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- _ A Abstract' - . o ; oL
- » Co e - SN L
S "n'é{
The Onion Portage region of the Kobuk. River Valley, north- A
eastern Alaska, lies within a broad forest tundra mosaic or ecotone.'
Here a number of typically boreal spe@ies reach their western 1imits..; e
Many of the forest stands are dominated by deciduous snecies, Populus T

balsamifera, P. tremuloides and Betula papyrifera. The di erse

'topography influences the vegetation pattern since it controls climatic

and edaphic ‘factors that interact in a series of complex interrela— ?
. .

tionships. Permafrost depth seems to be one of the most importan
. i \\ - o ) /\ . . ‘ ,.“{'f.:_\l.
(environmental factors. _ o /~ < . iﬁffi% "
. ) o . } - . . &lf:;:t‘.i"‘::
: : -'/’ -~.

o« this region was greatly affected by late Ouaternary glaciations.
The Kobuk Glaciation- (early Wisconsin) and the Ambler Stadgﬁof the
Itkillik Glaciation (late Wisconsin) had . frontal pﬁsitions within
the: central Kobuk Valley. The stratigraphic history of the Epiguruk '

. exposure indicates periods of extensive alluviation dated greater.
than 40 020 years ago and from 24 000 to 17‘700 B p. These correlate | o
with the Kobuk Claciation and Anbler Stade. Organic rich sediments
at Epiguruk represent the mid—Wisconsin interstadial they have
yielded a- fossil pol}en record dominated by. grass, sedge and Artemisia.
fThis record indicates a steppe-tundra vegetation and a cold arid ’
-:climate. Becween 17 700 and 10, 000 years B P downcutting brought

g the river to very near its pnesent level. o .:t 2
Late glacial—Holocene sections from'EpigurgErWere xanined~;:4“'f»

. e S

ag

v



for fossil pollen content.. These data indigcate that an open, high

arcfic tundra existed in the region from abontALZ,OQO to ld,QOﬂ years

-ago at which time Bifch'shrnbs invaded. By about 7, noo B.P. alder

'the Alaskan north slope. Sprucc finally arrived in this region

.

. appearcd rc3u1t1ng in a vegetation similar to that now present ACTross,

¢

IS;SOO‘BiP. and has sinee spread.resulting in the modern forest-tundra

vegetation. This pollen record indicates an initial cold and possibly

arid climate that gave way in the early to mid Holocene to-a warmer,

. moister climate. No climatic reversals are observed in this record.

Excavations at the Onion Portage archaeological site revealed

additional paleoenvi;onmental data. Changes in paleosol tvpe,

.crvoturbatlon and plant macrofossils indicate that tundra vegetation

and a shallow permafrost table changed to boreal vegetation and
deeper permafrost levels. Thia change occurred-about 5,600 vears

B.P. and corroborateé the-pollen recorgs{

~This paleoecological record compares closely to other pub-

lished studies reveahing a picture of Alaskan vegetation development

. during the Holocene. However, these data indicate that Daleoclimatic

inferences are difficult>and_often,confusing.

Ll

The Onion Portage archaeological record can be suecessfully'“
compared to this paleoecological record.. In this way- cultufe hlStOrV

reveals human’adaptations to a changing arctic environment.

o

\
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: ' RN INTRODUCTION
ProjectA Purpose . o . ‘s

Y The Onion Portage region of northwestern Alaska has become

a focus for Quaternaryvresearch. In*l94l Louis Giddings, an arch-—

o
. \

‘/aeologist, discovered the Onion Portage‘archaeological site. 'However,‘-
it was, not until 20 years later, in 1961 when exfénsiVe excavations

. began, that ‘the signifidance of. this deeply stratified prehistoric
cultural record was realized.” Excavations in 1961 and 1964 by Fiddings,'
and after his death by Douglas A Anderson, from 1965 to 1968, recovered

(thousands of artifacts representing nine major cultural horizons.
w .

R

" This record spans at least ‘10, OOO years and makes Onion Portage oné’

of'the most important archaeological sites in northwestern North

.
- }
- -

America. R R -
o v . .

Because of the significance of this archaeological record,

°

regsearch was. initiated ‘into other aspects of the paleoenvironment

and Onion Portage became the focus of an interdisciﬁlinary research

progect aimed at reconstruction of the late Quaternary cultural

Qgeolqgical and ecological history. Archaeological studies were

: undertaken by Douglas A. Anderson, Brcwn University, the geology
by Thomas’D. Hamilton, University of Alaska and the paleoecology

'By myself. This research was designed to investigate three important
hd
areas: ¢firstly, the adaptive role of culture to arctic environments

e

and environmental change. Secondly, the development of a- glacial

-1 - " - - ‘
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arw

. - 7’_ 2 _ ‘

-
o«

andygeomorphic history for the Kobuk-Ambler River Valley system.

P
Thirdly, the documentation of the paleoecological history of the )

‘Onion Portage region~and its paleoclimatic interpretation. ;The

research carried out to satisfy the third goal, is the subject of

a

this dissertation.

Whereas the work of Hamilton provides a regional view of
the Quaternary geologv and chronology, these.studies weére designed

to,provide a more detailed paleoecological record for the Onion -

Portage area.” The organization of this dissertation reflects the ~

T

'basicjorganization of this'research. The classic principle of Uni-

7

formitarinism operates in paleoecology so that interpretations are

‘.predicated on a basic understanding of the modern,environment.

Quaternary paleoecological research becomes more valuable)as more.

of the modern environment is considered Since little is known of N\
the modern ecology of northwestern Alaska, these data were assembled

hforvthe Oninn_Portage region and‘are presented here. The presentv

day flora was collected as an inventory of what is present in the
region today, and a minimum amount of plantcecological data,was?

gathered 'in order to provide an understanding of the plant commu-

nities and environmental controls. The recoverymand analysis of'

fossil pollen from dated stratigrapﬂic sections provided the basic.

paleoecological method. Additional'information camé from interpre—

\

tation of the depositional history at the Onion Portage archaeologlcal

site. Field work was carried out’ during the summers of 1967 . 1968

and 1969 with the laboratory analyses‘being performed during the

.- subsequent winters."These stydies were ?unded undergNational Science

o



Foundation (United States;Government) grants to Dpuglas A. Anderson

" and grants from the Universit 'of Alberta, Boreal Institute, to the

author.,

Physiographic~Setting

From its source in the Endicott’ Mountains, Brooks Range, the

Y

Kobuk River (Figure 1) flows south and then westward to Kotzebue

S,;ound, traversing the souther\% of the Brooks Range.. - A number

Lo

of'major tributaries sueh as the'Ambler, Hunt and Squirrel Rivers
enter the Kbbuk-from the mountains to. the northi The geography and
itopography of this region is dominated by the major east-west struc-
tural features of ‘the Brooks Range which form the Waring and Jade
‘Mountains (Warhaftig, 1965) These foothill ranges rise to 610 m. $%;
and 1, 020 m. respectively, and form the south/and north boundafies A °

»

of(§herKobuk Valley in the»region of On&on Portage.

T

s

which swings back fnto itself to form a narrow/neck of floodplain,v

-

used as a prehistoric portage. Onion Portage sits at about the mid-

way point in the Kobuk Valley;napproximately 160 km. frOm the coast.

» e

The valley floor is a broad low ﬂepression which ‘lies mainlv between

" 15 and 60 m. (above S L.) and then risj;/gggeﬁlﬁwin.the north. to

mountains over 1 ,000 m. in elevation.

A

The various surficial materials include lacustrine silts,

alluvium, coarse outwaéh dune sand and glacial till (Figures 2 and 3).

#
B}

Bedrock exposedﬂin the nearby Jade and Waring Mountains and in plésez\\\

o ) R
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Figure i

Map of Alaska and sur
topographic features
text. '

) : - . °
rounding regions showing major

and localities mentioned in the

©
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Figure 2
Airphoto mosaic of Onion Portage region, central Kobuk
Valley. Transparént overlay shows localities and out-

lines major geomo#phic surfaces,. -agfter ‘Hamilton (1973,
unpublished manusc¢ript). Feature A is Israkalik Lake.

The "short. dimensi¢gn, center of photo mosaic,. is'50 kilo-‘

meters long.

«






Figure 3

K . .

alley. Drift limits
unpub lished manuscript).

-Glacial map of central-Kobuk River V
are taken from Hamilton (1973,

a - )
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along the river is of Cretaceous glastics and Paleozoic metasediments
and volcanics (Patton, Muller and Tailleur, 1968). The active Great |
Kobuk and’ Little Kobuk Sand Dunes as well as large ‘areas of stabilized

dunes are found south of the Kobuk River near Onion Portage.

This 1is a region that has been strongly affected by Pleistocene

glaciation During Illinoian t%me ice completely filled the Kobuk
. B

'll/tﬁe way- to the coast, but Wisconsin glacial ice ‘was mainly.

confined to tributary valleys extending from the Brook& Range_(Coulter,

1965) . : T T

*» No glaciers are found in this section of .the BrooksrRange o
at pfesent,“but r0ck‘g1aciers appear to be active in cirques-of the

Jade Mountains. LPermafrost"is continuous over this-region but its

depth beneath the surface varies depending upon a variety of environ—

B mental factors;f Thislmstadagreat influence on the pattern-of surface

drainage and the vegetational mosaic (see Figure 2), as well as on the-

vafiety of periglacial or*cryoturbationzfeatures that are present. -

Previous Work .- Archaeology

The dnion Portage archaeological site was discovered'in 1941-
by J.L. Giddings._ These original excavations were 1imited to surface‘
features and it was not until 1961 that excavation was. resumed The h -
. ) <] :
_1961 work demonstrated natural and cultural stratigraphy and prompted ‘/:>
‘full-scale excavations during the summer of 1964. Following Giddings
'death in 1964 D.A. Anderson took’ over and excavations continued

..

‘during 1966,51967 and 1968. The cultural sequence ‘has been described
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by Giddings (1962, 1966 an&“l§61§tand by Anderson (1968, 1970a, 1970b
. o » .

~and 1970c) and the geological framework- by Hamilton” (1970 and 1973,

unpublished manuscript). ///

The archaeological site is located at the base of a south-

facing bluff formed during river incisewent. As the Kobuk River

~

eroded, the channel migrated southward awwy from the bluff and a

point—bar was formed away from the bluff. e farmer channel positions

are easily seen on alr photographs (Figure 2) Frequent flooding has

resulted in the deposition of thin sedimentary units of alluvial silt,

that alternate with bands of white eolian sand to form a detailed -

~
oA

floodolain record. .This record has been puﬁétupted by gully erosion

which cut into the bluff and deposited wedge-shaped fans of sand over
: ’ \

the alluvium and eolian deposits (Figugs 4).

© ol -
e
e

ES

Archaeological.excavations.covered an area of approximately

-~ -

one hectare along the levee and floodplain at the base of the bluff

(see Hamilton, 19705. Further testing indicated that additional '

cultural materials'are'present ddwnstream along the levee. The
:stratigraphic sequence at the archaeological site ie a vertical

record of buried ground surfaces occupied for intervals from about.

lOO”toll;OOO years'to produce a eultural record extending back 10,000

years; The archaeological materials were deposited on these ground

surfaces. These materials can be grouped into eight distinct cul-

Do. P B

tural bands numbered-one to eigpt, the youngest being near the
‘surfaceé'theholdest.néar:Egé base.- An. earlier cultural component

has been recognized below Band 8 althoﬁgh.the‘main artifact

.

<

e
g

T ey e e v Sy



Figure 4

I3

. \ _
Sedimentary section from Onion Portage a¥chaeological

site, gully sand wedges are from the left,ualluvial_
beds from the left. Stadia rod is scaled in decimeters.
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concentration was along the blutf cdpe above the site. Pach band

mav he represcented by oo osertes of accupations Jestenated an levelss,

These terms are uscd to describe the cultural strattpraphyv and not

the peolopleal stratigraphy although many peolopteal untts tatl

within a band designation. Fortv-four radiocarbon dates, matnly

chafcoal samples from hearths, date t!w eight cultural bands and by
«

interpolation the geological units. Filgure 5 summarizes the cultural

stratigraphv and radiocarbon chronology.

Although nine archaeological cultures were defined, these
can be grouped into “"rraditions' to describe the persistence of
cultural traits over considerable time (Figure 5). Anderson (1968)
recognized three cultural traditions: American Paleo-Arctic, Northern
Archalc and Arctic Sméll-Tool. Each of these 1s characterized'b§ a
distinct assemblage of lithic toolﬂtyoes and manufacturing technology

and they suggest distinct environmental adaptations.

The American Paleo-Arctic Trad%}ion includes the Kobuk (Band 8)
and the Akmak Complexes (pre Band 8). The former dates f}om 8200 -
8000 B.P. and the latter has been dated at 9900 B.P. These. are ‘
microblade core and burin industries. The Akmak assemblage has, in
addition, large core bifaces an% large blades (Anderson, 1930a, 1970b) .
Both cogplexes,“and éspecially the Akmak, show strong affin;ties
with arctic Upper Paleolithic cultures of northeastern Asia (Ahders&n,

-

1970a). =

The Northern Archaic Tradition is represented by the Palisades -

IT (Bands 7 and 6) and the Portage Complexes (lower Band 5). These

¢



‘ Figure 5 - ) W“’ : ‘

¢ . . Y

‘Correlation of Omion Poair'ta’ge archaeological sequence
with radiocarbon chronology and cultural traditioms,
after Anderson (1968). , o S
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'DATES B.P. | CULTURE TRADITION
: ) ARCTIC WOODLAND| . = |
| |950-250 cskimo | | ESKIMO.
NORTHERN INDIAN
2 |is50-1150 _ — — .
A P NORTON /iPIUTAK = |ARCTIC SMALL-TOOL
3 |3500-2500 |CHORIS COMPLEX: |
4 "‘.421(20-3‘8(00 "DENBIGH- FLINT . .
o : LT ARCTIC SMALL-TOOL
COMPLEX | :
4600-4200 |PORTAGE COMPLEX . -
— = — : NORTHERN
6 |s5900-4600 |pPaLisaDE 11 :
, | _ARCHAIC
o - ,¢0MPLEx‘ “
7 |e000-5900 "
Y lkoBUK COMPLEX | “amERICA
pre | |akmak compLEx | PALEO-ARCTIC
8 715000-8500 4 -

<

CULTURAL RECORD-ONION PORTAGE SITE
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bands date 6000 - 5900 B.P., 5900 - 4600 B.P.‘and 4600 - QZOQJB.P.>°.1_-
\\respectively,'oThe assemblages are .characterized by such diverse

_ artifacts .as knotched projectile points, large-lunar-shaped bifaces,
N ' : o o ‘ y - &
net sidkérs and needle-sharpening stornes. This, tradition is signi-~

“~ °

ficant in showing affinities with Archaic archaeological assemblages

far to the southeast in forested environments (Anderson, 1968)

. = _
The Arctic Small-Tool Tradition ig represented by.the Denbigh
o ‘\\{lint (upper Band 5 and Band 4), Choris (Band 3) aqd Norton/Ipiutak ’
) c0mp1exe3‘(lower Band 2) TheseQComplexes date 4200-— 3800 B P.,-
3500 - 2500 B. P., and 1600 to near. 1200 B P. respectively. These

again are microblade industries but with stemmed prOJectile points,,

blade insets, beaked tools and adze blades (Andérson, 1968 l970b)

-

——‘ﬂ'reseTmp‘rexe‘s represent arctic cultures with inland as, wel’l_as-

- coastal affinities. Finally,vover the past l,QOO years both northern

"Indian as well as arctic'woodland Eskimo cultures occupied Onion .

Portage. One of the magor goals of the Onion Portage research ) .°

gpro;ect is to interpret these different CUltural traditions in terms -

-8

of environment, climate and adaptation. ‘ ’
Previous Work - Quaternary Geology

Glaciers are ‘known' to have extended'south from the Brooks
. : : ]

Range, through the'foothills, filling the Kobuk Valleytdown valley

to the Baldwin Peninsula in Kotzebue Sound This period of maximum
Q-o

o o

glaciation has been. correlated with the Illinoian Glaciation Stage

- of the United States mid-continent region (Hopkins, McCulloch and

N

Janda, 1962; Coulter, et al., 1965)
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Fernald s reconnaissance study (1964) “was the first mapping

. e LA

of surficial geology in the cedtral Kobuk Valley.u "He mapped broad

_surfaces of till and dutwash near the base of the foothills as re-

pfesenting a pre—Wisconsin glaciation he called the Kobuk Glaciation

3

(Table 1. His younger drift,- representing the Wisconsin age Ambl%r

Glaciation, is seen as moraines and outwash deposits along the larger
tributary valleys to the Ambler River near the mountain front Still

younger moraines near the headwaters of the Kobuk River ‘are assOciated

-, o

"~ with the Walker“Lake Glaciation.

Hamilton (1969, 1970 and 1973, unpublished manuscript) has
conducted detailed surficial mapping and stratigraphic studies in
. “
: the Kobuk - Valley and valleys of its major tributaries. He recoganes

~

. an earlier Pre—deuk glaciatiOn marked by high- altitude faceted Bed—

: rock spurs and glacial divides that transec& the Jade Mountains’ at

\
(2]

200 to 600 m. altitude, this may: represent the more extensive Illinoian
‘Glaciation. In thé western Brooks Range lower elevations a;} smaller
accumulation Zreas may have inhibited the later. 1ce-advances. Accord-
'ing to Hanilton; the Jade Mountains and Cosmos Hills south of the

o]

'Amblel River (Figure 3) confined the fce so that it reached the Kobuk

P c

Valley floor only near the mouths of the principal tributaries.

2

'Meltwater streams caused extensive aggradation of the fleor of the

\

central Kobuk Valley and the lo%er portions of its tributaries. .

o

- /7 oh

During the Kobuk Glaciation ice from the Ambler Valley andiits

A .
principal tributaries coalesced -and extended to a terminal pbsitioh.
\

about 3 Km southwest of the village of Ambler (Figure 3) A series

o

-pf recessional moraines lead back to near the mouth of the Ambler River.

e
[

©

o
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To LhL wcst of Onion.Portngc,glaclcrstcxtchdcd down the ‘Hunt River
drainage system to a terminus probably near the present ‘course of the
Kbbuk Valley - Evidence of this lobe has been removed or is buried
beneath later alluvium.e What remairs are exposures of outwash gravels
(Fernald 1964, p..7) that form ‘an outwash terrace extending east to
Onion Portage and south toward the Kobuk River wherevit meets younéer
alluvium to the south (Figure 2) This younger alluvial surface,
30 - 50'm. in elevation, extends from the eroded flank of the outwash |
terrace to bluffs along the Kobuk River near Onion Portage. The
composition and_age of this alluvium will be discussed later in the
hsection on'thetEpiguruk exposure.

Hamilton (1973, unpublished manuscript) has dated a post—

'*___fffKEbuk*interstadi&l—wiehuéour_radiocarbon dates, two greater than

40, 000 B. P., 33'006 B.P. and 28‘000 B.P. The dated materials come
from coarse—grained terrace deposits in the Ambler and Redstone o
Valleys where alluvimion began during the late Kobuk Glaciation,
persisted through a subsequent recessional stade and’ continued until

at least 28 000 B.P., after which renewed glaciation began. These

dates suggest an early—Wisconsin or’ pre—Wisconsin age for the Kobuk

° (=3

Glaciation, Hamilton concluded that an interstade, not an’ inter—
glaciation, followed the Kobuk Glaciation and therefore it should
be correlated with the early—Wisconsin. This being so, the 1at r
Ambler Glaciation (Fernald 1964) - may be correlated with.the later
Wisconsin Glaciation of the standard North American mid-continent
chronology. Hamilton %1969) has extended the glacial chron?logy of

,the‘southcentral Brooks‘Range»into the central Kobuk Valley, Fernald s

e
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i- e | o
Ambler and Walker Lake Glaciations‘now represent stades within the

late—Wisconsin Itkillik Glac1ation (Table 1). - .J-
“The extent of the Itkillik glaciers in -the central Kobuk
. ' - S ‘ R
region was controlled as with the Kobuk Glaciation, by the lower

‘

sSnow source areas across the western portionvof the Brooks Range.

-Glacial ice was therefore confined to the Ambler River Valley and

-0

its tributaries.» Massive end moraine complexes were napped near the
mountain front along the Ambler Valley and its adjacent tributary
(Figure 3) - Glaciallice from the Redstone Valley flo;ed south to
within 6 km. of its mouth where it formed a 1arge/end moraine belt

.of irregular topography Exposures along the Redstbne River indicate

mixing ‘of Ambler;Valley river alluvium with outwash from the expanding

P, A small glacier lobe
extended part way down the Miluet Valley and smaller glaciers formed -

in the north facing cirques of the Jade Mountains. In. most valleys_.

»the Itkillik Glaciation is represented by a series of recessional

moraineS- Hamilton does not believe there is sufficient time sep-

aration to designate any of them as stadial significance.

°

During the Itkillik glacial maximum extensive alluviation
from'glacial streams produced floodplains at heights 30 - 35 m.’ above
th‘e modein river levelsr Outwash aprons of sand and grave,l were

=

deposited near glacier termini and fluvial sands and silts were

deposited down valley and throughout the central Kobuk Valley. . These

’ sediments are now exposed in high level terraces along the' Ambler

1
and'Redstone Valleys, near the mouth of the- Ambler River amd in the

I

Kobuk Valley near Onion Portage.



.MODERN-ECOLOGY OF'ONION‘PORTAGE REGION

Climate

Weatber records nave never been kept atAOnion Portage; the
,t earest climatic data are from Shungnak 80 km. to 'the west, and‘from
Kotzebue on the coast. The following data hmm been extrapolated for
Onion Portage from Warhaftig (1965), United States Geological Survey
,National At}as (1965, Rnblished separates) and,Johneon and Hartman

L (1969) d should be viewed as a-regionaliapproximation.

R / Mean Annual Temperature, -5.3°C. -

' /, : Daily - ~  -Daily Average Daily Average
-/ Month ~ Average (C%) Minimom—(CO)  Maximum (C%)
o T/ January _ 23 =26
/ April . =9 -15
/ S July. . - Co 10 : 9
'/ October e -9
// ' Mean annual precipitation is only '.203 mm, mean annual
/ snowfall is between 1270 mn and l9001mn$here ‘are less than 40 wet
\ -
\; davs per year (a wet day has 2. Sh(mm ‘orxr more of water precip1tat1on),
\ W *he average over most of Alaska\ For kotzebue the average

growing 'season is less than 90 days; at Shungnak only

65 the figure for Onion Portage is closer to the latter. The-
Bonal temperature variation (half the dﬁfference between mean
July and mean January temperature) is over 19°’ this, according to

i

ohnson.and Hartman (1969) puts this region 1nto a continental

: J‘&‘b
. ' ‘e
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climatic zone. Watson (1959) would place it into an aébtic'climate,
but near the boundary of the continental climatic zone. The mean

annual evapo—transpiration ié 14 inches, lebviug a negative water
v . .

balance of 6 inches. Using Thornthwaite s 1ndex system, this area

is classified as a semiarid:; climate (Newman and Brantagn, 1972)
. N 1

From my ooservations the summers are higﬁly variable, periods
of unusually-warm, dry weather, with temperatures in the 20's are often
quickly replaced by cool, cloud& weather tuat may bring rain or snow
and freezing temperatures as early as mid-August. ,Another important
‘climatic factor, especially from the standpoint pf vegetation and

sedimentation, is the very strong winds that most frequently blow

to the south out of the mountaiﬁ-valleys. These have often been

strong enough to topple trees and remove great’dugﬁtities of sand

from the river bars and floodplains, and are important in the dis-

tribution of winter snowfall.

Regional Vegetation

The interior of Alaska can be described‘as boreal forest or
taiga, while the northern and western coastallregions are tundra
'vegetation (Figure 6). However, 'a variety of factors, most importantly
topography and local climatic differences, complicates this simple
pattern se that tpe forest—tundra boundary interdigitates and becomes
diffus;'to form a broad ecotone (Siéatoos, 1958; Kuchler, 1966;

o

Viereck and Little, 1972).

-~

Onion. Portage lies within a tongue of spruee forest that

.

extends westwand from the forests of ‘{nterior Alaska along the Kobuk



Figure 6

\

Map of Alaska showing the limits of plant ‘taxa important
in the vegetation cover. s

o

a
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Valley to the coast at Hotham Inlet, Kotzebue Sound. At the coast

and scattered across the broad delta of the Kobuk River, stunted

Picea glauca and Populus balsamifera trees and Alnus crispa and
Salix sp. shrubs form narrow bands of forest élong channel margins
-and old ox-bow sloughs where permafrost is absent. Ipland, thisg
restricted assemblage zone becomes progressively broader and more
complex as it occupies more diverse habitats until a gallery forest

is formed and eventually merges with the boreal forest of the interior.

Forest meets alpine and arctic tundra €outh and north of the
Kobuk Valley and to the west lies coastal tundra. As a result, a
broad complex ecotone Jf forest, woodland and tundra communities

has developed. This vegetation mosaic 1is highly dependent upon

____microenvironment, substrate conditions, climate and succession

(Hopkins and Sigafoos, ‘1”,951; Hansen, 1953; Spetzman, 1959; Johnson,

et al., 1965; Britton, 1967).

The boreal forest zone of the Kobuk Valley is entirely com—
parabier in composition and dynamicsl to the forest of the Alaskan
i;xterior (Lutz, 1956; La Roi, 1967; Hulten, 1968). Forest fires
(Lutz; 1956), permafrost development (Viereck, 1970) and nutrient
supply (Heiixl;an, 1966, 1968) are the importan\t factors in determining
the succ_:essional relatioﬁships and maintaining thel forest diversity

and mosaic dominated by spruce.

B

Alnus crispa shrubs are common in the forest and tundra

. vegetation of the Kobuk Valley. Beyond the tree-line it dominates

many regions of shrub tundra; it also forms dense sub—alpine zongs/"-
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on slopes and riparifan thickets along Valley bottoms that penetrate
th B:ooks Range (Figure 6; also Sigafoos, 1938; Spetzman, 1959;

Viereck and.Little, 1972).
4

-
An open shrub tundra dominated by low shrubs of Betula

glandulosa, B. nana and Salix (various spec\'iea) and species of Cyperaceae,
Compositae, Razlunculacea/e, Saxifragaceae, Rosaceae and Scrophulariaceae
18 found forth of the Brooks Range ;d at higher elevations. Near
Point Barrow_and along the northern coast the tundra is dominateci by

N
Cyperace‘a'e and Gramineae speciesj Betula sp. is not found here and
%
Salix species are the dominant shrub forms petzman, 1959; Britton,
Q

-

1967) .

—_-"The_four major vegetation zones briefly described here as
the boreal forest, alder-birch shrub tundra, birch shrub tunt};xla and
open sedge tundra appé’%’o have regional climatic significance.

Hopkins (1959) has shown that the spruce tree-line in northern Alaska

is determined largefy' by the summer temperature; the tundra climate

is markéd by less than 130 degree-days above 50°F. Summer temperatures,

_‘;

which are mdst 1mport?1t to plﬁt growth and reproduction, reach their

lowest values at Point Barrow and along ,the northern coast but increase
AY

inland to the south. Clebsch and Shank (1968) demonstrated the effect -

[y ¢

of this,—,,amn!r te&gtute gradient on the vegetation gradient near

o

i’row, where tundra shrubs increase in abundance and graminoid species
rease away from the coaat;. Matthews (1970) believes that the

northern distribution of Betula nana parallels the -12°C. mean annual

isotherm. . / . _
-’

» -
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Young (1971) has provided thckmoﬂt complete treatment of

arctic floristic zonation and climatic controls. He recognizes four
major floristic zones beyond the spruce tree-line. Most of .northern
Alaska is 1in zone &4, which contains both Alnus ssp. and Eﬂ&ﬂlﬂ
gigodulosaﬂ A thin strip along the nortﬁern coast where aider.nnd

B. ghmdﬁiosa are not found is in zone 3. Only the Point Barrow
region of mainland Alaska, where Betula-gggg fs not fouhd, is in

zone 2, as ie the greatest part of the Canadian Arctic Archipelago.
“¥1oristic zone 1 represents the coldest regions surrounding the
Arctic Basin. Young's analysis of the controlling ecological factors
demonstrates. the significance of the summer temperature. By comput-
ing an "a" value from the sum of mean temperatures of all mont;s
having a mean temperature above 0°C:, he showedthat zone 1 stations
characteristically have an "a'" between 0 and 6, zone 2 between 6.:
and 12, zone 3 between 12 and .20, eohe 4 between 20 and 35 and eone S,
timbered Tegions, over 35. Young (1971) hypothesized that, ''the
reproductivé pﬁase of -the 1life cycle of a plant is the most sensf—
‘tive to critically 1ow‘ggounts of warmth, either Jo the production
of propeguiespor their germioation." |

in addition to any climatic significance, the four Qegetation
. zoneaioutlined for northern Alaska (Figure 6) is each charactErized

by a dominan& plant taxon,spruce, alder, birch and sedge dominate
o

respectively, the forest, alder—birch tundra, ‘birch shrub tundra and

o open tundra. This it?atiy aids the interoretation of the DaleOeco—
e M. ® "

‘ \Ibgggé;Lxﬂégrd based on’ pollen&analysis in northyestern Alaska.r 9

aln 4 . : s B
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Flora of the Onion Portage Region

o o :
The first step in describingpthe plant ecology of the Onion

Portage region was determination of the local flora. Since botanical

% e . e

data from the Kobuk Valley are sparse, it was necessary to collect

the floraAfromithis region,: Only in this.way was it possible to

L

“determine what species were present.' The resulting plant colledtion

also served .as the basis of an important pollenvreference collection.

Most of the collection was made within a lO—kilometer radius

of 6nioq Portage and'representS'both forest and shrub‘tundra.‘ Over .

1 000°specimen sheets were collected a complete set of voucher | -
specimens was’ deposited in the herbarium of the Unlversity of Alaska.
Other sets were deposited in the herbariums of th'e University 3f

Arizona, Brown University, Haffenreffer Museum and.University of
Alberta. All my identifications wéte checked by Dr. Vernon Harms,
Botany-Department, Univglsity of Saskatchewan, he also saw to it

<

that certainvgroups'were examined by specialists.’ Hulten'(1968)

was used as final'authority”for nomenclature.

3

Appendix I lists the 171 vascular species that were collected.
. o R
No doubt more iIntensive collecting would increase thls flora, particu—'

larly the grasses, sedges and aquatics. For example, over 300 species’

were collected from theﬂ Ogotoruk Creek - drainage hear Cape Thomnson

on the northwest coast ‘of Alaska (Johnson, et al., 1966) » The Onién R
; , L

Portage flora demonstrates very well the degree to which boreal forest

-

and arctic tundra are mixed in this ecotonal region. A'typical

Alaskan boreal £orest can be assembled as well as a typical arctic tundra.

°

e -
: Y /

s



Most noticeable, however, is the large number of taxa that reach or
extend their western range limits here, based on the distribution

maps froﬁ Hul£en (1968) . Pfcea mariana, Populus . .tremuloides, Betgla

glandulosa and Betula papyrifera attest to the development of typical

- .

boreal forest vegetation at Onion Portage along-with the following:

. Lycopodium annotinum ssp. annotinum, Agrostis scabra, Carex canescens,
- % , .

;‘;‘% brunnescens Juncus alpinus Iris segtosa ssp. interior, Habenaria

hyperborea, Spiranthes romanzoffiana, Goodyera repens, Geocaulon lividum,

»

Nuphar polysepalum, Aquilegia brevistyla, Delphinium glaucum, Anemonel

multifida, Corydalis sempervirens, Draba stenoloba, Capsella bursa—

pastoris,rPotentilla norveg;ca ssp. monspeliensis, Pyrola secunda,

Moneses uniflora, Ledum palustre ssp. groenlandicum, Viburnum edule,

/' and Arnica alpina ssp. attenuata3 The Onion Portage flora indicates
~a far westward extensibn and develoﬁment of the boreal forest typical

of the interior of Alaska.
: £

Three other taxa display¥mérked renge‘extenéions. Pyrola
’chlorantha,>Qréﬁiously,Aﬁas not known from north of the Yukon River.

Pea leptocoma is a rare species with a southern maritime distribution;

- its discovery here on wet tundra is e signifieant range extension..
Corispeﬁnum‘ hiss'opifoliuin has only been recorded from fbufother
( )
scattered. localities in Alaska. .This 1is only the second time that

'Oxftp_pis kobukensis has been colleCQEd this species found on sand

-dunes near the mouth of" the Hunt Riverf\is apparenmly endemic to

this region.

N
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. a region of:approximateiy one square kilometer north and dest of the

”

(A

“e . R et
Compositidﬁ and Structure of Forest
and Tundra Communities of ‘the .
Onion Portage Region L .

The distribution of forest and'tundra in the;cehtral-Kobuk"u
[

o

River Valley creates a mosaic of vegetatiopn t)pes. "In order to inter-

2

. pret the sequence of late Quaternary vegetation development it is

necessary to'determine what factors interact to control the modern

°plarit communities and(their distributions. This again is only the

@ Q.

application of Uniformitariaﬂsm to paieoecology.

o

The e&%ironmental factors that 1nteract to determine the

nature of -the vegetation mosaic near Onion Portage are slope, aspectf

©
o ©

site. age, substrate composition, drainage, stand history, succession,

N - o

_ snow’cover aﬂd°permafrost. “The latter is one_ of the most significant

~ e - e g o ©

factors, since it interacts directly with all the other factors in

° Q
o a

a complexzrelationship. <In ordér to describe more fully the vegetationl

o,

selected for. detailed study. These six stzhds wefe selected~on the"

° o

basis of’ﬁopogréphic position and soil t%?e afgng an environmental

“transeét that ‘intersected a varietv of vegetation tyPes. These vege—-

o

1

tat}onctypgs‘are typical membersvof the regional .mosaic. > They cover

a
2

Q. - ) . K . A o .
Yoo a * . : <o,

atchaéoiogicai.siteﬁ>% - ' T o

o

Q..

a

A
a

‘

poi t—quarter method as outlined bv Cottam and qutis (l956);,was

2 o L- =

Z, - w
employed. In addition, one square meter quadrats Were used for surface

e
_and open vegetation Tho tree strata\ﬂzy,represented“by individugls
b 03 ° Q
: . > ® I ‘a: e ° . . Ao A °
. 7 ’ . . " [ o 3 : ‘c ) ‘o . . . E < R " o ‘ o I -
! . o e - " g . . ; ‘ .

' mosaic:near'Onion'Portage; four forest and two tundra communities were

e
[

< "In order to sample the various stratamwithip ‘the foreSt"st;hds,hn

°9

~

o

ar

o



/ . - 32 -

2

>

ith a breast—height basal area greater than 31 cm.; saplings and

:

high -shrubs had basal diameters greater than 2. 5 cm. and seedlings

~ ,‘ ¢

' and shrubs had smaller steus " Twenty

random points and quadrats were used to =

[

-sample each stand. From these data percentages of spec1es density,

frequency and dominance were 6alcu1ated The sum of these three

‘ measyres is the species Importance v

=5}

£

Py

A
LI
o

followed the method outlined by Cott

and Cottam (1964). For the herbaceo

1

<
alue (I V.). These calculations’

hol o ©

am and Curtis (1956) and Curtis

us species in each quadrat only

“

presence was noted and tabulated fox each stand. . Forest stand results
. < v . . ~ .

_are given in Table 2 and Table 3 lis

o

encountered in quadrats from each st

Although this is a boreal_fo

o

_ Betula papvrifera dominate stand I a

o

ts presence values for species

” a

and. Eal

<
)

rest Populus»balsamifera and -

nd stands I1 and 111 respectiveiy.

o

Spruce, Picea glauca,is, however, ‘the only other important ‘tree species
q

in these stands and Picea'mariana dominates - stand IV along with P.

glauca. Spruce dominates the saplin

stands to a greater degree, but here

Q

o

2 and . highhshrub stratum in all

Salix glauca, Salix bebbiana

and Alnus crisga also become importapt. Considerable -variation is

' seen:in the seedling and,shrub strat

glandulosa and Betula nana becoming’

‘dense shrub layef of stand Iv.

»

The herbaceous data (Tahle 3

four forest and’two adjacent tundra

a

in the herb.layer in the six stands._

ginosum‘and Empetrum nigrum occur in

J‘e:, .
o o

© )
um with the:- shrub birches Betula
° a

impfrtant and dominating the

TR T
) . combine quadrat data from the .
stands. Therg;is a marked variation

Vaccinium vitis—idaea, V. uli—

all stands, while a number of -

T
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o S e © .Table

)

Fgfést Stand Compo%}tion Data

Importance

o

927 stems/hectare

4.156 stems/hectare -

' .g;..~cpntinued

.ot :

] ‘ T r e' e s
Species ‘ % Frcauency % Density 7% Dominance Value -
STAND 1 i
G ) ‘ ;
Picea glauca 34.1 33 31.8 >.100.9
Betula panyrifera _ C .22 . 16.3 o 13.2 51.5
Populus balsamifera o 31.7 42 .5 52..4 126.6 -
Populus tremuloides | 4.9 2°5 1.3 " 8.7
Salix gla@éa ' 7.3 . 3.8 . 0.9 12.0
A 927 ‘trees/hettare //;?’/.
o ,‘ i 0 - . o
STAND II -
Picea glauca ° ° 45,5 42.5 56 144 -
Betula papyrifera’ 54.5 57.5 44 156
' TN . 416 tfees/hectare B .
STAND IIT
" Picea glauca . . 16.7 10 . 9.7 36.4
* Betula papyrifera 83.3 90 90.3 263.6
“ “,312'trges/hectare
STAND IV
N . } . . : . .
Picea glauca. °. ’ 43.8 32.9 46.9 123.56
Picea mariana 56.3 67 53.1 176.4
N 156 trees/hectare T
- ‘ ' v e
o e =l . _Saplings-High Shrubs Seedlings-Shrubs
-Species % Frequency % Density % Frequency ' % Density
STAND I ° . o ‘
s : .
_Picea glauca _ 31.4 43.8 '13.9 21..2
Populus balsamifera - 28.5 26.3 20.9 -23.8
Populus tremuloides 2.9 - .. 1.4 6.9 6.3
BétWla papyrifera ) 29 1.4 4.6 2.5
Salix glauca i 31.4. 26.3 30.1 18.8
" Alnus crispa ’ 2.9 1.4 7 . : .
Betula glandulosa RS o 123.2 -22f8



A

..:‘ ;}4 _‘

ja;%///ﬁ~\v - TaHle 2 -~ Continued

Saplings-High Shrubs Seedlings-Shrubs

Betula nana.

657 stems/hectare

Species % Frequency % Density % Frequency' ‘% Density
STAND 1II ’ . - -
Picea glaucha 38.5 41.3 33.4 41.3
Picea mariana R 2.6 1.2, -
Betula papyrifera - 38.5 47.5 22.2 23.8
Salix bebbiana 12.6° 6.2 24.4 16.3
Salix glauca 757 3.7. :
Betula glandulosa T 11.1 11.5
Populus tremuloides Sy 8.9 7.5
494 stems/hectare 31,041 stems/hectare
 STAND IIIX ' ¥ .
‘Picea glauca 38.3 39.3 35.3 35
Betula papyrifera. - 34.1 41.6 15.7 12.5
Betula glandulosa 10.6 8.8 11.5 -18.7
Salix glauca - 12.5 7.6 19.6 16.3
Salix bebbiana 4.3 2.6 « 11.5 13.7
Populus tremuloides = = ‘ -~ 5.9 3.7
. . 129 stems/hectare . 331 stems/hectarey
STAND IV
Picea mariana 41,9 61.2 25 17.5
Picea glauca 11.6 7.5- - 2.5 1.2
Alnus crispa 25.6 - 18.7 2.5 1.2
Salix glauca - 20.9 . 12.5 . 15.0. 15.0
Betula glandulosa . ' - 32.5 - 32.5
' ‘ 22.5 32.5

""17,313 stems/hectare

o



a

it}

- 35 -

. Table 3.

Qtand Ouadrat Data as’ Present. ip 20
OnerMeter Square 7uadrats

Species .

O U A DR AT S

I1

ITL

v

\'al

v

. ‘Rubus arcticus
Polemcnium acutiflorum
Populus balsamifera
‘Moehringia laterifolium
Aconitum delphinifolium
Galium boreale
Viburnum edule
Calamagrostis lapponica
Epilobium, angustifolium i
‘Rosa acicularis v
Lingae borealis "
-Befula papyrifera
Eguisetum pratense .
Picea glauca
Empetrum nigrum
Vaceinium vitis-idaea
Vaccinium ulirginosum
Ledum decumbens - B
Spiraea beauverdiana °
Salix glauca :
Pedjcularis labradorica
Betula glandulosa L
Salfx bebbiana :
Lycopodium complanatum
. Festuca altaica
Carex sp. -
Betula nana
. Pyrola secunda obtusata
Pedicularis sudetica
Arctostapnylos alpina
Loiseleuria protumbens
Andromeda polifolia
Rubus chamaemorus
Equisetum scirpoides
Oxycoccus microcarpus
Picea sp.
Eriophorum vaginatum
Poa leptocoma ~ :
Arctagrostis latifolia
' Tofieldia pusilla

" JPetasites frigidus.

-Chamaeodaphne calyculata .

Valeriana capitata'q' ,,,,,,, o
Cryptogams P
. Cladonia sp. presence

Lot
oot

'''''
(ot

.....

WONWNNOG

= N

= WwHo

16

18,162

RN Ny

2)

20,47%

20
19
19

7

14
17

11

20
19

13

(-
o w

PLWWWUWL Y

20

20,34%  1041%

©18
20

| oot
W WO

~4

OV N

e ek

20

and ¥ cover .wr  5,41Z

5,(1%

o .
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species such as Epilobium angustifolium and Chamaedaphne calyculata

'are restricted to only ohe stand. Forest stand IV is unique in that

its herb assemblage most closely’ resembles the tundra stand IV.

Environmental Controls in the
Onion Portage. Region

The six stands just discussed display considerablc variability
even tﬁough they .are contiguous. In order to demonstrate the rela-—
tionships and explain the differences between the stands‘and the sub-
. strate environment, a transect across the study area was examined;
-topography, soil development, drainage, permafrost and veeetationh
were noted. A cross-section summary’ of this transect“is shown in

S
Figure 7. The soil parent material across this 'transect is a uniform
fine~-grained sandy silt and is, therefore, not an important variable.
The frost table depths were measured in mid—July and'are'probably not

maximum depths although they no doubt are close to the permafrost

table.

The slough, just west of the archaeological site, is_on the
present floodplain; it floods during the spring and dries out by fall.
'The permafrost depth was approximately ‘50 cm. The soil is a gleyed
azonal profile built up by alluvial devposition with virtually no

<Q

organic matter added to the profile. Equisetum palustre L. and mosses

are the only vegetation in qbe open wet portion of the slough; Salix

glauca and Carex sp. are important near the edﬁe. O sp

Stands‘I, I1 and II1 are situated on a sexies of terrace

" remnants: formed as the Kobuk down- cut during late-glacial time.



Yo -

. Figure 7

o

‘Cross—section of soils—végetation transect at Onion
Portage. Survey Marker, B.L.M. 1966, C 3544-33,.
locates the north end of the transect. . :

o
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Depth to permafrost is 80 cm. under stand I, 100 to 120 cm. under
stand 11 and up to 160 cm. under stand 111. The soil of these three
forest stands and tundra stand V is a very well-developed podzol, the
variable O and A horizons (U;S. soilytcrminology) thicken on the
poorly drained sites and thin on slopes and ridge crests. The B
horizons, differentiated on the basisléf color, show no textural
variation. Froét cracking and churning are evident in soil brofilés
from sgands IITI and IV. Across the transéct Cladonia sp. surface
cover ihé}eases from less than 1% in sténd I to 47% in stand TII,

but drops to 347 in stand V and is less than 1% in stands VI and 1IV.

-

Stem density for trees, saollngs, hlgh shrubs and seedling shrubs
decreases from a. total of 6, 010 in stand I to 772 in stand III.

Stands Vv and VI are open tundra, but stemvdensit§ reaches a maximum

:a
i

total of 18,126 in stand IV.

(s

E Populus balsamifera is found only along the first terrace

adjacent to the sloﬁgh.v River or slough margins with immature soils‘
subject to occasional flooding is typical of the habitat of this
species; Stand II on the second terrace represents the mesic condition
whereasigtand III on the upper terrace represents a dry site. ’Althougb
Picea glauca is important in both stands 1 énd 1, it is less so in

_stand III where Betula papyrifera dominates an open forest. The edge

of stand III marks a ldcal tree—1line,

Tundra stands V and VI are located across a broad swale rising
to ‘a ridge. Permafrost rises under stand V froﬁ'over 100 cm. to 40 cm.

and is only 35 cm. Beneath the surface in stand VI. The soils change
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from podzolic profiles in V to azonal tundra-boy sotl in VI, and trost
churning was evident in most of the profiles examined. Soil drainage

is very poor {n stand VI and surface water was common.

Beneath forest stand IV the permafrost table is reached in
only 30 c¢cm., as a result the soil drainage is generally poor. The
soil is an azonal tundra~bog profile but upslope the permafrost table
drops, drainage improves and a‘podzolic profile develops. The tree

stratum dominated by Picea mariana is very open since most of the

mature stems are stunted and too small for trees. The high numbers
of sapling~high shrubs and seedling-shrubs makes this a very dense
stand. Stand IV is typical of the stunted black sprucg_"drunken"
forests common in the interior of Alaska, where permafrost is Shaliow

and bog soils predominate. Continuing upslope, Picea mariana is

. , -
rapidly replaced by Picea glauca, and Betula papyrifera and Populus

tremuloides appear to form a mixed hill side community. At the upper
‘edge of the hill, forest gives way to a shrub tundra vegetation

dominated by Betula glandulosa, B. nana, Salix sp., Ledumr-decumbens

and a variety of graminoid species.

This transect demonstrates a number of important interrela-
. P

tionships between the regional vegetatipﬁ/and the environment. The

general factors and interrelationstiips are outlined in Figure 8.

Topography is the primary luence since it determines the edaphic

as well as climatic factors that ultimately operate on the vegetation.

Drainage affects perﬁéffost, wet soils have different thermal properties
* N ‘ -

than dry soils, "and it affects soil development. Both permafrost and-
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Figure 8 _ s aﬁg\

i ,
) > 4 . e &
Outline of major edaphic and climatic factors influencing Y.
vegetation mosaic in Onion Portage region. Arrows indicate k
interrelationships. /
° ////
/
.‘/
. '/"
/ .
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drainagewin'turn affect theleggetation; 'Exposure-(slope and aspect)
! Ry
afﬁects both the insolatibn and’ mfcroc%§mate and each of these oDerates

* L

on the vegetation. But these 1nterrelationsh1ps are more complex in

} v
that the type of vegetation cover operates to change each of the above
. ;,
factors and the climatic factors operate directlv or: 1nd1rectlv to

influence the edaphic factors.‘ Examples from the Onion Portage transect
o C.

2

~rli nelp to illustrate these interrelationships.c

i
}O

AcroSs this trans%ct the.permafrost table drops deeper beneath’
the suzT face under ridges and is generally shallow elsewhere. This is
the result of higher insolation and better subsurface drainage on the
ridges. Wind blown ridges, however,.are free of snow:and'may have';
greater soil movement (cryoturbation) as a result of insulation loss
and the more rapid heat exchange. lhis 1s seen in the fLost cracks‘ o
and boils along tundra ridges near . Onion Portage. ‘Wet depre351ons .

have a thick moss—sedge 1ayer which effectively 1nsulates the soil
during-summer, maintaining a shallow permafrost table which further
impedes draina;e.‘ Cool wet soils have incomolete organiefdecompos—
v:ition with the production of humic acids, and low pH increases the
.competitive advantage ofAmosses. Drainage affects soil develooment, ’

[

-l
for azonal tu a and bog soils deveﬁ.op where drainage -fs poor, while <
podzolicyprofiles ‘are found on better drained sites. These factors
and interactions have been effectively demonstrated and, discussed for

‘Alaska by Hopkins and Sigafoos (1951),aBrown and Johnson (1965),

Holqwaychuk et al‘ (1966), Heilman (1966, 1968) and Viereck (1970) /(//ﬁS

e e . : C o/
and 1in, Canada by Brown (1969). . ' A S S °
: et
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. An addltlonal factor in soil development at Onion.Portage
o qye
is"the role of solk® l/chen Cladonia sp., which is the important or

dominant ground cover on well-drained podzolic soils. Lichens supply.

abundant plant acids and chelators to the soil profile that greatly

o - °

ald the leaching process, resulting in the formation of an A. horizon *

(Ae - Canadian-equivalent) and a podzolic profile., Cladonia from,
- - [
stand III was collected and mixed with river water, of near neutral

°

‘pH; the pH of the water dropped to 3.5, indicating that abundant

soluble ac1ds had been leached from the lithens. This is no doubt

- o
ey

another factor in - the development of the podzols at Onion Portage,

and another example of the way in which vegetation affects soil

"development.

- Permafrost “further . affects the vegetat1on of this reiion by
v/
controlling the distribution of the deep rooted tree species such - -as

Populus tremuloides -and Betula papyrifera which occupy. rldges and

exposed knolls on. the tundra as well as large areas of stabillzed

duné sand south of the Kobuk River. . Frozen ground prevents deep root

o . —

' ' : . v . ' : <
penetration;nd so these trees are restricted‘to,ueii—drained sites:

where the depth to permafrost is great. B. papyri era, and to a .

-

. 1esser extenfw?. tremuloides, is cormon . at local tree lines such as

stand III and ic is not uncommon to see an isolated clﬂmp of Bu

M . /

deciduous species$have g,de%iﬁife/;d;antage in §hese locations.

tx&r§f3f/; wiads characterize this region. During the early

;;;Eannot transpire winds put maximum water—loss stress on the evergreen

/. o i .
. . ,: . : e B - B
5 s - : v B . . . . . v
. el _ . «
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» spruce and less stress dn ‘the deciduous trees, whfzh are;leafless?at
- A X Ln , t» ,"’_ 0':- e . - .?,- 2 X 4
. this time. ° o T : R
o : . o ‘ o . E N
' : T ; . o ° .
° ) ) - . - o e . @

- ” a

- Other evidence of the efﬁect of stfong winds on vegetation is ﬂ”J¥J=
seen in frequent winter burn damége and tip—ové&s. Most(gxposed spruce °
S o . Q e o o

trees show evidence of ice and sgnow: abrasion and wind damage, isolated °

. [ “ o o
s spruce in stands V‘and V1 are damaged at a height o? 50 ‘to 60 bl
5 e A

just above the mean snow depth, manf stems are, dead and‘krumholtzf

©

. & ° 9 o 0
o ° 'formed: A dense _well—developed spruee fore§t is found in a valley o
0% o uﬁq 9 ° e z '
north of the Jade. Mduntains. This:is aanarrow,msheltered valleyvpro-

° o

. g tected from strbngﬂwdnds. Wind myst ge c0nsidered an important factog

. in the establishment of local tree lines in this re§ion of the, Kobuk

o <

a Valley,_,Extensive areas Of@ﬂ}? | vegetated sand duneScfuxther °

A“%lant ecology of this region (Figure 2) o

< . ; < N . - _,»
attest:to its sifnificané

.o o

. - el »c‘
. c o ©

In summafy; th- ef the ‘Onion Portage. region represents

',
o o <
. c °

" a mixture of tundra and boteal\forest elements, the°1atter are fxe—

w¢ - °©

. E quently near their western limits. Foresﬁ communities show consider—

s o

] -

able Qariegy ir. their composition and”structure,ﬁwith deciduous tree‘

[ oo
o o » . -

Species often dominating over- wide areas of this region. Topography

and penmafrost appear to be dominant factors in influencing this

;oo "pattern of forest=and:tundra vegetation.
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e PALEOEQQLOGICAL RECONS’ERUCTION. S °
S . PHYSICAL CRITERIA, ‘ o
’ o o ' ¢ o ‘ e
o | B ‘Epiguruk . Exposure N

‘o . b ey

°

A large cut-bank expOSure (Figure 9) approximatelv 7 km. up

river from Onion: Portage displays much of the alluvial history of the

0

entral “Kobuk Valley, ‘and has; provided the: basic stratigraphic frame- J

work for much of the 1ate Ouaternarv paleoecblogical history of the

o a

Onion Portage region. This exposure, Fernald ] bluff Yocality 4

(1964, p. 23), is here- called bv its local Eskimo place name, Epizuruk.

A 10 represents a detailed cress—seceion of the first 900 m.

,liﬁupstream directfon.‘ This section was assembled from detailed measured'

o ™~

-sectiong.” every 50 m. and from oBservatiOns over a periodnof_three

o g
g o

fieldpseasons, since slumping continually modified the exposure.—~

o [}
© a . : - .
Sedimentary“Units e o.” , )
'I‘/, ' ! ° ' : ‘ . ’ ‘

Five sedimentary units (A to E) were rccognized"they are

described in detail below and shown in Figures 9 ll and 12.

@

“nit A is a coarse—grained sand moderately well sorted, and'

°

gray to buff inecolor (Figure 9), cross-bedding and current ripple
7

marks a%e common . This lithology is remarkably uniform over the

entire Epiguruk exposure~ no gravel or cobbles were oyserved. The

upper contact’ between 50 and 359 m. ong ‘the river (Figure 10),

is shaxp, Cbmmonly unconformable reak to a dark gray silt or sand.

Ripple marks 8nd/8malﬁ’peat b" were dbserved at this contact.

RS

8= .



AFigure 9

7‘View of Epiguruk from Kobuk River, Unit A represented
by bedded sands in lower two-thirds ¢f exposure; Unit B
is dark horiZzon approximately two-thirds above base;
Unit C is light colored silts in upper one-third of

exposure. Here exposure is approximately 40 meters high.

LY

> A






Figure 10

Cross-section of Epiguruk, first 900 m. upstréam direction
represented. Stratigraphlcqrelationships are from detailed

.measured sections; pollen sections and radiocarbon dates
are shown. :
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Unit A-and this upper contact are beneath the river level over much
of this section. When they reappear, near 650 m., the contact 1is
transitional, over 1.5 m. to a dark brown, organic sand. Between 800

and 900 m. an ivron-stained, weathering zone with rootlets marks the

upper part of Unit A. This unit is interpreted. as a fluvial sand.

Unit B is a highly variable deposit of derk brown organio
siits'and sands, teats and (grey) 1acustrine'silts. .At‘a point 50 mj :
along the river (Figure'lO) it is a dark gray silt and fine-grained
sand but it becomes brown in color and gives off a fetid odor at
325 m. where the organic ‘content increases markedly. Up river fromn
this point, lacustrine silts with mollusca are observed along with

. prominent»bryophytic peate and interbedded organic sands and silts
‘(Figure 11) .- Small‘ice—wedge casts of organic.silt are éésocieted
with the bryophytic peats and between 570 ar'd 635 m. the bedding is
Highlv involuted and deformed’ (Figures 11 and 12) : Unit B- from
700 to 900 m. is a“dark broyn, organic rich, 51lty sand The npper'

-contaet,-a;marked nnconformity,‘provides a"sharp break between Units B

and C over most of the section. Vertebraﬁﬁ remains recovered from

-

Unit B include an elephant (probably mammofﬁ)\\higgn} carlbou, dire lo‘d

o i -
_wolf and giant beaver.~ (Personal communication, G. Lammers, Manitoba

Museum of Natural History ) This unit is'interpreted as” an inter—

stadial organic deposit,. . : W

Unit C is -a: well—bedded, tan to gray, fine~grained(sand and ‘

.

’Silt (Figure 12) It is very uniform over the exposure"no coarse— o

”gtained material was observed. The horizontal beds are one to threeQCm. )



Figure 11

Riverhvieﬁ of Epiguruk Unit B and lower portion of Unit C
at locality of Pollen Section II. Note involutions in
Unit. B bedding. '

T






Figure 12

A. River view of Epiguruk Unit B and Unit C near river
point 600 m. Note even bedding in Unit C and ice-
wedge casts in Unit B. -

B. Close-up view of Unit B ice-wedge casts.







thick_and fippleumarks;'clev paftings*;nd small'cut and fill struc—'

tures were also observed. Although mostly sterlle of organic material

P

scattered twigs, ‘were obsexved between p01nts 50 ‘and 250 m. (Figure 10)

%everal 1ce—wedge casts were seen ‘near p01nt 275 m. along the upper

~ o -

contact of this’ unit. The upper contact is ‘a rapld gradation to a:

’

non—bedded;lfinengrained sand and silt. Between points 625 and 700 "m

a red, iron—stained weathering horiaon appears to mark this,contact;

this zone' and the ice-wedge casts suggest an unconformitv along the -

rupper contact. This unit is interpreted as an alluvial flood plaln

Adeposit.'

Unit D is a discontinuous, tan;‘fine+grained sand and siit.

_ No bedding was observed and thé sediment is sterile except where it

grades up lnto'the modern foresf soil developed in this unit;'which
is interpreted as an ‘eolian deposit:'

=

, Unit E is.a local, thinly laminated ~dark gray silt. 'Fine
organic matter becomes abundant towards the top where this unit grades_

- -
5, 4 s s

into the modern 5011. ‘A section through this lacustrine unit ls,more”

fully deserlbed in the se;tion on pollen studies.
. o Paleoenvironmental Reconstrudtion
5 ' =

" Eleven radicarbon . dates were used to establish a chronology

‘H

and correlation scneye.. The dated organic samples were from key

3

localitiés at the Epiguruk exposure, shown in Figure lO.ﬂ Table 4

.presents the dates and comments on the material and associations.

Fernald's blaff locality '5}',(19’64;_'-; . 7),.3 kn. "upﬁs_trean_i from

o



-~ _o.Table 4

Radiocarbon Dates f@bm Epiguruk: Exposure* -

-

1. 5,140 = 120 (GX—1443) Fine grained non—fibrous, peat, from
peat band 8 cm. thick, 1.10 - 1.18 m. below surface. - River’
point O.m.

2. 8,635.+ 210 (GX—l&AZ) Anglosperm wood fragments, from coarse
sand, 2.82 m. below surface. River point O.m. :

3. 8, 105 + 185 (GX—lAAl) Angiosperm wood fragments,'from bedded
. silt, 4.60 m. below surface. River point O. m. . .

4, - 16,270 * 250 (I 4778) Angiosperm wood fragments, from top of
Unit C immediately beloww unconformity and adjacent {O. ice-wedge
cast. Wood appears to Mave been buried stem or root -growth’

-positiont; River point /230 m. :

5. 20, 700 440 (E[\-4779)q Angiosperm wood fragments, collected

. over, 20 cm. interval from 5.00 to 5. 20 m. above. river level.

- River point 550 m. o a

6. 24,290 * 720 (GX—14A6) Angiosperm wood’ fragments, collected
Lo over 30 cm. intervalf from 4.70 to 5. 20 ix. above river level.
This is the base of /Unit C, sample is above the B/C contact

.River point 625 m. /_ - i, -
7. 2.670 * 95 (GX—1444) Compact woody peat, from near the top of

Unit E, -0.44 m.vbelow surface River point 650 m. e T

8. 8 800 * 210 (GX—1445) Twigs, scattered along bedding planes,

“collected over 10/ cm. interval from 1.25 to 1.35 m. below top

of Unit E. River point: 650 m. .

9. 17 730 = 320 (I~4777) Twigs, scattered alang beddlng planes,

: co&leeted over 20 cm. interval from 3.95 to 4.15 below surface.

" The sample is from light grav silt. and fine sand, even bedded,
below a non—bedded reddish brown silt and fine -sand that
represen;s a wea:hered zone. River point 650 m. S

- 10. 18 100 * 550 (1—4776) ] Twigs, scattered along bedding plane
o at 5. 15 m. below surface. River point 650 m.

11. >f?8;000-(GXé1647}.° Organic-rich silt, é;n\%? m. below
surface,in middle of Unit B.’ River point 850

L

*These dates are uncorrected and based on a half—life of 5570 years.
Locations are shovn 'in Figure 10, . . L

» ; o T
g\_ B . -~
oy - . N
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. Unit,A at‘Epigurukr 1 agree with this tentative correlation even . . i

_ 58—

the mouth of the Ambler River (Figure 3), is the tvpe loeality of g - /

Kobuk Glaciation At the "down stream end of the bluff Fernald ﬂe- W

'scribes 9 m. of till,overlain by 15 m. of yellowish—gray outwash sand.

HamilCOn (1973 unpublished manuscript) has. also described this: 'ﬁ'

section and sees it as part "of a formerly continuous surface 50 m. .

>

‘ above modem river levels, which extends southward across adjacent

]
parts of the Kobuk's vallev floor." Several till units and outwash 2
sands ‘and silts are describedwj Hamilton s: unit 2 is a cross-bedded j
fluvial sand with locally abundant pebbles and is contemporaneous |
with the Kobuk Glac1ation.~ Although: this unit: is not continuous

through the central Kobuk Valley, Hamilton has correlated it with
©

e — .

t

though more complete data are needed. The overlving organic deposits

(Unit B) at Epigurukz representing lowland and upland environments,

i were deposited during a non—glacial period., Unit c, in turn, can

Q

be correlated with Hamilton s Itkillik Glaciation (see Table l)
The overlying eolian and lacustrine silts were deposited during the

late glacial. and’ Holocene periods,”
: Fernald (1964) reported two dates of greater:than 33 000
and greater tnbn 38,000 B P. from organic sediments exposed at the

‘eastern edge bf jpiguruk and on the strength of these dates ‘corre-

lated this sdratum with the Sangamon Intetglacial. Tbese organic

"sediments® weje no doubt Unit B which has here been dated at greate;

than -33'-0003 P. (cx—um) (Table 4. Unit B appears ‘to have been

‘\7

deposited ‘an open, on—forested, environment._ Elsewhere in Alaska, .
the Sangano# is seen not only as a return to forested conditions,.
'\ 50 . ; .
l .

-
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following the Illinoian Glacial but ‘as an’ expansion of the forestS'
beyond its present limits (Hopkins, 1972) ‘ A pollen diagram ffom

‘,Unit B (Figure 22), to be discuSSed in detail later, indicates a
P - ~
_steppe—tundra environment, with the forest a considerable distance

from this region._ Pollen cores from Imuruk Lake\Q_‘§ewarQ‘Peninsula
"(Colinvaux, 1964, 1967a,.and Colbaugh, 1968) indicate ‘an expansion d.
of the'boreal forest during pollen zone I interpreted as’ the Sangamon

:;“Interglacial Pollen zone Jz2, representing a Wisconsin interstadial

‘dated as starting prior to’ greater than 34 000 B P., has pollen spectra'

N

very similar to ‘the pollen assemblages of: Unit B, snggesting a corre—

7'lation.i Matthews (1974) presented a Wisconsin age pollen record from '

Fairbanks, the mid—Wisconsin interstadial dated between 34 000 . to-

f'1325QOO~B.P. saw lower than~present‘treeilines,

.0

The pollen record from Epiguruk Unit B indicates that it was
-deposited during the colder climates of the mid—WiSCOnsin interstadialL
kj__But the erosional upper contact and infinite radiocarbon dates indicate“t

. hat Unit B represents only a lower-portion of the interstadial period{
‘ Since so much of the npper portion has been disturbed by crvoturbation,f
the erosional interval may have been associated with a colder climate :

+

.representing the return to late Wisconsin glacial conditions. This

poseihility is supported by pollen evidence to be discussed later.'

@

' Unit C is dated by tive radiocarbon age determinations (Tahle 4)‘
‘ 24 290 720 (Gx-léés), 20 700 440 (1—6779), 18, 100 550 (1—4776),

17 730 , 320 (1—4777) and 16 270 256 (1—4778). These place Unit C

£

within the late Hisconsin Itkillik Glaciatiou. Although the Itkillik

- v
_c

g4
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Claciatlon is represented ln the. ficld bv complcx terminal 1nd reces-'
-sional moraines, depositional breaks are not cvident in the alluvinl
record'of Unit Ct This supports Hamilton s (1973 unpublished'manu— '

script) view that these moraine sequences have little stadial interstadial

significance. _

.Three.lce—eedae castsgwerelobseryed at‘tne"top;df:Unitpé;f:
near'point 225 m.r(Figure‘lOST i'fnese ﬁere'deeeloped incthe peddedl .
alluvial silts of Unit C and filled with massxve silt. Their maximum i
length was 200 cm., maximum width 50 - 80 cm. and they displayed the e
general wedge—shaped morphplogy with non—parallel, often slumped
sides that taper down to a single thin fracture.‘ The normallv flat- ;
bedded &Lst sediments were bent upwards near the wedge and the host ‘A
sediments showed strong iron staining and cementation in the areajig

of the wedge casts._ This description is typical of casts that represent

-

: ice—wedge development at surfaces of non—depositlon (Pewe, et al., 1969)

A one mecer long parallel-sided fracture wasrfound 330 cnm.
below the Unit C contact at the same location. This fracture was’
about 10- cm wide with abruptly taped ends and filled with massive tapered ::
silt.f Ice—wedge casts~of this morphology have been described from
Siberia where they have been interpreted as syngehetic wedges (Shumski

) 1966, Popov, 1969) . In this case ice-wedge development is. synchronous"f
,-with alluvial deposition and the wedge graws upward as the alluvium -
1s deposited rather than outward as it might below a surface o<f non-_i_‘{'
deposition.‘ ’rhis type of ice—wedge development would be anticipated- ,
as Unit C is interpreted e representing an. aggrading floddplain. o

"*'.*" ‘_ﬂfﬁ' ‘

. qéb k-ii.j:.i,Yt~:;}fl.‘itij}:;i:lzisnf:.,: i{.lptfd;;; ;;‘:2:_»5..1«_ o
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It indicates permafrost in this area of the floodplain.thu.
" : - . Yo ? _’

Unit C was deposited to & height of 20 m. above present river

levels by 17 730 *. 320 'B. P (I 27?7)' i ul,xmatelv reached a height_

of 35 m. sometime after this date (see Figure 10) By 16,270 * 250 B P.

(I 2778) 15 m. of downCutting had taken place leaving the'high leveln

1

‘”,terraces observed by Hamilton (1973, unpublished manuscript) :lhisf

-

.latter date is from organics depOSited in alluvial silts at’ the top

of Unit C. ' Vertical orientation of this material suggests roots.

'fThe occurrence of ice-wedge casts at the top of Unit C indicates an

unconformitv of sufficient time ‘for. icedwedge development.. Weathering
noted by the iron staining at the top of Unit C must have occurred
during the time represented by the unconformitv Sometime after 16 300 ,

B.P. the local climate probably warmed sufficiently to have melted the

_ ground ice. The ‘open cracks filled with eolian’ silts as eolian activity

reworked the exposed alluvium, forming the loess of Unit D. -These.

'i;events could‘represent minor climatic fluctuations in the Itkillik
. Glaciation which may have a counterpart in the glacial record _How— o

‘ever, resolution is not such that ‘& correlation can be made as vet. L

Aggradation in the central Kobuk Valley region was apparently

igreatest from 2& 000 to nearly 17 000 B P., this was $robab1v the

period of maximum glaciation in the central Brooks Range when discharge

']Vand sediment yield vould have also been at a maximum._ Sediments frmf

d_of the Kobuk Glaciation near the ftont of the Jade Mountains southward

;.across the'Kobuk River for an undetermined disﬁ%nce (Figure 3) The f

3

u;this period of alluviation are spread from the eroded outwash terracg

% !

|
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"bluff face at Onion Portage exposes a basal unit of coarse outwash

agravel and cobbles overlain by bedded silts ‘and sands and capped bv_i
.'eolian silt and sand (Hamilton{v1970) These'represent the older . *
.Voutwash of the Kobuk Glaciation and the later Itkillik alIuvium (Table l).
-,Sediments belonOing to an’ interstadial interval have not been observed

‘ here.- B = |
The postglacial alluvial historv must have oeen fairly uniform _
-‘fthroughout the central Kobuk*Ambler Valley regions (Hamilton, unpublished

anuscript 1973) | The rivers began to incise their floodplains which

”.were developed 30 -~ 35 m above present river 1evels. This process |
'i_continued without significant reversals to a mid—Holocene 1evel somer H
'h.what higher than at.present.j Thisspause,'marked bv terraces of 5 to>

;9 m.. height in the Redstone and Ambler Valleys, is dated between 7 000

. to 5 ooo B.P. (Ha.milton, unoublished manuscript: 1973). Still lower '

. terrace remnants are found along the Kobuk River between Ambler and

Qnion-Portage. .

l

Downcutting in the kobuk Valley began sometime after 17 700

" B,P. and continued to 9 857 + 155 (Anderson, 19703, p. 70), at whith

“’A ftime the river was within a few-meters above its present height. The

o

Tvlatter date comes from gulley sediments eroded from the bluff face at

‘:Onion Portage that was formed during downcutting.

-

To summarize, the stratigraphy of the Epiguruk exposure pro—‘

R

oi“the alluvial history of the Kobuk—Ambler River system.‘ﬂ'v-
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rcbrcsent a trcelcss mid—Wisconsin intcrstnde ,BecaUSe oi an'erosional
hiatus,'the latter oortion of this interstade is not represented
Instead the-overlying silts and.sands (Unit C) record the onset of
rapid aggradation, lasting from 24, OOOVﬁ P luntil after 17 700 B P.
This phase of alluvial deposition correlates with the late Wisconsin,
Ikillik Glaciation DownCutting began sometime after l7 700 B P. but:f.v
ceased about l6 000 B P at-which-time ice—wedge formation'took place._
During the late glacial downcutting continued while eolian activity
Vredeposited the silty alluvium as ‘a, local 1oess (Unit D)._ By 10 000 :::
years B. P. the Kobuk River had downcut to. within a few meters above
.its present level Through this record the climate oscillated from _:
"a glacial through an’ interstade, back to -a glacial and finallv 1nto H

the uolocene ‘warm climate
‘fOnion;Bortageiﬂrdhaeological”Sitef

Sedimentary History : - {1"‘” . S
During the late glacial the Kobuk River deeply incised its
, channel into the floodplain, creating a: series of steep—sided bluffs.,
The Onion Portage archaeolbgical site is situated at the base of such
a bluff (Hamilton, 1970) Hamilton has outlined the subsequent geo—"

lOgical history of Onion Portage. He notes that as the Kobuk River

1

downcutat 1east 35 meters the channel migrated laterallv - l km.~-

: Thia{created a series of‘short terrace segments that sweep back along

gravel pavement at the base of the bluff marks the fOrmer position

'n,._of,the river. With 1ateral migration and pointbar development this

Lo e

‘the bluff face down valley from the’ archaeological site. ‘An. excavated ;;:



" former channel became part of .thie flpodplain -and began receiving

“

"alluvial scdiments. Deep gully incision hevnn to occur‘nlong the

bluff and stecpened flank of the point bar , This created.a series
. of gullv fan deposits along the base of the bluff that 1nterf1ngered

with the river alluvium. Stratigraphic sections through the,site

from the bluff face to the river s edge (Anderson, unpublished diagram)

K

show‘ this interfingering very well. Near the bluff face the sedi— fi
ments are predominantly the gully fan wedges but nearer the river

Lo~ 1

there is ‘a multiplication of the thin units of fiuvial silt (see

» Figure-&) A levee consisting exclusivelv “of: fluvial Silt and eolianli _.fh

sand has developed at and downstream from the archaéological site.
‘Paleosols . - - - S
.-The'deposition rate of alluvial orfeolian.sediments varies

- greatlv. A flood or strong wind can deposit several centimeters of

c . P

sedimenx in a- very\short time This is followed bv a period of non-

deposition during which pedogenesis can occur.: At OniOn Portage

”the time interval<between the units of alluvial silt and eolian sand

-nif

is small as a result of which soil development is. verv weak Gully-‘

- fan deposition was less frequent and so the time interval between L

fan units iS‘much'longer.. Therefore,-soii.development.is stronger

here and a’ series of distinct paleosols were produced across ‘the
archaeological site near the 1ower slope of the bluff (see Hamilton,j-;

-1970)' These paleosols ‘are described below using the procedures

- a . .
. 4 .

of the United .Statés Soil Service (1951) , : . o o e
e P L
-4 4 Paleosols have been*recognized'for Band d; levels 2 and 3;-

- .. . T [ ¢
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: these are actuallv. noth1ng more than azonal gleyed horizons averaging

4 cm. thick witn a 10 BG. 7/1 Munsell color (Figure 13) No humus

N

' matcrial iq assoc1ated with these 50115 although'some plant fragments»
-were recovered by sieving; ‘There iS'no'structural or'téxtural deVelop—
ment (see section - sedimentarv analvses) ‘but .dark brown manganese

ox1de stalns, fine manganese oxide nodules ‘and -red ferric hydroxide

,

stains are often seen scattered through the solum making a weak _fwﬁ

color B’ horizon. '

%and 7 paleosol (Figure 14), at the base of the bluff slope,

has weakly developed Al and AZ horizons and a color B, about 45 cm. i‘

s N

,"thlck. Downslope in the slight depression behind the levee, this
soil grades “into a bright blue grav (78" 7/1) gleyed horizon approxi—

mately 5 cm.‘thick with a. bright red (7 S R 4/8) iron. stained B.
horizon 2 to lﬂﬁcm. thick This 5011 developed on_ a gulley fan ‘

surface and was in’ turn buried by. another fan of sand

Band 6 paleosol (Figure 14) developed on this next fan surface,

is the besc develOped of the: paleosols in the archaeological site and

°

' 1s described in detail (see Table 5) This,is a. podzolic profile as

“are the tWo overlying paleosols representing Bands 5 and 3 they also__:

have well developed Al AZ and colon;B horizons. The modern soil

On this slope is also a podsal as are most of the’ soils in this area

which" are developed on the older sandy alluviumrunder white spruce,

aspen, and birch cover.‘

’ associated with each of the paleosols, bulk soil samples were collected'

A

- - - '

T In order to determine the‘vegetation cover that may ‘have been 7;[‘1



. Figure 13' - T o
‘palessols--developed on Band 8, ‘levels 2 and 3. ' Note
degree of involution. -Scale rule is. in centimeters.

° P






Figure 14
T -y

Paleosols developed on Bands 7, 6, and 5. Trowel is
approximately 20 cm. long. ’ ' .
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- TableS

G

- . o t' Descxiption of Band 6 Paleosol

’ g

" Al horizon, 10 YR 2/2 —- loamy sand, 511£htlyvplaty structure, .

friable, 3°- 7 cm. thick, lower contact sharp.
Sy . ‘; -

HAZ/l horizon, 5 Y 5/1 —_— fine sand, structureless, friable, lover
- contact gradational. .

e

/2 horizon, SY 5/1 -— fine sand, structureless, friable, slightly
< “‘,mottled 3 Cm-,ﬁhick lower contact gradational..

I *
BZ horizon, 10 YR 4/4 -- fine sand, structureless, friable, 8’cm.
thick 1ower confhct gradational.

<

B3 horizon, 10 YR 4. 5/& -~ fine sand, structureless;'friable,
 slightly mottled, root traces preseat, 60 cm.” thick, lower
contact is the Band 7 paleosol. ’

v

R o
A
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and sieved. The organic residue recovered was examined under the

microscope. Soils 8/2 and 8/3 did;.}&iel‘d some - non~woody fibrous -plant
fragments that may have been grass or sedge remains. Material from
Soil 7 comsisted mainly of charcoal ard carbonized 'tvig fragments.'

Soil 6 organic remains proved to be of greatest interest since spruce

) needles,i_needle bases and tvig fragments were Tecogn zed. Remains of
spruce were 'found hin all t:he other younger soi'ls. In addition, small
(l -2 mm. ) hard black spherical bodies were found in SoiL 7 and

o
the younger 'soils. '[hese have been identified as the resting bodies
or sclerotia of septate fungi. I'hey have been recorded elsewhere in’

~ foss:i:l peats from Alaska (Hatthews, 1973), but they have no’ paleo-—

énvirenmental significauce. '
T <y Differiﬁxiites £h the degree ef soil developm%;b, ‘soil
; " type and in the abundance and kind of soil organic matter sqégest .
local paleoenviromnental ehang‘e'. i%ﬁosols that are associatqd with
 Bands 8/2 and 8/3 are. very similar to the poorly—drained tundra
mineral soils vhere perma‘frost is very near to the surface. In the.'
Onion Portage regipn these soils most often support a vegetation of-:.
B Krigho tussocks. Band 6 soil is a- forest soil type similar to
the podsols associated vith well-—drained substrates and nixed spruce
;‘.erest.'« 'Ihese -are typically locmlities, in this region, where the
per-afmst lsyer 13 absent or vety deep. Band 7 soil is almost
‘i,tra%igional betveen the soils o"f Bands 8 and 6. 'l‘hese data indicate |
che@ getatiou .cover and*‘;uggest a clinadc chdnge. This' change

Koccnrred between Band 7 and Lower Band 6, or betweeu 6000 and 5500

"yemnr;,isgemums,). I LRI
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Permafrost Features

’
e

Paleosols associate& with Band &, levels 2 and 3, and the Band 8/1
 surface are highly deformed. Cryoturbation>features such as involutions

. . . ) - N iKY |
(Johnsson, 19S§.VJahn, 1962) characterize these units throughout most

of the archaeologicai site (Figure 13).

G

Frost cracks, although not necessarily a permafrost eatnre;

were observed over mos he site but most commonly alon the crest

‘of the levee.» Although frost cracking is active~in the e cent alluviunm,

'Bands 8 and 7'(Figure 15). Most of the cracks that were estabi‘
, étwthis early date continue into the recent sediments indicatin§*eudern
frost cracking. ‘The number of cracks and their patuern appeeré

have remained the same over the depositional historyof tng/site. These |

-

"~ long, comntinuous cracks extend from the surface dgwainto lower Band 8/3;
they generallycshov an offset of one or two cw. and a doéneard deforma-
tion of the host sediments. The cracks are generallv filied with
,ferruginous sand, iron staining is. also couﬁﬁﬁ! in the adjacent host

.. sediments.

| ' ’

’ ' ) A second type of crack cqegists of narrow fractures approxi*

=

mately 30 to.40 om. apart, penetrating to depths of 20 to 40 cm., the
_host sedinents are’ turned sharply dounwards (F%Fure 16) These fractures»

;-axe asgociatﬁd counonly vith Band 8/2 surﬁacﬁ@*vhere, +in plan, they form

£

';'an irregular ‘net pattern. 81m11ar frost ctacks have been obéirved 4n -

" western Alaska by Guthrie ana Hatthews (1971) and in Belgiun by. Paepe
RIS

"”; and Vanhoorne (1967) and Paepe anﬂ Pissart (19ﬁ:}/§here they hSVe ‘been

e A _
. . ‘« - . SO . . . ;s .
Q‘;' SR R SR ) ’ I



JFigute’lS

-

NView of frost cracks from leveé‘ég 6ﬁion P6}Eage’arcﬁ;”‘“
aeological site. Note that cracking has continued until

- the present but that the numbers of cracks and associated

deformation is greatest in the oldest sediments. This
exposure is 180 cm. in height. ‘
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Figure 16  "

Small scyle frostncracks assocjated with Band 8 level 2.
Stadiaryd is scaled in decimeters.
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1nterpreted as imdiceting cold permafrdbt conditions, but uot ice-
~wedges. Wasthrn'(l969) and Matthews (1973), hwwever, considered the~
possibility of desiccation as the oriéin. Obviously frost cracking
arid destCation cracking can both occur in permafrost terrain and

may’ operate on-the same cracks as they represent‘planes of weakness.
At Onion Portage these cracks,are 1ntimately related to tn%olutions
(Figure lBA), sugheeting that, here, they mey"be rc;agcd}tg frost

cracking o - fuyu>'wd

'Froet hummocks were observed on the surface-of Band ‘8/1
,(Figure l7A), these were seen as a network of mounds apﬁroximately
30 cm.jin diameter bordered byldownfolded lavers of sediqent In
sectinn, they do not resemb .the frost cracks since no, crack.surroundsl
‘the hummock_and the,imfolde margins sugéest\am upward force at the
center of the hummock. To elucidate furtner the origin of these
teatures, a patch of exposed hummockv tundra near the\§ite was
excavated in Dlan and section The pattern (Figure 17Bf of soil
:deformation was identical to the fossil features. Since the excavated
:tundra patch is an exposed knoll probably often blown free of snow

' cover; it presepts a very cold microenvironment in the present forest-

tundra mosaic.

Solifluction activity (Figure 18A) has affected Band 8/3 to «
,Band 7 sediments along the base of the hillside.< This zone of dis-"
. turbance grades vertically uvward from involuted to highly disturbed
~o tlg

and then to less disturbed sediments within 120 cm. In some cases .

the dowuslope movement has overridden a 40 cm, lonq lobe of soil in

o



Figure 17
A.

B.

Frost hummocks developéd on the surface of Band 8
level 1. Stadia rod is scaled. in decimeters.

.Modern hummockyﬂtundra;surface with turf layer

removed. Trowel is approximately 20 cm. tall.

~







Figure 18

A. Solifluction affecting Bands 8 and 7. Rod is scaled in centimeters.

”B.\ Solifluctionxaffectinz Bands 8 and 7. Note over-
© ° riding of Band 7 paleosol at right.
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L3

qa U‘\‘"Hl«lr to what Bencdht (1966) has describoed (Hrurc 1888) .

aultmonta on the lnlkqlde sh«u some Hl\.lllow soil creep but

£

o ifluction. Solifluction lobes are now obscrved along the

uk River but onlv on north- facing slopes.

Figuge 19 {llustrates the temporal range of these cryoturbation

,features.  Involutions, solifluction and creep activitv began sometime

o -

before Band 8/3 (86000 B.P.) and all, except for creep, terminate
R ‘ . e 7
after the burial of Band 7 by fan or alluvial deposits approximately

5,800 radiocarbon dates B.P. (see Figure 5). Soil creep activity
persisted at the base of the bluff until aftér the deposition of

-Band 6.

The paleoclimatic sign?ficance of these features can be inter-

o n

- preted in terms of local or regional changes. In the case of the

former while the river. was near 'the base of the bluff the nearby
| - . (S o -
© alluvium would have been: free of permafrost. But as the channel

migrated away pefmafrost'could:haVé moved into the sediments, initiating

~ cryotvu'rbafi“ion. As alluvium and fan. deposits built up this sur¥face

- °

cryoturbatioﬁ would codtinue until soil dteiﬁage was greatlv improved;

v S

and deformation in. the. upper lavers ceased. Hpre only chonges in

local surface morphblogy and 1ts influence .on the permafrost condltion

’

is needed » : o o ' ' ot -

- : \" : P ) w . ""”“
- X \ . . 2 o

A second 1nterpretation calls for a mbte severe climatiC'

« o
2

regime durng the period from 10 000 to 5 000 B.P. This climate would

i . )

- have hed to have been severe edough to have caused cryoturbation on . - Y

\this soath—facing slope ,Bere, at'the'greeent time, sqlifluction - ’ "x
Vo : . ’ . * . : !



Figure 19 *

Diagram illustrating temporal range of cry‘otjurb‘ation
features at Onion Portage archaeological siclve,.

f

f
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) R O
and.activeocryoturbation occur only on aorth—facing slopes and cold

L3

- exposed tundra localities~
e

If the first interpretation-is correct,\then frost deformation
should still be occurring in wet alluvial sediments away from ‘the

river. To check this, a series of pits were dug into sediments. in

o

a low-lying, seasonally wet slough approximately 150 m. west of the
{

archaeological site. . This slough is probably very similar in morphology

-4

and sedimentary environment to ‘the archaeological site 9,000 - 7,000
years 'ago,. that is, before the site was built up by alluvium and fan
depositign. Each of the pits was dug durinz mid—June to the seasonal<:~\\\

frost table,-SS cm. below zhe surface. The same stratigraphy was

N
A N

.found in each pit, 30 cm. of horizontally bedded alluviaL silt and

eolian sand and then a massive silt unit dfsplaylng involutions and

©

frost boils on its upper surface (Figure 20) . - This: lower massive

gilt unit probably represents alluvial deposition when the river was
o -
. very nearby and possibly at a slightly higher‘elevation. &he

”channel moved away ‘the units of alluvium became thinner and much less

frequent. The upper sediments do not display frost deformation;

. \ . oo

cryoturbation is not active at the present, but was active at the
ftime the earlier sediments were- deposited In view of/this, one must
conclude that the fossil cryoturbation features exposed in.the archaeo—
‘logical site, and in the slough pits, must be the result of a past

climatic«regime and not the result of unique edaphic, conditions that
“ - 3
| are operative under the present climate. This climateuwas,colder

Vo -

| than the present climate and permafroSt must have ‘been present near

\the surface. The resulting poorer drainage would have produced saturated
A - : )

i
i

\ . i [
P B

. ¢ t



are undisturbed.

7

Figure ;20

Cryotyrbation features in soils-pit from slough adjacent
to archaeological site. Note that overlying recent units
Tape is scaled in centimeters.

LN -
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“soils and therefore greater cryostatic pressures during fall freeze-up.

. Greaterlcryoturbation'in the active layer would produce thj{kinds_of

features observed at Onion Portage.

Sedinentary Analyses’

«

Samples of the alluvial‘units‘fron.the archaeological site
were collected in order to describe the parent material and to, determine
the degree of pedogenetic development - The grain size distribution
was determined using the standard soil particle classes (0. 002 mm. =
clay, 0.002 ¢o0 0.05 mm = silt, 0.05 to 2.0 mm. = sand) . The nitrogen
and organic carbon percentage of the total dry weight of the soil was .
determined by the Kjeldahl and dry combustion methods respectively at
‘the'Un ersity of Alberta, Soils Department laboratory. The samples
&ere'take from paleosol horizons in order to determine the degree of
pedogenic weathering‘and organic contentvofvsome of the palebsols.

Since only units of alluvium were sampled this analysis may also

reflect possible changes in the tractive capacity and ‘competence of

the Kobuk River tarough time. However, these data (Table 6) show that

a rather uniform sediment was deposited through the history of the site.
‘Samples (0P68 ~ 168 and 169) of modern alluvium match closely. the grain
size composition of the older horizons.. The sediment load and discharge
of the Kobuk has not varied greatly in the time range‘represented'at
Onion Portaéhfl This sediment uniformity also attests to the lack of .

pedogenic clay formation and soil development seen in the paleosols.

7 The organic 7arbon content is very low with only the younger

units and modern allﬁvium showing a percentage over 0. 70 and C: N ratios

! . : . . o



Grain Size Analyses and Carbon-Nitrogen Compositionf
of Sediments from Arcw

Pl
[
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Tablé 6

ae&logical Site‘

o
L bfganic .{Nitrogé;
- SR , Carbon, Nitrogen C:N
Band = % Clay % Silt Sand % Dry We. ' - % Dry Wt. = Ratio
Modern - /5 35 60 " 0.86 0.08 10:1
Modern. .8 46 46 1.19 0.11 10:1
2/2 10 37 53 0.73 ,damay 10:1
3/2 5 20 75 1.22 £ 0.09 13:1
4/6 "5 24 71 1.71 0.11 15:1
" 6/6 4 977 1.83 0.13 14:1
7 5 23 72 .64 0.06 10T
7 8 31 61 - 0.39 0.04 10:1
7t 5. 46 49 0.28 0.04 L 7:1°
8/L 8 35 57 0.24 ~0.03 8:1
8/2 3 50 47 0.26° 0.04 6:1
8/2. . 5 46 49 0.25 1 0.04 6:1
8/2 8 44 48 0.31 0.04 8:1
'8/2 7 40 53 0.26 0.04 6:1
8/3 2 47 51 0.29 0.05 611
8/3 4 53 43 . 0.31 0.05 611
8/3 2 49 49 $0.29 0.05" 6:1
8/3 9 51 38 0.26 0.04 6:1
8/3 9 45 46 0.23" 0.04. 6:1
8/3 8 o 40 52 . 0.36 0.04 9:1
8/3 S A T 52 " 0.38 0.05 81
8/4 . 1° 47 52 0.21 . ° 004 7 51 %



ofll :1 or greater. The low organic Content of the older soils is in

keeping with the generally low.-organic content of tundra mineral soils

$

and{to. the short time period represented by each A—C Daleosol How-~
M !

ever, C:N ratios of fungal hyphae and bacteria range from 5-10:1,
suggesting that the low organic content could be due to microbial

deqomposition. As further evidence of this, .pollen samples prepared
| : . . - . ; ’
frdm the older sediments characteristically had-badlv preserved pollen

T

grains and abundant fungal hyphae. These pollen‘assemblages were

completely dominated by the sﬂores of Polyoo?iaceae, chopodium and
SN

Sphagg um, three»types ‘which have been'deterqined as being extremely.
' reeistant to fungal attack (Havinga, l967)¢"Unpnblished pollen diae\
grams, prepared from the sediment at the archaeological site by »

S. Florin (1967), Uppsala, Sweden, show vdry high percentages of

-these three resistant apore,types in sediments below Band 6. Pollen
~. V. ° " .
preservation improves markedly near Band/6, which is when the organic

o

carbon content and C: N ratio of the - sedi ents increases significantly. o
No doubt these data represent several o erating factors, the 1nitial

low organic'pronuction'of tundra'vegeta ion, the poor hnmus develop- :
ment, mixing»of‘tundraomineral soil andﬁmicrobial decomposition. o

. L : : i ’
PaleOecological anclnsiOns_ 3

ey

Data presented above gives evi ence of an early cold climate

.at Onion Portage. Paleosol.developme t and soil'tvpe, macrofossil
remains- and’ cryoturbation features in icate an onen tundra environment

through the early history of the sit7 representing pre Band 8 to Band 7

pﬂ

a time range of 10 000. 50-6, 000 yeard

ago.i_During this time the S
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permafrost table was shallow and cryostatic pressures were of sufficient

intensity to cause marked cryoturbation. This phenomenon is primarily

a feature of the fall freeze—up when wet sediments are confined between

the permafrost table and an advanctng seasonal freezing front. Sometime
after 6,000 B.P, the climate warmed sufficiertly so that the permafrost
tablevdropped, soil drainage improved and frost defotoation ceased.
Spruce trees ~opgl, nrobably aspen, poplar add arboreat birch invaded and
replaced the t‘ﬁa?{ Qegetation in the area .of the site. The‘improved
s0il drainage, higher soil temperatures, and additional organfe acids

and chelators led to the development of podzolic soils

“

This cold climate period cotncides wiifl the Range Front —VWelker

®

iake Stades of the Brooks Range Wisconsin Glacial sequence, dated from
11,000 to 7,000 B. ? (Hamilton, 1973, unpublished manuscript). However,

it is also coinciAent with the early postglacial warm interval described

from the Kotzeb/e Sound region by McCulloch and Hopokips (1966). This
o / . . _
discrepancy will be discussed later when additional’data are reviewed.

! /’ )
It is very difficult to say how much colder than present the

climate may have beeh between 10,000 andd6,000 years ago. At tﬁe‘present
time the north;facing badk of the Kobuk River down from Onion Portage
generally has tundra vegetation and often dlsplavs solifluction features
- while the south -facing bank is forested and apparently stable. The

difference between the present climate'and thatwabout 8,000 years ago
_may be-roughly the same as’thathéetweeﬁ the present—day north—facing
and"south;faeing slopes. ﬁnfortdﬁately, ;hese ot eompe;ab1e¢data from
“the'A:ctic'afefqot>afailable aodfsoﬁoo;patgson,will have to wait until
" some future date;b ‘ 'v/gﬁhh o




. PALEOECOLOGICAL RECONSTRUCTION:
BIOLOGICAL CRITERIA

Previous Work

-

The first efforts to establish a fossil pollen recqzd'at Onion
Portage were undertaken in 1965 by Dr. Sten Flotin, Uppsala University,
Sweden. His winter coring'p;ojett recovered two, 2 m. long, sedimentary
cores from Israhaklik, a 1arge 1lake i2 km. north of Onion Portage

(Figure 2). ‘Another core 2.6 m. long wgs recoveredbfrom a small lake

- %

(Onion-Kobuk Lake) on the lower flood phain near Onion Portage. The

. . ‘ °
unpublished po%len diagrams show very 1ittle change in the pollen spectra.

/Cyperaceae perqentages are high (up to 40%) in the lower half of the
\

cores from Israkaklik and drop to 20%Z in the upper half. Alnus rises

from 5 - 167 in the lower half to 15 - 18% in the upper half. This

Ty

'change was dated at 6, 378 82 years B.P. (P1094). Pollen fluctuations

in the Onion—Kobuk Lake appear to be related more to hydrarch succession

of the lake than to any regional vegetation changes. A date of 4,357

+ 93 years B. P (P1093) was determined from the middle of the core.

;

Florin also exaﬁined pollen recovered from alluvial sediments

at the OnionLPortage archaeological gite. His unpublished diagrams
\

h haw a very marked fluctuation near Band 6. Lycopodium, Sphagnum and

//Polypodiaceae spores were recovered below Band 6 while the pollen content

increased greatly above Band 6. These changes are of questionable

gional value as they suggest serious differential destruétion of

the;pollen below Band 6. The‘factor of fungal destruction of ‘the

-92 - | ' i



- 93 .
pollen in «¢he alluvial sediments was discussed earlier.

A}though there 18 an abundance of small lake basins in the
central Kobuk region, these potential study sites are not without
pheblems . Those fonnd on the lower floodplains are relatively voung
and would not provide a very 1ong.or continuous pollen record. Lakes
on the uplands and upper terraces have developed in permafrost.
Thermal characteristics of a body of water affects the permafrost in

the surrounding materials and melting occurs. With shore line melting,

e

peats and organic sediments will slump into the lake, contaminating -

7

the lacUsgrine sediments with rebedded pollen. 1t seems almost certain

that Florin's pollen diagram from Israkaklik records some rebedded

pollen, thus reducing its value as a paleoecological record.

\

ﬁethods

,Sediment sam;les for pollern analysis were coilected at 5 to
lOicm.'intervals through the chosen stratigraphic sections. Since
many of the sambles had very low p%llen concentrarions, considerable
experimentation was done before a successfnl processing method was
evolved. Most of the samples consisted predominantly of m;neral
matter, and so fractions of about 50 grams (or more) were processeo.

First, dilute HCl was used to remove carbonates, then the ;

samples were swirled in water and allowed to settle for 30 seconds

in order to 1et the sand—size material settle out. The remaining
\

' N o

susofnded sediment was: concentrated and then treated with a zinc':
bromide solution of specific gravity 1.9, in order to separate the

organic fraction._ After eentrifuging for 15rminntes at41,600-r.p5m.,



.
- Yl -

8
the heavy liquid®was filtered through a fiberglass micropore tilter
in order to remove all the pollen. Hydrofluoric acid was used to
r
digest the f}lter paper and concentrated hydrochloric acid to remove

the remaining silica colloids. The organic sediment was treated

with NaOH (5%), and finally dried in ethyl alcohol hefore mounting.

.

. >
The organic rich or peaty samples were processed using a more
standardized procedure of NaOH, HF and acetolysis (Faegri and Iversen,

1964). Ethyl alcohol was used~prior to mounting.

All samples were mounted in glycerine for counting. Counting
was done using a Leitz Laborlux microscone with Pcriplan eyepleces
and 40 X and 1 00 X oil Planachromat objectives. ‘Pollen determinations
~ were made with the aid of the pollen reference collection of the
University of Alberta, Anthropology Department. For each sample 200
pollen grains, excluding unknown and indeterminant pollen and spores,
were counted. If tpere was insufficient pollen additional microscope
slides, up to a maximum of four, were counted. For many samples,
more than one slide was needed. On mspy slides clumps of pollen ©
were encountered, since they represented an unusual concentration
they were arbitrarily counted as only two grains. Half conifer greins
were counted, the total was divided by twd and added to the total

pollen sum. The total counts-from all samples are given in Appendix IT.

Modern_snrface pollen samples were collected from selected
communities. A single sample consisted of a series of ten random
pinches of forest’ duff and moss polster. The composite sample was

processed following the usual chemical procedure of NOH, screening,



-
HF and acetolysis treatments (Faceri and Iversen, 1964 . Clyecrine

%

was used as a‘mount ing medtum and 200 prains, excludinge unknown and

{ndetermipnant podlen and spores, were count ed trom cach o cample. In
-
some samples, Populus pollen was fdent it ied but aince Populus 1 rare

in fossil material due to high degrece of deevradation, o second count
was made in whieh Populus pollen was exeluded.  This makes the modern
e — G

pollen percentages more comparable to the fossil pollen spectra,

Modern Pollen Rain

In order to establish a complete record ot the paleoccolopionl

history of the Onion Portage region, the pollen-analvtical method was

employed. This method of vegetation reconstruction, based on the

Coqposition of the‘fossil pollen assemblage, relicg heavily npon the
relationships between modern vegetation tvpes, mode rn poll?n rain and
regional climate. The siznificgncc of modern surface pollen samples

to paleoecological interpretations is well known (Davis, 1963, 19AT:
Wright, 1967) and has become quite sophisticated (Webbh and Brvsen, 9700
A number of &egibﬁgi ﬁadern pollen rain studies have recentlv been
published (Janssen, i966; Whitehéad and Tam, 1969: Livingstpﬁo, 1968

McAndrews and Wright, 1969); similar stpéies in arctic and borveal

regions were non-existent until the reghonal analvsis of pellen rain
bv Ritchie and Lichti-Federovich (1967): and Lichti-Federovich and

Ritchie (1968) from central and western Canada. Bartlev (1967) has

provided data for the Sugluk region of ﬁorthern Ungava, Ouebec. Similar

data from Alaska are, however, rare; modeLn surface nollen samples are
- - s \‘

el 1
available from Chandler Lake, Brooks Range (Livingstone, 1955) : Imuruk

Lake, Seward Peninsula (Colinvaux, 1964 And Colbaugh, 1968) and from

A
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R S Table/ 7

Modern Pollen Surface Samples

v ! » » -
o v - : .
: : " s/ .
‘ o ¢ ¢ | ¢ 8] = g1 8 g | 2 e
o i o - -~ -t o o —3 b - - . -
, L . o ' (7] «© -4 o = E 3 -~ xz () )
. 2. - . < 1 [ . w - o v 2] a. g-—< -
AU I I -1 - O N1 A - - - O T O N - R -1 I O -1 -
Surface 1 g 2 © -~ a. - - §' - b o=l .8 - oy o~ "
Sa=ples .. = = 2 & < .. a & & Pl : [~ 3 5 ; B &l 8 b 8 t:
i . S 2
I Fiiest stand 28 ' J15 15 16 © 12 1 1 1 1 1 3 1
184 Forest staad 20 i 145 11 7 I 7, ”
111 Forest stand < 1 110 12 22 2 8 .
b F-rest stand 34 . 89 &6 2 6 3 20 .
ty
vt Tuzira : 23° 71 64 2 19 S 16 .
04 Tinlta 18 63 .3 h 37 " {w 3 21 o2 4 1
e Turdra 24 1 53 67 1- 32 1 18 1 1
[?I1I. Forest zome . 26(6) 2 30 20(3) 115(21) 3 1 1 1
X Aller zone 7 : 17 | 148 2- S 7 9 4 "
Ix Tundra zone 50(2) . 12 . 19 '94(9) 5 11CL) 3 &4
N )
NI Coen slough 17 ’ 61 92 4 17 7 2 N .
TI1  Secse zone 34 1 30 } 33 7 3% | 6 14 : 2 .
[CII Salix zone 8(1) i3 20(¢1) | 33(2 4B(G 61.(4) | 11(1) - i B 3
Tuxmdra . 107, oL 43 |40 - 11 | 86 9 ) 1
Tuadra 20 2 13 22 24 112(2) 7 .
L‘\‘: Tuadra 2° 3 5 18 2 68 91w ‘1 3 1 [
XVII Boceal woodland | %0 1 43 26 9 12 .12 % 3 1. 1

() — Additional pollen after Populus .removed from total.
_E ¢ .
® - Pollen in -aggrogates.

Polleu sum = 260 graine, excluding indetsrminant polhh and spores. ) ,‘

v

)
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Table 7
Modern Pollen Surface Samples
L)
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5 16 ) 1, 2 5 3
k] 21 2 ’ &4 1 4 2 9 1
1 18 1 1 . . 1
R 1 10 Y]
7 9 4 1 S 2 2 1
) 3 h 3 6(1) 3 16 5
7 2 - . 3 60 1 6 3
~ 6+, 14 2 - 9 2 PO
) | 11(1) 3 1 [] 2 2
9 re 1 , 2 1 ’
) 7 T s 2 '
91x 1 ; 3 1 4 2 1 : )
12 1 3 1 ‘1 i 7 2
removed from tocal. S . Sample Localirfes
{ ) 1-vIl, On'i.on.Poru e srea (67°07'N, 153°22'W) }oré:t turf
k - XI-XIIL 8e. : :
rainant pollen and sporss. ER i VIII-X Jade Mountain transect (67°13'N, 157°55'W) Cforest turf.
‘ XIv-Xv Cascsde Lake, Ircoks Range (68°15'N, 157°55°V) moss polster.
) . XVL " Mpckenzie King lsland (zz’-ﬁgj'u;:'llz'\l’) moss Polltlfg'
™ XViI turf.

Tangle Lekes, /laska Range (63°03'N, 146°03'W) forest




pollen spectra.

"In the boreal communities near Onion Portage many of the

important‘pqllen producers are shrubs and Betula is represented by.-

both shrubs (§_.f glandulosa - B. nana) and trees (B. papzrifergy;‘
. 'In order to permit comparisoris between the various forest-strata,

species.Importance Values (see p. 30), sum of dominance, density and

he four forest stands, vere
i
employed/ The Importance Values were refiuced from a percentage base

frequency percentages, determined for

\ﬂuof 300 (trees) or 200 (shrubs) to a percentage base of 100 percent

forxeach of the tree and shrub species compared In this way trees
and shrdbs could. be compared geparately or together. “These compar-— -

isons are shown in Figure 21. .
\

-& " Not every taxnnshows the same relationship between its pollen

-

fre&hency and its 1.V., and this relationship also varies from stand
to stand. Picea has higher 1.V, oercentage than its. pollen percentage,
with the\greatest difference fdund in stand IV. Picea pollen is~

itherefore unger—represented. Stand’ III however, is an exception,.

for here it is" gyer—represented. "Alnus reached significance,only

in stand IV where it had about the same frequency and composition
™,

values, elsewhere it\was recorded as pollen but rarely as a ‘stem.

Arboreal Betula appears»tQ produce more’ pollen than its shrub species,

' o

only shrubs’ were ‘recorded ih stand IV. Betula clearly is ovei:////////i/

represented in its pollen frequEncy.' B

7

Differential pollen production may not be the only factor

o > o

influencing these comparisons, stand density and how it affects pollen

g : . . . X T
. X o a ' ’ ~



o

* Comparison of modern‘pollen rain surface samples and

Importance Values from forest stands.
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~ 101 =
dispersion may also be an important factor in explalning the differ—
‘Tauber (1965) has demonstrated

ences in pollen and stem frequency
that .pollen can be filtered out of; the air passing through a stand

by leaveS'and stems. Dense stands would trap more pollen and
‘less would reach sites of deposition such as lakes or the forest °°
Larger and heavier pollen grains are also preferentially

In very dense vegetation such as stand IV pollen entrapment

floor.
“trapped. _
should be high, while in a nore open vegetation such as stand III
The different polilen frequencies

pollen entrapment should be low
for Picea in these two stands may reflect differential entrapment
due to the difterences'in sten density. However, this does not explain
the differences in Betula pollen freQUencies; unless Betula pollen
behaves aerodynamically very»differently than Picea. Morpholpgically_

they are significantly different and'one may anticipate a difference
A further factor in the fluctua-

in dispersion ability as a result.
tions of Picea pollen may be the greater stem frequency of Picea

mariana in stand IV; this species is known often to reproduce vege-
tems and-less pollen. '

tatively, which would produce
Surface samples V, VI and VII'(Table'7) come from shrub tundra
These communities have abundant birch

communities:near'Onion Portage.
The pollen spectra are very similtar to those of

and alder shrubs.
the differences ‘being the slightly lower percentages

forest stands,
of Picea: ‘and Betula and the highet,percentages of Alnus and Cyperaceae-

These differences are, however, so slight that tney cannot serve

confidently to separate shrub tundra and forest in a fossil context if

they were distr:imted in a mosaic pattern .such as in the KobukValley today.
N S . |
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Surface samples VIII, IX and X (Table %) represent respectively
,theﬂspruce forest,ialder shrub and tundra life zones  on the Jade Moun-—
tains. Sample VIII was collected within a foresﬁ\stand with a dense
substrate of Cgstoéteris, vet Polypodiaceae spores are only nine'per—
cent of the total. .Again the tundra zone pollen séec&um is similar
to that of the forest zone. This 51milaritv is due to the local in-
fluence ot a-high pollen producing forest community, near a low_pollen
producing tu dra community. Sample IX from the‘intermediate dense
dlder shrub zdne is, however, domina ted by Alnus (74/) lhis is a

situation that involves a local high pollen producer (Alnus) and a

dense canopy that acts as a filter trapping pollen blown in from

adjacent communi s,—thus preventing it from reaching the surface.

The significance of local vegetation on the pollen rain’ is
'further seen in the surface sample series XI XII and XIII (Table. 7),
taken from an ephemeral slough near the Onion Portage archaeological
Asite. These samples respectively represent’the open center of the:
slough that‘is dominated bv“Eguisetum the surrounding dense sedge
zone  and the outer ring‘of dense willow shrubs.} These three zone§

are»clearly reflectedin the pollen spectra. Al{hough Betula (31%)
:and Alnus (46%) doninate; Eguisetum (30%) spores are also well
represented in the first zone. The sedge zone gpectrum is dominated
’_‘by gyperaceae (36%) and the willow zone ~spectra by Salix (26%) -and-
‘Cyperaceae (332). Picea is unusually low (SZ) in this last zone
}ﬁhere_aéain.we see the iiltration effect of a dense canopy of willow

- shrubs that have prevented spruce pollen from reaching ground surface.
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Populus speeies are impdrtaut ln the forest stands of this
region, yet Populus pollen is only rarely recovered in surface pollen
samples (Table 7). The high susceptibility of Pogulus pollen to
fudgal decay and oxidation (Sangster and Dale, 1961 and Havinga, '1967)
is no doubt responsible for its poor preservation. This.imposes one
of the host serious limitations in the application of pollen-analysis

‘u‘to boreal regions;

»
Three additional pollen spectra (Table 7) represent arctic
tundra and the last, alpine tundra. Samples XIV and XV, from shrub

tundra near Cascade Lake in the northern foothills of the Brooks Range, /

are dominated by Cyperaceae (43%, 57%) and Alnus, Betula and Salix.

»The latter two are shrubs in‘'the area but Alnus and Picea (5%, 10%)

represent long’dietance tranaport from sOurce areas §o the south or

possibly further north in the case of the Alnus. Cascade Lake'ie
approximately 60 km. beyond the limits of spruce. Sample k&l,.from‘

Mackenzie King. Island in the Canadian ngh Arctic, is well bevond: rﬁ‘

.the limits of spruce, alder and birch. This pollen qx:trum is dom-

inated by Gramineae (462) and Cyperaceae (34%). Alnus is

while Picea drops to 1%. The last sample XVII represents

shrub tundra in ‘the Alaska Range, just above the spruce woodland,//k* : . .

Here Picea reaches a maximum of 457 Betula22% and Alnus 137

//

o

Cyperaceae and Gramineae both remain low at 6%./,/”

P

w . -

B (/These*seveﬂteen_suriace/gaﬁileskillustrate clearly the high

.

degree/of pollen rain variation in the subarctic— ctic regions.

This/&ariation should greTtly aid interpretation of fOSSi 'nollen
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spectra. But there ‘is also a high degree of variation in the modern

-‘gollen rain from within a restricted area, and this variation greatly’

‘complieates the paleo-interpretation. Factors such as differential

pollen. production, long distance transport, differential pollen pre-

. ~ [523
servation, local over-representation and pollen filtration are sig-

-

ificant factors in producing such variation

Epiguruk PBollen Sections

In order to establish a late Quaternary paleocecological record,
Sedimentary»sections from Epiguruk were investigated in detail. This
exposure afforded good stratigraphic control time—depth and material

for radiocarbon dating.. The poor pollen preservation in .the sediments 4&_;

, }at the Onion Portage site and the“dubious value of the lake cores
" ’ ’ .

made the cutbank exposure a necessary choice.

-_— Séveral'Epigﬁruk sections were sampled in detail but only
e

o

three were finally used for pollen- analysis (FLgure 10). 'Unfortunately,
unit A proved to be sterile of pollen and units C and D yielded only

a few poorly'preserved, unidentifiable pollen grains.
Pollen section I (650 m., Figure 10) presents a sedimentary record
E /‘
from a small; drained pond or swamp above the alluvial silts of Unit D.
Slumping has obscured the margins of this basin but the exposed portion is

about.30 m. 1ong. ‘Unit E sediments are described in Table 8. ,Radiocarbon'

samples from, Units E and C, COllected at 0.42 m;'(peat),gl.ZS‘—' .

1. 35 m.. (twigs), 1.95 - 4. 15 m. (twigs§:and 5.15 m. (twigs) have been

dated at 2,670 I + 95, 8 800 t 210 17, 730 T 820 and 18, 100 * 550 radio—

carbon years B.P. respectively-(Figure 10 and Table 4). The zone of

- ) . -
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. . Table 8

Sediment Descriptijon of Epiguruk
Pollen Section I

Sediment Description

Forest litter, noncompactedgcsiity

Peat, dark brown, compactéd woody; partially
oxidized

Silts, gray, laminated; sterile silts with organic
.partings and twigs near base grade upward to
dark grav organic rich silts near top

Silts, gray, lamihated; sterile; this 1is base of
unit E

Sil:s,’reddish browﬂ non-bedded; iron staining,
root casts and concretions

dark gray; bedding even to wavy; scattered
small twigs or roots; this is the top of
unit C .

S11t and fine sand, light gray; often smottled (

Depth*
0 - 0.39 m.
0.30 - 0.44 m.
0.44 - 1.35 m.
1.35 - 2.10 m.
2.10 - 2.80 m.
2.80 - 5.45 m.

S e——

* - S S L
Measurements are from top of the exp&‘ﬁre.
. RYPei
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secondary iron deposition and root casts represents an unconformity

between the top of unit C and the base of unit E. The sediments of
unit E represent basin infilling with sterile lacustrine silts at

the base grading upward to organic rich lacustrine silts, peat and

finally forest litter. Fossil pollch was found only above 2.10 m.;

7

below this the sediments were sterile.

Pollen_section IT (400 m., Figure 10) was collected through

one of the thickest and least disturbed parts of unit B. This section

~ E

is described in detail in Table 9. The lower portion of unit B exposed
from %O to 650\@. along the river (Figure 10) is composed .of alternat-
ing organic énJ inorganic sediments and rcpreﬁents a vatiety of wet
land environments. Ripplc marks and clay-peat balls along the contect
with unit A attest to initial open water conditions. As the basin

‘filled, organic-rich sediments afid\peats were deposited. Above 15.50 m.

the mottled Calcafeous silts with §nails suggest a return to open,
‘ . S ) .

deeper water conditions; above‘this the sediments again become organic-

rich indicating shallower water and the grcwth and deposition of
- e
organic material. As discussed above, the contﬁct betwegn units B

and C represents. an erosional unconformity.

Y

Pollen éection 11T (O m., Figure,lb) representé the sediment
£fi1l of a river channel orvslough that %ashcnt along the north cnd
of the Epigurnk bank.h It was probably-cut or used at thc s ame time
that the Kobuk River was cutting iﬁ the base of the bluff at Onion

Portage. This is confi%d by the radiocarbon dates which indicate
an bverlap of the two records. ‘As the channel migrated away from the

Y

e
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Table 2

Sediment Description of Epiguruk
e o Pollen Section II

Sediment Description . _ Depth™

NG

Forest turf and peat 0 - 0.30 m.

Silt and fine sand, grav to buff, evenly bedded:
highly micaceous; this is upit C; becomes
organic rich near lower contact : 0.30 - 12.9 m.

Peat, bryophyte-sedge, very compact, fibrdus 12.0° - 12.65 m.

Silt and fine sand, dark brown, organic rich;
non-bedded 12,65 - 13.10 m.

Sand, coarse grained, dark brown, organic rich;

laminated 13.10 -'13.75 m.

5ilt, dark gray to brown motfled; calcareous, . , . )
- partly cemented A 13.75 - 14.40 m. L

Silt, light brown to gray mottled; abundant snails,
calcareous; red, iron stained sand at lower .

contact- . . : 14.40 - 15.00 m.
Silt and coarse sand, alternating, tan; poorlv

bedded + 15.00 - 15.50 m..
‘Peat, bryophyte-sedge, brcwn,‘fibrous  . 15.50 - 15.57 m.

Sand, coarse grained, gray, well sorted, mixed
with contorted units of dark brown, organic

rich fine sand . . . 15,57 - 15.75 m.
Peat, bryophyte, brown, fibrous . - ' 15.75 - 16.00 m.
Silt and. medium sand, interbedded, silt is dark i

brown, sand is tan , 16.00 - 16.44 m.

* . ,
. Measurements are from top of the expoésure.

2 s
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Table 10

Sediment Description of
" Pollen Section

Sediment Descori ;’[ fon

Forest turf, uncompactedy hamificd

Silt, grav; grades up to dark erav orvanic ric

at top; non-bedded
Peat, black, fine grained, nonfibrous
*Silt, gray, weaklv bedced
Peat, black, fine grained, nonfibrous
Silt, blue gray, weaklyv bedded
Peat, black, fine grained, nonfibrous
Silt, blue gray, weakly bedded
Peat, ,black, fine grained, nonfibrous
Silt, blue gray, nonbedaed

Peat, brown, fibrous, bryophvtic

Silt, mottled tan and grav silt, weaklv

Peat, brown, fibrous, bryophvtic

Fpivarak

Denth*

1.70 - 2.05% m N
N5 - 2012 m
:.\12 - 200 @
2,00 - 2.24
2.34 - 2.3% nm
235 <2040 e
2.4 = 2.ns m.
2.6n5 = 2,70 m

Sand, medium to coarse grain, tani cross Hedded;

. scattered wood fragments

' «" - s :
$5ilt and medium sand, interbedded, tan sand ans Qnng ) N

gray silt, laminated with brown
organic debris

Silt, blue gray, laminated, snails present

near the top

v

1

|
1S

*Measurements are from top of the section.
: \ N
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Figure 22

Epiguruk II pollen diagram.
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arborefl pollen of Picea and Pinus is rare.’ Ranunculaceae pollen of

the Ranunculus nd Thalictrum types are the most frequent herbaceouq

taxa. Other herba eous taxa reach less than 5 percent frequency.

~To interpret this fossil pollen record in terms of vegetation

W; type, comparisons mugt Qg made with modern surﬁace poilen samples.
. Y - A

Samples from shrub tundra north of the Brooks Range (Livingstone, 1955
and Table 7) are dominagted by Cyperaceae (40 to 50%) and Betula (7 to
‘20%).> But the percentage of Alnus (10 to 20%) and Picea (5 to 10%) ;
make analogous comparisons with this environment unlikely. ‘More

™

similar‘%&!"surface sample spectra’ from shrub tundra 1nfnor;hexn

-

Ungava,%Quebec (Bartley, 1967) and the Northwest Territorles (R1tchieo

and‘Llchti—Federovich,‘1967).* These localities are north of the

*’%Tange—Ufnthnﬁn—%n&%w&thin_the_range,of shrub Betuld. A pollen sample

from Mackenzie King Island beyond the present‘limit of Betula does
have high amounts of Gramineae (45%) and Cyperaceae (34%) while Alnus

and Betula remain low. This sample represents sparse higﬁ arctic
S P ‘

vegetation. - L

7
=)

Hence, this fossil pollen record appears to represent a high

°

arctic tundra vegeta&ion within or near the limits of Betula shrubs.
But, this can be only a partial description, the high amounts of

‘Arteﬁisia pollen make ‘this fossil record unusual No ‘modern tundra
. .
pollen spectra have Artemisia percentages as high as these. 'Similar

percentages have been recorded in modern surface samples across the

northern Great Plains and Wyoming from sagebrush (Artemisia) shrub -

steppe vegetation orihigh plains grassland with Artemisia (McAndrews

@
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and Wright, 1969; Mott,.l969). Other"researchers bave/discovered high

-

Artemisia percentages in fossil pollen assemblages from Alaska. Tbis

'suggests a widespread Artemisia—rich uegetation and not unique: 1ocal
@ * '
conditions. The high percentages are believed to represent an. abundance .
o 5
of dry sites (Colinvaux, 1967), pioneerlng environments (Matthews, 1973)

or an expangion of steppe ‘vegetation during the Wisconsin giac1al

- o - . E

(Hopkins, 1972) In effect, these are all related and clearly ‘indicate
a regional vegeLation cover unlike thataanvwhere Jin Alaska at ;he

. present time9 Over 20 species_of Artemisia are now found in Alaska

! i - ¢

but nowhere do they dominate the vegetation. Hulten (1968),describes .

the habitats as rocky slopes, sandy‘slopes, dry slopes; dry hills,.

]

seashore, rocky shore, gravel barSp-alpine meadows, and open forests.‘

By-analogy, the high Artemisia fosjil pollen spectra must represent -

anlopen-xeric or pioneering vegetation.

;The.vegetation représented by the Epiguruk II pollen recotrd
appears to have been a mixture of high arctic ‘tundra and.xerfc steppe,
perhaps best described as a steppe-tundra. Grasses,~sedges and

Artemisia dominated the vegetation with birch and willow shrubs growing

c

in favorable habitats. A climate not_only colder but 'much drier than

' present is implied.
A . . . . i v . .
- The fluctuations in the pollen percentage curves for Cyperaceae,

Gramineae and Artemisia (Figure 22) are probably related tovthanges in
. ) o - . . ’ ; o
the local depositiional environment rather than regional palecoclimatic

changes. Ripple marks and peat balls at the contatt .of units A and B

suggest an open, shallow water‘environment. >Theqven5 high Gramineae

. s
v

b



‘pollen content of the basal sediments may indicate a grassy fen at 7
this time, but, unfortunately, the emergent aquatic'grasses cannot be

e

taxonomlcally differentiated on the ba51s of their pollen.

Fluctuating water levels and wave erosion at the base of what.

would have been a sandy bluff (650 m., Figure 10) can account for the

a

lalternating sand and organic layers from near the base of thls sectlon
to 15.0 m. (Table 9). Between 15.0 and l&fO m. below the surface,
"calciuﬁ carbonate—rich silts‘were deposlted. The lake must ha?e
.deepened at'this time, snails lived in\this pond and Pediastrum colonies
flourished.;“Aquatic sedges from shallow portions of the basin can
account for the high Cyperaceae percentages. The marﬁed drop in

. Cyperaceae and rise of Attemisia at 13.75 m. coxncides ‘with the influx

~——_—_—9f_saad—and—suggests_a_local_hydrolngica1 rhanee. Perhans the water

level dropped and exposure of the sandv bluff face allowed sand to be

washed into the basin. The exposed sandy bluff may have been densely

colonized'by Artemisia; accounting for its high percentages at this

o

time. Above this, Cyperaceae.pollen percentages steadily ingrease as
the lake basin filled with organic-rich sediments and finally a

bryophytic&sedge_peat. At this point the environment must have been®
. © . " o o . b .

'a wet tundra marsh or swamp.

L . . ’ ’ : s !
The Betula curve percentage fluctuations may have paleoclimatic /

_ . i . PR
significance. 'Below 14.75 m. Betula pOllen rises ;o over_ZOZ but the‘

la

’ )
percentage drops as the. .lake deepens and importantly remains\low afterV

-,

the dropvin water level. Below 15. O m._birch shrubs were present

‘. locally,.but-above this their»frequency must have'dropped. A change B
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from a shrub steppe-tundra to an, open steppe—tundra is suggested; this

change would seem to indicate the onset of a still cooﬂer climate

e

Further evidence of this change is seen in the-increas cryoturbation

in the upper portion of unit %. Involuted bedding, frost cracks and

ice—~wedge casts.all.gnggest.a more severe imatic'regimen The

question then arises‘aé to whether this cold oscillation represente

=

; , . : s :
the onset of a glacial climgte/following an interstadial or an inter— g

glacial. 1:////,/ L _-4;5

Z/Af“/;h;/deep cor : /f;:;hk Lake, Seward Peninsula, revealed a

R : oot wake, |
" high spruce pollen a/‘e (1) preceding the Holocene spruce maximum.

nterpretedthis period as.representing a climate

Colinvaux (1964)
very simi to the present and correlated it with the Sangamon inter-

\%_//‘
glaCial. Sedimernts representing Wisconsin interstadial (J2) have rare’

_ spruce pollen and can be interpreted as’ representing a middle arctic

Shrub tundra vegetation (Colinvaux, 1964, 1967 and Colbangn, 1968).

e

Matthews (l974a) has demonstrated a Pleistocene snrnEe tree line stand
e ! )
nearer to Deering on the Seward Peninsula .than at present.‘ He corre-

1ated this period with the Sangamon interglacial. Hié work (Matthews,
°1974b) in the Fairbanks region has demonstrated a mld—Wisconsin inter—

stadial during which spruce tree line was lower in elevationithaniaxi

present.~
In’a'review of the paleogeography Of Beringia, prkins (1972)
econstructeda taiga vegetation over Beringia (Alaska - Chukotka)
during the Sangamon interglacial._ He concludei tha‘he spruce tree
lﬂne extended beyond its present position and possibly begpnd the .

_ divides in the Brooks Range.‘ During the summer of '1973 I had the

“ R
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opbortunity to visit a number of sections'along the middle Koyukuk
River Valley. Organie deposits believed to be of mid—Wisconsin-age,
on stratigraphic evidence, did not contain logs and wood such as are

found in the Holocene sections deposited in a forest environment,

On the basdis. of the available evidence it appears.that nnitnB
represents depositioﬂ during a Wisconsin. interstadial .Dreimanis and
Raukas . (1§;3) haye~reriewed the'evidence and chronology for a mid—
Wisconsin - mid—Weichselian interstadlal. They see this. interval as

- a complex of several interstadials oovering the period 23,000 to 65,000
. years B.P. Colbaugh‘(1968) established thls,interval as preceding
34,000 Bfﬁ. based upon a C—14 date at the top of pollen zone 32.at5
Imuruk Lake. Matthews (1974b) dated the interstadial in the Fairbanks

, region between 35,000 to 32 000 B.P. Unfortunately, the.Epiguruk

, interstadial record is incomplete with a hiatus of'over 16, 000 years
represented at/the unconformity between/ﬁnits B and c. It seems un-
likely, therefore, that the drop in birch pollen percentages in the

upper portion of unit B is related to the onset’ of late Wisconsin »

R glaciation, B .
Description of ﬁpigurhk.I-Pollen~Diagramg
— tlen diagram from Epiguruk I is shown in Figure 23.
Pollen w=: all samples from the ground surface’ to a depth
- of 2 ‘“;thls to a depth of S 45 m. the sediments were sterile.
In the fBearing sediments the amount of pollen was often very

low, necessitating counts of 3 to &4 slides in order to reach a 200

grain total sum. The &amples at’ 185 cm. and 175 cm. had only. 77 and



Figure 23

o

Epiguruk I pollen diagram.
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94 grains respectively, even though all the extracted residuc was
examined. Zones were.used to subdivide and describe the pollen
diagram. The zone boundaries were baéed on significant fluctuations

of the major pollen types; These zone designations n;e for convenience

and may or may not have regional application.

Zone EI (210 - 150 cm.). This basal zone is characterized

by very high amounts of Cyperacecae pollen, up to &5%, and an abundance

of pollen from herbaceous taxa. Betula and Alnus pollen percentages

.

are low; Salix, the only shrubby taxon that is relatively abundant,
reaches 11%. Picea pollen is rare‘and~Pinusqve1ﬁ4;gg:,”Auﬂymbgrﬂof

herbaceous types are limited to this.zone, these being Artemisia,

Rubus, Cruciferae, Caryophyllaceae, Polygonum bistorta type and

Saxifraga stellaris type. A spore flora is absent or reaches very

low frequencies while Pediastrum algal colonies are found only in
this zone. By extrapolation, using the two radiocarbon dates ffom _

this section and assuming a uniform rate of deposition, the base of

Zone Eleay be 12,000 years B.P.

ZQEE_EIZ (150 ; 115 cm.). Here Betula pollen increases to
ovér‘23% and Alnus rises to 8%. At the same time there 1s a decrease
in the amount ofbherbaceous'pollen, although Gram?neae peréentages
peak at 10%. Pinus is absent and Picea appears o$ly at the upper
zone boundary where i; reaches 3%. -Sphagnum and Lycopodium spore

 content of the sediments increase greatly in this zone. Lycopodium

reaches a distinct maximum.

Woody twigs first appear in sediments of this zone; a cq;léction



of twigs trom a 10 cm. interval (12 - 13 cma) was dated ot B ouan

+ 210 B.P.

Zone K111 (115 = 50 cem.d . Alnugs pollen rises dramaticalliy

from 67 at the base f this zone to almost BOT ot the pollen vain
near the top of the cone. This tremendous increase in Al polien
imposes a1 statistical constraint on the other pollen tvpes in the

< . . ' .
upper portion of this zone. Betula nollen increases to over 307 in

the lower portien of this zone but decreases to 167 in the upper

N

ollen percentages drop throughout this zoune, and
/’\

so doeN Aceae, while Piecea pollen almost disappears from the

sample although it was observed in scanning the alder-rich slide.
Even though the spores are not included in the total pollen sum and
should not displav the

of this zone.

Zone EIV (50 - 0 cm.). The drop in the percentane of Alnug

from its maximum and the sharp increase in Picea percentages Yo a

maximum of 57% characterize this zone. Betula pollen increases

slightly, as does Salix both as a result of the Alnus drop. Cvperacene

pollen also rises to a maximum ~of 3N%Z from its previous low while

Ericaceae pollen reaches a maximum of 7%. Sphagnum spores. also reach

a maximum, reflecting the change in sediment tvpe from silts to peat.

A radiocarbon date on peéc from 43 cm. below surface dates the base

of this zone at 2,670 * 95 B.P.

constraint, thev too drop tn thT uppoer portion
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Figure 24

Epiguruk III pollen diagram.
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Zone EIII (235 - 120 cm. ) Alnus pollen begins.to increase

significantly at the base of this zone, reaching a maximum of 90% of

the total flora. Betula drops from its former higm percentages to
0

as low as 4%. Cyperaceae remains generally low throughout the zone

except for_the sample collected from the peat band at 210 cm. which
]
represents a locdl sedge growth. Gramineae remains very 1low through—
o ©

out the rest of the diagram and Artemisia remains low through this
gzone. No doubt, here too, there 1s a constraint imposed on the othet
ttaxa by the very high percentages of Alnus. pollen.v Clumps of\é}ggg
ﬁpollen-were_observed, these indicating an extra-local source of the

Alnus. The spore.content of the sediments jumps t;{high values in.

. (&}
the lower portion, of this zone. o - :

—— o

e ) ~

EQEE_EEY (120 - 0 cm. ) This zone sees Alnus . pollen fre- ©

o

quencies_drop back-toHZSZ while Picea pollen°increasesito a ‘maximum

q
@ .

° - of 38%. Percentages for Betula pollen also rise, reaching a 45%

<

maximum. Cyperaceaeﬁpercentages continue to fluctuate greatly;

mGramineae remains very low and there is a significant decrease in

e

' the pollen of a variety of herbaceous elements although Artemisia

° !

and Ericaceae do show minbr increases in frequency. The spore flora
. e

vis also generally low. A radiocarbon date of 5 140 -120 B,P. from

%eat at, 112 em. dates the lower portion of this zone.

e o

Intetpretation of Epiguruk I and IIT ° =
- ‘ _ Pollen Diagrams s

R : . . a . o

-

The fossil polien record presented here is brogen into four

co

- zomes, e ch being dominated by a different pollen type, namely Cyper-

.

v'aceae, Betula Alnus and Picea respectively. By extrapolation from

& o -
© : Coes .9

s
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the available radiocarbon'datéé this is‘aalZQOOO year record of vege-

©

tation development in the Onion Porté@e region. The estimated age of

the zone boundaries‘are Zone EI, 12,000, to 10, 000 B. P., Zone'EII,

-]

10,000 to 7, 000 B.P.j Zone EIII, 7, 000 to 5 500 B. P., Zone EIV, 5,500

to present. Obv1ously more dates are neeqed from additional sites
N v
in order to espablish an adcurate Chronology.'/,°

]

This pollen récord must be,interpreted in terms*of vegetation

history. It may be possiblegtOvmake/%-first order comparison with

-

©

‘the. modern qegetatibnlzones of northwestern Alaska. The open tundra

o =3 ’ e ‘

of the northern coastal plain~i$‘aominated by~Cyperaeeae and herbaceous

elements; Salix is the only important shrub specigs. To the south,

o

several kilometers inland, birch shrubs appear and become an impeortant

element in the shrub‘tundra of the Alaska morth slope. Over 100 km.

_south of Barrow, the nearest alder bushes are found scattered primarily

a

along river valleys-and slopes. These become very important 1nto the

mdhnteip divides. ‘Sprute abpears on the south‘side of 'the divides

o -

or about 300 to 400 km. south_gf the coast.:;Since-Cyperaceae, Betyla,

"

‘Alnus ‘and Picea are signifieant tolfhe Vegeiéfion‘zones, it is tempting -

o e <

to correlate directly ‘to the fossil pollen zone. This would give a

yaleoecological record in ;erms of a modern north south vegetaLion

a

gradient.;' S ; o °

o . . . 0

4

© o

> o . . For a more meaningful»reeonStruction; the modern pollen sur-
ﬁace sample record miist be utilized. " Two Surface samples from lakes
«in the Barrow region, Alaska (Livingstone, 1955) yielded a record of

ﬁetula 7 - 52 Alnus 5 - 102 Salix 3 - 42 Picea less than 2%,

® .o

- : . . N

c
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Cyperaceae 36 - 24%,“and>Gramineae 41 - 49%. This is quite ‘similar
to the zone EI pollen percentages but the very high grassvpollen,makes
this modern record unusual. The high grass content may be ‘due to

o

: emergent aquatic and - wet tundra grasses (Dupontla and Alopecurus)

- common ln‘the Barrow region (Britton, 1967) and therefore of only

local significance.

The modern surface sample from Mackenzie King Island (Table 7)
is also similar but again .the percentage of grass pollen is very high
‘(452). This sample represents a high arctic and very sparse. tundra

. ¥
vegetation. Surface sampleS*representing the low arctic tundra from

northern Queheci(Bartley; 1967) and a variety ©of localities in the
Canadian Arctic (Ritchie and Lichti- Federovich 1967) are also very
similar. The very low amounts-of 21553 and low amounts of Betula and -
Alnus - as well as the high percentages of Salix and dominance of Cyper—
vaceae and Gramineae compare closely to the fossil pollen spectra in

Zone EI. These modern environments represent -an_open sedge-moss

tundra with willdw and/or birchishrubs growing in restricted favorahle

o

loCalities, ‘ . : , ' h AT B . - )

- 1t would seem that the vegetation represented by the pollen
Zone EI must have been an open Cyperaceae—herﬁaceous tundra shmilar
. to the high arctic tundrafacross the northern coastal plain o6f Alaska
‘or the middle regions of ‘the Canadian High Arctic. §§li§.shrubs were
no doubt present in favorable spots along drainages and near snowbanks.

aThe dwarf birch shrubs (B. glandulosa - B. nana) may have been present,

but if'so,.only 1njvery«small'amounts.‘ , S e
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.‘A vegetation such as the above would hane had‘a very low pollen
productivity, pernaps as low as the modern Canadian High Arctic where
Ritchie and Lichti- Federovich (1967) have estimated pollen influx into
lakes ‘at only 5 grains/cm. /year. They recorded a range of 22.5 to
65 grains/cm /year at mid- Arctic sites and 52. 5 to 762. 5 grains/cm 2/
_year at low—Arctic sites. Because of the low local productivitv, any
.pollen representing 1ong distance dispersal from distant sites becomes .
important in the relative percentages. For comparison, pollen produc—
tion in the forest-tundra zone was measured at 275 to 2 372.5 grains/
"cmrz/year and‘1,157'to 8,353 grains/cm. /year in the northern boreal,
forest. | o | .

In vieﬁ of these data the~low percentage ralues for‘ﬁetula
(arboreal’) Alnus and giggg_in Zone EI means that these important
rfloral elenmnts were a 1ong distance from Onion Portage.' Comparisonsv
with the Barrow surface samples would suggest “a forest~tundra ecdtone
several hundred kilometers south .of the central Kobuk Valley ?ollen
records from Fairbanks 575 km. to the southeast, show"t;at spruce
was not present in’ this area until 8,100 B P. (Matthews, 1970 and
>1974b),fstill further south, in the Tangle Lakes area.of the Alaska
Range, spruce did not appear until 9,100 B.P. (Schweger,.unpuolis;ed“

-,

data).-_The question 6f 4 spruce refugium during the late Wisconsin

.

will be discussed 1ater.

The'open tumdra'vegetation'at Onion'Portage'lasted until
about 10, 000 years B.P,, at which time the pollen record shows a

significant increase in Betula and Alnus. vaarf;birch,shrubs must
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have become\common in this region while alder stands migrated closer
. (

to this region.’ Again, a comparison of modern and fossil pollen

v
v

records (Livingstone, 1955; Ritchie and Lichci-Federovicﬂ, 1967; and-"

Table 7) indicates a vegetation type very aimilar‘to the dwarf birch
shrub tundra that now covers much'of the Alaskan north slope and

¢

northern foothills region of the Brooks Range (Britton, 1967 and

Spetzman, 1959):. Betula glandulosa - B. nana ‘shrubs were frequent
g

across a sedgeeherbaceous‘tundra and no doubt abundant in local

habitats. Along with willow shrubs, they must have added a distinc—

tive "woody" component-to this vegetation (Figures 23 and 24).

Alnus pollen increases approximately 7 000 years B.P. AAt
this time alders must have eventually migrated into the m1ddls Kobuk
Valley region. and extensively colonized the landsc - The fossil

pollen frequencies of Alnus at its maximum-dre only matched by sur-

face saﬁples from the alder zone the Jade Mountains-(Table'Y;
’sample IX);- High.alder ) »centapes are also recorded in lake sedi—
ments near fthe Br« Range divide (Livingstone, 1955). Alders were'

probably very” common, gRwing in dense groves along the river valleys

and slopes. Although alder does not appear to be a prolific pollen o

producer, as demonstrated earlier, the dense stands can intercept the

<

l'aitborne pollen produced by the surrounding vegetation. " The net
effect is an increase in alder representation and a decrease in the
.

pollen of other species. < - . B

a

A_The,arrival of!Alnus ﬁrobably'indicates the appearance of a

transitional communitv between shrub7tundra and,the developing boreal

POSPRPRRE

pE—
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forest. A similar community now exists near tree e in'alpine

situations, or beyond the spruce tree 1 near mounuain divtdes.

This community appears to hay €en relatlvely short- lived as a

ndicates the beginnings of spruce forest\\\\\\;

T—

&

- 2Zone EIV represents the arrival of spruce and its subseduent

rise of Picea poll

i

spread across the‘landscape.‘ However, it is difficult to interpret

exactly the first appearance of Picea forest in this area. Forest

vegetation has a higher pollen production than non—forest vegetation.

K1

Picea is also a wind—pollinated specles. Because af these two factors

Picea pollen may be relatively abundant in tundra near spruce forest.

-

It could be assumed that the boreal forest would be represented in

_the pollen record before it actually arrived in the region. On the

‘other hand the very high Alnus ?ercentages masked the significance

. of the- other species so that it cin only be assumed that Picea was

definitely present when Alnus peyéentages began to drop. It is’ not

possible to talk of the arrival of spruce as a tree line separating

-boreal forest from tundra. Sihce°the Onion Portage region is now as

forest—tundra mosaic, he vegetation development must have been one

©

a

-

of, increasing arboreal component._ This-makes‘the problem of dating

o

the appearance of spruce forest a somewhat arbiuaryand academic. -

decision. ’ e : o o L ’
' I \ N | -

In both'p011en diagrams (Figures 23 and 24) Picea pollen in-

creases from .zero percent to near 5% about 8 000 B.P.. Anotherhperé

P

'centage increase occurs before 5, 000 B. B.‘and this is. followed by a
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«

*‘*r—large increase, up to 50%, approximately 3,000 B.P. The first in-

crease‘suggests a long distance source for the spruce pollen; 2 - 15%
giggg pollen is recorded in modern tundra surface samples. The second
rise indicates :: entra—local source (Janssen, 1966), perhaps in the
central Kobuk Valley in the Onion Portage region, while the third
rise would imply a local source immediate to the collection site.
It is suggested here that spruce colonized the region of Onion Portage
sometimehbetween ca. 7,000 an'd S,OOQ B.?. Unfortunately, the con-
straint imposed by the Zone EIII Alnus rise depresses the Picea
percentaéesg making interpretation difficult. ’

Spruce Vould probably have migrated into this region following '

the river valleys and drainage systems where there is a more favorable

soil thermal regimen. South—facing slopes with higher insolation

-would also have been’ optimal sites for early colonization. These

14

factors make the Palececological record “from the Onion Portage arch-

aeological site important, since it may provide the earliest record

-

-for the appearance of spruce in this region. Band 8 and 7 paleosols

uere formed under sh&llow-pefmafroSt-conditions, poor drainage, extreme
cryoturbation and probabay a tundra vegetation cover. The fossilf‘
pollen record\supports ‘this conclusion. Band 6 paleosol is a podsol

formed under conditions of deeper permafrost, improved drainage and

little cryoturbation, the soil humus contains spruce macrofossils,

'

kindicating that spruce grew on the site. This supports the less

Aprecise fossil pollen record indicating that spruce migtated into

this region between 6,000 and 5,500 B.P.
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Since its appearance, spruce forest»has apparentlylspread,
occupying more and more of this region. There are several reasons
for this. Climatic warming is an obvious factor but long-term acid-
ification and edaphic’succession‘cannotibe overlooked. Still another

factor is the development of the Kobuk Riverifloodplain with more

I

and more flood channels, sloughs and ox-bow lakes, each of which
provide favorable shoreline substrate conditions for spruce. (If
~climate were the dominant control on "the moyement of spruce, Picea

. glauca, the more pioneering white spruce would have been- favored.
Ifuedaphic and successional factors were more in control, Picea

" mariana, the bog black‘spruce, would havelbeen favored. Unfortunately:
there is no way at present of separating these two species on the

basis of fossil pollen\grain morphology .

§§tula papyrifera, the arboreal birch, and Populus balsamifera
and P. tremuloides are also important elenents in the Alaskan boreal
forest. These species mno doubt invaded‘the Onion Portage region’ at
the Same time as spruce. Unfortunately, again, it is not possible
presently to separate the shrub‘birches from the arboreal birches on
the' basis of pollen grain morphology And a further problem is the
high susceptibility of Populus pollen to fungal decay and oxidation.
As a consequence, it is rarely preserved in the. fossil record. -We
must be content in identifying the boreal forest with the fossil
giégé pollen record, although this is not entirely satisfactory.

. < . ‘ . .
In'summary, the late'glacial-ﬂolocene fossil pollen record

from Epiguruk indicates an open high arctic tundra giving way

-
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approximately 10,000 years ago to the development of a birch shrub
tundra. This was in turn invaded by alder shrubs about 7,000 B.P.

as the boreal forest—tundra transition zone moved northward. Boreal

o fogest finally developed in this region 5,500 vears ago and has con-

tinued to spread since then. This is a unidirectional record with

‘no revertance to earlier, more cold-adapted vegetation tvpes.




REGIONAL VEGETATION DEVELOPMENT
DURING THE HOLOCENE

Livingstone (1955) was the first to publish complete pollen
diagrams from arctic Alaska. His research defined a three-—zone pollen
sequence based on c@res from lakes in the céntral Brooks Bange. 1ho~
basal zone I, dominated by Cyperaceae and CGramineae, is interpreted
as representin rbaceous tundra; zone I1 records a sharp increasc
in Betula pollkn and represents A birch shrub tundra: zone I11 records
an increase in Alnus pollen and Picea south of the Bréoks Range Gzone
I1Ib and 1IIc). These three zones were believed to represent vege—
tation similar to the Barrow region, the arctic north slope and the

Brooks Range divide area.

§ ¥

This record is identical to the sequence from the Kobuk Vallev.

Livingstone's zones 111 band IIIc would be equivalent to zoné EIV at
Epiguruk.” Unfortunately, these records were nct C-14 dated but esti-
mates place the base at 8,000 B.P. (Colinvaux, 1967). A valley fill
deposit near Umiat, nofth of the Brooks Range, vielded a pollen record
of a herbaceous zone, a birch zone and an alder. zone. Radiccarbon
dates placed the boundaries bectween the lower zones at 8,000 - 7,500

) : # .
~B.P. and the upper zones between 6,000 - 5,700 B.P. (Livingstone, 1957;
Tedrow and Wélton,1196é). Additional datés come from Colinvaux (1967)2
who analvzed the pollen content of dated buried peat samples from

Barrow. Betula pollen appeared (3%) in the sediments dated 9,500

years B.P., Alnus (6%) not until 5,000 B.P. and from then on the
' - 133 -
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v ’
vepetation has rematned muche Cthe sarue. A tvo-,one berbaceous| bireh
o~ P - » Y
Y PPHCC W disgovered In peat sections from thotorak Creck, neay "-’.‘)
. v ’ ’
) . ’.
Cape Thompson, on the northwest coast (Heusser, 196 1) . mitortunate v,
these sections were not dated. U .
Detailed and dated polten studies are alaeo avaibable trom the
(&
Seward Peninsul.. Sedimentscores from Imnuruk Lake (Cobinvoaus, 190043 v

+

* - —.
@baugh’ 1968) provide a record inte the Yarmouth Interviacial with - X

the top three zones (K, L and M overlapnine with the Fpivuruk record. kS

v

M Al
R The Imuruk Lake zone K is dominated bv Betula, Salix and Gramineae

pollen, zone L by Alnus and’ Y‘ig;ca and zone M by Alnus vn»‘flcn, which
, .
drops in fy¥ency in che upper porticon of tivis sgne.
0 .
<

Colbaugh (1968) summarizes the vepetational #etory

! A . B <
Wisconsin open Qrass‘:ﬁ:‘l scdg tundra invaded bv dwart birenr (zone K)
e -

about 12,000 B.P., alder and spruce advance closgr to Irurya Lake atter
| s B
RNy

: - - ' W
10,700 B.P. (zone L) and remain close dntil after g,000 R"% (zone M),
- .fﬁ

“

swhen thev retrcat to their present positions.

Matthews (1974a) has®provided a long Pleistocen™ nalececologicni
o
record from Deering, Alaska. Although this 35 not & contrauous nollen

record since colluvial sediments and peats were studied] it does provide
3
some comparative information. A late Wisconsin steppe-tundra vegetation

dominated bv CGramineae and Artemisia was dated at 12,400 B.P. By 9,000

B.P. Betula pollen increases as dwarf birches-invade, ‘Alnus” increases
H ES

as Gramineae. drops and Artemisia pollen disappears.

Although tHese two records are only 55 km. apart, thef/ differ




;hlaska can be subdivéé?h into four zpnes that represent stagés of

- 4L3D0 —

in many respects; the appeafanpeﬂof dwarf birch at Imuruk Lake pre-
dates its appearancedat Deering b%~ne5iiyfﬁ,000 years and the alder-
spruce zone,fréﬁ Deering is not recorded at‘Imdruk Lake. 'Matthews

o]

(1974a) has discussed these differences, the most serious of which is

the lack of a high alder-+spruce pollen zone‘from’Deering. He concludes
that 'lLiese two taxa may have‘mdved towards Imuruk LaKe from the south
and tnn’ citelr pollen represents long d1stance transport into the lake.
Any long discance pollen errtering Imuruk Lake would be significant as
the lake 1is several kilonetersiacross and the coring sites are over

a kilometer “rom the shore, and there would not beiany local or extra-—
local pollen produetion; fOn tﬁZ other hand, the record from Deering
represents just these. environments and long distance pollen would be
significantly diluted by“the local)pollen production. Because of this

the pollen record'from Deering seems to be more comparable to that

from Epiguruk; even though the late glacial vegetatieﬁ at Deering is

beliEVed to have been a steppe-tundra. The:percentages of Gramineae

‘kand Artemisia pollen_are much nigher in the polleny;ecord (Deering Fm.,

PRy

Unit~2)“from Deering than in that from Epiguruk.

The late glacial—ﬂolocene f0551l pollen records from northern

vegetational development' herbaceous high arctic tundra to birch
Q
shrub, tundra toﬁhlder”%irch shrub tundra and to-boreal forest south

L

of the Brooks Range.‘ Since each zone is largely characterized by the

ey

appearance and cdlonization of a region by a single species, which -
implies migration, they are - time transgressive and not time correlative
\“‘ Lo s o

periods. "A time lag ‘for. the spread and development of each community‘3

enf
«
EALAN
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from region to regibn;is implied. Howevér, the scércity of ‘radio-
.carbon dates makei/this difficult to demonstrate. Birch appears at

Onion Portage about'lo,OOO B.P., at Deering 9,000 B.P. and ;t Umiat

8,000 - 7,500 B.P. (Figure 1) » Alder appears at (mion Portage abéut
7,000 B.P. and at Umiat 6000 - 5,700 B.P. These dates indic;te
lags of 2, 500 and 1,300 years for the spread of blrch and alder

( respectively between Onion Portage and Umiat, a distance of 370 ‘

kilometers.

The migration of spruce through theAinterior of Alaska is -,

better known. The earliest date for the|appearance of spruce, is from
. i : o

a pegt:depositlexposéd near Long Tangle Liake (146°4'W, 63°2'N) in the

Alaska Rangé. Picea pollen rgaches 227 d Picea glauca éonesware

abundant_ along with wood from Picea sp..and Poéulus sp. Spruce wood

LS

was dated at 9,000 * 80 (U&LA - 1858) rad ocarbon years B. P .(Schweger, -

unpublished.data). Spruce appears in the| pollen record at Antifreeze

!

Pond near Snag, Yukbn, at S;ZOOHB,P; (RamFton, 1971). Near Fairbanks

there is evidence for the appearance of skruée and forested conditions
< C .
as early as 8,500 B.P. (Matthews, 1970 and 1974b). Spruce finally

‘appears near its preseni limit in the mid:-Kobuk River Valley apgrqgi—

[

' mately 5,500 B.P. . . . | § .

 From these and other study sites ‘two patterns of sgeties

f”‘,.'~

migration or succession appééf. Alnus pr#ce@és Picea 1nto‘$he Brooks

-

Range an& Sewar& Peniﬂiula ﬂégionw(Livin7stone, 19553 Colbaugh, 1968'

'es:in the Alaska Range and

this paperxf‘ Picea prgégdes Alnus at s

on, 1971rand Schweger, un-—

Py B

,puhéighed daxa): Two sites, still fur her east, near Fort Liard
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(John Klondike Lake, Matthews, unpublished data) and on the Tdktoyaktuk

o Q

w

- Peninsnla ?Ritchie and Hare, 1971), both in the Northwe:t gerrltories,_:v

oa

° o

have revealéd a similar’ sequence of spruce béforCOalder in the- history
S < . B ‘: or o o 0 ee o
of forest development,a 3 o . T e @

o - 7. B . - > i . . N

@ : e e

o, The%e différences raise several questions: ~ did sprﬁee dnd

u 2
) ES
° =} 4

aldef shareothe same: giac1a1 refugia? If so, cén dlfferential migra-

.- - - < o ’ i
!

°

o tion rates account for the different patterns of forest hlstory7 ° N

T . a Y COo o

Alternatively, thev may have had’ different refugia locatiqns and their

e ° - a B >
H010cene migratipns followed difEErent pafterns Hopkfns (1972) ‘con- L
4 ..o 0 o [N s
cluded that Alnus appears in the‘fossil record earllest inothe Kobzebue 1

0 oo

Sound - Sevard Peninsula area and SP;

"He suggestedthat a refugium exis

oz

(Beringia) and a second exietékw

the Cordilleran Giaciers.'ain ;
‘ e c i . | -
from the Mackenzie drainage (Ritchie and Hare, 1971 : Hatthews, uh— '

Q

published pollen diagxam, John Klondike'Lake), a terd alder refugium, o ;

o '

% possibly sohth of the contineﬂtal 1ce mass, pqst be added.

,4"‘ . . 2 . . N ’i‘
The present distribution of Alnus crisoa (Hulten, 1968) in— oY

o © 2

diéates its adaptation to a climate more severe than that whlch Picea

can%endure. In manv-ways it is morevpioneer}ng than gcea, especially

o

Picea mariana, and being a nitrogen fixer (Van Ckeve, Viereck and

Schle tner, 1971), it effectively prepareSoits edaphic gnv1ronment.'¥

‘ Given a common refugﬁ;m it would seem that Alnuq would be able to spread’:

Ve

e L

and c%lonize Alaska durihg the early Holocene more successfully than

Picea} Indeed the different patterns of coloni&ation support the-

? - . .
T = ) . . . 6w - . . o
: . °
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o

1dea of multiple refugia., Alternatively,‘they may'also indicateuun—

known environmental factors that affected mlgration and colonization
° © PR B o &

The problems of Alasian paleoecology are actuallg related to

\

the paleogeography of Beringia (Hopkins, 1967 1972) Duging the .
‘wisconsin glacial maximnm the sea level dropped 125 m.” This exposed

the Chukchi and Bering-Sea shelves, forming a broad shelf which Joined

Alaéka;with northeastern 'Siberia. The Beringian land mass created

e

"its own climate and joined‘thewfloral and faunal provinces of easterp
Asia and North Amerfta,‘ Since Beringia Qas flooded'and breached
during the Holo;ene marine transgression, paleoecological interpre—

tations

o .

©

’It-now ;eems that'during the'Wisconsin glacial maximum, Beringia,

<

iincluding interior. Alaska, was covered by a steppe—tundra and thatO-

spruce was not present (Colinvaux, 1967a; Matthews, 1970 1974b‘

Hopkins, 1972) Pollen studies, howeger, on St. Paul Island, Pribilof
Islands (Colinvaux 1967a), indicate an abundance of Picea pollen before
10 000 B P. when-the islands were hills‘on south—central Beringia.

This led Hopkins (1970 1972) to suggest the existence of a spruce

_refugium in the present Yukqn River delta region. Clockwise winds

i from the Arctic High pressure systenpwould have blown pollen from

this refugium southwestward to . the Pribilof Islands. Hopkins felt

-

that the full glacial ¢limate of the refugium would have been suffi-

e ciently continental with warm summers, and yet moist enough to

o

s?pport Picea. Further into the interior of "Alaska- the climate was -

‘\H_C foeamr

too cold: and dry and. fﬂrﬁher south the maritime influence may have

»;
§,

-
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created a climate too cool and cloudy for Picea growth (Sergin and
Shcheglova, 1973) Pollen diagrams done by R.E. Giterman, Geological
Institute, Moscow, U $.S.R. (HopLins, unpublished data) from Bristol
Bay, southern ‘Alaska (Figure 1) shed new light on the spruce refugium

These diagrams demonstrate thatospruce and alder were- absent from °

\

this region 12,400 years ago. They had migrated back 1nto this region
by 7, 600 years B P.. A pollen spectnmxfronxé?odnews Bay (Hopkins,

unpdblished data) ‘dated - at 11,500 B.P., indicates an open full

-

.glacial vegetation. These data_placeﬁconsiderable ubt - "the:

VSXistence‘of a Picea refugium in southern Alaska or in the Yukon

o -

.

'RiVer delta region. But the high spruce pollen percentages on the

Pribilof Islands must still be explained Recent efforts to‘recon--

o o

structoatmospheric circulation over Alaska during the full—glacial

may hold the answer. Streten (1974) concluded that during the glafials

a summer low pressure cell developed and_intensified in the Bering

Sea of the North Pacific.. This, would have resulted in counter. clock-

wise flow'bringing western Pacific air 1nto southern Beringia. In .

this way, Picea pollen from eastern Asia may have been carried to the'
v

v

Pribilof Island . There is a need to determine which Picea species

‘make up Colinvaux' s‘St. Paul Island pollen records.

B

It appears that the development of the Alaskan vegetation

. from a full glacial steppe-tundra‘has been a long-term and complex

o

process. The major forest species may have immigrated from refugia

considerable distaﬁce from Alaska, possibly south ‘of" th Continental

v

ice sheet in Alberta or Hontana., Differenti!l migratio rates,

N

multiple refugﬂa and new combinations of ‘environmental actors created
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unique vegetation assembléges. These make comparisons with mode rn
vegetation units difficult at best. Paleoecological studies in
- Alaska have feyéaled a dynamic environment and vegetatién during the

late Quatefnary.



THE LATE PLEISTOCENE—HOLOCENE PALEOCLIMATIC"
HISTORY OF NORTHWESTERN ALASKA
The late glacial - Holocene pollen sequence described for

the Onion Portage region can be interpreted not only in terms of

getational history, but paleoclimatic history as well However,v
it must be made clear at the out-set that climate is only one of
many environmental factors that influence vegetation Paleoecologists
and pollen—analysts initially emphasized paleoclimatic interpretations.
‘More recently they have come to recognize the necessitv of including
many other factors into their interpretations (Iversen, 1960, Maxweli
. and Dayis; 1972; and Davis, i9745. Paleoclimatic interpretations
" must be considered along'yith other interpretations that are based

‘on biologic,and.ecologic factors.

At first the paleoenvironmental record from theJQnioanortage
region suggests a continually warming climate from a cold zone El to
a warm zone EIV with no climatic reversals, that is, cold—warm—cold
or warm—colddwarm. Since these terms are very relative, greater
preci;ién is needed. Young (1971) has provided a very complete
.'analysis of the climate and. floristic zonation of the Aretic. ;Four
zones describe Ehe vegetation from the most severe climatic regions
of the high Arctic to_the relatively warm tundras near the spruce
.tree line. By cﬂmparing species restricted to the different zonesi-

it is possible to correlate the Epi}uruk pollen zones with his

floristic zones. Floristic zone 2, dominated by grasses, sedges
' e > B :
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and herbaceous elements, is correlated with pollen zone El, zone

with Betula nana correlates with pollen zone EII and zone 4 with Alnus

. o . /
correlates with pollen zone EIII. S
e

S

The modern climate characterizing the floristic zones comes

from Young's analysis of.weather'data'from stations-in each zone;
these data are summarized -in Table ll. ;It'is‘tempting to use the
average mean temperature of ‘the floristic zone as indicating the

mean annual temperature of the correlative. pollen zone. The dif-
ference between the appropriate floristic zones do not COrrelate
with.mean'annual temperature; in‘many cases temperatures in a zone

are above or below those of adjacent zones. In onejcase temperatures -
in zone 1 were higher than those in a timbered area. It would seem
thatvninter_temperatures, that/contribute to -the mean annual temp- |
erature; are not a si%pificant factor(in arctic floristic zonation.
-Mean annual precipit?@ion also shows no significant correlation with
vegetat.onizznns¢ ‘Xoung demonstrated that it is the summer temperature>
| 'tnat strongly correlates vith the zones. To demonstrate this

3

he talculates an "a" value, the sum of the mean temperatures for all.

thei%onths having a mean temperature above 32°F. (Table 11) -
\\\/Q L . ) ©

The significance3of the summer temperatureaas it'relates
to the growing season of plants has been discussed by several authors.
Clebsch and Shank (1968) relate the vegetation gradient in the Barrow
. region directly to summer temperatures. Larson (1971) correlates the
vegetation ‘continuum .in the central arctic—boreal forest with air
mass frequencies representing summer and winter patterns and Hopkins

iy
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»(1959) related the tree line in Alaska to summer temperature duration.
Young pointed out that'the»northern limit of a given specieslis‘not
directly correlatéd with an "a" value but assumes correlation between
"a" and a critical amount of warmth available to the plant. The
critical amount of warmth must be considered over the entire life
cycle of the plant from germination of propagules, through growtho

and flowerlng,to the production of fertile propagules. Warmth re-
quirements are no doubt different at different stagee-of-the life
cycle, yet eaeh stage‘must be completed if the population is to

survive and perpetuate itself.

The correlations suggested between Young's (1971) floristic
zones and the Epiguruk pollen zones (Table 11) imply a considerable

‘reduction not only 4in me:

’annual temperature but summer temperature
duriné the late Pleletoc e and early Holocene. The "a" Galue for
“Barrow is' 48, ‘the vegetation of.the Barrow regibn was used as an

, analogy for pollen zone EI. Savoonga, on the Seward Peninsula,
represents a tundra vegetation analogy to zone EI; it has an "a"
value of 64. Although %he "a" values pre‘pnted-represent a range
for each zone, unusually low values are found in regions of extreme

‘maritime influence, unusually high values are found in regions of

continental'climate.

During the late glacial represented by pollen zone EI, large
.areas of Beringia were still exposed as sea level had not" returned to
Holocene levels. Because of this, the Onion Portage region would

" have had a more coutipental climate with>colder winters and perhaps”’fﬂﬂfw
: e
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warmer summers and, theretore, higher "a'" values. Sergin and Shcheglova
(1973) attempted to reconstruct the climate of Beringia along a transect
from the southern coast to a spot 800 km. inland. -The coestal station
had a mean annual temperature of 14° F., a Jannarv mean of -27°F and

a duiy mean of S0°F.; 800 km. inland the temperature; were 3.2 F.,
-47°F. and 55.4°F., respectively. Their calculations point out the

degree to which continentality may have»influenced the late glacial

climate of the Onion Portage region.

The highest "a" value Young recorded from his floristic zone 2
is 57,'that {s from Peary Land, northern Greenland. " Even this is ‘much
'{ower than the "'a" values sugges.ted fot the Onion Portage region during
the iate glacial 1in view of the increased continentality. Here is a
glaringgproblem in the paleoclimatic reconstruction, thie fossil pollen
necord~gives evidence of“a cold high arctic climate with low "a" values .
indicating cool summers. This is further edpported by the evidence
for a shallow permafrost table and perhaps a more rigorous freeze-thaw
regimen. Yet the factor of continentalitv, a condition of the paleo-
climate suggests warmer summers and more optimum growing conditions.

- In other words, the probable paleoclimate seems to have of fered more
favorable conditions than what is indicated by the interpreted vege—

°

tation.

Mat thews (1974a) confronted the game problem in his naleo—
ecological reconstruction near Deering.‘ His late glacial, regord
/
: /
represents a grassy steppe environment and a climate colder than at

present, yet his fossil insect assemblages.contain many representatives
S ; K y ' ‘

>



- l46 -

of grassland types not now found in Alaska. Some are known to the
south in British Columbia or the Northwest Territories.  He concluded
that the late glacial environment at Deering was a Xeric steppe-

tundra developed under a continental climate tvpe.

Hopkins (1972) has also suggested that ariditv may have been
a key factor inlthe climate of Beringia and that it mav have severely
limited vegetation development. This view is supported by the recon-
struction of only 120 mm./year of preciﬁitation in the interior of
Beringia (Sergin and Shcheglova, 1973). As mentioned previously,
Alaska presently suffers from a moisture deficit and no doubt was under
even‘greater stress at the time of Beringia. Another aspect of the
climate, i‘ié&pecially a\gontinental climate, is the degree of climatic
variability.” -Pata on means p;gvide ~on-lv one view of the climate, more
/important to the flora and fauna is th\\aégree of variance 51nce this
determines the frequency and range of extremes. Young (1971) discussed
‘the limiting factor of climatic variance for the modern tundra vege-
tation. No doubt this was also of even greater importance in the
pasg. Although mean conditions may have supported a mcre warmth-

adaptad vegetation, the frequent extremes severely limited what

ultimately survived.

A third factor in trying to explain the problem of the late
glacial paleoclimate and vegetation is that of species availability
Although the paleoclimate may have had a more favorable growing season,

the plant species able to respond may not have been present in order

to do so.- The vegetation of the late glacial was made up of what

—
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species were available trom the specicas-poor tull clacial assemblases.

This tactor will be discussed again later.

A further example of the preblems encountered in Beringia
paleoclimates, is that glaciers persisted in the Brooks Ringe until
nearly 7,000 B.P. (Porter, 1966). T™he Anivik Lake Stade and thg
Range Front - Walker Lake Stades (Hamilton, 1969 and unpublished data)
are late glacial advances of the Itkillik Cinciatinn. Ported (1966)
concluded that the major diffcroﬁcu bgtwuén thé'gIJcial and modern
climate of the Brooks Range was a lower mean summer temperature.

This was neéded to inhibit ablation and permit the growth and expansion
of valley glaciers. Recent climatic warming in Alaska (Hamilton, 1965)
h;s in fact brought about a retreat of Brooks Range glaciers (ﬁamilton,

1965; Porter, 1966).

In view‘ofLWEat has alreadv been said, it is difficult to

agcqunttfbr gkab atiorn dufiug a time when the climate was extremelv

arid with"very little precipitation.
AT R SR Sabr g = S

. Nbgﬁbnly would there be little
Al . .

e N e . s R . R .
accumulation for'; ce formation. but the summer ablation would be very

;s = 2

.ﬁigﬁ.‘fTﬁis‘apparent Connrééfction may be resolved bv considering

N
a

~othef climatic fdctd?ﬁ‘besides summer temperatures as controlling

glaciér gfbwth. Mean annual tefiperatures and summer tempefatures

increﬁSed through the late-glacial to the quocéhe. But "sea levels

were also rising bringing moisture sources nearer to northern Alaska

and presumably dincreasing precipitation over the Brooks Range. This
could have had the effect of‘prolonging,Brooks Range glacier activitv .

into -the early Holocene. By this time temperatures and ablation mav



have been toe hich to be oftaet Gy the incrvease 0 previpitation gnd

the fce would have retreated terminating the Broobs Ranee bate olaci.

sequence.,

A steadidy warming Holocene climate o cevibeneed in the nollen

records from nion Portave g clasewhere- in the Brooks Ranye . Olimate

»

reversals are not apparent and it gugears as if o modern climatic

regimen was established in
®

northwestern Ao RS T8 cars B

This view does not ., however, correlate well with that ot

other researchers who have sugpested dramatic Holocene climatjc

°

changes for northern Alasé?i McCulloch and Hopkins (1966) orivinall

defined a period of climate, warmer than present, for the Ku;zcb@g
R, ] b i\
T, 7 . ' - &\“?—?3

Sound areca between I?%g?ﬁ and 8,3 vears B.P. Evidence for this™

2

came from logs, beaver-gnawed wood, ice—wedee casts and buried soils
‘ i, h . ) <

below the permafrost table which suggested a westward expansion of

.

the boreal forest into a region of shrub tundra vegetation. Hopkins

v

(1972) has since retracted his identification of Picea macre-remains

and he has supplied pollen samples for analvsis from tvpe lecality A
(Figure 2, 1966) and localitv C (Figure 4, 1966) . These samples'are

7,270 * 350 and 9,020 *400 B.P. respectively. The resulting fossil
o i [

pollen spectra (Table 12) compare closelv with fossil pollen zone EI

10,000 - 7,000 -B.P., iand represent a birch shrub-tundra rich in
Gramineae. The Betula pollen mav rep;ésent in part the arboreal
‘species, and although no Populus pollen was counted it canneat be

assumed that the species was absent. fn fact, the presence of beave

would suggest that Populus was present. In any event, the orisinal

-~

I,

T

1
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: '~ >  Table 12 : s
. . ,[;[ . K ) .
Pollen alysis of Samples from Baldwin N

Peninsula, Kotzebue Sound#*

of

; . Sample;A Sample Cb
c-l4_age . | 7,270 B.P. - 9,020 B.R."
 Betula S 37.5 7 19.5.(264)
Alnus " 1.5 . 3.5 (3.5)
saiix 6.5 13.5.(16)
Picea - 2.5 0.5 (0:5)
Cyperaceae | S ¥ 2 13 (18.5)
_ Gramineae , ' s . _54 - ‘ 17.5 (23.5)
Artemisia ‘ 7 ' 7 (8.5).
Comﬁositae” . o - 1 o ' -
Ericaéeae; ' : ) 1 ‘2 (2)
‘Umbelliferae . o 0.5 1. (D
Rosaceae 4": ' : o o ’/1 ,,(1~5)
Chedopodiaceae - Amaranthus, -~ . - (0.5)
Epilobium L ’ 0.5 , ' :
Pbljggpum amphibium = : e ﬁ‘~ . (0.3)
Typha Lé;ifolia i - 21,5
Unknown pollen . 0.5 0.5 :
‘Indetermidant - T R "‘;%
Lycopodium I 1 1
Sphagnum -5 o
Other trilete - ' " L - 8.5

*Percentage base is 200 grains excluding indetérminant and "
unknown pollen and spores. Brackets on Sample C show
results of a second coint excluding Typha pollen.
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B . o

conclusion of a boreal forest advance cannoti be substantiated and

> -
JL R

o

S b T ) - i
the pollen .data suggest a vegetatjon cover epresenting not a warmer
. : ‘ - A .

but a cooler'climate than present.

This view is supported by Matthews (1974), who argued for the
existence of tundra vegetation at Deerlng, along the north coast of

Seward Peninsula, during the late glaclal and =2arly Holocene. He

cbncluded on the basis of alder pollen percentages ‘from dated fossil

' &

peats, that the climate may have been colder than at present. Further «

contradictions arise, however, the presence of 22Z Typha latifolia

(cat tail) and Polygonum amphiblum‘pollen in the 9,000 year—old sample

! ,
I

! {Table 12) from the Baldwin#?eninsula«suggests warmer summer temper—

atures. At present these sﬁeCies are distributed into ‘the interior
e { LT S
‘of Alaska only as far as Fairbanks (Hulten, 1968) Since this,is -7
j :
only a single sample it is/ extremely difficult to evaluate and cer-
/ wr A

tainly is little evidence ‘for” ‘a maJor warmer climat1c perlod.

i : : : . L«
/r - i - . )‘ Ed

Hopkins (1972) wduld extend the region affected by thls

warmer climate northeasuward from Nome 1nto Canada as far as. the’

Mackenzie-Beaufort’ reglon. At this tlme Wlsconsin age 1ce—wedges

[
—— -

melted near Nome, in central .Seward Peninsula around the coast of
| \\
Kotzebue Sound (HcCulloch and Hopklns, 1966) Deep thawing of the

rmairost occurred in the Barrow region*(Brown, 1965 and Brown and
Sellmann 1973) and the development of thermokarst features in the

vHackenzie—Beaufort region reached a maximum 10,000 to 9, 000 years

B.P. (Rempton, 1973). ,7 » ";'

A

This period of warm ciimate is not, however, evident in the’

o
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paleobotanical record basedlon fossil pollen stud1es (Matthewe; 1974a),
""although lopkins (1972) recordxlmacro—remains of arboreal birch, alder-\;'z
andﬁaspen as far as lOQ kmi wesp of their present 11m1ts_bn the

northern Seward'Penlnsulg. Matthews does spggest.tnat the very‘hlgh'

percentages of Betula pollen, near 50% may represent in part arboreal » °.

.birch, although he was unable to separate them norphologically. This

sample dated 9 150 * 150 B.P. (Deering Fm., Unit 2, Peat 6) contains

no Picea or Populus pollen and Alnus isoqnly a few percent. Although

Colbaugh (196@) concluded thag ‘spruce and alder were nearer to Imy

. terrace. ' : ~ -

~nY R

Ene discpvery}of a single Pgﬁulus sp.\lg§ on the_Aleskan .

ey P

north Slope 50 km. beyond the nearest living grove Sf\fopulus balsam-

ifera has been cited as évidence of the early Holocene warm period -

(Detterman, 1970). However,'this log, aated at 8,400-+ 300 B.P.,nis

oy

-

an isolated occurrence and could have been river transpor;eﬁinorth%

ward as it was found in, terrace greve}s~

!
v‘ o

The. polldn evidence presenued here, as well as earlier §tud1es,

does not support the hvpofhesis of an early Holocene warm perxod.
.Several reasouns { account for this. failure and the inabilitv of
.'pollen—analysis'to reés;gt apul. and separate the birch species_ |
is part of the‘%roblenf B;:T;erhaps, nore importantly, the vege:ation
?‘gayuno;’havehbeen able to respond to the\changing elimate. The |
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vegetation of Beringia was greatly affected by the late Wisconsin

o

glacial climates; Picea, Alnus and perhaps‘Populus and arboreal

-

. Betula were no doubt confined to refqgia a considerable distance

from northern Alaska, perhaps thousands of klli\jters to the south.
It would take time before these species could migfrate into northern
Alaska. Eﬁen though:the climate may have been suitable, or even

s

.optimal, the species were not present in northern Alaska to respond.

o

Cs Certainly differential migration rates and suCcessiédall
patterns played a role in the vegetation history of Alaska in much
the same'vay as thev did in Europe (Iversen 1960) and in the Great
Lakesg region (Gushing, 1967' Wright, 1968) More recently‘Davis
(1974) has demonstrated ‘the 1ate glacial - Holocene migration of
arboreal species across the.eastern United Statés. Ln some cases

it took thousands of years for species migration into this region‘
She observed that during this period ecotones were established that
reflected synchronous migration patterns and rates for species and
not cllmate. These factors lessen the use of fossil pollen records ”
H::for paleoclimatic interptetations but\strengthén their applicatlon

a

" in paleoecologyw,

Almcst all'attempts at a paleoclimatic‘record for Alaska
have dealt mainly with temperature. Since the evidence for an early.ts
_Holocene warmer climate is based almOSt exclusively on changes in
pernafrost regimen, we might examine other factors that could affect

permafrost besidesvtemperature. The late Wisconsin glacial climate

in Beringia was arid (Hopkins, 1972), moisture sources were far to
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:thc southf montane.ice eapé blocked moisture froh entering interior
Alaska and the‘Atctic high pressure celi dominated the climate. These
factors’must have persisted into the late glacial, and as mentioned
earlier, aridity probably greatiy affected the vegetation. Such‘a‘
eold,-arid climate means deep freezing and little snow cover for

. soil insulation, and, indeed, the geomorphic ev1dence indicates a

strong periglacial climate. A snow depth of 240 mp /year has been

postulated (Sergin and Shcheglova, 1973) for the interior of Beringia.

=)

Beringiamﬁas-transgressed and breeehed by a rising sea level
. 10,000 years ago: (Creager and McManus , '1967) and sea level was within )
>—30 m. about 10,000 B.P. and -15 m. by 8,000 B.P. (Hopkins, 197 ).

’This transgression brought western Alaska under the influence of a’
maritime climate, which must. have had a dramatic effect on the patterns‘

and amount of precipitation, and increased the depth of winter sSnow:

cover over the region. A deepening snow cover, which acts as a good

-
<

insulator, would greatly affect the equilibrium depth of the perma-
frost by preventing deep freezing and also preventing loss of geo—
- thermal heat. The net effect would be to drop the permafrost equil-
,ibrium depth over a broad region, a phenomeuxlsimilar to. incredsing
the airvtemperatures,-since icedwedges w0u1d melt out,-thaw 1akes

. o .

ferm'and the soil active layer deepen.

¥

Lo

A deeper late glacial - early Helocene snow cover has rami-

o
o

fications concerning the extinction of the Pleistocene megafauna-inf
"Alaska. -Although terminal dates for species are few, they suggest
late glacial - early ﬂplocene extinction. The several proposed

i



’ v_Bamilton, 1969) indicate a return to cooler. and/or moiftet climate
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climatic causes of extincéion gave dealt almost exclusivelv with
vohangeS'in'témperature} The.Pleistocene mezafauna of Boriﬂgid formed
a complex community dominated by grazers (Guthrie, 1968a, 1968b) ; asm
long as there was grass cover'and access to the srasses during winter
"they thrived.- Bgt if snow cover increased in depth during the late
‘glacial winters, grazing mav have become noo;only difficult but im-
possible for many faunal elements sucm as the saiga antelope, horso
and Bison. The.important survivors of.exti;ction,'moose ;md caribou,
have important mofphologicai gnd behovfbral adaptatigns for deep snow
conditions. snow cover is.anothéi important.asoect of climéte and
should not be negléttod in paleoclimafio reconstrucéions; the fact
, . \

may be that its importance in the late glacial history of Beringia‘

has been overlooked.

~

- The mideoloceme’warm intemvél, the Hypsithermal, approximately
7,500 to4,500 B.P., is evidenced in many regions of North America
inoluding the Arctic (Ritchie and Hare, 197i) But in northern

Alaska the evidence for a‘Hypsithermal period is not easily demon—\
strated (Hopkins, 1972). The pollen redords from the Brooks Range
‘:regionvdo not  support a Hypsithermal'climate in northern Alaska.

The Bf;oks Ranée, like most mountain chains, has an important in;
fluenco on ;hé regiomal climﬁto,'woich‘was,'no doubt, tﬂe situotion
igethe pasﬁ as well. It may be that poiien records from northern “ﬁ§
Aloskaiare ci@maticall& insensitive and instead recorxd Ehe patterﬁs_ .' z
‘of plant migration and succeséioh. This certaioiv seéms to be the ”

case in the late Holocene for while glacial records (Porter, 1966

CRN
S "

!



after the Hypsithermal, the pollen réecord discussed here does not
record this climatic revertence. ‘Instead, the pollen record suggests
a continual spread of boreal forest which may be in response to a o

warm climate or the product of successional and edaphic changes.

The reconstruction of a paleoclimatic record for northern
'Alaska ‘presents a number of complex problems and alternative exnlana—
:tibns or speculations. Paleoecological and paleoclimatic explanation
fls; byiits very nature, multicausal and'the limitations of the'methods
-inow employed further complicate 1nterpretations of the .past. No
doubt‘the paleoclimates of northern Alaska‘during the late glacial
were complex_and rapidly changiné, leaving a record~of‘apparent

contradictions and incongruities.




LATE QUATERNARY PALEOECOLOGY OF THE OMION
PORTAGE REGION - A SUMMARY

‘The late Ouaternary paleocecological history of ;hé (nion
Portage region may now be‘summafized. Figure 25 prcsentsva simplified-
review of the many lines of evidence and interpret;tions empleed.
Unfortunatel?, tﬁg simplicityfof the diagraé belies much of the
complexity of tﬁe %ﬁterreiationships and 1ntetpretations.( Althouch’
additional information and integration i§ needed, it is still possible
to evaluate one of the initial gpals of the Onion Portaze archaeo—'
logical project,;that.is, to relate cultural and environmental changes.

During the early w;scgnsin, glaciers extended souti from
the_Bfooks Range to within a few kilometers of Onion Portage.o A
COldﬁ arid élimate and a steppe—tundré veéetagion are presumed fo
have domiﬁated this region. The Wis;Onsin glacial was br&ken bv an
interstade here dated between éreater than AQ,OOO to 24,000 B.P.

A péllen record from the'earlier bortion of'thisAinterval reveals
;n open stenpe tundra vegetation dominated bv graminoid species
and Artemisia. A cold, arid climate is indicateu. Claciers advanced -

durin2 the late Wisconsin to within 20 kilometerq of Onlon Portage.

Again, .a cold, arid climate and.steppe—tundra‘vegetation is inferred.

B

Thé resolution of the paleocecoélogical record improves during
the late glacial and Holocene. Fossil pollen”récords from the
Epiguruk exposure,indicate that four distinct plant comm&nities

covered this region. ‘From about 12,000 to 10,000 B. P. an open,
- 156 -
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4 Figure 25
Summary diagram of late Quaternary
history of Onion Portage area.

o

paleoecological

ﬁ\lv
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~b;2h-ar§tic tundra Qas present. The climate at this time wasAcold
and possibly arf&. Birch shfubs then invaded the area and a shrub-
‘tundra covered the region until about 7,000 years ago. At this time
alders spread into the Kobuk Valley creatiﬁg an alder woodland-
tindra mosaic. These vegetation changes suggest.a warming climate
‘but still colder than at present. Factors related to the gcographv
of full-glacial refugia, rates of plant dispersal and migration and
sea—-level history contribute to the multivariate compleXity of paleo-

’ . L
climatic interpretation.

The Onion Portage archaeological site has also vielded a
palecenvironmental record. A sequence of paleosols includes gleyed;'
azonal tundra soils formed during the time represented by cultural
Bands 8/3!and 8/2.v The Band 7~soilAappears to be transitional with
a-gleyed tundra as well as a podzolic facies.' Cr&otu:bation was
active in the early history 6f the‘siie. Thi; gre;tly disturbed
the sedimentary units fepresenting pre'Bénd 8, Band 8, Band 7 and;

in part Band 6. The gréatest‘intensitv of soil movement took place
during the time reptesented‘bv Bands 8 and 7, 10, 000 to 6, 000 vears i

‘ago. These data indicate a shallow permafrost table and intense

cryoturbation at a time when tundra covered this region.’ .

The péllen records indicate that spruce finally appeared
in the Kobuk Valley between 6,000 and 5,000 years ago. Spruce

macrofossils are first found asSociated with the. Band 6 paleosol.

o -~

This paleosol, dated at . 5 600 B P., is a podzolic profile that dis-

plays a minim%l amount of- frost disturbance. The youngerx soil

T~
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profiles are also pods&ls and contain spruce macrofossils in the

humus.

Spruce may have been initially confined to the south faciqg
slopes and valley bottoms. Since then iE has apparently increased.
in. frequency and cover resulting in the modern vegetation. Altﬁoﬁgh
tne modern flora indicates this reéion to be a we§tward’ext;nsion
of the boreal‘forest, the centrél Kobuk Vﬁ;kéﬁ/;én best be charac-
ter}zed as a mosaic of shrub tund£§/t6m;uuities and forest stands
dominated by spruce and a{hpfééi/birch. It is in fact a broad
.- _

complex ecotone between forest and Qundré.

To complete the piéture of Holocene paleoecoloéy at Onion
Portage, the archaeological record and materials must be translated
into adaptive cultural systems. This task @uét %egitimatély-be left
to ‘he #rchaeologists; however, it.is possible to.reQiew some of -~he

relationships ﬁhat have now been established.

Anderson has divided the archaeological fecord at Onion
Portage into three culturil traditions (see Figure 5). : He uses,
"the yord 'tradi;ion' to descriﬂe a c;utinuity of cultural traits'
that péfsis; over a considerable length of time and often occupv

e Qfgjgféad geographi

area" (Angerson, 1968, p. 27). Traditions are

/ X : L
comprised of "complexes' which describe the distinctive archaeo-

logical remainé/%f a culture.
e
/ /

. / / . N N ‘ N . .
ﬂ/,_,_~a—~’f”’~The American Paleo-Arctic tradition, represented at Onion

Portage by the Akmék,anKKobuk Complexes, extends from possibly as
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earlyoas [U,QOOwBﬂﬂl to 8,000 B P, (Flyures 5 and )L Andereon
:(1908, {Qlﬂn nnJ ?670b) considers this tradition as beiney most
closely rclated to the Uppef Paleolithic cultures of nmrthenstcrq
Asia and particularlv to the Lake Baikal reegion of Siberia. Lo
areued that ffom 15,000 to 106,000 B.P. Alaska wasuyery‘much part
of eastern Siberia as the Bering Land Bridge was cxposéd because
of thé log sea-level. Alaska was .also isolated from tﬁe south by
the Continental and Cordilleran ice s> .~ts. Bocause %f these geo-
graphic factors Alaska_méy have been »~art of u Siberiaﬁ Upperapaleo—

lithic "diffusion sphere" and therefo-o cultuially nart of Siberia
; e

(Anderson, 1970a).

L

Open steppe-tundra vegetation coverad most of Jiberia,

1

Beringia and Alaska at this time (Hopkins,’1972 and Scﬁweger, this

veport). This broad circum—Arctic zone, 'mav have .upported edon-
- h S :

omically and technologically similar groups between which idems and
artifact stvles micht easily pass" (Anderson, 1970a,, ». 73). Enough

differences exist betwegn the ‘Akmak Complex and thoge iof Asia to
infer "a long period of ‘isc.ated regional developﬁeht" (Andepsoﬁ,

AR :

- ' i R .
The. archaeological record at Caion Portage kuggests that

1968, p. 29).

small groups of people occppied the site for shbort reriods of time.

Presumably these peoble weLe nomadic hunters that followed herds

of migratory animals.. At Lnion Portage most likelv caribou was
|

’tHe animal hunted.

.-

-
i

The culturél—ecological snecializations and adaotations to
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this late ¢lacial ecnvironment must fave beoe rerarkablo and obviously

successful., liowever, following the Kobuk Complex (Band 8731 and 871D

r - . . . -
the archacological record Indicates o cultural viatus ot YL,ON vears,

§,000 to 6,000 B.P. Presumably, this region, or cortainty Shicn

PorfNage, was abandsiied 0r no longer functicacd in tae patter of
humaN settlement. This culturdl hiatus spans pallen ~ones EIL and
E11l and is thexefore also an imporgant period of ecolorical chanee.

Thie climate may have become significantlv warmer wiaile the veporatton

changed -to a shrub tundra with birch-and then alder. Althouwma oae

hesitates to suggest an environmental Jetérministic view of human’

v-v

ecology, at this time, environrental conditiens mav have chraneed so
rapidlyv and radically to preclude the adapntive strategy of the
American Paleo—-Arctic tradition.

*

The next evidehce of occupation At Mnion Portase 1= Lae

~ -

Palisades I1 and Portage Complex i . represented by Baads 7, ﬁ;and
0 > - ‘ ’..

e

part of 5 (see Figure 5). These components Mmark A comple j'ani

>

v

radical departure from the earlier complexes. The artifacts .
most closely related to stvles fouad Sar to the southedst. In

fact, Anderson (1968) pointed out that these Comploxes 1re moSte
. . ht

S - , ' . :
closely related to these of-the (reat Lakes and eastern torestec

PO

regions. These southeq%? cultures aad their . crigins between 3,000

~

and 6,000 vears agb and represented Indian norulations adapted to

£ .
a woodland-oriented wa¥lof life. Thev have been eroured into what

~

is known as the Archaic tradition. =

. N -y
Anderson has nlaced the Palisades 11 and Kobuk Complexes

into a Northern Archaic tradition and hvpothesizad ''that Archaic,
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) - 2 ‘ . : . s I
peoples, or at least the art of makineg tools in the Archaic tradition,

moved nortnward into the Arctlc along wltﬁ the advanc1nc forest"

- (Anderson, 1968, p. 31); The palec-environmental data presented

N

here retord  the first apoearaace of spcuce trees in the Omion PFowtage,
 region between 6,000 and 5,000 vears aeof This affirms Anderson'sl

nvpothe51s and represents one of the best examples from the archaeo-

loglcal record of cultural;e1v1ronmencal relatlonshlps. Presumahbly
'cgltures o? the Northerm Archaic tradition were also adapced co a,

"woodland environment. In this case it was tne boreal farest whlch

_ spread northwestward acrosstNortH*Amerlca; followlne the retreat of
the glacialfice until it reacﬁed nortﬁwesternaAléskak

) t

aCultutal'Bend 4 marks the reapoeatance of»Arctic culture

Pt

at Onlon Portage. The Denblgh Fllnt Coleex verv raoldlv repfaced

E

the Yorthern Archaic.' Vo satisfactorv exolanatlon for tn1$ cg}tural

c , : , s

change is Dresentl¢~available. The Denbigh, Chdris and Norton/
Iplutak Complexés (see Figure 5) reoxesent the Arctlc Small Tool

tradltlon. These are the earliest peoples of Alaska who were equallv

at. home on the coast and in the 1nterior (Anderson, 1968) By‘mld

Holocene sea—leveISrhad stablllzed and marine resourtes ‘conld be

©

exploited alongswlth those from inland. *Onion POrtage mav have

been used for fall caribou hynting vhlle fish, seal and walrus were

°

exploited at ‘the. coast. Perhaps tue explanatlon for this cultural

change lay in the expansioncof the subsistence base ana thereFore

greater economic diversity of the cultures of the Al‘CXZlC Small Tool

~;radition._ o v ; o ) : -



W .
The more recent portion of the archaeological record indicates

a- signiflcant degree of regional speclalization. Anderson (1968 and

»\}, - .
l970c) believed that the assemblage ‘of upper Band 2 (Figure 5) represents

Indian,.possibly an Athabaskan culture. 1t certainly represents a non-
Eskimo adaptation to the northern boreal forest. Here we see the

Lnteresting pheuomena1of a treellne region, the ‘central Kobuk Vallev,

A eel’

¢ e U
£ actlng as a ten51on—line ‘between Esklmo and Indian cultures. The

f SR -

&5 ALY N
forest—tundra mosalc mav have in fact been occupied and ptlllzed by

h

b/zﬁ adaptlve strategies.‘ Indiars and Eskffios possibly alternated

: exgloitation of this area.

The Arctic Woodland‘ﬁskimo Complex is the most recent culture
Vto have gccupied Onion Portage and is represented.by Baed i.' This
Uculterei adaptationliSutéftﬁe Kobuk Valleg ecotone itself. "~ In this
?51tua@ion the\broad ecotone between forests and tundra was ;§§ioited

as a separate environment and a unique” cultuigaev°1ved (Giddings, 1967).

¢

The data and 1nterpretat10ns presented here have already

-demonstrated a variety of cultural adaptatlons to the changang Hole"///

cene.env1ronment5‘o£ the Onion.Poreage region. Thls recordﬂdemonstrates.

T TN

'that significant interrelationships do exlst between culture, as an

~

adaptive system, and the env1ronment. It also demonstrates the value

f“of the paleoecological approach to archaeologlcal research.

x
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APPENDIX 1

VASCULAR FLORA OF
THE ONION PORTAGE REGION

Eycépodiaceae
Lycopodium alpinum L.
Lycopodium annotinum L. ssp. annotinum
Lycopodium complanatum L. . .
Equisetaceae
~ Equisetum:arvense L.
Equisetum palustre L. »
Equisetum scirpoides Michx. ‘
Equisetum pratense L. h ; -
| ‘ : \
" 'Polypodiaceae - L \
Cystopteris fragilis (L.) Bernh. ssp. fragilis \
Cupreséaéééé
Juniperus communis L. ssp. nana (Willd.). Syme
Pinaceae
Picea glauca (Moench) Voss
Picea mariana (Mill.) Britt., Sterns and Pogg.
Cyperaceae »

Carex aquatilis Wahlenb. ssp. aquatilis,

Carex bicolor All: var. androgyna (Olney)
‘. Carex bigelowiinorr.
. Carex brunnescens (Pers.) Poir.

Carex canescens L. :
i ‘membranaces Hook.
‘mesophila Holm ' & .
4 jdhe JEh ri Hoppe var. scheuchzeri
e psaginatum L, ssp. yvagipatum

. 1

e

Gramineae W

-
s

-‘éggobyrbn violaceum (Hornem.) Lange
Agropyron macrourum (Turcz.) Drobov
.‘717“ _ Y ‘
-

| ‘




Agrostis scabra Willd.

Arctagrostis latifolia (R. Br.) Griseb. var. latifolia

Arctagrostis latifolia tR. Br.) Criseb. var.
arundinageae (Trim.) Criseb.

Bromus pumpellianus ‘Scribn. var. afcticus (Shear) Pors.

Bromus pumpellianusg Scribn. var. villosisimus Hult.

Calamagrostis canadensis (Michx.) Beauv.

Calamagrostis lapponica (Wahlenb.) Rartm.

Festuca altaica Trin.

Festuca rubra L. ,

Hierochloe alpina (Sw.) Roem. and Schult.

Poa alpina L.

Poa arctica ssp. longiculmis Hult.
Poa glaucg M. Vahl

Poa leptocoma Trin.

Trisetum spicatum (L.) Richter ssp. spicatum
Trisetum spicatum ssp. molle (Michx.) Hult.

Iridaceae

’ Iris setosa Pall. ssp. interior (E. Anderson) Hult.
Y

Juncaceae -

B}

Juncus alpinus Vill.
Juncus arcticus Willd., ssp. alaskanus Hult.
Juncus castaneus Sm. ssp. castaneus
Juncus triglumis L. ) -
Luzula confuga Lindeb. ssp. multiflora = v
Luzula mulﬁiElora (Retz.) Lej. var. frigida ssp.

. multiflora (Buchenau) Sam.

: fLuzulé multiflora (Retz.) Lej. var. Kjellmaniang
. (Mivabe Kudo) Sam.

Luzula parviflora (Ehrh.) Desv. ssp. parviflora

Juncaginaceae ) \

Triglochin palustris L.

Liliaceas
. : Allium schoenoprasum L. var. sibiricum (L.) Hartm.
Melanthaceae . - > s =
Tofieldia pusilla (Michx.} Pers.
Zygadenus elegans Pursh. )
¥ . -
Orchidaceae ’ . o

. Cypripéﬁiumxggsserinum'Richards.
Goodyera repens-(L.) R. Br. var. ophioides Fern.

2



Platanthera hyvperboren (i A T ' .

Spiranthes romanzotriana Jham,

.

Potamoge tonaceae

Potamogeton vagpinatus Ture-.
Potamogeton tiliformis Pers.

Dicotvdedoneae t

»

Betulaceae :
. . . v
Alnus’ erispa (Ait.) Pursh..ssp. crispa
Betula glandiosa Michx. -+ .
. Betula nana.L. ssp, exilis (Sukatsch.) Hulrt.
Betula papvrifera Marsh. ssp. humilis (Regel) Hule!
’ v ~ S

. Tw
Boraginaceae :

Mertensia paniculata (Ait.) Don var. paniculata
i : o

Caprifoliaceae

Linnaea borealis L.
Viburmum edule (Michx.) Raft.,

’ : |
Melandrium tavliorae (Robins.) Tolm. = .
Moehringia laterifdora (L.) Fenzl

Minuartia dawsonensis (Brict.)-Matcr.
Stellaria longipes (Goldie)d S
Wilhelmsia phvsodes (Fisch.) ¥McNeiil

i

Carvophvllaceae

Chenpodigceae

Corispermum hvssopifolium L. L

N /

"Gompositae ' /

N

y -Arnica alpina (L.) Qlin ssp. attenuata (CGreene) Maguire
=1
) : .

- | Arnica frigida C.A. Mev. , i ‘. N -
. ¢ »f~értemisia tilesii Ledeb. =sspy. tilesii e :
' Artemisia tilesii ssp. elatior (Tofr. and Grav‘ Huyt.
Aster sibirjcus L. o : ’ ‘

Chrysanthemum bipinnatum (L.) = » %
Erigeron humilis Graham ' - a
. . Matricaria matricaricides (Less.) Porter

Petasites frigidus (L.Y) Franch.
Saussurea . angustifolia (Wilkd.) DC.
Senecig:lugens Richards

" Solidagc multiradiata Ajit..var..multiradiata

~

Cruciferae *" i - : .

Brgyé‘ﬁumilis (C.A. Hey.)_Robiné. SSPpP. érctica
(Bocher) Rollins b
o v ‘ ‘ ’ & ’

ya . - '



=3

-

‘\.\(,'uﬂu;e! la bursa-pastoris (L.o) Medic,

Yardamine ”
Y

pratensis Lo 5sp. anpustifolia (Hook.)
0. t. Schulz )
Descurainia sophioides (Fisch.) O, Scehulz

Draba Tongipes Raup.

0 S

Draha stenoloba Ledeb,

v

Ervsimum choeiranthoides Lo =an, altum Abtd
Forippa hispida (Deseoy Brirc. :
Elaegnaceac . /
o

Sonepherdia canadensic (Lo)y Nutt.

Empetraceae
! . .
Empetrum nigrum [, ssp. }ut-}m;lphrr*ditlm (l.ange¢) Bacher
I3 ; '

Fricaceae ! :

Andromeda polifolia 1.

/\rctostaphvlus,'i],pﬁi-rm_ (I..) Sprena.

Arctostaphvlos rubra (Rehd. and Wilson) Fern.
Arctostaphyvlos uva-urs i (I..) Spreng. var. Mfi’f_i_
Cassiope tetragona (L.) D. Don

Chamacdaphnc calveulats (L.) Moench ;

Ledum palustre .. ssp. Q}“CUYHBL‘ILFL (Ait.) Hulrt.
Ledum palustre 1.. ssp. groenlandicum (Deder) Hule.
Loiseleuria procumbens (L.) Desv.

Oxy coccus micrucérpus Turcz. ) .
Vaccinium uliginosum L. ssp. ~lpinum (Bigel.) Hult. -
Vaccinijum vitis-idaca I.. ssp. minus (Lodd.) Hult.

. - ¢

Fumariace ae

Corvdalis sempervirens (1..) Poers.

Gentianace ac

Gentiana glauca Pall.

Gentiana propinqua Richafds. ssp. Erogih u:t
Menvanthes trifoliata L.

Negumlnosae

Astragalus alpipus L. ssp. alpinusi

‘Hedvsarum aLpl’num“ L. ssp. americanum (Michx.) Fedtsch.
Hedvsarum Mackenzii Richards.

Oxvtropis kobukensis Welsh :

Lentibulariaceane
Pinguicula vulwearis L. ssp. vulgaris

Nvmphace ac

Nuphar polvsepalum Engcelm.

A/



. . - . |
Nnagraceae ) N .
g - N , 2
Epilobium latifolium™L. , !
Epilobium angustitolium I, ssp. angustifol fum .
T - L _"‘._—__—_‘"__'“

4

Orobanchaceac

Boschniakio rossica (Chioan. and Scehileeht ) Fetscehe

Y . .
Polemoniaceae
Polemonium acutifilorum i1 1d.
H T T T o
\\
POl v onnce e .
. _ 4
7{’mb.q;(uﬂum stlaskanung (Small)y Wieht
Polvgonum caurianum Robins. .
g) r < H H .
Polvgdnum viviparum L.
) Qv
Primulaceae
Dodecatheon friegidum Char. and S('hlv('ht/,\'
- I - B
Primula stricta lornem. ‘
— . K
Prrolaceace
Moneses uniflora (L.) oran
Pvrola c¢chlorantha Swarty
- . . .0
Pirrola grandiflora Radihs ‘
Pvrqla sccunda L. ssp. sccounda ‘
Puvrola sccunda [ «sp. obtusata (Turcz.) Hult.
r s T
Ranunonlaceac
Aconitum delpiviniiod DO wen. fh:lr}lini,fmliur.“ )
o i 2 aetphninnnlal LUl o
© Anemone multifida Po
Anemone  parviflora Mich=.
Anemone richardsonii Hool.
. . . o N \ ’
Aquilegia brevistvia Hook.
Caltha palustris ssp. arctica (R Br.) Hult.
Delphinium glaucum 5. Wats. : A

Rosace e -
Drvas integrifolin M. Vanl. ssp. svlvatice (Hult.) Hult.
Drvas octopetala L. ssp. octopetala
Potentilla fruticosi L~ )
Potuntil,fa hookerian (tehm.) ssp. hookeriana var.

hookuri;m;/ ‘
Potentilla norvegftna L. ssp. monospeliensis (1..)

B Aschers. Gracbn.
Potenti lla palustris (I..) Scop.




-~

Do y N
Rosa acicularis iindl. .
Rubus arcticus . i
| i acemorus 1. ’ N
Sanguisorba officinalis 1. k .
~Spiraca beauverdiana Schoeid.

Rub fhce e : .R,
Galinm boreate L.

Salicaceae
Popultustbalsamitera 1. ssp. balsami tern S

5 Populug® balsamiters Lo ssp. balsani fern -

. y Populus tremuloides Michx.

/ Salix depressa .. ssp. rostrata i .,

"Salix niphoclada Rvdb. var: niphoclada
Salix glauca I.. sso. dcutifolia (Hoolk.) Hult.
S5alix phlebophvlla Anderss. -
Salix pulchra Cham.
Salix reticulata I, sspy

Santalaceav

¢ . o . . L
Geocaulon “lividum (Rich.) Fern.

Saxi fr.’i'g:u:p/' y

Pnrn&ssin palustris I.. =sf. ncogaeca (Fern.) ilult.
i Saxifraga hirculus 1. o ‘ :
' i:lxifi'aga uru:_taa;tﬁrz .. s5sn. x}}:_lfixvr_x‘jf;!p_z{_ (D., Don)y Hult.
Saxifraga 5‘_pi<'(<1t,1 . Don. : Coa
7 - .

Scrophulariaceae

Castilkleja caudat (Pornnell) Rebr,

Pedicularis labradorica Wirsine

Pedicularis ianei Durdnd ssp. kaned
Pecicularis sudetdica Willd. . “
Pedicularis verticillatna @,

-

Umbelliferae

Cnidium cnidiiioliuam (Turcz.) Schischlb.

f/

Valceriqanaceae : N

Valeriana capitata Pall.

.
Violaceae”

"Viala cpipsila Ledeb. ssp. repens (Turcz.) Becker
Iepehs .
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