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QUATERNARY AND ENGINEERING GEOLOGY I N  THE CENTRAL PART OF THE ALASKA RANGE 

QUATERNARY GEOLOGY OF THE NENANA RIVER VALLEY AND ADJACENT PARTS OF THE 
ALASKA RANGE 

ABSTRACT 

The Il'enana River flows northward across the Alaslta Range 
near longitude 149" W. Sedimentary bedrock formatious of its 
basin include schist of pre-Cambrian age. undifferentiated 
Paleozoic and Mesozoic rocks, continental Upper Cretaceous 
rocks and poorly consolidated continental Tertiary rocks. Ig- 
neous rocks include quartz-orthoclase schist of Jlisaissil)l>ion ( S )  
age, greenstone, granitic and basic intrusive rocks of pre-Late 
Cretaceous age, and doleritic and andesitic intrusive roclrs of 
Late Cretaceous age. 

The pre-Tertiary structure of the Alaska Range is a conl- 
plexly faulted east-trending synclinoriuin. Upper Cretaceous 
rocks in the center are  flanked on the north by schist of pre- 
Cambrian age and on the south by Paleozoic and Mesozoic setli- 
mentary rocks. Middle Tertiary structures include step-like 
monoclines north of the range, and anticlines, synclines. and 
fault blocks within and south of the range. As a result of 
these two periods of deformation, the forluations gener:~lly 
occur in broad bands parallel to the range. 

hfost streams of the Alaska Range have dendritic drainage 
systems and flow northward, alternately following narrow can- 
yons through east-trending ridges of hard pre-Tertiary roclts and 
crossing broad plains and lowlands cut on Tertiary roclrs. The 
plains and lowlands extend without interruption across drain- 
age divides. The drainage is  believed to have de~-eloped on 
a late Pliocene or early Pleistocene erosion surface, lvhicll eu- 
tended across the Alaska range betwefn longitude 146" IT. ant1 
149"301 W. Mountains that  rose ahore this surface to thr  
west culminated in Mt. McKinley, then about 10,000 feet high, 
and those to the east in hlt. Hayes, then about 6,000 feet high. 
The only well-established remnant of the surface is the flat 
top of Mt. Wright. The present altitude of the surface is 
about 3,000 feet in  the northern foothills, and 7,000 feet along 
the crest of the range. 

Evidence of four distinct glacial advances has been recog- 
nized along the Nenana River, although in places deposits of 
two or more advances may be grouped together. Dnrinq each 
glacial advance ice moved northward fro111 within and sonth of 
the range to the northern foothills. 

Deposits of the earliest advance, the I:ro\vne glaciatioll. in- 
clude erratics that occur on a terrace 503 feet above the river 
a t  Browne and 1,000 feet above the r i rer  near Ferry. Several 
of the erratics a re  40 feet across. Near Liguite, erratics occur 
2,500 feet ahove the river. Most of the erratics consist of 
granite, which apparently was derived from a stock near the 
headwater glaciers. The erratics indicate that a n  ancient gla- 
cier extended a t  least to the northern foothills and was 16 nliles 
wide. Retwetln the Browne glaciation and the nest glaciatioll 

the Nenana River downcut 200 feet a t  Browne and 700 feet a t  
Healy. Presuniahly, this activity was caused by uplift of the 
Alaska Range, ~vhich increased the incl inat io~~ of the surface 
23 feet per niile near Browne and Healy. In  response to this 
uplift, stream sculpture and periglacial processes produced, be- 
low the upland surfaces on which the Bronne deposits lie, a 
topography that  differs lnarlredly frorn glacial topography. 

Deposits attributed to a second advance-that of the Dry Creek 
glaciation-include a gravel outwash terrace, 100 feet thick, 
extending alonq the Nenana R i ~ e r  northward from Lignite. The 
telrace is 60@-1,700 feet nelow the surface containing' the er- 
r a t i c ~  and 35S800 feet above the outwash terrace of the fol- 
lowinz glaciation. Tarved clay in the valley of Dry Creek, a 
stream established after the earliest ice advance, is also at- 
tributed to the Dry Creek glaciation because i t  lies 600 feet 
above the terminal moraine of the nest  younger advance, which 
stands ilnmediately sout l~ of the mouth of Dry Creek. I'he 
varved clay was probably deposited in a glacier-dammed lake. 
Scattered till in the mountains south of McICinley P:~rlr station 
ic  seJeri11 hundred feet above ice-margin deposits of the fol- 
lo \~ ing  glaciation. The terminus of the glacier probably was 
near Dry Creek. Tkle height and slope of the outwas11 terrace 
indicate that hetbveen the Dry Creek glaciation and the next 
glaciation the Kenana Rirer downcut a t  Healy about 500 feet, 
presrnni~bly in response to a northward tilting of 17 f ~ e t  per 
nlile. 

The ternlinal moraine of the third advance-that of the 
Healy glaciation--is a prominent compound curved ridge of till 
on a terrace about 450 feet above the Nenana Rirer 2 miles 
north\vest of Healy. The spurs of the U-shaped gorge between 
Healy and ;IlcI<inIey Park station are truncated, but nlinor fea- 
tures of glacial abrasion have not been preserved. Modified 
lateral-nlorwine ridge< and patches of till a re  presened on gentle 
t0pograj)hy. Elsen here. glacial deposits of the third advance 
were remorecl before the next glaciation. Xo lakes formed dur- 
in:: t l ~ e  He:lly glaciation remain. The ontvash termce is about 
470 feet abme t l ~ c  Nenana Rirer near Healy and 85 feet above 
the river 20 mile5 11ol.th of 13e:lly. 

During retreat of the ice of the Healy glaciation, a pro- 
glacial lake that occupied the gorge between McKinley Park 
station and Healy was filled with sediments. Alluvial cones 
built by tributaries from the west forced the Nenana River, 
flowing on the lake sediments, to the east wall of part of its 
gorge. The rirer then cut into the wall, forming a narrower 
gorge. This suprposed course lies about a quarter of a mile 
east of the sediment-filled glacial gorge. 

Glacial cleposits of the youngest major a d v a n c e t h a t  of the 
Riley Creek glaciation-are rnuch better preserved than the 
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older deposits. The terminal rnoraine forms a ridge along the 
south bank of Riley Creek near its mouth. Lateral moraines 
and ice-margin deposits form irregular pond-pocked embank- 
~ r ~ e r ~ t s  for many miles up the valleys of the Yanert Fork and 
Xenana River. The ground moraine has well-preserved drum- 
linlike hills, a medial-mclraine ridge, and many depressions in 
which lakes have formed. The valley-train outwash is  pre- 
served a s  a set of terraces the highest of which is 250 feet above 
the river. The outwash gravel beneath the terrace surfaces is 
10-100 feet thick. Between McKinley Park station and Moody 
the outmash rests unconformably on eroded lake sediments. 
Between Moody and Healy the outwash terraces are  in the gorge 
of the sulwrposed Nenana River. On Healy Creek, bluffs cut 
terracec; graded to this outwash and reveal only allnvium from 
creek level to t n r a c e  top. These esposnres ir~dicate that before 
the Riley Creek glaciation Healy Creek and the Nenana River 
flowed : ~ t  or I)rlon7 their present elevations. 

Valley-train outwnsh from an end moraine near Carlo forins 
a gravel terr:lc2e 200 f w t  high in a stream-cut cltnyon in till and 
ont~vaah related to the ternlinal rnorair~e a t  Riley Creek. These 
conditions snggest that the ice rendvariced after its retreat from 
the terri~inal rnor:li~~e :tt Riley ('reel<. KO other ralley on the 
north side of the Altts!<:r Range al~oms evidence of this readvance. 
The deposits are  explainecl Ily assuming that  a s  the ice retreated, 
a proglacial lake for~ned near C:rrlo ; that this lake was subse- 
q u e ~ ~ t l y  drairled by erosion of its drift dam;  that  the ice re- 
advanced a short distance and 11ushed forwartl the proglacaial 
delta forinir~g the end moraine, and that a new valley train was 
built by the heavily loaded glacial melt water. 

Evidence of two recent cold periods is fonnd in two rock 
glaciers a t  the head of Clear Creek. The older rock glacier, 
which is now stable and covered with vegetation, has  been dis- 
sected hy deep gullies into which the younger rock glacier is 
now n~oving. Presu~nahly, rock glaciers a re  actire during cold 
l~eriods and are  dissected dnring warn1 periods. 

INTRODUCTION 

PURPOSE AND SCOPE OF THE REPORT 

I t  has long been known that Slaskn was never com- 
pletely coverecl by glacial ice during the Pleistocene. 
North of the Cordilleran ice slieet of southern Alaska 
\\-as a great driftless area, which included the greater 
part  of the drainage basins of tlie Yukon and Kuskok- 
\vim Rivers (Capps, 1931, pl. 1 ) .  The  southern border 
of this driftless area lay along the north side of the 
Alaska Range. South of the Alaska Range, ice covered 
most of the low country during periods of glaciation; 
aricl on tlie north side of the Alaska Range, ice t o n g ~ ~ e s  
moving down the valleys left deposits of till and out- 
wash gravel on the valley floors. The Lllaska Raiige, 
as will be shown, was being continuously uplifted 
throughout the Pleistocene. The effect of this uplift 
should have been to raise the dvposits of early Pleisto- 
cene Time above tlie zone in  which glacial erosion oc- 
curred later. Therefore, the north flank of the Alaska 
Range should be a favorable place for  unravelling the 
Pleistocene history of Alaska. 

Several rivers whose headwaters are in the low coun, 
t ry  on tlie so t~th  side of the Alaska Range cross the 

range and flow illto thp 'l'aiialia liiver. Glacierc that 
advanced do1~11 the valleys of tliese rirers are continu- 
ous with the Cordilleran ice sheet of s o ~ ~ t l l e ~ n  Alaska; 
to a certain extent they were distributary glaciers fed 
by this ice sheet. The history of tliese glaciers reflects 
the history of tlie Cordilleran ice slieet. Tlie gorern- 
ment-operated Alaska Railroad folio\\-s the r:tllry of 
one of these rivers, the Nenana, in crossing tlie range 
between Rncllorage arlcl Fairbanks. 

This paper is concerned with tlie g1:lci:tl Iiistorp of 
the Neiiana River valley mid of tlie parts of the Alaska 
Range adjacent to it in an :trea 78 iiiiles long (from 
east to west) and 70 iliiles wide (from nortll to south) 
between longitudes 147'30' TY. alld 150GT\T. a i d  lati- 
tudes 63'15' N. and 64'15' N. (fig. I ) .  ,I detailed study 
was l l~ade of part of this am-:t strip 5-8 niiles wide 
along tlle Alaska Railroad and Nenana. Rirer  I~etween 
lntitucles 63'25' S. ancl 64'15' N. (fig. 2),  and a recoil- 
naissailce was made of the rest of tlie area. Tlie g1;tcinl 
sequence which was ~vorkecl out for this narron- strip 
has been applied to tlle larger area. The area sho\vn on 
plates 2-5, inclusive, lies between miles 328 and 383 on 
the Alaska Railroad,l and is about 214 rrliles by railroad 
north of Ancliorage, arid 90 miles by rnilroatl south of 
Fairbanks. It includes the middle portion of the 
Nenaiia River. begin~ling a t  a point about 50 iliiles 
downstream from 3 s  source a t  the Nenana glacier and 
ending about 25 miles upstream fronl its confluence wit11 
tlie Tanana River. 

Chapter B of this report, by Clyde TT'alirliaftig ant1 
R. F. Black, applies the results of this geologic i i i~est i-  
gation to the study of landslides along the Alaska Rnil- 
road and to a general appraisal of the engineering ge- 
ology along the Alaska Railroad between miles 328 ant1 
384. 

HISTORY AND METHODS OF THE INVESTIGATION 

The attention of the Geological Survey was clrawli to 
the Pleistocene geology along the Nenana River in re- 
sponse to p request made by the Alaska Railroad that 
the causes of landslides stlong the railrontl brtweeii 
McKinley Park  station and Healy be investig:ltetl. 
These landslides have hindered tlie operation of the 
railroad almost from the time of its opening. The 
author became interested in the Pleistocene problenis of 
this area while studying the coal deposits of the Senxila 
coalfield. 

On October 19,1947, irliniediately after several severe 
earthquakes (St.  Amand, 1948, p. 617), the railroad 
track at mile 351.4 in the gorge between McKinley Park 
station and Moody began to  settle a t  a rate of about 
4 feet per day. Col. J. P. Johnson, general 1nnli:rger 

Mileage is given in terms of mileposts on the Alaska Railroad. 
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FIGURE 2.-Index map of tlie central part of the Alaska Range, showing areas covered on plates 2-5 and 7, and figures 
8, 21, and 27. 
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of tlle Alaska Railroad, requested the Geological Sur- 
vey to make an immediate investigation. The area of 
the landslide was visited by Robert F. Black and the 
author on October 31, 1947, and a geologic reconnais- 
sance along the %mile stretch of track b e t ~ ~ e e n  
McKinley Park station arid Healy was made between 
October 31 and November 2.l As  a result of this inves- 
tigation, i t  was decided that  a reconnaissance making 
special reference to Pleistocene deposits and engineer- 
ing prcbleins be undertaken along the Alaska Railroad 
batween miles 328 and 385. This done in  the summer 
of 1948; the author was in the area from June  15 to 
November 15, and John W. James was in  the area from 
June  15 to August 27. Information gathered in 1944 
and 1945 (Wahrhaftig, Hickcox, and Freedman, 1951) 
has also been incorporated in this professional paper. 
The author reexamined the area, particularly the land- 
slide localities, in 1949, 1950, and 1951. The author, 
assisted by Allan V. Cox, spent several days mapping in 
an area east of the Nenana River and south of tlle 
Yanert Fork  and in an area west of the river near 
Lignite. Observations on the glacial geology of tlle 
Wood River country were made in 1950 by the author 
aiid R. A. Ecklrart, and observations on the glacial ge- 
ology of the Yanert Fork and in Mount McKinley N:L- 
tional Park  were made in 1951 by the author and Allan 
V. Cox. I n  1952, the author and J. H. Birman mapped 
country along lower Lignite Creek, along Moody Creek, 
and west of Ferry. The distribution of glacial erratics 
was a subject of special study. 

Geologic features along tlle railroad were plotted in 
the field on maps and profiles supplied by the Alaska 
Railroad. The? scale of these maps is 1 : 4,800, and tlle 
contour interval, 10 feet. Geologic features a t  greater 
distances from the railroad were plotted on vertical ailcl 
oblique aerial photographs taken by the U. S. Army 

a ion aiid Air  Force in 1941, 1946, and 1949. Inform t' 
gathered in th3 field was transferred to U. S. Geological 
Survey topographic maps, whose contour interval is 100 
feet. These maps have been reproduced as plates 2-5. 
Wahrhaftig and James made transit traverses and 
planetable surveys in  1948 of the terraces and critical 
deposits along the Nenana River; these are the basis of 
plate 8, the longitudinal profile of the inner terraces of 
the Nenana River. Inasmuch as the course of the river 
a t  the time the terraces were deposited 11-as probably 
different from its present course and can no longer be 
located, the line of the Alaska Railroad was selected to 
represent the average position of the river during later 
Pleistocene time. On plate 8, distances along the Alaska 

Black, R. F., and Wahrhaftig, Clyde, 1948, Preliminary geologic in- 
vestigation of railroad track difeculties in the Nenana River gorge, 
Alaska : unpublished rept. in files of U. S. Geol. Survey. 

Railroad were used as ordinates, with the exception that  
the distance bet\veen miles 842 and 345 was doubled on 
the profile to allow for the arc of tlle river in the vicinity 
of Yanert Fork. The longitudillal profile of the ter- 
races and glacial deposits (pl. 7) wils prepared from 
tlle geologic 111:~ps (pls. 2-5). 

The author wishes to acknowledge the cooperation 
of the managenlent of the Alaska Railroad, who placed 
accon~modatioiis, tr:lnsportatio~l, and technical assist- 
ance a t  his disposal. H e  is grateful in particular for 
the cooperation of tlle following members of the staff 
of the railroad : ('01. J .  P. Johnson, general manager ; 
R. A. Sharood, chief engineer; Charles Griffith, bridge 
engineer; Anton Anderson, engineer in charge of main- 
tenance of way ; J a ~ n e s  Morrison, resident engineer ; 
Korval Miller and James iilleil, surveyors; tlle late 
,Josepll McNavish, roadnlaster ; A1 Logsdon and Calvin 
Brown, roadmasters; Sven Bragstad, Frarlk Spadero, 
Ted Mominsei~, and A1 Cass, section foremen; and 
Jerry Mnrslrall and ,John Witkom-ski, nlt~nagers of the 
hotels a t  Healy and McKinley Park station. 

GEOGRAPHIC SETTING 

PHYSIOGRAPHIC DIVISIONS 

Most of the area s 1 ~ 0 \ ~ n  on plate 1 lies in the Alaska 
Range and its northern foothill belt (see fig. 3 ) .  This 
range of mountains is one of the dominant topographic 
features of Alaska. It forms x great arc about 600 
miles long and 50-120 miles wide extending from a 
point near the Can:xdi:tn boundary to Lake Clark and 
Lake Ilianlna in soutllmesteril Alaska, where i t  merges 
wit11 the dleutian Mountains. The highest point in 

FIGURE 3.-Physiographic divisions of the area covered by this report 
(see pls. 1 and 2 ) .  A, Tanana Flats; B, northern foothill belt of the 
Alaska Range ; C, Alaska Range ; D, Broad Pass depression ; E ,  north- 
ern Talkeetna Mountains. 
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the Alsaka Range and the llighest point on the North 
American continent is Rlt. NcICinley, \\.hich is 20,300 
feet high. This niotultain is located 35 miles S. 35" JV. 
of the southwest corner of the area sho~vn on plate 1. 
However, the number of high mountains in the Alaska 
Range is comparatively sinull. Less than 40 peaks 
are higher tlmn 10,000 feet, and tlle crest of most of 
the range is bet~veen 7,000 :lnd 9,000 feet in altitude. 
The range is dominated by four great mountain masses : 
the Rl t .  Spurr-Aft. Gerdine group in the extreme south- 
west, cul1i1inatiily i11 Aft. Gertline (12,600 feet high) ; 
tlle Rlt. JlcKiilley group, just west of the area shown 
on plate 1 ;  tlie Aft. Hayes group, culminating i11 Mt. 
Hayes, 22 lniles east of the :ma  shown on plate 1 ;  and 
tlle inour~taiils :~rouncl JLt. liirnball, 70 miles east of 
Rlt. Hayes. 

The Alaska Range is clsossed by several low passes 
and by several rivers that 11r:ltl in the lo~vlnnds on the 
south side of tlle range and flo\v nortll\~~ard across tlle 
range into the Tannna Iiiver. These rivers are the 
Chisana and the Nabesna Iiivers, east of longitltde 
148" I\'.; the Delta River, at  lorlgitude 148" W.; and 
the Nenann River. A11 other rivers of the range rise 
in tlle mountaiils and flo~v south into tlie Copper or 
Susitna Rivers, or nortll and west into the Tanuna and 
Kuskokwim Rivers. Jiost of these rivers have short 
and steep courses, and nearly all those rising in the 
higller portions of the range head in glaciers. Mt. 
Spurr, Mt. RlcIiinley, and Mt. Hayes support glaciers 
that extend 20 or 30 rvliles from their sources and 
spread out as great l~ieclmoilt lobes at  the edge of the 
plains bordering tlle railge. Glaciers on the soutll 
side of the range are iilucl~ larger than those on the 
north side, as tlle south side receives more precipitation. 
On the other hand, ice is fomld a t  lower altitudes in  
north-facing cirques than in south-facing cirques. 

The northern footllill belt of the ,ilaslia Range, 
-~vllich is about 20 miles wide (see fig. 3) ,  consists of 
parallel east-trending ridges and valleys. The ridges 
are 3,000-5,000 feet in altitude, and the valleys are 
1,000-2,500 feet in altitude. The foothill belt is 
crossed by north-flo~vinp stre:~ins rising i11 the Alaska 
Range. 

The southern edge of the Tanana 10\~land lies along 
the north border of tlle footllills (see pl. 1 and fig. 3) .  
For  a distance of 15-30 nliles northward from this 
border the flats are made up of a series of coalesci~lg 
alluvial fans. 

The Broad Pass depression (fig. 3) is a flat-floored 
trench about 5 miles wide bordering the Alaska Range 
on the south. I ts  altitude is between 2,000 and 3,000 
feet, although scattered mountains within i t  rise to 
higher altitudes. The T:~lkeetaa 1S/Zountains, tlle 

soutllerilmost of the physiographic divisions covering 
the area of plate 1, are a rugged upland that rises to 
altitudes of 6,000 feet. 

THE NENANA RIVER 

The Nenana River rises in the Nenana Glacier OIL the 
south side of the Alaska Range (pl. 1 ) .  It f l o ~ ~ s  about 
47 miles southwestward along a braided course through 
tlle Broad Pass depression to Windy, where it turns 
abruptly northward and flows directly across the 
Alaska Range. A t  Windy the Nenana River is joined 
by the Jack River, which drains the north\vestern 
corner of the Talkeetna Mountains and part of the 
south flank of the Alaska Range. 

For the next 10 miles of its course, to a point a few 
miles do~vnstreain from Carlo, the Nenarla River occu- 
pies a U-shaped valley whose floor is nearly flat and 
almost a mile wide and whose walls rise to heigllts of 
2,000-3,500 feet above the river. The gradient of the 
rive], in this stretch is gentle, and there are few rapids. 
At  a point a few miles north of Carlo tlle river enters 
the Yanert Fork valley. The river flows along tlle 
west side of this depression through a narro\\- winding 
terraced gorge, 100-250 feet deep, cut in glacial de- 
posits and bedrock hills that floor the Yanert Fork 
vdley. About midway across this depression the river 
is joined by the Yanert Fork, its largest tributary, 
which rises in a large glacier 30 miles to tlle east and 
flows westward in a braided course to join the Nenana 
River. A few miles above its confllleilce wit11 the 
Nenaila the Yanert Fork also sinks into a 1l:lrrom- 
winding gorge cut in glacial deposits. The Senana. 
River leaves the northwest corner of tlle Yanert Fork 
valley a t  IbfcIiinley Park station. 

From McKinley Park station to Healy, a distance 
of 10 miles along the river, the Kenana flows in a re- 
markable two-story canyon through a high ridge. The 
outer canyon is U-shaped, and its floor is ?h-y4 of a 
mile wide; the broadly flaring walls and trunc:rted 
spurs rise to H height of 2,500 feet above the callyon 
floor. I n  tlle downstream half of this canyon, and 
also for a short distance at  the upstream end, the river 
flows in an inner gorge, about 500 feet wide, that llt~s 
nearly vertical rock malls 200-300 feet hig11. I n  the 
other parts of the two-story canyon the inner gorge 
broadens to nearly tlle full width of the outer gorge. 

North of Healy tlle river follows an almost straight 
course N. 25" W. about 28 miles across the northern 
foothill belt. Here i t  occupies a broad valley having 
gentle terraced walls tliat rise from a few hundred to 
2,500 feet above the river. The valley, including its 
terraces, ranges in width from 6 to 10 miles; individual 
terraces are locally more than a mile wide. North of 



QUATERNARY GEOLOGY OF h iENANA RIVER VALLEY REGION 

tlie foothills tlie K e i i a ~ ~ a  River enters tlie Tana~in low- 
land, which it crosses on a large alluvii~l cone ilearlg 
20 miles long and 400 feet high a t  the apex. 'L'l-ie hre- 
nana River enters the Tanana River a t  Nenana, 30 
miles clomnstreani from the edge of the footliills. Tlie - 

total length of the river is thus about 150 ~niles, of 
which sliglikly more than half is in the :Lre:l covered 011 

plates 2-5. 
CLIMATE 

The climatic data for three stations on the Alaska 
Railroad are summarizetl in table 1. 'l'llese ~tntioirs 
(see pl. 1) are Summit, a t  the crest of 13road i'ass; 
bIcI<inley Park station; ancl Kenaun, about 22 iliiles 
north of the north edge of the area s l i o ~ ~ n  on p1:~tt: 1. 
The records for Slnmlnit represent conditions typical 
of the soutli side of tlie range; those for RfcI<inley €'n1.1< 
station, of the mountains; and those for Nenan:~, of 
the north edge of tlie Alaska Range foothills. As c:ln 
be seen from these recorcls, precipitation is consiclei.- 
ably heavier on the south sick of the Ailnslia Range 
than on the north side. Average annl~al  teniperat~lrer 
are about the same for all three st:ttions, b11t s:imlnei~s 
are much hotter anti winters :Ire f:tr n1oi.r serere :lt 

a lolls. Nenana than a t  the two soutliern st t '  

TABLE 1.-Climatological data for  three stalzons on the Alaska 
Railroad 

[From recorcls of U. 5. Weatller Bnrc:r:~ (I9.iOJl 
-- - - -. - 

Nonth  

-.~. . 

March ... . .  1 1 . 4  12.9 8.8 1 . 4 8  . 42 . 5ti 
April . .  21.6 26. 6 27. 2 .4R . 70 ' .:35 
May .-..----.----. - .  37.2 41 .5  (A. 1 1.05 . Y 5  . i O  
Jun? -..-..----.. . .  
July .-----..----..----. 
Augtlst ..----...-----. 
Sr[~temher ...---.-----. 
Octobrr .---..---... 
November ..---. . .  
1)ecembcr ....----..-. - -- -- ---, - - . .. 

Annual ...--....--... "5.9 27. i 2% 4 ' ?I. W 14. 58 1 11.:14 
I -- -- -- - 

Numher or years 
record.. - - - -. . -. - -. . . - 26 23 9 22 1 1.5 

Snow falls on the lligll moulltaiils during all niontlls. 
Tlle first snow can be expected to fall in the valleys 
around the middle of September. I11 tlle valleys P ~ ~ O I T  

remains on tlie ground until early May. Early sani- 
rner weather is generally \1-:1riil and dry, and is c1i:ir- 
acterized by tllunder sho\vers of conrertire origin. 
Late summer and fall weather is characterized 1)y I)e- - A 

riodic cyclo~lic storms from the soutli ant1 west. 77'in- 
ters are reported to be generally clear for long periods 
of time. Prevailing winds are from the soutli, aiicl are 
frequently of very great intensity. 

BEDROCK GEOLOGY OF THE NENANA RIVER VALLEY 

Tlle Ir)etlrock formations of tlie Alaska Range occupy 
in general east-west bancls parallel to  the trencl of the 
r:lnge anti normal to the course of tlie Nenana River. 
The areal clidribution of tlie bedrock formatioils is 
slio\\ 11 on plate 1. The beclrock formations along the 
Kenana Ili ver, wliere not over1 win by l'leistocene tle- 
posits, are sllowli on plates 2-5. I n  terms of age, tec- 
tol~ic history, ant1 degree of consolidation, they for111 
two strongly co11t1-:tstecl gro11ps: Itocks of tlie oltler 
gro11p I*alige i l l  age from pre-Cambrian to Cretaceous, 
are xvr.11 consolitlatet2 or rrretamorphosecl, :111d coiitain 
scllist, gneiss, phyllite, chert, argillite, liriiestone, coli- 
gloii~erate, slate, shale, a~i t l  coal; greenstone, i a  part  
intrusive and in p:~rt  derived fro111 basic lava i i o ~ ~ s ,  is 
cornrnon. I<ocks of the yolinger group are of Tertiary 
age, :LIP poorly consolidated, :~ntl are now confined to 
tlie iiortliern footllill belt and lo\~lands within tlle 
range, hilt were once i n i ~ c l ~  111ore extensive. h niajor 
r~nconforn~ity separates tlle two groups. 

The 1iistor.y of the oltler group of rocks is very co111- 
plicated aiici inclucles $evrl.;~l liilo\~ii periods of orog- 
rny ( (  ':11)1)s, 1940, 13. 130-132) ; lion-ever, frorrl the point 
o f  view of Pleistocene geology, all the rocks behave 
similarly in that  they are :dl ~*esistant to erosion. Their 
nrrnngenielit ill balitls :tcross the courses of the rivers 
llialies possible tlie distinction between material depos- 
ited by the rivers :tnd that tlerivecl from adjacent hill- 
.;idf>s. The yo~uiger group of rocks erodes easily to 
forin broad plains :tricl lo\~lancls. 'I'lie broad terraces 
:(long rivers that ca~-oss the area of Tertiary rocks are 
>en\itive records of I'leistocene events. 

?'he pve-Tertiary struc.tt~re of the range is a great 
s~ncl inor iun~,  first recogliized I)y Spurr  (1900, p. 240), 
in ~vllicli ('ret:lceous rocks a t  the center :Ire bordered I)y 
I'nleozoic and pre-('anlbrian rocks on the fl:\nks. 'P'lie 
syncli~~ol~iuni is coii~plex, having many subsidiary syn- 
clines aiitl anticlines, especially m-itliin the area of the 
C':llit\vell formation. The east-trending trough in tlie 
soutli part of the range is :i great fault zone, ~ ~ l i i c l l  
coiilplicates the structure of the L':~leozoic: rocks in tlie 
region of this report. Tlie f:tnlt lias been traced tlie 
lengtll of the ,ilnska lZange fro111 a l~oin t  near JIen- 
t:tsta Pass I\-est\v:lrd to x point about 60 miles beyo~icl 
J l t .  Foraker, and it probably extends niucll farther ill 
both tlirections. Anotller fault in the nortliern 1)art of 
the Ailaslra Range separates tlie C:~nt\\-ell forlllatioll of 
C'~.rtnceous age on the solltll from Hircli Creeli scllist 
of [we-Cambrian age on tlie nortll (see 111. 3) .  

Structures have also been iinposed by tlie inid- 
Tertiary orogeny. Essentially, these include an up- 
1 iftetl :Ire% tliat coincides the, higl~er  parts of the 
A1:iska r\ange and the bordering depressed areas on tlie 
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south (Broad Pass) and iiortli (Tanana Flats). On 
the north side of the range is a series of structural ter- 
races and monoclines along which the Tertiary rocks 
decline northward. Several synclines of considerable 
closure exist in tlie northern foothills, however, and 
a cross-syncline is followed by the Nenana River north- 
ward from Lignite. A line of synclines and grabens 
that were formed during the mid-Tertiary orogeny and 
that are made up of early Tertiary rocks extends west- 
ward along the McBinley Park highway. Apparently 
these once extended the length of the Yanert Fork in 
the center of the range. 

In  the discussions of bedrock geology that follow, 
only those hdroclc formations that crop out in the 
areas shown on plates 2-5 are described. The bedrock 
lithology of the much larger area shown on plate 1 is 
of little importance to the engineering problems along 
the Alaska Railroad discussed in chapter B and, 
except for a few intrusive bodies, is relevant only 
in a general way to the Pleistocene history of the Nenana 
River. Therefore, the discussion of these rocks in the 
preceding paragraphs and in the explanation on plate 
1 is regarded as sufficient. Most of the lithologic de- 
scriptions of formations in the following sections, al- 
though based on exposures in the areas covered by 
plates 2-5, apply of course to outcrops of these forma- 
tions s l i o ~ ~ n  on plate l. 

SEDIMENTARY ROCKS 
BIRCH CREEK SCHIST 

The oldest formation traversed by the Nenana River 
and the Alaska Railroad in crossing the Alaska Range 
is the Birch Creek schist (Capps, 1940, p. 95). This for- 
mation occupies an east-trending belt from 3 to 12 miles 
wide in the north part of the alaska Range (pl. I ) .  It 
forms the bedrock in the Kenana River Gorge be- 
tween mile 348 and mile 358 on the Alaska Railroad 
(pls. 2 and 3) .  The Birch Creek schist is predominantly 
quartz-sericite scl~ist, but locally contains layers of 
quartzite arid black carbonaceous schist. From mile 
345.5 to mile 355.5 on the Alaska Railroad the schist 
contains abundant pyrite in well-formed cubes as large 
as a quarter of an inch on a side. Foliation in the 
schist, while not uniform, generally strikes eastward 
and dips 20"-40" southward (see pl. 2). The foliation 
is locally very irregular and highly contorted. The 
schist is traversed by well-developed joints that com- 
monly strike ~iorthward and dip almost vertically. 
These joints are believed to  be pre-Tertiary in age be- 
cause sonle of them are filled with basalt dikes that are 
overlain unconformably by Tertiary rocks. According 
to Capps (1940, p. 97), the Birch Creek schist is early 
pre-Cambrian. 

UNDIFFERENTIATED PALEOZOIC AND MESOZOIC 
ROCKS SOUTH OF WINDY 

South of Windy (pl. 4) the bedrock along the Nenana 
River and the Alaska Railroad is a complex assemblage 
of argillite, shale, graywacke, phyllite, limestone, con- 
glonierate, and chert. These rocks are either moder- 
ately indurated or are metamorphosed; some are con- 
siderably metamorphosed. They are intruded by 
granitic rocks, greenstone, and diabase and rhyolite 
dikes. Fossils ranging in age from Devonian to Juras- 
sic have been collected from them at  several localities. 
Fossils of Devonian and Triassic age have been collected 
from localities separated by short distances, and from 
rocks that cannot be distinguished lithologically (E. H. 
Cobb, oral communication, 1951). Because of their 
complex structure and the uncertainties regarding their 
age, the rock units in this group are shown on the geo- 
logic maps (pls. 1 and 4) as undifferentiated Paleozoic 
and Mesozoic rocks. 

North of Hain Greek (pl. 4) the rocks of this group 
consist largely of dark-gray to purple argillite, but also 
contain interbedded graywacke and stretched conglom- 
erates. Outcrops along the railroad consist largely of 
chert, argillite, and conglomerate. The ridge between 
M'indy and Bain Creeks is made up of argillite, gray- 
wacke, and conglomerate that contains several large 
lenticular bodies of limestone. From a point near the 
mouth of Windy Creek southward along tlie east side of 
the Nenana River to the south edge of the area shown on 
plate 6, bedrock consists largely of highly deformed 
dark-gray to black shale, slate, and argillite, locally 
intruded by larnprophyre and rhyolite dikes. 

The structural relations within this area of sedi- 
mentary and n~etamorphic rocks are so complex the 
author was unable to define them in detail. Dips are 
steep, and at least one fault of large displacement cuts 
the rocks. The argillite and graywacke exposed along 
the east bank of the Kenana River opposite the mouth 
of Windy Creek have been folded into numerous iso- 
clines and have been deformed and broken by many 
steeply dipping thrust faults. A few miles east of this 
area, conglomerates have been converted to schistose 
rocks through the stretching of pebbles (Moffit, 1915, 
p. 43). 

CANTWELL FORMATION 

The Cantwell formation was first described by Eld- 
ridge (1000, p. 16), who designated a locality on the 
Nenanil River (then known as Cantwell River) about 3 
or 4 miles above its junction with the Yanert Fork as 
the type locality. Since that time the formation has 
been found to extend from Big Grizzly Creek, a tribu- 
tary of the JTrood River, westward to a point about 30 
miles beyond Mount Foraker (Capps, 1927, p. 93). 
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Where i t  is crossed by the Alaska Railroad the forma- 
tion occupies a band 16 miles wide-from Clear Creek 
(mile 330) to McKinley Park  station (mile 348) (pl. 3). 

The Cantwell formation consists of conglomerate, 
sandstone, argillite, shale, coaly shale, and coal. Sand- 
stone and conglomerate, which make up about 60 per- 
cent of the formation, occur together as  massive beds 
as much as 300 feet thick. The numerous conglomeratic 
and pebbly layers in these beds range from 1 to 10 feet 
in thickness and comprise 10-20 percent of tlle sancl- 
stone-conglomerate sections. Pebbles in the conglom- 
eratic layers average from half an incll to 2 inclles in 
diameter, but locally are as  large as 6 inches in cliam- 
eter. Quartz and chert pebbles are the most comn~on, 
but rhyolite, argillite, phyllite, granite, and gabbro peb- 
bles are present in significant amounts in some layers. 
Many of the pebble layers are extremely well sorted 
and do not contain interstitial material smaller t2lan 
one-half the average diameter of the pebbles. Colll- 
pressive forces have pressed the pebbles in these  ell- 
sorted layers against each other, molding then1 into 
crude polyhedrons. Some pebbles have been deeply in- 
dented by others, but none have been fractured. As :L 
result of these forces the original porosity of tlle con- 
glomerate has been greatly reduced. Sailclstone in tlle 
massive beds grades from light tail to very dark grayish 
brown and dark gray. It has a fairly high content of 
nonquartzose material, such as black chert, argillite, and 
feldspar, but a t  least half of it probably consists of 
quartz sand. Light-tan sandstone is common along 
Riley Creek (pl. 3) and along the Senana River north 
of Carlo. Throughout the rest of the outcrop area of 
tlie Cantwell formation a very dark sailelstone that 
looks like graywacke is the common type. Tlle sand- 
stone has been subjected to the same compressive forces 
that  the conglomerate has, and its porosity 11:~s also 
been considerably reduced. 

Claystone, shale, and coaly material together forin 
zones in the Cantwell formation that  are as much as 
50-100 feet thick. The coaly material in these zones 
is in the form of beds of bone ancl coal that are 1-3 
feet thick and 3-30 feet apart. Few, if any, of tlle 
coal beds appear to be econolllically minable. A n  at- 
tempt t o  mine the coal a t  mile 341 on the ,ilaska Kail- 
road (pl. 3) was abandoned because of tlle clisturbecl 
nature of the beds and the poor quality of tlle coal 
(Capps, 1940, p. 114). 

North of mile 336 the Cantwell formation is well 
consolidated but only moderately well cementecl : the 
rock of fresh outcrops is soft enough to be scratched 
easily by a pick. Exposure to the weather toughens 
tlle rock. South of mile 336 i t  is more thoroughly 
cemented and more highly indurated; here the rocks 

are jointed into massive, resistant blocks that form 
ruggee] mountains and steep canyon walls. 

The Cantwell formation occupies a large synclino- 
rium in the center of the Alaska Range. On the north 
i t  is bounded by a vertical fault, which forms its con- 
tact with the Birch Creek schist. The  south side of 
this fault is tlle dropped side. The amount of displace- 
merit on the fault is unknown, but a t  McKinley Park 
station it must be at least 7,000 feet, for  a 5,000-foot- 
thick section of the Cantwell formation dips north- 
ward to~varcl tlle fault, and the top of this section a t  the 
fault is 2,000 feet below the tops of adjacent moun- 
tains of Birch Creek schist to the north. The fault 
zone, which is several hundred feet wide, is made up 
of clayey gouge that contains "horses" (large blocks) 
of solid schist. On the south side of the fault the Cant- 
 ell formation is in contact with a band of greenstone. 
The exact nature of this contact is not certainly known, 
but i t  is probably an unconformity. Within the syn- 
clirlorium the Cantwell formation is folded into syn- 
clines and anticlines, and is locally cut by steeply dip- 
ping faults. The  axis of a complex, eastward-pluilg- 
ing anticline crosses tlle railroad near mile 341, and 
that of a broad syilcline crosses the railroad near mile 
336. A fault that  cuts tlle Cant\\-ell formation is fol- 
lo\\-ed by the Ne~i:tna River tllrougll the rock gorge 
east of mile 346 on tlie Alaska Railroad. I t  has a 
displacement of between 400 a i d  500 feet, the 1lort11 
side being down. The displacement is indicated by 
tlle offsetting of a diabase sill. The fact that the Ne- 
nan:t River follo~ved that  fault across the ridge of dia- 
base suggests that l~eakeaed rock, possibly a wide zone 
of gouge, borders the fault. Small faults exposed in 
the rock walls of tlle gorge are parallel to tlle large 
fault, but hare no gouge. 

The Cant \~e l l  fornlation has been determilled as 
Cretaceous in age on the basis of fossil leaves (Cnpps, 
1040, p. 118). 

TERTIARY COAGBEAHING FORMATION 

Tlle coal-bearing formation is a sequence of poorly 
consolidated sandstone, claystone, and subbituminous 
coal. It crops out in an eastward-trending band that 
crosses the Alaska Railroad between miles 357.7 and 
358.6, and in an  area about 3 miles wide that extends 
along Lignite Creek and westward across tlle Nenana 
River to lower Pangengi Creek (see pl. 2). ,i com- 
plete section of the coal-bearing formation is exposed 
at Suntra~ia,  4 miles east of Healy. This group of 
rocks has been described in detail by Wahrhaftig, Hick- 
cox, and Freedman (1951). The lithology of tlle for- 
mation, which is divided into three members, is sum- 
marized briefly in the following three paragraphs. 
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Lit Suntranathe lower member is 600 feet thick 
consists of about 20 percent subbiturninous blocky co:d 
in beds 5-30 feet thick, 40 percent claystone, and 40 
percent somewllat clayey, medium- to coarse-grained 
pebbly sandstone. This  rnember rests on an uneven 
erosion surface cut on Birch Creek schist. A n  in- 
tensely weathered zone, which is more than 100 feet 
thick in places, lies irnnlediately beneath the coal-bear- 
ing formation. Weathering in this zone, which took 
place before the deposition of the coal-baring rocks, 
reduced the schist to a soft sticky mass of clay, sericite 
flakes, and quartz grains. Consequently the contact 
between the coal-bearing formation and the 13irch 
Creek schist is conlnlonly marked by landslides and 
low saddles. A t  the top of the lower niernber of the 
coal-bearing forrr~t~tiorl is a bed of br~\~ . ;n-weather i~~g 
claystone. This bed is 80 feet thick a t  Suntrana. 
Where this claystone comes to the surf:~c-e over areas 
as extensive as  several acres, landslides are associated 
with it. 

?'he middle mernber of the coal-bearing formation at  
Suntrana is a six-times-repeated sequence of sandstone, 
claystone, and coal, totaling 750 feet in  thickness. One- 
fourth of the section consists of beds of coal as nluch as 
40 feet thick. Well-sorted pebbly sandstone constitutes 
about two-thirds of the section. The ren~tlinder is made 
up of thin beds of claystone commonly underlie 
the coal beds. 

The upper member of the coal-bearing formation con- 
sists of medium-grained buff -colored pebbly sandstone 
in layers 30-100 feet thick, separated by zones of clay 
10-50 feet thick that  contain thin ~voody coal beds. It 
is 600 feet thick a t  Smntrana, but it thins abruptly 
westward, and is probably only about 400 feet thick a t  
Healy, where i t  crosses the railroad. A t  the top is 
a persistent bed of greenish-gray shale and claystone 
about 50 feet thick. 

The rocks of the coal-bearing formation are in gen- 
eral uncemented and poorly consolidated. They can 
be excavated easily with a pick or knife and can be 
scratched by a fingernail. Frequent freezing and thaw- 
ing have caused them to disintegrate rapidly to their 
constituent particles, which can be transported easily 
by the snlallest streams. Consequently, gullies, bad- 
lands, and landslides are common on exposures in this 
formation. Because of the ease with which the rocks 
are eroded, the areas underlain by this formation are 
marked by broad plains, wide stream valleys, and low 
passes. 

The band of coal-bearing rocks that  crosses the rail- 
road a t  I-Iealy is on the south limb of a large syncline, 
whose axis lies about 2 miles north of Healy.- The  
formation in this band strikes about N. 60" E. and dips 

about 60" i%. at  IIealy. East\vard, to\vartl Suntr:tiLx, 
the formation strikes more to the east, and its dip de- 
creases to about 35" N. The broad terrace south of 
Healy Creek and between Moody Creek and the Kenana 
River is ~mderlain by the lower member of the coal- 
bearing formation. Here the lower n1eml)er is "1)- 
parently in a syncline, for the ~\rhite basal sandstone 
and coilglomerate of the inernber crop out at lnaiiy 1)l:tces 
arourld the borders of this terrace and dip gently to- 
ward its center. 

Kenr the west fork of Dry Creek tlie lower and mid- 
dle members are cut out by an unconformity at the base 
of the upper n~ember, \vhich pinches out ahont 2 miles 
west of the west fork of Dry Creek (pl. 2).  The 1)ntches 
of coal-bear in^ formati011 on the Dry Creek-Sxv:lge 
River divide near the natioiial park bomld;trg (pl. 2) 
belong in part  to the lorverrnost part of the lower mem- 
ber, and in part to the upper member. An angular 1111- 
conformity a t  the base oP the upper member and mlother 
a t  the base of the Nenaila gravel are responsible for the 
erratic and patchy d is t r ibut io~~ of the varions members 
of the coal-bearing formation at this locality. 

The coal-bearing formation on Lig~lite Creek and 
along the Nenaila River between the n~o t r t l~  of Dry 
Creek and the illout11 of Pangengi Creek (pl. 2) crops 
out along the crest and north side of a fanltecl anticline. 
West of the river only the upper member is exposed, 
but along Lignite Creelr both the middle and upper 
members are esposed ; the middle member is also pres- 
ent a t  the surface in the core of a subsidiary ailticline 
exposed on the east side of the river opposite tlle month 
of Pangengi Creek. Ilips in the coal-bem*ing fornration 
west of the river are gentle. The beds are nearly 1m-i- 
zontal in the vicinity of Lignite, and they dip 10"-20" 
3. and W. along I'angengi Creek. East  of the river, 
dips in the formation are also gentle. Here, ho~vever, 
the formation is deformed-it has been ~varped into an 
anticline, which is exposed in the bluff opposite 1'an- 
gengi Creek, and broken by the fault bet\\-een T,ipnite 
and Poker Creeks, ~vhich bounds this area of the coal- 
bearing formation on the south. The fault passes west- 
ward into a monocline, in ~vllicll the Tertialy rocks- 
both the coal-bearing formation and the overlying 
Nenana gravel-strike west and have nearly vertical 
dips for a distance of nearly half a mile along the river 
blufl'. 

The coal-bearing formation has always been classed 
as Tertiary. I t s  exact position within the Tertiary has 
not previously been determined. According to Roland 
T;V. Brown (oral communication, 1956) plant remains 
collected by him froin a locality on the south bank of 
the Healy River about 3 miles east of Suntrana indi- 
cate an Kocene age for the formation. 



QUATERNARY GEOLOGY OF NENANA RIVER VALLEY REGION 11 

NENANA GRAVEL 

'l'he h'enana gravel is the niajor bedrock formation 
aloilg the Nenana River north of Healy. It consists 
largely of poorly consolidated, moderately 13-ell sorted 
conglomerate and sandstone. Capps (1018,1>. 30) gave 
this formation its name for its e x p o s ~ ~ ~ ~ e s  on tlie east 
bank of the Nenana River between Healy and 1,ignite 
Creeks. It has recently been described hy T\'ahrhaf t ip, 
Hickcox, and Freedman (1951, 1). 152-1533) :111d I)y 
Wahrhaftig (1951, p. 176-179). 

In  the vicinity of I-Iealy the Neiiana gr:~vel consists 
largely of conglomerate, the pebl)les of ~vl~icl i  i.:liige 
in average size from 1-2 inclles :tt tlre hwse to :;-1 
inches near the top of the forniatioli. ant1 in maxinluni 
size from 4 inches a t  tlle base to 18 iilclles near tlir tol). 
Tlle pebbles are conlposed of s:u~tlstone alitl concloiil- 
erate from the Cantwell forniation, sclii~t,  quartzite. 
and granite and otlier iiitrusive l.ocks that itre :ll)nn- 
dant in the Alaska Range. interstitial 111ateri:ll is 
coarse- to very coarse-grai~!ecl tla~xli s : ~ ~ ~ ( l s t o ~ i ( ~ .  I'd)- 
bles and sand grains are cornmoiily coatetl \\ it11 tliiii 
layers of iron oxide. Interbeddetl wit11 the conclonl- 
erate are lenses of coarse saiitlstolle 5-10 fret tl~icl;, 
50-100 feet loiig, and spaced 30-50 feet al);trt. 1.0- 
cally, near tlze base and in the upper 1)ar.t of tlie fol~iila- 
tion, tlie Nenana gravel cont:ii~~s beds of cl:i?-stone 
3-5 feet thick, spaced 30-50 feet apart. The S e n n ~ l : ~  
gravel east of Healy has n total thicli~iess of 4,000 
feet and appears to contain most of the s t r :~ t ig~xp l~ ic  
units that have been recognizetl in tllis for~uation. 

Northward from Ligilite the lower p r t  of tlie S e -  
naiia gravel is exposed in t)lufYs along tlie river. It 
corlsists of about equal parts of co:trse dark s:u~tlstonc 
and fine conglomerate. hiost of the pebbles of the 
conglomerate range in size frorn 1/2 to 3 inches; pebbles 
larger than 5 inches are rare. Claystone layers are 
more abundant here than farther south, and fragments 
of coalified wood are abundant in the sandstone. Be- 
tween miles 384 and 385 on the Alask:~ R:lilroad, nl)out 
3% miles north of Browne station, :L bed of lig~lite 
about 4 feet thick is esposecl in the Sena~ in  gravel at  
the crest of an anticline. 

The pebbles in the Kenana gravel :Ire pe~lel.:tlIy 
slightly weathered. Most pebbles and boulclel-s, es- 
pecially those of graywacke alicl conglomer:tte, h n ~ e  
weatliered rinds as n ~ u c h  as an inch thick, in ~vllicll 
the rock is friable and iron-stained. The core of excll 
pebble is generally unweathered. Pebbles of certniii 
kinds of granite and volcanic rocks have heen decolii- 
posed to angular sand or  griiss. These decomposed 
pebbles are found in fresh outcrops in roc accuts 1 mid 
river banks. Presuinably the weathering of tlle peb- 

bles in tlie Senaiin gravel took place during or shortly 
after c1el)osition. 

Fo r  the niost part the ken an:^ gravel, although mod- 
erately well consolidatetl, is poorly ceriiented. It sup- 
poits steep cliffs, 50-100 feet liigh, for long periods 
of t i i~ie;  IL~\\-ever, TI-lien struck lightly 11-it11 a hammer, 
i t  breaks illto its constituent pebbles and grains. It 
is illore resistant to erosion than the underlying coal- 
beariiig f ormatioli, because its greater perviousness 
perinits more of tlle water from rain and nlelting sriow 
to sink into the ground, leaving less runoff for ero- 
sion, atld because its constituent particles are coarse 
ant1 therefore less easily removed by streams. Hence, 
the outcrol)piiig edge of the Neliarla gravel, where un- 
clerluiu by tlie coal-bearing formation, forms hogbacks 
ant1 ridges that r i ral  in lieight nearby mountains of 
nluch harder rocks. On the otlzer hand, in structural 
bahiils 11-here the xeiiana gravel is not uilderlain by 
tlie coal-bearing for~liation but rests instead directly 
oil 1i:trtler roc.lis, it forins rolliilg plains and valleys. 
A11 es:tnlple of sncll a. valley is tlie east\\-ard-trending 
vallex \vest of JIcICiuley Park  station that  the McKin- 
ley Park highway follows for  20 miles. 

Tlie Kenana grtlrel along tlle Neilaiia River has 
about the sanze attitude as tlie coal-bearing forinatioil 
beneath it. Else\\-here, ho~vever, tliere are indicatioiis 
that  an angular unconforn~ity separates tlle two for- 
~llntioiis (TVahrhaftig, 1'331, 1). 182-183). Tliis ml- 
conformity represents only a nli~ior orogeliy con~parecl 
~vitll  that  wllicli tooli 1)lace before the depositioii of 
tlie coal-bearing roclis, for the formations above ancl 
belo~v the unconformity are equally well coilsolidated, 
:~nd  tllrougbout iilucll of the Alaska Kange they are 
parallel. 

I11 the belt near I-Iealy the Nenana gravel strikes 
about N. 60"-70" E. Tlle dip a t  the soutll contact 
is about 45" N., but \~ i t l i in  a distance of about a inile 
iiortli\~arcl i t  decreases to about 10" N. Just  north of 
l'oker Creek the Nenaiia gravel is broken by the large 
fault tliat fornls the south boluidnry of the coal-hear- 
ing forniation arouild Lignite Creek. X:~st~\-ard, coal- 
bearing rocks and Bircll Creek scliist are 1)rougllt up  
on tlle north side of the fault;  and \~est\vnrd, tlle fault 
(lies out :lnd is replaced k)y tlle molloclilie that is tle- 
scribed in the section on the coal-bearing form a t '  ion. 
Tlle Nenana gravel north of Pangengi Creek occupies 
a cross syncline that is parallel to  the Nenann River. 
Dips :we coilln~ollly gentle (10°-150) toward the river, 
and becls along the river are nearly Iiorizontal. All 
ailticli~ie in tlie Sen:ul:l grarel crosses the Alaska Rail- 
road bet~veen mile 384 and 385 (see pl. 5).  

Capps (1940, 1). 126-128) regarded tlle Nellalla grav- 
el as clefinitely of Tertiary age and younger than the 
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coal-bearing formation. I n  1955 Roland TV. Brown 
collected specimens of I'rapa sp., from the Nenana 
gravel exposed along the Alaska Railroad about 3% 
miles north of Browne station. According to Brown 
(oral communication, 1956) these fossils indicate that 
the Nenana gravel is Oligocene or Miocene in age, 
more likely Miocene than Oligocene, and that i t  was 
deposited in a warm temperate climate. 

IGNEOUS ROCKS 

TOTATLANIKA SCHIST 

The Totatlanika schist crops out on Slate Creek, on 
Moose and Chicken Creeks, and in the mountains cast 
of the Nenana River in the vicinity of Browne (see pls. 
1, 2, and 5). The formation probably underlies the 
Nenana gravel from Slate Creek to the northern edge 
of the gravel. It forms a belt 5-20 miles wide that ex- 
tends along the north edge of the Alaska Range from 
the Kantishna Hills, 40 miles west of the Nenana River, 
to the Little Delta River, 60 miles east of the Nenana 
River (Cnpps, 1940, pl. 3). The formation was named 
by Capps (1912, p. 22-23) for its exposures in the 
canyon of the Totatlanika River, 15 miles east of the 
Nenana River. 

Two types of Totatlanika schist occur in the areas 
shown on plates 2 and 5. On Slate Creek, and on 
Chicken and Rloosa Creeks, the formation consists of 
fine-grained yellow slate, which contains scattered 
grains of feldspar and quartz less than 0.1 inch in diarn- 
eter. I n  the mountains east of Browne the formation 
consists of coarse-grained gneiss, which is made up of 
subhedral porphyroblasts of orthoclase as lnuch as half 
an inch in diameter and porphyroblasts of quartz as 
much as 0.1 inch in diameter; the porphyroblasts are 
set in a matrix consisting largely of sericite and quartz. 
It is thought that the Totatlanika schist resulted from 
the metamorphism of rhyolite flows and tuffs (Capps, 
1940, p. 105). Foliation in both types of the schist is 
well developed and is commonly about parallel to the 
bedding in overlying rocks. This means only that the 
foliation at the time the younger rocks were laid down 
was nearly horizontal, not necessarily that i t  has al- 
ways been nearly horizontal. 

Capps (1940, p. 106-107) assigned the Totatlanika 
schist to the Paleozoic and stated that i t  is probably 
of an earlier age than Middle Devonian, based on its 
degree of metamorphism and on long-range correlations 
with other formations. At  the time of his report no 
fossils had been found in the formation. I n  the sum- 
mer of 1954 the writer Pound fossils in float from a lime- 
stone lens in the upper part of the Totatlanika schist. 
The fossil locality is just west of the junction of Rogers 
and Sheep Creeks (tributaries of the Wood River) a t  

an altitude of 4,100 feet (pl. 1). These fossils were sub- 
mitted to Helen Duncan, of the Geological Survey, who 
reported (May 20,1955) as follows : 

I exanlined all the pieces of rock in this collection and sawed 
and polished several. The only things I could find tha t  I am 
sure a re  organic a re  crinoid columnals, a small gastropod in 
section, and several pieces of a species of Syringopora that is 
closely similar to if not identical with a form that occurs in the 
Wachsmuth limestone of the Lisburne group. The specimens of 
Syringopora are  a little distorted, but the internal structures 
a re  well preserved. . . . 

The presence of Syringopora (sensu stricto) indicates that  
the rock is past-Ordovician, and the chances a r e  that  i t  is  not 
Silurian--at least I have not seen any good evidence that  
Syringoporo in the strict sense occurs in  the Silurian of Alaska. 
However, Silurian species of the genus have been described from 
the Arctic regions of the U. S. S. R. and might, occur in Alaska. 
I have seen a few specimens from the Devonian of Alaska that 
I would refer to Syringopora, but they did not closely resemble 
the species in  this collection. We do not have enough informa- 
tion on stratigraphic occurrences, however, to rule out the pos- 
sibility of Devonian age in this case. Possibly because I am 
more familiar with the Mississippian Syringoporas of Alaska 
and because the species in  this collection looks very much like 
a form that  I know is common in the Mississippian, I favor a 
Mississippian assignment. Verification of that assignment will 
depend on getting other kinds of fossils. 

On the basis of Miss Duncan's report, the Totatlailika 
schist is assigned to the Mississippian ( 2 ) .  

GREENSTONE 

A band of greenstone crosses the Alaska Railroad 
between miles 327.5 and 329.5. It is shown on plates 3 
and 4 (on plate 1 it  is grouped with the undifferentiated 
Paleozoic and Mesozoic rocks). The greenstone ap- 
parently makes up Panorama Mountain and the Windy 
Peaks and extends westward to the head of Clear Creek. 
The rock is predominantly dark green, but weathered 
surfaces are dark brown. Where i t  crosses the railroad 
the greenstone appears to  be of two types. 

One of the two types of greenstone occupies the south- 
ern half of the greenstone body. It consists of blocks of 
massive unaltered gabbro surrounded by zones in which 
intense shearing and serpentinization have taken place. 
The rock is moderately close jointed, but massive 
enough to form the most rugged mountains in this part 
of the Alaska Range. Microscopic study of a fresh 
specimen collected from talus west of the railroad 
showed i t  to consist of about 55 percent calcic labrado- 
rite and 40 percent augite. The calcic labradorite oc- 
curs as euhedral grains 2-3 millimeters long, and the 
augite as aggregates of crystals, each of which is 1/3- to 
1 inch in diameter. The aggregates of augite crystals 
generally fill the spaces between the feldspar crystals 
and are molded to  their shape, giving the rock an 
ophitic texture. Five percent primary magnetite or 
ilmenite is present as skeleton crystals in the feldspar 
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and augite. Locally the augite has been altered to a with marked angular unconformity on a sequence of 
fine-grained mass of chlorite and serpentine, which con- slate, schist, phyllite, and limestone, intruded by large 
tains some secondary quartz. The feldspar has cloudy greenstone sills; these rocks are very similar litho- 
patches that may represent incipient saussuritization. logically to the rocks that are exposed a t  the head of 
A specimen of coarse-grained greenstoile mas obtained Clear Creek and along the Nenana River between Clear 
2 miles south of Slime Creek on the McKinlev-Cantwell Creek and IVindv. 
highway. The rock is fresh appearing and has an 
ophitic texture. It coilsists of grains of labradorite (,in 
54), augite, and ilmenite that  are bet~veen 0.2 ancl 2 
millimeters in diameter, but includes small amounts of 
chlorite and sericite as  alteration products. This type 
. ~ f  greenstone probably comprises most of the pebbles 
of the "green ophitic diorite" in the Nenana gravel 
(Wahrhaftig, Hickcox, and Freedman, 1951, p. 152- 
153 ; and Wahrhaftig, 1951, p. 178-179), and pebbles and 
boulders of similar material in gravels of Quaternary 
age. 

The second of the two types of greenstone is a fine- 
grained rock that makes up the hills ancl ju~llbled area 
(known locally as the badland) through 11-hicli the rail- 
road passes between miles 328.5 and 329.5, soutll of 
Clear Creek. This is a dense, inassire rock. and is cut 
by irregular veins of quartz anc7 calcite. I t  is broken 
by irregular fractures 1 0 4 0  feet apart, mlcl is locally 
altered to brown earthy material. Tbr- glacier that  oc- 
cupied the canyon of the Nenana River quarried great 
blocks cf greenstone from hills on either side of the 
railroad track in the vicinity of illile 329 and traas- 
ported them a slzort distance do~~ns t r eam,  procluciag 
the chaotic topography aloiig the railroad just south of 
Clear Creek. A specimen of the fine-grained type col- 
lected from a talus cone alorig the new Iiigh\~-ay on the 
east side of the Kenaaa River about 1 illile south of 
Slime Creek S~OTI-S, in thin section, a relict l~orphyritic 
texture. The grouildrnass has been coil~pletely re- 
crystallized and altered to a mews of fine-graiiiecl oli- 
goclase, chlorite, epidotei?) .  and an unidentified 
mineral. The phenocrysts, which originally were prob- 
ably of plagioclase, a re  indicated by illasses of 
saussurite. 

The contact of the greenstone with the Paleozoic and 
Mesozoic rock<, on the south is probably nearly vertical ; 
the greenstone presumably intruded these rocks. The 
greenstone body narrows wes t~mrd and has an an ir- 
regular  wester^^ contact with sedimeiitary rocks, which 
include ferruginous slates. On the ilortll the greeilstoiie 
is in contact with the Cantwell formation. IYhether 
the greenstone intruded the Cai1t11-ell formation, or is 
overlain unconformably by i t  has not yet beell definitely 
determined, although the author's present belief is that 
the coiltact is an uizconformity. A one-day helicopter 
reco~zizaissailce in 1951 of the region around the Yanert 
Glacier indicated that  the Cantwell formation rests 

GRANITE INTRUSIVE ROCKS 

A small body of quartz-diorite(2) occurs in the 
faulted area between Bain Creek and Windy Peaks (pl. 
6 ) .  A hand specimen of this rock appears to consist 
of about 45 percent feldspar (largely plagioclase) , 45 
percent quartz. and about 10 percent dark minerals 
(mostly altered biotite). Shearing and crushing have 
locally reduced tlle rock to whitish mylonite. Similar 
material, probably mylonitized, occurs in a narrow band 
along the south base of Panorama Mountain. The 
quartz-diorite clearly intruded the undifferentiated 
Paleozoic and Rlesozoic rocks north of Bain Creek. I t s  
relation to tlis greenstone, lio~rever, is uncertain; al- 
though the map patter11 of the body east of the Nenana 
River suggests that  the quartz-diorite ( ? )  intruded the 
greenstone, the quartz-diorite(?),  long after i t  was 
originally emplaced, iziay have been forced upward 
along a fault zone into tlle greenstoile. 

Intrusive bodies a fraction of a mile to 5 miles across 
a re  common in tlle central part  of the Alaska Range. 
The lithology of the intrusive body between the Yanert 
and Nenana Glaciers is important because that body is 
a ~oss ib le  source of erratic boulders along the Nenana 
River (see p. 23). This granite body was examiized 
briefly in 1951. Study of two thin sections from i t  
shows i t  to consist of about 50 percent orthoclase, which 
occurs as anlleclral grains 5-10 millimeters across (the 
ort2ioclase lzns been partly replaced along crystal- 
lograpliic planes by albite) ; about 20 percent sodic 
oligoclase, which occurs as subhedral grains about 2 
millimeters across, most of xvhicli have borders of al- 
bite; about 20 percent quartz, which occurs as partly 
rounded grains 2 4  millimeters across; and about 10 per- 
cent biotite, which occurs as clusters of irregular plates 
0.5-1 millimeter across. Zircon is present as an acces- 
sory. 

Tl-~iii sections of rocks collected by P o p e  (1915, 11. 
54-66) froill intrusive bodies in the Broad Pass re- 
gion, by Capps (1932, p. 285) from a body 4 miles south- 
west of Easy Pass (pl. I ) ,  by Bradford Washburii 
from the ricinity of AIount McKinley, and by the author 
f lwn the TToocl River district (pl. I ) ,  all of which are 
in the files of tlie Geological Survey, were examined by 
the author. Most of these rocks have a much higher 
coiltent of both plagioclase feldspar and dark minerals 
than lias tlle intrusive body between the Nenanr, and 
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1-anert Glaciers, ancl hornblende is as abundant or 
more abundant than biotite. Pyroxene is present in 
some of the bodies, and in iiiost of them the grain size 
is much smaller than in tlie body between tlie Nenana 
and Yaiiert Glaciers. The tlescription by Pogue (1915, 
p. 57) of the granite body in the vicinity of Bruskasna 
Creek, for which thin sections were not available, is 
similar, however, to the granite body between the 
Nenana and Yanert Glaciers. 

IGNEOUS ROCKS I N  T H E  CANTWELL FORMATION 

The Cantwell formation locally contains interbedded 
flows ancl tuffs; moreover, i t  is intruded by sills, dikes, 
and irregular bodies of rocks that range from diabase 
to rhyolite porphyry. 

-1ltl~ough volcanic rocks are rare in the Cantwell 
formation near the Nenana River, they constitute a 
considerable part of the formation west of the Sanctuary 
Hiver (('apps, 1932, p. 268). h layer of ~ ~ h i t e  rhyolite 
100 feet wide crops out on the crest of the riclge between 
Riley Creek and the Nenana River about 1% miles clue 
west of Lagoon section house and 3 miles due south 
of McKinley Pa rk  station. 

Tlie petrography of the rocks that  intrude the Cant- 
well formation is summarized in table 2 ;  the summary 
is based on a few thin sections from these rocks. Al- 
though the collection is not representative i t  does indi- 
cate the range in composition of the rocks. The most 
abundant intrusive rock in the Cantwell formation is 
dirtbase. This  rock is dark green or black on fresh 
surfaces, and i t  weathers dark brown. 

A11 irregular sill of diabase, about 200 feet thick, is 
well exposed in the north wall of the valley occupied 
by the lakes west of Yanert (pl. 3) .  Specimens 6 and 
7 were collected from this sill. 

Outcrops a t  the north end of the ridge east of Riley 
Creek (about 1 mile south of the mouth of Rilles Creek), 
on the east side of this ridge about half a mile south- 
west of mile 343 on the Alaska Railro:td, and in the 
malls of the gorge of the Nenana River 1 mile east of 
mile 3-22 on the Alaska Railroad appear to lie at  about 
the same stratigraphic position within tlie Cantwell 
formation and may be parts of a large sill-like in- 
trusive body (pl. 3).  This  sill-like body is about 500 
feet thick where i t  crosses the Nenana River. It may 
be continuous with a dilrelike body that  lies along the 
fault between the Cant~vell formation and the Birch 
Creek schist. Tlie dikelike body extends from a point 
a few miles west of Mt. McKinley National Park head- 
quarters eastward to  the Nenana River. 

Other sill-like and laccolithic bodies of diabase and 
associated igneous rocks are exposed on the banks of 
the Nenana River for 4 miles downstream from the 

mouth of the Yanert Fork. The contacts of solne of 
these bodies ~ v i t h  the eilclosiilg sediments are extremely 
irregular. .I wide range of rocks, from diabase to 
quartz-latite, is present in this small area. 

Porphyry dikes ancl sills whose composition ranges 
from that of anclesite to that  of rhyolite and ~ ~ l l o s e  
groundmass is commoiily fine grained are common in tlle 
Cantwell formation. Sills and irregular intrusive 
bodies of diabase ancl andesite porphyry that coiltain 
small amounts of light-colored felsic porphyry are 1 1 ~ s -  

' ent in the mouiitain west of tlie Alaska Railroad be- 
tween miles 387 and 341. These have been separately 
distinguished on plate 3 only on the east side of the 
mountain, but they are undoubtedly present on the \vest 
side of the mountain as well. South of mile 337 tlle 
 cant^\-ell formation 011 both \valls of the Nenana River 
canyon contains inany sills and a few dikes of igneous 
rocks- chieily anclesite, latite, and rliyolite porphyry. 
These were not niapped separately. In  general, din- 
base is more abundant north of latitude 63O37'30" N., 
and ai~desite and latite are more abundant s o ~ ~ t l i  of it. 

IGNEOUS ROCKS INTRUDING T H E  BIRCH CREEK 
SCHIST 

Basalt dikes are common in the Birch Creek schist. 
They are generally vertical, strike roughly between 
north and N. 30" TIT., and are 5-50 feet thick. They 
are spacecl 1,000-2,000 feet apart  on the average. The 
dikes intruded tlie Birch Creek schist along cross joints, 
wliicli strike bet\\-een N. 10" E. and N. 30" TIT. They 
do not extencl into the Tertiary coal-bearing forniation, 
which appears t o  overlie them unconformably. 

An irregular body of greenish-gray basalt, eviclently 
related to tlie dikes, is exposed on the east bank of the 
Nenana River opposite mile 354.8 on the Alaska Rail- 
road (pl. 2). Apophyses of the body are exposed in 
the railroad cut west of the river. One minor apophy- 
sis is a thin dike that strikes eastward and dips ~iortll- 
ward, perpendicular to the planes of schistosity. It 
has been offset from a few inches to a couple of feet 
by many faults that  coincide with the planes of 
schistosity. 

A large body of white rhyolite and b r o ~ ~ ~ n  basalt 
makes up  the top of Sugar Mountain, a 1~11ite conical 
mountain about 8 miles southeast of Healy. Tlie rliyo- 
lite body was visitecl by the author and R. A. Eckllart 
in  1950. The  follo-vving description is sumniarized. 
from their r e p ~ r t . ~  

The main body is about 3,500 feet long and 2,000 feet 
wide. I t  consists largely of white fine-grained rhyolite, 
but includes small phenocrysts of quartz, oligoclase, and 
-- 

8 Wahrhaftig, Clyde, and Eckhart, R. A., 1952, Perlite deposit near 
Healy, Alaska : unpublished report in files of U. S .  Geol. Survey. 
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TABLE 2.-Petrography of the in t rus i ve  rocks  in the  Cantwel l  f o rmat ion  [percentages estinznted] 

Specimen 
N o  1 Tyim ofrock 

.......... ........ 3 i  Rhyolite 
81 ........ Soda rhyolite .... I 

6 ......... / Diabase .......... 

Texture 

7 .............. 
13 ............. 
14 ........ 

24 ........ 

2 . .  

30 ....... 

33 ........ 

I I Average grain 1 
size (mm) ' 

............ do 

............ do 
Hornhlende- 

pigeonits(?)- 
monzonite. 

Andesite ......... 

Latite porphyry ... 

Andesite .......... 

Quartz lntite ...... 

Pheno- Groond- 1 crysts ( mass 
I'frccnt 

Perct~nt anor- 
' tllitc 

.I Ortho- Horn- , Augitc, Serpen- Quartz Acces- 
a n p e e  tine 1 (j>prcentl 1 sories 1 1 (permu, (rerccnt! (percent) (percent) 

i 
t i c  .................... 

d o  .............. 
 do ..................... 
d o  

d o  ........ . 5 -1 .5  . .  . .  . .  "2 I . . .  . .  710 1 3 4  1 ......... 
Porphyritic Val- 1 5 30 2 5  . .  530 ....... 

tered). 
I i I 

...... Porphyritic. ' 1 

. .  do ............ 0.3-1 

d 0  . . . .  1-5 

Remarks 

- --- -- 

.............................. 

85 percent g r o u n d -  
mass, unidentified. 

---- ---- - -- - ---- 

1-2 .. 

1-5 
2 (i2 1 ....... 12 12 

28 42 ('242 ' 12 ' 12 

..... do.. .......... , ' . I - .  2  3 3  3 f i f )  $ 2 1  ......,......... 1 3 2  

0 . 3  3 5  328 I....... . 3 10 . . . .  1 ......... 
. 1  ' 5 0  3 3 X ,  540 310 .........! 

I 
........ . 0 2  3 3 l '  3 2 8 )  3 5  310 I......... 

I 
. ......... 

54 percent g r o  u n  (1- 
mass, unidentified. 

93 percent g r o n n d -  
mass, unldentlfieJ. 

.........I I......... 
.................. ......... 1 

......... 3 1  

......... 

Phenocrysts (altered) 
make 11p 15 percent 
of rock. 

Included with plagioclase. 
Replaces plagioclase. 

3 In  phenocrysts. 
Twenty-five percent in phenocrysts, 25 percent in groundniass. 

"11 groundmass. 

I Two percent in phenocrysts, 63 j,erce:lt in groundn~~ss .  
i Calcite. 

Includes aupite. 
Q Includcd u-ith hornblende. 

LOCALITIES FROXI WHICH SPECIMEXS WERE COI.LECTED: 

6. Northwest end of sill on north wall of lake rallcy ves t  of Yauert. 
7. Sill 0-1 north wall of lake vall'y west of Yancxrt. 
13. East bank of tributary of Hines Creek, one-half mile southeast of Mount JIcKinley National Park hcadyuilrters. 
14. South bank of Hines Creek a t  junction u-ith tributary cttst of Mount l\IcIiinlcy rational Park headqnarters. 
24 West hank of Nenann River. 11,. milw x. 82 E. of mile 345 on the Alaska R;tilrr.'d. 
55: weit bank i i  NEiirii RivG,'ljj Liles S.  8i E. of ~ni le  344 on the Alaska Hailro MI. 
30. Top of ridge three-quarters of a mile S. i 3  I\-. of mile 388 on thc .4laska Railroxl. 
33. ~hree-quar t& of a mile S. 85 \t.. of Carlo section houscl :at an altitudt, of 3,100 feet. 
37. North side of Clear Creek. 21.5 miles west of the Ahaka Kailroed a t  an altitude of 3,150 feet. 
84. Hill (altitude 2,200 feet) about 2 m~les  3 .  20 E. of tlie niouth of Carlo Crcrk. 

biotite. The rllyolite contains an :~b~undance of nearly 
spherical vesicles, each filled with a single large crystal 
of calcite. I n  places the rliyolite exhibits pl ;~ty st]-nc- 
ture. A body of basalt 700 feet wide and 2,000 feet 
long lies on the southrvest side of Sugar Jloniltain in 
nearly vertical contact with the rhyolite body. It was 
impossible to determine which was the younger during 
tlle brief examination. The basalt is similar in ap- 
pearance to the basalt of the dikes. A patch of tlie 
Tertiary coal-bearing formation that consists of con- 
glomerate, containing pebbles of quartz and chert, nntl 
layers of brow-11, slightly silicified coal is esl>osecl at tlie 
base of tlie soutlieast corner of the rhyolite body, ont- 
side the area sl10\\-11 on plate 2. The relatioiisliil, of 
this patch of the coal-1)earing forlnation to tlie rhyolite 
body, and the absence of rhyolite pebbles i11 the con- 
glomerate, indicate that the rhyolite probably IT-:IS ex- 
truded very early in the period of cleposition of the 
coal-bearing formation. A small hotly of perlite, not 
of commercial size, rests on tlle coal-bearing form:ltioii. 

The rhyolite was probably extruded as an endogell- 
ous clome ~vliile the basal becls of the coal-bearing fo1.111n- 
tion were being laid don-n. It \\-as later buried hy 
tlle coal-bearing formation. Pebbles of rliyolite in tlie 
basal conglonlerate of the coal-bearing fornlntion, in 
ex~osures  on the Teklanika and Savage liivers 15-20 

lrliles west of Sugar JIonntai~i (Wallrl~aftig, 1951, 
1). 171). may have been derived froin this rhyolite. The 
extrl~sion of the rl~yolite is tlle only igiieous activity 
knou-n to hare occurred in the Alaska Range during 
the period of deposition of the Tertiary rocks. 

The petropmphy of intrusive rocks in tlle Birch 
Creek schist is summarized in table 3. 

SUMMARY OF THE PLEISTOCENE HISTORY 

The following summary of Pleistocene history will 
give tlie reader a general picture of the events indicated 
by Pleistoceile cleposits and lantlforrns, thus provi(ling 
a frame of reference in \~-liicll to relate the separate 
pieces of evidence describecl in other sections of the 
report. I t  \\-ill also enable the reader t o  eslaluate more 
critically the pertinence of e:tcll iten1 of ericlei~ce to 
the coilelusions reached. 

EVENTS LEADING TO THE ICE ADVANCES 

The later phases of tlle mid-Tertiary orogeiiy that 
caused tlle tlepositioil of the Nen:ula gravel caused 
also its deformatio~l into syncliiles and anticlines, horsts 
ant1 graben, structural terraces, n~onoclines, and tilted 
fault blocks. A t  the end of the miil-Tertiary orogeny 
tlie ,Il:lska Range stood as a belt of generally high 
~~ioruitains. boulided on the north and south by dr- 
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TABLE 3.-Petrography of intrusive rocks in the B irch  Creek Schist 

s p ~ ~ n i  Locality Name of 
rock 

1 ........-. 

22 -....... 

7.. .- .- .. . 

Texture 

Ridge north of Oagnon 
Creek. 

Between Healy and Lig- 
nite Creeks. 

Southeast corner of Sugar 
Mountain. 

Diabase.- 

---do ..-..-. 

Rhyolite.. 

Diabasic-.-. 

Subophitic.. 

Porphyritic. 

Pheno- Qround- 
aysts  mass 1 

Average grain 
size (mm) 

I 
- 

pressed areas filled with Tertiary sediments. Pwt 
of the range consisted of mountains of hard pre-Ter- 
tiary rocks-sedimentary, metamorphic, and igneous- 
from \vliich the Tertiary rocks had been derived, and 
the remainder coi~sisted of soft Tertiary rocks. Part  
of the latter had accumulated in the early stages of 
the orogeny and were deformed and uplifted i11 the 
later stages. Erosion quickly reduced the areas of 
Tertiary rocks to nearly featureless plains, but the 
areas of pre-Tertiary rocks, much more resistant to 
erosion, persisted as highlands. The centers of the 
greatest mid-Tertiary uplifts are believed to have per- 
sisted as highlands continuously to the present time 
(Wahrhaftig, 1050). 

S o  record is left of the period between the mid- 
Tertiary orogeily and the completion in late Pliocene 
or early Pleistocene time of an extenuive erosion surface 
of low relief, wliicll covered most of the area shown 
on plate 6. Presumably, this part of the Alaska Range 
was slowly uplifted and eroded during this period. Iso- 
lated groups of high mountains dominated the land- 
scape; a group to the west culminated in Mount Mc- 
Kinley, then probably about 10,000 feet high, and a 
group in the cast culminated in Mounts Hayes and Deb- 
orah, then about 6,000 feet high. A few other widely 
scattered ~nonadnocks rose above the plain. 

Late in the Pliocene or early in the Pleistocene an 
uplift centered south of the Alaska Range inclined the 
erosion surface causing i t  to decline northward. By the 
time of the Browne glaciation, the earliest ~vhose limits 
in the central part of the Alaslra Range can be deter- 
mined, the erosion surface had been uplifted more than 
2,000 feet, and valleys a t  least 2,000 feet deep had been 
cut by the consequent streams flowing northward. This 
set the stage for the first of the four great glacial ad- 
vances wliich have thus far  been recognized wit11 cer- 
tainty in the central AlasSa Itange. 

10 -.-....- 

Plagioclase I 

..... do .......-.....--.-.-. Baqalt ..-.. Seriate-por- 1 / phyritia. 1 1 @'-' 1 
1 As ~henocrysts. 
2 Unknown. 

50 60 --......... 1 . .  Ilmenite, 5 percent; calcite, 2 
percent; sphene(?), 25 percent. 

10-15 Ilmenite, 5 percent. 5040 1 70-.............1 Wi: 1 5-8 1 1 

Percent 

1 2 Oligoclase..-I-.. .. 1 1 I... . . .-.- 1 Quartz. contains 7 percent quartz I ;  groundmass (30 per- 

cent) and orthoclase (60 Der- 

Basaltic hornblende, 10 percent, 
apatite and magnetite are a~sd 
present. 

Per- 1 anorthite cent) 
cent or mineral 

name 

Augite 
(per- 
cent) 

BROWNE GLACIATION 

The Alaska Range at the time of the Browne glncia- 
tion was a rolling country of low ridges and broad val- 
leys dominated by the Mount McKinley group of moun- 
tains to the west of the Nenana River and the Mount 
Hayes group to the east. I n  the eastern group and pre- 
suinably in the higher western group, snow accumu- 
lated and formed glaciers, which, advancing down the 
~ralleys of rivers that drained these highlands, spread 
as piedmont ice lobes in the surrounding lowlands. This 
glacial advance is here called the Browne glaciation. 
Glaciers advancing down the Nenana and its main trib- 
utary, the Yanert Fork, coalesced to form a lobe which 
extended a few miles north of Browne, near the north 
edge of the foothills (see pl. 6).  Near Lig~lite this lobe 
 as at least 16 miles wide. A subsidiary lobe extend- 
i ~ ~ g  westward a t  this point may have poured its melt 
11-ater clown the Savage River. It extended farther 
downstream on the Renana than that of any subsequent 
stage. Another glacier advanced northward down the 
ancestral Wood River and spread as a piedmont lobe 
6 miles wide on the plains around Gold King Creek. 

The uplift and northward inclination of the Alaska 
Range probably continued during the Browne glacia- 
tion and certainly continued after the disappeamnce of 
ice of this stage. The uplift of the Bron-ne deposits 
before the next glaciation amounted to 100 feet at 
Healy ; at Browne, 22 miles north, i t  amounted to about 
200 feet. The average tilting in the ilortll part of the 
range was about 25 feet per lnile northward, but mucli 
of this was in a monoclinal flexure between Lignite and 
Ferry whose gradient was 37 feet per mile. 

During the period of uplift between the Browne 
glaciation and the younger Dry Creek glaciation, 
streams and mass-wasting processes dissected the coun- 
try which had been overridden by the Browile ice; 

Biotite 
(per- 
cent) 

streams deepened the canyons and'broadened the va1- 

Serpen- 
tine 
(per- 

Other constituents 
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leys. The areas of soft Tertiary rocks were reduced 
to broad valleys and featureless plains, whereas the 
sides of mountains supported by the hard rocks in  the 
cores of the mid-Tertiary anticlinal uplifts were barely 
trenched. The  headward growth of subsequent tribu- 
taries along easily eroded zones, particularly at the 
base of the coal-bearing formation, apparently began 
during this period. The only drainage change \vhich 
appears to have occurred at  this time is that of the 
llTood River, which originally drained nort11~1-arc1 across 
tlle plain that  is dissected by the canyons of Bonnifield 
and Gold King Creeks. The Wood River was probably 
diverted northeastward by capture, its new course de- 
scribing a broad arc around this plain. The stream 
~ ~ h i c h  effected the capture was enabled to do so because 
it was eroding headmard along a soft zone within ancl 
a t  the base of the Tertiary coal-bearing formation, 
~~rl l ich extends along the present TVood River for sev- 
eral miles northeastward from Coal Creek. 

DRY CREEK GLACIATION 

Ice of the next glaciation, the Dry Creek, appears not 
to have advanced as fa r  downstream as the Bro\vne. 
Although the mountains of the Alaska Range were 
higher and presumably could have caught more sno\\- 
during the Thy Creek glaciation than cluring the 
Rrowne glaciation, the mountains bordering the Gulf 
of Alaska were probably being uplifted during the Dry 
Creek glaciation and may have h e n  sufficiently high 
to catch most of the moisture from the Pacific Ocean 
and to decrease the amount reaclling the ,IlasBa Kaiipe. 
Ice of the Dry Creek glaciation appears to have reached 
a locality a few miles north of Healy on the Senmla 
River, where i t  dammed Dry Creek, a tributary of tlie 
Nenana, and caused i t  to deposit varved clay. Tlle gla- 
cial melt water deposited an o u t ~ ~ a s h  plain many miles 
wide that extended nort1l~1-arc1 from Lignite. 

The uplift of the Alaska Range, ~~-llicll  pres~ul~ably 
had been going on during tlle Dry Creek glaciation, 
continued after the disappearance of ice from the  lo\^-- 
lands. Before the next glacial advance-the Healy- 
the northern foothill belt had been inclinecl nortll\vard 
about 17 feet per mile. The uplift at Healy I\-as about 
500 feet. During this inter-glacial episode illally drain- 
age changes took place in the Alaska. Range. One of 
these was the enlargenient of the drainage basin of 
ths Nenana River at  the expense of that of the Totat- 
lanika River to the east. This enlargement -\\-as caused 
by the extension of Lignite Creek head\varcl along the 
zone of soft rocks a t  the base of the coal-bearing forma- 
tion, resulting in the capture of the headwaters of Mar- 
guerite Creek. A t  the same time Healy Creek eroded 
headward along the part of the coal-bearing formation 

that was brought to the surface by faulting farther 
south (pl. 1) to capture headwaters which for a short 
time flowed into Ligilite Creek. Minor drainage 
changes took place elsewhere in the Alaska Range. 
These involved the capture of portions of northward- 
flowing consequent streams by short subsequent east- 
ward- or west-\-\-ard-flowing streams; thus many streams 
now draining tlle north slope of the Alaska Range con- 
sist of long nor t l -ad- f lowing consequent segments, 
joiiled by short eastward- or westward-flowing subse- 
quent segments. 

HEALY GLACIATION 

The follo~ving glaciation, the Healy, occurred when 
the topography of the Alaska Range was much as we 
know i t  today. Ice accumulated as glaciers in the 
higher mountaiils of tlle range and in the ranges to the 
south, as i t  had done a t  least twice previously. These 
glaciers arlvanced do\v11 the river valleys and coalesced 
to form a great i~lterinonts~ne ice sheet in  southern 
Slaska. Jiost of the ice of the Nenana glacier probably 
moved  south\^-est\vard don-11 Broad Pass to join the 
great ice sheet of the Susitna Basin. A distributary 
brancll of the Kenaila glacier flowed northward down 
the Nerlana Callyon and mas swelled by ice from the 
Panert  Fork and Riley Creek. It spread out a t  the 
mouth of the narrow gorge between McKinley Park  
station and Healy to form a bulbous piedmont lobe 
about five miles wide. It is possible that  during the 
He:~ly glaciation tlle Nenaila glacier withdrew several 
miles from its point of maximum advance, and subse- 
cl~~ently readvanced to that point, but a t  a slightly lower 
altitude. Glaciers advanced down the Sanctuary, Tek- 
lanikn, ancl Savage Rivers almost to the McIiinley Pa rk  
lliglr~vay, and do\\-11 the East Fork of the Toklat River 
several miles beyoild the hiZcHinley Pa rk  highway. The  
glavier that  aclvanced down the Wood River apparently 
reached the southern part  of the Tanarla Flats. 

Tlle Senwna River built an  extensive outwash plain 
(lo\\-nstreain from the terminus of the glacier, as did all 
other glacial streams. Periglncial tributaries, which 
n-ere oversupplied with debris provided by intensified 
frost action, built gravel plains ~vhich were graded to 
tlle glacial out\vash plains. 

lT11en the Healy ice front made its final retreat, a 
lake occupied tlle Xenana Gorge between McIiinley 
Park station and Healy. Tliis lake is here named 
glacial Lake Moody. Tributary streams built deltas 
in tlle lake, and the lake itself was completely filled 
with ra r red  silt ancl clay. Presumably the Nenana 
River flowed out of the lake over a bedrock lip north- 
east of Garner. After the filling of the lake the river 
at  first flowed on a gravel plain over the lake sediments, 
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but the building of alluvial cones by tributaries from 
the west eventually forced i t  against the east wall of the 
glacial gorge bet~veeri Moody and Garner. Downcut- 
ting ~esulted in the superposition of the Nenana River 
on the schist bedrock of tliei east wall of its former 
canyon; therefore, between Moody and Healy it now 
flows in a narrow bedrock gorge, whereas most of its 
course south of Moody is in the broad ca~lyoii that  was 
once occupied by tlle lake. Tlie retreat of the ice of 
the Healy glaciation may have been interrupted by 
standstills or  even slight advances. Eventually the ice 
retreated f a r  into tlle mountains. D~lri i lg the inter- 
glacial interval tliat ensued, congeliturbation, involving 
chiefly solifluction and accompanied by some stream 
erosion, removed most of the deposits left by the Healy 
ice. Deposits of tlie Healy glaciation are preserved 
only in gently sloping areas. 

R I L E Y  C R E E K  G L A C I A T I O N  

Tlre youngest recognized ice advance is the Riley 
Creek. I t s  extent, shown on plate 6, \+-as considerably 
less than that of the Healy glaciation, and i t  is doubtful 
illat glaciers covered all the lowlands of southern Alaska 
daring the Riley Creek. Glaciers advanced down the 
R'enana River and Yaiiert Pork to tlle ju~iction of these 
streams, where the lobes coalesced to for111 an  inter- 
~nontane ice sheet. The Nenana g1:~cier n-as apparently 
the more vigorous of the two glaciers for the interlobate 
nioraiiie w11icll separates then1 is convex toward the 
Yanert Fork valley. The terminus stood a t  the mouth 
of Riley Creek, near McKinley Park  station. Oiie lobe 
of the glacier spilled over the pass north of Carlo illto 
the Riley Creek drainage where its terminus coalesced 
with the terminus of tlle glacier that  was advancing 
d o ~ ~ i i  Riley Creek. Glaciers on the Toklat, Teklanika, 
and Sanctuary Rivers reached only as far north as tlle 
McKinley Park  highway. Tlie Savage River valley 
appears not t o  have been occupied by a glacier during 
this glaciation. The glacier that  advanced down the 
Wood River ended in tlle foothills several miles back 
of the terminus of the Healy glacier. 

Evidence suggests that the ice advance of tlie 
Riley Creek was double or multiple, like that of tlie 
Healy, separate advances being interrupted by short 
periods of minor retreat. The advance which built tlle 
terminal moraine a t  the mouth of Riley Creek was com- 
plex, retreating and readvancing a t  least twice over a 
distance of several hundred yards. This inoraine was 
built shortly before 8,600 B. C., based on a radiocarbon 
determination (Suess, 1954, p. 471, No. TV-49). 

Deposits of outwasli gravel were several hundred 
feet thick a t  the glacier fronts, but tapered downstream, 
and 20-30 miles north of the glacier fronts were only a 

few feet thick. The periglacial streanis a g g r a d d  their 
beds with gravel deposits to meet the main streams at  
grade, as  they had done during the IIealy glaciation. 

The retreating Nenana glacier left, along the inner 
margin of its terminal moraine, a body of stagn:1nt ice 
protected by a thick covering of superglacial moraine. 
South of this ice theglacial melt water built an outwasli 
plain wliich abutted against the stagnant ice. That 
outmash plain now fronts the depression which was left 
~vlieil the stagllant ice melted. TVlien the ice front stood 
a t  Windy, a proglacial lake apparently occnpiecl the 
valley of the Nenana River for  several iniles north of 
TVindy. Debris from the glacier was presumably de- 
positecl as a proglacial delta at  tlie head of tlie lake. 
The lake was drained by the erosion of its tlani of ter- 
race gravel. Shortly tliereaf ter the glacier re:~dvanced 
to a point 4 miles north of Carlo, where i t  built a termi- 
nal ~noraine composed largely, perhaps, of the pro- 
glacial delta which had been built into the lake. Tlle 
river again aggraded its bed, leaving an  outwash plain; 
this plain has been preserved as a series of terr:\c.es, 
which can be traced continuously downstrean1 to the 
foothills. The glacier again retreated and left a secoi~cl 
proglacid lake. Finally the glacier retreated far  into 
the mountains, the proglacial lake was drained, and tlle 
Nenana River and other streams eroded their beds to 
positions they iiow occupy. 

The  warm period which followed tlie Riley Creek 
glaciation was brought to a close many hundred or a 
few thousand years ago by R short, sharp, cold period, 
which caused a general glacial readvance and the 
growth of rock glaciers. This was followed by a warm 
period, then by a second cold period tliat began a few 
hundred years ago. This cold period reached its cli- 
max between 1880 and 1920, and is apparently now on 
the wane. 

PREGLACIAL EROSION SURFACE 

Throughout the foothill region of the Alaska R:~nge, 
and in a few places in the higher parts of the r:znge, 
are numerous flat mountaintops. A n  important event 
in the late Cenozoic history of the Alaska Range was 
the development of an  erosion surface across the de- 
formed Tertiary and pre-Tertiary rocks. Although 
most of the flat mountaintops belong to a much older 
erosional feature-the deformed and exhumetl uncon- 
formity a t  the base of the Tertiary roclrs-some may be 
remnants of tlie late Cenozoic surface. I f  i t  call be 
proved that  some are actually remnants of the late 
Cenozoic surface, it will be possible to reconstruct that  

a 1011 surface and determine its subsequent clefornl t '  
fairly closely. 

Before discussing the late Cenozoic erosion surface, 
tlle early Cenozoic surface will be described. 
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EXHUMED UNCONFORMITY AT THE BASE OF THE 
TERTIARY ROCKS 

Many smooth surfaces and areas of low relief in the 
Alaska Range are parts of the folcled ancl uncorrred 
unconformity a t  tlle base of the Tertiary rocks. Tri- 
angular facets on the ends of truncntecl sp i~ r s  on the 
nortli side of the ridge of Birch Creek scliist north of 
tlle highway west of McICililey Yark station are rem- 
nants of that  unconformity. Tlle facets truncate the 
schistosity a t  a considerable angle. Tlle slope of tllese 
facets is as steep as and in places steeper tlian the dip 
of the Tertiary strata that  are exl~osecl at  tlie Inse of 
the liills, aiid the facets coillcide at their bases \\-it11 
tlle contact between tlle Tertiary rocks and tlie ~mcler- 
lying Birch Creek scllist. These truncated ~ D I I I * S  :we 
exceptionally  ell preserved west of tlie S:~vage Xiver 
(111. 6). Similar sul.faces are esposetl along tlle ?out11 
side of Healy Creek for  tlle first 12 miles :~bo\-e its 
nloutll. The high nortll-sloping plateall ~~. l l i~ '11  CitlIS 
the mountain bet\veen Moody ('reek ant1 the Seii:~na 
River is also thought to be a part  of tlle iulconfor~nity. 

The Broad Pass depression, tllrougll n-llicll the rail- 
road crosses the divide between the Pacific Ocean ancl 
tlle Bering Sea drainages just south of the -ilasl<a 
Iiilnge, is an eroded graben in Tertiary rocks. Patc*hes 
of Tertiary rocks lie oil the floor of tlle clepression, and 
tlle 11-alls are fault-line scarps that are ~llucll dissected 
aiid modified. 

Nenana gravel underlies the plain wllicll is follo~r-ed 
by the McICinley Park Iiighway from Savnge River 
to Teklanika River, about 15 iniles west of JlcICinley 
Parlc station. This body of Nenana gravel is coililectetl 
with tlie broad valley of the Yanert Fork by a series of 
lowlands and passes. Tlle valley of the yanert Fork 
for  15 iniles above its mouth has a lo\\-land floor nearly 
3 iniles JT-icle allcl broad flaring sides. This Io11-1:1ncl 
coulcl hardly have been carved out of hard pre-Tertiary 
rocks by the 1-anert glacier of Pleistocene age, for tlle 
rrluch larger Xenana glacier, ~\-l-hicll was active a t  tlie 
same time, failed to carve a callyon wicler than 1 mile 
both above and below its confluence 11-it11 tlle Tanert  
glacier. 

The surface of tlle mounttiin soutlln-est of JlcKinlev 
Park  station is broadly convex ancl has a slope of 1,000 
feet to the mile eastward ancl iiortl~east\~arcl. This 
slope is dissected by many canyons wit11 steep ~r-s-alls. 
Tlle slope trlxiicates steeply dipping beds in the Cant- 
\\-ell formation. Tlle mountain rises high above tlle 
lligliest levels re:~clled by later glaciers that  have left 

3 Wahrhaftig. Clyde, 1911, Coal deposits in the Costello Creek coal 
basin : unpublishe(1 report i n  files of U. S. Geol. Snrvey.  

c1e:ir nlarks of tlleir presence in tlle topography. Al- 
though erratic boulders deposited during some of the 
earlier glacial stages rest on tlle slope, any attempt to 
explai~l its origin tllrough ice sculpture lnust account 
for  tlie :~bseilce of sncll turtle-back slopes elsewhere 
along tlie Senana Canyon a t  the same altitude. Lilie- 
wise, any attempt to explain the slope througlr proc- 
esses of soliflnction siinilar to those operating elsewhere 
in  Alaska (Taber, 1943, p. 1451-52; Eakin, 1016, 11. 
76-78). must also explain the general absence of suc11 
slopes n-hen rocks of the sanie kincl and tlle same age 
for111 niountains of tlie smile age both east aiid west 
of tllis locality. Tlle ~nountaiii lies just south of the 
1)"s h tween tlle Yanert Fork valley and tlle body of 
Kenann gravel along the 1lcICinley Park  highway. I t s  
surf:~ce is thought, tllerefore, to be a portioiz of the 
unconformity, lierr tleformed into an anticline, a t  tlle 
base of the Tertiary rocks. 

Snrfaces of si~liilar origin are widely distributed 
tllrougllont the Alaska Range. They occur where 
snioot11-sidetl nioulltains in the shape of overturned 
canoes-sucli as the niountai~i north of All Gold Creek 
a t  tlie lleatl of the Totatlanik:~ River (pl. 1)-are 
flaiikecl by terraced lowlands underlain by Tertiary 
rocks-racks that  dip away from the niountains a t  
angles about equal to tlle slope of the nlountainsides. 
Along the crests of the anticlines and along structural 
terraces these surfaces are essentially flat; ancl Ii1any 
of tllem, if traced far  enongli, will be fomlcl to coin- 
cide ~vitll  the surface a t  the base of tlle Tertiary rocks 
elst~n-here along tlie i~nticlines mid structural ter- 
races-for example, the surface a t  the top of the iiioun- 
tain cut Ily tlle lower Teklanika and Suslian:~ Rivers 
(see 111. 1 ) .  Slnall p:~tclies of basal white quartz con- 
glonlerate resting on such flat surfaces coincide with 
tlle ullconforniity a t  the base of the coal-bearing 
formation. 

Jlany flat surfaces cap lnountains througho~it the 
northern foothill belt of tlle Alaska Itange. Examples 
are the flat top of hlouiit Wrigllt and of tlle mountain 
east of it and nortll of tlle 3lcICinley Park highway 
(pl. 6)  : the nearly flat top of tlle mountains through 
~ ~ h i c h  the Teklanika and Susllxna Rirers flo\v a t  about 
latitude G3O55'K. (id. 6 )  ; Jurnho Dome and tlle niou~i- 
tains arouncl tlle lleadwaters of Ct~lifornia and BIIZ- 
zarcl Creeks nortli aiid east of ,Jumbo Dome; and the 
top of Rex Dome and the nlountaintops near Rex 
Ilome. ,llthongll all these surfaces truncate the struc- 
ture of tllr ~ulderlying schist, they are not necessarily 
renlnnnts of the late Cenozoic preglacial erosion sur- 
face: ill fact most of them are parts of the exlilxmed 
unconfornlity a t  tlie base of tlle Tertiary rocks. 
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EVIDENCE OF EXISTENCE OF THE LATE CENOZOIC 
PREGLACIAL EROSION SURFACE 

I11 a few places there is evidence to support the con- 
tention that  some of the flat mo~mtai~l to l~s  are rein- 
nants of a late Ceilozoic preglacial erosion surface. 
Mount Wright aild its neighboring mountains pro- 
vide tlle strongest ericlence. I11 the first place, tlie 
surface on the tops of tliese mo~mtaiiis nlakei; a sliarp 
angle witlr the triaiig111:tr facets 011 the spurs :tlo~ig 
the nortli side of tlie mo~uitains-facets 31-liicli :Ire tlie 
upward exteiisions of tlie mlco1iforrnit~- at the base 
of tlie Tertiary coal-bearing formation. Tliis aloiie 
does not prove that  the flat tops of tlie rnomlt:li~is are 
not part  of an esliumed ui~confo~niity-specifically, the 
one a t  the base of the Nellaila gravel, n-hich is uncon- 
formable on tlie coal-l~ariiig forination in tliis ricinity 
(IValirhaftig, 1051, 13. 1152). Hon-erer, the Nen:ti~n 
gmrel,  ~ ~ l i i c l i  ~ v a s  depositerl fro111 the soutli (TT't~hrllxf- 
tig, 1051, 11. I D ) ,  lias at its top a thick layer of con- 
glomerate made up largely of bonlclers of I3ircl1 Creelr 
schist. This schist coultl 1i:lr-e conle olily fro111 J l t .  
TVriglit ant1 its neig1ii)oring ~mount:~ins north of the 
McKiiiley Park  1iigli~~-ay, for 110 13ircli Creek schist 
occurs soutli of the 1ligli~1-ay. Tlle layer of con~lom-  
erate coiltaining the scliist is deforniecl. as is the rest 
of tlie conglomernte, and dips 30" S. lleilr tlie lllouth 
of tlie Savage liirer.  The momitailis froill ~ r l ~ i c h  the 
boulclers of scliist were tlerired could not hare beni 
burietl by tlie Senann gr:~vel, for the 1;lyer of scllist 

I t rc~  nr: 4.-.\(11.i.11 x i e n ,  1ooh111~ ne\t ,  o t  1111. T ~ l . l ~ i l i ~ l i . ~  a n d  S:rndu.rry 
IZivcrs, showing superposed nor thward-f loni~lg  s t r e a ~ n s  crossing past- 
ward-trending structurally con t ro l l~d  ridge.; and x n l l ~ s s .  Mount 
Wright is in the center of the photoprapll. Photograph by the  U. S, 
Army Air Corps, 1041. 

pebbles lies near the top of that  formation. Further- 
more, as will be shown in  the nest  paragraph, tlie 
surface on which tlie Savage, Sanct~xary, ancl Tek- 
lanika Eivers mere coilsequent was fornlecl after tlie 
deforniation of the Kenaila gravel and truncated folds 
aiitl fault blocks in the Nenaila gravel. I t  is very 
likely that  the flat surface that  truncates the structure 
of the schist in Mount TVriglit and its ~ieighbori i~g 
molmtai~ls is part of the late Ceilozoic preglacial ero- 
sion surface. 

Tlie eriderice that best deinoiistrates tlint the flat 
top of Jfonnt Wright  is part  of an ailcieilt erosion 
snrface is tlie remarkable discordance between clrain- 
age pattern on the one hand and topogral~liy and 
structure on the otlier, a discorclance ~ ~ h i c l i  can be 
explained only by postulating the existence of s~xch 
a surface. Tlie simple denchitic pattern of the nortli- 
\yard f l o ~ ~ i n g  streams-the forks of the T ~ k l i l t  River, 
tlie Telrlmlika Rirer  and its tributaries, the Nenana 
River aiicl Riley Creek, and Totatlanilra ancl Tatlanika 
Creelrs--gives no clue to tlie fact that  t.lie predominant 
t~.eiicl of the ridges is eastn-ard (131. 6) .  More than 
tli:tt, several of the strea~ns-the sen an:^, Savage, Tek- 
lniiika, Sanctuary, a i d  East Fork of tlle Tolrlat-are 
reiiiarlcably parallel, trending ahout N. 16°-250 W., 
almost perpendicular to tlie structure (fig. 4). Clear- 
ly, these streams originated on topography or rock 
formations tliat liad no similarity to the topography 
of tlie prese~it Alaska Range. It is ~mlikely that  the 
e:~st~y:trd-trending ridges were formccl by faulting and 
folding n-liicll took place after this stream pattern 
J\-;I.~ established, for  many of the streams were too 
feeble to cut througll rising ridges of scliist and gneiss, 
a1ic1 IT-ould quickly have beell clivei-ted, by capture, to- 
n-nrd niore vigorous streams. Tlie upper Sushana, 
sollie of tlie forks of Totatlanika Creek, and Gold 
Ring Creek, for instance, linve cut deep canyons in 
ridges of hal-cl rock just a few iniles downstream from 
their sources, altl~ongll much easier courses exist to 
left or riglit of them along valleys ancl low passes 
mlclerlain by softer rocks (pl. 1 ) .  It seenis certain, 
tl~erefore, that at  one time a relatively slnooth plain 
existed across at least part of tlie Alaska Range-a 
pl:~iii 11-11icli ma>- or ma>- not hare beell corerecl by late 
Terti:try setlimentary rocks tlint were little deformed- 
tliat tliis plain was snl~eqnently inclined ilortllwa~~d, 
and that a co~lseqne~it drainage cleveloped on it. Tlie 
tops of Momit TVright : ~ i ~ d  its neighbors are probably 
remilallts of this plai11. It, remains to be determined 
whether any other remnants of this plain exist, what 
its original limits mere, and the amount of its subse- 
quent deform a t '  1011. 
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NATURE AND TOPOGRAPHY OF THE PREGLACIAL 
EROSION SURFACE 

It is not possible to demonstrate conclusively that 
flat mountaintops other than those of Mt. IVriglit and 
its neighboring mountains are part of the preglacial 
erosion surface. The mountaintops of this part of 
the range, however, are probably not far  below the 
level of the erosion surface, for the elevations of SLIIII- 
mits between longitude 148'10' W. and longitude 
14g030' W., are between 8,500 and 7,000 feet. -1 re- 
construction of the erosion surface a t  its present posi- 
tion is shown on figure 5 .  This reconstruction is based 
on the assumption that the top of Mt. Wright is n real- 
nant of the surface and that the surface, if restored, 
would have a gentle northward slope, just clearing 
the tops of the mountains in this part of the Alaska, 

Range. As figure 5 shows, the erosion surface is 3,000 
feet high in the northern foothills and 6,000-7,000 feet 
high near the crest of the range, and i t  slopes aboul 
90 feet per mile about N. 20" W. 

Figure 5 also shows that certain mountains project 
above the level of the restored erosion surface. One 
of these is Rex Dome, which is believed to be the core 
of an anticlinal mountain of Totatlanika schist that 
rose above tlle erosion surface as a monadnock. Large 
areas, well to the east and west of the Nenana River, 
also rise above the reconstructed erosion surface. The 
mouiltai~~s around the head of the Yanert Fork, 1,000- 
1,600 feet above tlle erosion surface, have a moderately 
\\-ell developed trellised drainage, and their rivers and 
glaciers flow westward. They probably were not re- 
duced by erosion a t  the time the erosion surface was 

FIGURE 5.-Geography of the Slaska Range before the Rro~vne glaciation. 



22 QUATERNARY AND ENGINEERIATG GEOLOGY, CENTRAL ALASKA RANGE 

being cnrved because they consisted largely of hard pre- streams inheriteil a course wllicll existed before tlie tilt- 
Tertiary roixlrs, already possessiilg considernble relief, ing. The pattern of tlle streams that carvecl the erosion 
~vllereas the surfaces to  the 1iorth.irest nlrd soi~th~vest  curface still remains a nlystery. 
were ~u lde r l a i*~  largely by soft Teitiary rocks. 

Siniil:~rly. tlie crest of tlie ,\lasl;a niuige west of the 
RRBWNE GLACIATION 

liead of the Sanctuary River rises itbove the restored GLACIAL DEPOSITS ALONG THE NENANA RIVER 

erosion SIII-~:ICP. I t  forills :I drainage d i ~ ~ i t l e  alono. n The oldest recognized glacit~l i l e p o ~ i t ~  consist of 
band of hard rocBs n little 1iol.tll of \~-1l:\t iili~\- 1i i l~e +c,:~ttt.~.ctl l)oulde~,.i niid blocks of granite on sonie of t11e 
been the inaiil drainage divide for  tlli* par t  of  _\l;~slia. liipllrr iiiountains on eitlier side of tlie Senana River. 
This  par t  of the range is the e:~ht eiitl of n 1irrc.e rrollp , , Ilie bo~~l t le r \  measure as much as 40 feet on n side. 
of hi& mount:lins rising :tl)ore the eiosioii in~.facc ant1 3Ioct of tlle111 :Ire of rocks which occur only in t l ~ e  
culminating i n  AIt. ;\lcI<inley, ~vllich l)robal~ly had an I~igl ie~.  paiats of the Alaskn Range, : ~ t  the head\\-nters of 
altitude of 10.()0(J-1.3.000 feet at  the time tlle ei.osioll tile RiI.el, illlcl tile yanPrt -torli. Tile). are cer- 
surface m7as completetl. taiidy too 1nrgt~ to  Ilave been transportetl to  tlieir 1)resent 

SUBSEQUENT DEFORMATION OF THE EROSION l)o$itions 11y streams. Tliey are found on terraills of 
SURFACE Seii:ma gr:~vcl. coal-hearing formation, Totntlanilra 

111 ~)recediiig 1)8rag1':tl1hs it  w:~s sl1o1vi1 t l ~ i ~ t  t l l ~  
p~*esei~t  altitude of tlie erosion sllrface ii; :',.OOO-7.000 
feet, and its north~rnrcl slope j i  90 feet 1)er mile. I f  
the  grndie l~ t  of the sui-fnce as a whole n a< no glaenter 
than the average gradient of streanis i i o ~ r  tlrir i~ i ing  tlie 
,Il:~slra IZange and if tlie shoreline was 11e;lr it- pi.e<e~it 
position, the er.osion surface ~vo11ld hare  lint1 n i l  :lltitntle 
between 1,000 and 2,000 feet in  the , \ l a~ l i i~  Ei~iige. I t  
has, therefore, al)parentl\- been uplifted at least .i.OOO 
feet ancl possibly 6,000 feet in  the central piliBt of the 
is;Inge. -1s IT-ill be slio~vn in tlie follo\vilig ~ections. m11c11 
of this uplift took place grncl~ially t111.ougliot1t the Plei5- 
tocene, during ant1 b e t ~ ~ e e i i  sncces~ire pl-l;~c.i:ltio~ls. 

The reader may ~ ronde r  \~-llether the p r e~en t  t1raiiiac.e 
of tliis par t  of the ,\I:lsBa Range lrr~q 1)eeir iilllrritetl 
from the drainage tliat cnrretl tlie ei,osioil surf;lce. 
though i t  seem? lilrely tha t  the 11-estward c,ourses of tlie 
upper Yanert F o r k  ancl tlle upper 7TTood River, nd- 
justecl as they are t o  the structnre of the crystalline 
mountains, have persisted since the time these moun- 
tains were first eroclecl, tlle northward course< do not 
appear t o  have. The  rivers that c a n e d  the ero-io11 31u- 

face, wllicll mas probablv ~ e r y  smooth, IT-oultl be es-  
pected to  liave meanclered considerabl\-. P m ~ ~ l l e l  
clevelopn~ent of stream courses, except 011 tlie iiioct gen- 
eral plan, x~oulcl hare  been fortuitons. The 1;lrgrr 
nnrl more aggressive streams ~ronlcl liare ca1)tured illany 
of the smaller streams ancl developed a l>nlmate den- 
dritic pattern. Instead, the streams, \~- i th  the exception 
of the TVood River and Totatlanikx Creek, are rrniarli- 
ably straight and parallel, trending ahout S. 15"-So 
TIT., almost perpenciicnlar to  the contours on the re- 
stored erosioil snrface. This  emar ark able paral le l i~m is 

- 
niitl I(irc.11 ('reek schist, ailcl Cailtmell formatioil. 
I3ent.e tlrey Mere not deposited by nludflows or  glaciers 
:IS :111 epihotle ill tlie deposition of one of the Tertiary 
fo~nlntioils. 'I'l~e most lilrely explanatiorl for their oc- 
c*ui.rence is tllnt tlrey are  glacial errntics, tlie oilly reill- 
n;~lit% of :llicie~lt till sheets of :111 early glitcial atlvance. 

Tliebe 1)onlders \rere first clescrihed by (hpps  (1912, 
1,. :i.i), T T - ~ I ~  i~ecogiiized them as evicleiice for  a g l a ~ i a l  
stage n:l~cll oltler tlrail the JTiscoiisin (('illjps, 1931, 1). 
7). Tlie boulders on the terrace near Uro~vne clefiiie 
t l i i ~  p1aci:tl adr;uice ~1-1iich i n  tliis report is called the 
I<i.o\vne glaciation (fig. 6 ) .  

F1f.r I l t  18-I:rl.ltlc o t  rlrr J : i ~ n l l r  qI:r#l.~t1(111 , ~ t  11111e 25'2 011 tile .11.1bha 
best by assuming stre:'mY flo'retl H a i l ~ c ~ ~ i l .  hw~l ( l e r  I I , ~ ,  1111le(l or s l~il  to t l l i  Irxrl of tllr railroad 

I.lor.tllwest~ard as a result of tile nortll1\-est\rarC1 tilting track from tllr trrrdrr 400 f r l ~ t  above. T h r  jirmite is s~~fii( . i~~ltl~ 
frr.<ll to reqnlrf ,  blaqt~nr to l n n k r  the  rnilroatl cut. The man standing cf the erosion surface. It is unlikely that any of the tile bonlder i i  3 ftlet i inclles tail. 
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Most of the boulders are of granite; many are of 
gabbro similar to that  of the greenstone body between 
Windy and Clear Creek; and a few are of conglo~nerate 
and sandstone from the Cantwell formation. The p a n -  
ite of these boulders is strikingly similar petrograplii- 
cally to that from the large stock between the Panert  and 
Nenana Glaciers. Except for  the presence of a dark- 
brown mineral which resembles allanite in tlie thin sec- 
tioils from the erratics, the granite is identical in ap- 
pearance to that of the thin sections from the stock. 
Presumably i t  was derived in part  from this stock, and 
possibly also from the stock a t  the head of Bruskasn:~ 
Creek, which, according to Pogue (1015, p. 57), h:~s a 
similar lithology. The granite is unlike that of tliill 
sections of igneous rocks occurring elsell-here in the 
Alaska Range (see section on granitic intrusive rocks). 

The distribution of the glacial erratics is s h o \ ~ n  011 

figure 8 and on plates 2, 3, ailcl 5. I n  those areas 
iiiappecl thoroughly on the ground (the area east of 
the Nenana. River and in the basins of Dry Creek anel 
Savage Xiver) the erratics were plotted indivicl~~ally 
on the field maps. ,4 record was kept of the ilumber 
of foreign boulders larger than 5 feet in diameter ob- 
served bet,ween selected points in the bed of Lignite 
Creek and in the bed of Moocly Creek. Froni these 
records graphs \\.ere prepnrecl (fig. 'i), sho~~- ing  the 
density of the boulders (pres~ui~iably glacial erratics). 

The counts, and the positions of the points bet\~een 
wllicll they were made, were recorcletl on the sketcli niaps 
directly below the graphs. The points were the11 pro- 
jected to the projection lines d ra~vn  on each of the 
sketcli maps, and the intercepts bet\veen projections of 
the points were measured. The number of bonlclers in 

Concentratbon of foreign boulders larger than 5 ft 
In dlarneter (probably glaclal erratlcsl In bed of 
Llgnlte Creek Total number of boulders 244 

2 8  
8 

Prolectlon llne 

6 Feet 10,000 20,000 30,000 

( ~ ~ 1 1  intercept, divided by the intercept distance in 
tllousaiicls of feet, gave tlie number of boulders per 
1.000 feet. This number was plotted a t  the midpoint of 
tlie intercept on the graphs. The  points were then 
connected by a curve to give the graphs. The  graphs 
have been reclucecl and reprinted in their correct geo- 
graphic positions, on figure 8. Thus the locatio~ls of 
the very liigh concentrations of boulders on each creek 
may be comparecl with the general pattern of distribn- 
tion of glacial erratics along the Nenana River. On 
Idignite Creek, the foreign boulders consist of granite, 
greenstone, :1nd conglomerate. On Moody Creek they 
are of granite ailcl greenstone. 

'L'lie distribntion of boulders in the area west of tlle 
Kenana I l i rer  and nortll of Fish Creek and Pangengi 
Creek (inclucling all of tlle area sliom-11 on figure 8) 
\T as deternlined from closely spaced helicopter flights, 
100-500 feet above the ground. Ilandings were made 
a t  selected localities and snlrlples of the boulders col- 
lected. I t  is felt that at  least 70 percent of a11 the 
bo~ulders in this area were located, probably a higher 
percentage than that  located in the area covered by 
foot. 

'I'lie p1:icial erratics 11-1lich have been assigned to the 
I3ro\vne glaciation are found froin XcBinley Park sta- 
tion nortli~varcl to the north edge of tlle foothills. The 
q1-e:itest concentrations :Ire nortli of Healy. The  dis- 
tribution of the erratics is peculiar in that  between dis- 
taiices of about 3 and 6 niiles from the river oil either 
side of i t  is a belt of very abuuclant boulders, while 
kyontl.  to east and west, ollly a few widely scattered 
bolulderi of the salne types of rock occur. Tlle western 
belt of high concentration occu1.s on top of the hill, 

Concentration of gran~te and greenstone boulders 
large, than 5 ft In dlameter (probably glac~al 
erratlcsl In bed of Moody Creek Total number 

A Of 34 

0 Feet 10,OM) 20.000 

FIGURE 7.-Graphs showing the distribution of probable glacial erratics in the beds of parts of Lignite and Moody Creeks. The sketch map 
below each graph shows the position of the projection line of the graph with respect to  each creek. The boulder counts on which the 
graphs are based are shown on the sketch maps. In order to make clear the significance of the distribution of the boulders, the graphs 
are shown at  a reduced scale in their proper geographic positions on figure 8. 
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FIGURE 8.-Map showing distribution of probable glacial erratics of the Browne glaciation along the Nenana River, and contours on the inferred 
floor of the Brown glacial valley of the Nenana River. The graphs shown on figure 7 have been reduced and reprinted in their proper 
geographic positions on this map. For  explanation of the  graphs see figure 7. 

3,120 feet in altitude, between the forks of Dry Creek, Pangengi and Fish Creeks; two low ridges along either 
about 6 miles soutl~west of Healy ; and along the ridge side of the lake at the head of Fish Creek have numerous 
north of Dry Creek between altitudes of 2,700 and 3,000 boulders. The belt extends around the flank of the 
feet, 5-7 miles west of Healy (see pl. 6 and fig. 8). It mountain west of Slate Creek between altitudes of 2,500- 
continues northwestward along the watershed between 3,000 feet, where the boulders litter the remnants of a 



QUATERNARY GEOLOGY OF K [ENANA RIVER VALLEY REGION 25 

11ig-11 terrace. The belt continues northward along this 
bench for  about a mile beyond the latitude of Ferry 
(see pl. 5).  North of this bench is a gap in the belt 
about 7 miles wide, in which there are very few boulders. 
Heyoncl the gap, granite boulders again occur in abund- 
ance, littering the surface of a terrace 1,200-1,350 feet 
in altitude, 1 to 2 miles west of the Nenana Rirer. This 
segment of the belt extends from the north edge of the 
foothills, a t  a point opposite Rrowne, n o r t l ~ \ ~ a r d  to the 
bluff facing the Tanana Flats. 

West of this band of boulders a few boulders of 
granite, gabbro, and conglomerate are 11-idely scattered 
for  a distance of from 5 to 7 miles. X few granite 
boulders, 3-5 feet across, occur on the top of the 3,044- 
foot mountain nortll of Dry  Creek, about 9 nliles west 
of I-Iealy. Three granite erratics are on the I-iclge 
north of Fish Creek, the farthest west boulder being 
10 miles from the Kenana River and only 2 miles from 
the Savage River. 

Many granite and gabbro boulders litter the top of 
the 3,674-foot mountain west of Slate Creek (see fig. 8 ) .  
This is the greatest concentration of these boulders out- 
side the belt of abundant boulders. h few boulders of 
granite and conglomerate mere spotted in the rolling up- 
land country in the western part of Fairbanks A 4  quacl- 
rangle; the concentration of erratics arerages one every 
4 square miles, f a r  less than the concentration of boul- 
ders in the belt of abundant boulders nearer tlie 
Nenana River. 

On the east side of the Nenana River tlle belt of 
abundant boulders begins on Moody Creek, where boul- 
ders of granite, gabbro, and conglomerate, from 1 
to 10 feet in diameter, are found as f a r  upstream as 
a point 6y2 miles southeast of the stream mouth. The 
rocks from which these boulders were derived are for- 
eign to the drainage basin of Moody Creek. S o  foreigll 
boulders were observed beyond that point, althougll the 
creek was carefully examined as f a r  as its headwaters. 
One of the graphs on figures 7 and 8 shows the concen- 
tration of boulders observed on Moody Creek. Boul- 
ders are common on Healy Creek as f a r  as 3 miles east 
of Suntrana. None are present on Healy Creek above 
this point, nor in  the basins of Coal and Cripple Creeks. 
Erratics, the largest 30 feet long and 15 feet high, are 
found as high as 3,200 feet on the ridge north of Sun- 
trana (see pl. 2). Erratics are very abundant in the 
bed of Lignite Creek, where they have probably been 
deposited by mudflows from the surroundii~g highlands. 
Their concentration is greatest 3 miles east of the llloutll 
of the creek, above which point i t  falls off abruptly. 
East of a point 6 miles above the mouth of the creek 
there are no large boulders except that  9 miles above 
the mouth of Lignite Creek, 4 large boulders of granite 

and g:~bbro occur. (See fig. 8.) The largest of these 
is 15 feet across. Granite erratics are common along 
the ridges on either side of Walker Creek, about 5 miles 
east of the Nenana River. From this locality, the belt 
of abundant erratics continues nortl~viard to the junc- 
tion of Cliicken and Moose Creeks. A deposit of coarse 
sand and gravel, containing scattered erratics, caps the 
1,600-foot terrace just north of the junction of Moose 
and Chicken Creeks (see pl. 5 ) .  This  may be coarse 
till or outwasll of the Browne glaciation. Extending 
north~i-ard fro111 this terrace almost to Rrowne is a 5- 
inile gap in the belt. Between Bron-ne and tlle north 
e~dge of tlle hills, abundant granite erratics are asso- 
ciated wit11 a deposit of sand and gravel about 50 feet 
thick, whicl~ covers par t  of a terrace 500 feet lligh on 
the east side of the Nenana River. Boulders have slid 
down the face of this terrace into the Nenana River, 
where they may be seen on both sides of the railroad 
tr:~ck. One and a half miles north of Browne i t  was 
iiecesbary to blast through one large boulder for tlle 
right-of-way of the Alaska Railroad (see fig. 6) .  

There are very fen- boulders east of the eastern belt 
of ablu~clant boulders. One was observed on top of the 
2,340-foot mot~ntain 4 miles northeast of Browlie; a 
few occur east of tlie head of Elsie Creek; and 4 boul- 
den ,  11-11ich have already been mentioned, were found 
9 miles above the n~outh  of Lignite Creek. 

The belts of abtlndaiit boulders ~vhich have been de- 
scribed coincide with \\--hat appear to be the borders of 
ail ancient valley of the Nenana River, incised about 
2,000 feet below- the preglacial erosion surface. The  
most striking remnant of this valley is the prominent 
terrace which occtirs on both sides of the Nenana River. 
O n  tlle east side of the river i t  can be traced from the 
north edge of the foothills southward to Moose Creek; 
ant1 011 the west side, from the north edge of the foot- 
hills to Slate Creek. This terrace defines a valley about 
4 n~iles 11-ide a t  Bron-ne and about 6 miles wide at  Ferry. 
I t  is about 450 feet above the river a t  the north edge 
of the foothills, and rises  south\^-ard to about 1,700 feet 
above the river in the vicinity of Slate Creek. 

S o t ~ t l ~  of Slate Creek the remnants of the ancient val- 
ley floor consist largely of ridge crests. The most proin- 
inent of these ridge crests is north of Dry Creek. It 
has an abrupt change in altitude about 6 miles \Test of 
Healy. close to the western limit of abundant glacial 
erratics. TITest of this point the altitude of the crest is 
about 3,800 feet, and the ridge is a simple hogback hav- 
ing a slnooth north slope. The crest is held up by a 
zone of beds of boulder conglolnerate in the Nenaaa 
gravel. The crest of the lower eastern part ranges in  
altitude from 2,800 to 3,200 feet, and trends in  par t  
transverse to the strike of the beds. Extending north- 
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ward from the low eastern part of the ridge are several 
long even-crested spurs, which end abruptly a t  the zone 
of coarse boulder conglomerate which holds up the 
higher western part. The strike and dip of the beds 
in the Nenaila gravel are constant through the entire 
ridge. There is no break in structure or change in 
lithology to account for the abrupt change in the height 
and character of the ridge. The change is thought, 
therefore, to be due to erosion, either by the Nenana 
River, or by :I glacier moving down the Nenana River 
valley. The western limit of abundant boulders coin- 
cides closely with the west mall of this ancient valley. 

Bet~veen McKinley Park station and Healy between 
miles 349 and 352 on the Ailaska Railroad are four even- 
crested ridges haring altitudes of 3,000-3,500 feet (see 
pl. 2). They are on the east wall of the Nenana gorge 
and at right angles to the gorge. They give the impres- 
sion of marking ancient valley floor or terrace of 
an open-valley stage. This open-valley stage is prob- 
ably the same as that indicated by the ridge crest north 
of Dry Creek. 

The glacial erratics of the Browne glaciation are re- 
markably fresh. Thin sections ground from chips taken 
from the surface of several erratics show very little de- 
velopment of weathering products. The erratic shown 
on fig. 6 was so firm that explosives were necessary in 
constructing the roadbed for the Alaska Railroad 
through it. Thus i t  would appear that the weathering 
of the erratics has been negligible, a surprising fact if 
true, for the Browne glaciation was followed by three 
major glaciations. Judging by the amount of uplift 
and erosion that occurred after the Browne glaciation, 
the author would be inclined to assign the Browne glaci- 
ation to an early glacial stage in the Pleistocene, possibly 
Kansan or Nebraskan. Actually, however, the weath- 
ering of these boulders has been considerable. I n  fact, 
the boulders which now litter the hillsides and terraces 
on either side of the Nenana River are only remnants 
and fragments of the original boulders which were car- 
ried out by the glacier. The weathering was predomi- 
nately mechanical, since even in interglacial times the 
climate in this area was either cold-temperate or sub- 
arctic. The fine-grained weathering products were 
removed as fast as they were formed. 

Several of the glacial erratics have fantastic and ir- 
regular projections as much as 5 feet long. These are 
usually upheld by dark inclusions in the granite, ap- 
parently more resistant to mechanical disintegration 
than the granite itself. I f  the boulders had been trans- 
ported in this condition by the glacier the projpctions 
would have probably broken off. Boulders having such 
projections are not found on modern glaciers. It seems 
clear, therefore, that the erratics owe their unusual 

shapes to weathering of the s~zrface layer, probably by 
frost disintegration. 

The ground surrounding granite boulders in the 
gravel flood plain of Lignite Creek has an a w ~ ~ m u l a -  
tion of thin spalls of granite, which can be crushed in 
the hand. They have apparently accumulated over a 
period of not more than 20 years, for the creek, which 
probably swept the base of each boulder withill that 
time, would have removed the spalls. One boulder on 
Lignite Creek is exposed in the side of a gravel terrace 
about 15 feet high. The boulder itself is nearly 15 feet 
high. The lower part of the boulder has been smoothly 
polished by the stream for about 5 feet above low water 
on the creek. Above this level the surface of the boulder 
is rough and pitted, indicating that considerable spall- 
ing of the surface has occurred since i t  was last polished 
by the stream. 

Many of the erratics on the terraces and high moun- 
tainsides occur in clusters of a half dozen or more, 
which are separated by some distance from each other. 
A large cluster of this kind occurs or, the north side 
of the ridge north of Suntrana. Others were found 
on the terrace north of Browne. Some of the boulders 
of these clusters have plane sides, although the edges 
and corners are slightly rounded ; on close examination 
they are seen to fit together. They were probably de- 
rived by frost riving of much larger boulders-the orig- 
inal glacial erratics. Although there are no weathered 
boulders here such as those common to the older tills 
of temperate regions, that is, none of the types of 
boulders on which weathering counts are made to dis- 
tinguish separate glaciations (Blackwelder, 1931), the 
erratics of the Browne glaciation have, nevertheless, 
been considerably eroded. 

GLACIAL LOBE DEFINED BY THE GLACIAL DEPOSITS 

The distribution of the glacial erratics of the Browne 
glaciation indicates that a great glacier advanced from 
the highlands around the Yanert and Nenana Glaciers 
westward and northward down the Nenana River to a 
locality a few miles north of Brotvne. The floor on 
which the glacier advanced has been fairly well pre- 
served northward from Moose Creek as the high terrace 
on which the glacial erratics occur. A t  Moose Creek 
this floor has an altitude of 1,600 feet, and 9 miles far- 
ther north i t  has an altitude of 1,200 feet. I ts  present 
slope in this distance is, therefore, 45 feet per mile. 
This part of the glacier lobe occupied a broad valley 
500-1,000 feet below the hills on either side. The valley 
had been incised by the Nenana River almost 2,000 feet 
below the level of the preglacial erosion surface. 
Southward from Moose Creek the topography formed 
by the Browne glaciation near the Nenana River has 
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been destroyed, although the level of the valley floor 
is indicated by the low part of the ridge crest north 
of Dry Creek and by the accordant ridge crests on the 
east side of the Nenana gorge between Moody and Mc- 
Kinley Park station. Using the terrace and mordan t  
ridge crests as control, contours were drawn on figure 8 
to show the inferred valley floor of the Nenana River 
during the Browne glaciation. 

The close association of the deposits of a,bundant 
boulders with the remnants of the ancient open-valley 
stage suggests a close genetic relation. Presumably, the 
great concentrations of boulders represent lateral mo- 
raines. The deposits lie close to the malls of the ancient 
valley. This suggests that the valley walls confined 
the ancient glacier. I f  this relation bet~veen valley 
walls and glacier existed, the occurrence of widely scat- 
tered boulders far beyond the limits of the valley is 
difficult to explain in terms of a single glacial advance. 
The glacier could have expanded greatly during a shol-t 
period, during which it carried little till, then retreated 
within the valley and there accumulated massive mo- 
raines. A more reasonable explanation, the author 
believes, is that the widely scattered boulders represent 
a glaciation that occurred earlier than the Bro\vne 
glaciation and that was separated from it by a long 
interglacial period. I n  an effort to determine ~ h e t h e r  
or not the widely scattered boulders on the high moun- 
taintops could have been deposited by the glacier of the 
Browne glaciation, an attempt was made to estimate t l ~ e  
probable thickness of the glacier. It was assumed that 
the Browne glacier in the Nenana River valley would 
have had about the same structure and thickness as the 
glaciers of the later glacial periods and that i t  wonld 
have occupied a similar topographic position. To de- 
termine the thickness of ice during these later periods, 
well-defined ice-contact features high on the sides of 
valley walls were measured at several localities on many 
of the rivers in the Alaska Range. These measure- 
ments are presented in table 4. 

TABLE 4.--Thickness of ice of the Healy and Rileu Creek glacia- 
tions along rivers of the -4laska Range 

River 

1 Distance 1 v e r a g e  
from termi- Thickness downstream 
nus to point at point of decrease in 
of measure- megurement 1 ment (miles) / (feet) / tk!%E," 

I I . -  I 'mil;) 

FIealy glaciation: 
Nvna na ............................. 19 
Wood .............................. 19 
East Fork of the Toklat ............ 12 

Riley Creek glaciation: 
Nenana ............................. 4 
Xcnana ............................. 12 
Yanert Fork ........................ 16 
Wood .............................. 16 
E a ~ t  Fork of the Toklat. ........... 5 
Tekla2ika- ......................... 9 (?) 
Delta ............................... 12 
Ilelta..- ............................ 22 

From these data it appears that, in general, the thick- 
ness of the Browne glacier increased roughly 100 feet 
per mile for about 15 miles south of its terminus, and 
beyoncl that point i t  remained relatively constant. The 
maxirlium thickness in the vicinity of Lignite was prob- 
ably 1,000-1,500 feet, as it was more nearly like the 
Delta River glacier in ground plan than any of the 
other ice streams listed in the table. It could, tliere- 
fore, have overridden the 3,941-foot inountain a t  the 
head of Elsie Creek, as well as the 3,674-foot mountain 
south\l-est of Ferry and the 3,044-foot ridge 1%-est of 
Kealy; thus it could have deposited all the boulders 
~vhicll hare yet been found, with the possible exception 
of tlle boulder on the 2,540-foot mountain west of Windy 
Creek. If it overrode these mountains, it is difficult 
to ullderstarld why tlle glacier sl~ould have left only a 
few scattered boulders on and beyond these mountains 
and a great abanclance of boulders on the valley floor 
itt their base. It is unlikely that erosion subsequent 
to the Brow-ne glaciation removed most of these boul- 
ders, for the 3,674-foot mountain is graded to the ter- 
race forined cluing tlle Bro~vne glaciation on the east 
side of the molultain. Furthermore, if such erosion 
took place, streams should have delivered many boul- 
ders to the Teklanika and Totatlanika drainage; yet, 
althougll a careful search for foreign boulders was made 
along these streams and the streams draining into them, 
ilone were found. 

There thus appears to be some evidence to suggest 
that the erratics here grouped under the Browne gla- 
ciation along the Kenana River were deposited during 
two separate glacial advances; nevertheless, it is en- 
tirely possible that they were deposited during a single 
adrance. 

UPLIFT OF THE ALASKA RANGE SINCE THE 
GLACIATION 

The present slope of tlle valley floor formed by the 
I3ro\vne between Moose Creek and Lignite 
is about 100 feet per mile (see fig. 8). North of Moose 
Creek ancl south of Lignite it is about 60 feet per mile. 
The over-all slope of the present-day Kenana River 
across the Alaska Range is about 25 feet per mile, pro- 
jected to a straight line parallel to the river. The 
Kenana River during the Browne glaciation very likely 
had a similar slope. Therefore, the total northward 
incliiiatioi~ since the Browne has amounted to 75 feet 
per mile in the stretch from Moose Creek to Lignite, 
and about 35 feet per mile from McKinley Park station 
to Lignite and from Moose Creek to Browne. 

GLACIATION ON THE WOOD RIVER 

Very large boulders of granite and gabbro mantle the 
plateau surfaces to the east and west of Gold King and 
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Honnifield Creeks at altitudes of 3,0004,000 feet. (See 
pl. 2.) The sources of these rocks were the granite 
bodies on the tributaries of the Wood River (pl. 1 )  and 
a gabbro beneath the Cantwell formation on Young 
Creek (pl. 1). Thus a glacier moved from the head- 
waters of the Tl-ood River to the plateau surface around 
Gold King Creek (see pl. 6 ) .  As no granite boulders 
were observed mantling the plateau surface north of 
the head of Coal Creek (tributary to TlTood River), the 
main valley do\\-n I\-hich tlle glacier flowed must have 
been xest of Coal Creek. It probably extended 
through the pass between Mystic Creek and Honnifield 
Creek. This implies a considerable change in drain- 
age, as well as do~~ncut t ing by the Wood River of 2,000 
feet since the glacier 11-hicli deposited these boulders 
advanced d o \ ~ n  the Wood River. The downcutting is 
comparable to that of the Nenana River and its tribu- 
taries throug1~11 deposits of the Rrowiie glaciation in the 
vicinity of Healy. Hence, the boulder deposits are tea- 
tatively correlated wit11 tlle Rrowne glaciation on tlie 
Nenana River. 

TOPOGRAPHY DURING THE GLACIATION 

Figure 8 indicates clearly that the part of the Alaska 
Range ~~t-hich was truncated by the erosion surface had 
a relief of about 2,000 feet during the Browne glacia- 
tion. During the Browne glaciation the appearance 
of the inner parts of tlie range, around RiIcKinley Park 
station and Carlo, inust have been similar to the present 
appearance of the northern foothills west of the Nenana 
River, where the relief is of the same order of mag- 
nitude. Low, rolling ridges, probably having smooth, 
nearly fiat summits, marked the emerging pre-Tertiary 
cores of the anticlines, which later became the rugged 
east-west ridges of the Alaska Range. The intervening 
valleys, cut on Tertiary rocks, which at that time niust 
have covered most of tliis part of the Alaska Range, 
either were nearly featureless plains or had broadly 
terraced slopes. The mountains of the Mount Hayes 
group probably stood 5,000-9,000 feet above the valley 
bottoms, and may have been 10,000-11,000 feet in alti- 
tude. They were high enough for ice to have accumu- 
lated on them. The mountains of the Mount McKinley 
group were even higher, Mount McKinley being per- 
haps 16,000 or 1'7,000 feet in altitude. The mountains 
between the Alaska Range and the Pacific ocean prob- 
ably were much lower than they now are, and may not 
have bloclced the passage of moist winds. Hence the 
Browne glaciation could have been more extensive in 
the Alaska Range than the succeeding stages, even 
though the mountains were not nearly as high as they 
were later. 

DRY CREEK GLACIATION 

DEPOSITS ALONG THE NENANA RIVER 

The next glacial advance in the Alaska Range is 
named the Dry Creek glaciation and is described for the 
first time in this paper. Glacial and related deposits 
which are assigned to the Dry Creek glaciation lie on 
hillsides a t  a level well below that of glacial erratics 
of the Browne glaciation but above deposits of the 
younger IIealy glaciation, described in the following 
section. 

A deposit of yellowislz-brown varved clny on the east 
side of the valley of Dry Creek serves best to define the 
altitude of tlie ice during the Dry Creek glaciation and 
the amount of uplift and erosion which occurred be- 
tween the ice advance of this stage and the ice ad- 
vances before and after it. I t  is a t  an altitude of 2,400 
feet a t  about latitude 63'49' N., longitude 149'05' T T .  
(pl. 2).  The varved clay is flat-lying, and it appears 
to be a reinnant of a deposit which may once have filled 
the valley of Dry Creek. I t  was apparently deposited 
in a lake dammed by ice moving down the Nenana 
River, although all other vestiges of this lake have been 
destroyed. The terminal moraine of the Healy glacier 
is well preserved on a broad terrace about 2 miles north- 
east of the varved-clay deposit, at an altitude of 1,850 
feet (pl. 2), and makes up the south bank of tlle lower 
course of Dry Creek. It is clear that the Healy gla- 
cier could not have been responsible for the dfimmiag 
of the lake, for its upper level lay well below the level 
of the clay, and adequate drainage was provided 
around the ice terminus. On the other hand, the val- 
ley of Dry Creek is 400 feet below the lowest ridges 
on which boulders assigned to the Rrowne glaciation 
occur and about '700 feet below the supposed level of 
the valley floor of the Browne glaciation a t  this lo- 
cality. Furthermore, Dry Creek and the ridge north 
of i t  trend a t  right angles to the direction of flow of 
the Browne glacier, and the topography on which the 
lake deposit rests was very probably formed after the 
ice advance of the Browne. Therefore, if the varved 
clay was deposited in a glacially dammed lake, it is 
younger than the ice advance of the Rrowne and older 
than the ice advance of the Healy, and was deposited 
caused by a glacier whose restored upper surface would 
be a t  least 500 feet higher than the restored upper sur- 
face of the Healy ice. 

The broad flat-topped mountain between the Nenana 
River and Riley Creek about 4 miles due north of Carlo 
rises to an aItitude of 3,700 feet. (See pl. 3.)  Glacial 
erratics are strewn over its top. On its southwest side, 
a t  an altitude of 3,175 feet, is n low rounded ridge of 
till, which is probably a remnant of a lateral moraine 
of a lobe of the Nenana glacier of the Healy glaciation. 
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Therefore, the erratic boulders on the mount.ains above 
this moraine ridge were probably deposited by a glacier 
which stood a t  least 500 feet higher than the Healy 
glacier. They could have been deposited by the glacier 
which dammed Dry Creek to form the varved-clay 
deposit. 

In  1951 the author observed large rounded white 
boulders, presumably granite, wasting out of a deposit 
on a bench at  an altitude of 4,000 feet, about 1% miles 
north of Carlo triangulation station (VABM 4929, be- 
tween Carlo Creek and Revine Creek, on pl. 3 ) .  These 
boulders are about 500 feet higher than a ridge of till 
which, as observed from the air, appeared to dam tlie 
valley just east of Carlo triangulation station. The 
ridge is correlated with the Healy glaciation, and is 
regarded as marking the ice limit of that glaciation. 
The deposit of white boulders is, therefore, regarcled 
as marking the ice limit of an earlier glaciation \vhich 
stood 500 feet higher on tlle mountain sides than the 
Healy ice. A similar deposit of boulders occurs at  an 
altitude of 4,0004,300 feet on the west wall of the 
Nenana River gorge, 1V2 miles west of the mouth of 
Carlo Creek. 

The position of these deposits and their relations to 
the profile of the glacier they represent, and to olcler 
and younger glaciers, are shown in the loi~gituclinal 
profile of the Nenana River (see pl. 7). 

OUTWASH GRAVEL ON THE NENANA RIVER 

The glacial outwash deposits of the Dry Creek gla- 
ciation are believed to be represented by a proiniileilt 

terrace, which has a thick cap of terrace gravel, on 
either side of the Nenana River. This terrace extends 
from about Lignite Creek to a point a short distance 
north of Ferry. (See pls. 2 and 5.) I n  the vicinity of 
Iignite, the top of the gravel on the outwash terrace 
of the Dry Creek glaciatioi~ lies at  an altitude of 2,200 
feet, about 450 feet above the highest of the terraces 
wllich appear to be associated with the Healy (fig. 9) ,  
and about 500 feet below the restored profile of the Ne- 
nana River of the 13rowne glaciation. I n  the vicinity 
of Ferry, about 8 miles north, i t  is about 350 feet above 
tlie terraces of tlie Healy. Farther north the terrace 
has been removed by erosion. 

Exposures of gravel underlying tlle terrace are poor, 
but east of the Xenana River, opposite Lignite, gravel 
appears to be 50-100 feet thick (see fig. 9) .  This gravel 
appears to have been cleposited by tlle Nenana River, 
for it is blue gray in color, as is the gravel now being 
deposited by the Nenana River, and consists of boulders 
of nn\veatherec\ gabbro, granite, Birch Creek schist, 
dark-gray coiiglornerate, and coarse sandstone from the 
Cant\vell formation. It is completely unlike gravel 
cleposits clerired froni tlie Nerlana gravel. Tlle latter, 
n-llich for111 alluvial cones resting on the distal parts 
of tlie terrace, are cornmonly buff to brown in color. 
I3oultlers derived from the Nenana gravel-although 
also consisting of schist, gabbro, granite, conglomerate, 
:1nd clark sandstoneare  commonly deeply weathered 
and iron-stained, and terrace gravel derived from the 
Senana gravel is quite similar in color and appe:lrance 
to the Seiiana gravel itself. 

W. E. EXPLANATION 
2000'-7 Drv Creek outwash terrace. -2000' 

--*-- Shaded where exposed 1 5 

-- - IUUU' Shaded where exposed J 

Nenana gravel 
Vertical scale two times horizontal scale Shaded where exposed 

0 % l Mile 
L I I I 

Datum is  sea leuel Contact 
Dashed where inferred 

F ~ G C R E  9.-Cross sections of terraces on the east side of the Senana River between 1,ignite Creek and Ferrs. 
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The terrace on the west side of the river forms the 
flat top of the mountain just north of Pangengi Creek, 
3 miles due west of Lignite. Many white granite boul- 
ders litter the top and south side of this mountain, 
down which they are slowly sliding into the bed of Pan- 
gengi Creek. These boulders could be remnants of 
till of the Dry Creek glacier. If so, they would indi- 
cate the approximate northern limit of this glaciation, 
for the terrace gravels north of this point clearly were 
deposited by river and must represent an outwash 
plain. It is more likely, however, that these boulders 
were deposited by ice of the Browne glaciation, and 
later were partly reworked by the Nenana River and its 
tributaries. They remained on the terrace at  this point 
because they were too large to be moved any farther. 

An indistinct bench that appears to be a remnant of 
a terrace is preserved at  an altitude of 2,500 feet about 
a mile east of the lake at  the head of Poker Creek and 
about 2 miles north of the junction of Moody and 
Healy Creeks. I f  i t  is a terrace reninant, it  would 
correlate with the outwash terrace of the Dry Creek 
glaciation. 

GLACIAL ADVANCES ON OTHER RIVERS 

Climatic conditions that could cause a glacial ad- 
vance down the Nenana River as far as Healy would, 
in all likelihood, have caused ice advances of compa- 
rable magnitude on other rivers of the Alaska Range. 
Deposits of till and erratics that are assigned to this 
glaciation because of their topographic position and 
relations to other glacial deposits have been found on 
the East Fork of tlle Toklat River, on Igloo Cl.eek, 
Savage River, and Moose Creek (tributary to Tat- 
lanika Creek). These deposits lie only a few hundred 
feet above tlle adjacent stre:~ms, on topography which 
appears to be younger than the Browne glaciation. 
The uplift and tilting that caused tlle valleys of tlle 
Nenana and Wood Rivers to be deepened 1,000 to 2,000 
feet also affected tlle East Fork of the Toklat River, 
Igloo Creek, the Savage River, and Moose Creek. Al- 
though not all of these streams deepened their valleys 
as rapidly as did the Nenana and Wood Rivers, they 
must all have deepened their valleys many hundreds 
of feet since the Bran-ne glaciation, and therefore 
these deposits are thought to lie considerably below 
the level that must have prevailed in these valleys 
during Erowne time. I f ,  instead, we assume that the 
glacial deposits in question are of Browne age, then 
the valleys in which they lie would have been so deep 
during Browne time that they should have captured 
the drainage of both tlle Nenana and Wood Rivers. 
On the other hand, the deposits lie above and beyond 
the limits of the Healy glaciation, or occupy ancient 

valleys which probably were abandoned before the 
advent of the Healy glaciation. 

Glacial deposits at  two localities in the drainage 
basin of the East Fork of the Toklat River have been 
assigned to the Dry Creek glaciation. One of the de- 
posits is at an altitude of about 2,600 feet on the west 
bank of a tributary stream at  about latitude 63'43%. 
and longitude 149'53''CV. (pl. 6).  It consists of till, 
largely boulders of andesite and rhyolite. According 
to Capps (1932, pl. 4 ) ,  the drainage basin of the trib- 
utary consists almost entirely of Birch Creek schist 
and Paleozoic and Mesozoic sedimentary rocks. The 
mountains at  the headwaters of the creek are not as 
high as other mountains nearby which appear not to 
have supported glaciers during the Healy and Riley 
Creek glaciations. The volcanic rocks could have been 
derived from volcanic terrain of the main valley of 
the East Fork of the Toklat River. Although rock 
types exactly like those of the till have not been founcl 
in place where the McIZinIey Park highway crosses 
the volcanic terrain, they may crop out farther 
downstream. 

I f  the till was brought to its present position by a 
glacier advancing down the tributary valley, the sur- 
face over which the glacier advanced must have been 
largely destroyed. This is indicated by the narrow 
V-shaped gorge having interlocking spurs several 
hundred feet high that extends 3 miles southward (up- 
stream) from the deposit. Above the inner canyon 
is a broad canyon having straight flaring walls and 
a floor about a quarter of a mile wide, which could 
have been occupied by a glacier. However, this upper 
canyon is far narrower than the broad U-shaped val- 
ley of the East Fork of the Toklat, which ends abruptly 
downstream about 5 miles south of the till deposit. It 
would appear therefore that the glacier which de- 
posited the till, if it  advanced down the East Fork 
of the Toklat, is very old, and that uplift and erosion 
amounting to several hundred feet have occurred since 
its advance. Evidence presented in the following sec- 
tions indicates that two separate glacial advances have 
taken place on the East Fork of the Toklat River 
since the deposition of the till. These are correlated 
with the Healy and Riley Creek glaciatioils on the 
Nenana River. On the other hand, the deposit could 
hardly be as old as the Browne glaciation, for i t  is 
only 400 feet above the present level of the nearby 
East Fork of the Toklat River. Presumably, the val- 
ley floor of the East Fork of tlle Toklat River during 
the Browne glaciation would have been much higher 
than the present river level. 

Although the till deposit is correlated with the Dry 
Creek glaciation on the Nenana River, the evidence 
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for the ice advance in the tributary valley is still tenta- 
tive. Tlle geology a t  the head of the tributary was 
studied only in reconnaissance fashion by Capps ailcl 
Brooks. The absence of volcanic rocks in situ in the 
basin of this tributary must be proved before it  can 
be stated with certainty that the volcanic rocks that 
make up the till deposit came from the basin of tlie 
East Fork of the Toklat. 

The second glacial deposit assigned to the Dry Creek 
glaciation in the drainage basin of the East Fork of the 
Toklat River is a t  the top of the 4,900-foot mountain 
about 3 miles S. 20" E. of Sable Moulitaill in Jiouiit Jfc- 
Kinley National Park. Here, large boulders of lime- 
stone and of a clastic breccia consisting of limestone 
pebbles in a matrix of well-cemented graywacke litter 
the surface;. Some of these boulders are more than 10 
feet long. As they are not found in tlie Senana grayel, 
which malres up this mountain, they must have beell 
brought here by glaciers advancing down the East Fork 
of the Toklat River from mountains to the south, where 
these rock types are present. The boulders are 1.300 
feat above the bed of the East Fork of tlie Toklat Rirer, 
and about 500 feet above benches which are regarded by 
the author as ice-contact benches formed at the maxi- 
mum extent of the next younger glaciation-The Healy. 
They are believed to be younger than the Browne ice 
advance because they rest on topography \\-liicl~ is be- 
lieved to have been carved later than the Bro~\-iie glacia- 
tion. Hence, they are regarded, together v-it11 the 
deposit of till 14 miles north, as evidence of a glacial 
advance whose height, extent, and age were about the 
same as those of the Dry Creek ice advance 011 the 
Nenana River. This ice advance is, therefore, corre- 
lated with that of the Dry Creek. 

A field of boulders, about 50 percent of \rhich are 
of Birch Creek schist and tlie relnaincler of granite, 
gabbro, coiiglomerate and basalt, lies in a creek about 
half a mile north of a point on the JLcHiiiley I'nrk 
highway 3 miles east of the Savage River bridge. 
Boulders 3 feet across are common, and the largest one 
observed was an angular boulder of conglomerate 6 
feet long. The schist could have been deposited by 
streams draining the ridge of Birch Creek schist north 
of the highway, but the other rocks could have beell 
deposited only by glaciers advancing out of tlle 111o1111- 
tains to the south. The terrain 011 ~rllicli the other rocks 
rest is underlain by Birch Creek schist and the Tertiary 
coal-bearing formation, neither of which contains 
boulders of granite, gabbro, or conglomerate of this 
size. I t  is unlikely that the till could have beell de- 
posited by a glacier advancing down the Nenaila River, 
for no similar deposits were observed east of this creek, 
although every stream bed crossing the highway as far  

east as the head of Hines Creek was carefully examined. 
The deposition of these boulders by a lobe of the Sanc- 
tuary glacier seems unlikely also. I f  the Sanctuary 
glacier had advanced to this point, one would suppose 
that a lobe of tlie glacier would have moved down the 
Sanctuary canyon north of the highway; yet, no evi- 
dence of glacial erosion was found in this canyon, which 
is a narrow V-shaped one, 2,000 feet deep, having inter- 
locking spurs. The only remaining hypothesis is that 
the boulders were deposited by ice advancing down the 
Savage River. This ice may have reworked till of the 
R r o ~ ~ n e  glaciation containing granite boulders, for no 
bodies of granite are known to  occur a t  the head of the 
Sarage River. Reasons for concluding that the Savage 
River cailgoli was not occupied by ice during the last 
(Riley Creek) glaciation are given ill another sec- 
tion of this report. I t  seems likely that the U-shaped 
gorge of the Savage River south of the McKinley Park 
highway x7as formed during the Healy glaciation. The 
deposit of boulders is believed to  be beyond the ter- 
ininns of the Healy ice, although all topographic evi- 
dence of tlie terminal moraine of the Healy has been 
destroyed. Therefore, the glacial advance which de- 
110sitecl the erratic boulders is tentatively assigned to the 
Dry Creek glaci a t' 1011. 

Bou1dei.s of Birch Creek schist, the largest of whicl3 
is 8 feet long, are s t r e \ ~ n  over the flat saddle (altitude, 
-1,000 feet) between tlie head of &loose Creek and the 
head of Gold Ring Creek, about 3 miles due north of 
Iceevy Peak. The saddle is underlain by Totatlanika 
schist, and the coiltact between the t v o  schists is almost 
2 miles south, oil the flanks of Keevy Peak. Presum- 
ably these boulclers are erratics left by a glacier I+-hich 
:~clvancecl northn-ard from the cirque a t  the head of 
Jioose Creelr. I n  all likelihood, Moose Creek drained 
northward to Gold King Creek a t  the time of this 
g1aci:ll advance, but has since been diverted by head- 
\yard capture toward Tatlanika Creek. Tlle stream bed 
is now several l~unclred feet belov- the boultler;. The 
boulcler cleposit is tentatively correlated wit11 the Dry 
Creelr glaciation, although i t  is possible also that i t  was 
formed during the IZro1\-11e glaciation. 

S o  glacial deposits definitely :~ssignable to the Dry 
Creek glaciation were found on the Wood River. 

UPLIFT AND EROSION DURING THE INTERVAL BE- 
TWEEN THE BROWNE AND DRY CREEK GLACIA- 
TIONS 

Comparison of contours on the restored valley of the 
Senalia Rirer during the Bro\-rne glacial advance (fig. 
8) I\-it11 the profile of the Dry Creek outwas11 terrace 
(pl. 7) sllo\~s that the Nenana River of the Browne 
glaciatioa had a slope of about 25 feet more per mile 
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betn-eel1 Lignite and Browne than had the outwash ter- HEALY GLACIATION 

race of the Dry Creek glaciation (see table 5). The GLACIAL DEPOSITS ALONG THE NENANA RIVER 
greatest divergence in slope-37 feet per mile-was 
betxeen Ferry and Lignite. Table 5 indicates that the 
Alaska Range was uplifted 700 feet during the interval 
between the Brow-ne and Dry Creek glaciations, and 
that the displacement was largely restricted to a nar- 
row monoclinal belt, about 8 miles wide, along the north 
side of the range. Presumably, this belt extends east- 
ward from the Nenana River, passing just north of the 
high plateau near Gold King Creek, where deposits of 
the 13rowne glaciation indicate that the valley floor was 
2,000 feet above the present river level. The monoclinal 
flexure probably trends southwestward from the Nen- 
ana River towsrd the Kantishna Hills. 

TABLE 5.-Differences i n  present altitude of Nenana River profiles 
of Browne and Dry Creek glaciations 

Distance 
Locality 

Rrownc 
(miles) 

Altitude of the re- 
stored profile of 
the rivrr formed 
d u r i n g  t h e  
Browne glacia- 
tion (feet) 

Altitude of the re- 
stored profile of 
the river formed 
d u r i n g  D r y  
Creek glaciation 
(feet) 

-- 

Difference 
(feet) 

Rrowne.. -. . . . . . - 1,300 1 1,100 200 
Ferry ..-.-...... 1 1 2,000 1 1,650 1 350 
Lignite.. . - -. . . .. 2.850 2.200 650 
Healy -. .. . . . - -. . . 3,200 1 2,500 700 

1 Approsimate altitude. 

The uplift i11 the interval between the Browne and 
Dry Creek glaciations was accompanied by extensive 
nonglacial erosion, chiefly mass wasting and stream 
erosion. The surface over which the Browne glaciers 
had advanced \$-as dissected by streams chiefly along 
belts of soft Tertiary rocks. Consequently, the original 
surface of the Bro\%-ne glaciatioii in the vicinity of Lig- 
nite Creek is now preserved only on high mountain- 
tops. The slopes of these mountains are graded to 
extensive pediments-surfaces of stream abrasion, slop- 
ing away from the mountains a t  angles of 7"-lo0, which 
are mantled with a thin layer of stream gravel derived 
from the mountains. These pediments, in turn, are 
graded to the Dry Creek outwash terrace and to younger 
terraces along the Nenana River. Nonglacial erosion 
was responsible for the scu.lpture of most of the Alaska 
Range, particularly the foothill country, in the interval 
between the Browne and Dry Creek glaciations. 

One significant drainage change appears to have oc- 
curred. During the Browne glaciation, the Wood River 
drained northward through the pass a t  the head of 
Mystic Creek, tlieii flowed approximately along the pres- 
ent course of either Bonnifield or Gold King Creeks. 
9 stream erodinv headward in a southwesterly direction 

? 
along soft rocks m the coal-bearing formation captured 
the Wood River and diverted it in a broad arc a few 
miles east of its original course. 

The Healy glaciation, the type locality of which con- 
sists of terminal moraine deposits along tlie Nenana 
River near ITealy, followed the Dry Creek glaciation. 
No deposits have been found which indicate that a 
separate glacial advance occurred between the two. 
The deposits of the Healy ice advance are much more 
abundant and much better preserved than those of 
earlier advances. 

Par t  of tlie terminal moraine of the Nenana River 
glacier of the Healy glaciation is preserved as six or 
seven parallel arcuate ridges resting on a terrace 1,650- 
1,800 feet above sea level, about 2-2% miles due west of 
Healy. These ridges are about 2 miles long, have a 
total widtli of a tliird of a mile, and rise to a height 
of 25-50 feet above the intervening depressions. 

An exposure in a roadcut in the south end of the outer- 
most of these ridges shows rudely stratified, coarse, 
clean gravel, including boulders of gabbro, conglomer- 
ate, and granite. The granite is disintegrated. Peb- 
bles in the gravel average 3 inches in size. Tlle boul- 
ders are as much as 3 feet across. The surface of the 
ridge is mantled with a layer of mixed silt and pebbles 
about 2 feet thick. Presumably, windblown silt was de- 
posited on an upper layer of pebbles, and these were 
mixed by intensive frost action. Roadcuts in other 
ridges are largely in till. The till consists commonly 
of rounded pebbles and boulders of conglomerate, green- 
stone, and granite, scattered through a matrix of qreen- 
isli-gray silty clay. 

The arcuate ridges were recognized by S. R. Capps 
(1032, p. 200) as marking the maximum extent of a 
great glacial advance, which he assumed to be the most 
recent in this area. 

The arcuate ridges have smoothly rounded crests and 
gentle slopes, and are markedly different in appearance 
from the more angular depositional landforms of the 
younger Riley Creek glaciation. They obviously have 
been considerably modified by mass wasting since they 
were deposited. 

Southward from the arcnate ridges, the terrace on 
n-hiclz they rest has many irregular, closed depressions, 
the largest of which is more than 50 feet deep. Most 
of these depressions are dry. Large boulders of con- 
glomerate, the largest nearly 10 feet across, are on the 
terrace surface. 

On the east side of the Nenana River, near latitude 
63O50' N., a terrace 1,800-1,900 feet in altitude lies 
between the river and Moody Creek (pl. 2). It is 
s h o ~ ~ i i  on figure 21 as terrace 14. I t s  upper surface 
has many hillocks and undrained depressions. The 
material a t  the surface appears, from poor exposures, 
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to be largely gravel. This terrace may be a pitted kame 
terrace that  was deposited along the margin of the 
terminal lobe of the Nenana River glacier a t  the max- 
imum advance of the IIealy glaciation. 

Till is exposed on the north wall of the caiiyoli at 
mile 355 on the Alaska Railroad, about one mile soutll 
of Garner (pl. 2).  I t  rests on Birch Creek schist a i d  
lies against the east wall of an ancient gorge, no\v filled 
with blue clay, of the Nenana River. As explained in 
a later section, the clay is believed to have been de- 
posited by a lake that was left by the retreat of tlle 
Healy glacier, and the till, therefore, Fas  probably cle- 
posited during the Healy glaciation. 

Till is exposed on the east bank of the Nenana River 
about 1 mile north of McKinley Park station (pl. 3. ancl 
fig. 15). Here, also, it rests on Birch Creek schist aiicl 
is overlain by blue clay. 

A small body of till of tlie Healy glaciation, overlain 
unconformably by blue-gray outwash gravel of the Xi- 
ley Creek glaciation, is exposed in a railroad cut about 
a mile north of McKinley Park st a t '  1011. 

Deposits of till, assigned to the IIealy glaciation, 
rnantle much of the floor of the valley drained by Wines 
Creek and its tributaries in the vicinity of Jlount 3lc- 
Rinley National Park headquarters. The flat area at 
about 2,500 feet altitude, about half a mile north\vest 
of the National Park headquarters (pl. 3 ) ,  is under- 
lain by till containing large boulders of granite and 
conglomerate, some more than 10 feet across. This till 
must have been brought to this positioii by a glacier 
flowing down the Nenana River valley. 

An excavation for a water pipe, nlacle in 1951 along 
the McKinley Park highway about three-quarters of a 
mile west of the National Park headquarters, disclosed 
fresh-appearing blue-gray till containing boulders of 
granite, conglomerate, gabbro, and otller rocks in a 
matrix of blue-gray sand and clay. The till inter- 
fingers westward with stream-deposited gravel ~vllicll 
contains abmldant boulders of Birch Creek schist in 
addition to the other rocks. The excaration was about 
8 feet deep, and neither the base of the till nor the base 

A similar deposit of till, interfingering laterally west- 
warcl with stream-deposited gravel, underlies a trianLp- 
lar terrace remnant b e t ~ ~ e e n  Riley Creek and Hines 
Creek (111. 3) a t  2,000 feet altitude, or 500 feet below 
the upper surface of the ice a t  the n~axiintu~i of tlle 
Healy glaciation. The relationship of till to  streain- 
deposited gravel a t  this place suggests tallat these, also, 
are ice-margin deposits. They may have been deposited 
during a pause in the retreat of the Healy ice or during 
a short reaclrance of the ice. 

Till remnants of the Healy glaciation south of Mc- 
ICinley P:wk station coi~sists largely of ice-contact de- 
posits in protected positions on mountains high above 
the yomlger Riley Creek deposits. 

A smoothly rounded ridge of till, 90 feet high, lies 
on tlle relatively flat shoulder on the southwest side of 
the lnouiltain between Riley Creek and the Nenana 
River about 3 4  nliles north of Carlo (see pl. 3). The 
top of this ridge ranges in altitude from 3,175 feet a t  
the soutll end to about 3,000 feet a t  the north end, 2 
iniles away. I ts  base is about 300 feet above the sharply 
defined ice-margin deposits of the Riley Creek glacia- 
tion in tlie pass southr~rest of this mountain. The ridge 
is believed to be a remnant of a lateral moraine of a 
lobe of the Nenana River-Riley Creek glacier of the 
Heal y advance. 

Kirtley F. Mather, Troy L. P6\~6, and the writer, on 
an air-plane flight in 1951, observed a morainelike ridge 
that blocks the mouth of a small creek near Carlo tri- 
aagulation station (111.3). At one time the creek flowed 
east~r-ard into Revine Creeli, but, because of the ridge, 
it  no^\^ flows  north\^-ard, parallel to Revine Creek, into 
the Y:lnert Fork. This ridge stood about 3,600 feet 
in altitude, about 200 feet above the well-defined mo- 
rainal ridges of the Riley Creek. It is believed to 
mark tlle ice limit of the Healy glaciation a t  this point. 

The position of the ice surface, indicated by these 
scattered deposits of till, is shown on the longitudinal 
profile of the Kenana River (see pl. 7). 

LANDFORMS OF THE HEALY GLACIATION ALONG 
THE NENANA RIVER 

the gravel was altitl'cle of Lnndfonns of the Healy alollF tile Nellalln 
posul-e is about 2,200 feet. Presumably, the clellosits ~i~~~ are poorly preserved, compared with the land- 
of till and gravel represent the lllargin of the Sellalia forms of the youllger Riley Creek glaciation. The outer 
River glacier of the Healy glaciation, as very little eri- gorge of the Kennna, River betweell McKinley Park sta- 
dence of glacial deposition was observed farther up tion and Healy is straight alld has faceted spurs (fig. 
the valley of Hines Creek. This fixes the upper sur- 10). Eyidently, the spurs have been planed away by the 
face of the glacier a t  McKinley Park station clul.ing glacial ice of tlle Healy and, possibly, the Dry Creek 
the maximum advance of the Healy ice a t  about 2,500 glaciations. However, no glacial grooves or rounded 
feet. Southv-ard, a prominent bench rises along the roclles moutonees are preserved. The triangular facets 
west side of the valley of Kiley Creek from the level of of the spurs facing the river are rough and hummocky 
these deposits. in detail. 

423228-58-4 
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LAKE DEPOSITS OF THE HEALY GLACIATION ALONG 
THE NENANA RIVER 

1.'1i:l'lil 10.-Vi(>\v s ~ ~ ~ t l i \ r ~ s t \ \ - : ~ ~ . d  ~ I . O I I I  ~ ~ i ( l l i ~ l t i l i n  rl(1rt.11 of G31.111'1.. S ~ I O I Y -  

ing the  two-story cflnyon of the Sen;rnn River. The broad flnor of 
the  outer gorge. to the riglit, is un(ler1ain by n l lnr iun l  and lake-de- 
11ositeA clay. The porgr. to the left \vns cu t  after t hc  Henly glncin- 
tion  IS the snl~erl~osed S rn ; l n :~  Rirt,r. The terrace gra~r.1 on t h e  \vest 
wall  of the inner  gorge is Riley Creek outwasli. 

These lantlfor~lls are quite nillike tlle 1):wt of tlie 
Nenana River gorge b e t ~ e e n  TVincly and Carlo, ~vllicll 
was occupiecl by ice of tlie later Riley Creek glaciation. 
There, the side w:~lls hare distinct 11orizont:il pool-es 
and benches parallel to the rirer. and tlie lev-er slopes 
of the spurs are gently ronnclecl. The  absence of nlinor 
glacial landforms could be attributed to the greater 
susceptibility of tlie Birch Creek schist to \I-eathering 
tlian rocks that  lnake up the mountains of tlie upper 
gorge of the Senann. FIov-ever, the c:lii~-oil of tlie 
XToocl River, 30 miles east, ancl of the Deltn River, 80 
miles east, both of n-hicli were occupied 1)y glaciers of 
the last advance (Troy L. PGn-4, oral com~nmiication, 
1951), have excellentl~ preserrecl glacial proores on 
their walls and 11-ell-romlclecl roclles montonees on their 
walls and floors. Rot11 canyons are cut in IIircll Creel< 
schist that  is similar in every respect to tlie Birch Creek 
schist of the lower gorge of the Senana River. This 
differeirce in degree of preservatiolr bet\vcen the glacial 
landforms in tlie gorge of tlie Kenana between IIc- 
Kinley Parlr station a i d  Healy on tlie one 11:11id, ancl 
those on otlier rirers ancl farther upstream on the 
Sennna on tlie other hancl, is ericlence tlint tlie period 
during ~x-hiclr ice occupied the Ion-er Senmla gol-ge 
( that  is, the Healy glaciation) is much. older than the 
latest ice aclvarice in tliis region. 

Dnring the retreat of the ice of tlie IIealy glaciation, 
tlie Senxila River gorge was occupied by glacial Lake 
Afoocly. This lake, about one-third of n mile wicle, and 
at least 9 miles long, extended from Riley Creelr nortli- 
warel to a point beyond Garner. I t s  snrface stood a t  an  
:~ltitnile of about 1,750 feet. Before the river began to 
cut clo\\-u its outlet, the lake was completely fillecl with 
clay nncl gravel. Between Riley Creek and I\foocly, the 
lake coincided closely with the present canyon of the 
Sen :~n :~  Iiiver. North of Moody, ho~verer, the lake was 
from yq to jh mile west of the present Kenana River, 
11-liich flon-s in n narrow gorge that  was cut after the 
lalre \\-as filled with sediments. The 1:~lre deposits con- 
sist 1:lrgely of blue- and yellowi sh-gray liori zontally 
1-itrred silt- clay, but each stream flowing into the lake 
b~ti l t  n clelt:~ of coarse sand and gravel. Some of the 
(1elt:ls are exposecl in cross section along the Alaska 
R:lilroad, and otliers are undoubtedly buried beneath 
younger dei>osi ts. . , 

The ~lorthernmost exposure of clay deposited i n  
glacial Lake AIoocly is in the forks of tlie creek half a 
mile west of Garner (pl. 2) ,  ancl also in frost-polygons 
011 n liillsicle as high as 1,750 feet in altitnde. Clay is 
exposecl on both banks of the canyon that the Alaska 
Railroad crosses at  inile 355, about 1 mile south of Gar- 
ner, between :I point one-sixth of a mile up  the canyon 
from the railroad briclge ancl a point half a mile up  
tlie canyon from tlie r:lilroad bridge. The lower one- 
sistll of a mile of tlie can;r-on is in  Birch Creek schist. 
-\long t11e contact betn-een tlie clay beds and the Birch 
('1-eelr schist, tlie outcrops indicate an irregular mass 
of till ant1 gi.:lrel, the deposit nlentiollerl on page 33. 
The clay in  this canyon is found froin the level of the 
canyon floor (1,470 feet) to an altitude of about 1,670 
feet on tlie canyon 11-:11ls. It is overlain on the north 
side of the canyo11 by :L layer of gravel, 50-70 feet thick, 
consisting entirely of Birch Creek schist. The  upper 
snrface of this prarel is the surface of a sloping terrace, 
whicli has the appearance of part of a lo117 cone rad- 
iating fvom the point a t  which this canyon emerges 
h o m  the ino~unt,ain wall to  the n-est. Alpparently, the 
deposit is an alluvial fail that  was built by this canyon 
ac180hh the upper surface of the clay and later partly 
dissected. Tlie exposnres of clay nre rery poor, ex- 
tensire slumping of the ~valls  of the canyon haring ob- 
scured them. Enougll clxy is exposed, however, to  
demonstrate conclnsively that  the upper part  of this 
c:ulyon. where i t  crosses the broad floor of the outer 
gorge of tlie Nenana Iiiver, crosses a body of clay. 

Similar exposures of blue-gray clay occur along the 
north side of tlie canyon at  iriile 354 (pl. 2) ,  about 1% 
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FIGURE 11.--Geologic cross section of the floor of the buried Nenana River gorge at mile 354 on the Alaska Rail- 
road, showing buried lake deposits west of the river. Topography from Alaska Railroad bridge engineer's 
map (scale, 1 : 4,800). 

miles south of Garner and half a mile nol%ll of Moody. 
They extend along the canyon wall 1/S-1/2 mile above the 
railroad bridge. The clay ranges in ~ l t i tude  from 
about 1,600 to 1,700 feet. Geologic coilditions near this 
canyon are indicated on figure 11. 

From about mile 353, just south of Iloody (pl. 2), 
to mile 353.5, north of Moody, the Alaska Railroad 
crosses a deposit of blue glacial-lake clay. A11 excel- 
lent exposure of the clay and interbedded sand near 
the north end of this outcrop shows that the clay is flat- 
lying ancl varved. Poor exposures of the clay along 
the railroad track near Moody also indicate that it is 
varved. The clay is the locus of many landslides. 

Between mile 353 and Sheep Creek the clay is con- 
fined to a narrow band bet~veen the railroad track and 
the river. West of the railroad track is a bank of gravel 
165 feet high, rising about 280 feet above the river. A 
cross section of this bank is sho\rn on figure 13. Be- 
tween the railroad track and a level about 50 feet above 
it (altitude, 1,540 feet) the gravel is well bedded a i d  
consists almost entirely of boulders of Birch Creek 
schist. The beds dip 35'40" toward the river (see 
fig. 12). Apparently they are foreset beds of a delta 
built by Sheep Creek into glacial Lake Moody. Rest- 
ing unconformably on the channeled surface of the fore- 
set beds is a 35- to 40-foot layer of coarse blue-gray 
gravel, consisiting of boulders of conglomerate, coarse 
dark sandstone, andesite, gabbro, and granite, derirecl 
from the Cantwell formation and other rock bodies 
many miles up the Nenana River. This gravel is iden- 
tical to the gravel in the bed of the modern Nenana 
River. The blue-gray gravel is overlain in turn by a 
layer of brown silty gravel, consisting entirely of boul- 
ders of Birch Creek schist, the upper surface of which 

has a slope of about 15 feet per 100 feet northeast and 
east, away from the mouth of the gorge of Sheep Creek. 
This upper layer of (gravel is probably an alluvial fan 
built by Sheep Creek on gravels deposited by the Nenana 
River. The layer of blue-gray gravel, resting on clay, 
call be traced northward to the vicinity of the railroad 
tui~nel, where it is about 20 feet lower than i t  is at Sheep 
Creek. Between tlle buried delta of Sheep Creek and 
the railroad tunnel this gravel rests on clay. As will be 
shown in the following section, the layer of blue-gray 
gravel is the outwash gravel of the later Riley Creek 
glaciation, which rests uncoxlformably on partly eroded 
lake deposits of the Healy glaciation. 

Lake deposits, including delta gravel, are exposed at 
the. railroad bridge a t  mile 351.4 on the Alaska Rail- 
road (see pl. 2 and fig. 13). Along the railroad and 
b e t ~ ~ e e n  the railroad and the Nenaiia river, horizontally 
bedcled, varved, blue and gray glacial clay is exposed. 
The clay interfingers \vest~vard with coarse gravel that 
consists almost entirely of Birch Creek schist and that 
dips 20"-25" toward the river. The gravel is the foreset 
part of a delta built into glacial Lake Moody by the 
creek that Ao\\-s under the bridge. This gravel extends 
to an altitude of 1,600 feet, about 30 feet above the rail- 
roacl track. I t  is overlain by a layer of blue-gray 
prarel, similar to tlle blue-gray outwash gravel at 
Jloodv, about 15-20 feet thick. This layer is overlain 
in turn by yellon-ish-brow silty gravel, consisting of 
Birch Creek schist, apparently deposited as an alluvial 
cone on the gravel that \.;as laid down by the Nenana 
River. Churn drilling done in 1948 in the material on 
which the bridge rests, disclosed Lliat the clay extends to 
a clepth of as much as 100 feet below the railroad track, 
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or 70 feet ahove rirer level, \\-liere it is u~lderlain by 
coarse cleall u-ater-bearing hlue-gray grarel. 

Clay is exposet1 do\vnstreanl irlo~ig the creek fro111 
tlle ri~ilroacl briclpe at  mile :>50.3 (pl. 2 ) .  ant1 :I snixll 
body of cl:ay w:ts eq3osed on tlle i~ortli  1)ank of tlle 
creek just west of the bi t lge dm.inc construction of 
a trestle in 194s. Gravel that  dips 15" to \~nr t l  the 
river ll~i~lies up tlie south \~-:lll of this callyo11 just \vest 
of the 1-ailroiltl. I t  is overlain l u i c o ~ ~ f o ~ ~ ~ i ~ : t l ~ l y  by 1iol.i- 
zontal blue-gray grarel at track Ierel. I'resu~l~whly, 
tlle same exp1:uiation npplies to tliese depoiit-; as do?s 
to those at Sheep Creek and niile :>.?1.4: that ii, :r drltn 
built into glacial Lake hIooily v-i~s ~ ~ a r t l y  tlestroyetl 
a t  a later time by tlie Sel~an:t River, \~llicli tle1)ositetl 
outwrtsll grttvel across tlie trmicntetl delta l)etl<. 

Between miles 349 mlcl :3T,O.:: (pl.  ", 1)otli tile Se -  
nana River ant1 tlie ,llaska IZaill*o:rd s\vi11p in :I 11ro:rd 
arc nrouncl a lo\\- lmncli t1i:tt projects e:~it~~-:-m*d from 
the ~ ~ e s t  wall of the Sen:rn:~ River po~ye .  JIost of 
tlie bench is nnderlain at tleptll hy v:trvetl clay of 
glacial Lalce Moody. Tlie clay is esl)osetl 1)etween the 
river X I I C ~  tlie railroad track on tlle so11tll side of tlle 
bellcll between miles 349 ancl 349.6, itnd on tlie llortll 
side of tlie bencli 100 feet east of mile 350 nnd betn-pen 
miles 350 find 350.23. ,it a11 these points t l ~ e  clay 
outcrops hare lwen tlie loci of la~ld~litles. Bet\veell 
miles 349.6 and 330. the west ~val l  of the pol-ge is 
Bircll Creek scliist, \ ~ h i c h  apparently fol-ms $1 narrow 
septum of schist between the rock-\rallecl gorge of the 
Nenarla River and the clay-filled glacial gorge nest 
of tlle railroad track. Tlle bench is an almost per- 

fectly preserved alluvial cone deposited by tlle creek 
a t  mile 350.3. The alluvial gravels of the bench con- 
sist almost entirely of Birch Creek schist. They rest 
on a t,hin layer of blue-gray gravel cleposited by the 
Senan:a River, TT-llich rests in turn unconformably on 
the glacial-lake clay and the mall of schist east of the 
clay. (ieologic conditions beneath this hench are il- 
Instratetl on figure 14, wllicli represents an east-west 
section tl~rougll the bench. 

('lap, overlying till, is exposed on the e:rst bank of 
the Senmla River about 1 mile nortli of JIcRinley Park 
station (see pl. 3 ) .  The relations of tlie clay and till 
are inclicnted on figure 15. The terrace east of the 
~.itill.ond m ~ d  about half a mile north of McKinley 
P:rrk station is underlain by clny. Tile terrace con- 
sists of blue-gray gravel, 100 feet thick, deposit,ed by 
tlie Xeiiana River. Clay exposecl on tlie north bank 
of Riley Creek about half a mile east of the railroad 
lriclge, a t  : ~ n  altitude of 1,640 feet, is probably the 
sontliernlnost exposnre of clay of glacial Lalce Moody. 

T11e iillnvial cones, resting on clny, liort11 of the 
c~11yon at mile 354 were probably deposited sllortly 
after glacial Lake 3!Ioody had been destroyecl by silt- 
iuy. l're~mniibly, the lake drained nortlienst~varcl 
over a ledge of Birch Creek scllist, probably just sonth 
of tlie tlilinel at Garner. Had  the lake drninecl north- 
~v:~r( l  orer tlie terminal moraine at  Dry Creek, i t  \vould 
liare erodecl tlle moraine before the lake w:rs com- 
pletely filled with clay and silt. The depositioil of 
:~l lnvimi~ by canyons at miles 354 mld 355 was snffi- 
cientlp r:~l)id to force tlie Nenana River against the 
east bank of its canyon between Moody and Garner; 
110 com~)nral)le tributaries enter the Nen:tnn. River from 

I 
i 

the east ill tlris 3-mile stretch. Aftel- the I-Ienly gla- 
ci:~tion, \~ l len  the lalie \\-as filled wit11 silt mlcl down- \ 

1 
cutting was resmned, the river was snper~~osed on tlie 1 

exst betlrocli n-:ill of tlie sediment-filled g1:rcial gorge, 
\vl\err it carred :a n:lrron- 11)ostglnciitl gorge. 

i 

OUTWASH GRAVEL ALONG THE NENANA RIVER I 

Ont\\-:lslt gravel of the Healy glaciation estends 
tlon-iil;t~.e:ull  long the Nenana Iiiver from Garner. 
1~)c:rIIy the gravel is :IS mncll as 180 feet thicli., ancl 
the ul)l)er surface of the outwash ])lain near tlie termi- 
nus of tlie glacier a t  IIenlp is 400-500 feet ahore tlie 
1)1'e5ent river level. The tel-races on 11-11icll tlie gr:tvel 
rests were formed hy the Nenana Rirer  during tlie 
:ttlv:ince ant1 retreat of the Healp ice. They :we corn- 
plex, for  tliry occur at tliree ant1 possibly five differellt 
levels. 
-\ gravel-coveretI terrtrce about 400 feet above tlie 

present river level, and ilbout 11/2 miles wide, extends 
nortllrvarri on the 1%-est side of the Nenana River. from 
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FIGURE 13.-Geologic cross sections of delta deposits of glaciaL Lake Moody, based on 1)lanetahle surveys :tt a scale 
of 1 : 1,200. A, Cross section of bluff on north side of the rnoutll of Sheep Creek, mile 382.7 on tlle Alaska Rail- 
road, showing outwash gravel and alluviorn of the Riley Creek glaciation resting on the eroded surface of the 
delta gravel built by Sheep Creek into glacial Lake l\Iood.v. B, Cross section of bluff on south side of n~outlr of 
creek a t  mile 351.4 on the Alaska Railroad, sho\ving outbvash gravel and alluvium of the Riley Creek glaciation 
resting on the eroded surface of gravel deposits t~oi l t  into glacial Lake Moody. 
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B'IGURE 14.-Geologic cross section of the point of land around which the h'enana River and the .\laska Iiailroad curve 
between mile 349.5 and mile 350.3. showing outwash grarel and alluvium of the Riley Creek glaciation resting on 
eroded lake deposits of glacial Lake Moody. Topography from Alaska Railroad bridge engineer's map (scale, 1 : 4,800). 

Dry Creek to Pangengi Creek (see pls. 2, 7, 8).  This is part of the out\vash plain of the terminal moraine 
is the high, well-defined terrace shown on figure 16. of the Healy glacier, and it is so considered here. The 
(On the plate the top of the terrace is invisible because terrace continues northward along the hillside from 
it  is slightly above-the level of the observer.) The Pangengi Creek almost to Ferry, where it is about 260 
topographic position of the terrace along Dry Creek feet above the river. Northward from Ferry (pl. 5)  
suggests strongly that the layer of gravel a t  its top the outwash plain of the Healy glaciation is probably 
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FIGITRE 15.-Field sketch of the northeast bank of the Nenana River 1 mile north of McKinley Park station. Qco, outwash of the Carlo read- 
vance ; Qro, ontnash of tlir Riley Creek glaciation ; Qhdg, delta gravel of glacial Lake Moody ; Qhlc, lake clay of glacial Lake Moody, Qhm. 
till of the Healy glaciation ; pgbc, Birch Creek schist. Geologic contacts shown by dashed lines. 

preserved as a layer of gravel on one of a complex 
series of terraces along the west side of the river. It 
stands about 250 feet above the river opposite Ferry 
and 100 feet above the river opposite Browne. The 
thickness of gravel on this terrace is unknown, but 
it is probably between 50 and 100 feet. 

The outwash terrace of the Healy glaciation on the 
east side of the river a t  Lignite stands nearly 100 feet 
higher than the terrace on the west side, or 500 feet 
above the river. It has a steeper northward slope than 
the terrace of the west side, and a t  Ferry is only about 
250 feet above the river, the same height as the terrace 
on the west side. The thickness of gravel on this ter- 
race, in the excellent expwure opposite the mouth of 
Pangengi Creek, is 180 feet. Thus, the base of the 
gravel on the east side of the river is 80 feet below the 
terrace top on the west side. Despite the disparity in 
slope and altitude, the two terraces could easily have 
been formed during the same episode of filling and 
cutting. On the west side of the river north of Pan- 
gengi Creek, a terrace segment about 1% miles long is 
about 450 feet above the river, the same height as the 
higher Healy terrace on the east side of the river. Pre- 
sumably this is a remnant of the higher terrace of the 
Healy glaciation. 

A terrace about 60 feet lower than the terrace on 

which the terminal moraine of the Healy glaciation 
rests, begins about half a mile north of the road west 
of Healy and has a slope of nearly 100 feet per mile 
(Terrace 13 of fig. 21). It is thought to have been cut 
during the period of erosion that followed the retreat 
of the ice of the Healy glaciation. A terrace one mile 
due south of Healy (fig. 21) is correlated with this 
terrace. It has a surface altitude of 1,680 feet and is 
underlain by about 150 feet of terrace gravel. It is also 
believed to have been cut during the retreat of the 
Healy ice, although the gravel may have been deposited 
by the proglacial stream during the advance of the ice 
and may have been overridden by the ice. A gravel 
bank, as much as 1,800 feet in altitude, on the north 
side of the creek flowing through Garner station, may 
also have been deposited during the advance of the ice. 
The surface of the terrace north of this gravel bank 
has many features which suggest i t  mas overridden by 
ice. 

Terraces capped with alluvium as much as 50 feet 
thick and graded to the terraces of the Healy glacia- 
tion on the Nenana River can be traced up Healy and 
Lignite Creeks and their tributaries (see fig. 25). 
These terraces are about 500 feet above the present 
creek beds. Information concerning these terraces is 
used in a subsequent part of this section of the report 





40 QUATERNARY AND ENGINEERING GEOLOGY, CENTRAL ALASKA RANGE 

in dating the capture of streams east of the Nenana 
River. 

GLACIAL DEPOSITS ALONG OTHER RIVERS 

Glacial deposits and landforn~s in other river valleys 
lying ab'ove and beyond the well-marked limits of the 
Riley Creek glaciation, but on topography which has 
been IittIe modified since the deposits and landforms 
were created, are probably equivalent in age to those re- 
sulting from the Healy glaciation on the Nenana River 
(see pl. 6). These deposits have been observed on the 
Wood River, the Sanctuary River, and the East Fork 
of the Toklat River. Glaciated valleys that are 
thought to have been carved, in part, during the Healy 
glaciation are present a t  the headwaters of Last Chance 
Creek and the Savage River. 

The deposits on the Wood River are best preserved 
in the valley of Mystic Creek (see pl. 6). The flat at 
altitudes of 3,500-3,800 feet between the forks of 
Mystic Creek, 4-5 miles above its mouth, has deposits 
of large granite boulders as mucl~ as 8-10 feet in diam- 
eter strewn over it. Similar boulders are found on the 
flat about a mile due south of the fork at altitudes of 
3,500-3,800 feet. The point farthest from the river at 
which boulders were observed was 1v2 miles northwest 
of tlle fork of Mystic Creek. Similar boulders are also 
found at an altitude of about 3,600 feet a t  the head- 
waters of Coal Creek (see pl. 6). Apparently the ice 
that carried the boulders did not extencl farther west 
than the farthest west boulders in the valley of Mystic 
Creek, and did not reach an altitude of more than 3,900 
feet. The source of the boulders was a body of grano- 
diorite on the west side of the TVood River about half- 
way between Copper Creek and Cody Creek. The 
boulders are about 300-500 feet above the well-defined 
upper limit of well-preserved glacial grooves and 
scoured surfaces on the walls of the valley of the Wood 
River. They probably were deposited during the 
Healy glaciation. 

A very low arcuate ridge on the flat on tlie east side 
of the Wood River a t  an altitude of 1,400 feet, near 
latitude 64"ll' N., longitude 147"30' W. (pl. 6) ,  was 
identified on aerial photographs as possibly the termi- 
nal moraine of the glacier which deposited the broulders 
in the valley of Mystic Creek. I f  i t  is, i t  has been al- 
most completely buried by out1~-ash of a younger stage, 
for the present ridge is not more than 20 or 130 feet 
high. 

The deposits of the Healy glaciation on the Sanc- 
tuary River (pl. 6) consist of scattered giant boulders 
of graywacke, greenstone, conglomerate, and gabbro, 
as much as several feet in diameter. These boulders 
litter the crest of tlie ridge east of the river and 2-4 

miles south of McKinley Park highway at altitudes of 
3,200-3,400 feet. The ridge is about 300 feet higher 
than a well-preserved terminal and lateral moraine of 
the youngest great glacial advance on the Sanctuary 
River, which is correlated with the Riley Creek gla- 
ciation. Therefore, these boulders are probably rem- 
nants of a lateral moraine of a glacier of the Healy 
glaciation which may have advanced down the S anc- 
tuary River as far as the McKinley Park high>vay. 

The only pl:,ce on the East Fork of the Toklat River 
where till of ihe Healy glaciation has been examined 
is about 4 miles southeast of Sable Mountain in the pass 
a t  tlie head of Igloo Creek (see pl. 6). Ridges of till 
lie on either side of the broad valley a t  the head of 
Igloo Creek from the 4,500-foot pass northward for 
about 2 miles. Boulders in the till are largely 1imes:one 
breccia, like that from the Dry Creek till near this lo- 
cality. These deposits appear to be of much more recent 
origin than the scattered till and erratics of the Dry 
Creek advance that mantle the mountaintop west of the 
head of Igloo Creek, for their upper limit is well-de- 
fined. They appear to be remnailts of lateral and ter- 
minal moraine? defining a glacial lobe that extended 
down Igloo Creek 2 miles northward from the pass. 
They were probably deposited by an advance of the 
small wllscier that occupies the valley south of and in ? 
line with the upper part of Igloo Creek. However, the 
most recent ice advance down this valley appears to 
have followed the canyon which turns sharply west- 
ward to join the ice of the East Fork of the Toklat at a 
level considerably below the pass. The deposits a t  the 
head of Igloo Creek are believed to have been laid down 
when the tributary to the East Fork of the Toklat 
drained northward, before Igloo Creek was beheaded. 
They probably were laid down during tlle Healy 
glaciation. 

No glacial deposits correlated with the Healy glacia- 
tion have beer1 positively identified elsewhere in this 
part of the Alaska Range. There are, however, many 
U-shaped valleys that are transverse to structural trends 
and therefore cannot be explained as having been eroded 
along bands of soft rock. No morainal deposits remain 
in these valleys. Some of the valleys are floored with 
periglacial terrace gravel. Judging from tlie freshness 
and abundance of deposits of the Riley Creek glaciation 
(where it has keen recognized), and the well-preserved 
morainal topography in the valleys known to have con- 
tained Rilcy Creek glaciers, i t  appears unlikely that the 
few north-trending U-shaped valleys that contain no 
morainal deposits were occupied by ice during that 
glaciation. The U-shape of these valleys is, therefore, 
attributed to ice-scour during the Healy glaciation. 
The morainal material deposited in these valleys during 
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the Healy advnnce was presumably removed during the 
interval between Healy and Riley Creek glaciations. 

Examples of these valleys are the valley of the Eas t  
Fork of the Toklat River between the McICinley Park  
highway and a point 6 miles north of the highway; the 
valley of the Savage River south of the RlcKinley Park  
highway (pl. 6) ; the valley of Last Chance Creek 
south of its junction with Moose Creek; and the head- 
water valleys of Cody and Healy Creeks (although the 
shapes of these valleys may be explained in part  by the 
removal of Tertiary rocks along extensions of the Healy 
Creek syncline). All of these valleys are believed to 
have been eroded by Healy ice, although the possibility 
that  they were eroded by ice of an earlier glaciation 
cannot be completely eliminated. 

UPLIFT AND EROSION BETWEEN THE DRY CREEK 
AND HEALY GLACIATIONS 

The estimates of uplift along the Kenana Rirer  in  
the following paragraphs are based largely on com- 
parison of the height and gradient of out\l-ash terraces 
formed at  the times of glacial maxima. The divergence 
in gradient of these terraces is greatest north of Healy. 
I n  comparing these terraces i t  is assumed that  the pro- 
file of the river a t  the time of the early ice advances 
would have been the same as the profile of the river 
during the later ice advances, and that  thc difference 
in the present slope of the outwash terraces is the re- 
sult of deformation. Implicit in this ass~ulillption is the 
assumption that the river was essentially in equilibriun~ 
a t  the times of glacial advance. I t  may be questioned 
whether a river whose valley is subjected to continual 
uplift, climatic variation, and glaciation over illucli of 
its length is ever in equilibrium. Perhaps, instead, tlie 
terraces represent stages in  the adjuetment tlle stream 
made to an uplift which had ceased by late Tertiary 
time; however, a careful consideration of the ericlence 
in the Nenana River valley and i11 otller parts of tlie 
Alaska Range leads to tlle conclusion that this is not the 
case, but that  the river \I-as essentially in equilibriuni 
throughout most of its history. 

North of Healy the Nenana Rirer  no\\- flows on a 
flood plain which averages half a mile in widtli, or 4-8 
times the width of the river. On this flood plain the 
river has a winding, somewhat braided course: the 
bends are incipient meanders, and the river is eroding 
vigorously wherever i t  impinges on the bedrock mar- 
gins of the flood plain. The Nenana River of tlle past 
also flowed on a flood plain that  was much wider than 
the river itself. The outwash plains of the various 
glaciations were plains 2-5 miles wide, which could 
hardly have been occupied over their \\-hole width by 
the braided Nenana River. They probably were carved, 

j11 part, by a laterally migrating stream, just as the 
flood plain is being carved today. 

The bedrock formations of the Nenana River valley 
north of Healy are made up of soft, easily eroded Ter- 
tiary rocks. The  size of the constituent particles of 
these poorly consolidated formations ranges from that 
of clay particles t o  that  of cobbles 3 4  inches in di- 
ameter. Most of the bedrock formations, except some 
coarse Nenana gravel between Healy Creek and Lignite 
Creel<, consist of fine pebble gravel, sand, and clay. 
011 the otller hand, the bedload of the river, and its 
cliannel gravels, derived from well-consolidated and 
crystalline rocks south of Healy, consist largely of cob- 
bles and boulders. According to  Mackin (1948, p. 474), 
the gradient of a stream traversing easily erodible fine- 
grained rocks is a fuiiction of its coarse badload only. 
Tliis is presumably true of the Nenana River, and i t  
seerrls reas~iiable to assume that the stretch of the Nen- 
ails froill Healy to Browne is graded to transport the 
coarse debris delivered a t  its upper end. 

Many small streams in this part  of the Alaska Range 
wllicli drain basins wholly within the Tertiary rocks 
have profiles that are gently concave upward to  within 
a mile 01- two of their heads. There, the even, "graded" 
profile is terminated by an  abrupt nickpoint, usually 
n steep gully, in large part free of vegetation. Above 
the nickpoint tlie surface on I\-hich the headwater part 
of tlie stream flows is smootllly graded, and below the 
nickpoint this surface is usually a terrace ~\-llich can be 
traced do\~nstreain to coincide wit11 tlle terrace of the 
He:lly or Dry Creek glaciation. Lignite Creek, \I-llose 
nickpoint is in tlle SIVX sec. 29, T. 11 S., R. 5 IV., is 
:ul especially fine example of this type of creek. Mac- 
,idam ancl Marguerite Creeks, tributaries of the Totat- 
lanika River, are ot,her examples. Where these streams 
flo~v eastn-ard or westward, as Lignite, Healy, and Mac- 
Aidam Creeks do, the terraces are parallel to each other 
and to the present stream. I f  anything, they diverge 
do\~nstream (see fig. 25). Only a t  the upper end, just 
below the nickpoint, is there a pronounced difference in 
gradient. This indicates that the lninor tributaries, 
\\-llicli erode Tertiary roclis largely wit11 the Tertiary 
rocks they carry, were able to establish equilibrium 
(graded) profiles within the sllort period of time that 
elapsecl since tlle last glaciation. Similar evidence for 
tlle rapid establishment of graded profiles is provided 
by the extensive pediments and flat plains truncating 
the Tertiary rocks. Remnants of pediments graded to 
tlle o u t ~ ~ a s l l  terraces of the Healy and Dry Creek gla- 
ciations are found a t  the headwaters of Dry Creek and 
ilorth of Lignite Creek (see pl. 2). Broad alluvial flats 
on some of the canyons draining into Lignite Creek ap- 
pear to be incipient pediments, and indicate strongly 
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that the pediment gravels on the interstream divides 
north of Lignite Creek were deposited by the same flu- 
viatile and mudflow processes that operate today. Here, 
a l ~ o ,  the evidence that relatively feeble erosional agen- 
cies were able to establish graded profiles is impressive. 
It seems natural to suppose, therefore, that the Nenana 
River and other major north-flowing streams in the 
Alaska Xange which cross foothills of Tertiary rocks 
mere quickly graded to transport their coarse bedrock 
load, and that they are probably graded at the present 
time. The Kenana River from Healy northward prob- 
ably has had a graded profile for at least part of every 
glacial cycle. 

Evidence which tends to confirm the supposition that 
the Nenana River has had a graded profile is revealed 
by the behavior of the river itself during the glacial 
advances. I t  has already been shown that the thickest 
deposits of outwash gravel and the highest terraces of 
both the Healy and Dry Creek glaciations were formed 
a t  about the time of the maximum ice advance of those 
glaciations. Even ice advances of only a few miles have 
been accompanied by the building of terraces 10-20 feet 
high, extending 30-40 miles downstreanl from the gla- 
cier front. Thus the Nenana has aggraded its bed in 
response to slight glacial advances and has re-excavated 
the gravel during interglacial periods. Studies made 
by the author along the Totatlanika River, Healy and 
Lignite Creeks, and the Teklanika River and its tribu- 
taries, as yet unpublished, show that all the periglacial 
streams and other glacial streams have done likewise. 
The sensitive response of the stream profiles to climatic 
variation suggests that most of the streams in this area 
were very nearly graded during most of the Pleistocene. 
If  they had not been, changes in climate would not 
have altered the regimen of the streams so strikingly. 
One must assume, therefore, that during at least some 
part of each glaciation, the course of the Nenana River 
was graded, and i t  is very likely that the river's course 
from Healy northward has always been graded, or 
nearly so. I f  the river had had an ungraded profile, it 
could have handled the greater quantity of debris sup- 
plied to i t  by the glaciers without aggrading its bed to 
give i t  the necessary slope. 

Mackin (1948, p. 498) has pointed out that the suc- 
cessive profiles of equilibrium in a stream successively 
adjusted to a lower base level are essentially parallel. 
The river on which he based his analysis, the Greybull 
River in Wyoming, is similar to the Nenana in that i t  
derives its bedload from hard-rock sources a t  its head 
and transports that load over easily eroded Tertiary 
rocks. The terraces of the east- and west-flowing 
streams in the Alaska Range, such as Healy Creek (fig. 
2 5 ) ,  are essentially parallel to each other. The terraces 

on the Nenana, as plates 7 and 8 show, diverge rapidly 
upstream. Uilpublished investigations by the author 
reveal that terraces on the Totalanika and on the Tek- 
lanika and its tributaries do likewise. This marked 
southward divergence of terrace profiles is considered 
by the author to be due largely to tilting of the north 
flank of the Alaska Range. The tilting probably was 
a result of uplift in the main part of the range to the 
south, which may have been accompanied by do~~ns ink-  
ing of the Tanana flats to the north. The initial stage 
of this uplift has already been described as taking place 
before and during the Browne glaciation and in the in- 
terval between the Hrowne and Dry Creek glaci a t' ions. 

Refore attributing the greater part of the southward 
divergence of terrace profiles to tilting, another possible 
cause of this divergence will be considered, namely the 
affect of the glacial advances. I f  we could compare the 
interglacial profiles of the river we would not have to 
consider this effect. However these profiles lay in the 
center of the river valley, where the older profiles have 
been destroyed through later downcutting by the river. 
The only profiles that have been preserved are those on 
the tops of the outwash-gravel terraces, formed a t  the 
height of the glacial advances. 

The tremendous effect glacial advances have had on 
the profile of the Nenana River raises the question 
whether the profiles and heights of the terraces formed 
at the maximum advances of the ice were essentially 
similar at the times of maximum advance, or whether, 
instead, the greater height of the older outwash terraces 
reflects the greater extent of these older glaciers. The 
terminus of the Nenana glacier of the Dry Creek glacia- 
tion was only 3-5 miles downstream from the terminus 
of the Nenana glacier of the Healy glaciation, and only 
15 miles downstream from the terminus of the Nenana 
glacier of the Riley Creek glaciation. The ice terminus 
of the Riley Creek glacier was 57 miles downstream 
from the present terminus of the Nenana glacier. 
Hence, in the vicinity of Ferry, for instanck., about 9 
miles downstream from the terminus of the Nenana 
glacier a t  the height of the Dry Creek glaciation, the 
outwash terrace of the Dry Creek glaciation should be 
only slightly higher than the outwash terrace of the 
Healy glaciation, and only one-fourth higher than the 
outwash terrace of the Riley Creek glaciation. The 
gravel on the older terraces has about the same range 
in size and the same average size as the gravel on the 
younger terraces and in the present channel of the 
Nenana River. As plate 7 shows, however, the outwash 
terrace of the Dry Creek glaciation a t  Ferry is more 
than twice as high as the outwash terrace of the Heady 
glaciation, and four times as high as the outwash terrace 
of the Riley Creek glaciation. Therefore, the great 
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difference in heights of the outwash terraces is prob- 
ably due not only to climatic fluctuations, but also to 
deformation. 

At Lignite the outwash terrace of the Dry Creek 
glaciation is 450 feet higher than that of the Healy 
glaciation (see pl. 7). Eight miles north of Lignite, 
the terrace of the Dry Creek is 350 feet higher than that 
of the Healy. Near Rrowne station, 10 miles farther 
north, the Dry Creek out,\vasll plain is probably not 
more than 150 feet above the Healy out~vash plain. This 
difference in northward slope of 300 feet in 18 miles, or 
about 17 feet per mile, indicates a tilting of like amount 
between the two stages, for no change in the characteris- 
tics of the Nenana River drainage basin adequate to 
account for this remarkable difference has occurred. 
The uplift at Healy during the interval between the 
Dry Creek and Healy glaciations amounted to about 
500 feet. South of Healy the profiles of the upper 
surfaces of the two glaciers, as nearly as can 1~ deter- 
mined, appear to have been parallel (pl. 7). It is likely 
that that part of the Alaska Range south of Heal? was 
not tilted, but rather that it was bodily uplifted. Com- 
parable amounts of uplift in the Alaska range near 
the East Fork of the Toklat River are indicated by tlle 
difference between the altitudes of Healy till and Dry 
Creek till along this river. 

The Nenana River, in response to the uplift and tilt- 
ing of the Alaska Range during the interval bet~veen 
the Dry Creek and Healy glaciations, eroded its bet1 to 
establish a graded profile, probably close to the base of 
the outwash gravel of the Healy o u t ~ ~ a s l ~  plain. The 
north-flowing Toklat, Teklanika., Sanctuary, Savage, 
Totatlanika and TVood Rivers and Tatlanika Creek did 
likewise wherever they could overcome tlle resistance 
provided by hard pre-Tertiary rocks across their 
courses. As the main rivers lowered their channels, 
their tributaries-subsequent streams developed along 
bands of soft rock, as well as older consequent streams 
established on the tilted peneplain-incised their chan- 
nels to meet the local base level provided by the main 
streams, and eroded headward, chiefly by head~vater 
gullying along bands of soft rock. The Kenana River 
crosses only soft Tertiary rocks north of Healy, whereas 
the Totatlanika, to the east, crosses three bands of 
crystalline schist before reaching the Tanana Flats. 
By the latter part of the interval between the Dry 
Creek and Healy glaciations, the Nenana in response to 
the uplift, had deepened its bed to the extent that its 
tributaries, eroding headward along bands of soft Ter- 
tiary rocks, were able to capture some of the head- 
water streams of the Totatlanika. Later, these tribu- 
taries effected substantial drainage adjustments among 
themselves. 

I t  appears likely that the headwaters of Lignite 
Creek drained northward into Marguerite Creek (pl. 
6) during the Dry Creek glaciation. The slope of pedi- 
ments graded to the outwash terrace of the Dry Creek 
glaciation suggests that a north-south ridge may have 
existed across the course of lower Lignite Creek, and 
pediments correlated with this terrace along the pass 
betweell Marguerite and Lignite Creeks are continuous 
across tlle pass, suggesting a drainage to the north. 
On the other hand, pediments north of Lignite Creek 
are graclecl to the outwash terrace of the Healy glacia- 
tion and slope gently southward, away from this pass, 
indicating that Lignite Creek had captured the head- 
waters of Marguerite Creek before the Healy advance. 

Shortly after Lignite Creek captured the headwaters 
of Marguerite Creek, Healy Creek, eroding headward 
along a band of soft Tertiary rocks, captured a large 
part of the head~vaters of Lignite Creek. The pass 
between Healy and Lignite Creeks, about 1% miles 
nortll of the nlouth of Coal Creek (pl. 6), is floored with 
coarse gravel. The gravel consists largely of Birch 
Creek schist, but contains boulders of basalt which are 
also in the gravels of Coal Creek. The terraces a t  the 
level of this pass but near the junction of Sanderson 
and Lignite Creeks are graded to terraces that are 
lower than the pass between Lignite and Marguerite 
Creeks. The pass between Healy and Lignite Creeks 
is about 100 feet above terraces on Healy Creek that 
grade to tlle Healy outwash plain. Consequently, this 
capture, also, is thought to have taken place during the 
interval between the Dry Creek and HeaIy glaciations. 

Drainage diversion of the lower course of Healy 
Creek appears to have taken place during the retreat 
of the Healy ice. The pass a t  the head of Poker 
Creek, a t  the level of the Healy outwash terrace, is 
floored with gravel made up mostly of pebbles of 
Rircll Creek schist. Presumably, before the Healy 
glaciation, Healy and Moody Creeks flowed north- 
ward through this pass to enter the Nenana River near 
Poker Creek. The headward erosion of a stream, prob- 
ably along an anticlinal axis in the wal-bearing for- 
mation east of Healy, resulted in the capture of these 
waters, causing them to flow into the Nenana River 
at Healy. The drainage diversions during the Dry 
Creek and Healy glaciations are indicated on figure 17 

SUMMARY OF HISTORY 

During the Healy glaciation, glaciers advanced over 
a topography similar to that existing in the Alaska 
Range today. Since the retreat of the Healy ice, main 
streams have not deepened their channels more than 
300 feet. Although the gross landscape features pro- 
duced by the Healy glaciation have been preserved, 
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FIGURE 17.-Drainage changes on tributaries of the Nenana River from 
the beginning of the Dry Creek to the end of the Healy glaciation. 
Solid lines indicate stream courses relatively unchanged from the 
beginning of the Dry Creek glaciation to the present ; dash-dot lines, 
stream courses developed since the Dry Creek; dotted lines, stream 
courses abandoned since the Dry Creek glaciation. 

glacial deposits have been preserved only in favorable 
localities. Consequently, many of the events of the 
Healy glaciation cannot be determined with certainty. 

Ice advanced down the Nenana River to Healy, down 
the Wood River to the Tanaiia Flats, and down the 
East Fork of the Toklat River to a locality about 
6 miles north of the McKinley Park highway. Ice 
also filled the valleys of the Savage, Sanctuary, and 
Teklanika Rivers as far  north as the McKinley Park 
highway. 

The discordance in terrace heights on either side 
of the Nenana can be explained by assuming that two 
separate ice advances occurred during the Healy gla- 
ciation, and that in the intervening period the ice 
retreated an unknown distance. This period of re- 
treat was very much shorter than the interglacial pe- 
riods before and after the Healy. During this period 
of retreat the glacial melt water removed the terminal 
moraine of tlie first advance and lowered the level of 
tlie outwasll plain nearly 100 feet, but did not remove 
all the outwash deposits. During the second ice ad- 
vance the glacial front returned to the position i t  had 

reached at tlie height of the first advance. But, where- 
as the ice of the first advance carried a tremendous 
amount of debris (which was deposited to form the 
thick outwash plain of that advance), the ice of the 
second advance carried a relatively small amount. 
After the complex terminal moraine of the second ad- 
vance was deposited, the glacier retreated, leaving gla- 
cial Lake Moody, a lake about 400 feet deep occupying 
the canyon of the Nenana River between Garncr and 
McKinley Park st a t *  ion. 

Glacial Lake Moody drained northeast~vard over a 
bedrock lip near Garner. When the lake was com- 
pletely filled with sediments, the Nenann River began 
building ail outwasli plain across them. The river, 
which formerly had been unable to erode the bedrock 
lip because it had not carrled much abrasive material, 
probably cascaded down a bedrock slope near Healy. 
However, once the outwash plain had been built, the 
river began to move more coarse material and to erode 
vigorously the bedrock barrier. At  the same time, 
streams emerging from canyons on the west side of 
the glacial gorge were building alluvial fails across 
the lake deposits and the outwash plain. As no com- 
parable streams emerged from the east side of the 
gorge, the river was forced to flow against the bedrock 
wall of the gorge along the east side of tlle outwash 
plain. As down-cutting progressed, the river's course 
was superposed on the bedrock from Moody i i o r t h ~ ~ a r d  
to Garner and for a short distance near mile 360 (see 
fig. 10). Elsewhere, the river was able to cut its chan- 
nel in the deposits of glacial Lake Moody. 

Icecaps of the Healy glaciation apparently melted at 
least as far  back as the limits of ice at the present time 
and may have melted completely away. Evidence to 
support this contention is presented in the section on 
outwash gravel deposits of the Riley Creek glacia- 
tion along the Nenana River. The period between 
the Healy and the Riley Creek glaciations appears to 
have been long, for the glacial deposits of tlle 
Healy have been completely destroyed, except  here 
they have been preserved on isolated areas of gentle 
topography. Presumably, they were removed by 
solifluction and creep before the advance of the Riley 
Creek ice. Had they been removed during the 
Riley Creek advance, thick deposits of talus and debris 
would have formed slopes gradecl to the ice margin 
of that stage. Such landforms, however, are rare. I t  
is possible that the great period of mass wasting which 
removed the Healy deposits coincided with the early 
stages of growth of the Riley Creek glaciers. It is 
equally likely, however, that the removal of Healy 
deposits took place during the interglacial period be- 
tween the Healy and Riley Creek. 
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! RILEY CREEK GLACIATION 

1 DEPOSITS ALONG THE NENANA RIVEH 
I 

The Riley Creel: was probably the last esteilsire gla- 
ciation of the Alasktt Raiipe. The morainal deposits 
of this stage are much better preservecl than tlle de- 
posits of any earlier stage. The lateral nloraines 11:lve 
been so little dissected, i t  is likely that  those 11a1.t~ that 
appear to be missing l~ lay  never have been clepositecl: 
if they were deposited, they probably -\\-ere r e m o ~ e d  
as the glacier ice, which supported them 011 the glacier 
sicle, melted down. Lakes in basins on the moraines of 
the Riley Creek glaciatioil hare not been lowered :lpl)re- 
ciably ; no intepatecl drainage is present, except vi-here 
large streams cross mor:~innl areas. The remarlraLle 
freshness of the topoprnphic features makes the111 e:l>ily 
identifiz~ble and sets tlleil~ off f r o ~ n  deposits of all earlier 
stages. 

Ice of tlls Riley Creelr glaciation ad\-anced ( I ~ T T - I ~  tlle 
Neilann River to the r n o ~ ~ t h  of Riley ('reek, nherr  a 
terminal moraine 70-180 feet l l igl~ is preqerved as an 
irregular riclge extencling along tlie south I)n~lli of Riley 
Creek for about three-fovrtlis of a mile. This large 
ridge of till and gravel probably owes its preserration 
partly to the fact that  i t   as deposited hellincl an ir- 
regular ridge of Birch Creeli schist. Parts  of this ritlge 
of schist are exposed in  the ballk of Riley Creek, wliere 
the schist is capped with till. Tlle structure of tlie ter- 
minal moraine is well displayecl in a railroad cut. Tlle 
moraine here comprises two structural ~ m i t s :  a bocly of 
cleforinecl till and outwash on the northwest, and, plas- 

layers of peat (figs. 18, 19). Irnmecliatel?- south of the 
tei-milla1 inornine is a belt of irregul:ur, dry, closecl de- 
pressions nbont 50U feet wide ancl 10-20 feet deep. 
These are houilcled on the south by an irregular wall, 
20-50 feet high, m-hich is the f r o ~ l t  of a gravel plain 
esteiiding sontll.rr-ard for about a mile along tlie rail- 
road. 

Tllese deposits are interpretecl to lSepresent the fol- 
lo~ving sequence of events: (1) Dnriilg its advance, the 
glplacier deposited outw~sll  grnrel and till at the qite of 
tlie terminal mornine. (2) The glacier ( 3 )  

tered the soutlleast sicle of this boclS, ullde- 1'"':"'" l!I.--Xortli 11 :u ih"  tt'l(' raiIroil(1 v111: ill  ille t r rn~ i i i n l  mllrnine of 
thr Iiill,$ Crrelr glac3intion. Colill):~rc wit11 figure 3.8. Thc nlan in tlie 

forlnecl till ailel horizontally beclclecl clay contaiaing l,l,otogral,h is 3 feet inches tall. 
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The glacier re-advanced, shoving the already deposited 
gravel and till forward into a recumbent syncline, which 
makes up the core of tlie moraine. (4) The glacier 
retreated again, leaving till plastered over the deformed 
gravel; the area between the glacier and the moraine 
urns occupied by a lake, in which some peat accumulated 
for a short time. ( 5 )  Till was deposited on the lake 
sediments, probably by grounded icebergs. At  this 
time the ice for about 500 feet behind the front of 
the glacier was thickly covered by superglacial till, 
which protected i t  from the sun's rays. Behind the 
till-covered ice was an area of bare ice at least a mile 
wide. The bare ice melted faster than the till-covered 
ice, and, when i t  disappeared, outwash gravel built an 
interior flat (Tarr and Martin, 1914, p. 209-211) behind 
the ridge of till-covered ice. Much later, when the till- 
covered ice melted away, it left a depression between the 
moraine and tlie interior flat. 

The lake sediments, included peat, could have 
been deposited only during a period between the maxi- 
mum advance of ice of the Riley Creek and the melting 
of the till-covered stagnant ice, an event which probably 
occurred only a few hundred years after the maximum 
advance. A sample of the peat was collected a t  the 
locality marked "C 14 locality" on figure 18. A radio- 
carbon analysis pf this skmple was made by H. E. Suess. 
His statement on the results of the analysis is as follows 
(H. E. Suess, written communication, Jan. 6, 1954) : 

This peat formed 520?160 years after the Two Creeks ad- 
vance of the Mankato glaciation in Wisconsin. This figure for 
the age difference is derived from a direct comparison with a 
Two Creeks sample and is more accurate than the absolute value 
for the age which i s  10,FjGO-t-200 years. Undoubtedly your I'Riley 
Creek" stage correlates with the continental Mankato glaciation, 
Naptowne on the Kenai Peninsula, and the younger Dryas in 
Europe. 

The lateral moraines of the Riley Creek glaciation are 
well preserved as irregular hummocky benches or as 
smooth even-crested ridges. These extend for miles 
along the sides of the valley of Yanert Fork and its 
tributaries and along the east side of the canyon of the 
Nenana Kiver, except on the steeper slopes. Lateral- 
moraine deposits are rare along the west side of the 
Nenana River. However, the low pass at an altitude 
of 2,450 feet between the Kenana River and Riley Creek 
(pl. 3) ,  about 3 miles north of Carlo, was apparently 
occupied by ice of the Riley Creel; glaciation. Irregu- 
lar arcuate moraines that block the northwest end of 
this pass merge with moraines deposited by ice ad- 
vancing down Riley Creek to about this point. The 
pass itself is a gravel plain about 500 feet above the 
Nenana River. The bluff, about 200 feet high, facing 
the river at the southeast end of this plain, indicates 

that the gravel is about 200 feet thick. Near the south- 
east border of the plain, next to the bluff, are several 
steep-walled dry closed pits, the largest about 50 feet 
deep. These are apparently kettle holes that resulted 
from the melting of ice buried by the gravel of the plain. 
This plain is probably a kame terrace deposited by the 
melt water of tlie Nenana River glacier in a depression 
at the side of the glacier. The depression mas formed 
by the melting a\my of a small distributary lobe of ice 
between the morainal ridges deposited at the maximum 
extent of that lobe and the still-existing Nenana River 
glacier. 

Southward along the west wall of the NenanaRiver 
gorge, discontinuous patches of till and gravel plastered 
against the form a bench that rises gradually from 
2,900 feet in altitude a t  the pass to about 3,400 feet in 
altitude on the mountainside west of Carlo (pl. 3) ,  3 
miles south. A small amount of till preserved on the 
north side of Clear Creek (pl. 3) ,  may be a remnant 
of the lateral moraine. 

The east side of the Nenana River north of Yanert 
Fork was not examined on the ground. Careful in- 
spection of aerial photographs, and distant observation 
from hills on the west side of the river, failed to dis- 
close any large body of well-preserved lateral moraine. 
Eastward from a point about 2 miles up the Yanert 
Fork (pl. 6), a prominent bench having irregular topog- 
raphy and many small lakes can be traced for many 
miles along the north side of the valley of the Yanert 
Fork. I t  probably marks the upper limit of ice of the 
Riley Creek glaciation. The limits of ice shown on 
plate 6 have been drawn to follow this bench. 

The lateral moraine along the south side of Yanert 
Fork valley west of Revine Creek (pl. 3) is a prominent 
even-topped gravel bench, about 2,700 feet in altitude, 
paralleled on its uphill side by a depression about 50 
feet deep. Lateral moraines extend for 3 miles up 
Revine Creek and can be clearly recognized on the topo- 
graphic map of Healy C 4  quadrangle (see pl. 3). 
Parther upstream, the canyon wdls of this creek are 
apparently either too steep to support continuous mo- 
rainal deposits or are the areas from which the deposits 
along the lower part of the creek were derived. 

,in arcuate ridge extends northeastward from the 
lateral moraine on the south side of Yanert Fork valley 
near tlie point where the moraine crosses the 148'46' 
meridian, and forms in plan a large bow convex toward 
the Yanert Fork (see pl. 3). It ends near the Yanert 
Fork about 2 miles (airline) above the mouth of that 
stream. This ridge appears to be an interlobate moraine 
of the Xenana and Yanert glaciers, deposited where the 
expanding lobes of tlie two glaciers coalesced in the 
great valley of the Yanert Fork. 
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Ground moraine and pitted outwash cover the entire 
valley floor in the vicinity of the junction of the Nenana 
River and the Yanert Fork, with the exception of 
rounded bedrock hills and a narrow band of river-de- 
posited gravel in terraces and flood plains along each 
river. The ground moraine has an irregular hum- 
mock-and-hollow topography. The depressions of 
some parts of the ground moraine are dry most of the 
year or have very small marshes at  their bottoms. Those 
of other parts are occupied by deep lakes. Tlie areas 
in which all depressions are either dry or lake-filled 
are extensive; probably they are areas in n-liich tlle 
moraine is either porous or impervious. The porous 
moraine presumably consists largely of out\rash sand 
and gravel from which most of the clay-size particles 
have been removed by melt water. It may have bee11 
deposited over irregular bodies of ice, thus o~ving its 
hummocky topography to the melting of that ice. It is 
mapped as outwash on plate 3. The impervious mo- 
raine probably consists largely of clayey till that may 
or may not include small bodies of lake-deposited clay 
and gravel. 

Several drumlinlike hills in the ground moraine of 
the Nenana glacier have been exposed in cross sectioii 
by railroad cuts on the Alaska Railroad. Sketches of 
fresh exposures on these road cuts, made shortly after 
the excavations were enlarged, are shown on figure 20. 
As can be seen from the sketches, most of the ground- 
moraine hills on the floor of the Nenana River valley 
consists of stream-deposited gravel or lake silt haring 
a thin and, in part, discontinuous veneer of till. The 
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FIGURE 20.-Field sketches of fresh exposures in railroad cuts through 
drunrlike hills in the ground moraine of the Riley Creek glaciation 
between Yanert and &IcKinley Park station, made in August 1948. 
Sketches of west banks of cuts have been reversed so that north in 
each section is to the left. Direction of ice flow was frorn right to 
left. The straight line a t  the base of each cut is the railroad grade. 

structure of these hills suggests a complex series of re- 
treats and readvances a t  the lower end of the Nenana 
Xiver glacier during the Riley Creek glaciation. Pre- 
sumably, the lake deposits and outwash gravels, which 
include masses of till and probably rest on till, were 
rounded by ice advances that  occurred after the pro- 
glacial deposits were laid down. 

EROSIONAL LANDFORMS OF GLACIAL ORIGIN 

Erosional landforms of the Riley Creek glaciation 
are well preserred in many parts of the drainage basin 
of tlie Nenana River. The amount of erosion of bed- 
rock below a11 altitude of 3,000 feet since the retreat of 
tlie glaciers has been small. Large-scale horizontal 
grooves, parallel to the direction of movement of the 
ice, mark the walls of the canyon between Windy and 
Carlo. Spectacular U-shaped glacial gorges, such as 
that of the R'enana, are common in the fretted upland 
around the Xenana River near Carlo. Clear Creek, 
Slime Creek, Carlo Creek, Revine Creek, and many 
other creeks have such gorges. The headwall cirques 
of these creeks are impressive. Rock-basin lakes in 
these cirqces are rare, except in a small area between the 
lieadwaters of Clear Creek and Riley Creek. Else- 
\\ylirre tlie cirques are filled with great masses of rubble. 
As is indicated in the next section, the rubble origi- 
nated long after the time of the Riley Creek glaciation. 

Roclies moutonne6s and rounded spurs are present in 
the pass between upper Yanert Lake and the Nenana 
River at Yanert. The shoulder on the west side of the 
Nenana River a t  Windy, which received tlie full pres- 
sure of the ice from the Nenana glacier, is similarly well 
i.otulclecl. Tlie walls of Panorama Mountain, on the 
other liancl. are jagged and angular and have numerous 
couloirs. The mountain was probably sculptured, in 
part, before the Eiley Creek ice advance. During that 
aclrance, it may have been protected by a veneer of talus 
fraginents ancl till caught along the concave side of the 
glacial bend. Erosion of the inountaii~ probably took 
place after the retreat of the ice. 

LAKE DEPOSITS 

Glacial lake deposits of tlie Riley Creek advance are 
not conimon in tlie valley of the Nenana River. A 
morainal hill about 1% miles south of Lagoon station 
on the Alaska Railroad consists largely of deformed 
clay. (See fig. 20, east bank of railroad cut a t  mile 
342.0). For 2 clistailce of about 1 mile, along the west 
bank of th,? r i ~  er, below the railroad at  mile 338 (about 
4 iniles north of Carlo), varved, slightly calcareous 
silt and clay are exposed. The silt and clay, which are 
about 40 feet thick, are overlain by terrace gravel, 
which is about 25 feet thick. Landslide topography on 
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the opposite river bank suggests that the clay is also 
present there. The clay is believed to have been de- 
posited in a lake left by retreating ice of the Riley 
Creek glaciation. 

OUTWASH GRAVEL ALONG THE NENANA RIVER 

Outwash gravel of the Riley Creek glaciation forms 
a complex series of terraces extending downstream from 
the terminal moraine on Riley Creek to the northern 
edge of the foothills. Outwash gravel, deposited during 
the retreat of the glacier from its point of maximum 
advance at Rilby Creek, forms terraces and pitted plains 
along the river from Riley Creek southward to a point 
a few miles north of Carlo. 

McKinley Pa rk  station and hotel are built on two ter- 
races; one about 200 feet above the river, and the other 
250 feet above the river. The lower terrace is clearly 
the outwash plain that  extends downstream from the 
terminel moraine on the south side of Riley Creek. The  
upper terrace is a few feet too high to  be the outwash 
plain from this terminal moraine; however, it could 
either have been formed during a slightly earlier ad- 
vance, or i t  could have been built by the outwash stream 
draining the glacial lobes in Riley Creek canyon and 
the valley 1 mile west of Yanert siding. Presumably, 
most of the lateral drainage on the west side of the 
Nenana glacier passed through the Yanert Lakes and 
not down the west side of the terminal moraine. This 
kept the terminal moraine from baing leveled by the 
outwasll stream of the retreating glacier, a fate com- 
mon to the terminal moraines of valley glaciers. Out- 
wash from the terminal-moraine lobe itself could have 
eroded part of the higher outwash terrace to establish 
the terrace graded to the present terminal moraine. 

Downstreani, the upper outwash terrace loses altitude 
more rapidly than the lower, and the two coincide near 
Moody. The thickness of gravel beneath the outwash 
plain at McKinley Park station is a t  least 80 feet (pl. 
8 ) ,  and the base of the gravel is 120 feet above the 
present river level. A t  mile 350.3 the thickness of 
gravel appears t o  be a t  least 110 feet, and the base is 
not more than 70 feet above river level. Additional 
remnants of the out\~-ash plain are found in the canyon 
between McKinley Park station and Healy. The layers 
of blue-gray river gravel resting unconformably on 
eroded lake deposits of the Healy glaciation a t  miles 
351.4 and 353 (Moody) (fig. 13) are remnants of the 
Riley Creek outwash plain. North of Moody, the ter- 
race remnants of the Riley Creek are found on both 
sides of the canyon that  is cut in Birch Creek schist, a t  
about 180-190 feet above the river (pls. 2 and 8). They 
are commonly underlain by about 25-40 feet of blue- 
gray terrace gravel. The terrace above the railroad 

track extending 1 mile southward from Garner is part  
of the Riley Creek outwash, as is the terrace about 90 
feet above the railroad track extending 1 mile north- 
ward from Garner. 

The flight of terraces a t  Healy is probably one of 
the most complex to be found anywhere (see fig. 16). 
Fourteen terraces have been identified betm-een the 
Healy glacial moraine and the river. These are shown 
on the map and section on figure 21 numbered consecu- 
tively from river level upward. A t  Healp remnants 
of most of the terraces are preserved on both sides of 
the Nenana River, as matching pairs of terrace rem- 
nants. They could not, therefore, be slip-off slope ter- 
races, such as are formed by a meandering stream dur- 
ing a period of continuous downcutting. Instead, they 
represent extensive plains formed by the river during 
pauses in domncutting after the maximum aclvance of 
the Riley Creek ice. Tlle Healy terminal moraine 
rests on terrace 14. Terraces 13 and 14 are clearly 
related to the I-Iealy glaciation, but all lower terraces 
must have baen deposited after the course of the Ne- 
nana was established in the bedrock gorge between 
Moody and Healy, as  they originate in this gorge (see 
fig. 21). I f  the Riley Creek terraces are projected 
downstream through the Nenana River gorge a t  a 
height of about 180 feet above the river, they correlate 
with terrace 7 or terrace 8 a t  Healy. Above these 
terraces are four terraces, each 15-30 feet above the 
next lower terrace. These are tentatively correlated 
with the Riley Creek outwash, rather than with the 
Healy outwash, because of their altitude, geographic 
position, and relative preservation. However, their 
extreme height a t  this point is difficult to understand. 
It is possible that  the gradient of the Nenana Kiver 
during the Riley Creek glaciation was less than i t  is 
a t  the present time. The river could certainly have 
been dammed for  a short time by large amounts of allu- 
vium b2ing brought down Moody, Healy, and Dry 
Creeks. It is also possible that  Nenana River glacier 
of the Riley Creek glaciation, may have advanced to 
a point 3 or 4 miles north of Riley Creek, a distance 
sufficient to give the river a grade parallel to that of 
the present river, yet allowing i t  to coincicle in alti- 
tude with terrace 12 a t  Healy. The  terminal moraine 
of this supposed advance is not preserved. Another 
explanation is that  some of the terraces may have been 
carved during the retreat of the Healy ice after the 
Nenana River was firmly established in the bedrock 
gorge. 

Terraces at  Healy and downstream from Healy are 
similar in that  they generally consist, where exposed, 
of nearly plane, rock-cut benches overlain by 5-50 feet 
of river-deposited gravel. Judging from exposures on 
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FIGURE 21.-Sketch map of terraces on the Senana River in the vicinity of Healy, Alaska, and profile along line A-A'. 
Sumbers designate terraces which are also shown on plate 8. Profile survey by transit and level rod. 

the banks of the Nenana River, the thickness of the the river as i t  aggraded its bed during the onset of the 
gravel on each terrace is fairly uniform from the ter- Riley Creek glaciation, and that the; terrace surfaces 
race face to the back of the terrace; the back of each were formed by removal of the outwash gravel during 
terrace lies against the bedrock front of the next higher the retreat of the Nenana River glacier of the Riley 
terrace (see figs 21-23). If we assume that the Ke- Creek glaciation. Such assumptions imply that the 
nana River formed all these terraces during a single river removed the excess thickness of gravel over each 
episode of down-cutting, we must assume that the rock lower terrace exactly up  to the buried base of bedrock 
benches on which the terrace gravels rest were cut by beneath the upper terrace, at  least a t  every locality 
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FIGURE 22.-Field sketch of h lu t i  on east brink of tlle Sennna  Rirer  opl)osite the rnollth of Slate C r p ~ k .  

where this reli~tioll is esposecl. This require5 a degree 
of coincidence of two essentially different processes- 
the cutting of bedrock benches cluring aggradation, and 
the erosion of gravel during degradatio~l-that is 
rather unliliely. Tllerefore it  is probable tlint the 
gravel on most of the terraces xvas deposited eitlier a t  
the same time or  immecliatelJ- after tlie terraces were 
cut, ancl tliat each terrace represents a sliort l):lu>e in 
the retreat of tlie Senxila River glacier of tlle Riley 
Creek gla~iat~ion,  o r  eve11 a short re-advance. I n  all, 
7 terraces : k t  Hexly (terraces 6-12 on pl. 8)-these do 
not include terraces assigned t o  the C'arlo reaclvi~llce 
(see p. 53-54)--4 a t  Lignite, and 3 a t  Ferry are assigned 
to the Riley Creek glaciation. 

ALLUVIUM DEPOSITED BY TRIBUTARIES OF THE 
NENANA RIVER 

Terraces graded to the terrace? of the Riley Creel< 
glilciation on the Senana Niver :Ire \\-ell tlevelol~ed 
along the tributaries of the river. p:u.tic~il:lrl- oil Ile:11?- 
and Lignite Creeks. Those :~lollg He:~ly C'reelr :Ire espe- 
cially prominent. Terroce 10 lias been traced 1111 l1e:lly 
Creek for  about 14 miles (fig. 24). Tl'here Heiily Creek 
flows across the coal-bearing formation, tlli.: terrace i? 
a level bench cut across bedrock, veneered wit11 n tliin 
layer of gravel, similar to  the tei.r:lces at FTe:~ly. -1l)ore 
the area underlain by the coal -bearing format iol~, It on-- 
ever, the material esposecl in the creel< banks b ~ t ~ v e e n  
the level of 13e:tIy ('reel< ant1 the terrace. :~n t l  11i*e-11ni- 
ably lunclerlying tlle ter1.ace bl~rfi~ce, is pa \ - r l .  The 
gradients of the terrace and of EIealy ('reeli :ire par- 
allel, and the gravel esl)osetl in tlie creek I):~lilik be- 
neat11 the top of tlie terrace is :tbol~t as co:ll*-e ai: the 
gravel in  the 1l1odei.n stream beds. Tllei-efore. i t  is 
likely that  Irenly ('reek flo\~~ecl in a can?-on along its 

l)ench across the coal-bearing deposits. The  terr:rces 
below the bench on IIealy Creek ancl Co:d Creek (fig. 
24) TTere cut during the period of clo~vncutting tha t  
follo\veil the retreat of the Riley Creek glacier. 

- i l l ~ ~ v i u n  del,ositecl by tlle torrents entering the Ne- 
nana I i i rer  bet\\-een AlcKinley P a r k  station and Healy 
collsists almost entirely of yello~vish-brown pebbles and 
frapnients of I3irch Creek scliist resting on a layer of 
blue-gray grarel tleposited by the Senana River. (See 
p. 3.2-3fi.) These clelmsits are founcl a t  miles 349-350, 
351.4, and 3.58 (JIootly) on the ,ilaslra Railroad (figs. 
11, 1::. and 14).  and in the canyons crossecl by the rail- 
ro:~d a t  miles 334 rind :355. Truncated ren~nants  of 
allurial cones deposited by t\vo sucll streams a re  shown 
011 figure 25. 

A l l l n r i ~ n l ~  cleposited by tributaries north of Iiealg 
can generally be recognized by its strong resemblance 
to Sennnn gravel. good example of such a l l u \ ~ i ~ l n ~  
is esl~osetl in the bluff of the Nenan:~ li iver oppos i t~  

present course, and a t  i ts present level before the ter- I ~ I W ~ : I C  ? : ; . - , I ~ ~ ~ I , : I ~ P S  C,II ~ I I P  ~ ~ 1 s t  I ) : I I I ~  of t i le  X~>II:III;I I t iver a t  IF~ITT-. 
races were cut, and tllnt i t  xggradetl its valley TI" l o n ~ r  l'art of t h ~  1)luff IS  """?tone 01 the Kcnana gravel, oler- 

lain hy o~l twai l l  f rarel  of tlle Iiiley Creek g1aci:ition ( u ~ p e r  t e r r a c ~ )  
debris providecl by increased sol i f i~~ct io~l .  Tile and Carlo ~.eadtnnre (Ion-rr terrace). The terraces are mantled with 

n ln5er of interh~cliled pfwt and nind-blown silt. Note that  the thick slope of valley 13al'allel t o  tile ol(l olle alld lnet layer of carlo o~l twrs l l  grt11~1 on tile lower terrace ends nbrllptiy 
the Kenan,? River valley at tile level of tile Riley Creek a t  the  base of the  hiahrr terrace and that the peat layers in  the silt 

of the npper terrace continue unbroken clown the terrace f r o n t  to the 
terrace. A t  its maximum xltitncle tlie stream cut a new 10, ti~rrace. 
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F'IGCRE 24.-Projected profile of terraces on Healy Creek 

Healy (fig. 26). There, a flat-lying layer of blue-gray 
gravel deposited by the Nenana River rests on a steeply 
dipping layer of Nenana gravel ; the blue-gray gravel 
is overlain by about 50 feet of brow-i-n gravel, which, 
although identical in appearance to tlle Kenana gravel, 
dips about 7" toward the river. The brown grarel 
apparently made up a group of coalescing alluvial fans 
built by the small torrents eroding the bluff east of the 
river. Apparently, the fans extended across the river 
bed when the Nenana River stoocl as high as terrace.. 
10 and 5. 

The most striking evidence of Riley Creek glaciation 
on the Wood River (pl. 6) is the remarkable U-shaped 
canyoii that extends from tlle river's source to tl-ne 
i~ortllern edge of the mountains. Although most of 
the sculpturing of this canyo11 was done by earlier 
glaciers, evidence of recent occupancy of the canyon 
by ice is impl-essire. This is in the form of glacial 
grooves and scratches and remarkably smooth roches 
montonneCs on the canyon I\-alls of Birch Creek Schist. 
On the east side of the river, north of the inoutll of 
Slleep Creek, a jumble of low hills and lake-filled cle- 

DEPOSITS ON OTHER RIVERS ~wessions. partly buried by alluvial fans deposited by 
Because the Riley Creek is the youngest extel~sil-e creeks entering the river from the east, make UP the 

glaciation and its deposits are well preserved, it has lateral ancl, in part, terminal moraine of the Wood 
been possible to recognize with considerable certainty River glacier of the Riley Creek ice advance. The 
the limits of this stage on several rivers. terminus of this glacier at its maximum extent prob- 
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excellently preserved U -sl~apecl gorge of the Sanctuary 
River in the mountains soutll of tlle termirial moraine 
is about 11h-2 miles wide. The freshness of the gla- 

U71(:uJtc 23.-T1~111icntt~cl i ~ l l ~ ~ \ i : i l  rollt"; 011 t l ~ v  ri1.t 51111. o f  t l ~ ~  Xtllli~liii 

Rircr  opposite mile 331 on tllr .\l:~sl;a Iiailrond. 

ably stood at  latitude 64"Of' S., at am :~ltitutle of 1,400 
feet. Tlie surface of the glacier stoocl :tt an altitude 
of about 3,000 feet just south of Coal Creeli. about 
3,900 feet at the niontll of Copper Creek. :uld about 
4,500 feet near tlle inoutli of Cody Creelr. Tlie glacier 
was tlius nearly 1.500 feet tliick for niucll of its lengtli. 

Till, made conspicnous 1)- its co~ltelit of I;~rge ~vllite 
granodiorite boulders, fol.111~ a tliiclr 1ater:ll mor:li~le 
on both sides of ICaiis:~s Creek (pl. 6)  froni the prese~lt 
terminns of the glacier to a locality al)out :', nliles 
downstream, IT-here the altitncle is 3,600 feet. Si11lil:~r 
till, wliicli consists of conspicuons ligllt-~r:ty g r n ~ ~ o d i -  
orite boulclers atid rests on the bran-1-n c:unyon walls of 
Virginia Creek (131. 6 ) ,  extends rlo\\-n tlult ciaeek to  
its junction wit11 the Wood Iiirer, tlius intlicnting that  
the two glaciers coalesced. ,Judging from till deposits, 
tlie glaciers on I < e e l ~  Peak (131. 6) were not inore than 
half a mile longer cloring the Riley Creel; p1:lciation 
t11ai1 they are no\\-, and the glaciers at the lleail of 
Copper Creek (pl. 6) were only ahout a quarter of 
a mile loiiger than at present. 

The valley of the Sanctuary River (pl. 6) is almost 
completely blocked about 2 miles soutli of the Mc- 
Kinley Park highway by a crescent-shaped area of 
hummocky topograplly rising about 75 feet above tlie 
surrounding plains and containing many ponds. This 
crescent-shaped area is clearly shown on the Healy C-5 
quadrangle. I t  was recogilized by S. R. Capps (19$2, 

- 
cia1 topography, both of the moraii~e ancl of tlie gorge, 
tlie abmidance of poilds, and the absence of terininal 
moraines of any younger glaciatiori on the S:rnctuary 
Rirer, indicate that  this terminal moraiile represents 
the masimnm extent of the Sanctuary glacier of the 
Riley Creelr glaciation. 

S o  tenninal moraine of tlie Riley Creek glaciation 
n7as recogllixecl in tlle valley of the Telrlaiiika River, 
altllougli glacially scourecl lake basins iiltlicate that the 
ice niust have advancecl i i o r t h ~ a r d  beyond the month 
of Igloo Creelr. Presunlably the terini~lal moraine was 
d e ~ t ~ v y e d  by tlle glacial melt water. 

The terminal moraine of the Riley Creek glaciation 
on the East  Porlc of tlie Tolclat River (pl. 6)  appears 
to he crossed by tlie river about 1 mile south of the 
Iligl~\ray bridge. ,it this point, tlie broad river flat 
is constricted by a gronp of low, parallel, arcuate 
ridgec, 011 nliich are severttl ponds. The lateral mo- 
raine \T-llicli joins this ter~ninal moraine forms a prom- 
illelit bench, or  lo^ ridge, along tlie east n iou~~tnin  
\\-all of the r i rer  valley. The bellch rises from an  alti- 
tnile of :3;200 feet a t  its ilortli encl to an altitude of 
4,200 feet 4 miles southward. 

Several brailclles of the East  Pork of tlle Toklat 
Rirer  join just solxtll of the McKinley Park lligll~vay 
bridge. (See 111. (5.) The easternmost of tliese streams 
is the iliain branch, but the brarlch just west of i t  is 
nlinost as large. West of tlie two large branches are 
four small streams, ~ ~ l i i c l i  head in small glaciers in 
tlie mo~ultains soutll of Polycllrolne Pass. The braided 
courses of these streams cross a plain unc1erl:~iii by 
Scuana pr:lvel it11d unite a t  tlie base of tlie bluff south 
of the JIcl<inley Pa1.1r higliway. The interstream 
areas of that part of the plnin between tlie ~llaiil fork 
of tlie East  Fork of tlle Tolrlat River ant1 tlie two 
branclies immediately \rest of it, are COT-erecl wit11 thin 
gronnd mori~ine. The inost conspicuous objects on 
this moraine are several giant bloclcs of limestone, the 
largest nearly 35 feet lligll. These were mored to their 
present position fro111 a belt of liillesto~ie about 6 ~lliles 
sonthn~ard, presumably hp a glacier of tlie Riley Creelr 
advance. The absence of ally sip11 of nlorili~le 011 tlle 
part of tlle plain crossed by the three ~restenl  tribu- 
taries indicates tliat tlie glaciers at tlle lieacl of these 
tributaries (!id not extend beyolid tlle edge of tlie liills 
dnrinp the Kiley C~.eelc g1:lciation. 

CARL0 READVANCE ALONG THE NENANA RIVER 
- A 

p. 290, and p1. 4) as the terminal moraine of tlie gla- A group of cleposits along the Nenaila River, in par t  
cier that advanced down the Sanctuary River. The glacial and in part  fluviatile, appear to indicate that 
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FIGURE 26.-East bank of the Nenana River, looking east fro111 Healj-, c;holving layers of blue-gray terrace gravel deposited by the Nenana 
River (heavy dots) resting on truncated beds of Xenaua grirvel dipping 43" nortli, and o ~ e r l a i n  by thick deposits of yellowish-brown 
alluvium derived from the mountain of Senana gravel i n  the  backgroul~d. The lower gravel corresponds t o  the Carlo readvance, and 
the upper gravel to the Riley Creek glaciation. Sketched f rom a 1~hotogrn1111. 

a glacial advance occurred along this river after the 
glaciers of the Riley Creek glaciatioi~ had almost com- 
pletely melted away; and that the advance brought 
the ice down the Nenana River to 11-itliin 9 miles of 
the terminal moraine of the Riley Creek glaciation. or 
almost 50 miles from the present terminus of tlie Se- 
nana glacier. These deposits are unique and present 
a difficult problem, for along no other river on tlie 
north side of the Alaska Range have glacial deposits 
been discovered that indicate such an ice advance oc- 
curred. A careful search for such deposits has beell 
made along the Wood River, the Delta River, and 
along several streams in the western part of Mo~ult 
McKinley National Park. Aloilg all of these streams, 
the last great glacial advance appears to correlate wit11 
tlie Riley Creek glaciation along the Kenana. 

The .'terminal moraine" of this younger adrance is 
an area of irregular hummocks and liollo\vs, roughly 
crescent-shaped, extending along the east side of the 
Nenana River about 3 miles northward from Carlo 
Creek (see pl. 3 ) .  Some of the hollows are nearly 100 
feet deep; most of these are undrained. Exposures in 
roadcuts made during the summer of 1951 indicate that 

the till in tlie nortll part of this morainal area consists 
chiefly of large ailcl small subrounded boulders and peb- 
bles, but ii~cludes interstitial sand and a small amount 
of clay. I11 tlle south part, clay-rich till is common in 
roaclcuts. Between this moraine and Carlo Creek is a 
gravel plain, standing about 250 feet above the Nenana 
River and consisting entirely of coarse gavel .  This 
gravel extends from river level to the surface of the 
plain. -1 tongue of the plain extends northward from 
Carlo Creek between the moraine and the Nenana River. 
011 the west side of the river, from Carlo station north- 
ward for 3 miles, is a prominent terrace, 1~11ic11, a t  milo 
336 on the Alaska Railroad, consists entirely of inter- 
bedded coarse sand and g a v e l  from river level to the 
terrace-top. This terrace stands about 300 feet above 
tlie river a t  this point, and its surface is about 250 
feet below the terrace of tlie Riley Creek glaciation that 
forms the pass about 1 mile northwest of mile 336. This 
terrace correlates in height with a terrace on the east 
side of tlie Kenana River wliich extends northward froin 
the north edge of tlle Carlo moraine as a gravel plain, 
about a mile wide. The gravel beneath this plain is 
100-150 feet thick, and rests on bedrock, till, or well- 
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least as far as Clear Creek and possibly as far as the 
mouth of Windy Creek. 

This sequence of events could be explained by a gr::d- 
ual retreat of the glacier to a position near the present 
glacier front. During this retreat the river, always 
maintaining a gradient sufficient to move the m;tterial 
supplied to i t  by the ever-retreating ice front, coulcl 
have eroded the deposits of tlie Riley Creek out~rasli 
terrace. When the ice front stood near the present 
terminus of the Nenana glacier, tlie river coulcl liare 
been flowing a t  about its present level, as i t  must liars 
north of Carlo in order to cut the canyon. Folio\\-ing 
the retreat of the ice, a readvance of about 50 miles- 
to the position of the Carlo terminal moraiiie--could 
have occurred, during which the river could ]la>-e filled 
the canyon with outwash gravel of the Carlo glaciation. 

Tlie foregoing explanation of the relationships of 
the Carlo till and outwash assumes (1) that the glacier 
and the river system draining i t  aln-ays tend to a condi- 
tion of equilibrium in which the glacial melt water 
deposits outwash gravel until i t  establislies a slope steep 
enougll to remove all the debris supplied to i t ;  ( 2 )  that 
during the advance and retreat of the glacier, barring 
such accidents and interruptions in the course of the 
river as superposition across a bedrock ridge and the 
formation of a proglacial lake, a series of gradecl pro- 
files, essentially parallel to one another but converging 
downstream, are formed in turn by the river; and (3)  
that the height of each profile is deteinliiied by the posi- 
tion of the glacier front and by the amount and coarse- 
ness of gravel supplied to the river (Mackin, 1048, 
p. 475477). 

The preceding explanation of the Carlo deposits 
would be the most likely one if deposits similarly situ- 
ated were found along other rivers of the Alaska Range. 
However, they have not been found, although the East 
Fork of the Toklat, Sanctuary, M7ood, ancl lower De lh  
Rivers were carefully searched for them ( P 6 ~ 6 ,  oral 
communication, 1951). Therefore, another explana- 
tion for the deposits must be found. 

If ,  on melting back along tlie canyon between Windy 
and Yanert, the Nenana River glacier of the Riley Creek 
glaciation left a proglacial lake, the river draining that 
lake would no longer have been graded to the glacier 
front. The coarse debris carried by the glacier would 
have been deposited in the lake, and the river draining 
the lake would have been clear. The river would have 
tended to erode the gravel deposits downstream from 
the lake without replenishing its bedload from upstream 
sources. This erosion mould have to have been rapid 
enough to remove, in a short time, the till and gravel 
filling a valley nearly 50 miles long to a depth ranging 
from 250 feet a t  the upper end to about 30 feet a t  the 

lower end. (Erosion of tlie outlet of a proglacial lake 
was used by MacClintock (1922) to  explain the double 
terrace sequence on the TVisconsin River.) Presumably, 
tlie lake would have been formed shortly after the 
glacier front melted back soutliward, beyond Yanert 
station. The glacier front may have retreated to Windy 
before i t  began readvancing. The advancing glacier 
~ o ~ l ~ i  have incorporated in its lower part much of the 
delta gravel which had been built into the lake, and 
~vould have carried this gravel forward as the mass of 
porous houldery till which choked the canyon of the 
Nenaila River north of Carlo Creek. Once the lake 
had drained, the Nenaiia River ~t-ould have aggrsded 
its bed wit11 gravel, forming the Carlo outwash deposits. 
When the glacier retreated from tlie position of the 
Carlo till, another lake 1%-as formed in the canyon be- 
tween Windy ancl Carlo. I n  this lake, the sand de- 
posits west of the railroad, south of Carlo, were de- 
posited. Subsequently, the glacier melted back almost 
to its source. 

Varrecl clay deposits, overlain by the Carlo outwash, 
extending a few miles northward from the Carlo mo- 
raine, indicate that a lake must have existed exactly 
where the hypothesis requires one. Presumably these 
deposits were laid  do^-11 after the Riley Creek ice melted 
away from this area ; otherwise they would be deformed. 
Furthermore, the pits in the triangular terrace opposite 
the mouth of Yanert Fork indicate that the period of 
time between the retreat of Riley Creek ice from this 
point and the deposition of the Carlo outwash terrace 
\\-as short. The Carlo deposits are, therefore, regarded 
as evidence for a minor readvance during the general 
retreat of the Riley Creek glacial ice. 

SUMMARY OF HISTORY 

The rivers of the Alaska Range appear to have es- 
tablished their positions a t  or below their present posi- 
tions by the beginning of Riley Creek glaciation. This 
is oertainly true for the Nenana north of Healy, and it 
appears to be true for the Sanctuary, Toklat and Wood 
Rivers. The topography of the Alaska Range a t  the 
beginning of the Riley Creek advance differed little 
from its present topography. I n  the interval between 
the Healy and Riley Creek glaciations, the ice pre- 
sumably had retreated as far  back as the present glacier 
fronts, or farther. It may have disappeared altogether 
from the area shown on plate 6. 

With tlie general cooling of climate, ice began ac- 
ct~mulating in the Alaska Range. Most of that which 
accumulated in the mountains near the headwaters of 
the Nenana River probably moved southwestward down 
Broad Pass into the Susitna basin. However, enough 
flowed down the Nenana River for the front of that ice 
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to reach a position near McIZinley Park station. Many 
reversals in the direction of movement of the ice front, 
and short episodes during which the ice front was sta- 
tionary, may have occurred. At the same time that the 
ice \\-as moving down the Nenana River, ice moved 
down the Yanert Fork and Riley Creek to coalesce with 
lobes of the Nenana glacier. This ice advance coin- 
cided with that of late Wisconsin age in the Continental 
United States-the Mankato substage or the Cary and 
Mankato substages combined. 

Ice moved down the Wood River to the edge of 
the mountains, ancl down tlle Sanctuary to within 2 
miles of the McKinley Park highway. Ice advanced 
down the Teklanika River to a locality a few miles be- 
yond the inol~tll of Igloo Creek, and down the Toklat 
almost as far  as the highway bridge. The small gla- 
ciers in the foothills of the Alaska Range, at the head 
of Kansas ('reek and Copper Creek, and on Keevy Peak, 
advancecl little if at a11 beyond their present positions. 
The great range in the lengths of the glaciers during 
the Riley Creek glaciation beyond their present 
lengths-the Nenana glacier, 60 miles; The Wood River 
glacier, 38 miles; the Yanert glacier, 30 miles; the 
Sanctuary glacier, 16 miles ; tlie East Fork Toklat gla- 
cier, only 9 miles; and the glaciers around Keevy Peak 
and Copper Creek, less than a mile-indicates that oro- 
graphic factors were important in controlling the 
growth of the glaciers. This is also apparent when 
the depression of the orographic snowline in this region 
(determined from the position of cirques) is considered. 
I n  the latitude of Windy, the orographic snowline ap- 
pears to have lowered about 1,000 feet, judging from 
the diflerence in altitude of cirques now occupied by 
ice and those formerly occupied by ice. I n  the latitude 
of Keevy Peak it does not appear to have shifted more 
than a few hundred feet, if that muc"h. Winters are 
much more severe north of Windy than south of Windy, 
and, under conditions of extensive glaciation in south- 
ern Alaska, they were more severe than they are a t  the 
present time. This indicates that snowfall and sum- 
mer cloudiness, rather than mean temperature or winter 
extremes, are major, and possibly predominant, factors 
in the accumulation of ice in Alaska. 

The glacier front fluctuated over a distance of a t  least 
a few hundred yards, and possibly a few miles, during 
the period i t  was near the mouth of Riley Creek. 
These fluctuations occurred as repeated short, rapid 
advances, followed by gradual wasting away of the ice. 
Certianly a t  least three such episodes, and possibly 
many more, occurred when the ice front was near the 
mouth of Riley Creek. This alternation of advance 
and retreat may have been the characteristic pattern of 
glacier behavior during the entire period of ~vaxing 

and \~~an ing  of the ice sheet. Moffit reported that sucli 
movements were made by the Black Rapids Glacier 
(1942, p. 146-157), and Tarr and Martin reported that 
they were made by the Yakutat Bay Glaciers (1014, p. 
168-191), the Childs Glacier (1914, p. 400-409), and 
the Columbia Glacier (1914, p. 261-282). The cause 
of the fluctuations of the front of the Nenana glacier 
of the Riley Creek advance is not necessarily the same 
as any of the causes-chiefly earthquake-induced ava- 
lanclies-attributed by Mofit and by Tarr and Martin 
(1914, p. 168-197) to the fluctuations they reported. 

The retreat of the glacier was, naturally, a ~rocess  
of melting down and melting back of the glacial ice. 
Areas of clear ice exposed to the rays of the sun melted 
first, and the depressions they had occupied were filled 
with ontmash gravel. Continued melting of the ice ex- 
posed' irregular moraines over much of the lowland 
country a t  the junction of the Tanert Fork and the 
Nenana. South of Yanert, a lake formed. This lake 
was quickly drained, as it mas dammed solely by glacial 
debris and outwash. A readvance of tlle glacier 
brought the ice front northward to Carlo and caused 
the river to aggrade its bed. As the glacier again 
melted back, a lake formed between Carlo and Windy. 
This lake, also, existed for only a short time. 

Similar events were presumably going on along other 
river systems, although their record is not so clearly 
preserved, nor \\-as i t  so carefully studied. Neverthe- 
less, it is kno~vn that as the glaciers aclvanced, the 
glacial rivers aggraded their beds as a result of the in- 
creased amount of coarse material provided them by 
tlie ice. A t  the same time, periglacial processes mere 
supplying the periglacial tributaries of the Nenana 
River and other streams of the Alaska Range with so 
much material that they also aggradecl their beds, more 
or less in step with the aggradations of the master 
streams. As the ice retreated, i t  no longer supplied the 
streams with vast quantities of coarse debris a t  their 
heads; therefore, the streams eroded their out~rash 
terraces and cut elaborate terrace flights. 

DEPOSITS AND LANDFORMS YOUNGER THAN THE 
DEPOSITS OF THE CARLO READVANCE 

TERRACES 

Some of the terraces along the Nenana River are 
much lower than the terraces assigned to the Carlo 
readvance. They have been separately distinguished on 
plates 2-5, from the mouth of Dry Creek southward. 
Northward from Dry Creek, the terraces assigned to 
the Carlo readvance are so close in height to the younger 
terraces that i t  was difficult to distinguish them. These 
terraces, like most of the higher terraces, occur in pairs; 
that is, the same terrace can be recognized on both sides 
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cf the river a t  many ~ o i n t s  along its course. They occur 
only as remnants, parts of them having been removed 
where the river erodes steep banks or where i t  flows in 
narrow rock-walled gorges; and in places these rem- 
nants are buried neneath alluvial fans that were built 
by the tributaries of the Nenana; for example, burial 
under the alluvial fan at  the mouth of Dry Creek in- 
terrupts the continuity of the terraces between Healy 
and Lignite. The terraces have irregularities in height 
above the river that result from variations in the depth 
of erosion or thickness of gravel bedload when the river 
was forming the terraces. These irregularities ap- 
proach in niagnitude the difference in height of the ter- 
races and the height of the lowest of them above the 
river. As a result of the existence of these irregulari- 
ties, the terrace surfaces cannot be projected with con- 
fidence across the gaps between the terrace remnants, 
and correlation of these remnants is full of doubts. 

At  Healy, where the terraces along the Nenana River 
are most fully developed, two terraces lie below the 
lowest terrace assigned to the Carlo readvance. Terrace 
1 stands 10 feet above the flood plain and consists en- 
tirely of river gravel. (See fig. 21.) Terrace 2 st:~ntls 
28 feet above the flood plain; exposures oil the east bank 
of the river, north of the railroad bridge, sho~v i t  to 
consist of 18-20 feet of bedrock overlain by 8-10 feet 
of gravel similar to that on the present flood plain. 
(See fig. 21.) 

Two terraces, 10 and 25 feet high, are present on tlle 
west side of the river at  Lignite. The railroad track 
and village of Lignite are built on the lower terrace. 
The terrace on which the village of Ferry is located is 
about 15 feet high and consists of 10 feet of bedrock 
capped by 5 feet of terrace gravel. This terrace con- 
tinues northward to Browne. 

A rock-cut bench veneered with gravel 20 feet above 
the river occurs near mile 350 on the Alaska Railroad. 
About 1 mile north of McKinley Park station, a ter- 
race 18 feet high on the east side of tlle river consists 
entirely of gravel. The terraces on which the railroad 
between miles 337 and 341 is built are much lower than 
the Carlo outwash plain on the east side of the river; 
however, they are 65-110 feet above river level, and are 
probably best explained as having been cut by the rirer 
during excavation of gr~zvel deposited dur'ing the Carlo 
readvance. At  mile 338.6,15 feet of terrace gravel rests 
on 40 feet of clay. At  mile 340 there is a terrace 50 feet 
high that is made up entirely of gravel. Terraces on 
the east side of the river and about 15 feet above rirer 
level, on the other hand, are probably correlated ~vitll 
the low terracss along the Nenana River near Healy. 

Terraces 5-20 feet above stream level are present on 
most of the tributaries of the Nenana River and on 
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many other streams in the Alaska Range. At  many lo- 
calities, especially on Healy and Lignite Creeks, these 
are rock-cut benches having a veneer of stream gravel. 
More commonly, however, they appear to consist entire- 
ly of gravel, from stream level to their tops. Similar 
low terraces 11:ive been observed on many other rivers, 
both glacial and periglacial, in this part of the Alaska 
Range. Because of their ubiquitousness, their nearly 
uniform height, and their position along the rivers-far 
below the lowest terraces of the Riley Creek glacia- 
tion-it is ~ullikely that they were formed merely as an 
incident in tlle degradation of rivers during the retreat 
of the Riley Creek ice. The fact that in many places 
they consist entirely of gravel suggests that they were 
formed as n result of a change in climate, rather than as 
a result of tilting or uplift. Along with other features, 
to be described subsequently, they are regarded as evi- 
dence of minor cold periods that occurred after the 
thermal maximum ~ ~ I l i c h  f o l l o ~ ~ e d  the glacial retreat of 
the Riley Creek glaciation. 

TALUS 

Large or sillall amounts of talus occur at  the base of 
:dl tlle rock cliffs except those that are periodically 
swept by the Nenana River or its tributaries. Slopes 
steeper than 35" are commonly veneered by talus which 
presmnably rolled or slid to tlle slopes. Slopes less 
steep are covered with congeliturbate, which will be de- 
scribed in the following section. 

Talus accumulated below cliffs and cirque head\\-alls 
thronghout tlle Pleistocene. Most of the talus which 
formed in areas ~\-llich were subsequently glaciated \\-as 
swept from its resting places by the glaciers and in- 
corporated in f i l l  or was distributed by the melt water 
as outwash gravel. Outside the areas covered by the 
successive ice sheets some of the talus which accumu- 
lated a t  the base of cliffs during the Pleistocene has 
remained there to the present day. Hov-ever, most of 
the talus wl~ich accumulated in canyon bottoms along 
tlle periglacial streams during each glaciation was swept 
away when these streams subsequently re-excavated and 
deepened their canyons, and the talus which accumu- 
lated on valley sides during interglacial periods was 
frequently mo-ved to the stream beds during periods of 
glaciation by periglacial processes of creep and mass 
11-asting. Hence, in the area outside the ice limits of 
each glaciatioil are some talus deposits which were 
fonned in part before that glaciation and later mantled 
with yomlger talus, and some talus deposits which have 
formed since that glaciation. For  instance, the walls 
of the Kenana River gorge between H e d y  and McKin- 
ley Park station are mantled in many places with talus 
of the Riley Creek glaciation which rests on and inter- 



58 QUATERNARY AND ENGINEERING GEOLOGY, CENTRAL ALASKA RANGE 

fingers with the outwash gravel of the Riley Creek 
glaciation. 011 the other hand, much of the talus in the 
tributary canyons rests on canyon walls which were 
probably buried beneath gravel graded to the outwash 
of the Riley Creek glaciation, but which have since been 
re-exposed. The talus in these canyons is for the most 
part younger than the Riley Creek glaciation. 

Many of the most conspicuous talus deposits lie in 
valleys which were occupied by ice during the Carlo 
I-eadvance, or on valley and canyon walls which were 
buried beneath outwash gravel of the Carlo readvance. 
These deposits are clearly younger than the Carlo re- 
advance. Large deposits of coarse blocky talus have 
accumulated below cliffs and cirque headwalls in con- 
glomerate, greenstone, granitic rocks, and Birch Creek 
schist. The new highway on the east side of the Nenana 
Kiver between Slime Creek and the bridge opposite 
Windy is excavated, in part, in talus cones. On the 
west side of the river, about half a mile north of Clear 
Creek, the Alaska Railroad obtained blocks for riprap 
from a quarry dug in talus. The blocks of conglomer- 
ate and sandstone obtained from this quarry were used 
as shaped riprap along the river bank at the north end 
of the tunnel at Garner; they show no noticeable weath- 
ering or displacement. The supply of very coarse 
blocks was quickly exhausted, and the quarry was 
abandoned after a few years. The surface of this talus 
apron is dark, as the upper surfaces of the boulders are 
completely covered with lichen. However, lichens do 
not grow on boulders of the quarry face although the 
quarry has been abandoned since 1925. The quarry 
face, consequently, is light tan in color. This can mean 
either that conditions for lichen growth no longer pre- 
vail at this locality, which is unlikely, or that the time 
required for lichens to establish themselves is greater 
than the time that has elapsed since 1925. 

CONGELITURBATE 

Congeliturbate, defined by Bryan (1946, p. 640) as 
"a body of material disturbed by frost-action," forms 
a thin, almost continuous mantle over all the land sur- 
face of this part of the Alaska Range, except where 
actual outcrops of other formations are present. Be- 
cause it is of great extent and rarely more than a few 
feet thick, i t  is not mapped separately on plates 2, 3, 4, 
and 5, except where i t  is of great thickness. 

Congeliturbate is the result of intense deformation 
and displacement of a film of surface material through 
the heaving and settling effect of alternate freezing and 
thawing. Solifluction (Andersson, 1906), which takes 
place when soil viscosity is temporarily reduced by the 
presence of large amounts of melt water, also plays an 
important part in the development of congeliturbate. 

The accumulation in the soil of the large amounts of 
water necessary for congeliturbation requires the pres- 
ence of an impervious substratum. I n  arctic regions this 
is provided by the layer of perennially frozen ground 
(Taber, 1943), or pergelisol (Bryan, 1946, p. 640), 
which is present nearly everywhere from the crest of 
the Alaska Range northward (Black, 1950, p. 249). 

Congeliturbate of solifluction origin-material that 
has moved down slopes whose angles are gentler than 
the angle of repose-can be recognized a t  many places 
in the Alaska Range. I n  very coarse solifluction de- 
posits a t  high altitudes, the blocks pried loose from the 
outcrops by frost action slide directly downslope from 
their source. Where the source rock varies slightly in 
color from place to place, the rocks extending down- 
slope from it streak the slope with those colors. Such 
streaking is the outstanding feature of the mountain- 
tops of Birch Creek schist on both sides of the Nenana 
River gorge, and can be seen clearly from McKinley 
Park station. I n  cross section, solifluction deposits are 
a heterogeneous mass of angular fragments and bould- 
ers mixed with sand and silt and appreciable amounts of 
peat and wind-borne material. They consist almost 
entirely of material derived from directly up the slope 
from their present resting place, and so can be readily 
distinguished from till. Commonly, also, they are not 
as compact as till. Althougll stratification due to water 
and wind action is absent, the deposits may exhibit a 
crude flow-layering and preferred orientation of in- 
equant fra,gments resulting from the downslope move- 
ment of the congeliturbate. 

On level surfaces, congeliturbate can be recognized 
in cross section by typical structures in the soil. I n  
soils whose grains have a wide range in size (from 
boulders or pebbles to fine sand, silt, or clay), congeli- 
tnrbation effects a sorting of the soil. On level ground 
it causes the stones in the soil to gather into rings or 
polygons, each of which surrounds soil rich in clay. 
On sloping ground it causes the formation of alternate 
stripes of stones and finer grained particles that extend 
down the slope (c f .  Washburn, 1950, p. 89). Where the 
coarse particles in the soil are rare or absent the effect 
of congeliturbation can be seen in frost scars, peat rings, 
and allied forms (Hopkins and Sigafoos, 1951), and, 
in cross section, in the involutions of differently colored 
bands of soil (Schafer, 1949, p. 156-165). Even where 
there are no exposures, congeliturbation may be recog- 
nized, for it causes the development of a special micro- 
topography. This topography consists of mounds or 
hummocks 6 inches to 3 feet high and a few feet to 10 
feet across on level ground, and of l o b s  and terracettes 
on sloping ground. All these features are present in 
the Alaska Range. Their great extent makes i t  clear 



QUATERNARY GEOLOGY O F  N E N A N A  RIVER VALLEY REGION 59 

that most of tlle land surface of the range is mantled 
by a layer of material which has undergone congelitur- 
bation. 

Presumably, movement of rocks and soil by congeli- 
turbation inhibits plant growth over the active bare 
areas; if congeliturbatioil decreases in intensity or 
ceases, plants will cover the bare areas in a few- years, 
provided the slope is not too steep and rocky and the 
altitude not too great (Hopkins and Sigafoos, 1951). 
Even at an altitude of about 5,500 feet, 2,500 feet above 
timberline, there are a few lichens and small, nearly 
level patches of turf, which indicate that plant gro~vth 
of one type or another would be continuous over most 
of this area were i t  not inhibited by intense moveinent 
of the soil. The only vegetation supported by coarse 
congeliturbate in Birch Creek schist above 4,500 feet 
is a sparse growth of weeds with long roots adapted 
to growing in moving talus. Lichens are absent from 
bare rock surfaces. A few boulders show by tlle pres- 
ence of dead lichens on their undersides that they have 
been recently overturned after a long period of sta- 
bility. Above 4,500 feet, therefore, active congelitur- 
bate covers the entire surface except on outcrops and 
scattered patches of turf. At  lower altitudes the talus 
and solifluction deposits are covered with a dense turf, 
which is interrupted at only a few localities-by land- 
slides, badlands, outcrops, or frost scars (Hopkins and 
Sigafoos, 1951, p. 65-70). Therefore, although con- 
geliturbation is occurring below 4,500 feet at the pres- 
ent time, i t  is affecting surfaces locally, not generallj. 

LANDSLIDE DEPOSITS 

Deposits of ancient landslides are to be found at 
several places along the Alaska Railroad and Nenana 
River. Landslide activity in the Nenana River gorge 
has led to serious maintenance problems on the rail- 
road. Landslides are of two types: rotational shear 
slips, and detritus slides or mud runs (Ward, 1915). 
The rotational shear slips occur where a thick layer 
of coarse material or a block of rock or soil behaving 
essentially as a rigid unit, is underlain either by a 
layer of fine-grained material (clay or clay-rich till) 
or by a gently inclined fracture. A landslide of this 
type, between the Alaska railroad and the river, about 
1 mile southeast of McKinley Park station, consists 
of a series of arcuate blocks several hundred feet long 
and 50-100 feet wide, which have been rotated so that 
their originally horizontal surfaces now slope back 
toward the railroad a t  angles of 10"-25". A t  the same 
time the blocks were rotated, they were ~iloved dowa- 
ward and outward toward the river, creating a series 
of asymmetrical ridges at successively lower altitudes 
below the railroad track. This landslide occurred be- 

cause the Nenana River eroded tlle base of a bluff, 
about 150 feet high, that consisted of a layer of clay- 
rich till 65 feet thick, overlain by a layer of outwash 
gravel 85 feet thick. The till flowed out toward the 
river, undermining the gravel and dragging blocks of 
gravel with it. As the blocks of gravel moved down- 
ward ancl outward, their originally horizontal upper 
surfaces were rotated away from the river. The land- 
slide occurrecl on a surface close to river level. Clear- 
ly, this surface is younger than the outwash terrace of 
tlle Carlo reaclrance, reinnants of which are nearly 
100 feet lligll both north and south of the landslide. 
Therefore, the landsliding occurred since the Carlo re- 
advance. The landslide is no\\- stable. 

Between 1949 and 1951 a landslide started on the 
mountain wall 1,500 feet west of the Alaska Railroad 
at mile 338.2, extending from 2,300 feet to 3,000 feet 
in altitude. This landslide is a rotational shear slip 
involving a block of the Cantwell formation and in- 
trusive andesite. Below it  is a mass of loose talus 
accumulated by rockfall from the front part of the 
block. This landslide appeared after the field work 
in this part of the area was completed and has not 
been examined. I ts  causes are unknown. When seen 
from a distance in 1951 and 1952 i t  did not appear to 
have moved forward more than a few hundred feet, 
nor did i t  appear to pose any immediate danger to 
tlle railroad. 

1~:tnclslicles in the Tertiary coal-bearing formation 
are common along the walls of the canyons of Lignite 
Creek and its tributaries. (see pl. 2). The landslides 
start where ground water is concentrated along the 
tops of impervious beds which slope gently toward 
the creek or its tributaries. The landslides along Lig- 
nite Creek rest on the canyon floor or on terraces cor- 
related with or younger than the outwash terrace of 
the Carlo readvance. The landslides are therefore 
no older than the Carlo readvance. Vegetation on 
many of tlle landslides is disturbed, indicating that 
the landslides are still active. 

Evidence of ancient landslides has been found along 
the bluff between the Healy outwash terrace and the 
Riley Creek terrace from Dry Creek northward to the 
roacl west of Lignite. This consists of a number of 
narrow irregular ridges and terraces parallel to the 
trend of the bluff. Presumably, the thick outwasll 
gravel of tlle Healy glaciation here rests on a layer 
consisting mostly of clay, deposited either as till, pro- 
glacial lake sediment, or as a layer within the Tertiary 
rocks. The clay flowed out from beneath the gravel, 
causing the gravel to settle as irregular blocks. The 
landslides rest on the Riley Creek outwash terrace. 
The blocks appear more rounded than those of active 
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landslides, and they are overgrown with vegetation 
which does not appear to be disturbed. The landslides 
could have occurred at any time since the Riley Creek 
glaciation. However, because they appear to be older 
than the other landslides, the author believes tlley 
probably occurred before the end of the Carlo read- 
vance. 

Detritus slides and mud runs generally flow into 
streams, which redeposit the debris as alluvium or re- 
move i t  altogether. Small mud runs on hillsides are 
quicltly overgrown with vegetation and are, therefore, 
difficult to recognize. Althougl~ no detritus slides or 
mud runs were found, i t  is believed that many badland 
areas resulted from the exposure of Tertiary rocks to 
active erosion after the vegetation was removed by such 
landslides. 

ROCK GLACIERS 

Rock glaciers similar in every respect to those in the 
Wmngell Monntains, described by Capps (1910), are 
common in the Alaska Range. These are usually lobate 
mounds of intermixed coarse and fine angular detritus, 
similar to talus in composition and grain size. They 
extend domnslcipe from the base of talus cones and talus 
aprons on declivities as gentle as 5". They strikingly 
resemble glaciers in appearance in that they are com- 
monly elongate downslope, have steep fronts and sides 
facing lower country, and bear on their upper surfaces 
arcuate ridges that are convex downstream, and straight 
ridges that are parallel to the direction of flow. 

Rock glaciers occupy the headwater cirques of Clear, 
Riley, Slime, Carlo, and Revine Creeks, all tributaries 
of the Nenana River and Yanert Fork. They are com- 
mon in cirques draining into the Yanert glacier, at 
the headwaters of Virginia Creek in the Wood River 
country, and at the headwaters of the Sanctuary River. 
At  all these localities the rock glaciers occupy cirques 
formerly occupied by ice of the Riley Creek glaciation, 
and those on the tributaries of the Nenana occupy 
cirques which were probably filled by ice at the time of 
the Carlo readvance. They are therefore younger than 
the Riley Creek glaciation and the Carlo readvance. 

Par t  of the deposits of andesite blocks surrounding 
Jumbo Dome (Wahrhaftig, 1949) are regarded as 
ancient rock glacier deposits. The frost-moved rubbles 
surrounding Jumbo Dome were undoubtedly formed, in 
part as rock glaciers and in part as sheets of congelitur- 
bate, during many of the glacial advances which took 
place on the Nenana River, only 10 miles away. Corre- 
lation of the glacial sequence on the Nenana River with 
the sequence of rubble deposits surounding Jumbo Dome 
may be possible when the pediments and terraces on 
Marguerite Creek, which can be dated with respect to 
periods of rubble movement, have been correlated with 

the pediments and terraces on Lignite Creek and the 
Nenana River. 

Rocks which break into coarse angular blocks seem 
to be the most favorable for the occurrence of rock 
glaciers, Hence, rock glaciers are most common in the 
granite terrain between the Wood River and Kansas 
Creek, and in mountains of greenstone along the crest 
of the Alaska Range and in the vicinity of the Yanert 
Glacier. 

Exposures 01 the interiors of rock glaciers are rare; 
loose, angular debris from the top and sides quickly 
slides i ~ t o  any openings that are made. An exposure 
of the side of an active rock glacier-the down-valley 
extensi~n of the terminal moraine of the glacier a t  the 
head of Kansas Creek-shows that this rock glacier 
consists of solidly frozen clay and gravel in which nu- 
merous blocks of granite are embedded like plums in a 
pudding. The surface layer of this rock glacier is made 
up mostly of large blocks of granite. Similar inte- 
rior and surface materials were seen in an exposure 
of a rock glacier a t  the head of one of the forks of Vir- 
ginia Creek. An exposure in the side of an inactive rock 
glacier on Jumbo Dome (Wahrhaftig, 1949) shows that 
the material of the interior is of much finer grain size 
than that on the upper surface. 

Preliminary results of measurements, now in prog- 
ress, of the movement of a rock glacier at the head of 
Clear Creek, show that the upper surface of this rock 
glacier is moving forward a t  rate of about 2% feet per 
year along the medial axis, and 1-1y2 feet per year 
along the sides. 

Accordii~g to Richmond (1952), rock glaciers of the 
La Sal Mountains, Utah, have cores of till and other 
features of glacial origin. He  believes that they are 
"residual from small glacial readvances, retaining the 
essentisll configuration and structure of the ice." The 
results of studies of the motion of the Clear Creek rock 
glacier indicate that its motion today is probably the 
result of glacierlike flow of interstitial ice. The surface 
of the rock glacier, however, is free of snow during the 
latter half of the summer, and the ice in the rock glacier, 
therefore, probably accumulates from freezing of inter- 
stitial water within the talus, rather than from compac- 
tion of snow. 

Capps (1910) regarded rock glaciers as the last stages 
of the melting away of enfeebled glaciers, and thought 
them to be essentially the deposits left by the last glacial 
ice during a period of deglaciation. I t  appears more 
likely, however, that rock glaciers are newly formed 
and are ind.ependent of the last glaciation. 

The rock glaciers which now occupy the cirques that 
were once filled by the Riley Creek ice probably origi- 
nated long after that ice completely disappeared from 
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those cirques and are a result of recent cooler climate. 
A rock glacier whose origin is clearly recent is at  the 
head of Clear Creek. This rock glacier, whose niotion 
is being measured, is advancing over a turf-covered 
mound which fills the floor of the cirque. Tlle mound 
has steep sides that  face downvalley as well as t o ~ ~ a r c l  
the valley walls, and an upper surface that  slopes 
gently northward down the valley of Clear Creek. I t  
is dissected by deep gulches, whose ~r~alls ,  also, are 
partly covered by turf. From the appearance of this 
mound and of exposures along the walls of the gulclles 
that  dissect it, i t  is evident that  i t  is an ancient rock 
glacier, now completely stabilized and orergro~r-11 ancl 
partly dissected by tributaries of Clear Creek. Tlle 
upper par t  of the mound is buried by the active r ~ l i  
glacier, the sides of TT-hicli are free of turf,  and tlle 
upper surface of which is partly covered by turf that 
is torn and broken by numerous fresh cracks. Tlle ac- 
tive rock glacier is advancing over the older rock €la- 
cier and filling the gulches which dissect it. A l~eriocl 
of time in which the older rock glacier ~r-:ls forliiecl and 
later dissected, separated the formation of tlle younger 
rock glacier from the melting away of ice from this 
cirque, and, by analogy, a period in \\*liicll there \\-ere 
no deposits of this type in this cirque is believed to 
have separated the formation of the older rock glacier 
from the disappearance of glacial ice. 

TILL 

A well-preserved low moraine crosses the 1-anert 
Fork about 2 miles downstream from the present ter- 
minus of the Yanert Glacier. (See pl. 6.) Where it 
crosses the river i t  consists of several irregular hills, 
covered with spruce forest, rising like islands out of 
the braided outwash plain of the Yanert Fork. Large 
granite blocks are strewn over the surface of the hills. 
and presumably the hills themselves are composed 
largely of this granite. These hills form a double arc, 
convex downstream, where they cross tlie river. Up- 
stream from that  point, along tlle walls of Yanert 
valley, the moraine consists of two low continuous 
ridges of till, generally about 200 feet apart but merp- 
ing locally. These ridges rise about 200 feet above 
the glacier surface, wllicli position they maintain fa r  
back into the headward portions of the yanert Glacier, 
especially along the north mountain wall of the ralley. 
A dense growth of mature spruce covers the terminal 
moraine. This forest continues upstream for  about a 
mile, where i t  grades into a forest of cottoiirrood aiicl 
willow, which extends almost to the base of the glacier. 
A t  about the point where the two forests grade into 
each other, about a mile below the glacier terminus, 
another moraine crosses the river. On the mountain- 
sides near the terminus of the glacier, this moraine is 

a tliin sheet of till. The glacier abuts against the till- 
corerecl slopes, which are overgrown by alders and low 
tuiltlra vegetation. The contact between moraine- 
coverecl ice and vegetation-covered till is abrupt. 

Recent till covers stagnant ice a few tens of feet 
do\vnslope from the glaciers on Keevy Peali. A t  the 
head of Copper, Virginia, and Kansas Creeks, recently 
deposited till is now separated from the glaciers that  
clepositecl i t  by narrow outwash plains. This till 
nlerges clo~vnslope ~ v i t h  rock glaciers. 

There are no active glaciers in the area immediately 
adjacent to the Alaska 12ailroad; however, the Nenana 
River, Tanert Fork, Sanctuary River, Teklanika River, 
East Fork of the Toklat River, Wood River, and many 
of tlieir tributaries, head in glaciers (see pl. 6 ) .  Less 
than one-twentietl~ of tlle area that  mas covered by ice 
during the lleight of the Riley Creek ice advance is 
covered toclay. Existing glaciers range in length from 
11:llf a mile to 20 miles; the longest and largest is the 
Tailert Glacier, which heads on Mount Deborah, 12,540 
feet high, just east of the area sllomn on plate 6. The  
existing glaciers are one-tenth to one-third as long as 
they were a t  the height of the Riley Creek glaciation. 
Historical records (Taliaferro, 1932, p. 764) and bio- 
1opic:tl data (Cooper, 1942, p. 17-20) show that  the 
glaciers of southern and southeastern Alaska during 
most of post-liisconsin time were much smaller than 
they no~v are ; and tliat, beginning a few thousand years 
ago, an ice aclrance took place which reached its cul- 
~ilination about 100-200 years ago in soutllenstern 
-ilaslia, and about 20-50 years ago along the southern 
-1laska coast. Since this culmination, the glaciers have 
been nielting back for distances of from n few hull- 
clrecl feet t o  scores of miles. Fo r  instance, according 
to Barnes (1043), the Portage Glacier retreated 3,000 
feet cluriiig the %-year period from 1914 to 1939. Sim- 
ilarly, the Spencer Glacier retreated about 2,100 feet 
bet\\-een 1906 and 1931, ancl the Hartlett Glacier about 
1,000 feet between 1911 and 1981 (7T'ent\vorth and 
Ray, 1936, p. 898-903). 

The glaciers of this par t  of the Alaska Range show 
evidence of similar recent advance and retreat. How- 
ever, as will be sllown in a following paragraph, all 
the recent deposits-glacial and other types--consid- 
erecl together, suggest a sonlewhat more complicated 
climatic history for  Alaska than that outlined by 
Cooper. Presumably, the vegetation on the 1-mile 
moraine against I\-liicli the moraine-covered ice of 
the Yanert Glacier is in sliarp contact, took :L consid- 
erable tinie to establish itself. The  sharp contact of 
the ice with this moraine implies either a long period 
of standstill or  a recent advance. A t  the present time, 
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however, the lower part of the Yanert Glacier appears 
to be slowly wastin! away, as the clear ice surface is 
smooth for many miles above its terminus, and ridges 
of till-covered ice rise as high as 50 feet above this 
surface. Similar conditions were observed by Tarr 
and Martin (1914) on stagnant glaciers of the Pakutat 
I3ay region. The Yanert Glacier had a similar appear- 
ance in 1913, as pliotogrwphs taken then attest (Mof- 
fit, 1915, pls. 4 and 5). The glacier was photographed 
in 1941 by Bradford nTashburn, who has kindly given 
these photographs for study. At that time its surface 
was freshly crevassed, and the surface of the moraine- 
covered ice was flush with that of the clear ice. Ap- 
parently the glacier was active during 1941, but was 
dormant in 1913 and in 1950 and 1951. 

Tarr and Martin (1914) have shown that rapidly 
advancing glaciers have deeply crevassed surfaces, 
whereas glaciers whose ice is either stagnant or mov- 
ing forward only slowly have relatively smooth sur- 
faces. When the Yanert Glacier was examined in 1951, 
its surface was remarkably smooth for at least 8 miles 
above its terminus, and crevasses were absent (shown 
by the large melt water streams flowing on i t) ,  indi- 
cating that the lower part of the glacier had not ad- 
vanced for several years. 

The small glaciers on Iceevy Peak and around the 
Wood River show signs of recent retreat. On nearly 
all these glaciers, the areas of visible ice are smaller 
than the areas covered by glaciers shown on topo- 
graphic maps made in 1910 (Capps, 1912, pl. 1) .  The 
ice surface of the glaciers on Keevy Peak was ob- 
served in 1950 to be much lower than the ridges of 
fresh till in front of the glaciers. The easternmost 
of the two glaciers on Keevy Peak was separated from 
till-covered stagnant ice by a small proglacial or super- 
glacial lake. The large, nearly circular glacier a t  the 
head of Virginia Creek was bordered by a band of 
bare till and bedrock 200 feet wide. Beyond the band 
of bare rock, the till and granite were covered with 
licllens and had a dark appearance. 

PEAT 

Peat is accumulating in boggy areas along the Alas- 
ka Railroad. Small closed basins in till in the vi- 
cinity of Lagoon appear to be filled with sphagnum and 
Carex bog, which rests on peat. The thickness of the 
peat is unknown, for the ground was frozen at a depth 
of a little more than 1 foot, and no further digging was 
attempted. Peat 1-2 feet thick inantIes bog-covered 
hillsides on the west side of the Nenana River canyon 
from Moody northwestward to the Diamond coal mine 
(see pl. 2). The bogs on the surface of the high ter- 
race east of Browne and nortli of Ferry are presumably 

underlain by peat (see pl. 5). The thickness of this 
peat is unknown. Layers of peat from a fraction of 
an inch to more than a foot t,hick are interbedded \\-it11 
the silt that mantles many of the terraces. Woody 
plant remains are found in the peat, along with re- 
mains of herbaceous plants. Where the peat was ob- 
served to occur in two layers, the lower layer  as black 
and involuted, and the upper layer was brown and 
only slightly disturbed by frost action. This relation- 
ship was observed a t  Moody and on tlie north bank 
of Dry Creek about 1 mile above its mouth; i t  is be- 
lieved to be fairly common. 

AEOLIAN DEPOSITS 

Aeolian deposits, in tlie form of sand dunes and 
loess layers, are common along the Nenana River and 
in adjacent parts of the Alaska Range. They are 
not disting~zished on the maps (pls. 2-6), but the loca- 
tions of the more significant outcrops are given below. 
Sand dunes are restricted to the immediate vicinity 
of cliffheads and to the lee sides of "badland" areas, 
where they accumulate as true cliff-head dunes. They 
are present along the tops of all south-facing "bad- 
land" bluffs in the Tertiary rocks of Nenana coal- 
field, but have not been observed along the tops of 
north-facing bluffs. The sand composing the dunes 
has been derived from sandstone or conglomerate of 
the adjacent "badland," which is in the Tertiary coal- 
bearing formation and overlying Nenana gravel. 
Sand dunes range from 10 to 40 feet in thickness and 
may extend several hundred feet to the lee of the cliff- 
head. Cliff-head dunes show all gradations of sta- 
bility, from bare, rapidly growing dunes, some of 
nearly perfect sigrnoid shape, to dunes completely 
stabilized and overgrown with dense spruce forest. 
I n  places where they have been dissected by wind, 
water, or railroad cuts, the dunes show 1, 2, or 3 peat 
and forest layers. 

Cliff -head dunes containing interbedded forest 
layers are exposed in section along the railroad about 
a quarter of a mile northeast of Moody (pl. 2) and 
about half a mile south of Garner (at  the south end 
of the siding). At both localities they rest on out- 
wash of the Carlo readvance. Cliff-head dunes occur 
on the high bluff above tlie railroad track about 1-11/2 
miles along the railroad south of Healy. At  this lo- 
cality they rest on outwash of the Riley Creek glacia- 
tion, and may in part be as old as that glaciation. The 
high bluff on the east side of the Nenana River has 
many cliff-head dunes. These may be in part as old 
as the Healy and Riley Creek glaciations, although it 
is probable that they are much younger. Most of the 
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dunes are close to the edge of the terrace on the top 
of the bluff. 

A dune deposit a t  the top of the mountain above the 
Garner tunnel (pl. 2) contains platy fragmellts of 
schist half an inch thick and as nluch as 4 inches in 
long diameter. These have been bloll-11 or rolled by 
the wind for distances ranging from several tells of 
feet to a few hundred feet from their source in out- 
crops of Birch Creek schist. I n  no other way could 
some of them have reached their present lodgino dace -. 
on top of and interbedded with thick turf and ln the 
branches of low bushes growing on the dune deposit. 
An alternative explanation-that these fragments inay 
have been thrown to  the top of the mountain by explo- 

' 1 s  to sions during the construction of the railroad-f~'1 
explain an identical occurrence on the Totatlanikn 
River (pl. 6) opposite the mouth of Daniels Creek, 
where no construction or excavation has been conclncted. 
The presence of these coarse fragments in and on the 
dune deposit indicates very high velocities of south 
winds. 

Deposits of windblown silt mantle slopes and tops of 
terraces along the Nenana River. The silt mantle is 3- 
8 feet thick on bluffs overlooking the river, but thins 
away from the river. It thickens north~vard fro111 3 
feet at Healy to 8 feet a t  Browne, 20 miles north. Com- 
monly the silt is in two layers: a lower layer in which 
the bedding has been deformed by congeliturbatioll into 
involutions, and in which the contained plant material 
is black: and an upper layer in which the beclding is 
undisturbed, and in which the contained plant material 
is still brown and woody. One, tv-o, or three peat lay- 
ers may be present. A prominent peat layer inarks the 
boundary between the tn-o types of silt. The mecliail 
grain size of the upper layer of silt is about 0.15 mm, 
whereas the median grain size of the lower layer, which 
has been af-fected by congelifraction, is 0.015 mm (de- 
terminations by John IV. James). The silt profiles on 
the higher and older terraces were not founcl to be any 
thicker or more coinplex than those on tlie 1011-er ter- 
races. The separate stratigraphic units of the silt man- 
tle can be traced in many exposures from one terrace 
level to the next, the silt having been deposited upon 
the front slopes of the terraces as well as on their tops. 
(See fig. 23.) The implication is that the deposition of 
the present silt mantle was a late event in the history of 
the region, following the development of all the terraces. 
Consequently, the silt mantle now on the terraces is post- 
Carlo in age and probably of quite recent origin. 

The silt is derived from two sources : silt deposited by 
the glacial melt water and blown off the dry rirer 
beds by strong southerly winds; and outcrops in bad- 
lands in the Ter~iary  rocks. Most of the silt came from 

the first source. Dust storms, similar to those described 
by P6w6 (1951) along the Delta River, occur along tlie 
Xenana a t  the present time. Such storms were prob- 
ably much more violent in the past, when the barren 
rirer flat was broader. Evidence of the rate of accunzu- 
lation of silt was obtained in t ~ o  places. Buried wil- 
low branclies indicated a rate of accumulation of about 
1 foot in 50 years along the railroad track just south of 
the tunnel at Moody. At  Healy a metal container 
buried under 8 inclles of silt and re-exposed at  the edge 
of the river bluff in 1948 indicates a rate of accumula- 
tion of not less tlian 1 foot in 70 years, inasmuch as 
there is no record of white men entering this area before 
1900. 

Wind-polished and faceted pebbles are common in ex- 
posures of the till of the Healy glaciation west of Healy, 
and on tlie blufi in Riley Creek outwash above the rail- 
road track about a mile south of Redy.  These prob- 
ably clate back to the Healy and Riley Creek glaciations. 
Wind-sculptured erosional forms have not been ob- 
served in the badlands near the railroad. Very strong 
lwevailing south winds have had a striking effect on the 
vegetation that grows on terraces from Healy north- 
ward, causing the bushes to grow in lines oriented north- 
south, and giving the terraces a raked or plowed ap- 
pearance when seen from the air. 

PERENNIALLY FROZEN GROUND 

I'erennially frozen ground (Taber, 1943; Black, 
1950), also called permafrost (Muller, 1945, p. 3) and 
pergelisol ( Bryan, 1946, p. 635), is common throughout 
the -1laska Range. TVherever deep excavations have 
been made i t  has been encountered. The only localities 
where its presence is doubtful are some of the very well 
drained terraces underlain by coarse gravel, at the base 
of which are large springs. Perennially frozen ground 
is probably not present beneath rivers and lakes. 

The depth to pereniiially frozen ground in the Alaska 
liange is controlled largely by the amount of vegetation 
and exposure of the surface of the ground to direct sun- 
light. I11 general, perennially frozen ground is much 
closer to the surface on north-facing slopes tlian on 
south-facing slopes. Three types of vegetation appear 
to ii~fiuellce the depth to perennially frozen ground. 
The first is thick, coiltii~uous vegetation, consisting 
largely of mosses; i t  nlay or may not include black or 
white spruce. Pereilnially frozen ground is commonly 
found \\-ithi11 2 feet of the surface, and locally as near 
the surface as 1 foot. TVhere bare soil is present in the 
center of frost scars, perennially frozen ground is much 
deeper. The second is vegetation consisting predomi- 
nantly of brush such as alder, dwarf birch (Betulu 
glanduZosu and hybrids), and willo\vs; i t  may or may 
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not include sparse growth close to the ground, such as 
annual grasses and lichens, and open stands of white 
spruce. Perennially frozen ground lies from 5 to 20 
feet below the surface. Most moraine hillocks, most 
mountain slopes in the gorge between McKinley Park 
station and Healy, and much of the countly south of 
McKinley Parlr station is characterized by this vegeta- 
tion. The third type is found on slopes of bare gravel, 
outcrops, and talus and consists of scattered growths of 
Iicliens. Perennially frozen ground, if present, prob- 
ably lies more than 20 feet below the surface, and is 
likely to be relict perennially frozen ground. Peren- 
nially frozen ground is reported to occur in the Sun- 
trana mine, which is excavated beneath a south-facing 
slope of bare rock or talus clothed only by white spruce 
and aspen. 

The depth to perennially frozen ground in bare scree 
slopes at altitudes greater tlian 3,500 feet is unknown. 

Perennial ice in crystalline noilporous rocks, as well 
as in slightly pervious ~vell-jointed rocks, such as those 
of the Cantwell formation, probably occurs only as 
thin films in joints and cracks. Likewise, in deposits 
consisting of coarse gravel, perennially frozen ground 
occurs either as &'dry permafrost" (rock that is peren- 
nially below 32" P. but does not contain water) or as 
gravel containing interstitial ice. 

I n  sand, silt, and clay, on the other hand, perennial 
ice takes the f ~ r m  both of lenses and veins of clear ice, 
and of interstitial ice. Because of the expansion of the 
interstitial water on freezing, the component grains of 
the silt and clay are commonly pried apart. They are 
then held together only by the ice. When the ice melts, 
cohesion is lost, and the resulting water acts as a sup- 
port to the weight of the fine-grained material, thereby 
reducing frictional resistance to movement (Terzaghi, 
1950, pp. 91-94). Such material slumps on slopes, and 
landslides and mudflows result. Thawed ground in 
silt and clay tends to flow from beneath heavy weights. 

Ice veinlets exposed at  the new pit of the Diamond 
coal mine during the summer of 1948 averaged l/s inch 
in thickness and were spaced +$-I inch apart. Their 
strike was parallel to the contour line of the hillside, 
which is here parallel to the strike of tlle coal-bearing 
rocks. They dipped 30"-40" N., approximately bisect- 
ing the angle between the surface and the bedding. 
The rocks in which they occurred are sandstone and 
siltstone of the middle member of the coal-bearing for- 
mation. The hillside beneath which they were found 
\Tas covered by tundra vegetation, consisting of moss, 
sedges, and patches and rows of willows and dwarf 
birch. 

Perennially frozen ground exposed in 1948 in clay 
at the bridge . ~ t  mile 351.4 on the Alaska Railroad was 

in the form of vertical ice veinlets one-fourth to one- 
half inch thick and 1-3 inches apart, oriented about 
normal to the direction of slope. Lenses and bodies of 
clear ice as much as 1 foot thick were also found in 
the clay a t  this point, and interstitial ice cemented the 
terraces and delta gravel. Lenses of clear ice more than 
1 foot thick were found in clay a t  Moody in 1049. 

The role of perennially frozen ground in the forma- 
tion of congeliturbate has been discussed in tlle section 
on congeliturbate. Involuted silt layers-a form of 
congeliturbate-have been shown to occur at  the base of 
some of the wind-blown silt deposits that mantle gravel 
terraces now apparently free of perennially frozen 
ground. They indicate that perennially frozen ground 
was once present in places where it is not now observed. 

CLIMATIC HISTORY I-LIED BY THE DEPOSITS 

The climatic history implied by the post-Carlo de- 
posits can be divided into four periods, as follows: 

( I )  A warm period during which the Riley Creek ice 
melted back ilntil glaciers on many of the smaller 
streams, such as Revine, Moose, Louis, and Windy 
Creeks, and possibly the Sanctuary River. had com- 
pletely disappeared. The larger glaciers were con- 
siderably smaller than they are now. This period was 
somewhat warmer than the present. It may correlate 
with the thermal maximum recognized in the United 
States (Matthes, 1942, p. 204-219). 

(2) A period as cold as the present during which the 
Yanert glacier advanced to a point about 3 miles below 
its present terminus, rock glaciers were active, and the 
Nen:tna River and its tributaries aggraded their beds. 
This period dates back at  least several hundred and 
possibly a few thousand years. 

(3) A warm period during which the glaciers re- 
treated back of their present positions, and the older 
rock glacier on Clear Creek was dissected. 

(4) The present cold period. Historical records sug- 
gest that the peak of this period is past and that the 
climate is slowly becoming wanner. 

DIASTROPHISM 

Two of the major faults crossed by the Alaska Rail- 
road have been active since the depositioil of the Carlo 
outwash and rztreat of the glaciers. 

Alluvium resting on outwash gravel deposited by the 
Nenana River is exposed on the east side of the Nenana 
River opposite the mouth of Riley Creek. The gravel, 
in turn, rests on till and the upturned beds of the Cant- 
well formatioil (fig. 28). At  the north end of this 
outcrop, the alluvial gravels are bent upward to the 
north. The fault contact betxveen the Cantwell forma- 
tion and Birch Creek schist is just north of the de- 
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a n d  offset by l~ost-Carlo faul t ing  on t l ~ p  e:lst 11;lnh- of T I I P  S ~ l r a n a  tlle f au l t  crossing t l l r  -1lnsh-a R:lilroatl near  IVindy. Looking soutir- 

River opposite I\.ZcI<inley P a r k  Station. Birch Creek sclrist to  tlrr. 13-est across 1,ittle \Vind~- Creek. 
left of t h e  fault .  

formed gravel. This contact apparently esteiicls east- 
ward along the base of a small gulch whicli has clissectecl 
the alluvial fan. The original upper surface of the 
alluvial fan is largely preserved. The part north of the 
gulch is 20 feet higher t h a i ~  the part south of tlle pulcll. 
Presumably the displacement of the alluvial-fan sur- 
face and the bending of tlle alluvial grarels are effects 
of the same cause-movement along the fault separat- 
ing the Cantwell formation froin the Birch Creek schist. 
Movement along the fault in post-Carlo time has 
amounted to 20 feet, tlle north sicle being the uptlirown 
side. No evidence c o ~ ~ l d  be found for  uplift farther 
west along the fault. Presumably, there was no uplift 
along the fault in the period between the beginning of 
the I-Iealy glaciation ancl the end of tlie Ci\r10, for gla- 
cial deposits and terraces of the olcler glaciations shorn 
no noticeable displacement. A displaceillent of 20 feet 
would probably not be detected i11 the olcler deposits. 
for the errors of correlation of lJgller terraces nncl gla- 
cia1 deposits are of that  order or greater. 

the Ileacl of IYells Creek, the fault is marked by a 
trench, tlie south wall of m.hic1l is steeper than the 
north wall. The scarp can be traced, on aerial plioto- 
graphs, as f a r  east as the Nenana glacier. 

All tlie evidence indicates that  the displacement 
along this fault occurred recently and that the sontll 
sicle 11-ent up %it11 ~espect  to the north sicle from 6 feet 
to more than 20 feet. T l ~ e  slight amount of erosion of 
tlle scarp suggests that  the movement occurred not more 
than a f e v  l~~~ilclrecl years ago. 

Glacial cieposits on either side of the fault zone are 
not noticeably displ:tced, excepting as described above ; 
tlie topographv along the fault does not give any indi- 
cation of much Pleistocene ciisplacement, certainly not 
in tlie ciirectioil that the recent fault scarps indicate. 
I t  seeins likely, therefore, that  the revival of movement 
along the fault clici not occur before Carlo time and 
probably occurred very recently. 
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QUATERNARY AND ENGINEERING GEOLOGY IN T H E  CENTRAL PART OF T H E  ALASKA RANGE 

ENGINEERING GEOLOGY ALONG PART OF THE ALASKA RAILROAD 

By CLYDE \ l T z i ~ ~ ~ ~ ~ ~ ~ ~  and R. F. BLACK 

ABSTRACT are poor sources of gravel, ballast, and subgrade. They contain 

The central Alaska earthquake of October 1947, triggered a 
landslide along the Alaska Railroad which damaged the track 
and disrupted traffic for several days. The management of the 
Alaska Railroad requested the Geological Survey to make an ex- 
anlination of this landslide and of other engineering problems 
that  plagued the railroad where i t  crossed the Alaska Range. 
Investigations were conducted by the Geological Surrey in the 
fall of 1947, in the summer of 1948, and for short periods until 
1952. They included m a ~ p i n g  of the geology along the railroad 
from mile 322 on the south side of the Alaska Range, to  mile 
385, just north of the northern foothills of the range, and de- 
tailed studies of several of the landslides. The results of these 
investigations a re  presented here. The distribution of bedrock 
and surficial deposits in the area mapped is  shown on the geo- 
logic maps. 

Bedrock along the Alaska Railroad between miles 322 and 
327.5 (mileage in terms of railroad mileposts) consists of highly 
drformed and broken argillite, chert, and limestone. These 
rocks are unsuitable for riprap, but some a r e  suitable for ballast 
and suhgrade. They generally form stable foundations. Com- 
mercial exploitation of the limestone has been considered. Be- 
tween miles 327.5 and 330 the railroad crosses massive green- 
stone which i s  suitable for riprap and ballast and forms stable 
foundations. 

Between miles 330 and 347 the railroad crosses the Cantwell 
formation, which consists of conglomerate, sandstone, shale, 
coaly shale, and coal. The formation is  intruded by sills, dikes, 
and irregular bodies of diahase and andesite. South of mile 
336 the Cantwell formation is fairly well cemented, and has  been 
quarried locally for riprap. North of mile 336 i t  is not \re11 
cemented and is  not suitable for riprap. The andesite and dia- 
base are  too jointed for use a s  riprap, but a r e  suitable for ballast 
and subgrade. Foundations in  the Cantwell formation are  gen- 
erally stable. 

From mile 347 to mile 358 the bedrock consists of Birch Creek 
schist, which is well-foliated quartz-sericite schist, locally con- 
taining abundant pyrite. The whist disintegrates readily by 
frost action, and where pyrite is abundant, decomposes to un- 
stable detritus. Along i ts  contact with the overlying coal-bear- 
ing formation, near mile 358, it is  weathered. Because of its 
fissility, the Birch Creek seKist does not make satisfactory 
riprap, subgrade, or ballast. I n  general foundations and em- 
bankments are  stable. Locally, however, dangerous rockfall 
conditions exist. 

North of mile 358 the  bedrock formations a re  the poorly con- 
solidated coal-bearing formation and Nenana gravel, both of 
Tertiary age. These formations provide poor foundations and 

no material suitable for use a s  riprap. 
For most of the distance between miles 322 and 385, the rail- 

road is built across surficial deposits that  were laid down dur- 
ing several glacial advances and retreats of Quaternary age. 
The engineering properties of each type of material a re  the 
same, regardless of the age. 

Outwash gravel deposited by the Nenana River forms ter- 
races along the river. The gravel is  blue gray, clean, and well 
sorted, and i t  occurs in a matrix of coarse, clean sand. It 
makes excellent ballast and subgrade, and foundations built 
with it  do not heave. The railroad follows these terraces al- 
most continuously from Healy northward to Browne, and for 
short distances from Healy southward to Cantwell. 

Tributarirs of the Nenana have built alluvial fans across the 
outwi~sh gravel. The engineering properties of the alluvium 
depend on its source and the size of the tributary that  de- 
posited it. North of Dry Creek (mile 361) i t  is similar to the 
Nenana gravel, from which i t  was derived. The alluvium of 
Dry Creek and Healy Creek is  coarse, clean, and well washed, 
and is a good source of ballast and subgrade. Alluvium south 
of EIealy, which was deposited by short steep streams, consists 
of fragments of Birch Creek schist and the Cantwell formation. 
Ballast and subgrade from i t  a r e  likely to heave badly. 

Varred clay and silt and associated delta gravel occur in the 
gorge between RicKinley Park station and Healy, as high as  500 
feet abore the river. They were laid down in a n  ancient 
gli~cial lake. The clay and silt, where perennially frozen, con- 
tain ice reinlets and interstitial ice, and slump and flow when 
they thaw. Their outcrops a r e  sites of many landslides. 

Much of the lowland south of McKinley Park station is  cov- 
ered by till, which consists of boulders, pebbles, sand, and clay. 
This material makes poor foundations because i t  is likely to 
heave badly when i t  freezes, and to slump and flow when it  
thaws. It is a poor source of ballast and subgrade. The rail- 
road crosses till between miles 341.5 and 346. 

Other surficial deposits include wind-borne silt in thin layers, 
peat, congeliturbate, talus, and landslide debris. These are  
likely to heave badly on freezing and, therefore, should be re- 
moved before construction. 

Permafrost is c o ~ m o n l y  within 2 feet of the surface under 
thick moss; 5-20 f t l t  below the surface under brushland and 
open stands of white spruce; and, if present a t  all, more than 
20 feet below the surface under slopes of bare gravel, coarse 
talus, and outcrops. Ice forms thin films and veins in  joints and 
cracks and fills interstices in  Tertiary and Quaternary rocks. 
Although permafrost provides a firm foundation, it is  in  deli- 
cate equilibrium with i t s  surroundings and thaws when the 
cover of vegetation is destroyed. 
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Slumps and earthflows, common throughout the history of 
the Nenana gorge, are  the result of movement of debris beneath 
steep slopes along sliding planes a s  much a s  a few hundred 
feet deep. They a r e  marked by irregular topography, the chief 
features of which are  an arcuate headwall scarp, a bulge a t  
the toe, narrow ridges parallel to contour lines, open cracks and 
fresh scarplets, disturbed vegetation; and disorganized rock 
structures. They move the railroad downward and toward the 
river a t  rates from a few feet per year to a few feet per hour. 
They are  common in banks of clay, clay-rich till, and weathered 
and decomposed schist. The causes are  lateral erosion by the 
river; rain and the melting of snow and permafrost, which 
saturate the clay with water and render i t  fluid ; and the weight 
of the material resting on the sliding plane. Suggested remedial 
measures are  placing riprap along the river bank; reducing 
ground water by pumping, installing drains, and by keeping 
surface water from the slide ; planting vegetation ; and refreez- 
ing the landslides. Locally the railroad can be realined to avoid 
the landslides. 

Rockslides and rockfalls have taken place on steep walls in 
Birch Creek schist, where foliation planes and drag folds dip 
outward. Loose blocks, which may cause serious rockfalls if 
they are  disturbed, should be removed. 

In  the landslide area between miles 349.1 and 350.3 the rail- 
road lies just below the rim of a semicircular bench about 250 
feet high that  projects frorn the west wall of the gorge. Glacial 
lake clay and siIt form the core of the bench and crop out be- 
tween miles 349.1 and 349.6 on the south side and between miles 
350.0 and 350.3 on the north side. On the east side a septum of 
schist about 300 feet wide lies betwen the clay and the river. 
Outwash gravel and alluvium overlie the lake sediments. The 
large landslide between mile 349.1 and 349.6 has  caused and is 
continuing to cause the track to sink, requiring filling and re- 
alinement. The headwall of the slide, marked by open cracks 
and scarplets, lies several feet north of the track. Surface water 
runs into the cracks. Remedial measures suggested a re  (1) 
conducting all surface water directly into the river via water- 
proof troughs, (2)  draining ground water, (3 )  refreezing the 
slide, and (4) placing riprap a t  the toe. The slide between 
miles 350.0 and 350.3 can be controlled by similar measures. 
The wall of the gorge between miles 349.7 and 349.8, along the 
top of which the railroad passes, is crumbling into the river. As 
open joints lie on both sides of the track, a sudden rockfall 
that would undermine the track is possible. Realinement of the 
railroad a few feet farther west would avoid this danger. 

At the landilide a t  mile 351.4, the railroad passes along the 
contact between delta gravel on the west and clay and silt on 
the east. The earthquake of Oct. 19, 1947, triggered a landslide 
just south of the bridge. Although the track was moved west- 
ward and piles were driven to protect it, the landslide has en. 
larged and is  likely to affect the track. Ancient landslides a &  
this place were stopped with the growth of permafrost. Re- 
cently the permafrost has been thawing, thus making the clay 
unstable and causing the landslide. Landslides may occur 
when frozen clay a t  the north abutment of the bridge thafls. 
Refreezing is suggested. 

Between miles 352.7 and 353.6 (Moody), the railroad crosses 
a persistent landslide on the west wall of the canyon, where 
lake sediments, chiefly clay and silt, crop out. Landsliding ante- 
dates the railroad. Slumps and earthflows have required exten- 
sive realinement, rebuilding and raising of the track. Move- 
ment on the hillside extends from a point 800 feet in height 
above the track to the level of the river below the track. The 
causes are  similar to those of landslides between miles 349.1 and 

349.6 and a t  mile 351.4. Remedial measures suggested are  drain- 
ing surface and ground water from the slide area and refreezing 
the slide. 

At the north end of the tunnel near Garner (mile 356.2) the 
railroad crosses the lower part  of a large talus cone. Vnder 
the weight of debris supplied by crumbling cliffs to the north, 
the talus creeps and flows toward the river. No known method 
of control would be cheaper than periodically realining and 
raising the track. Large schist blocks a t  the heads of several 
steep chutes leading to the track a t  the north end of the tunnel 
occasionally break loose and descend to the track. The larqest 
block, 100 feet on a side, is creeping a t  a rate  of 0.2 foot pcr 
year tot~~arc? a precipice, over which i t  will plunge to the track. 
The danger of rockfalls a t  this locality could be reduced by 
removing loose blocks. 

At mile 357.5 the river has breached weathered and decom- 
posed schist below the coal-bearing formation. The weathered 
schist moves toward the river a t  the rate of 2 or 3 feet per year. 
Spot freezing might control the movement. Realinement of the 
railroad around the slide will be costly. 

Track heaving and settling, caused by freezing and thawing 
of ice in ballast beneath ties, can be controlled by use of coarse- 
grained nonheaving ballast, by deeper drainage ditches and 
additional culverts, and by chemical stabilizers and waterproof- 
ing agents. 

Icings, colloquially called glaciers, form seasonally on slopes 
or river flood plains where circulation of surface water is im- 
peded and where ground water emerges a s  springs and seeps. 
At times, 2 or 3 feet of ice accumulates on the tracks. I t  is be- 
lieved that  most icings between Windy and Healy could be elimi- 
nated by deepening and protecting culverts where icings occur, 
and by putting in culverts where drainage is impeded. 

Level gravel-capped terraces of large extent near Healy and 
Windy a re  favorable industrial sites because they a r e  free of 
materials likely to settle or heave on thawing. 

The volumes of the reservoirs behind the dam sites on the 
Nenana River a t  miles 354,349.8,342, and 329 a re  small because 
of the 25-foot-per-mile river gradient and the narrow canyon. 
The canyon walls a t  the dam sites a t  miles 354 and 349.8 consist 
of jointed and foliated schist. Leakage is possible through per- 
vious glacial sediments beneath adjacent terraces. At mile 
342 a fault, probably marked by gouge, extends along the canyon. 
The canyon walls a re  made up of massive diabase and a r e  under- 
lain by sandstone and shale. Leakage is possible through gla- 
cial sediments northwest and southwest of the dam site a t  this 
locality. The dam site that  is most favorable geologically is the 
one a t  mile 329, where the bedrock consists of massive green- 
stone. 

INTRODUCTION 

PURPOSE AND SCOPE 

The Alaska Railroad, the longest railroad in Alaska, 
extends from tidewater at  Seward on the Kenai Penin- 
sula and at  Whittier on Prince William Sound, north- 
ward via anchorage to Fairbanks in interior Alaska 
(fig. 30). Since its completion in the spring of 1923, 
the railroad has been of great importance to the com- 
merce of the interior of Alaska. I t  serves directly the 
two largest cities of Alaska, Anchorage and Fairbanks, 
and the two best-developed agricultural areas, the Mat- 
anuska and Tanana Valleys. Furthermore, the rail- 
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road serves important coalfields in the Matanuska Val- 
ley and Nenana River areas, the goldfields of the Fair- 
banks district, many small settlemeilts and mining dis- 
tricts, and Mount McKinley National Park. The rail- 
road is vital to the military defense of the Territory. 
Nevertheless, traffic has been interrupted and slowed 
many times by landslides, icings, and effects of frost 
heaving and settling. Delays of several days have oc- 
curred, and certain parts of the roadbed have been costly 
and dificult to maintain. 

This report discusses some of the engineering prob- 
lems that arise along the Alaska Railroad from mile 
322 to mile 385.l The southern boundary of the area 
is 214 miles by rail north from Anchorage, and the 
northern boundary is 85 miles by rail south from Fair- 
banks. The area lies between latitude 63'25' S. and 
64O12'30" N. and includes the middle portion of the 
Nenaila River valley, along which the railroad traverses 
the Alaska Range and its northern foothill belt (fig. 
31 and pls. 2-5). The geology of this area discussed 
in the preceding chapter has been applied to the ap- 
praisal of engineering problems presented in this report. 

Hecause of the peculiar effects of permafrost-effects 
not present in temperate latitudes and about I\-l-hich 
wide-spread engineering knowledge is still lacking- 
the discussions of some of the problems are more de- 
tailed than normally would be necessary. Further- 
more, many examples and case histories of the prob- 
lems are described in order to give emphasis to the 
effects of permafrost and seasonal frost on construc- 
tion. It is believed that these examples show the ne- 
cessity of designing future roads and railroads in 
similar areas in Alaska to avoid such problems; if 
similar problems cannot be avoided, i t  is hoped that 
the suggested solutions will be helpful in combatting 
them. 

Only that amount of information sufficient for mak- 
in@ menera1 engineering suggestions -rr-as gathered dur- 

b b .  
ing this investigation. The statements that follow re- 
garding the engineering properties of the form a t' ions 
are based in part only on laboratory tests of represen- 
tative samples. I n  much greater part they are based 
on field observations of embankments, road cuts, river 
bluffs, bridge abutments and other features. It is hoped 
that these generalized statements will be of use to en- 
gineers and to others in laying out preliminary plans 
and designs; it is obvious that they cannot and should 
not take the place of detailed investigations, both field 
and laboratory, that are required before specific en- 
gineering structures are designed. 

cation of geologg to the problems was beyond the scope 
of the investigation. I t  is assumed that the engineer 
will use whatever method of correction is most practi- 
cal or desirable from his vien-point and will make what- 
ever engineering tests of the local materials are re- 
quired. 

Information is also included that has direct bearing 
on dam sites along the middle portion of the Nenana 
River and on industrial sites in the Nenana coalfield. 
The statements are to be regarded as preliminary, as 
detailed investigations have not been made. 

HISTORY AND METHODS OF INVESTIGATION 

On October 19, 1947, immediately after several se- 
vere earthquakes (St. Amand, 1948, p. 617), the rail- 
road track a t  mile 351.4 in the Nenana River gorge 
between McKinley Park station and Moody began to 
slump at  a rate reported to average about 4 feet per 
day. At  that time plans were being made by the U. S. 
Geological Survey for an engineering geologic investi- 
gation in the gorge. Col. J. I?. Johnson, former gen- 
eral manager of the Alaska Railroad, requested that 
an iinmediate geologic investigation be made of the 
landslide. During the period October 31--November 
2,  1947, the writers visited the slumped area and made 
a reconnaissance of several railroad track stability 
problems. A report which summarized the findings 
of the reconnaissance and which suggested remedial 
measures was prepared by R. It'. B l a ~ k . ~  Much more 
detailed investigation seemed advisable because of the 
complexity of the unconsolidated sediments. Conse- 
quently an investigation was made by Clyde Wahr- 
haftig, John TV. James, and Black during the summer 
of 1948. This investigation was supplemented by pe- 
riodic visits to the area by Wahrhaftig and Black be- 
tween 1949 and late 1952. TVahrhaftig has cassumecl 
primary responsibility for the geologic and vegetation 
investigations. Plant collecitions were identitied by 
IV. S. Benninghoff and R. S. Sigafoos. Black has as- 
sumed primary responsibility for the e~lgineering dis- 
cussions and recommendations. 

Detailed topographic and geologic surveys of the 
slides at miles 351.4, 353.0, and 357.5 were made in 
1948 and supplemented by later observations. Subsur- 
face surveys are limited to four short churn drill holes 
drilled a t  mile 351.4 by the Alaska Railroad. General 
descriptioils of other slides and engineering recom- 
mendations are preliminary because subsurface infor- 
mation has not been obtained and engineering tests 
of the materials have not been made. 

Discussion of engineering desigll and a ~ ~ l i -  
2 Black, 1(, F,, and Wahrhaftig, Clyde, 1948, Preliminary geologic 

investigation of railroad track difficulties in the Nenana River gorge, 
1 Mileage given i s  in terms of railroad mileposts. Alaska: Unpublished rept. in files of U. S. Geol. Survey. 
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FIGURE 30.-Map of south-central Alaska, showing location of the area covered b j  this report. 



Figure 31.-Index map, showing location of areas covered by geologic maps (pls. 2-5, and 10, and figs. 36, 41, 51, and 54). 
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GEOGRAPHIC SETTING 

TOPOGRAPHY 

The area shown on plates 2-5 lies partly in the 
Alaska Range, one of the dominant topographic fea- 
tures of Alaska, and partly in the northern foothill 
belt of that range. The range is extremely rugged, 
deeply dissected, and is crossed by several rivers. One 
of these, the Nenana River, which crosses the range 
from south to north, is follow-ed by the Alaska Rail- 
road. 

The Nenana River rises in the Nenana Glacier on the 
south side of the Alaska Range, 31 air miles east of 
Windy. At  Windy (pl. 4) i t  is joined from the south- 
west by the Jack River. From Windy to Carlo (pl. 3) 
the Nenana meanders in a northward-trending U- 
shaped valley. The valley is almost a mile wide, and 
it has broadly flaring walls that rise to heights of 
2,000-3,500 feet above the river. The gradient of the 
river in this stretch is gentle, and there are few rapids. 
From Carlo the valley broadens northward to Yanert 
and the river is entrenched several tens of feet. At  
Yanert the river flows along the west side of the Yanert 
Fork depression, in a narrow, winding, terraced gorge, 
100-250 feet deep, cut in glacial deposits and bedrock. 
The river is joined from the east about midway across 
this depression by the Yanert Fork, its largest tributary, 
and leaves the northwest corner of the Yanert Fork 
depression a t  McKinley Park station (pl. 3).  

From McKinley Park station to Healy (pl. 2) ,  a dis- 
tance of 10 miles along the winding river, the Nenana 
flows in a remarkable two-story canyon through a 
high ridge. The outer canyon is U-shaped, and its 

floor is %-3/4 of a mile wide; the broadly flaring walls 
and truncated spurs rise to a height of 2,500 feet 
above the canyon floor. I n  the downstream half of this 
canyon, and also for a short distance at the upstream 
end, the river flows in an inner gorge about 500 feet 
wide that has nearly vertical rock walls 200-300 feet 
high. I n  the other parts of the two-story canyon the 
inner gorge broadens to nearly the full width of the 
outer gorge. 

North of Healy the river follows an almost straight 
course N. 25" W. across the northern foothill belt. 
Here i t  flows in a broad valley having gentle, terraced 
walls that rise from a few hundred to 2,500 feet above 
the river. The valley, including its terraces, is from 
6 to 10 miles wide; some terraces are locally more than 
a mile wide. 

At  mile 322, shown at the south edge of plate 4, the 
railroad is 2,150 feet above sea level and about 30 feet 
above the west bank of the Jack River. The railroad 
follows the west bank of the Nenana River northward 
to Ferry, where i t  crosses to the east side. At mile 385, 
shown at the north edge of plate 5, the railroad is 
730 feet above sea level and about 15 feet above the 
Nenana River. Hence, the river and railroad drop 
about 1,420 feet in an airline distance of 55 miles. 

CLIMATE 

Average monthly and annual temperature and pre- 
cipitation data for three stations on the Alaska Railroad 
are summarized in table 1. Summit is at the crest of 
Broad Pass, 13 miles southwest of Windy. McKinley 
Park station is centrally located (pl. 3). Nenana is 
about 29 miles north of Browne (pl. 5) .  The records 
for McKinley Park station represent conditions typical 
of the mountains; those for Summit represent the 
south side of the range; and those for Nenana rep- 
resent the north side. As can be seen from the records, 
precipitation is considerably heavier on the south side 
of the range than on the north side. Average annual 
temperatures are about the same for all three stations, 
but summers are much hotter and winters are far  more 
severe at Nenana than at the southern stations. 

Snow falls on the high mountains during all months. 
The first snow can be expected to fall in the valleys 
about the middle of September (table 2). In the valleys 
snow remains on the ground until early May. Early 
summer weather is generally warm and dry, and is 
characterized by thunder showers of convective origin. 
Late summer and fall weather is characterized by peri- - - 
odic cyclonic storms from the south and west,. Winters 
are generally clear for long periods of time; more clear 
days occur during winter than during summer. Pre- 
vailing winds are from the south, and are frequently 
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January _ _ _ - - - - - - - - 3 . 0  -8 .2  1 .07  0.86 
F e b r u a r y  : :  7 . 4  0 . 2 1 1 3  
M a c h  - -  11. 4 12. 9 8. 8 1. 48 

TABLE I .-Temperature and precipitation at Summit, McKinley altitudes of 3,000 and 4,500 feet, which is characterized 
Park station, and Nenana by tundralike vegetation; and (3) an upper zone, gen- 

[From records of U. S. Weather Bureau (19.50)1 erally barren of vegetation. Timberline lies between 

August - - - - _ - - - _ - - 
September _ _ - - - - - - 
October- - -  _ _ _ - _ - - 

Month 

November _ _ _ _ _  - _ -. 8 7 11. 0 4. 3 88 68 
December ......... 1 115 1 3 . 2  1-7.4 / 1.371  160 ( 

Annual.. - -  - /  25. 9  1 27. 7 / 26. 4 121. 81 114. 58 ( 11. 34 ------ 

Averqe temperature (OF) 
-- 

Sum- McKin- 
mit ley Park Nenana 

station 

Number of years of 
record - - - - - - - - - - / 9 261  231  9 1  221 15 

Total precipitation (inches) altitudes of 2,500 and 3,000 feet in the Alaska Range, 
and is generally a few hundred feet higher an south- 

Sum- McKin- 
leyPark Nenana facing slopes than on north-facing slopes. Forest- ! station 1 
-- covered areas, however, make up only a small part of 

0. 64 the area below 2,500 feet. 
. 4 8  Four general vegetation types appear to characterize 

: gE the lower zone traversed by the railroad: 
. 70 (1) Vegetation on gravel bars: gravel bars that 

have been recently abandoned by streams bear scat- 
2.54 tered stands of willo\vs of several species, alder (Alnus 
1. 21 . T2 crhpa), vetch (Oxytropis?) , and dwarf fireweed 
. 4 9  (Epilobium latifolium). Gravel bars that are more 
. 44 than 5 feet above stream level and are covered with 

of great intensity. Extreme temperatures are common. 
Additional climatic data from McHinley Park sta- 

tion are summarized in table 2. Permafrost in the area 
probably is in equilibrium with the present climate. 
Microclimatic factors of exposure, vegetation, type of 
material, and hydrologic regime determine whether 
permafrost is present or absent. These, locally, are 
more important than the regional climate in controlling 
distribution, growth, and decay of permafrost. 

VEGETATION 

Three distinct vegetation zones can be recognized in 
the area covered by plates 2-5 : (1) a lower zone, below 
altitudes of 2,500 and 3,000 feet in which white spruce 
(Picea gZauca) in solid forest and parklike stands is 
the characteristic species; (2) a middle zone, between 

a thin, discontinuous layer of silt have cottonwood 
(Populus balsamifera), alder, and Eyuisetum. 

(2) Spruce forest: the entire upper surfaces of 
terraces 5-30 feet above the streams, a belt 100 to 
several hundred feet wide along the outer edge of 
higher terraces, and many areas having average slopes 
of 20 percent or more are occupied by forest dominated 
by ~ ~ h i t e  spruce (Picea glauca), and contain thickets 
of alder, scattered aspen (Populus tremuloides) , and 
birch (BetuZa kenaica, B. resinifera, ancl hybirds). 
The surface of the ground beneath the spruce is cov- 
ered \~-ith Eyuisetum, Lycopodium, and Labrador tea 
(Ledzim paZu.stre) . 

(3) Muskeg: A dense mat of vegetation, generally 
only 2 or 3 feet high, covers broad plains that extend 
across interstream divides, the back parts of the higher 
terraces, and gentle north-facing slopes. The charac- 
teristic plants of this mat are cottongrass (Eriophorum 
spp.) , blueberry ( Vacciniunz uliginosum) , Sphagnum, 
dn-arf birch. and willows. Standing water in pools 

TABLE 2.-Additional climatological data for McKinley Park station 
[From records of U. S. Weather Bureau, (194311 

( Temperature (OF.) 1 I Precipitation (inches) 1 Clear days I Partly cloudy days I Cloudy days 

Prevail- 

My I RTge 1 %e%t / a m s t  .... &.." ld$&q:h/ .. :-..L ~~,....mlt Mean I No. 1 Percent 1 
LLL ,,In .". L L C L l .  .,""Wl'I,. / Mar I Miu / Mar / Min I I or more 1 I I I I I 

p----pp--.-- 

J a y  ....................... 11.7 
F a y  ...................... 15.4 
Mach  ......................... 23.1 
A ......................... 37.6 
4 ........................... 52.0 
June ........................... 63.9 
y .......................... f~5.8 
August ....................... 62.2 
September ..................... 51.3 
October ....................... 35.5 
xovember .................... 20.7 
D e b  ..................... 12.7 - 

10.1 
8 .8  
9 .8  
7.9 

in. o 
9 .8  

11. 9 
13.5 
13.3 
12. 8 
11.0 
10.1 

A .................. 37.7 1 17.3 S 6 9  7 1 . 1 1  I l . i  38.91 7 .81  I - - - - - - -- - - ----- 
Number of years of records-.-.I 17-19 - - 13-18 ( 1 2  / 14-18 15-18 19-20 19-20 19-20 19-20 I lea, I 19-20 
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or trenches between cottongrass tussocks can be found 
in muskeg throughout the summer except in seasons of 
extreme drought. Muskeg supporting black spruce 
(Picea rnariana) occurs as isolated patches within 
white spruce forest and tundralike muskeg and also 
forms a border zone between them. 

(4) Brushland: brushland of several types occurs 
in the lower vegetation zone. Dense stands of aspen 
that attain heights of as much as 25 feet occupy well- 
drained south-f acing slopes and some north-f acing 
slopes. A thin ground cover of lichen (chiefly Cla- 
donia) and low-bush cranberry (Vaccinium" Vitis- 
idaea) occurs beneath the aspen. The presence of 
charred spruce logs and stumps in the most extensive 
aspen brushland indicates that the area was formerly 
covered by spruce forest. 

Dense, low thickets of birch (Betula kenaica, B. re- 
sinifera and hybrids), buckbrush (Betula glandulosa 
and hybrids), felt-leaf willow (Salix aluxensis) , and 
aspen (PopuZus tremuloides) grow on gently rolling 
areas. The abundance of charred spruce logs and 
stumps indicate that this vegetation also is second 
growth. 

Dense, pure alder thickets (Alnzcs crispa) occur on 
steep north-facing slopes. These extend to altitudes 
20G500 feet above the altitudinal limit of spruce on 
adjacent hillsides. 

DESCRIPTION AND ENGINEERING ASPECTS OF THE 
BEDROCK 

The bedrock formations in the vicinity of the 
Nenana River occupy in general east-trending bands 
parallel to the trend of the range and normal to the 
middle course of the Nenana River. They are shown 
on plates 2-5. Plate 9 shows a cross section of the 
bedrock and surficial deposits between the Alaska Rail- 
road and the level of the Nenana River from mile 334 
(Carlo) to mile 358 (Healy) . 

I n  terms of age, tectonic history, degree of consolida- 
tion, and usefulness as construction materials, the for- 
mations can be divided into two strongly contrasted 
groups: (1) Rocks ranging in age from pre-Cambrian 
to late Cretaceous that are highly metamorphosed or 
well consolidated, some of which are suitable for foun- 
dations, riprap, and other engineering purposes. The 
group contains schist and gneiss, phyllite, chert, 
argillite, limestone, conglomerate, slate, shale, and coal. 
Greenstone, in part intrusive and in part derived from 
basic lava flows, is common. (2) Poorly consolidated 
Tertiary rocks that are now confined to the northern 
foothill belt and lowland areas within the range, but 
which were once much more extensive. They have 
little engineering value except as a source of gravel. 

A major unconformity separates the two groups of 
rocks. 

METAMORPHIC ROCKS 

BIRCH CREEK SCHIST 

The Birch Creek schist (Capps, 1940, p. 95-97), the 
oldest formation traversed by the Alaska Railroad, 
is in an east-trending zone 3-12 miles wide in the 
northern part of the Alaska Range, between mile 347 
and mile 358 on the Alaska Railroad. I t  is pre- 
Cambrian in age. 

The schist is composed predominantly of quartz and 
sericite (fine-grained mica), but locally has layers con- 
taining only quartz, or quartz and graphite. Between 
mile 354.5 and mile 355.5, pyrite (FeS,) is abundant; 
i t  occurs as well-formed cubes as large as a quarter of 
an inch square. Foliation is well developed in the 
schist, and, although not uniform, generally strikes 
eastward and dips 20°400 southward (pl. 2) ; i t  is 
locally very irregular and highly contorted. The 
schist is traversed by well-developed cross joints that 
commonly strike northward and dip almost vertically. 
Some are filled with basalt dikes that are overlain un- 
conformably by Tertiary rocks. 

The Birch Creek schist is inherently weak because 
of its ease of separation along planes of foliation, 
produced by tiny, oriented mica flakes, and because 
of its pronounced cross joints. The mica flakes are 
inconspicuous on surfaces that are not parallel to the 
foliation, but they almost cover or cover completely 
surfaces that are parallel to the foliation. When fresh, 
the mica is greenish colored. Upon weathering it turns 
brown or reddish colored, staining the schist. 
Weathering of the mica facilitates spalling along planes 
of foliation into small slabs and flakes bounded by cross 
joints. Frost action, enhanced by chemical weathering, 
breaks up the schist into blocks of various sizes that 
accumulate rapidly as talus at the base of steep slopes. 
Hence rockfalls are common along the railroad and 
below outcrops on gentle slopes. 

Some of the talus accumulations have been eroded 
at their lower ends by the Nenana River and its tribu- 
taries, and are now unstable. They are likely to move 
as slumps or slides. Other talus accumulations are 
saturated with water and contain masses of permafrost. 
These also tend to move as slumps or slides under the 
influence of gravity and frost action. 

On exposure to air and to frost action, relatively 
fresh schist has been broken up and largely disinte- 
grated in 1 year (Taber, 1943a, p. 1449) to depths of 
5-6 inches. Pyrite weathers readily to hydrated sul- 
fates, with a change which causes the rock to swell, 
and which produces sulfuric acid that aids in the 
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weathering process. I n  places where pyrite is present 
along the railroad, between mile 354.5 and mile 355.5, 
the schist is reduced to masses of debris so unstable that  
they flow when saturated with water. Where the schist 
underlies directly the Tertiary rocks, a zone of weather- 
ing, more than 100 feet thick in places and containing 
much clay, is found a t  tlle top of tlle schist. 1,~iidslicles 
commonly occur in such zones ~vhose slopes are steeper 
than lo0,  and locally occur on gentler slopes. 

The use of schist as riprap is undesirable because of 
its tendency to break up on exposure to frost action. 
When used as ballast, it disintegrates rapidly and is 
subject to frost heaving and settling. As  a result, 
maintenance is required every year along those parts of 
the railroad where Birch Creek schist is used as ballast. 

TOTATLANIKA SCHIST 

The Totatlanika schist (Capps, 1940, p. 104107) 
crops out along the railroad about 1 nlile south of Slartj 
Creek (pl. 2) and probably underlies the Nenana gravel 
from Slate Creek northward (pl. 5). On Slate Creek 
(pl. 2) and Chicken and Moose Creeks (pl. 5) the for- 
mation consists of fine-grained yellov- slate; in tlle 
niountains east of Browme i t  consists of coa~se-grainecl 
gneiss. Fossils collected by the senior author in 1035 
from a locality in the Totatlanika schist about 46 miles 
due east of mile 366 on the Alaska Railroad were iclen- 
tifjed by Helen Duncan as Syringopora, probably Jlis- 
sissippian ( 2 )  in  age (written commmlication J lay  
20, 1955). 

The Totatlanika schist is presun~ably similar to tlle 
Birch Creek schist in its geologic history. I t s  engi- 
neering characteristics are similar. I t  has not been used 
along the railroad largely because of its limited 
occurrence. 

SEDIMENTARY ROCKS 

UNDIFFERENTIATED PALEOZOIC AND MESOZOIC 
ROCKS 

The undifferentiated Paleozoic and Mesozoic rocks 
south of Windy comprise :t conlplex assemblage of 
argillite, shaie, grayn-acke, phyllite, limestone, con- 
glomerate, and chert. They are either moderately in- 
durated or are metamorphosed; some are considerably 
metamorphosed. They are intruded by granitic rocks, 
greenstone, diabase, and rhyolite. The  rock units in 
this group are not differentiated on plate 4 because of 
their complex structure and the uncertainties regarcl- 
ing their age. 

North of Bain Creek (pl. 4) rocks exposed along the 
railroad consist largely of chert, argillite, and conglom- 
erate. The ridge between Windy and Bain Creeks 
(pl. 4) is made up of argillite, graywacke, and congloin- 

erate that  contain several large lenticular bodies of 
limestone. From a point near the mouth of Windy 
Creek southward along the east side of the Nenana 
River to tlle south edge of the area she\\-n on plate 4, 
bedrock consists largely of highly deformed, dark-gray 
to black shale, slate, and argillite, locally intruded by 
basic rocks and rhyolite. 

Dips of beds generally are steep. A t  least one fault 
zone of large displacement cuts the rocks. Argillite 
ailcl gray~x-:tcke along the east b:ulk of the Senana River 
opposite the nloutll of IVindy Creek have been folded 
into numerous isoclines and cut by steeply dipping 
thrust faults. A fen- miles east of this area conglom- 
erates have been converted to schistose rocks through 
the stretching of pebbles (Mofit, 1915, p. 43). 

Because these rocks are highly deformed and broken, 
they are not suitable for riprap. The limestone, chert, 
and conglomerate are suitable for ballast and subgmde. 
Commercial exploitation of the limestone and argillace- 
ous units for  the productioil of cement has been 
 ons side red.^ 

CANTWELL FORMATION 

Tlle C'ant\vell formation, of Upper Cretaceous age, is 
cross~cl Ly the railroad between mile 330 and mile 348. 
The fornlation consists of conglomerate, sandstone, 
silale, coaly shale, and coal. Sandstone and conglom- 
erate. 11-1lic11 make up about 60 percent of the formation, 
occur together as massive beds as much as 300 feet thick. 
Tlle numerous conglomeratic and pebbly layers in those 
beds range from 1 to 10 feet in  thickness and comprise 
10-20 percent of the sandstone-conglomerate sections. 
Pebbles in tlle conglomerate average 1/2-2 inches in di- 
ameter, but locally are as much as 6 inches in diameter. 
Quartz and chert are the common rock types repre- 
sented by the pebbles, but rhyolite, argillite, phyllite, 
granite, and gabbro make up significant amounts in 
some layers. Many of the pebble layers are extremely 
\yell sorted and do not contain interstitial material 
smaller than half the average diameter of the pebbles. 
Tlle original porosity of the beds has been reduced 
qreatly by compressive forces. 

Claystone, shale, and coaly material form zones in 
the Cantwell formation that are as much as 50-100 feet 
thick. Coaly material in these zones includes bone and 
occurs in beds 1-5 feet thick and 3-30 feet apart. 

The entire Cant\vell formation is complexly folded 
and faulted. The fault zone between the Cantwell and 
the Birch Creek schist a t  McKinley Pa rk  station is 
sex-era1 hundred feet wide and consists of clayey gouge 
and "horses" (large blocks) of solid schist. 

SMoxham, R. M., West, W. S., and Nelson, A. E., 1951, Cement raw 
materials available to the Windy Creek area, Alaska : Unpublished rept. 
in files of U. S. Geol. Survey. 
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North of mile 336 the Cantwell formation is well con- 
solidated but only moderately well cemented. The 
rock of fresh outcrops is relatively soft and can be 
broken up easily with a pick; the rock of weathered 
outcrops is more durable. Because the rocks are poorly 
cemented, they generally are not suitable for riprap. 
Rock obtained from some of the coarser textured quartz- 
rich beds can be used for ballast. The argillaceous and 
coaly material is particularly unsuitable. South of 
mile 336 the Cantwell formation is much better 
cemented and more indurated. It forms rugged moun- 
tains and steep canyon walls. Joints are widely spaced, 
causing the rock to separate into massive blocks on 
weathering. Material that is suitable for riprap has 
been obtained from a quarry in talus of conglomerate 
from the Cantwell formation at mile 331. Beds other 
than that supplying the talus at mile 331 probably are 
also suitable for riprap or ballast. 

TERTIARY COALBEARING FORMATION 

The Tertiary coal-bearing formation (Wahrhaftig, 
Hickax, and Freedman, 1951) crops out along the 
Alaska Railroad in the vicinity of Lignite and Healy 
(pl. 2) ,  and on Slate and Chicken Creeks. The forma- 
tion is about 1,900 feet thick at Suntrana, 4 miles east of 
Healy, where a complete section is exposed. Pebbly 
sandstone in beds 30-100 feet thick makes up about 65 
percent of the formation; subbituminous coal in beds 
6 4 0  feet thick, about 15 percent; and claystone in beds 
ranging in thickness from a few feet to 80 feet, the re- 
maining 20 percent. An 80-foot-thick claystone bed 
about 1,300 feet below the top of the formation and a 
50-foot-thick bed at the top of the formation are the 
loci of extensive landslides on Healy and Lignite Creeks 
(pl. 2). 

The formation is folded into a numb4r of anticlines 
and synclines and is faulted. At  Healy the formation 
strikes about N. 60" E., dips about 60" N., and lies on 
the south limb of a broad syncline whose axis is about 
2 miles north of Healy. The axis of a faulted anticline 
extends eastward from Lignite, and a subsidiary anti- 
cline is exposed on the east side of the river opposite 
the mouth of Pangengi Creek (pl. 2). The beds in 
the vicinity of Lignite are nearly flat lying; they dip 
10"-20" north and west along Pangengi Creek. 

No riprap is available; the formation provides poor 
foundations and is subject to frost heaving and land- 
sliding. The rocks can be excavated easily with a pick ; 
they are eroded easily by running water. The forma- 
tion is a good source of commercial coal. 

NENANA GRAVEL 

The Nenana gravel, of Tertiary age (Wahrhaftig, 
Hickcox, and Freedman, 1951, p. 152-153; and Wahr- 

haftig, 1951, p. 176-179) is the most widespread bed- 
rock formation along the Nenana River north of Healy. 
It consists largely of poorly consolidated, moderately 
well sorted conglomerate and sandstone. Near Healy 
the pebbles range in average size from 1 to 2 inches 
at the base of the formation to 3 or 4 inches near the 
top; the maximum size ranges from 4 inches at the 
base to 18 inches near the top. The pebbles are derived 
from sandstone and conglomerate in the Cantwell for- 
mation and from schist, quartzite, granite, and other 
intrusive rocks. Coarse- to very coarse grained dark 
sandstone is the interstitial material. Pebbles and sand 
grains comn~only are coated with thin layers of iron 
oxide. Coarse-grained sandstone lenses, 5-10 feet thick 
and 50-100 feet long, are interbedded a t  intervals of 
30-50 feet in the conglomerate. Locally, near the base 
and in the upper part of the formation, the Nenana 
gravel contains beds of claystone, 3-5 feet thick and 
spaced 30-50 feet apart. The total thickness of the 
formation that is exposed in the vicinity of Healy is 
4,000 feet. 

The lower part of the formation is exposed also in 
bluffs along the river northward from Lignite. It is 
composed of equal parts of coarse-grained dark sand- 
stone and of conglomerate in which pebbles range in 
average size from half an inch to 3 inches; pebbles 
larger than 5 inches are rare. Claystone layers are more 
abundant northward from Lignite than in the vicin- 
ity of Healy, and fragments of carbonized wood are 
common in the sandstone. Between mile 384 and mile 
385 on the railroad (pl. 5) a bed of lignite about 4 
feet thick crops out at the crest of an anticline in the 
gravel. 

The formation along the Nenana River has about 
the same attitude as the coal-bearing formation 
beneath it. In  the vicinity of Healy the Nenana gravel 
strikes about N. 60"-70° E. and dips 45" N. at the south 
contact; within a distance of about 1 mile northward, 
the dip decreases to about 10" N. Just north of 
Poker Creek the formation is broken by the large fault 
that forms the south boundary of the coal-bearing 
formation along Lignite Creek. North of Pangengi 
Creek the gravel lies in a syncline that is parallel to 
the Nenana River. Dips are cornmonly gentle (10"- 
15") toward the river, and beds are traceable in nearly 
horizontal bands in river bluffs. The axis of an anti- 
cline in the formation crosses the railroad between mile 
384 and mile 385. 

For the most part the Nenana gravel, although 
moderately well consolidated, is poorly cemented and 
is not usable as riprap. It supports steep cliffs, 50- 
100 feet high, for long periods of time. However, it 
is easily broken up when struck lightly by a hammer. 
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I t s  greater resistance to erosion than the underlying niile 335.5 and mile 338.5. (See pl. 3.) I t  occurs as 
coal-bearing beds is attributed to its greater permeabil- sills, dikes, and irregular bodies. The physical prop- 
ity and generally coarser texture. Rain and melting erties of the andesite are conlparable to those of the 
snow usually sink into it, thus reducing the amount of diabase, discussed in the preceding paragraph, with 
surface erosion. Hence, in many places where the ~vliicli it is associated. 
Nenana gravel is underlain by tlie coal-bearing for- GREENSTONE 
mation, the outcropping edge forms hogbacks arlcl 
ridges rivaling in height nearby mountains of inuch Greenstone is the name applied to the rock in a large 

harder rocks. I t  is a poor source of gravel because of altered gabbroic intrusive body crossed by the Alaska 

the high proportion of fine material, high content of Railroad between mile 327.5 and mile 329.5, north of 

ferric iron, and the abundance of deconlposed pebbles. T\Tindy (111s. 3 ancl 4). The rock is predominantly dark 
green \vl1en fresh, but weathers to dark brown. Where 

IGNEOUS ROCKS 

BASALT 

Basalt dikes are common in the Birch Creek schist. 
Tliey are generally vertical, strike about north to 
N. 30" W., are 5-50 feet thick, and on the average :we 
1,000-2,000 feet apart. The dikes were intruded along 
cross joints of the schist before the deposition of the 
overlying Tertiary coal-bearing formation. A n  
irregular body of greenish-gray basalt is exposed on 
the east bank of the Nenana River opposite mile 354.8 
on the railroad ; stringers of this basalt cross the river. 

The  basalt comprises only a small percentage of the 
total volume of the body of schist in \vhicll i t  is en- 
closed. Generally it is so weathered and fractured that 
from an engineering standpoint it is structurally little 
different from the schist. The irregular body of basalt 
on the east side of the rirer,  a t  ~ilile 354.8 on the r :d-  
road (pl. 2), is less weathered and could be usecl as a 
local source of riprap or ballast if an access road or 
track can be built economically to it. 

RHYOLITE 

Rliyolite occurs in a few places in the Cant~vell for- 
mation in the immediate vicinity of the Seiiana Ril-er 
(pls. 2 and 3) .  The rhyolite is too widely scattered 
and its volume is too small for i t  to be considered as 
a source of construction materials. 

DIABASE 

Diabase, in dikes, sills. aiid irregular bodies. is the 
most abundant igneous rock that intrudes the Cant- 
well formation (pl. 3) .  I t  makes up perhaps 20 per- 
cent by volume of the formation. The cliabase is dark 
green to black on fresh surfaces and dark brown on 
weathered surfaces. I t  generally is too closely jointecl 
to permit the quarrying of large blocks for ri1)rap. 
Fresh diabase in the vicinity of Yanert,  hen crusllecl, 
might provide suitable subgrade. 

ANDESITE 

Andesite that intrudes the Cant\\-ell formatioil crops 
out in many places along the Nenana River bshTeen 

i t  is crossed by the railroad, it may be divided into tmo 
types. The southern half consists of blocks of massive 
unaltered gabbro surrounded by zones of intense shear- 
ing and serpentinization. It is moderately closely 
jointed, but still massive enough to form the inost 
rugged mountains in this part  of the Alaska Range. 
Tlle northern type is fine-grained massive rock cut by 
irregular veins of quartz and calcite. I t  is broken by 
irregular fractures 1 0 4 0  feet apart and is locally 
altered to a bro1~-11 earthy material. The local "bad- 
lancls" south of Clear Creek were formed from glacially 
quarried and transported blocks of this type. 

The greelistone is heavy, massive, and generally well 
suited for riprap. The northern, or fine-grained type, 
is less suitable because of veins of quartz and calcite 
and of decomposed areas, but is readily accessible. The 
sonthern, or coarse-g-rained type, is more suitable, but 
slightly less accessible. However, the track:~ge re- 
quired for quarries would not exceed a few hundred 
yards. The greenstone, if crushed, probably would 
make good ballast or subgrade, but preliminary tests 
should be run to verify its suitability. 

DESCRIPTION AND ENGINEERING PROPERTIES OF 
THE SURFICIAL MATERIALS 

Gravel, sand, silt, clay, and peat make up widespread 
unconsolidated surficial deposits along the Alaska Rail- 
road. The mappable deposits are sh0T~ll on plates 2-5 
and 10, and on figures 36, 41, and 54. Gravel was de- 
posited by the Nenana River and its tributaries during 
several glacial advances aiid ~~ i thd ra \va l s  that  took 
place during the Pleistocene and have continued to the 
present day. Interbedded clay, silt, and sand were 
laid don-1-n in glacial lakes. Glaciers left deposits of 
unsorted debris of all sizes as till, interbedded with len- 
ticular cleposits of gravel, sand, silt, and clay. Wind 
picked up fine material, particularly from the bars of 
braided streams, and deposited i t  as sand dunes and 
a silt mantle near the Kenana River. The exposed 
surfaces of all rock formations, bedrocli and surficial, 
are covered for the most part  by a thin layer of material 
~~-1lich has been stirred and moved downslope by proc- 
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esses which involve freezing and thawing. I n  general 
the age of the surficial deposits has no bearing on the 
engineering properties of the materials. Consequently, 
materials of different age that have similar engineering 
properties are described together in the following para- 
graphs. The  history of the deposition of these forma- 
tions is given on pages 22-63. 

GRAVEL DEPOSITED BY THE NENANA RIVER 

The Nenana River in Pleistocene and Recent time de- 
posited outwash gravel during periods of glacial ad- 
vance and reworked the deposits during periods of 
glacial retreat. These deposits are preserved as ex- 
tensive terraces. Locally, they are overlain by other 
unconsolidated deposits. The deposits are shown on 
plates 2-5, and 10, and in figures 36,41,51 and 54 as out- 
wash gravel of several glacial stages, as terrace gravel, 
and as stream gravel of the Nenana River. The  gravel 
deposited by the Nenana River is shown on the plates by 
a pattern of large solid dots of different color depending 
on the age of the deposit. 

The gravel is blue gray and consists of well-rounded 
pebbles, cobbles, boulders, and interstitial coarse to 
very coarse clean sand. The average size of the pebbles 
is 2-6 inches; however, boulders 18 inches across are 
common. Lenses of coarse sand are present. The 
gravel has high permeability and fairly high porosity. 
I n  most places i t  is unconsolidated. Locally, however, 
i t  is cemented by calcite or limonite into a resistant con- 
glomerate. Dark sandstone and conglomerate from the 
Cantwell formation and greenstone, gabbro, and 
granite are the principal rocks found in the gravel 
south of Moody. R'ortli of Moody pebbles of Birch 
Creek schist are an abundant constituent, and north of 
Healy slightly weathered pebbles reworked from the 
Nenana gravel are present in the outwash gravel. 

The gravel-covered terraces occupy a belt 1 4  miles 
wide that  extends from Healy northward along the 
Nenana River. (See pls. 2 and 5.) Individual ter- 
races are as much as a mile wide; most, however, are 
much narrower. Generally there are no more than 4 
or 5 terrace levels a t  any point along the river ; however, 
14 terraces can be distinguished a t  Healy. The most 
extensive terraces lie 1 0 4 0  feet above the river, 100- 
160 feet above the river, and 250400 feet above the 
river. On the lower terraces the gravel is 5-20 feet 
thick; on the intermediate terraces it is 10-50 feet thick ; 
and on the upper terraces i t  is locally 160 feet. The 
terraces slope northward more steeply than the grad- 
ient of the river. The highest terraces have the steepest 
northward slope, hence the terraces tend to converge 
northward. 

Between Healy and McI<inley Park  station the 

gravel is preserved only in patches along the walls of 
the canyon. (See pl. 5.) The largest terrace remnants 
are near Garner. Along the railroad in the vicinity of 
Moody, a t  the railroad bridge a t  mile 351.4, and be- 
neath the bench above the railroad a t  mile 350.0, a 
layer of outwash gravel 10-30 feet thick rests on an 
erosion surface cut on clay and delta gravel; the out- 
wash gravel is overlain by a thick layer of yellowish- 
brown gravel of a tributary stream. Locally the 
gravel in this layer is cemented by calcite. 

From McKinley Park  station southward to Carlo 
(pl. 3),  outwnsh gravel forms a belt about 1 mile wide 
along the Nenana River. The most prominent ter- 
race lies about 200 feet above the river. One or t ~ v o  
terrace remnants are preserved a t  lower levels. I n  
places the gravel extends from river level to the top 
of the highest terrace, but generally it is 80-160 feet 
thick, the lower part  of the terrace consisting of till, 
clay, sand, or bedrock. The  topography of the out- 
wash gravel east of Lagoon is irregular and rolling 
and has a relief of about 40 feet. This gravel forms a 
pitted outwash terrace. 

The  present flood plain has a relief of about 5 feet. 
North of Healy i t  averages about 2,500 feet in width. 
Between Healy and Carlo i t  is about 300 feet wide, and 
south of Carlo it increases in width to 3,500 feet. 

The Nenana River g a v e l  in the terraces and present 
flood plain provides the best source of nonheaving bal- 
last, subgrade, aiid concrete aggregate along the 
Nenana River. The gravel generally is clean, un- 
weathered, aiid free from minerals likely to 'eact in 
concrete. I t  is abundant, easily handled, and accessible 
to the railroad. I t  furnishes the best foundation for 
roads, railroads, airports, and building. Borro\\- pits 
a t  McKinley Parlr station and a t  other places along the 
railroad outside the area covered in this report are in 
Nenana River gravel. The communities of McKinley 
Park station, Healy, Lignite, and Ferry are on gravel 
terraces, as are the airstrips a t  Healy, Lignite, and 
McKinley Park  station, and the railroad north of 
Healy. 

ALLUVIUM AND TERRACE GRAVEL DEPOSITED BY 
TRIBUTARIES OF THE NENANA RIVER 

Tributaries of the Nenaiia River have deposited 
gravel, derived from their basins, which today occurs 
as terrace and flood-plain deposits along these tribu- 
taries and as alluvial fan deposits resting on and inter- 
bedded ~ v i t h  gravel deposited by the Nenana River. 
These deposits ~5-ere laid down during many glacial 
stages in the Pleistocene and during the Recent. They 
are shown on plates 2-5, and 10, and in figures 36 and 
41 as alluvium and terrace gravel deposited by tribn- 
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taries of the Nenana River. They are iildicatecl by a 
pattern of open circles of clifferent colors dependillg on 
the age of the deposits. As  is true of the Xeilaila R i ~ e r  
gravel, the age of the tributary grarel has no effect 
on its engineering properties; hence, in the following 
paragraphs, gravel deposits of different age that have 
similar lithology and engineering properties are de- 
scribed together. 

Alluvial deposits resting on Neilaila River grarel 
generally thicken toward the walls of tlle Senaila Rirer 
valley and are thickest at  the points where tlle tribu- 
taries which deposited them emerge from the callyon 
walls. The tributaries drained areas contaiiliilg roclis 
whose lithology and engineering properties vary 
widely. Four main types of tributary grarel are 
recognized. 

Between Healy and hfcIiinley Park  station tlle 
tributary gravel is yellowish bro~vil and is c01111)osed 
largely of angular to subangular fragments of Birch 
Creek schist. The fragments range ill size froill a 
fraction of an inch to several feet and are cenlented 
with a matrix consisting of micaceous inucl deli\-ecl 
from Birch Creek schist. This yello~1-isll-bro1\-i1 trib- 
utary gravel rests on Neilana River outwash grarel 
a t  mile 350.0, a t  mile 351.4, and northn-ard on tlle IT-est 
side of the Nenana River from Sheep Creek (mile 353) 
to Garner. (See pl. 2.) I t s  thiclmess is not uniform. 
At  Sheep Creek the maximum thickness is about 100 
feet; a t  mile 351.4, the maximum thickness is 120 feet. 
The gravel stands in nearly vertical cliffs. The tribu- 
tary gravel in the canyon betr~~een JlcIZinley Park 
station and ITealy is a poor source of ballast ailcl sub- 
grade. I t  provides poor foundations, because its high 
content of fine material promotes frost hearing ancl 
settling. I t  cannot be used for  concrete aggregate. 

Gravel of similar origin, but which is markedly 
different lithologically, rests on the broad terrace rem- 
nants north of Dry Creek and Healy Creek. I n  that 
area most of the tributaries drain the Senana gravel. 
The deposits consist largely of pebbles of sandstone, 
conglomerate, greenstone, gabbro, granite, and Birch 
Creek schist-material \ ~ h i c h  appears also in tlle peb- 
bles of the outwash gravel of the Nenaiia Rirer. Hom- 
ever, many are weathered and iron stained; intersti- 
tial material in the tributary gravel is bro~vnish coarse 
sand from the Nenana gravel. Because this tributary 
alluvium contains an abundance of weathered pebbles, 
i t  is not well suited for  use as  concrete aggregate. It 
makes fair ballast and foundations. 

,4 third type of tributary gravel and alluvium is 
found south of McKinley Park  station. It also is com- 
posed of material similar t o  that of the outwas11 gravel 
of the Nenana River. However, this material is de- 

rived directly from bedrock outcrops. The tributaries 
ivhich deposited this gravel, with the exception of Riley 
Creek, are short and steep. Their deposits are com- 
monly poorly sorted and subailgular and contain much 
fine-grainecl material. Like tlle tributary terrace 
gravel bet\\-eea McKinley Pa rk  station and Healy, this 
gravel is coininonly not suitable for use as ballast, sub- 
grade, foundations, or concrete aggregate. 

Gravel in terraces and flood plains along Dry and 
Healy Creeks consists largely of well-rounded boulders 
and cobbles of Birch Creek schist. Unlike other gravel 
deposits derived from the Birch Creek schist, the grarel 
of this deposit is well sorted, clean, and porous, and 
tlle pebbles in the gravel are those which have resisted 
breaking up because they are very bard and do not con- 
tain promillent planes of parting. This gravel is an 
excellent source of ballast and subgrade and provides 
good founclations. I t s  suitability for  use as concrete 
aggregate is ilot known. 

SAND 

Terraces 60 feet high extend along the Alaska Rail- 
road froill Carlo 2 miles southm~ard and appear to be 
composecl aliilost entirely of dark, coarse, clean sand. 
Tlle sand probably was formed by the mechanical frag- 
meiltation of bedrock. Fragments of various kinds of 
rocks ancl grains of quartz, feldspar, chert, mica, ailcl 
llornbleilcle probably make up the bulk of the sand. 
I t  has not been examined in detail, and its engineering 
l~roperties are not known. 

VARVED CLAY AND SILT AND ASSOCIATED 
DELTA GRAVEL 

Interbedded silty clay, clayey silt, and some sand are 
exposecl at  many places in the gorge of the Nenana 
Rirer  between McKinley Pa rk  station and Healy. 
These cleposits are generally flat lying and rhythmically 
bedded (varved) . Where tributaries enter the Neilana 
Rirer, the silt and clay interfinger with steeply dipping 
grarel composed largely of fragments of Birch Creek 
schist. These deposits occur from river level to an alti- 
tude of about 1,750 feet, 150-500 feet above the river. 
The flat-lying clay, silt, and sand are interpreted as 
deposits laid down on the floor of a lake which once 
occupied the gorge between McKinley Park  station and 
Healy. Tlle steeply dipping gravel is interpreted as 
conlprising deltaic deposits built into this ancient lake 
by tributary streams. A detailed discussion of the 
geologic significance of these deposits is given on 
pages 3l-36. These deposits are of paramount eco- 
ilomic sipilificailce in that they are the loci of many of 
the landslides which affect the Alaska Railroad be- 
tween McKinley Park station and Healy. 
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Clay and silt underlie the eastern part of the terrace 
on which McKinley Park station is located, from the 
Nenana River westward to a line a third of a mile 
east of the railroad. (See pl. 3.) Clay and silt are 
exposed also in bluffs on the east bank of the river about 
one mile north of McKinley Park station. The rail- 
road rests on clay and silt for long stretches around the 
bend a t  mile 350.0, two miles north of McKinley Park 
station; at the bridge at mile 351.4; and at Moody (see 
pls. 6 and 10 and figs. 36 and 41). Each of these areas 
is a site of serious landslides. The distribution and re- 
lations of the lake deposits at each of these areas are 
described in detail in the sections on the individual 
landslides. 

Clay and silt also are exposed in each of the tribu- 
tary canyons that cross the terrace between Moody 
and Garner. The exposures are 1/S-2/3 of a mile west 
of the track. The exposed materials appear to be part 
of a body of lake sediments that extends northwest- 
ward from Moody to a point about half a mile beyond 

Garner and is 1/4-1/2 mile wide. Except a t  their south- 
ern end, the clay and silt are separated from the milroad 
and the river by a body of Birch Creek schist 1/S-1/4 mile 
wide. 

Samples 1-16 (figs. 32-34) were collected at expo- 
sures of the lake sediments at miles 349.3, 349.5, 351.4, 
353.2, 353.3, and 353.5. Samples 1, 2, 3, 6, 8, 10, 11, 12, 
13, and 16 represent the silty clay or clayey silt facies 
of the original lake sediments. Samples 4, 5, and 14 
represent some of the more sandy facies. Samples 7, 
9, and 15 represent mixtures in flowing slides of the 
silt and clay and some sand and gravel. The median 
grain size of the silt and clay samples ranges from 
0.016 to 0.0013 mm. (See table 3.) The silt and clay 
are well sorted to poorly sorted. Plastic limits and 
liquid limits are low to moderate. 

Two samples of glacial-lake clay and silt were col- 
lected in 1951 by R. A. Eckllart from the bank above 
the track at mile 353.3; they are probably similar to 
sample 12. They were analyzed chemically by E. A. 
Nygaard and S. M. Berthold, whose report (No. IWC- 

I GRAVEL  I SAND I Sl LT I CLAY I 

GRAIN SIZE IN MILLIMETERS 

FIGURE 32.-Cumulative curves of grain-size distribution for samples 1-5 (see also table 3 ) .  
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TABLE 3.-Test data for samples of glacial-lake silt and  clay 

[Samples 1-15, inclusive, analyzed August 1952 by Office of the District Enginerr, Corps of Fngineers, Dept. of the Army, Washington, D. C. Sample 16 analyzeG by 
E. Dobrovolny, U. S. aeolog~cal Survey] 

Sample No. 
Mileage 1 &fedian Sorting co- 

~ l a s k a )  Plasticity Liquid Plastic Specific grain size efficient Xational Research Council classification 1 Railroad 1 index 1 limit limit r a t  m m l  1 so=.d$ 1 
17.6 
29.0 
li. i 
16. 1 
15.6 
21. 9 
m. 7 
14.8 
17. 5 
15.8 
19.0 
18. 5 
18. 1 
16. 1 
15.5 

1 Stated in mileposts on the Alaska Railroad. 
2 Centrifuge-moisture equivs!eni, 42 percent; field-moisture equivalent, 38 percent; shrinkage limit, 22.5 percent; shrinkage ratio, 1.60; volume change, 24.8percent; lineal 

shrinkage, 7 percent; and optimum-moisture Content, 22.5 percent. 

0.016 
,0015 
,0015 
,058 
,057 
,0013 
,0093 
,0035 
. 0077 
.0041 
,0027 
,0040 
,0022 
. 16 
,010 
,0025 

2.64 
2.66 
2.66 
2. 63 
2. 63 
2. 66 
2. 63 
2.65 
2. 63 
2. 66 
2.66 
2. 62 
2. 65 
2. 65 
2.63 

3. 48 
>2 
>2.2 

1.86 
3. 53 

>l. 7 
6. 42 
3.02 
5.31 
2. 20 
2. 8 
2.86 

>?.69 
3.40 

>2.2 

Clayey silt. 
Silty clay. 

Do. 
Sandy silt plus clay. 
Sandy, clayey silt. 
Silty clay. 
Clayey, sandy silt plus pebbles. 
silty clay. 
Clayey, sandy silt plus pebbles. 
Clayey silt. 

Do. 
Do. 

Silty clay. 
Siltyssnd. 
Clayey, sandy silt plus pebbles. 
Silty clay. 
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I GRAVEL I SAND 1 S l  LT I C L A Y  1 

GRAIN SIZE I N  MILLIMETERS 

FIGURE 34.-Cumulative curves of grain-sire distribution for samples 11-15 (see also table 3). 

231, dated December 13, 1951) shows them to have 
the following composition : 

Pmccnt 
59.1 

A L O ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  17.0  
Total Fe as Fe203 ------------ ------------------- 6.6  

2 .8  
2 .3  

N a z O - - - - _ - - - - - - - - - - - - - - - - - - - - . - - - - - - - - -  1.2 
3 . 0  

Ignition loss* .- - - - - -  6 .8  

98.8 

"Includes gain due to oxidation of FeO. 

These percentages are characteristic of most gla- 
cially transported and lake-deposited fine-grained sedj - 
ments in many places in the world. 

The glacial-lake clay and silt, as suggested by the 
sainples and proved by experience, makes foundations 
subject to landsliding and to frost heaving and settling. 
The clay and silt absorb water readily and require little 
water to become plastic. Clay and silt in permafrost, 
when thawed, generally liberate enough water from 

enclosed veins of ice, irregular bodies, and interstitial 
cement to become supersaturated. Under such condi- 
tions the mixture flows readily. 

The delta gravel is similar to the tributary outwash 
gravel previously described, but locally i t  is somewhat 
better sorted and slightly more porous. When dry, i t  
makes a firm foundation. When saturated, i t  is sub- 
ject to frost heaving and settling. 

MORAINE (TILL, ERRATICS, AND ASSOCIATED 
DEPOSITS) 

Moraine, till, and associated deposits laid down by 
glaciers, cover much of the lowland areas south of 
McKinley Park station. Till was once much more ex- 
tensive north of McKinley Park station. Now only 
widely scattered erratic boulders, a few bodies of till 
preserved beneath younger deposits in the gorge be- 
tween McIiinley Park station and Healy, and a few 
large areas of till near Healy remain. 

Till is a heterogeneous, poorly sorted mixture of 
boulders, cobbles, pebbles, sand, silt, and clay. I t  may 
possess a rude lamination or structure but lacks the 
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perfect stratification and sorting that are characteristic 
of water-deposited materials. Much of the till along 
the Alaska Railroad consists predominately of clay and 
silt in which pebbles, boulders, and cobbles occur like 
plums in a pudding. Intimately associated with the till 
are irregular, discontinuous bodies of ~vaterworked 
coarse gravel, sand, silt, and clay. 

A large area underlain by clay-rich till lies just 
north of the McKinley Park highway and extends 1 
mile westward from McKinley Park station. Clay- 
rich till forms a belt about two-thirds of a mile wide 
extending from the railroad bridge across Riley Creek, 
at McKinley Park station, southeastward to Yanert. 
This area has a subdued hummocky topography and 
contains many ponds and lakes. Gravel, sand, silt, 
and clay are interbedded locally wit11 the till. Clay- 
rich till overlain by about 100 feet of gravel, between 
mile 346 and mile 347 on the railroad, is the locus of 
landslides. Hummocky till on which many lakes 
occur covers much of the lor\-land south of the Yanert 
Fork and east of the Nenana River. Till underlying 
the extensive gravel plain crossed by the new high\\-ay 
south of Yanert, is exposed in many river cuts. Till, 
and associated gravel and sand, forms an area of 
hummocky topography along the east side of the Ne- 
nana River 1-3 miles north of Carlo Creek. Till blocks 
the west end of the pass leading from mile 336 on the 
Alaska Railroad to Riley Creek. South of Carlo, till 
occurs only as scattered patches on bedrock. 

Till covers the 1,800-foot bench from a point about 
1 mile west of Healy to a point about 3 miles west of 
Healy (see pl. 2) .  The eastern half of this bench con- 
tains many dry, closed depressions, the largest of which 
is about 60 feet deep. Presumably the morainal ma- 
terial beneath this part of the bench is relatively per- 
meable. Exposures in road cuts on the east edge of 
this bench reveal clay-rich till interbedded with out- 
wash gravel. The western part of this bench has 
several closely spaced morainal ridges. Road cuts in 
these ridges expose gravel and clay-rich till. 

Blocks of granite from 5 to 40 feet across occur at 
widely scattered localities from Healy nortl~marcl to 
the north edge of the foothills. Blocks as nluch as 
40 feet across are found at an altitude of 3,900 feet on 
mountains; they are also present on terraces and in 
stream valleys. These blocks are believed to be rem- 
nants of an ancient till sheet. For the most part they 
are remote from the railroad. Some of the blocks 
found close to the railroad. and to potential highway 
routes are described in the next paragraph. 

A few boulders are in Suntrana Creek; these are 
being moved downstream a short distance each year 
by mudflows. One was moved 1,000 feet by the mud- 

423223-58-7 

flow of July 1952 and is now only a few hundred feet 
upstream from the railroad bridge. Boulders occur 
along Healy Creek as f a r  upstream as the mouth of 
French Gulch. Large boulders of granite, green- 
stone, and conglomerate are abundant along Lignite 
Creek for the first 6 miles above its mouth. Several 
large boulders are in the bed of Dry Creek about a 
cl~~arter  of a mile above the railroad bridge. Others 
are tliinly scattered over flats and hills in the head- 
waters of Dry Creek and Pangengi Creek. Boulders 
are present on both sides of the railroad track and along 
the Nenana River 2 miles northward from Browne. 
These probably slid down the bluff along the river 
from the terraces above. Some of these boulders are 
15 feet across and i t  was necessary to  blast through 
several of the boulders when the Alaska Railroad was 
constructed. 

The properties of the till vary markedly according 
to its clay and silt content. Till consisting largely of 
clay-size fragments behaves similarly to  the glacial- 
lake clay. Stony and relatively clay-free till makes 
more satisfactory foundations. However, all till, 
unless it  has been washed free of fine material, is likely 
to heave badly on freezing and to slump on thawing. 
The erratics must be avoided or removed by blasting 
along rights of way. 

BOLIAN DEPOSITS 

Bolian  deposits along the Alaska Railroad and the 
Nenana River include windblown silt and sand. The 
sand is confined to dunes a t  the heads of south-facing 
cliffs and "badlands." Sand dunes range from 10 to 40 
feet in thickness and may extend for several hundred 
feet to the lee of the cliff head. Cliff-head dunes are 
exposed in section about a quarter of a mile northeast 
of Moody, about a quarter of a mile south of Garner, 
and on the high bluff above the railroad track about 
1-1s miles along the railroad south of Healy. The 
high bluff on the east side of the Nenana and the bluff 
on the north side of Dry Creek have many cliff-head 
dunes. The sand is coarse- to fine-grained and poorly 
consolidated. Interbedded peat and buried forest 
layers are common in some dunes. 

Windblown silt (loess) mantles slopes and tops of 
terraces along the Nenana River. The silt mantle is 
3-8 feet thick on bluffs overlooking the river but thins 
away from the river. I t s  thickness increases northward 
from 3 feet a t  Healy to 8 feet a t  Browne. Commonly 
the silt is in two layers. A lower layer, the bedding of 
\vhich is contorted, has an average grain size of 
0.015 millimeters. An upper layer, relatively undis- 
turbed, has an average grain size of 0.15 millimeter. 
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One or more thin peat layers may be interbedded with 
the silt. 
, The silt heaves and settles on repeated freezing and 
thawing. The bedding in the lower silt layer has been 
disturbed by such heaving and settling. I n  places the 
silt, saturated with water creeps or flows from beneath 
heavy loads or down gentle slopes. I ts  use as a founda- 
tion is not recommended. It can be removed easily. 

PEAT 

Peat has been forming in bogs along the Alaska Rail- 
road from glacial times to the present. A few areas 
that are representative of peat accumulation, in par- 
ticular those in which the presence of peat seriously 
affects the railroad or potential highways along the 
Nenana River, are shown on plates 2-5, inclusive. 
Small basins in till in the vicinity of Lagoon (pl. 3) 
are filled with peat from Sphagmm, Garea, and other 
plants. The thickness of the peat is unknown, for the 
ground was frozen at a depth of a little more than 1 
foot. Peat mantles bog-covered hillsides on the west 
side of the Nenana River from Bloody northwestward 
to the Diamond coal mine. (See pl. 2.) The bogs on 
the surface of the high terrace east of Browne and north 
of Moose Creek presumably are underlain by peat. 
(See pl. 5.) The thickness of the peat is unknown. 

The peat is a mat of water-saturated brown-to-black 
vegetable material, consisting commonly of partly de- 
cayed moss, herbaceous plants, and branches of small 
shrubs. It commonly contains some windblown silt 
and in places contains frost-moved fragments of larger 
size. Most peat is perennially frozen below a depth of 
1-2 feet. 

Perennially frozen peat contains a large proportion 
of ice. Thawing of the peat generally results in con- 
siderable sinking of the surface; in areas where the 
cover of vegetation has been destroyed and where the 
peat has subsequently thawed, swamps and lakes have 
formed. Peat heaves and settles owing to repeated 
freezing and thawing. For these reasons it should be 
removed before construction is begun. 

TALUS, ROCK GLACIERS, LANDSLIDE DEBRIS, 
AND CONGELITURBATE 

Under rigorous climates in alpine areas of the sub- 
Arctic, geomorphic processes involving frost action 
and mass wasting produce unconsolidated deposits of 
importance to the engineer. These deposits are derived 
directly from bedrock by fragmentation and from un- 
consolidated deposits by frost modification. Debris of 
ancient landslides is shown only on plate 2. Talus and 
rock glaciers are shown only on plates 4 and 10. Talus 
and congeliturbate are widespread outside the areas 

shown on plates 4 and 10 but are not shown on the maps 
of those other areas. Although the external form and 
the lithology of the deposits vary widely, they are 
characterized by a general lack of sorting, and by the 
fact that all were derived from materials in the imme- 
diate vicinity of the deposit. 

Talus is an accumulation of unsorted or poorly sorted 
rock waste at the base of a cliff. The fragments of 
talus are angular if derived by fragmentation from 
bedrock but are rounded if derived from gravel. Frost 
action commonly breaks the material out of a steep 
slope or cliff and gravity causes it to slide, roll, or fall. 
The slope of the surface of the accumulation generally 
exceeds 30". The size and thickness of the talus varies 
considerably from place to place. 

Rock glaciers are accumulations of unsorted rock 
waste that occupy positions in valleys similar to those 
of true glaciers. They are derived largely from talus 
and move forward from the base of talus slopes by a 
glacierlike movement. Their external form is similar 
to that of glaciers, and they show evidence of past or 
present downslope movement. 

Landslide debris consists of all materials involved in 
landslides. The debris is generally unsorted, and its 
texture ranges from that of the material involved in 
earthflows, which is h e  grained, to that of the frag- 
ments of rockfalls and rockslides, which is coarse 
grained. Landslide slump blocks are of enormous size; 
they commonly consist of unconsolidated or poorly con- 
solidated material, which has been displaced and ro- 
tated by slumping. 

Congeliturbate is defined by Bryan (1946, p. 640) 
as "a body of material disturbed by frost-action." The 
material consists of unconsolidated mantle which has 
been formed or modified by frost splitting, frost stir- 
ring, frost heaving and settling, and by downslope 
movements in which frost is a factor. Local sorting of 
fragments according to size is characteristic of many 
congeliturbate deposits and gives rise to stone poly- 
gons, stone stripes, involutions, and terracettes. Down- 
slope movement of congeliturbate causes the accumu- 
lation of heterogeneous material on and a t  the base 
of slopes. Congeliturbate is characterized by wide 
range of size of fragments and by physical instability, 
particularly its susceptibility to frost action. It is 
commonly supersaturated. Slopes mantled by con- 
geliturbate rarely are inclined as much as 30". Con- 
geliturbate deposits are ~videgpread but generally less 
than 10 feet thick. The lithology of the deposits re- 
flects that of the material from which they were de- 
rived-material directly upslope or beneath the 
deposits. 
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Talus, rock glaciers, landslide debris, and congeli- 
turbate in most places are susceptible to frost heaving 
and settling and to downslope movements, either slow 
creep or rapid slump and earthflow. Consequently 
they generally make poor foundations. Coarse depos- 
its may have formed during periods when the climate 
was much colder than i t  is a t  present; these are now 
stabilized. With care, stabilized coarse-grained depos- 
its can be used for foundations. Because most deposits 
contain a relatively high proportion of fine-grained 
material, they make poor or, a t  best, fair ballast and 
subgrade. Locally some talus accumulations are coarse 
grained and are not susceptible to frost heaving. This 
material makes good ballast, subgrade, and riprap. 
Most deposits require washing and screening before 
they can be used for concrete aggregate. 

DESCRIPTION AND ENGINEERING ASPECTS 
OF PERMAFROST 

Permafrost or perennially frozen ground is discon- 
tinuous throughout the central par t  of the Alaska 
Range (Black, 1951, fig. 1 ) .  It is absent under large 
rivers and lakes and may be absent or  may occur only 
in  small isolated bodies beneath terraces of coarse- 
grained, well-drained gravel. All excavations to 
depths of several tens of feet in unconsolidated mate- 
rials other than bare gravel have penetrated permafrost. 

I n  the Alaska Range the depth to permafrost is 
controlled largely by the amount of vegetation, type 
of rock, drainage conditions, and exposure of the sur- 
face of the ground to direct sunlight. I n  general, per- 
mafrost is close to the surface on north-facing slopes, 
in  fine-grained, poorly drained materials, and in areas 
having a dense cover of mosses. The depth to perma- 
frost can be correlated with three types of vegetation. 
(1) Under thick moss, permafrost is commonly within 
2 feet of the surface and locally is within 1 foot. ( 2 )  
Under open stands of white spruce and brush composed 
predominantly of alder, dwarf birch (Betukn glc~ndu- 
Zosa and hybrids), and willows, permafrost generally 
lies 5-20 feet below the surface. Most moraine hillocks, 
most mountain slopes in  the gorge between McKinley 
Pa rk  station and Healy, and much of the country 
south of McKinley Pa rk  station is characterized by 
this vegetation. (3) Under slopes of bare gravel, coarse 
talus, and bedrock, permafrost, if present, probably lies 
more than 20 feet below the surface. 

Perennial ice occurs as thin films o r  fillings in joints, 
cracks, and large pores in consolidated rocks of the 
Birch Creek schist, Totatlanika schist, and Cantwell 
formation. Deposits of coarse gravel may be under- 
saturated (contain less volume of ice than pore space) ; 
or, depending on drainage conditions, may be saturated 

(contain enough ice to fill all pores) ; or, locally, may 
be ~upersnt~xrated (contain more than enough ice to 
fill all pores). When supersaturated gravel freezes, 
ice that forms expands the rock and separates the con- 
jtit l~ent particles. As a result, the particles are em- 
bedded in a continuous body of ice. 

I11 11oorly consolidated deposits of sand, silt, and 
clay, perennial ice occurs as cement, interstitial filling, 
and clear lenses, veins, and irregular bodies which 
range widely in size. I n  permafrost most fine-grained 
materials near the surface are saturated or super- 
saturated. Ice in clay, exposed in 1948, a t  the bridge 
at mile 361.4 on the railroad, was in vertical veinlets 
%-1/2-inch thick and 1-3 inches apart, oriented about 
norinal to the clirection of slope. Lenses and irregular 
bodies of clear ice as much as 1 foot in width were 
cominon (see fig. 45). The clay was supersaturated. 
A t  Mootly lenses of clear ice more tllan 1 foot thick 
in clay were exposed in 1949. 

Coi~tortecl bbeding in the lower part of silt deposits 
011 the terraces in the Kenana Rirer  gorge suggests 
that per~llafrost was formerly present ~ r i t h i n  and 
beneath the silts. 

Because of expansion of the interstitial water 011 

freezing in uncoi~solidated illaterials or poorly con- 
solidated rocks, the co~~ lpone i~ t  grains are conimonly 
pried apart ;  they are then held together only by the 
ice. 77'hen the ice melts, collesion is lost, and the 
material slumps. I f  the upper s~lrface of the under- 
lying material is still frozen, inovement takes place 
with ease. Slumps, earthflows, and other landslides 
can result. When supersatnmted silt and clay have - 

thawed. they tend to flow do~vnslope under the in- 
fluence of gravity and laterally or  vertically from 
under the foundations of heavy structures. 

The permafrost is in delicate equilibrium \\-ith its 
surroundings, and any distnrbailce of the surface dur- - 

ing construction affects that  equilibrium, generally re- 
sulting in the melting of a t  least the upper part  of the 
permafrost. The thawing of permafrost of fine- 
grained materials results i11 the settling of founda- - 
tioils and i11 landsliding. Subsequent refreezing, if 
i t  should take place, produces heaving. Permafrost 
in the Nenana River gorge is now thawing where 
vegetation has been removed or destroyed by fire, 
 here excavations have been made, where the Nenana 
River and its tributaries erode laterally into banks, 
and ~1-11ere the moveil~ent of surface and ground water, 
formerly in equilibrium with permafrost, has been 
altered. On the other hand, some fills in shaded areas 
along the track have become perennially frozen i11 the 
last 20 years. 



90 QUATERNARY AND ENGINEERING GEOLOGY, CENTRAL ALASKA RANGE 

RAILROAD-TRACK PROBLEMS 

The illaintenance problems encountered by the 
Alaska Railroad between Windy and Healy are largely 
the result of slumps and earthflows, rockslides and 
rockfalls, frost heaving and settling, and icings. The 
slumps and earthflows have been the most costly in 
both time and money. 

SLUMPS AND EARTHFLOWS 

trees on active slumps and earthflows are inclined up- 
slope, but some are inclined in other directions. The 
trunks of many spruce trees on old landslides are bent 
or bowed, conditions resulting from the landsliding, 
which tilted the trees when they were young. Follow- 
ing the landsliding, the tops of the trees continued to 
grow vertically, although the trunk remained tilted. 
The bends, therefore, result from periods of relatively 
rapid movement, and the straight portions from periods 

The slumps and earthflows along the Alaska Rail- 
road are the result of sliding movement of unconsoli- 
dated or poorly consolidated debris on the steep walls 
of the canyon of the Nenana River. The sliding planes 
of the slumps are commonly several tens or a few 
hundred feet below the surface of the ground; at their 
lower ends, the slumps merge into earthflows, the debris 
of which moves forward with a viscous fluid motion; 
some earthflows move large blocks of earth. Topo- 
graphically, a typical slump or earthflow is marked by 
a niche in the canyon wall several tens or a few hundred 
feet above the river, and below the niche, by an outward 
bulge of the canyon wall toward the river. The niche 
is bounded by a headwall scarp. The surface of a 
slump, in addition to having the general form described 
above, commonly has many straight or arcuate ridges 
or steps parallel to the contour lines. An earthflow, 
on the other hand, has an irregular hummocky surface. 

The slumps and earthflows along the Nenana River 
range in width from a few feet to one mile. Those 
which are giving the Alaska Railroad the most trouble 
range from 150-3,000 feet in width and 400-2,000 feet 
in downslope length. The ridges on them are 200-500 
feet long. The largest slump along the railroad is at 
Moody; i t  extends for about three-quarters of a mile 
along the track from Sheep Creek almost to the Moody 
tunnel (pl. 10). The slump at mile 351.4, on the other 
hand, was only 150 feet wide and 350 feet long when 
it started in 1947 ; i t  is now about 350 feet wide (fig. 41). 

Slumping disrupts and deforms the structure of the 
rock. Flat-lying beds are broken into blocks by a series 
of gently dipping normal faults, which are the slump 
planes. The beds are rotated during domnslope move- 
ment so that they dip back into the hillside. The 
ridges and steps on the surface of a slump are nothing 
more than the upturned edges of these rotated slump 
blocks. The cross section of the landslide at mile 346.3, 
shown on figure 35, illustrates the manner in which the 
blocks are rotated backward. 

Vegetation provides a striking indicator to the pres- 
ence of slumps. Commonly trees on slump areas are 
tilted or overthrown, and the mat of vegetation cover- 
ing the surface is torn and disrupted. Most spruce 

of relative stability. The time elapsed since the period 
of bending can be determined by study of the tree rings 
(Wallace, 1948, p. 178-179). 

The slumps which are now active move at a rate rang- 
ing from a few feet per year to as much as a few feet 
per hour. Most of the slumps move very slowly for 
years, but this slow motion may be interrupted by pe- 
riods of very rapid motion. Judging from the record 
of train delays cause by slumping, the most rapid mo- 
tion occurs in late summer and fall, either following 
heavy cyclonic rainstorms or during freeze-up. The 
movement a t  the head of the slump is commonly di- 
rectly downward; in the middle and toward the toe 
of the slump, the movement is outward toward the river 
as well as downward. The lower parts of some slumps 
are frequently seamed by a network of gaping tension 
cracks, caused by the flow of material a t  depth and 
under great pressure into the lower part of the slump. 
Minor movement may occur along these cracks when 
the lower part of the slump is subjected to river erosion. 

As the topography and the disturbed vegetation in- 
dicate, slumping and earthflow are not new to this area. 
Rather, they are ilormal components of the process of 
erosion. Between miles 349.0 and 349.6, 350.0 and 
350.2, a t  Moody (from miles 353.0 to 353.5), and a t  
other places the railroad was constructed on existing 
slumps and earthflows. 

The slumps and earthflows affect the railroad in sev- 
eral ways. Generally, the railroad crosses the middle 
or upper parts of the slumps. Nearly every active 
slump crossed by the railroad was in existence at the 
time the railroad was built; some were probably active 
a t  the time of construction. Where the railroad crosses 
the top of the slump, as from mile 349.1 to mile 349.6 
(figs. 37, 38 and 39), the movement of the track is di- 
rectly downward, relatively little lateral motion occur- 
ring. The depressed trackbed, locally called a sink- 
hole, must be continually filled. On the other hand, 
where the railroad crosses the lower part of a large slide, 
as at Moody (pl. 10, and figs. 47-50), the track is moved 
sideways toward the river, resulting in a series of kinks 
in the track, locally called doglegs. Most of the slumps 
produce both L'sinkholes" and "doglegs." Where move- 
ment is slow, amounting to no more than a few feet a 
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year, the slumps do not disrupt traffic; track disaline- 
ment is corrected by tamping dir t  beneath the ties ancl 
straightening the track. On the other hand, sudclen 
rapid movements of a few feet per day or hour leave 
the track without support or  produce dangerous sags 
and kinks; these conditions have caused the derailment 
of railroad cars. A few earthflows of low viscosity lie 
on slopes below the railroad track; an example is the 
earthflow a t  the north end of the Bfoody landslide 
(fig. 47). These enlarge headward slon-ly, some of them 
undermining the track. 

0awes.-The force that moves the slumps and earth- 
flows as well as other landslides is the compollellt in 
the direction of movement of the weight of the mass 
moved. I n  order for this force to be effective, ho~\--  
ever, a slope must exist along 15-hich movement cml 
take place. Furthermore, this slope must be of such 
steepness that  the cornpollent of gravitational force 
directed aloilg the sliding plane is greater than tlle force 
of frictional resistance across the (plane. I f  this slope 
is not steep enough, landsliding will not take place 1111- 
less the frictional resistance to movement of the illass 
is reduced by other factors to a inagnitucle less than 
that  of the component of gravitational force directed 
along the slope. Thus, although gravity is the force 
that  moves slumps and earthflo\'s, other factors (such 
as changes in moisture, structure, gradient) must be 
present to induce the movements. 

The primary cause of slumps and earthflo\rs along 
the railroad is the lateral erosion and do~rncutting of 
the Nenana River, which undermii~es and steepens the 
canyon walls. Steep slopes, even vertical or overllang- 
ing cliffs, can persist almost indefinitely in well-con- 
solidated and crystalline rocks; but in the unconsoli- 
dated glacial deposits and in poorly consolidatecl 
material of the Tertiary rocks and weathered or pyri- 
tized schist, relatively gentle slopes are unstable, par- 
ticularly when the underlying material is saturated 
with water. The ancient slump a t  mile 346.3 is in 
the cutbank of a prominent meander on the Senana 
River, where the swift current had undermilled the 
bank (pl. 3 and fig. 35).  The weight of the orerlying 
gravel caused movement to take place along planes 
within the clay-rich till a t  the base of the bluff. The 
slump is now ap,parantly stable, and the place a t  ~ ~ h i c l l  
the current impinges on the bank has moved some clis- 
tance downstream, so that the danger to the railroad 
from this landslide has temporarily been averted. The 
headwall of the slump is only 50 feet from the railroad, 
however, and renewed activity of this slump \voulcl 
probably affect the railroad. Other lanclslides occa- 
sioned in large part by steepening tlle river banks as 
a result of lateral erosion have occurred bet\\-eel1 mile 
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FIGURE 36.-Geologic cross section of landslide at mile 346.3, the  
Alaska Railroad. 

349.2 ancl inile 349.6, (fig. 37), and a t  mile 356.2 and 
inile 337.3. ,411 of these landslides are a t  the coilcave 
sides of s l ~ a r p  meanders in the river. 

Most of the slopes in glacial-lake silt and clay, and in 
till, woulcl be sliding today if i t  were not for the fact 
that  much of tlle clay and till is perennially frozen. 
Ancient lanclslides became stabilized when permafrost 
formed in  tlle sliding material, and they reinailled 
stablizecl as  long as the permafrost v a s  present. Fo r  
instance, excavations for the south abutment of the 
bridge at  inile 351.4, in 1948, disclosed step faults caused 
by ancient landslides, which are now in perennially 
frozen clay. The clay has remained frozen and hacl 
not mored since tlle railroad was constructed. A t  the 
north end of the same bridge the railroad crosses tlle 
top of an ancient landslide in clay \vhich is no~v  peren- 
nially frozen and stable. As long as permafrost is 
present the banks tend to remain stable, even in silt 
and clay. The nielting of permafrost does two things : 
it destroys the bonding force of ice crystals that hold 
the mass of clay together, and i t  releases a large quan- 
tity of 11-ater ~vllich acts as a lubricant to tlle slide. 
The water has an additional effect. The pressure of 
the ~ ~ ~ a t e r  in the pores of the rock, called pore-water 
pressure (Terzaghi, 1950, p. 92-93), tends to float the 
overlying rock. Thus the frictional resistance to land- 
sliding, which results from the pressure of the over- 
lying rock against the slipping surfaces, is reduced, 
while the component of that ~ ~ e i g l l t ,  wllich is directed 
clo\~-n the slope, remains tlle same. Hence landslides are 
caused also by tlle increase in pore-water pressure. 

Permafrost has been sho\1-11 to be in very delicate 
equilibrium \~-ith its surroundings. One of the most 
important elements of the surroundings is the cover 
of vegetation. Along much of the railroad the cover 
of vegetation has been destroyed or damaged by rail- 
roacl excavations and by fire. These conditions have 
resulted in extensive thawing of permafrost, one of the 
major causes of landslides in clay-rich rocks. The 
landslide between mile 349.2 and mile 349.6 appears t o  
one  much of its recent activity to destruction of perma- 
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frost, for a forest of mature spruce growing on it indi- 
cates that it had been stable for a long period. Like- 
wise, the recent landsliding at mile 351.4 and much of 
the landsliding a t  Moody (mile 353) appear to have 
occurred on water-saturated planes at the top of or 
deep within melting permafrost. 

Between mile 350.6 and mile 350.9 (pl. 2) the track 
is laid across large talus cones of weathered schist 
which occupy shallow gullies between narrow sloping 
spurs of weathered and broken schist. The talus cones 
are completely covered with dense thickets of alders and 
willows. When the railroad 1vas constructed the brush 
was not damaged, and the slope remained stable. I n  
1948 a new telephone line was erected a few hundred 
feet above the track, and a tractor trail was bulldozed 
along the telephone line. Slumping and sliding of sur- 
ficial material onto the track soon followed. I~ocally, 
the track itself has settled. The greatest movement 
occurred where the largest amount of vegetation had 
been destroyed. 

Saturation of ,poorly consolidated materials by melt 
water in the spring and by heavy rains in the summer 
and fall also contribute to landslide activity. The 
addition of water to the clay ancl clay-rich till lubri- 
cates and increases the I\-eight of the material and de- 
creases frictional resistance by buoying up the overly- 
ing rock. Cracks in the material divert the melt water 
and rainfall runoff to the sliding planes, where water 
is most effective in causing landslides. 

Another factor in landslide movement is overloading 
of the upper part of an unstable mass with debris. The 
slump area at the north end of the Garner tunnel (mile 
356.2, fig. 51) is in a large talus cone, which is being 
fed with debris from crumbling cliffs along the moun- 
tain north of the railroad. The weight of this debris 
causes the mass of talus to move slowly downward and 
outward toward the river, carrying the railroad track 
with it. 

Overloading of unstable masses can also be done arti- 
ficially. At  some places along the railroad, debris which 
accumulated in ditches along the uphill side of the 
track was removed and dumped across the track, or, in 
an effort to move the track back into the hill from a 
dangerous landslide, the debris excavated from the 
uphill side of the track was dumped on top of the land- 
slide. The enlargement of the landslide a t  mile 351.4 
during the summer of 1948 was caused by such over- 
loading. 

A special set of circumstances has caused landslides 
in several places in the gorge where normally they 
would not be expected. For about a quarter of a mile 
north and south of mile 350.0 and from miles 353.5 to 
356 the river flows in a narrow gorge cut in Birch Creek 

schist. The west wall of this gorge is a narrow septum 
of schist, in places less than 1,000 feet wide a t  the base, 
west of which lie glacial-lake clay and silt that fill 
an ancient glacial valley of the Nenana River. Where 
the lateral erosion of the river has breached the septum 
of schist, the clay, unstable on the steep slopes of the 
narrow canyon, slumps and flows toward the river. 
One such landslide is beginning at mile 349.95 (fig. 35), 
and another is expected to move toward the track a t  
mile 354.5 (pl. 2). Similar conditions have caused the 
large landslide a t  mile 357.5 (pl. 2 and figs. 54-56), 
where the river, eroding the outer bank of a large 
meander, has approached the contact between the Birch 
Creek schist and the coal-bearing formation, and has 
breached the zone of weathered schist below this con- 
tact. As a result, the great weight of terrace gravel a t  
the top of the bluff has forced the poorly consolidated 
and deeply weathered schist to flow outward toward the 
river. Erosion by the river has not contributed to 
the movement of this landslide since the railroad was 
built, for cribbing a t  the riverbank in the center of the 
slide is undisturbed. 

Possible remedial nbeasures.-Measures that are 
adopted to arrest landslide movement should control 
one or more of the factors which facilitate that move- 
ment. As was pointed out in the discussion of slumps 
and earthflows, these factors are: (1) lateral erosion 
of the Nenana River ; (2) steepness of slopes ; (3) melt- 
ing of permafrost; (4) presence of water in sliding 
areas ; (5) incompeteilt nature of the sliding material ; 
and (6) overloading of the upper parts of the land- 
slides. Consideration should be given to the possibility 
of avoiding the landslides altogether, by placing the 
railroad, highway, or other structure where landslide 
danger does not exist. 

Some of these factors cannot be controlled artificially 
and some can be controlled only at great expense. For 
example, it probably is iinpractical to reduce the slopes 
of the Nenana gorge to gradients of 10" or less, merely 
to control the landslides. Moving the track between 
mile 349 and mile 358 to the east side of the Nenana 
River in order to avoid the slides in that area would be 
very expensive and would involve crossing at least one 
currently inactive slide on the east side of the river. 
Relocation of the roadbed either above or below its 
present position on the west side would not avoid the 
slide areas, as some slides now affect mountain slopes 
from river level to a height of 900 feet. However, re- 
location of the track away from sliding material and on 
bedrock or gravel, as was done at mile 348.6 and from 
mile 352.7 to mile 353.0 is feasible locally and probably 
is more economical than are methods of control of thc 
slumps and earthflows. 
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erant for a short time each winter and thereby main- material threatening to fall on the track. I n  places, 
taining permafrost. however, tunnels or protective sheds probably can be 

The mathematics involved in relating the linear con- installed a t  less expense than the cost of removing po- 
duction of heat in a semi-infinite solid (the type of heat tential rockslides and rockfalls. Ditches along the 
flow involved in natural seasonal freezing) to conduc- track should be widened and deepened to intercept as - 
tion along radii of a cylinder (the type of heat-flow much debris as possible. 
involved in the use of IT-ell points) is beyond the scope 
of this paper. FROST HEAVING AND SETTLING 

~ a t h j e n s  (1951, p. 41) has described a similar method 
that maintained the heat balance of permafrost in the 
material on \vliich an oil derrick rested, even though 
the temperature of drilling mud in the well was 110" F. 
The temperature at wliicl~ the slide material freezes 
mill be lower than that at which water freezes, and the 
temperature at which the clay freezes may be several 
degrees lower (Jolmson, 1952, p. 9-13). The bearing 
strength of the frozen sediments varies inarkedly ac- 
cording to the temperature, moisture content, and other 
factors (Kersten, 1951; Muller, 1947, p. 24-45), but i t  
is sufficient to produce good foundations for the track. 

Electro-osmotic and vacuum techniques, described by 
Terzhaghi and Peck (1948, p. 337-340), also tend to 
dry out and strengthen the material of the landslides. 

The fifth factor, overloading of the upper parts of 
the lanqslides, can, of course, be effectively controlled 
where the overloading has been done artificially. Waste 
should be dumped only where the debris mill not affect 
the stability of the slopes. Overloading of landslides 
due to the natural accumulation of debris is difficult and 
perhaps impossible to control. 

ROCKSLIDES AND ROCKFALLS 

Several rockslides and rockfalls occur in Birch Creek 
schist in the Nenana River gorge between McKinley 
Park station and Healy. 7Vliere rockfalls occur, folia- 
tion in the schist commonly dips toward the gorge or 
fold axes plunge toward the river. Along these planes 
and lines of weakness the schist is attacked quickly by 
frost action and by chemical weathering. Blocks of 
schist are worked loose and slide outward toward the 
river along the foliation or fold axes. During fall 
freezeup and periods of heavy rain during the spring 
and summer, the surface layers of entire mountains 
may creep or slide downslope. Such movement is tak- 
ing place on the slope west of mile 353. At other places 
many tons of rubble have cascaded onto the tracks from 
the steeper rock walls. Such rockslides and rockfalls 
are of frequent occurrence on steep, blocky bedrock 
slopes at many places in tlie world (Sharpe, 1939). 
Permafrost is not generally a factor. 

Suggestions for control.-Probably the most eco- 
nomical and practicable method of controlling rock- 
slides and rockfalls along railroads is to remove the 

Heaving of the roadbed in winter is caused by growth 
of seasonal ice in fine-grained material a t  the bottom 
of or underlying the ballast, and settling in tlie spring 
is caused by thaw of the ice. Movements generally are 
less than an inch. I ~ c a l l y ,  however, hydrostatic pres- 
sure may cause larger movements. Heaving and set- 
tling have caused fewer traffic delays than landslides, 
but they have necessitated considerable maintenance. 
"Pumping" of fine-grained ballast from under the ties 
has been the major factor contributing to an overall 
settling of the rails of as much as a foot or more in some 
places. Where differential heaving or settling of the 
track is occurring, trains must reduce their speeds. 

Locally, permafrost provides an impervious zone that 
prevents normal ground-water drainage and conse- 
quently promotes frost heaving and settling. 111 most 
places along the railroad, however, the depth to per- 
mafrost is so great that its effect 011 seasonal frost heav- 
ing is negligible. Hence, the problems generally are 
similar to those that exist elsewliere in nortll temperate 
zones. 

Suggestions for control.-Methods of control of sea- 
sonal heaving and settling in the Nenana gorge are sug- 
gested in order of general preference, as follows: (1) 
Improvement of drainage by digging deeper ditches 
and building additional culverts, (2) use of clleinical 
stabilizers and waterproofing agents to reduce capil- 
lary action and prevent seasonal freezing from drawing 
water into the subgrade of the track, and ( 3 )  replace- 
ment of the present ballast with nonheaving coarse- 
grained ballast. 

ICINGS BETWEEN CARL0 AND HEALY 

Icings are deposits of seasonal ice on slopes or river 
flood plains. They are formed when water derived 
from surface and subsurface sources freezes (Eager 
and Pryor, 1954; Muller, 1947, p. 76-82; and Taber, 
194313, p. 250). I n  Alaska they are called "glaciers." 
The only icings examined by the authors were along 
the railroad between Carlo and Healy. They were seen 
during periods of relative inactivity and were not 
studied in detail. 

4 Ghiglione, A. F., 1951, Problems of icing on roads and airfieles: 
Paper presented before Am. Sac. Civil Eng., Oct. 23, 1951. 
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Along the railroad, icings are common in three sets 
of geologic and topographic conditions. The first set 
of conditions involves the presence of thick layers of 
coarse pervious gravel. Icings form where water 
eriierges a t  the base of the gravel. The second set of 
conditions involves shallow depressions that  drain ex- 
tensive swampy areas or slopes of muskeg. The rail- 
road crosses these depressions on fills through which 
water is normally conducted by culverts. I n  winter, 
ice forming in the culverts impedes and finally blocks 
the flow of water. The third set of conditions involves 
muskeg on open hillsides. Water trickles througll tlle 
vegetation of the muskeg without forming distinct 
channels or  watercourses. Where the railroad crosses 
such sloping muskeg, the water is collected in ditches on 
tlle uphill side of the track and is conducted to the 
downhill side through culverts. I n  winter, ice accu- 
mulates in the culverts and ditches. This ice is fed by 
water trickling througli the muskeg-water that  is 
kept above the freezing temperature by the insulating 
effect of the saturated vegetation. I n  all three of these 
sets of conditions the water in the pools and slom-mov- 
ing streams freezes to its bed-that is, from the bottom 
up rather than from the top down. By this process 
accumulations of ice several feet thick may forni for 
distances of a few hundred feet uphill from the rail- 
road. I n  a few places the track may be covered by ice 
a few feet deep. Where this occurs, ice must be chipped 
from the track continuously during part of the winter 
in order to keep traffic moving. 

Suggestions for control.-Many methods for con- 
trol of icings have been developed over the years in 
Alaska and Siberia (Eager and Pryor, 1945; and 
Muller, 1947, p. 109-123). Each icing presents indi- 
vidual problems depending on local conditions, and no 
one method is always best. However, in the Neilaila 
River gorge south of Healy most icings along the rail- 
road probably could be eliminated by deepening ancl 
protecting existing culverts where icings occur, and 
by putting in other culverts where the drainage is im- 
peded. Slopes are adequate for  good drainage, and 
runoff need be protected from freezing only long 
enough to get i t  across the track. 

A t  Ferry (see pl. 5) a serious icing on the railroad 
has been successfully controlled a t  little cost through 
the use of a boiler; the boiler is coiinected to a steam 
pipe, which passes through the culvert. The boiler has 
to be operated only a few times each winter to keep 
the culvert open. (T. L. PBwB, oral commu~~ication, 
1954.) 

Ghiglioue, A. F., 1951, ibid. 

423223-58--8 

INDIVIDUAL LANDSLIDES BET WEEN MILES 349.1 
AND 350.3 

The lalidslides described in  the following sections 
hare been studied in comparative detail. They serve as 
examples of the slumps, eartliflows, rockslides, and rock- 
falls which have hindered the operation of the rail- 
road and 1~11icll are common tllrougllout this part of 
,ilaksa. The remedial measures which the authors 
believe n-ould successfully coiltrol each landslide are 
described. Keniedial measures which have been tried 
or suggested, but which the authors believe \'ill not 
permanently control the landslides, aiid the reaso~ls for 
such belief, are also described. 

Bet~i-een mile 340.1 and mile 350.3 a bench about 
230 feet high projects from tlle west wall of the Keaana 
River gorge and reduces the flood plain of tlle river 
from its normal width of about three-eighths of :L mile 
to a width of about 250 feet (fig. 36). This bench 
is half a mile long and is semicircular in ground- 
plan. I t s  upper surface slopes 7"-10" toward the 
river. The railroad, which is nearly 200 feet above the 
river and about 50-100 feet below tlie brow of the 
bencli, follows the west mall of tlle inner gorge made 
by this bench and describes an arc about half a mile 
across a t  the base, convex toward the east (fig. 36). 
Tl~roughout this great curve, from the bridge a t  mile 
349.1 to the bridge a t  mile 350.3, the railroad has been 
subject to landslides since i t  was first constructed. 

Geology.-This bench preserves a short segment of 
the ancient, clay-filled glacial gorge of the Nenana 
River. Along the south side of the bench, from mile 
349.1 to mile 349.5, and on the north side, from mile 
350.0 to inile 330.2, glacial-lake clay and silt are exposed 
on the canyon wall from river level t o  about the level 
of the railroad track. The clay aiid silt are soft and 
plastic when wet aiid absorb a large amount of water. 
Samples 1, 2, 3, and 6 (figs. 32 and 33) are of typical 
mixtures of the clay and silt. I n  the walls of tlie tribu- 
tary ci~~lyoil a t  mile 350.3, the clay and silt interfinger 
wit11 delta gravel dipping about 20" toward the river, 
and presumably the north~vest part of the bench is 
underlain by a buried delta built by this tributary into 
the lake. Elsewhere, however, sand and gravel are 
millor constituents of the lake sediments. Along the 
east side of tlle bench the clay is separated from the 
river by a septum of Birch Creek schist about 300 feet 
wide a t  tlie top and probably no more than 700 feet 
wide a t  the base. 

The clay is overlain by a layer of blue-gray outwash 
gravel that was deposited by the Nenana River when 
the ice front stood a t  Riley Creek, about 2 miles south 
of this bench. The gravel is well exposed in the rail- 
road cut on the south side of the bench, and also in 
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FIGURE 36.-Geologic map and cross sections of landslides between mile 349.1 and mile 350.3, the Alaska Railroad. 

the railroad cut just south of the bridge at mile 350.3, is a deposit of yellowish-brown gravel deposited as 
where i t  rests on the delta gravel. Many springs emerge an alluvial fan by a tributary stream from the west- 
from the hillside along the contact of the permeable the stream which now passes beneath the bridge a t  
outwash gravel and the underlying impervious glacial- mile 350.3. About two-thirds of this gravel co~~sists  
Iake sediments. Resting on top of the outwash gravel of fragments of Birch Creek schist and one-third of 
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silty mud. I n  many places i t  absorbs much water and 
becomes plastic or  fluid. Along the contact between 
the yello~vish-brown alluvial gravel and the blue-gray 
outwash gravel, the latter is partly cementecl with cal- 
cite to a thickness of 14 feet, particularly along the 
south side of the bench. This hard, calcite-cemented 
layer of gravel is very difficult to excavate. 

1 The septum of Birch Creek schist along the east side 
1 of the bellclz is broken by north-trencling vertical joints. 

I Some of the north-trending joints ancl one east-trencl- 
ing joint are filled p i t h  basalt clikes, 10-30 feet thick. 
The dikes are slightly alterecl along their borclers, and 

I tlie schist near the dikes is pyritized and when weath- 
ered is easily eroded. Fold axes and crennlations in 
the foliation of the septum of Birch Creek schist plunge 

i eastward toward the river a t  angles of 7-15", 
Tbe gorge east of tlle bencli is 1,rob:tbly less tliail 

10,000 years old, ancl its malls have not yet stnbilizecl. 
The west wall is slowly crumbling into the river. ancl 
eventually the septum of schist  ill be destroyed ancl 
the west bank of the river will consist largely of cl:g-. 
The schist septum has already beell breached at its 
north end, near mile 349.05. 

The constructioii of the alluvial cone 011 the ontn-ash 
gravel by the tributary from tlze west was the cause 
of the diversion of the river and of the preserration 
of the glacial-lake sediments. The building of the 

1 cone forced the river to tlie east sicle of the glacial gorge. 
? As conditions of aggraclation Trere succeedecl by con- 

I clitions of degradation, the river carved a clianiiel in 
the schist that  makes up the east wall of the gorge. 

I Tlie course of this superposed gorge ;eL7:as coiltrolled 

I partly by the presence of basalt clikes, n-hich provideel 
zones of altered rock along ~i l i ich  the river coulcl erode 
easily. 

These geologic conelitions have led to the extensive 
landslides along this segment of the track. Lxndslides 

I 

I 
occur wherever the bank of the gorge is formed by 
silt and clay. Incleed, i t  is likely that slump and eartli- 

I flow is the normal manner of erosion of the glacial- 
lake sediments, ancl the nlanner by which they have 
always been deliverecl to the Nenana River. Along the 
east bank of the bencli, ~vhere tlie bench faces the nar- 
row gorge, the crumbling walls of the gorge are produc- 
ing dangerous rockfall conditions. 

BETWEEN M I L E S  349.1 AND 349.6 

The exposure of glacial-lake clay on tlle wall of tlle 
canyoiz betmeen mile 340.1 ancl mile 349.6 is market1 
by a large slump, which was in existence long before 
the railroacl was built. The railroad ~v:is constructed 
across tlle upper par t  of this slump (fig. 37). Evidence 
of moreinel~t several decades ago is inclicated by abrupt 

PICT 1 : ~  ::7.-Yie\v 11nrt11\~;1r<l froln 1 1 i i l ~  2 4 X . q  0x1 t11c . \ l ; ~ ~ l ~ a  I t i~ i l ro ;~( l ,  
s h < ~ \ v i n -  t he  landrlicle Liet\reen 111ile 340.1 and 349.0, Julie 11, I!!.i'L. 

bends in the trnnlrs of spruce trees below the r~ilroacl 
track. Nost trees are tiltecl 5"-10" or more toward 
the hill-an inLlicatio?i that  ii~dividnal slumps have 
rotated haclr\varc~. 

The railroacl begtn to sink across the slump a few 
Tears after construction. Additional fill beneath the 
track was requireel almost every year to maintain a 
re:lsonable grade across the slump. By 1945 tlie track 
was sinking so rapidly that i t  was difficult to  inain- 
tain tlie gracle, and a new gracle was cut on the npliill 
side of the track. Hefore tlze railroad could be re- 
:xlignecl, liolverer, great crescentic cracks opened in 
tlie lien- cut, and the soutll side of the cut began to sink 
(fig. 38). By 1947 tlze track bed had droppecl as  n~uch  
as 6 feet along soine of the new craclis, and i t   as be- 
coming increasingly ditlicult to Iieep traffic lnoving 
across what hacl no\v become :I very steep dip or "sink- 
hole". I n  the summer of 19-18 when the track mas 15- 
20 feet below tlle original gracle it 71-as again niorecl, 
this time to a position 7.5 feet iiorth. Shortly after the 
realignment mts coln~~leted, fresh cracks al)pearecl 
along the foot of the slope itbove the gracle between 
niile :31!).30 and lilile 319.15. Bet\~-een mile 349.43 and 
iilile 319.60 these crnclis passecl into tlle middle of the 
grade ant1 for a- short distance rail bet\\-een tlie rails. 
I n  1049 aiitl 19.50 the track was again moved north- 
ward into the hill. However, by 1052 the new track 
had been raised ns much as 2 feet across several local 
bbsiiiklloles" (fig. 39) in order to maintain the grade 
and was still sinlcing. Debris from the new cut was 
slwead out south of the track. 
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Ii.11:UIfE .':S.-yili!\. !l-i,stv-;ir(l frcllll ~ l l i l a '  :J -L!I . ; I  011 tlle .\ l i lbkil  IiiliirOilll, 

slro!vinp a la~~tlslidr scarlr in a11 pxcnrntioll f o r  a new r:~ilro;~rl t rack,  
Nove~nber  3, 11147. The track a t  t l ~ c  left was nhandonecl i n  1949. 

I11 1950 piles mere driven along tlie ilo\~nliill side 
of par t  of the track at the east end of tlie slicle in an 
attempt to arrest the sinking of tlie rt~ilroad. They 
were repoi-ted to liare penetrated easily their full length 
of 33 feet. Iiy ,June 1938, these piles and the debris 
in n-hich they were located had slinlr as much as 6 feet, 
with no appreciable tilting. 

I n  ,Tune 19.i2, creecentic cracks that 111ai.k tlie lleacl- 
walls of conlesciiig slulnps n-ere tr:iceal)le about 20-50 
feet north of tlie track bet\\-een inile 349.1 :11icl mile 
349.6. I n  soine places the cracks nppearetl in the clitches 
adjacent to the traclr, bnt in most plnces they were part 
way u p  the embankn~ent to the north. JIost of tlie 
crtlclts were fresh, ~vhicli iiiclicntes that inorelnent took 
place clurinp the spriilp of 1952; a feu* appearecl to have 
formed during the preceding fall. JIovement along the 
newest cracks a m o ~ ~ n t e d  to only a few inches; 1101~- 
ever, fresh cracks a i d  slump liead~~*nlls :IS mnch as 6 
feet lligll were see11 in the \~oods  below the tr:tclc at 
rnile 349.2 :~ncl mjl? 349.3. I11 1948 this forest had been 
undisturbed, but later, surface r~uiofl  frorn north of 
tlle track n-as diverted into the area. 111 June 1952 
most of the water dis:lppeared irito cracks at  the lieacl 
of a slump on the north side of the track a t  mile 349.25. 
The remainder was conveyed by a short calvert under 
the track and disappeared into the cracks in the forest 
immediately below the fill. 

I t  seems reasonably certain that surface water enter- 
irip the prouncl at. tlie track has melted the pern~afrost 
colnpletely under parts of the landslide. The presellt 
extent of permafrost is not known. Presumably 

14'rr:urrm J!t.-P;tsst.l~qr'r t r i l i~r  vrossing "sinkhole" i r r  t r nv l r  n t  rnile :310.5 
011 the  A1ask:t IL;iilroad, June li. 1952. 2\11 aban(lonei1 grirde line is 
on the l ~ f t .  The  cross marks tlie place from which the photograph 
~ h o w n  as figure 38 was takrn. 

perilinfrost formerly underlay the ~ n t i r e  area, but 
probably is 1 1 0 ~ ~  patchy and underlies olily a part  of 1 
tlie forest at sliallo~v depth. ,lfter breaching the pro- 1 
tective body of permafl.ost the water cleveloped suf- 1 
ficiently high p o r e - ~ ~ a t e r  pressure to cause the glacial 
lake sediments along tlie r i ~ e r  to bulge and flow out- 

I 
t 

warcl uilcler hyclrostatic pressure. The overlying grav- 1 
els ancl isolated patclies of permafrost are also sliding 1 

on:\\-:t~*tl and don-nn.:tr(l orer tlle plastic mass. Deep I 
I 
J 

s l~u i i~ l~sa re  developing l~e:tcl\~arcl from the thawed area 
as the Se~lai la  Rirer reinoves the toe of the landslide. I 

Tlie vertical l leacl~~alls  ancl predominately vertical I 
~norei i~ents  at the llentl of the slicle indicate that the 
base of the slide is near river lerel. I 

It is clenr that tlie sinking of the track at  this point 1 
llns not been controllecl b- realinement. Moving tlie 
track farther into the hillside ~voulcl increase the curva- 

I 
t ~ l r e  of the track, 11-hicll is alreacly excessive, and wonlcl 
not solve tlie problem. Stabilization of the track in 
this area probably \\-ill be rlifficult to accomplish, hut 
bypassing the lanclslide \\-ill be inore difficl~lt. ,2 cut 
tliroupll the bench froin mile 349.0 to mile 830.5 \\*auld I 
be more than 100 feet cleep and half a ~n i l e  long. The 
grade would be increased from its present arerage of 
about 0.8 percent to about 1.3 percent. Slunips ancl 
eurtliflol~s probably would be a common occurrence 
along the malls of the cut, as natural slopes in tlie lake 
srdirnents are generally stable only if they are of less 
than 10". 

Piles, to be effective in holding up the track, would 
have to be about 200 feet long and capable of with- 
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holding tremendous shearing pressures. Shorter piles 
would rest in the slide material. A retaining wall a t  
the toe of the slide would have inadequate foundatioils 
to withstand the lateral thrust. Thus, stabilizatioll 
appears to be the most satisfactory method of arrest- 
ing movement. The most immediate and economical 
step in stabilization is t o  conduct surface water in 
waterproof culverts completely across the area of the 
slide and into the Nenana River. Culverts n-hicll do 
not conduct the water directly to the Nenana Rirer,  
but which lead i t  only to a lower ,part of the landslide, 
are likely to do more harm than good. T h e r e  the in- 
filtration of surface water cannot be stopped, a second 
step can be taken to control the landslide-the estab- 
lishment of well points, tunnels, and galleries to drain 
ground water from within the slide, and of lined cul- 
verts to conduct i t  directly to the river. I f  these rela- 
tively inexpensive drainage methods fail to arrest tlle 
slumping, consideration should be given to artificial 
refreezing of the slides. A program of artificial re- 
freezing, to be effective, must serve to create an irregu- 
lar  contact between frozen and unfrozen ground, thus 
eliminating the smooth sliding surfaces which probably 
exist at  present beneath this landslide. This objec- 
tive could best be achieved by distributing refriger- 
ants from well points. Most of the well points prob- 
ably could be driven, but some would have to be placecl 
in drilled holes. I f  surface water were prevented from 
entering the ground, the creation of frozen colun~ns 
of clay spaced 50 feet apart  might, by the withdrav-a1 
of water from the surrounding clay to form ice veinlets 
in the columns, lower the ground-water table to below 
the critical level. Vegetation should be planted oil bare 
areas in order to protect tlle natural permafrost. Once 
movements have been retarded, riprap should be used 
along the toe of the slide to prevent further lateral cut- 
ting by the Nenana River and subsequent steepeniilg 
of the slope. 

BETWEEN M I L E S  349.7 AND 349.8 

The west wall of the gorge, between the river ancl tlle 
railroad (fig. 36), has been retreating westward for 
the last two decades. Large blocks of schist have sepa- 
rated from the wall along north-trending vertical 
joints and have moved outward toward the river along 
crenulations and drag folds in the schist which plunge 
eastward 5"-15". Rockfalls and rockslides hare  been 
the result of this movement. 

The westward retreat of the canyon wall is now en- 
dangering the railroad. Several pits, 7-20 feet east 
of the track, lie along a northward-trending vertical 
joint that  has widened considerably since 1948. The 
,pit nearest the track began to open in 1948, and in 

1952 i t  was a t  least 20 feet deep and 2-3 feet wide. Four 
northward-trending trenches on the west side of the 
track also mark open joints in the Birch Creek schist. 
These treilches are 150-200 feet long, 1-10 feet deep 
and 1-10 feet wide. They are partly filled u*ith loess 
to a depth of 4 feet, contain numerous ponds, and in 
places are overgrou-n with willows and alders. 

AT M I L E  349.95 

A t  mile 349.95 about 100 feet of the track rests on 
clay and silt where landsliding into the gorge has 
breached a protective wall of schist (see fig. 36). The 
tllickiless of fine-grained sediments that lie directly 
under the track is not known but may be as much as 
100 feet. Clay and silt from the high bench southwest 
of the track are moving slowly nortlleasttvard into the 
gorge through the narrow gap. Movement is most rapid 
a t  depth. On Xovember 2, 1947, the headwall crack 
of a sl~iinp, 1 inch wide and about 100 feet long, was 
4 feet froin the track. I n  June 1952, the slump was 
only 1 foot from the track. Activity seems to have 
been slight, but a "sinkhole" has formed in the track 
bed. 

The culvert that  drains the ditch on the southwest 
side of the track is not deep enough to carry off all 
tlle water that accunlulates in the ditch. Water is con- 
veyed in the culvert only one-quarter of the way down 
tlle slope. Below the end of the culvert i t  is allowed to 
sink into the slide area. Continued slow settling is 
to be expected until the clay is dried out. Complete 
diversion of surface water is necessary for  stabilization. 
, is long as surface water is a l l o ~ ~ ~ e d  to seep into the 
slump, realineinent of the track will only postpone 
further movement of the track. I f  present illovement 
of the slunlp is allowed to contiline for several years, 
bridging or artificial freezing may be required to save 
the track. 

BETWEEN MILES 350.0 AND 350.3 

The slui~ips and eartllflo\\-s b e t ~ e e n  mile 350.0 and 
350.3 are similar to those between mile 349.1 and mile 
349.6 (see fig. 36). The lalte sediments that underlie 
the area crop out in the nest wall of the canyon from 
river level to the level of the track. Here, as between 
~llile 349.1 and mile 340.6, trees are tilted 5"-10" toward 
tlle hill, and abrupt bends in the trnnlts of tlle spruce 
trees indicate that  inovenlent took place several dec- 
ades ago. It is reported that movement was particu- 
larly rapid a t  mile 350.1 and mile 350.3 during the 
early Fears of the railroad. Little movement occurred 
in 1947. Activity in the slump, particularly in the 
north\\-estern part, began again in 1948 and has con- 
tinued to the present time. Fi l l  on the northeast side 
of the track a t  mile 350.3 settled as much as 15 feet 
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slkowing tbc In l lds l i~ lc  a t  lllile ::.>I).::. June I T ,  l!l.i2. 

froin 1050 to 1052 (fig. 40). Lllong the track itself, 
settling of 2 feet per ye:lr lias required freqlient ailili- 
tion of fill beneath the r:lils to maintain grade. On the 
lower part of the slump, su1)ersatlurated clay and silt 
flow on a slope of less than 10". Sluinl~ing ant1 flon-ing 
can be espectecl to continue unle5s reinec1i:ll nlensnres, 
similar to those recoi~imendetl for the slitle lwtween 
mile 349.1 and mile 349.6, are talien. 

LANDSLIDE BETWEEN MILES 351.2 AND 351.5 

Geology.-iinother 1)ersistent lantlslitle occ111.s be- 
tween mile 352.2 and mile 831.3,  here the railroacl 
p : z s~~s  acro,cs the toe of :I glacial delta, TT-hose gravels 
interfinger with lake clay :~ncl silt (figs. 41 :1nd 42). 
Unn>~~nl!y :~ccnrate data on the geology of thi. lailclslicle 
aiea hn\-e bee11 obtained thro11g11 the study of nlaterial 
esposetl in excavations that were ninde in collnection 
nit11 the construction of a n e ~ ~  bridge ac ros  tlie trib- 
11t:ll.y canyon at ~ni le  351.4. 

The Birch Creek schist that 111:lliei up the 1)etlrocB 
between inile 331.2 ancl mile 351.3 generally i i  cox-eretl 
with gravel ancl lake sediments to a level about 200 
feet above the track, but is exposed at tr:~c,k level south 
of mile 851.25 ant1 in the gorge about -100 feet west of 
the track a t  mile 351.4 (see fig. 41). The surface of 
the bedrock slopes 25" or 30" E., towanl the river, and 
lies more than 200 feet below the track at  the bridge 
across the tributary canyon. The schist is cnt by ver- 
tical joints that strike parallel to the river and are 
spaced from a few inches to several feet apart. Drag 
folds ancl crenl~lations i11 the foliation plnnge 15" 
toward the river. 

Fine-grained lake sediments similar to those between 
mile 340.1 and mile 350.3 crop out between tlle rix-er 
and the track from a point about 300 feet sonth of the 
bridge i~orthward to a point beyoncl the area shown in 
figure 41. The fine-grained lake sediments consist pre- 
clolninately of clay and silt, but locally contain sand 
ancl gravel. Samples 7, 8, and 9 (fig. 33) col~sist of 
rrlistures of tlie sliding material. For  the lliost part 
the sediments are covered wit11 a dense mat of vegeta- 
tion. 1,ocally they are covered with a thin veneer of 
grarel which lias slid or rolled down the hillside and 
partly incorporated the clay and silt. 

The fine-grained lake sediments are underlain by and I 

interfinger ~ v e s t ~ ~ a r c l  with delta gravel that was de- 
posited in tlie ancient glacial lalie by the tributary at 
iiiile 351.4. Drill-hole data ancl exposures along the 1 
tracli and in the canyon at inile 331.4 (figs. 41 and 42, 

I 

section B-B') show that the zone of interfingering is 
irregular but that i t  coii~cides roughly with the present 
position of the railroad. The delta. gravel is exposed 
along the west bank of the railroacl south of mile 351.4, 
and on tlle south bank of the canyon of tlle tributary 
for a. clistnnce of about 800 feet westn~ard from the 
track (fig. 43). The delta grarel is in layers that 
dip 20"-23" towarcl the river. I t  is composed almost 
entirely of angular pebbles and cobbles of Birch Creek 
schist. 

Overlying tlie delta grarel is a layer 10-26 feet thick 
of clean blue-gray o u t ~ ~ a s l i  grarel of the Nenana River. 
This grl;rel contains well-rouiicled boulders and pebbles 
of conglonlerate, greenstone, nncl other rocks. About 
100 feet of ~ e l l o ~ ~ i s h - b r o w n  alluvium deposited by the 
tributary a t  inile 351.4 overlies the outwash gravel. 
Bedding in this npperniost gravel dips 7"-10" toward 
the river, parallel to tlie upper surface of the bench. 

Per~~~~af~~o~t . - I ' e i~n ia f ros t  is generally present in the 
lake sediiiie~lts niicl in the overlying gravel. I t s  depth 
ancl thickness vary froin place to place, depending on 
exposure and vegetation. ,it the sout l~  encl of the 
bridge, pernlafrost in clay and gravel lies 10-15 feet 
belon- the surface (fig. 44). A t  the north end of the 
bridge, escnvators struck permafrost in clay at  a depth 
of 6 feet. T17est of the trncli and south of the briclge 
excavators dug through 15-20 feet of frozen blue clay 
and into unfrozen yello-cv clay. A hole that  was churn- 
drilled just south of the bridge passed througl~  xm- 
frozen clay at  a depth of 3 2 4 5  feet, whereas the rest 
of the material through which the hole passed seemed 
to be frozen. The  hole just north of the bridge was 
drilled in frozen clay and gravel to a depth of 100 feet 
and in unfrozen gravel containing flowing ground 
water between depths of 100 and 110 feet. This body 
of permafrost is the thickest that has been penetrated 
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F IGURE 41.-Geologic map of landslide between mile 351.2 and mile 351.5 on the Ala 
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ska Railroad. 

in the area; however, the permafrost may be con- north. Horizontal seams of ice are present along 
siderably thicker a t  other localities. bedding planes. Clear ice masses are estimated to make 

The perennially frozen clay and silt contain ice in up 20-25 percent of the frozen clay, and ice also cements 
the form of nearly vertical veinlets, 1/24 inches thick iilcliridual particles. The total amount of contained 
and 3-12 inches apart, which strike approximately water is thus much greater than the plastic limit of the 
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No vettical exaggeration 
, O  - 600 Feet 

Datum ia opprorimote mean aec leuel 

EXPLANATION 

QUATERNARY PRE-CAMBRIAN 

- - - - - - - ----- I 
Approximate contact Robable trace of slip surface Probable trace of slip su~face Churn-drill holes 

of landsl~de &n 1948 of landslide ~n 1952 

Note. Artificial fill t w  thin to show. See 
flgure 41 for location of sect~ans 

Froune 42.-Geolopic cross sections of landslide between mile 351.2 and 351.5 on the Alaska  Railroad. 

setliniellts (see table 3 ) ,  as clefii~ed by the L2n~eric:u~ So- 
ciety for  Testing ;\lateri:~ls (1950, p. 7) . I'erennially 
frozen gravel coiltains ice whicll fills interstices 
bet\\-eel1 pebbles and cenients tllerii togetlier. The 
fi-oxen grarel ninst be b1:tstetl or thx117ed before it call 
b? renlo~-etl. The clenii g18avel does not x t t l e  or flo117 as 
i t  t l l a~~-s .  

Lanch7id~ nctivit!/.-'rile lnndslitle of October 19, 
1947, the iarestigatioil of \~-hicll rerenled the need for 
this study of engineering geology along tlie ,ll;~sl;a 
Railroad, occnrrecl nt mile 331.4. imlnetliate1~- after a 

PIGIJR~: 43.-Tic\\ s ~ ~ u t h w a r d  froin the n o r t l ~  a l~u t ln rn t  of 11118 Irrlrlqc ;tt 
mile 351.4 on the Alaslta Railroad, showing foreset r lel t ;~ grarcl 
overlain by outwash and terrace gravel. The excamtion besirle the 

sel-ere earthqualie. Before 1947 several h~xndred feet 
of the track llad been settling slon-ly for  many years. 
Gracle lvas maintainecl by adcling fill each year. Hom- 
ever, immediately after tlie earthqualie of October 19, 
1947, about 130 feet of track soutll of the bridge began 
sinliing a t  a mte  of 3 feet per llotlr (St.  Amand, 1948, 
p. 617). Nost of tlie sluml>ing ceased oil about Octo- 
ber 30, but on about Septeiiiber 20, 1918, service was 
again disrupted by a very rapid sllunl) (fig. 45). By 
September 23, moveinent had almost ceased. The 
track ~x-as realinecl about 30 feet westward after thou- 
sands of tons of gravel were removed from the hill 
ancl spreacl over the s l ~ ~ i n p .  Later that year 28 piles, 
centered ahout 3 feet ap:~rt, were driven along the 
rirer side of the rnilroad and nnclio~.etl wit11 wire cables 

trestle is in interbedded clay, silt, and gravel. Kote siumps in to  I'IGUI~E ~-I . -C'IP~II .  ice i n  ~ e ~ . ~ c l ~ ~ a l l y  f r o ~ e n  cln),  srlt, and  gvarel at  nrile 
the excavation. September 24, 1048. 331.4 on the Alaslta Railroad, June 2 2 ,  1945. 
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B I G u R ~  45.-Realining tlie tmck ; ~ t  mile ::.; l .4 I B I I  t i l t ,  .\l;rsl;;l I:;I i l l , r ~ : ~ l l  

immeiliately after slunping, Selrt~lnl>rr 24, l!I-IP. 

to  other piles that  were steam-jetted into place on the 
opposite side of the track. The track llas been rela- 
tively stable since, but slumping still occurs farther 
downslope (see fig. 46). 

Tlle landslide of October 19, 1947, initially broke out 
about half~vay down the slope b e t ~ ~ e e n  the tracks :lncl 
the river. Above that  point the grouncl sank ; below it 
a tongue of material spilled from the hillside to the 
river. The initial slide area extenclecl fro111 n poiilt 
about 50 feet south of the bridge sou th~a rc l  along the 
railroad for 150 feet. By 1039 the sliding area llacl 
more than doubled i n  ~vidth. The lnost actire area 
extended from the bridge to a point 3.50 feet sol~tll. 

Other less active slumps in fill form a continuous sliding 
belt extending to mile 351.2 (fig. 41). 

Judging from the size of the blocks that were ro- 
tated, the thickness of the slide originally was less than 
40 feet. Presumably, movement mns on or near the 
top of the permafrost. I n  1052, rotntecl blocks were 
considerably larger, indicating that  niovenieilt was go- 
lng on at cleptl~s of as  much as 100 feet. Earthflows 
llacl mored outward from the toe of the slide a t  least 
30 feet into the river. Exposed portions of vertical 
hencl\~alls of some individual bloclis were more than 20 
feet high; the greatest down\vard vertical inorelllent 
took place adjacent to and just north of the piles a t  
the lieacl of the slump (see fig. 46). I n  June 1962, 
cracks appeared on the uphill side of the piles, and 
subseqaent sh~mping exposed segments of the piles 5 
or 6 feet long. 

The slumps to the soutll weye not affecting the track 
in 1933, althougl~ the headmall of the slump about 700 
feet soutll of tlle briclge was at  the edge of the ties. 

The north pier ancl iiortll abutment of the bridge a t  
mile 381.4 rest on clay. IVhen excavations for  the new 
1)riclye n-ere ~ n a d e  in 1948, it \?-as cliscoverecl that wooclen 
fomlclations of the piel-s of the olcl trestle had been 
bent ancl broken, apparently hy slow creep of tlle clay. 
Sin:~ll shunps froin the clay ant1 froill fill on the top 
of the clay were pressing against the concrete base of 
tlie ilortll pier of tlie bridge in 1052. On June 15, 1952, 
~vwter was running from these slumps onto the con- 
crete footing. Water was running out from m~cler tlie 
soutlleast corner of the pier also, probably mealiening 
the folultlation. -1 rertical craclt 1 millimeter x ide  
was present in  the soutlleast concrete support of the 

E'1crrlc1: 4(i.-Ur~l1er par t  of sluml)s, sl~owing ynrtly exposecl piling at lnile 351.4 on tlle .klahl<n Railroad. View is sontllwestward from a point 
a f e \ ~  feet east of t he  so11t11 abutment of the  I)riclgc. Junc 1.5, 1952. 



104 QUATERNARY AND ENGINEERING GEOLOGY, CENTRAL ALASKA RANGE 

north pier. The slumps that were observed in 1952 
probably are not large enough to move tlie bridge sup- 
port, but slumps that are large enough to do so may 
occur. 

Landslides are,present for a distance of 400 feet along 
the west side of the track north of the bridge. Some 
are in schist and some are in gravel that rests on clay. 
Blocks of schist 100-200 feet west of the track are 
broken along joints and have moved eastward along 
grooves that were formed by drag folds. Movements 
of 14 feet are indicated by trenches and small headwall 
escarpments. Movements of from several inches to a 
few feet since 1948 are recorded in fresh headwall es- 
carpments. During realignment of the track in 1949 
much slump material was removed and dumped on 
the east side. 

Landsliding appears to have occurred in this area 
before the present body of permafrost was formed. 
The north abutment of the bridge is in an ancient sta- 
bilized landslide block of frozen clay and silt. Con- 
torted bedding and step-faults produced by ancient 
landslides in excavations in frozen clay and silt were 
exposed at the south abutment of the bridge. The move- 
ment of these ancient landslides presumably ceased 
when the area became ,perennially frozen. It seems rea- 
sonably certain that the renewed landslide activity in 
the vicinity of mile 351.4 is the result of the melting 
of permafrost, which occurred after railroad constmc- 
tion was begun. Melt water supersaturated the clay 
and silt and built up high pore-water pressure. Move- 
ment took place on the top of permafrost and possibly 
on thawed zones within it. 

Possib7e remedial measures.-Eff ective methods for 
combattiiig this landslide will include those by which 
pore-water pressure is reduced and the sliding material 
is strengthened. Iqproved drainage will be only partly 
effective, because much of the water facilitating the 
movement is being derived from melting permafrost. 
Freezing the slide area, or part of it, is considered to 
be the most effective remedial measure. Growth of per- 
mafrost possibly can be induced by planting insulating 
vegetation. However, the seriousness of the slide makes 
necessary the use of a more rapid method. A method 
employing a refrigerant that is cooled by winter air 
temperature and pumped through well points might 
be practical and might also be the least expensive. The 
clay and silt that are ,partly buried by gravel backfill 
a t  the north pier and abutment of the bridge should also 
be frozen to prevent a slump under the pier. I n  addi- 
tion to freezing the critical slide areas, lined culverts 
should be installed to drain surface water away from 
other parts of the landslide. 

Realinement of the track west of its present position 

would require the removal of thousands of cubic yards 
of frozen gravel. I f  a retaining wall were built at the 
toe of the slide i t  would have to be capable of with- 
standing a thrust of several tons per square foot, and 
would have to rest on water-saturated clay and silt. 
Piling, to be effective, would have to be driven more 
than 100 feet, well into permafrost. Steam jetting, 
which would be required to penetrate the frozen ground, 
would in all likelihood initiate further sliding. None 
of these last methods is likely to control the slide ,per- 
manently, and all are more expensive than the sug- 
gested methods of drainage and refrigeration. 

LANDSLIDE AT MOODY 

Geology.-From mile 352.7 to mile 353.6 the rail- 
road passes over a body of lake sedimeiits similar to 
those between miles 349.2 and 350.3 and between miles 
351.2 and 351.5. From Sheep Creek (mile 352.8) to 
Moody (mile 353.3) the railroad trends about N. 40" W. 
and is about 100 feet above the river and about 150 feet 
below the brow of a narrow bench a t  the base of the 
high mountain that forms the west wall of the Neilana 
gorge (pl. 10). A t  Moody the railroad trends about 
N. 45" E as it swings in a broad arc that follows the 
contour of the west wall of the canyon. At this point, 
the bench that is about 250 feet above the river widens 
abruptly to about half a mile, and the railroad and the 
river enter a narrow steep-walled gorge which extends 
about 5 miles northward to Healy. A t  Moody the river 
leaves the ancient glacial gorge, which i t  occupies with 
but one short interruptioii from McKinley Park Sta- 
tion to Moody, and enters a narrow canyon that is 
superposed in the rock making up tlie east bedrock wall 
of the gorge. The northward contiiiuation of the an- 
cient glacial gorge, now filled with lake sediments, lies 
underneath the broad bench on the west side of the 
Nenann gorge between Moody and Garner. The cause 
of the superposition of the Nenana River was the depo- 
sition of alluvial cones by tributary streams emerging 
from the west side of the sediment-filled gorge, which 
forced the river against the east wall of the gorge. 
No comparable tributaries exist on the east side of the 
canyon between Moody and Healy to offset this effect. 

The west wall of the gorge from Sheep Creek to mile 
353.6 consists of lake sediments from river level to a 
height of 150 feet. Outwash gravel, alluvium, and 
talus, whose total thickness is 100-150 feet (pl. 10) 
overlie the lake sediments. Horizontally bedded blue- 
gray clay and silt (samples 10-13, figs. 33 and 34), make 
up most of the lake deposits. A lens of silty sand 
(sample 14, fig. 34) a t  mile 353.5 is shown separately 
on plate 10. A delta built by Sheep Creek into the 
ancient glacial lake in which the silt and clay accumu- 
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lated extends n o r t l ~ ~ ~ a r d  from Sheep Creeli to  about 
mile 353.0 (see pl. 10). This delta gravel consists 
almost entirely of coarse pebbles and boulders of Birch 
Creek schist and is remarkably clean. The dip of the 
foreset beds of the delta is about 38" E. The contact 
of the delta gravel on the west and clay ancl silt on tlie 
east lies about 50 feet east of the railroad track from 
Sheep Creek to mile 333.0, ancl is niarked by tlle Iienfl- 
wall scarps of an active landslide (see pl. 10) .  small 
patch of till that lies beneath the gravel, m ~ d  thnt I n s  
deposited by the glacier which occupied this gorge jw t  
before the lalie mas formed, is exposed on tlie ilortll \\-all 
of Sheep Creek, about 300 feet west of the railroad. 

A 40-foot layer of coarse clean blue-gray ol~twa*ll 
gravel deposited by the Kenana Rirer  orerlies the lnlie 
deposits west of the railroad track. This laper abuts 
against the west bedrock wall of the ancient gorge, 300- 
700 feet west of the railroad between Sheep Creek an(1 
Moody. The layer of blue-gray grarel probably abuts 
ag,ainst a buried bank of clay not fa r  north of the bluff 
between mile 353.3 and mile 353.5, for  clay is esposecl to 
an altitude of 1,700 feet in the canyon half a inile nortli 
of Moody (see pl. 2) .  A younger cleposit of ont~\-:~q!> 
gravel of the Nenana River lies on the terrace nbonl 
20 feet above the railroacl between mile 353.3 and nlili 
353.6. 

One hundrecl feet of yello~rish-brovn allnviluln that 
was deposited by Sheep Creek orerlies the blne-pa?- 
outwash gravel west of tlie track bet\~-een Sheep Creek 
and mile 353.0. Similar gravel north of the track 
between mile 353.3 and mile 333.6 (131. 10) was de- 
positecl by the stream which now flon-s ill the canyon 
half a mile north of Bfoocly (111. 2 ) .  Tlie material 
that  overlies the blue-gray grarel ill the bluff ves t  of 
the railroad between the two a1luvi:rl fans is 1,artly 
talus and partly congeliturbate. I t  consists of large 
ancl small blocks of Birch Creelr schist, sonle as lnucll 
a s  30 feet across, in a matrix of bron-n ~nicaceons dirt. 
It is unsorted and has no bedding. 

Permafrost.-Pern~afrost is p r o b a b 1 ;r preqent 
throughout most of the area, but its extent ancl thick- 
ness are not known. Clay balks a t  Jlooclp, and tlie al- 
der-covered slo,pe belom the railroad track a t  mile 
353.0, were probed with a soil anger to a depth of 3 4  
feet in Ju ly  1048. No permafrost was founcl. The 
earthflow a t  mile 353.5 (fig. 47) was probed ~ i t h  a soil 
auger to a depth of 7 feet in October 1948, but no perma- 
frost was found. The  dip and displacement of the lancl- 
slicle cracks a t  the head of this earthflow suggested that 
permafrost was a t  least 10 feet belom the surface. The 
presence of a dense mat of moss on the high sloping 
bencll west of Bloocly suggests that  permafrost under 
the bench is ,probably within 3 feet of the surface. In 

1948. cribbing ancl fill \rl~ich TVRS replaced beneath the 
track on the sliacled liillsicle a t  tlle north end of the 
tml~lel nt nlile 353.7 was found to be perennially frozen. 
The cle.\-elopinent of permafrost in this material must 
liare talien place after 1020 -when this cribbing was 
constructed. I n  l!)45, clay a t  a. depth of about 30 feet 
war solidly frozen for a distance of 300 feet along t,he 
tr:~ck near inile 33:3.0, wliere thnwed clay was excavated 
:\nd the roat1l)etl vns  backfilled with gravel. 

,Ilthon~11 no clrilling has been done to test the land- 
slitle at JLoody, the slip plane, a t  least in part, is be- 
liered to he a t  the base of the permafrost. Sven Brag- 
stad. ~ect ion forein:ul, reported in 1948 that  in 1945 
.Joseph SIrSarisll, roxclmaster, descencled into a head- 
1v:lll craclr west of the track at  mile 353.0. This crack 
,penetrated permnfrost ancl running water could be 
lieard a t  tlle bottom. hlthongli no recorcls are available 
to inclicate ~vhether or ]lot permafrost is tliarring in the 
J1oody lanclslide area, it seems likely that i t  is cloing 
so, nt least locally, as n result of tlisturbance of thermal 
equilibrium through deforestation, excavations, ancl 
clianges in the hpdrologic regime. 

Lotldnliclc acticif!/.-The railroad :it hloody was 
built acrow an nncieilt landslitle with an irregular hnm- 
mockp surface and crescent-shaped l~ea t l~ra l l  scars 
(fig. 4s).  Lon-, a ~ ~ i ~ ~ e t r i c a l  ridges on the surface of the 
slide, parallel to the contour, are parts of rotated land- 
slide blocks. From Sheep Creelr to mile 353.0 the track 
\\-as ol.i@nally built across a steep bank of clay along 
the river. When this bank slid into the river, a wooclen 
trestle, also a~~chorecl in clay, was built across the slide. 
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'1cr.lcl: 48.-View northward fro111 milr 8;i:i.O on the I l a s k ; ~  Railroad, sirowing tlrc IVIoi~lg l ; rrr~lsl i t l r  n r r ;~ .  'l'lrr I , u i l~ l i~ l . - .  i n  t111. for t ,gr ,mn~l  is on 
an :~bandoned railroad grade. The JIooily section I r o u r ~  is in the  backpronnd at  tlre bend of tlir t rack .  Tcnsinn cr:icl;s ill tlrr right fore- 
grounrl are in clay :lnd silt and  :Ire ~ r o d o c e d  by nprrard welling a f  srclin~ents fro111 h(~lom. The Xcn:?11:1 River csnters its superposed course 
hetween Jloody a n d  Hpaly to the riplrt of the milro;~(l t o l r n ~ l  i n  the barkgrouncl. Tbc bench I>t.tme~u the tonrrpl and the JIoo<b section ho t~se  
is cal~pecl by t r ibutary  terrace gravel. JLIII~ 2 2 .  194'5. 

I n  1910 tlle trestle gave 7\-:1y. The track w:ts niorecl 
westwarel to its presellt positioii on clay-free clelta 
gravel in successire stapes after several htmdrecl tliou- 
sand cubic yarcls of gravel had been excavated fro111 
the cliff. The  clay along the river continues to slide, 
and the area between the track and the river (111. l o ) ,  
about 300 feet wide, consists of rotated landslide blocks 
separated by fresh scarps and cracks. The track, where 
i t  rests on gravel. has not liiored for  several years. 

The most rapirl inorement of tlie roaclbed in recent 
years 1las taken place I).=tn-een inile 333.0 aiid Jloody 
(mile 363.3). The Iandslitle there is clirisible into three 
belts that  are iiloviilg in part  iildel~el~tleiitIy. A lower 
belt froill 1,400 to 1,480 feet in altitude lias niored 
consiclerably in  the past but sho\\-s little sign of more- 
meilt a t  p re~ent .  A n  inteimadinte belt from 1,480 to 
1,600 feet in  altitucle llns niored actively si~ice 1948 
and had moved considerably h f o r e  then. ,111 upper 
belt from l,(i00 t o  2,300 feet ill altitude beg:t11 signifi- 
cant 1;lovement ill 1017. 111 .July 1948 t l ~ e  center line 
of an abandonetl portion of tlle tr:~cli, about 50 feet 
east of tlie main line and on tlle enst ec lp  of tlie inter- 
n~ecli:~te belt, ~ v a s  30 feet bdow tllr original grade at 
mile 353.15. Ties in tliis abandoned portion 1lacl ro- 
tated so tha t  tlle west eiid was a few inches lower than 
the east end. A t  that  tirne tlie main line ITas ahont 10 
feet below grade at the lowest point of the "sinlrhole" 
and had moved several feet east of its original pcsition. 
B y  the  fall of 1928 several "doglegs" appeareil in the 
track, evidence of more eastward movemeilt cluring 
the summer. 

lllovernent of the tr:tck since 1948 is reporied by 1 
Mr. Hrxgstacl to  have :~veragecl about 4 feet horizon- I 

tally and about 11/2 feet vertically per year. I n  June  
1052 nuinerous active scarps \\.ere seen between mile 
353.0 ancl inile 353.2 fro111 tlle track uphill to  the top I 
of tlie beiirh. at  an  altitude of 1,700 feet. The central 
part of a i~orth-trending line of stxlres, which ,James 
Iliorrison, sun-eyor for the Rlaslin Railroad, had I 

placecl bet~reen 100 and 200 feet west of the track, I 

mo~-ed more than 7 feet eastward in tlie %month 
periocl, from October 194'7 to .July 19% (See pl. 10.) 
The s::tBee \\-ere not relocnted in l!f52. Tlle teleplloile 
line (fie. 49). ~vIlich cros5es the lipper par t  of the inter- 
nletlinte dicle belt, lias been offset as lnucll as 35 feet 
in the periocl f ronl 1!)4'7 to  1!)52, indicxtiilg a maxirmm 

I 
I 

average don-nslope ~novelllent of 7 feet per year. 
A11 upper line of ~t :~lres  ~vt-as p1:tced by Morrison be- 

i 
tn-een GOO and 70:) feet wcst of tlie trncli, in tlie u j~pe r  
belt of the 1:rntlslide (5ee ~ 1 .  10). Maximuni ~liovernent 1 
on tliis line in the period from October 1017 to ,Jnly 
1948 Trns 8.5 feet. Thebe stalies also were not relocated 
in  19.52. The surface of tlie ul)pel. part of the ilitle 
ill 1948 nl~tl  i l l  1952 \\-:ti seamed \vitll f~nesli crnclrs, 

I 
sonla a. nlnch :I\ 2 feet 11-ide. 'Tile lo~~-e i*  e~l t l  of this 
belt is :I barren blutf froin n-llicli block\ of s~ l l i s t  fre- 
q~ie l i t l -  1~111 clown 1111011 tlie 111)11w 'edge of tlie inter- 
~lec1i:tte belt of the slide. 

F ~ - e s h  craclis in tlle bedrock a t  the top of tlie steep 
niountain slope (fig. 50) that  rises 800 feet abore the 
tra(~1i were observed by Mr. B r a g s t ~ d  and the late 
J l r .  3lcNavisIi in the slnrrlrner of 1947. Ad(litiona1 
cracks were seen by tlie a ~ ~ t h o r s  in  1948 and in  1952. 
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V I ~ ; ~ I I I I ;  4<J.-I~is1,1;1(~?il t i ~ l ~ ~ ~ t l l ~ o t l ~ ~  lil~c, ,111 r 1 1 , .  3 I o o ~ l ~ -  l t t l ~ , l ~ l i ~ l ~ ~  : 5 i+,\\ 13 

to the  north. l\Inxirnum tlirg!ncewcnt is 33 feet,  frolir 1947 to dllllr 
19, 1952. 

Tlie schist on this ridge is brolcen into lnrgc bl(,cli<, 
some of whicli are sliding south~varrl froin the crest of 
the ridge towarcl Sheep Creelr: :111(1 others east\vm*tl 
toward the railroad. 

Between Moody (mile 353.3) and mile :53.3 t l ~ e  rail- 
road crosses a pa r t  of the lnndslicle tlint \\-as actire 
before 1945, but which gave little trouble bet\veen 1945 
ancl 1049. I n  September 193'7, the tracli across tlii.: 
par t  of the slide sanli 30 feet in 15 d : ~ ~ s .  ISefore 1!)45 
this par t  of tlie slide was not coveretl \~-itIi veget:ttion. 
Except for its east en(1, wliich is still barren. this area 
is no\v covered with :I dense growth of alders a~icl 
~ ~ - i l l o ~ ~ ~ s .  

A t  the northeast end of the Moocly slide, a t  inilc 
353.5, a very active e a r t h f i o ~ ~  in  glacial-lake clay ancl 
silt (sample 15, figs. 34 ancl 47) enlnrgecl 2iead\r~ard 
toward the track anel underminecl the track in  1940. 
T o  protect the tracli. 34 ~vooclen piles r e r e  driven on 
the south side of the track and anchored, by steel cal)les 
running under tlie tr:lclr:, to 12 piles on the north side. 
The  track has not settled since the piling was emplacecl. 
I11 ,June 1938 craclis \\-ere present in the fill b e t ~ ~ - e m  
the railroad ancl tlle so l~ th  line of piling, ancl one cr:rclr 
was seen 60 feet north ancl about 20 feet nhore the tl+nc.li, 
Slumping seems imminent. 

Surface water that  drains the upper slopes runt: illto 
the head scarps of many slump bloclis. IT'ater stancls 
i n  sap ponds in several places 011 the intermecliate belt 
of the lnndslicle, and a small temporary reservoir v-ns 
built in 1947 on the slide at mile 353.2 t o  provide domes- 
tic water for  a construction crew. Sereral springs 
emerge 11-ithin the slide area, ancl severid intennittent 
streams cross the slides. 

Posnible renzediaZ mea.sures.-The recommendations 
for  the control of the landslide between mile 352.7 and 
mile 353.5 are in general similar to  those for  the Iand- 
slides between miles 349.1 and 340.6, between miles 
330.0 nntl :150.:3, aucl hetween irlile 351.2 and mile 351.5. 
1'1.obnbly realinelnent of the track wonld be too costly 
to be practical. Piles and concrete retaining TI-alls are 
short te1.111 ex~)edielits oilly. 'I'lle best relnedies pre- 
: l ~ ~ ~ i ~ ; ~ h l y  inrolre  clrying or refreezing of the slide. i\ll 
bllt one of tlie flumes that were constructed to  facilitate 
remora1 of surface water n o ~ r  carry tlle n-nter only to 
tlie Ion-tr side of the track. These should be extended 
to the liver and nlany more should be constructed. 
Tlie 1~)11(1ls sntnrnte the landslicle material and shonld be 
tlraillccl. TTater horn s l~r ings  sliould be coilreyeel from 
tlie slide area by ilu~nrs.  J,i~inetl tlitclles across the 
111)11e1* ~ 1 0 1 ) ~  are necessary to divert surface water. 

111 ortler to stolt ~noveilient \\-hich is ta1;inp place at 
coiisitlel~able deptli, in  part at  least a t  tlie base of perma- 
frost, it \\-ill be necessary t o  illtercept ground \rater or 
to freeze the clay or gravel from the tops of tliose layers 
to  bedi.ock or  to a level below that of the river. Drain 
~ i p e ;  or freezing pipes coulcl be driven, steam-jetted, 
or  plncecl in tlrilled wells. T o  avoicl the possibility of 
sIlei~l.iilg the c::sings containiiig the freezing points be- 
fore stabilization is :~ccomplished, they collld be in- 
stalled from tlie periphery of the slide inward. I t  
\~-ould be very desirnble to  start  freezing tlie slicle im- 
metliately nfter each point has been put in place. 
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LANDSLIDE BETWEEN MILES 356.2 AND 356.6 

At mile 356.2 the railroad passes through a tunnel 
beneath a hill (fig. 5 l ) ,  composed of Birch Creek schist, 
that rises about 500 feet above the track. Foliation 
in the schist strikes eastward and dips gently north- 
ward; crenulations plunge gently eastward. Part  of 
the southeast side of this hill has been moved by a great 
landslide. (The head scarp and other pronounced 
scarps of the landslide are shown on figure 51.) The 
eastern part of the landslide consists of a great mass of 
talus that sulmps toward the river. The talus is fed 

by rockfalls and rockslides from cliffs on the west side 
of the slump. The railroad crosses the landslide for 
a distance of 1,000 feet northeastward from the tunnel. 

The slope of the eastern part of the slide from the 
track to the crest of the hill is considerably less than 
the angle of repose for the blocky talus that lies on it. 
The cliff at the head of this part of the slide is seamed 
by open joints as much as 20 feet wide that extend to 
unkilown depths. Blocks of schist 100 feet or more on 
a side have parted from the bedrock along these joints 
and are sliding outward onto the talus or are sinking 

Contact, dashed where 
approxtrnately located 
- - - - - - - - - 
Inferred contact 

dlrectjon of movement. 

""'""""""""""'"'A 

Surveyed June 21-22, 1952 
300 0 1200 Feet 

I I I I I 1 
Contour interval 50 feet 

The Alaska Railroad datum 
121 feet above mean sea Isus/) 

FIURE 51.-Geologic sketch map and cross section of landslide between mile 356.3 and mile 356.6, the Alaska Railroad. 
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D7~'rc,uuns 52.-Tunnel and broken clifi of Iiircti Creek srliist a t  Garner  
landslide area at  mile 356.2 on the Alaska Kailroail. Arrow indicates 
broken block of schist approximately 100 by 60 by 100 feet  in  di- 
mension. June 22, 1952. 

vertically with the slump. The north border is charac- 
terized by pits, overhangs, and open joints. 

The great weight of the broken rock a t  the head of 
the landslide forces the talus in the lower part to inore 
downward and outward (fig. 51) toward tlle river. 
The river erodes the toe of the slicle as fast as it acl- 
vances. The track has inovecl with the slump a t  the 
rate of 2-4 feet per year for  many years. No adequate 
method of controlling track movemellt is known that 
would be less expensive than periodic adjustment of 
the traclr. 

Along the south~vest margin of the landslide a cliff 
rises several hundred feet above the ilortheast portal 
of the tunnel. It has slopes of 50"-90" anel o~erhang-  
ing ledges are common. Several chutes llaving gracli- 
ents of 50" extend from the top of the cliE to the 
track. Blocks of bedrock are separatecl by open joints 
ancl open seams along planes of foliation a t  the heads 
of these chutes. One block 100 feet long, 60 feet wide, 
and at  least 100 feet high (fig. 52) is separated by an 
open joint 17 feet wide (fig. 53). The position of the 
block is indicated on figure 51. IIIeasuren~eilts of the 
width of this crack were lnacle abont once a year in the 
period from 1948 to 1952 ailcl show that the crack is 
enlarging a t  the rate of about 0.2 foot per gear. Ac- 
corcliilg to Jfr.  Bragstacl, the ~\-iclth of the crack elonblecl 
in the period from 1939 to 1048. Blocks of schist hare 
bee11 falling from this cliff oilto the track for illally 
Fears. Roclrfalls delayed trains from several ho~xrs to 
several clays on October 5,1030, August 24,1946, Augnst 

16,1048, and August 20,1950. The last rockfall buried 
150 feet of the traclr to a depth of 30 feet. 

LANDSILDE BETWEEN MILES 357.3 AND 257.7 

(r'eolog?f.-Between mile 357 aild mile 338, between 
1 ant1 2 lniles south of I-Iealy (pl. 2 ) ,  the river ailcl the 
railroad illalie a sharp curve convex to the aorth, and 
then, east of this curve, a much sharper curve convex 
to the east. A t  the north end of the secolld curve tlle 
rirer and r:tilroad emerge from the narrow rock-wallecl 
gorge 1~hic11 they follow for  nearly 5 miles to the 
south, ancl enter a broad, terraced valley, the floor of 
whicl~ is nearly half a mile wide. In  the area of these 
two curws the gorge is about 220 feet deep ancl is in- 
cisetl in a broad terrace. The south bank of the r i rer  
in the western curve is marked by a flight of terraces, 
 hose presence indicates that the river has bee11 migrat- 
ing laterally into its north bank during the time i t  has 
been cutting the narrow gorge. On the north bank of 
tlle r i ~ e r  in this same bend is a sloping hnmnloclry 
beilcll, about 120 feet above river level ancl abont 50 
feet abore track level. As will be shown subsecluently, 
this bench is a complex slump block of a lal~clslide which 
affects the railroacl a t  this point. The lanclslicle area 
is shown in figures 54 and 55 ; cross sections through it 
are s h o ~ ~ n  in figure 56. Throughout the two curves tlle 
railroacl is about 70 feet above the river. 

The beclrocl; through this part of the gorge is nlostly 
Uil-ch Creek schist; the west *irall of the gorge as innch 

FIGUIU: 553.-Open joints I~c l~i r r ( l  scbist 1)lol.k at. Garlwr 1:rrrdslido area a t  
mile 356.2 on the Alnskn  Railrontl. J u l y  18, 1948. 
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as 180 feet above the river is schist (see fig. 54). 
Foliation in the schist strikes approximately N. 70" E. 
and dips 25'40" S. Joints strike N. 70" W. and dip 
70" N. Generally the schist in the gorge is firm and 
unweathered. This part of the gorge is very close, 
however, to the depositional contact a t  the base of the 
Tertiary coal-bearing formation. This contact crosses 
the railroad near the north end of the eastern curve 
(pl. 2 ) ,  and probably lies only 600 feet north of the 
railroad in the western curve, where it is buried by 
50-80 feet of outwash gravel. The contact north of the 
railroad probably dips about 30" N. 

The broad terrace east of the river is probably under- 
lain by the coal-bearing formation in a shallow syncline. 
Before erosion had reduced the land to the level of the 
broad terrace, the two bodies of coal-bearing formation 
were connected over the site of the canyon by an anti- 
cline in the coal-bearing rocks. The base of the coal- 
bearing rocks a t  the crest of the anticline could have 
been no more than a few hundred feet above the level of 
the terrace. 

Immediately below the depositional contact elsewhere 
in the Alaska Range the Birch Creek schist is commonly 
weathered partly to clay. This weathering took place 
during the early Tertiary, when the climate was much 
warmer than a t  present. ,\long Healy Creek, about 4 
miles to the east, the schist is weathered partly to 
sticky clay from the contact to a point more than 100 
feet below the contact (Wahrhaftig, Hickcox, and 
Freedman, 1951, p. 148). Presumably the zone of 
weathered schist is present along the buried contact 
north of this area. 

The upper par t  of the canyon wall consists of clean 
coarse-grained blue-gray outwash gravel, 30-60 feet 
thick, which was deposited by the Nenana River. 
Northward from the top of the bluff the gravel forms 
a terrace that  is covered in part with sand dunes as 
much as 20 feet high (fig. 54). 

Landslide activity.-"Sinkholes" have caused consid- 
erable trouble along the stretch of track between mile 
357.3 and mile 357.6, ~vhich is on the convex side of 
the western of the two bends of the river (figs. 54 and 
56). The "sinkholes" result from a landslide on the 
outer side of the curve in the river. The  material 
exposed a t  the toe of the landslide between the rail- 
road and the river is broken and weathered Birch 
Creek schist. For  a distance of about 200 feet along 
the east edge of the landslide, the movement is 
most active, the schist is reduced to a mass of small 
blocks and much sericite paste. I n  the southwestern 
part  of the landslide the blocks are much larger, as 
much as 100 feet on a side; rotation of these blocks 
is indicated by the erratic strikes and dips of the folia- 

tion in the schist. The downward and outward move- 
ment of the schist has caused an arcuate block of out- 
wash gravel 800 feet long and 300 feet wide to be 
lowered as much as 90 feet below the base of the out- 
wash gravel on the terrace behind it. This material 
has slumped and settled irregularly over the slumped 
blocks of Birch Creek schist beneath i t  (fig. 56), thus 
forming the sloping hummocky bench above the rail- 
road track a t  this place. 

During 1948, landslide movement consisted of down- 
ward sinking of the material on which the track rests 
and outward bulging of the slope below the track. 
Slumping along the track was confined to an area 200 
feet wide a t  mile 357.5-the northeast part  of the land- 
slide, where the rock consists of badly broken frag- 
ments of weathered and discolored schist. Cribbing, 
which had been set along the base of the bank a number 
of years before, was undisturbed. Presumably, river 
erosion of the toe of the slide is not causing the slump- 
ing a t  present. 

It is believed that  this landslide occurred as the 
result of lateral migration of the Nenana River into 
its northwest bank. The river breached the \\-all of un- 
weathered schist separating i t  from the mass of 
weathered schist, which was then forced to move into 
the river as an earthflow by the great weight of ma- 
terial that rested on it. I f  this interpretation is correct, 
expensive measures will be required to coiltrol sliding 
of the great mass of weak material that lies beneath the 
terrace to the north of the track (fig. 56). 

PossibZe remedial measures.-Realinement of the 
railroad by cutting or  tunnelling directly tllrough the 
terrace would be difficult and expensive. A cut would 
have to be nearly 200 feet deep, and its walls mould 
consist of about 100 feet of weathered schist "clay" 
and of sand and clay of the coal-bearing formation, 
overlain by 70 feet of coarse gravel. Landsliding ~ o u l d  
occur frequently along the walls of the cut. A 
tunnel would require lining throughout its length. A 
massive retaining wall a t  the base of the slide ~\-ould 
be very expensive and would control the slide only 
temporarily. On the other hand, spot freezing of the 
slide might control the movement. 

INDUSTRIAL SITES 

The resources of coal, clay, and limestone of the Ne- 
nana River area (Wahrhaftig, Hickcox, and Freed- 
man, 1951; and Cobb, 1951), and the favorable ,position 
of the area with respect to transportation, make an 
evaluation of potential industrial sites advisable. Suit- 

8 Moxham, R. >I., West, W. s., and Nelson, A. E., 1951, Cement raw 
materials available to the Windy Creek area, Alaska ; Unpublished rept. 
in files of U. S. Geol. Survey. 
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able locations for  factories are scarce in  interior Alaska, 
where most of the level ground is underlain by fine- 
grained sediments containing much perennial ice. The  
cost of coi~struction in such areas commonly is pro- 
hibitive. I f  careful tests and evaluations of the rock 
units and thermal regime are not made before struc- 
tures are designed, destructive settling usually results. 
The following considerations have been given to the 
selection of sites t o  be used for industrial purposes: (1) 
The site should embrace a t  least a quarter of a square 
mile of level ground. (2) I t  should be reasonably ac- 
cessible 60 the Alaska Railroad. (3) The foundatioil 
material should be free of permafrost, or i t  should be 
unaffected by thawing of permafrost. 

I n  general, the only suitable industrial sites in the 
Nenana River area are the gravel-capped terraces on 
either side of the river. The terrace gravel should be 
overlain by no more than 4 feet of silt or solifluction de- 
bris and should be a t  least 20 feet thick. I f  the gravel 
is thinner, i t  should rest 011 suitable bedrock. Test 
drillillg should precede final selection of an inclnstrial 
site. 

NEAR WINDY 

Two areas near Windy are regarded as favorable for 
industrial sites. One is on the alluvial fan  of Bain 
Creek a t  Windy, which is underlain by medium- to 
fine-grained gravel composed of argillite and gray- 
wacke (pl. 4). This is overlain by 1-3 feet of moss ancl 
silt and is perennially frozen. 9 more favorable site 
is on the broad terrace north of the Alaska Railroad 
\I-here the tracks cross Windy Creek. It is apparently 
underlain by a thick layer of well-~vashed gravel and 
may be free of permafrost. Between this terrace and 
the limestone hill about 2,000 feet to the north is a 
lower area covered by peat. Industrial structures 
should be built in areas in  which peat does not occur, 
if possible, because of the high percentage of ice in 
the permafrost that underlies the peat. 

NEAR HEALY 

The most suitable industrial sites near Healy are those 
on terraces capped by 2 0 4 0  feet of gravel that  was 
deposited by the Nenana River (pl. 2). Of these sites 
the most suitable is on a set of terraces, totalling 1% 
miles in width and 2 miles in length, just west of Healy. 
Individual terraces are 1/4-% mile wide, 2 miles long, 
and 10-20 feet high. This set of terraces is bounded on 
the west by the next higher group of terraces, along 
the base of which is a belt of solifluction material and 
muskeg. Industrial construction could probably be 
extended into the belt of solifluction material and mus- 
keg if that ground were prepared properly for it. This 

site is about 80-100 feet above the railroad track a t  
Healy. 

Other industrial sites are on the terraces a t  Healy 
ancl along the river below Healy. The  site on the rail- 
road terrace a t  Healy is 200400 feet wide. However, 
i t  is already occupied by switchyards and other instal- 
lations of the Alaska Railroad. The terrace below the 
r:iilroacl is abont 15 feet above the river, 400-800 feet 
wide, and 4,000 feet long. It could be reached by a 
branch of the Suntrana spur track. 
d broad gavel-covered terrace a t  an altitude of 1,600 

feet, south of Healy Creek and east of the Nenana 
River, is probably suitable for  an industrial site, pro- 
vided i t  is not underlain by minable coal, and provided 
the gravel corer on the terrace is of sufficient thickness. 
This terrace is about 4,000 feet wide and 10,000 feet 
long. Access to the terrace could be had by a steel 
bridge across the canyon a t  mile 357 on the Alaska 
Railroad. 

West of Lignite (mile 363) is a terrace about 1-1s 
miles wide, about 4 miles long, and about 150 feet above 
the railroad (pl. 2) .  I t  is underlain throughout by 
20-50 feet of dry gravel, resting on the Nenana gravel 
and upper part  of the coal-bearing formation. It is 
probably the most suitable industrial site in the Nenana 
coalfield. The terraces a t  the railroad level in  the 
vicinity of Lignite, are about a quarter of a mile wide. 
HOTI-ever, they are covered for the most part  by exten- 
sive muskeg and snTamps and probably by a much 
thinner lager of gravel than that  on the higher ter- 
race. Similar terraces occur between Ferry and 
B r o ~ ~ - n e  (pl. 5). 

DAM SITES 

I11 general the Nenana River is not favorable for 
pan-er installations. The river heads in glaciers and 
carries great quantities of glacial silt during the season 
of flood, May 1 to September 15. During the remainder 
of the year, when the water is clear, the discharge is 
small. The gradient of the river is steep, averaging 
about 25 feet per mile. Consequently, the length of a 
reservoir would be relatively short for any given height 
of a dam. The canyon is narrow throughout, and no 
reservoir could be more than 1% miles wide a t  the 
11-idest point; consequently, the storage capacity of the 
reservoirs would be small. 

Sufficient data are available to permit an appraisal of 
four dam sites between Healy and Windy. Most of the 
dam-site foundations are in permafrost, and special 
precautions are required in  the event dams are built 
on them (Huttle, 1948 ; Lewin, 1948% and 194813). 

During the summer of 1950, the Water Resources 
Division of the Geological Survey inaugurated stream- 
flow measurements on the Nenana River. 
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FROM MILE 354 TO MILE 356 Geologically, this dam site is very unfavorable (fig. 

The only part of the canyon between Moody and 
Healy that is topographically suitable for dam sites 
lies between mile 354 and mile 356. The most favorable 
locality here is a t  about mile 354.3. A dam about 230 
feet high and 750 feet \vide a t  the top would impound 
a lake 3 miles long and as much as half a mile wide. 
The reservoir would cover an area of 2.5 square miles, 
and its storage capacity would be about 100,000 acre 
feet. The building of such a dam would require re- 
alinement of a t  least 9 miles of track. 

The canyon walls a t  mile 354.3 are in  Birch Creek 
schist, slightly impregnated with pyrite. Although 
this schist is considerably stronger than that  1 mile 
farther north, it is not strong enough to provide ade- 
quate foundation for a dam. Lying along the west side 
of the canyon is a half-buried ridge of schist, about 
1,500 feet wide (fig. S?), beyond which lies a preglacial 
gorge 2,000-2,500 feet wide, filled with glacial-lake 
sediments (see p. 83-86 and fig. 57). The sediments 
consist largely of silt and clay. Sand and gravel were 
deposited along the shores of the ancient lake. Some 
leakage through the sediments in a segment of the 
gorge about two-thirds of a mile long that lies between 
the tributary canyons crossed by the railroad a t  mile 
354 and mile 355.2 would probably occur until the clay 
sealed off the openings. 

AT MILE 349.8 

A dam 180 feet high and 500 feet wide a t  the top 
a t  mile 349.8 would impound a reservoir 5 miles long 
and as much as 1% miles wide. It would have an area 
of about 2.5 square miles and a storage capacity of 
about 67,000 acre feet. Construction of such a dam 
a t  this point would not require realinement of the 
track. 

36).   he schist in the canyon i s  weak structurally 
and is sliding into the river. It is likely that  the schist 
is broken by numerous throughgoing fractures. Sev- 
eral partly altered basalt dikes in the east wall of the 
canyon follow north-trending vertical joints. The 
body of schist that forms the west wall of the canyon 
is only 600-800 feet wide a t  the base and only 300 feet 
wide a t  the top. West of this schist lies a segment, 
about 0.6 mile long, of an ancient glacial valley that  
is filled largely with glacial-lake sediments that  con- 
sist mostly of clay and silt (fig. 36). The creek at  mile 
350.3 had built into this ancient lake a delta, the per- 
vious gravels of which are exposed in the south canyon 
wall of the creek, just west of the railroad bridge. It 
is possible that  the clelta gravels from this creelc extend 
beneath the west side of the bznch and crop out on the 
river bank a t  mile 349.1. I f  so, leakage through i t  
would be considerable. Moreover, the glacial history 
of the Nenana River gorge indicates that an ancient 
channel may exist in the clay beneath the bench. I f  
this ancient channel does exist, i t  is probably as deep 
as the present channel of the river and is filled with 
porous glacial gravels. 

AT MILE 342.0 

The river a t  mile 342.0 passes tllrougll a narrow 
gorge in diabase. A dam 200 feet high and 1,000 feet 
long a t  its crest would impound a lake about 6 miles 
long and as much as three-quarters of a mile wide. 
The reservoir would have an area of about 2.5 square 
miles and a storage capacity of about 50,000 acre feet. 
The Alaska Railroad would have to be realined for  a 
distance of 1-1% miles if such a dam were built. 

The west abutment of the dam would be in  a diabase 
sill about 250 feet thiclc. (See fig. 58.) Tlle east 
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FIGURE 57.-Geologic cross section of dam site at mile 354.3, the Alaska Railroad. 
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FIGURE 58.-Geologic cross section of damsite at mile 342.0, the Alaska Railroad. 

abutment would be in a 100-foot bed of partly meta- 
morphosed sandstone, overlain by diabase. The sand- 
stone and diabase strike approximately north\\-est a i d  
dip about 20" NE. A fault having a displacen~ellt of 
about 300 feet passes down the center of the gorge ancl 
has apparently controlled the course of the Senana 
River through this ridge. The  fact that the rirer 
follows this fault through the gorge suggests that tlle 
fault may have a wide clay-gouge zone. Other faults 
of small displacement, exposed on the east \\--all of tlle 
gorge, show no gouge. The faults are not no\r active. 

Between the diabase hills of the damsite and the mil- 
road, the confining malls of the reservoir would consist u 

of glacial deposits. I t  is entirely possible that a sub- 
glacial or interglacial stream channel, filled -\\-it11 
coarse, pervious river gravels, occurs beneath the reser- 
voir site and extends from the reservoir site to the 
Nenana River a t  mile 346. Other interglacial channels 
may exist on the south side of the east abument of the 
dam. 

AT MILE 329.0 

Near mile 329.0, a dam 3,000 feet long and 100 feet 
high mould impound a reservoir having an area of 
about 6% square miles and a storage capacity of about 
250,000 acre feet. The station a t  7Vindy \roulcl be 
flooded by this reservoir. About 10 miles of railroad 
would have to be realined. A dam 4,000 feet long and 
200 feet high would impound a lake having an area of 
about 14 square miles and a storage capacity of about 
1,000,000 acre feet. Both Windy and the community 
of Cantwell would be flooded, and about 14 miles of 
railroad would have to be realined. The foundatioi~ 
rock a t  this point is greenstone. I n  general, the rock 
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