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ABSTRACT

Unconsolidated sediments at Cape Deceit near Deering, Alaska
range in age from latest early Pleistocene to Holocene. Plant and
insect fossils from these sediments, as well as certain sedimentary
features, provide evidence for documenting evolution of the terrestrial
.ecosystem at beering.

A tundra ecosystem functioned at Deering for most of the time
represented by the Cape Deceit sedimentary sequence. The regional
tundra environment of nérthern Seward Peninsula during early Pleisto-
cene time was similar to that of the present; however, the local
environment at Cape Deceit was quite different, being only scantily
vegetated. Starting in the middle Pleistocene the regional tundra
vegetation evidently became more grassy, a trend which culminated in
steppe-tundra conditions during latest Wisconsin time.

Former periods of warmer climate at Deering are indicated by
evidence for westward movement of treeline: The last time forest or
forest-tundra existed at Deering was no later than the penultimate
interglacial. Spruce treeline stood closer to but not at Deering
during the Sangamon interglacia;. At least once, during latest early
Pleistocene time, treeline at Deering was comprised of larch instead
of spruce.

Most ecosystem evolution which has occurred at Deering is of
the non-phyletic type, i.e. involving little or no in situ evolution
of plants and animals. The only definite evidence of evolution among

insects during the 400,000 or more years represented by the Cape Deceit

sequence is reduction of flight wings in Tachinus apterus (Coleoptera:

Staphylinidae).
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- INTRODUCTION

Recent papers by D.M. Hopkins (1967a; IN PRESS, 1972) have
admirably summarized and collimated present knowlédge of Quaternary
geology, paleontology, and biogeography of the Beringian region,
including eastern Siberia, western Alaska, and the intervening Bering
and Chukchi epicontinental seas. Several gaps in our knowledge of the
~ history of this area are also revealed by Hopkins' papers. The most
glaring of these is the paucity of iﬁformation on early and middle
Pleistocene terrestrial environménts in western Alaska--a result of
the fact that sediments of that age in the area are predominantly
near-shore marine in origin (Hopkins, 1967b). In contrast late
Pleistocene environmental history of western Alaska is much better known
(Colinvaux, 1967; Hopkins, IN PRESS, 1972); although much more work
will be necessary to obtain paleoenvironméntal data comparable to that
now available in areas such as north central United States'and western
Europe. Much of this information will no doubt come from continuing
palynological research in Alaska, but the most valuable studies are likely
to be those employing a combination of several analytical techniques.
Such a multifacetted study is the subject of this paper. Fossils of
pollen, plant macrofragments, and insects from Quaternary sediments at
Cape Deceit (Fig. 1; Guthrie and Matthews, 1971) are analyzed, and
attention is also given to the possible paleoclim:tic implications’ of
certain'sedimentary structures occurring at the exposure.

Oldest sediments at the Cape Deceit exposure are of latest
early Pleistocene age (Cromerian); consequently, their foss;ls should
help to alleviate the limited fund of knowledge on early and middle

Pleistocene terrestrial environments. Some of the results are unexpected.



For ‘example, sediments froﬁ'the lower part of the exposure document
several climatic fluctuations during which conifers expanded their
western limit to includé Deeriné énd Cape Deceit. One such flﬁctu-
ation saw existence of a larch treeline in the Deering region; Also
of significance is the fact that the oldest sedimentary unit at Cape
Deceit contains the first North American record of the Eurasian rodent
genus, Pliomys (Guthfie and Matthews, 1971) and the most primitive
representatives of small mammal lineages whose contemporary members
dominate tundra faunas.

Dating of the upper portions of the Cape Deceit sequence is
open to question; however, it certainly includes sediments of late
Wisconsin age. The fossils from ‘them also offer some surprises in the
form of grassland insects which are either very rare or do not occur at
all in Alaska today as well as other insects which imply significant
differences in substrate pH and other environmental parameters. In
other words, pollen, plant macrofossil and insect fossil data discussed
below show clearly that the present tundra environment is quite differ-
ent from that which existed in Alaska as late as 12,000 years ago. In
as much as such differences are revealed by changes through time of
both the biotic and abiotic enviromment (due ultimately to climatic
change), the paleoenvironmental record presented here is actually a

history of ecosystem change--ecosystem evolution.



METHODS

I. POLLEN SAMPLES
‘ Pollea.sample; discussed here have béen ﬁfepared usiﬁg a modi-
fiéd version of a schedule developed by Mehringer (1967) specifically
for alluvial pollen samples. My modifications (greéter number of swirls,
prolonged HF tfeatment, and elimination of HNO3 treatment) help to con-
centrate sufficient pollen for analysis, often a problem with samples
representing tundra, while at the same time insuring preservation of the

partially degraded pollen usually occurring in colluvial sediments.

II. MACROFOSSILS

The initial step in Mehringer's procedure of processing pollen is
to wash approximately 50 ml of sediment through 0.254 mm screen in order
to removc large organic and mineral fragments. Residue left on the screen
often contains plant and insect macrofossils, providing, in some cases,
alternate evidence for interpretétion of pollen data.

Large sediment samples (200 + kg) from selected levels in the
Cape Deceit exposure were processed in order to obtain large assembl-
ages (samples) of plant and insect macrofossils. Silts and peaty silts
‘were first sieved with 0.635 mm screens at the fossil locality. The
residue was then sieved again with 0.317 mm screens in the laboratory
to remove remaining silt and clay. Next, seeds were skimmed from the
floating fraction of the residue, and if extremely abundant, a randomly
selected sub-sample was used for analysis (see PLANT MACROFOSSILS) .
Finally the insect fraction of the original sieve residue was concent-

rated using a flotation technique developed by Coope (1961). A

dissecting microscope was then used to isolate identifiable insect



fragments which were either stored in aléohol or immediately glued to
macrofossil slides.

Samples of felted (bedded) peat, which oecur at some levels in
the exposure, were processed differently since they often contain
exceptionally well preserved, partly articulated insect fossils. Such
peat samples were collected in blocks and carefully pried apart in the
laboratory. Articuléted fossils were removed individually and glued to
macrofossil slides. Partially articulated insect fossils occasionally

occurred also in carbonate cemented silt peds.

III. IDENTIFICATION AIDS

Pollen and spores were identified using keys, illustrations in
current palynological literature (Faegri and Iversen, 1964; Erdtman,
1965, 1966, 1969; Erdtman et al., 1961, 1963; Beug, 1961) and refer-
ence slides. Herbarium specimens, as well as keys and illustrations in
Berggren (1969), Beijerinck (1947), Bertsch (1941), Brouwer and Stahlin
(1955), Martin and Barkley (1961), and Katz et al. (1965), aided ident-
ification of plant macrofossils. Insect fossils were identified mainly
by the author using comparative material in his own and museum collect-
jons. K.G.A. Hamilton identifiéd Homoptera fossils; W.R.M. Mason
examined some of the Hymenoptera fossils; M.J. Campbell checked Tachinus
and Micralymma determinations; C.H. Lindroth examined specimens of

Harpalus cf alaskensis Lth.; and R.E. Leech identified épider fossils.

The entire fossil collection is presently in the author's posses-

sion at the Geological Survey of Canada (Ottawa). A permanent repository

will be chosen at a later time.



GEOGRAPHIC AND BIOTIC SETTING

Quaternary exposures discussed here occur adjacent to Cape
. v v

Deceit, a prominent landmark in the low-lying northern coastal region
of Seward Peninsula (Figs. 1, 2). Deering, a small Eskimo village at
the mouth of the Inmachuk River, is within four kilometers of the Cape
and Quaternary exposures (Fig. 1). Deering is in a region of contin-
uous permafrost. Mean annual temperatures range from -4 to -80C, and
mean annual precipitation is between 130 and 150 mm (Hulté;, 1968).

Local bedrock in the Deering region consists mainly of Paleo-
zoic metalimestone (exposed at Cape Deceit) and schistose pelitic rocks
of Paleozoic age, locally covered by Cenozoic basalts to the south and
west of Deering (Hopkins, 1963; Hopkins et al., 1971). Surficial sedi-
ments in the area are mostly primary and reworked loess that is capped
in most areas with a thick sedge or moss turf. Coarse alluvium is
in the valleys of the 1aiger rivers édch'gé the Inmachuk (Fig. 2).
Marine sands and gravels, as well as estuarine detrital peats, are in
areas which were inundated or formed shorelines during the last, or
Sangamon (=Pelukian) interglacial.

Northern coastal portions of the Seward Peninsula have never
been glaciated. During Illinoian time glaciers existed in the head-
water region of the Kiwalik River, southeast of Deering (Fig. 2). To
the north Illinoian glaciers originating in the western Brooks Range
approached aé close to Deering as Baldwin Peninsula (Fig. 2). Outwash
streams emanating from that area and flowing across the then dry floor
of inner Kotzebue Sound (Fig. 2) would have provided an ample source
for loess deposited in the Deering area. Different conditions pre-

vailed during Wisconsin time. Glacier termini were more distant from



the Deering region, and outwash streams originating in the western
Brooks Range were prevented from a close approach to Deering by the
terminal moraine complex now forming part of Baldwin Peninsula. Thus
the amount of loess deposited at Deering during Wisconsin time was
much less than during the Illinoian.

Deering and Cape Deceit are presently within a region of shrub
tundra (Zone 4 of Young, 1971;‘"hypoarctic tundra" of Yurtsev, 1972).
A detailed discussion of the flora and vegetation of the Deering-Cape
Deceit area is not within the scope of this paper; however, a few
general comments are required. Silty soils of the uplands near Deering
support an Eriophorum tussock-dominated tundra in which certain heaths
(Ericales) and prostrate shrub birches (Betual nana) are also common.
Dryas fellfield frequently occurs in dry areas with poorly developed soils.
Sedges and mosses dominate moist areas of the lowlands; but where soil

is especially peaty, Rubus chamaemorus (Salmonberry), Empetrum nigrum

.(Crowberry), and dwarf birches are abundant ('Cloudberry dwarf shrub
marsh" Hanson, 1953). On sunny slopes and floodplains of the larger
rivers grow élders, shrub willows, -arid dwarf birches taller than the
prostrate forms existing elsewhere.

Shrub willows also occur near inactive peat rings and at the
margins of now stable solifluction lobes on the uplands. Throughout
the Deering region, gfasses are relatively rare, except at very dry
sites. Artemisia was observed growing only on the unstable, deeply
thawed coastal bluffs.

Detailed descriptions of the vegetation in other areas of
western Alaska are outlined in Hopkins and Sigafoos (1950), Hanson (1953),
and Johnson et al. (1966). The latter report, dealing with the Cape

Thompson area, describes several "yegetation types" which also occur



in the Deering region. Papers concerned with more northern parts of
Alaska (Hultén, 1968; Wiggens and Thomas, 1962; Britton, 1966) show

that some important plants of the Deering region--e.g. Betula, Alnus--

dq not occur farther north (Young, 1971). A more severe regional
climate is probably the cause.

Spruce treeline is located approximately 75 km east of Deering
(Fig. 2), although isolated outliers of spruce occur within 40 km of
the town. Figure 2 shows that spruce treeline in the Kotzebue Sound
area possesses a marked eastern re-entrant which is not duplicated in
other coastal'areas of Seward Peninsula Qgﬂ&., on the south side of the
peninsula, Fig. 2). This may be an effect of relatively cold surface
waters in Kotzebue Sound (Fleming and Heggarty, 1966).

The insect fauna of western Alaska is poorly documented. Even
faunal lists from such intensively studied sites as dape Thompsén
(Fig. 1) (Watson, et al., 1966) contain obvious omissions. Nevertheless,
the scanty knowledge which is available indicates that shrub tundra
sites such as Deering are inhabited by an insect fauna with strong
Hudsonian affinities (W.R.M. Mason, Pers. Comm., 1971), implying that
the tundra fauna there is not radically different from that in forested
areas immediately to the east. Greatest forest versus tundra faunal
distinctions probably exist among the Coleoptera (beetles), since

several obligate tundra beetle species occur at Deering.



STRATIGRAPHY AND CHRONOLOGY

I. STRATIGRAPHY

Stratigraphy-of the Cape Deceit exposures has been discussed
in detail by Guthrie and Matthews (1971) and is presented diagram-
matically in Figures 3, 4, and 5. Three ma jor stratig:aphic units~-
Cape Deceit Formation, Inmachuk Formation, Deering Formation--are
recognized. These haQe been subdivided into a number of minor strati-
graphic units,such as Peat 1, Unit 1, etc. Mutual contacts of the
three formations are angularly unconformable and otherwise character-
jzed by distinctions of sediment, color, and texture (Guthrie and
Matthews, 1971). Organic silt is the dominant sediment in aLl three
formations; however, some units contain lenses of sand or gravel as
well as laterally continuous peat horizons (Figs. 3, 4).

Correlation of some of the peat horizons here differs from that
given in Guthrie and Matthews (1971) . 1In that report Peat 6 at Station
1 was described as consisting of two peat horizons separated by a thin
band of silts (sample 47-69,‘Fig. 7). I now feel that the designation
"Peat 6" should be restricted to the lower peat (source of cl4 sample
1-4780, fig. 5). The thick upper peat at Station 1 is probably equiva-
lent in age to the late Holocene blocky, moss peat occurring at other
parts of the Cape Deceit exposure (e.g.,site of sample 72-67, Figs, 7,
10) as well as at other sites in the Kotzebue Sound region.

| Figure 6E shows Peat 5 and associated sediments at onz part of
the exposure at Station 8 (Fig. 4). Toward Cape Deceit Peat 5 merges
with overlying organic silts and peaty silts (samples 99-68 and 100-68)
to form a single organic horizon. Accordingly, the designation "Peat

5n at Station 8 applies to the actual peat horizon as well as immediately



: ovérlying organic silts. Thus, éamples 99-68, 100-68, and probably
even macrofossil assemblage (sample) S-5 (Fig. 7) should be considered
to be within the Peat 5 stratigraphic unit. Pollen evidence»presented
below shows that organic sediments of basal Unit 2 at Station 1 should
not be referred to Peat 5 as is done in Guthrie and Matthews (1971).
II. CHRONOLOGY

Arguments on the probable age of the Cape Deceit Formation and
overlying sediments have been stated elsewhere (Guthrie and Matthews,
1971). A detailed, slightly re&ised compilation is given in Figure 5.
Paleoenvifonmental data presented in this paper and other .information
not available before 1971 make necessary further discussion of the Cape
Deceit chronology. Important dating criteria used in that discussion
are: (1) radiometric dates (Deering Fm. only); (2) stage of evolution
of certainmammalian taxa; (3) fossil evidence of a more western position
for treeline; and (4) sedimentary features indicative of £hawing and

erosion.

Cape Deceit Formation

Mammalian fossils from the Cape Deceit Local Fauna, hereafter
referred to as the CD Local Fauna, provide the best evidence for dating
the Cape Deceit Formation. Comparab1e1nammalianassemblages exist only
in the Palaearctic, hence the use of European terminology in Figure 5.
Local Alaskan correlation is difficult since the early andmiddle Pleisto-
cene of the State is represented primarily by near-shore marine sedi-
ments (Hopkins, 1967b)--not the type to contain vertebrates such as
those from Cape Deceit.

In the previous report on Cape Deceit (Guthrie and Matthews,

1971) the stage of evolution of three newly described small mammal taxa
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from the CD Local Fauna--Microtus deceitensis, Pliomys deeringensis, Pre-

‘dicrostonyx hopkinsi--was taken to mean that the Cape Deceit Formation is

of pre~Cromerian age. As long as the term "Cromerian'" is applied to a
single pre-Mindel interglacial, this conclusion is still valid and is
substantiated by recent eQidence from Siberia. But in the discussion
below "Cromerian" is used in a more extensive sense (Zagwijn, et al.,
1971), making the entire Cape Deceit Formation Cromerian rather than pre-
Cromerian in age.

'Evidence from eastern Siberia for the age of the Cape Deceit Forﬁa-

tion is based on fossil mammals of the Olyor Suite on the Chukochya River

(Kolymian Lowland) (Sher, 1971). Olyor small mammals include a species
of Microtus equally as primitive as M. deceitensis and a species of

Dicrostonyx which is slightly more advanced dentally than Predicrostonyx

hopkinsi (A.V. Sher and V.S. Zazhigin, Pers. Comm., 1970). The Equus
terminal phalanx illustrated in Guthrie and Matthews (1971) is thought
by Sher (Pers. Comm., i970) to represent the Olyor species E. (Plesippus)
verae, whiie the illustrated Equus premolar probably represents a species

more advanced than the Villafranchian E. (Plesippus) stenonis. In Sher's

ana Zazhigin's opinion these facts suggest that the CD local fauna pre-
dates the oldest assemblage in the Olyor Suite. Olyor assemblages are
considered to be the Siberian equivalent of the middle European Mindel-
Mindel/Riss Tiraspol fauna (Gromov, 1970; Vangengeim and Sher, 1970),
which means that the CD Local Fauna and the Cape Deceit Formation are
older than Mindel (=Elster). Furthermore, since the Cape Deceit Formation
occurs below an unconformity that resulted from interglacial thawing and
erosion, the formation probably predates not only the European Mindel

(Elster) but also the interglacial immediately preceding it.
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I have referred to'this interglacial as the Cromerian (Guthrie
and Matthews, 1971), but the Cromerian stage is actually a complex of
several glacials and interglacials (Zagwijn, et al., 1971; West and
Wilson, 1966); so if that term is to be used at all with refefence to
the Cape Deceit Formation, it should be applied to the entire formation,
which also-includes several glacial and interglacial fluctuations (Fig. 5).
The term "Cromerian" is used here in the same way as in The Netherlands
where it denotes the series of glacial-interglacial fluctuations predating
the Elster glaciation and post-ddting the early Pleistocene Menapian
glaciation (Zagwijn, et al., 1971; Van der Hammen, et al., 1971).
Radiometric and paleomagnetic dating show that in Europe it represents
the time interval 400,000 to 900,000 years BP. Thus these dates reflect
the probable minimum ages for deposition of the Cape Deceit Formation.

More precise correlation of the Cape Deceit Formation should
be possible in the near future, since an attempt to date the sediments
paleomagnetically (as in Zagwijn, et al., 1971) is being planned. Also,
fossils of Pliomys and a very primitive species of Microtus have recently
been discovered in Saskatchewan (A.M. Stalker, Pers. Comm., 1972). When
these are studied and compared with Cape Deceit fossils, they should
allow correlation of the Cape Deceit Local Fauna with one of the estab-
lished North American Land Mammal ages. An attempt should also be made
to daﬁe Cape Deceit bones using a technique recently outlined by Bada
(1972). A prerequisite of the method is that the bones have had a stable
temperature histéry. Thougﬁ this cannot be assured for the Cape Deceit
fossils, they have undoubtedly undergone less fluctuation of temperature

than fossils from any terrestrial assemblage of comparable age.
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Inmachuk Formation
A single Pliomys molar was found in the lower sands of the
Inmachuk Formation. .ngause PliomzsadoesAnot occur in early or late
Pleistocene faunas of eastern Siberia, yet must have passed through
that area to get to North America (it is of Palaearctic derivation),
this singié fossil tends to indicate that the Inmachuk Formation is al-
so of pre-Olyor (pre-Mindel) age. But if the single fossil was rebedded
from the Cape Deceit Formation then all that can be said of the age of
the Inﬁachuk Formation is that it predates Deering Formation Unit 1,
shown in the following discussion to be of probable Illinoian age (Fig.
5). |
Deering Formation
Cl4 dates show that Unit 2 of the Deering Formation is of
Wisconsin and Holocene age. Peat 5 is older than 39,900 years (Fig. 5).
Since it represents a warmer climate (see POLLEN ANALYSIS) and occurs
below late Wisconsin sediments, it is likely to be either of Wisconsin
jnterstadial or Sangamon interglacial age. -

Presence of Dicrostonyx henseli Hinton fossils at the base of

Unit 1 (henseli Zone) was previously cited (Guthrie and Matthews, 1971)
as evidence that Unit 1 is of Illinoian age, which would iﬁply in turn
that underlying Peat 4 is of Kotzebuan interglacial age (=Kotzebuan
marine transgression) and that Peat 5 is of Sangamon age.

The essence of the argument is that the extinct lemming D.
henseli is assumed to be the immediate ancestor of the extant D.
torquatus Pallas, meaning that Cape Deceit sediments containing D.
henseli predate the earliest (late Illinoian) Alaskan record of D.
torquatus, providing, of course, that D. henseli fossils do not repre-

sent a relict population. Relict populations of D. hudsonius (Pallas),
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a species very similar to if not conspecific with D. henseli, occur
today on the tundra east of Hudson Bay, but no such pronounced geographic
barrier ever separaﬁéd tuﬁdra environmeﬁts iﬁ central and western Alaska;
so D. henseli likely occurred in the latter area only before evolution
of D. torquatus. Recently, however, an M§ morphologically intermediate
between those in D. henseli and D. torquatus was found in Wisconsin age
sediments at Cape Espenberg (Fig. 2) (D.M. Hopkins and C.A. Repenning,
Pers. Comm., 1971). But this fact does not necessarily invalidate the
assumption that D. hemseli fossils predate D. torquatus since such inter-
mediates are to be expected in the evolutionary progression ffom one to
the other; and moreover, they are sure to occur 'if, as some workers
believe, D. henseli and D. torquatus are merely temporal variants to a
single species.

Other facts also suggest that Unit 1 of the Deering Formation
js of Illinoian age. These are:

(1) Primary loess thickness in the Deering Formation exceeds
three meters (usually in Unit 1 alone) ; whereas, D.M. Hopkins (Pers.
Comm., 1972) reports observing a loess cover only one meter thick on
gravel making up a spit of Sangamon age on the west side of Kugruk
Lagoon, 10 km east of Deering. if this observation is a valid index of
thickness of Wisconsin age loess in the Deefing area, then the Deering
Formation must represent more than just Wisconsin and Holocene time.
Almost all of the primary 1oéss in the Déering Formation occurs in Unit
1--to be expected if it is of Illinoian age since outwash streams (pro-
bable source of the loess) at that time, would have passed quite.near
the present site of Deering and Cape Deceit (see GEOGRAPHIC AND BIOTIC
SETTING and Fig. 2).

(2) Differences in the stratigraphy above Peat 4 at Stations
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8 and 9 suggest that Pelukian gravels and Peat 4 are not synchronous.

if they were, then a high degree of similarity would be expected in the
stratigraphy of the two a@jacent exposures. This is not the case.
Instead, sediments overlying Peat &4 at Station 9 consist of a relatively
thick sequence of organic, peaty silts and contain no evidence of Unit 1
loess or fﬁe "frost cracks" which are so evident at Station 8 and all
other.parts of the exposure nearer Cape Deceit. A probable explanation
for this distinction is that Station 9 is very close to the former
position of a Pelukian shoreline .(note proximity of Pelukian beach
gravels--Fig. 4) and its stratigraphy is of the type expected in an area
of eroding unconsolidated coastal bluffs. Similar sequences of organic
silts, containing buried mats of plants, are forming over erosion re-
sistant Peat 1 along the present coast. Peat 4, like Peat 1, is fibrous
and compact, qualities likely enhancing its preservation in exposures

at both Stations 8 and 9.

If the above explanation is correct then Pelukian gravels at
Station 9 and Peat 4 cannot be of the same age since Pelukian coastal
erosion has removed a sequence of sediments (Unit 1) that at Station 8
overlie and postdate Peat 4. Thus Peat 4 predates Pelukian gravels and
most likely represents the preceding Kotzebuan interélacial. Peat 5,
dated at greater than 39,900 years, is therefore judged to be the
Pelukian (Sangamon) equivalent (Fig. 5).

Though I believe the above evidence to be persuasive, it is
certainly equivocal. Therefore, Figure 5 includes an alternate inter-
pretation based on the assumption that Peat 4 and Pelukian sediments at
Station 9 are correlative. Under this scheme Unit 1 of the Deering
Formation would represent early Wisconsin time, and the Inmachuk Form-
ation might be no older than the Illinoian. The presumed age of the Cape

Deceit Formation would, however, remain unchanged.
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PALEOENVIRONMENTAL DATA

I. SEDIMENTARY FEATURES

Certain sediments and sedimentary structures exposed at Cape
Deceit have paleocenvironmental significance. The following discussion
concerns such features as well as others of lesser or unknown significance.

Wedge-Shaped Features

Several types of wedge-shaped sedimentary structures occur in
the Cape Deceit exposure. One of these, an ice wedge pseudomorph,
has unequivocal palecenvironmental implications, but other types,
which might be mistaken for ice wedge pseudomorphs, are of different
origin and of less certain paleocenvironmental significance.

a. Ice wedge pseudomorph:

An ice wedge pseudomorph occurs within the upper part of Unit
2 of the Cape Deceit Formation between Station 2 and 3 (Figs. 3, 6B).
This single feature indicates that permafrost existed in the Deering
region when the ice wedge formed (pwd, 1966); however, it is not
possible to tell from the form of the pseudomorph alone if the ice
wedge developed during or after deposition of Unit 2 sediments. But
other evidence, such as sharply bounded silt clasts in which original
bedding is rotated with respect to bedding of host sediments, confirms
presence of permafrost during Unit 2 time.

Following formation of the ice wedge, it melted and was replaced
by a sediment pseudomorph. Thaw lake formation, a natural phenomenon
in permafrost areas, can result in such melting; however, if this were
the case for Unit 2, the sediments of the pseudomorph as well as those
capping it would have a lacustrine character. They do not; hence, the’

pseudomorph as well as the erosion following Cape Deceit sedimentation
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'and slumping of Unit 2 sediments (note the steeply dipping Peat 2 near
Station 5) probably all result from an interval of regional cllmatlc
warming (an 1nterg1ac1al) Since ice wedges are presently formlng in
the Deering area, climate would necessarily have been warmer than at
present, and was perhaps more like that of comtemporary interior Alaska.

b.. "Frost cracks":

An important marker horizon in the Deering Formation is a zone
of small wedge-shaped features provisionally termed'"frost cracks" in
a previous report (Guthrie and Matthews, 1971). For purposes of con-
tinuity, I use that term here even though reassessment of the features
suggests that they may be desiccation cracks instead.

| Where best developed, the "frost crack" zone consists of narrow

wedges, 30-40 cm apart, originating rather abruptly at particular level
within Unit 1 (Deering Fm.) and penetrating to depth of 40-80 cm (Fig. 6a).
Ferruginous bands bordering the wedges are sharply downturned at some
levels and have a sharp contact with the gleyed wedge filling. Cracks
taper to a narrow ferruginous-bordered seam in the lower part of Unit 1
where inorganic loess gives way abruptly to the more organic silts of
the henseli zone (Figs. 4, 5 and Guthrie and Matthews, 1971). Thick-
nesses of the wedge fillings vary, but many are narrower at the’
top of the "frost crack" zone, indicating syngenetic development (Dylik,
1966; J. Dylik, Pers. Comm., 1969). In plan view the "frost cracks"
form poorly defined circular to polygonal nets.

Empirical data, as well as theoretical calculations on the mech-
anics of ice wedge formation (Lachenbruch, 1952, 1966; Washburn, 1969),

show that ice wedge polygons must be larger than one or two meters in



17

diameter. Thus the "frost cracks" representing polygons less than
a meter in diameter cannot be ice wedge pseudomorphs, despite the close

resemblance. If permafrost existed in the Deering region during form-

ation of "frost cracks'" (see pollen evidence presented below), théy

must have been restricted to the active zone.

Zones of small-scale wedge-shaped features occur in late Pleist-
ocene exposures in Belgium (Paepe and Pissart, 1969; Paepe and Vanhorne,
1967) and Holocene sediments at the Onion Portage archaeological site
in western Alaska (C.S. Schwegar, Pers. Comm., 1969). I have observed
small non-sorted polygons bordered by vertical cracks in a Dryas-dominated
area at Cape Deceit. Though superficially similar to "frost cracks"
from Cape Deceit,all of these features differ by being associated with
an underlying involution zone; hence, they probably do not have exactly
the same origin as the Cape Deceit features. Washburn (1969) illustrates
small-scale disiccation cracks from northeastern Greenland that more closely
resemble the "frost cracks" of Unit 1. They are forming, as the "frost
cracks" evidently did, in an environment of continuing silt deposition
where vegetation is scanty (note the inorganic character of Unit 1 loess--
sée INVERTEBRATE FOSSILS). Humic materials accumulate in surface depressions
associated with the vertical cracks in eastern Greenland (Washburn, 1969).
If similar conditions existed during formation of "frost cracks', then
the gleyed character of the wedge fillings would be explainéd (Siuta and
Motawicka-Terelak, 1969). At many of the Cape Deceit exposures, the '"frost
crack" zone has an abrupt upper 1iﬁit. An analagous situation occurs in
eastern Greenland where development of the cracks has apparently been

arrested by a pulse of rapid sediment deposition. Increased loess



deposition at Cape Deceit during Unit 1 time might have had a similar
effect on the growth of "frost cracks" since it would preclude repeated
cracking at the same locus--chief factor responsible  for the well
defined character of the "frost crack" zone. Figure 6A shows that a
few small cracks do exist above the upper limit of the "frost crack"
zone, buf.they are not as obvious since they do not coincide with the
'original syngenetic cracks.

Thus, the "frost crack" zone in Unit 1 of the Deering Formation
evidently formed under a special combination of climatic and depositional
conditions, explaining why similar "frost crack" zones are not present
in other parts of the exposure. Since "frost cracks" are most
similar to the east Greenland features described by Washburn (1969),
they probably have a similar origin--desiccation cracking. Most
importantly, they are not related to ice wedges and therefore, imply
nothing about the presence or absence of permafrost.

c. Loess gullies:

Larger wedge-shaped structures, also superficially similar to
ice wedge pseudomorphs, occur in the '"frost crack" zone of Unit 1(Fig. 6F).
Host sediments are not slumped at the contact with the wedge, and sedi-
ments filling the wedge are horizontally bedded, thus ruling out the
possibility that these‘structures are ice wedge pseudomorphs. Instead
they are probably small loess-filled gullies such as those observed at
exposures in Poland (Dylik, 1966). If so, they indicate little about
the former environment except that loess deposition during Unit 1
time was intermittent.

Peat 5 sediments clearly signal cessation of Unit 1 loess
deposition and possibly the onset of climatic change. A zone of dis~

colored and leached silts immediately below Peat 5 at Station 8 represents
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an incipient soil, formed during development of the nodular peat
horizon (Fig. 6E). The lower boundary of the weathered zone is accent-
uated by a concentration of humates, possibly marking a former 1ongf
standing position of permafrost table; but if so, the thickness of the
active zone during the first phase of Peat 5 formation would have been
no more than 30 cm.

Solifluction

Solifluction, a special type of congeliturbation involving
down-slope movement of soil and vegetation, has played a significant
part in deposition of some sediments at the base of the Cape Deceit
exposure (Guthrie and Matthews, 1971). Folded sediments, especially
peats, at other parts of the exposure may be évidence of other ﬁeriods
of solifluction activity. For example, folds of Peat 2 near Station 2
(Fig. 3) are similar to those seen in cross secﬁions of contemporary
solifluction lobes containing buried surface organics (Hanson, 1950;
Benedict, 1970). Some folds of Peat 2 are conformable with deformat-
ional structures in the upper part of the overlying Inmachuk Formation;
therefore, most,if not all, of the congelitufbation of the peat and
éssociated sediments occurred long after deposition of the Cape Deceit
Formation (possibly even after deposition of the Inmachuk Formation)
and before initial deposition of the Deering Formation.

Some puzzling structures are found in the upper ﬁart of the
Inmachuk Formation. Truncated folds of peaty sediments (Peat 3--Fig.
6D) occur at the contact of the Iﬁmachuk and Deering formations. These
are analagous to non-truncated structures observed near the boundary
between Unit 1 and Unit 2 at the Station 8 exposure of the Deering

Formation (Fig. 4). In neither case is solifluction likely to be the
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sole cause because both sets of features (especially some of those in
the upper part of the Inmachuk Formation--Fig. 4, near Station 5)
vpossess folds implying opposite sense of motion, an unlikely situation
if they are due to solifluction alone. Symmetrical folds like those
in the upper Inmachuk Formation might be due to growth of peat rings
or similar non-sorted polygonal features (Hopkins and Sigafoos, 1950)
except that the folds in such features often result from lateral
thrusting of frost-churned sediments. Well preserved overturned frost
or desiccation cracks seen in the Inmachuk folds would have been
obliterated in such milieu. Thus, Inmachuk folds are probably not due
to formation of unsorted polygonse.

All that can be concluded is that some of the folds within
the Cape Deceit exposure obviously result from solifluction, while
others were created by some as yet undetermined form of congeliturbation.
A cold climate and moist substrate, but not necessarily permafrost, is
indicated.

WRittik"

wKittik" is an Eskimo term applied to the pale yellow, silt and
éand-size calcareous weathering residuum exposed at the base of the
exposure near Station 1 (Fig. 3) (Guthrie and Matthews, 1971). Close
examination of "kittik' sediments reveals that they result from mech-
anical weathering of the metalimestone bedrock, and thus probably orig-
inéted during a period of periglacial climate. The lateral extent of |
the "kittik" unit is unknown, but it probably dips below the present
beach level well before Station 2 (Fig.3). If so, it is one of the
oldest Quaternary units at Cape Deceit, predating even the lowest

exposed levels of Cape Deceit Formation Unit 1 (Table 6).
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II. POLLEN ANALYSIS

Pollen Diagrams

Compilatidﬁs of pollen data are ﬁresented as pollen diagrams
(Figs. 8, 9, and 10). Stratigraphic position of the samples referred
to in the diagrams is given on the diagrams and in Figure 7, which is
a simplified version of Figures 3 and 4.

Several departures from standard methods of presenting pollen
data have been made. (1) Some stratigraphic units were sampled more
than once at different parts of the exposure in order to test the
lateral continuity of the pollen spectra and provide additional inform-
ation on the former regional pollen rain. (2) Bar diagrams are used
instead of the traditional interpolated histograms where: (a) samples
were not part of a vertical sequence; (b) the vertical sample interval
was too great to justify interpolation; and (c) differences between
' adjacent spectra are obviously related to the type of sediment sampled.
(3) Local pollen zones have not been designated because grouping the
pollen samples by stratigraphic units serves adequately in organizing
the pollen data into units for easier interpretation. Pollen sequences
ﬁithin stratigraphicAunité are neither long enough nor are the varia-
tions consistent enough to warrant zonation.

In the pollen diagrams solid horizontal lines separate groups
of samples derived from a single stratigraphic unit. Dashed lines are
used where a sample serieé crosses a §tratigraphic boundary. The terms
"Indet. Pollen" (indeterminate pollen) and "Undet. Pollen" (undetermined
pollen) are used to indicate respectively (1) pollen too degraded for
identification and (2) pollen well enough preserved for identification,

but not identified. Finally, vertical scales are used in the diagrams
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only where they apply to vertical series of closely spaced samples.
The relative vertical position of other samples is obtained from Figure
7. :
" Ecologic and Taxonomic Notes
a. Diporate Graminéae‘pollen:

Grass pollen is monoporate; however, certain polyploid grasses

and cereal hybrids (e.g. Triticale = Triticum X Secale) have diporate,

multiporate, or inapertuate pollen (Erdtman, 1969; Erdtman, et al.,
1963) . Pollen sample 56-69 (Deering Fm.) includes an abundance of
diporate grass pollen, indicating that polyploid or hybrid grasses
occurred at the site during its deposition.

b. Thalictrum:

Two species of Thalictrum occur in interior and western Alaska
but only T. alpinum is found on the tundra (Hulten, 1968). Even though
pollen of the two species cannot be distinguished, macrofossils of
T. alpinum (Fig. 13E) imply that Thalictrum pollen from Cape Deceit
Formation samples represent alpinum.

c. Moss spdres:

The fact that Sphagnum alone is listed in the pollen diagrams,
does not mean that other mosses are absent. Many moss spores undoubt- I
edly go unnoticed or are not preserved. |

Surface Samples

Figures 1, 2, and 10 and Table 1 include information on five
surface pollen samples from the Deering region. Together with other
samples. from the Imuruk region (Colinvaux, 1964; Colbaugh, 1968) they
provide some insight for interpretation of the Cape Deceit fossil pollen

spectra.
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First, Deering and Imuruk surface samples give a general indic-
ation of the regional pollen rain in shrub tundra areas of Seward
peninsula. -The pollen rair of such areas is characterized by relatively

high percentages of Betula, Alnus, and sedge (sometimes grass) and low

percentages of Picea and Artemisia.

éécond, the Deering surface samples in particular show most
clearly the degree to which components of local plant communities may
dominate pollen spectra (i.e.,"local over-representation"). Note, for

exaﬁple, the high percentage of Ericales pollen in sample 105-69 and

its occurrence in an area where the ericads Empetrum nigrum and Vac~

cinium uliginosum are abundant (Table 1). Many of the fossil samples

discussed below are from sediments similar to those used for surface
samples, and therefore might also be eéxpected to show similar degrees
of local over-representation.

Third, certain of the surface samples illustrate ‘a source of
error--differential pollen production at the intra-specific level--
which is not often mentioned in discussions of error in pollen analysis.
Spruce pollen is relatively abundant in surface sample 97-69, despite
the fact that it must all be allochthonous (Table 1). No doubt its
abundance is related to the fact that spruces in present day western
Alaska are expanding their range (Hopkins, IN PRESS, 1972). Under such
conditions sexual reproduction, involving abundant pollen production,
is dominant; But would this also be the situation were spruce treeline,
located as at present, receding as a result of cooling climate? Recent
studies on the effect of cold on conifer reproduction (Eiche, 1966;
Eriksson, 1968; Dogra, 1967; Andersson, 1947) indicate a negative answer

for this question. Cold stress causes meiotic disturbances of the
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pollen mother cell and an increased incidence of apomixus and self

pollination, which tend to either reduce production or its dispersal. .

It is possible to envision a condition in which the few surviving

apomictic spruce of an area produce so little pollen that they go

unrepresented in pollen spectra. A similar condition, involving a

different plant, may be illustrated by the very low percent of Rubus

chamaemorus pollen in surface sampie 97-69 (Fig. 10), derived from

an area where this species is dominant (Table 1). Apomixus is common

~in northern populations of R. chamaemorus (Salisbury, 1942).
Interpretational Criteria

The most fundamental level of paleoenvironmental resolution one
could hope to obtain from the Cape Deceit pollen samples is ability
to distinguish samples representing forest from those/representing
tundra. For this, Picea percentages are critical because at present
(as weil as during most of the Pleistocene) spruces occur at regional
and altitudinal treeline. Unfortunately, the vagility of spruce pollen
makes it difficult to derive a foolproof rule that would indicate the
percentage of spruce pollen indicative of spruce forest. In most cases,
héwever, Alaskan samples with at least 15 percent spruce and comparable
amounts (or morej of Betula and Alnus indicate presence of spruce trees
in the local environment (Rampton, 1971; Matthews, 1970). Very low
percentéges of Picea, when not due to over-representation of another
pollen type, usually indicate tundra conditions.

A secondary level of resolﬁtion to be hoped for is recognition
of different types of former tundra environments. In previous Alaskan
studies (Colinvaux, 1967; Colbaugh, 1968) pollen evidence alone has been
used to distinguish between shrub tundra that is dominated by dwarf birches

with some alders; shrub tundra that possesses dwarf birches, but no
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alders; and herbaceous tundra that lacks dwarf birches and alders. Such
distinctions are most validly drawn when based on lacustrine rather than
colluvial pollen samples because the fnrmer are more apt to represent
past regional pollen rain--hence, past regional vegetation. However, in
most colluvial pollen samples, high percentages of an anemophilous

pollen type, such as that of Betula and Alnus, can be assumed to indicate

former presence of the plant in the region, if not at the sample site
itself. Low percentages, barring statistical bias, most often indicate
that the plant was regionally rare. Ample reason for the qualifying
words "most often' in this last statement is provided by surface sample
105-69 (Table 1). Though the sample site was within 30 mm of the nearest
Alnus crispa bush, the alder pollen percentage is lower than in Imuruk
Lake surface samples taken more than 10 km from the nearest alders
(Colinvaux, 1964);
Pollen‘Data--Interpretation
a. Cape Deceit Formation (Unit 1):
Pollen sample 79-68 from the base of Unit 1 differs.from all

others in the diagrams by its combination of high percentages of Picea,

Alnus and Botrychium and low percentages of sedge and grass pollen. It
obviously represents a time when spruce trees grew very near or at the
Cape Deceit locality.

Larches may also have grown near Deering during deposition of
sample 79-68. Its content of Larix pollen is low, but possibly signi-
ficant since even pure larch stands (at Edmonton, Alberta) yield surface
samples'containing as little as 10 percent Larix pollen (Matthews,
unpublished data).

Without knowing the épecies of Botrychium represented by spores

from sample 79-68, it is difficult to attach any significance to the
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“high Botrychium percentagé’in that sample; however, in view of the

low percentage of grass pollen, it is un11ke1y that the former environ-
ment was of the type in which B. lunaria (L.) and B. boreale (E. Fries),
two western Alaskan species, now occur (Hultén, 1968). |

Remaining Unit 1 spectra are more or less influenced by over-
representation of sedge pollen; nevertheless, all clearly imply tundra
conditions.

b. Cape Deceit Formation (Peat 1):

Sample 101-69 contains almost 10 percent Larix pollen, indicat-
ing that larches were definitely present locally when Peat 1 formed.
Other evidence (see INVERTEBRATE FOSSILS and PLANT MACROFOSSILS) shbws
that the Deering area was neaf treeline at that time, but low Picea
percentages suggest it was not a spruce treeline as is the case today.
Instead larches must have marked the regional limit of trees, an unusual

situation for North America--especially Alaska where Larix laricina is

now recorded only from sites well within the regional limit of spruce

(Hulten, 1968). 1In contrast larch treeline, formed of Larix dahurica

Turce., does occur in present day eastern and northern Siberia (Komarov,
1934; Yurtsev, 1972)
c. Cape Deceit Formation (Unit 2):
Pollen spectra from this unit display a high degree of lateral
and vertical consistency. They differ from those in other units by the

following combination of characteristics: (1) low percentages of

Picea and Alnus, (2) lower percentages of Betula than in most Seward
Peninsula surface samples, (3) high percentages of sedge--exceeding
grass percentages in most cases, (4) less than 15 percent Artemisia in
all samples, but more than in surface samples, ahd (5) more than 5 per-

cent Potentilla-Fragaria in most samples.
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During Unit 2 time the Deering région must have possessed a
tundra environment, but one differing from that of the present chiefly
by extreée rarity of alders and lower abundance of dwarf birches.
Regional climate was probably colder than at present; and, judging
from the lower percentage of alder pollen, somewhat colder than during
Unit 1 time.

Consistently high percentages of Potentilla-Fragaria pollen in

Unit 2 samples undoubtedly reflect a long-standing feature of the

local environment--most likely continuing silt deposition, which would
promote the existence of semi-permanent pioneer seres similar to those
in which many species of Potentilla occur today (see PLANT MACROFOSSILS).

Potentilla palustris, a bog plant, is probably not the species represented

by Potentilla pollen (seec PLAUT MAGCROFOSSILS).
d. Inmachuk Formation:

Most of the pollen data for this unit come from a series of
samples taken at an exposure between Stations 2 and 3 (Figs. 7 and 8).
The sample series does not extend to the upper portion of the formation
because sediments there are folded, making determination of the vertical
position of samples impossibie.

Low percentages of Picea indicate tuﬁdra condifions. Samples
from the base of the Inmachuk Formation are most similar to those from
uppermost Unit 2 of the Cape Deceit Formation, but those higher in the
Inmachuk sequence differ due to an increase in percentages of Betula

and Sphagnum and a corresponding decline of Salix and Artemisia per-

centages.
Such a change of pollen frequencies might be ascribed to

climatic change if not for the fact that it is correlated with
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textural changes in the saﬁpled sediments (Fig. 8), ranging from sands
at the base to silts at the top of the sampled sequence. Accordingly,
pollen frequency shifts more 1ike1y reflect a-changing sedimentary
environment rather than climatic change. An analogous sequence,
though of.g spatical rather than temporal character, has been documented
in studies of arctic floodplain plant succession by Bliss and Cantlon
(1957) and Viereck (1966). These studies show that feltleaf willows
and herbs such as Artemisia dominate young floodplain areas where sub-
strate consists of sands andbgraQels; whereas, those older parts of the
floodplain where a silt substrate predominates possess a successional
sere characterized by greater abundance of dwarf or shrub birches and
mosses such as Sphagnum. High percentages of Salix in sandy sediments
at the base of Unit 1 in the Cape Deceit Formation may also reflect
substrate rather than climatic conditions.

Because sediments in the lower Inmachuk and upper dape Deceit
Formations differ texturally (Fig. 8), similarity of their pollen
spectra may be largely fortuitous, with little or not regional environ-
mental significance. Upper Inmachuk samples (from silts) provide a
more valid basis for comparison with upper Cape Deceit Formation samples.
They show that dwarf birches were probably more abundant during Inmachuk
time, possibly due to milder climatic conditions. In contrast to Cape
Deceit spectra, those from the upper Inmachuk Formation contain almost

no Potentilla-Fragaria pollen, but the significance of this fact is

difficult to determine since the plant macrofossil assemblage from the
Inmachuk Formation (S-12, Fig. 7) is dominated by Potentilla achenes

(Fig. 12).
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" e. Inmachuk Formatioﬁ (Peat 3):

Salix pollen is over-represented in most Peat 3 samples. Soli-
fluction and congeliturbation movemeats which occurred during and
after deposition of Peat 3 may be the cause, in as much as suéh dis-
turbances now create microhabitats favorable for willows, though not
necessarily the same species which occur in early floodplain successional
seres.

f. Deering Formation (Peat 4):

Taken together the three‘pollen spectra from Peat & (Figs. 9, 10)
show that spruces, birches and alders were present in the Deering region.
Extremely high percentages of Betula in two samples probably result‘

from Betula resinifera, samaras of which occur in Peat 4 (see PLANT

MACROFOSSILS) .

A few pollen samples from organic silts jmmediately below
Peat 4 indicate that a tundra environment, depauperate in élders, pre-
éeded the westward advance of spruces. In contrast, other studies from
western Alaska (Colinvaux, 1964; Colbaugh, 1968) show that the westward
expansion of spruces during the Holocene was preceded sy tundra with
abundant alders. Quite probably the sample interval below Peat 4 is too
large to allow documentation of such a rise of alder percentages.

g. Deering Formation (Unit 1):

Guthrie and Matthews (1971) considered the thin peaty horizon
of pollen sample 57-69 to be part of an interglacial complex includ{ng
Peat 4. But the 57-69 pollen spectrum differs from those in Peat 4 by
possession of a low Picea percentage. Thus, during deposition of 57-69
spruces were rare at Deering; however, they may not have been absent
since a giggg_macrofossil occurs in the pollen sample residue (Fig. 12).

A situation, postulated earlier, in which apomictic spruces producing



30

little or no pollen continued to survive at Cape Deceit while climate
cooled, would explain such apparently contradictory macrofossil and
pollen evidence. Congeliturbation structures in sands underlying

the thin peat from which 57-69 comes (Fié. 6) may.represent the initial
phase of climatic deterioration following Peat 4 formation. Deterior-
ating climate might also account for presence of polyploid grasses
during deposition of the sands (sample 56-69, Fig. 6) (Johnson and

- Packer, 1967).

The henseli zone at the base of Unit 1 is poorly documented
palynologically, but the few samples availéble do imply former tundra
conditions. Most of the pollen spectra (with sample 58-69 being the
glaring exception) contain less alder pollen than is common of con-
tempory surface samples from Seward Peninsula.

Pollen documentation of tﬁe overlying inorganic "frost crack"
silts is more complete. In addition to a series of samples from
Station 8, samples from the top and bottom of the unit at other ex-
posures are presented (Figs. 9 and 10). Low Picea percentages in
samples of the series 59-69 to 68-69 (Fig. 9) show that Deering was
within a tundra region and this is confirmed by scant macrofossil
evidence (see INVERTEBRATE FOSSILS) .

"An intére;ting feature of the pollen sequence from Unit 1 is
a trend toward high alder percentages at the top. It corresponds with
no obvious sediment textural change, so is not likely (as in the case
of the Inméchuk sample series) to be due to local sébstrate conditions.
Pollen rain in fell-field areas, such as the one which evidently ex-
isted at.Cape Deceit during deposition of the '"frost cracked" silts,

is often characterized by high percentages of allochthonous pollen.
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But this cannot explain high alder percentages in Unit 1 because they
occur also in basal Unit 2 sediments, which were not deposited under
fell-field conditions (see INVERTEBRATE FOSSILS). Thus higher alder
percentages in uppermost Unit 1 most likely reflect increase in regional
abundance of alders, due perhaps to warming climate.
h. Deering Formation (Peat 5 and lower Unit 2, Station 8):

In Figure 9 the term "Peat 5'" refers to the fibrous peat hori-
zone seen in Figure 6E; however, as indicated earlier the peat is part
of a sedimentary unit including immediately overlying organic and peaty
silts. The sample from the peat (102-68) is biased by over-representation
of grass pollen. Spectra from the associated organic sediments are
characterized by higher percentages of alder pollen than in surface
samples from Deering, implying a warmer climate and existence of alders
in interfluve areas where they are rare today. Low spruce percentages
in these samples indicate that climate was not warm enough to allow
growth of spruces at Deering; however, in view of the constraints imposed
by over-representation of alder pollen, spruce percentages in the lower
Unit 2 sediments are probably actually higher than in overlying and underlyin.g
units. In other words, even though spruces did not occur at Deering,
they no doubt were closer than at present.

i. Deering Formation (Unit 2):

Either lowermost Unit 2 sediments at Station 1 do not represent
the same time interval as sediments in a comparable position at Station
8 or éheir pollen distinctions are evidence of extreme lateral varia-
bility in similarly aged pollen spectra. I favor the first alternative.
Unit 2, if it represents the Wisconsin as indicated (Fig. 5) must possess

numerous minor unconformities; therefore, unless supporting cl4 data is
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available, sediments in a éimilar'position at different parts of the
exposﬁre can be considered correlative only in-the broadest sense.

The same statement applies to correlation of platy silts in
the upper parts of Unit 2 at Stations 1 and 8; although in this case
synchronqus deposition of at least the upper parts of the clayey silt
zone are implied by the distinctive sedimentary character of the sedl-
ments and Cl'+ dates. Pollen samples from clayey, platy silts at
Station 1 and 8 are similar in their low content of spruce and alder
pollen and high percentage of grass and Artemisia. A cold treeless
environment is certainly indicated, but }n view of grass and Artemisia
percentages it should be referred to as a steppe-tundra rather than
tundra, for the latter implies conditions like those of present tundra,
whereas the fossil pollen spectra resemble no known surface samples from
contemporary tundra sites iﬁ Alaska.

I have suggested that caution must be used in assuming that
high grass percentages in pollen spectra necessarily represent grass-
land conditions or that Artemisia peaks indicate anything more than
local abundance of Artemisia (Matthews, 1970; and unpublished manuscript).
But in this case, plant macorfossils and insect fossils strongly confirm
pollen evidence of cold grassland or steppe-tundra conditions.

Differences in pollen spectra from the two stations (Eﬂé"
higher percentages of Betula at Station 8) are likely due to distinct-
ions of the former local environments and over-representation of
Artemisia. According to macrofossil data (Fig. 12), dwarf birches
were definitely present at Cape Deceit during deposition of sediments

included in the interval of Sample S-6 (Fig. 9).
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j. Deering Formation (Peat 6):

Pollen spectra from Peat 6 at Station 1 and its presumed lateral
equivalent at Station 8 show very high percentages of Betula combined
with low percentages of Picea and é&gggl An attempt to determine if
the birch pollen represents shrub or arboreal birches using criteria
established by Birks (1968) was inconclusive.

A pollen sample (72-67, Fig. 10) from blocky, moss peat in the
uppermost part of the Cape Deceit exposure differs from Peat 6 spectra
by possession of a higher alder percentage, more like the alder values in
surface samples. Apparsntly, when Peat 6 formed around 9,150 years ago,

alders were still relatively rare in the Deering area and did not

become as common as at present until later in the Holocene.

Discussion of Pollen Data

Environmental interpretations of the Cape Deceit pollen data
are summarized in Table 6. Discussed below are comparisons of Cape
Deceit data with results of other studies and interpretation of some
outstanding features of Cape Deceit.

a. The Imuruk Lake sequence:

Imuruk Lake, south of Deering (Fig. 2), is the site of the most
detailed pollen study yet conducted in Alaska (Colinvaux, 1964; Colbaugh,
1968). It is nearer spruce treeline than Deering and alders are more
rare there. Also it is at an elevation of 300 m and not as directly
influenced by maritime climate as is Deering. Nevertheless proximity
of Deering and Imuruk Lake plus the fact that both sites now have a
similar regional pollen rain suggest that both might have a similar
vegetational history. Thus the Imuruk data play an important part in

the following discussion. To facilitate comparison an abbreviated
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compilation of Colinvaux's (1964) and Colbaugh's (1968) pollen diagrams
is presented in Fig. 1ll. |

Before comparison, several comments on the Imuruk sequence are
necessary.

(1) It probably does not represent as much of Pleistocene
time as ﬁb Cape Deceit sediments. The lake rests on basalts of pre-
sumed mid-Pleistocene age (Hopkins, 1963), and the base of the lacustrine
sediments was not reached by the longest (8 m) core (Colinvaux, 1964).

(2) 1 believe that dates for some of the upper zonal boundaries
are more uncertain than indicated. Colbaugh (1968) assumes that the
Zone J-K boundary is 12,000 years old; however, this date is an average
of several cl# dates (from different cores) ranging in age from 11,910

14 date for the K-L

to 13,250 years BP. In some cases, such as the C
boundary, the core increment used for Cl# analysis was as thick as one
of the zones to which the date applies.

' (3) Not all Imuruk pollen zones are based on the same kinds of
data. Samplés for Zone M come from an allochthonous peat, representing
the shoreline of a former higher level lake, whereas all other samples
(except surface samples) are from lacustrine silts and clays. Colbaugh
(1968) considered Zone M Intermediate Terrace deposition to have
started sometime after 8,620 years and implied that the pollen samples
from it represent regional vegetation. I believe, however, that Zone
M may be partially correlative with Zone L since Cl% from some Intermed-
iate Terrace sediments (but not the one from which samples are derived)
show that it was forming during deposition of uppermost Zone L sediments

(Fig. 11). Zone M pollen samples are from peats; therefore, they are

likely biased by local pollen and some of the distinctions between
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Zone M and L samples are likely not climatically significant.

(4) I would interprét the lower five meters of the core
differently from Colinvaux (1964) (Fig. 1ll). His correlation results
in the Illinoian increment of the core being much shorter than the
Wisconsin increment, just the opposite to what is expected if glaciers
and associéted'zones of aéolian deposition were n;arer Imuruk during
Illinoian than Wisconsin time (Fig. 2). |

I agree with Colinvaux that the lower part of the core, in
which spruce peaks occur (Zones A-G), is not likely to represent for-
ested conditions at Imuruk; however, I disagree with his contention
that these zones represent an interglacial environment essentially like
that of the present. The critical point in his interpretation is the
significance of spruce peaks in Zones A-G. He considers them to have
similar implication as the spruce fluctuations in Zone I and L, but I
doubt this because the spruce peaks in the lower zones differ in at
least two ways from those above. First, they are not, like the upper
spruce peaks; associated with high percentages of alder pollen; there-
fore, they almost certainly do not represent a shrub tundra environment
near treeline a; at present. Second, the lower spruce peaks, unlike
the upper ones are associated with zones of sand in the core (not
illustrated in Fig. 1l. See Colinvaux, 1964). The significance of this
fact is not clear, but it could mean that high pollen percentages reflect
nothing more than over-representation of allochthonous spruce during a
time of very low local pollen produétion and répid (aeolian?) sedimenta-
tion. Thus, a tundra environment containing dwarf birches, possessing few

alders and no spruce may have existed at Deering throughout time repre-

sented by Zones A-H. If.so, the entire lower five meters of the core,
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not just part of Zone G and Zone H,could be of Illinoian age.
b. Comparisons with Cape Deceit Data:

Some of these points concerning the Imuruk sequence become
significant when an attempt is made to correlate its pollen spectra
with those from the Deering Formation. The case of Peat 6 is a good
example, since Colbaugh's (1968) data allow two different interpret-
ations of its probable Imuruk correlative, and my objections as list-
ed above provide still another alternative. (1) If the dates that
Colbaugh established for Imuruk zonal boundaries are accepted, then
Peat 6 should have formed during Zone L time. Pollen samples from
Zone L énd Peat 6 differ greatly, notably by the low percentages of
spruce and alder in the 1attef;‘but as Colinvaux (1967) indicated, such
distinctions (or similarities) are not by themselves sound criteria for
correlation of Alaskan pollen sequences. (2) cl%4 dates from Core I
(Colbaugh, 1968) at Imuruk also allow Peat 6 to be correlated with the
upper part of Zone K, samples of which resemble those from Peat 6 by
their high content of Betula pollen. (3) Finally, if the base of Zone
M is older than Colbaugh has indicated (as I have suggested above) then
Peat 6 may have formed during Zone M time.

Until such time as more Cl4 dates from Imuruk ;nd Deering Form-
ation Unit 2 are available, correlation of the Wisconsin and Holocene
portions of both sequences will remain as difficult as is indicated in
the preceding paragraph. A major problem is that the Wisconsin part
of the Cape Deceit sequence is vefy thin and likely contains several
unrecogpizedtnlconformities.Possibly the best way to compare it with
Imuruk data in the future will be by comparison of both with a Holocene-
late Pleistocene lacustrine pollen sequence from Deering or a nearby

coastal area.
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None of the samples from the upper part of the Deering Form-
ation yields pollen spectra with high spruce values such as those in
Zone L at Imuruk, despite the fact that high percentages of Picea
in that zone are attributed to westward advance of spruce along the
north shore of Seward Peninsula (Colbaugh, 1968; D.M. Hopkins, Pers.
Comm., 1969). The explanation for this discrepancy may be that spruce
treeline did not, in fact, advance significantly toward Deering during
the early Holocene, meaning that high spruce percentages in Imuruk
‘Zone L result instead from allochthonous pollen derived from spruce
trees advancing up the valleys south of Imuruk Lake. In this context, it
is interesting tomnote that: (1) the recent conclusion by D.M. Hopkins (Pers.
Comm., 1971) that a previous report of spruce fossils in early Holocene
sediments aéound Kotzebue Sound (McCulloch and Hopkins, 1966) is an
error, and (2) unpublished pollen spectra by C.S. Schweger (U. of Alberta)
wﬁich fail to record a peak of spruce pollen in early Holocene sediments
at Cape Blossom, near Kotzebue. There ié, however, other definite evid-
ence from the Kotzebue Sound area for an early Holocene warm interval.
At Cape Deceit this event is probably indicated by slowing deposition of
silts and formation of Peat 6.

Arboreal birches expanded west of their present limit during
the early Holocene (D.M. Hopkins, Pers. Comm., 1968), which may explain
the high percentage of Betula pollen in Peat 6 samples.

Pollen samples from at least the upper part of the clayey silt
zone in Unit 2 of the Deering Formétion are equivalent in age to those
from Imuruk Zone K (Fig. 5, 11), however, many of them differ signifi-
cantly from Zone K spectra by possession of higher percentages of

Artemisia and lower percentages of Betula. The fact that Betula and
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Artemisia percentages in the Cape Deceit samples are often negatively
‘correlated shows that the distinctions are probably due to local over-

- representation of Artemisia pollen.. Furthermore, macrofossil eviderce
shows that dwarf birches were present during deposition of cléyey silts
at Station 8.

My'intgrpretation of the pollen spectra from clayey silts of

Unit 2 differs from that assigned to Zone K spectra. Colinvaux, (1964)
and Livingstone (1955) view fossil spectra of the Zone K type as
comparable to surface pollen spectra from contemporary birch dominated
tundra. But Zone K samples éontain higher percentages of both Artemisia
and grass than is found in the contemporary shrub birch-tundra pollen
rain, meaning that the fossil spectra probably represent a different
type of environment--i.e., a steppe-like tundra, albeit one in which
birches were more abundant regionally than was the case earlier in
Wisconsin time (see Zone J3 at Imuruk--Fig. 13).

Sediments from immediately below clayey silts at Unit 2 at

Cape Deceit contain high percentages of alder pollen, like samples from
Imuruk Zone i, and unlike samples from Zone J (Fig. 13). For reasons
stated earlier, I believe that the lower part of Deering Formation
Unit 2 at Station 8 does correlate with Sangamon Zone i at Imuruk. This,
of course, implies that.a large part of Wisconsin time is not represented
in the sequence at Station 8. Pollen spectra from the basal sediments
of Unit 2 at Station 1 (erroneously equated with Peat 5 in Guthrie and
Matthews, 1971) are more similar to those from Jo, suggesting that the
hiatus is not so great at that part of the exposure. Alternatively,
Peat 5 and associated organic sediments with high alder percentages
might be equated with a mid-Wisconsin interstadial. But the pollen data

from those sediments indicate that spruce treeline was closer to Deering
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Athan at present, while polien from Imuruk Zone Jo and the lower part

_ of the Epiguruk exposure on the Kobuk_River (Fig. 2; C.S. Schweger,
Pers. Comm., 1971) show that spruce treeline during the mid-Wisconsin
interstadial was located farther from Deering than at present; Clearly,
the assigpment of Peat 5 and associated sedimenﬁs to the Mid-Wiscoasin
is incomp;table with that pollen evidence.

Tmuruk Lake and Nome (Colinvaux, 1964; 1967), like Deering, wefe
in tundra during the Sangamon. Bu:: forests, including spruce, did occur
at Cape Blossom (near Kotzebue, Fig. 2) during Sangamon time (McCulloch,
1967; Matthews and Hopkins, unpublished data). The longitudinal posi-
tion of Cape Blossom is nearly the same as Deering, so if spruce tréeline
moved that far west on the north side of Kotzebue Sound why not a sim-
ilar degree of movement on the south side (placing Deering within tree-
l1ine)? The question is best answered by reference to present distribution
of spruce (Fig. 2), which shows that contemporary climatic warming would
result in spruce reaching Kotzebue first from the Kobuk River delta
region rather than via a westward migration along the north coast of
Kotzebue Sound. With this in mind, it becomes easy to envision Sangamon
conditions in which the only spruce growing near the coast of Kotzebue
Sound occurred at Kotzebue and perhaps those areas surrounding the most
interior portions of the sound, leaving Deering treeless.

Comparison of pre-Sangamon portions of the environmental record
at Cape Deceit and Imuruk is difficult, due to problems concerning
dating of the pre-Sangamon part of the Imuruk sequence. If Colinvaux's
correlations are accepted (Fig. 11), then Deering Formation Unit 1
spectra differ from Illinoian spectra at Imuruk by possession of much

lower Artemisia and Betula percentages. However, if the entire lower
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portion of the Imuruk core is of Illinoian age, as I have suggested,
then pollen records from parts of the sequence are quite similar. to

. Illinoian spectra from Unit 1 (Deering Formation) at Station 8.  In
both cases, a tundra environment dominated by dwarf birches, but lacking
alders, is indicated. Gaps probably exist in the Cape Deceit record
since it is a colluvial sequence. No evidence of an unconformity was
noted in the upper part of Unit 2 at Station 8, but the greater thick-
ness of Unit 1 loess overlying the "frost crack" zone at other exposures
does imply that a hiatus exists immediately below Peat 5 at Station 8.
If so, this would explain the absence of spectra similar to those oc-
curing in Illinoian (or uppermost Illinoian) sediments at Imuruk.

Sediments equal in age to the Cape Deceit Formation probably
do not occur at Imuruk, and other Alaskan samples with which the Cape
Deceit’spectra might be compared are rare.

c. FEurasian Evidence:

Pollen studies from eastern Siberia may be profitably compared
with those from Cape Deceit, but with caution because- the Siberian flora
differs from that of Alaska in several important respects and the
pollen data are presented in a manner that makes comparison difficult.
Pollen and macrofossils from the Olyor-Suite in the Kolymian Lowland imply
open tundra with only a few scattered larches, similar to present day
conditioﬁs in that area (Sher, 1971; A.V. Sher, Pers. Comm., 1970;
Katz, et al., 1970). Petrov (1967) suggests that pollen spectra
from the Pinakul'! deposits (=A1askah Einahnuhtan) indicate more severe
climatic conditions than those at present in Chukotka; however, the
basis for this conclusion--domination by Bryales spores--could easily

be the result of local over-representation. Correlation of the Chukotkan
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Kresta suite (Petrov, 1967) with the established Alaskan sequence is
problematical, but according to D.M. Hopkins (Pers. Comm., 1972) it
probably includes beds equivalent to both the Kotzebuan transgression
and Nome River (Illinoian) glaciation of Alaska. Pollen samples from
the upper Kresta subsuite near Svobodny Bay are thought to indicate
climatic amelioration like Peat 4 (Petrov, 1967), but the fluctuations
recorded in the diagram might be due instead to plant succession on
the nearby shoreline rather than climatic change. Marked peaks of
Polypodiaceae spores that occur near sedimentary contacts in the 10 m
section could result from differential preservation and rebedding--
not climatic change.

The Val'katlen sequence of Chukotka is equivalent to the
Pelukian transgression (Hopkins, 1972 IN PRESS; Petrov and Khoreva, 1968).
As in Sangamon sediments at Cape Deceit, Val'katlen lacustrine 'deposits,
on the north side of the Gulf of Anadyr, record a dominance of alder
pollen, which Petrov explains as the effect of more favorable climate
that allowed alders to grow on interfluves where at present they do
not occur. In Chukotka, however, an alder rich tundra environment also
existed during the Amguem interglacial, correlated with the mid-Wisconsin
(Petrov, 1967).

d. Artemisia:

Percentages of Artemisia in most tundra spectra from Cape Deceit
are higher than in surface samples representing contemporary tundra in
Alaska and the northern Northwest Territories (Colinvaux, 1964; Matthews,
1970; Rampton, 1971; Ritchie, 1972; and this paper); however, amounts
of Artemisia comparable to those in some samples from the upper part of

the Deering Formation do occur in surface samples fromthe northern Great
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?1ains of the United Stateé'(McAndfews and Wright, 1969). The present
distribution of Artemisia in Alaska shows that its occurrence is favored
by at least two interrelated factors--deep seasonal thawing and good
drainage. Such conditions are not often found in contemporarj tundra
areas, no doubt explaining the present rarity of Artemisia there.
Coﬁtinentality of climate has been shown (Yurtsev, 1972) to be the
chief limiting factor in the northern distribution of steppe plant
communities in Eurasia. The climate of unglaciated Alaska was undoubt-
edly more continental than at présent during times when the Bering Land
Bridge was exposed, and the relatively warm, dry summers that probably
characterized such a climate would have promoted wider distribution in
Alaska of xerophytes such as Artemisia. But other more local conditions--
loess deposition or colluvial and alluvial deposition--might also create
suitable habitat for Artemisia by inhibiting development of extensive
moss and Eriophorum turf, thus ﬁrompting deep seasonal thawing and good
drainage. If such presently edaphic conditions were widespread during
the Pleistocene, they, too, could have caused the high Artemisia per-
centages found in many fossil samples. Unfortunately, without knowing
the Artemisia species represented by the pollen (not a future likelihood
according to Praglowski, 1971), it is impossible to know which of the
several factors--regional climatic or local depositional--are responsible
for high Artemisia percentages. In most cases both probably are, but
it is important to remember that local or depositional conditions favor-
ing Artemisia need not have occurred in concert with regional climatic
conditions having the same effect. For example, loess deposition might
have been greatest shortly before or after maximum exposure of the

Bering Land Bridge, and colluvial or alluvial deposition can occur at
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any time. Thus, high Artemisia percentages may occur in samples, such
as 47-69 (Figs. 7, 10) or those from the Epiguruk interstadial (Kobuk
River, C.S. Schweger, Pers. Comm., 1970%, which were definitely not

deposited in full glacial time when climatic continentality was at a

maximume.
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II1. PLANT MACROFOSSILS

Ecologic and Taxonomic Notes
a. Larix:

Abundant seeds, cones and leaves of Larix occur in association
with or immediately above Peat 1 of the Cape Deceit Formation. Larix
wood also occurs in Peat 1, as well as at the Cape Deceit-Inmachuk
contact. A few poorly preserved seeds, only tentatively identified as
Larix, but certainly not Picea, occurred in the residue of pollen
‘sample 47-69 (above Peat 6--Station 1, Fig. 7).

The best preserved Larix cones and seeds are identical to those

of Larix laricina. I have not examined cones of L. dahurica Turcz., an

easternSiberian species, but illustrations and descriptions (Katz, et al.,
1965; Komarov, 1934) show that its cones and seeds are very similar

to those of L. laricina; so even though the Larix fossils from Cape
Deceit are aséigned to L. laricina, the possibility that they represent
L. dahurica instead cannot be ruled out.

Larix wood samples from sediments associated with Peat 1 show
evidence of remarkably slow tree growth. Annual iﬁcrements in one
fragment of an overturned stump (15+ cm diameter) had radial dimensions
of only 80 microns each. Evidently the trees were growing in a marginal
treeline environment, a conclusion substantiated by invertebrate fossils.

b. Picea:

Fossils of both white spruce (P. glauca) and black spruce (P.
mariana) occur in Peat 4 samples. A single Picea (?) leaf occurs in
the S-1 assemblage (Deering Fm., Unit 1), and a well preserved white
spruce leaf was found in association with assemblage S 13-67 (Cape

Deceit Fm.); yet both assemblages are dominated by tundra fossils. The



45

spruce leaf from S-1 may have been rebedaed from underlying Peat 4 or
incorporated in the assemblage during sampling. Excellent preservation
of the S 13=67 spruce leaf suggests.that it is a recent contaminant.

c. Potamogeton spp.:

Fruits of Potamogeton are abundant in a few samples. I have
limited confidence in some of the specific determinations (indicated
by "2") because of the great amount of intraspecific variation in some
species. Several of the species areknown to hybridize, thus contribut-
ing to the difficulty of providiﬁg spekific identifications for fossil
Potamogeton fruits.

' Pondweeds grow partly or completely submerged and rooted to
the bottom. P. perfoliatus usually occurs in deeper water than other
species listed in Figure 12. P. filiformis, P. pectinatus, and P.
vaginatus are often found in brackish or hard water or in areas with
calcareous bedrock (Berglund and Digerfeldt, 1970; Wiggins and Thomas,
1962) .

d. Hierochloe:

Sample S-6 (Deering Fm.) contains two florets (with caryopses)
of Hierochloe. They are definitely not H. alpina, being instead close§t
to the other Alaskan species, H. pauciflora, which now grows on tundra
near margins of fresh water pools (Hultén, 1968).

e. Poa sp.:

Caryopses of grasses ére relatively abundant in assemblage S$-6
(Deefing Fm., Fig. 12), but only a4 few of these possess remains of the
enclosing lemmas and palaes that provide the most diagnostic characters.
Nevertheless, the similarity of naked caryopses to those still bearing

lemmas and palaes suggests that they all represent the same genus--
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Poa. A specific determination of the better preserved fossils was

not possible; however, size of the lemmas and other features show that
they do not represent Poa alpigena or P. lanata, two common species of
wet or near aquatic sites (Hultéﬁ, 1968; Young, 1971; Wiggins and
Thomas, 1962). Instead the Poa fossils probably represent one or more
of the many species occurring now on mesic or Xeric sites.

Most species of Poa are palatable and nurtitious, having high
forage value for grazing ungulates {Hitchcock, 1950). With this in
mind, note Guthrie's (1968) conclusion concerning the predominance of
grazing ungulates in the Alaskan late Pleistocene mammalian fauna.

f. Carex maritima:

Although this species often occurs in association with sandy
or gravelly sea-coastal sites (Porsild, 1966; Hulten, 1968); inland
localities are also known, Porsild (1966) lists C. maritima ssp.
yukonensis as occurring at "calcareous silty places in and around a
spruce bog" in the Yukon Territory. |
g. Potentilla:
Potentilla achenes are extremely abundant in seme samples. They

do not represent the bog species P. palustris (=Comarium palustris).

Most remaining Alaskan Potentilla species occur on sandy, gravelly soil
where vegetation is scattered and grassy (Hultéh,.1968). Fossil achenes
from assemblage S-6 (Deering Fm.) differ consistently from those in
samples S 13-67 and S 11 (Cape Deceit Fm.).
Interpretation and Discussion
?lant macrofossils listed in Figure 12 provide alternate evid-
ence for comparison with paleoenvironmental conclusions based on other

data. Included in that figure are fossils from the residue of pollen
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samples (see METHODS).

Presence of macrofossils of plants now restricted to forested
areas has obvious“implication, especially in the case of Picea,since
spruce forms present treeline in Alaska. In a few instances, plants

now having a boreal distribution in Alaska (e.g.,Ranunculus sceleratus,

Barbarea orthoceras), occur as fossils in assemblages that otherwise

seem to represent former tundra conditions.' Identification error may

be‘the fault, or the present distribution of the plant may be poorly

known. But also such anomalous assemblages may reflect former tundra

environments unlike any known at present (see DISCUSSION; Guthrie, 1968).
a. Forest environments:

Picea glauca, Picea mariana, and Betula papyrifera were all

growing at Deering during formation of Peat 4, being further evidence
that the peat represents an interglacial. At the time of formation and
deposition of Peat 1, larches existed locally in the Deering area, but
spruces wére apparently absent; for despite an intensive search, no macro-
fossils of spruce were found in Peat 1 or in the ovérlying woody sediments.
Pollen evidence also implies scarcity of spruce.

Hopkins (1967a, and Pers. Comm., 1968) reports wood of

Chamaecyparis (Alaska cedar) from the woody zone immediately above

Peat 1. I have been unable to verify the record by collection of

Chamaecyparis macrofossils, and unfortunately the originally identified
wood specimen has been discarded (D.M. Hopkins, Pers. Comm., 1970).
Peat 1'and overlying sediments were deposited in a forest tundra or
tundra environment (see INVERTEBRATE FOSSILS), quite unlike the coastal

forest enviromment in which Chamaecyparis nootkatensis (Lamb.), the

Alaskan species, now grows. For this reason, I doubt that Chamaecyparis

was growing at Deering during Peat 1 time.
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A remarkable featufe‘of the 102-69 Peat 1 assemblage (Fig. 12)
is the diversity of the Potamogeton flora. At least seven distinct types
of fruits are represented. Similar diversity of Potamogeton occurs in
the carpological assemblage from the Tiraspolian Olyor Suite in eastern
Siberia (Katz, et al., 1970). Few, if any, contemporary tundra ponds
in Siberié or Alaska possess a comparable number of Potamogeton species
(Johnson et al., 1966; Young, 1971). Perhaps the high diversity in the
102-69 and Qlyor assemblages results from the fact that they represent
a mixture of fossils from several types of aquatic environments--such
as those characterizing a fen-bog successional sequence. The fact that
Nuphar (pond 1lily) and some of the Potamogeton species from 102-69 do
not now occur as far west as Deering, is additional evidence for a
slightly warmer climate during Peat 1 time.

| b. Tundra environments:

Well known regional differences in taxonomic diversity of the
contemporary Holarctic tundra flora permit definition of modern tundra
zones. It might be possible to apply such a zonation scheme to an analy-

sis of the tundra plant macrofossil assemblages from Cape Deceit.
In contrast with objectively defined physiognomic boundaries,

(i.e. northern treeline), boundaries for tundra zones are both more

sub jective and are based almost entirely on floristic rather than vegeta-

tional distinctions. Different floristic criteria may be used for

definition of such zones. Palynologists who have worked in Alaska

have established tundra zones on the basis of the distribution of alders
and dwarf birches (Colinvaux, 1967)--the pragmatic approach since
birch and alder pollen are produced in abundance, wind distributed,

and easily identified in pollen samples.
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A more refined zona;ion sgheme has been proposed by Young (1971).
‘It takes into account many more taxa than used in the palynological
system, and floristic differences in regions beyond the limit of alders
and birches. Young uses four zones to characterize regional differences
of tundra floristic diversity. Zone 1 includes areas with the most
depauperate flora (high arctic). Zone 4, including all lowland tundra
areas of Alaské, except the northernmost coast and St. Lawrence Island,
represents low arctic or hypoarctic tundra adjacent to the boreal forest
or taiga. Boundaries of the fou; tundra zones are correlated with a
parameter representing summer warmth. Young's zonation system has
predictive value; that is, the climate and flora of a region can be
predicted when only a few of the resident plant species are known. It
would be fortunate if plant fossil assemblages, which also represent
a very small'pbrtion of the former flora, could be used in a like fashion
to assess the paleofloristics and paleoclimate of a region. To even
attempt this, however, specifically identified fossils are required, thus
limiting application of Young's data to siéuations where plant macro-
fossils are available.

Table 2 lists plant species included in Figure 12 and the tundra
zone in which they presently find their northern limit. Note the domin-
ance of low Arctic (Zone 4) species. But ﬁany of those listed are sub-
merged aquatics that are sometimes distributed independently of summer
warmth. For this reason I hesitate to draw any iirm paleoclimatic con=
clusions. It does seem clear, though, that those units at Cape Deceit
which contain identified plant macorfossils were deposited in an environ-
ment as floristically diverse and warm as those defined by Young's Zones
3 and 4, representing low to middle arctic tundra. This does not imply

vegetational similarity, and in fact, pollen data show that the importance
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of spch plants as grasses and Artemisia in the former environment must
‘at times have differed greatly from the present.

Pollen samples representing the S 13-67 sample interval (Cape
Deceit Fm.) indicate a flora in which alders are either absent or very
rare. Alders have their northern limit within Young's Zone 4,
but they do not extend as far north as the Zone 4-Zone 3 boundary;
consequently, éven today, large areas within the limits of low arctic
tundra (according to Young's definition) lack alders and might be ex-
pected to yield surface pollen samples which, like the fossil samples,
contain low alder percentages.

Quantitative data presented in Figure 12 allow comparison of
macrofossil assemblages from several stratigraphic units. Cape Deceit
Formation assemblages S-11 and S 13-67, and Inmachuk Formation assemblage
$-12 are dominated by Potentilla (77-90 percent of total seeds and fruits).
Potentilla is also abundant in S-1 from the lower part of the Deering
Formation, but that assemblage differs from others by possession of an

abundance of Cruciferae seeds. Dominance in the Deering Formation S-6

assemblage is shared by Potentilla, Hippuris, Carex, and Poa. The

S-5 assemblage from the base of Deering Formation Unit 2 is distinguished
by an abundance of Carex achenes and fungal sclerotiav(not tabulated).
Abundance of Potentilla from most assemblages suggests scantily
vegetated site conditions substantially different from those prevailing
in the immediate Cape Deceit area today. Abundance of Hippuris fossils
in Deering Formation assemblage S~6 is undoubtedly related to existence
of small ponds (or a thaw lake basin) at Cape Deceit. Almost 18 percent
of fossils in assemblage S~6 are of Poa; however, this cannot be due to
local aqﬁatic conditions (as is the Hippuris frequency), since the Poa

species represented by fossils are not those now common to aquatic or
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shoreline habitats (see Ecologic and Taxonomic Notes). Instead,

abundance of Poa fossils probably reflects regional environmental
conditions and possibly indicates that the Deering region was more
akin to a grassland 12,400 years ago (when S-6 was deposited) than
it is at present; Fossil insect and pollen data support this con-

clusion.
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Iv. INVERTEBRATE FOSSILS

Table 3 and Figure 14 list fossil Arthropoda and Mollusca col-
lected at Cape Deceit. Fossils o£‘Coleoptera (beetles) dominate.-
Figure 14 includes fossils from the residues of pollen samples. Table
3, on the other hand, lists assemblages of fossils picked from the
sieved residue 6f peat samples and large volume silt samples. Quant-
itative documentation is provided for some of the assemblages by
tabulating the minimum number of ;ndividual insects represented by the
fossils (Matthews, 1968). The total number of insects represented by
each assemblage so documented and the amount of sediment processed is
given in Table L. It shows that caution must be used in interpretation
of inter-assemblage differences of quantitative abundance or taxonomic
diversity (Table 3), since variable sample size is no doubt partly
responsible for such distinctions. For example, note in Tables 3 and &4
the difference in taxonomic diversity and sample size (revealed by the
number of individual insects) in $-12 (Inmaéhuk Fm.) and S-6 (Deering
Fm.) .

Table 3 also includes information on the distribution and
habitat requirements of certain taxa. Sources for this information are
published notes (chiefly in the works of C.H. Lindroth), locality
information on museum specimens that I have examined, and my own and
others' collecting notes. See Table 3 for ecological information on taxa
listed in Figure l4. Stratigraphic position of all samples listed in
Table 3 and Figure 14 is given in Figure 7.

Ecologic and Taxonomic Notes
a. Homoptera:

Fossils of leafhoppers (Cicadellidae) are relatively abundant
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in some of the assemblages. Most species feed on grasses. Athysanella
is chiefly associated with the "short grasses' (Ball and Beamer, 1940).
The genus is not known from Alaska today and except for a few recbrds
from relict grassland areas in the Northwest Territories and northern
British Columbia, it is found only in extensive grassland regions such
as the western Canadian prairies (Beirne, 1956; K.G.A. Hamilton, Pers.
Comm., 1970).

The leafhopper genera Sorhoanus, Perdanus, and Psammotettis,

individuals of which are common in contemporary grassy tundra areas of
Alaska (Hamilton, Pers. Comm., 1970), are not represented in any of the
fossil assemblages. While not implying their absence from the former
insect faupa, this fact does strongly suggest (particularly in the case
of assemblages containing large numbers of fossils--e.g.,S~6) that
individuals representing these three genera were at times during the
Pleistocene less common than those of other leafhopper taxa which are
fare (maybe absent) in contemporafy tun&ra regions.

Like Athysanella, the fulgorid genus Aphelonema is characteristic
of prairie areas, with a few specimens having been taken in northern
relict grasslands--not in Alaska, however (Hamilton, Pers. Comm., 1970).

Neither is the psyllid Trioza quadripunctata Crawford a member of the

contemporary Alaskan fauna. It occurs on species of nettle (Urtica)
Tuthill, 1943), but none of the three species of Urtica, which now grow
in Alaska, has been recorded from lowland tundra areas (Hultéh, 1968) .

b. Pterostichus nearcticus Lth. (Fig. 15 ()

The single pronotum referred to this species was compared with
the holotype in the Canadian National Collection (Ottawa). P. nearcticus

is presently known only from the islands of the Anderson River Delta
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(northern Northwest Territories). A glacial refugium has been postulated
for that area because, in addition to P. nearcticus, the species Ptero-

stichus stantonensis Ball and morphologically distinct populations of

other species occur only there (Ball, 1966). But since P. nearcticus
occurred in western Alaska during the late Wisconsin, its present re-
striction to the Anderson River Delta can hardly be an indication of
refugial endemism.

In the Anderson River area P. nearcticus is found on '"sandy
soil with open grassy vegetation' (Lindroth, 1966). Perhaps the pre-
valence of grassland conditions in late Pleistocene Alaska (Guthrie,
1968; Matthews, unpublished manuscript; and this paper) explains the
former more cosmopolitan distribution of this species.

Other speci