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CATALOG AND INITIAL ANALYSES OF GEOLOGIC DATA RELATED
TO MIDDLE TO LATE QUATERNARY DEPOSITS,
COOK INLET REGION, ALASKA

by

Richard D. Reger,! DeAnne S. Pinney,” Raymond M. Burke,’ and Milton A, Wiltse?

INTRODUCTION

This Report of Investigations catalogs geologic field
and laboratory data accumulated during Alaska Division
of Geological & Geophysical Surveys (DGGS) studies of
middle to late Quaternary sediments in the Cook Inlet region
and presents initial interpretations of these data. This
information and the associated geologic mapping (Reger,
1977, 1978a,b and 1981a-d; Reger and Carver, 1977 and
1978a.b; Daniels, 1981a,b; Cameron and others, 1981,
Updike and Ulery, 1983a,b and 1986; Rawlinson, 1986;
Combellick and Reger, 1988; Reger and Petrik, {993; and
Reger and others, 1994a-d) are the foundations for
summaries of the glacial history of the Cook Inlet region
by Reger and Updike (1983a,b), Reger (1985), Reger and
others (19935), and Reger and Pinney (1996).

DATA PRESENTATION

Sample sites of DGGS and others are tied by index
numbers to base maps of the Anchorage, Kenaj, Seldovia,
Seward, and Tyonek Quadrangles (sheets 1-5) in table 1,
which provides latitude and longitude locations for each
sample site. Seventy-eight stratigeaphic sections and seven
soil profiles are illustrated and briefly described in
appendix A.

RADIOCARBON DATES

Stratigraphic context and temporal significance of 104
radiocarbon dates in the Cook Inlet region are summa-
rized in table 2; these dates are from both published and
unpublished sources. In some instances, we offer inter-
pretations of dates that differ from the interpretations of
previous authors to reflect either advances in our knowl-
edge of the glacial history or differences of opinion. Our
set of radiocarbon dates is trimodal (fig. 1) and includes:
(a) a subset of dates of terrestrial materials between 6,000
and 13,750 ™C yr B.P. (n = 64); (b) a subset of dates of
glaciomarine or glacioestruarine macrofossils between

Present address: PO. Box 638, La Grande, Oregon 97850.

*Alaska Division of Geological & Geophysical Surveys, 794 University
Avenue, Suile 200, Fairbanks, Alaska 99709-3645.

3Depanment of Geology. Humboldt State University, Arcata, California
93521-4957.

13,500 and 16,500 “C yr B.P. (n = 19); and (¢) 2 subset of
infinite dates for reworked wood and lignite of Tertiary
age or coal-contaminated organic silt in the Kenai Low-
land (n = 8) and infinite dates for the Goose Bay peat or
correlative peats in the Anchorage Lowland (n = 13).

Among the terrestrial samples, the oldest surface peat
(collected by Karlstrom in the East Foreland area) dates
13,500 + 400 *C yr B.P. (table 2, C64). The oidest finite
date is 16,480 + 170 “C yr B.P. for plates of Balanus
evermanni collected at the mouth of Kenai River (tabie 2,
C83).

Our repeated attempts to date the Goose Bay peat at
its type locality on the west side of Knik Arm (Karlstrom,
1964) (table 1, locality ANC-22 and fig. A3) by the radio-
carbon method merely duplicated the infinite dates
previously published by Karlstrom (1964). However, with
a radiocarbon-enrichment age of >73,400 "“C yr B.P.
(table 2, C104) we push the minimum age of the Goose
Bay peat back in time 28,400 "C yr farther than the oldest
date previously documented (Reger and Updike, 1983a,
fig. 106).

TEPHRA STUDIES

During our field investigations, volcanic-ash layers
were encountered in nearly every excavation, and tephras
were sampled at 59 localities (table 1). We did not sampte
the widespread, unnamed tephra complex in and just be-
neath the surface organic marerial primarily because it
provides little chronological information for the glacial
story and it is undoubtedly composed of the distal airfall
products of several historic and prehistoric eruptions from
a variety of volcanoes, including Mt. Katmai, Mt. Augus-
tine, Mt. Redoubt, Mt. Spurr (Crater Peak), and Hayes
volcano (Wilcox, 1959; Riehle, 1983, 1985, 1994; Riehle
and others, 1981, 1990; Kienle and Nye, 1990; Begét and
others, 1991, 1994; Begél, Reger, and others, 1991; Begét
and Kienle, 1892; Begét and Nye, 1994; Combellick and
Pinney, 1995).

METHODOLOGY

The stratigraphic context of the various tephras was
documented in the field (app. A), and the glass components
of potentially significant volcanic ashes were cleaned and
concentrated in the DGGS sediment laboratory using the
methods described by Pinney (1991). (7ext cont'd. p. 25)



Table 1. Relation of map index numbers (sheets 1-5} 1o field site numbers, stratigraphic sections, radiocarbon samples, tephra samples, magnetic-susceptibility
samples, pebble collections, fossil collections, and soil profiles in the Cook Inlet region. Latitudes and longitudes were provided in original sources or deter-
mined by digitizing locations on 1:250,000-scale topographic maps and are estimated 10 be accurate 1o within 5 seconds. Microprobe geochemistry of tephras
samples with asterisk(*) numbers not reported because of great variation

Magnetic-

Map index Stratigraphic ~ Radiocarbon susceptibility Pebble Macrofossil Soil

number Latitude Longitnde  Field site number section sample Tephra sampie sampie collection coilection profile
ANC-1 61°50705"N 149°58'39"W  81Rel06 t C51 - - -
ANC-2 61°47°58"N 147°4T48"W - - C36, C62 — - - —
ANC-3 61°46'26"N  149°48'33"W  90Rel06 — - - M55 P36
ANC-4 61°46°03"N 149°31°47"W 90Rel105 - --- - M54 P35 - -
ANC-5 61°45"57"N 149°31"34"W -—- -- C37 - - - -
ANC-6 61°45°50"N 149°37°59"W 90Re104 - - -- M53 P34 - ——
ANC-7 61°44726"N 149°43° VW -— _— C55 —— .- — —_ -
ANC-8 G1°42°59"N 149°14°48"W T1TKA49 - Cc24 .- - - -
ANC-9 61°4i'44"N 149°15'05"W  88Re53 2 c23 - -
ANC-10 61°39*02°N 149°52°58"W 90Re108 —- — —— M57 P3g e -
ANC-11 61°36°41"N 149°46' 50" W 90Re 109 - - - M58 P39 - —
ANC-12 61°34'27"N 149°23'25"W  90Rellj - - M64 P45
ANC-13 61°34°05"N 149°40747W 90Re11C -~ - - M59 P40 —-
ANC-14 61°3322"N 149°31°32”W  90Relll - - M60 P4t - --
ANC-15 617327 18"N 149°36°24"W 90Reli2 - - M6 P42 - -
ANC-16 6E°31'24"N 149°15"32"W KAG -— C49 - —_ - — -
ANC-7 61°29"45"N 149°18" 10"W KAl -— c22 —_ — - -
ANC-18 01°28°33"N 149°42'52°W  90Rell3 - -— — M2 P43 -
ANC-19 61°26°17°N 149°47" {3°W 90Re1t4 .- - M3 Bd4 - -
ANC-20 £1°25"42"°N 149°25°03"W 90Reil6 - — —_ M63 P46 - —
ANC-21 61°23'32"N 149°5130"W S0Re103 - - - M52 P33 - -
ANC-22 61°23'32"N 149°51'18"W  8SRel, B8Re54, 3 C89. €93, C96, KL-025 KL-027, -— -

92Re20, O3Red2 €98, C95, C104 KL-081pl,
KL-081p2,
KL-082, KL.-083

ANC-23 61°23'32°N 149°50°2 ("W --- 97 - -
ANC-24 6E°23'26"N 149°33'06"W KA4B -- C26 - - ---
ANC-25 51°22°12"N 149°30°37°W — - Cl10z -- - - - -
ANC-26 61°21'56"N 149°42'46"W - Cl103 - - - - -
ANC-27 61°21'16"N 149°33'01"W -- - o1 - -- -- - —-
ANC-28 61°18"52''N 149738"29"W  —— -- cos - - - —
ANC-29 61°13°35"N 149°34°46°W - Co4 - - —
ANC-30 61°18'25"N 149°54°32"W 91RedlA --- — - M97 P78 — _
ANC-31 61°18°22"N 149°35°05"W S0Retl8 - - - na7 P48 - -
ANC-32 61°17°26"N 149°50°06"W  — C3s —- - - -
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Table 1. (continued)

Magnetic-
Map iadex Stratigraphic  Radiocacbon susceplibility Pebble Macrofossil Soil
aumber Latitude Longimide  Field site number section sample Tephra sample sample collection collection profile
ANC-33 61°15'52"N 149°55"18"W -~ - 68 - - - Fl ~-
ANC-34 61°15'51"N 149°55°27"W --- —-- Cs3 —-- - - - —
ANC-35 61°15'45"N 145°52° 14"W - - Cs8 -— —— —
ANC-36 61°15"34"N 149°55°57"W  T7Re22 4 C76 --- - -- 2 —
ANC-37 61°14'45"N 149°58" 177w - . 77 — - — —
ANC-38 S1°14°20"N 149°40°38"W  90Re!f17 --- - --- Mé66 P47 - -
ANC-39 S1° 147N 149°58°5T'W  82Rel2 5 cr --- --- - F3
ANC-40 61°13°39"N 149°42°29"W  90Re119 -a- --- - Mo68 P49 --- ---
ANC-41 61°11°59"N 149°59°25"W - - C52 --- - - - -
ANC-42 61°t1'S8™N 149°39° 007 W -- - C79 - - - - —
ANC-43 61°H1° 536N 149°5R°52"W - - C65 - - - . —
ANC-44 61°H1"48"N 149°44'57W  90Re120 - --- --- M65 P50 - -
ANC-45 61°11 187N 149°48°12"W  S0Rel21 - - - M70 P53 - -
ANC-46 61°05°09”N 149°50°01"W - . C13, C100 . - - —
ANC-47 61°03'54"N F49°47°08"W  90Reci22 - -—- - M71 P32 - —
KEN-1| 60°58'48"N 150°18°1"W  92ReZl ] Ca7 KL-134* --- — -
KEN-2 60°58°02"N 150°17°20"W  90Reil2 7 C54, Cal KL-11t - -
KEN-3 60°48" 27N §51°0P°05"W  90ReS57 - — - M37 P22 - -
KEN-4 60°48° 12N 151°46'04"W  G1Red8 - -—- — — P8y - -
KEN-5 6074803 N 151°52°54"W  91Re47 -- — - - P8O — -
KEN-6 60°47" 59N 151°00'56"W  90Rc58 . 8 --- KL-037% --- --- _—
KEN-7 60°47° 27N 150°50°25"W  91Rel$ - -~ m78 P59 — —
KEN-8 60°47° 05N 15£°05"55™W - - 87 --- - _—
KEN-9 60°47°00"N 151°04'28"W  90Re59 - --- M40 P24 -
KEN-10 60°45'50"N 151°11°58"W —- - C20 - --- - - —
KEN-11 60°46°25"N 150°50°31"W  91Rel5 -~ - - M77 P58 - -
KEN-12 60°46” H)"N 150°47°54"W  91Rel? - —— --- M9 P&0 - —
KEN-13 6045 17N 150°30"15"W  91Re28 - -- - M87 P68 -.- —
KEN-14 60°44'58"N 150°51'271"W  91Rel8B 9 - KL-059 --- --- - -
KEN-15 60°44" 27N I51°18°07"W  90Re6! [ - KL-040 M44 P28 - e
KEN-16 60°44" [5"N 151°20"13"W  S0Res0 - e - M42 P26 - -
KEN-17 60°44’ 04N 151°37°45"W  91Re25 - -- - M85 P66 - —
KEN-18 60°43'59"N 151°09°37°W  90ReS2 1t --- Ki-015p1, M46 P29 ---
KL-015p2,
Ki-016

KEN-19 60743’ 59"N 150°48'50"W  91Re22 - —- MB2 P63 — —
KEM-20 60°43°53"N 151°21°12°W  90Re68 - --- - M48 P3l - —a-
KEN-21 60°43'52"N 151220°04"W  90Re63 - - - M47 P30 — -
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Table 1. {continued)

Magnetic- :
Map index Stratigraphic  Radtocarbon susceptibility Pebble Macrofossil Soil
aumber Latitude Longitude  Field site number seclion sample Tephra sample sample collection collection profile

KEN-22 60°43°49"N 150°46'03"W  91Re23 - - - M83 P4 - —
KEN-23 60°43°49"N 154°43°23"W 91Re24 -—- M34 P65
KEN-24 60°43"'44”N 1512217 26"W 90Re69 -- -— 49 P32 - -—
KEN-25 60°43°44"N 150°33"42"W 91Re27 — - -- M36 P67 - --
KEN-26 60°43'36"N 150°52°23"W 9iRei4 -~ M76 P57 -
KEN-27 60°43'25"N 150°54’15"W 9IRel® i2 KL-100 — - -
KEN-28 60°43" 147N 150°53°55"W  91Re20 - — MB0 PéI - -
KEN-2¢ 60°42°577 M 151°44'16"W  91Red4 - MOg P79 -
KEN-30 60°42°46"N £30°53°'(1"W  91Re2] — M8&1 P62 - -
KEN-3} 64%42'37"N 150°48°'32”W  90Rel30 - - M75 P36 —
KEN-32 60°41°25"N 151°23°38"W -— Ci0l - — -
KEN-33 50°40° 54" N 1519237 17"W - 61 - - - -- -
KEN-34 60°40° 54 N 150°47°00"W  90Re129 - M74 P35 -
KEN-35 60°40°37°N 151°23'01"W - -- C85 - -- - -
KEN-36 60°39°38"M 15i°18'55"W HRedT 13 KL-G17, - -

KL-018pl,

KL-0i8p2
KEN-37 60°39°21"N 151°01°54"W 91Re3§ - Mo4 P75 - -—
KEN-38 60°38°58"N £50%49°21"W  91Re3 4 -- KL-096, - - -

KL-097%,

KL-098*
KEN-39 60°38°25"N ISt°2106"W - Co4 - -
KEN-48 60°387 17N 151°04'22"W  S1Re37 15 KL-306 - -
KEN-41 60°38°05"N I51°20°02"W 90Re6S 1] - KL-013pl, - -

KL-013p2
KEN-42 60°37' 47N 150°48°12"W  90Rei28 - M73
KEN-43 60°37'36"N [51°06°417W 91Re36 - - M3 P4 . —
KEN-44 60°37T25"N 151°07°54™W 92Re5 17 KL-124 -- - -
KEN-45 60°36°58"N £51°20033"W -— CH2 - -— ---
KEN-46 60°35'47"N i51°12°49"W  92Re4 18 Ca,C5 KL.-321%, - - -

KL-122%,

KL-123
KEN-47 60°35'47"N 150°48°03"W  90Re27 - - M25 Pl2 — -
KEN-48 60°35'44"N [50°50°39"W  90Re28 - - PI3 = -
KEM-49 60°35'16"N 1I51°19°56™W === - C86 - - - - -
KEN-50 60°34°24"N 151°13°46"W 92Reb 19 - KL-125 — - —
KEN-5} 60°33°38”N 150°37'59"W  90Re24, - M23 Pt —

SOMW 17
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Table 1. (continued)

Magnetic-
Map index Stratigraphic ~ Radiocarbon suscepiibility Pebble Macrofossil Soil
number Latitude Longitede  Field site pumber seclion sample Tephra sample sample collection collection profile
KEN-52 60°33°35"N 150°47°17°W  90Re32A — m27
KEN-53 60°33"07T'N 151°14°17"W  91Re39 20 C83 .- F4 —
KEN-54 60°33704"N 150°49° 39""W 90Rel25 - -—- -- - P34 - -
KEN-35 60°33°02"N 150°37°48"W  9DRe23, —- - M22 P10 -
SOMW16
KEN-56 60°32°58"N 150°59'25"W  G1Red2 2t - KL-110 - . —
KEN-57 60°32'53"N 150°58°L5"W  91Re43 - M96 P77 - -
KEN-58 60°32°50"N 150°48° 1'7"W 90Re127 22 - KL-029, --- - - -
KL-032p1,
KL-032p2,
KL-032p3
KEN-39 60°32'37"N 150°44°28"W  S0Re25 M24 - —
KEN-60 6G°32'28"N 151°10°42°W  91Re2, 91-30, 23 C27, C30, C31, - — - —_ -
91-30R C48
KEN-61 6Q°32°27"N 150°45°49"W  S0Re3!, — M26 P14
9OMW31
KEN-62 G0°32°21"N 150°49'46"W 9IMW25 24 —- KL-066 - - _— —
KEN-63 60°32°13°N 150°51"27"W 90Re32, - - --- -- P15 —- —
HOMW26
KEN-64 60°32'13"N 150°46°157'W  91Re6dA 25 Ccig, C17 KL-1i2pl, - -— - —_
- - Ki-112p2,
KL-142p3,
KL-112p4,
KL-113
KEN-65 60°32"05"N 150°44'54"W  90Red3 26 KL-050pt, — — —
KL-050p2,
KL-051
KEN-66 60°32' 047N 130°43'53"W  90Re35, 27 — KL-062, KL-063  --- P6 —
AOMWE
KEN-67 G0°32°02"N 150°28'00"W  90Re]7 - Mi6 P7 -
KEM-68 60°31°57"N 150°55° 10°W Y0Re 126 28 - KL-033 - — - —
KEN-69 60°31756"N 150°23703"W SORel6e - - n Mi5 — —-
KEN-7¢ GO°31°507N 150°14°52°W 90Rel4 - - —- M3 P& - —
KEN-71 60°31°49"N 150°44°01”W  90Re34 29 - KL-057 — - —
KEN-72 60°3 147" N 150°43" 38" W 90Re21 - - - M20 P9 - -
KEN-73 60°31°43"N 150°34°17"W  90Re}9 - - - M18 P8 - -
KEN-74 60°31°38"N 150°32°32"W 90Re18 - - - MI17 -- -- -
KEN-75 60°31°37"N 150°38°14°W  90Re20 — M9 - —
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Table 1. (continued)

Magnefic-
Map index Smatigraphic  Radiocarbon susceptibility Pebble Macrofossit Soit
aumber Latitude Longitade  Field site number section sample Tephsa sample sample collection collection profile
KEN-76 60°31'37"N 150°37°56"W 90Re22 -— - -- Mzl - - -
KEN-77 60°3131"N 150°16°25"W 90RelS -—- - --- Mi4 -n - -
KEN-78§ 60°31°30"N ISEH231"W 91Re3, 91-16, 30 C2,C3, C6, - - - -
KEI Ci4
KEN-79 60°31°25™N 150°3742°W  SOMWL0 3t - — - - Si
KEN-30 60°31°23"N 150°42'34"W  90MWSE 32 — - §2
KEN-81 G0°31°23"N [50°40°38"W  9OMW104 33 ci2 - - . --
KEN-82 60317 13"N 150°53'13”W ARe33 34 -- KL-072 -— —- - —
KEN-83 60°31°06"N 150°47'45"W  90Re36 35 KL-060, KL-06} -
KEN-34 &0°31°02"N 150°59°55"W  91Redi e M93 P76 - -
KEN-85 60°30°58"N 150°45°30"W  90MW24 . 36 -— KLG67, KL-G68 - -
KEN-86 60°30°57"N 150°38°48"W  91ReR 37 KL-088 -~ - -
KEN-87 60°30° 55N 150°40°51"W  90Red2 38 KI-052, KL-053 -
KEN-38 G0°30° 417N 151°16" 18”W 90Re7 ) 39 - KE-020, KL-02F  --- - -- --
KEN-8% 60°30°41"N 150°19° £5"W O0Rei3 -—- wn- - M12 - - -
KEN-90 60°30° (17N 150°36°42"W 92Rel 40 - KL-i 7% - - - -
KEN-9\ 60°30"'07"'N 150°29°36"W 90Re2 - -- - M1 Pl - -
KEN-92 60°29°43"N 158°02°51"W  Q0Red7 — -- M28 —
KEN-93 60°29°42"N 150°27° 38w 90Rel, 90MWid4 - - - M2 Po3 -- --
KEN-94 60°29'24”N 150°00r39"W  90Rel0 --- - M9 - —
KEN-95 60°29"21"N 150°02' t4"W S0Relt - - - M0 P5 -— -
KEN-96 60°29°20"N 151°11'59"W  9iRe31 41 - KL-i02pl, - -
KL-102p2,
KL-102p3
KEN-97 60°29° 17N 151°03°07"W 91Re35 42 - KL-105 -—- - - —
KEN-98 60°29° 16" N 150°04" 12”W  20Rel2 - Ml -
KEN-2% 60°29°11"N t150°16°51"W HL-4-M - ca7 - — - — -
KEN-100 60°28° 47N 151°03"22"W 90Re38 43 - KL-065 - - - —
KEN-101 60°28'45"N 150°27°24"W  90Red0A 44 --- KL-056 83
KEN-102 60°28° 37N 150°27°46"W 90Red - - - M3 . — -
KEN-1G3 60°28°29"N t51°16°38"W  90Re72, 45 C7, C80, CBI, - - -- F5 -
90ReT2ZA cs2
KEN-104 60°28" 19N 150°19° 33" W S0Re7 - --- - M6 - - —
KEN-105 60°28° [7"N 158°%07°10"W  90Re70 46 - KL-011, KL-0t2 - —
KEN-106 60°28" 16"N 150°22°05°W  90Reb nes M5 P2 en -—
KEN-107 60°28'05"N 151°04°51"W 91Reb6 47 - KL-t16* --- - - -
KEN-108 60°28"01"N 151°04°19"W  OiRe29 - ME8 P69
KEN-109 60°27'39"N 156°16°58"W 90Re8 - — -—- M7 P3 - -
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Table 1. {continued)

Magnetic-
Map index Stratigraphic  Radiocarbon susceptibility Pebble Macrofossil Soil
number Latitude Longitude  Field site number section sample Tephra sampie sample collection colection profile

KEN-110 60°27°37°N 150°57°48"W  9iRed0 48 == KL-109 - - -
KEN-1}} 60°27°34"N 151°09°01"W  91Re30 - - ~- M89 P70 —
KEN-1i2 60°27°25"N [50°12°57'W  90ReS - --- - M8 P4 -
KEN-113 60°27°00"N [51°14°14"W  92Re? 49 “-- KL-t26% --- - -- -
KEN-114 60°23"35"N [51°15°00"wW  SK34 - C2% - —- - - —
KEN-t15 60°23'00"N 15te16°54"W  KS1 50 Cl1, C44 - - — -
KEN-116 60°22°37"N 151°18'57'W 92Reid 51 - KL-{30 - —
KEN-117 60°22'18"N IS1°17°59"W  9iRel2 52 - KL-095pi, --- - -- —

K1L-095p2,

KL-005p3
KEN-118 60°22°tI"N 151°1 1" 40"W 90Re51 53 - KiL-044pl, -- - - -

KIL.-044p2
KEN-119 60°21'18"N 151°15'58"W  92Re8 54 - KL-127 e - - -
KEN-120 60°20° 46" N 151°13°07"W  92ReltD 55 KL-128, K1-129 - - —-
KEN-121 60°20°22"N 155°14°07"W 90Re52 .- - M34 —- -
KEN-122 60°20°21"N 151°13739"W  B1Re65 56 €y, €9, C43 Ki-1ta*, - - . —

KL-115
KEN-123 G0°19° 58N 151°16°02"W  9iRel0 57 - KL-090, KL-081 - - _- -
KEN-124 60°18°25"N 151°15°33"W  9fRcll 58 -e- KL-092%, - - - -

KL-093,

KL-0%4pl,

KL-0%4p2
KEN-125 60°18' 12"N 151°22°40"W  9)JRel4 - - - M92 P73 -
KEN-126 60°18°08"N 151°15°37"W  92Rel8 59 C84 KI-135 - .- e
KEN-127 60°17°58"N I51°00°11"W - — CR& - - - -
KEN-{28 6017 5T'N 151°22'21"W  S0Re3% 60 Cs KL-075 - - -
KEN-129 60°17"56"N 151°22'53"W  77Rei8 3 C34, C90 --- - o —
KEN-{30 60°17" 15N 151°16'45"W  91Re32 62 - KL-104 MOS0 7l -
KEN-13# 60°17°10"N 151°21°45"W  OIRe33 - - -— MGt P72
KEN-132 60°17'02"N 151°14'33"W  90ReS4 63 ~-n Ki-022, KL-023 M35 P21 -- -
KEN-133 60°16°55"N 151°14°19"W  90Re61A - - M45 — . -
KEN-134 60°16'43"N 153°14°22°W  S0Re60A —-- - M43 P27 - -
KEN-135 60°16° 19N 151°14'19"W  9Q0Re39A - .- -~ M4} P25 - —
KEN-136 60°16°02"N i51°14°427W  90Re58A -- - - M39 - -
KEN-137 G0°§5"52°N 151714 16"W  90Re57A - - - M38 P23 -- -
KEN-138 60°15"18"N 151°10°56"W  90Re5S -- --- - M36 --- -
KEN-139 60°15'16"N 15§°13°06"W S0Re56 64 - KL-034 — ——
KEN-140 60771003 N 151°26'46"W  92Rel6 65 - KL-L31% -- - -- .-

L DYSO)Y ‘UOIBay 13[U[ 300D ‘DIve NB010an) fo saskvuy jonM] pup So10IDS)



Table 1. (continued)
Magnetic-
Map index Stratigraphic  Radiocarbon susceptibility Pebble Macrofossil Soil
aumber Latitude Tongitude  Field site nursber section sample Tephra sample sample collection collection profile

KEN-141 60°08°21"N 15E°317i8"W  91Red 66 --- KL-085, —-m — - -

KL-086p1,

KL-086p2,

KL-086p3
KEN-142 60°05736™N I31936' 51w --- - C33 - - -- - —-
SEL-1 59°48°04"N 1530°09° 271w - — C59 -~ -
SEL-2 59°47°42"N 151°4731"W  92Re30 67 Ct9, C21 - - --- --- -
SEL-3 59°47°15"N I5:°51'20'W  O2Re29 68 - s - - -
SEL-4 59°467t12"N 151°51'22"W  92Re24 69 - KL-136 --- — -
SEL-5 59°43’50"N I5E°50'05™W  92Re27 70 - KL-137 -- —- — —
SEL-6 59°43749"N 153:°46°06"W  91Reb 7 - KL-087 --- - -
SEL-7 59°43°33"N 151°44'02"W  90Red4 72 - KL-001, KL-002 -- - S4

KL-003, KL-004,

KL-006%,

KL-008
SEL-8 59°43°25"N 151°44'02°W  90Re45 M29 P17 - —
SEL-9 30°42°51"N 151743'00"W  90Re30 -- M33 - - -
SEL-1G 59°41'45"N 151°41"13"W  90Redd -- —- - M32 P2¢ - -
SEL-11 59°40°20"N 151°40°29"W  S0Re48 — - - M3 P19 - -
SEL-12 59°39°52°N 151°34712°W  90Red6 - --- - M30 P18 - ——
SEL-13 59°39°49"N 150°32°13”"W  90Re47 13 KL-048, - - ]

KL-04%p1,

KI.-049p2
SEL-14 59°3806"N 151°30°41"W  91Rel 4 C40 —- - —
SEL-15 59°3504"N 151°08"25"W - - C18, C39% - — -
SEW-1 60°5826"N 149°27°36"W  90Rel24 - - - M72 P53 - -
SEW-2 60°5807"N 149°26'39"W  90ReSG - — - .- — — 56
SEW-3 60°5723"N 149°24°36"W  82Red -- Ce%, C75 - - — F6 --
SEW-4 60°37 14"N 149°42'16"W  82Rel6 75 C66 - - - F7 -
SEW-3 60°57 0N 145°10°38"W -~ - C3% - - - —
SEW-6 60°56'46 N 149°10°42"W  TAl - C42 - - — -
SEW-7 60°56°35"N 145°40°08"W  82Re6 - C73 -- - -- F8 -
SEW-8 60°553 54N 149°39°35"W  B8ZReS - Ci4 - — — Fo —
SEW-% 60°49° 12°N 148°58°30"W - Ci5 - - - - -
SEW-10 60°49°02'N 148°57'35"W  TAS - C46 - - -~ — -
SEW-1 60°47°49"N 149°13'01”W  RCB84-15 - C36 —- - —-- - -
SEW-12 60°47°39"N 149°13°12"W  90RcHH - - - -- 57
TYO-) 60°43’49"N 150°02°20"W  S0RelDY - - - M56 P37 - —
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Tabtle 1. (continued}

Magnetic-
Map index Stratigrapbhic  Radiocarbon susceptibility Pebble Macrofossil Seil
number Latitude Longitude  Field site number section sample Tephra sample sample cotlection colfection profile

TYO-2 6{°39°39"N 150°14°15™W  78Re34 C45 -
TYO-3 61°26°03"N 151°45°31"W  91Re59 - P92
TYO-4 61°22°04"N {51°4520"W  91Re58 --- M109 P9l
TYO-5 61°18"13"N 151°45°48"W  91Re57 - - Mi08 Poo
TYO-6 61°15°36"N 151°58°28"W  9IRe56 — Mi07 P89 -
TYO-7 61°15'02"N 150°58°20"W - - C78
TYO-8 61°14'49"N 150°01'43"W  82Rel7 76 C1 - Fi0
TY0-9 61°14'36™N 150°00°25"W  B2Rel4 77 C63 -- FlI -
TYO-10 61°14'32"N 150°00°07"W  82Re20 78 C57.C71 - Fl2
TYO-11 61°12°53™"N 151°57°55"W  OIRe55 — - M106 Pgs —
TYO-12 61°10°09"N 150°13°19"W  82Re40 C30 -
TYO-13 61°08"47"N 150°10°52°W —- Ci6 —
TYO-14 61°08708"N 151°36’05"W  91Re51 — M102 P84
TYO-15 61°G7"29"N 150°15°24"W  ~- - C28 —
TYO-16 61°04"20"N 151°07°53"W  S1ReS0 - MI101 P33 -
TYO-17 61°03'36"N 152°08'08"W  91Re54 - -— MI10S P87
TYO-t38 61°02°35"N 152°04'20"W  91Re53 — M104 P86 —
TYO-19 61°01'49"N 15021'67”W  90Rel00 -— - M50 — —_
TYO-20 61°01'34"N 150°20°38"W - - C41 - —
TYO-24 61°01°22"N 150°20°24"W  90Re10) - 51
TYO-22 61°00°52"N 150°19°51"W - C25 —-- —
TYO-23 61°00"40"N 151°5726"W  91iReS2 - - MI103 P85 -
TYO-24 61°00735"N 151°21" 1O"*W 91Red9A e — e MO0 - —
TYO-25 61°00734"N 151°21°43"W  91Re49 M99 P82
TYO-26 61°00° 17N 150°19°31"W - - c32

“Location of C82 is tentative because precise latitude and longitude were not provided by Schmoil and Yehle (1983, 1986, jocality B7) or Schmoll and others (1984, locatity B4), The site indicated is the
only section along Kalifornsky beach where we found Balanus plates in Bootlegger Cove Formation.
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Table 2. Swnmary of radiccarbon dates associated with middle to late Quaternary deposits in the Cook Inlet trough and vicinity. Interpretations of stratigraphic
context and chronological significance may differ considerably from original sources because of re-evaluation of glacial history. Footnotes provided at end
of table. BCF = Bootlegger Cove Formation

01

Sample’ Laboratory/field Chronotogical Radiccasbon age
locality THTIDEr Material and stratigraphic context significance M*Cye B.P) Source
Ct GX-18230 Sphagnum peat from depth of 234.5- Maximum age for tephra 6,020 = 175" This study {section 56}
[91RE6S S-2C) 237.5 ¢m in peat boring; beneath tephra KL-115 but dates reversed
KIL-115
c2 Beta-47182 Organic sitt with some wood and fibrous Maximum age for upper 6,120 = 50° This study (section 30A)
f91RE3 C-13} pea: from beneath 1.8-mi-thick surface peat 0.7 m of estuarine silt near
and underlying 0.7-m-thick clayey estvarine  mouth of Kenai River
silt with trace pebbles and organic material
{rhizomes)
C3 Beta-45211 Basal sample of 2-me-thick surface peat Maximum age for surface 6,190 = 80° Combeltick and Reger (1994,
[91-16 & 16B) overlying clayey estaurine sit on tread of peat on 6-m terrace near tocality 91-16) (section 30B)
6-m terrace mouth of Kenaj River
C4 GX-18232 Fibrous sphagnum peat and organic silt from  Minimuom age for tephra 6,360 + tas This study (secticn 18)
[92RE4 S-5] depth of 101.5-103.5 em in peat boring; 1.5 Ki-123
cm above tephra KL-123
Cs5 GX-18225¢ Fibrous sphagnum peat and organic sitt from  Maximum age for tephra KL- 6,801 = 55" This study (section 18)
[92RE4 S-8] depth of 105.5-113 cm in peat boring; 123
beneath tephra KL-123
Cé Beta-491(3 Top of 0.2-m-thick peat from depth of 42 m  Maximumage forupper2m 7,170 = 120° Combetlick and Reger (1994,
[KE1} at base of 2-m-thick ctayey estuarine silt of estuarine fiil near mouth borehote KE1) {section 30C)
of Kenai River
C7? GX-16520 Peat overlying 12.4 m of nearshore sand and  Minimus age for emergence 7,175 £ 115° This study (section 45)
[9GRE72 C-1} gravel above dropstone diamicton of Tower of nearshore granutar

marine terrace

sediments in Kalifornsky
beach area
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Table 2. (continued}

Sample® Laboratory/field Chronclogical Radiocarbon age
locality number Material and stratigraphic coniext significance MCys B.P) Source
C8 GX-16519 Organic silt beneath 1.4-m-thick section of Minimum age for recession 7,560 x 340" This study {scction 60)
[90RE39 C-5) eolian and paludal silts, tephras, and peat of Moosehom-age glacier
and above 53-cm-thick fluvial rhythmite in from Cohoe area
fill of channel cut into Mooschom-age
terrinal moraine
Co GX-18229 Sphagnum peat from depth of 229-232.5cm  Minimum age for tepbra 7,605 = 210° This study {section 56)
[OTREGS S-2A] in peat boring; above tephra KL-1i5 KL-115
C10 GX-18227 Sphagnam peat from depth of 293-206 cm Minimuss age for tephra 7725 £ 250° This study (section 23)
[9IREG4A S-3A) in peat boring; above tephra KL-113 KL-113
CEI Bera-49111 Top of 1.1-m-thick peat at depth of 6.3 m Maximum age for floodiag of 7,740 = 60" Combeltick and Reger (1994,
{KS1] beneath 4.5 m of estuarine clayey sil fill in lower Kasilof River valley by borehole KS1) (section 50)
fower Kasilof River valley estuarine waters
Ciz GX-165§7 Organic silt from depth of 55 cm at base of Minimum age for recession 7.835 £ 240° This study (section 33)
[OOMW 104) kettle fill in moraine of Mooschorn age of Moosehorn-age glacier
from Stesling area
C13 W-215] Peat in lower pant of 1.2-m-thick sand Minimum age for recession 7,890 = 250 Sullivan and others (1970,
underiain by 1.2 m of grave] and 12.7 m of of Skilak-age glacier from P 332)
interbedded sand and glacicestvarine Potter area (Potter Hill
diamicton raitroad cut)
Cld Be1a-49104 Base of 0.2-m-thick peat from depth of 44 m  Minimum age for grave) 8.080 = 250° Combellick and Reger (1994,
[KE1] beneath 2 m of clayey estuarine silt and below depth of 4.4 m in 6-m borehole KE1) (sectien 30C)
above sand and gravel terrace near mouth of Kenai
River
Cls - Wood fragments from laminated silt near Minimum age for recession 8,230 = 100 Bartsch-Winkler and others
depth of 93 m in estuarine deposits of Blmendorf-age glacies (1983), Bartsch-Winkler and
from Portage area Schmoli (1984)
Cle W-2306 Basal peat overlying glaciodeltaic deposits Minimum age for recession 8,200 £ 250 Schmott and others (1981,

of Skilak-age glacier from
Fire Isiand

locality 3)
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Table 2. {continued)

Sample® Laboratory/field Chironological Radiocarbon age
localily number Matertal and stratigraphic context significance (MCyeB.P) Source
C17 GX-18228 Sphagnum peat from depth of 297.5-300cm  Maximum age for tephra 8,375+ 210° This study (scction 25}
[21REG4A S-3C) in peat boring; beneath tephra KL-113 KI1-113
Ci$ BGS-127% Transported Alnus branch in deliaic sand, Minimum age for recession 8,400 = 100° Wiies (1992), Wiles and Calkin
sitt, and grave] 0.8 m below upper outwash of Elmendorf-age glacier (1994)
sand and gravet from lower Kachemak Bay in
Halibut Cove area
Cl9 GX-18405 Peaty orgaric silt from base of 2.6-m-thick Minimum age for fluvial 8,515 +235° Reger and Petcik (1993), this
{92RE30 8-1] peat in former drainage channel activity in drainage channel stady (section 67)
northeast of Anchor Point
C20 L-163B¢ Wood and organic sift {rom near base of Minimum age for advance of 8,650 = 450 Olson and Broscker (1959,
tower 1.2-m-thick peat unconformably Killey-age giacier from p. 6), Karlstrom (1964, pis. 4
overlying sequence of thinky taminated silt northwest Boulder Point area and 6, locality E-1, table 3)
and clay with some sand and gravel
C21 GX-18404 Wood from base of 2.6-m-thick peatin Minimum age for fluvial 8,745 = 100 Reger and Petrik (1993}, this
[52RE30Q F-1] former drainage channel activity in drainage channel sludy {section 67)
northeast of Anchor Point
c22 GX-15229° Organic silt from depth of 8.5 m in estuarine  Minimum age for recession 8,850 + 120 Combellick (1990, 1993,
fjord filling of Elmendort-ape glacier bosehole KA
from upper Knik Arm
c23 GX-14445 Peaty organic silt from base of 1.5-m-thick Minimum age for rereat of 9,120 + 350° This study (section 2}
[88Re53 C-1) wood-bearing paludal deposit above 20 cm Elmendorf-age glacier and
of olive-gray paludal silt overlying outwash  deposition of outwash
sand and gravel altuvium at mouth of canyon
of upper Litile Susitna River
C24 GX-5019 Siity peat with scatiered wood fragments Minimum age for thinning of 9,155 = 215 Reger and Updike (1983a,

[773TK49 C-11

from basc of 0.9-m-thick laycr undertying
1.2-m-thick siity aftuvial-fan sand and
overlying gravelly sand deposiied in ice-
marginal bedrock channel

Eimendorf-age glacier
blocking movth of Little
Susitna River canyon nosth
of Palmer

iocality C)

Zl
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Table 2. {continued)

Sample” Laboratory/field Chronological Radiocarbon age
locality nusmber Material and stratigraphic comest significance CyrB.P) Source
C25 L-163D° Organic silt undertying 9.1 m of Holocene Minimurm age for recession 9,200 + 600 Broecker and others (1956,
eotian sand and silt and overlying loess of Killey-age glacier from p. 156), Karlsirom (1964, pis. 4
capping till weathered to depths of 0.9 10 Point Possesston area and 6, tocality D-2, table 3)
1.5m
C26 GX-15294 Orpanic silt from depth of 3.8 m in estwarine  Minimuem age for recession 9255 + 420° Combeliick {1990, 1991,
deposits of Elmendorf-age glacier borehoic KAa4B)
from Goosc Bay area
C27 Beta-59790 Coarsely fibrous woody sedge peat from Maximum age for susface 0,260 = 100° Combellick and Reger (1994,
[91RE2.91-30, & base of 2.3-m-thick surface peat ont 1 1-m peat and minimum age for locality 91-30, 30R) (section 23}
91-30R] tesTace underlying sand in 11-m
terrace near mouth of Kenai
River
C28 W-536 Peat from base of 1.5-m-thick bed overlying  Minimum age for recession 9.300 2 250 Miller and Dobrovolny (1959,
pond deposiis on top of diamicton thought to  of Skilak-age glacier from p- 32), Rubin and Alexander
overlie and interfinger with extensive deltaic  Pire Island and retrea of (1960, p. 165), Karlstrom (1964,
deposits that interfinger with BCF estuarine waters in which pl. 6, locality C-2. table 3)
BCF was deposited
Ccz9 GX-10782 Peat from depth of 3.6 m in paludai deposits  Minimum age for marine 9,410 225 Rawtinson (1986, core SK34)
capping upper maring terrace between Kenai  deposits on upper terrace in
and Kasilof Rivers Kasilof area
C30 Beta-59789 Wood from middle of 10-cm-thick sand Age of sand beneath surface 9,440 + 90" Combellick and Reger (1994,
[91RE2,91-30, underiying 2.3-m-thick surface peat on 11-m  peal on i 1-m terrace near tocality 91-30, 30R) (secrion 23)
& 91-30R] terrace mouth of Kenai River
C31 Beta-59791 Peat and organic silt from just bepeath sharp  Maximum age of sand 9.470 = 90° Combellick and Reger (1994,
[9iRE2, 91-30, & lower contact 10-cmi-thick sand on 11-m beneath surface peat on 1i-m lecatity 91-30, 30R} (section 23)
91-30R]) terrace terrace near mouth of Kenai
River
C32 L-137¢ Compressed and deformed peat beneath Minimum age for recession 9,500 + 650 Broecker and others (1956,

4.6 m of Holocene eolian sand and siit and
overlying organic sitt (loess) capping Killey-
age diamicton

of Killey-age glacier from
Point Possession area

p. 156}, Karlstrom (1964, pls. 4
and 6, tocality D-3, lable 3)
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Tahble 2. (continued)

Sample? Laboraiory/field Chronological Radiocarbon age
locality number Material and stratigraphic context significance (“*CyrB.P) Source
33 113702 Wood from base of 3-m-thick peat overlying  Minimum age for aluviom in 9,600 = 650 Broecker and othess (1956,
6 m of channel sand and gravel resting on formes channcl near p. 156), Kartstrom {1964, pl. 4,
pre-Naptowne it Ninilchik locatity 1, 1able 3)
C34 GX-5209 Woody fibrous sedge peal from lowest 3cm  Minimum age for channel 9,665 + 230 This study (section 61)
[F77REL8 C-2} of 36-cm-Lhick peat overlying 10-cm-thick postdating Moosehorn-age
organic silt above 5- 1o 10-cm-Lhick flowtil} advance from northwest in
overtying 140-cm-thick channel gravel cut Cohoe area
into till of Moosehomn age
C35 W-2936 Peat from basc of patudal deposit overlying Minimum age for recession $,760 z 350 Yehie and others (1990,
postglacial afluvinm of glacicr from $ype tocality 3}
Elmendorf moraine in lower
Knik Asm
C36 GX-1064% Peat from depth of 1.8 m in organic Minimum ape for readvance 9,850 = 390 Reger and others {1995, locality
(RC84-15-10) sediments ponded behind outer end moraine  of glaciers in Tincan and AC)
Lyons Creek valleys after
recession of late Elmendorf-
age glacier from upper
Turnagain Arm
C37 W-336 Twigs and wood fragments from basc of 2.1-  Minimum age for recession 9,870 = 250 Rubin and Alexander {1958,
2.4-m-thick organic kettle filling in terminal  of Elmendorf-age glacier p. 1483
moraine of Elrnendor age from terminal moraine in
Witiow Creek valley
C38 W-2302 Compressed wood and peat from beneath Minimum age for recession L0, 180 % 350 Barisch-Winkier and Schmoll
diamtictan and estuarine silt and clay and of Elmendorf-age placier (1984)
overlying bedded dehtaic gravel from Girdwood area and
deposition of BCE in upper
Turragain Arm
39 Beta-33348 Agquatic plant material from base of 2-m- Minimum age for recession 10,240 x 700 Wiles (1992), Wiles and Calkin

thick tacustrine silt-clay ehythmite

of Etmendorf-age glacier
from lower Kachemak Bay in
Halibut Creek area

(1994}

14!
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Table 2. {continued)

Sample! Laborawory/field . Chronologicat Radiocarbon age
locality number Material and stratigraphic consext significance (*CyrB.P) Source
C40 Beta-47180 Sphagnum peat from base of 2-m-thick Minimum age for setreat of 0,310 = 70° This study {section 74)
[91RE] C-1} posiglacial peat overiying 6.8 m of clayey Killey-age glacier in Homer
gravel till of Killey age area
Cai W-474 Organic &ilt from near base of bog deposit Minimum age for recession 10,370 £ 350 Rubin and Alexander (1958,
buried beneath eoliaw sand and oveslying of Killey-age glacier from p. 1479), Karlstrom (1964, pls.
diamicion Point Possession area 4 and 6, tocatity D-1, table 3)
Caz GX-15215 QOrganic silt from depth of 16.8 m in Minimum age for recession 10,375 = 310 Combellick (1990, 1991,
estuarine deposits of Elmendorf-age glacier borehote TA1)
from Girdwood area
CA3 GX-18231 Sphagnum peat from depth of 303-310 cm in -~ Minimum age for base of 10,380 = 285" This study (section 56)
[S1RE6S 5-4) peat boring; base of thawed ketile fill over ketde fil in Moosehom-age
permafrost moraine in Kasilof area
Ca4 Beta-49112 Base of 1.1-m-thick peat at depth of 74 m Minimum age for incision of 10,450 = 170" Combeltick and Reger (1994,
[KS1) beneath 4.5 m of estuarine clayey siit and lower valley of Kasilof River borchole K531) (section 50)
above at teast 0.5 m of silt and fine sapd with
numerous pebbles
C45 GX-6041 Organic silt 0.1 10 0.2 m betow top of 1-m- Minimum age for outwash 16,720 = 460 Reger and Updike (1983a,
{78RE34-4} thick silty and sandy peat underiying0.6-m-  from Elmendori-age moraine locality 1)
thick woody sphagnum peat and Overlying to east and cutting of scarp in
0.4-m-thick organic siit on top of sandy the Red Shirt Lake area by
grave} at base of scarp cut into pitied estuarine waters in which
outwash of Elmendorf age BCF was deposited
C46 GX-15224 Organic silt from depth of 15.4 m in Minimum age for recession 10,730 = 525 Combeltick (1990, 1991,
estuarine deposits of Elmendorf-age glacier borchole TAS)
from Poriage area
Ca7 GX-18234 Organic gilt from base of 7.7-m-thick peat Minimam age for recession 10,895 = 320° Combellick and Reger {19594),

f92RE2] 8-1]

with scatiered wood overlying glacier-
deformed diamicton of Killey age

of Killey-age gtacier from
Point Possession area

this study (section 6)
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Table 2. (continued}

Sample® Laboratory/ficid Chronological Radijacarbon age
locality number Material and stratigraphic context significapce (""CyrB.P) Source
C48 Bega-47181] Interbedded orpanic silt and inorganic fine Minimnum age for {1-m 11,280 = 150° Combellick and Reper (1954,
[91REZ2 C-1] sand and silt beneath 2.3 m of surface peat terrace of lower Kenat River focality 91-30, 30R) (section 23)
and (.3 m of {luvial sand on 1i-m terrace of
lower Kenai River
49 GX-15241 Organic sitt from depth of 7.7 m in estuarine  Minimum age for recession 11,400 + 720° Combeltick (1990, 1991,
deposiis of Elmendorf-age glacier borehole KAH)
from upper Knik Arm
C50 Beta-5581 Peat from base of 1.8-m-thick bed overlying  Minimum age for recession 11,450 + 150 Reger and Updike {(1983a,
{82RE40 C-1] BCF of Skilak-age glacier from p. 202)
Fire 1stand and emergence
from estuarine waters in
which BCF was deposited
C5) GX-10785 Organic finc silty sand from basc of 0.3-m- Minimum age for Skilak-age 11,540 + 450 Thixs study (section T}
|8IRE106 C-4] thick paludat organic fine sand and silt outwash in Littte Wiltow
underlying 4.5-m-thick surface peat and Creek area
overlying channelled outwash pravel of
Skilak agef
C32 W-540 Peat from base of 2.4-m-thick bed overlying  Minimum age foremesgence 11,600 = 300 Rubin and Alexander (960,
3 m of sand that overlies 1.8 to 3 m of BCF from glacioeswearine waters p. 163), Miller and Dobrovolay
in which BCF was deposited (1959, p. 68, pl. 9), Schmoll and
in Point Woronzof arca others (1972, locality B)
Cs3 W-2375 Peat from beneath coliuvium overlying till of  Minimum age for Efmendorf 11,690 300 Schmoil and others (1972,
type Elmendorf moraine advance in lower Knik Arm locatity F), Spiker and olhess
(1977, p. 346)
C54 GX-16521 Compressed wood from depth of 70 cm in Minimuem age for recession 11,995 £ 180° This study (section 7)
[90RE}02 C-1] S4-cm-thick unit of interbedded thin peat, of Kiltey-age glacier from

organic silt, pond clay, and tephras filling
kettle in Killey-age terminat moraine

Point Possession area

91
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Table 2. (continued)

Sample® Laboratory/field Chronological Radiocarbon age
locality number Material and stratigraphic context significance {“CyB.P) Sousce
C55 W-360 Basal organic pond sit in depression on Minimum age for recession 11,930 2 250 Rubin and Alexander (1958,
Skilak-age moraing of Skilak-age glacier in p. 1483), Karlstrom (1964, pl. 1,
Decepiion Creek area® tocality T, table 3}
C56 Beta-11174 Basal peaty silt in pond sediments and peat Minimum age for recession 12,210+ 120 Williams (1986)
filtling depression on late Naplowne moraine  of Matanuska Glacier
C57 Beta-5580 Organic siit from beneath 1.8-m-thick peat Minimum age for recession 12,250 £ 140 Reger and Updike (1983a,
[82RE20 C-1} overlying 3-m-thick fan-delta sand above of Skitak-age glacier from p- 202), this study {section 78)
BCF Point MacKenzie and retreat
of ¢stuarine waters in which
BCF was deposited
C58 W-2530 Basal organic swamp deposit overlying 1l of  Minimum age for recession 12,350 = 350 Yehle and othars (1990, 1991,
type Elmendorf moraine of glacier from type locatity 4)
Elmendorf moraine in iower
Knik Amm
C39 W-5518 Pebbly organic silt from depth of 438 to Minimum age for recession 12,800 = 300 Ager and Shaw (1986), Ager
4.57 m in Circle Lake core of Moosehom-age glacier (written commun., 1992)
from upper Kachemak Bay
C60 GX-16322 Organic clayey silt from depth of 80 cm in Minimum age for recession 12,860 + 195° This study (scction 7)
O0RE102 C-2] 94-cm-thick unit of intérbedded thin peat, of Kifley-age glacier from
arganic silt, pond clay, and tephras fitling Point Possession area
kettle in Kiiley-age terminal moraine
o6l W-416 Peat {rom base of 0.9- to 1.5-m-thick section  Minimum age for deposition 12,900 = 300 Rubin and Alexander (1958,
of lacustrine organic clay, sil, and sand of Killey-age outwash and p. 1479), Karlstrom (1964, pls. 4
overtying deformed glaciofluvial gravel and  melting of underlying and 6. localily F-2, table 3)
sand graded to Killey-age ice limit at East stagnant glacial ice of Kitley
Foretand age in Nikiski area"
<62 USGS-2173 Basal peaty siit in pond scdiments and peat Minimum age for recession 13,100 £ 60 Witliams {1986)
filling depression on late Naptowne moraine  of Matanuska Glacier
C63 AAD22T Mya truncara shells from silty-clay faciesof  Dates BCF at mouth of Knik 13,470+ 120 Reger and others (1993, tocality
[82RE 4] BCF 1 m above contact with ice-stagnation Am N). this study (section 77)

deposits of Skilak stade
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Table 2. (continued)

Sample® Laboratory/field Chronological Radiocarbon age
locality number Maierial and stratigraphic context significance ("‘C yt B.F.) Source
Cod W-748 Silzy peat with twigs from base of organic Minimum age for deposition 13,500 = 400 Rubir and Alexander (1958,
take sediments overlying deformed outwash of Killey-age outwash and p. 1479), Karlstrom (1964, pls. 4
gravel graded 1o Killey-age ice Jimit at East melting of underlying and &, locality G-1, lable 3}
Foreland stagnant glacial ice of Killey
age in Nikiski area*
C65 W-2151] Mollusk shelis from macrofossil-rich zone of  Dates middte or upper 13,690 = 400 Sullivan and others (1970,
BCF sublittoral glacioestarine p. 3333, Schmoll and others
environment in which BCF (1972, locatity A)
was deposited in Point
Woronzof area
a6 GX-20129¢ Macoma balthica shells from j-m-thick Dates upper BCF west of 13,718 & 160 Reger and others {1993, locatity
[82Re36) dropstone-rich, thin-bedded sand in upper Hope just beyond Elmendorf U}, this study (section 75)
BCF overain by 3 m of colluviem maximam in Turnagain Arm
ca7 w4827 Organic mud from depth of 250-260 cm Minimum age for retreat of 13,730 = 110 Rymer and Sims (1982, core
beneath bottom of Hidden Lake Skilak-age giacier from HL-4-M}, Sims {wrilten
Hidden Lake basin commn., 1992)
Co68 W-238% Moliusk sheils from macrofossil-rich zong of  Dates middle or upper 13,750 = 500 Schmol and others {1972,
[82Rell] BCF sublittoral glacicestuarine locatity D3, Spiker and others
environment in which BCF (1977, p. 346)
was deposited in lower Knik
AT
C69 W-2915 Mollask shelts of BCF incorporated into till Dates BCF and maximum 13,900 + 400 Schmeoll and Yehle (1983,
of Elmendorf-age advance' age for Elmendorf-age locality A; 1986, locality B4),
advance in upper Tgurnagain Bartsch-Winkler and Schmoll
Amm {1984}
C70 GX-20127° Mya truncata shells from interbedded Dates upper BCF west of 13,904 + 90° Reger and others (1993, jocality
{82Rel7] medium sand and silt layers up to 20 cin Point MacKenzie P), this study (section 76)
thick 6 m below top of BCF
C71 GX-20128 Mya truncata shells from dropstone-rich Dates BCF west of Point 14,078 + 214 Reger and othess (1995, locality
[82Re2() diamicton 3 m below top of BCF MacKenzie M}, this study (section 78)
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Table 2. (continuwed)

Samplc? Laboratory/fietd Chronological Radiocashon age
locality number Material and steatigraphic context significance CCye BR) Sousce
72 GX-19989° Balanus plates from 1- 10 2-cm-thtick sand Dates upper BCF at Poinl 14,100 + 90° Reger and others (1993, locality
i82Re12) layers interbedded with clayey silt in upper MacKenzie K), this study (section 5)
BCF overlain by up 10 5 m of fan-dehta sand
C73 GX-16529° Hiatella arctica and Macoma balthica shells  Dates BCF and nearby 14,160 = 140" Reger and others (1995,
{82REG6] from colluvium derived from BCF Eimendorf-equivalent locality V)
advance in Hope area
C74 GX-17133° Hiatella arctica shells from colluvium Dates BCF and nearby 14,200 = 100" Reger and others (1993,
[82RES}] derived from BCF Elmendorf-equivalent jocality W)
advance in Hope area
C75 GX-16524°¢ Macoma balthica shelis from BCF Dates BCF and maximum 14,290 * 140 Reger and others {1995,
[82RE4] incorporated into till of Elmendorf-age age for Elmendorf-age locaiity X), Schmoll and Yebhle
advance' advance in upper Turnagain {1986, locality B4)
Am
C76 AA-2226° Hiatella arctica shells froe 6 m below topof  Dates BCF in Jower Knik 14,300 + 140 Reger and others (1995,
{7TRE22F] BCF and 0.3 m above Skilak-age diamiclon Arm and minimum age for locality 1), this study (section £)
recession of Skitak-age
glacicr from lower Knik Arm
C77 W-2367 Motiusk shells from macrofossil-rich zone of  Dates middle of upper 14,300 + 350 Schioli and others (1972,
BCF sublittoral glacioestuarine locality C), Spiker and others
environment in which BCF (1977, p. 340}
was deposited in Point
MacKenzie area
C78 W-4292 Shells in glacioestuarine silt and clay Dates BCF in lower Beluga 14,350 + 200 Schmolt and Yehle (1983,
of BCF River area tocality B; 1986, locality BS),
Schmoll and others {1984,
tocatity B3)
C79 W-2369 Motlusk shells from macrefossil-rich zone Dates middle or upper 14,500 = 350 Schmoli and oihers (1972,

of BCF

sublintoral glacioestearine
environment in which BCF
was deposiied in Point
Woronzof area

Iocatity B), Spiker and others
(1977, p. 346)
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Table 2. (continued}

Sample? Laboratory/field Chronological Radiocarbon age
focality number Material and stratigraphic context significance ("“C yr B.P.) Sousce
C80 GX-16528° Calcareous Balanus plates from 0.6 m below  Dates BCF in upper marine 16,000 = 150 This study (section 45)
[QORE72 C-2) top of platy, dense, pebbly dropstone terrace along Kalifornsky
diamicton of BCF beach
C81 GX-16527° Calcareous Balanus plates from 0.5 m above  Dates BCF in upper marine 16,090 = 160" This study (section 45)
[SORET2 C-1} base of 3-m-thick, massive dropstone terrace atong Kalifornsky
diamiclon of BCF beach
caz W-4937 Calcareons Balanus plates in glaciomarine Dates BCF in upper marine 16,340 % 140 Schmoll ard Yehle (1983; 1986,
silt and clay assigned to BCF terrace along Kaliforasky locality B7), Schmoll and others
beach {1984, locality B7)
C83 WSU-4304 Calcareous Balanus plates from 1 m below Dates BCF and close 16,480 = 170" This study (section 20)
[S1RE39 F-11 top of deformed glaciomarine fine sand and maximum age for fluctuating
silt assigned to BCF tidewater glacier in vicinity
of Kenati
C84 GX-18233 Organic silt at base of 10-cm-thick sand layer  Probably contaminated by 26,240 = 2,100 This study (scclion 59)
{92REI1S8 8-1] in upper fan-delta gravel of Killey age in finely divided clastic
Kasitof area Tertiary coal
C85 L-163A"Y Residual after removal of humic acid from Probably reworked material 39.000 + 2,600" Olson and Broecker (1959,
iron-oxide-stained lignitized log in silt, sand,  without significance for (39,000 + 2.000 for p- 5-6), Karlstrom (1964, pls. 4
and grave! of Killey-age outwash graded to dating enclosing sediments bumic-acid fraction)  and 6, locality 5, tabie 3}
icc Hmit as East Forcland in Nikiski area’
86 L-13704 Lignitized log from base of 15-m-thick iron-  Probably reworked material >24,000 Broecker and others (1956,
oxide-s1ained and flexured gravel overlying without significance for p. [536), Karistrom (1964, pls. 4
glaciolacustsine or glacioestuarire deposits daiing enclosing sedimenis and 6. locality 7, table 3)
in Kenai area
C87 L-117m° Log from basal outwash of Kiiley age Probably reworked material ~ >25,000 Broccker and others (1956, p.
without significance for 156), Karlstrom {1964, pis. 4
dating enclosing sediments angd 6, locality 3, tabie 3)
in Boulder Point area
C88 W-76 Panly lignitized wood from outwash sand Probably seworked material >32.000 Suess (1954, p. 471), Karlstrom

without significance for
dating enclosing sediments
in Tustumena Lake area

(1964, pl. 4, locality 8, table 3)

0z

G-C6 suonvduseay fo poday



Table 2. (continued)

Sample? Laboratory/fietd Chronological Radiocarbon age
locality number Material and stratigraphic context significance MCyrB.P) Source
cs8s W-77 Wood from Goose Bay peat beneath #iil of Maximum age for Elmendorf 32,000 Suess (1954, p. 471), Karlstrom
type Elmendorf moraine stade and minimum age for (1964, pls. ) and 6, locality 1.
former interglaciation in table 3) {section 3)
Goose Bay area
Con GX-5208 Abraded, lignitized wood in friable fan-dclta  Probably reworked mateniai >37,000 This study (section 6¥)
[77RE18 C-1] sand beneath drift of Moosehorm-age without significance for
advance dating enclosing sediments
in Cohoe area
Cal W-2913 Organic clayey pond silt with occasional Maximum age for type >37,000 Yehie and Schmell (1989,
freshwater gastropods overlain by drift of Elmendorf advance and locality 2}
Elmendorf advance and underlain by driftof  minimum age for former
pre-Naptowne age inerglaciation in Eagle
River arca
C92 W-204 Woody material near base of 0.6- 10 0.9-m- Possibly reworked material >37.000 Rubin and Suess (1956, p. 444),
thick contorted organic silt overtain by 3.9m  without significance for Karlstrom {1964, pis. 4 and 6,
of uncontorted lacustrine organic silt and dating enciosing sediments locality 6, table 3)
peat and underlain by 0.3- to 0.6-m-thick in Kenai area”
contorted sand and silt resting on contorted
gravel
o3 W-174 Wood from upper 15 cm of Goose Bay peat Maximun age for type »>38.000 Rubin and Suess (1956, p. 486),
at type locality Elmendosf advance and Karlstrom {1964, pis. | and &,
minisnum age for former locality 1, lable 3) {section 3)
interglaciation in Goose Bay
area
Co4 W-1806 Woody fragments in silt overlain by gravel Maximum age for overlying  >38,000 Marsters and others (1969, p.
presumably of Elmendorf age Etmendosf outwash and 221), Yehle and Schmell (1989,
minimum age for former locality 3)
interglaciation in Eagle
River arca
Cos W-535 Very thin peat beneath Elmendorf-age tili Maximum age for Eimendorf  >38,000° Rubin and Alexander (1960,

and outwash

advance and minimam age
for former interglaciation in
Eagle River area

p. 164-165), Milter and
Daobrovolny (1959, p. 16, pl. 9}
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Table 2. (continued)

Sample? Laborawory/ficid Chronological Radiocarbon age
tocality number Materiat and stratigraphic context significance c yr B.P.) Source

Ca6 W-644 Wooad from base of advance outwash of type  Probably reworked material ~ >40,000 Rubir and Alexandey (1960,
Elmendorf advance overlying compressed without significance for p. 169), Karistrom (1964, pls. |
Goose Bay peat that overlies pre-Naptowne dating enciosing sediments and 6, focality 1, tabje 3}
giacial deposits in Goose Bay area (section 3)

co7 W.2366 Crganic fragments in 5-cm-thick brown sand ~ Maximum age for BCF in >40,000 Spiker and others {1977, p. 346)
beneath BCF Point MacKenzie arca

Co% 1-11,949 Wood from upper 10 cm of 0.9- to 1.8-m- Maximum age for lype >40,000 Reger and Updike (39833,

[78RE24 C-11 thick highly compressed Goose Bay peat that  Ebmendorf advance and iocatity R), this sludy {section 3)

overlies 3 m of outwash gravel of pre- minimem age for former
Naptowne glaciation and underiics 4.610 8.5 interglaciation in Goose Bay
m of advance ouswash sand that in tum area
underlies &.1 to 7.6 m of til} of type
Etmendorf moraine

C99 1-11,950 Compressed peat from middle of 0.9-101.8-  Maximom age for 1ype >40,000 Reger and Updike (31983a,

[78RE24 C-2] m-thick bed overlying 3 m of cutwash gravel  Elmendorl advance and locality R), this study {section 3)

of pre-Naptowne glaciation and underlying, minimum age for former
4.6 10 8.5 m of advance gutwash sand and interglaciation in Goose Bay
gravel that in turn undertie 6.1 to 7.6 mof till  area
of Lype Elmendorf moraine

C100 1-12,029 Wood fragments from peaty zone at base of Maxtmum age for Skilak age  >40,0007 Schmoll and Yehle {1983,
upper glacioestuarine diamicton of Skilak- advance in Potter arca p. 77), Bastsch-Winkier and
age advance Schmoll (1984, p. 8)

€101 L-1171¢ Abraded, lignitized log from Jowest 0.3 mof  Probably eworked material  >44,000" Olson and Broeckes (1959, p. 5),
Holocene tacustrine organic siit withoul significance for Kartstrom {§964, pls. 4 and 6,
unconformabiy overlying stratified sand and  daling enclosing sediments locality 4, table 3)
gravel graded to Kitley-age ice limit at East in Nikiski arca
Foreland

Cio2 W-2154 Peat overlain by 2.7 m of fluvial gravel of Maximum age for type >45,000 Sullivan and others (1970,
Elmendorf advance and underlain by 0.6 m Elmendosf advance and - 328), Yehle and Schmotl

of gray silty clay t81{?) of pre-Naptowne
glaciation

minimum age for former
intergtaciation in Chugiak
area

(1989, locality 1)
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Table 2. (continued)

Sample Laboratory/fickd Chronological Radiocarbon age
locality number Material and stratigraphic context significance (“C yrB.P) Source
Cl103 W-2911 Piece of wood from gravel beneath 5 m of Probably reworked matenial >45,000 Yehle and others (1990,
BCF overlain by 30 m of advance outwash without significance for locality 2)
gravel and tili of type Elmendosf moraine dating enclosing sediments
in Eagle Bay area
C104 QL-1736 16-cm-thick organic silt from middic of 1-m-  Minimum age for Goose Bay  >73,400° This study (section 3)
{88RE 54 §-2] thick Goose Bay peat overjain by 6 mof peat and maximum age for
advance outwash gravel ang 6 m of il of type Elmendorf advance in
type Elmendorf moraine Goose Bay area

*To locale sample sites and nearby geographic featuses, see table 1 and sheets 1-35.

*Sample corrected for natural isotopic fractionation based on 13C content.

‘Atomic mass-speelometer (ANS) date.

“Karlstrom (1964, p. 59) accepted as generally valid atl sotid-carbon dates from Lamont Observatory younger than 14.000 yr B.P. because they are consistent with resulls abtained by the gas-
proporticnal technigue during reruns of the samc samples. Reruns of samples initially dated between 14,000 and 22,000 yr B.P. by the black-cazbon method produccd infinite daies by the gas-
counting method (Olson and Broccker, 1959, p. 5}

“Becanse disseminated organic material, which could include very fine grained detrital coat, was dated, this age could be spuricusly old (Reger and others, 1995, locality C).

13ated sampie from near bortorn of section G-G~ al station 21 {Cameron and others, 1981, shect 1),

fThese mosaines were altribeted to the Exhutna glaciation by Karlstrorn (1964, pl. 1) and to the Knik glactation by Reger and Updike (1983a, pl. 1),

Marlstrom (1964, p. 24) interpretcd deformation in this and other sections in the East Forcland-Lower Salamaiof Lake area to be the result of glaciotectonic sresses gencrated during repeated eastward
advances by the Trading Bay lobe. We intespret Lhe deformation there to be the result of both glaciorectonic stresses generated by grounding of partially floating fidewater glaciers and the melting of
stagnant glacial ice on which outwash afluvium was deposited.

'Schmo!l ang Yehle {1986, p. 205) nlerpreted sediments enclosing 13,900-yr-old moilusk shells in the roadcut near Mile 99 of Seward Highway to be colluvial bedrock rubble incorporating reworked
sediments of the Bootlegger Cove Formation and, based on an extrapolated age of 14,000 yr for basal sediments in 2 93-m corc at Portage {Bartsch-Winkler and others, 1983), concluded that
Turnagamn Arm was ice free abowt 14,000 yr 2g0. We interprel the exposure to be BCF deposits overridden by a rapid westward advance of the Elmendorf-age glacier into estuanne waters of apper
Turnagain Arm. We belicve that crushed shells in the exposure, were preserved in tifl in a leeward pressure shadow provided by the bedrock outcrop atong the cast side of the exposure, perhaps
becanse the overriding glacier was at least pastially floating.

IKarlstrom (1964, p. 24, 1able 3} interpreted sample W-163A, a transported log, as dating an early Naptowne (Pro-Naptowne) advance from Lhe wesr side of Cook Inlci,

*Gas-counting rerun of sample 163A, which was inisially dated at 22,000 = 2,000 yr B.P. by the black-carbon method {Olson and Broecker, 1959, p. 6). More secentdy, this sample was redated oldcr
than (he maximum limit of radiocarbon dating (Meyer Rubin, in Schmolt and ohers, 1984, p. 27).

'Acetylenc resun of sample L) 173, which was previously dated by the solid-carbon technique at 15,800 400 yr B.P. (Kulp and others, 1951, p. 568).

“Acetylene reran of sampie L-117A, which wag previously dated by the solid-carbon method at 19,000 = 900 yr B.P. (Kulp and othess, 1952, p. 412-413).

"Karlsirom (in Rubin and Suess, 1956, p. 444) attributed the “highly weathered and contoried” gravel at the base of this section to the Eklutna glaciation and deformation of the overlying contorted sit
to the maximum advance of the Knik or Naptowne glaciation, probably the latter.

"Reanalysis of sample k- 101 B, which was mitially dated by the solid-carbon method at 14,300 £ 600 yr B.P. (Kuip and others, 1951, p. 568).

Wyriginatty dated a1 34,000 £ 2,000 yr B.P. (W-1804) by the solid-carbon method (Marsters and others, 1969, p. 220).

"Originally daled ai 9,200 = 1,000 yr B.P. (L-117L} by the solid-carbon method (Kulp and others, 1952, p. 412).

*Sample enriched 9.41 umes by Minze Stuiver at University of Washington Quaternary Isotope Laboratory,
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Figure 1. Distribution of 104 radiocarbon dates older than 6,000 *C yr B.P. in the Cook Inlet region. Symbols indicate materials analyzed: b = Balanus plate,

ha = humic-acid extract, I = lignite or lignitized wood, m = mollusk shell, 0 = organic silt or sand, p = peat, w = wood or wood fragments.
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Caialog and Initial Analyses of Geologic Dara, Cook Inlet Region, Alaska 25

The major-oxide geochemistry of the purified glass shards
was analyzed with the Kevex Series 82 Electron
Microprobe in the Department of Geology, Washington
State University, using an 8-pm-wide electron beam
operated at 15 kV and 11.5 nA. This instrument was
catibrated at least once daily, using standards CCNM-11
(obsidian), K-411 (National Burean of Standards glass),
and CV-A99 (basaltic glass) to ensure precise and accurate
results, Individual glass shards were exposed to the electron
beam for 10 seconds, and the resulting data were normalized
to 100 percent (tabje 3). Glass concentrates and grain
mounts are archived in the Alaska Tephrochronology
Center (ATC) at the University of Alaska (Fairbanks).

GEOCHEMICAL RESULTS

Among the 88 tephra samples analyzed, single tephras
are represented by 63 samples (71.6 percent) and mixed
tephras, which possibly include shards of up to four dis-
tinct chemical populations, are represented by 12 samples
(13.6 percent). Although 13 samples (14.8 percent) were
collected from volcanic-ash layers that appear to be com-
posed of one tephra in the field, their shard geochemistry
is so variable that we could not isolate a meaningful popu-
lation, and the results are not reported, except to show their
stratigraphic positions (app. A). These samples are indi-
caled by an asterisk after the sample number in table 1 and
appendix A. [n this study we recognize 16 chemically dis-
tinct tephras (table 3).

CORRELATION, DISTRIBUTION,
AND AGE

Mean major-oxide comgpositions of shards in tephra
samples from Kenai Lowtand and vicinity (table 3) were
compared to microprobe geochemistry of tephras from
Hayes volcano (Riehle, {985; Begét, Reger, and others,
1991; Campbel}, unpub. data), Mt. Spurr (Riehle, 1985),
Mt. Redoubt (Rieble, 1985), Mt. Hiamna (Riehle, 1985),
Mt. Augustine (Riehle, 1985; Begét, unpub. data), cores
from Skilak Lake (Stihler, 1991; Begét and othess, 1994),
Aniakchak caldera (Riehle and others, 1987), Kaguyak
catdera (Swanson, unpub. data), the 1912 eruption of Mt.
Katmai (Avery, unpub. data), the upper drainage of Susitna
River (Dilley, 1988, unpub. data; ATC, unpub. data), and
interior Alaska (Westgate and others, 1983, 1990;
Westgate, 1988; Begét and Keskinen, 1991; Begét, Reger,
and others, 1991).

In this study, correlations of tephras at different field
localities are primarily based on geochemical simitarities
as determined by electron microprobe and most are con-
sidered tentative. The exceptions ase (a) the Lethe tephra,
which has a distinctive shard morphology and geochem-
istry and a consistent mineralogy, and (b) the Stampede
tephra, for which we developed mineralogical data and

stratigraphic information. A similarity coefficient (SC)
(Borchardt and others, 1972) of 0.96 or greater indicates
that a tephra pair is either part of the same tephrafal) or
that they are members of a tephra set with a high degree of
similarity (Riehle, 1985). Values of 0.94 ar 0.95 indicate
that the pair of tephras was deposited during the same
tephrafatl—in which concenrations of one or more elements
are variable—or that they are members of the same tephra
set (where supported by stratigraphic or mineralogic evi-
dence). Values of 0.90 to 0.93 indicate that the samples
are members of the same tephra set but not the same
tephrafall.

LATE QUATERNARY TEPHRAS

LETHE TEPHRA
(MEAN SiQ, = 72.78 + 0.27 PERCENT)

The most widespread tephra we document in Kenai
Lowland is the Lethe tephra. This light yellowish-brown
to orange volcanic-ash tayer is identified at 29 localities
in a narrow band from just south of Anchor River
northeastward to just north of Swanson River (table 3,
fig. 2). Correlation within this set of samples is good to
excellent (SC =0.93-0.99) (table 4), and they undoubtedly
almost all represent the same tephrafail. The geochemistry
of Lethe shards is very consistent as indicated by the small
standard deviations in a]l eight major-oxide contents
(table 3). The single exception could be sample KL-050pl,
which has lower similarity coefficients than the other 30

. samples.

The distinctive yellowish-brown to orange color is due
to varizble thicknesses of iron oxides that formed on shard
surfaces during weathering of this relatively iron-rich
dacitic tephra. Unweathered glass is light gray in trans-
mitted light. Lethe shards are robust compared to other
tephras in the area, tend to be platy or blocky, and contain
few to numerous vesicles that are commonly stretched.
Triple junctions and bubble walls are commonly preserved.
Petrographic studies by Pinney (1993) demonstrate that
populations of iron-magnesian minerals are dominated by
orthopyroxene and clinopyroxene in the Lethe tephra. The
former is generally three to four times more plentiful than
the latter. Amphibole (green) content is low—generally 0
to 5 percent.

In samples from five sections, shards of Lethe tephra
are mixed with shards of other tephras (table 3). This mix-
ing could result from simultaneous or near-simultaneous
initial deposition of these tephras or from reworking of
previously deposited tephras. Lethe tephra is clearly re~
worked in sections 13 and 66. In scction 13 (fig. A13), a
population of reworked Lethe shards (KL-018p1) is mixed
with shards of Funny River tephra (KL-018p2) in a layer
that is stratigraphically above a layer of unmixed Lethe
tephra (K1.-017). In section 66 (fig. A71), a population of
redeposited Lethe shards (KL-086p3) (Text cont'd. p. 36)
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Table 3. Average glass compositions of middle and late Quaternary tephra samples collecred at 58 localities in Kenai
Lowland and vicinity. Major oxides in glass separates given in normalized weight percent. One standard deviation
in weight percent given below each oxide concemiration. Discrete shard populations within multimodal samples
indicated by letter “p” followed by population number. Number of analyses per sample = n, Sample localities

shown in table 1 and sheers 1—3. Stratigraphic sections provided in appendix A

Sample n SiO, ALO,  NaO Ca0O  FeO* KO MgO TiO, Total  Section
Letbe tephra

KL-011 9 73.23 13.59 4.25 2.45 2.83 2.43 0.63 0.59 100.00 46
0.45 0.16 0.11 0.15 0.22 0.08 0.07 0.04

KL-0(7 9 72.47 13.86 4.35 2.61 298 2.40 0.71 0.62 100.00 13
0.24 0.10 0.11 0.09 0.08 0.08 0.03 0.05 .

K1.-018p1] 7 72.69 13.75 4,27 2.61 3.02 2.35 0.71 0.62 100.02 13
0.36 0.12 0.15 0.13 0.12 0.05 0.05 0.03

KL-022 14 .72 13.72 4.36 2.56 2,96 233 0.71 0.64 100.00 63
0.32 0.12 0.12 0.13 0.18 0.08 0.07 0.04

KL-029 11 72.55 1391 4.24 2.54 3.05 2.39 0.69 0.63 100.00 22
0.47 0.17 0.13 0.14 0.15 0.08 0.07 0.04

KI.-033 14 72.66 13.75 4.39 2.55 293 2.40 0.69 0.62 99.99 28
0.39 0.12 0.12 0.12 0.19 0.08 0.06 0.07

KL-034 8 73.32 13.56 4.35 2.37 2.76 2.40 0.63 0.62 100.01 64
0.49 0.21 0.07 0.18 0.15 0.02 0.05 0.04

KL-050pt 5 72.88 13.46 4.01 2.61 3.05 2.61 0.70 0.68 100.00 26
0.29 0.10 0.09 0.03 0.11 0.08 0.04 0.06

KL-052 10 7276 13.77 4.30 2.58 2.82 2.38 0.68 0.63 99.99 38
0.36 0.12 0.14 0.12 0.08 0.07 0.04 0.03

KL-063 11 72.94 13.65 4.4} 2.47 2.82 2.42 0.67 0.62 100.00 27
0.37 0.11 0.12 0.12 0.11 0.06 0.06 0.05

KL-068 8 73.06 13,80 4.22 2.43 2.89 242 0.64 0.53 99.99 36
0.47 0.15 0.11 0.17 0.21 0.09 0.05 0.15

KL-072 13 72.75 13.90 4.25 2.51 291 2.46 0.67 0.56 100.01 34

' 0.45 0.20 0.11 0.14 0.15 0.06 0.05 0.17

KL-085 10 7277 13.87 4.35 2.46 2.89 2.36 0.70 0.59 99.99 66
0.33 0.13 0.09 0.12 0.15 0.06 0.07 0.05

KL-086p3 9 72.45 13.77 4.37 2,61 3.05 2.40 0.71 0.64 100.00 66
0.28 0.09 0.13 0.12 0.17 0.07 0.03 0.03

KL-087 14 72.73 13.70 4,32 2.52 3.00 2,42 0.69 0.63 100.01 1]
0.47 0.20 0.35 0.20 0.20 0.10 0.08 0.07
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Sample n Si0, ALO NaO Ca0  FeO* KO MgO TiO, Total  Section
Lethe tephra (continued)

KL-088 12 72.87 13.78 4.24 2.53 291 240 067 0.61 99.99 37
0.42 0.16 0.10 0.13 0.47 0.07 0.04 0.04

KL-095pl1 4 73.50 13.35 4.13 2,28 2.83 2.60 0.68 0.62 99.99 52
0.36 0.19 0.13 0.01 0.12 0.05 0.05 0.04

KL-096 15 7245 13.82 4.46 2.58 2.96 238 071 0.63 99.99 14
0.41 0.17 0.08 0.16 0.20 006  0.0s 0.04

KL-099 10 7235 13.97 428 2.73 2.94 238 0.7 0.63 99.99 9
0.24 0.09 0.11 0.09 0.17 0.0 0.03 0.04

KL-100 )2 72.74 13.87 4.27 2.58 2.88 234 068 0.64 100.00 12
0.44 0.10 0.13 0.16 0.19 0.03 0.07 0.03

KL-102p3 7 73.0% 13.64 4.41 2.44 2.83 2.37 0.67 0.62 99.99 41
0.47 0.16 0.09 0.12 0.24 6.10  0.07 0.05

KIL-105 9 7247 13.89 430 2,65 3.00 2.36 0.68 0.64 99.99 42
0.30 0.19 0.08 0.12 0.12 0.06  0.06 0.06

KL-106 10 7251 13.95 4.28 2.63 2,94 2.34 0.71 0.64 100.00 15
0.30 0.11 0.13 0.10 0.09 0.06  0.04 0.06

KL-109 10 72.38 13.91 4.32 2.65 3.02 2.34 0.74 0.64 100.00 48
0.28 0.07 0.09 0.09 0.14 005  0.04 0.07

KL-110 17 72.77 13.77 4.46 2.49 2.86 235 0.68 0.63 100.01 21
0.47 0.16 0.12 0.16 0.17 0.06 0.06 0.05

KIL-124 15 7212 13.71 4.48 2.53 295 2.33 0.67 0.62 100.01 17
0.44 0.14 0.10 0.19 0.18 0.06  0.05 0.04

KL-125 15 72,72 13.74 4.45 2.52 2.90 2.39 0.69 0.60 100.01 19
0.49 0.16 0.13 0.13 0.15 007  0.08 0.06

KL-127 i6 72.86 13.70 4.47 2.47 2.86 2.38 0.66 0.61 160.01 54
0.48 0.20 0.12 0.16 0.21 0.08 0.07 0.05

KL-128 15 72.61 13.85 4.4( 2.57 2.90 2.33 0.70 0.64 100.01 55
0.44 0.14 0.20 0.17 0.12 007  0.07 0.04

KL-136 32 72.96 13.72 427 2,46 2.91 240  0.68 0.6) 100.01 65
0.45 0.15 0.1) 0.18 0.17 0.08  0.06 0.07

KL-137 32 73.13 13.65 4.28 2.42 2.84 240  0.65 0.61 99.98 70
0.49 0.18 0.15 0.09 0.14 0.19 0.08 0.08

Mean 3] 72.78 13.75 4.32 2.52 292 2.39 0.638 0.62 99.98 -
0.27 0.14 0.10 0.09 0.08 0.06 0.02 0.03

Crooked Creek tephra

KL-023 9 77.83 13.10 3.92 1.90 1.16 1.6) 0.32 0.16 100.00 63

0.38 0.26 0.16 0.11 0.14 0.10 0.06 0.02
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Table 3. (continued)

Sample n Sio, ALO, NaO Ca0  FeO* K,0 MgO Tio, Total  Section
Crooked Creek tephra (continued)
KL-032p1 11 71.91 13.04 3.94 1.84 1.10 1.65 0.34 0.17 95.99 22
0.22 0.23 0.08 0.16 0.0l 0.12 0.02 0.03
KL-056 9 77.97 12.95 3.96 1.85 1.10 1.68 0.33 0.16 100.00 44
0.29 0.11 0.17 10 0.10 0.10 0.04 0.03
KL-057 7 77.80 13.05 3.94 1.91 1.14 1.62 0.36 .18 100.00 29
0.16 0.14 0.12 0.14 0.09 0.07 0.06 0.03
KL-061 8 77.86 13.00 3.95 1.88 1,14 1.65 0.34 0.17 99.99 35
0.17 0.12 0.10 0.10 0.05 0.09 0.04 0.03
KL-065 9 77.91 12.86 4.01 - 1.96 1.17 1.53 0.36 0.1 99.99 43
0.22 0.10 0.12 0.13 0.16 0.08 0.04 0.03
KL-066 8 77.80 13.05 3.96 1.89 1.1 1.68 0.35 0.16 100.00 24
0.16 0.05 0.09 0.06 0.10 0.06 0.03 0.02
KL-086p! 10 77.72 12.99 4.07 1.10 1.68 0.34 0.16 100.00 66
0.3] 0.20 0.12 0.04 0.08 0.02 0.03
KL-113 15 71.71 13.02 4.04 1.97 1.63 0.34 0.16 100.01 25
0.32 0.24 0.33 0.14 0.06 0.05 0.03
KL-115 15 77.89 12.92 4.15 1.84 1.06 1.69 0.29 0.17 100.01 56
0.42 0.27 0.18 0.13 0.19 0.08 0.07 0.03
KL-130p1 15 77.64 13.09 4.14 1.92 1.08 1.64 0.33 0.17 100.01 S1
0.39 0.31 0.14 0.10 0.14 0.08 0.08 0.08
Mean 11 77.82 13.00 4.01 1.90 1.12 1.64 0.34 0.17 100.00 -
0.10 0.07 0.08 0.04 0.03 0.04 0.02 0.06
Funpy River tephra
KL-012 5 62.10 16.01 - 4.59 5.08 6.91 1.87 2.18 1.25 99.99 46
0.45 0.25 0.19 0.24 0.21 0.11 0.12 0.05
KL-018p2 5 62.06 15.98 4.64 5.22 6.84 1.82 220 1.24 100.00 13
0.49 0.14 0.1 0.19 0.2} 0.0? 0.0 0.06
KL-067 6 62.01 16.17 4.53 5.22 6.86 1.68 2.29 1.24 100.00 36
0.28 0.30 0.23 0.16 0.20 0.15 0.1 0.08
KL-075 10 62.08 16.18 4.62 5.12 6.78 1.82 2.17 1.23 100.00 60
0.4S5 0.19 0.23 021 0.09 0.17 0.09
KL-135 10 62.17 15.99 4.84 5.19 6.70 1.77 2.16 1.17 99.99 5%
0.34 0.14 0.35 0.12 0.24 0.12 0.21 0.06
Mean 5 62.09 16.07 4.65 517 6.82 1.79 2.20 1.22 100.01 --
0.06 0.10 0.12 0.06 0.08 0.07 0.05 0.03
Tephra 1A
KL-001 7 78.19 12.54 3.66 1.95 1.42 1.72 0.32 0.2t 100.0t 72
0.29 0.L9 0.10 0.14 0.16 0.16 0.09 0.10
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Sample 0 Si0, ALO, NaO Ca0 FeO*: KO MgO TiO, Total  Section
Tephra 1A (continued)

K1.-002 ? 77.95 12.60 3.74 2.09 1.42 1.61 0.38 0.21 100.00 72
0.33 0.14 0.12 0.12 0.16 0.08 0.02 0.04

KL-003 10 77.80 12.66 3.80 2.11 1.41 1.60 0.38 0.25 100.01 72
0.25 0.11 0.13 0.10 0.14 0.04 0.03 0.03

XIL-020 12 78.12 12.39 3.93 2.00 1.36 1.60 0.35 0.25 100.00 39
0.21 0.17 0.08 0.08 0.10 0.07 0.03 0.04

KL-040 5 77.87 12.37 3.93 2.05 . 1.74 0.35 0.26 100.01 10
0.32 0.18 0.09 0.10 0.09 0.05 0.02 0.03

K1L-053 9 77.87 12.47 3.94 1.94 1.44 172 034 0.27 99.9% 38
0.18 0.14 0.13 0.14 0.14 0.13 0.03 0.05

KL-090 10 77.47 12.62 4.03 1.98 1.46 1.82 037 0.26 100.01 57
0.46 0.27 0.09 0.15 015 0.39 0.03 0.07

KL-091 7 78.00 12.50 3.89 2.00 1.39 1.65 0.34 0.24 100.01 57
0.20 0.15 0.11 0.t1 0.08 0.06 0.04 0.06

KL-093 7 77.93 12.44 392 1.97 1.41 1.73  0.37 0.22 99.99» 58
0.21 0.09 0.1t 0.09 0.07 0.05 0.03 0.10

KL-094pl 6 71.47 12.76 4.09 2.08 1.45 1.58 0.34 0.24 100.01 58
0.38 0.31 0.11 0.15 0.14 0.09 0.08 0.03

Mean 10 77.87 12.54 3.89 2,02 1.42 1.68 0.35 0.24 100.00 --
0.24 0.12 0.13 0.06 0.03 0.08 0.02 0.02

Tephra 1B

XL-016 4 77.92 12.33 3.90 1.89 1.49 1.90 0.29 0.28 100.00 11
0.34 0.22 0.14 0.30 0.13  0.22 0.09 0.05

KL-044p1 6 71.75 12.43 4.01 1.71 1.50 2.01 0.32 0.28 100.01 53
0.23 0.11 o 0.13 o.11 013 0.02 0.05

KL-051 13 77.80 12.46 4.00 1.82 1.46 1.84 0.34 0.28 100.00 26
0.21 0.15 0.10 0.10 0.10 0.13 0.02 0.0§

KL-060 6 72.7% 12.42 3.99 1.79 1.47 1.91 031 0.31 99.99 35
0.17 0.08 0.06 0.04 0.05 0.04 0.04 0.06

KL-062 H 77.72 12.44 4.05 .88 1.46 1.82 0.34 0.29 100.00 27
0.27 0.14 0.09 0.17 0.09 0.14 0.07 0.05

KL-104 7 77.97 12.36 3.94 1.78 1.49 1.86 032 0.29 100.0 1 62
0.37 0.17 0.06 0.06 0.11 0.10 0.04 0.04

Mean 6 77.83 12.4] 3.98 1.81 1.48 1.89 032 0.29 100.00 -
0.09 0.08 0.05 0.06 0.02 0.06 0.02 0.01
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Table 3. (continued)

Sample n Sio, ALO NaO Ca0 FeO** KO Mgo TiO, Total  Section
Tephra 1C
KL.-004 8 77.80 12.90 3.80 2.1 1.27 1.53 039 0.19 99.99 72
0.21 0.15 0.08 0.13 0.09 0.09 0.05 0.03
K1L-044p2 4 77.00 13.22 3.97 2.23 1.3§ 156 040 0.28 100.01  s3
0.39 0.11 0.20 0.10 0.02 0.11 0.05 0.12
KL-049p1 7 77.28 13.14 3.82 2.26 1.38 1.53 0.4l 0.20 100.02 73
0.41 0.22 0.09 0.12 0.18  0.05 0.09 0.13
KL-123 15 71.53 13.01 3.91 2.13 1.29 041 0.20 100.00 18
0.32 0.25 0.17 0.15 0.1} 0.04 0.06
Mean 4 77.40 13.07 3.88 2.18 1.32 1.54  0.40 0.22 100.01 -
0.34 0.14 0.08 0.07 0.05 0.02 0.01 0.04
Tephra 2?
KL-112p4 3 76.61 12.73 421 1.54 1.42 2.84 0.30 0.35 100.00 25
0.35 0.15 0.07 0.19 0.08 0.08 0.05 0.06
Tephra 3
KL-013pf 8 75.37 13.39 4.13 1.99 1.86 2.47 0.44 0.36 100.0t 16
0.39 0.17 0.10 0.11 0.16 0.10 0.04 0.07
KL-048 7 75.02 13.70 4.31 1.83 1.71 2.67 0.41 0.34 99.99 73
0.33 0.16 0.07 0.10 0.11 0.06 0.02 0.03
KL-049p2 6 74,58 13.56 422 1.88 2.68 0.42 0.35 100.00 73
0.38 0.13 0.14 0.16 0.12 0.07 0.04
KL-112p3 5 75.78 13.24 4.14 1.94 1.65 2.54 0.3%9 0.32 100.00 25
0.42 0.21 0.14 0.14 0.14 0.18 0.05 0.02
Mean 4 75.29 13.47 420 1.91 1.78 2.59 0.42 0.34 100.00 -
0.37 0.20 0.08 0.07 0.12 0.10 0.02 0.02
Tepbra 4
K1L-021 10 75.53 13.70 3.85 2.04 1.53 2.64 0.45 0.22 100.00 39
0.41 0.20 0.12 0.15 0.22 0.11 0.10 0.04
KL-0%4p2 7 74.91 13.81 4.05 2.34 1.73 2.34 0.55 0.27 100.00 58
0.38 0.34 0.22 0.30 0.18 0.39 0.29 0.07
KL-111 1 75.18 13.73 3.90 226 1.63 2.60 0.46 0.24 100.00 7
0.48 0.31 0.30 0.18 0.28 0.37 0.08 0.04
Mean 3 75.21 13.75 3.93 2.21 1.63 2.53 0.50 0.24 100.00 -
0.31 0.06 0.10 0.10 0.16 0.05 0.03
Tephra 5§
KL-015p2 4 73.26 14.20 428 222 221 2.75 0.57 0.50 99.9% I
0.45 0.18 0.11 0.09 0.14 0.16 0.04 0.08
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Sample n Si0, ALO NaO Ca0 FeO** K,0 MgO TiO, Total  Section
Tephra 5 (continued)
KL-086p2 6 74.10 13.34 4.39 2.13 2.55 2.48 0.47 0.54 100.00 66
0.50 0.30 0.17 0.17 0.40 0.14 0.0% 0.07
KL-102p2 5 74.58 13.29 4,27 2.15 2.28 2.44 0.52 0.48 100.01 41
0.44 0.14 0.12 0.22 0.42 0.08 0.05 0.10
KL-129pl 7 73.57 13.91 4.35 2.22 2.38 2:47 0.64 0.46 100.00 55
0.44 0.33 0.15 0.17 0.44 0.11 0.15 0.11
Mean 4 73.88 13.69 4.32 2.18 2.36 2.54 0.55 0.50 100.00 --
0.58 0.44 0.06 0.05 0.15 0.14 0.07 0.03
Tephra 7?2
KL-013p2 4 73.13 14,04 422 2.62 2.56 2.24 0.70 0.50 100.01 16
0.41 0.08 0.12 0.07 0.25 0.09 0.06 0.04
Tephra 8?
KL-112p2 5 71.24 14.48 4.51 2,77 2.86 2.58 0.93 0.62 99.99 25
0.45 0.37 0.20 0.25 0.15 0.15 0.31 0.07
Tephra 12?
KL-129p2 3 68.92 15.36 4.82 3 351 1.98 L.13 0.58 100.01 55
0.24 0.2) 0.20 0.13 0.13 0.04 0.15 0.06
Tephra 13
KL-032p3 5 64.52 15.78 4.22 5.06 5.68 1.75 2.17 0.82 100.00 22
0.38 0.21 0.11 0.16 0.24 0.t0 0.06 0.05
KL-050p2 6 65.38 15.54 4.3} 4,95 5.27 1.81 1.92 0.82 100.00 26
0.47 0.15 0.15 0.14 0.22 0.09 0.7 0.14
KL-095p2 5 63.01 15.86 4.28 5.21 5.26 1.66 1.88 0.84 100.00 52
0.40 0.27 0.13 0.23 0.27 0.05 0.12 0.04
KL-095p3 4 63.83 15.91 4.19 5.67 572 1.57 2.29 0.83 100.01 52
0.22 0.33 0.10 0.07 0.19 0.07 0.08 0.03
Mean 4 64.69 15.77 4.25 5.22 5.48 1.70 2.07 0.83 100.00 -
0.67 0.16 0.05 0.32 0.25 0.10 0.20 0.01
Goose Bay tephra
KL-027 15 65.51 16.27 4.27 4.46 4.57 2.57 1.48 0.87 100,00 3
0.50 0.26 0.17 0.25 0.38 0.11 0.14 0.i0
KL-081p1 15 66.87 15.77 4.25 3.93 4.40 2.70 1.28 0.81 100.01 3
0.45 0.17 0.11 0.19 0.29 0.14 0.08 0.07
KL-081p2 7 64.85 16.68 4.32 4.76 4.56 241 1.55 0.88 100.01 3
0.24 0.80 0.11 0.34 0.46 0.25 0.24 0.12
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Table 3. (continued)

Sample n 8i0, AlLO, NaO Ca0 FeO*« KO MgO Ti0, Total  Section
Goose Bay tephra (continued)

Mean 3 65.74 16.24 428 4.38 4.51 2.56 1.44 0.85 100.01 -

1.03 0.46 0.04 0.42 0.10 0.15 0.14 0.04
Stampede tephra

K1L-025 15 77.24 13.30 4.40 1.71 .32 1.47 0.35 0.22 100.01 3
0.38 0.26 0.13 0.12 0.14 0.04 0.08 0.03

KL-082 15 17.58 13.13 4,37 1.61 1.25 1.51 0.34 0.21 100.00 3
0.48 0.22 0.1 0.13 0.14 0.09 0.03 0.07

KL-083 N 77.68 13.10 4.35 1.61 1.24 1.46 0.34 0.22 100.00 3
0.47 0.20 0.09 0.16 0.13 0.04 0.05 0.05

Mean 3 77.50 13.18 4.37 1.64 1.27 1.48 0.34 0.22 100.00 -
0.23 0.11 0.03 0.06 0.04 0.03 0.01 0.01

Tephras of unknown affinity

KL-008 7 75.72 13.56 377 2.18 1.64 2.50 0.47 0.16 100.00 72
0.49 0.08 0.07 0.13 0.19 0.10 0.03 0.10

KL-015p1 6 77.97 12.37 3.98 1.77 1.42 .89 0.31 0.30 100.01 11
0.38 0.20 0.10 0.09 0.18 0.14 0.03 0.07

KIL.-032p2 4 69.96 14.36 4.12 3.40 4.07 2.28 1.09 0.70 99,98 22
0.50 0.24 0.17 0.13 0.28 0.03 0.07 0.03

KL-102p! 3 78.92 11.64 3.38 0.65 0.92 4.11 0.15 0.23 100.00 41
0.36 0.43 0.22 0.12 0.15 0.37 0.01 0.10

KL-112pt 8 74.69 13.64 4.28 2.08 1.92 2.52 0.44 0.43 100.00 25
0.23 0.17 0.07 0.14 0.21 0.18 0.08 0.08

KL-130p2 3 79.74 11.82 3.78 1.30 1.01 1.98 021 0.16 100.00 51
0.04 0.07 0.02 0.05 0.13 0.09 0.05 0.02

"Total iron expressed as FeO*,
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Figure 2. Distribution of Lethe tephra samples (n = 29) in Kenai Lowland relarive to former limits of the Naptowne

glaciation. Geographic localities: AN = Anchorage; AP = Anchor Point; CO = Cohoe; HO = Homer; KA = Kasilof:
KE = Kenai: ST = Sterling.




Table 4. Similarity-coefficient matrix for Lethe tephra samples collected in Kenai Lowland

KL-095p)  KL-034 EL-01} KL-137 KL-068  KIL-12p3  KL-136  KIL-063 KL-088 KL-§27 KIL-085 KL-110 KL-052 KL-072  KL-100 KE-087

KL-095p1 1.00

KL-034 0.96 1.00

KL-013 0.96 0.98 1.0

KL-137 0.97 0.99 099 1.00

KL-068 0.95 0.96 0.98 0.98 1.00

KL-102p3 0.97 098 098 0.98 096 1.00

KL-136 0.97 0.97 0.98 098 097 099 1.00

KL-063 0.97 098 0.98 0.99 097 0.9% 0.99 1.00

K1.-.088 096 0.97 98 0.98 0.97 0.98 0.99 0.98 1.0

KL-127 0.96 0.98 0.98 .98 0.97 0.99 0.99 0.99 098 1.00

KL-085 0.96 057 497 0.97 0.97 .98 0.99 06.98 .93 0.98 3.00

KL-110 096 097 097 0.98% 0.96 0.99 0.98 0.99 098 0.99 0.98 1.00

KL-052 096 097 0.97 0.97 0.96 0.98 098 095 0.99 0.98 0.98 0.99 1.00

KL-072 0.96 0.96 0.97 0.97 0.98 0.97 0.92 0.97 0.99 0.97 .98 097 0.97 1.00

KL-100 096 0.96 096 0.57 0.96 0.98 0.98 097 0.98 047 698 099 0359 097 1.00

KL-087 0.96 0.96 0.97 097 0.96 0.98 0.98 0.98 0.98 0.97 (.98 0.98 0.9% .97 0.98 L0
KL-050p1 095 063 (.04 0.94 0.93 0.94 0.95 694 095 0.94 0.95 0.94 0.96 .94 0.96 0.96
KL-022 0.95 6.96 .96 4.96 0.95 0.97 0.97 0.97 0.98 0.97 0.98 098 099 0.96 0.93 0.99
KL-1235 0.96 0.97 4.97 0.97 0.96 .98 0.99 0.98 2.99 099 .99 0.99 0.99 098 0.98 0.98
KL-124 0.95 0.97 4.96 097 0.96 0.98 058 098 0.98 0.9% 0.98 0.99 098 .97 698 0.98
KL-0#8pl 095 0.96 0.96 0.97 095 0.97 098 097 .98 0.97 0.98 0.97 0.98 0.97 0.98 .98
KL.-033 0.96 0.97 0.97 0.97 0.96 098 0.9 058 0.9% 0.98 0.98 0.98 0.9% 097 0.98 £.99
KL-128 0.95 0.96 0.96 096 0.95 0.98 0.97 097 0.98 3.97 0.98 0.99 0.99 0.97 0.99 0.98
KL-029 095 0.96 .96 4.97 096 0.97 0.98 097 .98 .97 0.97 098 0.98 097 058 099
KL-106 0.94 0.95 0.95 .96 6.95 097 097 0.96 0.97 0.96 0.97 0.97 098 0.96 059 298
KL-M7 0.95 0.96 0.96 6.97 085 497 0.98 0.97 0.98 0.97 0.58 097 0.98 057 098 098
KL-096 0.94 0.96 0.95 0.95 0.95 0.97 097 0.97 0.97 057 0.98 098 0.9% 0.96 0.98 0.92
KL-105 0.93 0.95 095 696 095 0.97 097 0.%7 0.98 0.97 097 0.98 0.9% 0.96 0.99 093
Ki-086p3 (2.94 .95 .95 396 0.95 0.97 0.97 0.97 0.97 0.96 0.97 0.97 0.98 0.96 0.98 0.99
Ki-109 0.94 8.95 .94 .95 0.94 096 G.96 0.96 0.96 0.96 0.97 097 0.58 0.95 098 0.98

Ki-099 0.54 (.95 0.95 G.96 095 097 0.97 096 0.97 0.96 0.97 097 0.98 0.96 058 098

9-¢4 suonvdnsaauy fo poday




Table 4. (continued)

KL-050p1  KE-022  KL-125 KL-124  K1-018pl Ki-033 KL-128  Ki-029  KL-106  KL-017 KL-096 KL-1053  KL-086p3  KL-109 K1L-09%

KL-095pl

KL-034

KL-081

KL-137

KL-068

KL-102p3

KL-136

KL-063

KL-088

KL-127

K1-085

KL-110

KL-052

KL-072

KL-100

KL-087

KL-050p| 1.00

KL-022 0.96 5.00

KL-125 0.95 098 1.00

KL-124 0.95 0.98 0.99 1.00

KL-018pl 0.96 0.99 0.98 0.98 1.00

KL-033 0.96 0.99 0.99 0.99 099 100

K1L.-128 0.96 0.99 0.98 0.98 0.98 0.99 1.00

KL-029 096 0.98 0.98 0.98 0.99 0.99 0.98 1.00

KL-106 096 099 0.97 097 0.99 058 099 0.98 1.60

KL-017 0.96 099 0.98 0.98 0.99 0.99 0.98 098 0.99 £.00

KL-096 0.96 0.99 0.98 0.98 0.98 0.99 0.99 0.58 0.99 0.99 100

KL-105 0.96 0.98 0.97 0.98 0.99 0.98 0.98 0.98 0.99 0.58 0.98 1.00
KL-086p3 097 0.99 0.97 0.97 059 0.93 0.98 0.98 0.99 0.99 0.99 0.99 1.00
KL-109 0.96 0.98 097 0.97 0.98 0.97 0.98 0.98 0.99 0.98 0.98 0.99 0.99 1.00
KL-099 0.96 0.98 0.97 0.97 .98 0.98 0.98 098 0.99 0.99 0.98 0.98 0.98 0.98 1.00
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is mixed with shards of apparently reworked tephra 5
(KL-086p2) and shards of Crooked Creek tephra
(KL-086pl)in alayer that is seatigraphically above a layer
of unmixed Lethe tephra (KL-085). The degree of rework-
ing is less obvious in sections 26, 41, and 52, where
populations of Lethe shards are mixed with shard popula-
tions of tephras 5 and [3. Section 26 (fig, A26) was
measured at Sterling on the second highest terrace of the
Kenat Riversystem. On the adjacent, highest terrace, Lethe
tephra (KL-063) is unmixed in nearby section 27 (fig. A27).
Because of these relations, we conclude that primary airfall
Lethe tephra is redeposited in section 26 and, in the pro-
cess, became mixed with tephra 13. Section 41 (fig. A45)
was measured on the distal surface of the fan delta that was
built by Kenai River onto the upper marine terrace between
Kenat and Kasilof. Section 52 (fig. A57) was measured on
the distal surface of the fan delta simuitaneously built by
Kasilof River onto the same marine terrace, There is a high
likelihood that distal parts of both fan deltas were sub-
merged later than medial and proximal surfaces on which
we found unmixed Lethe tephra~for example, KL-124 in
section 17 (fig. A17) on the fan delta at Kenaj and KL-127
in section 54 (fig. A59) on the equivalent fan delia at
Kasilof. Thus, reworking and mixing of Lethe and tephras
5 and 13 probably occurred at localities KEN-96 and
KEN-117 (sheet 2). These arguments also lead us to tenta-
tively conclude that deposition of tephras 5 and 13 probably
slightly postdates deposition of Lethe tephra (fig. 3).

Lethe tephra is the distal airfall equivalent of the
complex pyroclastic products of an explosive eruption of
one of the volcanoes in the vicinity of Mt. Katmai about
260 kim southwest of the southern Kenai Lowland (Pinney
and Begét, 1991a,b; Pinney, 1993). On the basis of shard
morphology, ferromagnesian mineral content, and
microprobe geochemistry of glass shards, our Kenaj
Lowland samples strongly correlate with samples of Lethe
tephra from the Windy Creek area (Pinney 1993) (SC =
0.96-0.99). Pinney and Begét (1991a,b) and Pinney (1993)
provide a minimusm age of 12,640 £ 100 C yr B.P. (Beta-
33666) for Lethe volcaniclastics in the Windy Creek area,
where they overlie drift of the lliuk stade and underlie drift
of the Ukak stade of the late-Wisconsin Brooks Lake
glaciation. Primary airfall Lethe tephra discontinuous]y
covers deposits of Moosehorn and Killey stades of the
Naptowne glaciation in Kenai Lowland and is not present
on deposits of the Skilak stade (Reger and Pinney, 1996).
Srratigraphic evidence indicates that Lethe tephra was
deposited across Kena) Lowland late in the Killey stade.
Killey-age glaciomarine sediments in the upper marine
terrace at Kalifornsky (sheet 2, tocality KEN-103) date as
young as 16,000 £ 150 “C yr B.P. (table 2, C80) and
stratigraphically underlie fan-delta sediments that are in
turn overlain by Lethe-bearing loess at Kasilof (fig. AS9).
Thus, the known maximum age of Lethe tephra in Kenai
Lowland is 16,000 “C yr B.P (fig. 3).

CROOKED CREEK TEPHRA
(MEAN SiO, = 77.82 £0.10 PERCENT)

Oane of several grayish brown-weathering Holocene
tephras in Kenai Lowland that are the products of brief,
small eruptions of Cook Inlet volcanoes—and not known
to be widely distributed—is the Crooked Creek tephra,
which is first recognized and informally named in this
study. This tephra is identified in 11 stratigraphic sections
(table 3) in a narrow belt from west of Tustumena Lake
northeast to the vicinity of Sterling (fig. 4). Correlation
within this set of samples is good to excellent (SC=0.93-
0.99) (table 5). We know of no correlative tephras in the
region, but we speculate (from the distribution and high
silica content) that Crooked Creek tephra could have been
erupted from Mt. Auvgustine. The Crooked Creek tephra
was deposited between 7,725 £ 210 C yr ago and 8,375
1210 "Cyrago (fig. A25; table 2, C10 and C17). It could
possibly be the distal equivatent of tephra layer G, which
dates >1,830 % 80 “C yr B.P. and <39,890 **C yr B.P. on
Augustine Island (Begét and Kienle, 1992).

FUNNY RIVER TEPHRA
(MEAN 8§i0, = 62.0% £ 0.06 PERCENT)

Another of the dark-weathering Holocene tephras in
Kenai Lowland is the Funny River tephra, first recognized
at locatity KEN-8S (table ], sheet 2) and informally named
in this study. Funny River tephra is identified at five lo-
calities that form an irregular triangle with corners at Kenai,
Sterling, and Cohoe (fig. 5); it has a low silica content
relative to other tephras in the area (table 3). Correlation
within this small set of samples is outstanding (§C =0.97-
0.99) (table 6). We know of no tephras that correlate with
Funny River fephra, which was deposited afier the Crooked
Creek tephra (fig. 3) and has a close maxtmum-limiting
age of 7,560 £ 340 “C yr B.P. (fig. A65; table 2, C8).

TEPHRA 1A
(MEAN SiO, = 77.87 + 0.24 PERCENT)

One of several geochemically very similar tephras
in Kenai Lowland that are tentatively attributed to
explosive eruptions of Mt. Avgustine is tephra 1 A. This
volcanic ash is documented at six locations (fig. 6).
Simijlarity coefficients within this set of samples range
from 0.93 to 0.98 (table 7). Tephra layers attributed to
tephra 1A are clearly redeposited in sections 57
(fig. A62), 58 (fig. A63), and 72 (fig. A77), but the other
six samples are apparently undisturbed airfall samples.
The stratigraphy in section 72 demonstrates that primary
tephra 1A is younger than tephra 1C. Comparisons of
shard geochemistry indicate that uncontaminated
samples of tephra 1A correlate with Augustine ash
sample H-88-2-5 collected by Begét (unpub. data) in
the Homer area (SC = 0.95-0.97) and with sample
87A-9A collected by Begét (unpub. data) on Augustine
Island (SC = 0.94-0.98). In section (Text cont'd. p. 41)
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Radiocarbon age
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Figure 3. Tentative relative ages of late Quaternary rephras, based on stratigraphic relations in Kenai Lowland. Uncenain
temporal placements are indicared by question marks above and below the pertinent tephra. Questionable tephra
ages resuls from tentative correlations with tephras thar are dated elsewhere.

Table 8. Similariry-coefficient marrix for samples of Crooked Creek tephra collected in Kenal Lowland

KLLLS 1.00
KL-065 093  1.00
KL-056 097  0.94 1.00
KL-061 096  0.96 0.98 1.00
KL-023 095 095 0.8 0.97 1.00
KL-0s6 096 095 099 093 0.97 1.00
KL-057 0.94 097 0.96 0.99 0.97 097 1.00
KL-032pl 096  0.95 0.99 0.9 0.97 0.98 0.97 1.00
KL-113 095  0.96 0.98 0.98 0.98 0.98 097 0.98 1.00
KL-086pl 096 095 0.98 098 0.97 0.98 0.97 0.98 0.98 1.00

KL-130pt  0.97 0.95 0.97 0.98 0.97 0.97 0.97 0.98 0.97 0.98 {.00
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Figure 4. Distribution of Crooked Creek tephra samples (n = 11) in Kenai Lowland relative to former limits of the
Naprowne glaciation. Geographic localities: AN = Anchorage; AP = Anchor Point; CO = Cohoe; HO = Homer;
KA = Kasilof; KE = Kenai; ST = Sterling.
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Figure 5. Distribution of Funny River tephra samples (n = 5) in Kenai Lowland relative to former limits of the Naptowne
glaciation. Geographic localities: AN = Anchorage; AP = Anchor Point; CO = Cohoe; HO = Homer; KA = Kasilof;

KE = Kenai; ST = Sterling.
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Figure 6. Distribution of tephra 1A samples (n = 6) in Kenai Lowland relative to former limits of the Naptowne glaciation.

Geographic localities: AN = Anchorage; AP = Anchor Poinr; CO = Cohoe; HO = Homer; KA = Kasilof: KE = Kenai;
ST = Sierling.
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Table 6. Similariry-coefficient matrix for samples of Funny
River tephra collected in Kenai Lowland

KL-135 KI1-0{2 KIL-075 Kl-0]8p2 KL-067
KL-135 1.00
KL-012  0.97 1.00
KL-075 0.98 0.99 1.00
KL-018p2 0.98 0.99 0.99 1.00
KL.-067  0.97 0.97 0.98 0.98 1,00

39 (fig. A43) and section 59 (fig. A63), tephra 1 A underlies
tephra 4, indicating that tephra 1A is older (fig. 3).

TEPHRA 1B
(MEAN SiO, =77.83 £ 0.09 PERCENT)

Very similar to tephra 1A, tephra 1B is geochemi-
cally different enough to justify separating the two
(table 3). Major-oxide contents within the set of tephra
1B samples are very consistent (SC = 0.96-0.98)
(table 8A). Apparently undisturbed samples of tephra
1B are identified in five of six sections in the Kasilof-
Kenai-Sterling area (table 3, fig. 7). Shards of tephra
1B (KL-044pl) are mixed with shards of tephra 1C
(KL-044p2) in section 53 (fig. AS8).

Stratigraphic superposition in section 35 (fig. A39)
demonstrates that tephra 1B is younger than Crooked Creek
tephra (fig. 3). Apparently uncontaminated samples of te-
phra 1B correlate moderately well with Augustine ash
sample A88-11-5, which was collected by Begét (unpub.
data) from proximal tephra Jayer “I* on Augustine Island
(SC = 0.94-0.96), indicating that these samples could rep-
resent the same tephrafall. Our samples correlate slightly
less positively with Begét (unpub. data) sample A88-7-5
from tephra layer “I” on Mt. Augustine (SC = 0.93-0.95).
Both Begét samples correlate strongly (SC =0.98). Begét
and Kienle (1992) date proximal tephra layer 1" >1,610 %
70 “C yr B.P. (ETH-3826) and <1,830 + 80 “C yr B.P.
(B-24775). Thus, tephra 1B could also conceivably be
>1,610 ¢ 70 and <1,830 + 80 “C yr old. There is good
correlation between our five Kenai Lowland samples and
the mean geochemistry of shards from layer “Y” in the
Windy Creek area (SC = 0.95-0.97) (Pinney, 1993), indi-
cating that these distant tephra layers record the same
eruption of Mt. Augustine. Layer "Y" correlates well with
Begét samples A88-11-5 and A88-7-5 (SC=0.97 and 0.95,
respectively).

TEPHRA 1C
(MEAN SiO, = 77.40 £ 0.34 PERCENT)

Tephra | Cis identified in four widely scattered sections
in Kenai Lowland (fig. 8), and correlation within this small
sample set is good to excellent (SC = 0.93-0.98) (table
8B). This volcanic ash has the high silica content that scems
to typify tephras derived from Mt Augustine (table 3).

Comparison of shard geochemistry of tephra LC and
Augustine samples collected by Begét (unpub. data)
indicates that our four samples correlate best with
Augustine sample A88-4-2 (SC=10.95-0.97), slightly less
well with sample 87A-16A (SC=0.93-0.97), and are least
compatible with sample AB8-1-1 (SC = 0.91-0.95). In
section 18 (fig. A18), tephra 1C (KL-123) is dated >6,360 £
145 “C yr B.P. (GX-18232) and <6,801 * 55 “C yr B.P.
(GX-18225) (table 2, C4 and CS). These dates, the dating
of tephra layer “I” on Auvgustine Island, and our apparent
correlation of tephra 1B with layer “I” indicate that tephra
1C was prabably deposited in Kenai Lowland before tephra
IB (fig. 3) and that the mixing of tephras 1B and 1C in
section 53 (fig. AS8) is most likely due to redeposition of
tephra 1C.

TEPHRA 2?
(MEAN S§i0O, = 76.61 £ 0.35 PERCENT)

A layer consisting of shards of several tephras was
sampled at a depth of 2.6 m in a core collected in a peat
fen just west of Moose River along the Sterling Highway
(sheet 2, locality KEN-64; fig. A25). From this layer, a
very small (n = 3) population of shards (KL-112p4) was
separated, and we very tentatively and informalty identify
this smatl collection as tephra 2? (1able 3). Also present
are a few shards that we atrribute to tephra 3 (KL-112p3),
possible tephra 87 (KL-112p2), and an unnamed tephra
(KL-112p1). We believe that the tephras in this complex
layer are close to the same age (fig. 3) because mixing is
unlikely in this situation. A radiocarbon date for peat 0.3 m
below thjs layer in the core demonstrates that the mixed
layer is <7,725 £ 210“Cyr old (GX-18227) (tabte 2, C10).
Because of their geochemical similarities (SC = 0.95), we
speculate that tephra 2? could correlate with another
population of glass shards (ATC-644Ap1) that is archived
in the ATC, but we have no supportive mineralogic or
stratigraphic evidence. The volcano that produced the ATC
sample is not identified,

TEPHRA 3
(MEAN SiO, = 75.29 £ 0.37 PERCENT)

Tephra 3 is identified in three sections—two in the
Kenai-Sterling area and one near Homer (fig. 9). Chemi-
ca) correlations between samples are excellent
(SC =0.95-0.98) (1abie 9A). This ash is mixed with other
fine~grained tephras in sections 16, 25, and 73. As previ-
ously discussed, the setting and stratigraphy of section 25
indicate that tephra 3 (KL-112p3) is one of several tephras,
including tephras 2? and 87, that were erupted at about the
same time after 7,725 + 210 “C yr ago (GX-18227)
(fig. A25) (fig. 3). The lower mixed layer in section 73
(fig. A79) is probably the result of the sifting of shards of
a younger tephra 3 (KL-049p2) downward into an older
layer of tephra 1C (K1.-049pl). From stratigraphic evi-
dence in section 72 (fig. A77) and (Text cont’d. p. 45)
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Figure 7. Distribution of tephra 1B samples (n = 6) in Kenai Lowland relative to former limits of the Naprowne glacia-

rion. Geographic localities: AN = Anchorage; AP = Anchor Point; CO = Cohoe; HO = Homer; KA = Kasilof;
KE = Kenai; ST = Sierling.
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Figure 8. Distribution of tephra 1C samples (n = 4) in Kenai Lowland relative to former limits of the Naptowne glaciation.
Geographic localities: AN = Anchorage; AP = Anchor Point; CO = Cohoe; HO = Homer; KA = Kasilof; KE = Kenai;

ST = Sterling.
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Table 7. Similariry-coefficient matrix for samples of tephra 1A collected in Kenai Lowland

KL-001 1.00
KL-020 0.94 1.00

KL-091 0.96 0.98 1.00

KL-002 0.96 095 0.95 1.00
KL-093 0.96 0.96 097 096
KL-040 0.95 098 097 094
KL-053 0.95 0.97 097 093
KL-003 0.93 0.97 096 097
KL-094p] 0.94 097 097 095
KL-090 0.93 0.96 096 094

1.00
0.97
0.96
0.96
0.95
0.97

1.00

0.98 1.00

0.96 0.95 1.00

0.96 0.96 0.97 1.00

0.97 0.97 0.96 0.95 1.00

and section 73 (fig. A79), we are convinced that tephras 1A
and 3 are younger than tephra 1C. However, we are uncer-
tain about the temporal relation of tephras 1A and 3 and about
the relative ages of these two tephras and tephra 1B (fig, 3).

Among the tephras surveyed, sample KL-013pl of
tephra 3 correlates best with Augustine samples
87A-25A, AB8-7-2, and AR8-11-2 (Begét, unpub. data)
(§C=0.95-0.96). Our samples K1.-048, K1.-049p2, and
KL-112p3 could also relate to those proximal Augustine
samples but are apparently not from the same tephrafall
(8C =0.90-0.93).

TEPHRA 4
(MEAN 8i0,=75.21 +0.31 PBRCENT)

Tephra 4 is identified with varying degrees of certainty
in three sections in Kenai Lowland (table 3, fig. 10).
Apparently unmixed shards of tephra 4 (KL-021) were
recovered from section 39 (fig. A43), and shards (KL-111)
with apparently strong affinity (SC = 0.96) (table 9B) are
preseat in section 7 (fig. A7). However, a radiocarbon date
of 11,905 = 180 yr B.P. (GX-16521) for organic silt just

below sample KL-11t in that kettle filling makes this
correlation questionable becavse of stratigraphic relations
in other sections and because of apparently firm
correlations elsewhere {unless there is a significant
unconformity between the dated organic silt and sample
KYL-111). The setting in the floor of a kettle indicates that
a significant interval of nondeposition or erosion is
unlikely. Our best example of tephra 4 (sample K1.-021)
unguestionably overlies tephra 1A in section 39 (fig. A43)
and so must be younger than tephra 1A (fig. 3). A smali
(n = 7) population of shards attributed to tephra 4
(K1-094p2) is mixed with obviously redeposited shards
of tephra 1A (KL-094p1) in a layer that overlies apparently
undisturbed tephra LA in section 58 (fig. A63). This
stratigraphic relation also demonstrates that tephra 4 is
younger than tephra 1 A. However, the similarity of sample
KL-094p2 and samples KL-021 and KL-111 is low
(SC =0.91 and 0.93, respectjvely) (table 9B), indicating
that they could be part of the same tephra set but are
probably not from the same tephrafall.

Table 8. Similariry-coefficient matrices for samples of tephras 1B and 1C collected in Kenai Lowland

A. Tephra 1B

Ki-104 KL-016
KL-104 .00
KL-016 0.97 1.00
KL-051 0.98 0.96
K1L-060 0.98 0.97
KI.-044pl 0.98 0.96
KL-062 0.98 0.96
B. Tephra 1C

KL-004 Ki-123
KL-004 1.00
K- 123 0.98 1.00
K1.-049p1 0.97 0.98
K1.-044p?2 0.93 0.94

KL-051 KL.-060 KL-044p1 KL-062
1.00

0.97 1.00

0.97 0.97 1.00

0.99 0.97 0.96 1.00
K1-049p1 K1-044p2

1.00

0.95 1.00
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Figure 10. Distribution of tephra 4 samples (n = 3) in Kenai Lowland relative to former limits of the Naptowne glaciation.
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Table 9. Similarity-coefficiens matrices for samples of
tephras 3 and 4 collected in Kenai Lowland

A, Tephra 3

KL-112p3 1.00

KL-013pl 0.95 1.00
KI.-048 0.96 0.95 1.00
KL-049p2 0.95 0.97 0.98 1.00
B. Tephra 4
KL-021 KL-111  KL-094p2
KL-021 1,00
KL-{11 0.96 1.00
KI1.-094p2 091 0.93 1.00

Despite its apparently greater age, our sample KL-111
seems to correlate well with samples of the northeastern
lobe of the Hayes tephra complex (ATC-636, ATC-637,
and 88TL-CC of Begét, Reger, and others, 1991) from the
upper drainage of Susitna River (SC = 0.95-0.96). Thus,
there could be an unconformity below sample KL-111
(fig. A7). However, without supporting mineralogic evi-
dence, we remain skeptical of this correlation. The
northeastern lobe of the Hayes tephra complex has been
firmly dated at close to 3,700 "C yr B.P. (Riehle, 1985,
1694 Riehle ang others, 1990; Begét, Reger, and others,
1991). Sample KL-111 also seems to correlate with samples
of both the rhyodacite Devil tephra (SC = 0.95), dated at
>1,400 “C yr B.P. and <],%00 *“C yr B.P. (Dilley, 1988),
and the lower member of the Watana tephra set (SC =0.96),
dated >1,850 *C yr B.P. and <2,800 “C yr B.P. (Dilley,
1088). Mineralogical comparisons may resolve this di-
lemma. Samples KL-021 and KL-094p2 also seem to
correlate with the samples from the upper Susitna River
drainage (SC = 0.93-0.95), but without supporting
mineralogic data, we remain unconvinced.

Another voleanic ash that is possibly correlative with
tephra 4 is the ash layer represented by samples A-T1 and
B-T1 from peats on low terraces of the Kasilof River and
Kenai River, respectively (Combellick and Pinney, 1995).
Their samples are geochemically most like Hayes proxi-
mal sample 23-A of Riehle (1985) (SC =0.94-0.95) and
could have been deposited as part of the same eastward-
moving tephrafall. Combellick and Pinney (1995) dated
samples A-T1 and B-T1 at an average age of 3,530 + 70
C yr B.P,, which at 1 o is identical to the average age of
3,650 + 150 "C yr B.P. reported by Riehle (1985) for the
Hayes tephra complex in the region. Comparisons of glass
chemistry indicate that sample KL-111 most likely corre-
lates with samples A-T1 and B-T] (SC = 0.97 and 0.98,
respectively); sample KL-021 probably does also
(SC = 0.96). However, sample KL-094p2 is less likely to
be closely correlative (SC = 0.92-0.93).

Our tephra 4 data Jeave us in 2 quandry about correla-
tive tephras, but we tentatively believe that tephra 4 js part
of the widespread tephra complex that was erupted from
Hayes volcano about 3,700 “C yr ago (fig. 3).

TEPHRA 5
(MEAN §i0, = 73.88 + 0.58 PERCENT)

We recovered populations of shards anributed to te-
phra 5 mixed with shards of other tephras in four sections
distributed in a narrow, northeast-trending beh in Kenai
Lowland (table 3, fig. 11). However, we are not confident
that all of these populations represent the same tephrafall;
instead they may be part of the same tephra set (SC =0.92-
0.95) (table 10A). As previously discussed, tephra 5
(KL-086p2) and Lethe tephra (KL-086p3) are redeposited
and mixed with a younger Crooked Creek tephra (KL~
086p1)in section 66 (fig. A71). The degree of redeposition
of tephra 5 (if any) is uncertain in section 11 (fig. All),
section 41 (fig. A45), and section 55 (fig. A60), but we are
inclined to think that tephra 5 is probably not significantly
reworked there. On the basis of previously stated arguments
(see Lethe tephra discussion) and stratigraphic relations in
sections 41 and 55, we tentatively conclude that tephra 5
slightly postdates Lethe tephra in Kenai Lowland (fig. 3).

Armong the tephras surveyed. our sample K1.-015p2
correlates best with sample R-J (Riehle, 1985) from M.
Redoubt (SC =0.96). Our other three samples are less likely
10 have been erupted from that volcano (SC = 0.92-0.93).

TEPHRA 7?
(MEAN $i0, = 73.13 £ 0.41 PERCENT)

We isolated a single, small population of four shards
(KL-013p2) from section 16 (fig. A16) that we very
tentatively and informally call tephra 7? (table 3). These
shards are mixed with a small population (n = 8) of shards
that we attribute to tephra 3. Because the degree of
redeposition of both tephras is uncertain in this section, we

Table 10. Similariry-coefficient matrices for samples of
tephras 5 and 13 collected in Kenai Lowland

A. Tephra §
KL-102p2 KI-086p2 KL-129p] KI-015p2
KL-102p2 1.00
KL-086p2 0.95 1.00
KL-(29p1 0.95 0.93 1.00
KL-015p2 0.95 0.92 0.95 1.00
B. Tephra 13
KL-050p2 KL-095p2 KL-032p3 KIL-095p3
KL-050p2 1.00
KL-095p2 0.97 1.00
KL-032p3 0.96 0.96 1.00
KL-095p3 0.93 0.94 0.96 1.00
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Figure 11. Distribution of tephra 5 samples (n = 4) in Kenai Lowland relative to former limits of the Naptowne glaciation

Geographic localities: AN = Anchorage; AP = Anchor Poini; CO = Cohoe; HO = Homer; KA = Kasilof:
KE = Kenai; ST = Sterling.
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cannot comment with certainty on their relative ages.
However, if our few shards actually represent a legitimate
tephra, their major-oxide content is comparable to the
geochemistry of shards in samples R-EE and R-N (Riehle,
1985) and ATC sample ATC-644 (SC = 0.95-0.97). Our
sample conceivably could also correlate with the Oshetna
tephra (SC = 0.95), which dates >5,200 “C yr B.P. and
<5,900“C yr B.P. (Dilley, 1988) (fig. 3). The voicano that
produced these samples is not identified.

TEPHRA 8?
(MEAN SiO, = 71.2420.45 PERCENT)

As previously discussed, from a depth of 2.6 m in a
core (section 25, fig. A25) taken at lacality KEN-64
(sheet 2) we isolated a small population (n = 5) of shards
(KL-112p2) that we very tentatively and informally call
tephra 8? (table 3). The layer of mixed tephras there was
deposited after 7,725 £ 210 “C yr B.P. (GX-18227), but
this is probably not a close maximum age. The setting of
section 25 in a peat fen makes redeposition of tephra 8?
unlikely. The mixing of this fine-grained volcanic ash with
tephra 3 indicates that both are essentially coeval (fig. 3).

Assuming that the geochemistry of these few shards is
representative of tephra 82, we compared it with other te-
phras in the region. The best match (SC = 0.96) was
achieved with sample R-5-E from Mt. Redoubt (Riehle,
1985).

TEPHRA 12?
(MEAN Si0, = 74.69 + 0.23 PERCENT)

From section 55 (fig. A60), we collected a very small
population (n = 3) of shards (KL-129p2) of a tephra that
we very tentatively and informally call tephra 127 (table 3).
These shards are mixed with a small population (n = 7) of
shards that we attritubute to tephra 5 (KL-129p1). Because
the degree of reworking is uncertain in this sand-dune set-
ting, we are uncertain of the relative ages of tephras 5 and
127 (fig. 3), but we are convinced that both are younger
than the Lethe tephra (KL-128), which is stratigraphically
lower in the section (fig. A60).

Our small population of tephra 12? shards compares
geochemically with shards of a single sample (R-T) from
Mt. Redoubt (Riehle, 1985) (SC =0.95).

TEPHRA 13
(MEAN §i0, = 64.69 + 0.22 PERCENT)

From four layers of mixed tephras in three sections in
Kenat Lowland (fig. 12), we 1solated four smal} popula-
tions of shards that we informally call tephra 13 (table 3).
These shard populations are geochemically distinct and,
except for sample KIL-095p3, are chemically very similar
(table 10B). We believe that samples KI1.-032p3, KL-
050p2, and KI1.-095p?2 represent a single tephrafalt (SC =
0.96—0.97) and that sample KL-095p3 is probably part of

the same tephra set—if not part of the same tephrafall
(SC =0.93-0.96).

Although our samples apparently correlate with
Oshetna 1 tephra in the upper Susitna River drainage (ATC,
unpub. data) (SC =0.95-0.97), stratigraphic relations cause
us to be skeptical. The Oshema tephra is dated at 5,200
1“C yr B.P. and <5,900 “C yr B.P. (Dilley, 1988), consider-
ably younger than the probable age of tephra 13 in the
western Kenai Lowland (fig. 3). Stratigraphic relations in
section 22 {fig. A22) indicate that tephra 13 is likely to be
older than Crooked Creek tephra, which we date at >7,725
+ 210 C yr B.P. and <8,375 + 210 “C yr B.P. (fig. A25).

MIDDLE QUATERNARY TEPHRAS

During our investigations of the Goose Bay peat at
the type section (sheet 1, locality ANC-22), we encoun-
tered numerous thin, discontinuous layers of fine-grained
volcanic ash that did not seem to be temporally significant
(fig. A3). However, we documented two layers of tephra
that are potentially useful for dating and correlation.

GOOSE BAY TEPHRA
(MEAN SiO, = 65.74 £ 1.03 PERCENT)

Just above the middle of the Goose Bay peai is a rela-
tively thick, pinkish-gray tephra that has consistently
cropped out of the bluff face during the past 10 years that
we have watched the cliff recede in response to wave at-
tack. This tephra was severely deformed by glacier
overpressures during the Naptowne glaciation and prob-
ably during previous ice advances (Reger and others, 1995).
We informally call this distinctive tephra layer the Goose
Bay 1ephra (fig. A3). Of two samples that we collected
from this fine-grained volcanic ash, KL-027 is apparently
not significantly contaminated by shards from other tephras
(table 3). However, KI-081 contains two populations of
shards that are chemically distinct. KIL-027 apparently cos-
relates with KL-081p2 (SC = 0.97), indicating that both
samples represent the same tephra (table 11A). KL-081pl
is chemically less similar to KL-027 (SC = 0.94) and is
even less like KL-081p2 (SC = 0.92), perhaps as a resutt
of multiple ernptions from the same volcano during condi-
tions of changing magma chemistry. We koow of no
correiative tephra, including the widespread, 141-ka Old
Crow tephra in interior Alaska (Westgate and others, 1983,
1990; Westgate, 1988; Begét, Edwards, and others, 1991).

“ArfAr dating of the Goose Bay tepbra by the lager
method produced a three-sample (composite) isochron age
of 378 + 0.67 ka (Layer, 1994, written commun.). We
believe that this age is the most reliable result of several
attempts that we have made in the past 1o date the Goose
Bay peat. A previous, questionable attempt to date the
Goose Bay tephra by fission-track counts of 10,000 apatite
grains produced a calculated mean age of 92.1 ka with a
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Figure 12. Distribution of tephra 13 samples (n = 3) in Kenai Lowland relative 10 former limits of the Naptowne glaciation.
Geographic localities: AN = Anchorage: AP = Anchor Point; CO = Cohoe; HO = Homer; KA = Kasilof: KE = Kenai;
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Table 11. Similarity-coefficient matrices for samples of
Goose Bay rephra and Stampede tephra collecred
Jrom the type section of the Goose Bay peat, locality
ANC-22 (sheet 1)

A. Goose Bay tephra

KL-027 Ki-081pl KL-081p2
KL-027 1.00
KL-081pl 0.94 1.00
KL-081p2 097 0.92 1.00
B. Stampede tephra
KI-083 1.00
KL-082 0.99 1.00 .
KL-025 0.98 0.97 1.00

95-percent certainty that the actual age is less than 171.2 ka
{Riehle, 1989, oral commun,; Zimmerman, 1990, written
commun.). However, we could obtain few details on how
this result was obtained, so we remain unconvinced that
the calculated mean age is reliable. Thermoluminescence
analyses of organic silts above and below the Goose Bay
tephra in the section produced dates of 181,300 £ 18,500 yr
B.P. and 175,100 £ 11,500 yr B.P,, respectively (fig. A3),
but we consider these results to be unreliable becanse of
uncertainties in the amount of time that the local sediments
were Saturated. As previously discussed, radiocarbon dating
was also unsuccessful because the peat is otder than the
maximum range of the method.

If the ®Ar/Ar date is reliable, the Goose Bay peat is

middle Pleistocene in age as are the underlying Knik till
and associated deposits (fig. A3). This means that the Knik
glaciation (s much older than envisioned by previous
workers (Karlstrom, 1957, 1964; Miller and Dobrovolny,
1959). The Knik till and overlying lacustrine sediments
are paleomagneticatly normal, indicating that they are
younger than 730,000 yr (fig. A3).

STAMPEDE TEPHRA
(MEAN 8i0, = 77.50 + 0.23 PERCENT)

Stratigraphically underlying the Goose Bay tephra in
the lower part of the Goose Bay peat is a thin, light-col-
ored, high-silica tephra couplet from which we collected
samples KL-025, KL-082, and KL-083 (table 3, fig. A3).
The presence of the two closely spaced Jayers that form
the couplet indicates that two tephrafalls were likely in-
volved, but the very consistent geochemistry among the
three samples (SC = 0.97-0.99) indicates that they almost
certainly came from the same source (table 11B).

Begét (1992, oral commun.) first correlated this tephra
with his Stampede tephra in interior Alaska (Begét and
Keskinen, 1991). Comparisons of the glass geochemistry of
our samples with Stampede tephra samples ATC-669, ATC-
670, and ATC-68S5 support this correlation (SC =0.96-0.99).
Counts of a small number of glass-coated ferromagnesian
grains in our samples (table 12) also compare favorably with
counts by Begét and Keskinen (1991, table 4), although they
differ slightly. We document slightly less homblende and did

_ not find biotite or rutile. We believe that our high similarisy-

coefficient vatues and our very similar ferromagnestan counts
are permissive if not conclusive evidence for the correlation
suggested by Begét.

Table 12. Abundances of glass-coated ferromagnesian grains in three tephra samples from the lower Goose Bay peat,

locality ANC-22 (sheet 1)
A Actual grain counts
Numbe a
Te ample cpx opx
KL-025 2 15
KL-082 5 15
KL1-083 4 6
TOTAL 11 36
B. Relative-abundance classes®
mple (904 opX
KL-025 S A
KL-082 N C
KL-083 S c

. Frequency (%)
hbd Total cpx;opx:hbd
3 20 10:75:15
12 32 16:47:37
8 18 22:33:45
23 76 -
fibd
S
C
C

*Abbreviations: cpx = clinopyroxene; opx = orthopyroxene: hbd = hornblende.
*Classes indicate relatjve grain conients in (he populationg counted: A = abundant (>50 perceat); C = common (30-50 percent); S = scaree

(10-30 perceot).
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Assuming that the “Ar/Ar age of the Goose Bay
tephra is correct and that correlation of the lower tephra
couplet with the Stampede tephra is valid, evidence in the
Goose Bay section demonstrates that the Stampede tephra
is stightly older than 378 £ 0.67 ka but is middle Quaternary
in age (fig. A3). Deformation of Stampede tephra during
the Lignite Creek glaciation in Nenana River valley (Begét
and Keskinen, 1991) had to occur later in middle
Quaternary time in the type area of the Lignite Creek
glaciation (Thorson, 1986).

FOSSILS

We collected fossils from late Quaternary deposits in
the eastern and northern Cook Inlet region with the intent
of dating the sediments and gathering information on depo-
sitional conditions. A total of 12 macrofossil assemblages
were collected from the Bootlegger Cove Formation (BCF)
(table 13).

MIDDLE INLET COLLECTIONS

BCF collections F4 and FS from the Kenai-Kalifornsky
area along the eastern shore of Cook Inlet are depauperate
in species compared to collections from upper Cook Inlet.
Generally, only scattered, broken, calcareous barnacle
plates were found, although rare whelk shells were recov-
ered at Kenai, Large barnacle plates are identified as
Balanus evermanni in the Kenai section (fig. A20). This
robust barnacle is typically found living in deep marine
waters in Prince William Sound, where tidal currents are

strong (Foster, 1994, oral commurn:). A sample of silty sand
and one of pebbly diamicton from the Kenai section were
submitted for microfossil analysis, including determina-
tion of their foraminiferal, ostracod, and diatom contents.
The sand sample was barren, and in the diamicton a single
Diaroma sp. was identified (Micropaleo Consultants, Inc.,
1993, written commun.). We believe that this specimen is
probably recycled from Tenjary rocks in the Cook Inlet
Basin and has no Quaternary significance. The stratigra-
phy at Kenai indicates that B. evermanni lived on the surface
of a sandy submarine fan in front of a tidewater glacier.
This fan was overridden when the glacier advanced south-
eastward, and the saturated fan sediments were folded and
fanlted (fig. A20) when the base of the tidal glacier came
into contact with the inlet botom. The tidal range is up to
9 m at Kenai, and we speculate that contact occurred dur-
ing low tides. Dating of the B. evermanni plates
demonstrates that the tidal glacier was at Kenai shortly af-
ter 16,480 £ 170 MC yr B.P. (1ables 2 and 14), during the
Killey stade of the Naptowne glaciation (Reger and Pinney,
1996). This important section also demonstrates that a
marine connection existed between middle Cook Inlet and
the North Pacific Ocean as easly as 16,500 “C yr ago.
The meager BCF macrofauna (FS) from the bluff at
Kalifornsky consists of rare, broken barnacle plates
(table 13), which we date at 16,000 + 150 and 16,090 +
160 *C yr B.P. (tables 2 and 14). Schmoll and Yehle (1983,
1986, loc. B5) and Schimoll and others (1984, foc. B7) re-
ported a date of 16,340 + 140 “C yr B.P. (W-4937) for
Balanus sp. plates from silt and clay assigned to BCF in
the Kalifornsky beach bluff but did not provide specific

Teble 13. Composition of macrofossil collections from the Bootlegger Cove Formation in the middle and upper Cook Inlet

region

Species

Macrofossil collection*

Elb

3
3

Fa
Class Pelecypoda

Clinocardium ciliarum
Hiatella arctica
Macoma balthica
Macoma calcarea
Mpya runcata
Nuculana fossa

Class Gasoopoda
Buccinium cf. glaciale -
Natica clausa -
Class Cirripedia

Balanus sp. X
Balanus evermanni -

(I B )

o T T I B )

I XX XXX
|

>
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X 1
[
(I I |
[ B |
I > > |
ol x|

Eal L B

*See table 1 and sheets 1. 2, 4, and 3 for locations of sample sites.
*Localiry D of Schmoll and others (1972).

Mile 99.5 Seward Highway locality of Bartsch-Winkler and Schmoll (1984, p. 29)
9In growth position in marine clay with some silt and numerous dropstone pebbles.
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Table 14. Radiocarbon ages of macrofossil collections from the Bootlegger Cove Formation in the middle and upper Cook

Inlet region

Fossil Map index Radiocarbon age
collection® number® {("CyrB.P)
Fl ANC-33 13,750 + 500
F2 ANC-36 14,300 + 140
F3 ANC-39 14,100 + 90
F4 KEN-53 16480 + 170
FS KEN-103 16,000 = (50
16,090 = 160
Fé SEW-3 14,290 = 140
F7 SEW-4 13,718 £ 160
F8 SEW-? 14,160 £ 140
F§ SEW-8 14,200 £ 100
F10 TYO-8 13,994 + 90
F1l TYO-9 13,470 = 120
F12 TYO-10 14,078 = 214

Laboratory number

Source

W-2389 Schmoll and others (1972, loc. D)
AA-2226> Reger and others (1995, loc. I)
GX-19989% Reger and othess (1998, loc. K)
WSU-4304¢ This study

GX-16528> This study

GX-16527

GX-16524% Reger and others (1995, loc. X)
GX-20129% Reger and others (1995, Joc. U)
GX-16529% Reger and others (1995, lec. V)
GX-17133% Reger and others (1995, loc. W)
GX-20127% Reger and others (1995, loc. P)
AA-2227° Reger and others (1995, loc. N)
GX-20128% Reger and others (1993, loc. M)

See table | and sheets 1, 2. 4, and S for locations of sample sites.
®Atomic- mass-spectrometer (AMS) date.

¢Sample corrected for nalural isolopic fraclionization based on “'C content.

coordinates. We assume that their ocality is the same as
our section 45 (fig. A50) or close to it because this is the
only BCF section in which we found barnacle plates along
Kalifornsky beach. From section 45 we submitted five
samples of sandy mud for analysis of their foraminifera,
ostracod, and diatom contents in an effort to reconstruct
conditions during BCF deposition. No ostracods or dia-
toms were found in any of the samples. Only one sample
contained rare Elphidium incertiun (three juveniles) and
Bucella cf. frigida (two juveniles) (Micropaleo Consult-
ants, Inc., 1991, written commun.), From this preliminary
test we conclude that very cold glacioestuarine conditions
of variable turbidity and salinity probably existed in middle
Cook Inlet about 16,000 "*C yr ago. The stratigraphy in
section 45 (fig. A50) indicates that debris-laden icebergs
probably floated at least as far south in Cook Inlet as the
Kalifornsky area 16,000 “C yr ago and, as they melted,
they rained sili, sand, and occasional dropstones onto the
inlet floor, burying the barnacle plates. Like at Kenai, these
plates were not found jn growth positions but were prob-
ably swept along the bottom by strong tidal currents.
Soft-sediment deformation of laminated clayey silts at the
base of the bluff near the section indicates that the icebergs
dragged their keels during low tides. Overtusming of folds
toward the southeast indicates that the icebergs were mov-
ing from the northwest at the time. However, this
deformation does not necessarily refiect the ultimate source
of the glacier ice; it could result from begg movement in
response to tidal custents or wind, or both.

From the extensive exposure near the mouth of Kasilof
River (sheet 2, loc. KEN-117), we submitted two samples
of pebbly diamicton for microfossil analysis. Both samples

contained very rare to rare diatoms identified as Tetracyclus
cf. lacustris, Diatoma? sp., Pinnularis sp., and Melosira
granulara (Micropateo Consultants, Inc., 1993, written
commun.) (fig. A57). All are freshwater diatoms. Plafker
(1956) found Tetracyclus, Pinnularis, and Melosira in di-
atomaceous earth of Holocene age north of XKenai, where
Melosira is panticulasrly abundant. We believe that the sec-
tion at the mouth of Kasilof River was deposited in a very
cold freshwater conditions and could slightly predate the
section at Kalifornsky.

UPPER INLET COLLECTIONS

Macrofossils were collected from the BCF at 10 sites
in the bluffs along Knik Arm and Tumnagain Arm (table 13).
These collections are dominated by up to six species of
pelecypods, and minor elements include two species of
gastropod and unidentified barnacle plates. With the
exception of Mya truncaia valves in collection Fit
(table 13), which were collected in pairs in growth position
in a silty clay with numerous pebble dropstones, we cannot
verify that our macrofossils lived where they were found.
Indeed, we postulate that, for a brief time after their deaths,
most faunal remains would have been ransported from their
living sites on the bottomn of upper Cook Inlet by strong
tidal currents. Collections of unidentified motlusk shells
from the macrofossil-nich zone in upper BCF in the Knik
Arm and Turnagain Arm area are reported by Schmoll and
others (1972), and a single collection of unidentified shells
is reported from the thick BCF exposure near the mouth of
Beluga River in western upper Cook Inlet (sheet 5, loc.
TYO-7) (Schmoll and others, 1984; Schmoll and Yehle,
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1986). Our BCF fauna from upper Cook Inlet is rich in
species compared to the modemn Macoma balthica fauna,
which has probably existed in upper Cook Inlet for at Jeast
6,000 “C yr (Bartsch-Winkler and others, 1983; Bartsch-
Winkler and Schmolt, 1992; Combellick and Reger, 1994,
loc. 92-20). With the exception of M. balthica, cxtant
species of pelecypods represented in the BCF fauna are
not known north of Kachemak Bay in Jower Cook Inlet
(Science Applications, Inc., 1977; Baxter, 1983; Foster,
1991; Kimker, 1994, oral commun.). There and in western
lower Coolk Inlet, they live in clear, locally turbulesit marine
waters. Hiatella arctica, Macoma balthica, Macoma
calcarea, and Mya truncata persist in a variety of habitats
from jntertidal and sublittoral zones to depths of hundreds
or even thousands of meters (Baxter, 1983; Foster, 1991).
Macoma balthica has a great wolerance for both turbid
waters and a broad range of salinities and is the only species
of clam that tolerates the brackish, turbid conditions on
tidal flats in upper Cook Inlet. M. calcarea also tolerates a
broad range of salinities but lives in less turbid waters
(Foster, 1994, oral commun.). Thus, the telatively complex
macrofauna indicates that, at least during deposition of the
macrofossil-rich zone of the upper BCF, watess in upper
Cook Inlet were probably less turbid and more saline than
the estuarine waters there today, even though the widespread
presence of dropstone-rich facies indicates the presence of
tidewater glaciers (Reger and others, 1995). We speculate
that conditions in upper Cook Inlet then were similar to
present conditions in some of the fjords along the coast of
southcentral and southeastern Alaska, except that the waters
were more tide dominated.

Schmidt (1963) first reported marine foraminifera and
ostracods from the sheli-rich zone on the south side of Knik
Arm near locality ANC-43 (sheet 1). Freshwater micro-
fossils are reported from several BCF zones in the
Anchorage area (Schmoll and Yehle, 1986). Most workers
agree that the microfauna in various parts of the BCR indi-
cate widely variable conditions of salinity, but no
systemmatic, intensive study of the distribution of BCF
microfossils has been published.

Dating of the BCF proper in upper Cook Inlet is
restricted to the sheil-rich zone in the upper part of the
formation. Shells of marine mollusks from this zone range
in age from a minimum of 13,470 % 120 “C yr B.P.
(table 14, F11) to 14,900 + 400 '“C yr B.P. (table 2, C79).
Schmoll and Yehle (1986) reported an age of 14,350 =
200 “C yr B.P. for marine mollusk shells from BCF near
the mouth of Beluga River (table 2, C78). Organic silt at
the base of freshwater peat overlying BCF on Fire Island
is 12,250 * 140 “C yr old (table 2, C57), providing a firm
minimum age for BCF in the upper Cook Iniet region.

SOIL PROFILES

Soil development was considered important evidence

for assigning ages to moraines in the Cook Inlet region by
Miller and Dobrovolny (1959) and Karlstrom (1964). To
evaluate the validity of their faith jin this relative-age pa-
rameter, we briefly examined soil profiles on Naptowne
moraines in three different parts of the region. The ages of
these moraines were determined by physiographic and
stratigraphic evidence other than soils. To minimize varia-
tions in rates of soil development due to different
topographic position (Birkeland and others, 199 1a; Bermry,
1994), we measured profiles on flat summits of large mo-
raines, except for the rounded crest of the smalt 9,900-ys-0ld
moraine in Turnagain Pass (table A9).

The soils that are developed on the moraines in the
areas we studied are spodisols. During profile formation
(podzolization), leaching by organic acids results in
development of a subsurface spodic (B) horizon by the
down-profile translocation of a complex of iron, aluminum,
manganese, clays, and organic matter (Rieger, 1983;
Birkeland, 1984). This horizon is enriched in clays and
iron sesquioxides or humic iron sesquioxides that initially
result in a yellowing of the B horizon and later in reddening
and brightening as more and more of these compounds
accumulate as grain coatings, bridges, and cements. Where
leachking is advanced in the upper part of the spodisol
profile, removal of iron and aluminum by fulvic and other
humic acids produces a very light colored albic (B) horizon
just beneath the mat of surface vegetation.

STERLING PROFILES

Our objective in documenting soil profiles in the type
area of the Naptowne glaciation (Karlstrom, 1964) was, if
possible, to establish a Naptowne chronosequence that we
could relate to the entire Kenai Lowlang.

The youngest profile, S3, was measured in a pit close
1o section 44 (fig. A48) at 89 m elevation on the flat crest
of the type Skilak moraine (sheet 2, Joc. KEN-101). The
section exposed 54 cm of loess overlying 8 cm of sandy
pebble-gravel till of Skilak age. There is some local frost
disturbance in the loess, and pebbles are thinly capped
with silt and clay, demonstrating some minor downward
migration of siit and clay through the profile. The E horizon
1s as thick as 6 cm (fig. A49, table AS). Depth to the bottom
of the B horizon is 17 cm. The moist field color of the Bs
subhorizon is a light olive brown, and there is a slight
increase in the content of silt and clay over subhorizon
Bw? (fig. A49). Both silt and clay gradually decrease
downward through the profile.

The intermediate profile, S1, was measured at 101 m
elevation on the flat crest of the type Killey moraine
(sheet 2, loc. KEN-79). Our soil pit was dug about 10 m
south of section 31 (fig. A33), and the eolian sand layer is
missing. Instead, 28 cm of loess overlies a sandy and pebbly
till of Killey age. In this profile, silt-clay caps are weakly
developed on pebbles through the entire section,
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demonstrating the presence of illuvial silt and clay in the
profile (fig. A34). Differentiation of the B subhorizons is
slightly more progressed in the Killey-age profile than in
the Skilak-age profile, and they are slightly thicker (fig. 13).
Comparison of the Bs horizons in both soils demonstrates
that the hue in the Killey-age profile (10YR) is slightly
more reddish than in the Skilak-age profile (2.5Y) (1ables
Ad and AS). Profile S1 has a markedly higher clay content
and has the highest content of visible volcanic ash of the
three sections studied.

The oldest Naptowne-age profile (S2) was documented
at 91 m elevation on the flat crest of the type Moosehorn
moraine (sheet 2, loc. KEN-80). The test pit was dug about
S m from the pit in which section 32 (fig. A35) was mea-
sured. The loess cover is 13 cm thinner in the soil test pit,
Silty pebble coatings are present throughout the section
(fig. A36). There is incipient ped development in horizon
Bs, which definitely has a more reddish hue (SYR) than
the Bs horizon in the Killey-age profile (t0YR) (tables A3
and A4). However, the bottoms of the B horizons are at
about the same depth in both soils.

These three profiles are located in equable conditions
of loess rain, materials (same tiil source), ¢limate,
vegetation, and there has been a history of fairly frequent
wildfires. The main difference between the profiles should
be the time of soil formation. However, we are not satisfied
that our three Naptowne-age profiles constutute a reliable
chronosequence. The Moosehorn-age profile (S2) appears
to be very young for a soil that has been developing for
about 18,000 “C yr (Reger and Pinney, 1996). We suspect
that this profile has been uncated at some time in the past
and is more representative of a profile that is intermediate
in age between a Skilak profile and a Killey profile. This
complex history may explain the inconsistent development
of soil parameters among the three profites (fig. 13). The
magnitude and intensity of frost disturbance of the loess
especially is an unevaluated condition that complicates
profile development. The presence of at least one tephra
layer in the Bw horizon of the Killey-age profile (table A3)
and the likely presence of tephras in loess in the other
profiles also complicates profile interpretation. Clearly,
more profiles need to be documented and evaluated before
a reliable chronosequence can be developed.

KACHEMAK BAY PROFILES

Profile S4 was documented in a test pit at 123 m ¢l-
evation on the flat crest of the lobate moraine built by the
Moosehom advance of the Kachemak Bay lobe just south
of Anchor River (Reger and Petrik, 1993) (sheet 3, loc.
SEL-7). This pit was dug near section 72 (fig. A77) and
exposed 62 em of loess, tephras, and redeposited tephras
over sandy drift (fig. A78). The E horizon is 2 to 10 em
thick, and the B horizon is strongly differentiated with Bw,

Bs, and Bhs subhorizons that range in moist colors from
reddish brown to very dusky red (table A6). However, this
color change is complicated by the presence of volcanic
ash in subhorizon Bs. In fact, the entire profile, wiih its
multiple soils and numerous tephras, is complicated and
difficult to interpret.

We measured profile S5 at 342 m elevation on the crest
of the lateral moraine of the Moosehom advance of the
Kachemak Bay lobe (sheet 3, loc. SEL-13). The test pit
was excavated close to the pit where we had earlier mea-
sured section 93 (fig. A79). The soil pit exposed 61 cm of
loess and tephras over sandy drift, but the profile, although
complicated by the presence of a buried soil, is simpler
than profile S4. The E horizon in profile S5 is discontinu-
ous and up to 3 cm thick (fig. A80, table A7). Development
of the B subhorizons is well advanced in both the surface
and buried soils. In the buried soi), the Bhs subhorizon has
a very dusky red moist color, and there is no recognized
Bw subhorizon. In the surface soil, the Bhs subhorizon is
also very dusky red, and the Bw subhorizon is dark red-
dish brown.

Comparison of the two soil profiles studied near
Homer with soil development in the type area of the
Naptowne glaciation is complicated by a higher rate of
loess influx (including significant volcanic effiuents),
buried soils, different vegetation, and a much wetter climate
with cloudier, slightly cooler summers in the Homer area,
Wildfire frequency in the coastal rainforest, which is
dominated by Sitka spruce, is undoubtedly much lower
than in the mixed woodiand of black and white spruce and
hardwoods, which indicates a modified continental or
continental climate in the Sterling area. The higher
production of organic acids in the Homer area, due io
greater rainfall and a mose persistent, Jusher vegetation,
is indicated by (a) the presence of Bh and Bhs subhorizons
in the Moosehom-age soils there and (b) the absence of
these subhorizons in the Moosehom profile (S2) in the
Sterling area.

TURNAGAIN ARM PROFILES

We recorded soil profile characteristics at two
localities in the vicinity of Turnagain Arm. Soil profile
S6 (fig. AB3, table A8) was measured at an elevation
of 25 m on the flat crest of the Elmendosf-age Bird
Creek moraine, which is close to 14,000 “C yr old
{Reges and others, 1995) (sheert 4, loc. SEW-2). In this
profile, podzolization is slightly morse advanced than
in the slightly older Skilak-age profile (53) in the
Sterling area. In the Elmendorf-age soil, the Bs
subhorizon is 5 cm thicker and slightly redder (table A8)
than the Bs subhorizon in the Skilak-age soil
(table AS5)—yet the parent tills for both soils are derived
from the same terrane and have an unweathered olive-



9¢

9-¢6 suonvSusaawy fo riodsy

A . szand c‘lay content, s(%) o Siti and clay content (36) Silt and elay content (%)
(AN r 7 ¢ & «u ¢ 2 4 ¢ 8 10 0 2 4 6 8 10
E\“‘\ '/ 1 1 i E 1
1 3 14 6.2 E a— 4.1
Bz i . . ‘
10 - oA B 1.5 5.9 4 Bs g—o‘s :
By k : Bw? [ .
20 - . ¢
Bw 2.0 — 87 |
— 0.4
30 f - g
\E 2Cox : —16 2C0x / /—*2.9 -I S
_% ‘0 04 // 1.2 Cox 1 1.5
[ | : ]
)
B
50 -4 2w 13 i ‘
o 0'3 /
60— 20y K 1.5 _J 2Ca : 1.0
—t—03 T ] 0.3
Total depth = 61 cm Total depth = 62 ctn
70 | ; ;
Profile $1: type Killey moraine Profile $3: type Skilak moraine

— L] s

Total depth = 74 cm
Profile 82: type Mooschorn moraine D ol

Figure 13. Comparison of soil profiles developed on type Moosehorn, Killey, and Skilak maraines in the type area of the Naptowne glaciation. Numbers for silt and
clay comtent given 1o 0.1 percent to show values <1 percent. Soil horizon terminology slightly modified from system proposed by Birkeland and others

(1991b}.




Catalog and Initial Analyses of Geologic Daa, Cook Inlet Region, Alaska 57

gray color. The Bs subhorizon in profile S6 could be
disturbed by frost action.

Soil profile S7 (fig. A84, table A9) was documented
at an elevation of 297 m on the crest of a smali 9,900-yr-
old moraine of latest Elmendorf age in Tumagain Pass in
the Kenai Mountains (sheet 4, Joc. SEW-12). This is the
youngest profile that we documented. Development of the
spodic horizon is very advanced, as indicated by signifi-
cant reddening and darkening of the B subhorizons
compared to the olive gray of the parent till (table A9),
The degree of change in hue in the Bhs and Bh subhorizons
in profile S7 exceeds the greatest color change in the old-
est Moosehomn-age soil in the Sterling area, and the B
horizon is 18 cm thicker (table A3). Silt and clay caps are
present in the Bhs, Bw, and Cox subhorizons. In the Bw
subhorizon, the caps are a very bright dark-reddish brown
and are moderately thick. Mottling of the Cox subhorizon
could be due to frost action.

Soil horizons are strongly differentiated in profiles S6
and S7, which are younger than the profiles we measured
on ofder moraines in Kenai Lowland. In our opinion, this
strong horizon development reflects the very moist
maritime climate of the Kenai Mountains. Burned spruce
stumps at the site of profile 86 and small-diameter trees in
the mixed conifer and hardwood woodland there are
evidence of a fairly recent wildfire. Well-developed Bh
and Bhs horizons demonstrate that humic-acid production
has been intense beneath the subalpine vegetation at the
site of profile S7, which is the younger of the two sites.
Fire frequency at profile S7 was undoubtedly very low—if
not zero—during the Holocene, so plant cover has probably
remained generally undisturbed in Turnagain Pass.
Precipitation increases dramatically with elevation in
Alaska’s coastal mountains, so there was almost certainly
adequate moisture for producing considerable fulvic acid
in Turnagain Pass.

DISCUSSION

Comparison of hue and chroma values for horizons in
profiles on the type Skilak, Killey, and Moosehom moraines
(tables A3-A35) clearly shows progressive reddening
{changes of one to four hue units) and brightening (changes
of one to six chroma units). As previously stated,
interpretation of these values in two Moosehorm-age profiles
in the Kachemak Bay area (tables A6 and A7) is difficult
because of the complex stratigraphy and complicated
histories of soil formation and loess deposition. However,
differences of up to five hue vnits and five chroma units in
horizons compared to the parent material indicate
significant profile development. Two profiles of latest
Wisconsin age in the vicinity of Turnagain Arm (tables A8
and A9) show remarkable reddening (changes of two to
five hue units) and brightening (changes of one 10 five

chroma units) despite their youth relative to other Naptowne
profiles. Clearly, rubification is locally progressive in older
soil profiles of Naptowne age. However, we did not record
dry soil color and could not calculate rubification indexes
(Harden, 1982) for the seven profiles that we document.
Complex local stratigraphy and the presence of numerous
tephras in the profiles also frustrated our calculations of
profile development indexes (Harden, 1982).

Qur documentation of soil profiles in these three areas
and casual observations of soils and vegetation elsewhere
in the study region convince us that significant
environmental gradients have existed in the past and still
persist, even locally. These gradients affect rates of soil
formation and seriously complicate the use of soils to date
landforms. Because climate and vegetation are relatively
continental in the area of the type Naptowne moraines and
retatively maritime near the Cook Inlet coast and becanse
annual precipitation increases with elevation {especially
n the Kenai Mountains), rates of soil development are faster
near the coast and at higher elevations than in low-level
inland sites. Moraines that are known to be of the same age
based on physiographic and stratigraphic relations bear very
different soils in different areas.

TILL-SOURCE STUDY

During the last major glaciation of Cook Inlet, ice
entered the basin from centers of snow accumulation in
the surrounding uplands, including the Kenai Mountains,
the Chugach Mountains, the Talkeetna Mountains, and the
Alaska-Aleutian Ranges (Schmoll and others, 1984, fig. 5).
Sources of the resulting glacial deposits are obvious in the
mouths of glaciated valleys or in moraines that are clearly
related to nearby uplands. However, the dynamics of former
glaciers were very complicated in parts of the upper Cook
Inlet trough—for example, in the Swanson River-Moose
River area—where ice could have come from several
directions, depending on glaciological conditions in the
uplands or conditions in the area of deposition. As a further
complication in these areas, there likely was overriding and
reworking of deposits from a given source by ice from other
sources as conditions changed in ice-accumulation areas
and in the basin of deposition.

Karistrom (1964, plates 3 and 4) first plotted the
distributions of moraines in the Cook Inlet trough and
showed his interpretation of the extents of ice lobes from
different sources by designating interlobate and other
moraines. Our model of the Naptowne glaciation in this
region evolved primarily from the study of landform
distribution and interrelations and from stratigraphic
evidence (Reger and Pinney, 1996). We commonly disagree
with Karlsteom's (1964) interpretations of the ages and
sources of various moraines, particularly in areas such as
the northeastern Kenaj Lowland, where landforms are
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complex and till source is questionabie. To test the validity
of our model and develop a better understanding of the
Naptowne glaciation, we collected 109 till sarnples and 92
collections of till pebbles o provide sedimentologic
evidence that is independent of the evidence on which our
model was developed. We reasoned that the compositions
of the fine fractions and pebbles of the till samples reflect
rock types in the source areas of the glaciers that deposited
the titls.

METHODOLOGY

During ull sampling, great care was taken to collect
only those samples that are not modified by running or
standing water. Thus, we generally bagged basal tills and
not ablation tills, and we tried to collect both matrix mate-
rial and pebbles at each sample site, although this was
possible at only 85 localities (table 1). Bag samples of tili
matrix were first seived into six size fractions, and then,
after weighing, we measured the total isotropic magnetic
susceptibility of each size fraction. Work by Vonder Haar
and Johnson (1973) and Gravenor and Stupavsky (1974)
demonstrated that isotropic magnetic susceptibility, which
is a function of the amount of ferromagnetic minerals (gen-
erally magnaetite) in the sample, is usefud for classifying
and correlating tills. Chernicoff (1984) used isotropic mag-
netic susceptibility to establish the provenance of two tills
in Mionesota. Our till-matrix experiment is based on the
premise that isotropic magnetic susceptibilty provides a
reliable indirect measure of bedrock types in the source
areas of the tills in the Cook Inlet trough.

Weights of magnetic-susceptibility samples were mea-
sured on a Mettler Blectronic Scale, model PE-200, which
has a capacity of 0.01 to 120 gm. Initially, three readings
of the total magnetic susceptibility were made of each
matrix sample by using a Bartington Instruments Magnetic
Susceptibility Meter, model M.S. 2, and a Bartington In-
struments Sensor, type M.S. 2B, which has a dual frequency.
These readings were taken on the low-frequency setting,
which provides readings in CGS units and has a scale fac-
tor of 0.1. Next, the means of the three initial readings were
calculated. Because values measured by the instrument vary
with the volume of the sample (which controls the number
of ferromagnetic mineral grains present) and not all samples
had the same volumes, we standardized mean magnetic-
susceptibility readings to absolute units per gram of sample
(table 15).

Pebble coilections were initially washed and then each
pebble was broken to expose a fresh surface. The lithol-
ogy of each pebble was assigned to one of four general
categories (1able 16). We propose that the lithology of till
pebbles provides a second reliable indicator of bedrock
types in till-source areas.

On the basis of its location, each sample was injtially

assigned by the proposed model to a particular source area.
Most samples from the Talkeetna Mountains, Matanuska
Valley, Chugach Mountains, Tumagain Arm, and Kenai
Mountains were considered to be unambiguous because
they were collected from moraines clearly related to these
areas. However, only 23 of 48 till-matrix samples (48
percent) and 18 of 45 pebbles collections (40 percent) were
cleasly derived from the west side of Cook Inlet. For
simplicity, in the glaciation model to be tested the majority
of samples that were collected in Kenai Lowland outside
of moraines obviously related to the west side of Cook
Iniet and to the Turnagain Arm aud Skilak Lake lobes
(sheet 2 and table }) were arbitrarily and questionably
assigned to the west side of Cook Inlet. Samples of uncertain
affinity were also collected from the “interlobate area” of
the Matanuska-Knik tobe (Reger and Updike, 1983a), and
other ambiguons samples were questionably assigned to
Turnagain Arm and Kenai Mountains.

INITIAL RESULTS AND ANALYSIS

Our analysis began with a calculation of mean values
and standard deviations for the collections of samples from
each source area (tables 17 and 18). Next, simple plots
were made to relate the magnetic susceptibilities of till-
matrix collections representing the six unambiguous source
areas. Among these collections, mean magnetic suscepti-
bilities clearly differentiate three groups of sources: (a) west
side of Cook Inlet, (b) Talkeetna Mountains-Matanuska
Valley, and (c) Chugach Mountains-Turnagain Arm-Kenai
Mountains (fig. 14). Mean magnetic susceptibilities are
relatively high in tills that are clearly derived from the west *
side of Cook Inlet, which is underlain by late Mesozoic
and Cenozoic plutonic and associated volcanic,
metasedimentary, and sedimentary rocks, including coal-
bearing rocks of the Cook Inlet trough (Bamnes, 1966;
Magoon and others, 1976; Reed and others, 1983). Inter-
mediate mean magnetic susceptibilities characterize tilt
collections from the Talkeetna Mountains and Matanuska
Valley. These terranes are dominated by Mesozoic and
Cenozoic plutonic and metamorphic rocks of the Talkeetna
batholith and associated sedimentary and volcanic rocks
of Cenozoic age, including coal-bearing rocks of the Wish-
bone Hill coal district, as well as rocks from the stightly
metamorphosed Mesozoic melange and flysch terranes of
the northern Chugach Mountains (Ray, 1954; Bames and
Payne, 1956; Bames, 1962; Magoon and others, 1576;
Winkler, 1992). Mean magnetic susceptibilities are rela-
tively low in tills that are clearly derived from Mesozoic
terranes dominated by slightly metamorphosed melange and
flysch sequences in the Chugach Mountains, Turnagain
Arm, and Kenai Mountains (Martin and others, 1915;
Barnes and Cobb, 1959; Clark, 1973; Magoon and others,
1976; Winkler, 1992). On the basis of (Text conr'd. p. 63)
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Table 15. Standardized mean magnetic susceptibility of six size fractions in 109 till samples collected in the Cook Inlet
region. See table I and sheets -5 for sample locations

Size fraction

<1 <0 <1® Q® 30 <4 P
Sample 200 2P 2. ¢ >3 >4 =50
Ml 1.3 1.3 1.2 1.7 3] 29
M2 1.2 1.0 1.4 3,6 S.0 3.5
M3 0.9 1.2 1.4 (.8 23 23
MS 1.0 1.2 1.1 l.1 1.7 1.7
M6 08 0.8 1.0 2.8 4.0 2.0
M7 1.2 1.4 1.4 3.9 74 5.6
M8 0.8 0.8 0.7 0.7 1.) 1.0
MO 1.0 1.0 1.3 6.8 13.2 8.9
MI10 1.7 2.6 1.7 34 56 7.0
MI1 0.9 1.0 1.) 1.2 1.7 1.5
MI12 0.9 0.8 0.9 2.1 44 3.8
MI3 1.2 1.5 1.5 3.1 3.6 3.1
Ml14 0.9 1.0 1.0 1.5 2.0 2.0
MI15 1.8 2.8 2.8 4.8 2.8 2.4
M16 1.1 1.1 1.1 1.6 23 : 2.4
M17 1.5 1.4 1.5 2.0 3.5 4.4
MIB 1.5 1.6 1.8 4.7 7.5 4.9
MI18 1.2 1.3 1.2 1.6 22 2.1
MI19 2.5 2.3 2.4 3.6 5.5 5.3
M20 23 2.0 2.3 4.4 78 8.8
M21 23 24 . 2.6 8.9 13.8 8.4
M22 1.4 1.9 2.1 3.2 58 5.0
M23 1.7 1.8 1.8 5.5 34,9 12.8
M24 3.6 4.2 4.7 26.0 413 164
M235 1.6 2.0 3.4 6.1 11.5 7.3
M26 6.0 6.7 5.2 8.4 27.0 28.9
M27 6.4 6.6 5.6 10.1 21.6 17.6
M28 28 3.0 3.2 7.2 13.2 8.2
M29 1.2 1.7 1.8 2.8 3.2 2.5
M30 1.1 1.3 1.5 35 44 39
M31 1.6 1.2 1.9 3.0 4.5 33
M32 20 2.6 3.2 33 33 2.8
M33 6.6 6.6 6.5 10.7 19.9 15.1
M34 4.3 4.7 s.6 16.3 48.3 18.3
M35 80 2.9 6.4 1L.9 253 17.2
M36 1.7 1.7 2.4 5.6 12.4 8.9
M37 86 8.9 6.8 12.7 40.3 21.9
M38 4.6 54 5.6 17.1 388 25.0
M39 34 4.1 4.1 1.5 8.5 8.4
M40 10.5 4.0 4.3 1.3 34.5 20.1
M41 26.7 23.6 20.2 27.0 42.5 14.5
M42 33 4.5 4.8 1.1 26.5 344
M43 14.6 14.3 12.7 24.8 37.2 33.7
M44 2.8 3.5 4.5 11,5 26.8 15.3
M45 49 4.6 8.3 440 5.6 23.2
M46 16.6 20.3 22.1 58.5 17.9 46.6
M47 219 21.7 22.1 336 53.8 46.7
M48 17.7 21.0 21.0 44.9 1.5 49.7
M49 15.9 1.2 8.5 14.4 26.9 29.0
M50 7.2 6.3 53 10.9 15.4 17.5
MSI 10.1 7.2 7.6 19.4 521 23.7
MS2 8.1 5.8 10.0 20.1 37.7 36.2

M353 12.7 8.8 1.3 46.9 46.5 28.6
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Table 15. (continued)

Size fraction

<10 <0 <10 22 3P <4 ¢
Sample >0 1 d 20 230 >4 & >50
M54 18.5 16.2 423 5.9 31.2 712
M55 20.0 16.0 16.9 202 46.6 40.0
M56 21.2 15.8 12.1 34.2 59.8 493
M57 17.2 15.1 13.2 17.6 24.6 24.8
M358 15.3 15.0 12.5 14.6 21.9 26.1
M59 22.2 22.1 17.7 19.9 25.1 31.9
M60 15.9 13.5 13.3 22.] 29.7 23.3
M61 14.3 14.7 12.2 15.1 24.9 34.4
M62 13.0 9.8 99 13.9 26.7 21.3
M63 15.0 13.9 12,9 14.7 23.2 33.1
Mé64 0.7 6.8 9.0 10.6 18.2 20.5
Mé5 5.3 5.7 6.1 8.1 13.1 16.9
M6&6 2.0 2.2 2.4 3.1 4. 4.4
M67 3.6 4.4 4.7 8.0 13.7 10.)
Mé68 6.8 59 5.8 8.0 11.1 14.6
M69 8.8 7.6 6.4 8.1 t4.5 13.9
M70 2.1 2.3 2.5 2.7 5.6 6.5
M7 1.0 1.2 1.5 2.3 4.6 6.6
M72 2.9 33 1.5 43 8.4 11.0
M73 5.4 3.7 3.7 9.3 14.5 14.2
M74 3.9 3.6 3.6 6.5 12.5 13.3
M75 9.) 18.3 68.1 20.6 10.7 11.0
M76 5.1 46 4.9 7.9 123 12.9
M77 7.1 7.0 7.1 8.5 11.4 10.2
M78 6.9 453 7.6 (6.1 17.2 10.9
M79 7.6 7.8 7.1 11.4 11.9 11.0
M80 6.4 8.3 7.6 11.7 12.4 124
M8&1 5.2 5.1 48 7.0 8.4 7.5
M382 7.3 6.9 6.4 10.9 12.5 11.4
M83 5.8 6.8 6.7 9.2 10.9 10.6
M84 6.5 5.6 4.9 9.7 20.0 13.3
M85 7.8 6.6 52 9.5 18.3 19.6
M86 8.3 6.8 6.1 13.1 14,7 13.6
M8? 11.9 10.9 9.6 15.2 16.7 14.5
M88 11.5 6.6 7.4 13.4 17.2 17.3
M89 7.2 7.1 7.4 " 110 13.3 9.6
M90 13.5 12.6 124 19.9 224 9.7
MO 1 13.5 11.4 (1.3 18.8 227 172
M92 9.2 10.1 10.6 22.1 24.7 22.0
M93 2.5 4.9 4.1 5.7 6.0 53
M54 7.9 7.0 7.4 14.9 21.9 29.5
M9S5S 64.8 12.2 11.7 15.1 17.6 14.8
M6 13.2 15.7 15.6 20.2 253 24.3
M97 39.3 37.6 412 89.6 85.8 49.7
M98 18.0 18.6 18.6 21.7 25.1 25.7
M99 20.6 21.0 22.3 26.8 26.5 22.3
M) 00 6.8 5.8 5.9 7.1 83 6.6
M101 72.6 75.7 75.6 140.2 135.2 9]1.8
M102 52.5 53.2 100.2 141.4 108.2 85.3
M103 52.6 45.4 58.8 101.4 87.2 63.4
M]104 30.1 27.5 90.8 180.2 228.8 169.2
MI05 19.4 226 25.1 44.6 26.4 69.5
Mi06 539 43.0 39.0 62.1 596 38.4
MI107 37.5 30.4 345 40.8 458 32.8
M108 443 43.0 42.5 48.9 48.8 426

M09 24.6 23.6 46.9 117.0 106.2 65.2
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Table 16. Composition of pebbles collected from tills at 92 sires in the Cook Inlet region. Number of pebbles per
collection = n. See rable 1 and sheets 1-5 for sample locations

Pebble Rock or mineral component (%)

collection n Volcanjc uariz Plutonic Metasedimentary® Total
Pl 135 0.7 1.5 0.7 97 99.9
P2 143 0.7 0 0 99.3 100
P3 119 0 0 0 100 100
P4 127 0 31 0 96.9 100
PS5 270 1.1 0 2.2 96.7 100
P6 148 1.4 0 1.4 97.3 100.1
P? 144 0.7 0 0.7 98.6 100
P8 175 23 0 0 97.7 100
P9 196 0 0.5 2.6 96.9 100
P10 205 2.9 0 3.9 932 100
P11 70 14 2.9 4.3 91.4 100
P12 201 4 1 14.9 80.1 100
P13 60 11.7 1.7 25 61.7 100.1
Pl4 191 2.1 i 2.6 94,2 99.9
P15 176 4 1.1 8 86.9 100
P16 129 0 0 0.8 99.2 100
P17 226 0.4 0.9 2.2 96.5 100
P18 207 0.5 1 0.5 08.1 100.1
P19 165 0.6 0 0 99.4 100
P20 150 2 0 0.7 97.3 100
P21 256 2 04 3.1 94.5 1060
P22 151 2.6 0.7 4.6 82.1 100
P23 187 0 1.1 43 94.7 1001
P24 186 16.1 3.8 14.5 65.6 100
P2S 246 2 1.2 2 94.7 99,9
P26 163 22.7 1.2 37.4 38.7 100
P27 188 1.6 0.5 4.3 93.6 100
P28 110 245 1.8 14.5 59.1 99.9
P29 280 6.8 1.8 10.4 8I1.1 100.1
P30 212 14.2 4.2 29.2 524 100
P3i 164 19.5 3.7 31.7 45.1 100
P32 218 73 2.3 18.8 71.6 100
P33 298 54 6 15.8 72.8 100
P34 148 0.7 1.4 824 5.5 100
P3s 176 0 34 59.1 375 100
P36 163 8 0 48.5 43.6 100.1
P37 247 6.5 0.8 39.7 53 100
P38 200 7 35 21 68.5 100
P39 227 8.4 3.1 38.8 49.8 100.1
P40 217 10.) 0.9 33.6 55.3 99.9
P41 158 4.4 1.9 31.6 62 99.9
P42 262 5.7 1.9 232 68.7 100
P43 130 11.5 0.8 23.1 64.6 100
P44 143 28 1.4 273 68.5 100
P45 236 7.6 1.7 21.6 69.1 100
P46 206 1.9 1 53 91.7 99.9
Pa7 163 06 0.6 6.1 92.6 99.9
P48 254 2 0 2.4 95.7 100.1
P49 306 2.3 0.3 3.9 93.5 100
P50 212 24 1.4 2.8 93.4 100
P51 171 4.1 0.6 53 90.1 100.1
P52 139 0.7 0 0 993 100
PS3 191 0 0 0 100 100
P54 162 2.5 1.2 5.6 %0.7 100
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Table 16. (continued)

Rock or mineral component (%}

Pebble
collection n Yolcanic Quanz

P35 299 0.7 1.3
P56 124 2.4 0.8
P57 90 3.3 1.1
P58 126 LL1.9 ).6
P39 42 24 0
P60 130 31.5 1.5
P6l 107 37.4 0.9
P62 94 53 2.1
P63 52 21.2 0
P64 101 7.9 3
P65 38 9.1 4.5
P66 95 42 2.
P67 93 8.6 1)
P68 96 9.4 5.2
P69 85 7.1 7.1
P70 87 17.2 0
P71 100 2 0
P72 93 48.4 32
P73 78 19.2 2.6
P74 114 8.8 3.5
P7s 73 6.8 0
P76 95 53 3.2
P77 88 9.1 45
P78 118 8.5 2.5
P79 163 40.5 1.2
P80 112 17.9 54
P81 112 16.1 0.9
P83 73 9.6 2.7
P34 171 87.7 1.8
P85 99 7.1 0
P86 63 159 0
PR7 172 0.6 0
P88 137 48.2 0
P89 96 594 1
P90 65 63.1 1.5
P91 113 19.5 0
P92 151 41.1 0
Po3 389 0.3 2.1

Plutonic Metagedimentary Total
21.1 76.9 100
6.5 90.3 100
14.4 81.1 99.9
5.6 81 100.1
1.9 85.7 100
9.2 57.7 99.9
10.3 51.4 100
9.6 83 100
19.2 39.6 100
11.9 77.2 100
8 78.4 100
4,2 89.5 100
9.7 80.6 100
11.5 74 100.1
11.8 74,1 100.1
16.1 66.7 100
3 95 100
15.1 333 100
19.2 59 100
53 82.5 100.1
8.2 84.9 99.9
7.4 84.2 100.1
2.3 84.1 100
237 65.3 100
521 6.1 99.9
55.4 234 100.1
554 27.7 100
13.7 74 100
7 35 100
92.9 0 100
84.1 0 100
99.4 0 100
27.7 24.1 100
271 12.5 100
15.4 20 100
52.2 283 100
45.7 13.2 100
03 974 100.1

AIneludes sedimentary ang altered scdimentary litholagies.

standard deviations of mean magnetic susceptibility, the
collection of samples from the west side of Cook Inlet is
clearly more varniable than the other collections, but col-
lections from Talkeetna Mountains, Kenai Mountains, and
Matanuska Valley have intermediate standard deviations
in the finer size fractions (fig. 15).

These preliminary results persuaded us that our ex-
periment could produce useful information on till sources.
We reasoned that multivariant analysis, which can incor-
porate both magnetic-susceptibility and pebble-lithology
values, could provide statisticatly significant results.

RESULTS OF MULTIVARIATE ANALYSIS

The goal of the multivariate analysis was 10 develop
an appsopriate numerical scheme to accurately predict
sources of tills in the eastern and northern Cook Inlet
region. Our data set consists of 10 independent variables
(magnetic-susceptibility readings of six size fractions of
till matrix plus four compositional classes of til) pebbles)
and six dependent variables (the source areas identified in
the model). Three multivariate programs were used in this
evaluation: (a) CHAID, which deiects data interactions
by the use of decision trees; (b) multiple discriminant
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Table 17a. Mean magnetic susceptibility of six size fractions in groups of Naptowne-age till samples derived from six
known sources and from four areas where 1ill sousce is uncertain in the Cook Inlet region

Size fraction

<1¢ <0 ¢ <l <20 Bo <4 &
Source n >0 ¢ >0 >2 0 >3 0 >4 ¢ >5¢
Talkeetna Mountains 3 17.1 13.7 23.5 27.3 414 253
Matanuska Valley 4 19.0 17.0 13.9 21.6 32.9 33.0
Chuogach Mounuains 6 4.8 4.7 4.7 6.3 10.4 11.0
Turnagain Arm 2 2.0 23 2.5 3.3 6.5 88
Kenai Mountains 35 35 35 3.5 7.5 10.7 7.6
West side of Cook Inlet 18 279 26.5 34.8 60.7 61.6 S2.6
Matanuska-Knik “medial” 7 15.2 14.6 15.5 26.6 35.2 31.2
Turnagain Arm? 2 8.7 6.8 6.5 15.2 343 20.6
Kenai Mountains? 3 2.5 2.7 2.9 12.0 28.0 12.7
West side? 27 93 7.4 9.1 11.8 15.8 144

N =107

Table 17b. Mean standard deviations of magnetic susceptibiliry in six size fractions in groups of Naptowne-age 1ill
samples derived from six known sources and from four areas where till source is unceriain in the Cook Inlet region

Size fraction

<-1d <00 <l o L 30 <49
Source n >0 o >0 >2 >3 0 >4 0 >S5
Talkeetna Mountains 3 3.9 4.2 16.5 20.6 8.9 16.7
Matanuska Valley 4 33 3.4 2.6 8.7 18.0 f1.3
Chugach Mountains 6 2,7 2.1 1.8 2.7 4.4 5.0
Tumagain Arm 2 1.3 L.5 1.4 1.4 2.7 3.1
Kenai Mountains 35 52 4.7 42 9.3 12.8 7.7
West side of Cook Inlet 18 19.9 20.1 29.6 526 54.5 36.4
Matanugka-Knik “medial” 7 11.0 10.7 11.5 28.1 23.1 10.5
Turnagain Arm? 2 2.1 0.6 1.6 6.0 25.2 44
Kenai Mountains? 3 1.0 1.3 1.6 12.2 17.8 38
West side? 27 1.5 37 2.1 47 54 6.1

N =107

analysis (MDA); and (¢) AIM (abductory inference
mechanism). Details of these analyses are provided in
appendix B.

Predictions of till sources by the proposed model were
significantly matched by CHAID predictions at both the
99- and 95-percent levels., which provides important
confirmation of the proposed glaciation modet (figs. 16 and
17). However, the location and nature of CHAID
mismatches also provide important insights about the
Naptowne glacijation in the Cook Inlet trough. A smail
number of samples collected in the easicentral and
southeastesn Cook Inlet trough from moraines clearly
related to ice from the Kenai Mountains was erroneously
assigned (primarily at the 95-percent confidence level) to
Turnagain Arm, which served as a major conduit for ice
from virtually identical bedrock terranes in the northem
Kenai Mountains and southern Chugach Mountains. At both

confidence levels, almost all mismatches occurred at sample
sites where there is least confidence in the proposed
glaciation model, namely in northern Kenai Lowland and
in the interlabate belt associated with the Matanuska-Knik
lobe north of Anchorage. In northern Xenai Lowland,
samples assigned by the model to west side sources were
assigned by CHAID to the Chugach Mountains, Kenai
Mountains, or Matanuska Valley. Disparities among
“intertobate” samples were assigned by CHAID to the
Kenai Mountains, which is ¢learly not possible.

CHAID was zalso used to analyze the relative
significance of the four lithologies in the pebble
classification. Metasediment content was judged the only
significant indicator among the four lithaligic classes.
However, limiting CHAID only to pebble lithology greatly
blunted the sensitivity of the technique. CHAID chose
magnetic susceptibility of the 1-¢ (coarse-sand) fraction
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Table 18a. Mean pebble compositions in groups of Naptowne-age rills derived from six known sources and from three
areas where till source is uncertain in the Cook Inler region

__ Rockor mineral component (%)

Source n Volcanic Quartz Plutonic Metasedimentary
Talkeetna Mountains 3 2.9 1.6 63.3 32.2
Matanuska Valley 4 8.0 2.1 33.3 56.7
Chugach Mountains 6 22 0.7 43 92.8
Turnagain Arm 2 0.4 0.0 0.0 99.7
Kenai Mountains 19 1.1 0.6 1.5 96.7
West side of Cook Inlet 23 26.4 1.7 36.2 35.6
Matanuska-Knik “medial” 7 6.6 23 23.8 67.3
Kenai Mountains? 3 0.5 1.} 2.6 95.8
West side? 25 9.4 2.0 10.4 78.3

Table 18b. Mean standard deviations of pebble compositions in groups of Naptowne-age tills derived from six known
sources and from three areas where till source is uncertain in the Cook Inlet region

Rock or mineral component (% )

Source n Volcanic Quartz Plutonic Metasedimentary
Talkeetma Mountains 3 4.4 1.7 17.3 14.8
Matanvska Valley 4 (.6 1.4 8.6 82
Chugach Mountains 6 11 0.5 1.5 1.9
Tumnagain Arm 2 0.5 0.0 0.0 0.5
Kenai Mountains t9 09 0.9 1.5 2.0
West side of Cook Inlet 23 22.3 1.5 26.9 277
Matanuska-Knik “medial™ 7 2.9 1.7 4.9 3.6
Kenaj Mountains? 3 0.8 1.6 1.8 4.0
West side? 25 9.0 1.8 5.6 11.0
N=92

and 4-9 (very fine sand) fraction of the i}l matrix and
contents of metasediment and plutonic pebbles as
significant predictors of till source in this study.
Althougb the basic requirements of MDA were not
satisfied by our data set becauge of its limjted size, MDA
clearly indicates that percentages of metasediment and
plutonic lithologies in till pebble collections are significant
indicators of till sources in the eastern and nosthern Cook
Inlet trough. Many model predictions were confirmed by
MDA, which produced only a few more mismatches
(fig. 18) than did CHAID. Mismatches in Skilak Lake,
Tustumena Lake, and Kachemak Bay samples result from
MDA assignments (in decreasing order) to Tumagain Arm,
Chugach Mountains, and Matanuska Valley. Mismatches
of granitic-rich and locally derived till samples from the
west side of Cook Inlet resulted from MDA assignments
to the Talkeetna Mountains, which are cored by the
extensive Talkeetna batholith. As with CHAID, most MDA
mismatches are concentrated in northern Kenai Lowland,
where model predictions are shakiest. There, tills attributed

to the west side of Cook Inlet by the glacial model were
assigned about equalty by MDA to Matanuska Valley and
Chugach Mountains.

AIM could not successfully partition our data set.
However, it determined (although not conclusively) that
three factors are significant for differentiating tilt sources
in the eastern and northern Cook Inlet trough: (a) magnetic
susceptibility of the 4-& (very fine sand) fraction,
(b) percentage of metasediment pebbles, and (¢) percentage
of plutonic pebbies.

IMPLICATIONS

Muitivariate analysis successfolly partitioned our data
set to identify the six till sources predicted by the glaciation
mode!. However, the data set probably provides indicative
and not conclusive results because it is 100 small to
comprehensively represent the compiex glacial deposits in
the Cook Inlet trough. Nonetheless, the three approaches
tested produce mutually supportive results. Disparities
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between model predictions and predictions by CHAID and
MDA are generally related to lack of confidence in mode)
assignments,

Differences in the proposed glaciation model and
statistical predictions in “known’ moraines are probably
due to the inability of CHAID and MDA to distinguish
between subtle differences of bedrock in different source
areas based on this data set. Concentrations of mismatches
probably indicate that ice of Naptowne age entered
porthern Kenai Lowland not just from the northwest but
also from the north and northeast (fig. 19), similar to the
glacioestuarine model proposed by Schmoll and others
(1984, fig. 7). However, based on nearsurface stratigraphy
and landform interrelations in Kenai Lowland, we have a
different interpretation than them for the nature, extent,
and age of former waterbodies in the Cook Inlet trough
(Reger and Pinney, 1996). Comptications for an
interpretation of statistical mismatches in northern Kenai
Lowland include (a) scouring and incorporation of weakly
cemented Tentiary bedrock (particularly on the west side
of Cook Inlet) and (b) probable reworking during the
Naptowne advance of older Pleistocene deposits, perhaps
from more than one source.

On the basis of our pilot study, we suggest that a final
resolution of a model of Naptowne glaciation in the Cook
Inlet trough should include a consideration of the results
of multivariate analysis of 2 data sét produced by an ex-
panded and more intensive till sampling program. Initial
results indicate that this program can be limited to measur-
ing the isotropic magnetic susceptibility of the coarse-sand
and very fine sand fractions of the till matrix and to deter-
mining the percentages of metasediment and plutonic till
pebbles. Results of this statistical approach should be com-
patible with landform interrelations and stratigraphy.

CONCLUSIONS

The most widespread and chronologically most im-
portant tephra we document in Kenai Lowland is the Lethe
tephra, which is the key to correlating morainal sequences
from Kachemak Bay to Turnagain Arm (Reger and Pinney,
1996). This dacitic airfall tephra strongly correlates with
complex pyroclastics in the the Windy Creek area near Mt.
Katmai, based on ferromagnesian mineral content, distinc-
tive shard morphology, and very consistent shard
geochemistry. Stratigraphic and physiographic evidence in
Kenai Lowland indicates that the Lethe tephra was depos-
ited after 16,000 “C yr B.P. late in the Killey stade of the
Naptowne glaciation.

We recognize nine Holocene tephras and tentatively
recognize four tephras in Kenai Lowland. On the basis of
shard geochemistry, we tentatively suggest that several of these
tephras could have been erupted from M. Augustine, Mt.
Redoubt, and Hayes volcano on the west side of Cook Inlet.

However, the Crooked Creck and Funny River tephras, which
are best represented among the Holocene tephras in our
sampling program, have no known correlatives,

Our investigations of the regionally important section
at Goose Bay on the west side of Knik A indicate that
the Goose Bay peat, its enclosed tephras, and the underlying
type till of the Knik glaciation are middle Pleistocene in
age. In several attempts to date the Goose Bay tephra, which
1s the thickest volcanic ash in the section, we conclude that
the best resuit is a three-sample (composite) isochron
PAr/Ar age of 378 + 0.67 ka, obtained by the laser
method. We also confirm the presence of the Stampede
tephra, previously identified by Begét and Keskinen
(1991), at the base of the Goose Bay peat.

Evidence in the bluff at Kenai demonstrates that a tide-
water glacier floated there Jate in the Killey stade shortly after
16,480 2 170 “C yr B.P. and that a marine connection ex-
isted between middle Cook Inlet and the North Pacific Ocean.
Stratigraphic and paleontologic evidence in the Kasilof-
Kalifornsky area indicates that inlet waters were very cold
with variable turbidity and salinity about 16,000 '*C yr B.P.
and that debris-taden icebergs were present.

Macrofossil collections from the Bootlegger Cove
Formation in upper Cook Inlet are dominated by pelecy-
pods with minor gastropod and barnacle components. These
assemblages are rich in species compared to the modern
Macoma balthica fauna. Between 14,900 + 400 and 13,470
t 120 "“Cyr B.P., BCF faunas probably lived in conditions
that were very similar to some modern fjords along the
southcentral and southeastesn coast of Alaska, except there
was strong tidal action. .

Our pedologic observations raise serious questions
about past practices of comrelating moraines by similar soil
development. We conclude that significant environmental
gradients in the Cook Inlet region psobably affected rates
of soil formation and seriously complicate the use of soils
to date landforms.

Multivariate anatysis of six size fractions of till ma-
trix and four compositional classes of till pebbles was
successfully used to test a model of Naptowne glaciation
in the eastern and northern Cook Inlet region. Concentra-
tions of discrepencies between model and statistical
predictions probably indicate that Naptowne jce entered
the northern Kenai Lowland from the northwest, north, and
northeast.
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