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INTRODUCTION

The Pleistocene chronology of the Puget Lowland is
based on multiple dating methods, including radio-
carbon and fission-track dating, as well as amino acid.
paleomagnetic. and tephra correlation technigues.
Datable material is abundant and age control is
generally good. Radiocarbon dates have been obtained
from late Wisconsin deposits in the Olympic Moun-
tains, but older deposits are not well dated. Finite '*C
dates from the Cascade Mountains are meager and the
chronologic framework there is based largely on rela-
tive weathering characteristics with limited K-Ar
dating and paleomagnetic measurements,

EARLY PLEISTOCENE (> 788 ka)

Puger Lowland

The Pleistocene deposits in the Puget Lowland were
first studied by Willis (1898) and Bretz (1913). Type
localities™ for the Orting Drift, Alderton Formation,
Stuck Drift, Puyallup Forfnation, and Salmon Springs
Drift were established by Crandell er af. {1938) near the
southern margin of the Cordilleran ice sheet, but until
recently their ages were unknown.

The oldest tinite dates of Pleistocene deposits in the
Puget Lowland are fission-track ages of 840 ka BP
tephra within the Salmon Springs Drift at three
localities (Easterbrook and Briggs. 1979; Easterbrook
et al., 1981; Naeser er al., 1984), providing an upper
limit for at least two glacial drifts and two interglacial
deposits which lie stratigraphically lower. Reversed
remanent magnetism of the Salmon Springs and older
deposits indicates that they were deposited during the
Matuyama Reversed Polarity Chron and thus between
0.7 and 2.48 Ma ago (Roland, 1984; Easterbrook er al.,
1985, in press).

Because many drift units in the region were desig-
nated as Salmon Springs on the basis that they were the
next-oldest drift beneath Vashon till, the fission-track
dates and paleomagnetic measurements of Saimon
Springs and older sediments at their type localities
invalidated many ‘Salmon Springs’  correlations.
Deposits previously labeled *Salmon Springs’ are likely
to be much younger than the type Salmon Springs
Drift. Glacial sediments directly underlying Vashon till

in the southern Puget Lowland probably are correlative
with Salmon Springs Drift, but farther north, drift
directly beneath Vashon till is most likely correlative
with much younger drifts, such as the Double Bluff or
Possession Drifts. Thus, virtually all previously-
mapped Saimon Springs Drift needs to be re-examined
to determine if it is indeed correlative with Salmon
Springs Drift or is younger.

Orting Drift

The oldest glacial unit recognized in the Puget
Lowland. the Orting Drift, occurs in restricted outcrops
south of Seattle (Crandell ez al., 1958; Crandell, 1963).
It consists mostly of deeply oxidized sand and gravel
derived from the Cascade Range, interbedded with
compact and oxidized till in at least three horizons. The
tills contain northern rock types and garnet in the sand
fraction, suggesting deposition from Cordilleran ice
having a British Columbia provenance. The maximum
known thickness of Orting Drift is 79 m, consisting
mostly of gravel with till lenses less than 8 m thick.

A thick basal gravel, deposited by westward-flowing
streams from the Cascade Range prior to the beginning
of volcanism at Mt. Rainier, is overlain by till and
gravel of northern Cordilteran provenance. Tills occur
at more than one horizon but are interpreted to be
oscillations of a single major glaciation because the tills
are laterally discontinuous and no major unconform-
ities are evident (Crandell er al.. 1958: Crandell, 1963).

Because the Orting Drift is reversely magnetized
(declination = 164° inclination = -31%) (Roiand,
1984; Easterbrook et al., in press) and is stratigraphi-
cally beneath Salmon Springs Drift dated at 830 ka BP
(Easterbrook et al., 1981). it is considered to have been
deposited during the Matuyama Reversed Polarity
Chron between 0.78 and 2.48 Ma ago. Considering its
deeply weathered character compared with the Alder-
ton Formation, Stuck Drift. Puyallup Formation. and
Salmon Springs Drift, the Orting Drift may well be
approximately two million years old.

Alderton Formation

Mudflows, alluvium. lahars, and lake sediments,
with interbeds of peat and volcanic ash. comprise the
mterglacial Alderton Formation. known only in the
southern Puget Lowlund (Crandell ¢r af.. 1953: Cran-
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FIG. 1. Index map showing location of Puget Lowiand, Olympic Mountains and Cascade Mountains {Northern and Southern
Cascade Ranges) in Washington and Oregon.

dell, 1963}. Clasts in the sediments are mostly andesite,
derived largely from an ancestral Mt. Rainier volcano
that predated the modern cone.

Englemann spruce, which dominates pollen from the
lower part of a peat bed in the unit, represents a climate
somewhat cooler than at present, whereas the upper
part of the same peat contains large amounts of
Dougias fir and alder pollen, indicative of a climate
similar to that of the present (Leopold and Crandell,
1957, Crandell et al., 1958). Pollen from other peat and
silt beds suggest climatic conditions ranging from cool
and moist to warmer and drier than the present
(Heusser, 1977). but poor exposures limit possibilities
for reconstruction of vegetation and climate for the
Alderton as a whole,

The remanent magnetism of the Alderton at its type
locality is reversed (average declination = 176°; aver-
age inclination = —50°) (Roland, 1984; Easterbrook et
al., in press) which places its age within the Matuyama
Reversed Polarity Chron. The reversed polarity has
been overprinted with a viscous normal remanent
magnetism that is removed with high a.f. demagnetiz-
ation. Normal polarity measured earlier for one silt bed
(Easterbrook and Othberg, 1976) is thought to be the

result of viscous normal overprinting that could not be
removed by a.f. demagnetization equipment then at
hand.

Stuck Drift

Stuck Drift, defined from till interbedded with
outwash sand and gravel overlying the Alderton
Formation (Crandell et af., 1958), is restricted to
outcrops in the Puyallup Valley south of Seattle in the
southeastern Puget Lowland. Clasts in the drift include
rock types transported from the north by the Cordil-
leran ice sheet.

In the type area, Stuck Drift consists of a single tiil
between layers of outwash sand and gravel, but
elsewhere. two tills are separated by 15-50 m of
lacustrine and fluvial silt, sand, and gravel (Crandell,
1963; Mullineaux, 1970). Clasts in the alluvium are
derived from the Cascade Mountains to the east,
indicating sufficient retreat of the ice to permit reestab-
lishment of westward-flowing drainage from the moun-
tains. Poor exposures in the area prevent lateral tracing
of deposits to determine whether the Stuck Drift
includes two tills separated by a nonglacial interval or
whether only one of the tills is part of the Stuck Drifr.
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FIG. 2. Map of the Cordilleran ice sheet in the Pugct Lowland, Washington.

The Stuck Drift was deposited during the Matuyama
Reversed Polarity Chron, based on its pre-Salmon
Springs stratigraphic position and reversed remanent
magnetism {declination = 183%; inclination = —51°)
(Roland, 1984; Easterbrook et al., in press).

Puyallup Formation

Nonglacial sediments in the southeastern Puget
Lowland, derived mostly from ancestral Mt. Rainier,
were named the Puyallup Sand by Willis (1898).
Crandell ez af. (1958) later expanded the unit to include
fluvial sand and gravel, lacustrine silt and clay, peat,
lahars, and mudflows which they designated the
Puyallup Formation. A major erosional unconformity,
including a strong weathering profile characterized by
kaolin, was recognized by Crandell et al. (1958) at the
top of the Puyallup Formation and interpreted to
represent a long period of erosion and weathering prior
to deposition of the overlying Salmon Springs Drift
(Waldron, 1961, 1962; Crandell. 1963; Mullineaux,
19709,

Pollen from the basal Puyallup Formation suggest an
early postglacial climate followed by gradual warming,
Other pollen profiles higher in the section suggest a
warm phase followed by a cooling trend, but poor
exposures do not allow lateral tracing of sampled units
and a considerable portion of the youngest part of the
unit, represented by the weathering protile and uncon-
formity, may be missing.

Silt beds in the Puyallup Formation are reversely
magnetized (declination = 183°; inclination = —42°)
which, together with its stratigraphic position beneath
the 840 ka Lake Tapps tephra, places it within the
Matuyama Reversed Polarity Chron (Roland, 1984:
Easterbrook et al., in press).

Previous correlation of the Puyallup Formation with
the interglacial Whidbey Formation of the central
Puget Lowland (Crandell, 1965; Easterbrook, 1969,
1976a, b), is now known to be impossible because of
the 840 ka fission-track age of the Lake Tapps tephra
within the overlying Salmon Springs Drift (Easterbrook
et al, 1981) and the approximately 100 ka ages
estimated from amino acid racemization for the Whid-
bey Formation (Easterbrook er al., 1982; Blunt et al., in
press).

Salmon Springs Drift

The Salmon Springs Drift at its type locality in the
southeastern Puget Lowland unconformably overlies
the Puyallup Formation and is unconformably overlain
by late Wisconsin Vashon Drift (Crandell et al., 1958).
It was long believed to be of early Wisconsin age on the
basis of radiocarbon enrichment dates of 50,100 + 400
years (GrN-4116c) (Armstrong er al.. 1965) and
71,5002 1308 years (Stuiver et al., 1978) from peat at the
type locality. The Salmon Springs Drift was widely
correlated throughout the Pacific Northwest on the
basis that it was the next oldest drift beneath Vashon
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Drift. However, some of the silt associated with the
radiocarbon-dated peat and volcanic ash at the type
locality is reversely magnetized and the ash, named the
Lake Tapps tephra, has been fission-track dated at 0.84
% 0.21 Ma (Easterbrook et af., 1981). The ash. which
lies directly on lower Salmon Springs outwash gravel,
grades upward into the overlying 1-m-thick silt which
gradually increases in organic content and becomes
peat. Thus, the ash-silt-peat sequence represents
continuous deposition uninterrupted by any uncon-
formities. No break in polien spectra is apparent at the
contact between the silt and peat. further supporting
the conclusion that no unconformity exists between the
peat and ash (Stuiver er al., 1978). In view of the 800 ka
gap between the fission-track date from the ash and the
radiocarbon dates from the peat, and the lack of any
break in the depositional sequence, the radiocarbon
dates are considered invalid. If the overlying upper
Salmon Springs Drift is, as originally defined, part of
the same glaciation, then the unconformity between the
Salmon Springs Drift and Vashon Drift spans about 800
ka.

Pollen analysis of the ash-silt-peat section indicates
a tundra vegetation changing progressively to a fir
forest before burial by upper Salmon Springs gravel
(Leopold and Crandell, 1957; Crandell er al., 1958;
Crandell, 1963; Heusser, 1977; Stuiver et al., 1978).
Thus, the upper and lower Salmon Springs drifts are
separated by a short nonglacial interval.

The first paleomagnetic profile from the silt between
the ash and peat at the type locality (Easterbrook and
Othberg, 1976) included a mixture of normal and
reversely polarized samples, as did two later magnetic
profiles (Easterbrook er al., 1981). Because many of
the samples showed high angular standard deviations
for individual spin measurements and low sample
stability, evaluation of the validity of the normal
polarities is difficuit. Strong normal VRM overprinting
has been found in several profiles of Salmon Springs

and older sediments, suggesting that the normal -

polarities in the Salmon Springs silt may not represent a
normal geomagnetic field during deposition, but rather
deposition in a reversed field with normal overprinting
much later. A second possibility, that the remanent
magnetism of the silt does represent the geomagnetic
field at the time of deposition but the field was
fluctuating in a transition between reversed and normal
polarity, is considered less likely because where sample
stability is good, the remanent magnetism is definitely
reversed. The normal polarity observed in the silt at the
type locality could have been overprinted on reversely
magnetized sediments by the Briinhes normal field, but
the reversed polarity could not be imparted by the
Britnhes normal field. Normal polarity was measured in
samples above the reversal zone at Auburn (Othberg,
1973}, but those sediments were mapped as early
Vashon by Mullineaux (1970).

Definitive geochemical and petrographic character-
istics of the Lake Tapps tephra have allowed its positive
identification at several other localities (Westgate eral.,

in press). Fission-track dates of 0.87 £ (.27, 0.84 +
(1.2 (Easterbrook er al.. 1981) and 0.89 + 0.29 Ma
(Naeser et al., 1984) confirm the reversed polarities in
associated silts as Matuyama. The character of mag-
netic profiles at two of these localities is exceptionally
stable and definitely reversed throughout. Thus, the
tower Salmon Springs Drift is now tirmly dated as early
Pleistocene. However. the status of the upper Salmon
Springs Drift above the ash—silt-peat sequence remains
uncertain.

The ramifications of the antiquity of the lower
Salmon Springs drift are far-reaching. The term Salmon
Springs Drift has been widely used in the literature for
pre-Vashon drifts, but distinguishing those which are
truly correlative with Salmon Springs Drift from
younger drifts is very difficult without dating control.
‘Satmon Springs Drift' in pre-1981 publications may in
fact be Double Bluff or Possession Drift.

Olympic Mountains

Deeply weathered glacial drift, decomposed to a
depth of 2-3 m with kaolinized pebbies and oxidized to
a depth of more than 9 m, has been recognized in the
western Olympic Peninsula (Carson, 1970; Moore,
1965; Crandell 1964, 1965, Heusser, 1974). The in-
tensity of weathering of an unnamed drift in the Hoh
Valley (Heusser, 1974), the Wedekind Creek Form-
ation (Carson, 1970), and part of the Donkey Creek
Drift (Moore. 1965) suggests great antiquity and
probable correlation with the Orting Drift of the Puget
Lowland. No paleomagnetic measurements or finite
dates have been obtained from these drifts, but Colman
and Pierce (1981) suggest an age of >800 ka for the
Wedekind Creek Drift on the basis of weathering rinds
up to six mm on basalt clasts (Carson, 1970).

Oxidized till at Mt. Octopus and a diamicton which
predates the Puyallup Formation (Florer, 1972) near
the Hoh Vailey in the western Olympic Peninsula are
correlated with the Stuck Drift (Heusser, 1974),
although the pollen profile designated as Puyallup
could belong to the much younger Whidbey Formation.
This drift may correlate with part of the Donkey Creek
Drift which has also been correlated with Stuck Drift
(or Orting Drift) (Moore, 19165; Carson, 1970).

Helm Creek Drift consists of outwash from alpine
glaciers in the southeastern Olympic Mountains and till
and outwash deposited by the Cordilleran ice sheet in
the adjacent Puget Lowland (Carson, 1970). Basalt
clasts in the drift have weathering rinds >3 mm
{Carson, ©<1970) and an inferred age of 700-800 ka
(Colman and Pierce, 1981). On the basis of its intense
weathering, it is correlated with Stuck Drift in the
southern Puget Lowland, with unnamed pre-Puyallup
drift in the Hoh Valley, and with part of the Donkey
Creek Drift in the western Olympic Mountains
(Heusser, 1974). Wingate Hill Drift in the Cascade
Mountains has similar weathering rind thicknesses (>3
mm) and has been correlated with Helm Creek Drift as
one option {(Colman and Pierce, 1981).
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Clark Creek Drift. deposited by Cordilleran ice in
the southwestern Puget Lowland, lies beneath re-
versely magnetized silt containing Lake Tapps tephra
fission-track dated at 890,000 £ 290 years (Naeser ef
al.. 1984). Clark Creek till complexly interfingers with
Annas Bay Drift, deposited by Olympic alpine glaciers
in the southwestern Puget Lowland where the till is
interbedded with reversely magnetized silt (Easter-
brook er al., in press). Both the Clark Creek and Annas
Bay Drifts are correlated with the lower Salmon
Springs Drift.

Till at several localities in the western Olympic
Peninsula has been correlated with “Salmon Springs
Drift' (Heusser, 1974), but these correlations were
made before the early Pleistocene age of the Salmon
Springs Drift was discovered (Easterbrook er af., 1981).
Some of these tills are clearly too young to be Salmon
Springs and are probably correlative with the Double
Bluff or Possession Drifts of the Puget Lowland.

Cascade Mountains

In general, drift of the oldest glaciations in the
Cascade Mountains was more extensive than that of
younger advances so moraines and outwash terraces of
successive alpine glacial phases are preserved. Because
little isotope or paleomagnetic data is available, most
drifts are correlated on the basis of weathering charac-
teristics, topographic expression, and soil develop-
ment.

Gravel, sand, and till of the Logan Hill Formation in
the Cowlitz Valley southwest of Mt. Rainier is deeply
weathered to depths of 8-15 m with clasts altered to
kaolinite at depths up to 3 m. These sediments were
deposited .before the modern valcanic cone of Mt.
Rainier was developed. No fission-track or K—Ar dates
or paleomagnetic measurements have been obtained
from the Logan Hill Formation, but its intense
weathering suggests possible correlation with the
Orting Drift of the Puget Lowland {Crandell, 1963).

The Wingate Hill Drift in the Mt. Rainier area was
originally defined by Crandell (1963), then later split
into two drifts, the Hayden Creek and Wingate Hill
(Crandell and Miller, 1974). Colman and Pierce (1981,
1985) measured weathering rinds averaging 3.01 £ 0.69
mm on fine grained andesite clasts in Wingate Hill Drift
and 1.37 + 0.43 mm in Hayden Creek Drift. Similar
weathering rinds on Helm Creek Drift (3.3 + 2.0 mm)
(Carson, 1970} suggest correlation with Wingate Hill
Drift, estimated by Colman and Pierce (1981. 1985) to
be about 700-800 ka old. An unnamed till at Mt.
Rainier lies between lahars and lava flows having
normal remanent magnetism. A K~Ar date of 616 + 60
ka from one of the overlying lava flows indicates that
the till is older than 616 ka and the bracketing normal
polarities means the till must be younger than 730 ka.
However, the stratigraphic relationship of the unnamed
till to the Wingate Hill Drift remains to be demon-
strated.

Pre-Thorp drift in the Yakima Valley of the eastern
north Cascade Range has basalt weathering rinds of

2.78 + .23 mm {Colman and Pierce, 1981), suggesting
an early Pleistocene age, but rind thicknesses are
considerably less than those of the Logan Hill Form-
ation and the Wedekind Creek Formation and some-
what less than basalt clasts in the Wingate Hill Drift
and Helm Creek Drift. Deeply weathered Boundary
Butte Drift in the Wenatchee Valley is a possible
correlative of the pre-Thorp drift (Page, 1939; Waitt,
1977). Thorp Drift (Porter, 1975, 1976) was later
reinterpreted to be largely nonglacial alluvium (Waitt,
1979) and till originally included in the Thorp Drift was
defined as Lookout Mt. Ranch Drift (Waitt, 1979;
Tabor et al., 1982). Rind thicknesses suggest that the
Thorp. pre-Thorp, and Lookout Mountain drifts are
more than 500 ka old (Colman and Pierce. 1985).

MIDDLE PLEISTOCENE

Puger Lowland

Pleistocene deposits between 300 ka and 800 ka BP
are unknown in the Puget Lowland at present (Easter-
brook et al., 1985). Sediments of this interval probably
occur below sea level in the Puget Lowland, but are not
accessible.

ILLINOIAN (370 ka to 130 ka BP)

The Double Bluff Drift (Easterbrook er al., 1967;
Easterbrook, 1968) consists of till, glaciomarine drift,
glaciofluvial sediments, and glaciolacustrine deposits,
lying stratigraphically beneath the Whidbey Formation
of the last major interglaciation in the central and
southwestern Puget Lowland. Remanent magnetism of
Double Bluff glaciomarine drift is normal (average
declination = 1°, average inclination = 49°) (Easter-
brook, 1976a).

Amino acid analyses of shells from glaciomarine drift
at the type locality in the central Puget Lowland and
from glaciomarine drift in the southwestern Puget
Lowland. suggest an age in the range of 150-250 ka
{Easterbrook and Rutter, 1981; Easterbrook et af.,
1982; Blunt, 1982; Blunt er al., in press). Confirmation
of the amino acid age estimates presently awaits K-Ar
dating of pumice from sand directly beneath the
Double Bluff Drift.

Double Bluff Drift occurs at or near sea level in sea
ciiff exposures and underlying sediments are not
exposed. Consequently, no deposits spanning the 500
ka gap between the Double Bluff Drift and Salmon
Springs Drift are known. In the southwestern Puget
Lowland and Olympic Peninsula, the next till below
Vashon Drift (Sceva, 1957) or drift beyond the Vashon
limit was commonly mapped as Salmon Springs Drift
(Motenaar, 1963; Frisken, 1965: Noble and Waliace,
1966; Molenaar and Noble. 1970: Carson, [970;
Heusser, 1974, 1977, 1978; Gayer, 1977; Grimstad and
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Carson, 1981). McCleary Drift, proposed by Colman
and Pierce (1981) to replace the ‘Salmon Springs’ Drift
of Carson (1970), is probably equivalent to the Double
Bluff Drift. Deeter (1979) found that some of these
‘Salmon Springs' drifts in the southwestern Puget
Lowland were in fact Double Bluff glaciomarine drift
containing shells which gave amino acid racemization
age estimates of about 250 ka (Easterbrook et al.,
1982). Drift extending beyond the limits of the late
Wisconsin Fraser glaciation has been tentatively correl-
ated with the Double Bluff Drift on the basis of
weathering and soil parameters (Lea, 1984).

Olympic Mountains

Mobray Drift, deposited by alpine glaciers from the
southeastern Olympic Mountains, is overlapped by
McCleary Drift, but both were deposited during the
same glaciation (Carson, 1970). presumably the
Double Bluff. The Mobray Drift is correlated with the
older part of the Humptulips Drift of the southwestern
Olympic Peninsula on the basis of similar weathering
characteristics (Carson, 1970). An extensive till in the
western Olympic Peninsula, referred to as ‘inter-
mediate Wisconsin till’ by Crandell (1964), was named
the Humptulips Drift by Moore (1965) in the south-
western Olympic Peninsula and called ‘early Salmon
Springs Drift’ in the northwestern peninsula by Heusser
(1974, 1977, 1978). Both represent more than one
glaciation. Wood from a bog on older Humptulips Drift
has a radiocarbon-enrichment age of 63,200 years
(Heusser, 1982) and sediments of the last interglaci-
ation occur between older Humptulips Drift and
younger Humptulips outwash deposits in one section
(Heusser, 1982).

Cascade Mountains

Clasts in Hayden Creek Drift at Mt. Rainier (Cran-
dell and Miller, 1974) have weathering rinds of variable
thickness, but average rind thicknesses of 1.37 = 0.43
mm at undisturbed sites led Colman and Pierce (1981)
to an age estimate of about 140 ka and correlation with
the McCleary Drift of the southwestern Puget Lowland
and the Indian John member of the Kittitas Drift. They
suggest a major age difference between the Indian John
Member and the older Swauk Prairie Member because
the Swauk Prairie Member may locally contain two
buried soils, one in till and ope in overlying loess, and
the Swauk Prairie terrace is more than 25 m above the
Indian John terrace. Weathering rinds on basalt clasts
in Swauk Prairie Drift average 1.10 + 0.11 mm
compared with 1.05 + 0.17 mm for Indian John Drift.

The Jack Creek Drift is the oldest in the southern
Cascade Mountains of Oregon which still retains
moratnal topography, including terminal, lateral, and
recessional moraines (Scott, 1977). Weathering rinds
on clasts attain thicknesses up to 1.2 mm, but average
0.4-0.6 mm. It is correlated with the Moss Creek Drift
(Carver, 1972) and the Hayden Creek Drift.

SANGAMON AND ‘EOWISCONSIN’ (13670 ka)

Amino acid analyses of wood and shells in glacial and
nonglacial deposits of the Whidbey Formation and
Possession Drift provide a basis for the chronology of
middle Wisconsin to ‘Eowisconsin’ glacial and inter-
glacial phases in the Puget Lowland (Easterbrook and
Rutter, 1981; Easterbrook et af., 1982: Blunt et al.. in
press). The chronology of late Wisconsin sediments is
well established by large numbers of radiocarbon dates
of Olympia nonglacial deposits and Fraser Drift.

Interglacial floodplain and deltaic sand. silt, clay,
and peat of the Whidbey Formation is widespread in
much of the Puget Lowland (Easterbrook et af., 1967,
Easterbrook, 1968, 1969, 1976a). Measurements of
remanent magnetism of Whidbey sediments show
normal polarity with declinations ranging from 9-350°
and inclinations ranging from 46-64° (Easterbrook,
1976b). Radiocarbon dates from abundant wood and
peat in the Whidbey Formation yield only infinite ages
(Easterbrook, 1969, 1976a). Six anomalous radio-
carbon dates from the Whidbey Formation. ranging in
age from 28,910 to 43,250 years (Johnson et al., 1980),
were rerun by another lab and found to be >40 ka
(Stoffel, 1980). Another half dozen finite radiocarbon
dates (Dorn er al., 1962) measured prior to the
definition of the Whidbey Formation but probably
from Whidbey sediments, were re-analyzed as >4( ka.
No confirmed finite radiocarbon dates are known from
the Whidbey Formation. Amino acid analyses of wood
and shells from the Whidbey Formation suggest an age
of about 100 ka + 20 ka (Biunt, 1982: Blunt er al., in
press; Easterbrook and Rutter, 1981; Easterbrook et
al., 1982). Pollen from peat in the Whidbey Formation
Suggests that some of the Whidbey sediments were
deposited during an interglacial climate with cooler
trends at the beginning and ending of the interval-
(Hansen, 1947; Hansen and Mackin, 1949; Hansen and
Easterbrook, 1974; Heusser and Heusser, 1981).
Earlier correlation of the Whidbey Formation with the
Puyallup Formation (Easterbrook ez al., 1967; Easter-
brook, 1969) was shown to be impossible because of
reevaluation of the age of the Puyallup necessitated by
the discovery of the early Pleistocene age of the
overlying Salmon Springs Drift (Easterbrook e al.,
1981). However, the 1969 correlation was based in part
on similarities between the Whidbey Formation and
sediments mapped as ‘Puyallup Formation® in sea cliff
exposures west of the type locality in the southern
Puget Lowland (Waldron, 1962) and those ‘Puyallup’
sediments may in fact be equivalent to the Whidbey
Formation. Similarly, sediments in sea cliff sections in
the western Olympic Peninsula correlated the Puyallup
Formation (Florer, 1972) may also belong to the
Whidbey, but independent evidence is lacking. Pollen
from peat radiocarbon dated at >6] ka in the western
Olympic Peninsula indicates an interglacial climate
similar to the present and suggests correlation with the
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Whidbey Formation. The Whidbey is considered
equivalent to stage 5 in the marine oxygen isotope
record.

EARLY AND MIDDLE WISCONSEN {35-70 ka)

Puget Lowlund

The Possession Drift (Easterbrook er al., 1967),

occurs in discontinuous lenses throughout the central
and southwestern Puget Lowland (Easterbrook, 1968,
1969, 1976a; Deeter, 1979). At its type locality, the
Possession Drift consists of a single till sheet up to 25 m
thick, but elsewhere in the lowland, it includes glacio-
marine drift and outwash sand and gravel. Amino acid
analyses of marine shells in Possession glaciomarine
drift at widely separated localities confirms correlation
of the unit and suggests an age of about 80 ka
(Easterbrook and Rutter, 1981, 1982: Blunt et al., in
press). Radiocarbon dates on shells and wood in the
glaciomarine drift have been infinite. These sediments
were included in the Deception Pass Stade of the
Possession Drift by Easterbrook {1976a).

However, at Strawberry Point on Whidbey Island in
the central Puget Lowland, two tills are separated by
outwash sand and gravel containing two peat beds near
the base of the gravel. Wood in the upper peat has been
radiocarbon-dated at 34,900%3%% (1-1880), 35,400 +
200 (QL-148A), and 35.600 £ 300 (QL-148B) vyears
and wood in the lower peat has been dated at
47,6007 {4 (GrN-3257). 43,900%80" (QL-149). and
43,6005 (QL-151) years (Hansen and Easterbrook,
1974; Stuiver et al., 1978). Dates of 27,600 = 1000
(WW-11), 27,2007 3% (1-2285), and 26,850 + 1700 (I-
1111) years from the base of peat lying directly on the
upper till provide a limit for the age of the glacial phase
(Easterbrook, 1976a). That these deposits are in fact
glacial is documented by the following evidence: (1} the
upper till is compact, shows deformation structures,
and contains clasts from Canada, (2} the gravel also
contains Canadian clasts, (3) the gravel and till contain
particles far too coarse to have been deposited in the
center of the lowland by any process other than
meltwater streams. (4) poilen from peat in the outwash
gravel indicates a cool, tundra-like climate, and (3)
pollen evidence from the Olympic Peninsula indicates a
short, cold, climatic phase from about 34 ka to 40 ka
(Easterbrook, 1976c; Heusser, 1977). These glacial
deposits provide the physical evidence for the ice
advance of the Oak Harbor Stade (Easterbrook,
1976a}. However, no evidence of glaciation during this
time interval has been found to the north in Canada
where ice would have to pass in order to reach this part
of the Puget Lowland (Fulton et al., 1976), thus posing
an enigma. Radiocarbon dates in Canada span all but a
few thousand years of the time recorded in the glacial
sediments of the Puget Lowland. Easterbrook (1976¢)
suggested that the Oak Harbor ice advance took piace
during a brief period not covered by radiocarbon dates
in Canada, but a number of dates coincide with those
within the outwash gravel. The composition of the

sediments preclude a glacier advance from the Cas-
cades to the east, so they must have been deposited by
a very limited advance of ice from British Columbia.

Outwash sand and gravel mapped over a wide area in
the southwestern Puget Lowland as Salmon Springs
Drift by Molenaar (1963} on the basis of its pre-Vashon
stratigraphic position and oxidation is probably mostly
Possession Drift {Deeter, 1979). oxidized by ground
water as a result of its high permeability.

Olympic Mountains

The younger phase of the Humptutips Drift in the
western Qlympic Mountains {Moore, 1963} consists of
outwash which overlies peat probably correlative with
the Whidbey Formation (Heusser, 1982) and underlies
Chow Chow Drift. Radiocarbon dates of >32 ka and
>35.6 ka from peat and silt beneath Chow Chow Drift
provide minimum ages for the Humptulips Drift
(Heusser, 1982). Peat beneath till at the Bogachiel
River in the northwestern Olympic Peninsula was
radiocarbon dated at 59,600 = 700 years (QL-199)
using conventional methods and 57,000*T% years
using enrichment techniques (Stuiver et af.. 1978:
Heusser, 1978). An end moraine of an alpine glacier on
the divide between the Hoh and Bogachiel Rivers
(Crandell, 1964) lies about 6 km beyond the limit of ice
of the Fraser Glaciation. Peat from the base of a bog
formed by the moraine was radiocarbon dated at 30,000
+ 800 (Y-2453) years and peat higher in the section was
dated at 29.650%39 (RL-579) years (Heusser, 1978).
These dates constrain an alpine glacial advance older
than 30 ka and younger than 59.6 ka which may be
correlative with the Oak Harbor Stade of the
Possession Glaciation in the Puget Lowland. Pollen
reflecting a cold climate between about 34 ka and 40 ka
in the western Olympic Peninsula was originally re-
ferred to a ‘late Saimon Springs' glacial advance
(Heusser, 1972) and later correlated with the Oak
Harbor Stade {Easterbrook, 1974; Heusser, 1977). A
radiocarbon date of 34,100 = 800 (Y-2536) years marks
the maximum cold interval (Heusser, 1972). This
glacial advance in the Olympic Mountains was mote
extensive than the alpine advance of the Jate Wisconsin
Fraser glaciation, suggesting that perhaps drift of the
Oak Harbor stade in the Puget Lowland was the result
of piedmont ice from the Coast Mountains of British
Columbia that did not reach the southern Puget
Lowland.

Cascade Mountains

Dating of early to middle Wisconsin deposits in the
Cascade Mountains is meager, making correlations
difficult. ‘Late Kittitas Drift" (Porter, 1976) was
deposited by a glacial advance older than Lakedale
Drift and younger than the Indian John Member of the
Kittitas Drift and may be early Wisconsin. The Bullfrog
and Ronald Members of the Lakedale Drift were
considered late Wisconsin by Porter (1976), but Col-
man and Pierce (1981) suggested an early Wisconsin
age for the Bullfrog Member and a middle Wisconsin
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age for the Ronald Member on the basis of weathering
rind thicknesses. Charcoal from silt older than the
Bullfrog Member was originally dated at 37.500 % 2800
(UW-66) years, but that date is considered invalid
because later reruns gave ages of >37,500 (UW-66*)
and >37,000 (I-1717) years.

The age of the Hayden Creek Drift was considered to
be about 40 to 80 ka by Crandell and Miller (1974) but
Colman and Pierce (1981) estimated its age at about
140 ka based on (1) average weathering rind thick-
nesses of 1.37 mm, (2) argillic B horizons on Hayden
Creek deposits, (3) thick weathered loess on some
Hayden Creek sediments, and (4) a buried weathering
zone beneath loess on some deposits. :

LATE WISCONSIN (30-10 ka)

The Olympia nonglacial interval {Armstrong et al..
1965} was defined as ‘the climatic episode immediately
preceding the last major glaciation, and represented by
nonglacial strata lying beneath Vashon Drift’. The
sediments consist of floodplain and lacustrine silt, clay,
and peat. Radiocarbon dates from the type locality
range from 18.1 to 22.4 ka (Muliineaux ez ql.. 1965) and
dates in the central Puget Lowland extend to 28 ka
(Hansen and Easterbrook, 1974; Easterbrook, 1976a}.
Dates as young as 15 ka have been obtained from
sediments directly beneath Vashon till (Mullineaux er
al., 1965; Deeter, 1979). Pollen analyses from peat
suggest a climate somewhat cooler than present
(Hansen and Easterbrook, 1974; Alley, 1979; Clague,
1978). Paleomagnetic data from silt indicate normal
polarity with oscillatory declinations (Easterbrook,
1976a).

Fulton et al. (1976) suggested that the Olympia is a
true interglacial period, extending from about 20 ka to
beyond 59 ka in British Columbta, but till and cutwash
of the Oak Harbor stade in Washington, radiocarbon-
dated between 28 and 35 ka, indicate that the Olympia
nonglacial interval was relatively short and pollen
suggest that climatic conditions were not quite as mijd
as at present (Hansen and Easterbrook, 1974).

Near the end of the Olympia interval, piedmont ice
advanced into the Fraser Lowland of British Columbia
just north of the international boundary and deposited
Coquitlam Drift (Hicock, 1976, 1980: Armstrong,
1977; Clague er al.. 1980; Hicock and Armstrong, 1981,
Clague and Luternauer, 1982, 1983; Armstrong ef al.,
1985), but the ice apparently did not reach into
Washington. Wood from Cogquitlam Drift has been
radiocarbon dated at 25,800 + 310 (GSC-2273), 21,700
* 240 (GSC-2235), 21,700 % 130 (GSC-2416). 21,600
* 200 (GSC-2203), 21,500 + 240 (GS8C-2536), and
21,300 + 250 (GSC-3305) and mammoth tusks from
Coquitlam outwash have been dated at 21,400 = 240
(SFU-65) and 21,600 * 240 (SFU-66) (Clague, 1980;

Armstrong et al., 1985; Hicock et al., 1982). Dates of )

18,700 £ 170 (GSC-2344), 18.600 + 190 (GSC-2194),
18,300 £ 170 (GSC-2322), 18.000 + 150 (GSC-2371),
and 17,800 % 150 (GSC-2297) were obtained from

overlying organic materiat {Clague. 1980; Armstrong et
al., 1985). The Coquitlam Drift is correlated with the
Evans Creek Drift of the Cascade Mountains, During
this time, deposition of Olympia nonglacial sediments
continued in the Puget Lowland {Armstrong and
Clague, 1977).

The last major glaciation of the area was the Fraser
glaciation (Armstrong er al., 1963), which is subdivided
into four stades: (1) the Evans Creek stade, an early
alpine phase; (2) the Vashon stade, the maximum
advance of the Cordilleran ice sheet; (3) the Everson
interstade, an interval of glaciomarine deposition
during deglaciation of the lowland; and {4) the Sumas
stade, a short readvance of the ice margin before
complete deglaciation.
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FIG. 3. Radiocarbon dates from the Fraser glaciation and Olympia
nonglacial interval in the Puget Lowland, Washingtan,

Vashon Drift consists of (1} Esperance Sand Member
and Quadra Sand deposited by meltwater streams from
the advancing ice sheet (Newcomb, 1952; Mullineaux et
al., 1965; Clague, 1976, 1977), (2) Vashon till (Willis,
1898 Bretz, 1913) which overlies the Esperance, and
(3) recessional outwash sand, gravel, and ice-contact
deposits. The Cordilleran ice sheet advanced south-
ward into the Fraser Lowland of British Columbia and
deposited till and outwash on glaciolacustrine sedi-
ments radiocarbon dated at 18,700 + 170 (GSC-2344)
and 17.800 *+ 150 (GSC-2297) years (Clague. 1980;
Armstrong er al., 1985; Hicock and Armstrong, 1985).
Peat in the Esperance Sand Member at the east end of
the Strait of Juan de Fuca gave a radiocarbon date of
18,000 + 400 (I-2282) years (Easterbrook, 1969} and
organic matedal from floodplain sediments in the south
central Puget Lowland gave dates of 16,510 = 320
(LUW-445), 15,450 + 450 (UW-448) and 15.350 + 210
(I-10374) years (Deeter, 1979). Organic matter radio-
carbon dated at 15,000 + 400 (W-1227). 15,100 % 300
(W-1305), and 16,070 + 600 (W-2123) years beneath
Vashon Drift in the Seattle area indicate that Cordil-
leran ice did not reach there until shortly after 15 ka
(Mullineaux et al., 1965; Yount ef af.. 1980). Waitt and



Thorson (1983) suggested that the westward-flowing
Juan de Fuca lobe (Bretz, 192()) may have been out of
phase with the southward-flowing Puget fobe and may
have reached the western end of the strait by about 17
ka, several thousand years earlier than the Puget lobe.
However, "C dates of 17,000 £ 240 GSC-2829) years
from southeastern Vancouver Island (Keddie, 1979);
17,25020" from the central Strait of Juan de Fuca
(Anderson, [968); 17,3507 1588 (B-1062), 18,265 =+ 345
(B-1063), and 18,000 + 400 years (I-2282) from the
southeastern Strait of Juan de Fuca (Easterbrook,
1969; G. Thorsen, written commun.) indicate that the
lobe had not yet entered the eastern strait by 17 ka BP
and may well have advanced synchronously with the
Puget lobe.

The terminal zone of the Puget Lobe is marked by
rather small segments of end moraines. extensive
outwash deposits, and kame—kettle complexes (Bretz,
1913; Mackin, 1941: Crandell, 1963: Noble and
Wallace, 1966; Carson, 1970; Porter and Carson, 1971;
Lea, 1983, 1984}. As the Puget lobe underwent large-
scale recesston and down-wasting between 13 ka and
14.5 ka, it retreated from its terminus by backwasting
and recessional outwash was deposited along with
proglacial lacustrine sediments in lakes impounded by
the receding ice front (Bretz, 1913; Curran, 1963;
Deeter, 1979; Waitt and Thorson, 1983). The ice sheet
had retreated from the Seattle area before 14,000 = 900
(L-330). 13,650 * 550 (L-346A) and 13,430 £ 200 years
(Rigg and Gould, 1957; Leopold er al., 1982). A
radiocarbon date of 13,570 + 130 (UW-33) years from
wood in ice-dammed lake sediments east of Seattle
suggests that the ice sheet may still have occupied the
Puget Lowland at that time. Timing of the retreat of the
Juan de Fuca lobe from its terminal position is
indicated by radiocarbon dates of 14,460 + 200 (Y-
2452) years from a bog on Vashon Drift near the
western margin of the Strait of Juan de Fuca and dates
of 13,380 + 250 (RL-140), 13,100 £ 180 (Y-2449),
13,080 + 260 (Y-2450), 13,010 * 240 (RL-139), and
12,020 + 210 (RL-138) years from wood in till at five
localities in the terminal zone of the Juan de Fuca lobe
(Heusser, 1973a, 1973b). Bottom sediments in the
Strait of Juan de Fuca dated at 14,400 £ 400 and 13,150
% 400 years (Anderson, 1968) were deposited during
recession of the lobe and basal peat from a mastodon
site along the western portion of the strait has been
dated at 12,100 * 310 {WSU-1866) years (Petersen et
al., 1983). The Okanogan lobe of the Cordilleran ice
sheet was physically connected to the Puget lobe across
the northern part of the north Cascade Mountains and
it advanced and retreated approximately synchronously
with the Puget lobe (Easterbrook. 1976a, 1979).

Rapid thinning of Vashon ice after the terminus had
receded north of Seattle allowed marine water to flood
the lowland, floating the remaining ice and depositing
Everson glaciomarine drift over much of the central
and northern Puget Lowland and San Juan Islands
(Easterbrook, 1963, 1966a, 1968, 1969, 1970, 1971,
1976a, 1979). The glaciomarine sediments consist

largely of poorly sorted diamictons deposited when
melting of floating ice releused rock debris which
accumulated on the sea Moor. Unbroken, articulated
marine shells in growth positions indicate that the
glaciomarine drift is essentially in-situ (Easterbrook,
1963, 1982). More than 80 radiocarbon dates from
marine shells in the glaciomarine drift in Washington
and British Columbia yield ages of 11 to 13.5 ka,
making it a valuable stratigraphic marker. An alter-
native view, that the Everson glaciomarine drift is time-
transgressive as & result of deposition by calving of ice
from a backwasting terminus (Pessl et al.. 1981;
Domack, 1983), is considered untenable in view of the
distribution of radiocarbon dates from the galciomarine
drift. Domack (1983} proposed an adjacent, progress-
ively retreating, ice terminus during deposition of the
Everson glaciomarine drift, based on detailed sedi-
mentological studies on Whidbey Island, Such an origin
would entail transgressive deposition of the glacio-
marine drift over a distance of more than 170 km and
would imply that the northern glaciomarine drift should
be younger than the southernmost. However, the
distribution of radiocarbon dates demonstrates similar
ages for all of the glaciomarine sediments regardless of
their geographic location. The southernmost date from
Everson glaciomarine driftis 12,670 % 90 years (USGS-
64). and other dates on shells from Everson glacio-
marine drift on Whidbey Island include 11,850 *x 240
(I-1448), 12,300 + 180 (I-2154), 12,400 + 190 (1-2286},
12,535 £ 300 (I-1079), and 13,010 = 170 (UW-32) years
(Easterbrook, 1966a, 1968, 1969, 1976a). In the San
Juan Islands. about midway in the distribution of the
glaciomarine drift, dates of 11,900 £ 170 (I-2156),
12,000 450 (1-1471), 12,160 £ 290 (1-1470), 12,350 %
330 (1-1469). 12,350 * 1-969), and 12,600 = 190 (I-
1881) years have been obtained (Easterbrook, 1969,
1976a). At the northernmost occurrences in Washing-
ton, Everson glaciomarine drift has been dated at
12,970 + 280 (1-1447) and 12,090 + 350 (W-984) years
{Easterbrook, 1963, 1969, 1976a) and in British
Columbia, more than 20 dates range from 12,900 £ 170
(GSC-2193) to 12,000 + 100 (GSC-2177) (Armstrong et
al., 1985; Clague, 1980). The overlapping of so many
widely-distributed dates precludes a transgressive
period of deposition over the 2 ka period and invali-
dates the calving ice front model. Deposition from sheif
ice is also considered unlikely in light of paleoecological
constraints imposed by diatoms and foraminifera in the
glaciomarine drift {Crandall, 1979). Deposition largely
from abundant berg ice is considered most likely
(Armstrong and Brown, 1954; Armstrong, 1981;
Easterbrook, 1963, 1969, 1971).

A brief readvance of ice from British Columbia into
northern Washington following the end of glaciomarine
deposition occurred during the Sumas stade (Easter-
brook, 1963, 19664, b, 1969, 1971, 1976d; Armstrong,
1977, 1981; Armstrong et al., 1965). Sumas till and ice
contact deposits lie directly on outwash, indicating that
a period of outwash deposition preceded a subaerial
readvance of ice and that the Sumas is not just due to
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grounding of floating ice (Easterbrook, 1963). Wood
from Sumas till in British Columbia has been radio-
carbon dated at 11,600 * 280 (GSC-1675), 11,500 +
1100 (L-221D), and 11,400 + 170 (GSC-1695) (Arm-
strong ef al., 1965; Armstrong, 1981). Numerous
erratics on Sumas Drift are derived from the Fraser
Canyon in British Columbia where radiocarbon dates
of 11,430 = 150 (1-6057), 11,140 + 260 (i-6058). and
11,000 £ 170 (1-5346) years from bogs indicate the
canyon was ice-free by then (Mathews et al., 1972;
Mathews and Heusser, 1981: Mathews and Rouse,
1975). The dates from the Fraser Canyon have led to
speculation that perhaps the source of Sumas ice was
the Coast Mountains rather than the Fraser Canyon.
However, Clague (1981} points out that the dates allow
the possibility of up to 250 m of ice in the canyon at
11,430 £ 150 and 150 m of ice at 11,140 + 260 years,
and vaileys from alternative source areas were known
to be ice free during the climax of the Sumas stade.
Sumas ice also filled the Columbia Valley of Washing-
ton and the contiguous lower Chilliwack Valley of
British Columbia in the Cascade Mountains with up to
250 m of outwash and ice-contact deposits containing
wood radiocarbon dated at 11,300 + 100 (GSC-2523)
(Easterbrook, 1971; Armstrong, 1981; Clague, 1980).
Radiocarbon dates of 9,920 + 760 (1-2280), 9,750 % 150
(WW-6), 6,500 + 200 (WW-8), and 9.300 + 250 (1-
2281) from the bases of peat bogs in abandoned
outwash channels indicate that meltwater from Sumas
ice had ended by that time (Easterbrook, 1969, 1971).

Cascade Mountains

Climatic deterioration beginning about 25-28 ka BP
led to the expansion of aipine glaciers in the Cascade
Mountains, culminating about 22 ka BP. The Evans
Creek stade is the ‘Climatic episode early in the Fraser
Glaciation during which large alpine glaciers formed
and reached their maximum extents and deposited drift
in the mountains . , .’ (Armstrong et al., 1965). The
alpine drift in the western foothills is overlain by
glaciolacustrine sediments deposited in ice-marginal
lakes formed by damming of westward-flowing streams
from the mountains (Cary and Carlston, 1937, Mackin,
1941) by the Cordilleran ice sheet in the Puget
Lowland.

The advance of Evans Creek alpine glaciers in the
Cascades appears to have been contemporaneous with
the early growth of Cordilleran ice in western British
Columbia where a pre-Vashon advance of ice deposited
Coquitlam Drift about 22 ka BP (Armstrong and
Hicock, 1976; Armstrong, 1977: Hicock, 1976, 1980;
Clague, 1980). Alipine glaciers in the northern part of
Cascade Mountains were eventually overwheimed by
the Cordilleran ice sheet, whereas the alpine glaciers to
the south had retreated prior to the appearance of the
Cordilleran ice in the adjacent Puget Lowland (Cary
and Carlston, 1937; Mackin, 1941; Crandell, 1963;
Crandell and Miller, 1974). Pollen from Davis Lake
just beyond drift of the Evans Creek stade near Mt.
Rainier suggest a tundre-parkland environment from

26,100 = 1200 (QL-1308) to about 16.000 years
{Barnosky, 1981).

Lakedaie Drift in the Yakima Valley was considered
to be late Wisconsin by Porter (1976). but Colman and
Pierce (1981) suggested that the two older members of
the Lakedale Drift are pre-Wisconsin. That question
remains unresolved in the absence of any datable
material. Lakedale Drift is considered broadly correl-
ative with the Leavenworth Drift of the Wenatchee
Valley, the Cabot Creek Formation of the Metolius
River area, the Waban Drift of the Mountain Lakes
area. Basal peat on Hyak Drift has been radiocarbon
dated at 11,050 + S0 years (UW-321) and correlated
with McNeeley Drift of Mt. Rainier and Sumas Drift of
the Puget Lowland (Porter, 1976).

Retreat of the Okanogan lobe from its terminal
moraine along the eastern flanks of the north Cascade
Mountains took place synchronously with recession of
the Puget lobe to the west (Easterbrook, 1976a, 1979).
Numerous eskers, kames, kame terraces, ice-marginal
fans and related ice-contact sediments were deposited
during the Everson interstade when glaciomarine drift
was being deposited in the Puget Lowland. Volcanic
ash more than 50 km north of the terminal moraine
indicates that the Okanogan lobe had retreated at least
that far north by 12.7 ka BP (Mullineaux et al., 1978:
Porter, 1978; Waitt and Thorson, 1983). A kame-
moraine complex in the Sinlahekin Valley still farther
north may represent a Sumas equivalent stand of
Okanogan ice, but it is undated (Pine, 1985).

Olympic Mountains

Extension of glaciers from the Olympic Mountains to
the shores of the Pacific Ocean was recognized by
Arnold (1906), Reagan (1909), Lupton (1914), and
Baldwin (1939). Radiocarbon dates of 18,800 + 800
(RL-228), 15,600 * 240 (Y-2457), 15,050 + 550 (1-379)
14,480 + 600 ('Y-2454) from three basal bogs on Evans
Creek Drift in the Hoh Valley (the ‘younger Wisconsin
till' of Crandell, 1964) limit the age of the Evans Creek
maximum in the Olympic Mountains. These dates
suggest that the Evans Creek Drift in the Olympic Moun-
tains is contemporaneous with the Evans Creek Drift
of the Cascade Mountains and that both are perhaps
equivalent to the Coquitiam Drift of British Columbia.

HOLOCENE

Fluctuations of alpine glaciers in the Cascade and
Olympic Mountains during the Holocene resulted in
the deposition’ of multiple end moraines (Crandell,
1969; Crandell and Miller, 1964, 1974; Barnosky, 1984:
Beget, 1979, 1980a, b, 1981, 1984; Burbank, 1981;
Burke, 1972; Easterbrook and Rahm, 1970; Easter-
brook and Burke, 1971, 1972: Easterbrook et al., in
press; Fuller, 1980; Hodge, 1925; Hopkins, 1976;
Mahaney, 1981; Porter and Denton, 1967; Waitt et af.,
1982). A three-fold pattern of glacial expansion can be
recognized: (1) an early Holocene phase older than
Mazama ash (~7 ka). (2) an early Neoglacial advance

SRS PP PO

Y2 s ol e e AR AL brs




Cuaternary Glaciations in the Nerthern Hemisphere 155

at about 2-3 ka, and (3) multiple, smaller late
Neoglacial advances during the last 700 years.

The Whitechuck moraines near Glacier Peak rep-
resent an early Holocene glacial advance older than
Mazama ash and younger than Glacier Peak tephras
G.NF.CM.T. and B which were erupted between
about 12.5 and 11.25 ka {Beget, 1981, 1984). Frag-
ments of disseminated charcoal in the till were radio-
carbon dated at 8,380 + 90 (W-4277) and 8,350 + 50
(W-1070) years (Beget, 1981). Waitt ef al. {1982) report
many moraines high in cirques east and southeast of
Glacier Peak that overlie the entire Glacier Peak
tephra sequence and are blanketed by Mazama ash.
The Brisingamen moraine in the Enchantment Lakes
region is overfain by Mazama ash and is inferred to be
younger than the youngest Rat Creek moraine {Waitt et
al., 1982). Small cirques near Mt. Rainier contain
McNeeley moraines capped with Mazama ash (Cran-

dell and Miller. 1964). One of the outermost McNeeley
moraines is overlain by the >8750 year old ‘R° ash
from Mt. Rainier, but all of the other McNeeley
moraines examined have yielded only Mazama ash and
therefore may be younger than the late Pleistocene
Sumas stade (Waitt er a/., 1982) and perhaps correlative
with the Brisingamen moraine,

The Park Butte moraine in a small cirque adjacent to
Mt. Baker is mantled with Mazama ash which is
bracketed by radiocarbon dates of 6,630 + 130 (1-2917)
and 5,965 = 120 (1-2916) years (Easterbrook, 1975).
The moraine is younger than the latest part of the
Vashon stade (about 13 ka) (Easterbrook and Burke,
1971, 1972; Easterbrook, 1970, 1975. Easterbrook,
Burke and Fuller. in press). However, without a more
restrictive lower age limit on the moraine, it could be
either early Holocene or equivalent to the Sumas stade,
Anaother early Holocene or Sumas glacial advance is

AREA REFERENCE ILL. |WISCONSIN | HOLO.
EJL |E M L1 E]NEQ
Mt. Lassert Kane, F. 5., 1982
ey 1974 X X X X
Crandell, D.R., 1972 X XX

N. Ca. Coast
Ra.-Snow Mtn,
Black Butte,
Hull Mtn,

Anthony Peak |Davis, S.N., 1958 X
Trinity Alps/
Klamaths Sharp, R.F., 1960 XX X X X
Hershey, O0.H., 1903 X X
Mt. Shasta Hill, M., 1977
Aune, . A,, 1970 X

Williams, H., 1949

I X

Mt, Thielson

Nafziger, R.H., 1974 more extensive than present

Mt. Mazama ©

Williams, H., 1942
Atwood, W.W.Jr., 1935

multiple during growth
of volcano

Three Sisters |Dethier, D.F., 1980 X
Central Oregen|{Taylor, £E.M., 1979 X
______ s 19468 X
Bachelor Butte|Rolling, A., 1974 X
Albany/Lebanon
area Allison, I. S., 1953 XX XX
Blue River Swanson, F.J. and
) James, M.E., 1975 X X
N. Bant:am
River Thayer, T.F., 1939 X X
Mt Jefferson Waltker, G.W. and Greene,
R.C., 1964 X1 x
Hodge, E.T., 1925 X X| X
Mt Hood Wise, W.S5,., 19569 X
Crane, H.R. and Griffin,
J.B., 1960 X
Mt Adams Mahaney, W.C., Fahey, R.D.,
and Lloyd, D.T., 1981 X | XXX
Hopkins, .D., 1976 X I x| x
Mt S5t Helens Hyde, J.A., 1975 XXX X
Crandell, D.R. and
Mullineausx, D.R., 1973

FIG. 4. Glaciations recorded in the Southern Cascade Range and other mountains in Oregon and northern California.
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represented by a post-Fraser till on Mt. Baker that is
overlain by Mazama ash which is in turn overlain by a
mudflow containing wood radiocarbon dated at 5,980
* 250 (W-2944) years {Fuller, 1980; Easterbrook er al.,
in press).

A pre-Mazama moraine in the Three Sisters region

~of the Oregon Cascades may also be early Holocene in
age, but it is not wel! dated (Dethier, 1980).

Radiocarbon dates of 4,960 + 90 {(UW-99) and 4,700
* 300 (W-1030) years were obtained from trees
overridden by the South Cascade glacier in the Dome
Peak area (Miller, 1969). _

Burroughs Mountain moraines in the Mr. Rainier
area are bracketed by the Mt. St. Helens Y ash (3.3-4
ka) and the Mt. Rainier C tephra 2.04-2.3 ka)
(Crandell and Miller, 1964). Moraines containing trees
overridden by the Deming Gilacier on Mt. Baker
yielded radiocarbon dates of 1,860 + 80 and 1.840 £ 80
years (Easterbrook, Burke and Fuller, in press).

Multiple tate Neoglacial moraines were constructed
at many localities in the Cascade and Olympic Moun-
tains during the past 700-800 years (e.g. Burbank,
1981; Burke, 1972; Crandell and Miller, 1964; Easter-
brook, 1970; Easterbrook et al., in press; Fuller, 1980;
Heikkinen, 1984; Heusser, 1957: Miiler, 1969; Sigafoos
and Hendricks, 1972). The number of morzaines is so
large and they are so closely spaced in time that no
attempt is made here to correlate them. A general
pattern seems to exist, beginning about the 13th
century and continuing through the 20th century.
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