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GROLOGIC RECONNAIC.'ANCE Oy TH: YUKON FLATS CENOZOIC BASIN, ALASKA
Jokn R. Williams
U. S. Genlurical Survey
Anchorujre, hklasks
INTHODUCTION

The propcsed dam in the Rampart Canyon of the Yukon River would
create & reservoir of approximately 10,700 square miles. About 90
percent of the ressrvoir would lie in the Yukon Flats Cenczolc Basin
and 5 percent in embaymerls oxtending up valleys tiributary to the
Yukon Flats. The remainder of the reservoir would cccupy the 105-mils
lung Fort Hsmlin-~Rampart section of thae Yukon Valley and the lcwer
valleys of Hess Oreek, Ray River, and lesser streams (fig. 1). It
would extend :p the Yukor. Valley elmost as far as Woodchopper and up
tbhe Porcupine River to Qld Rampart House. When filled, tlie reservoir
we .14 have a8 volume of 1,300,000,000 acre-feet and a surface elsvation
of abcut 660 feet abuve sea lsvel (Gronswald, 1960). If the entira
average anrual flow of the Yukon at Rampari, 80,650,000 acre-feel
KQﬂ S. Geolicgical Survaey, 1943), were impounded by the dam, the
re#ervoir wo.ld require almest 16 years to fill. It would cover the
villages of Rampart, "tevens, Beaver, Fort Yukon, Cirole, Venetie, and
Chalkytsik, whiclh, together with smaller settlements, have a population

of approximately 1,500 (U. £. Department cf Commerce, 1960).
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The Yukon Flats Cenozoic Basin (fig:1) is divided into two major
physiographic units: (2) the Yukon Flats, an alluvial lowland of about
9,000 square miles, most of which would be occupied by the reservoir,

and (b) the marginal upland, a dissected to rolling bench that slopes

from the surrounding bighlands to the Yukon Flats. Separating the up-

land from the Yukon Flats is a marginal escarpment that rises 100 to

700 feet above adjacent parts of the Flats. Similar bluffs boxder the
narrow valleys of the major streams through the marginal upland. Small
streams have cut a network of gullies in the upland near the escarpment.
The bluffs would form a steep shoreline bordering most of the reservoir,
and low-lying, gently shelving shorelines would be formed only on the
allyvial fans bordering the Chandalar, Christian, and Sheenjek Rivers

and where the larger streams enter the upper end of embayments up
tributary valleys. In a few places the marginal upland would be inundated
by the reservoir. Small islands would be formed at some of these places,
but elsewhere the reservoir would have deep water near shore.

The geologic reconpaissance on which this report is based was made
in 1948-1950; the results are described more fully in U.S. Geological
Survey Bulletin 1111-H (Williams, 1962). Geologic investigations by the
Survey since 1950 have been made, or are now in progress, in the Yukon-
Tanana Uplangd near Livengood, in the Circle area, in the southern Brooks
Range, and in the reglon bounded by the Yukon and Porcupine Rivers and
the Alaska-Yukon boundary; geophysical work includes gravity and aseromag-
netic surveys of the Yukon Flats. Other organizations have made studies
in connection with the proposed dam and to evaluate the o0il and gas

potential of the Yukon Flats basin.



GEQLOGY

PRE-CENOZOIC BASEMENT ROCKS

Sedimentary, metamorphioc, and associated voloanic and intrusive
igneous rocks form the highlands that border the fukon Flats Cenozols
Basin. These rocks exténd into the marginal upland, where they 1lie
beneath the Cenozoic rocks, and crop out locally in the marginal escarp-
ment north of the Yukon River and in river bluffs in the marginal upland.
BExposures of basement rocks are uncommon in the esgcarpment and ipland
south of the Yukon River. Pre-Cenozoioc rocks are not exposed in the
Yukon Flats and were not encountered in a tpgt yell drilled to an
elevation of 20 feet above sea level at Fort Yukon?/ . The lowest known
point in the rim of pre-Cenozoic rocks bordering the basin is at least
800 feet above sea level in the canyon walls bordering the Yukon River
at thg lower end of the Yukon Flats. Therefore, the Yukon Flats occupy
a ﬁ;otonic basin at least 800 feet deep in the upper surface of the pre-

Cenczoic basement.

"L port Yukon waterwell No. 2, drilled 1954 by Alaska District, Gorps
of Engineers, U. S. Army.



CENOZOIC ROCKS

Cenozoioc roekg of the marginal upland consist of consolidated
sedimentary rocks and volcanic rocks of Tertiary age, unconsolidated
high-level alluvium of lAte Tertiary or early Quaternary age, and
ealian sand, loess, and alluvium of Quaternary age.

In the Yukon Flats consolidated sedimentary rocks of Tertiary
age have not been recognized in the Fort Yukon test well. The well
apparently did not reach the base of the silt and silty sand of late
Tertiary or early Quaternary~Age, which is overlain by alluvial deposits
of Quaternary age. The alluvial deposits oonsist of alluvial-fan and
related terrace deposits, flood-plain and low-terrace alluvium, and
alluvial-fan silt deposits. The alluvial deposits are covered locally

by .eclian sand, and in isolated places by thin eolian silt.
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TERTIARY ROCKS

Sedimentary Roocks

Along the Dall River and its tributary, Coal Creek, folded shale
and lignitic coal ars exposed. Near the forks of the Hodzana River
(fig. 1), subbituminous coal is reportedly associated with mud. Between
these localities are approximately 150 square miles of the marginal
upland in whioch flat-lying stratified rocks are known only from the
study of aerial photographs. These rocks may be of the same lithology
and age as the coal-bearing rocks on Dall and Hodzana Rivers. The age

og the sedimentary rocks on the Dall River was given as Eocene by

'Ef'M;ndenhan (1902) on the basis of lithologic similarity to the Kenai
Formation and equivalent rocks in Interior Alaska. However, recent
p&leoq}g&pg}o&l studies of the Tertiary rooks (MacNeil and others,
1961) at the type locality and at Rampart have shown that their age is

Oligocens.

Basalt
Basaltic lava flows, dikes, and sills of Tertiary age (8) are
A

exposed iﬁ%%ﬁe“ésrginal upland south of the confluence of the Chandalar
A A

River and East Fork.

-6 -



TERTIARY OR QUATERNARY DEPOSITC

Silt and Silty Sand

Silt and silty sand are known only in the subsurfaca in the Yukon
Flats at Fort Yukon, whers they were encounterad at a dapth of 1486 fea”
in the Corps of Brginesrs test wesll. Ths test hcle, 440 feet desp, did
not reash ths tass cf thess deposits, whiah lie baneath the alluvial
depcsits of Jusatsrnary age. The silt and slliy sand are interpreied
as gquiet-water (lacustrine?) depcsits cof late Tertiary or early Quater-
nary age., A sample of siliy sand collected vty G. &. Tulleoh, Brocklyn
Cellege, Drockivn, New York frono 393 %es1 was exarninsd for pollen Ly
W. 8. Banninghcf:. Pollen of pine, spruce, alder, birch, hamlook, and
fir is arundan*. Pollen of two Asiatic genera of ths hickory family,

Ptercoarya and Platycarya is present. MacNeil and othars (1961) state

that the prllien assertlage seems intermediate between floras from beds
of la've Miucene wr earl; iliocene age ari thuse «f lats Pliocens ur
early Pleistocens ages in the Aldan River valley of northeastern Siberia.
Thus, boih the stratigraphic position of the sedimentis and their pollen

content indioate a late Tertiary or possibtly sarly Quaternary &gze.

-7 -



High-~lava) Alluvium

Unconsolidated hlgh-level alluvium )i{ee on older consolidated
rocks wherever ocserved in tho marginal upland. However, the deposi:s
are largely buried by younger eolian deposits. The @lluvium consis?'s
of teds and lensws of gravel, sand, and silt. L is locally cemented
ard stajined Ly iron oxide. Although the maximum obser’ed thickness 1s
aboutl 100 feet, it probably is greater looaily. The deposits were
formed (a) as alluvial aprons deposited by small streams draining the
ad joiring kighlands, and (b) by the Yukor and its larger tributarisc.
South of lower Beaver Creek, for sxample, ths carginal upland is divided
into a dissected, loess-covered, rnorth-sloping all.vial apron fronting the
Yukor-Tanana uplard ard a lower, dissucted, losss-sovered Yuken terrace
that is only 150 to 250 feetl abuvs tho adjacert part of the Yukon Flats.
The break in slops between thess surfaces is obsoursd tv the loess
mantle and by extensive gullyiryg. The landforms ars so well masked by
the loess manile, and field observeations are so few, that it is not
possible to describe in any detail the oomplex system of high-terrace
deposits and an¢isnt alluvial aprons that are probably included in the
high-level alluvium. Lack of defurmatiior of these deposits and their
unconmolidated condition show that they postdate the Miocens(?) deforma-
tion of the Tertiary (Olipocens?) consolidated deposits. The alluvium
of even the 1050 to 280-ft., Yukon terrace and the higher alluvial deposits
lie well above the levs) to whrich the oldur part (early to middle
Pleistocens) of the Chandalar all.ivial fan was graded. The high-levol

all .vium of the marginal uplaud, therefors, iz older than early lo middle



Pleistocene, and 1s of late Tertiary or esarly Quaternary age. Preliminary
examination of wood and pollen from the alluvium exposed in bluffs near
Birch Creek bridge on Steese Highway (D. M. Hopkins, written communication,
1960) shows’ the presence of spruce and pine wood and pollen of spruce;
fir(?), birch, alder, and shrubs. The flora is somewhat similar to that
obtained from the silt and silty sand in the Fort Yukon well. Howsever,

no evidence as to the relative age of the two groups of deposits of

late Tertiary or early Quaternary age is yet avalilable because they have

not been observed in 6ontaot.
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QUATERNARY DEPOSITS

GQlacia) Deposits

Depoaits of four glaclations are recognized in the southern Brooke
Range and in the foothills adjasceat to the Yukon Flats Cenoroioc Basin.
TIdentifiocation of the deposits is basad on study of asrial photography
and the literature, but not on field observations by the writer. The
oldest glaciatior is represaented by socattered patches of drift and
apparent ice-scoured summits above and bayond the oldest recognizable
end and lateral moraines (fig. 1) in the valleys of Marten Creek, East
Fork, and Chandalar River. The daposits along upper Marten Creek wers
also recognized by Brosge and Reiser (1962). No recognizable worains
limits the drift sheet, but additional studiesa may show that the glaclar
extendad irto the northern Yukon Flats via the Chandalar and Marten
Valleys, and perhaps the Shasnjek Valley.

The outer limitis o>f three later plasciations are marked by end and
lateral moraines. The oldest and next cldest moraines Are shown on
fig. 1; the yovungest lies withirn the Brooxs Range north of the map area.
The scatterad drift of the oldest glaciation is probably early Flaisto-
cena, perhaps gorrelative with the Amaktuvuk River Glaciatlon of the
Arctic Slop of the Brooks Range (Detterwan, Bowsher, and Dutro, 1958).
The oldest recognizatle moraine is early to middle Plelstooens, perhapsa
squivalent to thes Sagvanirkick River Glaciation (Detterman, Bowsher,
and Dutro, 1958), and the youngest two moraines are middls to late
Pleistooene, probably squivalent, respesotively, tc the Itkdllik and
Echooka River Glaciations, which are correlated with the Wisoconsin
Glaciation of the mid-continent area. Others (Karlstrom, 1957), howsver,
regard the Itkillik eas of Illincvian and _angamon age, and the Echoolm

River 3laciation of Wisconsir. age. Further wcrk on the glacial sequence
- 10 -



of the southern Bruoka Range not only is cof scientific importance, but
may provide a chronology Lo whioh the eolian and allvvial deposits of

the Yukon Flats ocan be correlated.

Tolian 5and and loess

Eolian sand underlies at least 250 square miles of the marginal
upland north of the Yukon River and 200 square miles of the Yukon Flatis.
Loess forms a blanket over almust all of the marginal .upland west, s5outh,
and east of the Yukorn Flats. The solian sand is massive, well-sorted,
unconsolidated gray ‘o tan sand and silty sand wnioch ranges in thickness
from &€ to 60 feet. The loess is massive, well-sorted. uncoensolidated
gray to tan sill and sandy silt. The well-sorted character of the silt,
its relatively .niform texture and size distribution over a large area,
its lack of obviocus stratification, its local asaoccilation with sand
dunes, and lack of well-defined upper limits suggest that the silt is
of eolian origin. The l0e3ss has been retransportsd by running water
and mixed with organi¢c material in ¢reek valleys and ir the alluvial-
silt fans at the adge of the Yukon Flats. The thickness of the loess
i8 unimown, but may be as much as 50 feet where undisturbed, and parhaps
as much as 100 feet in creek valleys and fans.

The position of the thiok loess mantle on the marginal upland west,
south, and east of the Yukon Flats, the presence of eolian msand on the
upland to the north, and the form of ths dunes suggest that the winds
ware dominantly from the north. The northerly winds, perhaps gtrengthened
by the proximity of glaciers in ire adjacent Brooks Range, apparently

swept across the bars of the braided rivers on the alluvial fans and

- 11 -



transported sadiment to the marginal upland; forming d.nes looally in
the upland and in the Yukon Flats. At the present time, winds form dust
olouds of only loocal extent and form dunes only along the larger river
bars. Thersafore, although a small amount of the eolian deposi{ts maAy be

of Recent age, most is reparded as of Pleistocene age.

Alluvial Deposits

Alluvial deposits consisting of gravel, sand and silt form the
surficial deposits of the Yukon Flats, except where locally covered by
d.ne sand. These deposits form the larye alluvial fans bordering the
major rivers, small alluvial fans deposited by oreeks at the adge of
the Yukorn Flats near tha vYase of the marginal esoarpment!, and a nparrow
bard of flood-plain and low-terrace deposits bordering the rivers. The
alluvial depositis are reported to bo 100 feet thick ir the Fort Yukon
test well.

Alluvial fans of the major rivers and related river terraces occupy
mo3t of the eastern and central Yukon Flats. The fan of the Yukon River
oxtends 65 miles along the river from Circle to Fort Yukon and is bdbounded
on the north and south by marginal escarpment. The largs alluvial fansg
of the Chandalar, Christian, and Sheenjek Rivers coalesce near their
toes, and border the north bank of the Yukon and Porcupine Rivers from
naer Beaver to the point at whioh tle Poreupine River enters the Flatts--
& distence of more than 100 milea.

Generally, the fans are divided into two broad units: (a) & younger
part which borders and grades into the flood plain and low terracss along
the arxial rivera, and (b) an older part that is preserved as a oomplex

of river terreces that are slightly higher than the younger fan complex;
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locally, the older parts of some fans are buried by younger fan deposits.
The younger parts of the fans are ooversd wlith fresher-appearing braided
channel sorolls, and have & s80il profila in which the exidized zone is
generally less than 2 feet thiok. The older parts have a less well
preserved system of abandoned scrolls, and an oxidized zone that is
deeper than 2 fesat. The older parts of the fans 11s north of the Yukorn
River, between the Yukon and Birch Creek and along the east side of the
“heenjek, Christian, and Chandalar Rivers. Terraces bordering the
Porcupine and Black Rivers appear oorrelative with the older parts of the
alluvial fans of the other riverz. Ths terraces in the westernm part of
the Flats are either downstream continuatians of the ailuvial fans, or
terraces that were fourmsed by alternating aggradation and degradation of
the tributaries, in response to lateral migration of ths Yukon.

The alluvial fan deposits and related terrace deposita are of
Quaternary age, chlefly Pleistocene, although aome of the lower surfaces
bordering the flood plain may be of Reocent age. The bsat method for
dating the alluvial gsquence would be to trmase the tsrraces repressnted
in the older parts of the alluvial fans upstiream to the glacial moraines
in the Brooks Range, especially along Marten Oreek and the Chandalar River.
The oldest lateral moreine of the Kast Fork Glacisr forms the divids
between the East Fork and Martsn Creek. From this moraine an outwash
plain leads to & valley-train terrace bordering upper Marten Creek. The
valley trein continues into an alluvial fan deposited by Marten Creek
at the edge of the Flata, The fan appears to have bean graded to the
older part of the Chandalar fan. The valley train and Marten Oreek fan
have been trenched by the modern stiream. Thersfore, the older pari of
the Chandalar alluvial fan may be equivalant in aga to the valley train

eand outwash from the oldest lateral wmoraine.

-
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At Venatie, deposits of the oclder part of the Chandalar alluvial
fen are sxposed in banks that are 33 fest high. The alluvium is stained
and ssleotively cemsnted by iron oxide. Residents of the village

sollected part of a Jjawbone, with teath, of Equus lambel Hn:l/ from

the base of the riverbank. The age of thie horse iz given as early to
middle Pleiatocensa, an age that is consistent with the deep oxidation

of the sediments, and with the interpretation that ths older part of the
Chandaslar fan was deposited oontemporaneocusly with outwash from the oldest
lateral moraine on the East Fork. Further flesld work, with good topo-
graphic control, would be necesgsary to trace the terrace upstream from
Venetie through the canyon to the oldest snd moraina on the Ohandalar
River, 6 miles wast of the confluence of the East Fork.

The colder part of the Chandalar alluvial fan, therefore, 18 regarded
as of sarly to middle Plaistocens age, and ths youngsr part of the fan,
west of the rlver, is probatly equivalent Lo the middle to late Pleisto-
cene morainaes. The older parts of the fans of the Christian and Sheenjek
Rivers may be of eQuivalent age to that of the Chandalar. The younger
parts of the fans of all three rivers seem comparable in physiographic
form and dagree of oxidation, and sy be of the sams age.

The amall atreams orossing the marginal sscarpment have depositead
small alluvial fans at the edge of the Yukon Flats. Most of the fane
oconsist of silt and orgenioc ailt that mantle the deposits of the alluvial
fans and related terrsacss of the largsr tivera. Their surficial sediments
are probably of Racent ege.

Flood-plain and low-terrace alluvium bordering the modern stream
channels 18 of Recent age.
1/Tdentified by Jean Hough, U. 5. Geologloal Survey, who prefers that E.

lambel be oonsidered a subspecles of E. oaballus.
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PERMAFROST

.Permafrost is widespread, but is areally discontinuous and of
variable thickness. Unfrozen zones ococur beneath rivers, large lakes,
and--lakes that ocoupy recently abandoned stream channels, and perma-
f?&gtris probably absent in local well-drained sites on terraces and
alluvial fans. The only measurement of its thickness was made in the
4Fort Yukon well, located on a dune. Tﬁe driller logged permafrost to
a depth of 320 fest, but noted that ice lenses occurred beeren 320
and 390 feet. The sample collected from cuttings at a depth of 393 feet
was reportedly frozen.

Ground ice within permafrost is common in organic silt of muskegs
in the southeastern and western parts of the Yukon Flats and on poorly
drained terraces along rivers in the marginal upland., Ice masses occur
in alluviai-silt fans along the edge of the Yukon Flats and in loess
'aﬁd creek-va;ley silt of the marginal upland. Widely spaced ice wedges,
as much as 3 feet in width, may ooccur where surficial silt of the flood
plain, alluvial fan, and terrace alluvium of the Yukon Flats exceeds
8 feet\in thickness.

; Aftér inundation by the reservoir, the permafrost in the flooded
area ?&21 thaw. Although some differential settling of the ground may

be expgcted in local areas containing ground ice, the effect on the

U

:rééervoir would be insignificant. Of greater importance is the combina-
tidn qf icq-rich permafrost and frost-susceptible materials in the loess

.and creek-valley deposits of the marginal upland. These thick, frozen
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dgposits wuuld form the surficial materials <¢f a broad telt of land
Lorderin, the west, south, and east! sides of ths reservoir and would
offor difficulties in consiructing roads, airfields, ard other struotures,
I addition, loocal mudflows irn these mmtisrials may occur as permafrost
thaws, and landslides may ccour whers 31opus are overstespensed by wave

aclion along the margir ot the ressrveir,

-~ 1€ -



SUMMARY AND CONCLUITIONS

The Yukon Flats Cerozols Basin 1s divided into the Yukon Flats and the
marginal upland, whioh are separated by the marginal ezcarpment. The escarp-
ment and the bluffs bordering stream valleys through the upland would forw
the shoreline of the reservoir for the proposed Rampart Dag,

The Yukon Flats, whiech would be floodsd by the reservoir, are formed of
alluvial-fan and related terrace deposits, flood-plein and low-terrace deposits,
ar.d local deposits cf alluvial-fan ilt and dune sana, all of Quaternary age.

Al Fort Yukon, thess sedimsnts are underlain by more thap 292 fest of silt and
silty sand of late Tertiary or early Quaternary age. The thiokmess of the
silt and silty sand suggesis that ¢t is widely distribwted bensath the Yukon
}lats., The presence or absance of consolidated Tertiary (Oligocene?) rocks
and the deptil tc pre-Oenozvic basement rooks are yet to be determined by
drilling. Permafrost is widespread, and is at least 320 feet deap in the

Fort Yukon tesat well, thes only svtsurfage record. Permafrost is probably
absant beneath riverbeds, large lakes, lakes oocupyirg former river channels,

and ocertaln well drained localitiss on terraces and alluvial fans.

The warginal upland would lie, for the most part, above the lavel of
the reservoir, and would be the loous of most oconsatruction work along ths
margins of the reservoir. The upland is underlain by pre-Cenoczolo base-
mont rooks which are exposed locally in the marginal esoarpment and in
tauffs bordering the major valleys. Thess roocks are covaered betweer. Dall
and Hodzana Rivers by an unknown thiockmess of consolidated, stiretified
recks that may be s3imllar to the coal=bsaring consolidated rocks of
Tertiary (Oligocene”?) age reported in the Dall and Hodzana valleys. Basalt
of Tertiary age orops out near %r- confluence of East Fork and the

e
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Chandalar River. Elsewhere, the pre-Cenczoic rocks are covered by un-
co;solidated high-level alluvium of late Tertiary or sarly Quaternary agse.
Nbfth of-the Yukon and Porcupine Rivers the high-level alluvium is at

tﬁhe surface, but in the upland west, south, and east of the Yukon Flats
it isimantled by loess of Quaternary age. EKEolian sand of Quaternary

age ocours loocally in the marginel upland north and west of the Yukon
Flats. The marginal upland is underlain by permafrost at most localities,
but its thiokness 1s unknown, Ground ice masses in the loess and oreek-

valley deposits of the upland will affect construction and land utilize-

'Additionalngoologio studies in the reservoir area and particularly

ié:the adjoinié@ygactions of the marginal upland are necessary to provide
b F A ”

aﬁ'aiéquate apéé&isal of foundation oconditions, potential construction

m&t rials, shoreline changes, rate of sedimantation in the reservolr,
affect of flooding on permafrost beneath the reservoir, effect of

“imatic changes caused by proximity of the reservoir on permafrost in

ithe«marginal upland, vater supply, and mineral resources. To solve

existing scientific problems requires additional studies, such as

ggologio and paleontqlogioal studies of the high-lsvel alluvium; pgleonto-
(iggical and str&tig;aphio studies of the ococal-bearing Tertiary oconsolidated
Qﬁéks- _geophysical inve#tigations and drilling to determine the oonfiguiation
and depth of the prv-conozoio bassment rooks and stratigraphy of the

Ge ozoio rooks benaath the Yukon Flats; investigation of the glaocial

W
g;\tory‘of the southern Brooks Range to provide a more precisely dated

3

5§Quence’tq which to tie the alluvial deposits of the Yukon Flats.
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