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SUMMARY

Thirty-two radiocarbon dates from 19 measured sections in the Sagavanirktok,
Atigun, Toolik, and Itkillik Valleys range between about 13,000 and 200 yr B.P.
Stratigraphic relations indicate that a major glacier readvance of late Itkillik
age culminated about 13,000~12,500 yr B.P. and that glacier tongues retreated
from the Galbraith Lake-Atligun Gorge area d&uring the following 500=1000 yr.
Retreat of the Atigun Valley glacier and the probably contemporaneous retreat
of jce from the Itkillik Valley created extensive depositional basins that
filled with organic~rich lacustrxine, fluvial, marsh, and eolian sediments
during subsequent millennia.

Initial filling of moraine~dammed lakes in the Atigun and Itkillik basins
presumably took place between about 10,000 and 6000 yr B.P., but deltaic and
lacustrine sediments of this age generally are not exposed owing to burial be-
neath younger deposits and to erosion along valley centers. The five availa-
ble dates for the interval 10,000-6000 yr B.P. suggest relatively mild condi-
tions, with formation of peat on a stabilized till slope, growth of poplar in
arctic valleys, and occupation by human hunting bands. The initial episode
of alluviation within the Sagavanirktok, Itkillik, and perhaps Atigun basins
may have culminated about 5000-4500 yr B.P., but neither contemporaneity nor
control by regional geologic or climatic events can be proven. However, a
new episode of alluviation, cauged by intensified glacial and periglacial
sedimentation, began about 4000-3500 yr B.P. in the Ribdon Valley and perhaps
also at this time in other glacier-fed valleys of the region. Three subse-
gquent cycles of alluviation and downcutting in the Itkillik Valley began some-
time after about 2500, 1300, and 430 yr B.P. The youngest cycle correlates
with fan-building and glacier expansion dated within the past 450 yr by radio-
carbon and lichenametry; the next older cycle, which culminated about 8Q0 yr
ago, could correlate with an earlier dated episode of fan-building, glacier
expansion, and xock-glacier activity.

Seven additional radiocarbon dates, from three measured sections south of
the Continental Divide in the Wind River Valley, range from >38,000 to about
4000 yr B.P. The infinite date furnishes a minimum limit on Itkillik I gla-
ciation and on at least part of the Itkillik I/II interglacial or interstade;
these clearly are older than the range of comventional radiocarbon dating.
Alluviation following the late Itkillik readvance may have c¢eased about
10,500 yr B.P.; 1t was followed by an interval of weathering and general
nondeposition that terminated about 9000 yr ago when a lake filled this part
of Wind River Valley. Onset of Neoglaciation is recorded by a peat dated
about 4000 yx B.P. that was overridden by sclifluction.

Pifty other radiocarbon dates fram 11 archeologic sites demonstrate
that postglacial enviromments suitable for game animals and their human
predators were widely available in the Sagavanirktok Valley by 11,500=
10,500 yr B.P. Subsequent occupation of the Sagavanirktok-Atigun area
appears to have been markedly episocdic, with relatively high human pcpu-
lations within the interval 2700-1600 yr B.P. as well as during the last
few hundred years. Controls over these apparent population fluctuations
axre uncertain, but they may in part be related to Neoglaclal climatic
changes.



INTRODUCTION

During the past decade, the Philip Smith Mountains quadrangle has been
the focus of intensive research by geologists, archeolegists, biologists,
and workers in related fields. The initial impetus for these studles was
the requirement for engineering-geologic data preparatory to construction
of the trans-plaska pipeline (Ferriang, 1971; Kreig and Reger, 1976) and
for salvage of archeologic information and materials that otherwise would
be destroyed by construction activities (Cook, 1971, 1977). Subgequent
studies were motivated by continued need for envirommental monitoring
along the pipeline and for assessment of natural resources in formerly re-
mote areas now readily accessible via the haul road that parallels the
pipeline (Brown and others, 1977; Hamilton, 1978b; Bllis, 1978; Brosgé
and others, 197%9). As one result of these studies, 89 radiocarbon dates
became available for the Philip Smith Mountains quadrangle during the brief
 interval 1970-1979.

Measurement and sampling of stratigraphic sections within the Sagavanirktok
Valley was carried out initially in 1972 with field support provided by the
Alyeske Pipeline Service Cempany and by E. James Dixon (Anthropology Depart-
mant, University of 2Alaska). Four organic samples collected at that time
were dated by William Reeburgh and Margie Young at the Radiocarbon Dating
Laboratory of the University of Alaska's Marine Institute; two additional
samples were dated by Robert Stuckenrath at the Smithsonian Institution
Radiocarbon Laboratory (table 1 and plate 1). The entire Philip Smith
Mountains quadrangle subsgequently was mapped during 1975 and 1976 as part
of the Arctic Environmental Studies Program of the U.S. Geological Survey
(Bamilton, 1978b). Ten samples collected at that time were dated by Stephen
Robinson at the U.S. Geological Suxvey Radiocarbon lLaboratory in Menlo Park,
CA, and 16 samples were dated by Isotopes, Inc. under the supervisgion of
James Buckley. Fifty additional radiocarbon dates {(table 2 and plate 1)
were obtained fram excavations carried out during 1970-1975 as part of the
trans-Alaska pipeline archeclogical salvage program (Cook, 1971, 1977;
Alexander, 1974; Dixon, 1975). Michael Kunz and Robert Gal (Bureau of
Land Management, Fairbanks, AK) helped me in locating some of these sites,
and furnished additional information on their stratigraphy and gecmorphic

settings. 8ix unpublished radiocarbon dates with stratigraphic information
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Table 2. Radiocarbon dates on archeologic sites, Philip Smith Mountains quadrangle.

LOCALITY LABORATORY MATERIAL
NO. () SITE RAME DATE (S) NUMBER (5) (2) DATED (3) REFERENCE
? Putu 6090+430 Gak~4940 o) +» Alexander, 1974;
84504150 WSU-1318 C Bryan, 1978, p. 308
11,470+500 5Y-2382 o
PSM-049  Mosquito Lake <200 GX-4076 c Kunz, 1977, p. 756-930
3054130 Gx-4077 B
1030+140 GX~-4081 c
19754140 GX-4248 c
2135+160 GX~4080 c
2425+160 GX-4079 c
2665_-t155 GX-4104 C
2705:160 GX-4075 c
3515+160 GX-4250 c
4830+155 GX-4078 o] Kunz, 1977, p. 751
PSM-050 Gallagher Flint 970+160 to GX~4252-~ c Cook, 1977, p. 65
Station 2665+180(4) 4265
26204175 £§3-975 C Dixon, 1975
2920+155 51-972A c
3280+155 SI-973A c
10,540*150 S1-974 C
PSM-055 Tea Lake Knoll 15701150 GX-4094 C Cook, 1977, p. 62-64
1995+165 .  GX-4093 c
PSM-056 Anaqgpak 23054135 GX-4070 C Cook, 1977, p. 62~64
2360+175 © GX-4249 c
PSM-057 Ipnag <200 GX-4092 (o} Cook, 1977, p. 62-64
270+140 GX-4091 ¢
PSM-058 No Name 34404160 GX-4071 C Cook, 1977, p. 62-64
Xnab 3855+155 GX-4072 c
PSM~-060 Ribdon 1780:_150 GX-408S B Cook, 1977, p. 62-64
PSM-072 1629 <200 GX~4073 C Cook, 1977, p. 62-64
. <200 GX-4074 (o
PM~073 Blip (5) <200 GX-4082 c Cook, 1977, p. 62-64
Modexn GX-4083 c
2104110 GX-4086 c
3480+180 GX~4084 c
PSM~-074 Atigun <200 - 6X-4089 C Cook, 1977, p. 62-64
115+140 GX-4087 c
3104140 GX-4088 c
360+100 GX-4090 c

(1) PSM prefix is not used on location map (plate 1) owing to lack of space.

(2) Gak = Gaxushuin University; GX = Geochron, Inc.; SI = Smithsonian Institution;
WSU = Washington State University.

(3) C = charcoals B = bone; O = unidentified organic matter.
(4) 14 dates total. See reference for individual ligting.
(5) located within 15 m of PSM-072.



were contributed by Parker Calkin and Stephen Ellis (State University of
New York at Buffalo): an additional unpublished date was furnished by
Patrick Webber (Institute of Arctic and Alpine Research, Boulder, CO).
Three of these dates are assignable to stratigraphic sections listed in
table 1; the remaining four are presented separately in table 3.

In the following sections, I describe the geologic setting and strati-
graphic placement of the dated organic samples, and discuss the geologic
and paleocecologic history indicated by this remarkably large assemblage of
radiocarbon dates. The surficial geologic map of the Philip Smith Mountains
quadrangle (Hamilton, 1978b) should be consulted for definitions, locations,
and geologic interrelationships of the surficial geologic units discussed

below.

STRATIGRAPRIC SECTIONS
Sagavanirktok Valley Above Etigun Gorge

Three bluffs along the upper course of the Sagavanirktok River contain
dated sediments that forxmed during the last 13,000 yeaxs within a depositional
basin created by advance of an ice tongue of late Itkillik age down the
Atigun Valley (Hamilton, 1978b). The glacier extended to a terminal posi-
tion a few km north of the present Galbraith Lake ?nd SO0 km north of source
areas along the Continental Divide. A distributary ice stream flowed east-
ward through Atigun Gorge, then spread out to form a spatulate tongue that
blocked the Sagavanirktok Valley. Glacier ice originating near the head of
the Sagavanirktok Valley was surprisingly restricted at this time; it formed
end moraines about 30 km scuth of Atigun Gorge and only 15-25 km north of
the cirques from which it originated.

Exposure S-1 (fig. 1) is located at the southern flank of the late

Itkillik moraine that blocked the Sagavanirktok Valley, and most of the
sediment sequence at this locality appears to reflect alluviation behind
that barrier. Fluvial features include cross-bedding, layers and lenses

of rounded and well sorted pebbles, detrital wood along bedding planes,

and lateral facies changes from relatively coarse bar deposits to rela-
tively fine-grained channel £illings. Units 1, 2, and lower unit 3 indi-
cate rapid alluviation by channel deposits; sparse organic matter, absence
of weathering, and general scarcity of fine-grained overbank deposits indi-

cate that alluviation probably proceeded without major pauses or reversals.



Table }. Radiocarbon dates, Atigun Pass area.

University of New York at Buffalo (written communication, 4/9/79}).

Based on data of J. M. Ellis and P. E. Calkin, State

Sample Site Stratigraphy {(showing date in
designation location yr B.P. and laboratory no.) Material dated
CE-1 68°17'N 5 ‘om Surxface organic mat Peaty silt?
149°23'w 58 cm Silt and sand, with
intermixed organic
material
5 cm Organic herizon * 210 + 90
{BGS-547)
27+ cm Coarse gravel
CE~2 68°C8'N "5 cm Surface organic mat Clayey peat
149°26'W 90 cm Sandy cobble gravel
? Buried organic layer * 800 + 90
(BGS-548)
CE-3 68°08'N Till . Dried vegetation from
149°48'W W 320 + 100 (BGS-522) joints in bedrock
Bedrock
{sandstone)
CE-4 68°20'N Younger rock-glacier Dead roots incorporated
149°30'w deposit * 480 + 140 in younger roack glacier
Older rock-glacier {BGS-549) at its terminus

deposit



The radiocarbon dates appear to confixm that rapid alluviation took place
between about 13,000 and 12,500 yr B.P., and continued until at least
12,000 yr B.P. if the date on sample RU-70 is valid. Rapid alluviation
probably was the result of (l) blockage by actively flowing glacier ice,
which prevented permanent incision by the Sagavanirktok River, and (2)
relatively high rate of sediment yield from headward portions of the
Sagavanirktok Valley owing to activity of the late Itkillik glacier in
that area. Decreasing rates of sedimentation or increased interxvals be-
tween pulses of alluviation are indicated by the increasing presence of in
situ organic matter in unit 4 and upper unit 3. This probably xeflects
weakening activity of the Atigun Gorge ice tongue and its ultimate stag-
nation. By about 9000 yr B.P., the Sagavanirktock River no longer was
alluviating, and sediments above the 20-n level in the bluff consist al-
most entirely of eolian sand and silt with in situ organic matter. The
date of 11,890 + 200 yr B.P. at about 18 m height in the bluff is puzzling.
No physical evidence was noted for a significant hiatus between this level
and the 20-m level, which dates about 3000 yr younger. In addition, the
character of sediments and organic matter suggests that the most rapid de-
crease in rates of alluviation occurxred farther down in the section, at and
just above the level of floodplain willows dated 12,770 + 180 yr B.P. On
the other hand, repeated wind scouwr and deposition on a partly vegetated
surface no longer subjected to alluviation could account for slow rate of
net accretion between the 18- and 20-m levels and for the absence of sig-
nificant soil and weathering profiles.

Exposure S=2 (f£ig. 2) contains fluvial sand at its base (unit 1) that

probably correlates with the basin-filling sand of upper unit 3 oxr lower
unit 4 at Exposure 1. The radiocarbon date of 11,760 + 200 is virtually
identical to the 11,890-year date from unit 4 of Exposure 1, suggesting
that continued slow alluviation of the upper Sagavanirktok River behind
the moraine dam may indeed have continued up to about this time. Absence
of gravel suggests that outwash deposition from the upper Sagavanirktok
Valley glacier either had ceased or was unable to extend this fax north
in the sand~filled basin. A conspicuous unconformity at the top of unit 2
probably marks downcutting of the Sagavanirktok River after breaching of
the moraine dam near the mouth of Atigun Gorge. The date of this event is

uncertain. Later accretion of eolian sand at Exposure 2 began sometime



before 2275 + 110 yr B.P., and continues to the present. An archeologic site
in the upper part of the exposure was studied in cocllaboration with E. James

Dixon. The site was occupied sometime within the past 1200 yxr, but charcoal

on the occupation horizon was too sparse for dating.

Exposure S~3 (fig. 3) is situated between Exposures 1 and 2, but differs

from them in its gravelly character. 7Two radiocarbon dates of approximately
5300 yr B.P. indicate active alluviation at that time, but probably c¢easing
soon afterward. Some of the coarse sediment probably was derived from
alluvial fans that built outward from the western valley wall (Hamilton,
1978b), but its diverse iithology suggests that some of the deposit origi-
nated from source areas farther up the Sagavanirktok Valley. Interbedded
laminated fine sediments probably were deposited along the floodplain of

the Sagavanirktok River, which remained partly dammed at a level about 11l m
above present. The river may have eroded rapidly through drift abandoned

by the retreating late Itkillik glacier, but it undoubtedly remained longer
at a level determined by the surface of the underlying bedrock upon which

it was superimposed. This rock surface presently rises 15 m above the river
level in the canyon which the Sagavanirktok River has eroded through the

moraine.

Sagavanirktok Valley Below Atigun Gorge

Radiocarbon dates were obtained frem natural bluff exposures in four
localities along the Sagavanirktok River and its tributaries north of
Atigun Gorge (plate 1). Three localities (Exposures S-4, $-5, and S-6)
are especially significant because each yielded radiocarbon dates that lie
within the interval when late Itkillik glacier ice blocked the upper
Sagavanirktok Valley. The fourth locality (Exposure S$-7) yielded a date
and inferred history assignable to late Holocene (Neoglacial) resurdence
of glaciers near valley heads. Two localities (Exposures 3-4 and S-5) are
situated within the Itkillik IT drift sheet (Hamilton, 1978b), and there-
fore also provide minimum ages for that glacial event.

Exposure S$-4 (fig. 4) yielded little detailed stratigraphic informa-

tion owing to the active mudflows that obscured its lower units and the
hazardous nature of its overhanging and collapsing face. Unit 1 probably

is lacustrine sediment that formed within the basin created behind the



Itkillikx II moraine by the retreating Ribdon Valley glacier. The coarse
alluvium of unit 2 probably is outwash generated by the readvance of a gla-
cier of late Itkillik age that terminated a short distance upvalley in the
area round Elusive lake (see Hamilton, 1978b). The radiocarbon date of
12,780 + 440 yr B.P. provides a limiting minimum age for the maximum extent
of the late Itkillik readvance in this valley.

Exposure $-5 (fig. 5), within an outwash terrace of late Itkillik age,

is situated 6 km downvalley from the mapped limit of the spatulate drift
sheet from which the outwash originated (Hamilton, 1978b). The lowest ex-
poged sediments are basin~fill deposits, dated 12,170 + 270 yxr B.P., that
accumu)ated after the Sagavanirktok Valley glacier retreated fram the
Itkillik II moraine. The overlying outwash (unit 2) and frost~churned
loess (unit 3) are assilgned respectively to the maximum stand and subse-
quent recession of the late Itkillik glacier. The radlocarbon date is in-
compatible with dates from Exposure 1, which seem to demonstrate that the
late Itkillik ice tongue was at its maximum extent from about 13,000 to
12,500 or 12,000 yxr ago; it probably is too young.

Exposure $-6 (fig. 6) lies at higher altitude within a basin of Section

Creek that was dammed by glacier ice of Itkillik I or II age, but probably
was not directly affected by glacial fluctuations Quring late Itkillik time.
Exposed sediments are dominantly lacustrine silt and clayey silt that alter-
nate with gravelly beach deposits. Peat near the base of the section dates
12,690 + 180 yr B.P., defining an interval of subaerial exposure preceded
and followed by lacustrine sedimentation. The continued effectiveness of
the moraine barrier at that time suggests that it probably is Itkillik II

in age rather than Itkillik I as inferred previously (Hamilton, 1978b}.

The peat layer ¢ould represent slightly milder conditions followed by
harsher climate and renewed deposition along Section Creek duvue to some
cambination of (1) increased sediment yield in its upper basin, (2) perma-
frost aggradation within the moraine dam, decreasing its permeability, and
(3) increased solifluction or other mass movements partly sealing the stream
incision through the moraine dam. The alternative hypothesis of damming

by Itkillik II glacier ice at this time is rejected because there is no
evidence of glacier ice as young or younger than about 12,700 yr B.P. over-

riding adjacent valley centers in the areas around Exposures $-4 and S-5.



Exposure $-7 (fig. 7) is located within the lacustrine plain of Elusive

Lake, a surface that aggraded to a level of about +5 m in response to allu-
viation along Ribdon River. The entire saction exposes laminated lacus-—
trine sediments, and dates 3570 + 90 yr B.P. near its base. This date
would be apprapriate for alluviation by Neoglacial outwash derived from

the cirque glaciers at the heads of both forks of Ribdon Vallay. Necgla-
cial outwash is particularly conspicuocus along the south fork of Ribdon
Valley, and evidently extended farther downvalley than was mapped previ-
ously (Hamilton, 1978b).

Atigun Valley Near Galbraith Lake

Readvancae of the late Itkillik glacier imn Atigun Valiey formed a broad
moraine composed largely of redeposited lacustrine sediments that presently
encloses Galbraith Lake to the north (Hamilton, 1978b). Subsegquent glacial
retreat created an extensive pfoglacial lake that probably extended up
Atigun Valley at least 16 km beyond the present south shore of Galbraith
lake. The lake filled rapidly with deltaic deposits derived from tributary
valleys and from the two glacier-fed forks at the valley head. Filling ex-
tended progressively northward, and was especially rapid where deposition
of tributary fans and deltas narrowed and partly filled the vallsy floor.

Exposure A~1 (fig. 8) accupies the concave bank of a tight meander

loop along Atigun River 6 km south of Galbraith Lake. The river bluff ex-
poses 15 m of basin-fill deposits that formed behind the Galbraith Lake
moraine of lata Itkillik age (Hamilton, 1978b). Clayey, silty, shallow-
water to wet-marsh deposits through the middle portion of the exposure grade
upward into sandier deposits of probable Fluvial and eolian origin near its
crest, Two radiocarbon dates indicate that filling of this portion of the
moraine-dammed basin was completed by middle Holocene time, and that aggrada-
tion by fluvial and eolian processes continued after earlier open-water and
marsh phases in the basin.

exposure A-2 (fig. %), 3.5 km farther north, also occuples the cutbank

of an active meander bend of Atigun River. Although this exposure stands
22.1 m high, fluvial and marsh sediments similar to those of Exposure 1 rise
only 17.3 m above the river; their upper contact defines a surface that could
be correlative with the terrace of Exposure A-1l. The overlying sediments
probably represent eclian-deposited sand sheets and dunes that formed during

or followlng downcutting of Atigun River. A single radiocarbon date from

10



the middle portion of the exposure suggests that aggradation of the basin with
fluvial and marsh sediments continued as recently as 2000 + 80 yr B.P. Ag-
gradation took place either as progressive northward expansion of a deltaic
plain or as a separate late Holocene event that followed earlier alluviation
and downcutting.

Exposure A-3 (fig. 10) is located along the north bank of Atigun River

0.5 ki below the mouth of the outlet stream from Galbraith Lake. This river
bluff exhibits three principal Sediment units that probably correlate with
those of exposures farther upvalley. Basal sediments represent £illing of
the moraine~dammed Atigun basin by streams entering an area of standing to
sluggishly flowing water. The overlying peat represents an intexval during
which Atigun River and the lacustrine plain around the south end of Galbraith
Lake may have aggraded at a slower rate. This interval dates between about
2245 + 120 and at least 2500 yr B.P.; it probably extends back beyond 3000 yr
according to a radiocarbon date obtained by P. J. Webber from a road cut
west of Exposure A-3 (table 1). The peat accumulation corresponds in time

to a period of continued active alluviation farther up Atigun River. The
topmost unit, dune sand, evidently began accumulating more than 740 + 100

yr ago, and continues to be actively scoured and redeposited by strong
downvalley winds.

Exposure A-4 (fig. 11), the headwall of an active earthflow, is situ-

ated on the inner flank of the late Itkillik moraine 4.5 km norxthwest of
Galbraith Lake. Silty diamicton - either till, glacio-lacustrine sediment,
or glacial deposits redeposited as colluvium - is overlain by peat dated

1850 + 85 yr B.P. Solifluction deposits overlie the peat. This record
reflects the extreme instability of the silt-rich Galbraith lake moraine,
upon which earthflows, solifluction, and other slope processes are reworking
older sediments, The peat represents a period of stability that was followed
by renewed solifluction; it could correspond to milder climate and generally

more stable slope conditions, or it may merely be of local significance.

Upper Btigun Valley
Four radiocarbon dates obtained by P. E. Calkin and J. M, Ellis
(table 3) bear on the history of late Holocene fan build@ing near the head
of Atigun Valley and on glacier and rock-glacier expansion within two cirques

close to the Continental Divide.



Sample CE-1 (table 3) was obtained from a buried organic horizon within
an alluvial fan along the east side of Atigun Valley 17 km south of Galbraith
Lake. This possible paleosol was buried by renewed fan alluviation sametime
after 210 + 90 yr B.P. The tributary stream that built the fan originates
in a set of cirques, two of which contain glaciers. Renewed fan deposition
at the sampling locality may have been caused merely by lateral displacement
of the tributary stream across its fan, or it could have been the result of
glacier expansion and increased sediment yield within the drainage basin.

Sample CE~2, dated 800 * 90 yr B.P., is from a similar buried organic
layer within an alluvial fan close to Atlgun Pass (table 3). The organic
horizon was buried by 90 cm of fan sediment following an interval of sta-
bility. As this fan also was generated by a cirque-headed tributary stream
fed by a glacier (3. M. Ellis, written communication, 4/9/79), the episode
of alluviation could possibly be related to intensification of glacier
activity.

Sample CE-3 was taken at the terminus of the informally named "Buffalo
Glacier" at the head of the western fork of Atiqun Valley. Calkin and Ellis
report a date of 320 + 100 yr B.P. on vegetation overridden by the advancing
ice tongue.

A slightly older date of 480 + 140 yr B.P. was obtained on Sample CE-4
from a cirque 11 km southwest of Galbraith Lake. Roots from the surface of
an older rock glacier were incorporated into the advancing terminus of a
younger rock glacier. The younger rock glacler apparently formed from Neo-
glacial drift generated by the glacier that nearly £ills the cirque (Hamilton,
1978b) .

Toolik Valley
A single dated exposure from the Toolik Valley occupies a site similar
to that of Exposure A-4 and likewise reveals a higtory of slope processes in-
dependent of valley alluviation.

Exposure T-1 (fig. 12) is located at the north end of an enlarging thaw

lake that formed on morainal deposits assigned to the Sagavanirktok River Gla-
clation (Hamilton, 1978b). Diamicton at the base of the exposure (unit 1)
consists of either primary till or till redeposited by earthflows or other

slope processes. The overlying peat (unit 2) formed during an interval of
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stability about 9500-8000 yr B.P.; solifluction subsequently covered the site
with a colluvial blanket 0.5 m thick (unit 3). As in the case of Exposure A-4,
peat formation may correspond either to an interval of generally more stable

slope conditions or to local site factors unrelated to climate.

Itkillik Valley
Three dated exposures near Itkillik Lake lie within the depositional
basin that formed behind an end moraine of late Itkillik age (Hamilton, 1978b).
The exposures, like those within Atigun Valley, show a complex history of
basin infilling, punctuated by several episodes of incision, and continuing
until very recent time.

Exposure I-1 (fig. 13), at the north end of a probable thaw lake on the

valley floor, consists of sandy basin-fill deposits that accumulated to a
height of 11 m above lake level and perhaps 12-13 m above the present level
of the Itkillik Rlver. Balluviation to a surface about 8 m above lake level
was caompleted by about 4200 yr B.P., according to a dated peat horizon
(unit 2). Subsequent accretlon was dominantly by eolian processes.

Exposure I-2 (fig. 14) shows a later episode of incision and terrace-

building along the present course of the Itkillik River. The river lay at
a level at or below present during an episode of peat accumulation about
2500 yr B.P., then alluviated to a level nearly 8 m above present. During
alluviation the river was vigorously eroding a kamelike complex of gravelly
ice-stggnation deposits that protrudes above the valley floor in this area.
Gravel derxived from the eroded flank of this deposit was intermixed with
sandy alluvium derived from sources farther up the Itkillik Valley.

Exposure I-3 (fig. 15) shows a generally younger history than Exposures
I-1 and I-2, and provides dates for building of the two lowest terrace levels
in the Itkillik Valley. BAbout 1300 yr ago the river again was at a level
close to the present; it then alluviated during the following 500 yr to
build a terrace at a height of about 6.5 m. A subsequent episcde of down-
cutting culminated shortly before 430 + 50 yr B.P., then was followed by

alluviation to foxrm an inner terrace about 4 m above modern river level.
Wind River Valley

Seven radiocarbon dates were obtained from exposures along the east

bank of the Wind River, which flows southeast from the Continental Divide
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into the subarctic environment of the southern Brooks Range. All the expo-
sures are situated beyond an end moraine assigned to the late Itkillik read-
vance (Hamilton, 1978b), and within drift of older Itkillik age. Unfortu-
nately, the Wind River trends eastward from the corner of the Philip Srith
Mountains quadrangle into a .region where no surficial geologic mapping has
been done, and the distribution and limits of Itkillik I and II deposits
are unknown. Most of the Itkillik drift of unassigned age in Hamilton
(1978b) is assumed to be Itkillik II in the following discussion. 2all three
dated exposures therefore lie within a stretch of glacio-lacustrine and
other basin-filling deposits that postdate the Itkillik IT maximum advance.
Exposure W-) (fig. 18) contains a thin sheet of probable till (unit 2)

underlain by gravel of nonglacial rather than outwash character (unit 1),
The infinite date on the gravel, if valid, suggests preservation of inter-
stadial or interglacial deposits that predated the Ytkillik IX glacial ad-
vance. These sediments probably were frozen prior to glaciex expansion,
and apparently survived overriding by an ice tongue that must have advanced
sluggishly down the gentle gradient of the Wind River Valley. The date of
about 4000 yr B.P. on unit 3 probably represents a minimum age on a paleo-
sol that formed on the till and subsequently was buried by solifluction
deposits derived from the base of the eastern valley wall. Solifluction
activity apparently followed an interval of slope stability that extended
through the middle Holocene.

Exposure W—2 (fig. 17), 1l km farther downvalley, occupies a wider and

flatter segment of the valley floor that today contains scattered pingos
and numerous thaw lakes. Fine fluvial gravel (unit 1) at the base of the
deposit is overlain by peat dated about 9400 and 9600 yr B.P. (unit 2),
which ranges in height along the bluff from 0.5 to 4 m above river level.
Lacustrine sediments more than 11 m thick (unit 3) cap the section. Thick-
ness and high clay content of the lake sediments suggest a widespread and
possibly deep lake basin existed at this time, and that the smaller thaw
lakes of today postdate drainage of the ancestral lake. Two species of

ostracodes, Candona rectangulata and Cyclocypris ampula, from clay near the

base of unit 3 indicate cold, alkaline, fresh water and suggest a shallow,
nearshore, plant rich habitat during an early stage of lake formation

(R. M. FPorester, personal communication, 6/15/79).
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Exposure W-3 (fig. 18), 6 km downvalley from Exposure 2, exhibits a

virtually identical history. BAlluviation of fine-grained fluvial sediments
(unit 1) began prior to 9700 yr B.P. and was followed by an interval of sta-
bility and peat deposition that may have ended about 9100 yr ago (unit 2).

A subsequent lacustrine stage is indicated by the 6 m or more of clayey
sediments (unit.3) that cap the section. Although bedding and other gtruc-~
tures within unit 3 are largely obscured by flowage, the character of its
sediments as well as similarities in limiting ages, lithology, and inferred
histories between Exposures 2 and 3 strongly indicate that a widespread
single lake filled this portion of Wind River Valley (see Hamilton, 1978b).
The modern thaw lakes therefore comprise a separate and younger lacustrine
stage. Origin of the ancient lake is uncertain. It presumably was dammed
by a landslide or other barrier in the unmapped portion of Wind River Valley

that lies east of the Philip Smith Mountains quadrangle.

BRCHEOLCGIC DATES

Fifty radiocarbon dates from archeologic sites in the Philip Smith
Mountains quadrangle have been summarized in table 2. Most dates afé on
charcoal recovered from shallow levels in sediments highly disturbed by
human activities at localities where detailed stratigraphic information
is not available. These dates, especially where younger than a few thou-
sand years, will not be discussed individually. Other dates, fram older
levels in deeper and more carefully recorded excavations, are more infor-
mative. These sites include Gallagher Flint Station, Putu, and Mosquito
lake.

The oldest well documented archeologic site is Gallagher Flint Station

(PSM~-050) , gituated on a prominent kame on the floor of the Sagavanirktok
Valley. The site was dug initially by E. J. Dixon, Jr., in 1970 and 1971
(Dixon, 1971, 1975); further excavations were carried out during later
stages of the trans—Alaska pipeline salvage program (Cook, 1977, p. 65).
Dixon (1975) described three stratigraphic levels at the Gallagher site:

a surface organic horizon up to 9 cm thick, a 20-30 cm loess blanket,

and underlying ice-contact deposits. Three charcoal dates between about
2600 and 3300 yr B.P. were obtained at or near the base of the surface or-
ganic horizon; a much older charcoal date of 10,540 + 150 yr B.P. came from

within the loess at a depth of 20-25 ¢m below the surface (Dixon, 1975;
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Stuckenrath and Mielke, 1973, p. 405-406). The Itkillik II drift sheet
near the Gallagher site clearly was deglaciated, stabilized, and sufficiently
revegetated to support game animals and their human predators by 10,300 yr
B.P.

The Putu site, 16 km upvalley from the Gallagher locality, occupies a
kamelike knob on the crest of a late Itkillik lateral moraine that extends
along the east wall of the Sagavanirktok Valley. The site initially was
dated 8450 + 130 yr B.P. (Alexander, 1974; stated as 8450 + 150 yr B.P. in
Sheppaxd and Chatters, 1976, p. 144). lLater, it reportedly was dated
11,470 + 500 yr B.P. (Bryan, 1978, p. 308). No stratigraphic description
has been published for the Putu site so the older date, if valid, can be
used merely to confirm that this portion of the late Itkillik moraine was
deglaciated and revegetated by about 11,500 yr ago.

Excavations around the informally-named “Mosquito Lake" (PSM-049) were

carried out during 1971-1975 as part of the trans-Alaska pipeline archeolog-
ical salvage program (Cook, 1977; Kunz, 1971, 1877). A test pit excavated
just north of the lake on a surface about 4 m above modern river level ex-
posed 95 cm of eolian sand above organic—bearihg lake or marsh deposits which
date 4830 + 155 yr B.P. at the contact (table 2). The dated material may have
been obtained from sediments truncated during river downcutting, hence it
could be significantly older than the close of fluvial or lacustrine sedimen-
tation and the beginning of eolian deposition at this locality. Younger
dates frem the Mosquito Lake site tend to cluster within the intexval of
about 2000-2700 yr B.P., which corresponds in general to the second human
occupation at Gallagher Flint Station and to a small cluster of archeologic
dates fram the Atigun and Sagavanirktok Valleys (fig. 19). A later phase of
relatively intensive human occupation within the last 350 yr is suggested by
dates fram Mosquito Lake and other sites, but not from Gallagher Flint Sta-

tion.

DISCUSSION
Nine radiocarbon dates from seven localities in the Sagavanirktok Valley
fall within the time interval of 13,000 to 10,000 yr B.P. (fig. 20). This
suite of dates as a whole indicates that large segments of the valley were

deglaciated and revegetated by about 12,000 yr B.P.; the dates from the
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Gallagher and Putu archeologic sites show that habitats became suitable for
game animals and human hupting bands by at least 11,500-10,500 yr B.P. 1In
detaill, the dates show same distressing inconsistencies. Two concordant
dates from S-1 and the limiting date on outwash at S-4 appear to demonstrate
that the Atigun Gorge and Ribdon Valley ice tongues remained at theixr maxi-
mum late Itkillik positions from some time shortly before 13,000 yr B.P.
untll about 12,500 yr ago; they then began to stagnate or retrxeat. Radio-
carbon dates of about 11,800 yxr B.P. from fluvial deposits in S-1 and S-2
seem a little too young for this inferred history, but could be explained

by possible late fluctuations of the Atigun Gorge ice tongue Or by some
other factor that delayed downcutting by the Sagavanirktok River following
culmination of the late Itkillik advance. Socme support for a relatively com-
plex model of glacial and climatic history at this time is provided by $-6,
where peat dated 12,690 + 180 yr B.P. represents an interval of stability
preceded and followed by lake stages that possibly were caused by intensi-
fied periglacial activity. The date of 12,170 *+ 270 yr B.P. from S-S5, on
the other hand, must be rejected as too young. This site should be resam-—
pled and redated because-of its potential for furnishing a maximum age limit
on the late Itkillik advance.

The radiocarbon recora from the Wind River Valley includes one infinite
date and five dates within the interxrval of about 10,500 to 9000 yr B.P. The
infinite date confirms the radiocarbon record from the Chandalar gquadrangle
(Hamilton, 1978a), which indicates that (1) deep scouring of glacial valleys
by Xtkillik I glaciers occurred at some time beyond the range limit of con-
ventional radiocarbon dating, and that (2) the subsequent Itkillik II advance
in many valleys did not erode deeply enough to remove all of the sediments
deposited during the Itkillik I/II interglacial or interstade (Hamilton,
1979). fThree dates of about 9600-9000 yr B.P. from W-2 and W-3 demonstrate
a widespread interval of subaerial exposure, general stability, and peat
formation within a stretch of the valley that later was inundated. The
duration of the lake stage is unknown. Two other dates from W-3 comprise
the only major stratigraphic inconsistency evident in radiocarbon dates
from any of the bluff exposures (see fig. 18). Either of the dates from
unit Ll could be correct, but one clearly must be in error. If the lower
date (9730 + 230 yr B.P.) were incorrect, the age span of 10,300 yr B.P.
and older for unit 1 would imply that alluviation corresponded in time to

late Itkillik glaciation in the upper valley.
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Two dates frcm the Toolik Valley and two from the Sagavanirktok fall
within a time range (9500-8000 yr B.P.) generally similar to that of the
early Holocens Wind River dates. The two dates from T-1 define a peat-
foxrming interval lasting from about 9500-8200 yr B.P.; the date from S-1
shows continued sediment accumulation at that time followed by a later epi-
sode of relative stability and soil formation. The Putu site apparently
wasg occupied about 8500 yr B.P., but descriptions of sediments and stratig-
raphy at the site are vague. BAn additional date of 8400 + 300 yr B.P. was
reported by R. L, Detterman (1970) from a poplar log buried within terrace
gravel near the Sagavanirktok River north of the Philip Smith Mountains
quadrangle at 69°31'N, 148°52'W. No regional geologic or climatic pattern
is evident in the small assemblage of early Holocene dates from these
northern valleys.

Six radiocarbon dates fram four noxthern valleys range between about
6000 and 4000 yx B.P. (fig. 20). Two dates from S-3 suggest that alluvia-
tion of the Sagavanirktok River to a level controlled by the rock barriex
near Atigun Gorge may have culminated about 5000 yr ago. Two dates fxom
A-1 suggest that alluviation of this part of Atigun Valley to a level about
15 m above present must have culminated shortly after 4600 yr B.P., either
as a basin-wide event or as part ¢of a northward-extending deltaic plain.
Both pairs of dates exhibit minor age reversals, but in each-case these are
well within the bounds of counting exrors. An additional date from the test
pit near "Mosquito Lake® suggests that downcutting near Atigun Gorge to a
level within 3-4 m of the present could have taken place sometime after
4800 yr B.P, Alluviation of the Itkillik River near I-1 culminated at a
level 7.5 m or less above the modern river£{ then was followed by an episode
of stability and peat formation dating 4220 + 95 yr B.P. Alluviation could
have ceased a few hundred years earlier, in phase with possible filling of
the Atigun and Sagavanirktok basins, but the contemporaneity of such events

cannot be proven with the dates presently available,

L Reference level for the measured section (fig. 13) was the unnamed lake
rather than the Ttkillik River. The lake could be at the same altitude as

the river, or it could be as much as 2-3 m higher.
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Two important dates from Wind River Valley and Elusive lake appear to
document onset of Necglacial conditions about 4000-3500 yr ago. Neoglacia-—
tion, as defined by Porter and Denton (1967), refers to colder climates and
renewed glacier activity that followed a middle Holocene interval of milder
conditions. Although Neoglaciation began cloge to 4600 yr ago according to
Porter and Denton, it evidently intensified appreciably in northern and
central Alaska about 500-1000 yr later (Hamilton and Robinson, 1977). The
3600-yr-0l1d sample from S-7 appears to date an early phase of alluviation
in Ribdon Valley that was controlled by renewed activity of cirque glaciers
at the valley head. The date of 3995 + 95 yr B.P. for W-1 provides a maxi-
mum limiting age on a possibly contemporaneous solifluction blanket that
covered parts of the valley floor of Wind River following a long weathering
interval.

Among radlocarbon dates younger than about 3000 yx, eight dates from
four river bluffs yield significant information on alluvial history within
the Itkillik and Atigun basins. The most detailed chronology was obtained
from I-2 and I-3, which contain peat lenses and in situ roots that formed
when the Itkillik River was close to its modern level about 2500, 1300, and
430 yr age. The river may have alluviated to a height of about 8 m between
2500 and 1300 yr B.P.; it built & 6.5-m texrace during the 500-yr interval
following 1300 yr B.P., then probably incised to a level close to the pres-
ent sometime between about 770 and 430 yr ago. A final cycle of alluvia-
tion to 4 m height and downcutting to the modexn level occurred within the
past 400-450 yr. The alluvial cycles may have been controlled by increased
sediment yields resulting from periods of intensified glacial and perigla-
cial activities. The alluvial record in BAtigun Valley is less clear. An
interval of general stabllity and peat formation occurred between about
3000 and 2250 yr B.P. in the area round A-3, but rapid alluviation only
3.5 km farther upvalley was in progress about 2000 yr ago and must have
started at least several hundred yr earlier. Alluvial history in this
valley could be generally similar to that in Itkillik Valley, but alluvia-
tion may have taken place partly as a northward~building deltaic system
and sites close to the rock-floored Atigun Gorge probably are controlled

largely by this local base level.
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Farther up Atigun Valley, glacier-fed alluvial fans at localities CE-1
and CE-2 were subject to renewed deposition following intexvals of stability
and soil information dated 210 + 90 and 800 + 90 yr B.P. (J. M. Ellis, writ-
ten communication, 4/9/79). The alluvial episodes may represent only the
lateral migrations of streams across the fan surfaces, or they could reflect
regiocnal climatic controls. The younger episode possibly corresponds to a
period of glacier expansion dated 320 + 100 yr B.P. at CE-3, to moraines
dated AD 1500 and younger by lichenametry (Calkin and Ellis, 1978; Ellis,
1978), and to the final alluvial cycle of the Itkillik River. The older
episode of fan alluviation could correlate with the glaciexr readvance that
initiated a renewed phase of rock-glacier activity sometime prior to 480 +
140 yr B.P, at CE-4, with the episode of terrace-building along the Itkillik
River that culminated about 770 + 130 yxr B.P., and with widespread read-
vances of cirque glaciers in the Atigun Pass xegion that are dated about
AD 700-850 by lichenametry (Ellis, 1978).

Three additional dates from bluff exposures in northern valleys fall
within the last 2000 yr. Buried peat at A-4 north of Galbraith Lake repre-
sents an interval of stability about 1850 yr B.P. that was followed by re-
newed soil flowage. No lichen-dated glacler expansions occurred in the
Atigun Pass area at this time, and existing radiocarbon dates are inade-
quate to prove concurrent alluviation or downcutting along the Atigun,
Sagavanirktok, oxr Itkillik Rivers. The colluvial episode could be a
local phenamenon - perhaps caused by destruction of turf by fire, animals,
or man and resulting thaw of ice-rich permafrost; it need not have regional
climatic significance. Dates of 1180 # 45 and 740 + 100 yr B.P. were ob-
tained on eolian sediments that cap bluffs at S-2 and A-3. Accretion of
sand sheets and dunes probably continued during most of late Holocene time
in the Sagavanirktok, Atigun, and Itkillik basins; the two dates conse-
quently appear to have no special environmental relevance.

If the age distribution (fig. 19) of 50 radiocarbon dates on 1l arche~
ologic sites i8 a valid measure, human occupation of parts of the Sagavanirktok

and Atigun Valleys shows striking fluctuations during the past 4000 yr:
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Relative intensity Time range Number Duration

of occupation (yxr B.P.) of dates (yx)
Heavy 350-0 13 350
Light 1600-350 4 1250
Heavy 2700-1600 21 1100
Light >4000-2700 6 >1300

It is tempting to equate the early phase of light occupation with harsher
environmental conditions of early Necglacial time and the subsequent in-
tensive phase with a later milder interval about 2700-1600 yr B.P. The
rationale for the subsequent 1200-yr span of sparse occupation is less

cleaxr, however. Relatively sparse occupation apparently continued through
most of the last major episode of cirque-glacier expansion dated by lichen-
cmetyy at about AD 1500-1750, and the succeeding relatively heavy use of

the area of hunting bands could coincide with milder conditions and generally
retreating glaciers of the past 200-250 yr., Many other factors could regu-
late the seemingly episodic human occupation, however, and the case for

environmental control remains unproven.
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THICKNESS

UNIT _{m) DESCRIPTION
6 0.5 Surface sod and underlying organic mat.
5 1.0 Organic silt; light grey (2.5 Y 6/0) where weathered; dark
m greyish brown (10 YR 4/2)} where freshly exposed. Some inter-
mixed organic matter; some iron oxide ataining. Prismatic
25 8 structure near upper contact. Probably buried tundra soil.
=4 5 4 8.7 Sandy peat and peaty sand, horizontally bedded. Peat mainly

matted plant roots with twigs; sand ranges from very coarse
MEANS *  with granule-sized shale chips to silty fine sand. Sand and
sandy peat layers 3 c¢m thick alternate near base; sandy peat

~20 §¥$§Q§:ﬁ*§ﬁ — ????Oiqég? with thin sand interbeds in mid part of unit; massive peat in
AR . uppermost 3 m.
[ +— 11,890 t 200

SN e

(AU-70)

3 6.0 Bedded sand, fining upward; near-horizontal beds 3-5 cm thick;
plant remains along bedding planes. Dark grey (10 YR &/1}), with
some reddish browm {5 YR 5/4) oxide mottling. Medium and
coarse gsand alternate through lower 3 m; concentration of
willow yoots in middle of wnit; medium and silty fine sand
alternate through upper 3 m. Rooted plant remains increase in
abundance upwardg.

2 2.4 Grey (10 YR 4/1) sand and fine gravel, interbedded in near-
horizontal beds 6-12 cm thick. Cravel in well sorted fine
granule layers and lesas sorted granule—swmall pebble layers.

T A e— 12,840 £ 160 Sand medium to coarse, with some fine sand layers and thin

govemmmovmesrsvesyod o (USES-47) (0.5 cm) 1Interbeds of very coarse sand and shale granules.

GroeneR RS @ ae s ven Cross-bedding locally present.

r 5 ZQZZZ:ZZ12;;;;‘53j;t‘3;::¥\ | 1 2.4 Crey (10 YR 5/1) fine to coarse gand, fining upward. Faint
e AMeEt it wseRE s near-horizontal bedding; slightly undulose and rarely cross-
bedded. Lower 1.2 m contains interbedded granule and rare
COVERED small pebble lenses and layers 1-2 cm thick; upper 1.2 m
contains very thin (0.5 cm) clayey interbeds. Rounded
Lo pebbles to 5 ¢m diameter form thin (5 cm) bed near upper contact.

0 3.6 Covered. Debris apron at slope base.

Figure 1. Exposure $-1. North bank Sagavanirktok River 3 km above mouth of Atigun River. Total height above river level
24.6 m.



THICKNESS
UNIT {m) DESCRIPTION

-8 4 3.8 Weakly bedded medium to silty fine sand, containing abundant

Tt roots and other plant fragments; some beds stained reddish brown
by iron oxides. Upper surface rises inland 5 m to dune crest,.
Cultural horizon at 1.3 m depth consists of compacted surface
littered with fire-cracked rocks, river cobbles, broken caribou
bones, charcoal fragments, and sparse chert chips. Probably
eclian sand accreting on vegetated surface. Cradual transition
to unit 3,

+ 1180 * 45 3 0.5 Mottled fine sand with abundant grass remains., Probably eollan;

AN (S1-1428) possibly on active river floodplain, Sharp traosition to unit 2,
- 4 = ;:fTéii — 2275 % 110 2 0.5 Clayey, silty fine sand, with layers of nearly pure clay in middle
\?2526;\* 3 ($1-1427) of unit. Cut-and-fi11l structures present, with fillings generally
--*K clay-rich. Probably marsh or shallow pond on fleoodplain.
=3 2 Gradual transition to unit L.
e o 1 2.5 Grey sand; horizontally bedded, with weakly defined strata l-5 cm
o R N L . 11,760 + 200 thick, containing roots and other plant fragments. Beda range
T (AU-63) from organic-stained silty fine sand to grey shaly medium to
PR SR SO coarse sand. Probably overbank deposits of aggradiog floodplain. '
R S N Y T .
COVERED 0 0.5 Boulder-cobble lag concentrate., Possibly primary; move likely

-0

secondary inset formed by modern river,

Figure 2. ©Exposure S—2. West side Sagavanirktok River 13 km above mouth of Atigun River. Height of exposed face
7.8 m above river level.
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Le

-15 THICKNESS
UNIT (r) DESCRIPTIONR*

3 3 2 Bedded sand

NN 12,780 + 440
= | 1 2 [ Gravel
0l el (AU-72)

i AR 1 6 Ice-rich silty clay? Covered with active
- 10 I -°.‘_' : flow apron.
B oi" ,o *Detalled measurement and description of units was not
| e possible owing to hazardous condition of actively

':.' ¢ %o caving bluff face.
P
i COVERED

Figure 4. Exposure S-4. South bank Ribdon River 4 km above its mouth. Total height above river level 14 m.



8¢

'_:'_:'_:...-_’ S e=— 12,170 £ 270

(AU-71)

COVERED

THICKNESS
URIT (m) DESCRIPTION

3 1 Frost-churned stony silt. Gravel from unit 2
mixed with probable loess cap.

2 4 Gravel. Subrounded cobbles and pebbles in sandy
matrix. 7Probably outwash.

1 3 Bedded sand with detrifal organic fragments along
bedding planes; becoming clayey near base. Probably
fluvial, grading upward into lacustrine sediment.

0 4 Basal apron of flow debris.

Figure 5. Exposure 5-5. West bank Sagavanirktok River 3.5 km above mouth of Accocmplishment Creek. Total
height above river level 12 m.
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THICKNESS

DESCRIPTION

Surface organic mat above dark brown (10 YR 3/3) silt and
very dark grey (10 YR 3/1) clayey silt. Highly deformed
by frost actien.

Open-textured, very dark grey (10 YR 3/1), platy, pebble-
granule gravel. Thin gravel beds with silty matrix alter-
nate with thick (20 cm) gravel beds that lack matrix.
Probable beach deposit.

"UNIT {m)
6 0.5
e
5 0.7
_cl -
r :% 4 0.4
/
+— 12,690 % 180
n S {I-1
2 i - {1-10,567) ] 0.4
i COVERED 1?
2 0.05
1 0.1+
-0

Figure 6.

Exposure S-6.

--—- covered by slumped sediments -——--————-———m—mu—

Brown to grey silt and clayey silt, as in unit 6. Deformed
by slumping.

Grey platy gravel, as In unit 5. Weakly bedded, with thin
interbeds of silty gravel and stiff clayey silt.

Black (10 YR 2/1} peat.

Grey platy gravel, as ino unit 5. Mostly covered.

East bank Section Creek 9 km above its mouth. Total height above creek level 6 m.



"w [°g T2A3] IR 2A0qe IYBYOY TE30L ~IYeT SATSNTA DUD 38P3 ‘IInTq 3INO-3aeM “L-S 3Insodxd L 2InbTg

*jjueq 3o 9sBq P uoide ETIqa(Q °PpPOIAIA0) S°'0 0
*uo0f3298 Uyl 19Yy3yy sjuawmldeiy
Jueld [B317139p JO SIWW pUB TIAST IAB[ PA0QR W g°]
pues UNjp3m U] pooOmM TwiFalap SUFeiIvo) *XITyYl wd
¢~1 spaq uj pajsuyme] ATTB3IuOZzZIIoYy ‘purs 3ufj LIS
03 AvTo L3118 (Z/€ X §°Z7) umozq ysyhaid jiep L13p Sy 1
*3jvm 3001 pue pos IIBIING 1°0 z
NOI 14142530 (w) LINA

SSANADIRY

(e0s‘01-1) =TT
06 ¥ 0L5E = \:txo :

30



Ww9tgT
TSAST XBATIX 250qe UHTAY TeIOL "SP] YITeaqieo JO Y3NOos uf g IaaTH unbriy 2pTs 3sed - T-¥ sausodxy ‘g axnbra

d343A00

‘3uasaxd
§3U038 ON “JInTq JO °aseq 31¥ uoiade s8T1qaQ 0°9 0 HN¢|mmev

001 ¥ 008% ==
'63TM1 pue 8813 pappagiajuf TTITIZ T

Yifm ‘13jpuss pue (wo G-1) ISROTY3I 5paq
Buidrisag - sisde7 38ad 3F34ydokaq pappaqi’IUL
Y3iym ‘@s8eq 1BAU HITYI WI ¢ 1-C°(Q Bpag ‘3ITTS _

KofeTd pus ‘3TFs ‘pues pappaq LAITEIU0ZYIOY 0°6 1
*des pog 90 [4
(506°01-1)
NO11d140S3d () LIND 001 ¥ 0€9y —
SSINADIHL

2

31



.

19ATa @aoqe 3ybrey TeIOk

-3ead Asswvald pue 2734ydod1q jo siafe] pafFIrieals
—~131UT UYITM “YITYI wo g-7 Epaq [BIuO0Z2TIoy
tAeTo A3771s smos pua ‘puBs ULJ AITTE “ITIS

‘uB}103 Afqeqoixg " pappaq L1iesm {sdyyd ofeys
juepunde FUIUTYIVOD puUBS 3SIBOD 03 wnfpaw K319

*pues Ajead pappaquou asoqe jved Apueg

-9)e Y3TeIqTRD JO Y3NOS WY G-z IDATY unbriy 9pPYS 3sey

‘W T°ZZ TIAST
‘6 2aubrg

“z~¢ 2ansodxy

— —— — — —

fa— s —— e o — —
—_— m—— e e e —

L e

s e e — =N
CPE ) B S8 SRR\ N

(ep-SHSN)
08 ¥ 0002 —

SRR IR,

P _— e m—

NOIXLd1¥Is4d

m ) N .H ﬂ A”“\. -)x».”’/u/‘l’.fd tau”/l”/r/yﬂ!
8¢ ¢ = e
N Z amein s
(w) JINN

SSHNIOTHL

0 -

O

G

G 2-

32



€t

0

Figure 10.

o ]
. L
s f""‘c:"k.‘__{.
N '."ﬁ.
L e, =
TR L T
sy e i

Exposure A-3.

THICKNESS

:.\'»lu;; o' \e— 740 + 100 2

51—10,506
+—- 2510 + 11
o (BGS-512)

North bank atigun River 0.5 km east of Galbraith Lake outlet stream.

river level ranges from 1) to 16 m.

UNIT {m) DESCRIPTION

3 5-10 Dune sand. Dominantly medium sand to granules,
with shale chips abundant in coarse sand to granule
range. Upper 2 m malnly peaty fine to medium sand.

. Irregular upper surface with dunal morphology.

4.5 Sandy bryophytic peat with scattered twigs; loose
(BGS-513} texture; oxlde-stained. Sharp near-horizontal upper
contact; gradational lower contact.
%+~ 2245 £ 120 1 1.5

Sand and silty fine sand with some lenses of granule-
sized shale chips. Horizontal beds, generally 1-2 cm
thick; maximum thickness 4 cm.

Height above



e

Figure 11.

Exposure A-4.

THICKNESS

DESCRIPTION

UNIT (m)
4 0.1
3 0.4
1850 + 85
o5 (USGS-44) 2 0.1
1
1 I+

Organic mat.

Stony clayey silt, mottled brown (7.5 YR 4/4) to dark
grey (5 Y 4/1). Probable solifluction deposit.

Dark brown (7.5 YR 3/2) peat, grading laterally 1into
organic silt with thin (1 cm) peat cap.

Dark grey stony silt, containing striated stones up to
1.5 m diameter. Contains excess ice in lenses and
layers up to 0.5 cm thick. Underlain by massive ground
ice more than 1 m thick.

Headwall of earthflow on late Itkillik moraine 4.5 km northwest of Galbraith Lake.
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LE

-8
THICKNESS
| (m) 'DESCRIPTION
7.8 Bedded fluvial sand, as at Exposures I-1 and I-3,
with intermixed pebbles and cobbles derived from
myal eroding glacial deposits. Bryophytlc peat forms
local swale-filling deposit that dips below river
level.
L0 — 2505 = 190

{1-10,520)

Figure 14. Exposure I-2. East side Itkillik River 3 km west of Itkillik ILake. Total height above
river level 7.8 m.
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W =2
THICKNESS
UNIT {m) DESCRIPTION
2 4.1 Dark greyish brown (10 YR 4/2) fine sand interbedded with dark grey (5 Y 4/1) shaly

coarse gsand in horizontal beds 1-8 cm thick. Contains abundant in situ roots and
less common peaty sand layers and fragments of detrital wood. Upper 0.5 m structure-

less, probably owing to reworking by wind. Lens of fine gravel locally present at
base consists of subrounded pebbles in sandy matrix.

Fine sand interbedded with coarse sand containing shale chips, as described above.
Upper 3 m contains abundant mats of grasses and sedges along bedding planes, Basgal
2 m contains lens of byrophytic peat that fills swale in sand.

Figure 15. Exposure I-3. West side Itkillik River 5 km northwest of Itkillik Lake. Heights
meazured above river level.
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B |2 5
; ./4
N 3
B A4S 3995 95)
1-10,256
_ 5-33,0&0
e o (USGS-162)
:L?O:ﬁ;in:
ee g
.o '0 . oo
-4 e, 90
-Q_—o- 0‘0 a
_ T'O‘O'o‘t.a‘
-0 : :

THICKNESS

URIT {m) DESCRIPTION

5 0.4 Organic mat above dark greyish brown (10 YR 4/2) silty
peat and peaty silt.

0.6 Greylish brown (2.5 Y 5/2) silt containing subrounded to
subangular pebbles and small cobbles, many oriented
vertically.

3 0.1 Very dark brown (10 YR 2/2) organic silt with abundant
plant rootlets. Poaslbly A horizon of buried tundra
soil.

2 0.6 Ti1l. Subrounded to subangular striated and faceted
stones up to 1 m diameter in compact olive grey (5 Y 5/2)
clayey sandy silt matrix. Base Incorporates tongue of
unitc 1,

1 9.5 G6ravel. Rounded to subrounded pebbles and cobbles in light

grey (5 Y 5/1) silty sand matrix. Platy stones imbricated,
dipping upvalley. Matrix sandy near base, becoming more
silty and more variable upward, Detrital wood near upper
contact.

Figure 16. Exposure W-1. East bank Wind River 39 km south of Continental Divide. Total height above

river level 11.2 m.
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UNLT

THICKNESS
(m)

DESCRIPTION

/2 9600 + 85
'b"m:\w'b-;\:xvz‘d‘{‘tth“\ frorems (USGS—]GB)

onD T, \"/ \ / \‘f A 9380 + 150
(1-10,508)

‘ole.%.e,

o-o‘-'o‘,‘u'
P L

05 0 26.9 %09

Figure 17. Exposure W-2.
Jevel 13.4 m.

11.2

2.0

East bank Wind River 50 km south of Continental Divide.

Dark grey (5 Y 4/1) calcareous clayey silt, silty
clay, and clay; horizontally bedded, with beds 1-3

cm thick. Contains fragmented gastropods and pelecy-
pods, which are assoclated with Chara in zone that
extends at least 3.4 m above base. Basal 10 cm is
olive brown (2.5 Y 4/4) Chara-rich clay. Highly dis-
turbed by flowage,.

Very dark greylsh brown (10 YR 3/2) peat above
clayey peat. Contains flattened woed fragments.

Dark olive grey (5 Y 3/2) sand and gravel. Rounded
to subrounded granules and small pebbles dispersed
in sand-granule matrix. Upper I8 cm intermixed
with mud, probably by frost churning.

Total height above river
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THICKNESS

m 16 UNIT {m) DESCRIPTION
3B 2 Covered. Probably same as unit 3A.

B 3A 6.1 Dark greyish brown (2.5 Y 4/2) silt, dark grey
(5 Y 4/1) silty clay, and dark grey clay; cal-
careous; probably horizontally bedded, Blocky

| 2 to platy structure.

2 0.5 Granules and gsmall pebbles in sandy matrix above

B very dark brown (10 YR 2/2) woody peat.

2 9080 + 150 | 8.2  Very dark grey (5 Y 3/1) sand interbedded with

-8 = (1-10,509) dark grey (5 Y 4/1) silt in beds 3-10 em thick;

10.500 + 80 crosa-bedded. Sand beds range from well sorted
- (UéGS—ZZQ) medium sand to coarse gand with granules and
~ dispersed small pebbles. 811t beds contain lenses
of peat and detrital wood, dispersed gastropod
4 | shells, and gome clayey laminae.
N e 9730 = 230
(4S6S-164)
_O 1

Figure 18. Exposure W-3. East bank Wind River 56 km south of Continental Divide. Total height above

river level about 17 m.
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