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CONTRIBUTIONS TO GENERAL GEOLOGY 

GEOLOGIC RECONNAISSANCE OF 'SHE YUKON FLATS 
DISTRICT, ALASKA 

By JOHN R. WIWTAM~ 

ABaTRACT 

The Inkon Flab district occupies approximately 18,700 square milea in 
northeaRtern Alaska It I s  border4 hy the Yakon-Tanana Plateau, the aoutharn 
foothllla of the Brooks Range, the Hodrana Highland, and the Porrnpine 
Plateau. It includes the Yukon Flats. whlcb ia the ~l luvial  Jowland that Ilea 
along the Yukon River and its trlbutariea, and the dissected to toll in^ mar&al 
upland, which separates the lowland from the bordering highlands. 

The dlstrlct cornponds In areal extent to the Ymk0n Flats Cenmolr baain. 
and ia surrounded by hlghlamd~ farmed largely of PaleoxoEc rocks. These rockg 
extend from the highlands to the marginal escarpment, which separates the 
marginal upland from the Yukon Flats. Shale, coal, and lignite of earlg Tertlarg 
n ~ e  crop out in a few places wjthin the maminal upland. The enrly Tertiarg 
and older rorks of the marginal upland are covered hy high-level allurlnm of 
late Tertiary or early Quaternary age. These depmft4 were lald down ( a )  by 
the Yukon Rirer and Ita Farge Mbutartes and they are now preserretl 88 high 
tenarea, and (b) by the numerous small streams that drain the highlands 
and they now are codesent piedmont a l l n ~ a l  fan*. The h i ~ b l e v e l  allarinm 
is mantled in mmt placee by eolian mnd and I- of Quaternary age. 

The Yukon Flats is  nnderlnin by more than 290 feet of qnlet-water (lactla- 
trfne?) silt and ~ l l t y  sand of late Tertiary to early Qnaternasp age which proh- 
abl~r extend# blow present sea level. Tbe qnlet-water deposits are overlain 
by allnvIaI deposits. wblrh form the allnvial fans, terraces, and flood plalos 
of the Ynkw Ft~ts.  These deposlh range in age f ~ 0 m  earlg or middle Plei~tacene 
to Recent. The allnvtal fans of the Chandnlar, Christian, and Bheenjek  river^ 
were formed, In part, of glacial ootwash deposited daring Plelstncene glaciation 
of the southern Brooks Range. The oldeat glaciation, the deposlts of whirh are 
preserved only in iwlated ~wtcheht, probably extended Into the Yukon Flata 
tbmu~h the Cbftndalar, Marten, and possibly the Sheenjek Valleys In early 
Pleistocene time. Three younger glnriations ranging in age from early or middle 
Pl~iatocene to late Plefstwene are regrewnted bg glacial dr i f t  and rntrralneg In 
the rlill~ys n i  the Chandalar Rivpr and the East Fork o t  the Chandalar River. 
The oldest of thew rnorainw In the Ghandalar River valley lien 8 miles from 
the norfhern edne of the Yukon Flats. The ~ l l ~ v i ~ m  of the Yukon  flat^ locally 
i~ mantled by eolian aand and loew of  Pleistmne and Recent age. The depositir 
of the flood plnln ant1 low terraces and of the amall alluvial fans that border 
the marginal escarpment are of Recent age. , 
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INTRODUCTION 

The Yukon Flats district ( f i g  26) is located in northeastern Al& 
between 65'45' and 67"30' north latitude and 142°30' and 160°M)' west 

Frau- 28.-Lnda map ot dlaaka uhowE.# area af thin tewrt. 

longitude. The southern boundary is 75 miles north of Fairbanks. 
The principal ssttlements are Fort Yukon, Beaver, Stevens, Circle, 
Venetie, and Chalkyitsik (fig. 27). The district is awemibla by air, 
by thhe St- Highway from Fairbanks to Circle, and by the Yukon 
River. . The boundaries of the district me approximately those de- 
fined by Smith (1989) and correspond to those of the Yukon Flats 
Cenozoic basin (Payne, 1955; Miller, Pltyne, and Gryc, 1959) (fg. 
27). The district is bounded an the south by the Yukon-Tanana 
Plateau (Mertie, 1957, p. 23), on the east by the Porcupine Plateau 
(Boshk, 1948, map 922A), on the north by the southern foothills 
of the Brooks Range (the piedmont province of Mertie, U29, p. 991, 
a d  on the northwest and west by the Hodzana Highland (Maddren, 
1913). 
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Fmuam B7.-Phgdog~aphlc mbdivlalona of Ynkon Flab district-ma&nml upland Id- 
sml Hnrn) and Yukon Flats (utippled). Boundary of dlntrlct shown by d a n h d  Ilnt. 

The district includes (a) the Yukon Flats (fig. 28), a brmd lowjand 
of approximately 9,000 square miles which Jie~ &long the Yllkon River 
and the lower courses of its tributaries between Circle and Fort Ham- 
lin, and (b) the marginal apland of about 4,700 square milea which 
separates the Flats from the surrounding highlands. The Yukon 
Flats has 1-1 d i e f  of leas than 150 feet ; j tsc landforms include river 
flood plains, temams, alluvial fang and sand dun-. The marginal 
upland mnsists of rolling to disssected high p u n d  sepamted from the 
Yukon Flats by rr 100- to 500-foot high marginal escarpment. The 
marpment Is a stmp, river-eded bluff in ~vhich  bedrock is locally 
exposed. The marginal upland merges with the surrounding high- 
lands and mountairis along s boundary that approximately coincides 
with the 1,000-foot conbur line. The Yukon River drains the entire 
district. Upstream from Fort Harnlin, whem tlie Yukon leaves the 
Yukon FIah and enters the deep Fort Rdn-Rampart  Canyon (fig. 
29), the river has a drainage area of about 200,000 squam miles, of 
which 75,MX) square miles are drained by the tributaries that join 
tha Yakon in the Yukon Flafa. 
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Frcann 2R.-Confl~~~nrr ot 'Tukon nnd Fnrcuplnr ItlrPr~ nt Frlrt Ttlkon. rrntrnl Yukon 
I"lntf+ dlstrlrt. Olnltulu~ ncrlnl photopraph a p * t  from rrltltudr 4,000 feet  tnk6.n hy Avmg 
.ilr Corps, lrndd I m ' l r ~ l ~ l ,  Phntrr Prctlon, Jnnuur?. :In. l 'b l5  

FIFCRE 2O. -Kint r~n~~ to Fort Hsrnlhn-Rumpart Unavun nt lowcr end of Yukon Flnts. 



The climate of the Yukon Flats district is cold continental and is 
characterized by extremes of temperature between summer and minter, 
long cold minters, warm summers, lorn precipitation, and relatively 
little cloudiness. Records of significant duration are available only 
at Fort Yukon (summarized through 1952 by U.S. We~ther Bureau, 
1922 and 1952) within the district, but records of less duration are 
available for Circle Hot Springs, CentraI, ~ n d  Rampart in the sur- 
rounding highlands. Mean total precipitation at Fort Yukon is 6% 
to 7 inch- and mean total snowfall is 45 inches. The highland stations 
have 50 percent more total precipitation but approximately the stam8 

total snowfall, suggesting that Bummer rainfall is greater in the 
surrounding highlands than in the central part of the Yukon Flats. 
Mean annual temperature of 20.7" F at Fort Yukon is equal to that at 
Central, but 2" less than that at Rampart and Circle Hot Springs. 
The range between the maximum temperature of 100' F and minimum 
of -71" F at Fort Yukon is slightly more extreme than the range in 
temperatures shown by the shorter period of record for the highland 
stations. Prevailing winds at Fort Yukon are generally north to 
northeast, except for a brief period in summer and during passage of 
winter storms when the winds are generally west to southwest. Wind 
veIocity is generally low, except dnring the storms. Surface winds are 
locally channeled by topography in the rn~rginal upland. 

The entire district lies below regional timberline and is covered with 
interior spruce and birch forest (Sigafoos, 1958, p. 171). The forest 
is best developed along the Yukon River and its tributaries, but nmay 
from the rivers the forest is intersperd with muskeg and marsh and 
has been extensively modifid by forest fires. The fires that have 
repeatedly swept the district have produced a dense scrub or brusl~ 
cover consisting of wiFIow, birch, aspen, and alder. Only a relatively 
small plwoportion of the district away from the rivers supports stands 
of mature white spruce. The last major fires burned more than a mil- 
lion acm or about 12 percent of the area of the district, in the summar 
of 1850. 

PREVIOm XIJVESTIGATXOIW 

Th earliest geologic investigations were exploratory surveys of the 
Yukon River by Dall(18*10), Raymond (1900), Schwatka (1885), and 
Spun (1898) ; of the Yukon and Porcupine Rivers by McConnelI 
(1891), Ogilvie (18981, and Ruwll  (1890) ; of the Chandalar River 
by Schrader (1900) ; and of the Da11 River by Mendenhall (1902). 
The work of Collier (1803), Prirzdle (1906,1908, 1913), Prindle and 
Hew {1906), m d  Stone (1906) in the Yukon-Tanma. Plateau b a p  
the program of geologic reconnaissance mapping by the Geological 



Pleistocene, and possibly locally Recent, loess and eolian sand. The 
deep part of the Cenozoic basin coincides approximately with the 
Yukon Flats (fig. 30). The deposits of the alluvial fans, terraces, 
flood plains, and dunes that form the surface of the Yukon Flats 
extend at  Fort Yukon to a depth of 148 feet. They are underlain 
by more than 290 feet of quiet-water silt and silty sand of late Tertiary 
to early Quaternary age. The base of the silt and silty sand was not 
reached in a well that penetrated to 20 feet above sea level; and their 
base probably lies below sea level at an unknown depth. 

The Yukon Flats district lies within the discontinuous zone of 
permafrost (Black, 1950; Williams, 1955a). Within this zone perma- 
frost in the unconsolidated deposits and bedrock is broken by unfrozen 
zones, which occur chiefly beneath water bodies and well-drained sites, 
and by layers of unfrozen deposits within the permafrost (fig. 30). 
Permafrost is recorded to a depth of 320 feet at Fort Yukon, but may 
be much deeper. Perennially frozen fine-grained sediments in poorly 
drained localities contain abundant small veins and stringers and 
large masses of ground ice, commonly arranged in polygonal networks. 
Ground ice is common in alluvial-fan silt, in loess, locally in the silt 
deposits of the alluvial fans and related terraces, and locally in 
flood-plain and low-terrace silt. Ice masses are especially common 
where these deposits are covered with peat in muskeg. 

BEDROCK 

LOWER PALEOZOIC (PRmDEVONIAN?) AND POBSIBLY PRECAMBRIAN 
METAMORPHIC ROCKS AND ASSOCIATED INTRUSIVE IGNEOUS 
ROCKS 

A belt of metamorphic rocks lies north of the Yukon Flats from 
the upper Dall River eastward to the hills between East Fork 
Chandalar River and Marten Creek. The metamorphic rocks de- 
scribed by Mendenhall (1902, p. 33) along the Dall River northwest 
of the Yukon Flats consist largely of well-laminated fine even-grained 
quartz-biotite schist. Other variations recognized are coarser, less 
well laminated, and less quartzose than the biotite schist; calcareous 
and graphitic variations are also recognized. Beds of gray coarsely 
crystalline limestone occur within the schist. The schist is cut by 
granite porphyry, gneissoid porphyritic rocks of granitic and dioritic 
composition, and silicic dikes (Mendenhall, 1902, p. 33). The meta- 
morphic rocks along the Chandalar River are divided by Mertie 
(1925, p. 224-228) into two groups : (a) quartzite and quartzite schist 
cut by massive white quartz veins along the Chandalar-Hadweenzic 
divide, and (b) younger mica schist, quartz-mica schist, and phyllite, 
which occurs north of the Chandalar River and along the East Fork. 



Quartzite and quartzite =hist are assmiated with the yonnger rocks 
slong the East Fork near its conflusnee with the Chandalar. Con- 
tinuity of the metamorphic belt between the upper Dall and Chanda- 
lar-Hdweenzie Divide is suggested by the cornpition of the gravel 
that forms the bed of the Hodzantt and Rradweemic Rivers. The 
gravel of the H h a  River is about 60 pemnt vein quartz and 
schist, 15 pemnt schist, and 5 percent quartzite, J1 apparently de- 
rived from metamorphic mErs in the unmapped headwater region; 
the papel contains 10 prcent p n i t i e  m k s  and 10 percent volcanic 
and other rocks. The gravel of the Hadweenzic River, also rich in 
schist and vein quartz, that the belt of mrtmorphic r& 
ext8nds eastward into the headwaters of the Hadweensic River and 
probably connects with the rocks described by Mertie (1925) on the 
Hadweewic-Chandalar Divide. Metamorphic mks probably form 
Twentynine Mils Ridge, for the alluvium on the southeast s l o p  con- 
hias pebbles and cobble of crenulatd chlorite schist, quarkzita, and 
vein quartz, to the exclusion of all other types except s small amount 
of chert. 

The of the mbtamorphic rocks is early Paleozoic (pre-Ihv- 
onian P) or possibly Precambrian. Mertie (1925, p. 224-5428, pl. VI) 
assigned an early faleomic age to the younger schist and phyllite 
north of the Chandalar River and tentatively correlated the older 
quartzite schist and quartzite of the Chandalar-Htadwemzic Divide 
with the Birch Creek schist of Precambrian age. Mendenhall (1902) 
regarded the mhist of the upper Dall River as of early Paleozoic age, 
Dutro and P a p a  (1957) mapped thee m& as undifferentiated 
Paleozoic metamorphic rocks, rnostIy pre-Devonian, but possibly in- 
cluding aome rocks of Precambrian aga and some of Mesozoic age. 

The known bedrock of the marginal upland and parts of the sur- 
rounding highlands is a complex group of sedimentary, volcanic, 
and assmiatd intrusive igneous rocks. These rocks include the Ram- 
part group (Spnrr, 1898; Mertie, 1937) and the approximately equiv- 
alent Circle volmnia {Spurr, 1898 ; Emmons, I898 ; Mertie, 1030b, 
1937) of Mississippian tie. Also grouped with them rocks in the 
absence of detailed mapping are the chert-slate formation of Late 
Devonian or Emly Mississippian age (Mertie, 1929) or of Devonian 
age ( h t m  and Payne, 1957) exposed in the Sheenjek Valley at  Out- 
look Point and upstream, and previouslg. unmapped rocks of similar 
lithology which crop out in the marginal escarpment north of the 
Yukon River north and west of Beaver. These rocks are grouped 



together ~~ of similar lithology and, with further work, may 
be subdivided or massiped into more precise map units. Not shown 
as ra map unit, but exposed in vertical section along Rock Slough of 
t . h ~  Porcupine River are quartzite, chert, pllyllite, and b m i a  which 
msy be a downstmm extension of the Mississippian rocks shown at  
the lower end of the Lower Ramparts just upstream {Kindle, 1908; 
nutm and Payne, 195'1). 

Shala, chert, quartzite, and minor amounts of crJrstrrllina limestone, 
chlorite schist or phytlite, and s c h i m  conglomerate, are awxiated 
with basalt and tufl of grwnst-one habit. These m k s  are intruded 
by dikes, dIs,  and small Mies of igneous rocks tllnt rang  from 
gabbm, diorite, and diahse of greenstone habit to quartz diorite, 
and granite. 

At the entrance to the Fort. Ham 'tin canyon ( fig. 20) rocks of the 
Rampart group am exposed on both sides of the Yukon River to 
nearly 400 feet above river level. On the west side of the river 
the expos~lres farthest upstream are of coarse-grained dioritic m k s  
and t h m  downstream are of diabase, brown chert, and granitic rocks. 
On the east side of the river, shale is exposed in gullies at the up- 
stream end of the bluffs; it is succeeded downstream by di0rit.i~ rocb 
and by medium-grained granite or quartz diorite. The chert on the 
west bank and the ahale on the enst bank strike N. lo0  W., but the 
chert dips 30" W. and the shale dips 55". Redding in the chert 
is truncated by the diabase. Widely scattered sulfide mineral% chiefly 
pyrite and chalcopyrita, occur in the diorite or pbbro ~ n d  in the 
granitic rocks. 

Fine- to coarse-textured e b b r o  crops out s t  the eastern end of the 
r i d s  8 miles north of the mouth of the Hodzan~ River. The rocks 
are light to medium gray and on weathering are brown and dark 
greenish gray. The size of the interlocking mineral const,ituents 
ranges from 1 mm in the finer textured quigrnnular mcks to 20 rnm 
in the plates of pyroxene of the coarse-textured rocks. In thin section 
the essential minerals are plagioclase of the composition of labradorite, 
hornblende, pyroxene, chlorite and biotite alteration prducts, m a p  
netite, and ilmenite. The pyroxene is augite, and in some specimens 
hypersthene omurs with the augite. The rocks contain sphene, apatite, 
olivine, quartz, serpentine, and epidote ns minor constituents and 
acceasarg minerals. In some specimenn the opaque minerals are segre- 
gated. Sulfides scathered through the rock are chiefly pyrite. 

Near the eastern end of the ridge, sedimentary rwks occur for a 
few hundred yards along the northward-facing bluffs. The rocks 
consist of brown to gray argillaceous quartaite, dark-gray chert with 
one-half inch thick layers locally cut by quartz stringers, and blue- 
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p y  ta greenish-gray c~stalline limestone. Only the limestone is 
exposed; the other rocks occur only as wepthered fragments in the 
surficial deposits. No fossils were found in these rocks, and exposures 
were not gmd enough to determine their structure. 

Several types of sedimentary and intrusive rocks are exposed in 
the marginal escarpment between the Hodsana and Hadweemir: 
Riven. From west to east the outcrops examined in the field (marked 
by lithologic notes on the geologic map, pl. 42) consist of (a} quartzite, 
(b) complex gabbro, quartz diorite, pyraxene diorite, quartz gabbro, 
n.nd chert, and (c) quartzite and chlorite schist. 

The dimentttry rocks consist of gray thin-bedded and locally 
cms-bedded fine-grainad slightIy feldspathic quartzite locally con- 
taining pyrite flecks and nodules which have stained the rock brown 
on weathered surfaces. Near the Hadweenzic River the rocks consist 
of quartzite, chlorite schist, and chlorite whist containing 8~ltttard 
pebbles and cobbles chiefly of vein quartz. Massive, greenish-gray 
chert seamed with quartz stringem is amciated closely with the 
igneous rocks. 

The igneous rocks, like thob exposed west of the Hdzana River, 
rango in texture from fine-grained dense rocks to r& containing 
interlocking laths and p l a h  of feldspar and pyroxene ras long as 22 
mm. The rocks range in composition from quartz diorite to gabbro. 
In thin sections zoned plapioclnm feldspar in which the rims are more 
sodic than the centers composes 50 percent of the specimen. In the 
quartz diorite the feldspar is andesine; in the gabbro it is labradorite. 
It is commonly altered to kaolin and sericite. The rocks contrtin 
variable amounts of pyroxene, generally augite, but abo hypmthene 
in some specimens. The pyroxenes are altered, in part, to hornblende, 
chlorite, ~ n d  biotite. Olivine WRS not recognized; s q e n t i n e  was 
noted in one specimen. Some specimens of the igneous rocks have 
smrtll amounts of amphibole, chiefly green hornblende. The opaque 
minerals are probably magnetite, ilmenite, and pyrib. Amssory 
mineraIs are chiefly apntite, sphene, a carbonate mineml, and, in one 
cam, p p h i c  qusrtz and orbhoclrtm. Quartz and orthoclase feldspar 
constitub nbont 25 percent nf the quartz diorite. Intetstitial quartz 
occurs ns a minor mnsti tuent of the qua& gnbbro and as rcn a m r y  
m i n e d  in the pyroxene diorite. The rock weather dark brown, 
p n ,  or black, but am greenish p y  in fresh exposures, They have 
been c lawd as igneous rocks of greenstone habit by Mertie (1925) 
who descrjbed but did not map the quartwdiorite in the marginal , 

escarpment adjmnt to the Renver-Cam trail. 
Outlook Point, an isolated hill in the northern part of the Yukon 

Flab, is the southernmost exposure along the Sheenjek River of the 



cnt-alate formation (Mertie, 1929, p. 119), which mconsists of massive 
light-gmy chert cut by diabase and gabbra dikes. The chert-slate 
formation extends northward up the Sheenjek River beyond the limits 
of the a m  mapped in this report. 
In the Circle area, the Circle volcanics are e x p d  in river bIuffs 

9epamting the river valleys from the marginal upland. The basaltic 
lava of greenstone habit, which ia intruded by diabase and gabbro, is 
h a t a d  with a minor proportion of chert, argillite, tuff, and flow 
b m i s  in the Yukon River blufls for 16 miles upstream from Circle 
(Mertie, 19306, p. 85). Dinham is reporhd from Birch Creek near 
the present highway bridge (Spurr, 1898 ; Ernmona, 1898) and prob- 
ably is part of the Circle volcanics, although originally oorrelahd by 
Spun with the Rampart group. About 7y2 milw N. 1 5 O  E. of Circle, 
the 200-foot marginal escarpment on the northeast hank of the Yukon 
River ia formed of diabase and gabbro or diorite, which is probably 
a downstream extension of the intrusive rocks mapped with the Circle 
volcanics. Bedmck outcrop extend northward from this IocaIity 
but were not visited in the field. 
The mdimentary and volcanic rocks of the Rampart p u p  and 

Circle volcanics are of Mississippian age based on fragmentary fossil 
evidence from the Rampart area (Mertie, 7937, p. 126-127). The 
rocks at Outlook Point were tl~oupht by Mertie (1920 j to be aither 
Late Devonian or preferably Early Missi~ippian in agel and the 
possibility of B Triassic age was discu~sd;  the Ot1t.look Point mIrs 
were assigned tt Devonian age by Dutra and Payne (1957).  T h e  
intrusive rocks associatd with the sedimentary and volcrrnic ~wks 
may m g e  in age from ,Mississippian through Mesozoic. 

/ Continental sedimentary rocks mur in scattered Cenozoic bnsins 1 and troughs (Peyne, 1955) in the highland regions that border the 
( Yukon Flats district, and occur locally in the marginal upland border- 
\ - ingtheYukonFlats Themksareexposedin tIleDal1 VaIley when  

t,hey were visited by Mendenhall (1902) arnd nre reported by lma1 
residents to occur near the I o ~ h  of the Ilodzana River. Between these 
two locations, an extensive area of flat-lying stratified rocks in the 
marginal upland has been recognized from a study of aerial 
photogrrrphs. 

The deposits along the Dall River ~ n d  its tributary, Coal Creek,+\ 
consist of folded soft, gray, buff, or black shale and lignitic coal 1 

and bone (Mendenhall, 1902, p. 41,42, and pl. VIII-A). 
CoaI deposits have been known for a number of years on the Hod~ann, 

River at The Mud Rank, located above the forks. The coal is re- 
8BlEOl0--4- 



portedly associated with mud, and samples of coal washed from the 
bank ta the river bars downstream were mllechd by local residents 
and analyzed as being of subbituminous rank, but of pmr wking qud- 
ity (see p. 327). Other samples of coal collected by the local midenta 
and given to the Geological Survey failed to produce any spores or 
polIen upon examination by W. S. Benninghoff (writtan cornmica-  
tion, 1959). The pressnce of coaI and its asmiation with mud w e s t s  
that the coaI-bearing rocks in the Hodzana Valley are lithologically 
mmil~r to the coal-baring rocks of the Dd Valley. The thickness 
and areal extent of the Hodzana River coal-bearing rocks are 
unknom. 

Flat-lying stratified rocks cover about 150 quare miles of the 
marginal upland between the Dall River and Hodzana River. Tliese 
rocks have been sketched on the geologic map (pl. 42) from aerial 
photographs but have not been studied in the field. Their lithologic 
character is unknown. However, they appear to overlie the Carbon- 
iferow md older m k s  discordantly and to be 1- deformed than 
the tilted Eocene rocks in the DaIl Valley (Mendenhall, 1902, pl. 
VIII-A) and the deeply inclined mcks of the Rampart trongh {Col- 
lier, 1903 ; Payne, 1955). Them flat-lying stratified m k s  are grouped 
with others of Eocene age to suggest that they may lm part of a 
single m k  formation that is highly deformed in the Rampart area 
but progressively less deformed toward the northeast. Similar %at- 
lying stratified rocks have not been recognized elsewhere in the mar- 
ginel upland; if they are p m n t ,  they are probably buried by the 
high-level alluvium and eolian deposits. 

The Eocena age of the rocks in the Dall Valley is bamd on their 
lithologic sirnilaritg to rocks of this age elsewhere in Alaska (Men- 
denhall, 1902). No k i l s  were collected by Mendenhall from the 
coal of the Dall Valley. Based on the fragmentary evidence avail- 
able, the writer believes that the somewhat similar coal-bearing racks 
of the Hodzans Valley and the flat-lying stratified mks between the 
Dall and Hodzanrt Rivers am also of Eocene age. 

TIETIdRP B A l l Y r  

Basaltic lava flows, dikes, and sills are e x p o d  near the mnfluenoe 
of the ChandaIar River and the East Fork and near the mouths of 

_-- Wddle Fork and WE& Fork (Schradkr, 1900; Mertie, 1925, 1929, -- 1930a), The rocb near the East Fork are relatively unaltered h e -  
grained mot porphyritic bamlt, which contths 5 to 40 parclent glass 
(Mertie 1930a). The mks appear to lx basaltic flows (S&rader, 
1900) of Tertiary age (Mertie, 1830a, p. 137). 



Silt and dty sand wera f o n d  in Fort Yukon water well No. .2 
(see table below) from a depth of 148 feet to the bottom of the hole, 
440 feet below the mrface. The. top of the silt and silty sand in this 
well lies at ian approximate altitude of 310 feet, only a few feet higher 
than t.he estimated height of the bedrock threshold at the upper end 
of the Fort Hamlin-Xnmpart canyon. The ham of these deposits, 
not rereached in the Fort Yukon well which bottomed at 20 feet above 
present sea level, is probably below present sea level and is st least 
250 feet lower than the bedrock threshold at the upper end of the 
canyon. T h e  presence of at  least 292 feet of these depwits suggests 
that they probably have a widespread distribution beneath the allupial 
and mlian deposits of the Yukon Flats (fig. 30). The silt and silty 
sand deposits seem to be absent in the marginal upIand ; the on1 y sand 
and silt noted in the upland form the surface msntle which is inter- 
preted as loess and eolian sand in this report. Permafrost is logged 
to a depth of 320 feet, but the well log shows that ice lenses wem found 
between 320 and 390 feet. Professor G. S. Tulfoch of Brooklyn Col- 
lege c o l l ~ t e d  rr, sample of frozen silty sand from a depth of 393 feat 
during the drilling operations. The base of permafrost, therefore, 
may be deeper than that recorded in the log af the well. 

Drlller'a b& Port F k o n  wufw wslF No. E 

The dab obtained from Fort Yukon water well No. 2 appear to 
contradict the report (Martie, 1937, p. 1%) of bedrock at a depth 
of 251 feet ah Fort Yukon. me data also show that the writer'a 
earlier (William, 1955a, fig. 7 and p. 196) aimate of aa much as 
200 faet of sand and gravel h e a t h  the Yukon Flats requires revision 
to include the hegrained deposits in the Fort Yukon well. 

Dmkrt l6g of Umta!ll0 P~~ Wrl*'~ Intmmeatlw 
(depth, In ieet) 

0- 48 

48-148 

148-320 
3 2 W W  

3-25 

426-44 

, Ughbha Bilty mnd -,.;, . . . . . 
Gray ~ a n d y  gravel -.--------- 

Bluesilt-----,,--,, , ,-,. , . ,  
Gray silt, poorly mnwlidstod, 

few ice lenses. 
8ilty sand 85 percent pawing 
Lo. 106 ~ ieve  15 percent 
passing No. d0 sieve. 

Silt -.,,-,-,,---,----------- 

8- 48 

48-148 

Pleistocene and &cent 
dune sand. 

Pleistocene ellnvium of 
Yukon aUuvid fan. 

14&.320 
-, - ,-- - - - - 
----.-,-,- Lacustrine (P) depoaita of 

late Tertiary or early 
Quaternary age. .,,,,,-.-- 
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The silt and silty sand, overlain by Plei-ne alluvia1 grape1 and 
Pleistocene and Recent dune sand, are interpreted as lacustrine ( ? ) 
deposits of lab Tertiary or early Quaternary age. However, no 'p- 
logic evidence is now available by which the alternate hypotheses 
of marine or estnarine origin can be eliminated, or by which the age 
can be h l y  sstablished. The semple collected by Professor Tulloch 
at a depth of 393 feet was examined by HarIan Bwgquist of the 
Geological Survey and found lacking in microfossils. 

William S. Benninghoff of the Department of Botmy, University 
of Michigan, has examined the m p 1 0  of aiIty sand from a depth 
of 393 feet for spores and pollen. His preliminary results (written 
communic~tion, July 6,1959) show that the material consicrts of about 
20 percent colloidal organic material suggestive of that deposited in 
a deep lake. Afhr more detailed, but atill inmmpIete, study of the 
material he has furnished (written communication, Mar. 7, 1960) 
the following information about the tree genera : 

* abundant are pine, apruce, alder, birch, hemlo&, and fir, PoUen of 
bfckory hm alm been found In the sedlmenf along with pollen hlleved to belong 
to two Aslatie genera in the hickory family, Plmcmya and Platgfcawa. If one 
can dimunt the possibility that these pollen gralns were redepmfted from 
Tertiary aedlmentil bordering the basin, thew Renera are evidence of late Tertfw 
ar~e for the sample horlm. 

High-level alluvium Iies on bedrock in most places observed in ths 
marginal upland. They are I00 to 500 feet above the adjacent parts of 
the Yukon Flats and the deeply incised major tributary valleys 
through the upland. The deposits are even higher at plaaes within 
tha marginal upland that are remote from the marginal escarpment 
and the tributary valleys. Them deposits were formed (a) by mall 
streams, which drained the highlands and deposited an apron of gravel 
as malescent alluvial fans on the adjoining parts of the marginal 
upland, and (b) by the Yukon River and its tributaries, which trun- 

. c a t d  the gravel apron and deposited gravel that i s  now preserved 
as high terraces in the parts of the marginal upland closest to the 
marginal escarpment and tributary valleys. Quaternary eolian 
deposits overlie and conceal the high-level alluvium in all parts of 
the marginal upland except that north of the Yukon River. The 
alluvium has been observed by the writer at a few places and has 
been reported from others by local residents. Enough data rare avail- 
able to &ow that the high-level alluvium ia widely distributed beneath 
the eolian deposits of the marginal upland, but the details of its 
distribution and character are still poorly known. 
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The alluvium consists of stratified sandy pebble-cobble and pebble- 
wble-boulder gravel, Scattered lenses and beds of sand and silt occur 
in the gravel. Laally the particles am shined and slightly cemented 
by iron oxide. The gravel pnrticles are subangular to well rounded 
and in almost a11 respects resemble the modern river deposits. Where 
o k d ,  the deposits range from FL few to 100 feet in thickness, but, 
without doubt, in many places they may be thicker than 100 feet. 
The h o r n  outcrops of high-level alluvium are described briefly below. 

South of Birch Creek .segment of the Yukon Flats the high-level 
slluvium of the marginal upland is reported by local residents to be 
dominantly gravel e x p d  h e a t h  the loess mantle in the river bluffs 
that border the valleys of Preacher7 Beaver, Jefferson, and hst 
Creek  Thie section of the rnsrginaI upland consists of two zones 
separated by an indistinct break in dope (shown on pl. 42 by hachum 
and arrows) which ma& a difference in altitude of a b u t  100 feet. 
The lower, northern zone, as much as 6 miles wide along the marginal 
escarpment, is 150 to 250 fmt about the Yukon Flats and is interpreted 
as a dissected ]-overed Yukon  rive^ terrace. The higher zone 
to the south is much more highly dismted; it is interpreted as a 
l--covered northward-sloping alluvial surf WE+ which mas probably ' 

formed aa a gravel apron by the small streams dmining the highland 
ta the south. This gravel apron may have once h e m  graded to some 
level of the Yukon River even higher than that represented by the 
150- to 250-foot terrace. 
Near Circle the high-level alluvium is expsed in river bluffs and 

in road cub along the Stms~ Highway. The d i d  laess-mantled 
marginal upland betwaen the Yukon River and Birch Cmk at the 
highest point on the highmy is about 800 feet above the Yukon River. 
Gravel is exposed in borrow pits along the highway at mile 4.7 and 
mile 13.8 from Circle at heights of 230 to 360 feet above the river. 
Nearly 100 feet of sandy gravel (fig. 31) is exposed in the pit at mile 
13.8. The gravel consists of pebbles, cobbles, and boulders of flint or 
chart, volcanic mks, limestone, quartzite, gritty sandstone, and p- 
nitic rocks similar to  the rocks of the upper Yukon valley (Mertie, 
1930b). The d e p i t s  are stained and lightly cemented by iron oxide, 
rand the wood and other organic material in the siIt and sand lenses 
is largely mplacad by iron oxide. A sample of the w d  from the pit 
13.8 miles from Circle was burned for radiocarbon analysis by Meyer 
Rubin of the GeologimI Survey low-level radiation laborstoy (oral 
communication) ; the sample yielded insdcient gas for counting and 
t h ~  residue f o d  a metallic bead, presumably o f  iron oxide. I-- 
nvlntIed Yukon River grave1 af similar lithologic character is exposed 
near the top of the rocky bIuffs east of the Yukon River 4 miles S. 40" 





E. of Circle at a height of 447 feet a b v e  the Fiver. The downstmrn 
continuation of these bluffs forms the marginal escarpment east of 
the Yukon River. Gravel is exposed on bedrock 200 feat abve  the 
Yukon River where the bedrock bluffs form the northeast bank of the 
Yukon River miles north of Circle, At higher altitudes, back 
from these bluffs, the marginal upland is mantled with thick eolian 
silt which conceals the underlying deposits. 
To the north of the Circle area, in the valleyfi of the Black and Little 

Black Rivers, no information is available on the presencs of gravel 
beneath the l o w  mantle of the marginal upland. Northwest of Rock 
Slough, Porcupine River, the marginal upland is about 150 feet above 
the river. It is covered by mixed silt and angular stones, a material 
that probably originated as midual mil weathered from bedrock or 
possibly a3 glacial till, rather than alluvium. The miter has not 
visited the marginal upland north of the Yukon Flats betwwn Rock 
Slough and the Hadweenzic River. Within this part of the upland 
(Mertie, 1929, p. 119) reports that 50 feet of gravel is exposed in the 
300-foot bluff west of the Sheenjek River about 10 miles upstream 
from Outlook Point. Two higher levels firther upstream, according 
to Mertia, sre (a) a rock-cut terrace at  2,600 to 2,800 feet above sea 
level or abut 1,400 feet a b v e  the valley floor, and {b) a rock-cnt ter- 
raoe st 3,400 fmt above ma level. High m k s u t  terraas 300 to 600 
feet ~ h v e  the Chandalar River are visible on aerial photographs of 
the s lop t ha t  separates the older part of the Chandalar alluvial fan 
between Venetie and the mouth of the East Fork fmm the hills to the 
northeast. 

The marginal upland bordering the Hadmnzic River h mantled 
by eolian sand. Test pita dug through the sand to bedrock on the 
upland west of the rivsr disclosed no gravel. However, gravel murs  
at the surface of the rnargjnal upland between the Hadweemin and 
Rodzana Rivers about 13 mil- N. 20" E. af Beaver and 450 to 500 
feet above adjacent prts of the Yukon Flats (fig. 30). It mcuurs at 
the surf- at a similar altitude along the Beaver-Cam trail 4 mil- 
S. 70" E. of Twentynine Mile Ridp .  The sandy gram1 eontains 
subangular to well-rounded pebbles, cobbles, and boulders as much 
as 8 inches long of quartzite, chert, vein quartz, and, ImerUy, chlorite 
schist. Gravelly sand cxlntaining small pebblaq chiefly of vein quartz 
m u m  9 miles west af the Hodzma River on the ridge between the 
Hodzanrm Valley and ths Yukon Flats at a height of about 300 feet 
above the Hodzanra Valley. Rock-cut termces m u r  on the south 
slope of this ridge 3 or 4 miles west of the Modzana River 5t heights 
of 100 to 300 feet above the Yukon Flak No further information in 
available on the high-level alluvium westward from this point to the 

I 
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upstream entrmm to the Fort Hamlin-Rmpart Canyon, whem small 
submnncled quartz pebbles observed in some of the gullies east of the 
Yukon River suggest the possibility that the high-level gravel occurs 
beneath the loess mantle and above bedrock 

The high-level alluvium of the Yukon Flats district is without 
doubt the remnant of deposits of a complicated system of high river 
terra- of the Yukon and its tributaries. These deposits are uncon- 
solidated and andeformed, in contrast to the consolidated or semi- 
wmo1idated E r n e  continental sedhentary & which were de- 
formed in Miocene time (Mertie, 1937). Therefore, the high-level 
slluvium is probably younger than Miocene. The gravel of even the 
lowest hrrace of the high-level alluvium in tha marginal upland lies 
above the level of the older part of the ChndttIar alluvial fan, which 
is tentatively datsd &low as early to middle Pleistocene. T h e  high- 
level alluvium, hherefore, i~l older than early to middle Pleistocene, 
and is of l a t ~  Tertiary or early Quaternary age. 

Deposits of four glaciations are recognized in the southern B m h  
Range adjacent t o  the Yukon Flats district. In order to show tke 
multiplicity of glscietions and their relation ta the alluvial and eolian 
deposits of the Yukon Flats district, the glacial. deposits were mapped 
from aerial photographs and mmlated from valley to valley by 
comparing the morainal sequence and topographic expression of the 
depceits in each valley. The glacial deposits and landforms of the 
southern Brooks Ran@ have not been studied by the writer in the 
field ; they have been described, but not mapped in detail, by Schrader 
{l900), Maddren (19131, and Mertie (1925, 1929, 1930a). On the 
p l o g i c  map (pl. 42) are shown the isolated drift deposits of the 
oldest glaciation (by notation southeast of the lower valley of East 
Fork Chmddar River) and the deposits of the three subsequent 
glaciations, each bounded by end- and lateral-morainal complexes. 
The glacial deposits of the other highland areas have received little 
attention, and for the most part are confined to the higher elevations 
away from the Yukon Flats district. Two moraines are recognized 
in the Hcdzana Highland. 

Evidence for the oldest glaciation consists of isolated patches of 
drift and ice-scoured slopes and summits above and beyond the limits 
of the oldest recognizable end and lateral mor~ines. Isolated patchm 
of drift with gently undulating topographic expression are recognized 
along the East Fork Ch~ndalar River at the mouth of Cornucopia 
Creek and to the east in the protected valleys of northw~rd-flowing 
streams in the hills betweem the East Fork and Marten Greek. An 
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apparently iw-sc~ured hillside borders the northeastern edp of the 
oEdm part of the Chandalar alluvial fan between Venetie and the 
mouth of the East Fork. Some of the hill tops at the eastern tip of the 
Hodzana Highland and southwast of the confluence of the Chrsndalar 
River and East Fork Chandala~ River appear ict+scoured. This evi- 
dence for an ear1y, extensive glaciation is based on interpmtation of 
aerial photographs and requires checking in the field. The maximum 
extent of ice during this glglaciation is unknown, but it probably ex- 
tended into the Yukon Flats via the Chandalar, M a a n ,  and Sheenjek 
Valleys. 
The oId& mappable glacial drift consists of tiII, gravel, sand, ma 

silt of the end rand lateral moraines that mark former glacial bund- 
aries and of the ground moraine that lies within these bundaries. 
A system of lateral moraines associated with marginal melt-wabr 
ehitnnels dong the south aide of the Chandalar Valley west of Moun- 
tain Creek marks the southern limit of the ice. The end position 
as shown by convergence of ithe Irtteral moraines uTas about 6 miles 
upstream from the mouth of the East Fork. Ground moraine is 
exposed along the Chandalar River in bluffs &bout 100 feet high from 
Mountain C& westwad to the mouth of the Middle Fork. S c h d e r  
(1900) noted yellowish or buff-colored till in these bluffs and reported 
glacial deposits at elevations ea high as 2,200 feet south of the 
ChandaIar River opposite the mouth of Flat C d .  In the valley 
of the East Fork a wmplax of end and latern1 moraines descrih tho 
former boundaries of a glacier that advanced to the mouth of Coal 
River. The lateral moraine that lies between the East Fork and 
both the Christian River and Masten Creek is especially prominent. 
Channels leading from the lateral rnorailie carried melt water via, 
both the Christian R i ~ e r  and M s a n  Creek to the Yukon Flats. The 
bundaries of the oldest morainal complex are approximrrtely those 
mapped by Bmks  (1906) as the outer boundary of the glaciated area. 

Younger glacial drift forms the prominent lobate moraines in the 
Chandalar STslley at  the mouth of the Middle Fork and near the 
mnfluence of the North Fork and West Fork, in the vaIley of Flat . 
Creek, and on the Eaat Fork at  the northern edge of the mapped 
ama. The topography of thwe moraines is generally rougher than 
that of the older drift; more undmined depressions qnd kettle lakes 
occur on the younger moraines, and the drainage is less-well integrated 
thrtn on the older drift. The deposits, chiefly ti11 and gravel, have been 
described by Schrader (1900), Maddren (1913), and Mertie (1825, 
1929,1930a). 

The youngest glacial drift forms topograpbicslly fresh moraines 
downstmarn from Chmhlar Lake on the North Fork, muth of Big 

Bgl8M 
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]Lake and south of the two lakes at the head of Plloebe Creek in the 
Bettles Rimr drainage, between Rock Creek and Trilby Creek on the 
Middle Fork, and on the East Fork north of the mouth of Wind 
River (north of mapped area). These deposits are chiefly till m d  
gravel, but dm incIude silt and sand; they have been described by 
Maddren (1913) and Mertie (1925, 1929, and 1930a). Moraines simi- 
lar to tho% of the Chandalar drainage but north of the mapped area 
occur on the Sheenjek River upstream from the Forks. 

Outwash aprons in front of each moraine extend downstrerun as a 
valley train, which is now preserved as one flight of the discontinuous 
t e r n  remnants that border the flood plains of the trunk rivers within 
the Brooks Range and its southern foothills. It is difficult to tram 
these temces as far as the Yukon Flats because they have been masked 
in many places by alluviaI-fan depmits of tributary streama and have 
been eroded away in the narrow, constricted valleys through whicb 
the rivers flow as they enter the Yukon Flats. However, a tentative 
currelation is made between the oldest morainal complex and the 
deposits of the older part of the Chandalar River alluvial fan in the 
Yukon Flak 
The glacial drift is of Pleistocene age. The earlid gIaoial deposib 

of early Pleistocene age lie in remnant patches well above and beyond 
subsequent glacial deposits of early to  middle Pleistocene age. The 
oldest mappable morainal deposits, by wrrelation with the older part 
of the ChandaIar alluvial fan, are of early to middle Pleistocene age. 
The younger morainal deposits are of middle to late Pleistocene age. 
The isolated patches of drift and the oldest morainal complex rsrs 
probably equivalent, by correlating parallel sequences, to the Anak- 
tuvuk and Sagavanirktok gIaciations of pre-Wismnsin age on the 
Arctic slope of the Broob Range, ~bnd the younger moraines are 
equivalent to the Itkillik and Echooka glaciations, which Detteman, 
Bawsher, and h t ro  (1958, p. 60) have correlated with the IViswnsin 
stage of midwestern United States. 

AIAUTIALFAN AND RELATIED =RACE Dm8mS 

Alluvial-fan and related terrace deposits occupy most of the central 
and eastern part of the Yukon Flats. !Ih major alluvial fans are 
(a) the Yukon fan, which extends to the marginal escarpment on 
eithar side of the Yukon River flood plain between Circle and Fort 
Yukon, and (b) the coalescent allutial fan formed by the Chandalar, 
Christian, and Bheenjek Rivers along the north side of the Yukon 
and Porcupine Rivers between the Hadweemic Rivar ~ n d  Shuman 
How.  The fans oonsist of numerous terrace levels, most of which 
are only a few feet & m e  the adjoining part of the fan. However, 
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the fans appear to be divisible into two broad units: a younger part, 
which hrders and grades into the f l d  plain and law terrsces along 
the modern rivers, and an older part preserved ns a complex of river 
terraces slightly higher than the younger fan complex. In addition 
to their lower height above the river, the younger fans are covered 
with f mher appearing braided channel scrolls, and have a soil profile 
in which the oxidized zone is comparatively thin, generally less than 
2 feet, The older part of the fan, on the other hand, has a leu well 
presemed sygtem of abandoned c h ~ m e l  scrolls, and has s soil profile 
in which the oxidized zone is generalIy deeper than 2 feet. 

Terraces of the Porcupine and Black Rivers are graded to the 
lalIuvial fans of the Ynkon River and to the fan complex formed by 
the Chandalar, Christian, and Sheenjek Rivers. These terraces have 
steeper gradients than those of the modem flod plains. Many of the 
terrace surfaces in the western part of the Yukon FIats mere formed 
by the Yukon River and its tributaries when they flowed at levels 
slightly higher than the present rivers. Some of these ter- are 
downstream continuations of the alIuvial fans in the eastern and 
central part of the Yukon Flats. Others are probably terraces formed 
during the meandering of the Yukon River as it cut vertically into 
its o m  alluvial fill and laterally into the tributarg alluvium deposited 
at the margins of the Yukon Flats and graded to one or another of 
the Ynkon terrace levels. 
These terrace and alluvial-ban deposits are similar in texture and 

lithology to the alluvium of the modern stream 'beds. The deposits 
consist of stmtified layers and lenses of well-sorted sandy pebble- 
mbble p v e l  and pebble-cobble-hulder grnvel and lenses and beds 
of sand, silt, and organic material. The gravel i s  generrtlly mantled 
by sand, silt, and organic materi~l RS thick as 25 feet. The older 
aFluvia1-fan and related terrace deposits in places are slightly to 
heavily stained and slightly cemented by iron oxide. The deposits 
genemlly are perennially frozen, but thawed zones occur beneath 
water bodies and well-drained places. Ground-ice masses, chieffy 
vertical ice wedges 2 to 3 feet wide, occur locally where the surficial 
fine-grained sediments are more than 8 feet thick. 

These alluvial-fan and related terra= deposits are of Quaternary 
age, chiefly Pleistocene, but probably Recent in some of the lower 
levels adjacent Ito the f l d  plain and low terraces. The following 
two areas are of special interest in dating the alluvial- fan and related 
terrace deposits of the Yukon Flnts and comlnt,ing them with the 
glacial sequence of the 6outhern Brooks Range : (a) the 0 l l t ~ a d  
apron and valley train leading from the oldest lateral moraine on 
the E a ~ t  Fork down Marten Creek to the older part of ChandaIar 



fan, and (b) exposures in the oIder part of the Chandalar alluvial 
fan near Venet ie. 
In the first area of inte& the prominent oldest lateral moraine 

formed by the East Fork Chandalar glwier an the divide between 
the East Fork and upper Marten Creek is bordered by outwash aprons 
which l e d  to upper Marten Creek and one of its western tributaries. . 
The outmdi aprons apparently merge with terrace remnants along 
the vslley of Marten Creek and  re believed, on the basis of inter- 
pretation of the aerial photographs, to be a part of the same alluvial 
surface as the dmvirtl fan of Marten Creek, now preserved as a terraca 
bordering that stream where it enters the Yukon Flats a b u t  5 miles 
northeast of Venetie. Therefore, the melt-water drainage from the 
glacier ss it stmd at or slightly back of the lateral moraine probably 
formed a valley train that was p d d  to the older part of the Chan- 
dalar alluvial fan. This part of the fan is probably correlativ~ in 
a@ with the oldest morainal complex. 
In the m n d  area of interest, near Venetie, the Chandalnr River 

has =posed sediments that compose the older part of the Chandalar 
alluvial fan. The older fan forms a terrace northaast of the Chanda- 
lax River fmm the East Fork downstream ta Venetig whem it is 33 
feet above the river. The older part of the fan is believed to mpre- 
sent the valley train of the old& morainal complex in the Chandal~r 
Valley, the terminal pusition of which Ties 6 miles upstream from 
the East Fork. Residents report that mammal remains occur in 
exposures in ths older part of the fan at Venetie and points upstream 
from the village. A f rapent  of horse jam found at the base of the 
river bank just upstream from Venetie was identified as the '&syrn- 
physis and p a t e r  part of the right mmus of mandible with teeth of 
E p r  h d e i  Hay * * * of probable early to middle Pleistocene 
age." The of the h o r n  jaw is consistent with the compsratively 
p e a t  age suggwtd by the staining and selective cementation of the 
t e r n  deposits by iron oxide from the top of the bank ta river level, 
a depth of 33 feet. Even though the jaw fragment was not co1lmt.d 
in situ, its presenm at  the base of the river bank in which terrace de- 
posits are e x p o d  and absence of any sign of abrasion &.mngly suggest 
that it fell from the bank and thst it dates the deposits of the older 
part of the alluvial fan of the Chandalar River. It is, of coursa, possi- 
ble that the jaw f r w e n t  and the other bones wefe older material 
deposited in the alluvium of the older part, of the alluvial fan, but 
the lack of nearby older deposits and lack of nbrasion sf the jaw fmg- 
ment suggest that this possibility jsunlikely. 

fildeutiflcd by Jean Hoad. U.B. OeoIoglcal Burmy, who pr&m that 8. lamast be 
cmddtred a uuhpodta  of Ewlrs m8llaJltrs. Collected and donated by EIljah John of 
Vmetle. 



T h e  older part of the Chandalar alluvial fan, mmI&d with the 
oldest rnominal mmplex, is dated as early to middle Pleistocene. The 
older pa* of the Christian, Sheenjek, and Yukon Rivers alluvial fans 
and the terrace deposits related to them are not necessarily of the same 
age as the older part of tlm Chandalar aalluvi~l fan, but probably m n  
be carrelated either with the oldest morainal complex or prhnps with 
the next younger moraine. The younger part of the Chandtllar allu- 
vial fan, lying west of the Chandalar River, is apparently of an a g ~  
that is equivnlent, at lenst in part, to Lhe alluvial fans south of the 
Yukon River, west of the Christian River, and west of the Shmnjek 
River, and to some of the terraces in the western Yukon Flats, The 
younger part of the Chandelnr ~lluvial fan is probably of middle to 
late Pleistocene age, and is correlated with the two younger morainal 
complexes in the Chandaler Vrrlley. The alluvial-fan deposits that 
merge withorxt appreciable topogmpllic break with the flood-plain and 
low terrace deposits are in part of Recent age, bnt insuficient data are 
available by which the Pleistmnn deposits can be suMivided from 
thorn of Recent age. 
The tentative correlation wt forth ~ b v e  &ween the alluvirrl-fan 

and related terrace deposits of the Ynkon Flnts and the glaciwl mo- 
raines of the southern Rrooks Rnnm q u i m  substantiation by much 
fieldwork. The places where this work mill be most fruitful are (a) 
the Chandalar Valley between the momines west of the East Fork 
and Venetie, (b) the Sheenjek Valley htween Outlook Point and the 
moraines near the mouth of the East Fork Sheenjek River (Mertie, 
1930a, p. 130), and (c) Harten Valley fmm Venetie upstream to the 
oldest lahml moraines on the Marten Creek-East Fork Chanddar 
Divide. 

EOLIAM SAND 

EoIian sand underlies approximately 2 M  square miles of the Yukon 
FIats and at least 250 square m i l s  of the marginal upland. In the 
Yukon Flats, ridges and knolls of eolian sand nre closely nssociated 
with braided channel scrolls at Fort Yukon (fig. 28) and on the h r -  
nice north of the Yukon River between the Hndwseneic River and a 
point 2.2 miles west of Purgatory, where these deposits were fifst 
mapped as dunes by Yanert (1917). Similar ridges and knolls, which 
hsva not been visited in the field, occur on the Yukon fan 4.0 to 46 miles 
southeast of Fort lZlko11 and 14 miles S. 80" W. of Fort Yukon, in the 
alluvial plain of the little Black River 20 to 25 mil- east of Fort 
Yukon, rtnd 7 miles south of Purphry. In the mnrginal upland the 
 and uccurs in nn area of broad, undulating r i d p  and gentle swales 
bordering the lower Hadweenzic River and as dunes I n  to 15 miles 
t~orthn~est of Twentynine Mile Ridge and 3 to 8 miles west of the Lit- 
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tle Ddl River. The eolian sand of the upland was mapped in the field 
only along the west side of the Hadweenzic River and south of 
Twentynine Mile Ridge. Many areas of windblown sand lacking ob- 
vious dun0 topography and form may have emaped notice in compiling 
the map from trimetrogon aerial photographs. 
The unit is massive well-sorted homopnmus unmnsolidated gray 

to tan sand and silty sand, which ranges in thickness from 6 to about 
60 feet. The sand is composed chiefly of quartz, feldspar, chert, mica, 
and a few dark minerals. 

The age of the salian sand is Pleistocene and Recent. Moat of tha 
sand deposits mapped are stabilized and covered by trees and brush. 
Other deposih, too small to be mapped, are still being formed in the 
lee of long grave1 bars in the river flood plains. I n  the Yukon Flats 
many of the stabilized dunes mcur on alluvial-fan and related ter- 
racle deposits of Pleistocene and Recent age. On these surftms the 
dunes are surrounded by abandoned braided channel ~rol!s  of the river 
that last flowed across the alluvial-fan or terrace surface. Migrat- 
ing sand could not haw k n  blown across these scrolls without filling 
them with more than the veneer of silt and sand mixed with organic 
material that now covers the alluvium. This lack of eolian N in the 
channels snd ths unmodified braided form of the channels sugg&s 
that the eolian sand was deposited before or during the time these 
channels were occupied by the river, and, theref ore, that the sand i~ 
also of Pleistacene and Recent age. In the marginal upland, the pres- 
ent location of still other eolian smd deposits is diflicult ta explain 
without pastulating their formation under an environment different 
from that of the present. Stronger mind systems of glacial times may 
have baen abIe to transport more ~ d i m e n t  from the broader bars and 
channels of the a g p d i n g ,  h i d e d ,  outwash streams and deposit the 
material in its present position. In the opinion of the writer, almost 
all of the d i m  sand of the marginal upland and much of that in the 
Yukon Flats is of Pleistooene age; only a small proportion is regarded 
as of R m t  age. 

LOEBB 

An egtensive mantle of eolian silt covers the marginal upland 
bordering the Yukon Flats (Black, 1951). The silt is mapped where 
it is mom than 3 fwt thick. It is too thin to be mapped where it 
covers high-level gravel and eolian sand of the marginal upland 
btween the Dall m d  Porcupine Rivers and in most parts of the 
Yukon Flats where it forms a veneer over the alluvium. 
The loess is massive well-sorted homogeneous unconsolidated tan 

to gray siIt and sandy silt. Comparison of the mechanical composi- 
tion of one sample of the silt collected from the.margina1 upland 8 



miles north of Circle, three samples collected in the marginal upland 
between Big and Jefferson Creeks at distances of 3, 8, and 10 miles 
south of the marginal escarpment, and one sample from the marginal 
upland on each side of the entrmce to the Fort Hamlin-Rampart 
canyon shows that the deposit is fairly uniform over a large area. 
The deposits sampled, according to the Wentmorth classification, range 
in size distribntion from 3 to 9 percent day, 80 to 90 percent silt, and 
3 to 14 p m n t  very fine sand and fine sand. The mechanical mm- 
position of the silt is generally similar t o  that of the Fairbanks loess 
(P6w6, 1955). The silt contsins little organic material; the only 
known organic remains are wiIlow leaf impressions and the air- 
breathing anail Swcinea st*ata Pfeiffer,"hich are scattered 
through the silt at a depth of 2% to 8 feet on a flat interfluve 490 feet 
above the Yukon River east of the upper entrance of the Fort Ham- 
lin Canyon. The massive homogeneous well-sorted character of the 
silt, its relatively uniform texture and size distribution over a large 
area, its lack of stratification, its local association with sand dunes, 
and its lack of well-dehed upper limits sug@ that the silt is of 
eolian origin, and that it is loess, Same alternate hypotheses to the 
eolian theory of origin of the upland silt of interior Alaska, are dis- 
cussed by P6wG (1955) ; these posltulate origin as marine, estuarine, 
lacustrine, and residual deposits. 

The loess is preserved in undisturhd condition only on hilltops 
and flat interfluveg in the. rolling to gullied marginal upland and in 
parts of the Yukon Flats, On dopes and in meek valleys in the 
upland the sediment consists of silt and sandy silt,, which have km 
washed down the slope and reworkad by running water. The deposits 
of the creek valleys are similar ta the aIIuvial-f an silt deposits, which 
are largely derived from loess and depmited over the alluvium of 
the Yukon Flats at the h a  of the rnargintal escarpment. T h e  creek- 
vaIIey deposits consist of stratified layers and lenses of gray to bmm 
well-sorted unconsolidatd silt and sandy silt that is locally inter- 
calated with  bed^ and lenses of organic matter. Where the creek 
valley3 of the marginal upland are cut deeply enough to intercept 
the high-level alluvium, their deposits pnerally consist of sand and 
gravel along the c m k  bed flanked by h e - p i n e d  deposits washed 
from the valley sides. T h e  creek-valley wdirnents are not diffemt- 
iated from loess on the geologic map becausa of the small w l e ,  and 
bacauk of lack of information. The maximum thickness of the 
reworked silt is estimated at 100 feet. 

The loess and the, reworked silt of the creek valleys are peren- 
nially frozea Permafroat occurs within 3 feet of the surface on 

aIdentiBed by J. P. El. M w r h m ,  13.8. National Maseum Tblri w e s  ia dm bond in 
m&y areas bordering modern muds in the Yukon Flats, 



pobrly dmind inteduvea and in creek valleys underlain by silt. 
It is 3 ta 6 feet dmp m the comparatively well drained slopes, in 
gravelly creek bbt,toms, and in the lwss of well-drained hilltops. 
Depth to permafrost is p a t e r  than 6 feet in Ithe welldrdned brush- 
covered areas that have been burned over. G m n d  ice in the perma- 
frmt of the c m k  vnlleya corrsish of small veins and stringem, mal l  
polygonal wedges, and large irreplar, tabular, ~ n d  p l y p a l  masses. 
In the undisturbed but poorly drained l o ~ w  of the interfluvw, tha 
ice consish of small veins, stringers, and polygonal wedffas, Thawing 
of ground ice in the creek valleys and in the interttuves may be the 
origin of some of the cave-in lakes (IVrtllam, 1948) that trre prominent 
features of the marginal uplnnd south of the Yukon Flats and bet,ween 
the Rlack and Yukon Rive-. 

The loem is of Plei~tmno and Reclent age. In the marginal upland 
it overlies the high-level alluvium of late Tertiary or early Quaternary 
age, and in the Yukon Flata it is &ill being deposited in a few plum 
in the lea of river barn exposed to the wind. Neither the present-day 
rate of sedimentation, nor the di~tance the maderials are being trans- 
ported could m u n t  for the p a t  thicknes of Ioesa over so vast an 
area aa the marginaI upland. These loess deposits can ba accounted 
f.or only hy postulating (a) more extmcrive source arm, and (b) mom 
intense winds than the pment. Them conditions were pmbably mmt 
favorable for l o w  transportation and deposition during perids of 
glacial adv~nbnce when the winds were stronger than at  p m n t  and 
swept m~~thward acrow t,ha broad expanms of bare mnd and &ravel 
bars of the actively figgrading braided rivers of the Chandalar, 
Christian, Sheen jek, and Yukon alluvial fans. Sediment swept by the 
wind from them bars was deposited as 1- on the rnrrrginal upland. 
Similar  condition^, but with *opposita wind directions, are postulated 
to ~ m n t  for the Fairbankg loess north of the Tanana Valley (P6w6, 
1956). The major lmm deposits of the Fairbanks area am correlated 
by PBwB (1965) with the Delta and Donnelly glaciations. Th- 
glaciations, formerly correlated reapcsctively with the early and late 
Wimonsin glacial stages of the midwestern United States chronology 
(PElw6, f SfiX), are now regaded (PP;wk, written communication, 1959) 
as respactively ITlinoim rtnd TVimnsin. The loess of the Yukon Flats 
didrict is probably the undifferentiated p d u c t  of eolian deposition 
during the perid from early Pleistocene to the present, but its deposi- 
tion was probably m&, active during glaciation of the rmmuiding 
 highland^. The surficinl loess, for the most part, is probably of mid- 
dle to late PleiRtocene age and comlative with moraines of the last 
two glaciations in the sortthem Brooks Range, but locally indudes a 
minor amount of b n t  Imm 
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ALLUVXAt-FAXQ SILT PEP08ITB 

Small alluvial fans occur in the Yukon Flats at the foot of the mar- 
ginal escarpment. They were formed by small permanent or inter- 
mittent streams which drain the marginal upland. The deposits 
consid dominantly of stratified layers and lenses of gray to brown 
well-sorted silt, sandy silt, and fine sand, but near the apex of the 
larger fans there is some sand and graml. These deposits include 
layers and lenses of woody and peaty material and finely disseminated 
flecks of organic material. The silt is derived largely from the loess 
of the marginal uplmd, and the mnd and gravel from the high-level 
alluvium. The deposits of the fans vary conaidembly, depending 
upan the size of the f an-forming stmmm. The smaller s t m s  which 
are not incised into the high-level alluvium, form fans composed domi- 
nantly of silt, but the larger streams form alluvial fans that am gravel- 
ly at their apex, but became silty toward the he. Many of the streams 
flowing through the marginal upland am so deeply inciwd that no 
appreci8ble break in slogs occurs at the point of entry into the Yukon 
Flats, and the gravelly alluvium of the creek within the marginal 
upland merges with the alluvial deposits of the Yukon Flats. The 
alluvial-fan silt deposits probably are not more than 100 feet thick. 

The alluvial-fan silt deposits generally are frozen at shallow depth. 
Like comparable deposits in creek valleys of the marginaI upland, 
these dluvial-fan deposits am rich in ground ice, which ranges from 
thin veins and stringers tn large polygonal ioe wedges and irregular or 
tabular masses. 

The surfme sediments of the ttlluvial fans a* of Recent am and 
are still being deposited by the streams that formed the alluvial fans. 

FLOOD-PIullN AND LOW-TERRACB bLLUVI:UM 

The tam UAood  plain,'' as used in this report, includes t h ~  river 
channels, unveptated river bars, md the low islands and banks which 
am lass than 15 feet above low water ~ n d  covored with willow and 
balsam poplar. The flood plain is inundated every year or every 
2 years, and therefore has a f l d  r a c u m c e  interval (Wolrnan and 
Leopold, 1967) of 1 to 2. The low t e r m s  ~w sliglltly higher than 
the flood plain but are generally less than 30 feet above low water. 
The low terraces are covered with white spruce, aspen, willow, birch, 
alder, and balsam poplar in pure or mixed stands which in many 
placesr reflect the pattern of former river channels. The low terra= 
occupy innumerable levels, each of which has a different flood recur- 
mce interval, ranging, for example, from 2 to 11 on spruce-covered 
tamces 10 to 20 fwt above low water, to p a t e r  than 50 on the higher 
levels 20 to 25 feet above the river, such as the temce on which the 



village of Beaver is situated. Beaver has not been flooded since its 
establishment in 1910. The f l d  plain and low terraces are in some 
p l m  separated from the adjoining alluvial fans and related tar- 
races by an wxrprnent 5 to 150 feet high, but elsewhere the bounday 
is gradationd. 

The alluvium of the flood plain and low terraces msists of well- 
stratified layers and lenses of gray to brown coarse to f m  well-sorhd 
rounded to aubangular gravel and minor amounts of sand and silt, 
mantled by as much as 25 feet of wdl-stratified layers and Isnses 
of silt, sand, and locally, organic matter, chiefly peat, sticks, and 
logs. It is perennially frozen. Thawed zones are more exhnsive 
in the permafmsh of the flmd plain and low terraces than in any 
other part of the Yukon Flats district. Thawed mnm occur hneath 
the modern river channels, lakes, river bars, and abandoned channel 
scrolls (fig. 30). On the basis of the few weIIs in the Yukon Valley 
and data elsewhem in central Alaska the thickness of pemafmst 
is estimated at 1 to 50 feet beneath the flood plain and to 1 to 150 feet 
beneath the low terraces. h a l l y  in the low terrace deposits where 
the silt mantle is thicker than 8 feet ve~ical  ice wedges 2 to 3 feet 
wide m u r  in the p e n n a h t ,  

The flood-plain md low-terrace allllviurn is of Recant age and is 
still being depwited as the rivers erode their banks and redeposit the 
materials downst-. 

msKEr, 

Major weas of m ~ k e g  are shown as an overprint on the pllogie 
map. They am important because of their unfavorable cunditions 
for cmwuntry tr~vel  in the summer and for construction. Many 
other musk* occur throughout the district, but are too s m l l  to be 
mapped. 

Muskeg is a loosely dohed h m  that has been applied to a drain- 
age condition, to  one or more vegetation types, and tn mrficial de- 
posits. In this report, i t  is applied to areas characterized by poor 
surface drainage, permafrost 1% to 4 feet b l o w  the surface, and 
plant wmrnunities which generally consi& of varying proportions 
of black spruce, hmth shrubs, s e d p  (commonly in t u d s  ) , willows, 
and mats of Sphaqfium (peat moss). In some places the mossy 
turf overlying the silt and organic silt is only a few inches thick, but 
ebwhern it may be locally as thick as 10 feet. Muskeg a m  are 
the principal locus of large pund-ice masses in the silt of the 
alluvial- f an and related terrace deposits and in the allnpial-f an silt de- 
p i t s  that border the marginal esmrpment. The ice masses, upon 
melting, commonly cause subsidence of the ground surfam or of struc- 
tures built on or in the ground aver the ice m a s  In many of the 



muskegs of the Yukon Flats district the p u n d - i c e  mmms am re- 
flwM at tha, surface by r a i d -  or depmd-center polygons (Black, 
1950, 1952) w by cave-in lakes {Wallace, 1948). However, many 
im masses have no s d a m  indimturn by which their p m n c e  may be 
detected. As mapped in this report, the muskegs do not include the 
seasonally flooded or permanent marshes, which are characterized by 
a lack of permafrost at shlfow depth; the marsha occur throughout 
the district, chidy in abandoned channels and at pond margins. A 
large marshy area lies along the Little Black River of Fort 
Yukon. 

Large muskeg seas that have obliterated or swamped the channel 
scroll patterns of the alluvial deposits (Tulina, 1988) are mnwn- 
trated in narrow extremities of the Yukon Flats, along the b m  of the 
marginal escarpment, and in the constricted valleys of rivers flowing 
through the surrounding marginal uplands and highlands. Dis- 
tribution of muskegs in this pattern is probably causad by the rela- 
tively poor drainage of terrace, alluvial-fan, and ffod-plain de- 
posits at the base of the marginal escarpment and perhaps by higher 
incidence of summer rainfall in thundershowers in t h w  areas than 
in the central part of the district. Summer thundershowers seem 
to foI1ow the marginal escarpment and move up and down the river 
valleys of the marginal upland and highlands, but seldom occur in 
bhe central part of the Yukon Flats. The muskeg formed in W t  
t h e ,  and the procass is still continuing. 

QEOWQZC XIH'I'URY 

Rocks older than Cenozoic are not expo& in the Yukon Flats; 
therefore, the pmCknozoic history must be reconstmcted on the basis 
of the scattered exposures of hdrmk in the marginal w a r p e n t  and 
elsewhere in the marginal upland. T h e  few exposum examined in 
the fidd suggest that the pre-Cenozoic history is similar to that of 
the surrounding highlands already described in the reports of Medie 
(19aOc, 1937), Miller, Payne, and Gryc (19591, Payme (1955), and 
Smith ( 1939) . 

Within the mapped area the oldest m k s  are early Pi1eawic pre- 
Devonian?) and possibly Premmbrian metamorphic rocks north of 
the. Yukon Flats. TTh&.se mks, probably once marine sediments, have 
been subjected to many periods of deformation, at least one of which 
occurred prior to deposition of the Carboniferous sedimentary and 
volcanic rocks. The Carboniferous rocks underlie the marginal up- 
lend and form the rnarginaI escarpment at many places north, south- 



320 CONTRIBUTIONS TO GENERAL GEOLOGY 

east, south, 'and west of the Yukon Flats, snd, therefore, may form 
the pre-Cenozoic basement beneath the Cenozoic deposits of the Yukon 
Flats bsin. The metamorphic rocks have been intruded by large and 
 mall b o d i ~  of granitic rocks presumably of Mesozoic age (Dutro 
and Papa, 1957; Mertie, 1925) and by small bodies of basic igneous 
rocks. The Carboniferous rocks have been intruded by basic igneous 
mks, chiefly in closely spaced dikes, sills, and small stacks or plugs, 
and locally intruded by small bodibs of granitic rocks. The age of 
the basic: igneous rocks is unknown, but probably ranges from Car- 
boniferous to Mesozoic. As far as is known, the Yukon Flats district 
lacks Mmzoir: sedimentary rocks, unless they are mncealed hneath 
younger deposits. 

CENOZOIC HIhlTOItY 

Tha Cenozoic troughs and basins of interior Alaska originated a s  
areas of accumulation of sediments during the early part of Tertiary 
tima (MiIler, Payne, and Gryc, 19.59), for the oldest recorded sedi- 
ments are of Eocene age. The Eagle.trough (Payne, 1955) is prob- 
ably the northwest ward extension of the Tintina Valley (Bostock, 
1948), which is alined with but separated from the Itocky Mountain 
t.mnch by the Liard Plain, a Cenozoic basin analogous to the Yukon 
Flats. Whether the Rampart trough is a further extension of this 
trench is not known. These t,wo tmughs, one on each side of the 
Yukon Flats, each have seveml thousand feet of Eocene continental 
dopasits, 5,000 feet in the Rampart tmugh (Collier, 1903), and 8,000 
to aa much as 10,000 feet in the Eagle trough (Mertie, 1942, p. 244). 
Whether a similar thinlmess of sediments of Eooens age occurs with- 
in the Yukon Flats Cenozoic basin is not known ; the only exposed 
sediments of Eocene age are the shale, lignite, and coal of the Dall 
and Hodzm Valleys, and possibly the flat-lying sediments between 
thase localitiw. Drilling has failed to reach pmCenozoic basement 
mks beneath the Yukon Flats at, a dept,h of 440 feet, only 20 feet 
above present sea level, and the presence or absenoe of Eocene deposits 
like those of the Eagle and Rampart tmughs remains a matter for 
8geculation. The continental deposits of the Yukon Flats district 
either represent (a) remnants of a former extensive cover of sedi- 
ments thrtt has been preserved by past-Eocene downfaulting or down- 
warping, or (b) deposits ~ccumulated ns the troughs and basins which 
originated during a p11m of the Laramide disturbance (later PrtIeo- 
cene or post-Paleocene) continued to subside (Miller, Pzyne, aid  
G v c ,  1959). Mertie (1942, p. 244) suggested that the Eagle t m g h  
was a b m d  subsiding valley in which a considemble thickness of 
sediments accumulttted. 
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Folding and tilting of the Eocene sedimentary mks took p l ~  
during Miocene time (Mertie, 1937) and, in some parts of interior 
Alaska, the deformation was accompanied by intrusion of granitic 
and momonitic rmks and by volcanic activity (Mertie, 1937). The 
basalt of the Chandalar Valley may be related to the volcanic activ- 
ity. If the flat-Iying stratified r e  between Dall Mountain and the 
H&ane River u p  examination in ths field proved to be of Eocene 
age or older, the X m n s  deformation in the Yukon Flats may h ~ v e  
bean less intense than that in the Fort Hamlin-Rampart Canyon whew 
the Emne rocks am strongly tilted and IocttlIy are vertical. If the 
flat-lying rocks are younger than Eocene, they were probabIy deposited 
after the Mimne deformation but before the high-level alluvium 
of late Terhiaxy or early Quaternary age. 

The lab Tertiaq and early Quaternary history is based on &dely 
mttemd observations of the high-level alluvium and on the log of 
the single boring in which the silt and sandy silt b n t t h  the Yukon 
Fl~ts were discovered. The= two groups of deposits are not in con- 
tact, and their relative stratigraphic position is nat known. The 
high-level alluvium was deposited after initiation of the Miocene 
disturbance, but before early t4 middle Pleistocene time. The silt 
and silty sarid are older than middle to late Pleistocene, but no mean- 
ingf ul lower age boundary can be fixed. Tkus the silt and silty sand 
could as well be of Mwozoic age or be rt quiet-water facies of the 
Eocene continental deposits as be of late Tertiary or early Quaternary 
age as postulated in this report. On the basis of the data, the his- 
torical reconstructions, p m n t s c l  below with the two alternate assump- 
tions on which they are based, both seem to be reasonable explanations 
of the late Tertiary and w l y  Quaternary history as m r d e d  by 
the high-level alluvium and the silt and silty sand. 
1. Assuming the silt and silty sand are slightly older than or in part 

cuntempomneous with the high-level gravel, two alternatives 
. can be offered : 
a. During the Miocene disturbance, the Yukon Flat9 basin sub- 

sided with mpect to the surrounding highlands sufficiently 
to impound the drainage and fom a lake. At, t'he same time, 
stream erosion of the uplifted highlands \vas acmlerated and 
huge loads of gravelly sediments were deposited in the Yukon 
Flats basin. The deposits gradually encroached on t h ~  lake, 
partially or completely filling it. The lake outlet, probably 
a large river, sought a cou~se across the lowest point in the 
highlands that rimmed the Yukon Flats basin. The course 
selected between Fort Rarnlin afid Rampart may have been 
a former route for waters draining the Yukon Flats basin 
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or may have crclf;sed one or more Iow divides separating the 
westward-%owing streams from the Yukon Flats drainage 
basin (Merti% 1937). As time passed, the river ct~t down 
through the rocks of the highlands and fom0d a nnrrow 
vslley in which it flowed in broad meanders. In the Yukon 
Fbts the lake level was lowered with the. fall in the level of 
the outleb and the lake probably was largely filled with allu- 
vium By late Pliocene tim% the highlands had been d u w d  
to a m  of mature dissection and modemte relief, and the 
lowlands had h o m e  flat plains with little relief (Mertie, 
1937 ; Miller, Payne, and Oryc, 1959). 

At the end of Tertiary time, regional up]&, pmibly accompanied 
by lmal warping or faulting, l o w e d  the base level of erosion 
(Mertie, 1937). The broad, meandering channel of the Fort 
Hadin-Rampart segment of the Yukon River bgan to be i n c i d  
to form the present canyon, and a broad valley was excavated in 
the gravel 6l1 and the lacustrine silt and ~ i l ty  sand of the Yukon 
Flats basin. Tha erosion started at the end of Pliomne time and 
has continued intqmittently to the present time. One intemp- 
tion, perh~ps caused by early Pleistocene glaciofluvial aggradla- 
tian, m y  have formed the prominent 150- to 250-foot t e r m  in 
the marginal upland 8011th of the Yukon River and Beaver Cr&. 
On the other hand, this terracg like many of the lower terraces 
dong the mar,.rinal escarpment, may have been formed during 
lateral qigration of the Yukon River and its tributaries at suc- 
cesively lower levels. 

b. A somewhat similar sequence of events could be postdated if the 
st~bsidenm of the Yukon Flats with respect to the surrounding 
highlands occurred at the end of Tertiary time, instead of 
during the Mimne disturbance. Under this hypothesis the 
laastrine ( 8 $ sediments and the high-level alluvium would 
be of earIy Quaternary age. These deposits may be equivalent 
in age to the oldest Pleistocene glaciation, and the sediments 
mgy therefore be glaciolacustrine and glwiafluvial, respec- 
bively. 

2. Assuming that the silt and silty sand beneath the Yukon Flats is 
younger than the high-level gravel, the following historical re- 
wnstruction can be made. Following the initiation of the Mio- 
cene disturbance, the Yukon Flats was slightly depmsed and a 
thick alluvia1 fill was formed in the basin. By the end of Tertiary 
time the stream draining the basin had found a course across the 
Fort Hamlin-Rampart area. The highlands had h e n  eroded to 
maturely dissected hills of moderate relief, and the Yukon Flats 
basin was a flab alluvial plain. Difierential subsidence by warp- 
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ing or faulting of the Yukon Flats with respect to the marginal 
upland and surmunding highlands at the end of Tertinry time 
temporarily ponded the dminage and formed a lake in the Yukon 
Flats. The outlet to the lake may have followed the old course of 
the ri~er, or may have developed a new courrre, but the waters 
rapidly cut down into bedrock, forming the incised meanders of 
the Fort Hamlin-Rampart canyon. Sediment from the surround- 
ing highlands was brought into the lake by rivers which trenched 
the high-IeveI grave1 of the marginal upland and rapidly filled 
the lake. Some of the sediment probably was outwash from the; 
early Pleistocene glaciation in the surrounding highlands. 

A Pleistocene lake in the Yukon Flats has been suggested by Spurr 
(1898) andothers,andstrongly advocatedby Ettkin (1916). Eakin's 
evidence (1918, p. 73) for such a lake is (a) surficial lacustrine silts, 
( 6 )  mk-cut and gravel tRmm, and (c)  youthful development of 
valleys that sewe as outlets to alluvial basins. He postulated that 
inundation occurred to rtt least 1,000 to 1,200 feet above sea level, and 
that the lake in the Yukon Flats was synchronous with the advance 
af the continental glacier to the Arctic Ocean. In this report the 
nonstratified surficial deposits of silt observed in the marginat upland 
from about ROO to 1,000 feet above sea level are interpreted as loess. 
The stratified silt exposed in the river banks and in cuts through 
alluvial fans along the marginal escarpment and in creek valIeys of 
the marginal upIand is of alluvial origin. 'She rock-cut and p v e l  
ternam of the Yukon Flats are hterpmtd as of fluvisl origin, and 
the youthful development of the Yukon Valley downstream from 
the Yukon Flats is explahed above. In the writer's opinion, them- 
fore, the surficfaI silt of l~custrine origin, amrding to Ettkin (1916), 
is generally of alluvkl or mlian origin, and the only deposits that 
seem correlative with a possible Pleistocene lake dammed by glaciers 
are the silt and silty mnd beneath the Yukon Flats. The possibility 
that the glaciers which dammed such a lake originated in the Ray 
Mountains, which are 4,000 to 5,600 feet high and only 15 miles north 
of the Yukon River near Rampart, seems much more logical as a 
means of damming the Yukon and impounding water in the Yukon 
Flats than postulating that the dam was effected by the continental 
glacier in Canads to the northeast. E ~ k i n  (1916) reports that val- 
leys north of the Ray Mountains were glaciated for a distsnce of 
about 20 mites from the cirques in the high part of the rangpi, and the 
Tozitna Flats, separating the highest pnrt of the range from khe 
Yukon Valley, am largely floored by g1;lnciaI outwash. Presumably 
the daciation to which them features belong is comlative with one 
of the younger P le i sbne  glaciations of the B m k s  Range. It is 
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possible, therefore, that during early Pleistocene timg the glaciers 
may haye advanced to the Yukon River. Whether they were ever 
larm enough to form a dam across the Yukon Valley is not known. 
A full evalu~tion of this pwsibility must await the results of mom 
detailed fieldwork in the Ray Mountains and in the Ynkon V~lley. 
However, any theory d i n g  to account for the silt and silty sand 
beneath the Yukon Flats by postulating a glacial dam mnst also w- 
count for the fact that the base of these wdimants at  Fort Y a b n  
lies at least 275 feet lower than the bedrock threshold at the upper 
end of the Fort Hamlin-Rampart Canyon where Carboniferous mh 
am exposed at the river% edge and presumably form the bed beneath 
the river. It would thus appear that a satisfactory hypothesis would 
require: some form of tectonic movement to explain the difference in 
elevation of pm-Cenozoic basement mks between the Fort Hamlin - 
Ramps* Canyon and the center of the Ynkon Flats. A Pleistmne 
pl acial dsmrning of the dminage, alone, is not an adequate expl nnation 
for this relation. 
In Pleistomne time, as a m l t  of colder temperaturn, increased 

pmipihtion trs snow, and perhaps increased elevation, the Bmks 
Range and other highlands surrounding the Yukon Flats district 
became glaciated; the higher peaks supported extensive icecaps, which 
fed the valley glaciers that filled the upper maches of the Koyukuk, 
Chandalar, Sheenjek, and Coleen Riven. Because the hipher peaks 
with their centers of ice awumulation extended farther south in tlre 
drainage of the South Fork Koyukuk River and Middls and North 
Forks Chandalar River than t.hey did in the watenheds of the East 
Fork Chandalar, Sheenjek, and Coleen Rivers, the vaIley glaciem 
advanced to a more sautherly psition in the Kopkuk Valley and 
in the Chandalar Valley than in the East Fork, Sheenjek, or Coleen 
Valleys during each of the successively less extensive glaciations. 
During these glaciations the. glaciers in the southern R m k s  Range 
terminated 70 to slightIy mere than 150 miles from the present 
Yukon-Arctic divide where only a few small valley glaciers still 
exist. 

Early Pleistocene glaciers in the southem Bmks Range probably ' entered the Yukon Flats through the vsIIeys of Marten Crwk and the 
Chandalar and Sheenjek Rivers. The maximum extent of ths glla- 
ciers within the Yukon Flats district is not known. Olacid and glacio- 
fluvial debris were transported by the rivers from the mountains to 
the Yukon Flats, LittIe is known of tha extent of glaciation in o the~  
highland areas, but some of the higher parts of the highlands were 
probably covered with ieec~tps which fed vrrlley glmciers %t lower 
elevations. Whether any of these valley glaciers reached the Yukon 
Flats district is not known. 



Erosion eontinned after the early Pleistmane glaciation, and by 
mrly to middle Pleistocene time the Yukon River had probably cut 
well below its former level in the Yukon canyon between Fort Hamlin 
and Rampart and in the Yukon Flats. h p  valleys were cut in the 
surrounding highlands and much of the early drift was removed. In 
early to middle Pleistocene time, as snowline gradually b e  lower, 
the higher part of the Brmh Range became an icecap which fed 
valley glaciers. The glaciers advanced down the main forks of the 
Chandalar, Koyukuk, Sheenjek, and Coleen Rivem In the Chnda- 
lar and South Fork Koyukuk Valleys the ice c m l d  into a single 
large glacier that had its eastern terminus a t  a point in the Chandalar 
Valley only 6 milea fmm the Yukon Flats. Another vaIley glacier 
in the East Fork Chandalar Valley reached the vicinity of Coal Creek. 
Melt water flowing from East Fork glacier fed both the Christian 
River and Marhn Creek, and it. carried glacial debris downstream to 
form a fan on Marten Creek, which was graded to the older fsn of the 
Chandalar, and to form the older fan of the Christian River. Else- 
where within the Yukon Flats, mast of the deposits related to this 
glaciation were eroded or were buried by younger alluvium. No 
eolian deposits dated  to this glaciation have been recognized. The 
other highland areas were probably glaciated in part, but the ice was 
reatlick4 to the valleys within the highlands, as shown, for example, 
by the moraines of mhom age that are rnnpped on the upper 
H&ma River. Thus, glaciers probably did not m h  any part of 
the Yukon Flats during the early to middle Pleistocene or subsequent 
gl aciationa 

In middle ;to late Pleishene time two dscilstions terminated well 
within the valley3 of the southern R m h  Range. Separate glacial 
lobes were formed in each glaciation in the valleys of the Sheenjek 
River, the East, Middle, and North Forks of the ChandaFar River, and 
in the h d w a k r s  of the Koyukak River to the west. Glacial out- 
wash h m  these glaciers augmented the normal stream debris load to 
form the complex alluvial fans of the Chnndrrlnr, CI~ristian, and 
Sheanjek Rivers and the related temms bordering the f l d  plnins 
and low ~ M : & C B S  of other rivers. The altuvittl fan of the Yukon, 
though equivalent in age, is so far removed from the terminal p i t i o n  
of the middle to late Pleistmne glaciers in which the river had its 
mum that it can hardly 'be called a glacial outwash fan. However, 
the Yukon River was probably subject to the same cycles of aggrada- 
tion during glacial advmcs as the rivers heading in the Pleistocene 
glaciers of the B m k s  Range. Correlation of the older parts of the 
Y u h  and Sheenjek alluvial fans is still uncertain ; they may be of 
the same age as the early to middle Plefstmem momina or as the 



oldm of the middle to  late PTeimne moraines. The younger past 
of each fan is pmbably equivalent to the young& moraine and, in 
part, ta Racent time. Sn~ l l  valley or cirque gl~ciers were formed 
l m l l y  h the highlands bordering the Yukon Flats in middle ta l a b  
Pleistocene time. 

During the formation of the major alluvial fans in middle to late 
Pleistocene time, the periods of glaciation wem presumably times of 
p a t e r  aggradation, hence Pa- areas of bare gravel bars and &an- 
nals ware exposed to wind action than in periods of ncinglaciation 
when aggradation was less pronounced or when the f ms were being 
tmnched. Winds ware presumably stronger when the glaciers warn 
in advanced positions. T h e  wind, sweeping a c m  the exposed g a v d  
nnd sand of the channels and ban, was able to transport a greatsr 
amount of silt and m d  ta greater distances during the glacial times 
than during the periods of nonglaciation. Thus, the loess and eoIian 
emd deposits of the mar~inal upland are regarded as largely related 
to glaciation and represent the undiffemntiated deposits of l w a  
formed during middle to late Pleistocene time. 
In Recent time, the modern flood plains and low tekcea have been 

form4 ns the rivers rnigr~td in their valleys and hrrve slightly 
trenohed the older deposits. Some of the terrace deposits and pr t s  of 
the alluvial f ~ m  bordering the flood-plain and low-terrace alluvium 
 re probably also of R m n t  age, Alluvial fans nlong the marginal 
escarpment &re largely of Recent a p  and are still being deposited. 
h l l y ,  Ioem and eolian a n d  are still being depmited, and probably 
have bean since Pleistocene time. 

ECONOMIC OEOILOQP 

The principal mineral resources of the Yukon F l a b  district am po- 
tentially valuable deposits of sand and p v e l ,  These deposits are 
available in large quantities in an unfrozen condition in or near ths 
Yukon River and its tributaries and in large quantities from the 
alluvial fana and related tarraces of the larger rivers in the district. 
In mmt places away from the modern river channels and bars, the 
p v e l  is burid beneath an overburden of mnd and silt, which mngw 
from 1 to 25 feet in thickness- and which ijs commonly perennially 
fmzen. Sand in relatively pure condition is abundant in mlisn sand 
deposit8 in both the Yukon Flats and the marginal upland, but j t  is 
commonly perennially frozen 5 to 10 feet benath thesurf m. 



BOCK 

Bedmk is generally too deep to be worked as a soum of construe- 
tion materials in the marginal uplands and it is not avaiIable in the 

Flats. However, bedrock may be obtained locally from out- 
crop in gullim in the marginal upland and in the marginal Bscarp- 
ment north of the Yukon River and near Circle and Fort H~rnlin (as 
shown on pl. 42). Trap rock (basalt and diabase) and granitic rock 
suitable for use rta riprap, crushed stone, and fill on construction pmj- 
scts are available locally as shown on the map by Iithologic notes. A 
small area of crystalline limestone occurs on the north edge of the ridge 
west of Hodzana River, and localIy on upper Dall River, but is not 
known elwwhere. 

/ 
C O A L  

Lignitic coal occu:nrs on Dall River and its tributary, Coal Creek 
(Mendenhall, 1902, p 41, 491, and suhbituminous coal mcurs cm the 
Hodxana River near the forks. Cod or lignite may be; induded in the 
flat-ly ing sedimentary rocks between Dall and Hodzana Rivers if them 
rocks are equivalent in age to the coal-bearing mcks of the Dall and 
H&ma River. The only available analysis is of ma1 mllectd from 
bars of the Hodzana River downstream from the outcrop and sub- 
mitted to Alaska Railroad through the Terribrirtl Assay ~ C B  by N. 
C,  Rma of Beaver (Alaska Railroad analysis No. 9,299 datd Nov. 14, 
1942). The coal i a  subbituminous 'CC" Cp (poor coking), as shown 
below. 

Analgrab of H&mm River c o d  
rAlr&Y Ioas 6.8 m t 1  

Placer gold has been mined for many yam in the creeks draining 
' 

into Birch Creek to the southeast of the Yukon Flats district, at Liven- 
good in the Yukon-Tanana Plateau, and in the Chmdalar district to 
the north. Numerous reports have been made of tmcas of placer 
gold in the alluvium of the Yukon Flat district, but to date no sig- 
nificant placer depoeita have been found in the district. 

' . 

M - p B e  
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