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INTRODUCTION

By L. David Canter and Thomas D. Hamilton

This volume contains the proceedings of a joint Cana-
dian-American workshop on the late Cenozoic history of
the interior basins of Alaska and the Yukon, a meeting that
was hosted by the U.S. Geological Survey at Anchorage,
Alaska, in February 1987. The principal aim of the work-
shop was fostering communication between Canadian and
American scientists on problems of late Cenozoic history
common to both northwestern Canada and Alaska.

The Anchorage workshop was the second in a planned
series of meetings that are intended to be held at two- or
three-year tntervals. The first meeting of this series, which
was hosted by the Geological Survey of Canada, was held
in Calgary, Alberta, in April 1984. Its topic was the cor-
relation of Quaternary deposits and events around the
margin of the Beaufort Sea. A correlation chart that was
asscmbled at the meeting and 16 short papers prepared by
individual participants were published by the Geological
Survey of Canada (Heginbottom and Vincent, 1986).

During the Calgary meeting, it was agreed that a field
wip would be held along the shore of the Beaufort Sea
during the smmmer of 1985 and that a second workshop
focusing on long geologic and climatic records of interior
basins of Alaska and the Yukon would be held in Anchor-
age, Alaska, in the spring of 1987.

The field trip was carried out in late July and early
August 1985, Participants were Jean-Serge Vincent and
John V. Matthews, Jr. (Geological Survey of Canada),
David M. Hopking (University of Alaska), and L. David
Carter (U.S. Geological Survey). The group's objective
was to study the chronology and geologic relations of
deposits along the arctic coastal lowlands in order to clarify
sea-Jevel history and to resolve the age of late Tertiary and
early 10 middle Pleistocene glacier advances (see Vincent
and others, this volume),

Planning for the subsequent Anchorage workshop was
carried out jointly by members of the U.S. Geological
Survey and the Geological Survey of Canada. Twenty-
three scientists from the Geological Survey of Canada,
other Canadian government agencics, Canadian and United
States universities, the Alaska Division of Mines and

Menuscript approved for publication, Jaguary 5, 1989,

Geology, and the U.S. Geological Survey participated in
the meeting. Twenty of the following papers were prepared
for the workshop and subsequently revised for publication;
two additional papers were solicited after the workshop n
order to expand coverage of topics that proved to be of
particular interest. Brief synopses of the seven discussion
sessions that followed the presentation of papers were
prepared by discussion leaders, and these also are included
in thig volume.

Some of the major rivers, tectonic basins, and faults
referred to in the papers and discussion-session reports are
shown in figure 1. More detailed maps showing all of the
localities and geographic features mentioned in papers
dealing with the Yukon can be found in Morison and Smith
(1987, figs. 39, 41, and 42).

One central theme that emerged from the warkshop is
the critical role of volcanic agh layers (tephras) in dating
and correlating deposits of late Cenozoic age in Alaska and
the Yukon. Itis unfortunate that the age of one particularly
widespread unit, the Old Crow tephra, is still nnsettled as
this volume goes to press. Most of the following topical
reports and discussion summaries were written when an age
of 8618 ka was generally accepted for the Old Crow tephra
(Wintle and Westgate, 1986), but subsequent age measure-
ments indicate that it may be as old as 110+12 ka (Berger,
this volume) or 149+13 ka (Westgate, 1988).

In this volume, we follow the convention of using ka
for “thousand years before present” and Ma for “million
ycars befare present.” Timespans are designated as k.y,
and m.y. for thousands and millions of years, respectively,
Geologic-climatic units such as glaciations, interglacia-
tions, stades, and interstades are considered informal stra-
tigraphic units, as are all tephra layers discussed except the
formally defined Ester, Dome, Wilber, Jarvis, and White
River Ash Beds (Péwé, 1975).
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WORKSHOP PROGRAM

Wednesday, February 11 Thursday, February 12
Welcome and Introduction Discussion Sessions
L.D. Caner and T.D. Hamilton 1. Geochronology

Discussion Leader: Brigham-Grette, Julie
Resume of the joint Canadian-Amencan field trip of 1985 .
Vincent, Jean-Serge, and Carter, L. David 2. Neotectonics
Discussion Leader: Thorson, Robert M.
Brief Presentations
I. Northern Alaska, Yukon, and Mackenzie District
Brigham-Grette, Julie

3. Late Tertiary events
Discussion Leader: Matthews, John V,, Jr.

Cz'mer. L. David 4. Early and middle Pleistocene events
Vincent, Jean-Serge Discussion Leader: Hamilton, Thomas D.
Bepget, James B.
II. Interior basins of northwest Canada
Hughes, Owen L. Friday, February 13
Morison, Stephen R.
J&CkSOﬂ.. Lionel E,, Ir. Discussion Sessions
Tarnocai, Charles 5. Late Pleistocene glacial advances
Schweger, Charles E. Discussion Leader: Vincent, Jean-Serge
1. Basins of lccnunl Alaska 6. Late Pleistocene interstadial intervals
Hopkins, David M. Discussion Leader: Schweger, Charles E.
Hamilton, Thomas D.
Williams, John R. 7. Canadian-American collaborative research
Edwards, Mary E. Discussion Leader: Carter, L. David
Péwé, Troy L.
Williams, John R.

Ferrians, Oscar, J., Jr.

IV. Regonal studies
Thorson, Robert M.
Yeend, Warren E.
Repenning, Charles A,
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Harington, C. Richard
Ager, Thomas A.
Matthews, John V., Jr.
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JOINT CANADIAN-AMERICAN INVESTIGATION OF
THE CENOZOIC GEOLOGY OF THE LOWLANDS
BORDERING THE BEAUFORT SEA

By Jean-Serge Vincent, L. David Carter, John V. Matthews, Jr., and David M. Hopkins

In late July and early August, 1985, we examined the
geology of the lowlands along the margin of the Beaufort
Sea in the Yukon and Northwest Territories of Canada and
in Alaska (fig. 1). This field project was organized to
address geologic problems identified during a joint Cana-
dian-American workshop on the correlation of Quaternary
deposits and events around the margin of the Beaufort Sea.
The workshop was held in Calgary in 1984 and hosted by
the Geological Survey of Canada (Heginbottom and Vin-
cent, 1986),

Suites of sediments along the Canadian margin of the
Beaufort Sea record up to four advances of glaciers of
Laurentide provenance and associated sea-level changes of
glacioisostatic origin. Deposits of varied origin also record
extensive nonglacial periods extending back at least to the
Miocene. After meeting in Inuvik, we flew to Banks Istand
where the fongest and most complete record exists. J A,
Westgare (University of Toronto) and Michel Lamothe
(Geological Survey of Canada) accompanied us on this part
of the trip in order to collect, respectively, tephra and
thermoluminescence (TL) samples. At the Duck Hawk
Bluffs, near Sachs Harbour, Upper Cretaccous marine
sediments (Kanguk Formation) and Tertiary (Miocene and
Pliocene?) fossil-bearing deltaic sand and gravel (Beaufort
Formaton) are overlain by preglacial mainly eolian and
lacustrine sediments of the Worth Point Formation. The
Worth Point Formation is averlain by a complex sequence
composed of lower Pleistocene glacial and marine deposits
associated with the Banks glaciation, interglacial middle
Pleistocene lacustrine, fluvial, and paludal sediments of the
Morgan Bluffs Formation, marine deposits associated with
the late(?) middle Pleistocene Thomsen glaciation, intergla-
cial lacustrine and paludal sediments of the Cape Collinson
Formation, glacial and marine deposits of the early Wis-
consin M'Clure stade of the Amundsen glaciation, and
finally by Holocene deposits of varied origin (Vincent and
others, 1983). Deposits of Late Wisconsin age crop out
only on the east coast of the island. Our studies showed
that (1) Cretaceous tephra reported from the Worth Point
Formation had been ice-thrust from the Kanguk Formation
over Beaufort Formation sediments during the Banks gla-
ciation; (2) the Worth Point Formation is more complex
than previously assumed; and (3) the Beaufort Formation
contains a rich macroflora that includes many taxa not
previousty known from it

The group then moved to the Polar Continental Shelf
Project Base at Tuktoyaktuk, on the mainland, and investi-
gated various localities around Liverpool Bay, the Eskimo
Lakes, and the Mackenzie River Delta. Glacial deposits of
the middle(?) Pleistocene Mason River glaciation, of the
Toker Point stade-Franklin Bay stade (early Wisconsin?),
and of the Sitidgi stade (late Wisconsin) were briefly exam-
ined, but particular attention was given to pre-Toker Point
stade nonglacial sediments (see Vincent, this volume,
Hughes, this volume, and Rampton, 1982 for glacial limits
and explanaton of terminology). These nonglacial sedi-
ments include ancestral Mackenzie River sediments, eo-
lian(?) sands of the Kittigazuit Pormation, and complex
sequences of middle Pleistocene and lower(?) upper late
Pleistocene (Sangamon?) lacustrine, paludal, and marine
deposits, Also investigated were marine shell-bearing sand
and gravel that occurs on istands of the Mackenzie River
Delta and postdates the Toker Point stade. Working out of
Shingle Point, we examined exposures of the Buckland Till
(= Toker Point stade), and the Flaxman Member of the
Gubik Formation in Alaska (sce Carter and Ager. this
volume) was traced from the U.S.-Canada border east to
Komakuk Beach, where it has been removed by erosion.

From Shingle Point the group moved to Barter Island
in Alaska. Working out of this base, the group examined
excellent exposures of the Flaxman Member at Simpson
Cove and Pokok Bay, and Pliocene(?) marine deposits of
the Colvillian transgression (see Carter and others, 1986,
for terminology of marine transgressions) were examined
in coastal exposures between Pokok Bay and Pokok La-
goon. Poorly exposed Pliocene(?) marine deposits of the
Fishcreekian transgression near the Niguanak River and
along Carter Creek also were visited. At Carter Creek we
sampled the well-exposed Tertiary Nuwok Member of the
Sagavanirktok Formation (Detterman and others, 1975).
We visited and extensively sampled fluvial gravelly sand
that is exposed on a tributary of the Niguanak River and is
older than the Fishcreekian transgression and possibly older
than any of the recognized late Cenozoic marine transgres-
sions. This site has yielded an intriguing flora and insect
fauna that suggests a forest/mindra environment (unpub-
lished Geological Survey of Canada macrofossil reports
available on request from John Matthews). Unlike the
present-day forest/tundra zone, it contained larch and five-
needle pine in addition to spruce. Both mee and shrub

Investigation of the Cenozoic Geology of the Lowlands Bordering the Beaufort Sea 7



birches were present as well as some southeém, nonboreal
plants tike honeysuckle (Lonicera).

The group then moved west to Prudhoe Bay and exam-
ined a variety of deposits ranging in age from Eocene to
Holocene inclnding (1) Eocene deltaic(?) deposits with
intercalated tephras and overlying coarse gravel beds that
also contain tephras, (2) gravel pits excavated in lower(?),
middle, and upper Pleistocene deposits near the Kuparuk
River and near Milne Point, (3) larch-bearing fluvial depos-
is on the Kikiakrorak River, (4) thick Wisconsin eolian
sand at Judy Creek, (5) Pliocene(?) marine deposits of the
Fishcreekian transgression at Fish Creek, (6) Pliocene(?)
marine deposits of the Bigbendian transgression near
Ocean Point on the Colville River, and (7) sedimentary
facies and structures in the bed of a drained lake near Fish
Creck

Continuing west toward Barrow we stopped at the
Kogru River to sec¢ Pelukian(?) and pre-Pelukian marine

sediments and overlying marine sediments of the -

Simpsonian transgression (Flaxman Member of the Gubik
Formation) at Cape Simpson. Out of Barrow, we spent two
days studying the superposed Colvillian, Bigbendian,
Fishcreekian, and Wainwrightian transgressions at Skull
CLff that were described by Brigham (1985).

Some of the most important findings of our trip were
the following:

168°

Plant macrofossils are widely present in the Beaufort
and older parts of the Gubik Formations and will be
useful in establishing a Neogene climatic framework of
the margins of the Arctic Basin.

The Worth Point Formation of Banks Island, which
records an interval during the late Pliocene or early
Pleistocene when larch, rather than spruce, formed the
tree line, may correlate with deposits at various sites in
Alaska that apparently also document the same type of
vegetation,

Similarly, the Banks glaciation, the oldest conlinental
glacial event recognized in northwestern Canada, is
probably recorded by glaciomarine deposits of late
Pliocene or early Pleistocenc age in Alaska.
Determining the stratigraphic position at which shield
erratics first appear in Gubik marine beds would estab-
lish a minimoem age for the first Laurentide glacial
episode in Canada.

The widespread “brown sands™ of the Kittigazuit For-
mation n¢ar Tuktoyaktuk, graditionally thought to be
deltaic in origin, may instead be remnants of a large
dune field.

The glaciomarine Flaxman Member extends into Can-
ada on the Yukon Coastal Plain at least to Komakuk
Beach, and is either the same age as or yoanger than
the Lawrentide Buckland Till laid down during the

74°
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Figure 1. Location of places mentioned in text. N.W.T., Northwest Territories.
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Buckland glaciation (=M Clure stade of the Amundsen
glaciation).

7. Although most of the marine deposits in Canada rep-
resent high sea levels due to glacioisostatic depres-
sions, some of the high sea-lcvel events were likely
eustatic in origin, In particular, driftwood-bearing
marine beds exposed along the northeast coast of
Liverpool Bay were likely deposited during a eustati-
cally higher sea level and may correlate with the Pe-
lukian ransgression of Alaska. In contrast, all Alaskan
marine deposits formed during eustatic high sca level
events, except perhaps part of the Flaxman Member.
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Late Pleistocene Spruce (Picea) in
Northern Interior Basins of Alaska and the Yukon:
Evidence from Marine Deposits in Northern Alaska

By L. David Carter and Thomas A. Ager

The record of spruce (Picea) in upper Pleistocene
sediments older than 20 ka in the northemn interior basing of
Alaska and the Yukon is poorly dated. The few finite
radiocarbon dates on spruce occurrences have large analyti-
cal uncertainty (Hopkins and others, 1981b; Shackleton,
1982) and thus are of uncertain validity. Most late Pleis-
tocene sediments that contain spruce macrofossils or abun-
dant spruce pollen are older than the range of radiocarbon
dating, and there is debare about whether they represent
interstadial or interglacial conditions (Péwé, 1975;
Schweger and Matthews, 1985). Marine deposits on the
Alaskan Arctic Coastal Plain provide evidence that during
the last interglacial interval and during at least one and
possibly two Wisconsin interstadials spruce was growing in
northern interior basing. We discuss thig evidence below
and comment on its significance for the interpretation of
the climatic and sedimentary record of northern interior
basins.

Marine deposits of the Alaskan Arctic Coastal Plain
record at least two and possibly three late Pleistocene
marine transgressions (Carter and others, 1986; Carter,
unpub. data), The oldest of these was the Pelukian trans-
gression, defined by Hopkins (1967) as producing shoreline
features and deposits a few meters above present sea level
that can be traced discontinuously around the coast of
western and northern Alaska,  Pelukian deposits on the
Arctic Coastal Plain extend from Harrison Bay westward to
near Barrow (fig. 1), and they are the youngest marine
deposits that contain a fauna indicating more open water
and warmer climatic conditions than exist at present
(Hopking and others, 1981a). Shells of the bivalve Hiatella
arciica collected from Pelukian deposits yield amino-acid
ratios that are barely distinguishable from those determined
for modern specimens (Brigham and Miller, 1983), which
supports Hopkins’ (1967) conclusion that the Pelukian
transgression occurred during the most recent pre-Holocene
interglacial interval.

In deep-sea sediment cores, the last interglacial period
is generally equated with oxygen-isolope stage Se, which
peaked about 123 ka, and is the youngest Pleistocene
oxygen-isotope stage in which the oxygen isotope compo-
sitions of the shells of benthic foraminifers are similar to
Holocene isotopic compositions (Martinson and others,
1987). We correlate the Pelukian transgression with stage

Se because Oxygen-isotope compositions of shells of the
bivalve Astarte borealis from Pelukian deposits are about
the same as those for modern A. borealis shells from the
Beaufort Sea (Carter and others, 1985). This correlation is
supported by six of eight thermoluminescence (TL) ages on
Pelukian sediments. The six analyses are between 119 and
134 ka and average about 124 ka (Carter, unpub. data).
Two other TL ages of 89 and 140 ka fall outside the age
range of oxygen-isotope stage Se and may be spurious.
Driftwood logs up to 25 ¢m in diameter locally are
common in Pelukian deposits of the Arctic Coastal Plain,
and some of this wood has been identified as spruce (R.C.
Koeppen, USDA Forest Prodocts Laboratory, written
commun., 1978), The most likely source for spruce drift-
wood is the Mackenzie River, but for the western part of
the coastal plain a source in or north of the Yukon River
drainage basin is also possible (Giddings, 1952), and a
source on the North Slope of the Brooks Range cannot he
ruled out. Spruce was thus almost certainly present in
northem Alaska or northwestem Canada during the last
interglacial interval. This conclusion was reached previ-
ously on the basis of the presence of spruce pollen, cones,
and wood in interior basin sediments that were assumed to
be of last-interglacial age (Hopkins, 1972; Péwé, 1975).
However, the assumption of a last-interglacial age for these
sediments was based in part on the presence of spruce
pollen and macrofossils, and some of these same deposits
have more recently been interpreted as much younger than
125 ka (Hopkins, 1982; Schweger and Matthews, 1985).
The next youngest transgression is informally named
the Simpsonian transgression (Carter and others, 1986) and
i represented by the Flaxman Member of the Gubik For-
mation, which occurs along the Beaufort Sea coast and
intand to altitudes of about 7 m (fig. 1). The Flaxman
Member is a glaciomarine deposit that contains ice-rafted
erratics of Canadian provenance (Rodeick, 1979), with one
of the source areas identified as Bathurst Inlet, about 1,000
km to the east of figure 1 (J.-S. Vincent, Geological Survey
of Canada, personal commun., 1985). Transportation of the
erratics to the Beaufort Sea coast by icebergs records the
ablation of an ice sheet in the Canadian Arctic. Remains of
Pacific marine mammals collected from the Flaxman
Member include dbbon seal (Histriophoca fasciara) and
gray whale (Eschrichtius sp.) (Repenning, 1983) and show
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that, as now, a connection with the Bering Sea existed
during the Simpsonian transgression, Marine mollusk shells
from the Flaxman Member are enriched in YO relative to
modem specimens from the Beaufort Sea (Carter and oth-
ers, 1985), indicating that there was more glacial ice during
the Simpsonian transpression than there is today, The %0
data also positively differentiate Simpsonian and Pelukian
deposits.

Preliminary results from 18 TL analyses of sediments
from the Flaxman Member range from 50 to 86 ka and
average about 70 ka (Carter, unpub. data). These analyses
are supported by a uranium-series age of 75 ka determined
on whalebone (J.L. Bischoff, U.S. Geological Survey,
written commun., 1984). Radiocarbon ages on organic
materials from the Flaxman Member range from about 19.5
ka to indeterminate at more than 48 ka, and in some cases
finite and indeterminate ages have becn measured on pairs
of samples froe the same site (Sellmann and Brown, 1973;
Stafford and others, 1987; Carter, unpub. data). For ex-
ample, the uranium-series age cited above was measured on
bone from a gray whale that previously had yielded radio-
carbon ages of ahout 22.5 ka and >38 ka (Stafford and
others, 1987). We conclude that finite radiocarbon ages on
organic materials from the Flaxman Member are probably
minimum ages, and we tentatively accept the TL ages as
approximating the time of the Simpsonian transgression.
We emphagize, however, that analyses of the TL data are
incomplete, and at this time we ¢an say only that the data
suggest that the Simpsonian transgression coincided with
one of the two global high sea-level events dated on New
Guinea as 59 and 81 ka (Chappell and Shackleton, 1986).
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Figure 1. Northern Alaska showling distribution of deposits of
Pelukian transgression and Simpsonlan traasgression
(Flaxman Member of Gubik Formatlon) and locations men-
tioned in the text {CS, Cape Simpson; SC, Simpsan Cove; 8l,
Barter Island; D8, Demarcation Bay).

Spruce macrofossils (identified by J.T. Quirk, USDA
Forest Products Laboratory, written commaun,, 1983) have
been collected from the Flaxman Member at Cape Simpson
and near Barter [sland (fig. 1), and have been dated by
radiocarbon as 35.7540.68 ka (USGS-1850) and >48 ka
(USGS—1855), respectively. As mentioned above, we
consider the finite age as 2 minimum age. Of the several
sediment samples from the Flaxman Member examined for
pollen by T.A. Ager, only one sample was suitable for
quantitative analysis. This sample contained 7.1 percent
spruce pollen (table 1), which falls within the range of
percentages of spruce pollen in the modern pollen rain
(Nelson, 1979). These data suggest that during at least part
of the Simpsonjan transgression spruce forests may have
been as close as the Mackenzie River valley, or valleys
within or south of the Brooks Range, but probably not
north of the Brooks Range.

Evidence for possibly a third high sea-level event
consists of marine sand that disconformably overlies the
Flaxman Member at Demarcation Bay and at Cape
Simpson. The marine sand could be merely a regressive
facies of the Simpsonian transgression, but preliminary
results of two TL analyses of the marine sand at Demarca-
tHon Bay are 41.5 and 48 ka (Carter, unpub, data), which
suggests that it represents a separate sea-fevel highstand.
Fine-grained organic detritus from the marine sand yielded
a radiocarbon age of 29.39+0.24 ka (USGS-1856), but this
age conflicts with the TL ages, and evidence from the
Canadian Beaufort Sea shelf indicates that at about 27 ka
relative sea level may have been as much as 140 m below
modem sea fevel (Hill and others, 1985). Furthermaore, the
marine oxygen-isotope record suggests that the time of
minimum ice volume, and presumably highest sea level,
during oxygen-isotope stage 3 occurred about 50 ka
(Martinson and others, 1987). We thus provisionally ac-
cept the preliminary TL data, and adopt as a working
hypothesis an age of about 45 or 50 ka for this unnamed
and tentatively identified marine transgression.

Small twigs identified as spruce (J.T. Quirk, USDA
Forest Products Laboratory, written commun., 1983) occur
in the marine sand at Demarcation Bay. They are localized
in Jenticular, organic-rich, cross-stratified beds that may be
deltaic, If these beds are deltaic, then the spruce probably
originated in the adjacent Brooks Range drainage. Other-
wise, the most likely source for spruce driftwood on this
part of the coastal plain is the Mackenzie River valley.

Evidence from marine sediments of northern Alaska
thus indicates that spruce was growing in northemn interior
basins during at least two and possibly three late Pleisto-
cene marine transgressions: the Pelukian transgression of
last-interplacial age (125 ka), the Simpsonian transgression
of early or middle Wisconsin age, and a tentatively identi-
fied and unnamed transgression of middle Wisconsin age.
A pollen or macrofossil record of spruce should be present
in inferior basin sediments that are correlative with these
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Table 1. Pollen and spores from Flaxman Member of Gubik
Formation at Simpson Cove

[Anslysis by T.A. Ager]

Taxon Number of grains Percent
Eallen wvpe
Betula (birch) s 49 19.2
Picea (sprace) -~ - 18 7.1
Alnus (alder) waan 33 12.9
Salix (willow) - 8 11
Myrica (sweel gale) —-r-—omom- e e ] 4
Ericaceae (blucberry/crowbermry eype) ----v------ 7 2.7
Rosacese (rose family} ---reeesom—-——o { "
Shepherdia canadensis (soapbervy) -——-—--m-- 2 .8
Caryophyllncesc (pink family) -w--—-— 3 1.2
Compositac (Asteraceae)
Tubulilorac type (for example, Aster) —— |1 4
Artemisia (WOIMWOOE) =+ vvemsmnssassansssmm- 8 1.7
Cruciferac (Brassicaceae) (mustard family) -~- 12 4.7
Cyperacese (sedge family) —«—smmeeeommiees 28 11.0
Gramineae (Poaccae) (grass family} ---------- ~ 15 29.4
Polygonum sp. (buckwheat family) -——---- - 2 8
Ranunculacese undiff. (crow foot family) --~— 3 I.2
Saxi{ragaceac undiff. (saxifrage famity)----—- 2 8
Unknown - c——- 13 1.2
TOTAL POLLEN  ---eee-meer 255
Monolete type fern spores-- —----a---s-eressursaan 3 i1
Sphagnum moss SPOFes ---—veaces — 17 62

marine transgressions, and some upper Pleistocene sedi-
ments in interior basins do indeed contain spruce macrofos-
sils and relatively high percentages of spruce pollen.
Known occurrences of such sediments are in the Old Crow
basin in Yukon Territory, and within Alaska on the Seward
Peninsula, in the Koyukuk basin, the Chandalar valley, and
in the Fairbanks area (Hamilton, 1979; Schweger and
Matthews, 1985). These sediments are all stratigraphically
above the Old Crow tephra, which has been dated by TL as
8618 ka (Wintle and Westgate, 1986) and 11012 ka
(Berger, 1987). These ages are concordant at two standard
deviations and support earlier suggestions that the spruce-
bearing sediments above the tephra formed after oxygen-
isotope stage Se and represent Wiscongsin interstadial con-
ditions (Hopking, 1982; Schweger and Matthews, 198S).
Some scientists, however, are reluctant to accept the TL
ages for the tephra, because some of the overlying spruce-
bearing sediments contain evidence for climatic conditions
as warm as or warmer than today, and they consider it
unlikely that such climatic conditions have occurred since
oxygen-isotope stage Se (Péwé, this volume; D.M.
Hopkins, University of Alaska, oral commun., 1987). If a
correlation with stage Se is correct, however, then there is
no unequivocal record of Wisconsin-age spruce in sedi-
ments of northern interior basins. We thus prefer to accept
the TL data for the age of the Old Crow tephra because of

the likelihood that some of the overlying sediments that
conain spruce macrofossils or abundant spruce pollen may
correlate with Wisconsin-age marine deposils in northern
Alaska. If we are correct, then climate in the northern
interior basins of Alaska and the Yukon may have been as
warm as or warmes than today during at least one Wiscon-
sin integstadial event.
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Offshore Constraints on the Late Pleistocene
Glacial History at the Mouth of the Mackenzie River

By Steve M. Blasco, Julie Brigham-Grette, and Philip R. Hill

The middle to late Pleistocene history of the Macken-
zie River Delta, Mackenzie trough, and adjacent continen-
tal shelf of the Beaufort Sea has a direct bearing on the
interpretagon of Laurentide ice limits, which influenced the
chronology of events in the upper Porcupine and Peef River
valleys of the northern Yukon. The limit of the early
Wisconsin Buckland glaciation as mapped by Rampton
(1982; and see Vincent, this volume) extends offshore
beyond Herschel Island, where Mackay (1959) originally
described ice-thrusted sediments in coastal exposures coin-
cident with this former ice limit. To the south, the Buck-
land limit has been traditionally extended by Hughes (see
Hughes, 1986) to be correlative with the ice limits of the
Hungry Creek glaciation (Hughes and others, 1981). Ice
occupying this position in the north-central Yukon dammed
the eastward drainage of the Peel River and impounded
glacial lakes in the Old Crow, Bluefish, and Bell River
basins just after 36.9 ka (Hughes and others, 1981), Dis-
crepancies in the age and correlation of this maximum ice
limit from Hungry Creek to the Beaufort Sea remain unre-
solved despite fieldwork in the intervening areas by Catto
(1986}, causing some 1o speculate that ice may have occu-
pied a similar positon more than once during the late
Pleistocene. Altemnate interpretations bring into question
the age of the Buckland limit along the Yukon coast and
the age of the Hungry Creek till. This abstract outlines
ongoing work offshore that is relevant to determining the
sequence and age of glacial events in the middle to late
Pleistocene that influenced the stratigraphy of both the
northern Yukon and the Beaufort Continental Shelf.

The upper 80 to 100 m of sediment on the central part
of the Beaufort Continental Shelf north of Richards Island
and the Tuktoyaktuk Peninsula is composed of neargshore
marine silt and clay overlain by glaciofluvial outwash sand,
which is in turn overtain by a thin transgressive sequence
that grades upward into a veneer of recent marine mud
discharged from the modern Mackenzie River. This suc-
cession formed after 21 ka (Hill and others, 1985). Exten-
sive seabed surveys by industry to locate offshore gravel
and drift deposits as a source for construction materials
have led to the identification of localized lag and barrier
island deposits related to the last transgression, but no
glacial tills or ice-contact deposits have been found. If
present, such deposits must lic deeper than 80 m beneath
the seabed. The glaciofluvial outwash complex of this
succession wag probably deposited fairly rapidly after 21 ka

when an ice front was not far to the south. Seismic and
chronologic evidence outlined by Hill and others (1985)
suggests continued sca-level rise from at least 27 ka with an
inflection around 15 ka, which is interpreted as indicating
a slight readvance of the ice. The ice front was probably
not far south of the present shoreline from late-middle
Wisconsin time on, with a possible northward pulse about
IS ka.

On the western part of the Beaufort (or Yukon) Con-
tinental Shelf, northwest of Herschel Island, a discontinu-
ous veneer of reworked sediments related to the last trans-
gression and recent sedimentation unconformably overlies
fine-grained sediments deposited before 53 ka (Julie
Brigham-Grette, unpub. radiocarbon and thermolumines-
cence ages). Again, there is no evidence within this shal-
low sequence of an ice advance on the sheif.

Between the central and western parts of the shelf lies
the Mackenzie trough, a northwest-trending linear depres-
sion 80 km wide by 150 km long that is partly infilled by
more than 300 m of sediment. Seismostratigraphic evi-
dence suggests that the trough was excavated by the re-
peated action of ice tongues during the Pleistocene rather
than forming as a graben, slump, or river valley (Blasco
and others, tn press). The base of the infilled ongh is well
defined by a smooth U-shaped angular unconformity 500 m
below sea level, which rises to within 100 m of the seafloor
on the western shelf and lies about 200 m below the seabed
at the edge of the central shelf (fig. 1). The chronostrati-
graphy of the Yukon shelf indicates that this basal uncon-
formity formed before 53 ka. On the cenral shelf, extrapo-
lated Holocene sedimentation rates suggest that the base-
of-trough unconformity formed before 70 ka.

Four seismostratigraphic units with a composite thick-
ness of 300 m have been identified in the Mackenzie trough
(fig. 1). Occupying a valley in the central section of the
otherwise broad, flat base are unsampled sediments (unit 4)
with a chaotic, hummocky acoustic character and a maxi-
mum thickness of 70 m. We believe that these sediments
may be a basal till. This unit is overlain by an acoustically
massive to poorly stratified sand (unit 3), as much as 200
m thick, which rests directly on the basal unconfirmily over
much of the rough. The contract between this sand and the
overlying unit 2 is defined by a smooth, weak, trough-wide
reflector which appears (o lerminate against the southwest
wall of the trough and 10 rise into the shallow strata of the
central shelf. The planar natare of this unconformity is
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interrupied along the western axis of the trough by a ridge
with approximately 30 m of relief. Unit 2 is an acoustically
unstratified, trough-wide clay with a thickness that ranges
from 40 10 60 m. The upper surface of this wnit is well
defined and can be mapped across the trough as a flat-lying
to locally hummocky reflector. On the southwest wall, this
event intersects the base-of-trough unconformity and rises
higher in the section, truncating shallow sediments, to join
with the present seafloor of the Yukon shelf. These
seafloor sediments (beneath the thin discontinuous surficial
veneer discussed above) were deposited before 53 ka.-

This reflector is traceable onto the central shelf, where
it ¢can be mapped at about 40 m below the seabed. Sedi-
ments at this depth are known 10 be of late Wisconsin age.
Overlying this unconformity within the trough is unit 1, a
late Wisconsin to Holocene sequence consisting of pro-
graded deltaic bottomset, foreset, and topset beds, truncated
at their upper surface by transgressive silt and clay, which
18 in turn overlain by thick recent marine mud. Unit 1 has
a maximum thickness of 125 m. In the east-central part of
the trough, 20 m of thick marine mud was deposited since
9.5 ka. Palynological analysis suggests that the base of unit
1 may have formed 12 to 14.6 ka (P.R. Hill, unpub. data)
when compared with pollen sequences on land (Ritchie,
1684).

Tentative interpretation of the offshore stratigraphy
suggests that the trough was excavated to its present maxi-
mum depth by a major ice advance during early Wisconsin
time, or earlier, leaving a basal Lill deposit. The sand and
clay (units 3 and 2) represent either a thick, fining-upward
transgressive sequence related o the subsequent sea-level
rise, or glacial deposits of succeeding advances. These
sediments were subsequently overridden and marginally
eroded by a limited middle(?) to late Wisconsin ice ad-
vance before 14 ka. Loading by ice may have deformed the
underlying sand and clay units and destroyed their internal
stratigraphy. This scenario correlates well with Beget’s

(1987) model of thin late Wisconsin ice in the Mackenzic
River Delta. Tce retreat was (ollowed by the deposition of
a subaqueous deltaic sequence in which no ice-bonding has
been observed. Transgression overtook progradation about
12 ka in the central part of the trough. Rising sca levels
truncated lopset beds, and water depths became great
enough for the deposition of marine mud about 9.5 ka.
More than 10 m of marine sediments has been deposited n
the central part of the trough over the last 6,800 years.

In summary, a major ice advance during early Wiscon-
sin time, or earlier, excavated the Mackenzie trough 1o it3
present maximum depth. The trough may have been sub-
sequently reoccupied by ice at least once prior 1o the last
advance. This middle to lats Wisconsin ice margin was
located not far south of the present shoreline. A thin ice
tongue reoccupied the trough at this time but regeated by
14 ka,

The middle to late Pleistocene glacial history of the
Beaufort Continental Shelf is very poorly constrained. In
addition, evidence to support credible correlations with the
onshore stratigraphy is clearly absent, making it difficult at
present 1o contribute to the solution of the conflicting inter-
pretations of the onshore record.
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Continental Ice Advances in Northwestern Canada and
their Significance to Interior Basins in the Yukon

By Jean-Serge Vincent

On the basis of stratigraphic and chronologic evidence
in the western District of Mackenzie, the Beaufort Sea
coastal plain, and the southwestern Canadian Arctic Archi-
pelago, it has been proposed that continental glaciers ad-
vanced westward to the Cordilleran mountain front at least
four times daring the late Cenozoic (fig. 1; Vincent, 1989).
In the westernmost District of Mackenzie, weathered {lu-
vial gravels along the Snake River, Peel River, and Rat
River contain stones derived from the Canadian Shield
(Catto, 1986). The possibly pre-Wiscongin tills in the
Franklin Mountains (Rutter and others, 1973) provide
additional evidence for early or middle Pleistocene conti-
nental ice advances to the Cordilleran mountain front.
However, the westernmost extent of this ice has not been
determined

In the late Pleistocene, two Wisconsin stadial advances
to the Cordilleran front are well recorded. The oldest of
these is named the Hungry Creck glaciation in the Bonnet
Plume Basin (Hughes and others, 1981), the Toker Point
stade in the Tuktoyaktuk coastlands (Rampton, 1988), and
the Buckland glaciation on the Yukon Coastal Plain
(Rampion, 1982). It is this advance that is commonly
thought to have been the most extensive ice advance on the
mainiand doring the Pleistocene. However, becauss ice
advances were distinclly more extensive in the southwest-
em Arctic Archipelago during the early Pleistocene Banks
glaciation and the middle Pleistocene Thomsen glaciation
than they were in late Pleistocene time (Vincent, 1986), it
is possible that ice on the mainland, which came from the
same dispersal center, also was most extensive during early
and middle Pleistocene advances.

The younger Wisconsin stadial advance is named the
Sitidgi stade on the coastal plain (Rampton, 1989), the
Russell stade in the southwestern Canadian Arctic Archi-
pelago (Vincent, 1983), and the Tutsieta Lake phase in the
District of Mackenzie (Hughes, 1987). The age of this
advance is generally accepted as being latest late Wiscon-
gin, but the age of the earlier ice advance is still the subject
of some debate, particularly because of the seemingly
divergent record of the Bonnet Plume and Rat River basing
with that of the Beaufort Sea Coastal Plain (Vincent, 1989;
Vincent and Prest, 1987; Blasco and others, this volume).
In the Bonnet Plume and Rat River basins, as well as in the
interior basing of the Yukon, radiometric ages on materials
either predating the older Wisconsin jce advance or closely
associgted with it argue for a latest middle Wisconsin or

earliest late Wisconsin age. In contrast, data from the
coastal plain argue for a pre-middle Wisconsin age, peshaps
dnring oxygen isotope stage 4.

Whatever the chuonology of Pleistocene continental
ice advances, the evidence seems to indicate that ice repeat-
edly advanced to the Cordilleran front. This being the case,
one can try to predict the potential impact of these succes-
sive continental ice advances on the interior basins of the
Yukon, which were separated from Laurentide ice only by
the relatively narrow barrier of the Richardson Mountains.
It is then interesting 10 examine the documented record and
see 10 what extent the predicted impacts have been recog-
nized.

The most obvious impact is certainly that of substantial
climate and vegetation change due Lo the presence of the
nearby ice. Other impacts, which I would like to discuss
here, are the potential hydrological changes that would
result from ice abutting the Cordilleran front. Several
scenarios, which could each occur during any ice advance,
can be proposed: (1) Drainage of any river flowing east-
ward across the Richardson Mountains from the interior
basins of the Yukon toward the Mackenzie River basin
would be impeded, and waters would be retained west of
the ice front in lakes which would grow in siz¢ until the
impounded waters could find an outles to the north along
the ice front or to the west in the unglaciated area toward
Alagka. (2) Drainage of rivers on the east flank of the
Richardson Mountains or those flowing into the Mackenzie
River basin from the Ogilvie, Selwyn, or Mackenzie
Mountains, via the Peel River, would be impounded into
lakes and eventually diverted into basins in the Yukon if no
outlet was present to the north within the Mackenzie River
bagin along the ice front. (3) Because of tilting resulting
from the weight of continental glaciers, one could also
envisage that headwaters of streams on the west side of the
Richardson Mountaing could be diverted into the Macken-
zie River basin. There the waters could find their way
north along an outlet at the margin of the ice front or be
retumed eventually to basins in the Yukon when proglacial
lakes overflowed to the west. (4) In any of the three sce-
narios mentioned above, advances or retreats of the ice
margin could initiate or interupt drainage of waters into
basins in the Yukon thus causing sporadic disruption of the
hydrological regime in the interior basins.

Although severa) cycles of major hydrologic changes
could thearetically bave occurred, based on the assumption

18 Lale Cenozoic History of the Interior Basins of Alaska and the Yukon
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that ice extended to the mountain front on several occasions
during the Pleistocene, such changes are only well docu-
mented for the period spanning latest middle Wisconsin to
late Wisconsin time. In the carly Pleistocene a (single or
multiple) lacustrine episode is well documented (the lower
lacustrine unit in the Old Crow and Bluefish basins), but it
is thought to be related to tectonic activity such as faulting
or basin subsidence rather than glaciation (Schweger, this
volume). No record of middle Pleistocene lacustrine events
has thug far been documented. In latest middle Wisconsin
to late Wisconsin time, jce advanced toward McDougall
Pass (between the present headwaters of the Bell and Rat
Rivers), caused the damming of the previously east-flowing
Porcypine/Bell/Rat Rivers system, created a proglacial lake
that occupied the upper Rat River and Bell, Bluefish and
Old Crow Basins, and caused water 1o be diverted west into
Alaska via the Rampans (Catto, 1986; scenario 1 above).
At the same time waters dammed in the Peel River basio
were diverted north into the Yukon basin, via the Eagle
River, cutting into Ford Lake Shale in the process and
dispersing palynomorphs of Mississipian age into the basin
area (scenario 2; see also Hughes, this volume; and
Schweger, this volume). The two late Pleistocene events
just mentioned above were likely contemporaneous, and
they are the only ones which document a close link be-
tween known confinental jce advances in the Mackenzie
River basin and known major hydrological changes in the
interior bagins in the Yukon,

The absence of hydrologic evidence in the interior
basins in the Yukon for continental glacial events before
middle Wisconsin time i8 somewhat surprising. Why are
older events not recorded? Lacustring sediments that
formed prior to latest middle Wisconsin time occur in the
Peel River basin (the Deception lacustrine sediments of
Hughes and others, 1981), but no evidence of discharge
into the Yukon basins has yet been recognized. Perhaps
discharge during this event and all other probable early or
middle Pleistocene advances was always east of the drain-
age divide along the mountain front? Are there still possi-
bilities of finding, in the sedimentary record in the Yukon
basins, clear evidence of hydrological changes related to
the pre-late Wisconsin presence of continental ice? At-
tempts at answering these questions as well as at investigat-
ing the possible role of tilting due to ice loading east of the
Richardson Mountains also should be made.

Because of the increasingly detailed chronostratigra-
phic framework evolving for the interior basins, any direct
link that can be made with glacial events east of the
Richardson Mountains is critical to the establishment of the
chronology of continental ice advances in North America.
The interior basins of the northern Yukon, with their thick
suite of nonglacial sediments, including marker beds such
as widespread tephra layers, offer a unique opportunity for
indirectly dating continental glacial events, The chronol-
ogy derived from the basins for the latter part of late Pleis-

tocene time has significant regional implications. For
continental ice to be present in latest middle Wisconsin
time at the Cordilleran front, which is far from the Kee-
watin dispersal center west of Hudson Bay, it must have
developed considerably before that time over much of
North America, Vincent and Prest (1987) have estimated,
in their growth model of the Laurentide ice sheet, that at
Jeast 20,000 years would be needed to achieve this position
from a Keewatin ice-dispersal center. If the chronology in
the basins and the estimate for the growth period are cor-
rect, and if the dispersal center was located in Keewatin
and not farther west in the District of Mackenzije, then
much more ice existed over North America during middle
Wisconsin time than is generally accepted. Dredge and
Thorleifson (1987), partly on the basis of calculated global
ice volumes, have argued for substantial coverage by the
Laurentide ice sheet, particularly in northwestetn North
America, during middle Wisconsin time. These various
considerations require a complete reevaluation of our con-
cept of the chronology and understanding of Wisconsin
glaciations. The record in the Yukon interior basing should
provide much crucial information for this reevaluation.
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Was the Late Pleistocene Northwest
Laurentide lce Sheet Wet-Based?

By James Beget

The Laurentide ice shect was the largest glacier com-
plex generated in the northern hemisphere. Few data are
available on the thickncss of much of the Laurcatide ice
sheet, principally becanse it originated and dispersed over
areas of low relief. However, on both its northwestem and
southwestern marging, Laurentide ice limits and glacier
thicknesses for both the latest Pleistocene and penultimate
glaciations can be reconstructed over reaches of bundreds
of kilometers where the ice sheet terminated against the
western Cordillera (Mathews, 1974; Beget, 1987). Field
evidence in this region suggests that the Laurentide ice
sheet was only 10 to 25 percent as thick as typical ice sheet
profiles from Antarctica or Greenland. Typical basal shear
stresses developed by the thin ice sheet margins were 1 1o
30 kPa, much less than the 100 kPa thought typical of ice
sheets and generally used in theoretical ice sheet recon-
structions (Beget, 1987).

Boulton and Jones (1979) and Fisher and others (1985)
suggested that in areas where the Laurentide ice sheet
rested on weak, anconsolidated sediments the glacier’'s
thickness would have been strongly influenced by the
mechanical streagth of the subglacial sediment. Although
it is commonly assumed that basal tills are hard, dewatered,
and overconsolidated at the time of deposition, sheared and
waler-saturated ti}ls have much lower shear strength than
ice. In situ measurements of till rheology at Breida-
merkurjokulf, Iceland, by Boulton and Jones (1979) showed
that the strength of sheared till was only 20 to 26 kPa. The
average cohesion (shear strength at zero normal stress)
experimentally determined for poorly sorted clay-sand-silt
mixtures similar to till range from only 6 to 28 kPa (Huang,
1983; Selby, 1982). The average shcar strength of 10
representative tills when water saturated was only 10£10
kPa Milligan, 1976). The yield strength of sediments is
strongly influenced by the grain size distribution and the
amount and types of clay preseat in the sediment (Johnson,
1570; Hampton, 1975; Rodine and Johngon, 1976), but the
presence of water also plays a critical rofe in reducing shear
strength of sediment.

I have suggested that the low shear stress characteristic
of the northwest Laurentide ice sheet in the Mackenzie
River basin indicates hat the glacier in thig area was wet-
based, and that subglacial tills were water-saturated and at
low or zero effective normal stress due to high pore-watet
pressures (Beget, 1987). This inference is supported by
independent, geomorphic evidence for a “warm-melsing”

subglacial thermal regime beneath the northwest Laurentide
ice sheet (Sugden, 1977, 1978).

The low profile of the northwest Laurentide ice sheet
probably in part explains why the ice sheet was confined to
the broad valiey of the MacKenzie River, rather than over-
topping the Richardson Mountains and entering the interior
basins to the west. The history of lake formation in the Oid
Crow Basin may also be related to the dynamics of the
Laurentide ice sheet. The field evidence seems to require
a wel-based glacier, in spite of the extremely cold tempera-
tures which characterized this area during Pleistocene gla-
ciations. Here I examine possible mechanisms to generate
water at or introduce water o the base of the northwest
Laurentide ice sheet, and make first-order estimates of the
amounts of water available.

Possible sources of water beneath the late Pleistocene
northwest Laurenlide ice sheet

Colder than modern air temperatures during the late
Pleistocene probably had little significant effect on the
amount of thermal energy introduced to the glacier by
geothermal heating or mechanical heating during sliding or
sediment deformation beneath the Laurentide ice. It is
possible to estimate the magnitude of geothermal meltwater
production (M') from the equation

M =Y /oL (1)

where Y is the geothermal heat flux, p, is ice density, and
L is the latent heat of fusion of ice. M, in nonvoleanic
areas with average heat flow is typically on the order of
0.005 t0 0.01 mfyr. Similarly, if the value of Y, or heat
production due to sliding and (or) creep in basal sediment,
were known, it would be possible 1o estimate meltwater
production due to sliding (M) from the equation

M, =Y/pL. (2)

The flow velocities of the northwest Laurentide ice
sheet are poorly constrained, restricting the application of
equation 2. The range of meltwater production due to
internal energy dissipation (M,) in modem glaciers is 0.01
to 0.4 m/yr (Drewry, 1986), and this serves as a good first
approximation for the Pleistocene northwest Laurentide ice
sheet,
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Additional possible sources of water include rain dur-
ing the ablation season. While it is generally agrecd that
the Alaskan and Canadian Arctic during Pleistocene glacial
episodes was somewhat more arid than present, it is stll
likely that some rain fell directly on the marginal parts of
the Laurentide ice sheet during summers. Current summer
precipitation in northwest Canada is on the order of 10 cm/
yr. Perhaps as much as several centimeters of rain may
have fallen on the glacier each summer, some portion of
which may have traveled to the base of the glacier via
moulins or crevasses. Similarly, some input of water to the
glacier system may have occurred from groundwater, of
from runoff from surrounding nonglaciated arcas to ice-
marginal streams.

I have previously suggested that during the period of
Iate Pleistocene deglaciation, if summer temperatures and
atmospheric conditions were at all similar to those of today,
as much as several meters of meltwater may have been
produced annually during the ablation season from the
surface of the northwest Laurentide ice sheet (Beget, 1987).
It is more difficult to approximate earlier Pleistocene con-
ditions when the glacier was growing or in equilibrium, but
ablation rates were almost certainly lower. If, as a first
approximation, late Pleistocene ablation rates at latitude
69° N. are assumed to have been similar to those of the
northernmost glaciers known today at 80°-82° N., then
ablation rates of 1.0 to 0.5 m/yr might be expected (Budd
and Allison, 1975). Such ablation rates would be several
times to an order of magnitude greater than the possible
water production estimated above from all other sources.

It is possible that surface meltwater reached the base of
the Laurentide ice sheet via moulins, as has been suggested
for the White Glacier on Axel Heiberg Island at 80° N.
(Tken, 1972; Muller and Iken, 1973). The White Glacier is
wet-based despite mean anmual air temperatures well below
freezing. Significant velocily increases were observed at
this high-latinde glacier following periods of increased
surface ablation, suggesting that surface meltwater was
efficiently transmitted through the 200- to-300-m-thick
glacier and distributed across the glacier base.

Although most meltwater on the surface of the north-
west Laurentide ice sheet probably refroze or ran off in
surface drainage, the contribution of even a small percent-
ape of the water available from surface melt to the glacser
base would probably exceed the amount of water available
from all other sources. The high heat capacity and lateny
heat of fusion of water would also introduce thermal energy
to the glacier base.

If water was present at the base of the northwest
Laurentide ice sheet due to geothermal heating, frictional
heating, surface meltwater influx, or some combination of
these factors, then the rate of introduction of water to the
glacier base, calculated by summing the individual esti-
mates above, might have been as much as 1.5 m/yr.
Groundwater charging and influx from marginal drainages

might contribute still more. While much of any water at
the glacier base undoubtedly exited the system as
streamflow, this analysis suggests that sufficient sources of
water existed during the Pleistocene for the northwest
Laurentide ice sheet to have been wet-based.

(Summary
i

Recent mapping indicates profiles of Pleistocene gla-
cier lobes on the northwest perimeter of the Laurentide ice
shect were unusually thin. If the low profile of the north-
west Laurentide ice sheet is due (o subglacial deformation
of low strength sediments in the MacKenzie River Delta
area, then tills and subglacial sediments contained water
and the glacier was wet-based. Possible sources for water
at the glacier base might include geothermal or frictional
melting of the glacier base, groundwater recharge, influx of
ice-marginal drainage, or introduction of surface melt via
moulins. The latter is potentially the most significant, and
has been shown to be an important process at modern high
fatitude glaciers.

I thank Professors D.M. Hopkins and M. Keskinen for
reading early versions of the manuscript.
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Quaternary Chronology, Yukon and
Western District of Mackenzie

By Owen L. Hughes

Local Quaternary chronologies for the Yukon and
western District of Mackenzie have been evolving over a
period of more than 30 years, beginning with a proposed
chronology for the central Yukon by Bostock (1966; loc. 1,
fig. 1). This was (ollowed by chronologies for the Ogilvie
Mountains (Vernon and Hughes, 1966; loc. 2, fig. 1) the
northeastern St. Elias Mountains of the southwestern Yu-
kon (Denton and Stuiver, 1967; loc. 3, fig. 1), and the
Snag-Kludan area of the western Yukon (Rampton, 1971,
loc. 4, fig. 1). A chronclogy of late Quaternary fluctuations
of the western margin of the Lanrentide ice sheet (loc. 5,
fig. 1) and consequent major drainage changes in the area
west of the ice sheet was offered by Hughes (1972) and
modified by Hughes and others (1981). A chronology for
the Yukon Coastal Plain was developed by Rampton {1982;
loc. 6, fig. 1).

The first attempt to correlate all of these local chro-
nologies and 10 relate them (o certain of the local chronolo-
gies of Alaska and more easterly areas of northern Canada
arose from a workshop meeting held in Calgary in 1984
(Hughes, 1986, table 6-1, p. 16; Heginbottom and Vincent,
1986, correlation chart, p. 58). Those comelations are
mostly unchanged (fig. 2), but substantial new data of
diverse kinds serve to support parts of the corrclation that
were then speculative.

Central and southern Yukon

Of the fourfold glacial sequence of the Cordilleran ice
sheet of the central Yukon (Bostock, 1966), the oldest
event, the Nansen glaciation, was inferred from 4] at
Nansen Creek (loc. 7, fig. 1). The next younger event, the
Klaza glaciation, was inferred from 2 major glacial diver-
sion of Klaza River (loc. 8, fig. 1). The succeeding Reid
and McConmell glaciations were based on well-defined
terminal moraines in the valley of the Stewart River (focs.
9 and 10, fig. 1). The Mirror Creek and McCauley glacia-
tons of the western Yukon (Rampton, 1971) are based on
terminal moraine systems, as are the glaciations of the
Ogilvie Mountains (Vermnon and Hughes, 1966). Only the
sequence for the southwestern Yukon (Denton and Stuiver,
1967) is based entirely on rock-stratigraphic units. The use
of morphostratigraphic units in some areas, rock-stratigra-
phic units in another, and mixtures of the two in one other
arca greatly complicates correlations between areas. In

addition, within any one¢ area there will likely always be
some residual uncertainty as to correlations between glacial
deposits seen in section and morphologically defined gla-
ciatons, ar between stratigraphically defined glaciations
and related moraine systems. With this cautionary note,
recent developments in the chronology for the central
Yukoa and correlations with bordering areas are discussed
below.

Correlation of the Reid glaciation with the Delta gla-
ciation of the Alaska Range is now strongly supported by
recognition that tephra occwring above outwash of both
Reid and Delta age is the Sheep Creek tephra (Hamilton
and Bischoff, 1984; tephra identified by J.A. Westgate,
University of Toromto, oral commun., 1986). Bones from
immediately below the tephra at Canyon Creek, Alaska,
have yielded uranium-series ages of about 75 to 80 ka
(Hamilion and Bischoff, 1984), providing a minimum age
for the Delia and Reid glaciauons. This age, if valid,
admits the possibility that the Reid and Delta glaciations
are of early Wisconsin age (oxygen-isotope stage 5b or 54).
The intensity of soil development in the Diversion Creek
paleosol developed on Reid drift (Tarmocai, this volume)
suggests, however, that the soil is of Sangamon age and the
drift of lllinoian age.

Soil developed on moraines of “intermediate™ age in
the Ogilvie Mountains is cssentially the same as the Diver-
siont Creek paleosol developed on drift of Reid age (Tar-
nocai and others, 1985; Smith and others, 1986). This
supports a correlation made originally on the basis of
comparable preservation of glacial landforms. The pre-
Illinoian Wounded Moose paleosols (Tarnocai, this vol-
ume) similarly support broad correlation between pre-Reid
deposits of the Cordilleran ice sheet and deposits of “older
glaciations” in the Ogilvie Mountains.

Former ambiguity in the correlation between the Wis-
consin history of the Cordilleran ice sheet and that of the
piedmont glaciers of southwestern Yukon has been re-
solved by a finite accelerator radiocarbon date from be-
neath ll of McConnell age at the Mayo Indian Village
section (loc. 11, fig. 1), In the absence of a finite date it
was possible to assume that the Cordilleran ice sheet had
advanced to near its maximum position perhaps 40 to 50 ka
and remained there until retreat began in late Wisconsin
time, whereas piedmont glaciers of southwestern Yukon
attained maximum positions after 29 ka, following an inter-
stade that began before 30 ka. The new date from beneath
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il of McConnell age (29,6404260, TO 292) suggests
contemporaneity of advances in the two regions.

The Laurentide ice sheet and northern Yukon basins

Two Laurentide glaciations, the Deception glaciation
of probable early Wisconsin age and the late Wisconsin
Hungry Creek glaciation, have been recognized in the
western District of Mackenzie from deposits at the Hangry
Creek section (Hughes and others, 1981; loc. 12, fig. 1),
and along Snake River (Catto, 1986: loc. 13, fig. 1). Al-
though the Deception glaciation could be as old as Illinoian
and therefore correlative with the Reid glaciation, it may be
only a stade of the Hungry Creek glaciation. During the
Hungry Creek glaciation, the most extensive glaciation in
the northwestern sector of the Laurentide ice sheet, the Peel
River was diverted northward into the Porcupine River
drainage basin via the Eagle River discharge channel (Joc.
14, fig. 1). The Porcupine River, which formerly drained
eastward through the Richardson Mountains via McDougall
Pass (toc. 13, fig. 1), was blocked by a'tongue of Lauren-
tide ice that extended into the pass. The Bell, Bluefish, and

~Old Crow Basins (locs. 16 to 18, fig. 1) were inundated
beneath interconnected glacial lakes that found a westward
outlet to the Yukon River via the present-day Ramparts of
the Porcupine River (oc. 19, fig. 1). Cyclic sediments in
the Bell Basin suggest that there may have been many
jokulhlaup-cansed lowerings of the interconnected lakes
through McDougall Pass before westward drainage was
permanently established.

The linkage between the Hungry Creek glacistion,
diversion of the Peel River, reversal of the Porcupine River,
and deposition of glacial lake sediments in the intercon-
nected basins has recently been elucidated in two ways.
First, the Eagle River discharge channel by which the Peel
River was diverted northward is deeply incised into the
Ford Lake Shale of Visean age. Anomalously large quan-
tities of Viscan palynomorphs appear abruptly in pollen
profiles from all three basins, apparently providing a
marker horizon that is cosrelative with initiation of the
chanpel (Walde, 1985; C.E. Schweger, University of Al-
berta, unpub. data; J. Utting, Geological Survey of Canada,
unpub, data). Second, radiocarbon dates at hand by 1984
from beneath Hungry Creek Till and from beneath glaciola-
custrine sediments of Bluefish and Old Crow Basins were

Figure 1. Glacial limits of Cordilleran and Laurentide ice
sheets, Yukon and Northwest Territories. General localities
cited In the text are indicated by large numerals, and specific
sites and features by smaller numerals. Dotted lines around
localitles 1618 indicate Bell, Bluefish, and Old Crow Basins,
respectively.

in agreernent in placing the culmination of the Hungry
Creek glaciation and the initiation of the glaciolacustrine
stage at about 30 ka. However, dates from beneath glaci-
olacustrine sediments in the Bell Basin were all “greater
than,” suggesting an anomalous history for the Bell Basin.
Recently acquired finite dates from beneath and within
glaciolacustrine sediments of the southeast arm of the Bell
Basin indicate a late Wisconsin history similar to that of the
Bluefish and Old Crow Basins. Unresolved dating anoma-
lies remain for the southwestern arm of the Bell Basin,

Retreat following the Hungry Creek glaciation had
begun by 16.4 ka (GSC-2690; Riwchie, 1982, table 15;
Hughes and others, 1981, p. 358). On the Yuken Coastal
Plain, where the last glaciation has been termed the Buck-
land glaciation by Rampton, thcre had been considerable
refreat by 22 ka (Rampton, 1982, p. 25). Three late Wis-
consin readvances, or perhaps significant sullstands during
general retreat, have been inferred from moraines and other
ice marginal features: the Sabine phase (Rampton, 1982, p.
45) and the Tutsieta Lake and Kelly Lake phases (Hughes,
1987). The Sabine phase is younger than 22 ka but is
otherwise undated. The Tutsieta phase culminated 13 w0 14
ka and the Kelly lake phase before 10.6 ka

$.R. Marison (Department of Indian and Northern

© Affairs), J.V. Matthows, Jr. (Geological Survey of Canada),

C.E. Schweger (University of Alberta), C. Tamocai (Land
Resources Research Institute), and C.A.S. Smith (Land
Resources Research Institute), have contributed much valu-
able discussion of the Quaternary stratigraphic history. A.
Duk-Rodkin (Geological Survey of Canada) assisted in the
preparation of figure 1 and S.R. Morison contributed addi-
tions and changes to figure 2,

REFERENCES CITED

Bostock, H.S., 1966, Notes on glaciation in centra) Yukon Terri-
tory: Geological Survey of Canada Paper 65-36,

Catto, N.R,, 1986, Qualernary sedimentology and stratigraphy,
Peel Plateau and Richardson Mountains, Yukon and N,W.T.:
Edmonton, University of Alberta, Ph.D. dissenation.

Denton, GH., and Stuiver, M., 1967, Late Pleistocene glacial
stratigraphy and chronology, northesstern St. Elias Moun-
tains, Canada: Geological Socicty of America Bulletin, v,
78, p. 485-510.

Hamilon, T.D., and Bischoff, J.L., 1984, Uranium serics dating of
fossil bones from the Canyon Creek locality in central
Alaska: U.S. Geological Survey Circular 939, p. 26-29.

Heginbotom, J.A., and Vincent, I-S., eds,, 1986, Correlanon of
Quaternary deposits and evenis ground the margin of the
Beaufort Sea: Contributions from a joint Canadian-Ameri-
ean workshop, Catgary, April 1984; Geological Survey of
Canada Open File Report 1237, 60 p.

Hughss, O.L., 1972, Surficial geology of northern Yukon Terri-
tory and northeastern District of Meackenzie, NW.T.: Geo-
logical Survey of Canada Paper 64-36.

1986, Quatemary chronology of Yukon Territory and

western District of Mackenzie, in Heginbottom, J.A., and

Quatermnary Chronology, Yukon and Western District of Mackenzie 27



Vincent, I.S., eds., 1986, Carrelation of Quateraary deposits
and events around the margin of the Beaufort Sea: Coniri-
butions from & joint Canadian- American workshop, Calgary,
April 1984: Geological Survey of Canads Open File Report
1237, p. 13-17,

1987, Late Wigconsinan Laurentide glacial himits of north-
ern Canada: The Tutsieta Lake and Kelly Lake phases:
Geological Survey of Canada Paper 85-25.

Hughes, O.L., Hasington, C.R,, Janssens, J.A., Matthews, L.V, Jr,
Morlan, R.E, Rutter, NW,, and Schweger, C.E., 1981,
Upper Pleistocenc stratigraphy, paleoecology. and archeol-

ogy of the northern Yukon interior, esstern Beringia, 1.
Bomnnat Plune Basin: Arctic, v, 34, p, 329-365.

Rampton, VN, 1971, Late Pleistocene giacistions of the Snag
Klutlan grea, Yukon Territory, Cansda: Arctic, v. 24, p.
277-300.

1982, Quaternary geology of the Yukon Coastal Plan:
Geological Survey of Canada Bulletin 317, 49 p.

Ritchie, 1.C., 1982, The modern and Latc-Quaternary vegetation
of the Doll Creek ares, northem Yukon, Caneds: The New
Phytologist, v. 90, p. 563-603.

Smith, C.A.S.. Tamocai, C., and Hughes, O.L., 1986, Pedological

—
wg | ~
GENERAL Esg g 3 2) 8T. BLIAS PIEDMONT QLACIER
CHRONO — 202[y |3 | 1) CORDILLERAN
STRATIGRAPHY |G2a @ ICE SHEET | 2a) Snag-Klutlan area | 2b) Sliver Creek area
w o White River AshBed | ® = While River Ash Bed
t P xxaxa b [ 2Kka AR A AXZXXA w
,35 \ 53 N White River Ash Bed .1,;;:’, lgltl:lhoghu(nlon E 1.2kn Necmiaclation
ﬁu s; Nonglacial Interval Nonglaclal Intarval : 8lims nanglsciel Interval
u)3.66 k| § »125%a
E 2 McConpell glacistion McCanley glacistion _:- Kiuane glacigtion
wl ©
1O
3|1 2 T I * 296% = 96k
H] 223 1xaxx Reld-McConnall McCaulay-Mirror Creak Soutslilar
1420 '\ nonglecisl Interva nonglsolal Intesval nongiaclal Interval
SANGA- Sheep Crack tephra e 377
Ba = D P! Old Crow tephra
How 12 . = >426ka uﬁn ) phr u >48 ka
w Reid glacistion Mirror Creek glacistion Jeefickds glaciation
2 -t
E
ol H
- 23 Kiszn-Reid 8liver nonglacial intervai
ﬁ nonglacisl (nterval
w - 2
iyt 30
[-N
Klazs gisciation (Shakwak glaciston?)
> v - Hansen-Kinza
: §E nonglaeial Intarval —
< 39, Fort Selkirk tephra Ne
w 7 A
3 ad xxxzx ¥ 0.6 Me %
]
<
Nensen glacistion : (Shakwak glaciation?)
‘&
x
1]
3 @ .
&"j PLIOCENE

Figure 2. Correlation chart for Yukon and westem District of Mackenzie. Modified from Heginbotom and Vincent {1986,
correlation chart, p- 58; and Hughes, 1986, table 61, p. 16). Squares, radiocarbon ages; diamond, uranium-series age; tri-

angle, fission-track age; Inverted triangle, K-Ar age.

28

Late Cenozolc Mistory of the Interior Basins of Alaska and the Yukon



investigations of Pleislocene glacial drift surfaces in the
central Yukon: Qéographie Physique et Quatemaire, v. 40,
p- 29-37.

Tamocai, C., Smith, C.A.S,, and Hughes, O.L., 1985, Soil devel-
opment on Quatemary deposits of various ages in the central
Yukon Territory: Geological Survey of Canada Paper
85-1A, p. 229-238.

Vernon, P., and Hughes, O.L., 1966, Surficial geology of Dawson,
Larsen Creek and Nash Creek map areas, Yukon Territory:
Geological Survey of Canada Bulletin 136, 25 p.

Walde, K., 1985, Pollen analysis and taphonomy of Jocality 15 al-

luvial sediments, Old Crow Basin, Yukon: Edmonton,

University of Alberta, M.Sc. thesis.

Geological Survey of Canada Contribullon 40888

Canter, L. David, Hamilton, Thomas D., and Galloway, john 9., eds.,
1989, Late Cenozoic History of the Interior Basins of Alaska and the

Yukon: U.S. Geological Survey Circular 1026,

3) ALASKA RANGE 4) SOUTHERN OGILVIE 5) DAWSON AREA 6) LAURENTIDE
RANGES ICE SHEET
- Whise River Ash Bed , White River Ash Bed
xaxtn w | Oka rRxxr @ g gLa

Nonglaclal Interval

Nonglaals) interval

Donnelly glacistion

Last glaciation

Nonglacia) intarval

Sheep Creek tephra
nEXXK ® 75~80 Ha

Nonglaala) (nterval

Delta glaciation

Intermediste glaclation

MNonaginuial interval

Kelly Laho Phase

Tutasera (ke Phesa a 13ka
m $iidgi Laks stede
Sabine Phexm

Hmbv Crezk glqn:alio_;\
ﬂic:m‘-ndnpocuﬂon)
® 369ka
Honglacisl intervat

=>53.0ka

1
Dawson tephra

Deposition of muck
(redeposited losss, peat)

Deacpdan glaciation?

Nongleclail Inferval

Nongleglal Intervat,

major stream
antrenchment

Major stream
eftreachment

Darling Creck glaciation

{O)der glaciation?)

{Glder glaciation?)

FLAT CREEX BEDS

—
. -

YOUNGER HIBH TEARAC
OAAVELS | = —
Cd

9~

~d

¥3

WHITE CHANNEL [ 3

e g

g

§0

3

o

GRAVELS =
(NONGLACIAL)

Figure 2. Conlinved.

Quaternary Chronology, Yukon and Western District of Mackenzie

29



The Old Crow and Bluefish Basins, Northern Yukon:
Development of the Quaternary History

By Charles E. Schweger

The Old Crow and Bluefish Basins of northern Yukon
contain thick sequences of unconsolidated fossil-rich sedi-
ments. Fieldwork carried out during the 1960°s by O.L.
Hughes (Geological Survey of Canada) led to the recogni-
tion of a long, “Late Tertiary into Quaternary ime” record
exposed dlong river bluffs in these basing. The accelerated
research activity since that time is reviewed here by high-
lighting key developments that have led to our present
understanding of the Quaternary history and chronotogy of
this area. Much of these data are unpublished or in prepa-
ration, and some conclusions showld be more properly
called hypotheses.

Hughes (1969, 1972) described, for the Bluefish Basin
locatity HH228, a sequence of two glaciolacustrine units
separated by alluvial sand and silt (fig. 1). The upper lake
unit was dated as forming between 12.5 and 32.4 ka, assur-
ing correlation with the late Wisconsin glaciation when
Keewatin ice dammed both the Pe¢l River drainage and
McDougall Pass, which is the former course of the Porcu-
pine River through the Richardson Mountains. It was
assumed that a similar glacial event during or before early
Wisconsin time resulted in deposition of the lower lake
unit.

The discovery in 1966 of permineralized bone artifacts
in the Old Crow Basin resulted in field surveys during 1967
and 1970 by T.D. Hamilton (University of Alaska), who
mapped shorelines, reported on stratigraphy, and evaluated
features and processes of archeological importance in a
series of unpublished maps and reports. Radiocarbon dat-
ing placed the ages of the bone artifacts between 27 and 35
ka, thus bringing worldwide attention 10 the archeological
potential of the region (Irving and Harington, 1973). Two
multidisciplinary research groups took to the field during
the summer of 1975. The Yukon Refugium Project, organ~
ized by R.E. Morlan (Archacological Survey of Canada),
has hypothesized a human presence in the Old Crow Basin
to 35 ka (Morlan, 1986; but also see Nelson and others,
1986), whereas the Northern Yukon Refugium program
proposed a human presence to at least 150 ka (Irving and
others, 1986). From the outset both groups relied heavily
on the pioneering paleontological research of C.R. Haring-
ton, who had systematically searched and collected in the
Old Crow and Bluefish Basins since 1966 (Harington,
1978). The Yukon Refugium Project, the work of which is
stressed here, placed emphasis on detailed stratigraphy,
recovery of in-place faunal remains, nested subsampling for
paleoecological reconstruction, and geochsonology.

The Old Crow tephra (Westgate and others, 1981) was
discovered in 1968 by Hughes at localicy HH228 on the
Porcupine River in the Bluefish Basin, and was collected
and described by J.A, Westgate in 1976 (Westgate, 1982).
Also in 1968, patcomagnetic studies indicated reversed
geomagnctic polarity of most of the lower lake sediment,
unit 3, at HH228 (Pearce and others, 1982). Because of
subsequent dating of the Old Crow tephra and the promi-
nent unconformity between units 3 and 4, unit 3 is thought
to have been deposited befare 730 ka, which is the time-
boundary between the Brunhes Normal-Polarity and Ma-
tuyama Reversed-Polarity Chrons. Reversed geomagnetic
polarity for unit 3 has since been verified at other locations.
Unit 3 is known 10 be rich in pine as well as spruce pollen
(Lichti-Federovich, 1974), unlike the modern pollen rain
and certainly unlike the pollen found in unit S, the upper
glactolacustrine unit. This has led to the hypothesis that the
lower lake unit is not of glacial origin but probably related
10 tectonic activity along faults, a conclusion supported by
the detailed bedrock mapping of Norris (1981). Subse-
quent fieldwork in the Bluefish Basin indicated that unit 3
may in fact represent three separate lake events.

Fieldwork during 1977 at Old Crow River locality
CRH 15 (fig. 1) led to the recognition there of the Old
Crow tephra, disconformity A, and a definition of the Old
Crow Basin composite stratigraphy (Morlan and Matthews,
1978). Over the next four years Morlan, together with
colleagues and graduate students, concentrated fieldwork
along the lower Old Crow River. Excavations at a number
of river bluffs resulted in a large collection of vertebrate
remains with well-docuomented stratipraphic context. These
provided for the development of a taphonomic approach to
Old Crow paleoniology and archeology (Morlan, 1980;
Morlan and Maghews, 1983). Thesis work on a wide
variety of topics was carrded out by University of Alberta
students:  Janssen, fossil bryophytes (1981); McCourt,
patynology (1982); Walde, palynology (1985); Bombin,
phytoliths (1984). and Hedlund, paleomagnetics (1986).
Screening of large-volume sediment samples was under-
taken in order to develop a paleoecological record based on
plant and insect remains and augmented by fossil pollen
studies, In 1980, fieldwork was expanded to include upper
Porcupine River localities in the Bell Basin as well as sites
of stratigraphic importance along the Porcupine River in
Alaska (Thorson and Dixon, 1983).

Tephra studies have come to play a dominant role in
the developing geochronology. In 1981 the Little Timber
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tephra was discovered at locality CRH 94, Old Crow River.
It has been charactesized by Westgate end dated as forming
before 1.2 Ma, depending upon the annealing factor. The
Old Crow tephra was dated by fission track as less than 120
ka (Naesser and others, 1982).

An Old Crow River survey in 1983 by J.V. Maithews,
Ir. (Geological Survey of Canada) and the author resulted
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in discovery of the Surprise Creek tephra at locality CRH
47 (fig. 1), while the same year paleobotanist, Ruth Stockey
(University of Alberta) initiated her research on the
HH228, unit 1, cone flora, Extant species Pinus moniicola,
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studies (Tarnocai, this volume) and pollen evidence
(Schweger) from Bluefish River and Burnt Hill Bluffs (see
Tamocai, this volume).

Walde (1985) demonstrated the paleohydrotogical sig-
nificance of reworked palynomorphs from the Upper Mis-
sissippian Ford Lake Shale (Norris, 1984), These spores
were dispersed throughout the northern Yukon Basins
when ice blocked the Peel River and diverted water through
the upper Eagle River valley, croding overflow channels in
the shale. Mississippian-age spores are found immediately
above disconformity A, locality CRH 15, which has been
recently dated at about 35 ka (R.E. Morlan, Archacological
Survey of Canada, oral commun., 1987). This new date {or
disconformity A plus other recent accelerator mass spec-
trometer radiocarbon dates in the Bell Basin have consider-
able regional significance, becanse they imply that Kee-
watin ice had approached its maximum western extent
earlier than previously thought (Hughes and others, 1981).
Glaciolacustrine unit 5 was deposited in a deep-water lake
after 25 ka (“C age on sk, Cadzow Bluff), through 21 ka
(**C age on fine organics, Bluefish River section), and until
just before 12.5 ka ("*C age on bison bone, locality CRH
11) by which time the lake had drained through the Ram-
parts of the Porcupine River to the west. The interval
between the first blockage of the eastward drainage of
Porcupine River and development of a deep glacial lake
may have been characterized by lowerings of lake level in
the basins via j6kulhlaups through McDougall Pass.

Stratigraphy, paleontology, and geochronology of lo-
cality HH228 has received considerable anention during
and since 1983. Westgate and others (1985) documented
the 115-ka reversal event marking the Blake Reversed-
Polarity Subchron (of the Brunhes Narmal-Polarity Chron)
below the Old Crow tephra, which has recently been dated
by thermoluminescence as forming 8618 ka (Wintle and
Westgate, 1986). The stratigraphy and paleontology of
upper unit 4 provides evidence of the Xoy-Yukon thermal
event, a period S0-60 ka in which climate in eastem Ber-
ingia was warmer than the present climate (Schweger and
Matrthews, 1985).

Fieldwork during 1985 was centered on Old Crow
River localities CRH 94 and CRH 47 (fig. 1), which are
Little Timber and Surprise Creek tephra localities, respec-
tively. Nearly five tons of sediment from near the Sorprise
Creek tephra at locality CRH 47 was screened for small
mammals. C.A. Repenning (U.S. Geological Survey, oral
commun., 1987) places this fauna near the base of the
Pleistocene, within the Olduvai Normal-Polarity Subchron
(of the Matuyama Reversed-Polarity Chron), which ig dated
at 1.7 Ma. This is corroborated by the fact that Suprise
Creek tephra fell at a time of normal geomagnetic polarity
when boreal forest was present in the Oid Crow Basin, The
stratigraphically lower Little Timber tephra was deposited
on tundra vegetation at a time of reversed polarity. Consid-
erable work remains to0 be done on these two imporiant
localities,

At the present time, research continues on several
fronts: small mammals, pollen, seeds, cones, insects, radio-
carbon chronology, stratigraphy, paleosols, and tephro-
chronotogy. Over a decade after the Yukon Refugium
Project was initiated, it has moved into a stage of synthesis,
where large amounts of diverse information are being inte~
grated into a comprehensive history of the region. The
history of the Old Crow and Bluefish Basins is of regional
significance because it links eveats in the District of
Mackenzie to the east with those in interior Alaska to the
west.  These basing are now known to have the most
complete Pliocene and early Pleistocene record in north-
western North America. The middle Pleistocene is poorly
known, although R.E. Morlan's small-mammal record from
Old Crow River locality CRH 11 has been placed between
500 and 800 ka by C.A. Repenning (U.S. Geological Sur-
vey, oral commun,, 1987) and sediments of similar age may
be exposed at other sections (such as HH&8-10). The
history of the late Pleistocene is well established and dated
and points up the fact that at no time during the Pleistocene
did Keewatin ice extend as far westward as duoring the
imerval 35-12.5 ka. The research accomplished to date
clearly points up the importance of joint multidisciplinary
research with a high degree of information sharing and a
long-term commitment 1o the region.

REFERENCES CITED

Bombin, M., 1984, On phytoliths, late Quaternary ecology of
Beringia, and information evolutionary theory: Edmonton,
University of Alberta, Ph.D. dizsertation.

Harington, C.R., 1978, Quatemary vertebrate faunas of Canada
end Aleska and their suggested chronological sequence:
Ouawa, National Museums of Canada Syllogeus 15, 105 p.

Hedlund, M.A.H,, 1986, A Plejstocene high-larinde geomagnetc
study: Edmonton, University of Alberta, M.A. thesis.

Hughes, O.L.. 1969, Pleistocene stratigraphy, Porcupme and Od
Crow Rivers, Yukon Territory: Geological Survey of Can-
ada Paper 69-1, p. 209-211.

1972, Surficial geology of northemn Yukon Territory and
northwestern Disimict of Mackenzie, Northwest Territories:
Geological Survey of Cenada Paper 69-36.

Hughes, O.L., Harrington, C.R., Janssens, J.A. Matthews, 1.V.,
Jr., Morlan, R.E., Rutter, NW., and Schweger, C.E., 198],
Upper Pleistocene statigraphy, paleoecology, and archaeol-
ogy of the nosthern Yukon Interior, 2astern Beringia, 1,
Bonnet Plume Basin: Arctic, v. 34, p. 329-365.

Trving, WN,, end Harington, C.R., 1973, Upper Pleistocens radio-
carbon-dated artifacts from the northem Yukon: Science, v.
179, p. 335-340.

Irving, W.N., Jopling, A.V., and Beebe, B.F., 1986, Indicators of
Pre-Sangamon humans near Old Crow, Yukon, Canada, in
Bryan, AL., ed, New evidence for the peopling of the
Americas: Orono, University of Maine, p. 49-63.

Tanssen, LAP., 1981, Subfassl bryophytes in eastern Beringia:
Their paleoenvironmental and phytogeographic significance:
Edmonton, University of Alberta, Ph.D. dissertacion.

Licht-Federovich, S., 1974, Palynology of two sections of Late
Quaternery sediments from the Porcupine River, Yukon
Territory: Geological Survey of Canada Paper 74-23, 6 p.

McCourt, G.H,, 1982, Quaternary palynology of the Bluefish

32 tate Cenozoic History of the Interior Basins of Alaska and the Yukon



Basin, northern Yukon Territory: Edmonton, University of
Alberta, M.S. thesis.

Morlan, R.E.,, 1980, Taphonomy end archacology in the npper
Pleistocene of the northern Yukon Territory; A plimpse of
the peopling of the New World: Nazional Museum of Man,
Mercury Series, Archaeological Survey of Canada, Paper 94,
380 p.

1986, Pleistocene archasology in Old Crow Basin: A
critical reappraisal, in Bryan, A.L., ed,, New evidence for the
peopling of the Americas: Orono, University of Maine, p.
27-48,

Morlan, R.E., and Manhews, J.V., 1978, New dates for early man:
Geos, winter 1978, p. 2-5.

1983, Taphonomy and paleoecology of fossil insect as-
semblages from Old Crow River (CRH-15) northern Yukon
Temiwry, Canada; Géographie Physique et Quaternaire, v.
37, p. 147-157, :

Naeser, N.D., Westgate, L. A., Hughes, O.L,, and Péwé, T.L, 1982,
Fission-weck ages of late Cenozoic distal tecphra beds in the
Yukon Temitory and Alaska: Canadian Joumal of Earth
Sciences, v. 19, p. 2167-2178.

Nelson, D.E., Morlan, R.E.,, Vogel, J.S., Southon, I.R., Harington,
C.R.. 1986, New dates on northern Yukon artifacts: Holo-
cene not upper Pleistocene: Science, v. 232, p. 749-751.

Norris, D.X., 1981, Geology; Otd Crow, Yukon Territory: Ceo-
logical Survey of Canada Map 1518A.

1984, Geology of the northem Yukon and northwestern
District of Mackenzie: Geological Survey of Canada, Map
1581A. scale 1:500,000.

Pearce, G.W., Westgate, J.A., and Robertson, S., 1982, Magnetic
reversal history of Pleistocene sediments at Old Crow, north-
western Yukon Territory: Canadian Journal of Earth Sci-

ences, v. 19, p. 919-929.

Schweger, C.E., and Matthews, 1.V., 1985, Barly and middle
Wisconsian envifonments of eastern Beringia: Stratigraphic
and palececological implications of the Old Crow tephra:
Géographie Physique et Quaternaire, v. 39, p. 275-290.

Thorzon, RM., and Dixon, EJ,, Jr., 1983, Alluvial history of the
Porcupine River, Alaska: Role of glacial-take overflow from
sorthwest Canada: Geological Society of America Bulletin,
v. 94, p. 576-589.

Walde, K., 1985, Pollen analysis and wphonomy of locality 15
alluvial sediments, Old Crow Basin, Yukon: Edmonton,
University of Alberta, M.A_ thesis.

Westgate, JLA., 1982, Discovery of a large-magnitude, late Pleis-
incene volcanic eruption in Alaska: Science, v. 218, p.
789-7%0.

Westgate, J.A,, Matthews, J.V., Jr.. and Hamilton, T.D,, 1981, Old
Crow tephras A new late Pleistocene stratigraphic marker
across Alaska and the Yukon Territory: Geological Society
of America Abstracts with Programs, v. 13, p. 579.

Westgate, 1.A., Walter, R.C,, Pearce, G.W., and Gorton, M.P.,
1985, Distribution, stratigraphy, pemochemistry, and psleo-
magnetism of the {ate Pleistocene Old Crow tephra in Alaska
and the Yukon: Canadian Journal of Barth Sciences, v. 22,
p. 893.-906.

Winte, A.G., and Westgate, J.A., 1986, Thermoluminescence age
of Old Crow tephra in Alaska: Geology, v. 14, p. $94-597.

Carter, L. David, Hamilton, Thomas D., and Galloway, John P., eds.,
1989, Late Cenozoic History of the Interior Basins of Alaska and the
Yukon: .S, Geological Survey Circular 1026,

The Old Crow and Bluefish Basing, Northern Yukon 33



Climatic Change in Eastern Beringia During Oxygen
Isotope Stages 2 and 3: Proposed Thermal Events

By John V. Matthews, Jr., Charles E. Schweger, and Owen L. Hughes

Pollen and macrofossil data associated with recently
acquired Accelerator Mass Spectrometer (AMS) and stan-
dard “C dates in addivon to recent thermoluminescence
(TL) dates on the Old Crow and Sheep Creek tephras from
Alaska and the Yukon allow us to discern new detail on
climate during oxygen-isotope stages 2 and 3 in eastern
Beringia (Alaska and the Yukon). At least three thermal
“events” appear 1o have occurred. One of these, the 60 ka
Koy-Yukon thermal event, has been discussed previously
(Schweger and Matihews, 1985). The other two, the 25- to
27-ka Sixtymile and the 18- to 22-ka Hanging Lake thermal
events, are proposed here for the first time. The designa-
tion of these two new events conforms to the North Ameri-
can Stratigraphic Code (North American Commission on
Stratigraphic Nomenclature, 1983). Like the earlier named
Koy-Yukon thermal event (Schweger and Matthews, 1985),
they have only regional importance and no formal chrono-
stratigraphic significance.

The Koy-Yukon thermal event

Schweger and Matthews (1985) proposed the pame
Koy-Yukon thermal event for an interval of warmer-than-
present summer climate which occurred after the deposition
of both Old Crow tephra and Sheep Creek tephra, but prior
to 59 ka. They estimated its age as about 60 ka, the start
of isotope stage 3, when the marine record registers signifi-
cant interstadial warming and when insolation curves indi-
cate approximately 20 percent greater sammer insolation
than at present in the northern part of the northern hemi-
sphere. The 59 ka minimum age is based on a minimum
limiting age on wood from the Eva Formation (Fairbanks
area, Péwé, 1975), deposition of which was penecontempo-
rancous with the interval of deep thawing in the Fairbanks
region that Schweger and Matthews (1985) assigned to the
Koy-Yukon thermal event. A TL date on sediments asso-
ciated with the O1d Crow tephra implies that it could be as
young as 8618 ka (WinUe and Westgate, 1986). The age
of the Sheep Creek tephra is still poorly known, but
Hamilton and Bischoff (1984) estimated it to be slightly
younger than 80 ka, whereas a recent TL date suggests it is
7547 ka (T.L. Péwé, Arizona State Univ,, oral commun.,
1987). If these dates are correct, the Sheep Creck tephra
was deposited during isotope stage 4, a conclusion sup-
ported by the polien data from the Ash Bend site in the
northern Yukon (C.E. Schweger, unpub. data). The Sheep

Creck tephra occurs in the Gold Hill Loess at Fairbanks,
which means that it predates the Eva Formation and the
interval of thawing associated with the Koy-Yukon thermal
event

As indicated above, several lines of evidence show that
the Koy-Yukon thermal event postdates the last interglacia-
tion (stage Se) and stage 4, yet its fauna and flora clearly
suggest that summer climate wag warmer than at present.
This is best shown by fossils from unit 4c at the
Twelvemile Bluff exposure in the nosthern Yukon. The
fluvial and lacustrine deposits within that unit contain plant
macroremains of species like Carex sychnocephala and
Cheneopodium gigantospermum, neither of which extend as
far north wwday. A similar pattern is exhibited by some of
the insect (axa (such as Bradycellus lecontei and Bembidion
quadrimaculatem), and the presence of traces of Corylus
and Typha in the pollen spectra, Furthermore, it is now
clear that the extremely high frequeacies of spruce shown
in Lichti-Federovich’s (1973) pollen diagram for the
Twelvemile Bluff section occur in unit 4c. Unit 4¢ cuts out
another unit containing a serics of large ice-wedge pseudo-
morphs which probably reflect regional thawing. Higher in
the sequence, above the beds indicative of the warming of
the Koy-Yukon thermal event, is another series of ice-
wedge pseudomorphs, which formed before 37 ka and may
also mark regional thawing.

Sixtymile thermal event

Pollen and macrofossils (fig. 1) from an alluvial unit
below late Wisconsin (McConnell glaciation) till at the
Mayo Indian Village section near the town of Mayo in the
central Yukon suggest a period of dry, arctic climate during
which trees were absent or existed only as isolated groves
in the lowlands. Today the region is well forested. Fossil
sceds of Corispermum hyssoptfolium (bugseed), a plant
very likely to have been growing on the floodplain at the
time of deposition, are dated by the AMS radiocarbon
method at 29.630.3 ka (TO-292). Some of the more
important macrofossils from the dsted ‘level are listed in
figure 1. The insect assemblage implies at least a cold, dry
local floodplain climate and probably an arctic regional
climate. Like some others from Beringia, the insect assem-
blage includes at least one beetle, Harpalus ampuatus,
which is normally an occupant of grassland areas. Another
species, the weevil Connatichela artemisiae Anderson (fig.
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1) feeds on sage (Artemisia), a plant which is well repre-
sented in the pollen diagram and probably grew on the
flood plain at 29.6 ka.

Spruce percentages rise slightly above the dated level,
suggesting slight climatic amelioration. The best evidence
for such a trend comes from a site in the Sixtymile District
near Dawson City. A spruce stump in growth position
from that region has been dated at 26.08+0.3 ka (B-13870)
(CR. Harington, Canada National Museum of Natural
Sciences, oral commun., 1986). It shows that ctimate had
warmed enough for growth of spruce in the valley bottoms
of the central Yukon, unlike the situation at 29.6 ka.

We believe that these data may signify a period of
slightly warmer climate—the Sixtymile thermal event—
which occurred between about 25 and 27 ka. As indicated
in figure 2 this conclusion appears to be supported by (1)
an AMS age on mosses from the northem Yukon Belf
Basin that implies that meltwater levels in the Bell Basin
were fluctluating between 25 and 26 ka, probably due to
changes of the Laurentide ice margin on the east side of the
Richardson Mountains; (2) pollen spectra indicative of
interstadial conditions at Harding lLake in central Alaska
(Nakao and Ager, 1985); and (3) ages in the 25- 10 27-ka
range on soils and wood in the Alaska Range (Hamiiton

and Thorson, 1983). The Sixtymile thermal event was
followed at about 24 ka by climatic deterioration and re-~
newed glaciation in both Alaska and the Yukon (Hamilton
and Thorson, 1983; Hamilwon, 1986; Klassen, 1986; fig. 2).

Hanging Lake thermal event

Several sites in eastern Beringia yield circurnstantial
evidence for an interval of warmer climate between 18 and
22 ka. Cwynar (1982) first recognized ifis event in his
discussion of the pollen sequence at Hanging Lake in the
northern Yukon (fig. 3), hence the designation “Hanging
Lake thermal event.” Climatic warming evidently occurced
at about the same time in western Alaska, judging from the
pollen sequence at Kaiyak Lake in northwestern Alaska
(Anderson, 198S; fig. 3). Other probable indicators of
contemporaneous warming include (1) dates and macrofos-
sils from the Rat Pass area near the Yukon-Northwest
Territories border that suggest spruce may have been grow-
ing near there at about 21.3 ka (Matthews and Hughes,
unpub. data); (2) an abrupt peak of Ericaceae pollen and
slightly higher percentages of Picea, Alnus, and Betula at a
level now dated at 20.8+0.2 ka (GSC-3946) in the pollen
record from the northem Bluefish Basin (HH75-24) section
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(summarized in fig, 4, which is based on data in McCourt,
1982); (3) presence of paleosols and indicators of cessation
of alluviation and stabilized periglacial features in the Wind
River and Koyukuk regions of Alaska (fig. 2) (Hamilton,
1986). However, we note that there is also contradictory
evidence of warming; for example, T.A. Ager (in Weber
and Ager, 1984) found only traces of spruce pollen in a
sample from interior Alaska that is associated with the
Mount Harper ash, which was deposited about 21 ka.

Discussion
We have attempted to point out several facts that seem

to indicate minor climatic oscillations during oxygen-iso-
tope stages 2 and 3. We acknowledge that the evidence is

at hest circumstantial, but believe that by proposing names
for the presumed climatic fluctuations we will stimulate the
research and discussion necessary to test the validity of our
proposal.

Paleoecologists working in east Beringia have often
expressed regret that there was no unequivocal interglacial
fauna and flora with which to compare middle Wisconsin
faunas and floras. As indicated above, the deposits as-
signed to the Koy-Yukon thermal event include the ex-
pected interglacial biotic elements, yet appear to be much
younger than stage Se. Work now under way at the Birch
Creek exposure by Mary Edwards and colleagues (Ed-
wards, this volume) may resolve this dilemma. In our
view, the Birch Creck section is the key to clarifying the
record of climatic events during both stages 3 and 5 be-
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cause it contains sediments bracketing those stages as well
as several paleosols and another undated tephra older than
the Old Crow tephra.
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Figure 3. Summary of pollen from (A) Kaiysk Lake,
northwestern Alaska (modified from Anderson, 1985),
and (8) Hanging Lake, northern Yukon (modlfied from
Cwynar, 1982), showing pollen fluctuations at around
20 ka that are thought to reflect warming associated
with the Hanging Lake thermal event
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Paleosols of Northwestern Canada

By Charles Tarnocai

Paleosols were investigated in three areas in northwest-
em Canada: the central Yukon, the Old Crow arez, and the
Mackenzie Mountains. In the central Yukan, the work
focused on paleosols developed on old glacial materials. In
the unglaciated Old Crow area, paleosols developed on a
variety of parent materials were studied in both the Old
Crow Basin and the Bluefish River uplands. In the Mack-
enzie Mountains, paleosols were studied in the Little Bear
River section, which is composed of Cordilleran and Lau-
rentide glacial deposits of Pleistocene age. The brief dis-
cussion of these paleosols given below includes informa-
tion conceming the relationship of their development to
past climates,

Paleosols of the central Yukon

Paleosols in the central Yukon formed during the
Pleistocene (table 1). Paleosols that formed during the
early Pleistocene are called Wounded Moose paleasols,
whereas those that developed during the late Pleistocene
are called Diversion Creek paleosols (Smith and others,
1986). The morphological and analytical data presented in
tables 2 and 3 include not only the data for these paleosols,
but for comparison also include data for the Stewart soils,
which developed during the Holocene on materials derived
from the late Wisconsin McConnell glaciation (Smith and
others, 1986).

Early Pleistocene paleosols

The Wounded Moose paleosols developed during pre-
llinoian time on both till and glaciofluvial materials depos-
ited during the pre-Reid glaciations (table 1).

A maximum solum thickness of 2 m was reported for
those soils developed on pre-Reid outwash (Tamocai and
others, 1985). The colors of the upper paleo-argillic (Bt)
horizons of these paleosols are SYR for outwash and 7.5YR
for dll (table 2). These paleosols developed strongly
weathered Bt horizons with thick clay skins. Clay skins
occur as coatings on ped and pebble surfaces and form
bridges between sand grains. As a result of cryoturbation,
the clay skins in the upper B horizon are usually frag-
mented aod dispersed. The Wounded Moose paleosols are
strongly leached. The uppermost paleo BL horizon has
average pH values ranging between 4.7 and 4.8. This
horizon also has a somewhat higher conceniration of ex-
changeable cations than the uppermost paleo B horizons in

the Diversion Creek paleosols developed on corresponding
materials, Carbon and nitrogen values are low in this
horizon, and the average sodinm pyrophosphate extractable
Fe + Al values are 0.10 percent (table 3).

According to Foscolos and others (1977), Wounded
Moose paleosols contain kaolinite, illite, and montmorillo-
nite-kaolinite mixed-layer clay minerals. Chlorite and
vermiculite are absent. Although chloritic intergrades are
present, they are not as conspicuous as in the Diversion
Creck paleosols. These chloritic intergrades decrease with
depth, and no such intergrade was found in the IIC horizon.
The montmorillonite-kaolinite mixed-layer clay minerals
were identified below a depth of 190 cm in these paleosols
(Foscolos and others, 1977).

Most Wounded Moose paleosols display strong
cryoturbation in the form of disrupted and displaced soil
horizons and oriented stones. Sand wedges and sand invo-
lutions of various sizes are also common. The sand wedges
are much wider and more common in these paleosols than
in the Diversion Creek paleosols. Ventifacts are commonly
found at the paleosol surface. During the early Pleistocene,
when development of Wounded Moose paleosols began,
the climaie was probably warm and subhumid and grass-
land and shrud vegetation predominated (Foscolos and
others, 1977; Rutter and others, 1978). These conditions,
in contast to modem soil-forming conditions, promoted
strong weathering, leaching, and soil development and the
formation of montmorillonite. This was followed by a
more temperate and humid climate that induced the degra-
dation of montmorillonite to kaolinite through an interme-
diate step of mixed-layer montmorillonite-kaolinite. This
latter type of climate was probably responsible for the red
colors and very thick Bt horizons that characterize these
paleosols. These two climatic regimes produced the rubi-
fication, deep sola, eluviated clay, and thick clay skins of
the Wounded Moose paleosols. During subsequent glacial
periods, Wounded Mooge paleosols were affected by sirong
erosional and cryogenic processes as a result of the cold
arctic climate. Thermal cracking caused the development
of sand wedges and sand involutions, and cryoturbation
produced discontinuous and displaced soil horizons and
oriented features.

Late Pleistocene paleosols
The Diversion Creek paleosols developed on deposits

formed during the Reid glaciation, with soil formation
beginning during the Sangamonian 'interglacial period
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Table 1. Paleosols of northwestem Canada

[Time scale nged in thig 1able is that of Heginbottom and Vincent (1986)]
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(table 1). They are found on both till and glaciofluvial
materials,

These palsosols are gssociated with & moderately well
developed B horizon, and the dominant color of the upper-
most B harizon i8 7.5YR (table 2). The Bt horizons, which
are found only in Diversion Creek paleosols developed on
till, are associated with thin clay skins on ped surfaces and
clay bridges between sand grains. These Diversion Creek
paleosols have leached sola. The uppermost paleo B hori-

zons have average pH values ranging between 4.6 and 53
and a low concentration of exchangeable cations. The
carbon and nitrogen values are low in these horizons and
the sodium pyrophosphate extractable Fe + Al values are
generally less than 0.11 percent (table 3). Sand wedges are
present in these paleosols but not common, Ventifacts are
regularly observed on the surfaces of Diversion Creek
paleosols. Cryoturbated features such as oriented stones,
sily cappings, and distorted horizons are more common on
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Table 2. Summary of soil merphologies of the central Yukon soils

[For definition of soil horizons see Agrioulinre Canada Expert Committee on Soid Sarvey (1987); solum thickness is mean thickness with range of values

in brackeis; equal sign means equal proportions)
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materia) (em) ) ] " horzons with wedges anc yoturhas o
cw Involutions
pd e py
Woonded Mooss 109 SYR 73YR Blotky Wesk (o 100 100 k1% 50 Suvrong Conmon  Common
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Table 3. Average values of various parameters for the uppermost B horizons and the C harizons In the central Yukon solls

Soil ant Soll Number C»COy  pH C N Sodium Exchangeable cations Tonal
parent horlron of quiv, ) pyrophosphaie {rveq/100 g)
malenial samples (pet) (bt ey {FerA)l Sand £ Clay
{pct) (<0 {pc)) (pet)
G Mg K N

Wounded Moosz FDBL 14 0.0 48 022 001 0.0 7.19 185 0.09 0.34 57.2 23.0 19.8
{ourwash) nc 6 .0 5.3 12 .01 .06 2.46 .84 .0s 16 90.4 5.0 4.6
Wounded Mooxa 1113 3 .0 4.7 .23 n 10 10.70 3.85 .09 25 50.9 30.3 18.7
(ulh) c 3 .C 5.0 09 00 06 6.80 1.73 .10 .00 81.5 14.8 6.7
Diversion Creek Bm .1 23 5.3 .26 01 .08 3.30 1.10 .09 .07 74.2 19.2 6.5
{outwash) [+ 2 00 58 R¥ .00 05 1.70 45 .03 00 91.0 6.7 243
Diversion Cresk IBm 14 .00 4.6 3o .02 ) 2.84 .85 .07 AS 63.3 31 53
() 118t & 00 4.7 o .03 Bl 7.02 1.90 .18 A3 53.7 325 137
BC 10 00 5.3 57 .03 .07 3.80 28 .14 02 66.% 258.0 1.9
Stewarn Bm 3 .00 4.3 53 .04 12 t.63 .40 .08 98 56.6 38.9 4.5
(outwaxsh) nc 4 00 4.8 .22 .20 .06 1.37 .40 07 .03 84.0 14.3 11
Stewart Am 8 94 5.3 .13 .04 .28 1.92 .43 .06 .30 62,5 3.9 6.6
{ul) fic B 168 6.3 .33 .01 08 2.23 42 02 .04 17.2 27.8 6.4

the Divession Creek paleosols developed on tll than on
those developed on outwash, Weathermg of coarse frag-
ments in these paleosols is moderate and frost-shattered
coarse fragments are common.

Foscolos and others (1977) and Rutter and others
(1978) suggested that a cool and humid climate during this
period was responsible for the development of Brunisols
{(paleo) or wesk Luvisols (paleo). This cooler climate
resulted in a weaker soil development than is found in the
Wounded Moose paleosols. The Diversion Creek paleosols
were exposed to only one glacial period, the McConnell

glaciation, and thus cryogenic features are also weaker and
fewer than those found in the Wounded Moose paleosols.

Paleosols of the Old Crow area

Late Pliocene and Pleistocene paleosols

Paleosols examined in the Old Crow area, a portion of
the Yukon that was never glaciated, include examples of
possible late Pliocene age from the Bluefish River valley,
the Bluefish River yplands, and the Burnt Hill section along
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the Old Crow River. Other paleosols of early (0 middle
Wisconsin age were examined in sections in the Old Crow
Basin (able 1). Although most of these paleosols were
buried by thick fluvial deposits, some of them are covered
only by a thin loess cap.

A paleosol examined at the Burnt Hill exposure along
the Old Crow River had a well-developed reddish (SYR 3/
3) B horizon and a leached Ae horizon. Analysis of pollen
from this soil indicated that the area had been dominated by
spruce, pine, alder, birch, Corylus sp., ericaceous shrubs,
and mogs species. The pine pollens were identified as
Haploxylon types (white pine), Pinus monticola, and Dip-
loxylon types. Small amounts of Tsuga and Abies pollen
were also present. The pollen assemblage found in this
paleosol indicates that the vegetation was a mixed, closed-
canopy forest with a dense alder layer. The understory was
dominated by Corylus sp., ericaceous shrobs, and moss
species. The presence of white pine, Corylus, and Tsuga
point to a climate much warmer than at present. Similar
pollen assemblages, dated as late Pliocene (Nelson and
Carter, 1985), were found in the Gubik Formation, at the
Ocean Point site in Alaska, although no Corylus was found
at that site and Salix pollen was much less common than in
the Bumt Hill paleosol. The similarity of the pollen assem-
blage indicates that the Bumnt Hill paleosol also developed
in the late Pliocene (Schweger, in press).

Paleosols in the Bluefish River area developed from
calcareous materials derived from limestone bedrock. They
have a well-developed B horizon with srong colors, domi-
nantly SYR 4/5 moist. The B horizon contains a significant
clay accumulation (table 4). The Bluefish River paleosols
have average pH values of 7.4 in the uppermost paleo Bt
horizon and 7.5 in the Ck horizon, which would normally
indicate that very little leaching has oocurred. The differ-
ence in the concentration of calcium carbonate in these two
horizons, however, indicates that a significant amount of
leaching hag taken place. The average calcium carbonate
concentration in the Ck horizon is 63.5 percent while in the
Bt horizon it 1s 17.0 percent. These paleosols contain high
amounts of total carbon. Since the concentration of carbon
is generally higher in the parent material than in the over-
lying Bt horizons, this carbon is most likely derived from
the bedrock (table 4). The Bunt Hill paleosol (table 5), on
the other hand, has developed on noncalcareous fluvial
materials. Its morphology reflects the effects of advanced
podzolization processes. Although the sodium-pyro-
phosphate-extractable Fe and Al values are lower than in
the coniemporary (Holocene) Podzols (Agriculture Canada
Expert Commitiee on Soil Survey, 1987), the ammonium-
oxalate-extractable Fe and Al values are very similar. This
would indicate that the use of the sodium-pyrophosphate-
extractable Fe and Al criteria developed for recent Podzols
is questionable when atlempting to identify podzolization
in paleosols. It is possible that the sodium-pyrophosphate-
extractable Fe and Al values change with time. In modern

Podzols occumring in southem Canada, the sodium-pyro-
phosphate-extractable Fe is approximately 50 percent of the
ammonjum-oxalalg-extractable Fe (Wang and McKeague,
1982; McKeague and others, 1983). In the the Burmt Hill
paleosol this ratio is much less, possibly because the so-
dium-pyrophosphate-cxtractable Fe, which is bound in an
iron-organic complex (McKeague and others, 1971), has
oxidized into an amorphous hydrous iron oxide. The
concentration of this form of amorphous iron is determined
by the ammontum oxalate test.

Most of these paleosols were buried under various
sediments in the Bluefish River valley. In one case,
however, a strongly truncated paleosol was found on the
Bluefish River uplands. Soi material from the surface
horizon of a buried paleosol was analyzed for pollen. Tt
had essentially the same pollen assemblage as did the
paleosol at the Bumt Hill exposure. The development of
paleosols found in the Bluefish River uplands, the Bluefish
River valley, and the Burnt Hill exposure are very similar.
The soil development and, especially, the pollen data sug-
gest that the Bluefish River paleosols are also of late Plio-
cene age.

The most recent paleosols in the Old Crow area were
found buried within a dominantly fluvial succession over-
lain by late Wisconsin lake sediments i the Old Crow
Basin, These Cryosols (paleo), which had developed in a
permafrost environment, were associated with gleyed hori-
zons, mottles, cryoturbated features, patterned ground, and
ice wedges. A bone buried in this soil yielded a radiocar-
bon age of 42+1.2 ka (R.E. Morlan, Archaeological Survey
of Canada, oral commun., 1987).

Paleosols of the Little Bear River section

The Little Bear River lies near the boundary between
the Mackenzio Plain and the Mackenzi¢ Mountaing, in a
zone of overlap between the former extent of local montane
glaciers originating in the Canyon Ranges of the Mackenzie
Mountains and the maximum extent of the Laurentide ice
sheet. The Linle Bear River section is located at latitude
64° 27.5' N. and longitude 126° 42' W. at an elevation of
approximately 900 m, Tills of montane origin overlain by
the Laurentide boulder gravel can be differentiated in this
section. These tills and boulder gravel, which are underlain
by bedrock of the Franklin Mountain Formation, have an
aggregate thickness of approximately 40 to S0 m,

Five paleosols were identified in association with five
different montane tills (table 1). In addition, 8 modern soil
developed on boulder gravel of Laurentide origin occurs on
the surfacc. Paleosols developed on the top of each till
indicate prolonged intervals of soil formation during the
interglacial periods (Hughes and others, in press).

Spruce logs found in a buried peat deposit on the top
of paleosol 4 gave a radiocarbon age greater than 47 ka
(Hughes and others, in press). Pollen data obtained from
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Table 4. Average values of various parameters for the uppermost B hotizons and the C hotizons in the

Bluefish River paleosols

So¥l and soil

Number  CxCO3  pH C N Dithionite Ammanium Sodiurn Yol
parent malerial  horizon  of samples equiv (pct)  {pct) ciirate oxalale pyrophosphata
<y Sand Sk Clay
(Fe + Al {Fo + AY Fe +Ab (pen (pcty {pc1)
{pcy) {pel
Bluefish River 1Bt 3 17.0 7.4 213 0.06 1.76 0.27 0.05 515 30.8 18,0
(residual) 1{00 3 63.5 1.5 7.68 24 19 B 03 439 448 113
Table 5. Analytical data for the Burnt Hill paleosol
{*, calcuisted)
Soil and Soi) Numdwr  CaCOj;  pH ¢ N Diblonie Ammonkim Sodium CEC Toxal
e hosizon of quiv. (pey (pcd) cilrale oxalaoy pyrophasphate meq/100 g
material samplet {pcy) : Sanif Sk Clay
Fe A Fe A e A pc0) {pct}
(pct) (pcv (pet (pct) lpt) pc)
Burma Hilt Ac 1 0.0 4.6 0.06 0.02 0.43 0.4 0.31 0.03 0.05 .01 2.80 92.% 5.5 1.6
(Nuvialy B{ H .0 6.7 k] .02 3.94 .04 1.54 .03 02 .00 3.90 91.7 59 23
BC H .0 6.7 .23 .02 .8 04 97 .03 .05 .00 3.93 92.5 3.6 2.0
C 1 0 6.4 .23 01 A 04 .92 a3 05 .00 2.87 89.7 3.5 1.7

this same deposit indicate that the area was covered by a
closed-canopy coniferous forest at that time (Hughes and
oOthers, in press). The area is now alpine tundra, just above
trecline. This information and the degree of soil develop-
ment indicate that paleosols 1 to 4 probably developed
during pre-llinoian stages whereas paleosol S likely devel-
oped during the Sangamonian Stage (table 1).

The uniqueness of the Linle Bear River section is that
it containg, in one location, five distinctly different paleo-
sols developed on similar parent materials. The greater
solum and B horizon thicknesses, the increase of redness in
the B horizons, and the occurrence of some argillans in the
older paleosols indicate stronger soil development with age
(table 6). This suggests that, since the formation of the
oldest paleosols, the climate has steadily cooled. The lack
of evidence for cryoturbation, especially in Gleysols
(paleo), indicates that these paleasols developed in a per-
mafrost-free environment.

All of these paleosols developed in a relatively dry
eanvironment in which the precipitation was probably simi-
lar (o that occurring today, but because of the higher tem-
peratures and thus comrespondingly higher rate of
evapotranspiration, the environment was drier than at the
present time. Paleosols 1 and 2 developed nnder a slightly
warmer climate then did paleosols 3, 4, and 5, which
developed in a boreal environment dominated by closed-
canopy coniferons forest vegetation. The modem soil has
developed in a permafrost environment, the coldest of all
the climates under which these soils have developed.

Summary

1. The older the paleosol, the stronger the soil develop-
ment. Paleosols developed during the late Pliocene
and the pre-lllinoian stages of the Pleistocene have
stronger goil development than those developed in the
Sengamonian and early part of the Wisconsinan
Stages of the Pleistocene.

2. This stonger soil development in the late Pliocenc
and the pre-llinoian stages of the Pleistocene i pri-
marily due to the warmer and moister climate and, to
a lesser degree, to the great length of time during
which weathering took place.

3. All pre-Wisconsin paleosols began developing in a
permafrost-free environment.

4. Cryogenic features found in all pre-Wisconsin paleo-
sols, except those which were buried, result from the
cold climate which existed during the subsequent
glacial periods.

5. Early Wisconsin paleosols in the Old Crow Basin
began developing in a permafrost environment.
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Table 6. Average values of the uppermost B horizons in the Little Bear River paleosols

[Redness rating = [(10-H)xCl)/V, where H ia the YR hue, C is the chroma aod V i3 1be value (Torrent md othess, 1980, 1983)
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Upper Cenozoic Deposits, Kanuti Flats and
Upper Kobuk Trench, Northern Alaska

By Thomas D. Hamilton

Tectonic deformation has caused the Kanuti Flats and
upper Kobuk trench (fig. 1) to be continuing foci of late
Cenozoic deposition. The Kanutt Flats, a broad lake-dowed
plain within the Koyukuk River valley (Wahrhaftig, 1965,
p. 26), has been subjected to late Cenozoic subsidence
which continues 1o the present day (T.D. Hamilton, unpub.
field mapping, 1985 and 1987). Its geologic record spans
about two million years and includes glacial and glacio-
lacusirine deposits correlated with all of the major glacial
events defined for the central Brooks Range (Hamilton,
1986a, 1986b). From oldest to youngest, thesc are the
Gunsight Mountain, Anaktuvuk River, Sagavanirktok
River, and Itkillik glacial episodes. The upper Kobuk
trench 1s part of a structural feature that extends west (o the
Bering Sea (Grantz, 1966); activity along its bounding
faults has continued intoy the Holocene (Hamilton, 1984),
The record from the upper Kobuk trench extends into the
Matuyama Reversed-Polarity Chron and includes deposits
of Anaktvuk River though Ttkillik ages.

Drift of presumed Tertiary age correlated with Gun-
sight Mountain glacial advances forms a subdued, arcuate,
probable end moraine about 4 to 5 km wide that is traceable
for nearly 100 km along the south margin of the Kanuu
Flats (fig. 2). The moraine is thickly covered by loess and
lacustrine silt of Quaternary age, but concentrations of
erratic boulders along river channels that cut the moraine
anest to its glacial origin.

Glacier advances of Anaktuvuk River age occurred
prior to about 0.8 Ma throughout the central Brooks Range
on ancient landscapes 50 m ar more above levels of modern
streams (Harmilton, 1986b, 1986¢). Glaciers that flowed
south from the Brooks Range coalesced into broad pied-
mont lobes in lowlands around the present-day Kobuk and
Koyukok Rivers (fig. 2). Glacial lobes terminated in a
large proglacial lake in the Kanug Flats, where subdued
arcuate end moraines generally are covered by eolian and
lacustrine silt more than 15 m thick. Knolls and ridges
along moraine crests contain wave-washed gravel mixed
with larger glacial clasts. River bluffs expose strongly
jointed, compact till and stony glaciolacustrine silt that are
strongly oxidized along joint planes. Glaciers in the Kobuk
valley coalesced into an extensive ice body that extended
west to Kowzebue Sound and probably was contemporane-
ous with the early Pleistocene Nome River advance of the
Seward Peninsuta (Kaufman and Hopkins, 1986).

Glaciation of Anaktuvuk River age was followed by a
long nonglacial interval during which drainage systems
within the Brooks Range became adjusted to levels close to
those of modern flood plains and structural troughs devel-
oped along the south flank of the range (Hamilton, 1988a).
Bluffs and knolls within the Koyukuk-Kobuk region ex-
pose rounded, quarizose, pebble~-small-cobble gravel that
filled east-west-trending sguctwral troughs to measured
thicknesses as great as 55 m doring a Jong interval of
reduced glaciation in mountain valleys. Paleomagnetic
determinations indicate that deposition of ponglacial fine
gravel in the upper Kobuk trench began during the Ma-
tuyama Reversed-Polarity Chron and continued into the
Brunbes Normal-Polarity Chron (Hamilton, 1986a, 1986¢).

Glacier flow patterns of Sagavanirktok River age were
similar to those of the Anaktuvuk River glacial interval, but
glaciers were markedly smaller. Glaciers filled structural
troughs along the south flank of the Brooks Range (fig. 2)
and extended south beyond the troughs along major val-
feys, within which they commonly terminated in lakes.
Drift is not as broadly eroded as is drift of Anaktuvuk River
age, and it occurs close to modemn valley floors. Multiple
end moraines and stratigraphic relations suggest two major
ice advances in some valleys, The Sagavanirkiok River
glaciation it much younger than the early Pleistocene
Anakievuk River glaciation and is separated by a major

ARCTIC OCEAN

N Seward
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Figure 1. Northem Alaska, showing Kanutl Flats (KF), upper
Kobuk trench (XT), and area of detall map (fig. 2).
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interglacial period from succeeding glacial advances of
Tikillik age. Because of evidence for multiple advances in
some valleys, “Sagavanirkiok River” is considered a ge-
neric term for multiple ice advances of middle Pleistocene
age.

All glacial deposits of late Pleistocene age are assigned
to the Itkillik glaciation, which is divisible into two or three
major phases. The outer border of Itkillik drift is the most
striking discontinuity in the entire Brooks Range glacial
succession; it separates subdued older glacial deposits from
steeper, stonier, and more imegular drift with drainage
derangements and discontinuous vegetation.

During Itkillik I time, glaciers extended through south-
ern valleys of the Brooks Range and terminated 25-45 km
beyond the range along the north margin of the Kanut
Flats. Glaciers farther west were smaller and generally did
not extend into the upper Kobuk trench, Moraines have
smooth, somewhat flatiened, hummocky crests that support
open vegetation; moist depressions are covered by dense
muskeg. Al ice advances of Itkillik I age are older than the
effective range of radiocarbon dating, and stratgraphic
relations described in Westgate and others (1983) suggest
that the maximum advance may have taken place shartly
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before deposition of the Old Crow ephra about 8648 ka
(Winde and Westgate, 1986). A younger major advance
occured sometime between about 86 and S5 ka. Drift-
mantled glacier ice persisted for long inlgrvals in many
valleys, and relict ice of Iddltik I age is still locally present
(Hamilton, 1982).

Drift of Ikillik X age formed during late Wisconsin
time between about 24 and 11.5 ka. Rugged end moraines
commonly are located at the south flank of the Brooks
Range, where they enclose elongate lakes or lacustrine
plains. Younger end moraines formed within mountain
valleys during a major readvance of glaciers between 13 ka
and 11.5 ka.

Many glaciers of Sagavanitktok River and Iikillik age
either terminated in standing water or extended (o within a
few kilometers of large lakes in the upper Kobuk trench
and the Kanut Flats (Hamilton, 1986a). Some moraines
are anomalously broad and flat, and they consist either of
fine-grained glaciolacustrine sediment with dropstones or
of deltaic sand with steeply dipping foreset beds, Outwash
trains in otber cases extend southward and become deltas at
concordant altitudes that reflect former lake levels. Be-
cause the lakes were not dammed by glaciers or by any

Glaciaers of Itkillik age

Terrace gravel
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Figure 2. Glacier limits and drift deposits, Kanuti Flats and upper Kobuk trench, northern Alaska.
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other known physical agents, and because their recon-
structed surfaces rise northward toward the Brooks Range,
their origin must be the result of isostatic deflection and
drainage reversals within the low-gradient Kobuk and
Koyukuk drainage systems.
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Quaternary Deposits at Birch Creek,

Northeastern Interior Alaska:

The Possibility of Climatic Reconstruction

By Mary E. Edwards and Patricia F. McDowell

Extensive sections of Quatemary sediments, exposed
by rivers or mining activities, offer excellent opportunities
to study Quaternary palecenvironments in unglaciated inte-
rior Alaska. Thick accumulations of loess containing
paleosol complexes occur in the Fairbanks area and the
Yukon Flats (Péwé, 1975; McDowell and Edwards, 1984).
Woody and organic-rich units (“forest beds™) and lacustrine
sediments are also present. Tephra laycrs provide a2 means
of correlation and dating (Westgate and others, 1983).

We suggest that a sequence of climatic oscillations is
recorded in such sections. If a chronology can be estab-
lished and records correlated, the inferred climatic se-
quence may extend the terrestrial proxy climate record
through marine oxygen-isotope stage S and beyond, and
provide independent data for the testing of paleoctimatic
models. Ritchie and others (1983) have demonstrated that
the paleoecological record in northwest Canada reflects a
climatic warming about 10 ka, atiribwtable to increased
summer insolation at high latitndes (Milankovitch, 1941),
Other jnsolation maxima controlled by orbital elements
occurred aboot 50, 80 o0 90, and 130 ka (Berger, 1978).
The known values of important climate boundary condi-
tions such as ice volume, sea-surface (emperature, and sea
level suggest that warm intervals could have been associ-
ated with these maxima (PJ. Bartlein, University of Ore-
gon, oral commun,, 1987), but few data are available Lo test
this hypothesis.

This report describes a 45-m-high river-cut section of
Quaternary deposits on Birch Creek, near Circle, Alaska
(fig. 1). We briefly discuss the stratigraphy of this site,
problems associated with dating the sediments, and the ap-
plication of our data to paleoclimatic reconstruction.

Swdy area

The Yukon Flats tectonic basin (altitude 150 to 250 m)
conlains a marginal upland surrounding & central lowland,
through which flows the Yukon River (Williams, 1962; fig.
1). The sonthern marginal upland is mantled by loess as
thick as 35 m, which overlies gravel or bedrock. Williams
(1962) suggested that the Joess is of Pleistocene age, de-
rived from the flood plain of the Yukon and its tributaries
in glacial periods. The present surface of the southern
marginal upland is characterized by numerous lakes.

The modemn climate is cold condnental! (Fort Yukon
July mean temperature is 17 °C; January mean is —28 °C;
annual precipitation is <20 cm). Discontinuous permafrost
underlies the region. Below 700 m alticde the vegetation
is boreal forest dominated by spruce (Picea), birch (Bet-
ula), alder (Alnus), poplar (Populus), and willow (Salix).

The present boreal forest developed during the early
Holocene, according to late Quaternary pollen diagrams for
the Yukon Flas (Edwards and Brubaker, 1984) and the
Tanana lowland (Ager, 1975). Full-glacial pollen assem-
blages are characterized by herbaceous taxa such as
Poaceae, Cyperaceae, Artemisia, and Chenopodiaceae-
Amaranthaceae and suggest tundra vegetation,

Section BC-1

Section BC-1 (fig. 2) faces east and south and is
exposed for about 400 m along Birch Creek. We sampled
a 45-m-high part of the section that is free from large ice
masses, and where slumping is confined o the lowermost
2.5 m of the section. The basal sediments, units A and B,
from 2.5 to 14 m above creek level, are fluvial deposits of
silt, sand, and gravel that include organic lenses and pieces
of detrital wood. The presence of pollen of Picea, Alnus,
and Berula and the absence of palynomorphs characieristic
of Tertiary sediments suggest that the deposits are of Pleis-
tocene age. Unit A contains a white ash Iayer that is 1 to
3 cm thick. Its composition suggests a source in the
Wrangell Mountains, but the ash has not been dated and is
not yet chemically or petrographically characterized (J.A.
Westgate, University of Toronto, written commun., 1987).

Between 14 m and 31 m above river level are three
units of sitt. The lowermost (unit C) probably consists of
retransported Joess; units D and E are massive silts, proba-
bly undisturbed or slightly retransported loess. The upper-
most part of units B, C, and D contain relatively large
amounts of disseminated organic matter and macrofossils
(such as rootlets and pieces of wood), and are either
leached of carbonates, and(or) display roats, bioturbation,
and zones resembling soil horizons, suggesting that they
are paleosols. A 10-cm-thick volcanic ash layer 25 m
above river level has been identfied as the Old Crow
tephra (Westgate and others, 1985).

Above unit E is an unconformity overlain by 12 m of
lacustrine sediment and peat (unit F). The lowermost part
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of unit R consists of a layer of detrital, beaver.chewed
Picea, Salix, and Populus wood Approximately 9 m of
lacustrine sediments lies above the woody layer and is in
turn overlain by about 3 m of silty peat. The section is
capped by several meters of loess (unit G).

Pollen has been extracted from units Eand F. Unit B
contains Chenopodiaceae-Amaranthaceae, Poaceae, other
herbs, and high frequencies of indeterminable pollen
(>100-grain counts from loess). Abundant pollen ol Picea,
Betwla, and Alnus, with minor quantities of Populus,
Poaceae, Cyperaceae, and Typha characterizes unit F
(>300-grain counts from lacustrine silt).

Chronology

Three radiocarbon ages (QL-1897, QL-1898,
QL-1899) on unit F are older than 50 ka. A maximum age
for unit E ig provided by the Old Crow tephra, which
occurs widely in eastern Beringia (Westgate and others,
1985). Fission-track data indicate a maximum age of 120
ka (Naeser and others, 1982; Westgate and others, 1985).
Thermoluminescence dating of bracketing loess has given
an age of about 86 ka (Wintle and Westgate, 1986), and
110 xa (Berger, 1987). This would suggest that unit E
loess deposition and subsequent lake development occurred
after 120 ka and before 50 ka. Holocene lake sedimenta-
tion rates of 1 m/2,000 yr o 1 m/6,000 yr determinied from
modemn lakes in the study area (M. Edwards, unpub. data)
suggest that the lake or pond represented by unit F was
present for a considerable interval of time.

INEN
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0 Q—L.hJ—LJ
Alsgka 3

Figure 1. Central Alaska, showing location of Blrch
Creek section. Dashed line is boundary of Yukon
Flats,

Implications for paleoclimatic reconstruction

In a gurvey of early- and mid-Wisconsin palepenviron-
mental data from eastern Beringia, Schweger and Matthews
(1985) showed that a phase of cold, treeless conditions
followed the deposition of the Old Crow tephra. A subse~
quent warm period is marked variously at sites across
castern Beringia by increased pollen frequencies of boreal
forest taxa, deep thawing, and macrofossil evidence of
forested conditions. The BC-1 stratigraphy shows a simi-
Jar pattern, with loess characterized by a herbaceous pollen
assemblage overlying the Old Crow tephra, and a subse-
quent warm period represented by unit F.

The boreal forest vegetation indicated by the unit F
pollen spectra, and the presence of Typha, which today
reaches its northern limits in the study region, imply a very
warm interval, probably of interglacial character. If the
dating of the Old Crow tephra is correct, thig interval
occurred in early Wisconsin time, and perhaps reflects an
insolation maximum at 80 to 90 ka or about 50 ka (approxi-
mately oxygen-isotope stages Sa+5c or 3). However, we
suggest that the age of the Old Crow tephra must be further
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inctuding Old Crow tephra of Westgate and others (1985).
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studied. The fission-track method is at the lower limit of
its range, and dating therefore rests heavily on two ther-
mofuminescence results. It is critical that the age of the
Old Crow tephra be more firmly established. If it is actu-
ally much older, the very warm interval represented by unit
F would probably correspond to the last interglacial (130
ka; oxygen-isotope stage 5e).

At BC~], determining the age of the basal tephra in
unit A is crucial for dating the lower part of the section;
work is in progress 1o date the tephra and to characterize it
chemically and petrographically. Further plans for work at
BC-1 involve a detailed analysis of the paleosols and the
extraction of pollen from the lower units in an attempt to
describe environments of earlier parts of the Pleistocene.
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thews, Jr. (Geological Survey of Canada), and C.E.
Schweger (University of Alberta) for helpful discussions
and advice. Robert Anderson (University of Washington)
and P.W, Dunwiddie (University of Washington) provided
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identifications, L.B. Brubaker (University of Washington)
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Late Quaternary Paleofloods along the Porcupine River,
Alaska: Implications for Regional Correlation

By Robert M. Thorson

A preliminary overview of the alluvial history of the
Porcupine River valley was presented by Thorson and
Dixon (1983). In that paper, we described erosional and
depositional evidence for exceptionally high discharges
through the Porcupine canyon that resulted from intermit-
tent drainage of lakes that were impounded in basins of
Yukon Territory by the Keewatin sector of the Laurentide
ice sheet. We concluded that at least two paleoflood epi-
sodes, separated by an interval of local aggradation, oc-
curred within approximately the last 35,000 radiocarbon
years.

This report presents additional stratigraphic and ero-
sional evidence for the Porcupine River paleofloods and
provides preliminary paleohydrologic estimates for peak
discharge, mean channel velocity, and flood duration. I
compare features along the Porcupine River to those re-
ported for the Channeled Scabland of Washington (Bretz,
1969; Bzker and Nummendal, 1978), the Snake River
canyon (Malde, 1968), and torrential flood deposits in
mountain valleys (Costa, 1983). Nearly every feature
described in these arcas is present along the Porcupine
River upstream from the Yukon Flats (fig. 1). High-water
marks are recognized on acrial photographs by either pro-
nounced erosional discontinuities or by massive eddy-bars
along reentrants (figs. 2, 3). Constricted reaches are char-
acterized by steep waterline gradients, mough-shaped cross
sections, and hanging tributaries (fig. 4). Expanded reaches
exhibit low gradients and broad longitudinal grave! bars

Specific features interpreted as having been formed by

Porcupine River paleofloods include the following:

1.  Hexagonally jointed basalt boulders to 3 m in inter-
mediate diameter have been transported more than 1
Jan from the nearest outcrop.

2. A thin sheet of gray pelitic pebble-cobble gravel was
spread uniformly across uneroded loess-mantled fine-
grained alluviem in Fishhook Bend (fig. 1), which is
the broadest of the expanded reaches.

3.  An anastomosing plexus of steep bedrock channels
(coulees) of at least 14 m average depth characterizes
the lowest 30 km of the canyon.

4. A 700-m-wide amphitheatre-shaped vertical headwall
at the mouth of Rapid River in the upper Ramparts
(fig. 1) is interpreted as a plunge-pool cataract created
by westward drainage (fig. 2).

5. A 20-m-high gravel bar 1 km west of the Canadian
border, whose full height is dominated by steeply dip-
ping coarse foreset beds, is similar to the pendant bars
described for both the Snake River and Missoula
flood tracts.

6. A scour channel 32 m deep, 1 km sonth of Rapid
River that is altemately filled with open-work coarse
gravel and matrix-supported boulders may have been
emplaced during alternating episodes of scour and
deposition from suspension, respectively. Large
(about 1 m in diameter) chaotically oriented rip-up
clasts of Tertiary clay and lignite fill the lower 15 m

that were subsequently segmented by narrow canyons. of the channel.
Yok Howling Do
Flm(;n Lower Ramparts Fishhook Bend (?_‘:n;]:i ’ Upper Ramparts

White .
Mountain Creek Cdétbouz
20 ar 2

=

Figure 1. Northeastern Alaska and northern Yukon showing focation of study area and geographic features mentioned in
text (modified from Thorson and Dixon, 1983). Site locations (circles and triangles) are not mentioned in the text, but are

discussed in Thorson and Dixon (1983).
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7.  Scalloped irregular topography (scabland) character-
ized by scour depressions occupied by lakes and by
eminences up to 7 m in height occurs on many bed-
rock surfaces below the high-water mark (whaleback
eminences at the mouth of Salmon Trout River (fig.
1) are streamlined parallet 1o the paleoflow direction,
trangverse to lithologic trends).

8.  RBvidence for negligible slopes of the high-water mark
upstream from tightly constricted reaches may indi-
cate hydraulic impoundment.

9.  Stratified sediments characterized by rhythmically
interbedded silt and ripple-drift cross-laminated sand
occur near the base of Tusk Bluff in Fishhook Bend
(fig. 1) and near the months of several tribularies.
These resemble slack-water sediments reported from
other paleofloods.

Preliminary esumates for paleohydrologic parameters
were obtained using a simplified version of the slope-area
method outlined by Baker (1973, p. 17). A constricted
reach at White Mountain Creek (fig. 4) was used o infer
channel geometry. Maximum and minimum flow depths
were obtained from the vertical interval defined by the
cataract and scour channel at Rapid River, respectively.
The encrgy gradient was estimatcd from the slope of the

Ropid
River

EXPLANATION

High—-watar merk

Canyon wall
- m~w — Terrace scarp
Cataract

Scour lake

i)

Qravel bar

Figure 2. Geomorphic map showing features associated with
paleofloods along the Porcupine River near Rapid River.
A-A" shows location of cross-valley profile (Bg. 4).

high-water mark for 10 km down valley from the measured
constricted reach. Using conservatve (minimizing) esti-
mates for Manning roughness (0.040), energy slope
(0.0026), hydraulic radius (26.3 m), and channel area
(15.360 m?), peak discharge could have exceeded 134,000
m® s'. Using the average channel depth of 26 m, and
assuming uniform flow, mean velocity should have ex-
ceeded 8.7 m 5. These minimum estimates for discharge
and average velocity are comparable to those determined
by Malde (1968) for the Bonneville Flood and to the high-
est peak flows of the Amazon River (Oltman and others,
1964), but are substantially lower than the most conscrva-
tive estimates for Missoula outburst flooding (Beget, 1986).
Use of the DuBoys equation for boundary shear (Baker,
1973, p. 23) and estimates based on unit stream power
(Costa, 1983) confirm that swrong flows of this magnitude
are required 10 transport the large boulders found in flood
alluvium along the Porcupine River.

Thorson and Dixon (1983) inferred that the drainage of
glacial lakes in the Yukon Territory was required to explain
their observalions. Determination of the duration of sus-
tained fiow from estimates of the Jake volume can be used
to test this hypothesis. Using the combined area of Old
Crow and Bluefish Basins (5,700 km? and an average
depth of only 30.5 m (100 f), flow at peak discharges
could have been sustained for 15 days. Direct drainage of
Keewatin meltwater across the northern Yukon without
impoundment is a highly improbable alternative explana-
tion because the flood discharge required greatly exceeds
the probable stcady-state meltwater flux. For example,
assuming a mean ablation rate of 0.5 m/yr (water equiva-
lent of ice), an ablation area larger than all of Canada
would have been required to supply the needed discharge.

Flood discharges along the Porcupine River should
have had a dramatic effect on downstream areas. The Jarge
fan with braided surface morphology below John Herberts
Village in the Yukon Flats is at least partially a result of
flood deposition, and may have indirectly caused aggrada-
tion of rivers draining the southern Brooks Range. Hydrau-
lic ponding at the Ramparts of the Yukon River and at
other constrictions may have initiated temporary lacustrine
slackwater sedimentation in such alluvial basins. The flux
and character of sediment load to the Jower Yukon River
the continental shelf, and the Bering Sea may also have
been impacted. For example, Griggs and others (1970)
reported that fluvial gravel resulting from Missoula flood-
ing reached abyssal depths more than 600 km from the
outburst flood source. First appearances of retransported
palynomorphs (such as the Mississippian-age spores mark-
ing disconformity A in the Old Crow Basin (Schweger, this
volume)) could be used as marker horizons to supplement
lithologic, geomorphic, and isotopic correlations of
paleofiood horizons.

Outburst flooding of glacially impounded lakes in the
northern Yukon Territory might provide a unique opportu-
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nity to link previously disjointed stratigraphic records
across the whole of ecastern Beringia. Although specula-
tive, possible correlations could be made for several
paleoflood episodes linking (1) the westward-advancing
Keewatin sector of the Laurentide ice sheet, (2) lacustrine
sediments and erosional channels within and between
Yukon lakes, (3) the terrace stratigraphy within the middie
Porcupine River valley, (4) the Yukon Flats and its south-
draining tributaries, (5) altered sedimentation regimes of
the continental shelf, and (6) abyssal sedimentation in the
Bering Sea. More detailed analysis of Porcupine River

outburst flooding is in progress. Many questions remain,
particularly those dealing with the number and timing of
flood events and with changing channel characteristics.
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Late Cenozoic Sedimentary History Along

Major Fault Zones, Alaska

By Warren Yeend

The presesce of small, isolated, commonly fault-
bounded outcrops of clastic rocks of known or suspected
Tentiary age thronghout much of interior Alaska is puz-
zling. Were these rocks once part of a large blanket deposit
covering an extensive area, which subsequently was faulied
and eroded to such an extent that only small remnants are
left of the original deposit? Or were they deposited only in
small basins or trenches such as might occur along faults,
and which could explain their common spatial association
with major fault zones today? The age of the clastic rocks
ig rarely well documented, but plant fragments and pollen
of Tertiary age are found in fine-grained beds assoctated
with some clastic units. Many of the clastic rocks are gold-
bearing and, although of low unit value (less than $0.10/yd*
at $400/oz), appear o have been a source of gold for a few
Pleistocene and Holocene placers. Four specific locations
of such clastic rocks (fig. 1) are discussed below, and
one—the Tintina fault zone in the Circle quadrangle—is
sugpested a8 a modern depositional analog for the others.

Tbe Denali fault zone roughly parallels the Alaska
Range in the Mount Hayes quadrangle (fig. 2). Tertiary
sandstone and conglomerate form scattered outcrops south
of the main strand of the Denali fault; these units are gold-
bearing and are referred (o, at least in the Slate Creek area,
as “Round Wash” (Yeend, 1981). The Tertiary clastic
rocks are extensively fragmented at this locality. Many
have beds that dip up to 60°, are bounded by steeply dip-
ping fanlts with vertical offsets of more than 400 m, and in
places are thrust beneath older rocks. The sandstones are
light-colored and are interbedded with conglomerate, gray
silistone, shale, mudstone, sparse white rhyodacite ash, and
thin coal layers. Abundant crossbedding, ripple marks, and
pebble imbrication imply a high-energy alluvial environ-
ment; and the geometry of the deposits suggests that they
probably formed as alluvial fans. A potassium-argon homn-
biende age of 5.4 Ma for interbedded white rhyodacite ash
(Bond, 1976; Tumer and others, 1980) and plant leaves of
Sequoia from beds immediately above and below
rbyodacitic ash indicate a Pliocene or latest Miocene age
(J.A. Wolfe, U.S. Geological Survey, unpub. data cited in
Turner and others, 1980) for at least some of these deposits.
The conglomerates, which are stratigraphically below the
sandstones, have clasts up to 30 cm diameter of both local
and foreign rock types. Thin beds of coal are present
locally in intercalated sandstone layers. Plant fossils
resembling Alnus evidens suggest a late Oligocene age

(Stout, 1976). Minimum thickness of both the sandstone
and conglomerates is on the order of 300 to 500 m (Nok-
leberg and others, 1982).

Ouicrops of Tertiary rocks associated with placer gold
deposits are present in the vicinity of the Kaltag fault in the
eastern part of the Tanana quadrangle (fig. 3). The Kaltag
fault here has probably exerted a strong control on the
present position of the Yukon River. Rocks of Tertary and
suspected Tertiary age crop out at several localities on both
sides of the fanlt, although they may be even more preva-
lent beneath the alluvinm-covered lowland next to the river.
The high-level gravel associated with the fault is chiefly
pebble to small-cobble size with some sand and silt. Clasts
are subrounded to well rounded, semi-consolidated, and
consist of local rock types. South of the Yukon River the
gravel is in part auriferous (Meriie, 1937) and is believed
to be of late Tertiary and perhaps early Quaternary age
(Chapman and others, 1982). The rocks believed to be
Tertiary are poorly to well consolidated, interbedded
polymictic pebble conglomerate, boulder conglomerate,
grit, and sandstone, with some siltstone, shale, and lignite.
Plant fossils and pollen suggest an early Tertiary and
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Miocene age, respectively (Chapman and others, 1982).
Thickness of the rocks in the western part of the map area
is possibly as much as 1,500 m (Paige, 1959). These iso-
lated exposures of gently folded Tertiary rocks have defi-
nitely been offset by movement along the Kaltag fault,
On the eastern side of the Seward Peninsula, the
Kugrok fault zone generally trends north-south and is 10 1o
22 kom wide (fig. 4). Only a few outcrops of Tertiary and

suspected Tertiary aged sediments have been identified
within the fault zone, but these rocks probably are more
prevalent beneath the Pleistocene and Holocene deposits
that cover most of the fault zone. The Tertiary(?) rocks
consist of both fine-grained clastics and conglomerate
composed of carbonate clasts. The fine-grained clastics
that occur in the north half of the fault zone are tan to light-
gray siltstone, sandstone, and pebbly sandstone, friable
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well-indurated with calcite cement.  Beds are 5 to 60 ¢cm
thick and commonly are graded; sedimentary structures
include channels, small-scale ripples, and crossbeds.
Siltstone layers are locally rich in carbonaceous plant
debris, and coal seams are present. Clasts are derived from
local rocks. Pollen of both Cretaceous and Tertiary (Eo-
cene to early Miocene?) age has been identified from this
unit (Till and others, 1986). The conglomerate is poorly
sorted, with rounded and subrounded cobbles of carbonate
rocks up to 72 cm in diameter. Bedding is rarely discern-
ible, but local sandy intcrbeds and crude bedding are pres-
ent. No age-diagnostic fossils have been obtained, al-
though conodonts from the clasts have been assigned an
age range of Ordovician to Devonian. Deposition may
have been as a series of small alluvial fans (Till and others,
1986). Both of the clastic units are strongly deformed, with
dips locally vertical.

The Tintina fault zone is a topographic low about 10
km wide that trends northwest-southeast across the Circle
quadrangle (fig. 5). Rocks of suspected Tertiary age crop
out rarely; however, it is believed that much of the fault
trench is underlain by Tertiary gravel and conglomerate.
Recent placer mining within the fault trench in the vicinity
of Crooked Creek has exposed orange-colored, deeply
decomposed, gold-bearing Tertiary(?) gravel. The gravel is
truncated by the Hot Springs fault at the one locality where
it is exposed at the fanlt contact. Elsewhere, Tertiary(?)
rocks consist of both conglomerate and sandstone. The
conglomerate is well to poorly consolidatcd, poorly strati-
fied, and consists of well-rounded clasts up to 45 cm in
diameter. The sandstone is fine to coarse grained, locally
argillaceous, and commonly has a “salt and pepper” ap-
pearance; its minimum thickness is 90 m. Poor to moder-
ately well preserved plant material and impressions are
present, including Metasequoia and broadleaf types. Lig-
nite and coal are found in float associated with the con-
glomerate and sandstone. Beds dip up to 55 degrees
(Foster and others, 1983). The age is uncertain but pre-
sumed to be Tertiary (Mertie, 1937).

Tertiary(?), Pleistocene, and Holocene age alluvial
fans have been deposited in the Tintina fault trench, in
places obscured by overlying loess, alluvium, ard undiffer-
entiated silt (fig. 6), and this topographic and geologic
environment may be a modem analog of conditions that
have existed at some time along many other major fault
zones in Alaska. The sitvation along this portion of the
Tintina fault zone—that of a topographic low bounded by
topographic high areas—is ideal for the generation of allu-
vial fan debris which eventnally fills the fault rench, In
time this topographic situation will be altered through
changing faualt activity, erosion will occur, and the arca will
no longer be suitable for receiving sediment. It then might
resemble some of the older fault zones where the Tertiary
fan detritus has been fragmented and only isolated expo-
sures are apparent.  The Denali farlt zone where it extends

through the Mount Hayes quadrangte is near the divide of
the Alaska Range, and is, obviously, not similar topogra-
phically to the Tintina fault zone in the Circle quadrangle.
Therefore, it is no longer an environment of fan deposition,
except very locally. The Kaltag fault zone in the Tanana
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quadrangle is better situated for receiving conterporary fan
deposits, as the Yukon River flows in a topographic low
that is bounded by highlands. The Kugruk fault zone does
not seem to exert much control over topography where it
crosses the Seward Peninsula. Drainages cut across the
zone as well as run parallel to it, and it is not receiving
much sediment ¢xcept very locally.
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Paleoglaciology of the Selwyn Lobe of the
Cordilleran Ice Sheet and Quaternary Stratigraphy

of the East-Central Yukon

By Lionel E. Jackson, Jr.

This paper reports the results of surficial geologic
mapping and investigation of the Quaternary stratigraphy in
east-central Yukon carried out besween 1980 and 1986 by
Jackson (1982, 1986a, 1986b, 1987a, 1987b), Jackson and
others (1984, 1985), and Duk-Rodkin and others (1986),
and by previous workers in the same or contiguous areas
(Campbell, 1967; Klagsen, 1978, 1982; Klassen and Mori-
son, 1981; Dyke, 1981). The region discussed includes an
area which was covered by the Selwyn lobe of the Cordil-
leran jce sheet during the McConnell glaciation (Hughes
and others, 1969). The morphology, modes of flow, and
deglaciation of the ice sheet are discussed along with re-
gional Quatemary stratigraphy and chronology.

Setting

Figure 1 shows the context of the Selwyn lobe within
the limits of the McConnell glaciation and older glaciations
in southern Yukon Termritory, and figure 2 outlines the
portion of the region formerly covered by the Selwyn lobe
for which data exist to permit its detailed reconstruction.
This region inclundes the Glenlyon Range, the MacMillan
River basin sector of the Yukon Plateau, parts of the
Tintina Trench and Pelly Mountains, and the Selous Moun-
tains, which are part of the Selwyn Mountains.

The surface of the Yukon Platean within the MacMil-
lan River basin is incised by two sets of valleys. Broad
southwest-trending valleys were incised during preglacial
timeg, and are occupied predominantly by underfit streams.
Narrower northwest-trending valleys were created by gla-
cial and glaciofluvial erosion during the Quaternary and
contain major streams. The result is a pattern of anastomos-
ing valleys surrounding island-like table lands that are
surmounted by small mountain ranges. Valley bottoms
range in elevation from 640 to 760 m, the platean surface
from 1,070 to 1,370 m. Mountain summits may have an
additional 600 m of relief with maximum elevations up O
about 2,130 m,

Evidence of past glaciation is ubiquitous. Platean
areas and the sides of larger valleys are marked by whale-
back ridges and crag-and-tails which allow past ice-flow
directions to be easily determined. Valley bottoms contain
complexes of glacioftuvial deposits or thick fills of glacio-
lacustrine sediments. The gravelly floors of channels that

were walled by ice form flights of terraces that commonly
extend from mountain summits to valley bottoms.

The valleys are extensively mantled by boreal forest
whereas much of the platean surfaces lie above tree line
and are vegetated by thick brush. Alpine arcas are vege-
tated by tundra or are barren. The entire region is within
the zone of discontinuous permafrost.

Pateogtaciology of the Selwyn lobe

The Selwyn lobe is the name given by Hughes and
others (1969) to a sector of the Cordilleran ice sheet that
flowed west to northwest across 5 degrees of longitude and
between latitudes 61° and 64° N. in east to east-central
Yukon Territory (fig. 1). It was separated from the Cassiar
lobe on the south by the Pelly Mountains. The two lobes
interacted near their termini. The Selwyn lobe shared
divides with glaciers flowing east and south into the Mack-
enzie River Valley. The largest of these flowed into the
Liard River basin and is named the Liard lobe.

During the McConnell glaciation, isolated mountain
summits stood above the Selwyn lobe as nunataks
(Campbell, 1967, Duk-Rodkin and others, 1986). Glacial
deposits surrounding these former nunataks have a fresh
morphology characteristic of deposits of McConnell age
elsewhere in the territory, in contrast to the subdued mor-
phology typical of deposits of Reid and older glaciations
(Bostock, 1966; Hughes and others, 1969). The maximum
McConnell terminus (fig. 2) is well defined by moraines
and incised ice-marginal channels.

Duk-Rodkin and others (1986) constructed a general-
ized profile of the distal part of the Selwyn lobe (fig. 3),
based npon geomosphic features indicative of ice limits
around former nunataks, Profile slopes were 0°30' over the
outer 50 km, 0°19* over the next 53 km, and 0°03’ farther
east. The profile of the Selwyn Jobe was flatter than pro-
files of the contemporary Greenland and Antarctic ice
sheets (Paterson, 1981, p. 153-167). The best numerical
approximation o the measured profile is the curvilinear
profile of a valley glacier modeled by Shilling and Hollin
(1981) after Nye (1952a, 1952b). This finding is not sur-
prising, because flow in the Selwyn lobe was similar to
flow in a valley glacier; shear stress occurred not only
along the sole of the ice sheet but along the sides of high-
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relief roughness elements (valley and mountain sides).
Flow within the ice sheet, based upon ice flow indicators
such as whalebacks and crag-and-taus, occurred as anasto-
mosing ice streams that followed major east-west-trending
valleys such as the Tintina trench and the MacMiJlan River
valley (fig. 2). Ice flow was entirely channeled by under-
lying topography rather than predominantly independent of
it, as is largely the case in the contemporary ice sheets of
Greenland (Flint, 1971, p. §1-54) and Antarctica (Denton
and others, 1971).

Deglaciation of the Selwyn lobe

The Selwyn lobe disappeared rapidly at the close of the
McConnell glaciation througb a combination of down-

14, °

wasting and stagnation. Many cirques in the Selwyn and
Pelly Mountains have ice-stagnation landforms on their
floors which are continuonus with similar feanres in adja-
cent valleys. It can be concluded from these relationships
that icc stagnated in these cirques during or before stagna-
tion in adjacent valleys. These stagnation features occur up
to altiides of 1,830 m. Consequently, it appears that early
in the deglaciation of the Selwyn lobe, the equilibrium line
rose significantly above an altimde of 1,830 m and re-
mained above it until the present day (Jackson, 1986b).
This rise in the equilibrium line above the ice sheet resulted
in the wholesale starvation of the Selwyn lobe. The result-
ing thinning of the ice sheet is documented along many
valley sides by flights of terraces that once were the floors
of ice-walled channels. Ice in valleys oriented transverse to
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the general direction of glacial flow stagnated between ice
streams and gave rise to extensive complexes of stagnation
landforms,

A succession of progressively lower and younger lakes
was ponded within the Pelly Mountains and mountain
ranges to the north during the period of downwasting of the
Selwyn and Cassiar Iobes (figs. 4A and 4B).

Quaternary stratigraphy and chronology

The deposition of Quaternary sediments within the
region formerly occupied by the Selwyn lobe was con-
wrolled chiefly by topography. Lodgement and meltout tills
are the dominant sediments on plateau remnants; ice-stag-
nation gravels are extengive in valleys oriented transverse
to farmer ice flow, and glaciolacustrine sediments occur in
valleys which were formitously blocked by ice during

deglaciation. Ouly the Tay and Pelly River valleys (Tintina
Trench) were sufficiently wide and deep enough to accu-
mulate and preserve sediments representing more than one
glacial interval. Figure 5 summarizes the stratigraphy of
the most informative sections within the region covered by
the Selwyn Jobe. Of these, sections along the Pelly River
and Lapie Canyon (14686 S-1 and 7686 S-2, respectively,
on fig. 4A), provide the most complete record of deposi-
tional and erosional events of two glacial intervals, The
age of the lowest till (PM) is unknown, The recession
following deposition of the lowest till was marked by gla-
ciolacustrine sedimentation in both the Tay River ang Pelly
River valleys (sections 23685 C-3 and 14686 S-1, fig. 4B).
In the Pelly River valley, glaciolacustrine sediments are
unconformsbly overlain by horizontally straiified gravel
depogited during a subsequent period of fuvial aggradation
and prior to the McConnell glaciation. Gravel beds in an
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analogous stratigraphic position below McConnell-age til)
at the Ketza site (fig. 4A) yiclded bone fragments from
Bison sp. (perhaps B. priscus) ard a cheek tooth from
Mammuthus primigenius (idendfied by C.R. Harington,
Canada National Museum of Natwral Sciences, written
commun., 1986). A radiocarbon date on a B. priscus radius
fragment from this site yielded an age of 26.3520.28 ka
(TO-393). This provides a maximum age for the overlying
McConnell till (M in fig. 5).

The succession above the McConnell-age till is essen-
tially a repeat of stratigraphy seen above the lower till:
glaciolacustrine sedimentation in the Pelly and Tay River
valleys and massive (0 horizontally bedded gravelly out-
wash in adjacent areas. Radiocarbon dates from the conti-
nental divide in the Setwyn Mountains indicate that ice had
disappeared from the divide arca before about 9 ka
(MacDonald, 1983; Jonasson and others, 1983).

Holocene evenls

As has been demonstrated elsewhere in glaciated re-
gions of the Cordillera, geomorphic evenis during the
Holocene have reflected the readjustment of slopes and
streams from a glacial 0 a nonglpcial regime (Ryder,
1971a, 1971b; Church and Ryder, 1972; Jackson and oth-
ers, 1982; Riiter and Ten Brink, 1986). Alluvial fans built
predominantly of debris-flow diamiclons are ubiquitous
Holocene fandforms. These were graded to braided flood
plains. As glacially deposited sediments were progres-
sively eroded from stream basins, sediment loads decreased
and debris-flow activity waned. Paraglacial fans became
inactive and were incised from head 10 toe as braided
stream courses were incised. Incision of ovtwash plains in
the Pelly River valley began before 8 ka (Jackson, unpub.
darta), Near the town of Ross River, the Pelly River had
incised to 14 m above its present flood plain, by 5.9240.7
ka (TO-196). The White River Ash Bed (Péwé, 1975, p.
79-31), which formed about 1.4 ka, is within the overbank
sediment of the present floodplain. At some point between
about 6 and 1 ka, the Pelly River changed from a braided
planform to a meéandering one. This change in channe]
planform in the post middie-Holocene has been docu-
mented elsewhere in the Cordillera (Jackson and others,
1982).

The initiation and spread of blanket bog throughout the
region is second only to paraglacial sedimentation in its
modification of the land surface during the Holocene. Bog
bottom dates from Selwyn Mountains indicate that blanket-
bog expansion was well under way by 8.8 ka (Jackson,
1087b).

Figure 4. Oistributlon and surface elevations of glaciolacus-
trine sediments deposited in glacial lakes during deglaciation
of Selwyn and Cassiar lobes in areas adjacent to Pelly
Mountaing. A, Distribution of sediments (patterned areas).
Heavy dashed line and numbered localities show plane of
stratigraphic section n figure 5. Single letters designate gla-
ciolacustrine surface elevations shown in 8. 8, Surface ele.-
valions of glaciotacustrine sediments shown in A {letters)
projected onto north-south plane at longitude 133° W.
Dashed line separates fake basins under Ianuence of Selwyn
lobe from those under influence of Cassiar lobe.
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Late Cenozoic Stratigraphy and Sedimentology
of Gravelly Deposits in Central and Southern Yukon

By Stephen R. Morison

Placer deposit studies in west-central and southern
Yukon have shown that discrete periods of sedimentation
of gold-bearing gravel occurred in five generalized settings
(table 1). These settings occurred in both unglaciated ter-
rain and in glaciated terrain during interglacial and glacial
intervals, and thus form important components of the late
Cenozoic history of the Yukon. This paper represents a
first attempt at relating types of fluvial gravelly sedimenta-
tion to the late Cenozoic history of the Yukon, It therefore
is very general and forms only a working {ramework.

Pliocene to early Pleistocene

Pliocene to lower Pleistocene gravelly sequences are
preserved as high-level terraces in unglaciated terrain and
areas within the limits of pre-Reid glaciations. Examples
include terraces proximal to the upper limit of glaciation in
the Clear Creek drainage basin and the high-level termces
in the Klondike placer district (fig. 1).

In the Clear Creek drainage basin, preglacial fluvial
gravel is found stratigraphically below till units that were

Table 1. Stratigraphy and general characteristics of placer gold deposits In Canada {from Morison, In press)

TERTIARY QUATERNARY
AGE
PLIOCENR PLEISTOCENE HOLOCENE
ENVIRONMENT Burled affuvial Preglacial of Intcrglacial valley fill  Glacia) benches of Valley bottom alkuvial
AND GEOMORPHIC | sedimants in benchet  nonglacial buried sluvis] sediments; proglacial and ice plains and terruces;
LOCATION OF above valicy floon aliyvial sadimoms in altuvial wrmaces ot depotils; collaviam and slope
PLACERS benches shove valley terminal valley deposits
Ooors; veley fill moriines and alpine
alluvial icrraces
GENERAL Matare sediments; Locally derived gravel Mixed gravel Regionally derived Mixed gruvel
SEDIMENT well-sorted alluvivm  lLithology; moderately  lithology, moderaiely  gravel lithalogy; Bthology; moderately
CHARACTERISTICS | with a diverse to well zoned allavium 10 woll soned variable soring wnd o well soned
assaroblage of which is crudely to alluviom, cruadely to stratificadon depending  alluvium, crodely to
sedimenl types distinctly saratified distincily stratifiod upon type of glacial distinctly steatified;
daft poody sored, massive
slope deposins
GOLD Grester conceniaion Discrete coocentrations  Discrote concentrations  Dispersed throughout  Discrete concemrations
DISTRIBUTION with depth throughaut 10 pay throighout 10 pay throughaut 10 pay
streaks at base of sureaks @ base of streaks a1 base of
alluviom alluvium allovinm; pey streaks
follow slope morphat-
ogy
MINING PROBLEMS | Thick overburden Thack overburden; Variable grade Low gredo and larger  Variable grads end
variable grade volume of material small valume of
auriferons sediment
EXAMPLES "White Channel Preglacial fluvial Intcrglacial stream Glsciofluvial grevel in  Vallsy barom creck
Graval” of the gravels, Cloar Creck  gmavels in Adin and Clear Creek drainage  and gulch placers in
Klondike arex Yukon  drainage bagin and Cariboo areas, British  basin, Yukon Terrtory Clear Creek drainage
Teritory unglaciated termain and  Columbia basin, Yukon Territory
Sixtymile River srem,
Yukon Territory
66 Late Cenozoic History of the Interior Basins of Alaska and the Yukon



deposited prior 10 the Reid glaciation (fig. 2). The strati-
graphy and sedimentology of this sequence suggests that
gold-bearing fluvial gravel was buried by meli-out ull,
possibly basal, which was subsequently covered by rede-
posited ice-marginal sediments (Morison, 1985a). Glacial
sediments in this sequence are not auriferous, which dem-

140° 136°

onstrates minimal subglacial erosion of underlying fluvial
gravel and supports deposition through meltout of the
overlying drift.

High-level terraces in the Klondike placer area are
composed of White Channel placer gravel deposits that are
overlain by non-auriferous sequences of either the Klon-
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Figure 1. Glacial limits in Yukon Territory (modified from Hughes and others, 1983, and Tarnocai, 1987).

Late Cenozoic Stratigraphy and Sedimentology in Central and Southern Yukon 67



dike Gravel (McConnell, 1907), which is glaciofluvial in
origin (Hughes and others, 1972), or younger Pleistocene
fluvial gravel such as the iron-stained sequence in the lower
part of the Hunker Creek drainage basin (Dufresne and Mo-
rison, 1985; Morison, 1985b). White Channel alluvium is
characterized by 14 lithofacies types which range from
laminated silt and clay to massive and disorganized boulder
gravel (Morison, 1985b). Cryogenic features such as ice~
wedge casts are found in the upper part of the White
Channel sequence and indicate climatic cooling, which may
coincide with the Pliocene-Pleistocene boundary. White
Channel alluvium was deposited in a braided river environ-
ment (fig. 3) that included the following main components
(Morison and Hein, 1987): (1) a main valley proximal
sefting which was dominated by high discharge and flood
channels in a crudely braided environment; (2) main valley
medial to distal settings which formed well-defined braided
sequences of channels and low-relief bars; and (3) debris

flows from valley walls in association with either tributary
alluvial fan sedimentation or as independent gravity flows.

Pleislocene

Gravel deposits in unglaciated terrain

In unglaciated terrain, placer gravel deposits are found
as valley-bottom fill and low to high terraces. An example
is the Miller Creek area in the Sixtymile River placer arca
(fig. 1), where four distinct stages in drainage-basin evolu-
ton have been identified (Hughes, 1986; Hughes and oth-
ers, 1987). These stages (fig. 4A-D) consist of: (1)
downcuiting and tributary-valley widening; (2) main valley
braidplain sedimentation and alluvial fan aggradation,
which was completed before 40 ka (GSC-3934 and
GSC-4032); (3) debris-flow sedimentation, which began
approximately 26 ka (Bets~13870), and a change in the
main valley channel pattern from braided to meandering;
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Unit 1--Dismicton which has a silt-to-sand matrix and contains
both local bedrock fragments and glacial erratics.
Bottom contact is sharp and follows underlying slope
morpholagy. Unit ie interpreted as colluvium.

Unit 2--Stratified sequence of masasive diamiscton and sorted fine
clastic sediment. Dismicton has & matrix texture which
ranges from silty sand to fine send and contains
subangular to subrounded clasts. Fine clastic interbeds
range from clay to fine sand, and lower contact for this
unit is gradational. Sequance is interpreted as @ series of
rosedimentad melt-out till units.

Unit 3--Diamicton which has a matrix textura of slayay silt and
conteins subrounded to rounded clasts. Sedimentary
structures include intrabeds and lenses of sorted sand
and silt. Bottom contact is cheractarized by an irregular
bed of leminated sailt and fine send. Unit is interpreted as
a melt-out till.

Unit 4--Proglacial fluvial graval which ls auriferaus. Gravsl is
clast supported, matrix filled, and trough ¢ross-stratifiad.
Occasjonal disorganized openwork gravelly beds and
crosae-stratified sandy beds are also present. Gravaels
wero deposited in & muitichannelad river environmaent.

Figure 2. Stratigraphy and sedimentology of burled placer deposit at mouth of Left Clear Creek, Yukon. Sediment
texture shown diagrammatically by relative horizontal extent of units.
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(4) loess and colluvial sedimentation, and establishment of
the modern Sixtymile River flood plain. Although it is
difficult 10 estimate the age of incision and the develop-
ment of gravelly terraces, major changes in stream channel
patterns are thought to indicate rejuvenated downcutting
through gravelly deposits.

Interglacial gravel deposits

In glaciated terrain, drainage basins that were not
eroded by subsequent Cordilleran glactal advances contain
placer gold deposits that were concentrated through resedi-
mentation by interglacial streams. Examples are not well

NW

|

documented; however, in the Livingstone Creek placer area
(fig. 1), gold-bearing gravelly alluvium is found below drift
of the McConnell glactation (Bostock and Lees, 1960).
Also, valley-bottom gravelly fill was deposited and pre-
served in areas of pre-Reid glaciation, such as the Big
Creek drainage basin (placer area 6, fig. 1), which were not
occupied by ice of the subsequent Reid and McConnell
glaciations.

Significant stream entrenchment occurred in the Klon-
dike placer area (fig. 1) between the Old (pre-Reid?) and
Intermediate (Reid?) glaciations of the soutbern Ogilvie
Range (Hughes and others, 1972, 1983; and Vernon and
Hughes, 1966). Following deposition of drift from the Old
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Sandy duass
Abandonad bas form
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Figure 3. Interpreted palecenvironmental setting for White Channe! deposit, Klondike area, Yukon, show-
ing fully developed gravelly braided river flanked by afluvial fans and debris flows from cotluvial slopes.
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Figure 4. Sketches showing Pleisto-
cene evolution of unglaclated lerrain.
A, Fluvial environments of Sixtymile
River and Miller Creek prior to fan
aggradation., Note initiation of tribu-
tary valley widenlng and braidplain

> < environment of main Sixtymile River
g /// // /////// /\\\ valley. Stream flow is left to right. B,
\_\ / > &
,—-\

Aggradation of Miller Creek alluvial

fan, which was complete before 40
/ /7 \ \\/ ka. Note erosion of distal fan sedi-
\ ments by Sixtymile River. C, Debris-
\ flow sedimentation and terrace devel-
N

/ opment 26 ka. Miller Creek (s being

/// 1 ™ diverted to southwest side of valley,
; 1 iy N .

and Sixtymile River has changed
channel pattern from braided to
] meandering. D, Post-terrace develop-
. ment with active debris-flow sedimen-
tation, valley widening at mouth of
Miller Creek, and establishment of
modern Sixtymile River flood plain.
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glaciation (for example, Flat Creek beds and Klondike
Gravel), the Klondike River and North Klondike River
were incised to approximately present-day stream levels
before the Intermediate glaciation (Hughes and others,
1983). This represents downcutting of approximately 200
m below the drift surface of the Old glaciation (Hughes and
others, 1983).

Glacial gravel deposits

During pglacial intervals, ice-marginal and proglacial
processes deposited gravelly sequences which incorporated
placer gold from regional bedrock or paleoplacer sources.
Examples are found in areas glaciated during pre-Reid
glaciations such as the Clear Creek drainage basin (placer
area 4, fig. 1), where placer gold occurs in glacioffuvial
sediments (Morison, 1985a). Drift of the Reid and McCon-
nell glaciations does not usually contain placer gold be-
cause bedrock or paleoplacer sources were largely croded
and dispersed or covered by drift during the pre-Reid gla-
cial intervals.

Holocene

Holocene gravelly deposits with concentrated placer
gold include colluvium (for example, Dublin Gulch, near
the Mayo placer area), valley-bottom alluvial blankets in
gulches and streams (for example, the Clear Creek drainage
basin), and bar deposits in major rivers (fig. 1). Gulch and
stream placer deposits are generally thin (less than 5 m),
and gravelly sediments are poorly sorted, angular, and
locally derived.

REFERENCES CITED

Bostock, H.S., and Lees, B.J., 1960, Laberge map-area: Qeologi-
cal Survey of Canada Memoir 217, 32 p.

Dufresne, M.B., and Morison, S.R., 1985, Stratigraphy and altera-
ton of the White Channel Gravel at Dago Hill, A progress
repart, Klondike area, Yukon; Yukon Exploration and Geo}-
ogy 1983: Exploration and Geological Services Division,
Northern Affairs Program, Yukon, p. 55-59.

Hughes, O.L.. Rampton, VN., and Rutter, NW., 1972, Quater-
nary geology and geomorphology. southem and centrul
Yukon (Northern Canadsa): International Geological Con-
gress, 24th Excursion, Guidebook All, 59 p.

Hughes, O.L., Van Everdingen, R.O., and Tamocai, C., 1983,
Regional setting-Phystography and geology, in French,
H.M., and Heginbottom, J.A., eds., Guidebook to permafrost
and related festures of the northern Yukon Territwory and
Mackenzie Delta, Canada: Guidebook 3, International
Conference on Permafrost, 4th, p. 5~12.

Hughes, R.L., Morison, S.R., and Hein, P.J,, 1987, Placer gravels
of Miller Creek, Sixtymile area, 116B-116C: Yukon Geol-
ogy. v. 1, Exploration and Geological Services Division,
Northern Affairs Program, Yukon, p. 50-55.

Hughes, R.L., 1986, Sedimentology of the Sixtymile River placer
gravels, Yukon Territory: Edmonton, University of Albert,
M.S. thesis, 210 p.

McComnell, R.G., 1907, Report on gold values in the Klondike
high level gravels: Geological Survey of Canada Publicadon
no. 884, p. 1-71,

Morison, S.R., 19854, Placer deposits of Clear Creek drainage
basin 115P, central Yukon; Yukon Exploration and Geology
1983: Explaration and Geological Services Division, North-
em Affairs Program, Yukon, P. 88-93,

1985b, Sedimentology of White Channel placer deposits,

Kiondike area, wests-central Yukon; Edmonton, University

of Alberta, M.S. thesis 149 p.

mn press, Placer deposits in Canada, in Geology and eco-
nomic minerals of Canada: DNAG Quatemary Volume,
Geological Survey of Canada Publication.

Morison, S.R., and Hein, F.J., 1987, Sedimentology of the White

" Channel Gravels, Kiondike area, Yukon Territory: Fluvial
deposits of a confined valley, in Ethridge, R.G., Flores, RM,,
and Harvey, M.D,, eds., Recent developments in flovial
sedimentology: Society of Economic Paleontologists and
Mineralogists Special Publication no. 39, p. 205-216.

Tarnocai, C., 1987, Quatemary soils of Yukon Territory: Guide-
book o Quatermnary Research in Yukon, Pield Excursions
A20a and A20b, XII INQUA Congress, Ottawa, Iuly-August
1987, 110 p.

Vernon, P,, end Hughes, O.L., 1966, Surficial geology of Dawson,
Larsen Creek and North Creek map aregs, Yukon Termritory:
Canadian Geological Survey Bulletin 136, 25 p. (includes
Maps 1170A, 1171A, 11724, scale 1:250,000).

Carter, L. David, Hamifton, Thomas D., and Galloway, john P., eds.,
1989, Late Cenozoic History of the Interior Basins of Alaska and the
Yukon: U.S. Geological Survey Circular 1026.

Late Cenoxoic Stratigraphy and Sedimentology in Central and Southern Yukon 71




Quaternary Stratigraphy of the Fairbanks Area, Alaska

By Troy L. Péwé

A geologic record of the past 2 million years or more
is preserved in the nonglacial sediments of the Fairbanks
area in central Alaska (fig. 1). Perennially frozen gravel,
rich in placer gold, and loess and retransported loess with
several interbedded tephra layers preserve a rich floral and
faunal history. This paper summarizes an earlier synthesis
of the stratigraphy, age, and paleoclimatic significance of
these sediments (Péwé, 1975a), especially the Gold Hill
Loess, and then discusses more recent tephrochronology
and thermoluminescesnce (TL) data and their bearing on the
previous interpretations. These data include preliminary
results, and the interpretations presented represent my opin-
ions as of March 1987. The tephrochronology studies were
initiated in 1971, when J.A. Westgate (University of
Toronto) began studying many tephra samples that T had
previously collected from the loess. In 1983, Westgate,
G.W. Berger (Western Washington University), Ann
Wintle (Cambridge University), and 1 began joint field
investigations to refine the age and stratigraphic interpreta-
tions of the loess by expanding detailed tephrochronology
studies and initiating TL and paleomagnetic studies. The
reader is referred to Péwé (1975a) and references therein
for detailed descriptons of individual stratigraphic units
and their contained fossils.

Stratigraphy

The oldest unconsolidated deposit in the Fairbanks
vicinity is the Cripple Gravel (Péwé, 1975a); a gold-rich,
brownish, ¢oarse sandy gravel with angular clasts that is
preserved on buried bedrock benches (fig. 2). The Cripple
Gravel is thought 10 be late Pliocene and (or) early Pleis-
tocene in age, but no fossils have been reported from it It
is interpreted as composed of solifluction debris that was
produced in a periglacial climate and partly reworked by
sireams. The Cripple Gravel formed when drainage direc-
tions were different from those of today.

After modem drainageways had been established by
rejuvensted streams, 8 gold-bearing, poorly strafified gravel
named the Fox Gravel (Péwé, 1975a) accumulated in valley
bottoms. The Fox Gravel is believed o be laterally equiva-
lent 10 the Tanana Formation, which consists of unsoried
and angular fractured and weathered bedrock fragments in
a silty-sandy matrix and is interpreted as a solifluction
deposit.  Both the Fox Gravel and the Tanana Formation
are thus thought to have formed during an interval of rig-
orous periglacial climate. The Fox Gravel contains large
bones of mammoth and bison that are thought to be of early

Pleistocene age. At various locations, the Fox Gravel is
overlain by the Dawson Cut Formation, Gold Hill Loess, or
Goldstream Pormation (fig. 2).

The Dawson Cut Formaton (Péwé, 19752) is a silt unit
1 to 3 m thick that contains peat lenses, logs, and forest
beds. Logs ar¢ as much as 30 cm in diameter and are
weathered, flattened, and iron stained. Spruce stumps as
much as 20 cm in diameter are rooted in peaty soil The
Dawson Cut Formation is believed to represent a pre-1lli-
noian interglacial interval.

The next younger formation is the Gold Hill Loess
Péwé, 1975a), which is as much as 55 m thick and -
cludes conspicuous folds, contortions, and fault blocks that
are 2 to 35 m across. Because of the uniformity in texture
and composition of the silt, even prominent structural fea-
tures are seen only as displacements of tephra layers, or-
ganic-rich beds, iron-stained Jayers, or paleosols, Several
conglomerate layers composed of silt clasts in a silt matrix
occur at wopographic breaks in cliff faces developed in the
Gold Hill Loess, especially in the middle of the formation
at Gold Hill mining cut, Sheep Creek mining cut, and
“Bster Island” (Péwé, 1952, and unpub. data, 1956), and
these may record significant interruptions in the record.
These topographic breaks have become prominent in the
last 15 to 20 years as the silt cliffs thawed and retreated doo
to weathering and erosion. One of these silt-conglomerate
layers occurs just above the Ester Ash Bed, which is de-
scribed below.
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Remains of small arctic and alpine mammals occur
throughout the Gold Hill Loess, and tree pollen is rare.
Bones of large mammals such as mammoth, horse, and
bison are common but not abundant, and no mammal car-
casses have been found. Retransported loess with abundant
mammal fossils probably accumulated in valley bottoms
during or shortly after deposition of the Gold Hill Loess. If
so, then most of the valley-bottom accumulations must
have been removed by the major valley streams prior to
deposition of the late Pleistocene Goldstreamn Formation,
except in rare downfaulted areas such as the one near Ester
island (fig- 1) known as Cripple Sump. where retransported
loess correlative with the Gold Hill Loess is preserved.
The retransported loess at Cripple Sump is rich in fossils,
including remains of Pracovibos, the only Pleistocene large
mamma) that may have been restricted to pre-Wisconsin
time in Alaska,

A prominent tephra layer, the Ester Ash Bed (Péwé,
1955), occurs 2.8 m above the base of the Gold Hill Loess
at several localities. A persistent tephra layer named the
Dome Ash Bed (Péwé, 1975a) also oceurs near the top of
the Gold Hill Loess in many exposures near Fairbanks and
ag far away as 200 km. This bed is commonly faulted.
More than one ash bed is present in some exposures, and
recent studies have shown that some of these are distinet
from both the Ester Ash Bed and the Dome Ash Bed and
provide new and important marker horizons.

Based on sedimentological and paleontological studies,
I proposed that the Gold Hill Loess represented a long
interval of rigorous periglacial climate when trecline was
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450 to 600 m lower than today (Péwé, 19752), Because
sedimentological breaks were not thought 1o represent sig-
nificant time intervals, and no major environmental
changes were recognized in the floral and faunal record, the
Gold Hill Loess was believed o have formed during a
single major glaciation, which was interpreted as Illinoian
n age.

The long sedimentary record represented by the Gold
Hill Loess is rarely preserved in its entirety at any one
expostre. On upper slopes the loess is more easily eroded
and only the upper part of the record is preserved. In valley
bottoms most of the loess was removed by erosion during
the last major warm period (interglacial interval). Only on
low hills near the Tanana River (7 km to the south), or on
middle slopes, is the most complete record available.
Exposures at Gold Hill, Sheep Creek, and Ester island
exhibit the thickest deposits and the fongest record.

After deposition of most or all of the Gotd Hill Loess,
large blocks of this silt with tephra layers were locally tilted
into the valley by slumping, presumably in responss
erosion of the loess. Prior to and during erosion, the iron
coating on minerals in the upper part of the deposit was
reduced from the ferric to the ferrous state, probably by
percolating ground water. The thickness of the silt with
ferrous iron is about 10 to 20 m. These relations, plus the
absence of ice wedges and mammal carcasses, indicate a
major interval of crosion and thawing of permafrost during
a climate warmer than now. Frozen carcasses and ice
wedges of Wisconsin age exist in the silt of the Fairbanks
area under the modem climate,
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Figure 2, Schematic composite cross section of creek valley near Fairbanks itlustrating stratigraphic relations of Quaternary

deposits (from Péwé, 1975a).
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Unconformably overlying the Gold Hill Loess is the
Eva Formation (Péwé, 1975a), a forest bed 1 m thick that
contains rooted stumps and prostrate logs of white sproce
and birch up 10 25 cm in diameter and 3 m long. These
remains appear to tndicate a climate at least as warm as
now. The forest bed probably formed during the latter part
of the warm interval that cansed the erosion and slumping
of the Gold Hill Loess. Radiocarbon ages show that this
warm interval occurred before 57 ka, and it is presumed to
be of Sangamon (last interglacial) age (Péwé, 1975a,
1975b), which is now equated with oxygen-isotope sub-
stage Se (Richmond and Fullenion, 1986; Edwards and
others, 1987).

Overlying the Eva Formation is the Goldstream For-
mation (Péwé, 1975a), a widespread deposit of perennially
frozen, poorly bedded, organic-rich, gray to black retrans-
ported loess that is 10 to 35 m thick. Vertcbrate remains
including mammoth, horse, and bison are common in this
deposit, and rare frozen carcasses also are present. Paly-
nological analyses and studies of small-mammal fossils
indicated that trees were mare on the landscape during
deposition of the Goldstrcam Formation. All of these
characteristics, plus the presence of large ice wedges, are
interpreted as indicating A rigorous periglacial climate.
Large, flat-topped ice wedges in the upper middle part of
the unit probably formed during a short warming interval.
The Chatanika Ash Bed (Péwé, 1975a), dated as forming
about 14 ka, occurs near the top of the Goldstream Forma-
ton and is deformed by large ice wedges. Numerous
radiocarbon ages have been obtained on organic materials
from this deposit; they range from about 10 ka near the top
of the unit to more than 38.5 ka near the middle, and so the
Goldstream Formation was thought (o be Wisconsin in age.

Unconformably overlying the Goldstream Formation is
the Engineer Loess (on hillslopes) and the Ready Bullion
Formation (in valley boutoms). Both of these units are of
Holocene age and have basal radiocarbon ages of about 10
ka (Péwé, 1975a). The Engineer Loess contains at least
four tephra layers: the Wilber, Jarvis, and White River Ash
Beds (Péwé, 1975a) and an unnamed ash bed. The Ready
Bullion Formation is a poorly to well-stratified, perennially
frozen, organic-rich, retransported loess. Prior to deposi-
tion of the Ready Bullion Formation, ice wedges at the top
of the Goldstream Formation thawed downward 0.5 to 1 m,
and faolling and slumping occumed over and adjacent to
them. These relations werc interpreted to indicate that a
brief interval of thawing and erosion occurred about 10 ka.
Later, the permafrost table ross into the Ready Bullion
Formation and now is about 0.25 to 0.5 m below the sur-
face. Active ice wedges locally are present (Hamilton and
others, 1983).

The Fairbanks Loess (Péwé, 1958) is the most wide-
spread Quaternary deposil in the Fairbanks area. It is
defined to consist of all the Joess on hilltops and upper
slopes that cannot be identificd as either Gold Hill Loess or

Engineer Loess, and it i$ in part comrelative with the re-
transported silt of the Goldstream Formmation,

Tephrochronology studies

Naeser and others (1982) roported a fission-track age
of greater than 450 ka for the Ester Ash Bed. Detailed
work on (1) tephra layers at the Gold Hill, Dawson, and
Cripple Sump mining cuts that formerly were interpreted as
comrelative with the Ester Ash Bed (Péwé, 1975a), and (2)
a tephra bed at Eva Creek also thought to correlate with the
Ester Ash Bed, revealed that each tephra layer is chemi-
cally and petrologically distinct and that all are older than
the Ester Ash Bed (J.A. Westgate, University of Toronto,
written commun., 1984). Two of the lephra layers occur at
the Cripple Sump (south side of Ester Island, fig. 1) and
Dawson mining cuts (West Dawson and Dawson cut, fig.
1). The lower of these two beds is here informally termed
the Cripple Sump tephra, and the upper bed is informally
termed the Dawson tephra. The tephra layer near the base
of the Fairbanks Loess at Gold Hill (fig. 1; Péwé¢, 1975a)
is here informally termed the Canal tephra, and the one at
Eva Creek (fig. 1) is informally termed the Weigh Scale
tephra. The stratigraphic positions of the Canal tephra and
the Weigh Scale tephra relative 10 one another and to the
Cripple Sump and Dawson tephras are not clear. Accord-
ing to the recent application of the term “Ilinoian” 10 the
time period from 302 to 132 ka (Richmond and Fullerton,
1986), all five tephra layers and the lower part of the Gold
Hill Loess are pre-lllinoian in age. I suggest that the loess
record in the Fairbanks area may extend back 1 m.y.

Petrographic and chemical examination of tephras
thought to correlate with the Dome Ash Bed have revealed
that they may comprise as many as seven different tephra
layers (J.A. Westgale, University of Toronto, written
commun., 1985) (fig. 3). Thus, contrary to previous inter-
pretations (Péwé, 1975a), the Dome Ash Bed is not present
in all exposures of the upper part of the Gold Hill Loess.
However, preliminary examination of tephra samples from
Eva Creck, Dawson Cut, and at West Dawson (fig. 1)
suggests that the Dome Ash Bed ts present at these locali-
ties (J.A. Westgate, University of Toronto, written com-
mun., 1980).

A tephra layer present at Sheep Creek (fig. 1) is petro-
graphically and chemically distinct from those montioned
above and has been informally termed the Sheep Creek
tephra (Westgate and others, 1982, 1985). This tephra bed
also has been identified at Dawson Cut and Eva Creek (fig.
1). At Canyon Creek, about 85 km southeast of Fairbanks,
the Sheep Creck tephra occurs as angular retransported
fragments (Weber and others, 1981), which are associated
with mammal bones dated by the uranium-series method as
about 80 ka (Hamilton and Bischoff, 1984). The Sheep
Creek tephm also has been identified in Yukon Territory
(Hughes, this volume).
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The thickest and perhaps most widespread of the group
of tephras in the middle and upper parts of the Goid Hill
Loess is the informally termed Old Crow tephra (Westgate
and others, 198); Westgate, 1982). It occurs in several
places in Alaska and the Yukon (Wesigate and others,
1985), and some of the thickest known occurrences are near
Fairbanks, where it is 10 1o 30 cm thick. It has been
identified by petrographic and chemical analyses at Eva
Creek, Gold Hill, and Sheep Creek near Fairbanks (fig. 1),
at the Halfway House locality on the Parks Highway about
35 km west of Fairbanks, and in an exposure on the
Richardson Highway about 100 km southeast of Fairbanks
(Westgate and others, 1985).

At the Halfway House locality, a tephra layer stratigra-
phicafly above the Old Crow tephra is here informally
termed the Halfway Homse tephra. The Halfway House
tephra also has becn identified at West Dawson (J.A.

Westgate, University of Toronto, written commun., 1985)
(fig. 1).

In addition to the tephra beds described above, at least
three other tephra layers occur in the middle and upper
parts of the Gold Hill Loess. Thus there are at least seven
tephra beds in the middle and upper parts of the Gold Hifl
Loess. However, except for the relationship of the Old
Crow tephra and the Halfway House tephra, the stratigra-
phic position of any one tephra bed relative to the others is
unknown (fig. 3).

Thermoluminescence studies

To refine age interpretations for the upper part of the
Gold Hill Loess and its enclosed tephras in the Fairbanks
arca, a TL sampling program was begun in 1983. Loess
immediately above the Sheep Creek tephra yielded a TL
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age of 71+3%ka (Ann Wintle, Cambridge University, written
commun., 1987). Lower and upper age limits of 130 and
220 ka and a probable age of 150 ka wese determined by
TL analyses of glass from the Old Crow tephra at the
Halfway House locality (Berger and Huntley, 1985), but
technigues used in these analyses are now considered inva-
lid, and more recent TL analyses produced an age of
110+12 ka (Berger, 1987, and this volume). Loess imme-
diately above the tephra has been dated by TL as 108+16
ka (Berger, 1987; and this volume), and, using a different
technique, loess above and below the tephra yicld TL ages
of about 8618 ka (Wintle and Westgate, 1986).

The TL ages support recent interpretations of an early
Wisconsin age far the Old Crow tephra, the upper part of
the Gold Hill Loess, and the overlying Eva Formation (for
example, Hopkins, 1982). However, some scientists now
question the applicability of TL dating to sediments older
than 100 ka (Debenhamn, 1985; Winte, 1987), and some
geologists have concluded that the TL method severely
underestimates the age of loess in the central United States
that is beyond the range of radiocarbon dating (Norton and
Bradford, 1985, McKay, 1986: Canfield, 1985; Canfield
and Mickelson, in press), Therefore, I still believe that a
Sangamon age for the Eva Formation and an [llinoian age
for the upper part of the Gold Hill Loess is most logical.
The Eva Formation and the deep thawing of permafrost that
I believe was concurrent with its deposition represent the
warmest climatic interval of middle and late Pleistocene
time, and it seems most likely that this wam interval is of
Sangamon age.

1 deeply appreciate comments by the following persons
on critical points of earlier drafts of the manuscript: G.W.
Berger (Western Washington University), OJ. Ferrians, Jr.
(U.S. Geological Survey), D.M. Hopkins (Universisy of
Alaska), J.V. Matthews, Jr. (Geotogical Survey of Canada),
R.D. Reger (Alaska Diviston of Geological and Geophysi-
cal Surveys), J.A. Westgate (University of Toronto), and
A.G. Wintle (Cambridge University), Support for my work
in central Alaska is presently provided by the U.S. Geologi-
cal Survey through the Arctic Environmental Studies Proj-
ect and by the National Science Foundation.
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Pleistocene Glacial Events,

Southeastern Copper River Basin, Alaska

By Donald R. Nichols

The deeply incised Copper River and its principal
tributaries form bloffs that expose thick sequences of gla-
cial, glaciofluvia), glaciolacustrine, fluvial, colluvial, eo-
lian, and volcanic deposits. These deposits record a long
Quaternary history probably extending back to carly Pleis-
tocene time. Pre-Quaternary rocks (Jurassic and older) are
rarely exposed (Winkler and others. 1981) and, where they
are observed, they usually are covered only by relatively
young Quaternary deposits; presumably deposits of inter-
mediate age have been eroded.

The onset of glacial condivons during each major
Pleistocene glaciation resulted in the advance of valley
glaciers that blocked the Copper River, which flows in a
deep trench through the Chugach Mountains (fig. 1). For
example, near the head of the Copper River Delta, the
Miles, Childs, and Allen Glaciers currently front in the
Copper River, and ice advances of less than 10 km would
likely dam the Copper River, at least temporarily, As
glaciers filled the Copper River trench during each glacia-
tion, they created an jce darg, which formed a lake that
backed up into the Copper River Basin. Glaciere draining
the large snow and ice fields of the Chugach and Wrangell
Mountains, and even the Alagska Range, flowed down their
respective valleys and terminated in the lake. The Chitina
River valley, fed by one of the largest ice fields in Alaska,
was occupied by a huge trunk glacier that flowed down the
valley o the town of Chitina where it was joined by ice
filling the Copper River trench in the Chugach Mountains,
This enlarged trunk glacier then flowed up the Copper
River valley; its terminus probably floated at times in the
proglacial lake filling the basin.

Five apparently stratigraphicatly distinct drift sheets
are exposed in the Pleistocene sediments of the southeast-
em part of the basin (Nichols, 1965). All appear to be
separated by fluvial deposits indicative of nonglacial or
nonlacustrine environments that suggest ice positions were
no farther advanced than at present in the Chugach Moun-
tains. The three youngest drift sheets are expressed both
geomorphically and strafigraphically, but the older two are
believed to be represented only stratigraphically. Glaciola-
custring sediments are associated with all but the oldest
drift sheet. Al radiocarbon samples collected from beneath
the youngest drift sheet have yiclded ages beyond the
maximum radiocarbon dating range, generally older than
40 ka. However, two K-Ar age determinations on plagio-
clase in a near-surface lava flow, which was scoured by ice

of at least the last major glaciation, indicate an age of no
older than about 200 ka (Yehle and Nichols, 1980), The
oldest near-surface finite dates in the southeastern Copper
River Basin are no greater than about 9.4 ka (Rubin and
Alexander, 1960, p. 171-172, W-714; Ferrians, 1963, p.
C121). Thus this youngest drift is considercd equivalent to
late Wisconsin, or possibly even the entire Wisconsin time
as defined by Richmond and Fullerton (1986).

No direct evidence has been found to indicate the
extent of the ice sheet that deposited the oldest drift sheet.
Based on relative intensities of European and mid-continent
United States glaciations, where older ice sheets generally
equaled or extended beyond the limits of younger drift
(Flint, 1957, p. 327), it is speculated that ice of the oldest
drift sheet probably filled the Copper River Basin and then
flowed outward through low divides and drainages in the
surrounding mountains—Tahneta Pass, Susima River Can-
yon, Delta River, Mentasta Pass, and the Copper River
tench. The apparent lack of widespread lacustrine condi-
tions associated with this drift also suggests that the gla-
ciers may have formed a massive ice cap centered in the
basin and that deglaciation probably began along the pe-
riphery of the basin with ice persisting in the center until a
late stage of deglaciation.

The next-10-oldest preserved drift is commonly made
up of two diamicton units, distinguishable by color and
texture (Nichols, unpub. data), and separated by a persistent
bedded zone or layer of pebbles or cobbles. The dual
nature of the dnft and the association with lacustrine depos-
its above and below the drift, and locally interbedded
within it, is interpreted as representing an advance of ice
into the basin, a partial retreat, but not removal of the ice
dam, and readvance into the basin. This scenario may
indicate a restricted distribution of the ice, which probably
did not completely fill the basin even though it may have
covered the basin Ooor,

I arbirrarily correlate the third youngest, stratigraphi-
cally exposed drift sheet with the oldest drift having geo-
morphic expression. Geomorphically, it is represented by
erratics and highly modified morainal remnants, which lie
on high, relatively flat or gently sloping surfaces of the
northern slopes of the Chugach Mountains and above the
limits of the two youngest dnft sheets. Stratigraphically,
till of this ice advance appears more uniform in texture and
composition than that of other drifts. Where expased, it
forms steep, prominent ledges and pinnacles, commonly
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about midway in bluff faccs along the Copper River and in
tributary valleys. The till generally is underlain by lacus-
trine deposits; thus, ice probably advanced into a lake-filled
basin. However, the presence of coarse fluvial deposits
immediately above the till in most exposures indicates that
melt water from the ice probably drained off subaerially,
rather than subglacially into a proglacial lake. The high
altitude of eratics and erosional evidence of south-flowing
ice over the tops of 1,525-m-high mountains also suggest
that ice filled the basin and flowed outward from a central
ice cap. Consequently, deglaciation is inferred to have
begun in the mountains peripheral to the basin and to have
progressed toward the center of the basin, as was suggested
for retreat of the oldest ice advance.

The next-to-youngest drift sheet is represented by the
widespread distribution of dual diamicton units and associ-
ated lacustrine deposits that are arbitrarily correlated with
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Figure 1.

the higher of two sets of prominent momaines blocking
small tributary valleys in the northern Chugach Mountains,
The higher, slightly dissected and modified set of moraines
decreases in altitude from between 1,056 and 1,160 m in
altitude between Tonsina and Tonsina Lake 1o 975 to 1,056
m north of the Klutina River, The strong similarity in the
character of this drift to that of the next-to-oldest drift
suggests that this younger ice advance was also somewhat
limited in extent and was characterzed by a major reces-
sion followed by a significant readvance. Although the ice
may have covered most, if not all, of the basin floor, it may
never have been very thick near the center.

Ice that produced the fifth and youngest drift sheet
flowed northward up the Copper River about as far as the
mouth of the Gulkana River and fronted in Glacial Lake
Awa (Nichols, 1965), the youngest of the succession of
proglacial lakes formed by repeated invasions of glaciers

ey
== ) |
T

d Q4 A Ma»«w‘w -
- GG % ) ~
< ' : 7 72Xy, Northway
\ . by it )
River : <I~ g N p,\" 7 Memasta
e R & Pasy
Q%_ ) I:«; / >
= =‘ g IN R
) i \x\zﬂn
TA UkedTN : ’:. < \
[} mnstlen f) 2 '3
MO N AI —-‘«“ }/(— 3;’"'[)“‘"" WRANGELL e
\ ¥ ‘
4 MOUNTAINS
Pasa

GULF OF ALASKA

J

—_— — w"

1a¢*

Index map of Copper River Basin {enclosed by dashed line) and adjacent areas, Alaska.

Pleistocene Glacial Events, Southern Copper River Basin, Alaska 79



into the basin or along its margins, Ferrians (1984) pre-
sented evidence that the lake level was below an altitude of
655 m between 31.3 and 28.3 ka, and subsequently rose
above that altitude in the central Copper River Basin. This
youngest glaciation is represented by two major, litle-
modified morainal systems along the western flank of the
Wrangell Mountains. The higher, slightly older moraines
and related features decrease in altitude from about 1,220 m
along the southwest side of Mount Drum to about 975 m
along the northwest side. The lower moraine decreases in
altitude from about 1,070 m o about 700 m over the same
distance. Similar, but slightly lower, north-sloping ma-
raines are present along the northern flank of the Chugach
Mountains,
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A Working Glacial Chronology for the
Western Copper River Basin, Alaska

By John R. Williams

Pleistocene piedmont glaciers advanced into the west-
em Copper River Basin from the Chitina-Copper River
valley, and also from the surrounding Chugach and
Talkeetna Mountains and from the Alaska Range (fig. 1).
They filled the basin, perhaps to overflowing, during earlier
advances that are marked by erratics, formless drift, and the
Daisy Creek moraine system along the eastern flank of the
Talkeetna Mountains (fig. 2). During the last major glacia-
tion, equivalent 0 most if not all of Wisconsin time, gla-
ciers advanced from the Talkeetna Mountains, the Chugach
Mountains, and the Alaska Range. They coalesced in the
northwestern part of the Copper River Basin during the
early phase of glacier expansion, but advances during a
later phase were less extensive by about 40 km, Each
glacial phase was associated with extensive glacial lakes,
termed glacial Lakes Susitna and Atna, respectively (fig.
1). The western Copper River Basin has been studied
intermittently by the U.S. Geological Survey since 1952,
and this summary of the glacial chronology is based on the
distribution, stratigraphy, and radiocarbon dating of the
Quatemnary deposits (Williams and Galloway, 1986).

Older glaciations of the western Copper River Basin
are recognized by erratic clasts and patches of drift, lacking
morainal form, that lie above and beyond the Daisy Creek
(oldest) moraine system in areas farthest from modemn
glaciers in the eastern Talkeetna Mountains. Although
erratics are difficult to identify in many areas of the eastern
Talkeetna Mountains that are underlain by disaggregated
Jurassic and Tertiary conglomerate, their distribution west
of the Oshetna River on Twin Hills (TH on fig. 2) to more
than 1,730 m above sea level is 400 m above the oldest
moraine nearby. East of the Oshetna River (near TC, fig.
2) drift and erratics seem to be absent above 1,296 m along
the eastern front of the Talkeetna Mountains, suggesting a
possible driftless area. Thick, stratified gravel (OG, fig. 2)
farther south lies above 1219 m altitude; the gravel is
slightly lithified and contains clasis derived from the
Chugach Mountains, which suggests (Grantz, 1960 and
Grantz, U.S. Geological Survey, written commun,, April
12, 1957) that it is outwash, rather than Tertiary conglom-
emie.

The Daisy Creek moraine (fig. 2) is the oldest moraine
along the eastern front of the Talkeetna Mountains; it is a
lateral moraine formed by Chugach glaciers that stands
beyond and 122 m higher than Tyone Creek, which is the
marginal channel bordering the Curtis Lake moraine of the

carly phase of the last major glaciation. Exposures on the
west bank of Tyone Creek (TC, fig. 2) are of organic-rich
flavial overbank deposits at river level, overlain by gravel
that is capped by glaciolacustrine diamicton of glacial Lake
Susima. Daisy Creek drift is assumed to lie stratigraphi-
cally below the organic-rich deposits. Dating the organic
material by radiocarbon methods provided an age greater
than 35 ka (W-357). Ager (this volume) found pollen of
spruce, birch, alder, and other plants in the organic beds;
the flora was similar to the present lowland spruce forest
and also to the interglacial Goose Bay peat, near Anchor-
age. Daisy Creek drift is pre-interglacial (Illinoian?), or
less likely early Wisconsin(?) in age, and formed immedi-
ately preceding a very warm climatic interval,

During the early phase of the last major glaciation,
glaciers from the Talkeetna Mountains moved northward to
form the Oshetna moraine system, glaciers from the Alaska
Range advanced southward to form the Tysus moraines,
and Chugach glaciers moved northward to form the Tolson
Creck and Curtis Lake moraines and to merge with the
Alaska Range glaciers to form the Heartland Ridge interlo-
bate moraine (HR) against the northward moving Chitina-
Copper piedmont glacier (fig. 2). Based on radiocarbon
ages from Thaw and Tyone Bluffs (TB, fig. 2) (Thorson
and others, 1981), the drift of the Tysus moraines, although
not exposed, is believed to lie below nver level and to be
older than the sediments of glacial Lake Susitna(?), which
are at least as old as 324273 ka (Beta-1820). Glacial Lake
Susima (fig. 2) expanded during retreat of the jce of the
carly phase of the last major glaciation. The lake was
blocked by ice in the lower Susitna River canyon (R&M
Consultants, 1981) and, during retreat of the glaciers, the
lake extended up the Susitma River an unknown distance
beyond the Hatchet Lake moraine, northeasiward vp the
Maclaren River, eastward o where dammed by piedmont
ice east of Heartland Ridge, and south to and perhaps
beyond the Lake Louise sandur (LL) and Qld Man moraine
of the late phase of the last glaciation. Its level, 914 o 975
m, was controlled by spillways at the southwestern end of
Fog Lakes fowland, such as Chunilna Creek (CS, fig. 2)
near the site of the ice dam in Susitna canyon. Glacial
Lake Susitna had drained, perhaps completely, but st least
to some unknown level below 705 m by 29.45+0,61 ka
(Beta-1820), which is the radiocarbon age of a mammoth
bone embedded in subaerial gravel above the lake sedi-
men(s at that altitude,
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During the late (Old Man) phase of the last major gla-
ciation glaciers from the Chugach Mountains advanced
northward in two lateral lobes, the westem or Little Nelch-
ina lobe up the Little Nelchina River, and the eastern, or
Old Man lobe, up Mendeltna Creek and beyond Old Man
Lake t0 the Lake Louise sandur (LL, on fig. 2); a trunk
glacier also moved eastward down the Tazlina River valley.
Meltwater drainage from the Little Nelchina lobe cut
through deposits of glacial Lake Susitna and into the under-
lying Curtis Lake moraine (fig. 2). This outwash stream
formed a gravel kame terrace at about 792 m altituds
against jce along the western edge of the.Lake Louise
sandur of the Old Man lobe. The kame terrace was depos-
ited when lake level was lower than 792 m but higher than
777 m, because the lake deposits do not cover the kame
terrace but do cover the sandur and recessional ice-contact
feawres and feeder eskers to the south, This lake, associ-
ated with the maximum of the late phase of the last major
glaciation, was appareatly held between 777 to 792 m by a
short-lived Tyone spillway (TSp on fig. 2).

As the ice retreated from the outer Old Man moraine
of the Little Nelchina lobe and from the Lake Louise san-
dur to the Old Man moraine of the Old Man lobe, succes-
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sive marginal drainage channels from the interlobate area
were graded to delta-like features at 774 m, 762 m, and 747
m altitude; the minimum age of the outwash leading to the
762-m delta is 13.28+0.4 ka (W-583). By the time the lake
level had fallen to 747 m, the lake was receiving ontwash
from the Old Man moraine (fig. 2), and the lake was drain-
ing across the present Susima-Copper divide through a
single outlet, connecting the valley of the West Fork
Gulkana River to the Tyone River, The 747-m ghoreline
was more stable or longer lived than any of the others, and
it is widespread and locally prominent on both sides of the
Copper River Basin. The lake thus formed has been called
glacial Lake Atna (see Ferrians, this volume). In the north-
eastern end of Lake Ama (fig. 1) wood exposed in lake
bottom sediments was dated at 17.620.4 ka (W-1184); that
this age may closely approximate the age of the highest
stand of glacial Lake Ama in that area at 747 m was among
the possible correlations listed by Schmoll (1984). This
carrelation would permit assignment of an 18 ka age to the
747-m lake level, related outwash, and the Old Man mo-
raine.

In the Susitoa River valley the ice advanced southward
to the Hatchet Lake moraine, which is similar morphologi-
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cally to the Old Man moraines and like them in being about
40 km within the morainal boundaries of the older phasc of
the last major glaciaton. The Hatchet Lake moraine,
described by Kachadoorian and others (1955). lies above
lacustring deposits, presumably of glacial Lake Susitna
(Reuben Kachadoorian, U.S. Geological Survey, wrilten
commun., 1959). The moraine, however, has not been
covered by these or younger lake deposits. The upper
stratigraphic units at Tyone and Thaw Bluffs (TB), dated
between 11.53£0.14 ka (Beta-~1821) and 21.7340.39 ka
(DIC-1861) by Thorson and others (3981), are reinter-
preted here as glaciolacustrine deposits; they are al eleva-
tions of 709 to 722 m, which s above the 29.45 ka gravel
that separates the younger lake deposits from those of
glacial Lake Susitna  These younger lake sediments also
seem equivalent in age to the Halchet Lake moraine.
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Exactly how these deposits can be linked to the history of
lakes and receding Chugach glaciers, given above, is not
known; however, it is possible that a lake at this elevation
existed separately or in connection with that above the
Tyone spillway.

Both the late and early phases of the last major glacia-
tion are represented by a single drift unit exposed in sec-
tions along the Nelchina River near the front of the
Chugach Mountains (N, fig. 2). This drift lies locally on a
discontinuous organic layer that has alpine tundra vegeta-
tion (Ager, this volume) and is older than 38 ka (W—842).
Gravel underlying the organic layer can be traced for 11 km
at a gradient and direction of flow comparable o the pres-
ent Nelchina River, down to an altitude of 615 m near
Tazlina Lake. The gravel, apparently an advance outwash,
lics on Jacustrine sand and silt that also are older than 38
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ka (W-295). The lacustrine sediments contain a sparse
polien assembliage characteristric of spruce forest, suggest-
ing a warm inlerstadial or interglacial climate (T.A. Ager,
U.S. Geological Survey, written commun., March 1985).

Retreat of the ice from the Old Man moraine first
involved bifurcation of the glacier into discrete Tazlina and
Nelchina glaciers, the uncovering of the Nelchina-Mata-
nuska divide, advance of the Matanuska and Southeast
Fork Glacier eastward up Matanuska River valley toward
the divide, and formation of moraines at the mountain front
in valleys tributary 10 the divide area (fig. 2). Drainage
from Nelchina Glacier across the divide was ponded east of
the extended Matanuska Glacier. A local readvance or halt
of Nelchina Glacier about 20 km from its present terminus
was later covered by lake waters at least as high as 700 m
altitnde. Lake Atna, therefore, persisted at very high levels
until the retrcating glaciers were within 17 km of their
present positions. The Matanuska Glacier and others in the
coastal mountains (Williams, 1986) had been no more than
a few kilometers beyond their present terminal positions in
the tast 10 to 13 ka. The level of the ice in the Copper
River canyon near Tiekel River had been lowered to about
500 m altitude before 14 ka (Sirkin and Tuthill, 1987),
based apparently on the age of the basal peat in a nearby
bog. These data sirongly suggest that Lake Ama in the
western Copper River Basin was lowered significanty or
drained through the Copper River canyon, the only outlet
available lower than gbout 708 m, slightly before 14 ka or
soon thereafter,

Drainage of Lake Atna created an independent lake
basin at Tazlina Lake. The lake's outlet, the modemn
Tazlina River, cut a deep canyon through the lip of the
hanging valiey and deposited alluvium now preserved as
terraces bordering the river downstream. Shorelines of
Tazlina Lake were initially 20 m above the present lake. In
the upper Matanuska River valley the Matanuska Glacier
advanced 2 to 8 km downvalley west of its present terminus
(MG, fig. 2) (Williams and Ferrians, 1961) before 13 ka
(Williams, 1986). This glacial advance blocked streams
from the east and north to creawe local lakes.

Holocene advances of Mawnuska Glacier were 1,6 km
beyond the present terminus at 4 ka and a later advance
about 0.4 km from the present terminus in the past few
hundred years (Williams and Ferrians, 1961). The Holo-
cene deposits are similar to deposits of the Tustumena and
Tunnel advances of the Kenai Peninsula (Karlstrom, 1964).

In summary, the ages of two phases of the last major
glaciation are 11.53 to about 21.73 ka for the younger and
more than 32 ka for the older. Both phases are represented
by a single drift sheet near the mountains. This drifl is
probably equivalent Lo the deposits of the last major glacia-
tion in the northeastern Copper River Basin, which at
Gakona represents the last of three depositional cycles
(Ferrians, 1963 and this volume) and began before 55 ka.
Drift of the last major glaciation is similar to the uppermost

drift of the southeastern Copper River Basin, where basal
daies are also greater than 38 ka; thig drift postdates the
lava flows, volcaniclastic debris flows, mud flows, ash
flows and tephra emanaling from the volcanic Wrangell
Mountains to the east (Nichols, 1984, Nichols and Ychle,
1985).
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Glacial Lake Atna, Copper River Basin, Alaska

By Oscar |. Ferrians, |r.

The Copper River Basin, located in south-central
Alaska, is a large intermontaine basin surcounded by high
glacierclad mountains—the Alaska Range to the north, the
Talkeetna Mountains to the west, the Chugach Mountains
to the south, and the Wrangell Mountains to the east (fig.
1). The basin is approximately 13,000 Jon? in areal extent,
and most of it is drained by the Copper River, which heads
in the northern Wrangell Mountains, flows in a semicircu-
lar course around the west side of the mountains to their
south side, then cuts through the Chugach Mountains in 2
decp canyon and flows into the Gulf of Alaska. Within the
Chugach Mountains, the Copper River is bordered on both
sides by ice fields, Several glaciers, which include the
Allen, Miles, and Childs Glaciers, emanate {rom the ice
fields and terminate along the margin of the river, This
refation suggests that during any major glaciation the
Copper River would be dammed by advancing glaciers,
causing the formation of an extensive proglacial lake in the
basin. Stratigraphic evidence from high river bluff expo-
sures in the basin confirms this, indicating that lakes did
form during each major glaciation, and that the lakes
drained when the glaciers retreated during each major inter-
glaciation (Ferrians and Nichols, 1965; Ferrians and others,
1983).

Previoug Investigations

In 1898, Schrader (1900) made a reconnaissance study
in the Copper River Basin and concluded that the uncon-
solidated Pleistocene sediments in the central part of the
basin were much finer than those at the edges, and that this
relation suggested that the fine-grained sediments were
deposited in a large body of standing water (either an
“inland lake” or an “arm of the seca™) with encroaching
glaciers depositing gravel and till around the edges.
However, Schrader and Spencer (1901, p. 58), after addi-
tional studies in the southeastern part of the Copper River
Bagsin, decided that the fine-grained deposits probably are
present only in limjted areas and are surrounded by coarser
deposits. Mendenhall (1905, p. 62-72), who smdied the
Pleistocene deposits of the central Copper River region,
concurred with Schrader and Spencer in concluding that
fine-grained sediments were deposited only in several iso-
Iated lakes, similar to the present-day Tazlina and Tonsina
Lakes. Moffit (1954, p. 159) also concluded that the lake
sediments in the Copper River Basin were deposited in
several small fakes; however, he stated that “the topo-
graphic setting for a large lake seems favorable, but evi-

dence for it has not been recognized.” Subsequent studies
demonstrated that a large proglacial lake formed in the
Copper River Basin during the last major glaciation, These
studies form the basis for the following discussion.

Glacial Lake Atna
Extent and strand lines

The lake that formed in the Copper River Basin during
the last major glaciation has been named glacial Lake Ama
(Nichols, 1965). Evidence in the northeastern Copper
River Basin indicates that this lake covered more than
5,200 km? of the basin floor, and that numerous glaciers
and sediment-laden, glacier-fed streams debouched into it
(Ferrians, 1984). Locally, prominent strandlines occur at
altitudes of approximately 800, 745, 700, and 640 m, and
less prominent ones occur at intermediate and lower levels.
These strandlines indicate periods of relatively stable lake
level, separated by periods of lowering of lake level.

Several maps show the extent of the lake or the distri-
bution of lake sediments throughout or in various parts of
the Copper River Basin (Karlstrom and others, 1964;
Coulter and others, 1965; Nichols and Yehle, 1969; Ferri-
ans, 1971a, 1971b; Richter and others, 1979; Williams and
Johuson, 1980; Yehle, 1980, 1981; Williams, 1985; Emery
and others, 1985; and Williams and Galloway, 1986).

Isostatic effects

Obviously, the tremendous additional weight of the
waters of glacial Lake Ama and of the glaciers that ad-
vanced into the basin depressed the basin isostatically, and
conversely, when the glaciers retreated and the lake
drained, the loss of weight resalted in rebound.

Becsuse the shoreline features are not preserved con-
tinuously, and because precise measurements of the alti-
tudes of the features have not been made, it is difficult to
determine whether or not there has been tilting of the basin
floor. The apparent general agreement of the altitudes of
shoreline features in many different arcas of the basin
suggests that the rebound was somewhat uniform and that
tilting was not great within any one area.

One line of evidence that suggests that some tilting
occurred in the northeastern Copper River Basin is as fol-
lows. The Indian Creek delta gravel, 65 km northeast of
Gakona, represents the highest recognizable glacial Lake
Ama deposit in this local area, and it is at an altitnde of 745
m. The Meiers Lake delta gravel, S0 km west of the Indian
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Creek deposit, represents the highest Glacial Lake Atna
deposit in this local area, and it is at an altitude of 800 m.
If one concludes that these two features are coeval, then the
55 m difference in altitude would be a measure of the
difference in isostatic rebound between these two sites. If
the tilt were uniform, it would be only a little more than 1
m per kilometer of horizontal distance, which would be
very difficult to detect in routine geologic field mapping.
Possibly the apparent anomalous situation of the highest
shoreline features formed during the last major glaciation
occurring at different altitudes in different parts of the basin
might be explained, in part, by this kind of differential
isoslatic rebound. For example, lacustrine deposils or
shoreline features occur up to altitudes of 945-975 m in the
northwestern Copper River Basin (Williams, 1984; Wil-
ltams and Galloway, 1986, p. 1) and in the adjacent Denali

area (Nichols and Yehle, 1961, p. 1067), but up to altitndes
of only 745 m in the eastern part of the basin (Ferrians and
Schmoll, 1957; Nichols and Yehle, 1969).

Character of sediments

The deposits of Glacial Lake Atna consist of numerous
diamicton units, which are interbedded with stratified la-
custrine sediments (Ferrians, 1963a, 1963b). The charac-
ter, stratigraphic relations, and distribution of these diamic-
won unitg indicate that many of them were deposited by
turbidity currents and subaqueous mudflows. Others were
formed by rapid deposition of massive, fine-grained sedi-
ment with numerous ice-rafted stones included. They
range in thickness from a few centimeters to 50 m, Most
of the diamicton is nonsorted and till-like in character.
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Index map showing setting of Copper Rlver Basin (approximate boundary shown by dashed line).
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Other diamicton deposits are poorly sorted and relatively
fine grained, with the coarser fraction generally limited to
sizes smaller than cobbles. Locally, these poorly sorted
deposits show well-developed graded bedding. Numerous
units of nonsoried till-like diamicton alternate in vertical
sequence with bedded lacustrine sediments and with poorly
sorted dipmicton. Locally, the alternation repeats itself
several times within a stratigraphic thickness of a meter.
Generally, the contacts between these units are sharp; the
beds immediately underlying the diamicton units generally
are not deformed, even though deformation is commaon
within the entire lacustrine sequence. Nichols (1960) de-
scribed two types of contorted bedding in horizontal zones
within the thin-bedded lacustrine sand, silt, and clay, and he
concluded that this deformation was cavsed by slumping
generated by earthquakes. Swdies of the orientation of
phenoclasts in the laminated lacustrine deposits by Schmotl
(1961) indicated that there are two preferred orientations of
the clasts. The dominant orientation, which i8 nearly hori-
2ontal, resulted from ice-rafied stones being dropped on the
relatively firm bottom of the lake, The second preferred
onentation, which is weak and which varies between
samples of different ages, probably was caused by water
currents. According to Eyles (1984), late Quaternary gla-
ciolacustrine deposition in the Copper River Basin and in
Lake Ontarnio, Canada, is analogous to distal glaciomarine
sedimentation on the continental shelves.

Age

The age of Glacial Lake Atna is indicated by radiocar-
bon dates of samples collected from high river-bluff sec-
lions at Gakona in the northeastern Copper River Basin
Organic material buried with sediments deposited during
the early phase of lake formation when the ancestral Cop-
per River valley was being flooded was dated at greater
than 38 ka (sample W-531). Organic material immediately
overlying the lacustrine sediments and buried by cliff-head
dune deposits wag dated at 9.440.3 ka (W=714).

Because of the scientific importance of dating the ini-
tiation of the lake and the last mgjor glaciation in the
Copper River Basin, a very large sample of the older or-
ganic material was collected and submitted to the Gronin-
gen Laboratory, which uses the carbon-enrichment method
to extend the range of radiocarbon dating. Unfortunately,
the results were not conclusive. One measurement gave an
absolute age of 43.4410.25 ka (GrN-4086), but becausc
this age was younger than two dates on nonenriched parts
of the same sample (>46 ka and >49 ka, GrN-4165 and
GrN—4448, respectively) the laboratory concluded that the
sample was contaminated during the enrichment process.
Consequently, the analysis was repeated and the sample
yielded an absolute age of 58.641.1 ka (GrN—4798).

Under the circumstances, it is difficult to accept the
age determination of 58.6¢1.1 ka without corroborating

evidence, but the series of dates by the Groningen Labora-
tory does suggest that the lake started to form before 50 ka,
and the 9.4+03 ka age determination provides a good
minimum date for lake draining. Additional age determi-
nations of organic material collected from bluffs along the
Sanford River, 17 km east of Gakona, indicate that the lake
level was below 655 m between 31.3%1 ka (W—-843) and
28341 ka (W-1343)., Thorson and others (1981) and
Thorson (1984) presented evidence that subacrial condi-
tions existed in the northwestern comer of the Copper
River Basin at an altitude of approximately 700 m between
32 and 21 ka. Also, lake deposits exposed at 670 m altitude
in a bluff along the Copper River at Slana, 80 km northeast
of Gakona, are dated at about 17 ka (17.6£0.4, W-1134)
(Schmoll, 1984). All of these dates, in conjunction with the
stratigraphic rclations, indicate that glacial Lake Atna and
the last major glaciation in the Copper River Basin are, at
least in part, comparable in age to the Wisconsin glaciation
of central North America.
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History of Late Pleistocene and Holocene Vegetation
in the Copper River Basin, South-Central Alaska

By Thomas A. Ager

This paper provides an outline of vegetation history for
the Copper River Basin of south-central Alaska (fig. 1)
daring the late Pleistocene and Holocene. Vegetation re-
constructions are based upon analyses of pollen and spore
assemblages from lacustrine sediment cores and outcrop
samples from scattered sites within the basin and in adja-
cent areas, The chronology of vegetation changes is based
upon radiocarbon-dated organic materials from these
samples.

The glacial and glaciolacustrine deposits of the Copper
River Basin have been the subject of several investigations
during the past four decades. Resulis of these studies have
been summarized recently by Ferrians and others (1983),
Hamilton and Thorson (1983), and Williams and Galloway
(1986).

Palynological investigations were begun in this region
by Hansen (1953), who analyzed arboreal pollen in shallow
peat cores from roadside muskegs found along the
Richardson and Glenn Highways. The cores lacked radio-
carbon contro], however, and very few palynological data
were included in the publication. What is presently known
about the Quaternary vegetational history of the Copper
River Basin is based upon recent work by Connor (1984),
Ager and Brubaker (1985), and Ager (unpub. data). Sirkin
and Tuthill (1987) summarized results of palynological and
glacial geologic studies in the lower Copper River valley,
but most of that area is outside the region included in the
present paper.

The small number of sites investigated within the
Copper River Basin is inadequate to permit as detailed a re-
construction of vegetation history as has been carried out in
other areas of Alaska (Ager and Brubaker, 1985). The data
are sufficient, however, to permit construction of a frag-
mentary history for the basin during the late Pleistocene,
and of a nearly complete Holocene history. The pre-Holo-
cene record is pieced together from radiocarbon-dated
outcrop samples from scattered sites in the basin. These
samples were collected by J.R. Williams, O.J. Fernans, Ir.,
C.L. Connor, and T.A. Ager (all with the U.S. Geological
Survey). The largest set of dated outcrop samples used in
this palynological investigation was collected by J.R. Wil-
liams during fieldwork that spanned more than three dec-
ades (Williams and Galloway, 1986).

The Holocene record for the region is based upon
lacustrine sediment cores from Seventymile Lake (Ager
and Brubaker, 1985), Grizzly Lake (Ager, unpub. data),

Tangle Lakes in the Gulkana Upland (Ager and Sims,
1981; Schweger, 1981), and Watana Pond (local usage) in
the middle part of the Susitna River valley (Ager, unpub.
data) (fig. 1). The pollen records from these cores are
supplemented by radiocarbon-dated outcrop samples from
several localities (Williams, 1986; Williams and Galloway,
1986; Ager, unpub. data).

The oldest known pollen samples of Pleistocene age
from the region are from oulcrops on the Dadina River
(Connor, 1984) and Tyone Creek (Williams and Galloway,
1986). The samples from the Dadina River locality (fig. 1)
yielded pollen assemblages dominated by Picea (spruce),
Betula (birch), and Alnus (alder), along with Ericaceae
(heaths), Cyperaceae (sedge), and various herbs (Connor,
1984). The sampled units have yielded infinite radiocarbon
ages of >33.5 (1-12,321) and >40 ka (1-12,320; 1-12,322).
Connor (1984) interpreted these samples to represent boreal
forest vegetation that occupied the lowlands of the Copper
River Basin during a warm climate interval within the mid-
Wiscoasin interstadial, presumably during the early part of
the interstadial. Interpretations of the chronotogy for a core
from Imuruk Lake in western Alaska (Shackleton, 1982)
suggested that an unusually warm ingerval may have oc-
curred in Beringia in early mid-Wisconsin time. Other
evidence from Beringia in support of Shackleton’s interpre-
tation was recently presented by Matthews and Schweger
(1985) and in this volume.

Outcrop samples from Tyone Creek (fig. 1) collected
by J.R. Williams (Williams and Galloway, 1986) also are
associated with an infinite radiocarbon age of >35 ka
(W=357), and their pollen assemblages are dominated by
Picea, Betula, Alnus, and Cyperaceae (Ager, unpub. data),
These assemblages are quite similar to those described by
Connor (1984) from Dadina River. It is likely that the
Tyone Creek and Dadina River pollen assemblages are
correlative. Pollen data from both sites represent lowland
boreal forest vegetation, and that they suggest climate con-
ditions quite similar to those of the present day. It remaing
in the realm of speculation whether this interval of boreal
forest development represents an unusually warm interval
during the early mid-Wisconsin interstadial, or whether it
represents an older interglacial interval.

An outcrop sample from Nelchina River (fig. 1) col-
lected by JR. Williams yielded a radiocarbon determina-
tion of >38 ka (W-842) (Williams and Galloway, 1986).
The sampled horizon is overlain by till and overies gravel
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outwash. The dominant pollen types in that sample (Ager,
unpub. data) were herbaceous wxa such as Cyperaceae,
Caryophyllaceae, and Gramineae. This assemblage sug-
gests that treeless herbaceous tundra, probably a moist
sedge meadow, covered at least some lowlands within the
Copper River Basin before 38 ka, A nearby outcrop along
the Nelchina River yiclded a peat sample from a stratigra-
phically lower position than that which yielded a tundra
pollen assemblage. The lower sample was from a sandy
deltaic unit underlying the outwash unit. The peat yielded
a radiocarbon determination of >38 ka (W-295). The
pollen assemblage contained in the lower sample from
Nelchina River was dominated by spruce pollen, This
suggests boreal forest vegetation similar o that from Tyone
Creek. It is not known, however, if the Nelchina sample
with spruce pollen is the same age as those with boreal as-
semblages from Tyone Creek or Dadina River.

6~

T
- N
1
LY. Pads
ony, upland
N
2e
gs
73
£F
J AN
8 —
Mstanusks {}
valley ¢
RA LK .
- ! 3 Chita,
:’_*‘-\-x BRCSEE Y 8 W7
- *-_Chugach Mountains &
Pl e = 210 ) d,v‘i‘ ANy
SNLN - L - - N .
RN MJm ( .
N
0 25 S0 KULOMETERS (>
w Vg ALASKA | irea of
Ggure 1
-,
./—-’I/"é &
Figure 1. Map of Copper River Basin and adjacent areas,

south-central Alaska. Numbers refer to localities discussed in
text: 1, Watana Pond {Ager, unpub. dala); 2, Tyone Bluff
(Thorson and others, 1981); 3, Tangle Lakes (Ager and Sims,
1981; Schweger, 1981); 4, Grizzly Lake (Ager, unpub. data);
5, Sanford River (Ferrians and others, 1983; Ager, unpub.
data); 6, Dadina River {Connor, 1984); 7, Chitina area (Ager,
unpub. data); 8, Seventymile Lake {Ager and Brubaker, 1985);
9, Nelchina River (Williams and Galloway, 1986; Ager,
unpub. daw); 10, Tyone Creek (Willlams and Galloway,
1986; Ager, unpub. data); 11, Matanuska Glacier (Williams,
1986; Ager, unpub. data).

An interstadial deposit from the Sanford River (fig. 1)
was sampled for pollen analysis in 1985 by OJ. Ferrians,
Jr. (U.S. Geological Survey). The slightly peaty fine sand
and silt unit had been previously sampled for radiocarbon
dating, and those samples had yielded bracketing ages of
31.341 ka (W-843) near the base of the unit and 28.341 ka
(W-1343) near the top of the unit (Williams and Galloway,
1986; Ferrians and others, 1983). The sediments were
deposited 1ate within the mid-Wisconsin interstadial, at
what may have been the only time during the entire Wis-
consin when the shoreline of the large proglacial lake that
occupied much of the basin dropped sufficiently to expose
the Sanford River site subaerially, thus permitting vegeta-
tion to colonize.

The pollen data from eight samples collected from this
intergtadial unit provide important new evidence about the
nature of lowland vegetation of this region during the final
phase of the Wisconsin interstadial. The assemblages are
dominated by pollen of Cyperaceae, Gramineae,
Caryophyllaceae, Artemisia, Phlox, and other herbs. This
indicates that Jowland areas of the Copper River Basin thal
are now occupied by boreal forest (mostly spruce) were
vegetated by tregless alpine tundra between about 28 and
31 ka. This evidence is consistent with limited plant
macrofossil evidence reported previously from a site of
approximately the same age at Tyone Bluff on the western
edge of the basin (fig. 1; Thorson and others, 1981).

No evidence has yet been found that serves as a basis
for reconstucting full-glacial vegetation in the region.
Most of the Copper River Basin was covered by glacicr ice
and lake waters, limiing potential sites for plant coloniza-
tion to nunataks and relatively small areas of lowlands
above lake level. In view of the pollen evidence from
Sanford River interstadial deposits, it is highly likely that
any vegetation types that developed on nunataks during full
glacial times were herbaceous tundra communities.

The vegetation that developed duning late Wisconsin
deglaciation can be reconstnicied from samples taken at
several localities in the Copper River Basin (Williams and
Galloway, 1986). The Holocene record is based upon a
combination of samples from outcrops and two lacustrine
sediment cores (Ager and Brubaker, 1985; Ager, unpub.
data).

The earliest known vegetation to develop in the basin
during the waning of late Wisconsin glaciers was herb-
shrub tundra dominated by Cyperaceae and dwarf Betula.
This vegetation i3 known to have developed in the region
as early as 13.28+0.4 ka (W-583)Williams and Galloway,
1986, Connor, 1984; Apger, unpub. data). A somewhat
older age of 13.940.4 ka (I-3796) was reported for the
lower Copper River valley by Sirkin and Tuthill (1987).

Betula percentages abruptly increased during deglacia-
tion, indicating the development of shrub tundra dominated
by dwarf bicch, Shrub tundra and shrub-herb tundra
communities domingted the lowland Iandscape of the basin
until early Holocene time, when Populus (balsam poplar or
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aspen trees) and Alnws (alder) shrubs rapidly invaded. The
fowlands and lower slopes of uplands developed vegetation
cover of poplar and willow stands, alder and willow shrub
communities, and shrub tundra.

Current evidence indicates that Picea first invaded the
Copper River Basin from the north by at least 9 ka. Picea
apparently invaded from the Tanana River valley via
Mentasta Pass and the Delta River valley (fig. 1) and
spread rapidly westward and southward (Ager and
Brubaker, 1985). Picea glauca (white spruce) was present
at Tangle Lakes (fig. 1) by about 9.1 ka (Schweger, 1981).
Picea reached the valleys of the northern Chugach Moun-
tains (fig. 1) soon thereafter. Pollen evidence and radiocar-
bon ages bracket the amival of Picea in that area between
8.48+0.13 ka (1-11397)(Williams and Galloway, 1986;
Ager, unpub. data) and 9.0230.2 ka at 70 Mile Lake
(W-5336) (Ager and Brubaker, 1985). Recently published
evidence from the upper Matanuska River valley (fig. 1)
indicates that Picea reached that area at least as early as
8.9510.15 ka (1-14,096) (Williams, 1986). A buried spruce
stump exposed in place near Chitna (fig. 1) yielded a
radiocarbon date of 7.23+0.15 ka (W-5335, Ager, unpub.
data). That age provides 8 minimum age for Picea in the
Chitina and lower Copper River valleys.

With the establishment of spruce-dominated boreal
forest in the lowlands of the Copper River Basin, the avail-
able evidence suggests that only minor vegetation changes
occurred thereafter in the region. There is some suggestion
of lowering of treeline in the vicinity of Seventymile Lake
during the Neoglacial (Ager and Brubaker, 1985), but there
is also puzzling evidence from the Gulkana Upland that
suggests a local spruce reinvasion near altitndinal tree line
at about the same time (Ager and Sims, 1981).

The studies done thus far provide only an outline of the
region's history (fig. 2), but they reveal that the Quaternary
deposits of the Copper River Bastn contain a rich record of
past environments and climates. Future palynological re-
search that is needed in this region includes detailed stndies
of the Quatemnary records in the vicinity of Mentasta Pass,
and the central and northwestern areas of the basin.

Much of the data discussed in this paper were derived
from analyses of samples collected by JR. Williams and
0J. Ferrians, Jr. (U.S. Geological Survey). I gratefully
acknowledge their willingness to share their samples and
field data.
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Pleistocene Vertebrate Localities in the Yukon

By C. Richard Harington

Among ice-age venebrate localitics in Canada, those in
unglaciated parts of the Yukon are most productive of
fossils (Harington, 1985). The Natonal Museum of Natu-
ral Sciences (INMNS) has been camrying out 2 lorg-term
project of collecting and studying Pleistocene vertebrate
fossils in the Yukon since 1966. Its collections from the
Old Crow area have been greatly augmented by those of the
Northern Yukon Research Program and the Yukon Refu-
gium Project, both of which began about 1975. The fol-
lowing sections present previously unrecorded faunal lists
(table 1) and radiocarbon ages (table 2) on Yukon Pleisto-
cene veniebrates, as well as comments on evidence for early
humans at Yukon localities (fig. 1).

Old Crow Basin

The Old Crow Basin (area 2 on fig. 1) is the richest
arca for collecting Pleistocene vertebrate remains in Can-
ada, having yielded some 40,000 specimens representing
nearly 60 mammal species, at least 7 fish species (Cross-
man and Harington, 1970; Cumbaa and others, 1581), and
at least 33 bird species (G. R. Fitzgerald, NMNS, oral
commun., 1985) during the last 20 years. Approximately
150 fossil localities are known within the basin. Remains
of taxa found in place between Lower Lake (pre-Sanga-
mon?) and Upper Lake (late Wisconsin) clays, as well as
those recovered by intensive collecting at a productive
point bar (Toc. 11A) are listed in table 1 (Harington, 1977,
1985; Morlan, 1980b, 1984; Jopling and others, 1981),
Abundant remains of large-horned bison that apparently
died catastrophically about 12 ka have been collected in
place above the Upper Lake clay at locality 11(1) (see
Harington (1977) for locations of numbered vertebrate
localities in the Old Crow Basin). Woolly mammoths
survived in the basin vntil about that time, because a partial
skeleton of a young individual collected in 1985 from
locality 92 yielded a radiocarbon age of 13.82+0.84 ka
(Beta-13867). Among the most interesting mammals rep-
resented are Jefferson's ground sloth, giant pika, giant
beaver, short-faced bear, short-faced skunk, hyena, scimitar
cat, gigantic camels, and the primitive Soergel’s muskox.

When did people first reach the Yukon? Jopling and
others (1981) claim that specimens of bone interpreted to
be anifacts from the reworked Lower Lake beds at locality
12 are of pre-Sangamon age. A caribou antler pestle has
been dated by radiccarbon at about 24.5 ka at the Chalk
River accelerator mass spectrometer (AMS) of Atomic
Energy Canada Ltd, (R.E. Morlan, Archaeological Survey

of Canada, oral commun., 1984). However, recent AMS
radiocarbon determinations on several artifacts that were
thought to provide evidence for late Pleistocene human
occupation of the Yukon have all given late Holocene ages
(Nelson and others, 1986). For example, a caribou tibia
fleshing tool originally dated at about 27 ka (Irving and
Harington, 1973) and the jaw of a domestic dog from
locality 11A (Beebe, 1980b) are now dated at 1.35H0.15
and 2.11304 ka, respectively. A fragmentary mandible of
a child from locality 11A, considered to be of possible
Pleistocene age (Irving and others, 1977), needs similar
checking, as does a caribou antler punch from Hunker
Creck in the Dawson area, because a caribon antler in the
same collection and in similar condition yielded a radiocar-
bon age of 23.9+0.47 ka (I-8580) (Harington, 1975).
Despite the fact that no Pleistocene living floors with arti-
facts have been found so far, there is still strong circum-
stantial evidence for human Pleistocene occupation of the
Yukon (for example, Morlan, 1980a, Harington, 1980).

Bluefish Caves

Bluefish Caves I-III (area 3 on fig. 1) have yielded a
Pleistocene vertebrate fauna. Apparently the caves resuited
from solution and congelifraction of ancient mixed lime-
stone breccia. The fossils, from a loess bed underlying
peaty material, yield radiocarbon ages between about 25
and 12 ka. Relatively recent specimens of small horse
(12.9+0.1 ka, GSC-2881), mammoth (15.5%0.13 ka,
GSC-3053), and saiga antelope have been collected here.
The partial skull of the saiga gave an AMS radiocarhon age
of about 13 ka (Jacques Cing-Mars, Archaeological Survey
of Canada, oral commun., 1986), suggesting the existence
of steppe-like conditions toward the close of the last glacia-
tion. Evidently most of the fossils accumulated in grassy
tundra surroundings (Cing-Mars, 1979, 1982), Artifacts
found in the loess unit indicate that humans occupied the
caves, perhaps hunting and butchering many of the large
mammalian species, near the end of the last glaciaton.

Sixtymile

Since 1978, a gold placer site (Sixtymile locality 3) has
yielded hundreds of excellent specimens, including remains
of the relatively rare western camel (23.3230.64 ka,
Beta-8864), helmeted muskox, and tundra muskox
(21.16+0.28 ka, Beta-13869). Carcasses of black-footed
ferrct from this site, and arctic ground squirrel (Walker,
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Table 2. Radiocarbon ages for fossil veriebrates and plant
macrofossils from the Yukon

Fossil Radiocarbon Laboratory
age number

Old Crow Basia

Mammoth 13,8201840 Beta-13867

Domestic dog 2,110x40 TO-276
Bluefish Caves

Smal) horse 12.900£100 GSC-2881

Mammoth 15,500+130 GSC-3053
Sixtymlile

Westem camel 23.320£640 Beia-8864

Tundra muskox 21,1601£280 Bew-13869

Black-footed ferret 39,560£4%0 T0-214

Arctic gronnd squirret 47,500+1,900 Bew-16157

Brown bear 36.500%1.150 Bew-16162

Mastodon 24,980£1,300 Bew-16163

Spruce wood 26,080+300 Bew-13870
Dawson Area

Caribon 23,900+£470 1-8580

Brown bear 4]1,000£1.050 Bets-16159

Short-faced bear 20,600+1,200 1-11037

Grass (ground squirrel nest)  12,200£100 GSC-2641

Alaskan bison >39,000 1-5405

Long-homed bizon 22,20041,400 1-3570

Mammoth 32,350£1,750 1.4226
Dublin Gulch

Korse 31.450%1,300 1-10935
Big Creek

Willow wood 48.1001,100 (§SC-3032-2
Ketza River

Bison 26.3502280 TO-393
Herschel 1siand

Small horse 16,200%150 SFU:RIDDL-765

1984) from Sixtymile locality 4, a few kilometers away,
gave AMS radiocarbon ages of 39.56+0.49 ka (TO-214)
and 47.5+1.9 ka (Beta-16157), respectively (Yonngman
1987). Brown bear bones from Sixtymile locality 3 and
from Dawson locality 16 (Hunker Creck) yielded radiocar-
bon ages of 36.5+1.15 ka (Beta—16162) and 4121.05 ka
(Bera-16159), respectively, indicating that this species
lived in the west-central Yukon before the peak of the last
glaciation. Of particular interest is a radiocarbon age of
26.08+03 ka (Beta-13870) ou a spruce stump in growth
position—one of many such stumps in similar suratigraphic
position at the site. In this regard, it is worth noting that a
mastodon tooth from nearby Sixtymile locality S yielded a
radiocarbon age on collagen of 24 98+1.3 ka (Beta—-16163).
Since American mastodons evidently preferred open spruce
forest habitat, I am examining the possibility that spruce
pockets existed in this region just before the peak of the last
glaciation, if not later.

Dawson Area

Ice-age veriebrate remaing near Dawson, like those at
Sixtymile, Dublin Gulch, and Big Creek, are mainly ex-
posed during placer mining for gold. Approximately 50
localities are recorded in the region. Most of the fossils,
when found in place, occur in frozen organic silt just above
the surface of gold-bearing gravel, and most date to the
latter half of the Wisconsin glaciation (about 30 to 15 ka).
Generally, fossils from this area are more complete than
those from Old Crow Basin. Faunas from Hunker Creek
(80 Pup) and Gold Run Creek are typical of the Dawson
area.

Collecting at 80 Pup (Dawson loc. 10) began in 1973
and has continued 1o the present. During that period, about
260 ice-age mammal bones have been collected. Approxi-
mately 90 percent of the finds comprise large-homed bison
(46 percent), small horse (19 percent), mammoth (11 per-
cent), Dall sheep (11 percent), and caribou (3 percent). Of
14 bones found in place, their average height above the
surface of the gold-bearing gravel is 1.5 m. Rarely, bones
are found vp to S m above the gravel. A humerus of a
short-faced bear found in place in frozen organic silt 3 ¢m
above the surface of the gold-bearing gravel yielded a
radiocarbon age of 29.6+12 ka (I-11037), indicating the
presence of this unusunally long-limbed species in the region
before the peak of the last glaciaton (Harington, 1980).
Most specimens are incomplete, but many good skulls of
large-horned bison, Dall sheep, woolly mammoth, and one
of an American lion, have been collected here. An inter-
esting find in 1984 consisted of a nearly complete cranium
of a young woolly mammoth with teeth and tusks (the latter
about 53 cm long) from the interface of the gold-bearing
gravel and the organic silt. Several skulls of arctic ground
squirrels have been recovered, as well as their droppings
and nesting grasses from nests frozen in the organic silt
some 3.7 m above the surface of the gold-bearing gravel.
Grasses from a ground squirre! nest on nearby Dominion
Creek yielded a radiocarbon age of 12.2+0.1 ka
(GSC-2641), which may give an idea of the age of the
nests at 80 Pup. Pathological signs are occasionally noted
too, for example a bison mandible with lesions on the
ascending ramus, and a series of eight bison thoracic ver-
tcbrae with offset neural gpines.

Gold Run Creek (Dawsoun Jocs, 31 through 33) is about
50 km southeast of Dawson. The arca remained unglaci-
ated during the Pleistocene, and constituted the southeast-
em extremity of the Beringian refugium. Two important
specimens from this Jocality were described more than 70
years ago: the type skull of the Yukon short-faced bear
(Lambe, 1911) and the type skull of the small horse (Hay,
1917). Other specimens of interest are badger, American
mastodon, a nearly complete skull of 2 mammoth which
was exhibited in Dawson in 1907 (Quackenbush, 1909), the
first kiang borse described from Beringian Pleistocene
deposits, and Alaskan bison (Harington and Clulow, 1973).
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The badger, represented by a humerus, is the first record for
the Yukon, and is significant because it indicates a former
grassland link between the northern prairies and the interior
of the Yukon and Alaska. Unfortunately a 1986 attempt at
AMS radiocarbon dating of another badger specimen from
Dominion Creek (Dawson loc. 28) failed. It is still a pri-
ority o establish when badgers entered and lived in the
Yukon, because of the important paleoenvironmental and
paleoclimatic implications. The deeply buried Alaskan
bison homncore yielded an age of >39.9 ka (I-5405), one of
the few non-finite dates on Pleistocene mammal booes
from the region. If a North American ancestor for the giant
bison (Bison latifrons) is sought, the Alaskan bison would
be 2 good choice. Large-homed bison and mammoth bones
from Gold Run Creek gave radiocarbon ages of 22.2+1.4
¥a (1~3570) and 32.35+1.75 ka (I-4226), respectively.

Dublin Gulch

In 1967 I collected an astragalus of a smal! ungulate at
Dublin Gulch, north of Mayo. About 70 bones of ice-age
mammals subsequently were collected during the summer
of 19717, presumably from an organic unit underlying gla-
cial ull and colluvium, and al! but seven (kept as a repre-
sentative sample in the Paleobiology Division of NMNS)
were sent 0 the Kluane Museum of Natural History at
Burwash Landing after identificaion. Species most com-
monly represented are small horse (38 percent), bison (36
percent), Dall sheep, and caribou (10 percent each). A
horse metatarsal from the site has a radiocarbon age of
31.4541.3 ka (1~10935), indicating that this fauna occupied
the Mayo area during the last interstadial. This locality,
like Big Creek and Keiza River, is of greater interest than
usual because it has been glaciated.

8ig Creek

So far, Pleistocenc vertebrate remains have been col-
lected from three tributaries of Big Creek: (1) Revenue
Creck, where American lion, large-homed bison, and parts
of a woolly mammoth skeleton were recovered in 1979
from nonglacial peaty beds that may be of last interstadial
age (willow wood from the frozen peat yielded a radiocar-
bon age of 48.1£1.1 ka; GSC~3032-2); (2) Happy Creek,
where mammoth, horse, caribou, large-homed bison, and
Dall sheep were recorded in 1980 and 1983; and (3) Bol-
iden Creek, where brown bear, woolly mammoth, small
horse, caribou, bison, and Dall sheep remaing were re-
corded in 1983. The brown bear cranium is in excellent
condition and should be radiocarbon-dated.

Ketza River
About 40 fragmentary specimens of mammals, includ-

ing hare, ground squirrel, collared lemming, mammoth,
small horse, moose, and bison were collected in 1986 and

1987 from Wisconsin interstadial deposits underlying till of
the McConnell glaciation. Bison bone found in place
yielded an AMS radiocarbon age of 26.35+0.28 ka
(TO-393), This i3 the most southerly Pleistocene verte-
brate Jocality yet recorded in the Yukorn.

Herschel Island

In contrast to Ketza River, Herschbel Island Pleistocene
vertebrate sites are the most northerly in the Yukon, and are
the only ones that have produced in-place marine mammal
remains. Although none of the marine mammal bones has
been dated, a possible bowhead whale specimen was in
place in “preglacial™ (pre-carly Wisconsin?) marine sand,
and a seal scapula fragment came from oxidized organic
deposits (including marine mollusk shells) approximately 5
m above present sea level, which 1 sugpect are of last inter-
glacial age (Harington, 1977). On the northeastern coast of
the istand, a partial cranium of a small horse from silty sand
that postdates the Buckland glaciation of inferred early
Wisconsin age has yielded an AMS radiocarbon age of
16.240.15 ka (SFU:RIDDL-765). Because seven scatiered
fossil sites were discovered during a relatively short period
of time, a systematic investigation for ice-age vertebrate
remains is planned for Herschel Island.

Figure 1. Yukon Territory (dashed outline), showing main
Pleistocene vertebrate sites referred to in text: 1, Rerschel
Istand; 2, Old Crow Basin; 3, Bluefish Caves; 4, Sixtymile; 5,
Dawson area {80 Pup); 6, Dawson area {Gold Run Creek); 7,
Dublin Gulch; 8, Blg Creek; 9, Ketza River,
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Arctic Microtine Biochronology—Current Status

By Charles A. Repenning

The microtine rodents include the lemmings, muskyats,
meadow mice, and similar gmall-eared, asually short-tailed
mice; the name derives from their small ears. They live,
and have lived, only in the Northern Hemisphere. The
microtines are polyphyletic and include five lineages that
derive from different, large-eared ancestors within the
Family Cricetidac. Most of these lineages have evolved
faster than any other mammal whose history is known; as
a result, they are noted for recognizable changes in shorter
periods of time than are other mammals. This makes their
biochronology more precise for interpreting geologic time.

The biochronology of the microtine rodents of the
Northern Hemisphere spans the past 6.5 m.y. and was first
reconstructed about 10 years ago (Repenning and Feijfar,
1977). Subsequently, its factual foundations and its net-
work of correlations with other methods of inferxing geo-
logic time have been greatly enlarged and the confidence of
dates based npon the microtine biochronology has been
accordingly strengthened,

Because of varying precision of temporal control, the
6-m.y.-long microtine biochronology is stronger during
some intervals than in others. However, on the average,
this biochronology can distinguish time differences as brief
as 250 k.y., and this is sufficient to identify magnetic po-
larity events, Microtine dates combined with polarity de-
terminations are significantty refined in dating precision; in
many cases the uncertainty is reduced by half. Under ideal
conditions, with both associated magnetic and climatic
sequences, this biochronology enables a correlation of cli-
matic changes on the continents with the oxygen-isotope
stages in the oceans. In such cases, the uncertainty in
dating is nearly reduced Lo the errors necessitated by the
assumptions of constant depositional rates in oceanic de-
pOsits.

Most microtine rodents evolved in the Arctic region,
and the microtine biochronology is very applicable there.
The Beringian segment of the Arctic Ocean borderland is
unique in that there the “microtine east” meeis the “micro-
tine west.” Thus Beringia holds many of the biochronologic
keys of the entire Arctic Ocean borderland, and these keys
are significant also to the biochronologies of other parts of
the Northemn Hemisphere at lower latitudes. Because of
this intermediate position, an understanding of only Narth
American (Repenning, 1987) or of only Eurasian microtine
biochronology is not enough to fully comprehend the
temporal significance of Beringian fossil microtines.

Twenty years ago the Arctic Ocean borderland was an
area completely devoid of information about pre-Pleisto-

cene, or even pre-Hllinoian, land mammal faunas, No infor-
mation was known about Arctic microtine rodents older
than latest Pleistocene until 1971, when Guthrie and Mat-
thews described the Cape Deceit fauna from the Seward
Peninsula. At that time, there was only a suspicion in a few
minds that microtine rodents might provide a worldwide
biochronolagy, and thus the temporal significance of the
Cape Deceit fauna could not be realized. In addition, the
taxonomic composition of the fauna had litle chance of
being fully recognized.

The breakthrough in Beringian microtine biochronol-
ogy came in 1979 through the efforts of A.V. Sher, the
principal student of the Kolyma lowlands in eastern
Yakutia, U.5.S.R,, and his associates, parucularly V.S.
Zazhigin, the microtine specialist. Sher directed an inter-
disciplinary study of the Krestovka section in the Kolyma
lowlands that identified many significantly primitive mi-
crotine faunas. These were tied to paleomaguetic determi-
nations and to climate indicators. Today the Krestovka
section is the “key” to the microtineg biochronotogy of
Beringia and the Arctic Ocean borderland (see fig. 1).

The microtine faunas of the Krestovka section that
have sufficient temporal control to be of use in biochconol-
ogy are from that part of the section that is between 3 and
2 Ma. Faunal assemblages younger than 2 Ma are present
in the Krestovka section, but paleomagnetic correlations are
not clear, and the faunas are not sufficiently definitive to
indicate age. The useful faunas are the biochronologic
basis for understanding the age of the Cape Deceit fauna
and of a fauna from Fish Creek on the Alaskan North Slope
(Repenning and others, 1987; see fig. 1).

Throogh the Krestovka section an intercontinental
biochronologic correlation network has been established
that is the foundation for future research. The network also
provides insight into the evolutonary pattern of several
lineages that explains anomalous faunal relations that have
hampered interpretation of arctic faunas, as well as of
faonas in Jower latmdes. These anomalies include the
eaclier record in Asia of many lineages, the abrupt appear-
ance of many genera, as Microtus, Phenacomys, Mictomys,
Pitymys, Allophaiomys, and Dicrostonyx in both Europe
and North America with no record of where they evolved,
and the asynchronous appearance of evolutionary lineages
in different parts of the Arctic Ocean borderland.

The earliest records of at [east four microtine genera
are foond in the Krestovka section of western Beringia.
These records are between 200 and 400 k.y. older than the
oldest records in Europe and North America (Repenning,
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1984), which clearly confirms previous interpretations that
these four gencra must have been immigrants to lower
latitudes, presumably from Sibera (Kowalski, 1966).

Delays in the dispersals of some microtines from
Asiatic Beringia to North American Beringia can now be
demonstrated, and similar delays for dispersal of some
large mammals from Beringia to other areag of the North-
em Hemisphere are also beginning 10 be recognized as a
result of Sher’s study in the Kolyma lowlands. Such
understanding of the origing and dispersals of faunas pro-
vides a clearer concept of the historic framework of bio-
chronology, particularly the biochronology of the Asctic
Ocean borderland. Many mammalian types evolved in this
region, and they have an older tcmporal significance here
than in lower latitudes.

In direct contrast t0 what was possible as litle as three
years ago, it is highly likely that any adequate microtine
fauna found in the Canadian-Alaskan arctic can be convinc-
ingly dated o within about 200 ka if it is between 3 and 2
Ma. Dating with even greater precision is possible if the
paleomagnetic patiern i known; dating with still greater
precision is feasible if the climatic pattern is also known.

However, the same cannot be said of microtine faunas
between 2 and 1 Ma, because there is no as yet “key”
section for this period of time. Even in the well-known
areas of Europe and the conterminous United States,
mammalian biochronology is weak for the period between
the Olduvai and Jaramillo Normal-Polarity Subchrons of
the Matnysma Reversed-Polarity Chron.  The beginning
and the end of this time are well dated and are easily iden-
tifiable in the lower latitudes by the immigration of microti-
nes that completely alter the faunal composition, but there
is as yet no well-documented biochronology for the inter-
vening 500 ky. These immigrants came from the north,
and their ancestors are found in older sadiments of Ber-
ingia. Microtines of the older immigration have been found
in Beringian deposits older than 2 Ma. Those of the
immigration 8350 ka are still poorly known in the Arctic, but
should be found in Beringian deposits that formed between
2 and 1 Ma. Al present only one Beringian locality in
Canada (Old Crow locality 47; R.E, Morlan, oral commun.,
1985), and one in Yakutia (type locality of the Olyor Suite;
Sher, 1971) are known that date from this time span, but
stdies of these two localities are already improving bio-
chronologic understanding of this vague period (see fig. 1),
In fact, the correlaton of events during this period, at
present, is better understood in the Arctic Ocean bordertand
than it is in lower latitudes (Repenning, 1987).

This long period of poorly known microtine history
ended 850 ka with the southward dispersal of arctic mi-
crotines and other mammals. In North America, this dis-
persal included both large and small mammals and appears
to have resulted from the southward advance of the first of
the several “Nebraskan”™ ice sheets. In Burasia, the south-
ward dispersal of microtines was accompanied by a con-

spicuous dispersal of large mammals from Beringian and,
presumably, other Siberian areas. This was called the
“End-Villafranchian™” dispersal event by Azzaroli (1983).
The large-mammal fauna was present in western Beringia
before the “End-Villafranchian” dispersa! event.

There were two subscquent dispersals into the conter-
minous United Siates, and a greater numnber into Europe.
These introduced new species to the faunas of these low-
lantude areas, but the species werc of lineages whose
evolution is difficult to understand. The evolution of some
seems to be evident in the younger faunas of the Old Crow
Basin, Yukon Territory, Canada, but much work remains
before this is understood. The dates of the arrival in the
conterminous United States of these new species, coupled
with an understanding of their stage of evolution derived
from study of the Old Crow or other material, may assist in
approximating the age of these arctic faunas and help estab-
lish the later microtine biochronology of the Arctic Ocean
borderland.

Figure 1 illustrates the current status of microting
correlations in the Arctic Ocean borderland, based upon the
microtine biochronology as correlated with climatic and
paleomagnetic evidence. Kap Kobenhavn is in northem-
most Greenland, and the Old Crow sechions are in eastern
Beringia in the Yukon Territory, Canada. Study of these
two sites 1S in progress, and there appears to be consider-
able time that is not represented. Fish Creek and the lower
Colville River are in the central part of the North Slope of
Alaska, and Cape Deceit is on the Seward Peninsula of
Alaska, central Beringia, The Krestovka sections and the
type section of the Olyor Suite arc in eastern Yakutsk
AS.S.R., western Beringia.
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Comment on the Present Status of
Dating Loess by Thermoluminescence

By Glenn W. Berger

T.L. Péwé (this volume) has pointed out the ambigui-
ties in the chronology of sediments (mostly loess and ash)
in the Fairbanks region, and has mentioned the present
confusion about the reliability of the thermoluminescence
(TL) dating methods as applied to loess. This comment
addresses problems of TL methodology and suggests prob-
able causes for these problems.

Considering all the published indirect arguments (for
example, stratipraphic and paleoclimatic) for assigning
ages to the Sheep Creek tephra (Hamilton and Bischoff,
1984) and Old Crow tephra (Westgate and others, 1985),
one is left with the realization that the true ages could be
anywhere within the respective time ranges of 60 to 110 ka
and 80 to 160 ka (Hughes, this volume; Matthews and
others, this volume). Adding to this confusion are reported
discrepant TL age estimates for the Old Crow tephra of
about 85 ka (Wintle and Westgate, 1986) and about 150 ka
(Berger and Huntley, 1985). Clearly, it is important to
resolve the questions about the accuracy of present TL
methods, because TL appears to offer the only direct means
for dating the relevant deposits.

Methodaology and discordancles

The view here is that improper application of previ-
ously introduced techniques (Wintle and Huntley, 1980),
coupled with tack of rigor in tests for anomalous fading and
for sensitivity changes, has created the present confusion
about the reliability of the current TL datng methods.

Consider first the data in figure 1, where all published
results using two TL methods are plotted. Almost all of the
partial bleach data are from Norton and Bradford (1985).
A few of these are incorrect, probably because of failure to
recognize and correct for anomalous fading, overbleaching
of laboratory samples, and use of linear extrapolations to
dose-response curves for older samples. These are my
inferences based on experiments with fing-grained sedi-
ments (see Berger, 1986), because no reasons for the incor-
rect results were discussed by Norton and Bradford.
Whatever the causes for the scatter of these few partial
bleach results, there is far more discordancy in the regen-
eration resalts of Debenham (1985).

Now this discordancy is interesting because these data
are from the same set nsed by Debenham to hypothesize a
physical phesomenon (decay of luminescence centers) to
explain the discordancy of another part of this data set

(those results for deposits thought to be older than 80 to
100 ka). This hypothesis predicts that all TL results (by
any method) for deposits younger than about 50 ka should
undershoot the correct age by <10 percent. Debenham did
not comment on the evident inconsistency of a large
number of his own results (fig. 1) with this prediction of his
hypothesis.

My view in this note is that uncorrected sensitivity
changes (for example, Rendell and others, 1983) and (or)
anomatous fading have led to the incorrect results in figure
1, and very probably to all of the remaining discordancies
reported by Debenham (notwithstanding that some of the
“known ages” of Debenham's samples are questionable
(Mejdahl, 1986)). Thus, Occam’s Razor has not been
applied to the interpretation of these (and other) published
discordancies.
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Figure 1.  Plot of published thermoluminescence (TL)
age estimates versus known ages {mostly assoclated C'4
dates, when accurate to less than 10 percenl) for loess.
Results from partial bleach method (dot, from Norton
and Bradiord, 198S5; square, from Wintle and Brun-
nacker, 1982) and regeneration method (x, from
Prosynska, 1983; circle with an x, from Debenham,
1985). Results between outermost dashed lines are
accurale to within 15 percent of the known age of the
sample.
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Probable assignable causes

The above view is supporied by the following argu-
ments.  First, when the regeneration dose-response curve
becomes sublinear, the practice of several workers to esti-
mate sensitivity changes (Debenham, 1985; Canfield, 1985;
Singhvi and others, 1987) has been to compare the slopes
of tangents to this curve with those to an additive-dose
curve. Esoteric arguments can be made why this practice
may be invalid, but it is questionable for a more obvious
reason—the chojce of tangential slope is subject to very
large relative errors, partly due to the limited reproducibil-
ity of TL data. Consequendy, the uncertainties in {hesc
slopes have been as large as 40 percent(!) and typically are
20 10 30 percent (Debenham, 1985; Canfield, 1985; Singhvi
and others, 1987). Yet these authors have dismissed this
variation as insignificant, even though for sublinear growth
curves small changes in the interpolated TL can lead o
large changes in the estimated equivalent dose values (for
example, Wintle, 1985). The obvious way to test this ex-
planation is to apply the partial bleach method to the same
samples that have yielded underestimated regeneration
ages, because the partial bleach method is not subject to
this type of sensitivity change. This test has not been done,
probably for the reasons stated below.

Second, anomalous fading (up to 25 percent) has been
reported for the same samples of loess from the Fairbanks
region (Berger and Huntley, 1985; Berger, 1987) for which
Wintle and Westgate (1986) reported none. Also, several
other workers have reported no significant anomalous fad-
ing in loess. The reason for this discrepancy is likely
methodological rather than geological. In particular, few if
any reports have stated how such tests were made, and
some workers have not even mentioned such 1ests, despite
the early admonishment of Wintle and Hundey (1982). It
is commonly believed that any significant fading in loess
would be detectable within a few days of laboratory irradia-
tons. Yet Berger and Huntley (1985) and Berger (1987)
have shown that storage tests up to at least several weeks
were required.  The routinely used short (room tempera-
ture) storage intervals may have caused anomalous fading
in loess often to go undetected. An uncorrected 20 to 30
percent fading component may account for much of the
underestimation of loess ages by TL dating.

Complicating these aspects of methodology is the
misconception that the partial bleach method is invalid
when dose-response curves are nol linear (for example,
Aitken, 1985, p. 266; Wintle and others, 1984). This
misconception persists despite the evidence of many suc-
cessful applicatdons of this technique to waterlaid sedi-
ments, when the dose-response curves are unambiguously
sublinear, and even saturating (for example, Berger, 1986;
Berger and others, 1987). Feldspars dominate the TL sig-
nal in both loess and waterlaid sediments, and there is no
reason to suppose that the TL properties of the feldspars in

these sediments differ in any unknown way. Indeed, these
successes motivated the application of this method (results
described below) 10 the oess lying just above the Old Crow
ash layer,

Thus, there are many reasonable methodological argu-
ments for not accepting Debenham’s hypothesis, and for
believing that the regeneration method is in any case pres-
ently unreliable for loess older than about 50 ka. Even 5o,
this method continues to be applied without independent
age checks (for example, Singhvi and others, 1987). There
are thus compelling arguments for applying only the partial
bleach technique when coupled with rigorous regression
analyses.

Concluding remarks

To close this comment, some new results (Berger,
1987) should be outlined. By careful laboratory tech-
niques, a significant anomalous fading component has been
¢liminated from both the Old Crow tephra and a contiguous
(ash-free) loess. Combined with appropriate extrapolations
of saturating-exponential growth curves (contrast with the
linear extrapolations of Wintle and Westgate, 1986), this
empirical correction for anomalous fading has led to con-
cordant TL age estimates of 110212 ka for the Old Crow
tephra and 108116 ka for loess just above this ash layer.
The average of about 150 ka of Berger and Huntley (1985)
is invalid because in those preliminary experiments the
results for bulk ash were averaged with those of a glass-rich
fraction, and because the platean test was not satisfied for
the experiments on loess.

In conclusion, successful applications of the present
TL methods require analytical care. For loess, the partial
bleach method of Huntley (in Winde and Huntley, 1980) is
the preferred technique, even though it is more laborious
than other methods.
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SUMMARIES OF DISCUSSION SESSIONS

Following the presentation of individual papers, a
series of two-hour discussions was held on topics that were
considered to be of particular interest to the participants.
The following summaries were prepared by individual
discussion leaders for incorporation in this volume.

Geochronology
Julie Brigham-Grette

Accurate dating is essential for piecing together the
Quatemnary stratigraphy of any area and for comelating
sequences in separaie drainage basins. During our discus-
sions, it was clear that some stratigraphic problems will
remain vnresolved until we can distinguish between real
gaps in the preserved record and disagreements caused by
inadequate age control. For example, differences in the
glacial record from the Brooks Range, the Alaska Range,
and the northern Yukon may reflect differences in the style
and intensity of glaciation or differences in the preservation
potential of ice marginal features from different areas
(Gibbon and others, 1984). Direct matching of series of
glacial or periglacial events may mislead us into false
correlations unless they can be supported by adequate age
control.

The discussion focused largely on the problems and
reliability of standard radiocarbon dating, accelerator radio-
carbon dating, and thermoluminescence dating. Time did
not permit adequate discussion of other dating methods
such as amino acid, fission track, K-Ar, uranium series, and
paleomagnetism.

Several researchers preseated examples of significant
discrepancies in radiocarbon dates on organic maierials
from the same deposit. David Carter reported seven ages
ranging from about 13 to 30 ka on different size fractions
of a detrital organic deposit from northem Alaska. Succes-
sively finer fractions yielded successively older ages (Nel-
son and others, 1988). Lake scquences in Alberta yield
basal ages on moss that are consistently older than wood at
the same horizon, according to Lionel Jackson. The basal
ages on moss and peat generally are (oo old because of
bjcarbonate enrichment soon afier deglaciation.

Owen Hughes emphasized that there is a fundamental
need to carefully define what rescachers mean by “peat,”
because this term commonly is used for disseminated or-
ganics in fine-grained sediments as well as for densely
compressed plant macrofossils. Charles Schweger com-
mented that most palynologists use the classification
scheme outlined by Troels-Smith (1955; see also Aaby and
Betglund, 1986) and suggested that perhaps Quaternary ge-
ologists should adopt the same system. Moreover, we must

concern ourselves more with smdies of the wphonomy of
organic material. Adicles by Arundale (1981), Clayton and
Moran (1982), Stuckenrath and others (1979), and Fowler
and others (1986) were cited as useful guides to sample
selection,

Robert Thorson discussed problems in recognizing
organic material out of stratigraphic context in terrace
sequences along the upper Yukon River drainage. For
example, wood and other plant debris may become lodged
in a deep thermo-erosional niche at the base of a river bluff.
If the bluff face then slumps or settles to clase such a miche,
the inset deposit may appear stratigraphically older than
undisturbed organic layers higher in the bluff,

Discussion then trned to the maximum age limits of
radiocarbon dating. David Carter presented a series of un-
published radiocarbon ages from the Flaxman Member of
the Gubik Formation on the North Slope of Alaska. Initial
analyses of seal bone, mollusks, and whale bone all yielded
finite ages in the range of 19.6 to 22.6 ka, but subsequent
ages on whale bone collagen yielded ages of >38 and >48
ka and a uranium-series age on the same material was abont
75 ka. Thomas Hamilton reported that radiocarbon ages
from the permafrost tunnel near Fairbanks and from Epigu-
ruk bluff in northwest Alaska were stratigraphically consis-
tent back to about 37 ka but that the ages became erratic
beyond that point. Richard Harington reviewed the dating
of a bone tool of presumed Pleistocene age from the Old
Crow Basin, Yukon Territory. Initial radiocarbon dating of
the apatite fraction of this specimen yielded an age of about
27 ka, but recent accelerator dating of the collagen fraction
of the same specimen produced an age of about 1.5 ka (see
Harington, this volume). Recent studies (for example,
Hassan and Ortner, 1977; Hassan and others, 1977) have
discredited dating of bone apatite.

Most participants agreed that Lhe reliable range of the
radiocarbon method may be less than that stated by the
laboratories, and that accelerator dating has not extended
the useful age range but provides only a means of dating
small samples. The accelerator technique also enables us to
date several fractions of a sample to reveal whether they
represent a detrital mixture. Whereas wood may be recom-
mended most often as the best materal to date, John
Mazatthews pointed out that it also generally preserves well
and, therefore, is commonty redeposited in Arctic stratigra-
phic sequences. Radiocarbon dating of moderm marine
shells from the Canadian Beaufort Sea and adjacent Arctic
Islands also i needed to regionally assess the reservoir age
of such materials.

Thermoluminescence (TL) dating is gradually becom-
ing an important dating 0ol in Alaska and the Yukon,
particularly for subdividing stratigraphy in unglaciated
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regions. No commercial laboratories do TL dating, and it
was agreed that the method is still at the research stage. TL
dating of the Old Crow tephra is critically important be-
cause the tephra forms a nearly instantaneous time datum
for subdividing the stratigraphy of a very broad region of
Alaska and the Yukon. Charles Schweger summarized
evidence from a variety of sites which place age estimates
on the tephra using different dating methods (Schweger and
Matthews, 1985). Radiocarbon analyses of saraples from
the Koyukuk River valley and the Fairbanks region provide
minimum age estimates of >56 and >80 ka, whereas a
fission-track analysis provides a maximoum age limit of
about 120 ka. A maximum age limit of 100-125 ka is also
provided by the occurence of the Blake Reversed-Polarity
Subchron of the Brunhes Normal-Polarity Chron below the
tephra at three localities (Shackleton, 1982; Westgate and
others, 1985). Extrapolation of scdimentation rates places
the age of the Old Crow tephra between at 87 and 105 ka
(Schweger and Matthews, 1985) whereas recent TL dating
of loess above and below the tephra at Halfway House
limits the age to 86+8 ka (Wintle and Westgate, 1986). In
addition, a TL age of 110+12 ka has been obtained by Glen
Berger (this volume). Given the range of ages for the Old
Crow tephra, Schweger proposed that perhaps the best age
estimate on the tephra is between 87 and 94 ka. Most
participants agreed that this was a reasonable age bracket to
use vatil additional geochronology is available, Accurate
TL and fission-track dating of other tephras found in Pleis-
locene sequences of Beringia is cqually crucial to provide
synchronous datums for regional correlation.

It was concluded that problems of geochronology,
including the reliability of datable material and the need for
more accurate methods, provide the greatest obstacle to
determining and correlating the late Cenozoic glacial and
periglacial record of Alaska and the Yukon,

Neotectenics in Alaska and
Northwestern Canada

Robert M. Thorson

Neotectonics was defined as the effects, both direct
and indirect, of regional or local crustal movements that are
either part of the Neogene stratigraphic record or have
influenced it in some way. The discussion revolved around
four principal themes: glacio-isostasy, fault zones and
relations 1o placer deposits, non-isostatic regional warping,
and Holocene faulting and fault-related activity.

The (sostatic record

Thomas Hamilion presented evidence from (he Brooks
Range for warping of late-glacial shorelines, He concluded
that glacial loading caused at lcast 100 m of differential
uplift between upper mountain valleys and the range front.

Lionel Jackson confirmed the isostatic deflection of moun-
tain valleys by presenting evidence for upwarping of exten-
sive proglacial shorelines that formed during ice recession
in southern Yukon Ternitory.

Robert Thorson and Thomas Hamilton suggested that
shorelines in the Copper River Basin should be substan-
tially warped because glacier complexes around the basin
were larger than those of the Brooks Range. Evidence
from acrial photographs indicates to Hamilton that strand
lines mear the Tangle Lakes in the northern Copper River
Basin may have stood s high as 900 m altitude owing to
crustal depression during the last glaciation. Other partici-
pants agreed that crustal warping should have occurred, but
they argued that the present ghoreline record is too frag-
mentary and the topographic data base is too imprecise 10
provide firm evidence for warping. A specific stmdy of
shoreline facies and an accurate survey of their altitudes
shounld be a future research priority.

Thorson raised the possibility that young radiocarbon
ages on deglaciation at low altitudes around the Gulf of
Alaska could reflect isostatic submergence. Howewer,
Thomas Ager and several others pointed out that other
factors such as Holocene faulting could have caused the
apparent hiatus between deglaciation and basal ages.

Fault zones and placer deposits

Stephen Morison provided evidence for hydrothermal
alteration and thrusting associated with Neogene fault dis-
placements in the Dawson area. Owen Hughes confirmed
such observations, noting that similar features also exist in
the Tintina Trench, and that a true fault scarp in this area
cuts till of the Reid glaciation of Bostock (1966). Warren
Yeend also described suwrface scarps and fault-related stra-
tigraphy in the Alaskan sector of the Tintina Trench, and
cited the work of Weber and Foster (1982) who demon-
strated Quaternary faulting near Circle. All of the discuss-
ants agreed that there ig a strong link between Neogene
tectonism and placer development, and that displacements
have contnued into the Quaternary.

Non-isostatic regional warping

Richard Reger opened the discussion by pointing out
that the Alaska Range did not exist as an obstacle to south-
ward drainage {rom central Alaska during early Tertiary
time and that its uplift history dates from the late Cenozoic.
David Hopkins stated that the Cenozoic history of all
master drainages in Alaska i3 almost completely unknown.
Owen Hughes discussed the high strath terrace along the
Yukon River, noting that it rises eastward (downriver) in
altitude to about 220 m near the Fortymile River and then
descends toward the Yukon Flats. John Williams and
Robert Thorson correlate this high strath terrace with the
high terrace flanking the Yukon Flats,
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Much of the discussion focused on the “White Grav-
els” described by Stephen Morison in the Yukon. Charles
Schweger suggested that the arkosic (grus-like) character of
the gravel could reflect the rapid deposition of mechani-
cally disintegrated regolith into newly formed Tertiary
basins. Robert Thorson pointed out that similar gravels
along the Parcupine River are interbedded with lava flows,
zeolitized argillic paleosols, and lignitized organic hori-
zons. John Williams indicated that lava is overlain by
white arkosic gravel at the westemn border of the Yukon
Flats, and that the modern Yukon River is incised below
these deposits. Lionel Jackson suggested that the petrology
of one occurrence of these basalts is consistent with tifting.
Julie Brigham-Grette pointed out that significant tectonic
activity also occurred in the Canadian Arctic Islands during
this interval. The discussants concluded that one or more
protracted episodes of substantial uplift, volcanism, and
formation of basins occurred broadly across the region
during the Tertiary.

Holocene faulting and fault-refated activity

Several participants described evidence for large land-
slides and rockfall avalanches in recently deglaciated ter-
rain. They speculated that many of these events may have
been seismically induced, but the instability and steepness
of recently deglaciated slopes must have been an important
factor as well, James Beget also mentioned that high seis-
micity might he expected as a natural consequence of
unloading during rapid deglacation.

John Williams and Richard Reger described peats of
early Holocene age that are presently submerged more than
10 m below sea level near Valdez, suggesting either
isostatic or tectonic deformation. This raised the question
of the expected lag time between deglaciation and peat
formation, especially in coastal areas. Charles Schweger
emphasized that peat is a botanical deposit, and is con-
trolled by moisture, acidity, and climate as well as by tme.
He suggested that throughout northwestern North America
3,000 to 4,000 years may elapse following deglaciation or
coastal uplift before peat is able 1o form or be preserved.

Specific research questions that developed during our
discussion included: What was the impact of basin subsi-
dence and movement along flanking border faults on the
lacustrine history of the northern Yukon basins? How do
regional tectonic warping and glacial isostasy affect the
marine transgressive record? How and when did Neogene
fanlting affect fluvial placer deposits? Are tectonic and
volcanic records obtainable from the distribution of seismi-
cally initiated rockfalls and volcanic debris flows, respec-
tively? Can the sedimentology, distribution, and fauna of
the Bootlegger Cove Formation be used to infer a coastal
isostatic record for upper Cook Inlet? Can the regional
slope of full-glacial lacustrine shoreline features be used to
infer ice thickness and distribution in the Brooks Range and

the Yukon? What evidence exists for glacioisostatic defor-

mation in the Copper River Basin? How did regional

tectonism influence the Neogene fuvial incision of interior
uplands and the formation of high-level placer benches?

Three general research problems were considered to be
particularly important:

I.  The long-term history of regional drainage systems
and interior basing remains obscure.  This history
should be smdied through correlation and dating of
high level strath terraces, interstratified lava flows,
tephra, and fluvial-lacustrine associations.

2.  Isostatic effects of Pleistocene glaciation wese signifi-
cant and measurable throughout Alaska and the
Yukon, as indicated by raised marine deposits in
coastal areas and warped lacustrine strandlines.
Systematic data need to be collected to determine
mechanisms of glacio-isostalic loading and the seis-
mic and tectonic effects of subsequent unloading.

3. Interpreting and dating fluvial and tectonic records at
placer localities is important for mineral exploration
and development and also for broader assessment of
Cenozoic stratigraphy in interior basins.

Late Tertiary Events

john V. Matthews, Ir.

The interior basins of Alaska and the Yukon contain a
rich record of late Neogene and early Pleistocene time,
which has important implications for paleoclimatology and
biogeography. Our discussion focused on fauna and flora
of the late Neogene, involving such subsidiary questions as
(1) the first development of lowland tundra, (2) the charac-
ter of the early boreal forest, (3) correlaton and dating
based on floral and faunal data, and (4) past vegetation
zoncs. Much of the discussion centered on the origin of
lowland mndra.  David Carter, David Hopkins, Charles
Repenning, and others believe that the earliest manifesta-
tion of tundra vegetation in the lowlands of the Northem
Hemisphere is recorded at the Krestovka site in northem
Siberia, and that tundra environments were present shortly
afterward at some Alaskan localities as represented in
exposures of the Gubik Formation. Matthews maintains
that floras of the Beaufort Formation on Meighen Island
represent a lowland tundra-like environment that is older
than that represented by the Gubik Formation. The flora of
the Kap Kobehnavn site in northern Greenland figures
prominently in this argument. There is a problem, how-
ever, because if Kap Kobenhavn is of Olduvai age (Olduvai
Normal-Polarity Subchron of Matuyama Reversed-Polarity
Chron) as Repenning soggests, then sites farther south that
are presnmed to be of similar age should display a much
richer boreal flora and fauna. One such site in the Old
Crow Basin has flora and fauna that apparently are less
diverse than at Kap Kobenhavn. The basic assumption
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implicit in such arguments is that the lattudinal diversity
gradient of the Neogene was similar at least in trend to that
of the present. Thomas Ager noted that it is very difficult
to know what northern Alaskan equivalents of the Cook
Inlet floras should be Jike because of the unknown effect of
latitudinaf diversity. In other words, should we expect
Seldovian-type (Seldovian Stage of Wolfe and others,
1966) pollen Roras from northern Alaska to be the same
age as those from the Seldovian type locality in southem
Alaska? Charles Repenning stated that the geologic record
no Jonger supports a clear division between forested condi-
tions in cast Beringia during the late Tertiary and wide-
spread tundra at the beginning of the Quaternary.

Another topic considered was Neogene climates and
their proxy indicators: glaciation, vegetation changes, and
dispersal events. Most discussion concemned earliest glacial
sdvances. David Hopkins stated that the earliest record on
the Seward Peninsula probably is at 2.4 Ma at Califoroia
Crcek on the Seward Peninsula. Thomas Hamilion men-
tioned the Gunsight Mountain glacial interval of Hamilton
(1979) as a probable equivalent in the Brooks Range, and
Troy Péwé stated that the Browne glaciation of Wahrhaftig
(1958) was probably also older than 2 Ma. Robert Thorson
presented possible evidence in the Alaska Range for a pre-
Browne glaciation, which led to a discussion of the record
of Tertiary ice rafting in the Yakataga Formation of the
Prince William Sound region and the question of possible
Miocene glaciations in the Wrangell Mountains. It is clear
there were major and possibly successive glacial events in
east Beringia prior to the Quaternary.

Marine and temestrial relationships were discussed
briefly, mostly in conjunction with the degree to which
Pacific mollusks swamped the resident Arctic (North Al-
lantic) fauna when the Bering land bridge was first
breached in late Pliocene time. An important question is
how long an interval was required for total replacement (in
other words, are there faunas that contain a mixture of
Atlantic and Pacific mollugks?).

A final question raised during the discussion concemed
the reason for apparently distinct modern arboreal floras on
cither side of Bering Strait. The Bering land bridge existed
for nearly all of Neogene time, and boreal forest occurred
in Alaska and East Siberia for nearly all of that inierval.
Hopkins stated that exchange of arboreal taxa during that
interval is indicated by comparison of North American
fossils to those from Siberia. Matthews noted that recent
work has shown that some of the shrubs and herbs that
were present in Neogene Siberian forests are now known
from the Beaufort Formation in North America So per-
haps the east and west Beringian forests were similar dur-
ing the Neogene. Why are they different today?

One joinmt Canadian-American research project that
would go far 1o clarifying some of our Neogene problems
would involve driling boreholes in both the Old Crow
Basin and the Yukon Flats. Alan Jndge stated that his

group had been looking into the feasibility of putting in
holes on Old Crow Mountain and in the adjacent basin.
John Williams described an earlier study at Fort Yukon,
and suggested that it might be the best locality for a new
borehole. Ideally, boreholes in the Old Crow Basin and the
Yukon Flats should be drilled in the same year, using the
same scientific sampling team and possibly the same drill-
ing crew.

Early and Middle Pleistocene Events
T.D. Hamilton

We followed international conventon in assigning to
the early Pleistocene those events that took place between
1.65 Ma and the boundary between the Mamyama Re-
versed-Polarity Chron and the Brunhes Normal-Polarity
Chron at about 790 ka (Richmond and Fullerton, 1986).
Middle Pleistocene events are those that occured afier this
polarity reversal and before the peak of the last interglacia-
tion (marine oxygen-isotope substage S¢) at about 125~130
ka. Our discussion covered glacial and sea-level records,
biogeographic and evolutionary changes in flora and fauna,
draingge history, tectonic records, development of perma-
frost and sea ice, and paleosol formation.

Glacial sequences of inferred early through middle
Pleistocene age have been reported from the Brooks Range
(Hamilton, 1986), Seward Peninsula (Kaufman and
Hopkins, 1986), and the Yukon-Tanana Upland (Weber,
1986), but glacial records farther to the south and east
generally are more fragmentary owing to active tectonism
and to overlap of older drift sheets by younger glacial
deposits., Correlations between relatively continuous and
fragmentary sequences are tenuous at presest. Although
several sea-level highstands are known from the Bering and
Chukchi Sea regions, the Arctic Coastal Plain close to the
Canadian border contains no ¢levated strandlines younger
than late Tertiary and older than Pelukian (substage Se in
age). Expansion of the tundra biome continued during
early Pleistocene time and, according to Charles Repen-
ning, evolution of microtine rodents provides a time scale
valid to within about 200 ka for some fossiliferous Pleisto-
cene deposits. A general history of drainage evolution in
the central and western Brooks Range has been inferred
from Thomas Hamilton’s detailed mapping of drift shests
deposited by sequential glacial advances of early and
middle Pleistocene age. Drainage evolution elsewhere in
Alaska and the Yukon during this interval is poorly known,
according to Stephen Morison and Warren Yeend, but the
widespread occurrence of economically important placer
deposits makes this research field of particular interest,
Tectonism altered relief and drainage patterns of many
areas and impacted others through changes in wind pat-
terns, precipitation values, and regional drainage. Few
quantitative data are available on the timing or rates of
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faulting and other tectonic changes during this interval, but
the topic is of great importance to studies of crustal dynam-
ics and 10 assessment of geologic hazards as well as to
Quatemary geology. Development and expansion of per-
mafrost in northern Alaska and Arctic Ocean ice cover
probably occurred during late Pliocene time, but details are
littte known. Studies applicable to permafrost and sea-ice
history include palececology of fossil taxa, decp thermal
profiles in permafrost boreholes, and history of kettle for-
mation in icecored glacial deposits. Detailed studies of
paleosols in Yukon Territory by Charles Tarnocat show
that these fossil soils reflect (he ages and environments of
their formation, Mapping of similar paleosols should be
carried out in central Alaska as an aid to dating surficial
deposits and extending correlations across the international
boundary.

Absolute ages of early and middle Pleistocene events
are provided by K-Ar, thermoluminescence, and fission-
track dating and by paleomagnetism; amino-acid analyses
provide a means of relative-age dating and correlation.
Absolute-dating approaches show that the very extensive
Anaktuvuk River-Nome River drift complex of northen
and northwestern Alaska formed shortly before 790 ka
according to David Hopkins, and TL dating by J.A.
Westgate (University of Toronto) and Troy Péwé shows
that the Gold Hill Loess around Fairbanks began to form
about 450 ka.

A major problem in both Alaska and the Yukon is the
age of the youngest glacial event that preceded late Wis-
constn glacigion. Data from northern Alaska suggest an
age younger than the last interglacial maximum (substage
Se) according to Thomas Hamilton, and a comparable his-
tory has been reported from the eastern Canadian Arctic
(Andrews and others, 1985). On the other hand, examina-
tion of soils in the Yukon by Charles Tamnocai suggest that
seemingly correlative drift may be older than substage Se.
This controversial topic was covered more exiensively in
the following discussion session.

Late Pleistocene Glacial Advances
Jean-Serge Vincent

The workshop participants were asked to present the
crucial data which enabled them to recognize the existence
and chronology of glacial advances during late Pleistocene
time (132 10 10 ka) in their individual study arcas. The
informal time divisions presented in table 1 were followed
to ensure a uniform chronologic framework.

In the Brooks Range, according to Thomas Hamiiton,
three major ice advances have occurred since marine oxy-
gen-isolope substage Se. In the southern Brooks Range the
oldest and most extensive advance, termed the Siruk Creek,
occurred prior to deposition of the Old Crow tephra and
overlying forest beds. This advance is younger than oxi-
dized interglacial gravels, and probably took place during

Table 1. Informal time subdivisions of late Pleistacene time
used in discussion

. L Marine
Epoch Glacistenfinlorgiaciation Age oxyge-ivotope
RS nagct and
Sage Substage o k) w'bgﬂcu
HOLOCENE 0-10 1
PLEISTOCENE
Lare Wisconsia 18- 2
WISCONSIN Middle Wisconsin 23-65 3
BEady Wisconsin 6380 4
Lae Sangsmon 8$0-122 Sa
D
SANGAMON e
5
Early Sangamam Se

122-132

substage 5d and (or) 5b. The early(?) Wisconsin Cheban-
ika advance (>35 ka) and the late Wisconsin Walker Lake
advance, dated at between 25 and 12 ka, followed. In the
northern Brooks Range, after a period of weathering and
soil formagion assigned to marine oxygen-isotope substage
Se, ice of the Itkillik 1A glaciation of Hamilton (1986)
advanced in phase with the Siruk Creek advance in south-
cm valleys. The subsequent Itkillik IB and Itkillik 11 gla-
cial advances probably took place during oxygen isotope
stages 4 and 2, respectively. Glaciations may well have
occurred during Sangamon time (substages 5d and (or) Sb)
because at that time the oceans were warmer and the
summers cooler on land. Abundant moisture sources,
therefore, were available for snowfall, but summer ablation
would have been inhibited.

According to Thomas Hamilton, the glacial record in
the Yukon-Tanana Upland (Weber, 1986) is very similar o
that of the Brooks Range. He also stated that at Canyon
Creek, outwash of the Dclta glaciation of Péwé (1953),
derived from the Alaska Range, is overlain by sediments
that contain bones with uranium-series ages of about 80 ka.
This suggests that glaciation of late Sangamon age took
place in the Alaska Range as well.

Late Wisconsin glacial advances are well documented
in the Alaska Range and the Canadian Cordillera, but the
existence of early Wisconsin or late Sangamon ice ad-
vances is stll subject to controversy. Glacial deposits
underlic nonglacial sediments that are older than the time
range of radiocarbon dating and that contain the Old Crow
and Sheep Creek tephras. These glacial deposits may date
from the early part of the late Pleistocene but they could
also be older. On the basis of data at the Ash Bend locality
in the Yukon, for example, Owen Hughes now believes that
the Reid glaciation of Bostock (1966) is much older than
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the Sheep Creek tephra and may predate the Sangamon.
According to Charles Tamocai, this older age assignment is
also supported by the stratigraphic position of the Diversion
Creek paleosols, of probable Sangamon age, which overtie
Reid till. In the Alaska Range, the age of the pre-late
Wisconsin Delta glaciation, generally correlatcd with the
Reid glaciation, is uncertain. Thomas Hamilton believes
that two advances of Delta age may have occurred respec-
uvely during late Sangamon and early Wisconsin time.
However, Troy Péwé argues that the Delta glaciation may
be middle Pleistocene in age because (1) interglacial soils
are developed on its till, (2) tephras correlated with the Old
Crow and Sheep Creek tephras found in loess linked with
the ice advances are providing ages of 120 ka or older, and
(3) in at least three localities the Blake geomagnetic excur-
sion (Blake Reversed-Polarity Subchron of Brunhes Nor-
mal-Polarity Chron), which occurred about 115 ka, is re-
corded in sediments overlying the till. In the Watson Lake
area of the Yukon, Lionel Jackson observed no sediments
recording Sangamon through middle Wisconsin events.
The existence or nonexistence of an extensive glaciation in
the early part of the late Pleistocene remains an open
question, Julie Brigham-Grette snggested that the apparent
absence of a record of glaciation in the Cordillera during
oxygen-isotope stages 5 to 3 is perhaps due to the fact that
late Wisconsin ice advances of the McConnell or Donnelly
glaciations (of Bostock, 1966, and Péwé, 1953, respec-
tively) were so extensive that they obliterated the earfier
glacial record. In the Brooks Range the record is preserved
because the earlier ice advances of the late Pleistocene
were stronger than the later ones.

The chronology of lacustrine filling of the interior
basins of the Yukon seems to indicate that Laurentide ice
was strong enough to advance to the Cordilleran mountain
front (thus blocking eastward drainage and impounding
waters) only in the later part of the late Pleistocene (after
about 35 ka). No earlier record of such an event seem 10
be recorded in the basins or at the ramparts which served
as spillways for the glacier-dammed lake basins.

Two late Pleistocene ice advances are documented in
the Northem Interior Plains, both on land onr the coastal
plain (by Jean-Serge Vincent) and offshore on the shelf (by
Julie Brigham-Grette). There is a general consensus that
the youngest ice advance, the Tutsieta Lake phase of Owen
Hughes, took place during late Wisconsin time and was
confined on land. The age of the earlier and more exten-
sive late Pleistocene ice advance, which extended (o the
continental shelf, is controversial. This event, which has
been assigned to the Hungry Creek glaciation in the Bonnet
Plume area by Owen Hughes and to the Buckland glacia-
tion on the Yukon Coastal Plain by Rampton (1982), could
be as old as late Sangamon (marine oxygen-isotope sub-
stage Sd ar 5b) or as young as middle Wisconsin in age.

Because of the lack of adequate dating techniques for
deposits beyond the range of the radiocarbon method, most
of our age assignments for deposits older than about 35 ka

commonly rest on the assignment of associated organic-
bearing nonglacial deposits to the Sangamon interglaciation
or the middle Wisconsin nonglacial period. The presence
of tephras or geomagnetic events permits better age assign-
ments in some instances. Glacial advances of stages 5 and
4 age may be present in the Brooks Range, but are more
dubious in regions farther to the east and south such as the
Alaska Range, the northwest Yukon, and the periphery of
the Laurentide ice sheet. If a major ice advance did not
occur at this time, what then is the age of the well-docu-
mented glaciogenic deposits found stratigraphically below
glacial deposits of late Wisconsin age? Do these predate
the Sangamon or were they laid down during late Sanga-
mon or early Wisconsin time? These important research
problems deserve particular attention,

Late Pleistocene Interstadial Intervals
Charles E. Schweger

Interstades must be considered as unique time periods
of considerable binlogical and climatic significance rather
than merely as warm periods that bracket glacial stades. To
initate discussion, Charles Schweger described evidence
for the Koy-Yukon thermal event, a period when treelines
advanced and active layers despened through much of in-
terior Alaska and the Yukon. Dated at between 50 and 60
Kka, it occurred during the insolation maximum that initiated
marine oxygen-isotope stage 3. Troy Péwé pointed out that
evidence from the Fairbanks area indicates this may have
been the warmest climatic interval in the past 500 k.y. If
it is of stage 3 age, he asked, why is this event more promi-
nent than the Sangamon (the last major interglacial inter-
val) and how daes one use a climatic signal for distinguish-
ing interglacials from interstadials?

Mary Edwards demonstrated the usefulness of the
marine oxygen isotope and Milankovitch insolation records
for testing paleoclimatic reconstructions. Marins oxygen-
isotope stage 1 (Holocene), stage 3 (in part Koy-Yukon
thermal event), and substage Se (Sangamon) represent three
late Pleistocene warm periods with different insolation
budgets and duration. The length of the warm period may
be of great importance because the migration lag of many
boreal forest species may be considerable, as demonstrated
by the Holocene record. Because of its long duration, stage
3 might appear to have a warmer climatic signal than
substages Sa, 5¢, or Se. In addition, the boreal forest can
create its own climate through changes in albedo, surface
wind shear effects, and snow depth. Once established, the
forest could conceivably enhance or reinforce the results of
a warmer and possibly more moist climate. Several partici-
pants suggested that the interval represented by marine
oxygen-isotope substage 5e may never have seen the full
development of boreal forest vegetation, and therefore it is
poorly represented in the stratigraphic record. David
Hopkins, however, noted that substage Se is represented on
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the Seward Peninsula by higher sea levels and an apparent
westward advance of boreal treeline (see Hopkins, 1967).

The botarical record of interstadials is rapidly develop-
ing and points to the need for more autecological studies.
Typha (cattail) is known to have greatly expanded its range
during the Koy-Yukon thermal event and the early Holo-
cene, indicating higher summer water temperatures and (or)
higher nutrient status. Alnws seems to have been present in
the interior during the Koy-Yukon thermal event but not
during other interstadials. Thomas Ager expressed a cau-
tionary note by pointing out that ecotypic evolution may
have occurred during the course of the late Pleistocene,
making modemn autecological data less reliable.

Knowledge of interstadial, interglacial, and stadial
faunag is much less precise, and we need to follow a more
strict stratigraphic approach to vertebrate studies, Richard
Harington added that many of the so-called “‘arctic™ species
appear to have existed throughout the late Pleistocene
seemingly without regard for the differences between sta-
dia! and interstadial conditions. This led David Hopkins to
suggest that past interstadial vegetation may have had a
more open character than that of true interglaciations.

Thomas Hamilton criticized reliance on very old radio-
carbon ages based on isotope enrichment, and several dis-
cussants commented on the wide range of ages assigned to
the Old Crow tephra in regional chronologics. An age
range of 87 to 94 ka for the Old Crow tephra (see “Geo-
chronology™ discussion) allows the tephra to be placed in
substage Sc, which satisfies the pollen evidence.

There is also special interest in events occurring
around 35 ka (late stage 3). Pollen studies over eastern
Beringia point out the existence at this time of an east-weast,
as well as the more familiar north-south, climatic and
ecological gradient. This period also seems to have been
the dree of pronounced westward expansion of the Lauren-
tide ice sheet, with resulting proglacial flooding through
northern Yukon basins and the Porcupine River. This
episode of ice growth and expansion during middle Wis-
consin time challenges our assumptions about interrelations
between climate and glacial events. Data presented by
John Matthews and Thomas Hamilton suggest that the late
Wisconsin (stage 2) may have included warm oscitlations.
Mary Edwards pointed out that the type of study site will
greatly influence the record of paleovegetation, and that
many different sites will be needed to adequately represent
regional vegetation and therefore synoptic paleoclimate,

Canadian-American Collaborative Research
L. David Carter

In the final discussion session we reviewed ongoing
research projects involving Canadian and American scien-

tists, identified topics and specific problems that are best
addressed through joint Canadian-American research, and

discussed field excursions in Alaska and the Yukon that

would provide information necessary for a preliminary

cvaluation of some of these problems.

Ongoing Canadian-American collaborative research
includes studies of the Quatemary stratigraphy and tephro-
chronology of central Alaska being carried out by Troy
Péwé, J.A. Westgate (University of Toronto), and A.G.
Wintle (Camnbridge University). Their work focuses on the
resolution of many long-standing stratigraphic problems
through thermoluminescence dating of loess, fission-track
dating of rephra, petrographic and geochemical correlation
of tephras, radiocarbon dating of shells, wood, peat, and
bone, and paleomagnetic siratigraphy of loess. Charles
Schweger and John Matthews, in collaboration with Péwé
and Westgate, are correlating tephras across Alagka and the
Yukon and using them as datums in order o reconstruct
spatial variation in paleoecological conditions during in-
stants of geologic time.

Topics and problems that seem particularly appropriate
for collaborative research initiatives include:

1. Application of the siatigraphy and sedimentology of
placer gravels established for the Yukon (see Mori-
son, this volume) to studies of the origin and distribu-
tion of placer gravels in eastern and central Alaska

2. A taxonomic study of the Cnpple Sump fauna of
central Alaska. This would augment the ongoing
placer research projects in both Alaska and the
Yukon.

3. Coring through the deep sediments that fill the Yukon
Flats and the Old Crow basins, and instrumenting the
corgholes for precise temperature measurements.
This will allow comparison of the depositional histo-
ries of these tectonic basins, and provide important
information on heat flow; permafrost temperature,
history, and thickness; and climati¢ change for north-
east Alagka and the Yukon.

4.  Tracing high-level terraces of the Yukon River into
Alaska and determining their relation to climatic
change and tectonism,

5. Comparing the Pleistocene glacial sequence in the
Yukon with those established for the Brooks Range,
Alaska Range, and Yukon-Tanana Upland,

6.  Determining the size and number of late Pleistocene
catastrophic floods of the Porcupine and Yukon riv-
ers, and comparing this record with the history of
sedimentation in the Bering Sea to idendfy flood-
generated pulses of sedimentation.

7. Dewveloping a soil chroposequence for glacial and
nonglacial deposits in Alaska that can be compared
with the soil chronosequence established for the
Yukon (see Tarnocal, this volume). This would atlow
correlation of geomorphic surfaces between Alaska
and the Yukon.

8. Determining radiometric ages of Cenozoic lavas on
the east side of the Yukon Flats that are interbedded
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with organic-rich deposits. Samples of the organic-
rich deposits are in hand and are being studied by
Thomas Ager and Charles Schweger. Dating the
lavas will provide a record of vegetation change that
can be extended into the Yukon and cormelated with
the Tertiary floral stages established for the Cook
Injet region.

It was the unanimous opinion of the workshop partici-
pants that joint Canadian-American field excursions be
organized for the summer of 1988 to evaluate several of the
research opportunities enumerated above and examine
some of the localities discussed at the workshop that are
most critical 1o the interpretation of late Cenozoic deposits
and events in Alaska and the Yukon. The excursions
should include examination of key stratigraphic sections on
the Stewart, Porcupine, and Yukon Rivers via riverboat,
and in the Whitehorse and Dawson areas and the Tanana
River valley by automobile or van.
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