN TA-A MOUNTAINS 

Two bogs in the Willow Creek area, southwestern 
Talkeetna Mountains, have been sampled by BjZrn C. 
Andersen and the author. Basal organic silt was 
sampled by peat borer at a depth of 15 feet in a bog in 
the lateral moraine complex 2.5 miles west-southwest of 
the steel bridge at the mouth of Willow Creek valley 
(carbon-14 loc. T) . The lateral moraines are of Eklut- 
na age; and the bogs and lakes, present on the upland 
surface between elevations of 1,500 to 1,600 feet, occupy 
broad depressions between morainal ridges. Great care 
was exercised in sampling the basal layer by peat borer, 
and it is believed that the sample is probably uncon- 
taminated and that the radiocarbon result of 9980 B.C. 
-t- 250 years (W-360) is a valid date. However, the 
stratigraphic relations between the sampled bog and 
the underlying drift of Eklutna age are not known. 

The second bog sampled occupies a closed depression 
within the large main morainal complex in Willow 
Creek valley attributed to the Naptowne glaciation 
(carbon-14 loc. IT). The bog \vas excavated by shovel 
to a depth of 7 to 8 feet, and twigs and wood fragments 
collected had a base date of 7920 + 250 years (W-336). 
The stratigraphic relations between the sampled layer 
and the underlying drift are not known. 

RADIOCARBON-DATED SEDIMENTS O F  TUSTUMENA 
AGE I N  THE HOXER AREA 

The Homer area was covered by ice of Naptowne age 
that during retreat fronted in a proglacial lake. As 
recorded in the coastal lowland bog at carbon-14 locality 
L, retreat of the ice uncovered the Homer spit area, and 
proglacial water receded below an elevation of 20 to 
25 feet prior to 7000 B.C. Subsequent deposition in the 
form of coalescent alluvial fans and slump deposits 
mantled the till and proglacial-lake sediments in the 
area. Radiocarbon analyses of organic material buried 
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beneath these surficial deposits indicate recent impulses 
of sedimentation in the Homer area essentially contem- 
poraneous with glacial advances of Tustumena age 
dated in the northern part of the Kenai Peninsula. 

According to D. B. Krinsley (oral communication, 
1952), wood apparently representing a forest destroyed 
by a sudden impulse of colluvial deposition on a steep 
slope was collected from a zone underlying 6 feet of 
stabilized slope wash and landslide debris and overlying 
8 feet of stratified silt and sand resting on till of Nap- 
towne age. The sample dates 300 B.C. -t- 300,years 
(L137K;  carbon-14 loc. H), or essentially contem- 
poraneous with the forest remains dated 420 B.C. f 
100 years (W-78) incorporated in the basal till zone of 
Tustumena I11 age in the Placer Creek valley near 
Tunnel. 

William S. Benninghoff (oral communication, 1953) 
collected a spruce root from a depth of 4% feet-about 
18% feet above mean high tide-in an alluvial-fan 
section exposed along the sea bluffs 50 yards west of 
Miller's Landing near Homer. According to Benning- 
hoff, the spruce root was buried in a late interval of 
deposition during the development of the numerous 
extensive alluvial fans which spread over Homer Bench 
from source gullies a t  the base of the Tertiary sand- 

bluffs that confine Homer Bench to 

500 R.C. derived for the 
advances from the radio- 

in the northern 
accelerated alluvia- 

alpine valleys of the adjoining Kenai Mountains. On 
this basis, the intermediate age of the dated alluvial im- 
pulse in the Homer area strongly suggests that it is 
more likely correlative with the intermediate Tustumena 
I1 advance than with the earlier Tustumena I. I f  so, 
an age of ca. 1000 B.C. is obtained for the Tustumena I1 
moraines. The buried spruce root presumably repre- 
sents a period of alluvial-fan sta'bilization and forest 
growth in the Homer area. This inferred drier-period 
is then contemporaneous with the dry period marked 
by the recurrence surface I V  of the Scandinavian bog 
chronology, dated ca. 1200 B.C. 

COASTAL-BOG STRATIGRAPHY AND FAUNA 

COOK INLET 

More than one-third of the Cook Inlet Lowland is 
covered by poorly drained ground underlain by a few 

feet to more than 20 feet of organic silt and peat. 
Blanket deposits of peat and organic silt cover large 
areas of flat terrace and bottom-land surfaces. Thicker 
bog deposits of organic silt and peat occupy basinlike 
depressions and channels in the irregular topography 
of the lowland. Thick basin, or topogene, type bog de- 
posits are locally exposed in the sea bluffs and are 
readily accessible for detailed study of the bog stratig- 
raphy. These deposits provide essentially continuous 
and sensitive depositional records relating to the climatic 
and hydrologic history of the region, and a number of 
them have been measured and sampled for radiocarbon 
dating. I n  addition, two tidal marshes in the region- 
one near Goose Bay, the other near Girdwood-have 
been stratigraphically measured and sampled. The 
radiocarbon-dated bogs and other measured bogs are 
shown in plate 6, which portrays their intercorrelations 
and relationship to underlying glacial drift. 

The bog deposits examined in the region range from 
finely laminated organic silt deposited in lake or pond 
environments to woody moss peat deposited above sur- 
face-water levels. The organic deposits have been sub- 
divided on the basis of composition and megascopic 
plant remains into the following broad ecological and 
environmental categories : 
1. Woody peat. Predominantly fibrous mossy peat 

wntaining abundant tree remains including 
twigs, branches, trunks, and locally stumps in 
place of birch, spruce, alder, aspen, and cotton- 
wood. Represents terrestrial peat and forest ac- 
cumulations above surface- and ground-water 
levels. 

2. Heath peat. Predominantly fibrous mossy peat 
locally containing some sedge-grass remains, and 
with abundant twigs a l ~ d  roots of heath-type plants 
including dwarf birch, crowberry, La'brador-tea, 
cranberry, speracea, and blueberry. Represents 
terrestrial peat accumulation at or above ground- 
water levels. 

3. Sedge peat. Predominantly dark-gray to black 
sedge-grass peat with a pronounced platy struc- 
ture. The sedge peat locally contains some mossy 
peat and remains of various reed-type aquatic 
plants. Represents terrestrial peat accumulation 
at and just below surface-water levels. 

4. Pond deposits. Predominantly alternate layers of 
organic silt and detrital peat wntaining remains 
of reedlike aquatic plants, seeds, spruce wnes and 
needles, fragments of birch bark, and locally, 
beaver-gnawed wood. Represents deposition in 
shallow water ponds. 

5. Lake deposits. Predominantly finely laminated 
organic silt commonly containing diatoms, scat- 
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tered seeds and plant fragments, spruce cones and 
needles, and locally, pelecypods and gastropods. 
The mollusks and diatoms identified from these 
lake silts (table 2) include a rich suite of fresh- 
water forms. Represents deposition in deeper 
quiescent water of closed lake basins. 

These categories and the environmental interpreta- 
tions are essentially those used by Dachnowski-Stokes 
(1941) in his stratigraphic studies of Alaskan bogs. 
The subdivision emphasizes the broad stratigraphic 
units in the bogs. More detailed study of pollen, spore, 
and microfossil stratigraphy should permit more re- 
fined subdivision and contribute additional information 
on the biologic sequence in the region. Samples for 
pollen analyses have been collected at close intervals 
from many of the bogs, but analyses are still pending. 
A pollen profile, still unpublished, has been completed 
for the bog near Homer (carbon-14 loc. L) (Benning- 
hoff and Brush, 1957). Heusser (1958) summarize~s 
tlie ~ o l l e n  data available from this and other sites in 
Alaska. Owing to small scale of presentation, only 
the broad subdivision of terrestrial peat deposits and 
of pond and lake organic deposits can be shown in plate 
6. The more detailed stratigraphy of representative 
bogs is shown in plate 7. 

Depending on local environmental factors such as 
depth of basin, threshold conditions, underlying mate- 
rials, and relation to ground-water levels, the character 
of the bog deposits varies somewhat from locality to 
locality. I n  general, however, the bogs which floor at 
the higher levels in the sea bluffs are thicker and repre- 
sent a longer stratigraphic history than those that floor 
at lower levels. Most are similar in that their strati- 
graphic sequences do not record progressive filling of 
the depositional basins with time but, instead, show a 
series of depositional interruptions and repeated re- 
turns to wetter environmental conditions following in- 
tervals of dryer conditions. The parallelism expressed 
by the stratigraphy of the widely separate bogs is 
strong evidence for some sort of regional hydrologic 
control. Development of bogs in depressions on an old 
proglacial-lake floor indicates that they should provide 
an essentially complete depositional record from the 
present back to late proglacial-lake events : 

For convenience of description, the bogs are sub- 
divided into bog groups on the basis of locality and 
stratigraphic similarities. 

Bog group A includes two tidal bogs of comparable 
stratigraphy (pl. 6, profile X) whose surfaces are just 
above mean sea level near Girdwood (Bog A-1) along 
Turnagain Arm and at Goose Bay along Knik Arm 
(Bog A-2). The tidal-bog record at both localities is of 
a lower peat unit, exposed only at low tide, interbedded 

with thin tidal-silt beds ; an intermediate thick tidal-silt 
section; and an upper peat unit comprising alternate 
forest- and sedge-peat layers and thin tidal-silt layers. 
The peat beds record intervals in the past when sea level 
was generally lower than at present; the tidal-silt beds 
record intervals when sea level was generally higher 
than at present. Observations at Girdwood in 1950, 
1951, 1953, 1955, 1957, and 1958 indicate that storm 
tides, which did not flood the tidal-bog surface prior to 
1953, began depositing a thin surface silt layer that has 
become progressively thicker each year since 1953, sug- 
gesting the recent sea-level transgression that has been 
recorded elsewhere in the world (Charlesworth, 1957, 
p. 1365). Wood collected from the lower and upper 
peat beds a t  Girdwood dated respectively 850 B.C. and 
A.D. 1250 and indicates significant sea-level fluctuations 
in the region between and around these dates. The 
detailed stratigraphy and the radiocarbon-dated 
boundaries 6f Girdwood tidal bog are shown in plate 7. 
A photograph of the bog is shown in figure 13. 

FIGURE 13.-Stratigraphy of upper peat unit, Girdwood tidal bog 
A-1, Upper Cook Inlet. The fallen log on which the man is sitting 
marks the lowest of the three forest zones separated by beds of 
sedge peat and underlain and overlain by tidal silt. "P" marks in- 
place location of s tump from which carbon-14 sample W-175 was 
collected ; "X" marks tree-ring dated stump. 

Bog group B comprises three surface bogs of compa- 
rable gross stratigraphy. These bogs are on surfaces 
at elevations between 50 and 125 feet that lie in front of 
and behind the end moraine of the Naptowile glaciation 
in the Anchorage area (pl. 6, profile I X ) .  All three 
bogs contain a lower and an upper peat unit that are 
separated by an unconformity and a laminated sand and 
silt unit in Bog B-1, a laminated silt and sand unit 
with two thin peat beds in Bog B-2, and two inorganic 
silt layers and iul i11termecli:tte organic silt layer in Bog 
B-3. The lower peat bed in all three bogs rests on 
water-laid sand and silt and thus represents an interval 



COASTAL-BOG STRATIGRAPHY 49 

of subaerial peat accumulation separating two intervals 
of water deposition. I n  Bog B-1, a sample collected 
from the lower peat by Robert Miller (Miller and 
Dobrovolny, 1959, p. 68) dates 9650 B.C. (W-540), or 
apparently contemporaneous with the interval of sub- 
aerial weathering recorded by buried soil beneath the 
organic silt bed that dates 8420 B.C. in Bog D-1 near 
Point Possession. 

Bog group C comprises two radiocarbon localities on 
Fire Island that were examined and sampled by Robert 
Miller, Ernest Dobrovolny, and W. R. Hansen (Miller 
and Dobrovolny, 1959, pp. 31,89) (pl. 6, F-2). As de- 
scribed by the collectors, the bluff section at radiocarbon 
locality C-2, 1 mile east of Fire Island light, contains 
the following sequence (from top to bottom) : 

6. 3 to 20 ft. dune sand. 
5. 5 ft. of platy silty peat, W-556, collected along contact 

with underlying unit. 
4. About 1 or 2 ft. of silt with peat fragments. 
3. About 1 or 2 ft. of tight clay. 
2. 20 2 ft. of blue-gray silty till. 
1. 25 2 ft. of tan silt. 

Because of vertical bluffs, units 2 to 6 were not measured 
or examined in detail. The section is similar to that 
overlying weathered till of Knik age near Point Posses- 
sion; and the author believes that unit 5, interpreted as 
unweathered till of Knik age, represents unweathered 
proglacial-lake stony silt sediments of Naptowne age. 
The overlying sand-dune-buried bog on Fire Island 
dates 7350 B.C., or essentially contemporaneous with 
the comparable buried peat beds dated near Point 
Possession. 

At radiocarbon locality C-1, the bluff sequence ex- 
posed 0.6 mile northeast from Fire Island triangulation 
station is described as follows (from top to bottom) : 

5. About 20 ft. of dune sand containing layers of buried 
logs and stumps, carbon-14 sample W-541 collected 
from stump, with roots penetrating underlying unit, 
in lower foot of dune sand. 

4. 3 ft, of brown-stained sand (buried soil). 
3. Thin white ashy sand (podzolic layer?). 
2. 2 ft. of brown silt. 
1. Gravel, thickness not measured. 

The buried compound soil apparently formed contem- 
poraneously with bog deposition at locality C-2. 
Sample W-541 provides a date of after ca. A.D. 1330 
for accelerated cliff-head dune formation and burial of 
the land surface along the coastal margin of Fire Island 
in the vicinity of Bog C-1. 

Bog group D includes three measured bogs near 
Point Possession that are exposed in the sea bluffs be- 
tween elevations of 100 to 150 feet and are buried by 
a variable thickness of windblown sand underlying 
cliff-head dunes (pl. 6, profile V). Each of the three 
bogs contains two basal beds of organic lake silt sep- 
arated from each other and from underlying proglacial- 
lake stony silt by soil profiles or thin peat layers indi- 

cating short intervals of subaerial weathering; an inter- 
mediate thick peat bed of predominantly woody or 
heath moss; and an overlying section of stratified pre- 
dominantly dune sand. Wood from the middle of the 
lowermost organic-silt bed dates 8420 B.C. in Bog D-1. 
Wood and organic silt from the overlying organic-silt 
bed dates, respectively, 7550 B.C. in Bog D-3, and 
7250 B.C. in Bog D-2. Wood from the base of the 
stratigraphically higher peat bed dates 6580 B.C. in 
Bog D-1. The five samples analyzed from these bogs 
give ages that are internally consistent, within the 
limits of dating error, with each other and with their 
stratigraphic position. Samples W-602, W-603, and 
W474, analyzed by the more accurate gas-counting 
method, confirm the general accuracy of samples 
L 1 3 7 D  and L163D, which were analyzed earlier by 
the solid-carbon method. As radiocarbon-dated, the 
beginning of main peat accumulation near Point Pos- 
session was contemporaneous with deposition of the 
lower peat bed exposed near Boulder Point in Bog 
E-1. The detailed stratigraphy of Bog D-1 is shown 
in plate 7. 

Bog group E is made up of four measured bogs whose 
surfaces are below an elevation between 50 and 60 feet 
along the sea bluffs between the Swanson River and 
Boulder Point (pl. 6, profile 11). Bogs E-1 and E 4  
contain a lower peaty bed that is either missing or cov- 
ered with slump in Bogs E-2 and E-3. Two samples, 
L-1170 and L163B, collected from near the base of 
the lower peat bed in Bog E-1, provide an average date 
of 6475 B.C. for the beginning of peat accumulation. 
All four bogs contain near their top a zone marked by 
three closely spaced thin sand and silt layers immedi- 
ately above a boundary that marks an abrupt change 
from wetter to drier depositional conditions. Radio- 
carbon dating of this reference zone in Bog E 4  gives 
an average date of 1800 B.C. (L163E, E163F) ,  and 
in Bog E-1, an average date of 1800 B.C. (E117N, 
L-434). The reference zone immediately overlies a 
boundary marking a change from deeper lake to beaver- 
pond deposition in Bog E 4 ,  from beaver-pond to 
woody- and heath-peat deposition in Bogs E-3 and 
E-1, and from lake-silt to moss-peat deposition in Bog 
E-2. The differences in the type of deposits involved 
reflect differences in elevation of the depositional basins, 
threshold conditions, and relation to regional ground- 
water levels. The detailed stratigraphy of Bog E-1 
is sho& in plate 7. 

Bog group F includes two measured bogs immedi- 
ately south of East Foreland that lie below an eleva- 
tion of 100 feet (pl. 6, profile I ) .  The deposits in both 
bogs contain a deformed basal section made up of two 
thin peat and organic-silt layers interbedded with strat- 
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ified silt, sand, and gravel; an undeformed middle sec- 
tion of laminated organic silt rich in fresh-water 
diatoms and mollusks; and an upper surface layer of 
moss-sedge peat. The lowermost contorted peat layer 
in Bog F-2 dates 10,000 B.C. +300 years (W416) .  
The detailed stratigraphy of the stratigraphically sim- 
ilar but more highly deformed Bog F-1 is shown in 
plate 7. 

Bog group G comprises two measured bogs near Sal- 
amato Creek that lie below an elevation of 150 feet. 
Both bogs contain a basal layer made up of 1 or 2 thin 
beds of contorted silt and sand separated from each 
other and from underlying contorted iron-stained 
gravel by angular unconformities; a thin zone of 2 or 3 
layers of peat and organic silt interbedded with strati- 
fied sand and silt; a thick section of organic lake silt 
rich in fresh-water diatoms and pelecypods; and a 
surface layer of moss-sedge peat. Wood collected from 
between the two contorted silt and sand layers at the 
base of Bog G-2 dates pre-35,000 B.C. The lowermost 
contorted silt unit, apparently present only in Bog G-2, 
contains two ash layers which may have been deposited 
at the same time as the two ash layers that occur in the 
bog buried beneath till of Naptowne age near Goose 
Bay. The two ash layers at both localities underlie 
radiocarbon-dated zones that date beyond the range of 
the dating method and overlie deposits of Knik age. 
The second uncontortecl basal organic Payers in Bogs 
G-2 and G-1 were correlated, on the basis of stratigra- 
phic sequence, with the contorted basal beds in Bogs F-1 
and F-2. Recent analysis of a sample collected from the 
first basal uncontorted organic bed in Bog G-2 pro- 
vides a date of 11,550 B.C. + 400 years (W-748), 
which is consistent with this correlation. 

The radiocarbon-dated bog near Homer (carbon-14 
loc. I,, pl. 6, profile VI)  is exposed in the sea bluffs one- 
quarter mile west of the base of Homer Spit and oc- 
cupies a kettle depression in till of Naptowne age. The 
bog occurs on a surface that lies between 20 and 25 feet 
above mean sea level. According to the collector (Wil- 
liam S. Benninghoff, oral communication, 1954), the 
:arbon-14 sample was made up of transported wood 
fragments (probably willow and balsam poplar) in- 
corporated in a water-reworked zone immediately over- 
lying unweathered till and directly underlying 8 to 9 
feet of limnetic peat. The character of the gross strati- 
graphy of the peat deposits is not known. The fossil- 
pollen record of,the overlying peat shows a long period 
before appearance of spruce and birch trees in the 
Homer area (Benninghoff and Brush, 1957). Carbon- 
14 sample 1-137W dates '7050 B.C. rt 750 years. The 
Homer coastal bog is significant in that it provides a 
minimum age for the underlying till. of the Skilak ad- 

vance, indicates that sea or proglacial-lake levels have 
not risen above the 20- to 25-foot level in the past 9,000 
years, and is consistent with the records of bogs E-1, 
D-1, and C-2 in showing an important regional hydro- 
logic change from higher to lower water levels at about 
7000 B.C. 

The coastal bog near Ninilchik (carbon-14 loc. I )  
was examined and sampled by D. B. Krinsley. A date 
of 7650 B.C. &700 (L137L) was obtained for wood 
collected from the base of a 10-foot-thick peat section in 
a broad-floored abandoned drainage ltne overlying 20 
feet of stratified sand and gravel resting on gray till. 
No description of the bog stratigraphy is available, and 
the elevation of the bog is not reported. 

The coastal bog near the Anchor River (carbon-14 
loc. J) was examined and sampled by William S. Ben- 
ninghoff. A tentative date of 5350 B.C. 2600 years 
(L137U) was obtained from alder twigs and frag- 
ments of coniferous wood collected from silty limnetic 
peat at  a depth of around 10 feet. According to Ben- 
ninghoff (oral communication, 1954), the stratum of 
limnetic peat is the basal member of the peat deposit 
and overlies 15 inches of fine mineral soil mottled light 
brown and gray that is interpreted as a former forest 
soil. Sample L-137U was dated by the early solid- 
carbon method at Larnont Laboratory. It was given 
only one run, rather than the two or more runs used 
in deriving most of their early solid-carbon results, and 
has been set aside by the laboratory for recounting. 
The bog was sampled for pollen analyses, but no descrip- 
tion of the bog stratigraphy or drift sequence beneath it 
is available. 

The coastal-lowland type bogs briefly described above 
and shown graphically in plate 6 r k r d  synchronous 
depositional changes in isolated basins that are sep- 
arated by as much as 150 miles. The integration of this 
regional hydrologic record with the sea-level record of 
the tidal bogs and with the glacial and glaciolacustrine 
record of Cook Inlet, as graphically shown in plate 7, 
will be discussed in the section, Pleistocene history. 

GULF OF aLasKA 

Pertinent radiocarbon dates from coastal bogs on the 
Kodiak Island group at  the mouth of Cook Inlet and on 
Perry Island in Prince William Sound have been pub- 
lished recently (Hmsser, 1959). Basal organic beds 
from bogs whose surfaces lie about 20 feet above present 
sea levd near Afognak Village (carbon-14 loc. Y) and 
on the southern coast of Perry Island date respectively 
7400 B.C. 3-320 years (K-AGS-3) and 7490 B.C. 
2350 years (I-AGS4). Samples from basal organic 
beds of surface bogs whose surfaces lie about 100 feet 
above present sea level at  Karluk (carbon-14 loc. W)  
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and at Kodiak (carbon-14 loc. X) date 1520 B.C. f 180 
years (I-AGS-1) and 6920 B.C. f 300 years (I-AGS- 
3), respectively. Pollen profiles from these and other 
bogs sampled along the coast between Kodiak Island 
and California constitute the basis for Heusser's recon- 
struction of late-glacial and postglacial climatic events. 
The carbon-14 dated zones represent the lowermost lev- 
els probed in sampling by peat borer, and the nature 
of the unpenetrated underlying deposits and their strat. 
igraphic relations are not known. 

The Kodiak Island and Perry Island sites were cov- 
ered by glacial ice during Naptowne time; the dated 
basal organic layers thus provide minimum dates for 
deglaciation of these coastal sites. However, in the 
absence of critical geologic information on the nature 
and sequence of the underlying sediments, it is uncer- 
tain whether the dated zones repremnt organic accum- 
ulation closely following deglaciation or, as equally 
likely, later postglacial de@ition related only indi- 
rectly to the regional chronology of glacial retreat. 

The sampled Afognak -and Perry Island bogs are 
comparable in topographic setting and age to the coastal 
Bog L near Homer and provide the same inference of 
essental crustal stability relative to sea level over at 
least the past 9,000 years. This is regionally compati- 
ble with the absence of recognized elevated marine 
strand lines in Cook Inlet and in the coastal areas north 
of the Chugach-St. Elias boundary fault and indicates 
that the divergent younger ages of the dated bogs a t  
higher elevations near Kodiak and Karluk cannot be 
reasonably related to differential postglacial sea-level 
shifts but must be related to other more restricted 
environmental factors affecting local accumulation and 
preservation of organic material. This is seemingly 
recognized by Heusser, who derives precise and diverse 
rates of postglacial uplift from comparably dated coast- 
al bogs at  different elevations in the Yakatsga Lowland 
south of Cordova, but who makes no comparable calcu- 
lations from the dated Kodiak and Perry Island bogs. 

The basic assumption used by Heusser, that the basal 
layers in the Yakataga Lowland coastal bogs record 
organic accumulation that began immediately after 
emergence from beneath the sea, is provided with some 
geologic support by the coastal evidence of uplifted 
marine terraces which postdate the Naptowne maxi- 
mum, and by the presented carbon-14 data which sug- 
gest that the sampled bogs at higher elevations bqpn 
to accumulate prior to t h e  at  lower elevations. None- 
tkelass, the assumption that the lowest organic beds sam- 
pled by peat borer must necessarily closely date the 
time of marine emergence of the sampled sites is sub- 
ject to major qualifications that can be directly satisfied 
only by a more detailad study of the individual bog 

environments, and particularly of the geologic sequence 
recorded by the underlying and unpenetrated sediments. 
That the southeastern coast of Alaska, has been subject 
to a complex history of late Quaternary uplifts, not 
experienced by the crustal block north of the Chugach- 
St. Elias boundary fault seems certain. The postu- 
lated amounts and carbon-14-based rates of differential 
uplift along the coast south of the boundary fault, how- 
ever, are less certain. 

FAUNA 

The fauna identified from coastal-bog samples are 
listed and discussed below. 

Fresh-water mol1wsbs.-Fresh-water mollusks d- 
lected from the coastal-bog sediments were identified 
by J. P. E. Morrison of the U.S. National Museum. 
Bogs G-1 and 6 - 2  yielded the following forms : Ano- 
donta cf. A. beringiana Middendorff, collected from the 
upper 10 feet of the organic-silt unit; and Pisidium 
cf. P. idahoense Roper, collected from the basal part 
of the organic-silt unit. Bog E-3 yielded Valqata 
lewisi mergella Westerlund, L y m m a  stag~w1i-s Linn6 
Stagnicola p h t r i s  Miiller, Gyradus pareus Say, 
Amtiger crista Lim6 Pi,~idium li7jeborgi CZes~im, Pisid- 
iwm vesicda~e Sterki, and Pisidium su6trwncatum 
Malm, collected from the 10-foot-thick silt unit. (See 
pl. 6 for looation of collecting sites.) 

According to F'. Stearns MacNeil (written communi- 
cation, 1951), all the identified mollusks are living 
species, but several have not been reported previously 
from Alaska; all are strictly fresh-water forms and 
not estuarine in origin as had been considered probable 
by the author in 1951. 

Fresh-water diatoms.-Eighty-five species and varie- 
ties of fresh-water diatoms were identified from silt 
samples collected from Bogs G-1 and 6-2 (table 2). 
Sample 3427 was collected from Bog G-1 from the top 
of the upper organic-silt and sand section lying below 
a 5-foot-thick peat bed. Samples 3428, 3429, and 3420 
were collected from Bog 6-2 from, respectively, near 
the base of the upper organic-silt unit, the middle of 
an underlying 10-foot-thick section of finely laminated 
gray organic silt, and a compact blue-gray in6rganic 
silt layer about 13 feet below sample 3429. No diatoms 
were found in the compact blue-gray inorganic basal 
silt layer (sample 3420). - 

According to K. E. Lohman (written communication, 
1956) the diatoms in these assemblages are similar to 
those now living in the littoral zones of large ml to - 

cold fresh-water lakes and in the fresh-water zones 
of many estuaries. No marine species were found, and 
only seven of the listed species and varieties prefer 
slightly saline to brackish water. The diatoms iden- 
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tified .are still represented in living assemblages in many 
parts of the world, and the age of the sampled Alaskan 
bogs can hardly be older than late Pleistocene. This 
diatom-age determination is supported by radiocarbon 
dating and the regional geology which indicates that 
the collected lake sediments were deposited in late and 
post-Naptowne (M~isconsin) time and postdate 11,000 
B.C. 

TARLE 2.-Fresh-water diatoms from coastal-bog sediments, 
Nikishka Lowland-Continued 

brackish water. 

Species 

N d a  cuspidata Kutzing - - - - - - - - - - - - -  
dicephala (Ehrenberg) Wm. Smith--- 
oblonga Kutzing 1 - - - - -  - - - -  - - - -  _ - _ - - 
peregrina (Ehrenberg) Kutzing I-- - - - 
plwentula (Ehrenberg) Grunow - - - - - 
pu ula var. rectangularis (Gregory) 

&runow . . . . . . . . . . . . . . . . . . . . . . . .  
radiosa Kutzing . . . . . . . . . . . . . . . . . . . .  
reinhardtii Grunow- - - - -  - - -  - - - - -  - -  - 
sczllelloides William Smith-- - - - - - - - -  
s p - - - - - - - - - - - - . - - - - - - - - - - - - - - - - -  

Neidium ~ f i n e  var. amphirhynchus 
(Ehrenberg) Cleve - - - - - - - - - - - - - - -  

bisukatum (Lagerstedt) Cleve - - - - - - -  
in'dis (Ehrenberg) Cleve ------------ 

Nitzschia sp . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pinnularia borealis Ehrenberg _---  - -  - - _ - - 

dactylus Ehrenberg - - - - - - - - - - - - - - - - -  
cf. P .  JEexuosa Cleve - - - - - - - - - - - - - - - -  
major (Kiitzin ) Cleve - - - - - - - - - - - - - -  
cf. P. major (Ifutzing, Cleve - - - - - - - -  
mesolepta (Ehrenberg) William Smith- 
microstauron (Ehrenberg) Cleve- - - - -  
nobilis Ehrenberg . . . . . . . . . . . . . . . . . . . .  
cf. P .  obscura Krasske--- - - - - - - - - - - -  
streptoraphe Cleve-- - - - - -. - - -  - - - - - - - 
viridis (Nitzsch) Ehrenberg - - - - - - - - -  
cf. P .  viridis (Nitzsch) Ehrenberg _ _ - -  

Rhopalodia gibba (Kutzing) Muller----__ _ 
parallela (Grunow) Muller - - - _ _ - - - - -  

Stauroneis anceps Ehrenberg- _---.. - - - - - -  
phoenicenteron Ehrenberg - - - - - _ - - - - -  

Stenphanodiscus astraea (Ehrenberg) 
G r u n o w - - - - - _ - - - - - - - - - - - - - - -  

Surirella biseriata Brebisson ---- - - - - - - - - - 
elegans Ehrenberg - - - _ _ - - - - - - - - - - - -  
robusta rar. splendida (Ehrenberg) 

Van H e u r c k - - - - - - _ _ _ - - - - - - - - - - -  
Synedra ulna (Nitzsch) Ehrenberg _ - - - - _  _ 

18pedes and varieties preferring slightly saline to 

TABLE 2.-Fresh-water diatoms from coastal-bog sediments, 
Nikishka Lowland 

IIdentiflcstlon by K. E Lohman Relative abundance is indicated b D dom- 
inant; A, abundant; C; common: F, frequent; and R ,  rare. See plate 8 8, ldcation 
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Species 

Amphora ovalis Kutzing - - - - - - - - - _ - - - - - -  
cf. A .  proteus Gregory - - - - - - - - - - - - -  

Caloneis bacillum (Grunow) 
Mereschowsky - - - -  - -  - - - -  - - -  - - -  - - 

schumanniana (Grunow) Cleve -----.. 
schumanniana var. bieonstricta Gru- 

now-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -__-  
eilicula (Ehrenberg) Cleve- - - - - - - - - - 
silicula var. truncatula Grunow - - - - - -  
silieula var. tumida Hustedt--- - - - - -  

Campylodiscus noricus Ehren berg- - - - - - - - 
noricus var. hibernica (Ehrenberg) 

Grunow . . . . . . . . . . . . . . . . . . . . . . . .  
Cocconeis placentula Ehrenberg- - - - - - -  - - - 

placentula var. lineata (Ehrenberg) 
Cleve . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cymatopleura elliptica (Brebisson) 
Wm. Smith . . . . . . . . . . . . . . . . . . . . . . . . .  

elli tica var. nobilis (Hantzsch) 
8ustedt . . . . . . . . . . . . . . . . . . . . . . . .  

solea (Brebisson) William Smith- - - - - 
Cymbella aspera (Ehrenberg) Cleve- - - - - - 

cistula (Hemprich) Grunow _ _ - _ _ - - - _  
cuspidata Kutzing - - - - - - - - - _ - - - - - - -  
cymbiformis (Agardh) Kutzing- - - - - -  

GEOLOGIC HISTORY 

PRE-PLEISTOCENE HISTORY 

The pre-Pleistocene history of the Kenai Lowland 
and adjoining Kenai Mountains is only partly recorded, 
and numerous problems remain to be solved before a 
detailed geologic reconstruction of the region can be 
attempted. The present available record is of geosyn- 
clinal sedimentation in the general area of the Kenai 
Mountains throughout Mesozoic time interrupted by 
intervals of mountain building and volcanism at the 
end of the Jurassic period and during one or more 
intervals within the Cretaceous period (Payne, 1955). 
During early Tertiary time, i t  is probable that the C O O ~  
Inlet depression existed, and that the significant epi- 
sodes of deformation, faulting, and intrusion of the 
Kenai Mountains had been completed. The subsequent' 
history is essentially one of progressive filling of the 
Cook Inlet basin interrupted by minor episodes of de- 

ehrenbergii Kutzing - - - - - - - - _ - _ _ _ - - -  
lanceolata (Ehrenberg) Van Heurck-- 
mezicana (Ehrenberg) Cleve - - - - _ _ - -  
reinhardtii Grunow- - - - - - - - - - - -  - -  - -  
turgida (Gregory) Cleve ---------.-- 
ventrieosa Kiitzing - - - - - _ - - - _ - - - -  
s p - - - - - - - _ - _ - - _ - _ - - - - - - - - - - - - - - - -  
s p - - - - - - - - - - - - - _ _ _ - - - - - - - - - - - - - - -  

Diploneis ovalis (Hilse) Cleve 1 --.----- .- 

Epithemia intermedia Fricke- - - - - - - - - - - -  
sorex Kutzing 1- - - - - - - - _ - - - _ _ _ - - - - - 
turgida (Ehrenberg) Kutzing I-- - - - - - 
tur ida var. granulata (Ehrenberg) 

&itzing I . . . . . . . . . . . . . . . . . . . . . . .  
zebra var. porcellus Kiitzing-- _-  _ _ _ - - 
zebra var. smonica Kutzing _- - - - - - - -  

Fragilaria leptostauron (Ehrenberg) 
Hustedt . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ o m ; X & e ~  herculana (Ehrenberg) Cleve- 
Gomphonema constrictum var. 

capitata Ehrenberg - - - - - - - - -  - - - -  
intricatum Kutzing- - _ - - - - - - _ - - - - - - 
lanceolatum Ehrenberg- - . .---------- 

Gyrosigma attenuatum (Kutzing) Raben- 
horst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Melosira cf. M. arenaria Moore- - - - - - - - - 
juergensi Agardh 1 - - - - - - - - - - - - - - - - -  
granulata var. angu~tissima Miiller-- - 
cf. M .  italica (Ehrenberg) Kiitzing--- 
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formation and modification. Whereas at the begin- 
ning of Tertiary time the basin could have conceivably 
been below sea level, during at least part of Eocene 
time i t  stood above sea level and was being filled with 
the nonmarine sediments of the Kenai formation. Dep- 
osition was probably slow, and was probably accom- 
panied by gradual crustal subsidence aggregating more 
than 5,000 feet. The mountain-border fault may have 
existed at this time, and subsidence of the lowland may 
have been, at least in part, accommodated by vertical 
displacement along this fault. Subsequent flexuring 
of the Kenai formation on the Kenai Lowland probably 
took place either at the end of Eocene time or later, 
after a period of continued deposition or erosion, dur- 
ing a Pliocene orogenasis (Clobb, 1952, p. 10). Regard- 
less of the preceding probabilities, by the endof Tertiary 
time the Cook Inlet basin and surrounding mountain 
ranges existed approximately in their p r m n t  form. 
Their subsequent modification to  the present regional 
landscape is predominantly the product of both glacial 
erosion and deposition during repeated episodes of 
Pleistocene glaciation, as detailed below. 

This regional interpretation differs from the hypo- 
thetical physiographic history of southern Alaska and 
the Alaska Range proposed by Wahrhaftig (1950, 
1958), in which regional geomorphic evidence is ad- 
duced for the development of two postmature erosional 
surfaces in Cenozoic time and for progressive uplift 
and northward tilting of the Alaska Range in early 
Pleistocene time. To reconcile his postulated Pleisto- 
cene uplift of the Alaska Range with the local glacial 
record of concomitant lessening of glacial intensity, 
Wahrhaftig suggests the special hypothesis that the 
coastal range (Kenai and Chugach Mountains) must 
also have undergone major uplift so that during early 
Pleistocene time they would have been lower and thus 
would not have acted as moisture barriers shutting off 
precipitation supplies for icefield centers in the Alaska 
Range. The author found no geomorphic, structural, or 
stratigraphic evidence in the Cook Inlet region for 
either Cenozoic peneplanation or Pleistocene uplift of 
the Kenai Mountains. As previously discussed, the 
regional distribution of the pre-Naptowne as well as 
Naptowne moraines (derived from both the Alaska 
Range and coastal-range sources) in Cook Inlet is con- 
sistent with the present orographic climatic pattern of 
the region and strongly suggests that no major dif- 
ferential uplifts in the region have occurred since 
middle. if not early, Pleistocene time. 

PLEISTOCENE HISTORY 

Five Pleistocene glaciations are recognized in the 
Cook Inlet region (Karlstrom, 195513 ; 1957). All are 

represented by depositional and erosional forms in the 
Kenai Lowland and the adjoining Kenai Mountains. 
These glaciations were named from type sections ex- 
posed on Mount Susitna in the southern Susitna 
Lowland, in the Caribou Hills on the Kenai Lowland, 
in the Eklutna River valley north of Anchorage, along 
I h i k  Arm near Anchorage, and near the settlement of 
Naptowne (now called Sterling) along Sterling High- 
way near Skilak Lake on the Kenai Lowland. Morainal 
evidence for a series of post-Pleistocene glacial advances 
is found throughout the alpine-mountain areas of the 
state (P4wB and others, 1953 ; Karlstrom, 1957). These 
advances are placed within the Alaskan glaoiation of 
the Cook Inlet glacial chronology. 

MOUNT SUSITNA GLACIATION 

During this, the most extensive glaciation recorded 
in the Cook Inlet region, icecaps blanketed the surround- 
ing Alaska Range and the Talkeetna, Chugach, and 
Kenai Mountains, and completely filled Cook Inlet to 
elevations above 4,000 feet. Projection of the inferred 
ice surface indicates extensive connections with ice in 
the Copper River basin across low cols in the upper 
valley of the Susitna River and the Matanuska Valley, 
and with ice in the Bristol Bay Lowland across cols in 
the Aleutian Range east of Iliamna Lake. The Cook 
Inlet ice in this and succeeding glaciations apparently 
spilled out to the Pacific Ocean through Shelikof Straits 
and the straits between Kenai Peninsula and Kodiak 
Island. 

Evidence for the Mount Susitna glaciation is restric- 
ted to surfaces that are a t  higher elevations than mor- 
aines of the next younger glaciation, the Caribou Hills, 
and which show highly modified ice-scoured slopes and 
only remnants of what were originally much more eon- 
tinuous mantles of drift and erratic material. Drift 
and erratic material of Mount Susitna age are present 
on old glaciated surfaces higher than lateral moraines 
of Caribou Hills age in the Kenai Mountains just south 
of Turnagain Arm and near the headwaters of King 
County Creek south of Skilak Lake. Deposits of 
Mount Susitna age have not been recognized in the 
Kenai Lowland ; and if present, they are deeply buried 
beneath younger drift. However, in the adjoining 
Anchorage area, well data reveal a multiple sequence 
of tills at depth beneath surface drift of Naptowne age 
(Frank Trainer, oral' communication, 1956), and it is 
likely that some of the deeper wells penetrate deposits 
of Mount Susitna age. The present evidence for Mount 
Susitna glaciation is therefore fragmentary and largely 
geomorphic, and i t  is uncertain whether the highest 
glacial surfaces preserved in the region relate .to one 
or more than one pre-Caribou Hills glaciation. Simi- 



54 QUATERNARY GEOLOGY, KENAI LOWLAND AND GLACIAL HISTORY,  COOK I N L E T  

larly, in the absence of definitive stratigraphic evidence, 
the magnitude of the interval between Mount Susitna 
and Caribou Hills glaciations can only be inferred from 
geomorphic evidence. Topographic relations and the 
difference in the degree of dissection and mass wasting 
of the drifts of Mount Susitna and Caribou Hills age 
strongly suggest a long interval of time between glacia- 
tims. The author believes that this interglacial hiatus 
was at least as great as those intervening between the 
Eklutna, Knik, and Naptowne glaciations, but perhaps 
somewhat less than the one which intervened between 
the Caribou Hills and Eklutna glaciations. 

Capps (1931) early recognized evidence for a high- 
level glaciation (the Mount Susitna) in the Cook Inlet 
region and attributed it tentatively to the Wisconsin 
glacial stage. By this concept, moraines of Caribou 
Hills, Eklutna, Knik, and Naptowne age would repre- 
sent recessional phases of the Wisconsin glacial stage. 
The stratigraphic and gwmorphic evidence previously 
discussed and summarized below is, instead, internally 
consistent in rewrding a multiple sequence of major 
Pleistocene glaciations separated by major retreatal 
intervals, of which but the latest (the 
must pre-Wiwonsin in age, according to 
dated stratigraphic boundaries in type localities of 
both Alaska and the midcontinent. 

CARIBOU HIUS GLACIATION 

During the Caribou Hills glaciation, Cmk Inlet was 
again completely filled by ice emanating from the sur- 
rounding mountains. Highly modifid and dissected, 
but still recognizable, lateral moraines attributed to the 
Caribou  ills glaciation occur on protected slopes and 
spurs between &vations of 2,000 and 3,000 feet 
the eastern flanks of Mount Susitna, on the flanks the 
Talkeetna and Chugach Mountains near the confluence 
of Matanuska Valley with the f3usitna and 
Turnagain Am, and the Kenai front 
just south of Turnagain Arm and north of the Chicka- 
ldon River. Between Skilak Lake and Benjamin Creek, 
lateral moraines of Caribou Hills age rise to elevations 
between 370°0 and 4,OO0 feet- Immediately south 
this point, drift-covered upland surfaces of the Cari- 
bou Hills and the Bear Creek Upland were 
overridden by Caribou Hills ice, indicating an even 
higher level of the ice surface near Tustumena Lake 
where ice flowed directly out of the Harding Icefield 
area. The Caribou Hills area apparently formed a di! 
vide that separated the predominantly southwestward- 
flowing ice within Kachemak Bay and lower Cook Inlet 
area from the predominantly northwestward- and 
northward-flowing ice from the icefield north of Tustu- 
mena Lake. From the regional distribution of the 

deposits of Caribou Hills age it is evident that the domi- 
nant ice gradient of the Cook Inlet trunk glacier was 
not everywhere downvalley, but that the gradients of 
the component ice tongues flowing southward down the 
Susitna Lowland, southwestward down the Matanuska 
Valley, westward down Turnagain Arm, and northwest- 
ward from centers in the Kenai Mountains were graded 
to a lower level at their point of confluence within the 
upper part of Cook Inlet. This is consistent with the 
morainal patterns of the later glaciations, which also 
indicate maximum glacial intensity within the lower 
part of Cook Inlet and a progressive decrease in inten- 
sity upvalley. Thus the basic orographic and meteoro- 
logical factors that determine present-day distribution 
of glacial ice seem to have persisted throughout most, 
if not all, of the region's Plebtocene history. Boulder- 
count ratios suggest that Caribou Hills ice began its 
retreat from the Skilak platform 155,000 to 190,000 years 
ago. 

-UTNA GLACIATION 

During Eklutna time, the floor Cook Inlet basin 
wao completely filled with ice for the last tima Trunk 
glseiers filled the Susitna, Matanuska, and Turnagain 
Am valleys and coalesced with ice spilling off the flanks 
of the Alaska Range and the Kenai Mountains. 

As recorded in the Nikishka Lowland by a terraced 
interlobate moraine with mixed lithologies from the 
Alaska Range and Talkeetna, Kenai, and Chugach 
Mountains, southward- and southeas~wa~d-flow~ng Ek- 
lutna ice from the Alaska Range dominated ice flowing 
nodhward from Kenai Mountain sources and pushed to 
within 20 miles of the ~~~~i ~ ~ ~ ~ t ~ i ~ ~ ,  or at least 
two-thirds of the distance across the Cmk Inlet basin. 
Lateral moraines attributed to the Eklutna glaciation 
occur at elevations between 1,000 and 2,000 feet along 
the flanks of Mount Susitna and the TalkWtna and Chu- 
gach Mountains near the head of Cook Inlet and pro- 
gressively rise in elevation up the Susitna, Matanuska, 
and Turnagain A- valleys. south of Turnagain 
A ~ ,  moraines of ~ k l ~ ~ ~ ~  age can be traced continu- 
ously along the front of the ~~~~i Mountains from an 
elevation of more than 1,000 feet near the A m  to about 
500 fee+, near the chickaloon ~i~~~ where they merge 
with moraines deposited by valley-ice tongues flowing 
out from ~ ( ~ ~ ~ i  ~ ~ ~ ~ t ~ i ~  sources through the Chicka- 
loon River and Dike Creek valleys. Eklutna moraines 
at an elevation of about 2,000 feet mark the juncture of 
the ,jar skilak ~~k~ and  ill^^ ~i~~~ ice lobes, 
They occur at an elevation of between 1,500 and 2,000 
feet along the flanks of the Bear Creek upland, which 
separated the Killey River and Tustumena Lake lobes in 
Eklutna time. Eklutna ice almost completely covered 
the Caribou Hills area except for higher knolls that 
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stood above an ice surface which dropped in elevation 
from about 2,000 feet near Tustumena Lake to less than 
1,000 feet near Homer. The Caribou Hills, therefore, 
acted as a partly overridden nunatak area separating 
the trunk glacier that occupied the axis of Cook Inlet 
from the Kachemak Bay lobe during Eklutna time. 

As previously discussed (Karlstrom, 1953), the geo- 
morphic features in the Kenai Mountains record a long 
interval of subaerial erosion, and perhaps complete de- 
glaciation, between the Caribou Hills and Eklutna gla- 
ciations. Along the flanks of the Bear Creek upland, 
moraines of the Eklutna glaciation form reentrants 
within broad canyons cut into the Caribou Hills sur- 
face and suggest a major erosional hiatus between the 
retreat of Caribou Hills ice and advance of Eklutna ice. 
There are similar relations between the moraines of 
Eklutna age and dissected older glaciated surfaces in the 
southwestern part of the Talkeetna Mountains. Sur- 
face-boulder counts on the Skilak Platform suggest a 
much greater interglacial hiatus between the Caribou 
Hills and Eklutna than between the younger glacia- 
tions. Definitive stratigraphic relations between drift 
of Caribou Hills age and that of Eklutna age have yet 
to be observed in the Cook Inlet region. However, the 
available geomorphic evidence is consistent in suggest- 
ing that the major retreatal interval in the Cook Inlet 
glacial sequence is marked by the Caribou Hills-Eklutna 
glaciation boundary. Wood collected from recessional 
drift of Eklutna age near Boulder Point (carbon-14 
loc. 3) dates pre23,OOO B.C. The boulder-count ratios 
suggest that Eklutna ice began its retreat from the 
Skilak Platform some 90,000 to 110,000 years ago. 

KNIK GLACIATION 

During the succeeding Knik and Naptowne glacia- 
tions, piedmont glacial lobes draining major ice centers 
extended into, but did not coalesce to completely fill, 
the Cook Inlet basin. As recorded by moraines in the 
Kenai Lowland and by stratigraphic relations in the 
sea bluffs in the Knik Arm area north of Anchorage 
and near Boulder Point on the Kenai Lowland, the 
Knik glaciation was from 3 to 6 miles more extensive 
than the succeeding Naptowne glaciation. Major ice 
lobes draining through the Kenai, Skilak, Killey, and 
Tustumena valleys from the Harding Icefield coalesced 
along the margins of the Kenai Lowland to form a con- 
tinuous ice shelf 25 miles wide and 50 miles long paral- 
lel to the Kenai Mountain front north of the Caribou 
Hills. Whereas ice of the compound Killey, Skilak, 
and Kenai valley lobes reached elevations just above 
1,000 feet along the mountain front, the Tustumena 
Valley lobe reached an elevation of 1,500 to 2,000 feet 
near the head of Tustumena Lake. During the I<nik 

glaciation, the Tustumena Valley lobe spilled wrw the 
low divide at the head of Kachemak Bay and joined the 
Kachemak Bay lobe which partly covered the Caribou 
Hills, and pushed out around the southern end of the 
hills for an unknown distance westwad and for about 15 
miles northward into the Cook Inlet trough. Lateral 
projections of Knik ice across the axis of the Caribou 
Rills in the upper reaches of Deep Creek provide a di- 
rect explanation for the broad swamp-covered valley 
sections upstream from the end moraines and the deep 
canyons cut below the dissected terrace surfaces devel- 
oped downstream from these moraines. The indicated 
lateral projections of Knik ice up tributary valleys of 
the south branch of the Anchor River also provide 
a logical explanation for the drainage diversion and 
the superposition across a bedrock ridge recorded near 
the head of the north fork of the Anchor River. The 
maximum extent of the Turnagain Arm ice lobe during 
Knik time is marked by the arcuate morainal belt south 
of Point Possession that transects tlie general trend of 
the interlobate moraine of Eklutna age and, according 
to the author's interpretation, by a comparable arcuate 
belt of moraines in the Anchorage a m  between. P o b r  
and Point Campbell. 

The moraines now mapped as Knik in age were orig- 
inally considered by the author on the basis of photo- 
interpretation to represent a retreatal phase of the Swan 
Lake (Eklutna) glaciation preceding the Naptowne 
glaciation (Karlstrom, 1953). Stratigraphic relations 
near Boulder Point, Point Possession, and Point Mac- 
Kenzie clearly record major erosional and weathering 
hiatuses preceding as well as following this intermedi- 
ate glacial advance. Deposits of Knik age rest uncon- 
formably on deposits of Eklutna age that are weathered 
through vertical intervals of more than 40 feet. The 
deposits of Knik age are in turn weathered to depths 
generally between 10 and 20 feet and are overlain by de- 
posits of Naptowne age with weathering profiles l e ~ ~  
than 10 feet deep. I n  keeping with this stratigraphic 
evidence of a separate major glaciation preceding the 

1 Naptowne and postdating the Ekltltna is the surface- 
boulder evidence from Skilak Platform. The boulder 

, ratios suggest that the intermediate moraines of Knik 
age are roughly twice as old as the moraines of Nap- 
towne age and roughly one-half as old as the moraines 
of Elclutna age. Radiocarbon samples collected from 
zones within or directly overlying drift of Knik age 
near Goose Bay (carbon-14 loc. I),  Eagle River (car- 
bon-14 loc. 2), and on the Kenai Lowland near Nikishka 
No. 1 (carbon-14 loc. 4), Nikishka No. 1-Sdamato 
(carbon-14 loc. 5), Salamato (carbon-14 loc. 6),  Kenai 
(carbon-14 loc. 7), and Tusturnena Lake (carbon-14 
loc. 8) all date older than the dating range and indicate 
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that the Knik glaciation predates at least 36,000 B.C. 
The ionium-uranium-ratio date of between 31,0001 and 
46,000 B.C. for the marine zone overlying till of Knik 
age in the Knik Arm area suggests that i t  may predate 
46,000-B.C. The boulder ratios suggest that Knik ice 
began its retreat from Skilak Platform some 50,000 to 
65,000 years ago. 

Coalescence of the Kachemak Ray lobe with ice from 
the Aleutian Range in the lower part of the inlet created 
an interior lake during the extended phases of the Knik 
glaciation. The existence of this lake is recorded,stra- 
tigraphically in weathered proglacial-lake sediments 
underlying and overlying till of Knik age near Point 
Possession and underlying proglacial-lake sediments of 
Naptowne age between Point Possession and Boulder 
Point and elsewhere in the lowland outside the limits 
of Naptowne glaciation. Just when the ice lobes of 
Knik age coalesced and dammed the interior drainage 
of Cook Inlet or when this iced dam was breached dur- 
ing retreat is not known; but from the evidence at hand, 
i t  is apparent that the lake was in existence long before 
the maximum extension of the Turnagain Arm ice lobe 
of Knik age. The weathered proglacia.1-lake silt depos- 
i t  exposed a t  an elevation of between 500 and 600 feet 
beneath till of Naptowne age near Jean Lake further 
suggests that the lake persisted with relatively high lake 
levels into late Knik time. Strandline benches that 
transect morainal and structural trends along the flanks 
of the Caribou Hills and along the Kenai Mountain 
front north of Jean Lake may represent one of the high- 
est, if not the highest, lake stands of the proglacial lake 
of Knik age. Surface deposits of fine-grained lami- 
nated silt exposed at an elevation of between 800 and 
900 feet in Rabbit Creek valley and coarser grained 
stratified sand and gravel exposed a t  an elevation of 
about 1,000 feet in Campbell Creek canyon are believed 
to represent proglacial-lake deposition during Knik 
time in the Anchorage area. 

NAPTOWNE GLACIATION 

The youngest major glaciation recognized in the Cook 
Inlet region is the Naptowne. It is represented by con- 
spicuous spatulate end moraines in the vicinity of Ski- 
lak Lake near Naptowne Lodge at Stepling, Tustumenn 
Lake near Kasilof, and Kachemak Bay near the Anchor 
River on the Kenai Lowland; and by morainal belts of 
similar appearance a t  the mouth of Matanuska Valley 
(Karlstrom, unpublished data; Trainer, 1955; Miller 
and Dobrovolny, 1959) and on the margin of the low- 
land in front of trunk valleys heading in major icefields 
of the Alaska Range west and north of Cook Inlet. 
Additional work is required to precisely determine the 

extent of Naptowne glaciation in the northern part of 
the Susitna Lowland between Talkeetna and McDou- 
gall. The extent of Naptowne glaciation in Turnagain 
,4rm is also uncertain, but i t  is probably represented by 
a remnant of a lateral moraine along the north shore of 
Turnagain Arm near Bird Creek. The absence of till or 
moraines of Naptowne age in the northern part of the 
Nikishka Lowland strongly suggests that the Turnagain 
Arm lobe of Naptowne age did not extend much, if any, 
farther west than the front of the Kenai Mountains. 

During Naptowne time, northward expansion of the 
Harding Icefield filled the Kenai River and Resurrection 
Creek valleys with ice to elevations of more than 1,000 
feet. This ice fed westward into the lowland as a com- 
pound piedmont lobe 20 miles long and 12 to 15 miles 
wide fronting the Kenai Mountains. Expansion of the 
outlet glaciers from Indian, Tustumena, and Chernof 
valleys created a separate piedmont lobe. This lobe, 
as much as 15 miles wide, completely filled the Tustu- 
mena Lake trough to elevations between 500 and more 
than 1,000 feet and extended more than 30 miles from 
the Kenai Mountain front. This ice lobe was coexten- 
sive with ice filling Kachemak Bay and extended an un- 
known distance into the lower part of Cook Inlet. As 
marked by conspicuous lateral moraines and major 
drainage divides on the eastern flanks of Caribou Hills, 
the surface of the Kachemak ice lobe of Naptowne age 
decreased in elevation from about 1,500 feet near the 
head of the bay to less than 500 feet west of Homer. 

During Naptowne time, ice from the Alaska and Aleu- 
tian Ranges pushed eastward across Cook Inlet and 
deposited end moraines near Boulder Point and East 
Foreland. As previously discussed, the end moraine 
near East Foreland is bordered on the south by a chan- 
neled gravel plain underlain by water-laid deposits of 
Naptowne age unconformably overlying more deeply 
weathered and contorted silt, sand, and gravel of Knik 
age. The intensity of deformation in the deposits of 
Knik age increases northward toward the end moraines 
of Naptowne age and, where overridden by the Nap- 
towne ice, these deposits are extremely contorted and 
locally infolded into the basal till. The till of Nap- 
towne age at Boulder Point and East Foreland is in- 
tensely sheared and contorted, recording deformation 
following retreat from the Naptowne glacial maximum. 
The bordering surface drift of Naptowne age south of 
East Foreland is also deformed near the moraine mar- 
gin. These deformational relations are interpreted as 
the result of a series of successively less extensive Nap- 
towne advances, the most recent of which not only de- 
formed the end-moraine deposits of Naptowne age but 
also affected surface sedimentation in the area immedi- 
ately to the south. Near the top of t,he section just south 
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of East Foreland are local exposures of two buried and 
folded peat and organic-silt deposits separated by lami- 
nated silt and sand and overlain unconformably by un- 
disturbed surface-bog deposits of organic silt and peat. 
Another series of surface-bog deposits is exposed east 
of Boulder Point in a comparable position marginal to 
the moraines of Naptowne age. Here, the bog deposits 
floor at or below beach level, and only the upper undis- 
turbed part of the organic deposits is exposed. The base 
of the lower and most intensely folded of two deformed 
organic beds a t  radiocarbon locality J (W416)  was 
dated a t  10,950 B.C. rt 300 years; the base of the un- 
disturbed upper bog unit a t  carbon-14 locality H (L- 
117 O)  was dated at 6250 B.C. + 900 years, and N 
(L163B),  at 6700 B.C. 450 years. These dated 
layers are interpreted as closely bracketing two read- 
vances of ice across the inlet from the Alaska Range 
side in the time interval following the Naptowne maxi- 
mum between 11,000 and 7000 B.C. and just prior to final 
withdrawal of the Trading Bay ice lobe from the area. 

Aduances.-On the eastern margin of the Kenai Low- 
land the morainal record is.of a t  least four major Nap- 
towne advances : the Moosehorn (most extensive), Kil- 
ley, Skilak, and Tanya. A partly buried morainal knoll 
immediately outside the boundary of Naptowne glacia- 
tion near Naptowne Lodge may represent a recessional1 
phase of Knik age or an advance that just preceded the 
Moosehorn advance. These subordinate Naptowne ad- 
vances are recorded by morainal belts of the compound 
moraines of Naptowne age near Skilak and Tustumena 
Lake, in the Killey River valley, and marginal to  Kache- 
mak Bay; and they are considered to represent events 
of regional rather than local climatic significance. 
There are slight, if any, recognizably consistent soil and 
topographic differences between the four morainal belts. 
These geomorphic differences are to be contrasted with 
the much more pronounced break represented by the 
boundary between moraines of the Naptowne and Knik 
glaciations and by the significant, but somewhat less 
distinctive, geomorphic break between the moraines of 
Naptowne age and those of the succeeding Alaskan gla- 
ciation. Whereas soils developed on moraines of Nap- 
t o m e  age in the Tustumena Lake area are generally 
characterized by oxidation profiles from 2 to 5 feet 
deep, the soils on moraines of Alaskan age are character- 
istically less than 1 foot deep. 

Radiocarbon-dating of moraines.-The lower time 
boundary of the Naptowne glaciation is most closely 
established by the carbon-14 samples collected from 
pro-Naptowne deposits nem Goose Bay (carbon-14 Ioc. 
1 ; TV-644, >36,000 B.C.) and near East Foreland (car- 
bon-14 loc. 5 ; L-163A, 37,000 B.C. +2,000 years). All 

other samples collected from stratigraphically lower 
zones in Cook Inlet are beyond the range of the dating 
method. The only finite date in this older group ( L  
163A) was obtained by reanalyses in new counters at 
the Lamont Laboratory that extend the range of the 
radiocarbon-dating method back to 40,000 to 60,000 
years ago. Reanalyses of sample W-644 and related 
samples, now pending, give promise of providing other 
finite dabs  that will permit more precise dating of 
the boundary beteen Knik and Naptowne glaciations 
in the Cook Inlet region, and which should answer the 
question as to when other ice lobes in the region at- 
tained their Naptowne maxima. According to strati- 
graphic position, the date of 37,000 B.C., obtained 
from sample L163A, predates the maximum extension 
of the Trading Bay ice lobe in Naptowne time. The 
preliminary ionium-uranium date of from 31,000 to 
46,000 B.C. for shells collected from the marine zone 
marking the interglacial period preceding the Nap- 
towne advance in the Knik Arm area is thus apparently 
consistent with the carbon-14 dating of the pro-Nap- 
towne sediments near East Foreland. 

No radiocarbon samples have been collected as yet 
from Cook Inlet that can be directly related to deposits 
of the Moosehorn and Killey advances of the Nap- 
towne glaciation. However, the basal sample from the 
bog overlying till of Naptowne (Skilak) age in the 
Homer area (E137W; carbon-14 loc. L )  provides a 
close minimum date of 7000 B.C. for the end moraines 
of the Skilak advance. This date combined with the 
pro-Naptowne date thus provides a time bracket of 
between 37,000 and 7000 B.C. for the Moosehorn, Killey, 
and Skilak advances. Culmination of Tanya retreat 
just prior to the climatic deterioration that initiated 
the Alaskan glacliation is dated between 4850 B.C. (L 
237 ; carbon-14 loc. P) and 2550 B.C. (L237G ; carbon- 
14 loc. Q). The interval of bog drying recorded in 
the upland bog near Homer (L13'7T; carbon-14 loc. 
N) dates within this time interval and may provide a 
more precise date of ca. 3500 B.C. for the boundary be- 
tween Naptowne and Alaskan glaciations. The Nap- 
towne glaciation may therefore be dated on the basis 
of these radiocarbon samples as between 37,000 and 
3500 B.C. I f  the maximum extension of Naptowne ice 
occurred halfway between these maximum and min- 
imum dates, an average of between 20,000 and 25,000 
years ago is obtained for the Naptowne maximum. I n  
the absence of more precise dating, these figures have 
been applied to the maximum extension of Naptowne 
ice on Skilak Platform for the purpose of converting 
the surface boulder ratios into calendar years as a first 
approximation to the actual ages of pre-Naptowne 
moraines. 
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ALASKAN GLACIATION 

The most recent series of glacial advances recorded 
in the Cook Inlet region is represented by a sequence of 
fresh-looking moraines that lie between more modified 
moraines of Naptowne age and the fronts of existing 
glaciers throughout the Kenai Peninsula. These post- 
Naptowne climatic events are placed within the Alaskan 
glaciation of the Cook Inlet chronology. Differences 
in topographic expression and position, soil develop- 
ment, and vegetation cover indicate two distinctly sep- 
arate ages for the recent moraines. From type sections 
near the head of Tustumena Lake on the Kenai Low- 
land, and near the section house of the Alaska Railroad 
at Tunnel in the Kenai Mountains, the glacial advances 
represented by the older moraines are named the 
Tustumena advances ; those represented by the younger 
moraines are named the "Tunnel advances." The 
morainal record is of at least 3 major Tustumena ad- 
vances (Tusturnena I, 11, and 111) and 2 major (Tun- 
nel I and 11) and several smaller (Tunnel 11) read- 
vances. In  numerous ice-free upland-valley heads in 
the Renai Mountains, events of Alaskan age are also 
recorded in a multiple sequence of little-modified rock 
glaciers, talus cones, alluvial fans, and valley-bottom 
terracss. 

On the basis of the previously discussed radiocarbon- 
dated stratigraphy, Dhe moraines and related deposits 
of Alaskan age are dated as follows : Tustumena I, post- 
Tanya and therefore post-3500 B.C. (L137T ; carbon- 
14 loc. N), also post-2550 B.C. (L237G, carbon-14 loc. 

Q) ; Tustumena 11, post-1250 B.C. (L117B, carbon-14 
loc. M) ; Tustumena 111, post-420 B.C. (W-78, carbon- 
14 loc. R),  and post-300 B.C. (L137K, carbon-14 loc. 
I<) ; Tunnel I, post-A.D. 550 (W-318, carbon-14 loc. 
R) ; Tunnel 11, post-A.D. 1550 (L-117K, carbon-14 loc. 
0) and post-A.D. 1500 (L137E, carbon-14 loc. H) ; 
and including evidence of at least two subordinate 
glmial readvaaces following retreat from the Tunnel 
I1 end moraines, as well as historically recorded read- 
vances in about the late 1890's, 1916, ca. 1940, and ca. 
1950. 

RADIOCARBON-DATED COOK INLET GLACIAL 
CHRONOLOGY 

Reconstruction of the detailed glacial chronologg 
shown in plats 7 is based on an integration of the partly 
dated morainal sequence with the more detailed and 
continuous depositional record of the radiocarbon- 
dated coastal-bog stratigraphy (table 3). The coastal 
bogs exposed near East Foreland, Point Possession, 
Boulder Point, and Girdwood provide sensitive strati- 
p p l l i c  records from which major and synchronous 
hydrologic changes in the Cook Inlet region can be 
inferred. These changes are correlated with the 
morainal record on the basis of parallel sequence'and 
radiocarbon cross-dating. By this means the character 
of climatic and environmental controls that determined 
the recorded hydrologic changes can be directly judged 
and interpreted as the product of the same climatic 
changes that affected glaciation in the region. 

TABLE 3.-Numrnary of radiocarbon, data, Cook Inlet and adjoining ooastab areas, AZaslca 
LSample numbers: L, analyzed by the Lamont Laboratory; W, numbers by the Washington hboratory: I, numbers by the Isotopes Inc. Laboratory. Conversion of B.P . 

to A.D.-B.C. dates based on 1950 as reierenoe year] 

See footnotes at end of table. 

Sample 

L-117K --..-- 
L-1630 --.--- 
L137E ..-.-- 
W-176 ------- 
W-641 1 .---.- 
W-318 ..-.--- 
W-78 -.-.-.-- 
L-137K ---.-- 
L-117B .----. 
W-288 -.----- 
1-6861 1 --.-- 
L-117N --..-- 
L-434 .---.--. 
1 - 
L-163F. - .- .- 
L-2370 .--.-- 
L-lOlA 1 ----- 
L-137T 1 --.-- 

Data A.D.-B.C. 

A.D. 1660f 160 yr -....--.--- 
Post A.D. 1660 .-.-.---.--.-- 
A.D. 160Of 200 yr-- -...-.--- 
A.D. 12M)f 260 yr-- .-..----- 
A.D. 1330f 200 yr ---......-- 
A.D. Mibf200 yr- - .--------- 
420 B.C.&100 yr -----..-..--. 
300 B.C.f 300 yr ...--.------- 
1260 B.C,*lM) yr ------------ 
8M) B.0.f 180 yr ---.--------- 
1620 B.C.fl8O yr ..--.------- 
1860 B.O.fU)O yr .---.-.-.--- 
1750 B.C.fl60 yr ----.---.-.- 
1 B.C.170 r 

2000 B.C.f 200 yr ......------ 
2660 B.C.f460 yr -.-..-.---.- 
3390 B.C.faO0 yr ---...------ 
3850 B.C.f MN) yr .---.-.-...- 

Btratigraphic assignment 

Tunnel I1 .-----..-.--.-- 
-.---do -----.----.-------- 
-----do -.-.-----..-------- 
Tunnel I ------------.--. 

-----do ---..--.-.+-------- 

-.---do --..--.------------ 
Tustumena I11 --.------- 

-----do ----.-..-.-.------- 
Tustumena I1 .----.--.-. 

-..--do - - - . - - . - - - - - 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8  

Tustumena L ----------- 
-----do -...---.-.--------- 
--..-do ....--------------- 

do 

-...-do -...- .-----.------- 
Pro-Tustumena ..------- 
Tanya I11 .----.--------- 

.----do ---.-----.-.------- 
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Do 
Broeckerand others, 1966, p. 166. 

Kulp and others, 1861, p. 668. 
Kulp (written communiCation, 

1964). 

Locality 

Tustumenaglacier, Kenai Low- 
land (loc. 0). 

Spencer glacier, Kend Moun- 
tains (loc. 8). 

Kenai-Kssilof Aaa, Kenai Low- 
land (loc. HI. 

Oirdwood, Aaa, Turnagain Arm 
(loo. A-1) . 

Fire Island (loc. 0-1) --. ---.-- . 

Tunnel, Aaa, Kenai Mountains 
(loc. R). 

Tunnel, Aaa, Kenai Mountains 
(loc. R). 

Homer Aaa, Kenai Lowland 
(loc. k). 

Homer Aaa, Kenai Lowland 
(lot. hi). 

Girdwood Aaa,Turnagain Arm 
(loc. A-i). 

Karluk, Kodiak Islands (loc. 
W .  

Boulder Point, Kenai Lowland 
(loc. E-1). 

....- do -.-..--.-.----------------- 
Boulder P o t  a Lowland 

(loc. E-4). 
--.-.do ....----..----------------- 
Ingram Creek, Kenai Moun- 

tains (loc. Q). 
Anchorage Aaa (loc. B) ..-..-.-. 
Caribou dills, Kenai Lowland 

(loo. N). 

Collector and date collected 

Karlstrom, 1961 ----.---------- 
Marshal and Karlstrom, 1960.- 

Karlstrom, 1862- .-.-..---.---- 
Karlstrom, 1964. ..--.----.-.-- 
Miller Dobrovoiny, and 

 ade en, 1956. 
Karlstrom, 1953 ----..--------- 
Karlstrom, 186a -----------.--. 
Krlnsley and Karlstrom, 1960- 

Benninghoff, 1960 ---.--.-.---- 
Karlstrom, 1964 - - - - - - 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8 2 8 8  

Heusser and Hawbecker, 19.56- 

Karlstrom, 19W. ----------.--. 
---.-do ..----.-.-.-------------- 
d o  

-----do .--.-------.------------- 
Karlstrom, 1963 -.-.--..-..---- 
Ecklas, 1949 --.--...-.--------- 
Benninghoff, 1951- ---.-------- 
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radiocarbon samples will provide additional and 
more accurately dated boundaries as a critical test of 
present interregional and extraregional correlations. 

NAPTOWNE PROGLACIAL-LAKE EVENTS 

The history of the proglacial 1ake;hat occupied the 
upper part of Cook Inlet during the Naptowne glacia- 
bion is m r d e d  by surficial deposita and strandlines 
that are best developed outside the boundaries of the 
moraines of Naptowne age. Insofar as the spillway 
t h ~ h o l d  of this lake was determined by a glacial- 
ice dam, the history of lake-level fluctuations is compli- 
cated and directly related to major events in the glacial 
history. I n  general the ice lobes from the Aleutian and 
Alaska Ranges and from the Kenai Mountains coalesced 
in the lower part of Cook Inlet during extended ad- 
vances and formed an effective ice barrier to exterior 
drainage from the ice-free upper part of the Cook Inlet 
basin. After coalescence, minor pulsations in the gla- 
cial regimen could reasonably be expected to cause 
rapidly changing lake levels by raising or lowering 
the ice threshold for over-ice spillways or by opening 
and closing the interice or subice drainageways. I n  the 
absence of stable bedrock-threshold conditions, poorly 
to fairly well-developed multiple-terraced strandline 
levels characteristic of the Cook Inlet evolved instead 
of one or several well-developed and simple strandline 
levels. During significant intervals of ice retreat and 
downmelting, the lake drained partly or completely 
only tobe re-formed during the next significant impulse 
or advance. Although many uncertainties remain con- 
cerning the details of the lake sequence, sufficient data 
are now available to suggest major events in its life 
history and, in combination with the radiocarbon-dated 
bog sequences associated with the lower strandline 
levels, to date some of these events. 

Abandoned melt-water channels emanating from end 
moraines of Naptowne age and graded to strandline 
levels suggest significant static stands or lake level 
near the 750-foot elevation (perhaps the highest at- 
tained during Naptowne time) during the maximum 
Moosehorn advance, about the 500- and 600-foot eleva- 
tions during the Killey advance, and about 250- to 300- 
foot eIevations (275-ft. lake level) during the Skilak 
advance. The series of terrace levels cut on ridge slopes 
in the lowland below the 275-foot level (the 125-ft. and 
50-ft. levels are particularly well developed) record 
fluctuating and final recession of lake level following 
the Skilak maximum and prior to the Tanya advance. 
Lake-bottom sediments include numerous disastems, 
disconformities, unconformities, and buried organic 
layers recording depositional hiatuses relating to partial 

or complete lake drainages between the higher lake- 
level stands. 

The Point Possession coastal bogs (Bog group D) 
are on a lowland surface that lies between the 275-foot 
and 125-foot strandline levels; the East Foreland bogs 
(Bog group F ) ,  on a surface that lies between the 125- 
foot and 50-foot strandline levels; and the Boulder 
Point bogs (Bog group E) and Homer bog (Bog L), 
on terrace surf- at  and just below the 50-foot strand- 
line level. 

By combining these geomorphic relations with the 
radiocarbon cross-dated stratigraphic records, the fol- 
lowing dated lake-level sequence may be inferred, as 
shown graphically in plate 7. 
1. Recession of Glacial Lake Cook levels below the 80- 

foot elevation ca. 11,000 B.C. (East Foreland 
bogs). 

2. Lake transgression accompanying glacial advance 
m d  deformation near East Foreland, rising above 
the 125- to 150-foot level (Point Possession bogs), 
and presumably to the 275-foot strandline ca. 
10,000 B.C. 

3. Recession of lake levels below the 80-foot level and 
concomitant drop in ground-water levels just prior 
to 8420 B.C., or ca. 9000 B.C. (East Foreland 
and Point Possession bogs). 

4. Lake transgression accompanying glacial advance 
and deformation near East Foreland and rising of 
lake level above the 80-foot level but not to the 
150Lfoot level (thus, presumably to  the 125-ft. 
strandline level) ca. 8500 B.C. (Point Possession 
bogs). 

5. Lake recession below the 80-foot level (East Fore- 
land bogs) between 8420 and 7400 B.C., or ca. 
8000 B.C. 

6. Lake transgression to the 50-foot strandline lewl 
(Boulder Point bogs) just before 7400 B.C., or ca. 
7500 B.C. 

7. Lake recession below the 20-foot level (Homer Bog 
L) ca. 7000 B.C., leading to final drainage of 
Glacial Lake Cook prior to the Tanya advance. 

By this reconstruction, the radiocarbon-dated 
intervals of presumed ice-shove deformation near East 
Foreland by the Trading Bay ice lobe are directly cor- 
related with the 275-foot strandline associated with the 
end moraines of Skilak age deposited by the Skilak 
Lake and Tustumena Lake ice lobes. By this correla- 
tion, dates of ca. 10,000 B.C. are provided for the Skilak 
maximum and ca. 10,500 B.C. for the culmination of 
the preceding Killey retreatal interval of low-lake 
levels. Two important subordinate Skilak advances, 
ca. 8500 and 7550 B.C., are suggested by intervals of 
rising proglacial-lake levels prior to the final drainage 
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of Glacial Lake Cook. These may, with further study, 
be correlated with individual recessional moraines in 
the morainal lobes of Skilak age on the lowland. As 
indicated by the stratigraphic record, and as strongly 
suggested by the withdrawn position of the moraines 
of Tanya age in Kachemak Bay, the lower Cook Inlet 
ice dam did not re-form during the Tanya glaciation; 
and the post-Skilak hydrologic history of the Cook 
Inlet trough must 6e related to base-level changes in an 
environment including direct connections with the sea. 

GLACIOEUSTATIC RECORD OF LATE NAPTOWNE 
AND ALASKAN TIXE 

The postglacial-lake hydrologic sequence recorded by 
the lowland bogs near Point Possession and Boulder 
Point and by the tidal bog in Turnagain Arm near 
Girdwood is as follows: lowest fluctuating regional 
water levels between 7000 and 4500 B.C. following final 
drainage of Glacial Lake Cook; highest water levels 
betwen 4500 and 3500 B.C.; general lowering of water 
levels between 3500 and 2500 B.C.; fluctuating lower 
water levels between 2500 B.C. and the beginning of the 
Christian Era;  higher water levels in about A.D. 500; 
lower water levels in about A.D. 1000; a brief intervd 
of higher water levels in about A.D. 1500; lower water 
levels between A.D. 1500 and ca. 1850; and general rise 
in water levels since 1850. 

Radiocarbon cross-dating of the coastal-lowland- 
basin type bog sequence with the shorter tidal-bog sea- 
level sequence indicates broadly parallel and contempo- 
raneous water-level fluctuations in the period of over- 
lapping records and suggests that the regional ground- 
water-level changes recorded in the coastal bogs were 

- also in direct response to sea-level changes. Radio- 
carbon cross-dating of this composite hydrologic se- 
quence with the dated morainal sequence further 
indicates essential contemporaneity of lower water-level 
intervals with glacial advance and higher water-level 
intervals with glacial retreat. Thus glacioeustatic sea- 
level controls are indicated. As previously discussed 
(Karlstrom, 1956), this glacioeustatic interpretaticm is 
enhanced by evidence from other coastal areas in the 
Northern Hemisphere that suggests a pattern of sea- 
level changes for the Atlantic Ocean comparable to that 
inferred from the Cook Inlet hydrologic sequence for 
the Pacific Ocean. 

The seeming synchronism of recorded sea-level 
changes in two ocean basins and the parallelism with 
the glacial changes in Cook Inlet emphasize the prob- 
able climatic and glacioeustatic origin of the changes 
and in effect eliminate tectonic and isostatic adjust- 
ments as significant factors in the recorded hydrologic 
sequence. To conclude that the coastal-bog hydrologic 
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record reflects glacioeustatic controls, however, does not 
eliminate the possibility that the Cook Inlet region has 
suffered either isostatic rebound or tectonic changes in 
land-sea relations during the time interval in question. 
Nevertheless, in view of the available evidence, it seems 
quite clear that if such adjustments took place, they 
must have been of much smaller magnitude than the 
recorded eustatic shifts. 

The general stability of the Cook Inlet coastal region 
is further suggested by the following relations : 
1. Uplifted marine terraces comparable to those record- 

ing both tectonic and isostatic adjustments of great 
magnitude in southeastern Alaska are absent in 
the Cook Inlet region. No marine fossils have 
been found anywhere associated with the uplifted 
strandline deposits of Cook Inlet. 

2. Proglacial-lake strandlines that closely follow con- 
I tours throughout the length of the Kenai Lowland 

are traceable at the same elevations as far north as 
along the western flanks of the Talkeetna Moun- 
tains. This suggests that if differential uplift has 

1 affected Cook Inlet since early or middle Naptowne 
time, it has been less than can be shown by the 
present accuracy of mapping from aerial photo- 
graphs onto 1 : 63,360 base maps. 

1 3. The radiocarbon-dated coastal bog at Homer indi- 
cates that Homer Bench became ice free prior to 
7000 B.C. and that surfaces as low as 20 to 25 feet 
in elevation have remained above sea level since 

1 that date. This evidence severely restricts the 
magnitude of both tectonic and isostatic adjust- 
ments that could possibly have taken place during 
this interval at the southern tip of the Kenai , Lowland. 

4. The fault cutting deposits of Naptowne age in the 
Susitna Lowland provides evidence of some tec- 
tonic displacement following the Naptowne maxi- 
mum. Measurable displacement along this fault, 
however, is slight (less than 10 feet of measurable 
dip-slip displacement) ; and it apparently reflects 
minor movement along an ancient fault zone that 
parallels the western shore of Cook Inlet. This 
recent faulting has no recognizable reflectidn in 
the coastal-bog stratigraphy, although it conceiv- 
ably could be recorded in one of the sea-level 
shifts. More likely, the faulting took place prior 
to the oldest event recorded in the bog stratigraphy. 

5. I n  contrast to the continental glaciers that formed 
ice masses of vast extent during the Wisconsin 
stage in areas that today are free of ice, the rela- 
tive difference between the ice load during the Nap- 
towne glaciation and the existing icefields in Cook 
Inlet is extremely small. Thus major isostatic 
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suppression of Cook Inlet under ice load and 
major rebound following retreat from Naptowne 
maximum is not likely. In  keeping with the iso- 
static theory that rebound is most rapid immedi- 
ately after releases of ice load and falls off rapidly 
in time, minor isostatic compensation can be ex- 
pected to have affected Cook Inlet during the late 
interval in the coastal stratigraphic record. 

In  the absence of a fixed reference point, the absolute 
shifts in either land or sea-level positions cannot be 
directly measured from coastal stratigraphic evidence. 
However, the problem does lend itself to an indirect 
solution. Careful studies of stratigraphy and geomor- 
phology in stable coastal areas of the world should pro- 
vide sea-level records that primarily reflect eustatic 
sea-level shifts. When a sufficient number of such 
studies are completed, it should be possible to eliminate 
local and noneustatic factors that may be represented 
and to reconstruct a quantitative glacioeustatic sea-level 
curve. 

By correlation with the inferred glacioeustatic sea- 
level changes, the end moraines of the Tanya advance 
are dated between 7000 and 4500 B.C. ; an upper bund-  
ary of ca. 3500 B.C. is obtained for the culmination 
of Tanya retreat just prior to the initial advance phases 
of the succeeding Alaskan glaciation ; and end moraines 
of the Tustumena I advance, representing the maxi- 
mum extension of Alaskan ice, are dated ca. 2000 B.C., 
or contemporaneous with the maximum inferred marine 
regression in post-Tanya time. Late Tanya retreat is 
therefore marked by the preceding maximum rise in 
sea level, which implies maximum glacial retreat and 
optimal climatic conditions just following Skilak time. 
This interpretation is supported by the pedologic evi- 
dence in the Cook Inlet region that indicates much 
deeper soil development on the moraines of the Tanya 
advance than on the younger morainm of the Alaskan 
glaciation, and by the independently dated upland-bog 
sequence that records maximum glacial retreat, and dry 
ground and climatic conditions, during the same in- 
terval in which the eustatically controlled ground-water 
levels in the lowland rose to their highest post-Skilak 
position. Conspicuous uplifted tidal flats recording a 
sea-level stand at least 5 to 10 feet higher than present 
datum are near the mouths of the Kena j Kasilof, and 
Chickaloon Rivers and are attributed to the maximum 
marine transgression of late Tanya age in the region. 

Insofar as the Girdwood tidal-bog stratigraphy faith- 
fully records relative, if not absolute, glacioeustatic 
shifts in sea level, it provides a detailed geoclimatic 
rewrd of the past 3,000 years that should closely reflect 
average climatic conditions affecting the regimen of 
the world glaciers. The record is of general sea levels 

below - 15% to - 14% feet relative to present datum 
during the Tustumena I1 advance; a marine transgres- 
sion to above - 13% feet during the Tustumena I1 re- 
treat (ca. 500 B.C.) ; a pulsatory marine regression with 
four fluctuations above and below - 13Y2 to - 9% feet 
during the Tustumena I11 advances (about the begin- 
ning of the Christian Era) ; marine transgression to 
above -4 feet during the Tustumena I11 retreat (ca. 
A.D. 500) ; a marine regression with three fluctuations 
a'bove and below -41h to -2% feet during Tunnel I 
advances (ca. A.D. 1000) ; a marine transgression above 
-2  feet during Tunnel I retreat (ca. A.D. 1500); a 
marine regression with three fluctuations generally be- 
low -y2 to -2  feet during Tunnel I1 advances (ca. 
1700) ; a marine transgression from below - 1 foot to 
present datum during the interval ca. 1850 to 1953 ; and 
a progressive rise from 1953 to 1958. 

The maximum Towering of sea level during Tustu- 
mena I time is not known; but from the coastal-bog 
record, it is likely that it was lower than the -151/2 
feet recorded for Tustumena I1 time. A sea-level drop 
of more than 20 feet is therefore suggested between 
late Tanya time, when sea level was from 5 to 10 feet 
above present datum, and Tustumena I time, when sea 
level was probably more than 15 feet below premnt 
datum. 

No direct Cook Inlet evidence is available for estab- 
lishing sea-level positions in pre-Tanya I11 time. As 
it is generally accepted that eustatic sea-level positions 
during the culmination of the last ice age were, in 
general, around 300 feet lower than at present, it is 
probable that sea level in the north Pacific Ocean dso 
transgressed from around 300 feet below to more than 5 
feet above present sea level between early and late Nap- 
towne time. The configuration of this sea-level rise 
is conjectural, however; and it is likely that the trans- 
gression was not uniform but interrupted by static or 
regressive phases comparable to those recorded for the 
post-Tanya interval. If so, major sea-level oscillations 
below present datum would have taken place between 
37,000 and 4000 B.C. during the culminations of pro- 
Naptowne, Moosehorn, Killey, Skilak, and Tanya ad- 
vances. In  stable coastal areas, evidence of these earlier 
glacioeustatically controlled sea-level oscillations would 
have to be sought in submerged wave-cut benches or 
strandline features and in cores of submerged sediments. 

SUMMARY OF COOK INLET GLACIAL CHRONOLOGY 

The dated glacial history of the Cook Inlet region 
may be conveniently summarized by graphic portrayal 
of the glacial oscillations recorded by the morainal se- 
quence deposited in the Kenai Lowland by the Tustu- 
mena ~ a k e  ice lobe (fig. 14). The positions of named 
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ice advances are plotted according to distances of ter- 
minal moraines from the present front of Tustumena 
glacier. The morainal complex of the Tustumena Lake 
ice lobe includes end moraines of Knik age; Naptowne 
end moraines of the Moosehorn, Killey, Skilak, and 
Tanya advances; and Alaskan end moraines of the 
Tustumena and Tunnel advances. During pre-Knik 
and more extensive glacial advances, the Tustumena 
Lake ice lobe coalesced with ice that filled Cook Inlet 
from valley a-all to valley wall. Therefore, no end 
moraines of Eklutna, Caribou Hills, or Mount Susitna 
age were deposited in the lowlands, and this part of the 
glacial chronology is recorded by lateral moraines and 
high-level drift on upland and mountain slopes flanking 
Tustumena Lake. 

The dating of post-Killey moraines and the schematic 
configuration of this part of the graphed glacial curve 
are derived from the integrated chronology developed 
in plate 7. This closely-dated part of the chronology 
expresses a systematic pattern of glacial oscillations 
with major retreatal intervals recurring every 3,000 to 
4,000 years (about 3500) and with important but subor- 
dinate retreatal intervals recurring every 1,000 to 1,200 
years (about 1,100). Lesser oscillations, recorded by 
a complex of minor morainal ridges and by coastal 
stratigraphy, are superposed on these larger glacial 
oscillations. The detailed tidal-bog record suggests 
the possibility of a systematic fourfold subdivision of 
the about 1100-year glacioeustatic oscillations. It is 
reasonable to assume that the pre-Skilak glacial oscilla- 
tions were also subject to the same pulsatory climatic 
regimen as is recorded by the deposits of post-Killey 
age. The plotting of the pre-Skilak part of the N a p  
towne curve is based on this assumption, and the 
following extrapolated dates are obtained: ca. 13,500 
B.C. for the Moosehorn retreatal culmination, ca. 17,000 
B.C. for the retreatal culmination preceding the Moose- 
horn advance, and ca. 20,500 B.C., 24,000 B.C., and so 
on for important retreatal culminations that presuma- 
bly interrupted the general advance of the Tustumena 
Lake ice lobe during its maximum extension in Moose- 
horn time. As previously discussed, other ice lobes 
in the region attained their Naptowne maxima either 
during earlier or later advances, and in this regard 
their glacial curves would differ from the constructed 
curve shown in figure 14. 

The beginnning of the Naptowne glaciation is pro- 
visionally dated between 46,000 and 37,000 B.C. on the 
basis of the ionium-uranium-ratio date of 46,000 to 
31,000 B.C. for marine sediments recording a high inter- 
glacial sea of late Knik age and the radiocarbon date 
of 37,000 B.C. for wood collected from stratigraphically 

higher proglacial-lake sediments of early Naptowne or 
pro-Naptowne age. The termination of the Naptowne 
glaciation is placed at ca. 3500 B.C., or coincident with 
the inferred culmination in late Tanya time of a com- 
parable sea-level stand higher than present datum. As 
dated, the Naptowne glaciation therefore suggests an 
about 40,000-year complete glacial cycle. 

Less precise datings of the Knik, Eklutna, and Cari- 
bou Hills glaciations at maxima respectively between 
50,000 and 65,000; 90,000 and 110,000; and 155,000 and 
190,000 years age are derived from the surface- 
boulder ratios of upland moraines near Skilak Lake 
(table 1). The Mount Susitna glaciation remains un- 
dated by any direct means. However, because the re- 
gional geomorphic relations suggest that the interval 
represented between the Mount Susitna and Caribou 
Hills glaciations is of the same order of magnitude as 
those between the Eklutna, Knik, and Naptowne glacia- 
tions, a minimum age of between 200,000 and 230,000 
years can 'be suggested for the culmination of the Mount 
Susitna glaciation. 

There is no direct geologic evidence supporting the 
plotted distances of retreats shown between many of 
the advances on the glacial curve. From the geomor- 
phic and stratigraphic evidence it is clear that the major 
retreatal intervals separating the Mount Susitna, Cari- 
bou Hills, Eklutna, Knik, and Naptowne glaciations 
were of an entirely different order of magnitude than 
those separating the subordinate glacial oscillations. 
As previously discussed, it is inferred that the distances 
of retreats separating the subordinate advances of Nap- 
towne and Alaskan age were probably about several 
miles at  the most, rather than tens of miles; and it seems 
certain that they do not represent complete deglaciation 
of the bordering alpine areas. The evidence of higher 
sea levels in Cook Inlet during late Knik and late Tan- 
ya time clearly implies that during these intervals the 
alpine ice areas in the region were much more contrac- 
ted than today. The relatively greater duration and 
weathering intensity recorded by the deposits for the 
interval between the Caribou Hills and Eklutna glacia- 
tions further suggest that this interglacial marks a 
major Pleistocene period of alpine ice contraction. 
The author leaves open the possibility that alpine ice 
may have completely disappeared during one or more 
of the recorded interglacials. However, he is inclined 
to believe with Capps (1931) that glaciers have survived 
continuously in the higher mountain areas of Alaska 
from the beginning of Pleistocene time to the present; 
and that the Pleistocene ice advances were merely ex- 
pansions, and the interglacials, contractions, of continu- 
ously existing glaciers. 
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