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QUATERNARY AND ENGINEERING GEOLOGY IN THE CENTRAL PART OF THE ALASKA RANGE 

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

By CL 1:.1)E w AHRHAFTIG 

ABSTRACT 

The Nenana Hiver flows northward across the Alaska Range 
near longitude H9o ,V, Sedimentary bedrock formations of its 
basin include schist of pre-Cambrian age, undifferentiated 
Paleozoic and Mesozoic rocks, continental Upper Creta~:eous 

rocks and poorly consolidated continental Tertiary rocks. Ig
neous rocks include quartz-orthoc·lase sehist of Mississippian (?) 
age, greenstone, granitic and basic intrusive rocks of pre-Late 
Cretaceous age, and doleritic and andesitic intrusive rocks of 
Late Cretaceous age. 

The pre-Tertiary structure of the Alaska Hauge is a com
plexly faulted east-trending synclinorium. Upper Cretaceous 
rocks in the eenter are flanked on the north by schist of pre
Cambrian age and on the south by Paleozoic and Mesozoic secli
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 formations generally 
occur in broacl bands parallel to the range. 

Most streams of the Alaska Range have dendritic drainage 
systems and flow northward, alternate,ly following narrow can
yons through east-trending ridges of hard pre-Tertiary rocks and 
crossing broad plains and lowlands cut on Tertiary rocks. The 
plail:1s and lowlands extend without interruption across drain
age divides. The drainage is believed to have developed on 
a late Pliocene or early Pleistocene erosion surface, which ex
tended across the Alaska range between longitude 148° W. and 
149°30' W. Mountains that rose above this surface to the 
west culminated in Mt. McKinley, then about 10 000 feet hiah 
and those to the east in Mt. Hayes, then about 6:000 feet hl;h: 
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. During each 
glacial advance ice moved northward from within and south of 
the range to the northern foothills. 

Deposits of the earliest advance, the Browne glaciation, in
elude erratics that occur on a terrace 500 feet above the river 
at Browne and 1,000 feet above the river near Ferry. Several 
of the erratics are 40 feet across. Near Lignite, erratics occur 
2,500 feet above the river. Most of the erratics consist of 
granite, which apparently was derived from a stock near the 
headwater glaciers. The erratics indicate that an ancient gla
cier extended at least to the northern foothills and was 16 miles 
wide. B(•twe('n the Browne glaciation and the next glaciation 

423223-53-2 

the Nenana River downcut 200 feet at Browne and 700 feet at 
Healy. Presumably, this activity was caused by uplift of the 
Alaska Range, which increased the inclination of the surface 
25 feet per mile near Browne and Healy. In response to this 
uplift, stream sculpture and periglacial processes produced, be
low the upland surfaces on which the BrO\vne deposits lie, a 
topography that differs markedly from glacial topography. 

Deposits attributed to a second advance~that of the Dry Creek 
glaciation-inclmle a gravel ouhvash terrace. 100 feet thick, 
extending along the Nenana River northward from J.1ignite. The 
terrace is 500L1,700 feet below the surface containing the er
ratics and 350---500 feet a!Jove the outwash terrace of the fol
lowing glaciation. Varved 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 it lies 600 feet 
above the terminal moraine of the next younger advance, which 
stands immediately south of the mouth of Dry Creek. The 
varved clay was probably deposited in a glacier-dammed lake. 
Scattered till in the mountains south of McKinley Park station 
is several hundred feet above ice-margin deposits of the fol
lowing glaciation. The terminus of the glacier probably was 
near Dry Creek. The height and slope of the outwash terrace 
indicate that between the Dry Creek glaciation and the next 
glaciation the Nenana River clowncut at Healy about 500 feet, 
presumably in response to a northward tilting of 17 fPet per 
mile. 

'l"'l1e terminal 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 River 2 miles 
northwest of Healy. The spurs of the U-shaped gorge between 
Healy and McKinley Park station ore truncated, but minor fea
tures of glacial abrasion have not been preserved. Modified 
lateral-moraine ridges and patches of till are preserved on gentle 
topography. Elsewhere, glacial deposits of the third advance 
were removed before the next glaciation. No lakes formed dur
ing the Healy glaciation remain. The outwash terrace is about 
470 feet above tlw Nenana River near Healy and 85 feet above 
the river 20 miles north of Healy. 

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 river then cut into the wall, forming a narrower 
gorge. This superposed course lies about a quarter of a mile 
east of the sediment-filled glacial gorge. 

Glacial deposits of the youngest major advance-that of the 
Riley Creek glaciation-are much better p1·eservecl than the 
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older deposits. The terminal moraine forms a ridge along the 
south bank of Riley Creek near its mouth. Lateral moraines 
and ice-margin deposits form irregular pond-pocked embank
ments for many miles up the valleys of the Yanert Fork and 
~enana River. The ground moraine has well-preserved drum
Unlike hills, a medial-moraine ridge, and many depressions in 
which lakes have formed. The valley-train outwash is pre
served as a set of terraces the highest of which is 250 f~t above 
the river. The outwash gravel beneath the terrace surfaces is 
10-160 feet thiek. Between McKinley Park station and Moody 
the outvrash rests unconformably on eroded lake sediments. 
Between Moody and Healy the outwash terraces are in the gorge 
of the superposed Nenana River. On Healy Creek, bluffs cut 
terraces graded to this outwash and reveal only alluvium from 
creek level to terrace top. These exposures indicate that before 
the Riley Creek glaciation Healy Creek and the Nenana River 
tlowed at or below their present elevations. 

Valley-train outwash from an end moraine near Carlo forms 
a gravel terrace 200 feet high in a stream-cut canyon in till and 
outwash related to the terminal moraine at Riley Creek. These 
conditions suggest that the ice readvaneed after its retreat from 
the terminal moraine at Riley Creek. No other valley on the 
north side of the Alaska Range shows evidence of this read vance. 
The deposits are explained by assuming that as the ice retreated, 
a proglacial lake formed near Carlo; that this lake was subse
quently drained by erosion of its drift clam; that the ice re
advanced a short distance and rmshecl forward the proglacial 
delta forming the end moraine, and that a new yalley train was 
built by the heavily loaded glacial melt water. 

Evidence of hvo recent cold periods is found in two rock 
glaciers at the head of Clear Creek. The older rock glacier, 
which is now stable and covered with vegetation, has been dis
sected by deep gullies into which the younger rock glacier is 
now moving. Presumably, rock glaciers are active during cold 
veriods and are dissected during warm periods. . 

INTRODUCTION 

PURPOSE AND SCOPE OF THE REPORT 

It has long been known that Alaska was never com
pletely covered by glacial ice during the Pleistocene. 
North of the Cordilleran ice sheet of southern Alaska 
vvas a great driftless area, which included the greater 
part of the drainage basins of the Yukon and I(uskok
wim 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, iee covered 
most of the low com1try during periods of glaciation; 
and on the north side of the Alaska Range, ice tongues 
moving down the valleys left deposits of till and out
wash gravel on the valley floors. The Alaska Range, 
as will be shown, was being continuously uplifted 
throughout the Pleistocene. The effect of this uplift 
should have been to raise the deposits of early Pleisto
cene Time above the zone in whieh glaeial erosion oc
eurrecllater. Therefore, the north flank of the Alaska 
Range should be a favorable plaee for unra veiling the 
Pleistocene history of Alaska. 

Several rivers whose headwaters are in the low eoun· 
try on the south side of the Alaska Range cross the 

range and flow into the Tanana River. Glaeiers that 
advanced down the valleys of these rivers are continu
ous with the Cordilleran iee sheet of southern Alaska; 
to a certain extent they were distributary glaeiers fed 
by this ice sheet. The history of these glaciers reflects 
the history of the Cordilleran ice sheet. The govern
lnent-operated Alaska Railroad follows the valley of 
one of these rivers, the Nenana, in crossing the range 
between Anchorage and Fairbanks. 

This paper is concerned with the glaeial history of 
the Nenana River valley and of the parts of the Alaska 
Range adjacent to it in an area 78 miles long (from 
east to west) and 70 miles wide (from north to south) 
between longitudes 147°30' vV. and 150°\V. and lati
tudes 63°15' N. and 64°15' N. (fig. 1). A detailed study 
was made of part of this area-a strip 5-8 miles wide 
along the Alaska Railroad and Nenana River between 
latitudes 63°25' N. ancl6-! 0 15' N. (fig. 2), and a recon
naissance ·was 1nade of the rest of the area. The glacial 
sequence 'vhich was worked out for this narrow strip 
has been applied to the larger area. The area shown on 
plates 2-5, inclusive, lies between miles 328 and 385 on 
the Alaska Railroad/ and is about 214 1niles by railroad 
north of Anchorage, and 90 miles by railroad south of 
Fairbanks. It ineludes the middle portion of the 
Nenana River, beginning at a point about 50 miles 
downstream from its source at the Nenana glaeier and 
ending about 25 miles upstremn frmn its confluence with 
the Tanana River. 

Chapter B of this report, by Clyde vV ahrhaftig and 
R. F. Black, applies the results of this geologic investi
gation to the study of landslides along the Alaska Rail
road and to a general appraisal of the engineering ge
ology along the Alaska Railroad between miles 328 and 
38-::1::. 

HISTORY AND METHODS OF THE INVESTIGATION 

The attention of the Geological Survey was drawn to 
the Pleistocene geology along the Nenana River in re
sponse to 8 request made by the Alaska Railroad that 
the causes of landslides along the railroad het,veen 
l\iel(inley Park station and Healy be investigated. 
These landslides have hindered the operation of the 
railroad almost frmn the time of its opening. The 
author became interested in the Pleistocene problems of 
this area while studying the eoal deposits of the Nenana 
coalfield. 

On Oetober 19, 1947, immediately after several severe 
earthquakes (St. Amand, 1948, p. 617), the railroad 
track at mile 351.4 in the gorge between l\icJGnley Park 
station and Moody began to settle at a rate of about 
4 feet per clay. Col. J. P. Johnson, general 1nanager 

1 Mileage is giYen in terms of mileposts on the Alaska Railroad. 
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of the Alaska R.ailroad, requested the Geological Sur
vey to make all 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 9-mile stretch of track between 
MciGnley Park station and Healy was made between 
October 31 and November 2.1 As a result of this inves
tigation, it was decided that a reconnaissance making 
special reference to Pleistocene deposits and engineer
ing prcblems be undertaken along the Alaska Railroad 
b2tween 1niles 328 and 385. This clone in the summer 
of 1948; the author was in the area from June 15 to 
November 15, and John ,V. James was in the area from 
tTune 15 to August 27. Information gathered in 1944 
and1945 (Wahrhaftig, Hickcox, and Freedman, 1951) 
has also been incorporated in this professional paper. 
The author reexamined the area, particularly the land
slide locahties, 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 the 
Y anert Fork and in an area west of the river near 
Lignite. Observations on the glacial geology of the 
vVood River country were made in 1950 by the author 
and R. A. Eckhart, and observations on the glacial ge
ology of the Yanert Fork and in Mount Mcl{inley N a
tiona! Park were made in 1951 by the author and Allan 
V. Cox. In 1952, the author and J. H. Birman 1napped 
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 the 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 the 
contour interval, 10 feet. Geologic features at greater 
distances from the railroad ·were plotted on vertical and 
oblique aerial photographs taken by the lT. S. Army 
and Air Force in 1941, 1946, and 1949. Information 
gathered in the 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. 
vVahrhaftig 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. Inasmueh as the course of the river 
at the time the terraces were deposited was probably 
different from its present course and ean 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 

1 Black, R. F., and Wahrhaftig, Clyde, 1948, Preliminary geologic in
vestigation of railroad track difficulties 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 between miles 342 and 345 was doubled on 
the profile to allow for the arc of the river in the vicinity 
of Y anert Fork. The longitudinal profile of the ter
races and glacial deposits (pl. 7) was prepared from 
the geologic maps (pls. 2-5). 

The author wishes to acknowledge the cooperation 
of the management of the Alaska Railroad, who placed 
accommodations, transportation, and technical assist
ance at his disposal. He is grateful in particular for 
the cooperation of the following members of the staff 
of the railroad : Col. J. P. Johnson, general manager; 
R. A. Sharood, chief engineer; Charles Griffith, bridge 
engineer; Anton Anderson, engineer in charge of main
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GEOGRAPHIC SETTING 

PHYSIOGRAPHIC DIVISIONS 

~1ost of the area shown 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 a great arc about 600 
1niles lung and 50-120 miles wide extending from a 
point near the Canadian boundary to Lake Clark and 
Lake Ilimnna in southwestern Alaska, where it 1nerges 
with the Aleutian Mountains. The highest point in 

FIGURE 3.~Physiographic divisions of the area covered by this report 
(see pis. 1 and 2). A, Tanana Flats; B, northern foothill belt of the 
Alaska Range; 0, Alaska Range; D, Broad Pass depression; E, north
ern Talkeetna Mountains. 
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the Alsaka Range and the highest point on the North 
American continent is Mt. Mcl(inley, which is 20,300 
feet high. This mountain is located 35 miles S. 35° W. 
of the southwest corner of the area shmvn on plate 1. 
However, the number of high n1ountains in the Alaska 
Range is comparatively small. Less than 40 peaks 
are higher than 10,000 feet, and the crest of most of 
the range is bet\veen 7,000 and H,OOO feet in altitude. 
The range is dmninated by four great 1nountain masses : 
the Mt. Spurr-Mt. Gerdine group in the extreme south
west, culminating in J\ft. Gerdine ( 12,600 feet high) ; 
the Mt. Mcl\:inley group, just ·west of the area shown 
on plate 1; the M::t. Hayes group, culminating in 1\H. 
Hayes, 24 miles east of the area shown on plate 1 ; and 
the 1nountains around }\;ft. 1\:imball, 70 miles east of 
l\ft. Hayes. 

The Alaska Range is crossed by several low passes 
and by several rivers that head in the lowlands on the 
south side of the range and flow northward across the 
range into the Tanana River. These rivers are the 
Chisana and the N abesna Rivers, east of longitude 
143° vV.; the Delta River, at longitude 146° vV.; and 
the Nenana River. All other rivers of the range rise 
in the mountains and flow south into the Copper or 
Susitna Rivers, or north and west into the Tanana and 
J(uskokwim Rivers. Most of these rivers have short 
and steep courses, and nearly all those rising in the 
higher portions of the range head in glaciers. Mt. 
Spnrr, l\ft. MciGnley, and Mt. Hayes support glaciers 
that extend 20 or 30 miles from their sources and 
spread out as great piedmont lobes at the edge of the 
plains bordering the range. Glaciers on the south 
side of the range are much larger than those on the 
north side, as the south side receives more precipitation. 
On the other hand, ice is found at lower altitudes in 
north-facing cirques than in south-facing cirques. 

The northern foothill belt of the Alaska Range, 
which is about 20 1niles 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-flowing streams rising in the Alaska 
R.ange. 

The southern edge of the Tanana lowland lies along 
the north border of the foothills (see pl. 1 and fig. 3). 
For a distance of 15-30 Iniles northward frmn this 
border the flats are made up of a series of coalescing 
alluvial fans. 

The Broad Pass depression (fig. 3) is a flat-floored 
trench about 5 miles wide bordering the Alaska Range 
on the south. Its altitude is between 2,000 and 3,000 
feet, although scattered 1nountains within it rise to 
higher altitudes. The Talkeetna Mountains, the 

southenunost 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 R.iver rises in the Nenana Glacier on the 
south side of the Alaska Range (pl. 1). It flows about 
47 1niles southwestward along a braided course through 
the Broad Pass depression to Windy, where it turns 
abruptly northward and flows directly across the 
Alaska Range. At Windy the Nenana River is joined 
by the Jack River, which drains the northwestern 
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 
1niles downstrean1 frmn Carlo, the Nenana River occu
pies a U -shaped valley whose floor is nearly flat and 
almost a mile wide and whose walls 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. 
At a point a few miles north of Carlo the river enters 
the Yanert Fork valley. The river flows along the 
west side of this depression through a narrow winding 
terraced gorge, 100-250 feet deep, cut in glacial de
posits and bedrock hills that floor the Y anert Fork 
valley. 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 the east and 
flows westward in a braided course to join the Nenana 
River. A few miles above its confluence with the 
Nenana the Y anert Fork also sinks into a narrow 
winding gorge cut in glacial deposits. The Nenana 
Hiver leaves the northwest corner of the Yanert Fork 
valley at Mcl{inley Park station. 

From Mcl{inley Park station to Healy, a distance 
of 10 miles along the river, the Nenana flows in a re
markable two-story canyon through a high ridge. The 
outer canyon is U-shaped, and its floor is lh~3t4 of a 
Inile wide; the broadly flaring walls and truncated 
spurs rise to a height of 2,500 feet above the canyon 
floor. In 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. In 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. about 28 miles across the northern 
foothill belt. Here it occupies 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, ranges in width fron1 6 to 10 miles; individual 
terraces are locally more than a mile wide. North of 
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the foothills the Nenana River enters the Tanana low
land, which it crosses on a large alluvial cone nearly 
20 miles long and 400 feet high at the a.pex. The N e
n ana River enters the Tanana River at Nenana, 30 
miles downstream from the edge of the foothills. The 
total length of the river is thus about 150 miles, of 
which slightly more than half is in the area covered on 
plates 2-5. 

CLIMATE 

The climatic data for three stations on the Alaska 
Railroad are snnunarized in table 1. These stations 
(see pl. 1) are Smn1nit, at the crest of Broad Pass; 
McKinley Park station; and Nenana, about 22 miles 
north of the north edge of the area shown on plate 1. 
The records for Summit represent eonditions typical 
of the south side of the range; those for lVIcl(inle.y Park 
station, of the n1ountains; and those for N eJl.'lna, of 
the north edge of the Alaska Range foothills. As can 
be seen from these records, precipitation is consider
ably heavier on the south side of the .._1\laska Range 
than on the north side. Average annual temperatures 
are about the same. for all three stations, but summers 
are mueh hotter and winters are far more severe at 
Nenana than at the two southern stations. 

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

[From records of U.S. 'Weather Bureau (1950)] 

I Average tf'mperaturc (°F) Total precipitation (inches) 

Month I J 

I 
Summit McKinleyiNenana Summit McKinley Nenana 

Park sta. Park sta. 
---------1~--,- --------- ----------
January ________________ ! 4.3 3.0 -8.2 1.07 0.86 O.fi4 
February_______________ 8.9 7.8 .2 1.13 .61 .48 
March__________________ 11.4 12.9 8. 5l 1. 48 . 42 . 56 
April___________________ 21.6 26.6 27.2 . 48 . 70 . 35 
May___________________ 37.2 41.5 46.1, 1.08 .85 .70 
June____________________ 49.3 52.6 57.9 2. 31 1. 91i 1. 31 
July ____________________ 52.1 54.7 60.6 3.24 2.36 1.91 
August_________________ 48.3 50.7 55.7 3.71 2.81 2.54 
September______________ 40.5 41.9 M.3 3.43 1.60 1.21 
October_ _______________ ! 2.~. 5 27.1 27.1 1. 75 1.04 . 72 
November______________ 8.7 11.0 4.3 .88 .68 .49 
December______________ 1.5 3.3 -7.4 1 1.:37 .60 .44 

AnnuaL ... -----------~-25.9 ---n7~~ 21.83 --------u:58--l1.34 
Numher of years of ===---=!,==-----==== 

record ________________ , 9 26 23 9 22 15 

Snow falls on the high mountains during all months. 
The first snow can be expeeted to fall in the valleys 
around the 1niddle of September. In the valleys snow 
remains on the ground m1til early May. Early sum
Iner weather is generally wann and dry, and is char
acterized by thunder showers of convective origin. 
Late sunnner and fall weather is characterized by pe
riodic. cyclonic storms fron1 the south and "\Vest. vVin
ters are reported to be generally clear for long periods 
of time. Prevailing winds are fron1 the south, and are 
frequently of very great intensity. 

BEDROCK GEOLOGY OF THE NENANA RIVER VALLEY 

The bedrock formations of the Alaska Range oeeupy 
in general east-west hands parallel to the trend of the 
range and normal to the eourse of the Nenana River. 
The areal distribution of the bedrock formations is 
shown on plate 1. The bedroek formations along the 
Nenana Hiver, where not overlain by Pleistocene de
posits, are shown on plates 2-5. In tenns of age, tee
tonic history, and degree of consolidation, they form 
two strongly contrasted groups: Rocks of the older 
group range in age from pre-Cambrian to Cretaceous, 
are well consolidated or metamorphosed,. and contain 
sehist, gneiss, phyllite, ehert, argillite, limestone, con
glomerate, slate, shale, and eoal; greenstone, in part 
intrusive and in part derived frmn basic lava flows, is 
common. Rocks of the younger group are of Tertiary 
age, are poorly consolidated, and are now confined to 
the northern foothill belt and lowlands within the 
range, but were once n1ueh more extensive. A nmjor 
unconformity separates the two groups. 

The history of the older group of rocks is very cmn
plicated and includes several known periods of orog
eny (Capps, 1940, p. 130-182) ; ho,vever, frmn the point 
of view of Pleistocene geology, all the rocks behave 
similarly in that they are all resistant to erosion. Their 
arrangement in hands aeross the courses of the rivers 
makes possible the distinction bet,veen material depos
ited by the rivers and that derived frmn acljaeent hill
sides. The younger group of roeks erodes easily to 
forn1 broad plains and low lands. The broad terraces 
along rivers that cross the area of Tertiary rocks are 
sensitive records of Pleistoeene events. 

The pre-Tertiary structure of the range is a great 
synclinorium, first re,cognized by Spurr ( 1900, p. 2-±0), 
in whieh Cretaceous rocks at the center are bordered by 
Paleozoic and pre-Cambrian roeks on the flanks. The 
synclinorium is complex, having many subsidiary syn
clines and anticlines, espeeially within the area of the 
Cantwell formation. The east-trending trough in the 
south part of the range is a great fault zone, which 
complicates the structure of the Paleozoic roeks in the 
region of this report. The fault has been traced the 
length of the Alaska Range frmn a point near Men
tasta Pass westward to a point about 60 miles beyond 
Mt. Foraker, and it probably extends 1nueh farther in 
both directions. Another fault in the northern part of 
the Alaska Range separates the Cantwell formation of 
Cretaeeous age on the south frmn Birch Creek sehist 
of pre-Cambrian age on the north (see pl. 3) . 

Structures have also been imposed by the mid
Tertiary orogeny. Essentially, these include an up
lifted area that coincides with the higher parts of the 
Alaska Range and the bordering depressed areas on the 
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south (Broad Pass) and north (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 the northern foothills, however, and 
a cross-syncline is followed by theN enana River north
ward frmn 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 ~fciGnley 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 bedrock 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 shown on plate 1. 

SEDIMENTARY ROCKS 
BIRCH CREEK SCHIST 

The oldest fonnation traversed by theN enana River 
and the Alaska Railroad in crossing the Alaska Range 
is the Birch Creek schist (Capps, 1940, p. 95). This for
Illation occupies an east-trending belt from 3 to 12 1niles 
wide in the north part of the Alaska Range (pl. 1) . It 
forms the bedrock in the Nenana River Gorge be
hveen mile 348 and mile 358 on the Alaska Railroad 
(pls. 2 and 3). The Birch Creek schist is predominantly 
quartz-sericite schist, but locally contains layers of 
quartzite and black carbonaceous schist. From mile 
345.5 to Ini1e;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 we11-developed joints that com
monly strike northward and clip almost vertically. 
These joints are believed to be pre-Tertiary in age be
cause some of then1 are filled -vvith basalt dikes that are 
overlain uneonformably 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 vVincly (pl. 4) the bedrock along the Nenana 
River and the Alaska Railroad is a, cmnplex assemblage 
of argillite, shale, graywacke, phyllite, limestone, con
glomerate, and chert. These rocks are either nloder
ately indurated or are metamorphosed; some are con
siderably metan1orphosed. 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 frmn 
rocks that cannot be distinguished lithologically (E. H. 
Cobb, oral comn1unieation, 1951). Because of their 
complex structure and the uncertainties regarding their 
age, the rock units in this group are shown on the geo
logie maps ( pls. 1 and 4) as undifferentiated Paleozoic 
and JYiesozoic rocks. 

North of Bain Creek (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 
vVindy and Rain Creeks is made up of argillite, gray
wacke, and conglomerate that contains several large 
lenticular bodies of limestone. Frmn a point near the 
month of Windy Creek southward along the 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 lamprophyre and rhyolite dikes. 

The structural relations within this area of sedi
mentary and metamorphic 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 Nenana, River opposite the mouth 
of Windy Creek have been folded into nmnerous iso
clines and have been deformed and broken by many 
steeply dipping thrust faults. A few 1niles 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 (1HOO, p. 16), who designated a. locality on the 
Nenana Hiver (then known as Cantwell River) about 3 
or 4 miles above its junction with the Y anert Fork as 
the type locality. Since that time the formation has 
been found to extend from Big Grizzly Creek, a tribu
tary of the '\V ood River, westvi!ard to a point about 30 
miles beyond Mount Foraker (Capps, 1927, p. 93). 
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'\Vhere it is crossed by the Alaska Railroad the forma
tion occupies a band16 1niles wide-from Clear Creek 
(lnile330) to!IciGnleyParkstation (mile348) (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 nmnerous conglomeratic 
and pebbly layers in these beds range from 1 to 10 feet 
in thickness and comprise 10-20 percent of the sand
stone-conglomerate sections. Pebbles in the conglom
eratic layers average from half an inch to 2 inches in 
dia1neter, but locally are as large as 6 inches in diam
eter. Quartz and chert pebbles are the most common, 
but rhyolite, argillite, phyllite, granite, and gabbro peb
bles are present in significant amounts in some layers. 
Many of the pebble layers are extremely \vell sorted 
and do not contain interstitial 1naterial sn1aller than 
one-half the average diameter of the pebbles. Com
pressive forces have pressed the pebbles in these well
sorted layers against eaeh other, molding them into 
crude polyhedrons. Some pebbles have been deeply in
dented by others, but none have been fraetured. As a 
result of these forees the original porosity of the eon
glomerate has been greatly redueed. Sandstone in the 
massive beds grades from light tan to very clark grayish 
brown and dark gray. It has a fairly high content of 
nonquartzose material, such as black chert, argillite, and 
feldspar, but at least half of it probably consists of 
quartz sand. Light-tan sandstone is cmmnon along 
Riley Creek (pl. 3) and along the Nenana River north 
of Carlo. Throughout the rest of the outcrop area of 
the Cantwell fonnation a very clark sandstone that 
looks like graywacke is the eommon type. The sand
stone has been subjected to the same compressive forces 
that the conglomerate has, and its porosity has also 
been considerably reduced. 

Claystone, shale, and coaly material together form 
zones in the Cantwell formation that are as much as 
50-100 feet thick. The coaly material in these zones 
is in the fonn of beds of bone and coal that are 1-5 
feet thiek and 3-30 feet apart. Few, if any, of the 
eoal beds appear to be economically minable. An at
tempt to mine the coal at mile 341 on the Alaska Rail
road (pl. 3) was abandoned beeause of tlw disturbed 
nature of the beds and the poor quality of the coal 
(Capps, 1940, p. 114). 

North of 1nile 336 the Cantwell formation is well 
consolidated but only moderately well eemented; the 
rock of fresh outcrops is soft enough to be scratched 
easily by a piek. :Exposure to the weather toughens 
the rock. South of mile 336 it is more thoroughly 
cemented and more highly indurated; here the rocks 

are jointed into 1nassive, resistant blocks that form 
rugged n1om1tains and steep canyon walls. 

The Cantwell formation occupies a large synclino
rium in the center of the Alaska Range. On the north 
it is bounded by a vertical fault, which forms its con
taet ·with the Birch Creek schist. The south side of 
this fault is the dropped side. The amount of displace
ment on the fault is unknown, but at MciGnley Park 
station it must be at least 7,000 feet, for a 5,000-foot
thick section of the Cantwell formation dips north
\Vard toward the fault, and the top of this section at 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 sehist. On the south side of the fault the Cant
well formation is in contact with a band of greenstone. 
The exact nature of this contact is not certainly known, 
but it is probably an unconformity. Within the syn
clinorium 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-plung
ing anticline crosses the railroad near n1ile 341, and 
that of a. broad syncline crosses the railroad near mile 
336. A fault that cuts the Cantwell formation is fol
lowed by the Nenana River through the rock gorge 
east of mile 342 on the Alaska Railroad. It has a 
displacement of between 400 and 500 feet, the north 
side being down. The displacement is indicated by 
the offsetting of a diabase sill. The fact that the N e
nana River followed that fault across the ridge of dia
base suggests that weakened rock, possibly a wide zone 
of gouge, borders the fault. Small faults exposed in 
the rock walls of the gorge are parallel to the large 
fault, but have no gouge. 

The Cantwell formation has been detern1ined as 
Cretaceous in age on the basis of fossil leaves (Capps, 
1940, p. 11.8). 

TERTIARY COAL-BEARING FORMATION 

The coal-bearing fon11ation 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 n1iles wide that extends 
along Lignite Creek and westward across the Nenana 
River to lower Pangengi Creek (see pl. 2). A com
plete section of the coal-bearing forma.tion is exposed 
at Suntrana, 4 miles east of Healy. This group of 
roeks has been described in detail by Wahrhaftig, Hick
cox, and Freedman (1951). The lithology of the for
mation, which is divided into three members, is smn
marized briefly in the following three paragraphs. 
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At Suntrana the lower 1nember is 600 feet thick and 
consists of about 20 percent subbituminous blocky coal 
in beds 5-30 feet thick, 40 percent claystone, and 40 
percent somewhat clayey, medimn- to coarse-grained 
pebbly sandstone. This Inember rests on an uneven 
erosion surface cut on Birch Creek schist. An in
tensely weathered zone, which is more than 100 feet 
thick in places, lies immediately beneath the coal-bear
ing formation. "'r eathering in this zone, \Yhich took 
place before the deposition of the coal-bearing roeks, 
reduced the schist to a soft sticky mass of clay, serieite 
flakes, and quartz grains. Consequently the contact 
between the eoal-bearing formation and the Birch 
Creek schist is eommonly marked by landslides and 
low saddles. At the top of the lower member of the 
coal-bearing formation is a bed of brown-\veathering 
elaystone. This bed is 80 feet thick at Suntrana. 
vVhere this claystone eomes to the surface over areas 
as extensive as several acres, landslides are associated 
with it. 

The middle member of the coal-bearing formation at 
Suntrana is a six-times-repeated sequence of sandstone, 
claystone, and eoal, totaling 750 feet in thickness. One
fourth of the section consists of beds of coal as mueh as 
40 feet thick. vVell-sorted pebbly sandstone constitutes 
about two-thirds of the section. The remainder is made 
up of thin beds of claystone which eommonly underlie 
the coal beds. 

The upper member of the coal-bearing formation con
sists of 1nedium-grained buff-eolored pebbly sandstone 
in layers 30'--100 feet thick, separated by zones of clay 
1()-50 feet thick that contain thin woody coal beds. It 
is 600 feet thick at Suntrana, but it thins abruptly 
westward, and is probably only about 400 feet thick at 
Healy, where it crosses the railroad. At 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 uneemented and poorly consolidated. They can 
be excavated easily \vith 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 smallest streams. Consequently, gullies, bad
lands, and landslides are common on exposures in this 
formation. Because of the ease with whieh the roeks 
are eroded, the areas underlain by this formation are 
1narked by broad plains, wide strea1n valleys, and low 
passes. 

The band of coal-bearing rocks that erosses the rail
road at 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° N. at IIealy. East\yard, tmvard SuntraLa, 
the formation strikes more to the east, and its dip de
c,reases to about 35 ° N. The broad terrace south of 
Healy Creek and between Moody Creek and the Nenana 
River is underlain by the lower member of the coal
bearing formation. IIere the lower Inember is ap
parently in a syneline, for the white basal sandstone 
and conglomerate of the member crop out at many places 
around the borders of this terrace and dip gently to
\Yard its center. 

Near the west fork of Dry Creek the lower and mid
dle members are cut out by an unconformity at the base 
of the upper mmnber, ·vd1ich pinches out about 2 miles 
west of the west fork of Dry Creek (pl. 2). The pa tehes 
of coal-bearing formation on the Dry Creek-Savage 
Hiver divide near the national park boundary (pl. 2) 
belong in part to the lowermost part of the lower mem
ber, and in part to the upper member. An angular un
eonformity at the base of the upper Inember and another 
at the base of the Nenana gravel are responsible for the 
erratie and patchy distribution of the various Inmnbers 
of the eoal-bearing formation at this locality. 

The coal-bearing formation on Lignite Creek and 
along the Nenana River between the mouth of Dry 
Creek and the mouth of Pangengi Creek (pl. 2) crops 
out along the crest and north side of a faulted anticline. 
vVest of the river only the upper Inember is exposed, 
but along Lignite Creek both the middle and upper 
members are exposed; the middle member is also pres
ent at the surfaee in the core of a subsidiary anticline 
exposed on the east side of the river opposite the mouth 
of Pangengi Creek. Dips in the eoal-bearing formation 
west of the river are gentle. The beds are nearly hori
zontal in the vicinity of Lignite, and they dip 10°-20° 
N. and W. along· Pangengi Creek. East of the river, 
dips in the formation are also gentle. Here, however, 
the formation is deformed-it has been warped into an 
anticline, which is exposed in the bluff opposite Pan
gengi Creek, and broken by the fault between Lignite 
and Poker Creeks, ·which bounds this area of the eoal
bearing formation on the south. The fault passes west
ward into a monocline, in whieh the Tertiary 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 1nile along the river 
bluff. 

The coal-bearing formation has always been classed 
as Tertiary. Its exact position within the Tertiary has 
not previously been detennined. According to Roland 
\V. Brown (oral communication, 1956) plant remains 
colleeted by him from a loeality on the south hank of 
the Healy River about 3 miles east of Suntrana indi
eate an :Eocene age for the formation. 
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NENANA GRAVEL 

'f'he Nenana gravel is the major bedrock formation 
along the Nenana River north of Healy. It consists 
largely of poorly consolidated, moderately 'veil sorted 
conglomerate and sandstone. Capps (1912, p. 30) gave 
this formation its name for its exposures on the east 
bank of the Nenana River between Healy and Lignite 
Creeks. It has recently been described by ""\V ahrhaftig, 
Hickcox, and Freedman (1951, p. 152-153) and by 
"\Vahrhaftig (1951, p. 176-179). 

In the vicinity of Healy the Nenana gravel consists 
largely of conglomerate, the pebbles of 'vhich range 
in average size from 1-2 inches at the base to 3--4 
inches near the top of the formation, and in maximum 
size from 4 inches at the base to 18 inches near the top. 
The pebbles are composed of sandstone and conglom
erate from the Cantwell formation, schist, quartzite, 
and granite and other intrusive rocks that are abun
dant in the Alaska Range. Interstitial 1naterial is 
coarse- to very coarse-grained clark sandstone. Peb
bles and sand grains are commonly coated with thin 
layers of iron oxide. Interbedded with the conglom
erate are lenses of coarse sandstone 5-10 feet thick, 
50-100 feet long, and spaced 30-50 feet apart. Lo
cally, near the base and in the upper part of the forma
tion, the Nenana gravel contains beds of claystone 
3-5 feet thick, spaced 30-50 feet apart. The Nenana 
gravel east of IIealy has a total thickness of 4 000 

~ ' 
feet and appears to contain most of the stratigraphic 
units that have been recognized in this formation. 

Northward frmn Lignite the lower part of the N e
nana gravel is exposed in bluffs along the river. It 
consists of about equal parts of coarse clark sandstone 
and fine conglornerate. ~1:ost of the pebbles of the 
conglomerate range in size from lj2 to 3 inches; pebbles 
larger than 5 inches are rare. Claystone layers are 
1nore abundant here than farther south, and fragments 
of coalified wood are abundant in the sandstone. Be
tween miles 384 and 385 on the Alaska Railroad about 

' 31h miles north of Browne station, a bed of lignite 
about 4 feet thick is exposed in the Nenana gravel at 
the crest of an anticline. 

The pebbles in the Nenana gravel are generally 
slightly weathered. Most pebbles and boulders, es
pecially those of graywacke and conglmnerate, have 
weathered rinds as much as an inch thick, in which 
the rock is friable and iron-stained. The core of each 
pebble is generally unweathered. Pebbles of certain 
kinds of granite and volcanic rocks have been decom
posed to angular sand or griiss. These decmnposed 
pebbles are found in fresh outcrops in roadcuts and 
river banks. Presumably the weathering of the peb-

bles in the Nenana gravel took place during or shortly 
after deposition. 

For the most part the Nenana gravel, although mod
erately '''ell consolidated, is poorly cemented. It sup
ports steep cliffs, 50'-100 feet high, for long periods 
of time; hmcvever, when struck lightly with a hammer, 
it breaks into its constituent pebbles and grains. It 
is more resistant to erosion than the underlying coal
bearing formation, because its greater perviousness 
permits more of the water from rain and melting snow 
to sink into the ground, leaving less runoff for ero
sion, and because its constituent particles are coarse 
and therefore less easily rmnoved by streams. Hence, 
the outcropping edge of the Nenana gravel, where un
derlain by the coal-bearing formation, fonns hogbacks 
and ridges that rival in height nearby Inotmtains of 
much harder rocks. On the other hand, in structural 
basins where the Nenana gravel is not under lain by 
the coal-bearing formation but rests instead directly 
on harder rocks, it forms rolling plains and valleys. 
An example of such a valley is the eastward-trending 
valley west of Mci{inley Park station that the lVIcKin
ley Park highway follows for 20 miles. 

The Nenana gravel along the Nenana River has 
about the same attitude as the coal-bearing formation 
beneath it. Else,vhere, however, there are indications 
that an angular unconformity separates the two for
mations ( vV ahrhaftig, 1951, p. 182-183). This un
conformity represents only a 1ninor orogeny compared 
with that which took place before the deposition of 
the coal-bearing rocks, for the formations above and 
below the unconformity are equally well consolidated, 
and throughout nnlCh of the Alaska Range they are 
parallel. 

In the belt near Healy the Nenana gravel strikes 
about N. 60°-70° E. The dip at the south contact 
is about 45° N., but within a distance of about a mile 
northward it decreases to about 10° N. Just north of 
Poke.r Creek the Nenana gravel is broken by the large 
fault that forms the south boundary of the coal-bear
ing fonnation around Lignite Creek. Eastward, coal
bearing rocks and Birch Creek schist are brought up 
on the north side of the fault~ and westward, the fault 
dies out and is replaced by the n1onocline that is de
scribed in the section on the coal-bearing formation. 
The Nenana gravel north of Pangengi Creek occupies 
a cross syncline that is parallel to the Nenana River. 
Dips are commonly gentle (10°-15°) toward the river, 
and beds along the river are nearly horizontal. An 
anticline in theN enana gravel crosses the Alaska Rail
road between mile 384 and 385 (see pl. 5) . 

Capps (1940, p. 126-128) regarded the Nenana grav
el as definitely of Tertiary age and younger than the 
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coal-bearing formation. In 1955 Roland ,V. Brown 
collected specin1ens of Trapa sp., from the Nenana 
gravel exposed along the Alaska Railroad about 31j2 
miles north of Browne station. According to Brown 
(oral COll1ll1Unication, 1956) these fossils indicate that 
the Nenana gravel is Oligocene or Miocene in age, 
more likely Miocene than Oligocene, and that it 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 east 
of the Nenana River in the vicinity of Browne (see pis. 
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 1niles wide. that ex
tends along the north edge of the Alaska Range from 
the 1\:antishna Hills, 40 1niles west of theN enana River, 
to the Little Delta River, 60 miles east of the Nenana 
River (Capps, 19±0, pl. 3). The fonnation was named 
by Capps (1912, p. 22-23) for its exposures in the 
canyon of the Totatlanika River, 15 1niles east of the 
Nenana River. 

T\Yo types of Totatlanika schist occur in the areas 
shown on plates 2 and 5. On Slate Creek, and on 
Chicken and 1\foose Creeks, the formation consists of 
fine-grained yellow slate, whieh contains seattered 
grains of feldspar and quartz less than 0.1 inch in diam
eter. In the mountains east of Browne the formation 
eonsists of coarse-grained gneiss, whieh is n1ade up of 
subhedral porphyroblasts of orthoclase as much as half 
an inch in diameter and porphyroblasts of quartz as 
much as 0.1 inch in diameter; the porphyroblasts are 
set in a 1natrix consisting largely of serieite and quartz. 
It is thought that the Totatlanika schist resulted from 
the metamorphism of rhyolite flows and tuffs (Capps, 
19±0, p. 105). Foliation in both types of the schist is 
well developed and is com1nonly about parallel to the 
bedding in ove-rlying rocks. This means only that the 
foliation at the time the younger rocks were laid down 
\Vas nearly horizontal, not necessarily that it has al
ways been nearly horizontal. 

Capps (19±0, p. 106-107) assigned the Totatlanika 
schist to the Paleozoic. and stated that it is probably 
of an earlier age than Middle Devonian, based on its 
degree of 1netamorphism and on long-range correlations 
with other formations. At the time of his report no 
fossils had been found in the fonnation. In the sum
mer of 195:1: the write-r found 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 vVood River) at 

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

I examined all the pieces of rock in this collection and sa wed 
and polished several. The only things I could find that I am 
sure are organic are 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 
Syrln[topora are a little distorted, but the internal structures 
are well preserved .... 

The presence of Syringopora (sensu stricto) indicates that 
the ro('k is post-Ordovician, and the chances are that it is not 
Silurian-at least I have not seen any good evidence that 
Blwingopora. in the strict dense 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 Syringopont, 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 Missiissippian, 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 Totatlanika 
sehist is assigned to the Mississippian (?). 

GREENSTONE 

A band of gree.nstone 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 undiffe-rentiate-d 
Paleozoic and Mesozoic roeks). The greenstone ap
parently makes up Panorama Mountain and the vVindy 
Peaks and exte-nds westward to the head of Clear Creek. 
The rock is predominantly dark green, but weathered 
surfaees are clark brown. Where, it 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 dose, jointed, but massive 
enough to form the most rugged mountains in this part 
of the Alaska Range. Mieroseopic study of a fresh 
specimen eollet.?ted frmn t~lus west of the railroad 
showed it to consist of about 55 percent calcic labrado
rite and 40 percent augite. The calcic labradorite oc
curs as euhedral grains 2-3 n1illimeters long, and the 
augite as aggregates of crystals, each of which is Vs- 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 pereent primary magne-tite or 
ilmenite is present as skeleton erystals in the feldspar 
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and augite. Locally the augite has been altered to a 
fine-grained mass of chlorite and serpentine, which con
tains some secondary quartz. The feldspar has cloudy 
patches that may represent incipient saussuritization. 
A specimen of coarse-grained greenstone was obtained 
2 miles south of Slime Creek on the Mcl(inley-Cantwell 
highway. The rock is fresh appearing and has an 
ophitic texture. It consists of grains of labradorite (An 
54), augite,, and ilmenite that are between 0.2 and 2 
millimeters in diameter, but includes small amounts of 
chlorite and sericite as alteration products. This type 
of greenstone probably comprises most of the pebbles 
of the "green ophitic diorite" in the Nenana gravel 
('Vahrhaftig, Hickcox, and Freedman, 1951, p. 152-
153 ; and vV ahrhaftig, 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 and jumbled area 
(known locaUy as the badland) through which the rail
road passes between miles 328.5 and 329.5, south of 
Clear Creek. This is a dense, massive rock, and is cut 
by irregular veins of quartz and calcite. It is broken 
by irregular fractures 10--40 feet apart, and is locally 
altered to brown earthy 1naterial. The 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 mile 329 and trans
ported thmn a short distance downstream, producing 
the chaotic topography along the railroad just south of 
Clear Creek A specimen of the fine-grained type col
lected from a talus cone along the new highway on the 
east side of the Nenana River about 1 mile south of 
Slime Creek shovvs, in thin section, a relict porphyritic 
texture. The groundmass has been completely re
crystallized and altered to a mass of fine-grained oli
goclase, chlorite, epidote( n' and an unidentified 
mineraL The phenocrysts, which originally were prob
ably of plagioclase, are indicated by masses of 
saussuri te. 

The contact of the greenstone with the Paleozoie and 
l'vfesozoic rock!:; on the south is probably nearly vertical; 
the grebnstone presumably intruded these rocks. The 
greenstone body narrows westward and has an an ir
regular 'vestern contact with sedimentary roeks, which 
include ferruginous slates. On the north the greenstone 
is in contact with the Cantwell formation. vVhether 
the greenstone intruded the Cantwell formation, or is 
overlain unconformably by it has not yet been definitely 
detenninecl, although the author's present belief is that 
the contact is an uneonformity. A one-clay helicopter 
reeonnaissance in 1951 of the region around the Yanert 
Glacier indicated that the Cantwell formation rests 

with n1arked angular unconformity on a sequence of 
slate, schist, phyllite, and limestone, intruded by large 
greenstone sills ; these rocks are very similar litho
logically to the rocks that are exposed at the head of 
Clear Creek and along the Nenana River between Clear 
Creek and Windy. 

GRANITE INTRUSIVE ROCKS 

A small body of quartz-diorite ( ? ) 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 clark minerals 
(mostly altered biotite). Shearing and crushing have 
locally reduced the rock to whitish mylonite. Similar 
material, probably mylonitizecl, occurs in a narrow band 
along the south base of Panorama Mountain. The 
quartz-diorite clearly intruded the undifferentiated 
Paleozoic and Mesozoic rocks north of Bain Creek. Its 
relation to the greenstone, however, is uncertain; al
though the map pattern of the body east of the Nenana 
River suggests that the quartz-diorite ( ? ) intruded the 
greenstone, the quartz-diorite ( '?), long after it was 
originally emplaced, may have been forced upward 
along a fault .zone into the greenstone. 

Intrusive bodies a fraction of a mile to 5 1niles across 
are common in the 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 possible source of erratic boulders along the Nenana 
River (see p. 23). This granite body vvas examined 
briefly in 1951. Study of two thin sections from it 
shovYS it to consist of about 50 percent orthoclase, which 
occurs as anhedral grains 5-10 millimeters across (the 
orthoclase has been partly replaced along crystal
lographic planes by albite) ; about 20 percent sodic 
oligoclase, which occurs as subheclral grains about 2 
1nillimeters across, most of which have borders o:f 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 
0.6-1 millimeter across. Zireon is present as an acces
sory. 

Thin sections of rocks collected by Pogue ( 1915, p. 
5±-66) from intrusive bodies in the Broad Pass re
gion, by Capps ( 1932, p. 285) from a body 4 miles south
west of Easy Pass (pl. 1), by Bradford \Vashburn 
from the vicinity of :fi1ount ~icKinley, and by the author 
:from the 'Vood River district (pl. 1), all of which are 
in the files of the Geological Survey, were examined by 
the author. l\Iost of these roeks have a 1nuch higher 
content o:f both plagioclase feldspar and dark minerals 
than has the intrusive body between the N enan[l; and 
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Y anert Glaciers, and hornblende is as abundant or 
1nore abundant than biotite. Pyroxene is present in 
some of the bodies, and in most of thmn the grain size 
is much smaller than in the body between the Nenana 
and Yanert Glaciers. The description by Pogue (1915, 
p. 57) of the granite body in the vicinity of Bruskasna 
Creek, for which thin sections \vere not available, is 
similar, however, to the granite body between the 
Nenana and Yanert Glaciers. 

IGNEOUS ROCKS IN THE CANTWELL FORMATION 

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

Although volcanic rocks are rare in the Cantwell 
formation near the Nenana River, they constitute a 
considerable part of the formation ·\vest of the Sanctuary 
River (Capps, 1932, p. 268). A layer of white rhyolite 
100 feet wide crops out on the crest of the ridge between 
R-iley Creek and the Nenana R-iver about l3J1 miles due 
west of Lagoon section house and 3 1niles due south 
of J\lc.I\:inley Park station. 

The petrography of the rocks that intrude the Cant
·well formation is sum1narized in table 2 · the summary ' . 
is based on a few thin sections from these rocks. Al-
though the collection is not representative it does indi
cate the range in composition of the rocks. The most 
abundant intrusive rock in the Cantwell fonnation is 
diabase. This rock is dark green or black on fresh 
surfaces, and it weathers clark brown. 

.. A .. n irregular sill of diabase, about 200 feet thick, is 
\veil 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 at the north end of the ridge east of Riley 
Creek (about 1 mile south of the month of Hines Creek), 
on the east side of this ridge about half a mile south
west of mile 343 on the Alaska Railroad, and in the 
walls of the gorge of the Nenana River 1 mile east of 
mile 342 on the Alaska Railroad appear to lie at about 
the same stratigraphic position within the Cant\vell 
forma6on and may be parts of a large sill-like in
trusive body (pl. 3). This sill-like body is about 500 
feet thick where it crosses the Nenana River. It 1nay 
be continuous \vith a dikelike body that lies along the 
fault between the Cantwell formation and the Birch 
Creek schist. The dike1ike body extends from a point 
a fe\v miles west of J\it. McJ(inley 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 frmn the 

mouth of the Y anert Fork. The contacts of some of 
these bodies with the enclosing sediments are extremely 
irregular. A \vide range of rocks, from diabase to 
qnartz-latite, is present in this small area. 

Porphyry dikes and sills whose composition ranges 
frmn that of andesite to that of rhyolite and ·whose 
gronndmass is commonly fine grained are common in the 
Cantwell formation. Sills and irregular intrusive 
bodies of diabase and andesite porphyry that contain 
small amounts of light-colored felsic porphyry are pres
ent in the mountain west of the Alaska Railroad be
tween miles 337 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 west 
side of the 1nonntain as well. South of mile 337 the 
Cantwell formation on both walls of the Nenana River 
canyon contains many sills and a few dikes of igneous 
rocks--chiefly andesite, latite, and rhyolite porphyry. 
These were not mapped separately. In general, dia
base is more abundant north of latitude 63°37'30" N., 
and ande,site and latite are more abundant south of it. 

IGNEOUS ROCKS INTRUDING THE BIRCH CREEK 
SCHIST 

Basalt dikes are common in the Birch Creek schist. 
They are generally vertical, strike roughly between 
north and N. 30° ,V., and are 5-50 feet thick. They 
are spaced 1,000-2,000 feet apart on the average. The 
dikes intruded the Birch Creek schist along cross joints, 
which strike between N. 10° E. and N. 30° ,V. They 
do not extend into the Tertiary coal-bearing forination, 
which appears to overlie them nnconfonnably . 

An irregular body of greenish-gray basalt, evidently 
related to the 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 \vest of the river. One 1ninor apophy
sis is a thin dike that strikes eastward and clips north
ward, perpendicular to the planes of schistosity. It 
has been offset from. a few inches to a couple of feet 
by 1nany faults that coincide with the planes of 
schistosity. 

A large body of white rhyolite and brown basalt 
makes up the top of Sugar ]\fountain, a white conical 
mountain about 8 1niles southeast of Healy. The rhyo
lite body was visited by the author and R. A. Eckhart 
in 1950. The following description is sumn1arized: 
frmn their report. 3 

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

3 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 intrus£ve rocks £n the Cantwell forrnatz:on fpercentages estimated] 

Specimen 
='Jo. 

[ Average grain I Plagioclase 

I 

size (mm) 
-------·------- Ortho- Horn- ) Augite Serpen- Quartz Acces

clase blende (percent) tine (percent) sories Type of rock Texture Remarks 

1 
Pheno- Ground- Percent (percent) (percent) (percent) (percent) 

1 

crysts mass Percent anor- I 

~~~- ~;~~~~~-?~,~~:: J-:-.; :=: I ~i thit;:- ~:~:: ~~-~~;~ ~r- :f :: r ! ---------
IJigeonite. (?)-
monzonite. 

24_- ------ Andesite__________ Porphyritic. _____ _ 

1 Included with plagioclase. 
2 Rephces plagioclase. 

0.3 

. 1 

. 02 

. 1-.2 

---------
.1 

3 In phenocrysts. 
4 Twenty-five percent in phenocrysts, 25 percent in groundmass. 
5 In groundmass. 

3 5 

4 50 

3 30 

3 3 

---------
5 30 

3 38 

3 28 

3 65 

8 

310 85 percent ground
mass, unidentified . 

54 percent ground
mass, unidentified. 

93 percent ground
mass, unidentified. 

=========1' Phenocrysts (altered) make up 15 percent 
of rock. 

" Two percent in phenocrysts, 60 percent in groundmass. 
7 Calcite. 
s Includes augite. 
9 Included with hornblende. 

LOCALITIES FROM WHICH SPECIMENS WERE COLLECTED; 

6. Northwest end of sill on north wall of lake valley west of Yanert. 
7. Sill on north wall of lake valley west of Yanert. 

13. East bank of tributary of Hines Creek, one-half mile southeast of Mount McKinley National Park headquarters. 
14. South bank of Hines Creek at junction with tributary east of Mount McKinley National Park headquarters. 
24. West bank of Nenana River, 1~2 miles N. 82 E. of mile 345 on the Alaska Railro..:,d. 
27. West bank of Nenana River, 2H miles N. 87 E. of mile 344 on the Alaska Railroad. 
30. Top of ridge, three-quarters of a mile N. 73 W. of mile 388 on the Alaska Railrmd. 
33. Three-quarters of a mile S. 85 W. of Carlo section house at an altitude of 3,100 feet. 
37. North side of Olear Creek, 2~~ miles west of the Alaska Railroad at an altitude of 3,150 feet. 
84. Hill (altitude 2,200 feet) about 2 miles N. 20 E. of the mouth of Carlo Creek. 

biotite. The rhyolite contains an abundance of nearly 
spherical vesicles, each filled with a single large crystal 
of calcite. In places the rhyolite exhibits platy struc
ture. A body of basalt 700 feet ·wide and 2,000 feet 
long lies on the southwest side of Sugar Mountain in 
nearly vertical contact with the rhyolite body. It was 
impos.<sib1e to determine which -vvas the younger during 
the brief examination. The basalt is similar in ap
pearanee to the basalt of the dikes. A patch of the 
Tertiary coal-bearing formation that consists of con
glomerate, containing pebbles of quartz and chert, and 
layers of brown, slightly silicified coal is exposed at the 
base of the southeast corner of the rhyolite body, out
side the area shown on plate 2. The relationship of 
this patch of the coal-bearing formation to the rhyolite 
body, and the absenc.e of rhyolite pebbles in the con
glomerate, indicate that the rhyolite probably -vvas ex
truded very early in the period of deposition of the 
coal-bearing formation. A small body of perlite, not 
of emnmercial size, rests on the coal-bearing formation. 

The rhyolite was probably extruded as an endogen
ous dome while the basal beds of the c.oal-bearing forma
tion were being laid down. It was later buried by 
the coal-bearing fonnation. Pebbles of rhyolite in the 
basal conglomerate of the coal-bearing formation, in 
exposures on the Teklanika and Savage Rivers 15--20 

miles west of Sugar Mountain (Wahrhaftig, 1951, 
p. 17-!) ~ may have been derived from this rhyolite. The 
extrusion of the rhyolite is the only igneous activity 
known to have occurred in the Alaska Range during 
the period of deposition of the Tertiary rocks. 

The petrography of intrusive rocks in the Birch 
Creek schist is summarized in table 3. 

SUMMARY OF THE PLEISTOCENE HISTORY 

The following sum1nary of Pleistocene history will 
give the reader a general picture of the events indicated 
by Pleistocene deposits ancllandfonns, thus providing 
a frame of reference in which to relate the separate 
pieces of evidence described in other sections of the 
report. It will also enable the reader to evaluate m.ore 
critieally the pertinence of each iten1 of evidenee to 
the conclusions reached. 

EVENTS LEADING TO THE ICE ADVANCES 

The later phases of the 1nid-Tertiary orogeny that 
caused the deposition of the Nenana gravel caused 
also its deformation into synclines and anticlines, horsts 
and graben, structural terraces, monoclines, and tilted 
fault blocks. At the end of the mid-Tertiary orogeny 
the Alaska Range stood as a belt of generally high 
mountains, bounded on the north and south by de-
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TABLE 3.-Petrography of intrusive rocks in the Birch Creek Schist 

Specimen 
No. 

Locality Name of 
rock 

Texture 

Average grain 
size (mm) 

Plagioclase 

Percent 

Augite 
(per
cent) 

Biotite 
(per
cent) 

Other constituents 

Pheno- Ground- Per- anorthite 

Serpen
tine 
(per
cent) 

crysts mass cent or mineral 
name 

-------------------------------------------
L _________ Ridge north of Gagnon Diabase ___ Diabasic ____ 0. 3-0.5 

Creek. 
22________ Between Healy and Lig- ___ do _______ Subophitic __ 

nite Creeks. 
7 _________ Southeast cornerof Sugar Rhyolite __ Porphyritic_ 

Mountain. 

phyritic. 
10 ______ --~-----do __ ------------------ Basalt_____ Seriate-por-

1 As phenocrysts. 
2 Unknown. 

. 5 

0. 05 

. 05-. 1 

pressed areas filled with Tertiary sedhnents. Part 
of the range consisted of mountains of hard pre-Ter
tiary roeks-seclimentary, metamorphic, and igneous
from which the Tertiary rocks had been derived, and 
the rmnainder consisted of soft Tertiary rocks. Part 
of the latter had accmnulated in the early stages of 
the orogeny and were deformed and uplifted in 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 
(vVahrhaftig, 1950). 

No record is left of the period between the mid
Tertiary orogeny and the completion in late Pliocene 
or early Pleistocene time of an extennive erosion surface 
of lo1v relief, which covered Inost 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 1nountains dominated the land
scape; a group to the west culminated in Mount Mc
IGnley, then probably about 10,000 feet high, and a 
group in the east culminated in Mounts Hayes and Deb
orah, then about 6,000 feet high. A few other widely 
scattered monaclnocks rose a.bove the plain. 

Late in the Pliocene or early in the Pleistocene an 
uplift centered south of the Alaska Range inclined the 
erosion surface causing it to decline northward. By the 
time of the Browne glaciation, the earliest whose limits 
in the central part of the Alaska Range can be deter
mined, the erosion surfac.e had been uplifted nwre than 
2,000 feet, and valleys at least 2,000 feet deep had b2en 
cut by the consequent streams flowing northward. This 
set the stage for the first of the four great glacia1 ad
vances which ha.ve thus far been recognized with cer
tainty in the central Alaska Range. 

50 60___________ 15 1-2 

50-60 70___________ 20-25 5-8 

12 Oligoclase __________ _ 

30 Labradorite __________________ _ 

10-15 

(2) 

Ilmenite, 5 percent; calcite, 2 
percent; sphene(?), 25 percent. 

Ilmenite, 5 percent. 

Quartz, 7 percent I; groundmass 
contains quartz (30 per
cent) and orthoclase (60 per
cent.) 

Basaltic hornblende, 10 percent; 
apatite and magnetite are also 
present. 

BROWNE GLACIATION 

The Alaska Range at the time of the Browne glacia
tion 1vas a. rolling country of low ridges and broad val
leys dominated by the Mount MclGnley group of moun
tains to the west of the Nenana River and the Mount 
Jiayes group to the east. In the eastern group and pre
sumably in the higher western group, snow accumu
lated and formed glaciers, which, advancing down the 
valleys of rivers that drained these highlands, spread 
as piedmont ice lobes in the surrounding lowlands. This 
alacial advance is here called the Browne glaciation. e . 
Glaciers advancing clo1vn theN enana and its main trib-
utary, the Yanert Fork, coalesced to fonn a lobe which 
extended a few miles north of Browne, near the north 
edge of the foothills (see pl. 6). Near Lignite this lobe 
was at least 16 miles wide. A subsidiary lobe extend
ing westward at this point may have poured its melt 
water clown the Savage River. It extended farther 
downstream on the Nenana. than that of any subsequent 
stage. Another glacier advanced northward dmvn the 
ancestral 1Vood 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 disappearance of 
ice of this stage. The uplift of the Browne deposits 
before the next glaeiation amounted to 700 feet at 
Healy ; a.t Browne, 22 miles north, it amounted to about 
200 feet. The average tilting in the north part of the 
range was about 25 feet per 1nile northward, but much 
of this was in a monoelinal flexure between Lignite and 
Ferry \vhose gradient was 37 feet per 1nile. 

During the period of uplift between the Browne 
glaciation and the younger Dry Creek glaciation, 
streams and mass-vi'asting processes dissected the conn
try which had been overridden by the Browne ice; 
streams deepened the canyons and broadened the val-
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leys. The areas of soft Tertiary rocks were reduced 
to broad valleys and featureless plains, whereas the 
sides of n1ountains 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 which 
appean to have occurred at this time is that of the 
vVood River, ·which originally drained northward across 
the plain that is dissected by the canyons of Bonnifield 
and Gold ICing Creeks. The 'iV ood River was probably 
diverted northeastward by capture, its new course de
scribing a broad arc around this plain. The stream 
which effected the capture was enabled to do so because 
it "'as eroding headward along a soft zone within and 
at the base of the Tertiary coal-bearing formation, 
whieh extends along the present vVood River for sev
era 1 miles northeastward from Coal Creek. 

DRY CREEK GLACIATION 

Ice of the next glaciation, the Dry Creek, appears not 
to have advaneed as far downstrea1n as the Browne. 
Although the mountains of the Alaska Range were 
higher and presumably could have caught more snow 
during the Dry Creek glaciation than during the 
Browne glaciation, the mountains bordering the Gulf 
of Alaska were probably being uplifted during the Dry 
Creek glaciation and may have been sufficiently high 
to catch most of the moisture from the Pacific Ocean 
and to decrease the amount reaching tl1e Alaska Range. 
Ice of the Dry Creek glaciation appears to have reaehed 
a locality a few miles north of Healy on the Nenana 
River, \vhere it danuned Dry Creek, a tributary of the 
X enana, and caused it to deposit varved clay. The gla
cial melt water deposited an outwash plain many miles 
\Yicle that extended northward from Lignite. 

The uplift of the Alaska Range, which presumably 
had been going on during the Dry Creek glaeiation, 
continued after the disappearanee of ice from the low
lands. Before the next glacial advance--the Healy~ 
the northern foothill belt had been inclined northward 
about 17 feet per mile. The uplift at Healy was about 
500 feet. During this inter-glacial episode many drain
age changes took plaee in the Alaska Range. One of 
these was the enlarge1nent of the drainage basin of 
the Nenana River at the expense of that of the Totat
lanika River to the e.ast. This enlargement was caused 
by the extension of Lignite Creek headwarcl along the 
zone of soft rocks at the base of the coal-bearing fonna
tion, resulting in the capture of the headwaters of Mar
guerite Creek. .r\._t the same time Healy Creek eroded 
headward along the part of the coa1-bearing formation 

that \Vas brought to the surface by faulting farther 
south (pl. 1) to capture headwaters which for a short 
time flowed into Lignite Creek. Minor drainage 
changes took place else\vhere in the Alaska Range. 
These involved the capture of portions of northward
flowing consequent streams by short subsequent east
ward- or westward-flowing streams; thus Inany streams 
now draining the north slope of the Alaska Range con
sist of long northward-flowing consequent segments, 
joined by short eastward- or westward-flowing subse
quent segments. 

HEALY GLACIATION 

The following glaciation, the Healy, occurred when 
the topography of the Alaska Range was nnlCh as we 
know it today. Ice accumulated as glaciers in the 
higher n1ountains of the range and in the ranges to the 
south, as it had done at least twice previously. These 
glaeiers advanced down the river valleys and coalesced 
to form a great intermontane ice sheet in southeni 
Alaska. J\{ost of the ice of theN enana glacier probably 
moved southwestward clown Broad Pass to join the 
great iee sheet of the Susitna Basin. A distributary 
branch of the Nenana glacier flowed northward down 
the Nenana Canyon a11d was swelled by ice frmn the 
Y anert Fork and Riley Creek. It spread out at the 
mouth of the narrow gorge between MciGnley Park 
station and Healy to form a bulbous piedmont lobe 
about five Iniles wide. It is possible that during the 
Healy glaciation the Nenana gla.eier withdrew several 
miles frmn its point of Inaxinuun advance, and subse
quently readvanced to that point, but at a slightly lower 
altitude. Glaciers advanced down the Sanctuary, Tek
lanika, and Savage Rivers ahnost to the MciGnley Park 
highway, and down the East Fork of the Tokla.t River 
several miles beyond the MciGnley Park highway. The 
glacier that advanced down the 'Vood River apparently 
reached the southern part of the Tanana Flats. 

The Nenana River built an extensive outwash plain 
downstream from the terminus of the glacier, as did all 
other glaeial strean1s. Periglacial tributaries, which 
were oversupplied with debris provided by intensified 
frost action, built gravel plains which were graded to 
the glacial outwash plains. 

"\Vhen the Healy ice front 1nacle its final retreat, a 
lake oecnpied the Nenana Gorge between MciGnley 
Park station and Healy. This lake is here na1ned 
glaeial Lake Moody. Tributary streams built deltas 
in the lake, and the lake itself was cmnpletely filled 
with varved silt and clay. Presumably the Nenana 
River flmved out of the lake over a bedrock lip north
east of Garner. After the filling of the lake the river 
at first fimved 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 it against the east wall of the 
glacial gorge between Moody and Garner. Downcut
ting resulted in the superposition of the Nenana River 
on the schist bedrock of the east \Vall 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 c.anyon that was 
once occupied by the lake. The retreat of the ice of 
the Healy glaciation may have been interrupted by 
standstills or even slight advances. Eventually the ice 
retreated far into the mountains. During the inter
glacial interval that ensued, congeliturbation, involving 
chiefly solifluction and aceompaniecl by some stream 
erosion, rmnoved most of the deposits left by the Healy 
ice. Deposits of the Healy glaciation are preserved 
only in gently sloping areas. 

RILEY CREEK GLACIATION 

The youngest recognized ice advance is the Riley 
Creek. Its extent, shown on plate 6, was eonsiderably 
less than that of the Healy glaciation, and it is doubtful 
that glaciers covered all the lowlands of southern Alaska 
during the Riley Creek. Glaciers advanced down the 
Nenana River and Y anert Fork to the junction of these 
streams, where the lobes coalesced to form an inter
montane iee sheet. The Nenana glacier vn1s apparently 
the more vigorous of the two glaciers for the interlobate 
nwraine which separates them is convex toward the 
Y anert Fork valle:y. The tenninus stood at the mouth 
of Riley Creek, near MciGnley Park station. One lobe 
of the glacier spilled over the pass north of Carlo into 
the Riley Creek drainage where its terminus coalesced 
with the terminus of the glacier that vms advancing 
down Riley Creek. Glaciers on the Toklat, Teklanika, 
and Sanctuary Rivers reached only as far north as the 
l\fciGnley Park highway. The Savage River valley 
appears not to have been occupied by a glacier during 
this glaciation. The glacier that advanced down the 
'Vood River ended in the foothills several 1niles bad{ 
of the tern1inus of the Healy glacier. 

Evidence suggests that the ice advance of the 
Riley Creek was double or multiple, like that of the 
Healy, separate advances being interrupted by short 
periods of minor retreat. The advance which built the 
terminal n1oraine at the mouth of Riley Creek \.Yas com
plex, retreating and reaclvancing at l~ast twice over a 
distance of several hundred yards. This moraine was 
built shortly before 8,600 B. C., based on a radioearbon 
determination (Suess, 1954, p. 4 71, No. 'V -49) . 

Deposits of oubvash gravel were several hm1clred 
feet thick at the glacier fronts, but tapered dmvnsh~eam, 
and 20-30 n1iles north of the glacier fronts were only a 

few feet thick. The periglacial streams aggraded their 
beds with gravel deposits to meet the main strea1ns at 
grade, as they had done during the Healy glaciation. 

The retreating Nenana glacier left, along the inner 
1nargin of its terminal1noraine, a body of stagnant ice 
protected by a thick eovering of superglacial moraine. 
South of this iee the glaeial1nelt water built an outwash 
plain \vhich abutted against the stagnant iee. That 
outwash plain now fronts the depression which was left 
when the stagnant iee melted. 'Vhen the ice front stood 
at vVindy, a proglacia1 lake apparently oceupied the 
valley of the Nenana River for several miles north of 
'Vindy. Debris frmn the glacier was presumably de
posited as a proglacial delta at the head of the lake. 
The lake was drained by the erosion of its dam of ter
race gravel. Shortly the~reafter the glaeier readvanced 
to a point 4 miles north of Carlo, where it built a tenni
nal moraine composed largely, perhaps, of the pro
glacial delta whieh had been built into the lake. The 
river again aggraded its bed, leaving an outwash plain; 
this plain has been preserved as a series of terraees, 
which can be traced continuously downstream to the 
foothills. The glaeier again retreated and left a second 
proglaciallake. Finally the glacier retreated far into 
the mountains, the proglaciallake was drained, and the 
Nenana River and other streams eroded their beds to 
positions they now occupy. 

The wann period which followed the Riley Creek 
glaeiation was brought to a close many hundred or a 
few thousand years ago by a short, sharp, cold period, 
which caused a general glacial readvanee and the 
growth of rock glaeiers. This was followed by a warm 
period, then by a second cold period that 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 SURF ACE 

Throughout the foothill region of the Alaska Range, 
and in a few places in the, higher parts of the range, 
are numerous flat mountaintops. An i1nportant 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 n1uch older 
erosional feature-the deformed and exhumed uncon
formity at the base of the Tertiary roeks-some 1nay be 
remnants of the late Cenozoic surface. If it can be 
proved that smne are actually remnants of the late 
Cenozoic surface, it will he possible to reeonstruet that 
surface and deter1nine. its subsequent deformation 
fairly closely. 

Before discussing the late Cenozoic erosion surface, 
the early Cenozoic surfaee will be described. 
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EXHUMED UNCONF OR MITY AT THE BASE OF T H E 
TERTIARY R OCKS 

Many smooth surfaces and areas of 10\1" relief in the 
Alaska Range are parts of the folrled and uncovered 
unconformity at the base of the Tertiary rocks. Tri
angular facets on the ends of truncated sp urs on the 
north side of th e ridge of Birch Creek schist north of 
the highway " ·est of ;)fcKi.nley Park station are rem
nants o-f that unconformity. The facets truncate the 
schi stosity at a considemble angle. The slope o-f these 
facets is as steep as and in places steeper than the clip 
of the Tertiary strata that arc exposed at the base of 
the hills, and the facets coincide at their bases with 
the contact bet"·een tl1e Tertiary rocks and the under
lying Birch Creek sch ist. These truncated spurs arc 
exceptionally \Yell p1·ese rved west of the SaYage Rivet· 
(pl. G). Similar sudaces are exposed :tlong the south 
side of Healy Creek for the first 12 miles abo\·e its 
lllouth. The high north-sloping plateau which caps 
the mountain behYeen :.\(oody Creek and the Nenana 
Hiver is also thought to be a part of the unconformity. 

The Broad Pass depression, through \\·h ich the rail
road crosses tl1e eli \·ide between the Pacific Ocean and 
the Bering Sea drainages just so uth of the Alaska 
Range, is an eroded gmben in Tertiary rocks. Patches 
of Tertiary rocks lie on the floor of the depression, and 
the \Yalls are fault-line scarps 3 that are much dissected 
and modified. 

Kenan:t gravel underlies the plain \Yhich is followed 
by the McKinley Park highmty from Sange River 
to Teldanika Rinr, about 15 miles west of McKinley 
Park stat ion. This body of Nenana gravel is connected 
with the broad valley of the Yanert Fork lJy a series o-f 
lo\Ylands and passes. The valley of the Y :mert Fork 
for 15 miles above its mouth has a lowland floor nearly 
3 miles \l'ide and broad flaring sides. This lowland 
conldlwrdly ktve been carved out of hard pre-Tertiary 
1·ocks by the Y anert glacier of Pleistocene age, for the 
much larger Nenana glacier, '"hich " ·as active at the 
same time, failed to carve a canyon wider than 1 mile 
both above and below its con ftuence with the Yanert 
glacier. 

The surface of the mountain southwest of McKinley 
Park station is broadly con vex and has a slope of 1,000 
feet to the mile east\Yard and northeastward. This 
slope is dissected by many canyons with steep walls. 
The slope truncates steeply dipping beds in the Cant
\Yell formation. The mountain rises high above the 
highest level s reached by later glaciers that have left 

a \\'ahrl~aftig. ClydP, 194±. Coal dPpo>its in the CMtPllo Creek coal 
bnsin: unpublished report in fi!cs of r. S. Geol. Sun-c.'·· 

clear marks of their presence in the topography. Al
though ermtic boulders deposited during some of the 
earlier glacial stages rest on the slope, any attempt to 
explain its orig in through ice sculpture must account 
for the absence of such turtle-back slopes elsewhere 
along the Nenana Canyon at the same altitude. Like
wise, any attempt to explain the slope through proc
esses of solifluction similar to those operating elsewhere 
in Alaska (Taber, 1943, p. 1451-52; Eakin, 1916, p. 
76-78), must also explain the general absence of such 
slopes when rocks of the same kind and the same age 
form mountains of the same age both east and west 
of this locality. The mountain lies just south of the 
pass between the Yanert Fork valley and the body of 
Nenana gravel along the McKinley Park higlnmy. Its 
surface is thought, therefore, to be a portion of the 
unconformity, here deformed into an antic] i ne, at the 
base of the Tertiary rocks. 

Surfaces of similar origin are widely distributed 
throughout the Alaska Range. They occur where 
smooth-sided mountains in the shape of overturned 
canoes- such as the mountain north of All Gold Creek 
at the head of the Totatlanika Rivee (pl. 1) - are 
flanked by terraced lowlands underlain by Tertiary 
rocks- rocks that dip away from the mountains at 
angles about equal to the slope of the mountainsides. 
Along the crests of the anticlines and along structmal 
tenaces these surfaces are essentially flat; and many 
of them, if traced far enough, will be found to coin
cide with the surface at the base of the Tertiary rocks 
elsewhere along the anticlines and structural ter
races- for example, the surface at the top of the moun
tain cut by the lower Teklanika and Sushana Rivers 
(see pl. 1). Small patches of basal white quartz con
glomerate resting on such flat surfaces coincide with 
the unconformity at the base . of the coal-bearing 
formation. 

Many flat surfaces cap mountains throughout the 
northern foothill belt of the Alaska Range. Examples 
are the flat top of Mount '~Tright and of the mountain 
east of it and north o-f the McKinley Park highway 
(pl. 6) ; the nearly flat top of the mountains through 
which the Teklanika and Sushana Rivers flow at about 
latitude 63°55'N. (pl. 6); Jumbo Dome and the moun
tains aronncl the headwaters of California and Buz
zard Creeks north and east of Jumbo Dome; and the 
top of Rex Dome and the mountaintops near Rex 
Dome. Although all these surfaces truncate the struc
ture of the underlying schist, they are not necessarily 
remnants of the late Cenozoic preglacial erosion sur
face: in fact most of them are parts of the exhumed 
unconformity at the base of the Tertiary rocks. 
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EVIDENCE OF EXISTENCE OF THE LATE CENOZOIC 
PREGLACIAL EROSION SURFACE 

In a few places there is evidence to support the con
tention that some of the fiat mountaintops are rem
nants of rL late Cenozoic preglrwial erosion surface. 
Mount ·wright and its neighboring mountains pro
vide the strongest evidence. In the first place, the 
surface on the tops of these mountains makes a sharp 
angle with the triangular facets on the spurs along 
the north side of the mountains-facets which are the 
upward extensions of the lmconformity at the base 
of the T ertiary coal-bearing formation. This alone 
does not prove that the flat tops of the mountains are 
not part of an exhumed unconformity-specificall y, the 
one at the base of t l1 e Nenana gravel, which is uncon
formable on the coal-bearing formation in this vicinity 
(\iVahrhaftig, 1051, p. 182). However, the Nenana 
gravel, whi ch was deposited from the south (\Vahrhaf
tig, 1951, p. 179), has at its top a thick layer of con
glomerate made up largely of boulders of Birch Creek 
schist. This schist could have come only from Mt. 
\~Tright and its neighboring mountains ll orth of the 
McKinl ey Park highway, for no Birch Creek schist 
occurs so ut h of the highway. The layer of conglom
erate contain ing the schist is deformed, as is the rest 
of the conglom emte, and dips 30° S . near the mouth 
of tl 1e Savage Ri \·e1·. T he mountains from \\·hi ch the 
boulders of sch ist "·ere derived could not have been 
buried by the Nenana gmvel, for the layer of schist 

FIGURE 4.- Aerlal view, looking west, of the ·Teklanika and Sanctuary 
Rivers, showing superposed northward-flowing streams crossing cast
ward-trending structur a ll y controlled ridges and valleys. Mount 
Wright is in the center of the photograph. Photograph by the U. S. 
Army Air Corps, 1941. 

pebbles lies near the top of that formation. Further
more, as will be shown in the next paragraph, the 
surface on which the Savage, Sanctuary, and Tek
lanika Rivers were consequent was formed tdter the 
deformation of the Nenana gravel and truncated folds 
and fault blocks in the Nenana gravel. It is very 
likely that the flat surface that truncates the structure 
of the schist in Mount ·wright and its neighboring 
mountains is part of the late Cenozoic pregbcial ero
sion surface. 

The evidence that best demonstrates that the flat 
top of Mount \ iVright is part of an ancient erosion 
surface is the remarkable discordance between drain
age pattern on the one hand and topography and 
structure on the other, a discordance which can be 
explained only by postulating the existence of such 
a surface. The simple dendritic pattern of the north
ward flowing streams-the forks of the Toldat River, 
the Teldanika River and its tributaries, the Nenana 
River and Riley Creek, and Totatlanika and Tatlanika 
Creeks-gives no clue to the fact that the predominant 
trend of the ridges is eastward (pl. 6) . More than 
that, several of the streams- the Nenana, Savage, Tek
lanika, Sanctuary, and East Fork of the Toldat-are 
remarkably parallel, trending about N. 15°-25° vV., 
almost perpendicular to the structure (fig. 4). Clear
ly, these streams originated on topography or rock 
formations that had no similarity to the topography 
of the present Alaska Range. It is unlikely that the 
eastward-trending ridges were formed by faulting and 
folding ,,-hich took place after this stream pattern 
was established, for many of the streams were too 
feeble to cut through rising ridges of schist and gneiss, 
and would qu ickly ha.ve been diverted, by capture, to
\ntrd more vigorous streams. The upper Sushana, 
so me of the forks of Totatlanika Creek, and Gold 
Ki ng Creek, for instance, lmve cut deep canyons in 
r idges of harCL rock just a few miles downstream from 
their sources, although much easier courses exist to 
left or right of them along valleys and low passes 
underlain by softer rocks (pl. 1). It seems certain, 
therefore, thlLt at one time a relatively smooth plain 
existed across at least part of the Alaska Range-a 
plain which may or may not have been covered by late 
Tertiary sedimentary rocks that were little deformed-
that this plain was subsequently inclined northward, 
and that a consequent drainage developed on it. The 
tops of Mount ·wright and its neighbors are probably 
remna.nts of this p lain. It remains to be determined 
whether any other remnants of this plain exist, what 
its original limits were, and the amount of its subse
quent defo rmation. 
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NATURE AND TOPOGRAPHY OF THE PREGLACIAL 
EROSION SURF ACE 

It is not possible to demonstrate conclusively that 
flat mountaintops other than those of Mt. ·wright and 
its neighboring mountains are part of the preglacial 
erosion sur·face. The mountaintops of this part. of 
the range, however, are probably not far below the 
level of the erosion surface, for the elevations of sum
mits between longitude 148°10' \V. and longitude 
149°30' \V., are between 6,500 and 7,000 feet. A re
construction of the erosion surface at its present posi
tion is sho wn on figure 5. This reconstruction is based 
on the assumption that the top of Mt. ·wright is a rem
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 

149°00' 
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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 it slopes aLout 
90 feet per mile about N. 20° \V. 

F igure 5 also shmrs 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 the 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 
mountains around the head of the Yanert Fork, 1,000-
1,600 feet above the erosion surface, have a moderately 
well developed trellised dminage, and their rivers and 
glaciers flow westward. They probably ''ere not re
duced by erosion at the t ime the erosion surface was 
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FIGURE 5. - Geograpby of the Alaska Range l.Jcfor e the Browne glaciatiOn. 
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being carved because they consisted largely of hard pre
Tertiary rocks, already possessing considerable relief, 
whereas the surfaces to the northwest and southwest 
were underlain largely by soft Terti~1ry rocks. 

Similarly, the crest of the Alaska Ra.nge west of the 
head of the Sanctuary River rises above the restored 
erosion surface. It form s a drainage divide along a 
band of hard rocks a little north of what rmty have 
been the main drainage divide for this part of Alaska. 
This part of the range is the east end of a large group 
of high mountains rising above the erosion surface r1ncl 
culminating in Mt. McKinley, which probably had an 
altitude of 10,000-13,000 feet at the time the erosion 
surface was completed. 

SUBSEQUEN T DEFORMAT ION OF T HE EROSION 
SURFA CE 

In preceding paragraphs it wrrs shown that the 
present altitude of the erosion surface is 3,000-7,000 
feet, and its north"·a,rd slope is flO feet per mile. If 
the gradim1t of the surface as a ·whole was no greater 
than the average gradient of streams now draining the 
Alaska Range and if the shoreline was near its present 
position, the erosion surface would have had an altitude 
between 1,000 and 2,000 feet in the Alaska Range. It 
has, therefore, apparently been nplifted at least 5,000 
feet and possibly 6,000 feet in the central part of the 
range. As will be sl10wn in the following sections, mu ch 
of this uplift took place gradually throughout the Plei s
tocene, during and bet,,·een successive glaciations. 

The reader may wonder whether the present drainage 
of this part of the Alaska Range has been inherited 
from the drainage that carved the erosion surface. Al
though it seems likely that the westward comses of the 
upper Yanert Fork and the upper \Voocl River, ad
justed as they are to the structure of the crystalline 
mountains, have persisted since the time these moun
tains were fi.rst eroded, the northward courses do not 
appear to have. The rivers that carved the erosion sur
face, which was probably very smooth, would be ex
pected to have meandered considerably. Parallel 
development of stream courses, except on the most gen· 
eral plan, would have been fortuitous. The larger 
and more aggressive streams would have captured many 
of the smaller streams and developed a palmate den
dritic pattern. Instead, the streams, with the exception 
of the \Vood River and Totatlanika Creek, are remark
ably straight and parallel, trending about N. 15°-25 ° 
vV., almost perpendicular to the contours on the re
stored erosion surface. This remarkable parallelism is 
best explained by assuming that the streams flowed 
northwestward as a result of the northwestward tilting 
c:£ the erosion surface. It is unlikely that any of the 

streams inherited a course which existed before the tilt
ing. The pattern of the streams that carved the erosion 
surface still remains a mystery. 

BROWNE GLACIATIOK 

GLACIAL DE POSITS ALONG THE NENANA RIVER 

The oldest recognized glrrcia 1 deposits consist of 
scattel'ccl boulders and blocks of granite on some of the 
higher mountains on either side of the Nenana Hiver. 
The boulders measure as much as 40 feet on a side. 
Most of them are of rocks which occur only in the 
higher parts o.f the Alaska Range, at the headwaters of 
the Ne11ana R iver and the Yanert Forie They are cer
tainly too la.rg0 to have been transported to their present 
positions by streams. They are found on terrains of 
Nenana gravel, coal-bearing formation, Totatlanilm 
and Birch Creek schist, and Cantwell formation. 
l-Ienee they were not deposited by mudfio 11·s or glaciers 
as an episode in the deposition of one of the Tertiary 
formations. The most likely explanation for their oc
currence is that they are glacial enatics, the only rem
nants of ancient till sheets of an early glacial advance. 

These boulders were first described by Capps (1912, 
p . 35), who recognized them as evidence for a glacial 
stage much older than the \Visconsin (Capps, 1931, p. 
7). The boulders on the terrace near Browne define 
this glacial advance ,,-hich in this report is called the 
B rowne glaciation (fig. 6). 

FIGURF. G.-Erratic of the Browne glaciation at mile 382 on the Alaska 
Railroad. This boulder has rolled or slid to the level of the railroad 
track from the terrace 400 feet above. The granite is suflic icntly 
fresh to t·equire blasting to mnke the railroad cut. The man standing 
on the boulder is 5 feet 7 incites tall. 
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lVlost 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 conglomerate 
and sandstone from the Cantwell fonnation. The gran
ite of these boulders is strikingly similar petrographi
cally to that from the large stock between the Yanert and 
Nenana Glaciers. Except for the presence of a dark
brown mineral whieh resembles allanite in the thin sec
tions from the erratics, the granite is identical in ap
pearance to that of the thin sections from_ the stock. 
Presumably it was derived in part frmn this stock, and 
possibly also from the stock at the head of Bruskasna 
Creek, whieh, according to Pogue (1915, p. 57), has a 
similar lithology. The granite is unlike that of thin 
sections of igneous rocks occurring elsewhere in the 
Alaska Range (see section on granitic intrusive rocks). 

The distribution of the glacial erratics is shown on 
figure 8 and on plates 2, 3, and 5. In those areas 
mapped thoroughly on the ground (the area east of 
the Nenana River and in the basins of Dry Creek and 
Savage River) the erratics were plotted individually 
on the field maps. A record was kept of the number 
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 l\loody Creek. Frmn these 
records graphs ·were prepared (fig. 7) , showing the 
density of the boulders (presmnably glacial erratics). 

The counts, and the positions of the points between 
which they were rnade, ·were recorded on the sketch maps 
directly below the graphs. The points were then pro
jeeted to the projection lines drawn on each of the 
sketch maps, and the intercepts bet,veen projections of 
the points ·were measured. The number of boulders in 

each intereept, divided by the intereept distance in 
thousands of feet, gave the number of boulders per 
1,000 feet. This nmnber was plotted at the 1nidpoint of 
the intercept on the graphs. The points were then 
conneeted by a curve to give the graphs. The graphs 
have been reduced and reprinted in their correct geo
graphic positions, on figure 8. Thus the locations of 
the very high coneentrations of boulders on eaeh creek 
may be compared with the general pattern of distribu
tion of glacial erratics along the Nenana. River. On 
Lignite Creek, the foreign boulders consist of granite, 
greenstone, and conglomerate. On l\1oody Creek they 
are of granite and greenstone. 

The distribution of boulders in the area west of the 
Nenana Hiver and north of Fish Creek and Pangengi 
Creek (including all of the area shown on figure 8) 
was determined from closely spaeed helicopter flights, 
100-500 feet above the ground. Landings were rnacle 
at selected localities and samples of the boulders col
leetecl. It is felt that at least 70 percent of all the 
boulders in this area were located, probably a higher 
percentage than that located in the area covered by 
foot. 

The glacial erratics which have been assigned to the 
Browne glaciation are found from 1\tlciCinley Park sta
tion northward to the north edge of the foothills. The 
greatest eoncentrations are north of Healy. The dis
tribution of the erraties is peculiar in that between dis
tanees of about :3 and 6 miles frmn the river on either 
side of it is a belt of very abundant boulders, while 
beyond, to east and "\vest, only a few widely seattered 
boulders of the same types of roek occur. The western 
belt of high concentration occurs on top of the hill, 

Concentration of granite and greenstone boulders 
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FIGURE 7.-Graphs showing the distribution of probabte 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. 



24 QUATERNARY AND ENGINEERING GEOLOGY, CENTRAL ALASKA RANGE 

149'30' 

64°15'1 

149°00' 148°"()' 
-------------=-:.:,:-~-----,-------,--_,--------------,,,64o15' 

[] 

/ 
/ 

_) 
( I 

4f58 /' 

~, 
o•',. 

( 
r 

5 
_ __)_ __ 

EXPLANATION 

Foreign boulders larger than 5 feet 
in diameter. Probably glacial erratics 

I 

Concentration of foreign boulders larger 
::.;, than 5 feet in diameter; too dense to 
'& ' be counted and plotted individually 

--2000----
--2250----

Inferred contours on floor of the Nenana 
River valley during Browne glaciation. 
Long dashes where close topographic 
control exists; short dashes where close 
topographic control does not exist. 
Contour interval 250 feet. Datum is ' 
sea level 

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, 
about 6 miles southwest of Healy; and along the ridge 
north of Dry Creek between altitudes of 2,700 and3,000 
feet, 5-7 1niles west of Healy (see pl. 6 and fig. 8). It 
continues northwestward along the watershed between 

Pangengi and Fish Creeks; two lmv ridges along either 
side of the lake at the head of Fish Creek have numerous 
boulders. The belt extends around the flank of the 
mountain west of Slate Creek between altitudes of 2,500-
3,000 feet, where the boulders litter the remnants of a 
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high terrace. The belt continues northward along this 
bench for about a 1nile beyond the latitude of Ferry 
(see pl. 5). North of this bench is a gap in the belt 
about 7 miles 'vide, in which there are very few boulders. 
Beyond 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 'vest of theN enana River. This 
segment of the belt extends from the north edge of the 
foothills, at a point opposite Browne, northward to the 
bluff facing the Tanana Flats. 

vV est of this band of boulders a few boulders of 
granite, gabbro, and conglomerate are widely scattered 
for a distance of frmn 5 to 7 1niles. A fmv granite 
boulders, 3-5 feet across, occur on the top of the 3,9-!4-
foot mountain north of Dry Creek, about 9 1niles west 
of I-Iealy. Three granite erra.tics are on the ridge 
north of Fish Creek, the farthest west boulder being 
10 miles from the Nenana River and only 2 1niles frmn 
the Savage River. 

Many granite and gabbro boulders litter the top of 
the 3,67 -!-foot mountain west of Slate Creek (see fig. 8) . 
This is the greatest concentration of these boulders out
side the belt of abundant boulders. A few boulders of 
granite and conglomerate were spotted in the rolling up
land country in the western part of Fairbanks A-! quad
rangle; the concentration of erratics averages one every 
4 square miles, far less than the concentration of boul
ders in the. belt of abundant boulders nearer the 
Nenana River. 

On the east side of the Nenana River the 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 far upstream as 
a point 61/2 miles southeast of the stream mouth. The 
rocks frmn which these boulders were derived are for
eign to the drainage basin of Moody Creek. No foreign 
boulders were observed beyond that point, although the 
ereek was earefully examined as far 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 far 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 
b2d of Lignite Creek, where they have probably been 
deposited by mudflows frmn the surrounding highlands. 
Their concentration is greatest 3 miles east of the mouth 
of the creek, above which point it falls off abruptly. 
East of a point 6 miles above the mouth of the creek 
there a.re no large boulders except that 9 miles above 
the mouth of Lignite Creek, 4 large boulders of granite 
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and gabbro occur. (See fig. 8.) The largest of these 
is 15 feet across. Granite erratics are com1non along 
the ridges on either side of vValker Creek, about 5 miles 
east of theN enana River. From this locality, the belt 
of abundant erratics continues northward to the junc
tion of Chicken and Moose Creeks. A deposit of eoarse 
sand and gravel, containing scattered erraties, caps the 
1,600-foot terrace just north of the junction of Moose 
and Chieken Creeks (see pl. 5). This may be eoarse 
till or outwash of the Browne glaciation. Extending 
northward from this terraee almost to Browne is a 5-
mile gap in the belt. Between Browne and the north 
edge of the hills, abundant granite erratics are asso
ciated with a deposit of sand and gravel about 50 feet 
thick, 'v hieh covers part of a terrace 500 feet high on 
the east side of theN enana 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 
track. One and a half miles north of Browne it was 
necessary to blast through one large boulder for the 
right-of-way of the Alaska Railroad (see fig. 6). 

There are very few boulders east of the eastern belt 
of abundant boulders. One was observed on top of the 
2,5-!0-foot mountain 4 1niles northeast of Browne; a 
few occur east of the head of Elsie Creek~ and -i boul
ders, which have already been mentioned, were found 
9 miles above the mouth of Lignite Creek. 

The belts of abundant bonlders which have been de
scribed coincide with what appear to he the borders of 
an ancient valley of the Nenana R.iver, ineised about 
2,000 feet below the preglacial erosion surfaee. The 
most striking remnant of this valley is the prominent 
terrace which occurs on both sides of theN enana. River. 
On the east side of the river it can be traced from the 
north edge of the foothills southward to Moose Creek; 
and on the west side, fron1 the north edge of the foot
hills to Slate Creek. This terraee defines a. valley about 
4 miles wide at Browne and about 6 miles wide at Ferry. 
It is about 450 feet above the river a.t the north edae b 

of the foothills, and rises southward to about 1,700 feet 
above the river in the vieinity of Slate Creek. 

South of Slate Creek the remnants of the ancient val
ley floor eonsist largely of ridge erests. The most prom
inent of these ridge crests is north of Dry Creek. It 
has an abrupt change in altitude about 6 miles west of 
Healy, close to the western limit of abundant glacial 
erratics. West of this point the altitude of the crest is 
about 3,800 feet, and the ridge is a simple hogback hav
ing a smooth north slope. The crest is held up by a 
zone of beds of boulder conglomerate in the Nenana 
gravel. The crest of the lower eastern part ranges in 
altitude from 2,800 to 3,200 feet, and trends in part 
transverse to the strike of the beds. Extending north-
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ward frmn the low eastern part of the ridge are several 
long even-crested spurs, which end abruptly at the zone 
of coarse boulder conglomerate which holds up the 
higher western part. The strike and dip of the beds 
in the Nenana 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 a glacier moving down the Nenana River 
valley. The western limit of abundant boulders coin
cides closely with the west ,~vall of this ancient valley. 

Between MciGnley Park station and Healy between 
miles 349 and352 on the Alaska Railroad are four even
crested ridges having 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 iinpres
sion of marking an 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 erest north 
of Dry Creek. 

The glaeial erratics of the Browne glaeiation are re
markably fresh. Thin seetions ground from ehips taken 
from the surface of several erratics show very little de
velopment of weathering products. The erratie shown 
on fig. 6 was so firm that explosives were neeessary in 
eonstructing the roadbed for the Alaska Railroad 
through it. Thus it 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 an1ount 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 
I\:ansan or Nebraskan. Actually, however, the weath
ering of these boulders has been considerable. In 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 1nechanical, since even in interglacial times the 
climate in this area was either eold-temperate or sub
arctic. The fine-grained weathering products were 
removed as fast as they were fonned. 

Several of the glacial erratic.s have fantastie and ir
regular projections as 1nueh as 5 feet long. These are 
usually upheld by dark inclusions in the granite, ap
parently more resistant to mechanieal disintegration 
than the granite itself. If the boulders had been trans
ported in this eondition by the glaeier the proj,eetions 
would have probably broken off. Boulders having sueh 
projeetions are not found on moden1 glaeiers. It seems 
clear, therefore, that the erratics owe their unusual 

shapes to weathering of the surface layer, probably by 
frost disintegration. 

The ground surrounding granite boulders in the 
gravel flood plain of Lignite Creek has an aceumula
tion of thin spalls of granite, which ean be crushed in 
the hand. They have apparently aeemnulated over a 
period of not more than 20 years, for the ereek, whieh 
probably swept the base of each boulder within that 
time, would have removed the spalls. One boulder on 
Lignite Creek is exposed in the side of a gra.vel 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 strea1n for about 5 feet above low water 
on the creek. Above this level the surfaee of the boulder 
is rough and pitted, indicating that eonsiderable spall
ing of the surface has oecurred since it was last polished 
by the stream. 

Many of the erraties on the terraces and high moun
tainsides oceur in elusters of a half dozen or more, 
which are separated by some distance fron1 eaeh other. 
A large cluster of this kind occurs on 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 dose 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 sueh as those comn1on to the older tills 
of te1nperate regions, that is, none of the types of 
boulders on whieh weathering eounts are 1nade to dis
tinguish separate glaeiations ( Blaekwelder, 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 
glaeiation indicates that a great glaeier advanced from 
the highlands around the Y anert and Nenana Glaciers 
westward and northward clown the Nenana River to a 
locality a few Iniles north of Browne. The floor on 
which the glacier advaneed has been fairly well pre
served northward from Moose Creek as the high terraee 
on which the glacial erratics oceur. At Moose Creek 
this floor has an altitude of 1,600 feet, and 9 miles far
ther north it has an altitude of 1,200 feet. Its present 
slope in this. distance is, therefore, 45 feet per mile. 
This part of the glacier lobe oeeupied a broa.d 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 preglaeial erosion surfaee. 
Southwa.rd from Moose Creek the topography formed 
by the Browne glaeiation 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
J(inley Park station. Using the terrace and accordant 
ridge crests as eontrol, eontours 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 abundant 
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 wails of the ancient 
valley. This suggests that the valley walls confined 
the aneient glacier. If this relation between valley 
\Valls and glacier existed, the oceurrence of widely scat
tered boulders far beyond the limits of the valley is 
difficult to explain in terms of a single glacial advance. 
The glaeier could have expanded greatly during a short 
period, during which it carried little till, then retreated 
within the valley and there accumulated massive nlo
raines. A more. reasonable explanation, the author 
believes, is that the widely scattered boulders represent 
a glaciation that oecurred earlier than the Browne 
glaciation and that was separated from it by a. long 
interglacial period. In an effort to detennine whether 
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 the 
probable thickness of the glaeier. It was assu1ned that 
the Browne glacier in the Nenana River valley would 
have had about the san1e strueture and thickness as the 
glaciers of the later glaeial periods and that it would 
have oeeupied a si1nilar topographic position. To de
termine the thickness of iee during these later periods, 
well-defined ice-contact features high on the sides of 
valley walls were 1neasured at several localities on n1any 
of the rivers in the Alaska Range. These measure
Inents are presented in table 4. 

TABLE 4.--Thickness of 1:ce of the Healy and Riley Creek glacia
t1:ons along rivers of the Alaska Range 

Healy glaciation: 

Distance 
from termi-

River nus to point 
of measure
ment (miles) 

Nenana_____________________________ 19 
Wood______________________________ 19 
East Fork of the Toklat____________ 12 

Riley Cret>k glaciation: 
Nenana_____________________________ 4 
Nenana_____________________________ 12 
Yanert Fork________________________ 16 
Wood______________________________ 16 
Ea.;;t Fork of the Toklat____________ 5 
Tekla'lika__________________________ 9 (?) 
Delta_______________________________ 12 
Delta_______________________________ 22 

Thickness 
at point of 

measurement 
(feet) 

1.000 
1, 800 
1, 000 

600 
1, 500 
1, 600 
1, 200 

800 
600 

1, 200 
1, 400 

Average 
downstream 
decrease in 
thickness 
(feet per 

mile) 

5~ 
95 
86 

150 
12.5 
100 

75 
160 

70 
100 

65 

From these data it appears that, in general, the thick
ness of the Browne glacier increased roughly 100 feet 
per 1nile for about 15 miles south of its terminus, and 
beyond that point it remained relatively constant. The 
1naximum 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 iee streams listed in the table. It eould, there
fore, have overridden the 3,941-foot mountain at the 
head of Elsie Creek, as well as the 3,674-foot mountain 
southwest of Ferry and the 3,944-foot ridge west of 
Healy; thus it could have deposited all the boulders 
whieh have yet been found, ·with the possible exeeption 
of the boulder on the 2,540-foot mountain west of \Vindy 
Creek. If it overrode these mountains, it is difficult 
to understand why the glaeier should have left only a 
few seattered boulders on and beyond these mountains 
and a great abundance of boulders on the valley floor 
at their base. It is unlikely that erosion subsequent 
to the Browne glaciation removed most of these boul
ders, for the 3,6.7 4-foot mountain is graded to the ter
race formed during the Browne glaeiation on the east 
side of the mountain. Furthennore, if sueh erosion 
took place, streams should have delivered Inany boul
ders to the Teklanika and Totatlanika drainage; yet, 
although a eareful search for foreign boulders was 1nade 
along these streams and the strean1s draining into them, 
none were found. 

There thus appears to be some evidence to suggest 
that the e.rratics here grouped under the Bro,vne gla
eiation along the, Nenana River were deposited during 
two separate glacial advances; nevertheless, it is en
tirely possible that they were deposited during a single 
advance. 

UPLIFT OF THE ALASKA RANGE SINCE THE 
GLACIATION 

The present slope of the valley floor formed by the 
Browne glaciation between Moose Creek and Lignite 
is about 100 feet per 1nile (see fig. 8). North of Moose 
Creek and south of Lignite ]tis about 60 feet per 1nile. 
The over-all slope of the present-day Nenana River 
aer·oss the Alaska Range is about 25 feet per mile, pro
jected to a straight line parallel to the river. The 
Nenana River during the Browne glaciation very likely 
had a similar slope. Therefore, the total northward 
inclination since the Browne has an1ounted to 75 feet 
per mile in the streteh from Moose Creek to Lignite, 
and about 35 feet per mile from Mcl(inley Park station 
to Lignite and from ~foose 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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Bonnif-ield Creeks at altitudes of 3,000-4,000 feet. (See 
pl. 2.) The sources of these rocks were the granite 
bodies on the tributaries of theW ood River (pl. 1) and 
a gabbro beneath the Cantwell formation on Young 
Creek (pl. 1). Thus a glacier 1noved from the head
waters of the v'F ood River to the plateau surface around 
Gold l{ing Creek (see pl. 6) . As no granite boulders 
were observed 1nantling the plateau surface north of 
the head of Coal Creek (tributary toW ood River), the 
main valley do-vvn which the glacier flowed must have 
been west of Coal Creek. It probably extended 
through the pass behveen ~fystic Creek and Bonnifield 
Creek. This implies a conside-rable change in drain
age, as well as clowncutting by the Wood River of 2,000 
feet since the glacier which deposited these boulders 
advanced clmn1 the vVood River. The downcutting is 
comparable to that of the Nenana River and its tribu
taries through deposits of ti1e Brmvne glaciation in the 
vicinity of Healy. Hence, the boulder deposits are ten
tatively correlated with the Brovvne glaciation on the 
Nenana River. 

TOPOGRAPHY DURING THE GLACIATION 

Figure 8 indicates clearly that the part of the Alaska 
Range which 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 the range, around Mel{inley Park 
station and Carlo, must have been similar to the present 
appearance of the northen1 foothills west of theN enana 
River, where the relief is of the same order of Inag
nitude. Low, rolling ridges, probably having smooth, 
nearly fiat summits,.marked the emerging pre-Tertiary 
cores of the anticlines, which later becan1e the rugged 
east-west ridges of the Alaska Range. The intervening 
valleys, cut on Tertiary rocks, which at that time must 
lut ve covered most of this part of the Alaska Range, 
either were nearly featureless plains or had broadly 
terraeecl slopes. The mountains of the ]\fount 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 ~fcl{inley 
group were even higher, Mount Mcl{inley being per
haps 16,000 or 17,000 feet in altitude. The mountains 
bebveen the Alaska Range and the Pacific ocean prob
ably were much lower than they now are, and 1nay not 
have blocked the passage of moist winds. lienee the 
Browne glaciation eould have been n1ore extensive in 
the Alaska Range than the suceeeding stages, even 
though the mountains vYere not nearly as high as they 
w·ere 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 
whieh are assigned to the Dry Creek glaciation lie on 
hillsides at a level well below that of glacial erratics 
of the Browne glaeiation but above deposits of the 
younger Jiealy glaciation, described in the following 
section. 

A deposit of yellowish-brown varved clay on the east 
side of the valley of Dry Creek serves best to define the 
altitude of the i~.e duri1;g the Dry Creek glaciation and 
the amount of uplift and erosion which oceurred be
tween the iee advance of this stage and the ice ad
vanees before and after it. It is at an altitude of 2,400 
feet at about latitude 63°49' N., longitude 1!9°05' ,V. 
(pl. 2). The varved clay is flat-lying, and it appears 
to be a remnant of a deposit which may onee have filled 
the valley of Dry Creek. It was apparently deposited 
in a lake danuned by ice moving down the Nenana 
River, although all other vestiges of this lake have been 
destroyed. The terminal moraine of the Healy glaeier 
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 the lower 
course of Dry Creek. It is clear that the Healy gla
cier could not have been responsible for the damming 
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 Browne glaciation 
occur and about 700 feet below the supposeed level of 
the valley floor of the Browne glaciation at this lo
cality. Furthermore, Dry Creek and the ridge north 
of it trend at 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 
day was deposited in a glacially da1nmed lake, it is 
younger than the ice ad vance of the Browne and older 
than the ice advance of the Healy, and was deposited 
caused by a glacier whose restored upper surface would 
be at least 500 feet higher than the restored upper sur
face of the Healy ice. 

The broad flat-topped 1nountain between the Nenana 
River and Riley Creek about 4 miles due north of Carlo 
rises to an altitude of 3,700 feet. (See pl. 3.) Glacial 
erratics are strewn over its top. On its southvvest side, 
at an altitude of 3,175 feet, is a low rounded ridge of 
till, whieh is probably a remnant of a lateral moraine 
of a lobe of the Nenana glacier of the l-Iealy glaciation. 
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Therefore, the erratic boulders on the n1ountains above 
this moraine ridge were probably deposited by a glacier 
which stood at least 500 feet higher than the Healy 
glacier. They could have been deposited by the glacier 
which clammed Dry Creek to form the varved-clay 
deposit. 

In 1951 the author observed large rounded white 
boulders, presmnably granite, wasting out of a deposit 
on a bench at an altitude of 4,000 feet, about 11,4 1niles 
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 the 
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, regarded 
as marking the ice limit of an earlier glaciation which 
stood 500 feet higher on the mountain sides than the 
Healy ice. A similar deposit of boulders occurs at an 
altitude of 4,000-4,300 feet on the west wall of the 
Nenana River gorge, V6 miles 1vest of the 1nouth of 
Carlo Creek. 

The position of these deposits and their relations to 
the profile of the glacier they represent, and to older 
and younger glaciers, are shown in the longitudinal 
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 prominent 
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terrace, which has a thick ea p 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.) In the vicinity of 
Lignite, the top of the gravel on the outwash terrace 
of the Dry Creek glaciation lies at an altitude of 2,200 
feet, about 450 feet above the highest of the terraces 
-vvhich appear to be associated with the Healy (fig. 9), 
and about 500 feet below the restored profile of the N e
nana River of the. Browne glaciation. In the vicinity 
of Ferry, about 8 miles north, it is about 350 feet above 
the terraces of the Healy. Farther north the terrace 
has been removed by erosion. 

Exposures of gravel underlying the terrace are poor, 
but east of the Nenana River, opposite Lignite, gravel 
appears to be 50-100 feet thick (see fig. 9). This gravel 
appears to have been deposited by the Nenana River, 
for it is blue gray in color, as is the gravel now being 
deposited by theN enaJla River, and consists of boulders 
of unweathered gabbro, granite, Birch Creek schist, 
dark-gray conglomerate, and coarse sandstone frmn the 
Cantwell formation. It is cmnpletely unlike gravel 
deposits derived frmn the Nenana gravel. The latter, 
which form alluvial cones resting on the distal parts 
of the terrace, are commonly buff to brown in color. 
Boulders derived from the Nenana gravel-although 
also consisting of schist, gabbro, granite, conglomerate, 
and clark sandstone--are commonly deeply weathered 
and iron-stained, and terrace gravel derived fron1 the 
Nenana gravel is quite similar in color and appearance 
to the Nenana gravel itself. 
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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 n1ountain, 
down which they are slowly sliding into the bed of Pan
gengi Creek. These boulders could be rmnnants 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 n1ust 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 n1oved 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 1niles north of the junction of Moody and 
Healy Creeks. If it is a terrace remnant, it would 
correlate with the outwash terrace of the Dry Creek 
glaciation. 

GLACIAL ADVANCES ON OTHER RIVERS 

Climatic conditions that eould eause a glaeial ad
vance down the Nenana River as far as Healy would, 
in all likelihood, have eaused iee advances of compa
rable magnitude on other rivers of the Alaska Range. 
Deposits of till and erratics that are assigned to this 
glaeiation because of their topographie position and 
relations to other ghteial deposits have been found on 
the East Fork of the Toklat River, on Igloo Creek. 
Savage River, and Moose Creek (tributary to Tat
lanika Creek). These deposits lie only a few hundred 
feet above the adjaeent streams, on topography which 
appears to be younger than the Brovvne glaciation. 
The uplift and tilting that caused the valleys of the 
Nenana and vVoocl Rivers to be deepened 1,000 to 2,000 
feet also affected the 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 vVood Rivers, they 
must all have deepened their valleys many hundred::; 
of feet sinee the Browne glaciation, and therefore 
these deposits are thought to lie eonsiclerably belmv 
the level that must have prevailed in these valleys 
during Browne time. If, instead, we assume that the 
glacial deposits in question are of Browne age, then 
the valleys in whieh they lie would have been so deep 
during Browne time that they should have eaptured 
the drainage of both the Nenana and Wood Rivers. 
On the other hand, the deposits lie above and beyond 
the limits of the I-Iealy glaciation, or oceupy aneient 

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

Glaeial deposits at two loealities in the drainage 
basin of the East Fork of the Toklat River have been 
assigned to the Dry Creek glaeiation. 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'N. 
and longitude 149°53'W. (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 eonsists almost entirely of Birch Creek sehist 
and Paleozoic and Mesozoie sedimentary roeks. The 
mountains at the headwaters of the ereek are not as 
high as other n1ountains nearby which appear not to 
have supported glaeiers during the Healy and Riley 
Creek glaeiations. The voleanic roeks could have been 
derived from voleanic terrain of the 1nain valley of 
the East Fork of the Toklat River. Although roek 
types exactly like those of the till have not been found 
in plaee where the Mel{inley Park highway crosses 
the voleanie terrain, they may erop out farther 
downstream. 

If the till was brought to its present position by a 
glacier advancing down the tributary valley, the sur
faee over which the glaeier advaneed must have been 
largely destroyed. This is indieated by the narrow 
V -shaped gorge having interlocking spurs several 
hundred feet high that extends 3 miles southward (up
stremn) frmn the deposit. Above the inner eanyon 
is a broad eanyon having straight flaring walls and 
a floor about a quarter of a 1nile wide, whieh could 
have been oceupied by a glaeier. However, this upper 
canyon is far narrower than the broad U-shaped val
ley of the East Fork of the Toklat, whieh ends abruptly 
downstream about 5 1niles south of the till deposit. It 
'vould appear therefore that the glacier whieh de
posited the till, if it advanced clown the East Fork 
of the Toklat, is very old, and that uplift and erosion 
an1ounting to several hundred feet have oeeurrecl sinee 
its advanee. Evidenee presented in the following see
tions indicates that two separate glaeial advanees have 
taken plaee on the East Fork of the Toklat River 
since the deposition of the till. These are correlated 
with the Healy and Riley Creek glaciations on the 
Nenana River. On the other hand, the deposit eould 
hardly be as old as the Browne glaeiation, for it 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 the Toklat River during 
the Browne glaeiation would have been n1ueh higher 
than the present river level. 

Although the till deposit is em·related with the Dry 
Creek glaciation on the Nenana River, the evidenee 
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for the ice advance in the tributary valley is still tenta
tive. The geology at the head of the tributary was 
studied only in reconnaissance fashion by Capps and 
Brooks. The absence of volcanic rocks in situ in the 
basin of this tributary n1ust be proved before it can 
be stated with certainty that the volcanic rocks that 
make up the till deposit came from the basin of the 
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 at the top of the 4,900-foot mountain 
about 3 miles S. 20° E. of Sable Mountain in Mount Mc
l{inley 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 the Nenana gravel, 
which makes up this mountain, they must have been 
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 1,500 
feet above the bed of the East Fork of the Toklat Ri~er, 
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 which is be
lieved to have been carved later than the Browne glacia
tion. Hence, they are regarded, together with the 
deposit of till 14 miles north, as evidence of a glacial 
advance whose height, extent, and age 'vere about the 
same as those of the Dry Creek ice advance on the 
Nenana River. This ice advance is, therefore, corre
lated with that of the Dry Creek. 

A field of boulders, about 50 percent of which are 
of Birch Creek schist and the remainder of granite, 
gabbro, conglomerate and basalt, lies in a creek about 
half a 1nile north of a point on the ~Icl{inle.y Park 
highway 3 miles east of the Savage River bridge. 
Boulders 3 feet aeross 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 been 
deposited only by glaciers advancing out of the nloun
tains to the south. The terrain on w hie h the other rocks 
rest is underlain by Birch Creek schist and the Tertiary 
coal-bearing fonnation, neither of which contains 
boulders of granite, gabbro, or conglomerate of this 
size. It is unlikely that the till could have been de
posited by a glacier advancing down the Nenana River, 
for no similar deposits were observed east of this creek, 
although every stremn 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. If the Sanctuary 
glacier had advanced to this point, one would suppose 
that a lobe of the 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 ren1aining hypothesis is that 
the boulders were deposited by ice advancing clown the 
Savage River. This ice may have reworked till of the 
Browne glaciation containing granite boulders, for no 
bodies of granite are known to occur at the head of the 
Savage River. Reasons for concluding that the Savage 
River canyon was not occupied by ice during the last 
(Riley Creek) glaciation are given in another sec
tion of this report. It seems likely that the U-shaped 
gorge of the Savage River south of the Mel{inley Park 
highway was formed during the Healy glaciation. The 
deposit of boulders is believed to be beyond the ter
minus of the Healy ice, although all topographic evi
dence of the terminal moraine of the Healy has been 
destroyed. Therefore, the glacial advance which de
posited the erratic boulders is tentatively assigned to the 
Dry Creek glaciation. 

Boulders of Birch Creek schist, the largest of which 
is 8 feet long, are strewn over the flat saddle (altitude, 
4,000 feet) between the head of ~foose Creek and the 
head of Gold JGng Creek, about 3 1niles due north of 
Keevy Peak. The saddle is underlain by Totatlanika 
schist, and the contact between the two schists is almost 
2 miles south, on the flanks of l{eevy Peak. Presum
ably these boulders are erratics left by a glacier which 
advanced northward fron1 the cirque at the head of 
Moose Creek. In all likelihood, Moose Creek drained 
northward to Gold l{ing Creek at the time of this 
glacial advance, but has since been diverted by head
ward capture toward Tatlanika Creek. The stream bed 
is now several hundred feet below the boulclerJ. The 
boulder deposit is tentatively eorrelatecl 'vith the Dry 
Creek glaciation, although it is possible also that it was 
formed during the Bro,vne glaciation. 

No glacial deposits definitely assignable 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 
Nenana River during the Browne glacial advance (fig. 
8) with the profile of the Dry Creek outwash terrace 
(pl. 7) shows that the Nenana River of the Browne 
glaciation had a slope of about 25 feet more per mile 
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between Lignite and Browne than had the outwash ter
race of the Dry Creek glaciation (see table 5). The 
greatest divergence in slope-37 feet per 1nile-was 
between Ferry and Lignite. Table 5 indicates that the 
Alaska Range was uplifted 700 feet during the interval 
between the Browne and Dry Creek glaciations, and 
that the displacement was largely restricted to a nar
row monoclinal belt, about 8 1niles 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 IGng Creek, where deposits of 
the Browne glaciation indicate that the valley floor was 
2,000 feet abov~ the present river leveL The monoclinal 
flexure probably trends southwestward from the Nen
ana River toward the l{antishna Hills. 

TABLE 5.-Differences in present altaude of Nenana River profiles 
of Browne and Dry Creek glaciations 

Locality 
Distance 

from 
Browne 
(miles) 

Altitude of the re
stored profile of 
the rivrr formed 
during the 
Browne glacia
tion (feet) 

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

------1----1---------------------
Browne _________ _ 
Ferry ___________ _ 
Lignite _________ _ 
Healy ___________ _ 

1 Approximate altitude. 

0 
10 
18 
22 

1, 300 
2,000 
2, 850 
3, 200 

11,100 
1, 650 
2, 200 

12.500 

200 
350 
6.50 
700 

The uplift in 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 was dissected by strea1ns chiefly along 
belts of soft Tertiary rocks. Consequently, the original 
surface of the Browne glaciation 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 at angles of 7°-10°, which 
are mantled with a thin layer of strean1 gravel derived 
from the n1ountains. 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 sculpture of 1nost of the Alaska 
Range, particularly the foothill eountry, in the interval 
between the Browne and Dry Creek glaciations. 

One signifieant drainage ehange appears to have oc
curred. During the Browne glaeiation, the vVood River 
drained northward through the pass at the head of 
Mystic Creek, then flowed approximately along the pres
ent course of either Bonnifield or Gold l{ing Creeks. 
A stream eroding head ward in a southwesterly direction 
along soft roeks in the eoal-bearing formation captured 
the 'Vood River and diverted it in a broad arc a few 
miles east of its original course. 

HEALY GLACIATION 

GLACIAL DEPOSITS ALONG THE NENANA RIVER 

The Healy glaciation, the type locality of which con
sists of tern1inal moraine deposits along the Nenana 
River near I-Iealy, 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 1nueh better preserved than those of 
earlier advances. 

Part of the 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 2-2lj2 miles due west of 
Healy. These ridges are about 2 1niles long, have a 
total width of a third of a 1nile, 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, 
dean gravel, including boulders of gabbro, eonglomer
ate, and granite. The granite is disintegrated. Peb
bles in the gravel average 3 inches in size. The boul
ders are as much as 3 feet across. The surfaee of the 
ridge is mantled 'vith a. layer of 1nixed 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 eonsists com1nonly 
of rounded pebbles and boulders of conglomerate, green
stone, and granite, scattered through a matrix of green
ish-gray silty clay. 

The arcuate ridges were recognized by S. R. Capps 
( 1932, p. 290) as marking the maxi1num 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 
frmn 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 a,rcuate ridges, the terrace on 
which the.y rest has 1nany 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 e.ast side of the Nenana River, near latitude 
63°50' N., a terrace 1,800-1,900 feet in altitude lies 
between the river and Moody Creek (pl. 2). It is 
shown on figure 21 as terraee 14. Its upper surface 
has many hillocks and undrained depressions. The 
material at the surfaee appears, frmn 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 at the max
imum ad vance of the Healy glaciation. 

Till is exposed on the north ,,.all of the runyon at 
mile 3i"i5 on the Alaska Railroad, about one mile south 
of Garner (pl. 2). lt rests on Birch Creek schist and 
lies against the east "·all of an ancient gorge, nmY filled 
with blue clay, of the Nenana Rirer. As explained in 
a later section, the clay is believed to have been de
posited by a lake that \\·as left by the retreat of the 
Healy glacier, and the till, therefore, "·as probably de
posi ted dming the Healy glaciation. 

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

A small borly o:f tiJl o:f the Healy glacial· ion, overlain 
unconformably uy blue-gray out"·ash gravel of the Ri
ley Creek glaciation, is exposed in a railroad cut albout 
a mile north of McKinley Park station. 

Deposits of till, assigned to the Healy glaciation, 
mantle much of the Aoor of the valley dra ined by Hines 
Creek and its t ributaries in the vicinity of Mount .Mc
Kinley National Park headquarters. The flat area at 
about 2,fl00 feet altitude, about half [L mile northwest 
of the National Park headquarters (pl. R), is under
lain by tiJl containing large boulders of granite and 
conglomerate, some moee th[m 10 feet across. This till 
must have been brought to this position by a glacier 
flowing do"·n the Xenana River valley. 

An excavation for a 1mter pipe, made in 1951 along 
the McKinley Park lt iglllnq about three-quarters of a 
mile west of the National Park headquarters, disclosed 
freslt-appearing blue-gray till contain ing boulders of 
granite, conglomerate, gabbro, and other rocks in a 
matrix of blue-gray sand and clay. The till inter-
1ingei·s " ·estward "·ith st ream-deposited granl whi ch 
contains abundant boulders of Birch Creek schist in 
addition to tlte other rocks. The excavation was about 
8 feet deep, and neither ihe base of the till nor the. base 
of the graYcl W<tS exposed. The altitude of thi s ex
posure is allout 2,200 feet. Presumably, the deposits 
of t ill aml gmYel represent the margin of the Nenana 
River glaeier o:f the Healy glae iation, as very little evi
dence of glacial deposition was observed farther up 
the valley of Hines Creek. This fixes the upper sur
face of the glacier at :Mc.Kinley Park station during 
the maximum advanee of the Healy ice at about 2,500 
feet. Southward, a prominent bench rises along the 
west side of the valley of Hiley Creek from the level of 
these deposits. 

423223- 58--4 

A similar deposit of till, interfingering laterally west
"~ard 'Yith stream-deposited gravel, underlies a triangu
lar terrace remnant bet"·een Riley Creek and Hines 
Creek (pl. 3) nt 2,000 feet altitude, or 500 feet below 
the upper surface of the ice at the maximwn of the 
Healy glaciation. The relationship of till to stretLm
deposited gravel at this plaee suggests that 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 readvance of the ice. 

Till remnants of the Healy glaeiation south of Mc
JCi nley Park station eonsists largely of ice-contact de
posits in protected positions on mountains high above 
the younger Hiley Creek deposits. 

A smoothly rounded ridge of till, 90 feet high, lies 
on the relatively flat shoulder on the southwest side of 
the mountain between Riley Creek and the Nenana 
l·hver about g--4 miles north of Carlo (see pl. 3). The 
top of this ridge ranges in [tltitude from 3,175 feet at 
the sonth end to about 3,000 feet at the north end, 2 
miles a"·ay. It'l base is about 300 feet above the sharply 
defined ice-margin deposits of the 1-Wey Creek glacia
tion in the pass southwest 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 
Healy advanee. 

Kirtley F. Mather, Troy L. Pewc, and the writer, on 
an airplane (-fight in 1951, observed a morainelike ridge 
that blocl<s the mouth of a small creek near Carlo tri
angulation station (pl. 3). Atonetimethecreeld1owed 
eastward into R.evine Creek, but, because of the ridge, 
it now flows north 1mrcl, parallel to Revine Creek, into 
the Y nnert Fork This ridge stood about :1,600 feet 
in altitude, about 200 feet ttbove the well-defined mo
rainal ridges of the Riley Creek. It is believed to 
mark the ice limit of the Healy glaeirLtion at this point. 

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

LANDFORMS OF THE HEALY GLACIATION ALONG 
THE NENANA RIVER 

Landforms of the Healy glaciation along the Nenana 
River are poorly preserved, compared with the land
forms of the younger Riley Creek glaciation. The outer 
gorge of the Nenana River between McKinley Park sta
tion and Healy is straight and has faceted spurs (fig. 
10). Evidently, the spurs have been planed away by the 
glacial icc of the Healy and, possibly, the Dry Creek 
glaciations. However, no glacial grooves or rounded 
roches moutonees are preserved. The triangular facets 
of the spurs facing the river are rough rtnd hununocky 
in detail. 
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FIGclm 10.-View southwestward from mountain north of Garner, show
in" the two-sto l'\' canyon of the Nenana RiYer. The broad floor of 
th: onter go rge . .. to the right, is underlain by a lluviu m and lake-de
posited clay. The gorge to the left was cut after the Healy gln.cia
tiou by the:- sn prrposetl ~renana UiYer. ~'he terrace gravel on the west 
wall of the inner ~orge is Hilry C rcpk outwash. 

These landforms are quite unlike the part of the 
Nenana River gorge between \V'indy and Carlo, which 
was occupied by ice of the later Riley Creek glaciation. 
The1·e, the side walls have distinct horizontal grooves 
and benches parallel to the rivE'.!', and the lO\Yer slopes 
of the spurs are gently rounded. The absence of minor 
glac ial landforms could be attributed to the greftter 
susceptibility of the Birch Creek schist to weathering 
than rocks that make up the mountains of the upper 
gorge of the Nenana. However, the canyon of the 
\ iV ood River, 30 miles east, and of the Delta River, 80 
miles east, both of which \\·ere occupied by glaciers of 
the last ad vance (Troy L. Pewe, oral communication, 
1951), have excellently preserved glacitd grooves on 
their walls and well-rotmded roches moutonees on their 
walls and floors. Both canyons are cnt in Birch Creek 
schist that is similar in every respect to the Birch Creek 
schi st of the lo~Yer gorge of the Kcnana River. This 
difference in degree of preservation betwe>en the glacial 
landforms in the gorge of the Nenana between Mc
Kinley Park station and Healy on the one hand, and 
those on other rivers and farther upstream. on. the 
N ena.na. on the other hand, is evidence that the period 
during which ice occupied the lower Kenana gorge 
(that is, the Healy glaciation) is much older than the 
latest ice advance in this region. 

LAKE DEPOSITS OF THE HEALY GLACIATION ALONG 
THE NENANA RIVER 

During the retreat. of the ice of the Healy glaciation, 
the Nenana River gorge "·as occupied by glacial Lake 
Moody. This lake, about one-third of a mile wide, and 
at least 9 miles long, extended from Riley Creek north
ward to a point beyond Garner. Its surface stood at an. 
altitude of about 1,750 feet. Before the river began to 
cut dom1 its outlet, the lake was completely filled with 
chy and gravel. Between Riley Cl'eek and Moody, the 
lake co incided closely with the present canyon of the 
Nenana River. ~ort.h of Moody, however, the lake was 
from 1/s to lj 2 mi.le west of the present Nenana River, 
which flO\YS in a narrow gorge that was cut after the 
lake was filled with sediments. The lake deposits con
sist. largely of blue- and yellowish-gray horizontally 
varved silty clay, but each stream flowing into the lake 
b11ilt tt delta of coarse sand and gravel. Some of the 
deltas are exposed in cross section along the Alaska 
Railroad, and others are undoubtedly buried beneath 
younger deposits. 

The northermnost exposure of clay deposited in 
glacial Lak:e Moody is in the forks of the creek half a 
mile west of Garner (pl. 2), and also in frost-polygons 
on a hillside as high as 1,750 feet in altitude. Clay is 
exposed on both banks of the canyon that the Alaska 
Hailroacl crosses at mile 355, about. 1 mile south of Gar
ner, between a point one-sixth of a mile up the canyon 
from the r::tilroad bridge and a point half a mile up 
tlte canyon from the railroad bridge. The lower one
sixth of a mile of the canyon is in Birch Creek schist. 
Along the contact. between the clay beds and the Birch 
Creek schist, the outcrops indicRte an irregular mass 
of till and gl'a vel, the deposit mentioned on page :313. 
The clay in thi s crwyon is found from the level of the 
ca nyon floor (1,470 feet) to an altitude of about 1,670 
Jeet on the ca:hyon \ralls. It is overlain on the north 
side of the canyon by a layer of gravel, 50- 70 feet thick, 
consisting entirely of Birch Creek schist. The upper 
surfa ce oJ this gravel is the surface of a slopi ng terrace, 
w·hich has the appearance of part of a low cone rad
iating Jrom the point at. which this canyon emerges 
hom the mountain \vall to the west.. Apparently, the 
deposit is an alluvial fan that was built. by this canyon 
across the upper surface of the clay and later partly 
dissected. The exposures of clay are very poor, ex
tensive slumping of the \valls of the canyon having ob
scm·ed them. Enough clay is exposed, however, to 
demonstrate conclusively that the upper part of this 
canyon, " ·here it crosses the broad floor of the outer 
gorge of the Nenana River, crosses a body of clay. 

Similar exposures of blue-gray clay occur along the 
north side of the canyon at mile 1354 (pl. 2), about 1lf2 
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FwunJiJ 11.-Geologic cross section of the floor of the buried Nenana River gorge at mile 354 on the Alaska Rail
road, show ing buried lake deposits west of the river. 'l'opography from Alaska Raill'oad bridge engineer's 
map (scale, 1: 4,SOO) . 

miles south of Garner and half n. mile north of Moody. 
They extend along the canyon wall ~~-1;2 ntile t~bove the 
railroad bridge. The clay ranges in altitude from 
about 1,600 to 1,700 feet. Geologic conditions near this 
canyon are indicated on figure 11. 

From about mile 353, just south of ~Ioocly (pl. 2), 
to mile 353.5, north of Moody, the Alaska Railroad 
crosses a deposit of blue glacial-lake clay. An excel
lent e.\posure of the clay and interbedded sand near 
the north end of this outcrop shows that the clay is Hat
lying and 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 053 and Sheep Creek the clay is con
fined to a narrow band between the railroad track and 
the river. vVest of the ntilroad track is a bank of gravel 
1()5 feet high, rising about 280 feet above the river. A 
cross sect ion of this bank is sho wn on figure 13. Be
tween the railroad trat:k and a level about 50 feet above 
it (altitude, 1,540 feet) the gravel is well bedded and 
consists almost entirely of boulders of Birch Creek 
schist. The beds clip 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 cmu·se blue-gray 
gravel, consisiting of boulders of conglomerate, coarse 
dark sandstone, andesite, gabbro, and granite, derived 
from the CanbYell formation and other rock bodies 
many miles up the NenamL River. This gravel is iden
tical to the gravel in the bed of the modern Nenana 
River. The blue-gray gravel is overlain in tum by a 
layer of brmvn silty gravel, consist ing entirely of boul
ders o:l' Birch Creek schist, the upper surface of which 

has a slope of about 15 feet per 100 feet northeast a ncl 
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 theN enana 
River. The layer of blue-gray gravel, resting on clay, 
can be traced northward to the vicinity of the railroad 
tunnel, where it is about 20 feet lower than it is at Sheep 
Creek. Between the 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 unconformably on partly eroded 
lake deposits of the Healy glaciation. 

Lake deposits, including delta gravel, are exposed at 
the railroad bridge at mile 351.4 on the Alaska Rail
road (see pl. 2 and fig. 13) . Along the railroad and 
bet\veen the railroad and the Nenana river, horizontally 
bedded, varved, blue and gray glacial clay is exposed. 
The clay interfingers westward with coarse gravel that 
consists almost entirely of Birch Creek schist and that 
clips 20°-25° toward the river. The gravel is the foreset 
part of a delta built into glacial Lake Moody by the 
creek that flows under the bridge. This gravel extends 
to an altitude of 1,600 feet, about 30 feet a,bove the rail
road track. It is overlain by a layer of blue-gray 
gravel, similar to the blue-gray oubYash gravel at 
Moody, about 15-20 feet thick. This layer is overlain 
in turn by yellowish-brown silty gravel, consisting of 
Birch Creek schist, apparently deposited as an alluvial 
t:one on the gravel that w~1s laid clown by the Nmmna 
River. Churn drilling clone in1948 in the material on 
which the bridge rests, disclosed that the clay extends to 
a depth of as much as 100 feet belo"· the railroad track, 
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FIG URE 12.- Steeply clippi ng forese t boils of the ciPlta lJuilt by Hhcep 
Creek into glacial Lake ilfoocly overlain by outwash gra,·cl of the 
Rile.'· Creek glaria Lion. 'J.'lw ,·ertical bluff abo,·e the ~harp brea k in 
slope is forrnrtl of allll\'illnl resting on outwash grn ,.el. Con11)n rc 
with fig. J 3. 

Or 70 feet. flUOYe river level, where it is underlain by 
coarse clean \mter-bem·ing blue-gray gravel. 

Clay is expoHed downstream along the creek from 
the railroad bridge at mile 350.3 (pl. 2), :mel a small 
body of clay 11·as exposed on the 11orth b:mk of the 
creek j nst west of the bridge during construction of 
a trestle in 1D4R. Gravel that dips 15° to~Yard the 
river makes up the south wall of this canyon just \Yest 
of the railroad. It is overlain unconformably by lJOri
zonhtl blue-gmy gnwel at track level. Presumably, 
the same explanation applies to these deposits as does 
to those at Sheep Creek and mile 351.4; that is, a delta 
built into glacial Lalre Moody was partly llcstroyed 
at lt later time by the Kennna River, '"hich llepositecl 
ont~Yash gravel across the truncrtted delta beds. 

Between miles 349 and 350.3 (pl. 2), both the Ne
nana River and the Alaska H.ailroad swing in a broa<l 
arc aroun<l a lo\r bench that projeds eastward from 
the \\·est \mll of the Nenmm River gorge. Most of 
the _bench is underlain at depth by Yarved clay of 
glaCial Lake Moody. The clay is exposed bet\Yeen the 
river and the railroad tmck on the south side of the 
bench between miles ;149 and 349.6, :wd on the north 
side of the bench 100 feet east of mile 350 and between 
miles 350 and 350.25. At all these points the clay 
outcrops have been the loci of landslides. Bet\Yeen 
miles 34!>.6 and 350, the west wall of the o·oro·e is 
Birch Creek schist, which apparently forms a'"' na~Tow 
septum of schist bet·"~een the rock-walled croro-e of the 
-xr R" o o 1.~ en ana . 1 ver and the clay-filled glacial gorge west 
of the rallrottd track. Tlte bench is an almost per-

fectly presened alluvial cone deposited by the creek 
at mile 350.3. The alluvial gravels of the bench con
sist almost entirely of Birch Creek schist. They rest 
on a thin laye1· of blue-gray gravel deposited by the 
Nenana River, \Yhich rests in turn unconformably on 
the glacial-lake clay and the wall of schist east of the 
clay. Geologic conditions benertth this bench are il
lustrated on figure H, \Yhich represents an east-"-est 
section thro11gh the bench. 

Clay, overlying till, is exposed on the east bank of 
tl1e Nenanrt River abont, 1 mile north of McKinley Park 
station (see pl. 3). The relations of the clay and till 
are indicated on figure Hi. The termce east of the 
railroad rtncl about half tt mile nm-th of McKinley 
Park station is underlain by clay. The terrace con
sists of blue-gray gravel, 100 feet thick, deposited by 
the Ken:tna Hiver. Clay exposed on the north bank 
of Riley Creek about half a mile east of the railrortd 
bridge, at an altiturl.e of 1,6+0 feet, is probably the 
southernmost exposure of clay of glacial Lake Moody. 

The all11vial cones, resting on clay, north of the 
canyon at mile 35:1: \\·ere probably deposited shortly 
after glacial Lake Moody had been destroyed by silt
ing. Presu nmbly, 1 he lake clmined nOltheast,Yard 
over a ledge of Birch Creek schi st, probably j ust south 
of the tunnel at Garner. Had the lake chained north
warn over tl1e terminal moraine ~tt Dry Creek, it would 
have eroded the moraine befOl'e the lake was com
pletely filled \rith clrty and silt. The deposition of 
alluvium by canyons at miles 354 :mel 355 was suffi
ciently mpid to force the Nenana River against the 
east bank of its canyon bet~Yeen Moody and Grtt·ner; 
no compa1·able tributa ries enter the Nenarm River from 
the east in this 3-mile stretch. After the Healy o-la-

• . b 

Clatlon, \Yhen the lake w:ts filled " ·ith silt and clown-
cutting \\'<I S resmned, the river was superposed on the 
east bedrock m1ll of the sediment-filled o·lncial o·oro·e n n o' 
where it carved a I~<tiTO\Y postglacial gorge. 

OUTWASH GRAVEL ALONG THE NENANA RIVER 

Outwash gmYel of the Healy glaciation extends 
downstream along the Nenana River from Garner. 
Locally the gravel is as much as 180 feet thick, and 
the upper surface of the outwash plain near the termi
nus of tl1e glacier at Healy is 400-500 feet above the 
present river level. The terraces on which the oTavel 

b 

1·ests " ·ere formed by the Kenana River dm·ing the 
advance and retrea t of the Healy ice. They are com
plex, for they occur nt three and possibly five different 
levels. 

A gmvel-covered termce about 400 feet above the 
present river le\·el, and about 1ljz miles wide, extends 
northward on the \Yest side of the Nenana River from 
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Dry Creek to Pangengi Creek (see pls. 2, 7, 8) . This 
is the high, well-defined terrace shown on figure 16. 
(On the plate the top of the terrace is invisible because 
it is slightly above the level of the observer.) The 
topographic position of the terrace along Dry Creek 
suggests strongly that the layer of gravel at its top 

is part of the outwash plain of the terminal n1oraine 
of the Healy glacier, and it is so considered here. The 
terrace continues northward along the hillside from 
Pangengi Creek almost to Ferry, where it is about 260 
feet above the river. Northward from Ferry (pl. 5) 
the outwash plain of the Healy glaciation is probably 
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FIGlJRE 15.-Field sketch of the northeast bank of the Nenana River 1 mile north of McKinley Park station. Qco, outwash of the Carlo read
yance; Qro, outwash of the Riley Creek glaciation; Qhdg, delta gravel of glacial Lake Moody; Qhlc, lake clay of glacial Lake Moody, Qhm. 
till of thf' Healy glaciation; p£'bc, Birch Creek schist. Geologic contacts shown by dashed lines. 

preserved as a layer of gravel on one of a coinplex 
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 at 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 at 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 exposure 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 llh miles long is 
about ±50 feet above the river, the saJ.ne 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 1nile 
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 1nuch as 1,800 feet in altitude, on the north 
side of the creek flowing through Garner station, 1nay 
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 it was overridden by 
J.Ce. 

Terraces capped with alluvium as 1nuch 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. Infonnation concerning these terraces is 
used in a subsequent part of this section of the report 



FIGURE 16.- Panonuna of the terraces on the west bank of t he Nenana River between Pangcngi Cr eek and Lignite. 
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in dating the capture of streams east of the Nenana 
River. 

GLACIAL DEPOSITS ALONG OTHER RIVERS 

Glacial deposits and landforms in other river valleys 
lying above and beyond the well-marked limits of the 
Riley Creek glaciation, but on topogr·aphy which has 
been little modified since the deposits and landforms 
were created, are probably equivalent in age to those re
sulting from the Healy glaciation on theN enana River 
(see pl. 6). These deposits have been observed on the 
vVood River, the Sanctuary River, and the East Fork 
of the TokJat River. Glaciated valleys that are 
thought to have Leen carved, in part, during the Healy 
glaciation are present at the headwaters of Last Chance 
Creek and the Sa.vage River. 

The deposits on the \ iV ood River are best preserved 
in the valley of Mystic Creek (see pl. G). The flat at 
al titudes of 3,500- 3,800 feet beb-reen the forks of 
Mystic Creek, 4-5 miles above its mouth, has deposits 
of large granite boulders as much as 8-10 feet in diam
eter stre>nl over it. Similar boulders are found on the 
fht about tL mile due south of the fork at altitudes of 
3,500- 3,800 feet. The point fa rthest from the river at 
\Yhich boulde1·s \\·ere obser·ved was 1% miles northwest 
o£ the fork of Mystic Creek. Similar boulders are also 
found at an altitude of about 3,600 feet at the head
\\·aters of Coal Creek (see pl. 6) . ApprLrently the ice 
that carried the boulders did not extend farther \\·est 
than the farthest \\·est boulders in the valley of Mystic 
Creek, and did not reach an altitude of more than 3,900 
feet. The sonrce of the boulders was a body of grano
diorite on the west side of the ·wood River abont half
way between Copper Ct·eek and Cody Creek. The 
boulders are about 300-500 feet above the well-defined 
upper limit of >Yell-preserved glncifll grooves and 
scoured surfaces on the \Yalls of tltc valley of the 1'\'ood 
l·hver. They probably were deposited during the 
Healy glaciation. 

A ve1·y low arcuate ridge on the fiat on the east side 
of the 'Wood River at an altitude of 1,400 feet, near 
latitude 64°11' N., longitude 14-7°30' IV. (pl. 6), \Yas 
identified on aerial photographs as possibly the termi
nal moraine of the glacier wh ich deposited the boulders 
in the valley of Mystic Creek. If it is, it has been al
most completely buried by ouhmsh of a younger stage, 
for the present ridge is not more tJmn 20 or ,30 feet 
high. 

The deposits of the Healy glaciation on the Sanc
tuary River (pl. G) cons ist of scattered giant boulders 
of graywacke, greenstone, conglomerate, and gabbro, 
as much as several feet in tl iameter. These boul<]ers 
litter the crest of the ridge east of the river and 2--4 

miles soutl1 of McKinley Park highway at altitudes of 
3,200-3,400 feet. The r idge is about 300 feet higher 
than a well-preserved terminal and lateral moraine of 
the yom1gest great glacial advance on the Sanctuary 
River, whi ch is correlated \Yith the R iley Creek gla
ciation. Therefore, these boulders are probably rem
nants of a lateral moraine of a glacier of the Healy 
gltwiation \\-hich may have advanced down the Sanc
t-uary River as far as the McKinley Park higliWay. 

The only phce on the East Fork of the Toklat River 
where till of the HeRly glaciation has been examined 
is about 4 miles southeast of Sable Mountain in the pass 
at the head of Igloo Cl--eek (see pl. 6). Ridges of till 
lie on either side of the broad valley at the head of 
Igloo Creek from the 4,500-foot pass northward for 
about 2 miles. Boulders in the till are largely limestone 
breccia, like that from the Dry Creek till near this lo
cality. These deposits appear to be of mueh rnore recent 
origin tlmn the scattered till and erratics of the Dry 
Creek advance that mantle tl1e mounb.tintop west of the 
head of I gloo Creek, for their upper limit is well -de
lineJ. Thoy appear to be remnants of lateral and ter
minal moraines defining a glaeiftl lobe that extended 
Jown Igloo Creek 2 miles northward from the pas..s. 
They were probably deposited by an advan ce of the 
small glacier that oc<.:upies the valley south of and in 
line with the upper part of Igloo Creek. However, the 
most recent i<.:e advance down this vall ey appears to 
ha.-e followed the canyon whieh turns sharply west
\Yarcl to join the ice of the East Fork of the Toklat at a 
level considerably below the pass. The deposits at 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 \Yere laid down during the Healy 
glaciation. 

No glacial deposits correlated with the Healy glacia
tion have beC!l positively identified elsewhere in this 
part of tha 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. K o morn.inal deposits remain 
in these valleys. Some of the valleys are floored with 
periglacial terrace gravel. Judging from the freshness 
and abundan<.:e of depos its of the Riley Creek glaciation 
('Yhere it has ceen recogni zed), and the vvell -preserved 
morainal topography in the vall eys known to have con
tained Rilfy Creek glaciers, it 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 vall eys is, therefore, 
attributed to ice-scour during the Healy glaciation. 
The morainal material deposited in these valleys during 
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the Healy adv:1nce \Vas prestunably removed during the 
interval between Healy and Riley Creek glaciations. 

Examples of these valleys are the valley of the East 
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 Mcl{inley 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 1nay 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 "\Yere 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 Nenana River in 
the following paragraphs are based largely on com
parison of the height and gradient of outwash terraces 
formed at the times of glacial maxima. The divergence 
in gradient of these terraces is greatest north of Healy. 
In comparing these terraces it is assumed that the pro
file of the river at the ti1ne of the early ice advances 
would have been the same as the profile of the river 
during the later ice advances, and that tlw difference 
in the present slope of the outwash terraces is the re
sult of deformation. Implicit in this assumption is the 
assumption that the river was essentially in e.quilibritun 
at the times of glacial advance. It may be questioned 
'vhether a river whose valley is subjected to continual 
uplift, climatic variation, and glaciation over much of 
its length is ever in equilibrium. Perhaps, instead, the 
terraces represent stages in the adj nstlnent the stream 
made to an uplift which had ceased by late Tertiary 
time; however, a careful consideration of the evidence 
in the Nenana R.iver valley and in other parts of the 
Alaska Range leads to the conclusion that this is not the 
case, but that the river was essentially in equilibrium 
throughout mast of its history. 

North of Healy the Nenana R.iver now flows on a 
flood plain which averages half a mile in width, 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 it impinges on the bedrock mar
gins of th-a flood plain. The Nenana R.iver of the 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 1niles wide, which could 
hardly have been occupied over their whole width by 
the braided Nenana River. They probably were carved, 

in 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 eonstituent particles of 
these poorly consolidated formations ranges from that 
of clay particles to that of eobbles 3-4 inches in eli
ameter. Most of the bedrock formations, except smne 
coarse Nenana gravel between Healy Creek and Lignite 
Creek, consist of fine pebble gravel, sand, and elay. 
On the other hand, the bedload of the river, and its 
channel gravels, derived fron1 well-consolidated and 
crystalline roeks 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 function of its coarse bedload only. 
This is presumably true of the Nenana R.iver, and it 
seems reascnable to assume that the stretch of the Nen
ana from Healy to Browne is graded to transport the 
coarse debris delivered at its upper end. 

Th1:any small streams in this part of the Alaska Range 
which drain basins wholly within the Tertiary rocks 
have profiles that are gently concave upward to within 
a mile or two of their heads. There, the even, "graded" 
profile is terminated by an abrupt nickpoint~ usually 
a steep gully, in large part free of vegetation. Above 
the niekpoint the surface on which the headwater part 
of the strean1 flows is smoothly graded, and below the 
nickpoint this surfaee is usually a terrace which ean be 
traced dmvnstream to coincide with the terrace of the 
Healy or Dry Creek glaciation. Lignite Creek, whose 
nickpoint is in the S"\V~4 sec. 29, T. 11 S., R. 5 vV., is 
an especially fine example of this type of ereek. Mac
Adam and l\farguerite Creeks, tributaries of the Totat
la.nika River, are other examples. Where these streams 
flow eastward or westward, as Lignite, Healy, and Mac
Adam Creeks do, the terraces are parallel to each other 
and to the present stream. If anything, they diverge 
downstream (see fig. 25). Only at the upper end, just 
below the niekpoint, is there. a. pronounced difference in 
gradient. This indicates that the minor tributaries, 
whieh erode Tertiary roeks largely with the Tertiary 
rocks they carry, were able to establish equilibrium 
(graded) profiles within the short period of time that 
elapsed sinee the last glaciation. Similar evidence for 
the rapid establishment of graded profiles is provided 
by the extensive pediments and flat plains truneating 
the Tertiary rocks. Remnants of pediments graded to 
the outwash terraces of the Healy and Dry Creek gla
ciations are found at the headwaters of Dry Creek and 
north of Lignite Creek (see pl. 2). Broad alluvial flats 
on some of the canyons draining into Lignite Creek ap
pear to be incipient pedin1ents, 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, 
alEo, the evidence that relatively feeble erosional agen
cies were able to establish graded profiles is i1npressive. 
It seems natural to suppose, therefore, that the Nenana 
River and other major north-flowing strea.ms in the 
Alaska Range which cross foothills of Tertiary rocks 
\Vere quickly graded to transport their coarse bedrock 
load, and that they are probably graded at the present 
time. TheN emma 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. It 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 
at 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 terraees 10-20 feet 
high, extending 30-40 miles downstream frmn the gla
eier front. Thus the, Nenana has aggraded its bed in 
response to slight glaeia1 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 Teldanika River and its tribu
buies, as yet unpublished, show that all the periglacial 
streams and other glaeial streams have done likewise. 
The sensitive response of the stream profiles to clin1atie 
variation suggests that most of the streams in this area 
were very nearly graded during 1nost 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 eourse of the Nenana River 
was graded, and it is very likely that the river's course 
fron1 Healy northward has always been graded, or 
nearly so. If the river had had an ungraded profile, it 
could have handled the greater quantity of debris sup
plied to it by the glaciers without aggrading its bed to 
give it the necessary slope. 

Mackin ( 1948, p. 498) has pointed out that the sue
cessive profiles of equilibrium in a stream snecessively 
adjusted to a lower base level are essentially parallel. 
The river on which he based his analysis, the Greybull 
River in Wyoming, is si1nilar to the Nenana in that it 
derives its bedload from hard-rock sourees at 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. 
25), are essentially parallel to eaeh other. The terraces 

on the Nenana, as plates 7 and 8 show, diverge rapidly 
upstream. Unpublished investigations by the author 
reveal that terraces on the Totalanika and on the Tek
lanika and its tributaries do likewise. This n1arked 
southward divergenee of terrace profiles is eonsidered 
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 1nain part of the range to the 
south, which may have been aecompanied by downsink
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 glaeiation and in the in
terval between the Browne and Dry Creek glaciations. 

Before attributing the greater part of the southward 
divergenee of terrace profiles to tilting, another possible 
eause of this divergence will be eonsidered, namely the 
effect of the glacial advanees. If we eould cmnpare the 
interglacial profiles of the river we would not have to 
consider this effect. IIowever 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 at the 
height of the glacial advances. 

The trmnendous effect glaeial advances have had on 
the profile of the Nenana River raises the question 
whether the profiles and heights of the terraces formed 
at the maximmn advanees of the iee were essentially 
similar at the times of maximum advance, or whether, 
instead, the greater height of the older outwash terraces 
refleets the greater extent of these older glaeiers. The 
terminus of theN en ana glaeier of the Dry Creek glacia
tion \vas only 3-5 n1iles downstrean1 from the terminus 
of the Nenana glaeier of the Healy glaciation, and only 
15 miles downstream frmn the tern1inus of the Nenana 
glaeier of the Riley Creek glaeiation. The ice tertninus 
of the Riley Creek glacier was 57 miles downstream 
from the present tenninus of the Nenana glacier. 
Hence, in the vicinity of Ferry, for instanc--3, about 9 
miles downstream fr01n the terminus of the Nenana 
glaeier at 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 san1e 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 
terraee of the Dry Creek glaeiation at Ferry is more 
than twice as high as the outwash terrace of the Healy 
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 terraee of the Dry Creek 
glaciation is 450 feet higher than that of the Healy 
glaciation (see pl. 7). Eight 1niles north of Lignite, 
the terrace of the Dry Creek is 350 feet higher than that 
of the Healy. Near Browne station, 10 miles farther 
north, the Dry Creek outwash plain is probably not 
more than 150 feet above the Healy outwash plain. This 
differenee in northward slope of 300 feet in 18 miles, or 
about 17 feet per mile, indicates a tilting of like a1nount 
between the two stages, for no ehange in the characteris
tics of the Nenana River drainage basin adequate to 
aeeount for this remarkable difference has oceurred. 
The uplift at Healy during the interval between the 
Dry Creek and Healy glaeiations amounted to about 
500 feet. South of Healy the profiles of the upper 
surfaces of the bvo glaeiers, as nearly as can be deter
nlined, appear to have been parallel (pl. 7). It is likely 
that that part of the Alaska Range south of Healy was 
not tilted, but rather thgt it was bodily uplifted. Cmn
parable amounts of uplift in the Alaska range near 
the East Fork of the Toklat River are indieated by the 
difference between the altitudes of Healy till and Dry 
Creek till along this river. 

TheN enana River, in response to the uplift and tilt
ing of the Alaska Range during the interval between 
the Dry Creek and Healy glaciations, eroded its bed to 
establish a graded profile, probably close to the base of 
the outwash gravel of the Healy outwash plain. The 
north-flowing Toklat, Teklanika, Sanetuary, Savage, 
Totatlanika and "\Vood Rivers and Tatlanika Creek did 
likewise wherever they eould overcome the resistanee 
provided by hard pre-Tertiary rocks aeross their 
courses. As the main rivers lowered their ehannels, 
their tributaries-subsequent streams developed along 
bands of soft rock, as well as older eonsequent strea1ns 
established on the tilted peneplain-ineised their chan
nels to meet the loeal base level provided by the main 
stremns, and eroded headward, chiefly by headwater 
gullying along bands of soft rock. The Nenana River 
crosses only soft Tertiary rocks north of Healy, whereas 
the Totatlanika, to the east, crosses three bands of 
crystalline sehist before reaehing the Tanana Flats. 
By the latter part of the interval between the Dry 
Creek and Healy glaeiations, 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 roc.ks, were able to eapture some of the head
water streams of the Totatlanika. Later, these tribu
taries effected substantial drainage adjustments a1nong 
themselves. 

It appears likely that the headwaters of Lignite 
Creek drained northward into Marguerite Creek (pl. 
6) during the Dry Creek glaeiation. The slope of pedi
Inents graded to the outwash terrace of the Dry Creek 
glaciation suggests that a north-south ridge may have 
existed aeross the eourse of lower Lignite Creek, and 
pediments correlated with this terrace along the pass 
between Marguerite and Lignite Creeks are eontinuous 
across the pass, suggesting a drainage to the north. 
On the other hand, pediments north of Lignite Creek 
are graded to the outwash terrace of the Healy glaeia
tion and slope gently soutlnvarcl, a way frmn this pass, 
indicating that Lignite Creek had captured the headJ 
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, eaptnred a large 
part of the headwaters of Lignite Creek. The pass 
between Healy and Lignite Creeks, about 11;4 miles 
north of the mouth of Coal Creek (pl. 6), is floored with 
eoarse gravel. The gravel eonsists largely of Birch 
Creek schist, but contains boulders of basalt whieh are 
also in the gravels of Coal Creek The terraees at 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 terraees on Healy Creek that 
grade to the Healy outwash plain. Consequently, this 
eapture, also, is thought to have taken place during the 
interval between the Dry Creek and Healy glaciations. 

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

SUMMARY OF HISTORY 

During the Healy glaciation, glaciers advaneed over 
a topography similar to that existing in the Alaska 
Range today. Sinee 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 glaeiation 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 Drr 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 detennined with certainty. 

Ice advanced down the Nenana River to Healy, down 
the vVood River to the Tanana Flats, and down the 
East Fork of the Toklat River to a loc,ality about 
6 1niles north of the l\1:ciGnley Park highway. Ice 
also filled the valleys of the Savage, Sanctuary, and 
Teklanika Rivers as far north as the Mcl{inley Park 
highway. 

The discordance in terrace heights on either side 
of the Nenana can be explained by assuming that two 
separate ice advances occurred durina the I-Iealy o·la-o ~ ~ 

ciation, and that in the intervening period the ice 
retreated an unknown distance. This period of re
treat was very nnlCh shorter than the interglacial pe
riods before and after the Healy. During this period 
of retreat the glacial n1elt water rmnoved the terminal 
1noraine of the first advance and lowered the level of 
the outwash 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 it had 

reached at the 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 amom1t. 
After the complex terminal 1noraine of the second ad
vance was deposited, the glacier retreated, leaving gla·· 
c.ial Lake 1\foocly, a lake about 400 feet deep occupying 
the canyon of the Nenana River between Garner and 
Mel{inley Park station. 

Glacial Lake Moody drained northeastward over a 
bedrock lip near Garner. When the lake was com
pletely filled with sediments, the Nenana River began 
building an outwash plain across thmn. The river, 
which formerly had been unable to erode the bedrock 
lip because it had not earned 1nuch abrasive 1naterial, 
probably cascaded down a bedrock slope near Healy. 
Ho·wever, 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 fans across 
the lake deposits and the outwash plain. As no emu
parable streams emerged from the east side of the 
gorge, the river was forced to flmv against the bedrock 
wall of the gorge along the east side of the outwash 
plain. As down-cutting progressed, the river's course 
\vas superposed on the bedrock from Moody northward 
to Garner and for a short distance near mile 350 (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 1nelted at 
least as far back as the limits of ice at the present time 
and n1ay have 1nelted 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 glaeiations appears to 
have been long, for the glaeial deposits of the 
Healy have been completely destroyed, except where 
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 iee. Had they been removed during the 
Riley Creek advanee, thick deposits of talus and debris 
would have formed slopes graded to the ice n1argin 
of that stage. Such landforms, however, are rare. It 
is possible that the great period of mass wasting which 
rmnoved the Healy deposits eoincided with the early 
stages of growth of the Riley Creek glaeiers. It is 
equally likely, however, that the rmnoval of Healy 
deposits took place during the interglacial period be
tween the, Healy and Riley Creek. 
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FIGl::RE 18.-Field sketch of north bank of the rnilrond cut through t he terminn1moraine of the l{iley Cr eek glaciation, at mil e 347.2 
on the Ala~ka Railroad. 

RILEY CREEK GLACIATION 

DEPOSITS ALONG THE NENANA RIVE}{ 

The Riley Creek was probably the last e.'l:tensive gla
ciation of the Alaska Range. The morainal deposits 
of this stage are much better preserved than the de
posits of any earlier stage. The lateral moraines have 
been so little dissected, it is likel y that those parts tlmt 
appear to be missing may never haYe been deposited; 
if they were deposited, they probably >Yere removed 
as the glacier ice, which supported them on the glacier 
side, melted down. Lakes in basins on the moraines of 
the Riley Creek glaciation have not been lo,Yered appre
ciably; no integrated drainage is present, except where 
large streams cross mor:tinaJ areas. The remarkable 
freshness of the topographic features makes them easily 
identifiahle and sets them off from deposits of all earlier 
stages. 

Tee of the Riley Creek glaciation advanced down the 
Nenana River to the mouth of Ri ley Creek, where a 
terminal moraine 70-180 feet high is preserved as an 
in eg tt lar ridge extending aloug the sonth Lank of Riley 
Cr·eek for about three-fourths of a mile. This large 
ridge of till and gravel probably owes its preservat ion 
partly to the fact t l1at it was deposited behind rm ir
regular rid ge of Birch Creek schist. Parts of this ridge 
of schist are exposed in the bank of Riley Creek, where 
the schist is capped with t ill. The st-ructure of the ter
minal moraine is well displayed in a railroad cut. The 
moraine here compri ses two structural units: a body of 
deformed till and outwash on the northwest, and, p las
tered agai nst the southeast side of this body, uncle
formed t ill and horizontally bedded clay con taining 

layers of peat (figs. 18, 19) . Immediately south of the 
terminal moraine is a belt of irregul ar, dry, closed de
pressions about 500 feet wide and 10-20 feet deep. 
These are bounded on the south by an irregular wall, 
20-50 feet high, which is the front of a gravel p lain 
extending southward for abo nt a mile along the rail
road. 

These deposits are interpreted to represent the fol
lowing sequence of events: (1) During its advance, the 
glacier deposited outwash gr avel and till at t he site o:f 
the termin al moraine. (2) The glacier retreated. (3) 

J!'IGU RFJ 19.-l\'orth bank of the railroad cut in th e terminal moraine of 
t he R iley Creek glaciation. Compare with figure 18. The man in t he 
photograph is 5 feet 7 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 the moraine. ( 4) The glacier 
retreated again, leaving till plastered over the deformed 
gravel; the area between the glacier and the moraine 
was occupied by a lake, in which some peat accumulated 
for a short time. ( 5) Till was deposited on the Jake 
sediments, probably by grounded icebergs. At this 
time the ice for about 500 feet behi11d the front of 
the glacier was thickly covered by superglacial till, 
"·hich protected it from the sun's rays. Behind the 
till-covered ice was an area of bare ice at least ~t mile 
wide. The bare ice melted faster tlnm the till-covered 
ice, and, when it disa.ppeared, outwn,sh gravel bnilt an 
interior flat (Tarr and Martin, Hl14, p. 209-211) behind 
the ridge of till-covered ice. .Much later, "·hen the till
covered ice melted away, it left a depression between the 
moraine and the interior fla.t. 

The l~Lke. sediments, which included pen.t, could ·have 
been deposited only duri ng a period between the maxi
mum advance of ice of the Hiley Creek and the rnelt ing 
of the till-covered stagnant ice, a:n event which probably 
occurred only a few hundred years after the maximum 
advance. A sample of the peat was collected at the 
locality marked "C 14 locality" on figure 18. A radio
carbon analysis of this sa,rnple 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): 

'rhis peat formed 820±1fi0 years after the Two· Creeks ad
Yance of the Mankato glaciat ion in Wisconsin. This figure for 
the age difference is deri Yecl from a direct comparison with a 
Two Creeks sample and is more accurate than the absolute Yalue 
for the age which is 10,560±200 years. Undoubtedly your '·Riley 
Creel'" stage correlates ''"i th the co ntinental Mankato glaciation, 
Nnptowne on the Kenai Peninsula, and the younger Dryas in 
Europe. 

The lateral moraines of the Riley Creek glaciation are 
"·ell 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 
Ken ana H.i ver, 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 Nenana H.iver and Riley Creek 
(pl. 3), about 3 miles north of Carlo, was apparently 
occupied by ice of the Hiley Creek glaciation. Irregu
lar arcuate moraines that block the northwest end of 
this pass merge with mora.ines deposited by ice ad
vanci ng down Riley Creek to about this point. The 
pnss itself is a gravel plain about 500 feet above the 
Nenana Hiver. 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 \mter of the Nenana River glacier in a depression 
rtt the side of the glacier. The depression was formed 
by the melting away of a small distributary lobe of ice 
between the morainal ridges deposited at the maximum 
extent o£ that lobe and the still-existing Nenana River 
glacier. 

Southward along the west wall of the N en ami:" River 
gorge, discontinuous patches of till and gravel plastered 
agn.inst the \Tall form a bench that rises gradually from 
2,900 feet in altitude at the pass to about 3,400 feet in 
altitude on the mountainside west of Carlo (pl. 3), 3 
miles sout.h. A small amount of till preserved on the 
noi1;h 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 o£ aerial photographs, and distant observation 
from hills on the west side of the river, failed to dis
close any large body o£ 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 Y anert 
Fork. It probably marks the upper limit of icc of the 
Ri ley Creek glaciation. The limits of ice sho wn on 
plate 6 have been dra\vn 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, rtbout 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). 
Fa.rther upstream, the canyon walls of this creek are 
appa rently either too steep to support continuous mo
rainal deposits or a re the areas from which the deposits 
along the lo\Yer part of the creek were derived. 

An arcuate ridge extends northeastward from the 
lateral moraine on the south side o£ Yanert Fork valley 
near the point ''here 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 a bout 2 miles (airline) above the mouth of that 
stream. This ridge appears to be an inter lobate moraine 
of the N'enamL and Ya.nert glaciers, deposited where the 
expanding Jobes of the two glaciers coalesced in the 
great valley of t l1 e Yanert Fork. 
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Ground moraine and pitted out\"'ash 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 1noraine has an irregula.r hum
mock-and-hollow topography. The depressions of 
some parts of the ground moraine are dry most of the 
year or have very s1nallmarshes at their bottoms. Those 
of other parts are occupied by deep lakes. The areas 
in which all depressions are either dry or lake-filled 
are extensive; probably they are areas in which the 
moraine is either porous or impervious. The porous 
moraine presmnably consists largely of outwash sand 
and gravel fron1 ·which most of the clay-size particles 
have been removed by melt water. It may have been 
deposited over irregular bodies of ice, thus owing its 
hummocky topography to the melting of that ice. It is 
mapped as outwash on plate 3. The ilnpervious ll10-
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 section 
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 frmn the sketches, most of the ground
moraine hills on the floor of the Nenana River valley 
consists of stream-deposited gravel or lake silt having 
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 
drumlike hills in the ground moraine of the Riley Creek glaciation 
between Yanert and McKinley 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 from right to 
left. The straight line at the base of each cut is the railroad grade. 

structure of these hills suggests a complex series of re
treats and readvances at the lo,ver end of the Nenana 
Hiver 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 
rmmded by ice advances that occurred after the pro
glacial deposits were laid down. 

EROSIONAL LANDFORMS OF GLACIAL ORIGIN 

Erosional landforn1s of the Riley Creek glaciation 
are well preserved in many parts of the drainage basin 
of the Nenana River. The amount of erosion of bed
rock below an altitude of 3,000 feet since the retreat of 
the glaciers has been small. Large-scale horizontal 
groovesj parallel to the direction of 1novement of the 
ice, mark the walls of the canyon between Windy and 
Carlo. Spectacular U -shaped glacial gorges, such as 
that of the Nenana, are common in the fretted upland 
around the Nenana River near Carlo. Clear Creek, 
Sli1ne Creek, Carlo Creek, Revine Creek, and 1nany 
other creeks have such gorges. The headwall cirques 
of these creeks are impressive. Rock-basin lakes in 
these cirqees are rare, except in a small area between the 
headwaters of Clear Creek and Riley Creek. Else
where the cirques are filled with great 1nasses of rubble. 
As is indicated in the next section, the rubble origi
nated long after the time of the Riley Creek glaciation. 

Roches n1outonnees and rounded spurs are present in 
the pass between upper Y anert Lake and the Nenana 
River at Y anert. The shoulder on the west side of the 
Nenana River at vVindy, which reeeived the full pres
sure of the ice frmn theN en ana glacier, is si1nilarly well 
rounded. The walls of Panorama Mountain, on the 
other hand, are jagged and angular and have numerous 
couloirs. The mountain was probably sculptured, in 
part, before the Riley Creek ice advance. During that 
advance, it may have been protected by a veneer of talus 
fragments and till caught along the coneave side of the 
glacial bend. Erosion of the mountain probably took 
place after the retreat of the iee. 

LAKE DEPOSITS 

Glacial lake deposits of the Riley Creek advance are 
not com1non in the valley of the Nenana River. A 
morainal hill about 11;2 miles south of Lagoon station 
on the Alaska Railroad consists largely of deformed 
day. (See fig. 20, east bank of railroad cut at mile 
342.0). For a distance of about 1 mile, along the west 
bank of th<~ river, below the railroad at mile 338 (about 
4: miles 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 terraees extending downstrean1 from 
the terminal moraine on Riley Creek to the northern 
edge of the foothills. Out,vash gravel, deposited during 
the retreat of the glacier from its point of maximum 
advance at Riley Creek, forms terraces and pitted plains 
along the river from Riley Creek southward to a point 
a few miles north of Carlo. 

MciGnley Park 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 lo·wer terrace is dearly 
the outwash plain that extends downstream from tl{e 
terminal moraine on the south side of Riley Creek. The 
upper terrace is a few feet too high to b~ the outwash 
plain from this terminal moraine; however, it could 
either have been formed during a slightly earlier ad
vance, or it could have been built by the outwash stream 
draining the glacial lobes in Rile.y 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 Y anert Lakes and 
not down the west side of th~ terminal n1oraine. This 
kept the terminal moraine from being leveled by the 
outwash stream of the retreating glacier, a fate com
mon to the terminal moraines of valley glaciers. Out
"\vash from the terminal-moraine lobe itself eould have 
eroded part of the higher outwash terrace to establish 
the terrace graded to the present terminal moraine. 

Downstream, the upper outwash terrace loses altitude 
more rapidly than the lower, and the two coincide near 
l\foody. The thickness of gravel beneath the outwash 
plain at MciGnley Park station is at least 80 feet (pl. 
8) , and the base of the gravel is 120 feet above the 
present river level. At mile 350.3 the thickness of 
gravel appears to be at least 110 feet, and the- base is 
not more than 70 feet above river level. Additional 
remnants of the outwash plain are found in the eanyon 
between MciGn!ey Park station and Healy. The layers 
of blue-gray nver gravel resting unconformably on 
eroded lake deposits of the Healy glaciation at miles 
351.± 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 Bireh Creek sehist at 

' 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 frmn Garner. 

The flight of terraces at Healy is probably one of 
the 1nost complex to be found anywhere (see fig. 16). 
Fourteen terraces have been identified behveen the 
Healy glacial moraine and the river. These are shown 
on the nmp and section on figure 21 numbered consecu
tively from river level upward. At Healy remnants 
of most of the- terraces are preserved on b~th 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 clowncutting. Instead, they 
represent extensive plains formed by the river during 
pauses in downcutting after the maximum advance of 
the Riley Creek ice. The 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 been deposited after the course of the N e
nana was established in the bedrock gorge between 
J\1oody and Healy, as they originate in this gorge (see 
fig. 21). If the Riley Creek terraces are projected 
downstream through the Nenana River gorge at a 
height of about 180 feet above the river, they correlate 
with terrace 7 or terrace 8 at IIealy. Above these 
terraees are four terraces, each 15-30 feet above the 
next lo·wer 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. IIowever, their 
extreme height at this point is difficult to understand. 
It is possible that the gradient of the Nenana River 
during the Riley Creek glaciation \Vas less than it is 
at the present time. The river eonld certainly have 
been dammed for a short time by large amounts of allu
vium being brought clown l\1oocly, 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 it to coincide in alti
tude with terrace 12 at 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. 

Terraees 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 frmn exposures on 
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the banks of the Nenana River, the th ickness of the 
gravel on each terrace is fairly uniform from the ter
race face to the back of the terrace; the back of each 
terrace lies against the bedrock front of the next higher 
terrace (see figs. 21-23). If we assume that the N e
n ana River formed all these terraces during a single 
episode of down-cutting, we must assume that the rock 
benches on whi ch the ter race gravels rest were cut by 

the r iver as it aggraded its bed during the onset of the 
Riley Creek glaciation, and that the terrace surfaces 
were formed by removal of the outwash gravel du r ing 
the retreat of the Nenana River glacier of the Riley 
Creek glaciation. Such assumptions imply th at the 
river removed the excess thickness of gra.vel over each 
lower terrace exactly up to the buried base of bedrock 
beneath the upper terrace, at least at every locality 
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FIGUI<I<J 22.-l,'ield sketch of bluff on east hank of the Nenana River oppo,ite the mouth of Slate CrePk. 

where this relation is exposed. This requires a degree 
of coincidence of two essentially different processes
the cutting of bedrock benches during aggradation, and 
the erosion of gravel during degradation-that is 
rather unlikely. Therefore it is probable that the 
gr-avel on most of the terraces was deposited either at 
the same time or immediately after the terr-aces were 
cut, and that each terrace represents a short pause in 
the retreat of the Nenana River glacier of the Riley 
Creek glaciation, or even a short re-advance. In all, 
7 terr-aces at Healy (terraces 6-12 on pl. 8)-these do 
not include terraces assigned to the Carlo read vance 
(seep. 53-54)-4 at Lignite, and3 at Ferry are assigned 
to the Riley Creek glaciat ion. 

ALLUVIUM DEPOSITED BY TRIBUTARIES OF THE 
NENANA RIVER 

Terraces graded to the terraces of the Riley Creek 
glaciation on tl1e Nenana River are well developed 
along the tributaries of the river, particularly on Healy 
and Lignite Creeks. Those along H ealy Creek are espe
cin.lly prominent. Tel'race 10 has been t raced up Healy 
Creek for about 14 miles (fig. 24). -where IImLl y Creek 
flows across the coal-bearin g formation, this terrace is 
a level bench cut across bedrock, veneered " ·ith a thin 
layer of gravel, similar to the terraces at Healy. Above 
the area underlain by the coal-bearing formation, how
ever, the material exposed in the creek banks between 
tl1e level of Healy Creek and the terrace, and presnm
ably underlying the terrace sur·face, is gravel. The 
gradients of the terrace and of Healy Creek are par
allel, and the gravel exposed in the creek banks be
neath the top of the terrace is about as coarse as the 
gravel in the modern stream beds. Therefore, it is 
likely tlmt Healy Creek flowed in a canyon along its 
present course, and at its present level before the ter
races were cut, and that it aggraclecl its vall ey "·ith 
debris provided by increased soliH11 et ion. The new 
slope o£ the valley was parallel to the old one and met 
the Nenana River valley at the level o£ tl1e Riley Creek 
terrace. At its maximum altitude the stream cut a new 

bench across the coal-bearing deposits. The terraces 
below the bench on Healy Creek and Coal Creek (fig. 
24) were cut during the period of clowncutting that 
followed the retreat of the Riley Creek glacier. 

Alluvium deposited by the torrents entering the Ne
narm River between MdCinley Park station and Healy 
consists tdmost entirely of yellowish-brown pebbles and 
£ragrnents of Birch Creek schi st resting on a layer of 
blue-gray gravel deposited by the Nenana River. (See 
p. 34-36.) These deposits are found at miles 349-350, 
351.4, and 353 (Moody) on the Alaska Railroad (figs. 
11, 13, and 14), and in the canyons crossed by the rail
road at miles 354 and 355. Truncated remnants of 
alluvial cones deposited by two su<:h streams are show·n 
on figure 25. 

AJl11vium deposited by tributaries north o£ Healy 
can generally be recognized by its strong resemblance 
to Nenana gravel. A good example o£ such alluvium 
is exposed in the bluff o£ the Nenana River opposite 

B'IGURF- 23.- 'l'erraces on the eas t bank of the Nenana River at Ferry. 
The lower part of the bluff is sandstone of the Kenana grave l, over
lain by outwash gravel of the Riley Creek glaciation (upper terrace) 
and Car lo reaclnwce (lower terrace). 'l'he terraces are mantled with 
a layer of interbedded peat nnd winil-blown silt. Note that the thick 
layer of Carlo outwash gmvel on the lower terrace ends abruptly 
at the base of the higher terrace and thnt the peat layers in the sil t 
of the uppel' terrace continue unbroken clown the ten·ace front to the 
low terrace. 
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F'Ic UIUJ 24.-Projected profile of terraces on Healy Creek 

Healy (fig. 26). There, a flat-lyi11g layer of blue-gray 
gravel deposited by theN en ana River rests on a steeply 
dipping layer of Nenana gravel; the bhLe-gray gravel 
is overlain by about 50 feet of brown gravel, which, 
although identical in appearance to the Nenana gravel, 
dips about 7° toward the river. The brown gravel 
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· stood as high as terraces 
10 and 5. 

DEPOSITS ON OTHER RIVERS 

Because the Riley Creek is the youngest extensive 
glaciation and its deposits are well preserved, it has 
been possible to recognize with considerable certainty 
the limits of this stage on several rivers. 

The most striking evidence of Riley Creek glaciat ion 
on the \ iV oocl River (pl. 6) is the remarkable U -shaped 
canyon that extends from the river's source to the 
northem edge of the mountains. Although most of 
the sculpturing of this canyon was clone by earlier 
glaciers, evidence of recent occupancy of the canyon 
by ice is impressive. This is in the form of glacial 
grooves and scratches and remarkably smooth roches 
moutonnees on the canyon walls of Birch Creek Schist. 
On the east side of the river, north of the mouth of 
Sheep Creek, a jumble of low hills and lake-filled de
pressions, partly buried by alluvial fans deposited by 
creeks entering the river from the east, make up the 
lateral and, in part, termi nal moraine of the IV oocl 
River glacier of the Riley Creek ice advance. The 
terminus of this glacier ~Lt its maximum extent prob-
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l~IGt;R,; 25.- Truncated a lluvial cones on the east side of the Kenana 
River opposite mile 351 on the A lu ska Railroad . 

ably stood at latitll(le 64°07' N., at !tn altitude of 1,800 
feet. The surface of the glacier stood at an nltitudc 
of about 3,000 feet just south of Coal Creek, about 
3,000 feet at the mouth of Copper Creek, and about 
:1:,500 feet near the mouth of Cody Creek. The glacier 
"·as thus nearly 1,500 feet thick for much of its length. 

Till, mrt<le co nspicuous by its content of large white 
granodiorite bo ulders, forms a thick lateral moraine 
on both sides of Kansas Creek (pl. 6) from the present 
terminus of the glacier to a locality about 3 miles 
downstream, where the alt itude is 3,600 feet. Similar 
till, which consi sts of conspicuous l ight-gray granodi
orite boulders a11d rests on the brown canyon \Yall s of 
Virginia Creek (pl. 6), extends clown that creek to 
its junction with the \Vood River, thus indicating that 
the two glaciers coalesced . .Judging from till clepCJsits, 
the glaciers on Keevy Peak (pl. 6) ''ere not more than 
half a mile longer dming the Riley Creek glacirttion 
than they are now, and the glaciers at the head of 
Copper Creek (pl. 6) "·ere only about a quarter of 
a mile longer than at present. 

The valley of the Sanctuary River (pl. 6) is almost 
completely blocked about 2 miles south of the M<;
Kinley Park highway by a <; resce11t-shaped area of 
hummocky topography rising about 75 feet above the 
surrounding plains and containing many ponds. This 
crescent-shaped area is clearly shown on the Healy C-5 
quadrangle. It was recognized by S. R. Capps (1032, 
p . 290, and pl. 4) as the terminal moraine of the gla ~ 
cier that advancod clown the Sanctuary River. The 

excellently preserved U -shaped gorge of the Sanctuary 
River in the mountains south of the terminal moraine 
is about 11/z-2 miles wide. The freshness of the gla
cial topography, both of the moraine and of the gorge, 
the abundance of ponds, and the absence of terminal 
moraines of any younger glaciation on the Sanctuary 
River, indicate that this terminal moraine represents 
the maxim11m extent of the Sanctuary glacier of the 
Riley Creek glaciation. 

Ko terminal moraine of the Riley Creek glaciation 
was recognized in the valley of the Teklanika River, 
although glacially scoured lake basins indicate that the 
ice must have advanced northward beyond the mouth 
of Igloo Creek. Presumably the terminal moraine was 
destroyed by the glacial melt water. 

The terminal moraine of the Riley Creek glaciation 
on the East Fork of the Toklat River (pl. 6) appears 
to be crossed by the river about 1 mile south of the 
highway bridge. At this point, the broad river flat 
is constricted by a group of low, pamllel, arcuate 
ridges, on which are several ponds. The lateral mo~ 
mine which joins this terminal moraine forms a prom~ 
inent bench, or low ridge, along the east mountain 
wall of the river valley. The bench rises from an alti
tude of 3,200 feet at its north end to an altitude of 
4,200 feet 4 miles southward. 

Several branches of the East Fork of the Toklat 
River join just south of the McKinley Park highway 
bridge. (See pl. 6.) The easternmost of these streams 
is the main branch, but the branch just 'vest of it is 
almost as large. IV est of the t''o large branches are 
four small streams, which head in small glaciers in 
the mountains south of Polychrome Pass. The braided 
courses of these streams cross a plain underlain by 
Nenana gravel and unite at the base of the bluff south 
of the McKinley Park highway. The interstream 
areas of that part of the plain between the main fork 
of the East Fork of the Toklat River and the two 
branches immediately west of it, are covered with thin 
ground moraine. The most conspicuous objects on 
th is moraine are several girmt blocks of limestone, the 
largest nearly 35 feet high. These were moved to their 
present position from a belt of limestone about 6 miles 
southward, presumably by a glacier of the Riley Creek 
advance. The absence of any sign of moraine on the 
part of the plain crossed by the three "·estern tribu
taries indicates that the glaciers at the head of these 
tributaries did not extend beyond the edge of the hills 
during the Hiley Creek glaciation. 

CARLO READVANCE ALONG THE N ENANA RIVER 

A group of deposits along the Nenana River, in part 
glacial and in part fluviatile, appear to indicate that 
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FIGGRF: 26.-Ea~t bank of the 1\t:'nana RiYer, looking cast from Healy, showing layers of blue-gray ter l'a ce gravel deposited by the Nenana 
Ri\'er (hc,wy dots ) r es ting on truncated beds of Nenana gravel <lipping 45 " north , and overlain by thick rleposits of yell owish-bi"O\Yn 
nllu\·iunl dc l' ivcd fron1 the mountain of Nenana gravel in the background. "'!'he lower gravel correspond~ to the Carlo reacl nu1ce, and 
the upper gravel to the Hile.r Creek glaciation , Sketched from a photograpiL 

a glacial ad vance occurred along this river after the 
glaciers of the Riley Creek glaciation had almost. com
pletely melted away; and that the advance brought 
the ice dmn1 the Nenana River to \vithin l) miles of 
the terminal moraine of the Riley Creek glaciation, or 
almost; 50 miles from the present terminus of the N e
nana glacier. These deposits are unique and present 
a difficult problem, for along no other river on the 
north side of the Alaska Range have glacial deposits 
been discovered that indicate such an ice advance oc
curred. A <.:areful search for such deposits has been 
made along the \Vood River, the Delta River, and 
along several streams in the western part of Mount 
McKinley National Park. Along all of these streams, 
the last great glacial advance appears to correlate with 
the Riley Creek glaciation along the Nenana. 

The "terminal moraine" of this younger advance is 
an area of irregular hummocks and hollo\YS, roughly 
crescent-shaped, extending alo11g 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 unclmined. Bxposures in 
roadcuts made during the summer of 1951 indicate that 

the till in the north part of this morainal area consists 
chiefly of large and small subrounded boulders and peb
bles, but includes interstitial sand twd a small amount 
of clay. ln the south part, clay-rich till is common in 
roadcuts. Between this moraine and Carlo Creek is a 
gravel plain, standing about 250 feet above the Ken ana 
Hi ver and consisting entirely of coarse gravel. This 
gravel extends from river level to the surface of the 
plain. A tongue of the plain extends northward from 
Carlo Creek between the moraine and the J enana River. 
On the west side of the river, from Ca.rlo station north
\rarcl for 3 miles, is a prominent terrace, which, at mile 
~36 on the Alaska Railroa.d, cons ists entirely of inter
beckl.ed coarse sand and gravel from river level to the 
terrace-top. This terrace stands about 300 feet above 
the river at this point, and its surface is about 250 
feet below the terrace of the 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 the Nenana Hiver which extends northward from 
the north edge of the 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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FTGURE 27.- 0utwash of th e Ca rl o reudvance resting on till of the 
Riley Creek ~lac i atlon on the cast bank of the Nenana Ri\·er o ne 
mile above the mout11 of the Yunert Fork. 

bedded fine sand (possibly a lake deposit). The base 
of the graYel in all exposures appears to be a level sur
face, presumably cut by the streams that deposited the 
gravel. The c11 tbank of a meander about half a mile 
downstream from the new highway bridge at Y anert 
exposes about 100 feet of th is gravel and 100 feet of 
til l, presumably of the Hiley Creek glaciation, upon 
which the gravel rests (see fig. 27). 

A terrace, triangular in plan, on the west side of the 
Nenana River opposite the mouth of Yanert Fork, con
sists of terrace gravel from river level to its top, about 
150 feet above the river. The relations of this gravel 
body to other land forms suggest that it occupies part 
of a va1ley cut by the Nenana River in till and out
wash of the Riley Creek glaciation. At the south end 
of the terrace are brge steep-walled closed chy depres
sions formed as a result of the melting of stagnant ice 
blocks. One of these depressions lies partly in the tri
angular terrace and partly in a higher aren, of the pitted 
Riley Creek outwash. It indicates that the triangular 
terrace was deposited before all the stagnant ice blocks 
of the lower 5 miles of the Riley Creek glacier on the 
Nenana River had melted a.way. 

Gravel terraces about 100 feet high form the r iver 
bank just north of Riley Creek and appear to occupy 
valleys cut in Riley Creek outwtLSh. Remnants of ter
races lower than the. terraces of the Riley Creek glacia
tion can be found at several localities in the Nenana' 
River canyon between McKinley Park station and 

Healy. The broad terrace remnant a few feet lower 
tlmn the railroad track at Garner is probably the] argest. 

Terraces 3, 4, and 5 (fig. 21, pl. 8) at Healy are tenta
tively assigned to the fluviatile deposits of the Carlo 
reaclv~mce. 

Terraces conelatecl with terraces 3, 4, and 5 occur 
locally at several places on Healy Creek and its tribu
taries (fig. 24). No such terraces have yet been recog
nized on the Yanert Forlc \ iV ell-defined glacial de
posits, similar to the Carlo "terminal moraine", are also 
absent on the Yanert Fork; however, a steeply sloping 
lateral-moraine ridge intersects the river about 15 miles 
above its junction with the Nenana and about 15 miles 
downstream from the present terminus of the Y anert 
glacier; it may represent a read vance of ice, but it may 
equally well represent simply a short pause in the melt
ing back of the glaciers of the Riley Creek glaciation. 

Upstream from Carlo, on the west side of the Nermna 
River, terraces consisting almost entirely of sand , 
capped with a thin layer of stream gravel, border the 
railroad and river for about 2 miles. These terraces 
are about 60 feet high. The extremely flat floor of the 
Nenana River valley between the mouth of Clear Creek 
and Carlo, the steep mountain walls that rise abruptly 
from it, the low gradient tmd gentle mea.nderinp: flow 
of the river in this stretch, and the deposits of sand 
all suggest that the moraine at Carlo clammed the river, 
causing a lake to form. If so, the lake, which prob
ably extended a few miles up the valley, was clr·ained 
before it was completely filled with sediments and be
fore the glacier retreated so far that sand could no 
longer be deposited on the lake floor. 

The glacial and fluviatile deposits that are shown on 
the map (pls. 2-5) as Carlo deposits indicate unequivo
cally the following events: 

(J) After the maximum Riley Creek advance, the 
glacier retreated southward at least as far as Carlo. 

(2) After the southward retreat, the Nenana River 
exc~tVated a c~wyon nearly 50 miles long through mo
rainal deposits of the Riley Creek glaciation and 
through the outwash train extending northward from 
these deposits. This canyon must have been as deep as 
the present canyon of the Nenana, for the Carlo ter
races in many places consist ent irely of stream gravel. 

(3) After cutting the canyon, the river filled it with 
gravel to the level of the Carlo outwash plain- a thick
ness of 260 feet at a point 3 miles north of Carlo. At 
the same time, the glacier deposited the body of till here 
call ed the Carlo moraine. 

( 4) The gbcier cont inued to retreat from the Carlo 
moraine, leaving a lake dammed by the moraine and 
outwash deposits. Thi s lake extended southward at 
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least as far as Clear Creek and possibly as far as the 
mouth of "\Vindy Creek. 

This sequence of events eould be explained by a. grad
ual retreat of the glacier to a position near the present 
glacier front. During this retreat the river, always 
maintaining a gradient suffieient to move the material 
supplied to it by the ever-retreating ice front, could 
have eroded the deposits of the Riley Creek outwash 
terrace. \Vhen the ice front stood near the present 
terminus of the Nenana glacier, the river could have 
been flowing at about its present level, as it must have 
north of Carlo in order to c.ut the eanyon. Following 
the retreat of the ice, a readvance of about 50 miles
to the position of the Carlo terminal moraine;-----could 
have oecurred, during which the river could have filled 
the canyon with outwash gravel of the Carlo glaciation. 

The foregoing explanation of the relationships of 
the Carlo till and outwash assumes ( 1) that the glaeier 
and the river system_ draining it always tend to a condi
tion of equilibrium in which the glaeial melt water 
deposits outwash gravel until it establishes a slope steep 
enough to remove all the debris supplied to it; (2) that 
during the advance and retreat of the glacier, barring 
sueh aceidents and interruptions in the eourse of the 
river as superposition across a bedrock ridge and the 
formation of a proglaciallake, a series of graded 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 determined by the posi
tion of the glaeier front and by the amount and coarse
ness of gravel supplied to the river (Mackin, 1948, 
p. 475-477). 

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. 
Hmvever, they have not been found, although the East 
Fork of the Toklat, Sanctuary, vVood, and lower Delta 
Rivers were carefully searched for them (Pewe, oral 
comn1unication, 1951). Therefore, another explana
tion for the deposits n1ust be found. 

If, on melting back along the canyon between Windy 
and Y anert, theN enana River glacier of the Riley Creek 
glaeiation left a proglaciallake, 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 elear. The river would have 
tended to erode the gravel deposits downstream from 
the lake without replenishing its bedload from upstream 
sources. This erosion would 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 at the upper end to about 30 feet at the 

lower end. (Erosion of the outlet of a proglacial lake 
was used by MacClintoek (1922) to explain the double 
terrace sequence on the \Visconsin River.) Presumably, 
the lake would have been formed shortly after the 
glacier front melted back southward, beyond Y anert 
station. The glacier front rnay have retreated to Windy 
before it began readvancing. The advancing glacier 
would have incorporated in its lower part n1ueh of the 
delta gravel which had been built into the lake, and 
would have carried this gravel forward as the mass of 
porous boulcler-y till which choked the eanyon of the 
Nenana River north of Carlo Creek. Once the lake 
had drained, the Nenana River would have aggraded 
its bed with gravel, forming the Carlo outwash deposits. 
When the glacier retreated frorn the position of the 
Carlo till, another lake was formed in the canyon be
tween vVindy and Carlo. In this lake, the sand de
posits west of the railroad, south of Carlo, were de
posited. Subsequently, the glacier melted back ahnost 
to its source. 

Varved clay deposits, overlain by the Carlo outwash, 
extending a few rniles northward from the Carlo mo
raine, indicate that a lake 111llst have existed exactly 
where the hypothesis requires one. Presumably these 
deposits were laid down 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 Y anert Fork indicate that the period of 
time between the retreat of Riley Creek ice frmn this 
point and the deposition of the Carlo outwash terrace 
was short. The Carlo deposits are, therefore, regarded 
as eviclenee for a minor reaclvance 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 at or below their present posi
tions by the beginning of Riley Creek glaciation. This 
is certainly 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 at the 
beginning of the Riley Creek advance differed little 
frmn its present topography. In 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. 

\Vith the general cooling of climate, ice began ac
curnulating in the Alaska Range. Most of that which 
accumulated in the rnountains near the headwaters of 
theN enana River probably moved southwestward clown 
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 Mcl\:inley Park station. Many 
reversals in the direction of movement of the ice front, 
and short episodes during vvhich the ice front was sta
tionary, may have occurred. At the same time that the 
ice vvas moving down the Nenana River, ice moved 
dovvn 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 
lTnited States-the 1\fankato substage or the Cary and 
1\fankato substages combined. 

Ice 1noved clown the 1Vood River to the edge of 
the mountains, and down the Sanctuary to within 2 
miles of the Mel\:inley Park highway. Ice advanced 
dovvn the Teklanika River to a locality a few miles be
yond the mouth of Igloo Creek, and do-wn the Toklat 
almost as far as the high way bridge. The small gla
ciers in the foothills of the Alaska Range, at the head 
of I\"ansas Creek and Copper Creek, and on I\:eevy Peak, 
advanced little if at all beyond their present positions. 
The great range in the lengths of the glaciers during 
the Riley Creek glaciation beyond their present 
lengths-theN enana glacier, 60 miles~ The vVood River 
glaeier, 38 miles~ the Y anert glacier, 30 miles; the 
Sanctuary glacier, 16 miles; the East Fork Toklat gla
cier, only 9 miles~ and the glaciers arom1d 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 orographie snowline in this region 
(determined from the position of cirques) is considered. 
In the latitude of "'\Vindy, the orographic snowline ap
pears to have lowered about 1,000 feet, judging from 
the difference in altitude of cirques now oceupied by 
ice and those formerly occupied by ice. In the latitude 
of I\:eevy Peak it does not appear to have shifted more 
than a few hundred feet, if that mueh. "'\Vinters are 
much more severe north of vVindy than south of Windy, 
and, under conditions of extensive glaciation in south
ern Alaska, they were more severe than they are at the 
present time. This indic.ates 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 at least 
a few hundred yards, and possibly a few miles, during 
the period when it was near the n1outh of Riley Creek. 
These fluctuations occurred as repeated sho;t, rapid 
advances, followed by gradual wasting away of the ice. 
Certianly at least three such episodes, and possibly 
many more, occurred when the ice front was near the 
mouth of Riley Creek. This alternation of advance 
a-nd retreat may have been the charaeteristic pattern of 
glacier behavior during the entire period of waxing 

and waning of the ice sheet. :Moffit reported that such 
movements were made by the Black Rapids Glaeier 
( 1942, p. 146-157), and Tarr and Martin reported that 
they were made by the Yakutat Bay Glaciers ( 1914, p. 
168-197), 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 Hiley Creek advance is not necessarily the same 
as any of the causes-chiefly earthquake-induced ava
lanehes-attribnted by Moffit and by Tarr and Martin 
(1914, p. 168-197) to the fluctuations they reported. 

The retreat of the glacier was, naturally, a process 
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 
vvith outvvash gravel. Continued 1nelting of the iee ex
posed irregular moraines over much of the lowland 
country at the junction of the Yanert Fork and the 
Nenana. South of Yanert, a lake formed. This lake 
vvas quickly drained, as it was clammed solely by glacial 
debris and outwash. A readvance of the 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 1Vindy. 
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 
pre~ervecl, nor was it so c.arefully studied. N everthe
less, it is known that as the glaciers advanced, the 
glacial rivers aggraded their beds as a result of the in
creased amount of coarse material provided them by 
the ice. At the same time, periglacial processes were 
supplyjng the periglacial tributaries of the Nenana 
River and other streams of the Alaska Range with so 
much material that they also aggraded their beds, more 
or less in step with the aggradations of the master 
streams. As the ice retreated, it no longer supplied the 
streams with vast quantities of coarse debris at their 
heads; therefore, the streams eroded their outwash 
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 read vance are so close in height to the younger 
terraces that it was diffieult to distinguish thmn. 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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0f the river at1nany points along its course. They occur 
only as rmnnants, parts of thmn having been removed 
where the river erodes steep banks or where it 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 magnitude 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 re1m1ants, 
and correlation of these remnants is full of doubts. 

At Healy, where the terraces along the Nenana River 
nre n1ost fully developed, two terraces lie below the 
lowest terrace assigned to the Carlo read vance. Terrace 
1 stands 10 feet above the flood plain and consists en
tirely of river gravel. (See fig. 21.) Terrace 2 stands 
28 feet above the flood plain; exposures on the east bank 
of the river, north of the railroad bridge, show it to 
consist of 18-20 feet of bedrock overlain by 8-10 feet 
of gra.vel si1nilar to that on the present flood plain. 
(See fig. 21.) 

Two terraces, 10 and 25 feet high, are present on the 
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 gra.vel. This terrace con
tinues northward to Browne. 

A rock-cut bench veneered with gravel 20 feet above 
the river occurs near n1ile 350 on the Alaska Railroad. 
About 1 mile north of McKinley Park station, a ter
race 18 feet high on the east side of the 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 river 
during excavation of gravel deposited du1!ing the Carlo 
read vance. At 1nile 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 1nade up entirely of gravel. Terraces on 
the east side of the river and about 15 feet above river 
level, on the other hand, are probably correlated with 
the low terraces along the Nenana River near Healy. 

Terraces 5-20 feet above strean1 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 1nany lo
calities, especially on Healy and Lignite Creeks, these 
are rock-cut benches having a veneer of strean1 gravel. 
More commonly, however, they appear to consist entire
ly of gravel, fro1n strean1 level to their tops. Similar 
low terraces have been observed on 1nany 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 
belo\v the lowest terraces of the Riley Creek glacia
tion-it is unlikely that they were formed merely as an 
incident in the 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 a 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 a~ter the 
thennal maximum 'vhich followed the glacial retreat of 
the Riley Creek glaciation. 

TALUS 

Large or small amounts of talus occur at the base of 
all the 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 
presumably rolled or slid to the slopes. Slopes less 
steep are covered with congeliturbate, which will be de
scribed in the following section. 

Talus accumulated below cliffs and cirque headwalls 
throughout the Pleistocene. Most of the talus which 
formed in areas which were subsequently glaciated was 
swept frmn its resting places by the glaciers and in
corporated in till 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 at the base of cliffs during the Pleistocene has 
remained there to the present day. However, most of 
the talus which accumulated in canyon bottoms along 
the periglacial streams during each glaciation was swept 
away when these streams subsequently re-excavated and 
deepened their canyons, and the talus which aceumu
lated on valley sides during interglacial periods was 
frequently moved to the stream beds during periods of 
glaeiation by periglacial processes of creep and mass 
wasting. Renee, in the area outside the ice limits of 
each glaciation are some talus deposits which were 
formed in part before that glaciation and later mantled 
with younger talus, and some talus deposits which have 
fonned since that glaciation. For instance, the walls 
of the Nenana River gorge between Healy and McKin
ley Park station are mantled in many places with talus 
of the Riley Creek glaciation which rests on and inter-
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fingers with the outwash gravel of the Riley Creek 
glaciation. On 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 glacia6on, but which have since been 
re-exposed. The talus in these eanyons is for the most 
part younger than the Riley Creek glaciation. 

~{any of the most conspicuous talus deposits lie in 
valleys which were occupied by ice during the Carlo 
readvanee, or on valley and canyon walls which were 
buried beneath outwash gravel of the Carlo reaclvanee. 
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 roeks, and Birch Creek 
schist. The new highway on the east side of theN enana 
R.iver between Slime Creek and the bridge opposite 
vVindy is exc.avated, 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 \Yere 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 quiekly exhausted, and the quarry was 
abandoned after a few years. The surface of this talus 
apron is clark, 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 Inean 
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, it is not mapped separately on plates 2, 3, 4, 
and 5, except where it 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. Solifluetion (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 
'vater necessary for congeliturbation requires the pres
ence of an impervious substratum. In 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 frmn 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 at many places 
in the Alaska Range. In very coarse solifluction de
posits at high altitudes, the blocks pried loose from the 
outcrops by frost action slide directly downslope from 
their souree. vVhere 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 Mel{inley 
Park station. In 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. Although stratification due to water 
and wind action is absent, the deposits may exhibit a 
erude flow-layering and preferred orientation of in
equant fragments resulting from the downslope nlove
ment of the eongeliturbate. 

On level surfaces, eongeliturbate ean be recognized 
in eross section by typieal structures in the soil. In 
soils whose grains have a wide range in size (from 
boulders or pebbles to fine sand, silt, or clay), congeli
turbation effects a sorting of the soil. On level ground 
it eauses the stones in the soil to gather into rings or 
polygons, each of whieh 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 ( cf. vVashburn, 1950, p. 89). Where the 
coarse particles in the soil are rare or absent the effeet 
of eongeliturbation can be seen in frost sears, peat rings, 
and allied forms (Hopkins and Sigafoos, 1951), and, 
in eross section, in the involutions of differently eolored 
bands of soil (Schafer, 1949, p. 156-165). Even where 
there are no exposures, eongeliturbation may be recog
nized, for it causes the development of a special micro
topography. This topography consists of 1nounds or 
hummocks 6 inches to 3 feet high and a few feet to 10 
feet across on level ground, and of lobes and terracettes 
on sloping ground. All these features are present in 
the Alaska Range. Their great extent makes it clear 
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that n1ost of the land surface of the range is mantled 
by a layer of material which has undergone congelitur
bation. 

Presumably, 1novement of rocks and soil by congeli
turbation inhibits plant growth over the active bare 
areas; if congeliturbation 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 growth 
of one type or another would be continuous over n1ost 
of this area were it not inhibited by intense movement 
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 n1oving talus. Lichens are absent from 
bare rock surfaces. A few boulders show by the pres
enee 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 tin1e, it is affecting surfaces locally, not generally. 

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 sel'ious maintenance problems on the rail
road. Landslides are of two types : rotational shear 
slips, and detritus slides or mud runs (Ward, 1945). 
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 Mcl(inley 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 at angles of 10°-25°. At the same 
ti1ne the blocks were rotated, they were moved clown
ward and outward toward the river, creating a series 
of asy1nmetrical ridges at successively lower altitudes 
below the railroad track. This landslide occurred be-

cause the Nenana River eroded the base of a bluff, 
about 150 feet high, that consisted of a layer of clay
rich till 65 feet thiek, over lain by a layer of outwash 
gravel 85 feet thick. The till flowed out toward the 
river, undennining the gravel and dragging blocks of 
gravel with it. As the blocks of gravel1noved do-wn
ward and outward, their originally horizontal upper 
surfaces were rotated away frmn the river. The land
slide oecurred on a surface close to river level. Clear
ly, this surface is younger than the outwash terrace of 
the Carlo reaclvance, remnants of which are nearly 
100 feet high both north and south of the landslide. 
Therefore, the landsliding occurred since the Carlo re
advance. The landslide is now 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 fonnation 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 cmnpleted and has not 
been examined. Its causes are unknown. "'\Vhen seen 
fron1 a distance in 1951 and 1952 it did not appear to 
have moved forward n10re than a few hundred feet, 
nor did it appear to pose any immediate danger to 
the railroad. 

Landslides in the Tertiary eoal-bearing formation 
are cmnmon 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 in1pervious 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 the landslides is disturbed, indicating that 
the landslides are still active. 

Evidenee 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 
road west of Lignite. This consists of a number of 
narrow irregular ridges and terraces parallel to the 
trend of the bluff. Presumably, the thick outwash 
gravel of the Healy glaciation here rests on a layer 
consisting mostly of clay, deposited either as till, pro
glacial lake sedi1nent, 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 ti1ne since the Riley Creek 
glaeiation. However, because they appear to be older 
than the other landslides, the author believes they 
probably oceurred 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
mov~ it altogether. Small mud runs on hillsides are 
quiekly overgrmYn with vegetation and are, therefore, 
difficult to recognize. Although no detritus slides or 
mud runs 'vere found, it is believed that many badland 
areas resulted fron1 the exposure of Tertiary rocks to 
active erosion after the vegetation was removed by such 
landslides. 

ROCK GLACIERS 

Roek glaciers similar in every respect to those in the 
Wrangell Mountains, described by Capps (1910), are 
common in the. Alaska Range. These are usually lobate 
mounds of intermixed coarse and fine angular detritus, 
silnilar to talus in eomposition and grain size. They 
extend downslope from the base of talus cones and talus 
aprons on deelivities as gentle as 5°. They strikingly 
resemble glaciers in appearanee in that they are com
monly elongate downslope, have steep fronts and sides 
facing ]ower eountry, and bear on their upper surfaces 
areuate ridges that are convex downstream, and straight 
ridges that are parallel to the direction of flow. 

Rock glaeiers occupy the headwater cirques of Clear, 
Riley, Slime, Carlo, and Revine Creeks, all tributaries 
of the Nenana River and Y anert Fork. They are emn
mon in cirques draining into the Y anert glacier, at 
the headwaters of Virginia Creek in the Wood River 
eountry, and at the headwaters of the Sanctuary River. 
At all these localities the rock glaciers oecupy eirques 
formerly oecupied 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 read vance. They are therefore younger than 
the Riley Creek glaciation and the Carlo readvance. 

Part of the deposits of andesite blocks surrounding 
Jumbo Dome C'Vahrhaftig, 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 congelitnr
bate, during 1nany of the glacial advances which took 
place on theN enana River, only 10 miles away. Con·e
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 movmnent, have been correlated with 

the pedi1nents 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 vVood River and Kansas 
Creek, and in mountains of greenstone along the crest 
of the Alaska Range and in the vicinity of the Y anert 
Glacier. 

Exposures of the interiors of rock glaciers are rare; 
loose, angular debris from the top and sides quickly 
slides into any openings that are made. An exposure 
of the side of an active rock glacier-the down-valley 
extension of the tenninal moraine of the glaeier at the 
head of Kansas Creek-shows that this roek glacier 
consists of solidly frozen clay and gravel in which nu
merous blocks of granite are embedded like plmns in a 
pudding-. The surface layer of this rock glacier is made 
up n10stly of large bloeks of granite. Similar inte
rior and surface materials were seen in an exposure 
of a rock glaeier at the head of one of the forks of Vir
ginia Creek. An exposure in the side of an inactive rock 
glaeier on Jumbo Dome (vVahrhaftig, 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 at rate of about 2lf2 feet per 
year along the medial axis, and 1-1¥2 feet per year 
along the sides. 

According to Riclunond ( 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 frmn small glacial readvances, retaining the 
essential 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 s1iow during the 
latter half of the summer, and the ice in the rock glacier~ 
therefore, probably aecumulates 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. It 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 Rjley 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 cli1nate. 
A rock glacier whose origin is clearly recent is at the 
head of Clear Creek This roek glacier, whose motion 
is being measured, is advaneing over a turf-covered 
n1ound which fills the floor of the cirque. The mound 
has steep sides that fa.ee dmvnvalley as well as toward 
the valley "\valls, and an upper surface that slopes 
gently northward down the valley of Clear Creek. It 
is dissected by deep gulches, whose walls, also, are 
partly covered by turf. From the appearance of this 
mound and of exposures along the "\valls of the gulches 
that dissect it, it is evident that it is an ancient rock 
glaeier, now completely stabilized and overgrown and 
partly dissected by tributaries of Clear Creek. The 
upper part of the mound is buried by the active rock 
glacier, the sides of whieh are free of turf, and the 
upper surface of whieh is partly covered by turf that 
is torn and broken by numerous fresh cracks. The ac
tive rock glacier is advancing over the older roek gla
cier and filling the gulches which disseet it. A period 
of time in whieh the older rock glacier was formed and 
later dissected, separated the formation of the younger 
rock glacier frmn the melting away of ice frmn this 
cirque, and, by analogy, a period in which there were 
no deposits of this type in this cirque is believed to 
have separated the formation of the older rock glacier 
from the elisa ppearance of glacial ice. 

TILL 

A well-preserved low moraine crosses the Yanert 
Fork about 2 miles downstrean1 from the present ter
minus of the Yanert Glacier. (See pl. 6.) vVhere it 
crosses the river it consists of several irregular hills, 
covered with spruee 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 the river. Up
stream frmn that point, along the walls of Y anert 
valley, the moraine consists of two low continuous 
ridges of till, generally about 200 feet apart but merg
ing locally. These ridges rise about 200 feet above 
the glacier surface, which position they maintain far 
baek into the headwarcl portions of the Yanert Glacier, 
espeeially along the north mountain wall of the valley. 
A_ dense growth of mature spruce eovers the terminal 
moraine. This forest continues upstream for about a 
mile, where it grades into a forest of cottonwood and 
willow, which extends almost to the base of the glacier. 
At about the point where the two forests grade into 
each other, about a 1nile below the glacier terminus, 
another moraine crosses the river. On the Inountain
sides near the terminus of the glacier, this moraine is 

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

Recent till covers stagnant ice a few tens of feet 
downslope frmn the glaciers on J(eevy Peak. At the 
head of Copper, Virginia, and l{ansas Creeks, recently 
deposited till is now separated fron1 the glaciers that 
deposited it by narrow outwash plains. This till 
merges downslope with rock glaciers. 

GLACIERS 

There are no active glaciers in the area immediately 
adj aeent to the Alaska Railroad; however, the Nenana 
River, Yanert Fork, Sanetuary River, Teklanika River, 
East Fork of the Toklat River, vVoocl River, and many 
of their tributaries, head in glaciers (see pl. 6). Less 
than one-twentieth of the area. that was covered by ice 
during the height of the Riley Creek ice advance is 
eoverecl today. Existing glaciers range in length from 
half a mile to 20 miles; the longest and largest is the 
Yane1t Glacier, which heads on Mount Deborah, 12,540 
feet high, just east of the area shmvn on plate 6. The 
existing glaciers are one-tenth to one-third as long as 
they were at the height of the Riley Creek glaciation. 
Historieal records (Taliaferro, 1932, p. 76-!) and bio
logical data. (Cooper, 1942, p. 17-20) show that the 
glaciers of southern and southeastern Alaska during 
most of post-vViseonsin time were mueh smaller than 
they nmv are; and that, beginning a few thousand years 
ago, an ice advance took place which reached its cul
mination about 100-200 years ago in southeastern 
Alaska, and about 20-50 years ago along the southern 
Alaska coast. Since this culmination, the glaciers have 
been melting baek for distances of from a few hun
dred feet to scores of 1niles. For instance, according 
to Barnes ( 1943), the Portage Glaeier retreated 3,000 
feet during the 25-year period frmn 191-i to 1939. Sim
ilarly, the Spencer Glacier retreated about 2,100 feet 
between 1906 ancl1931, and the Bartlett Glacier about 
1,000 feet between 1911 and 1931 C\Ventworth and 
Ray, 1936, p. 898-903). 

The glaciers of this part of the Alaska Range show 
evidence of similar recent advance and retreat. How
e,ver, as will be shown in a following paragraph, all 
the reeent deposits-glacial and other types-consid
ered together, suggest a smnewhat more complicated 
climatic history for Alaska than that outlined by 
Cooper. Presumably, the vegetation on the 1-Inile 
moraine against which the moraine-covered ice of 
the Yanert Glacier is in sharp contact, took a consid
erable time to establish itself. The sharp contact of 
the ice with this moraine implies either a long period 
of standstill or a recent advanee. At the present time, 
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however, the lower part of the Yanert Glacier appears 
to be slowly wasting 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 this1 
surface. Similar conditions were observed by Tarr 
and Martin (1914) on stagnant glaciers of the ·Yakutat 
Bay region. The Yanert Glacier had a similar appear
ance in 1913, as photographs taken then attest (Mof
fit, 1915, pis. 4 and 5). The glacier was photographed 
in 1941 by Bradford 'Vashburn, who has kindly given 
these photographs for study. At that time its surface 
was freshly crevassed, and the surfaee of the moraine
eovered iee was flush 'vith 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 
advaneing glaciers have deeply crevassed surfaces, 
whereas glaciers whose ice is either stagnant or Inov
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 erevasses were absent (shown 
by the large melt water streams flowing on it), indi
eating that the lower part of the glacier had not ad
vanced for several years. 

The s1nall glaeiers on I\:eevy Peak and around the 
Wood River show signs of reeent 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 l(eevy 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 glaeiers on I\:eevy Peak was separated from 
till-covered stagnant ice by a small proglacial or super
glacial lake. The large, nearly circular glacier at the 
head of Virginia Creek was bordered by a hand of 
bare till and bedrock 200 feet wide. Beyond the band 
of bare rock, the till and granite were covered with 
lichens 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 he filled with sphagnlnn 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 mantles bog-covered 
hillsides on the west side of the Nenana River canyon 
from Moody northwestward to the Diamond coal mine 
(see pl. 2) . The hogs on the surface of the high ter
race east of Browne and north of Ferry are presumably 

underlain by peat (see pl. 5) . The thickness of this 
peat is unknown. Layers of peat frmn a fraction of 
an inch to n1ore than a foot thick are interbedded with 
the silt that mantles many of the terraces. Woody 
plant remains are found in the peat, along with re
mains of herbaceous plants. "\Vhere the peat was ob
served to occur in two layers, the lower layer was black 
and involuted, and the upper layer was brown and 
only slightly disturbed by frost action. This relation
ship was observed at Moody and on the north bank 
of Dry Creek about 1 1nile above its mouth; it is be
lieved to be fairly common. 

AEOLIAN DEPOSITS 

Aeolian deposits, in the form of sand dunes and 
loess layers, are common along the Nenana River and 
in adjacent parts of the Alaska Range. They are 
not distinguished on the maps (pis. 2--6), but the loca
tions of the more significant outcrops are given below. 
Sand dunes are restricted to the inunediate 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 be.en derived from sandstone or conglomerate of 
the adjacent "badland," which is in the Tertiary coal
bearing formation and overlying Nenana gravel. 
Sand dunes range frmn 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 sign1oid shape, to dunes completely 
stabilized and overgrown with dense spruce forest. 
In 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 1nile 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 the railroad traek about 1-11h 
1niles along the railroad south of Healy. At this lo
cality they rest on outwash of the Riley Creek glacia
tion, and may in part he 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 at the top of the n1ountain above the 
Garner tunnel (pl. 2) contains platy fragments of 
schist half an inch thick and as 1nuch as 4 inches in 
long diameter. These have been blown or rolled by 
the wind for distances ranging fron1 several tens of 
feet to a fe,v hundred feet frmn their source in out
crops of Birch Creek schist. In no other way could 
some of then1 have reached their present lodging place 
on top of and interbedded with thick turf and in the 
branches of low bushes growing on the dtule deposit. 
An alternative explanation-that these fragments may 
have been thrown to the top of the mountain by explo
sions during the construction of the railroad-fails to 
explain an identical oceurrenee on the Totatlanika 
River (pl. 6) opposite the mouth of Daniels Creek, 
where no construction or exeavation has been eonducted. 
The presenee of these eoarse fragments in and on the 
dune deposit indicates very high velocities of south 
winds. 

Deposits of windblo,vn 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 northward from 3 
feet at Healy to 8 feet at Browne, 20 miles north. Com
monly the silt is in two layers: a lower layer in which 
the bedding has been deformed by eongeliturbation into 
involutions, and in which the contained plant n1at.erial 
is black; and an upper layer in which the bedding is 
undisturbed, and in which the contained plant material 
is still brmvn and woody. One, hvo, or three peat lay
ers may be present. A prominent peat layer marks the 
boundary behveen the two types of silt. The 1nedian 
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 affected by congelifraction, is 0.015 m1n (de
terminations by '-T ohn "'\V. tT ames). The silt profiles on 
the higher and older terraces were not found to be any 
thicker or more complex than those on the lower ter
races. The separate stratigraphic units of the silt man
tle can be traced in many exposures from one terraee 
level to the next, the silt having b.een 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, follo,ving the development of all the terraces. 
Consequently, the silt 1nantle now on the terraces is post
Carlo in age and probably of quite recent origin. 

The silt is derived frmn two sources: silt deposited by 
the glacial 1nelt water and blown off the dry river 
beds by strong southerly winds; and outcrops in bad
lands in the Tertiary rocks. Most of the silt ca1ne from 

the first source. Dust storms, si1nilar to those described 
by Pewe (1951) along the Delta River, occur along the 
Nenana at the present time. Such storms were pro b
. ably much more violent in the past, when the barren 
river flat was broader. :Evidence of the rate of accumu
lation of silt was obtained in two plaees. Buried wil
low branches 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 n1etal container 
buried under 8 inches of silt and re-exposed at the edge 
of the river bluff in 1948 indicates a rate of accumula
tion of not less than 1 foot in 70 years, inasmuch as 
there is no record of white men entering this area before 
1900. 

vVind-polishecl and faceted pebbles are comn1on in ex
posures of the till of the Healy glaciation west of Healy, 
and on the bluff in Riley Creek outwash above the rail
road track about a 1nile south of Healy. These prob
ably date back to the Healy and Riley Creek glaciations. 
vVind-sculptured erosional forms have not been ob
served in the badlands near the railroad. Very strong 
prevailing south winds have had a striking effect on the 
vegetation that grows on terraces frmn Healy north
ward, causing the bushes to grow in lines oriented north
south, and giving the terraces a raked or plowed ap
pearanee when seen frmn the air. 

PERENNIALLY FROZEN GROUND 

Perennially frozen ground (Taber, 1943; Black, 
1950), also called penna.frost (Muller, 1945, p. 3) and 
pergelisol (Bryan, 1946, p. 635), is common throughout 
the Alaska R.ange. 1Vherever deep excavations have 
been made it has been encountered. The only localities 
where its presence is doubtful are smne of the very well 
drained terraees under lain by eoarse gravel, at the base 
of which are large springs. Perennially frozen ground 
is probably not present beneath rivers and lakes. 

The depth to perennially frozen ground in the Alaska 
R.ange is controlled largely by the a1nount of vegetation 
and exposure of the surfaee of the ground to direct sun
light. In general, perennially frozen ground is much 
eloser to the surface on north-facing slopes than on 
south-facing slopes. Three types of vegetation appear 
to influence the depth to perennially frozen ground. 
The first is thick, eontinuous vegetation, consisting 
largely of mosses; it may or may not inelude black or 
white spruce. Perennially frozen ground is commonly 
found within 2 feet of the surface, and loeally as near 
the surface as 1 foot. "'\Vhere bare soil is present in the 
center of frost scars, perennially frozen ground is much 
deeper. The second is vegetation eonsisting predomi
nantly of brush such as alder, dwarf birch (Betula 
glandulosa and hybrids), and willows; it 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 frmn 5 to 20 
feet below the surface. Most moraine hillocks, most 
n1ountain slopes in the gorge between ~fciGnley Park 
station and I-Iealy, and 1nuch of the country south of 
McKinley Park statlon 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 
lichens. 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 Snn
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 seree 
slopes at altitudes greater than 3,500 feet is unknown. 

Perennial ice in crystalline nonporous rocks, as well 
as in slightly pervious well-jointed rocks, suc-h as those 
of the Cantwell formation, probably occurs only as 
thin films in joints and cracks. Likewise, in deposits 
consistlng of coarse gravel, perennially frozen ground 
occurs either as "dry permafrost" (rock that is peren
nially below 32° F. but does not contain water) or as 
gravel containing interstitial ice. -

In sand, silt, and clay, on the other hand, perennial 
ice takes the fonn both of lenses and veins of clear ice, 
and of interstitial ice. Beeause 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. "'Vhen the iee melts, 
cohesion is lost, and the resulting \Yater acts as a sup
port to the weight of the fine-grained material, thereby 
reducing frictional resistance to movement (Terzaghi, 
1950, pp. 91-9±). Such material slumps on slopes, and 
landslides and mudflows result. Thawed ground in 
silt and clay tends to flow from beneath heavy \Veights. 

Ice veinlets exposed at the new pit of the Diamond 
coal mine during the summer of 1948 averaged :Ys ineh 
in thickness and were spaced lh-1 inch a part. Their 
E~trike was parallel to the contour line of the hillside, 
which is here parallel to the strike of the coal-bearing 
rocks. They clipped 30°-40° N., approximately bisect
ing the angle between the surface and the bedding. 
The rocks in which they oecurred are sandstone and 
siltstone of the 1niddle member of the coal-bearing for
mation. The hillside beneath which they were found 
was covered by tundra vegetation, consisting of 1noss, 
sedges, and patehes and rows of willows and dwarf 
birch. 

Perennially frozen ground exposed in 1948 in clay 
at the bridge at 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 iee as much as 1 foot thick were also found in 
the clay at this point, and interstitial ice cemented the 
terraces and delta gravel. Lenses of clear ice more than 
1 foot thick were found in clay at Moody in 1949. 

The role of perennially frozen ground in the forma
tion of eon gel iturbate has been discussed in the section 
on eongeliturbate. 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 grave] 
terraees now apparently free of perennially frozen 
ground. They indieate that perennially frozen ground 
was once present in places where it is not now observed. 

CLIMATIC HISTORY IMPLIED BY THE DEPOSITS 

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

( 1) A warm period during whieh the Riley Creek ice 
melted back until glaciers on many of the smaller 
stream:;,, such as Revine, Moose, Louis, and Windy 
Creeks, and possibly the Sanctuary River, had com
pletely disappeared. The larger glaeiers 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 ( :1\<fatthes, 19±2, p. 204-219). 

(2) A period as eolcl as the present during which the 
Yanert .glaeier aclvaneed to a. point about 3 n1iles below 
its present terminus, rock glaciers were active, and the 
Nenana 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 
elimate is slo\vly becoming wanner. 

DIASTROPHISM 

Two of the major faults crossed by the Alaska Rail
road have been active since the deposition of the Carlo 
outwash and retreat 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 formation (fig. 28). At the north end of this 
outcrop., the alluvial gravels are bent upward to the 
north. The fault contact between the Cantwell forma
tion and Birch Creek schist is just north of the de-
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FIGURE 28.-Alluv!um and outwash of t he Carlo r eadvance clefor111c<l 
a nd offset by post-Ca rl o faulting on the east bank of the :-lenana 
River opposite l\IcKinlcy l'ark Station. Birch Creek schist to the 
left of the fault. 

formed gra,vel. This contact apparently extends east
ward along thl3 base of a small gulch which has dissected 
the alluvial f rm. The original upper surface of the 
alluvial fan is largely preserved. The part north of the 
gulch is 20 feet higher than the part south of the gulch. 
Presumably the displacement of the alluvial-fan sur
face and the bending of the alluvial gravels are effects 
of the same cause-movement along the fault separat
ing the Cantwell formation from the Birch Creek schist. 
Movement along the fault in post-Carlo time has 
amounted to 20 feet, the north side being the upthrown 
side. No evidence could 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 Healy glaciation and the end of the Carlo, for gla
cial deposits and terraces of the older glaciations show 
no noticeable displacement. A displacement of 20 feet 
would probably not be detected in the older deposits, 
for the errors of conelation of higher terraces and gla
cial deposits are of that order or greater. 

Fault scarps displacing alluvium, outwash gravel, 
and Recent talus cones and alluvial fans, mark the line 
of the great fault that crosses the Alaska Railroad near 
Windy (see pl. 1). According toR. A. Eckhart (oral 
communication, 1951), the scarps on this fault, cutting 
alluvial fans in Foggy Pass, face north and are be
tween 20 and 50 feet high. E. H. Cobb (oral commu
nication, 1951) states that the fault scarp across the 
fiat north of the lower course of Little "'Windy Creek 
has a height of from 6 to 15 feet (see fig. 29). East
ward, along the south-facing mountainside north of 
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FIGURE 29.-Recent fau lt sca rp in a lluvium an<] t errace gravel along 
the fault crossing the Alaska Jtailroacl near Windy. Looking south
\Yes t across Little Windy Creek. 

the head of \Vells Creek, the fault is marked by a 
trench, the south wall of which is steeper than the 
north wall. The scarp c:.m be traced, on aer ial photo
graphs, as far east as the Nenana glacier. 

All the evidence indicates that the displacement 
along this fault occurred recently and that the south 
side went up with respect to the north side from 6 feet 
to more than 20 feet. The slight amount of erosion of 
the scarp suggests that the movement occurred not more 
than a few hundred years ago. 

Glacial deposits on either side of the fault zone are 
not noticeably displaced, excepting as described above; 
the topography along the fault does not give any indi
cation of much Pleistocene displacement, certainly not 
in the direction that the recent fault scarps indicate. 
It seems likely, therefore, that the revival of movement 
along the fault did not occur before Carlo time and 
probably occurred very recently. 
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QUATERNARY AND ENGINEERING GEOLOGY IN THE CENTRAL PART OF THE ALASKA RANGE 

ENGINEERING GEOLOGY ALONG PART OF THE ALASKA RAILROAD 

By CLYDE WAHRHAFTIG and R. F. BLACK 

ABSTRACT 

'I'he central Alaska earthquake of October 1947, triggered a 
lanclslide 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
amination of this landslide and of other engineering problems 
that plagued the railroad where it crossed the Alaska Range. 
Investigations were conducted by the Geological Survey in the 
fall of 1947, in the summer of 1948, and for short periods until 
1952. They included mapping of the geology along the railroad 
from mile 322 on the south side of the Alaska Range, to mile 
38G, just north of the northern foothills of the range and de
tailed studies of several of the landslides. The result~ of these 
investigations are 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 
deformed and broken argillite, chert, and limestone. These 
rocks are unsuitable for riprap, but some are suitable for ballast 
and subgrade. They generally form stable foundations. Com
merdal exploitation of the limestone has been considered. Be
tween miles 327.5 and 330 the railroad crosses massive green
stone which is 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 diabase and andesite. South of mile 
336 the Cantwell formation is fairly well cemented, and has been 
quarried locally for riprap. North of mile 336 it is not well 
cemented and is not suitable for riprap. The andesite and dia
base are too jointed for use as riprap, but are suitable for ballast 
and subgrade. Foundations in the Cantwell formation are gen
erally stable. 

],rom 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 schist disintegrates readily by 
frost action, and where pyrite is abundant, decomposes to un
stable detritus. Along its contact with the overlying coal-bear
ing formation, near mile 358, it is weathered. Because of its 
fissility, the Birch Creek schist does not make satisfactory 
riprap, subgrade, or ballast. In general foundations and em
bankments are stable. Locally, however, dangerous rockfall 
conditions exist. 

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

are poor sources of gravel, ballast, and subgrade. They contain 
no material suitable for use as riprap. 

For most of the distance between miles 322 and 385, the rail
road is built across surficial deposits that were laid clown dur
ing several glacial advances and retreats of Quaternary age. 
'rhe engineering properties of each type of material are 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 it 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. 

Tributaries of the Nenana have built alluvial fans across the 
outwash 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) it is similar to the 
Nenana gravel, from which it 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 Healy, which was deposited by short steep streams, consists 
of fragments of Birch Creek schist and the Cantwell formation. 
Ballast and subgrade from it are likely to heave badly. 

Varved clay and silt and associated delta gravel occur in the 
gorge between McKinley Park station and Healy, as high as 500 
feet above the river. They were laid down in an ancient 
glacial lal.:e. The clay and silt, where perennially frozen, con
tain ice veinlets and interstitial ice, and slump and flow when 
they thaw. Their outcrops are 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 it is likely to 
heave badly when it 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 co.Jnmonly within 2 feet of the surface under 
thick moss ; 5-20 f~t below the surface under brushland and 
open stands of white spruce; and, if present at 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 its surroundings and thaws when the 
cover of vegetation is destroyed. 
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Slumps and earthflows, common throughout the history of 
the Nenana gorg~, are the result of movement of debris beneath 
steep slopes along sliding planes as much as a few hundred 
feet deep. 'l'hey are marked by irregular topography, the chief 
features of which are an arcuate headwall scarp, a bulge at 
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 at rates from a few feet per ye·ar 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 sno\v and permafrost, \Vhich 
saturate the clay with water and render it 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 a void 
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 from the west wall of the gorge. Glacial 
lake clay and silt 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 e·ast 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 are (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 at 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 land.,;lide at 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 \vere 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 at the north abutment of the bridge thaws. 
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 at 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 cros~es the lower part of a large talus cone. Under 
the weight of debris supplied by crumbling cliffs to the north, 
the talus creeps and flows toward the river. No kno·wn method 
of control would be cheaper than periodically realining and 
raising the traclc Large schist blocks at the heads of several 
steep chutes leading to the track at the north end of the tunnel 
occasionally break loose and descend to the track. The lar~est 
bloek, 100 feet on a side, is creeping at a rate of 0.2 foot pu 
year toward a precipice, over which it will plunge to the track. 
The danger of rockfalls at 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 at 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 as springs and seeps. 
At times, 2 or 3 feet of ice accumulates on the tracks. It 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 are favorable industrial sites because they are free of 
materials likely to settle or heave on thawing. 

The volumes of the reservoirs behind the dam sites on the 
Nenana River at miles 354, 349.8, 342, and 329 are small because 
of the 25-foot-per-mile river gradient and the narrow canyon. 
The canyon walls at the dam sites at 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. 
'I'he canyon walls are made up of massive diabase and are under
lain by sandstone and shale. Leakage is possible through gla
cial sediments northwest and southwest of the dam site at this 
locality. The dam site that is most favorable geologically is the 
one at mile 329, where the bedrock consists of massive green
stone. 

INTRODUCTION 

PURPOSE AND SCOPE 

The A.laska Railroad, the longest railroad in Alaska, 
extends from tidewater at Seward on the l{enai Penin
sula and at ""\Vhittier on Prince vVilliam 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. It serves directly the 
two largest cities of Alaska, Anchorage and Fairbanks, 
and the two best-developed agricultural areas, the Mat-:
annska 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 settlements and 1nining dis
tricts, ancllVfount MciGnley National Park. The rail
road is vital to the n1ilitary defense of the Territory. 
Nevertheless, traffic has been interrupted and slowed 
1nany 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 difficult to maintain. 

This report discusses some of the engineering prob
lems that arise along the Alaska Railroad from n1ile 
322 to mile 385.1 The southern boundary of the area 
is 214 miles by rail north fron1 Anehorage, and the 
northern boundary is 85 miles by rail south from Fair
banks. The area lies between latitude 63 °25' N. and 
64°12'80'' N. and includes the middle portion of the 
Nenana 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
prai3al of engineering problems presented in this report. 

Because of the peculiar effects of permafrost-effects 
not present in tem.perate latitudes and about which 
wide-spread engineering knowledge is still lacking
the discussions of smne of the problmns are more de
tailed than normally would be necessary. Further
Inore, many examples and case histories of the prob
lmns are described in order to give emphasis to the 
effects of permafrost and seasonal frost on construc
tion. It is believed that these exan1ples show the ne
cessity of designing future roads and railroads in 
similar areas in Alaska to avoid such problmns; if 
similar problems cannot be avoided, it is hoped that 
the suggested solutions will be helpful in combatting 
thmn. 

Only that amount of information sufficient for mak
ing general engineering suggestions was gathered dur
ing this investigation. The statements that follow re
garding the engineering properties of the formations 
are based in part only on laboratory tests of represen
tative samples. In 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 eannot and should 
not take the place of detailed investigations, both field 
and laboratory, that are required before speeifie en
gineering structures are designed. 

Discussion of engineering design and detailed appli-

1 Mileage given is in terms of railroad mileposts. 

cation of geology to the problems was beyond the scope 
of the investigation. It is assumed that the engineer 
will use whatever method of correction is most practi
cal or desirable from his viewpoint 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 eoalfield. 
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. Arnaud, 1948, p. 617), the rail
road traek at mile 351.4 in the Nenana River gorge 
between Mcl(inley Park station and ~{oody 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. P. Johnson, former gen
eral manager of the Alaska Railroad, requested that 
an im1nediate 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 smmnarized the findings 
of the reconnaissance and which suggested remedial 
measures was prepared by R. F. Black. 2 Much more 
detailed investigation seemed advisable because of the 
complexity of the unconsolidated sediments. Conse
quently an investigation was 1nade by Clyde W ahr
haftig, John \V. James, and Black during the smnmer 
of 1948. This investigation was supplemented by pe
riodic visits to the area by '"\Vahrhaftig and Black be
tween 1949 and late 1952. '"\V ahrhaftig has assumed 
primary responsibility for the geologic and vegetation 
investigations. Plant collections were identified by 
W. S. Benninghoff and R. S. Sigafoos. Black has as
sunled primary responsibility for the engineering dis
cussions and recommendations. 

Detailed topographic and geologic surveys of the 
slides at miles 351.4, 353.0, and 357.5 were made in 
19±8 and supplemented by later observations. Subsur
face surveys are li1nited to four short churn drill holes 
drilled at mile 351.4 by the Alaska Railroad. General 
descriptions of other slides and engineering recom
mendations are preliminary because subsurface infor
Ination has not been obtained and engineering tests 
of the materials have not been made. 

2 Black, R. F., and Wahrhaftig, Clyde, 1948, Preliminary geologic 
investigation of railroad track difficulties in the Nenana River gorge, 
Alaska: Unpublished rept. in files of U. S. Geol. Survey. 
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FIGURE 30.-l\fap of ~:~outh-central Alaska, showing location of the area covered by this report. 
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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 
frmn south to north, is followed 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) it 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 Y anert 
and the river is entrenched several tens of feet. At 
Yanert the river flows along the west side of theY anert 
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 at Mcl\:inley Park station (pl. 3). 

From Mcl\:inley 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 lh-% of a mile wide; the broadly flaring walls 
and truncated spurs rise to a height of 2,500 feet 
above the canyon floor. In the downstrea1n 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. In 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 ahnost straight 
course N. 25° W. across the northern foothill belt. 
Here it flows in a broad valley having gentle, terraced 
walls that rise fron1 a few hundred to 2,500 feet above 
the river. The valley, including its terraces, is from 
6 to 10 miles wide; some terraees 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 it 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 
ar~~ summarized in table 1. Summit is at the erest of 
Broad Pass, 13 1niles southwest of \Vindy. MciGnley 
Park station is centrally located (pl. 3). Nenana is 
about 29 miles north of Browne (pl. 5). The records 
for MeiGnley 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, 
preeipitation is eonsiderably 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 1nueh 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 ean 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 cyelonic 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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TABLE !.-Temperature and precipitation at Summit, McKinley 
Park station, and Nenana 

[From records of U. S. Weather Bureau (1950)} 

Average temperature (°F) Total precipitation (inches) 

Month 
Sum- McKin- Sum- McKin-
mit ley Park Nenana mit ley Park Nenana 

station station 
--- -----------------

January ___________ 4. 3 3. 0 -8.2 1. 07 0. 86 0. 64 
February __________ 8.9 7. 8 0. 2 1. 13 . 61 . 48 
~arch ____________ 11. 4 12. 9 8. 8 1. 48 . 42 . 56 
April _____________ 21. 6 26.6 27. 2 . 48 . 70 . 35 
~ay ______________ 37. 2 41. 5 46. 1 1. 08 . 85 . 70 
June ______________ 49. 3 52.6 57. 9 2. 31 1. 95 1. 31 
July ______________ 52. 1 54. 7 60. 6 3. 24 2. 36 1. 91 
August ___________ 48.3 50. 7 55.7 3. 71 2. 81 2. 54 
September ________ 40. 5 41. 9 44.3 3.43 1. 60 1. 21 
October ___________ 25. 5 27. 1 27. 1 1. 75 1. 04 . 72 
November _________ 8. 7 11. 0 4. 3 . 88 . 68 . 49 
I>ecember _________ 1.5 3. 2 -7.4 1. 37 . 60 . 44 

------------------
Annual _____ 25. 9 27. 7 26. 4 21. 83 14. 58 11. 34 

---------------
N urn ber of years of 

record __________ 9 26 23 9 22 15 

of great intensity. Extreme tmnperatures are common. 
Additional climatic data from MciGnley Park sta

tion are summarized in table 2. Permafrost in the area 
probably is in equilibriu1n with the present climate. 
Microclimatic factors of exposure, vegetation, type of 
1naterial, 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 zo~e, below 
altitudes of 2,500 and 3,000 feet in which white spruce 
(Picea glauca) in solid forest and parklike stands is 
the characteristic species ; ( 2) a middle zone, between 

altitudes of 3,000 and4,500 feet, which is characterized 
by tundralike vegetation; and (3) an upper zone, gen
erally barren of vegetation. Timberline lies between 
altitudes of 2,500 and 3,000 feet in the Alaska Range, 
and is generally a few hundred feet higher on south
facing slopes than on north-facing slopes. Forest
covered areas, however, 1nake up only a small part of 
the area below 2,500 feet. 

Four general vegetation types appear to characterize 
the lower zone traversed by the railroad : 

(1) Vegetation on gravel bars: gravel bars that 
have been recently abandoned by streams bear scat
tered stands of willows of several species, alder (Alnus 
crispa), vetch ( OxytropisP), and dwarf firewood 
(Epilobiu,7n latijoliu1n). Gravel bars that are more 
than 5 feet above strea1n level and are covered with 
a thin, discontinuous layer of silt have cottonwood 
(Populus balsamifera), alder, and Equisetum. 

( 2) Spruce forest: the entire upper surfaces of 
terraces 5-30 foot 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 white spruce (Picea glauca), and contain thickets 
of alder, scattered aspen (Populu8 trertnuloides), and 
birch ( B etu)ct !t~enaica, B. resinifera, and hybirds). 
The surface of the ground beneath the spruce is cov
ered with E qttiset,zun, Lycopodiurm, and Labrador tea 
(Ledun1 palustre). 

( 3) Muskeg: A dense 1nat 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 ( Y accinium1 uliginosttm), 8 phagmtm, 
dwarf birch. and willows. Standing water in pools 

TABLE 2.-Additional climatological data for McKinley Park station 

[From records of U. S. Weather Bureau, (1943)] 

Temperature (°F.) Precipitation (inches) Clear days Partly cloudy days Cloudy days 

Prevail-
ing wind No. of 

1----.---11---.----1 direction Greatest days with Mean No. 
in 24 hrs .01 inch snowfall 

Month Mean Range 
Percent No. Percent Percent No. 

Max Min Max Min or more 
----------1--------------------------------------------

~JI~~~================~===~ 
11.7 -6.8 47 -52 s 0.98 5 15.8 14.2 45.8 6. 7 21.5 10.1 32.7 
15.4 -4.0 48 -47 s 2.02 4 13.6 13.3 47.2 6.1 21.8 8.8 31.0 
23.1 .7 56 -34 s .90 3 4. 9 13.7 44.0 7./i 24.3 9. 8 31.7 

ApriL _______ . _______ . __________ 37.6 16.:3 60 -33 s 1. 90 2 3. 7 13.8 42.8 9. 3 30.9 7. 9 26.3 
May ___________________________ 52.0 30.4 70 -2 s 2. 70 3 3.0 9.R 31.5 11.2 36.1 10.0 32.4 
June. ___________________________ 63.9 39.9 89 20 s 2. 26 8 .0 11. 1 36.8 9.1 30.5 9.8 32.7 
July ___________________________ 65.8 43.2 85 30 s 1.50 9 .0 10.9 35.2 8. 2 26.5 11.9 38.3 
August. _______________________ 62.2 39.9 83 24 s 2.40 11 .0 8. 6 27.2 8. 9 28.6 13. 5 43.7 
September _____________________ 51.3 32.9 75 2 s 1. 80 9 1.6 9.5 31.5 7. 2 24.1 13.3 44.4 
October-------------- _________ 35.5 18. 1 69 -23 s 1. 75 6 8. 9 11.2 36.0 7. 3 23.6 12.8 40.4 
November ____________________ 20.7 2. 8 56 -34 s 1.54 5 10.3 11.8 39.4 7. 2 23.9 11.0 36.7 
December _____________________ 12.7 -5.6 52 -54 N 1.67 4 9.3 14.9 48.1 6.0 19.4 10. 1 32.5 

-----------------------------
---z5.9 --w.5i~ AnnuaL _________________ 37.7 17.3 89 -54 s 2. 70 69 71.1 11. 7 38.9 7.8 

1 17-19 
----

-14-181~ Number of years of records ____ 17-19 17-19 17-19 13-16 14-18 19-20 19-20 19-20 19=20,-19-20 ,--1;20 
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or trenches between cottongrass tussocks can be found 
in 1nuskeg throughout the sumn1er except in seasons of 
extreme drought. Muskeg supporting black spruce 
( Picea nw,riana) 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-facing slopes and some north-facing 
slopes. A thin ground cover of lichen (chiefly Ola
donia) and low-bush cranberry ( V accin£umt V itis
idaea) occurs beneath the aspen. The presence of 
charred spruce logs and stumps in the n1ost extensive 
aspen brushland indicates that the area was fonnerly 
covered by spruce forest. 

Dense, low thickets of birch ( B et'llla kenaica, B. re
sinifera and hybrids), buck brush (Betula glanduiosa 
and hybrids), felt-leaf willow (Salix alawensis), and 
aspen (Populus 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 (Alnu,s crispa) occur on 
steep north-facing slopes. These extend to altitudes 
200-500 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). 

In 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 frmn 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 1nuch more extensive. They have 
little engineering value except as a source of gravel. 

A major unconfonnity 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 34 7 
and mile 358 on the Alaska Railroad. It is pre
Cambrian in age. 

The schist is composed predominantly of quartz and 
sericite (fine-grained 1nica), but locally has layers con
taining only quartz, or quartz and graphite. Between 
mile 354.5 and mile 355.5, pyrite (FeS2 ) is abundant; 
it 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°-40° southward (pl. 2) ; it is 
locally very irregular and highly contorted. The 
schist is traversed by well-developed cross joints that 
commonly strike northward and dip ahnost 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 
ineonspicuous 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 ehemical 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. In 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. vVhere 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 at the top of the schist. L3.ndslides 
commonly occur in such zones ,vhose slopes are steeper 
than 10°, 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. 
"\Vhen 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 sehist is used as ballast. 

TOTATLANIKA SCHIST 

The Totatlanika schist (Capps, 19·!0, p. 104-107) 
erops out along the railroad about 1 mile south of Sian:: 
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 yellow slate; in the 
mountains east of Browne it consists of coarse-grained 
gneiss. Fossils collected by the senior author in 1955 
from a locality in the Totatlanika schist about 42 miles 
due east of mile 366 on the Alaska Railroad were iden
tified by Helen Dunean as 8yringopora, probably ~fis
sissippian (?) in age (written com1nunication May 
20, 1955). 

The Totatlanika schist is presumably similar to the 
Bireh Creek schist in its geologic history. Its engi
neering characteristics are similar. It has not been used 
along the railroad largely because of its limited 
oecurrence. 

SEDIMENTARY ROCKS 

UNDIFFERENTIATED PALEOZOIC AND MESOZOIC 
ROCKS 

The undifferentiated Paleozoic and Mesozoic rocks 
south of 'Vindy comprise a complex assemblage of 
argillite, shale, graywacke, phyllite, limestone, con
glomerate, and chert. They are either moderately in
durated or are metamorphosed; some are considerably 
1netan1orphosed. 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 regard
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 vVindy and Bain Creeks 
(pl. 4) is made up of argillite, graywacke., and conglom-

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

Dips of beds generally are steep. At least one fault 
zone of large displaeement euts the rocks. Argillite 
and graywacke along the east bank of the Nenana River 
opposite the mouth of vVindy Creek have been folded 
into numerous isoclines and cut by steeply dipping 
thrust faults. A few miles east of this area conglmn
erates have been converted to sehistose rocks through 
the stretching of pebbles (Moffit, 1915, p. 43). - -

Beeause these rocks are highly deformed and broken, 
they are. not suitable for riprap. The li1nestone, ehert, 
and eonglon1erate are suitable for ballast and subgrade. 
Commercial exploitation of the li1nestone and argillace
ous units for the production of cement has been 
consi clered. 3 

CANTWELL FORMATION 

The Cantwell fonnation, of lT pper Cretaceous age, is 
erossecl by the railroad between mile 330 and mile 348. 
The formation eonsists of conglomerate, sandstone, 
shale, coaly shale, and coal. Sandstone and eonglom
erate~ which make up about 60 percent of the formation, 
oeeur together as 1nassive beds as 1nuch as 300 feet thick. 
The numerous conglmneratie and pebbly layers in those 
beds range from 1 to 10 feet in thickness and emnprise 
10-20 percent of the sandstone-conglomerate sections. 
Pebbles in the eonglomerate average 1;2-2 inches in di
ameter, but locally are as mueh 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 1nake up signifieant amounts in 
some layers. Many of the pebble layers are extrmnely 
\veil sorted and do not contain interstitial material 
smaller than half the average diameter of the pebbles. 
The original porosity of the beds has been reduced 
greatly by cmnpressive forces. 

Claystone, shale, and coaly material fonn zones in 
the Cantwell formation that are as n1uch as 50-100 feet 
thick. Coaly material in these zones includes bone and 
oecurs in beds 1-5 feet thick and 3-30 feet apart. 
. The entire Cantwell formation is cmnplexly folded 
and faulted. The fault zone between the Cantwell and 
the Birch Creek schist at MciGnley Park station is 
several hundred feet wide and eonsists of clayey gouge 
and "horses'' (large bloeks) of solid schist. 

a Moxham, R. 1\L, 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 1nile 336 the Cant-well formation is well con
solidated but only n1oderately \Yell cemented. The 
rock of fresh outcrops is relatively soft and can be 
broken up easily with a pick; the rock of weathered 
outcrops is 1nore durable. Because the rocks are poorly 
eemented, 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 
n1ile 336 the Cantwell formation is much better 
cemented and n1ore indurated. It forms rugged HlOUll

tains and steep canyon walls. Joints are widely spaced, 
causing the rock to separate into n1assive blocks on 
weathering. Material that is suitable for riprap has 
been obtained from a quarry in talus of conglomerate 
from the Cantwell fonnation at mile 331. Beds other 
than that supplying the talus at n1ile 331 probably are 
also suitable for riprap or ballast. 

TERTIARY COAL-BEARING FORMATION 

The Tertiary coal-bearing formation (vVahrhaftig, 
Hickox, and Freedman, 1951) crops out along the 
Alaska Railroad in the vicinity of Lignite and Healy 
(pl. 2), and on Slate and Chieken 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; subbittnninous coal in beds 
6-40 feet thick, about 15 percent; and claystone in beds 
ranging in thickness from a few feet to 80 feet, the re
Inaining 20 percent. An SO-foot-thick claystone heel 
about 1,300 feet below the top of the fonnation 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 numbe,r of anticlines 
and synclines and is faulted. At Healy the forn1ation 
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 (W ahrhaftig, 
Hickcox, and Freedman, 1951, p. 152-153; and ""\V ahr-

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 fron1 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 commonly are coated with thin layers of iron 
oxide. Coarse-grained sandstone lenses, 5-10 feet thick 
and 50-100 feet long, are interbedded at 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 frmn Lignite. It is 
composed of equal parts of coarse-grained clark 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 frmn 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 clips 45° N. at the south 
contact; within a distance of about 1 1nile northward, 
the clip decreases to about 10° N. Just north of 
Poker Creek the formation is broken by the large fault 
that forms the soutJ1 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 cmmnonly gentle (10°-
150) 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 between1nile 
384 and mile 385. 

For the 1nost 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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Its greater resistance to erosion than the underlying 
coal-bearing beds is attributed to its greater permeabil
ity and generally coarser texture. Rain and melting 
snow usually sink into it, thus reducing the amount of 
surface erosion. Hence, in 1nany places where the 
Nenana gravel is underlain by the coal-bearing for
lnation, the outcropping edge forms hogbacks and 
ridges rivaling in height nearby mountains of much 
harder rocks. It is a poor source of gravel because of 
the high proportion of fine material, high content of 
ferric iron, and the abundanee of decomposed pebbles. 

IGNEOUS ROCKS 

BASALT 

Basalt dikes are common in the Bireh Creek sehist. 
They are generally vertieal, strike about north to 
N. 30° \::V., are 5-50 feet thiek, and on the average are 
1,000-2,000 feet a part. The dikes were intruded along 
eross joints of the schist before the deposition of the 
overlying Tertiary eoal-bearing formation. An 
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 which it is en
closed. Generally it is so weathered and fractured that 
from an engineering standpoint it is structurally little 
difl'erent from the schist. The irregular body of basalt 
on the east side of the river, at mile 354.8 on the rail
road (pl. 2), is less vveathered and could be used as a 
local source of ri pra p or ballast if an aceess road or 
track can be built economically to it. 

RHYOLITE 

Rhyolite occurs in a few places in the Cantwell for
matio~l in the immediate vicinity of theN enana River 
(pis. 2 and 3). The rhyolite is too widely scattered 
and its volume is too small for it to be considered as 
a source of construetion 1naterials. 

DIABASE 

Diabase, in dikes, sills, and irregular bodies, is the 
most abundant igneous rock that intrudes the Cant
well formation (pl. 3). It makes up perhaps 20 per
cent by volume of the formation. The diabase is dark 
green to black on fresh surfaces and dark brown on 
weathered surfaces. It generally is too closely jointed 
to permit the quarrying of large bloeks for riprap. 
Fresh diabase in the vicinity of Yanert, when crushed, 
might provide suitable subgrade. 

ANDESITE 

Andesite that intrudes the Cantwell formation crops 
out in many places along the Nenana River between 

mile 335.5 and mile 338.5. (See pl. 3.) It occurs as 
sills, dikes, and irregular bodies. The physical prop
erties of the andesite are comparable to those of the 
diabase, diseussecl in the preceding paragraph, with 
which it is associated. 

GREENSTONE 

Greenstone is the nan1e applied to the rock in a large 
altered gabbroic intrusive body crossed by the _,A1aska 
Railroad between mile 327.5 and mile 329.5, north of 
Windy (pis. 3 and 4) . The rock is predominantly clark 
green when fresh, but weathers to clark brown. ·vVhere 
it is crossed by the railroad, it may be divided into two 
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 most 
rugged mountains in this part of the Alaska Range. 
The northern type is fine-grained massive rock eut by 
irregular veins of quartz and caleite. It is broken by 
irregular fractures 10-40 feet apart and is locally 
altered to a brown earthy material. The local "bad
lands'' south of Clear Creek were formed from glacially 
quarried and transported blocks of this type. 

The greenstone 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 decmnposed areas, but is readily aeeessible. The 
southern, or coarse-grained type, is more suitable, but 
slightly less aceessible. However, the trackage re
quired for quarries would not exceed a few hundred 
yards. The greenstone, if erushed, 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 n1ake up widespread 
unconsolidated surficial deposits along the Alaska Rail
road. The mappable deposits are shown 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 glaeial advances and withdrawals that took 
place during the Pleistocene and have continued to the 
present day. Interbedded clay, silt, and sand were 
laid down in glacial lakes. Glaeiers left deposits of 
unsorted debris of all sizes as till, interbedded with len
ticular deposits of gravel, sand, silt, and clay. vVind 
picked up fine material, particularly from the bars of 
braided streams, and deposited it as sand dunes and 
a silt mantle near the Nenana River. The exposed 
surfaces of all roek formations, bedrock and surficial, 
are covered for the 1nost part by a thin layer of 1naterial 
which has been stirred and 1noved downslope by proc-
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esses which involve freezing and thawing. In general 
the age of the surficial deposits has no bearing on the 
engineering properties of the n1aterials. 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 Pleistoeene 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 strea1n 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 eolor depending 
on the age of the deposit. 

The gravel is blue gray and eonsists 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. 
In most places it is unconsolidated. Loeally, however, 
it 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 prineipal rocks found in the gravel 
south of Moody. North of Moody pebbles of Birch 
Creek sehist are an abundant constituent, and north of 
Healy slightly weathered pebbles reworked frmn 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 n1uch as a mile wide; most, however, are 
much narrower. Generally there are no more than 4 
or 5 terrace levels at any point along the river; however, 
14 terraces ean be distinguished at Healy. The most 
extensive terraces lie 10-40 feet above the river, 100-
160 feet above the river, and 250-400 feet above the 
river. On the lower terraces the gravel is 5-20 feet 
thick; on the intermediate terraees it is 10-50 feet thick; 
and on the upper terraces it 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 MeiGnley 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, at the railroad bridge at 1nile 351.4, and be
neath the bench above the railroad at 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
\Vash gravel is overlain by a thick layer of yellowish
brown gravel of a tributary stream. Locally the 
gravel in this layer is cemented by caleite. 

From Mcl{inley Park station southward to Carlo 
(pl. 3), outwash 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 two 
terrace remnants are preserved at lower levels. In 
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, 
elay, sand, or bedroek. The topography of the ont
·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 it averages about 2,500 feet in width. 
Between Healy and Carlo it is about 300 feet wide, and 
south of Carlo it increases in width to 3,500 feet. 

TheN enana River gravel in the terraces and present 
flood plain provides the best source of nonhea ving bal
last, subgrade, and concrete aggregate along the 
K enana River. The gravel generally is clean, un
weathered, and free from minerals likely to react in 
eoncrete. It is abundant, easily handled, and aecessible 
to the railroad. It furnishes the best foundation for 
roads, railroads, airports, and building. Borrow pits 
at MciGnley Park station and at other plaees along the 
railroad outside the area covered in this report are in 
Nenana River gravel. The communities of MciGnley 
Park station, IIealy, Lignite, and Ferry are on gravel 
terraces, as are the airstrips at Healy, Lignite, and 
Mci\inley Park station, and the railroad north of 
Healy. 

ALLUVIUM AND TERRACE GRAVEL DEPOSITED BY 
TRIBUTARIES OF THE NENANA RIVER 

Tributaries of the Nenana River have deposited 
gravel, derived frmn 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 with gravel deposited by the Nenana River. 
These deposits were laid down during many glacial 
stages in the Pleistocene and during the R-ecent. They 
are shown on plates 2-5, and 10, and in figures 36 and 
41 as alluvium and terrace gravel deposited by tribu-
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taries of the Nenana River. They are indicated by a 
pattern of open circles of different colors depending on 
the age of the deposits. As is true of the Nenana River 
gravel, the age of the tributary gravel 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 Nenana River gravel 
generally thicken toward the walls of the Nenana River 
valley and are thickest at the points where the tribu
taries which deposited them emerge from the canyon 
walls. The tributaries drained areas containing rocks 
whose lithology and engineering properties vary 
widely. Four main types of tributary gravel are 
recognized. 

Between Healy and MciGnley Park station the 
tributary gravel is yellowish brown and is composed 
largely of angular to subangular fragments of Birch 
Creek schist. The fragments range in size from a 
fraction of an ineh to several feet and are cemented 
with a matrix consisting of micaceous mud derived 
from Birch Creek schist. This yellowish-brown trib
utary gravel rests on Nenana River outwash gravel 
at mile 850.0, at mile 851.4, and northward on the 'Nest 
side of the Nenana River from Sheep Creek (mile 858) 
to Garner. (See pl. 2.) Its thickness is not uniform. 
At Sheep Creek the maximum thickness is about 100 
feet; at mile 351.±, the 1naximum thickness is 120 feet. 
The gravel stands in nearly vertical cliffs. The tribu
tary gravel in the canyon between Mel(inley Park 
station and Healy is a poor source of ballast and sub
grade. It provides poor foundations, because its high 
content of fine material promotes frost heaving and 
settling. It cannot be used for eoncrete aggregate. 

Gravel of similar origin, but which is 1narkedly 
different lithologically, rests on the broad terrace rem
nants north of Dry Creek and Healy Creek. In that 
area most of the tributaries drain the Nenana gravel. 
The deposits consist largely of pebbles of sandstone, 
conglomerate, greenstone, gabbro, granite, and Birch 
Creek schist-material which appears also in the peb
bles of the outwash gravel of the Nenana River. How
ever, many are weathered and iron stained; intersti
tial n1aterial in the tributary gravel is brownish coarse 
sand from the Nenana gravel. Because this tributary 
alluvium contains an abundance of weathered pebbles, 
it is not well suited for use as concrete aggregate. It 
makes fair ballast and foundations. 

A third type of tributary gravel and alluvium is 
found south of :Mcl{inley Park station. It also is com
posed of material similar to that of the outwash gravel 
of the Nenana River. However, this 1naterial is de-

rived directly from bedrock outcrops. The tributaries 
which deposited this gravel, with the exception of Riley 
Creek, are short and steep. Their deposits are com
monly poorly sorted and subangular and contain much 
fine-grained nmterial. Like the tributary terrace 
gravel between Mcli:inley Park station and Healy, this 
gravel is comn1only 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 fron1 the Birch Creek schist, the gravel 
of this deposit is well sorted, clean, and porous, and 
the pebbles in the gravel are those which have resisted 
breaking up beeause they are very hard and do not eon
tain prominent planes of parting. This gravel is an 
exeellent source of ballast and subgracle and provides 
good foundations. Its suitability for use as concrete 
aggregate is not known. 

SAND 

Terraees 60 feet high extend along the Alaska Rail
road from Carlo 2 miles southward and appear to be 
composed ahnost entirely of clark, coarse, clean sand. 
The sand probably was formed by the n1echanical frag
mentation of bedrock. Fragments of various kinds of 
rocks and grains of quartz, feldspar, chert, miea, and 
hornblende probably make up the bulk of the sand. 
It has not been examined in detail, and its engineering 
properties are not known. 

VARVED CLAY AND SILT AND ASSOCIATED 
DELTA GRAVEL 

Interbedded silty clay, clayey silt, and some sand are 
exposed at many places in the gorge of the Nenana 
River between Mcl{inley Park station and Healy. 
These deposits are generally flat lying and rhytlnnically 
bedded (varved) . Where tributaries enter the Nenana 
River, the silt and clay interfinger with steeply dipping 
gravel 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. The steeply dipping gravel is interpreted as 
comprising deltaic deposits built into this ancient lake 
by tributary streams. A detailed discussion of the 
geologic significance of these deposits is given on 
pages 84-86. These deposits are of paramount eco
nomic significance 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 MciGnley 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 at mile 350.0, two miles north of McKinley Park 
station; at the bridge at mile 351.4; and at Moody (see 
pis. 6 ancl10 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 Ys-2;3 of a n1ile west 
of the track. The exposed materials appear to be part 
of a body of lake sediments that extends nortlnvest
ward from Moody to a point about half a mile beyond 
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Garner and is :JU-1;2 mile wide. Except at their south
ern end, the clay and silt are separated frmn the railroad 
and the river by a body of Birch Creek schist lj8-:JU 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 1nixtures 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. Eckhart from the bank above 
the track at mile 353.3; they are probably similar to 
sample 12. They were analyzed chmnically by E. A. 
Nygaard and S.M. Berthold, whose report (No. IWC-
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TABLE 3.-'l'est data for samples of glacial-lake silt and clay 

[Samples 1-15, inclusive, analyzed August 1952 by Office of the District Engineer, Corps of Engineers, Dept. of the Army, Washington, D. C. Sample 16 analyzed by 
E. Dobrovolny, U.S. Geological Survey] 

Sample No. 
Mileage,! 

1 

Alaska Plasticity 
Railroad index 

I 

Liquid 
limit 

Plastic 
limit 

Specific 
gravity 

Median 
grain size 

(mm) 

Sorting co-
efficient National Research Council classification 

so=-J~ 
--------------------------------·1-----------------l---------l-------------------------l---------ll----------------------------~ 

!_ _______________________________________ _ 

2-----------------------------------------3 ________________________________________ _ 
4 ________________________________________ _ 

5-----------------------------------------6 ________________________________________ _ 

7-----------------------------------------
8 ________________________________________ _ 
9-----------------------------------------
10 _______________________________________ _ 
11_---------------·-----------------------12 _______________________________________ _ 

13.---------------------------------------
14_---- -----------------------------------
15_ ---------------------------------------
16 2 ___ ------------------------------------

349.3 
349.3 
349.3 
349.5 
349.5 
349.5 
351.4 
351.4 
351.4 
353.2 
353.2 
353.3 
353.5 
353.5 
353.5 
353.3 

7.2 
16. 1 
26.8 

6. 0 
4. 4 

28.2 
13. 2 
22.2 
16.0 
16. 7 
13.4 
22.5 
16.8 

5. 4 
13.7 

24.8 
45. 1 
44.5 
22. 1 
20.0 
50.1 
33.9 
37.0 
33. fi 
32.5 
32.4 
41.0 
34.9 
21.5 
29.2 

17.6 
29.0 
17. 7 
16. 1 
15.6 
21.9 
20.7 
14.8 
17. 5 
15. 8 
19.0 
18. 5 
18. 1 
16. 1 
15.5 

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 

29.0 ------------ ------------ ------------
1 

0.016 
.0015 
. 0015 
. 058 
0 057 
0 0013 
.0093 
. 0035 
. 0077 
0 0041 
.0027 
.0040 
.0022 
.16 
.010 
.0025 

3. 48 
>2 
>2.2 

1. 86 
3. 5<! 

>1.7 
6. 42 
3.02 
5. 31 
2. 20 
2. 8 
2. 86 

>2 
1. 69 
3. 40 

>2.2 

Clayey silt. 
Silty clay. 

Do. 
Sandy silt plus clay. 
Sandy, clayey silt. 
Silty clay. 
Clayey, sandy silt plus pebbles. 
,3ilty clay. 
Clayey, sandy silt plus pebbles. 
Clayey silt. 

Do. 
Do. 

Silty clay. 
Silty sand. 
Clayey, sandy silt plus pebbles. 
Silty clay. 

I Stated in mileposts on the Alaska Railroad. 
2 Centrifuge-moisture equivalent, 42 percent; field-moisture equivalent, 38 percent; shrinkage limit, 22.5 percent; shrinkage ratio, 1.6::>; volume change, 24.8 percent; lineal 

shrinkage, 7 percent; and optimum-moisture content, 22.5 percent. 
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FIGURE 34.--Cumulative curves of grain-size distribution for samples 11-15 (see also table 3). 

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

Percent 
SiQ ______________________________________________ 59.1 

AbOa--------------------------------------------- 17.0 
Total Fe as Fe20a-------------------------------- 6. 6 
MgO______________________________________________ 2. 8 
CaQ______________________________________________ 2. 3 
Na20_____________________________________________ 1 ? 

~0----------------------------- ------------------ 3. 0 
Ignition loss*_____________________________________ 6. 8 

Total ___________________________________________ 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 
sa1nples and proved by experience, 1nakes 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 sin1ilar to the tributary outwash 
gravel previously described, but locally it is somewhat 
better sorted and slightly more porous. "When dry, it 
makes a firm foundation. \Vhen saturated, it 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 
Mcl{inley Park station. Till was onee much more ex
tensive north of MciGnley Park station. Now only 
widely scattered erratic boulders, a few bodies of till 
preserved beneath younger deposits in the gorge bt
tween Mcl{inley 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. It 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 waterworked 
coarse gravel, sand, silt, and clay. 

A large area underlain by clay-rich till lies just 
north of the Mcl{inley Pa.rk highway and extends 1 
mile westward from MciGnley Park station. Clay
rich till forms a belt about two-thirds of a mile wide 
extending from the railroad bridge across Riley Creek, 
at Mcl{inley Park station, southeastward to Y anert. 
This area has a subdued hummocky topography and 
contains many ponds and lakes. Gravel, sand, silt, 
and clay are interbedded locally with the till. Clay
rich till overlain by about 100 feet of gravel, between 
mile 346 and mile 34 7 on the railroad, is the locus of 
landslides. Hummocky till on which Inany lakes 
occur covers much of the low land south of the Y anert 
Fork and east of the Nenana River. Till underlying 
the extensive gravel plain crossed by the new highway 
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 n1iles 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 northward to 
the north edge of the foothills. Blocks as much as 
40 feet across are found at an altitude of 3,900 feet on 
mountains; they are also present on terraces and in 
strean1 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 do,vnstream 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 far upstrea.m 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 
quarter of a mile above the railroad bridge. Others 
are thinly 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 it 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 a voided or removed by blasting 
along rights of way. 

lEOLIAN DEPOSITS 

lEolian deposits along the Alaska Railroad and the 
Nenana River include windblown silt and sand. The 
sand is confined to dunes at 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 
1-11j2 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 Inantle is 
3-8 feet thick on bluffs overlooking the river but thins 
away from the river. Its thickness increases northward 
from 3 feet at Healy to 8 feet at Browne. Commonly 
the silt is in two layers. A lower layer, the bedding of 
which 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. In places the 
silt, saturated with water creeps or flows from beneath 
heavy loads or down gentle slopes. Its use as a founda
tion is not recom1nended. It can be removed easily. 

PEAT 

Peat has been fonning in bogs along the Alaska Rail
road frmn 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 Bphagnwm, Carew, and other 
plants. The thickness of the peat is unknown, for the 
ground was frozen at a depth of a little n1ore than 1 
foot. Peat mantles bog-covered hillsides on the west 
side of the Nenana River from Moody 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 m.aterial, 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 cli1nates in alpine areas of the sub
Arctic, gemnorphic processes involving frost action 
and mass wasting produce unconsolidated deposits of 
in1portanee to the engineer. These deposits are derived 
directly from bedroek by fragmentation and frmn 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 and10. Talus 
and eongeliturbate 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 hut are rounded if derived from gravel. Frost 
action commonly breaks the material out of a steep 
slo,pe 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 fine grained, to that of the frag
Inents 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 forn1ed or modified by frost splitting, frost stir
ring, frost heaving and settling, and by downslope 
move1nents 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 at 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
gelitnrbate deposits are wides,pread hut 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 1novements, either slow 
creep or rapid slump and earthflow. Consequently 
they generally make poor foundations. Coarse depos
its 1nay have :formed during periods when the climate 
was much colder than it is at 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 o:£ fine-grained 
1naterial, they make poor or, at best, fair ballast and 
subgrade. Locally some talus accumulations are coarse 
grained and are not susceptible to frost heaving. This 
1naterial 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 part o:£ 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 o:£ coarse
grained, well-drained gravel. All excavations to 
depths o:£ several tens of feet in unconsolidated mate
rials other than bare gravel have penetrated permafrost. 

In the Alaska Range the depth to permafrost is 
controlled largely by the amount of vegetation, type 
o:f rock, drainage conditions, and. exposure of the sur
face o:£ the ground to direct sunlight. In 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 o:£ mosses. The depth to perma
frost can be correlated with three types of vegetation. 
(1) Under thick 1noss, permafrost is commonly within 
2 :feet o:£ the surface and locally is within 1 foot. ( 2) 
Under open stands o:£ white spruce and brush composed 
predominantly of alder, dwarf birch (Betula gla.nd1_t
losa and hybrids), and willows, permafrost generally 
lies 5-20 :feet below the surface. Most moraine hillocks, 
most mountain slopes in the gorge between MciCinley 
Park station and Healy, and much o:£ the eountry 
south o:£ MciCinley Park station is characterized by 
this vegetation. (3) Under slopes o:£ bare gravel, coarse 
talus, and bed,rock, permafrost, if present, probably lies 
1nore than 20 feet below the surface. 

Perennial ice occurs as thin films or fillings in joints, 
craeks, and large pores in consolidated rocks o:£ the 
Birch Creek schist, Totatlanika schist, and Cantwell 
:formation. Deposits o:£ eoarse 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, loeally, may 
be supersaturated ( eontain nwre than enough ice to 
fill all pores). When supersaturated gravel :freezes, 
ice that :forms expands the rock and separates the eon
stitnent particles. As a result, the partieles are em
bedded in a continuous body of ice. 

In poorly 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. In permafrost most fine-grained 
materials near the surface are saturated or super
saturated. Ice in clay, exposed in 1948, at the bridge 
at mile 351.4 on the railroad, was in vertical veinlets 
lJ.t-lh-inch thick and 1-3 inches apart, oriented about 
normal to the direetion o:£ slope. Lenses and irregular 
bodies of clear ice as much as 1 foot in width were 
cmmnon (see fig. 45). The clay was supersaturated. 
At .M.oody lenses o:£ clear ice more than 1 foot thick 
in clay 'vere exposed in 194:9. 

Contorted bedding in the lower part o:£ silt deposits 
on the terraces in the Nenana River gorge suggests 
that penna:frost was formerly present ·within and 
beneath the silts. 

Because of expansion of the interstitial water on 
freezing in uneonsoliclated materials or poorly con
solidated rocks, the component grains are cmnmonly 
pried apart; they are then held together only by the 
iee. vVhen the ice melts, cohesion is lost, and the 
1naterial slumps. I:£ the upper surface of the under
lying material is still :frozen, movement takes place 
with ease. Slumps, earthflows, and other landslides 
can result. 'Vhen supersaturated silt and clay have 
thawed, they tend to flow downslope under the in
fluence o:£ gravity and laterally or vertically from 
under the foundations of heavy structures. 

The permafrost is in delicate equilibrium with its 
surroundings, and any disturbance of the surface dur
ing construction affects that equilibrium, generally re
sulting in the melting of at least the upper part of the 
permafrost. The thawing of permafrost o:£ fine
grained materials results in the settling of founda
tions and in landsliding. Subsequent refreezing, i:£ 
it should take place, produees heaving. Permafrost 
in the Nenana River gorge is now tha,ving where 
vegetation has been removed or destroyed by fire, 
where excavations have been made, where the Nenana 
River and its tributaries erode laterally into banks, 
and where the movement of surfaee 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 in the 
last 20 years. 
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RAILROAD-TRACK PROBLEMS 

The maintenance 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 earthflmvs have b~en the most costly in 
both time and money. 

SLUMPS AND EARTHFLOWS 

The slumps and earthflows along the Alaska Rail
road are the result of sliding Inovement of unconsoli
dated or poorly consolidated debris on the steep walls 
of the canyon of the Nenana River. The sliding planes 
of the shnnps are commonly several tens or a few 
hundred feet below the surface of the ground; at their 
lower ends, the slumps n1erge into earthflows, the debris 
of which moves forward with a viscous fluid motion; 
some earthflows n1ove 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 hmnn1ocky 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 1nost trouble 
range frmn 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; it extends for about three-quarters of a mile 
along the track from Sheep Creek ahnost to the Moody 
tunnel (pl. 10). The slump at 1nile 351.4, on the othm· 
hand, was only 150 feet wide and 350 feet long when 
it started in 194 7; it 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 downslope move
Inent 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. Cmnmonly trees on slump areas are 
tilted or overthrown, and the Inat of vegetation cover
ing the surface is torn and disrupted. Most spruce 

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 c~ntinu~d to 
grow vertically, although the trunk. remained t~lted. 
The bends, therefore, result from perwds of relatively 
rapid movement, and the straight portion.s from peri?ds 
of relative stability. The ti1ne elapsed since the perwd 
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 n1otion may be interrupted by pe
riods of very rapid rnotion. Judging from the record 
of train delays cause by slumping, the Inost rapid mo
tion occurs in late summer and fall, either following 
heavy cyclonic rainstorms or during freeze-up. The 
n1ovement at the head of the slump is commonly di
rectly downward; in the middle and toward the. toe 
of the slmnp, the movement is outward toward the nver 
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 at 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 normal components of the process of 
erosion. Between miles 349.0 and 349.6, 350.0 and 
350.2 at Moody (from miles 353.0 to 353.5), and at ' .. 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 1nid~le 
or upper parts of the slumps. Nearly every active 
slump crossed by the railroad was in existence at ~he 
time the railroad was built; some were probably active 
at 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 tr.aek is di
reetly dmcvnward, relatively little lateral motwn oc?ur
ring. The depressed trackbed, locally called a Sink
hole, must be continually filled. On the other h~nd, 
where the railroad crosses the lower part of a large shde, 
as at Moody (pl.lO, and figs. 47-50), the traek is moved 
sideways toward the river, resulting in a series of kinks 
in the track, locally called doglegs. Most of the slumps 
produee both "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
men~ is corrected by tan1ping dirt beneath the ties and 
straightening the track. On the other hand, sudden 
rapid movements of a few feet per clay or hour leave 
the track without support or produce dangerous sags 
and kinks· these conditions have caused the derailment 
of railroacl cars. A few earthflows of low viscosity lie 
on slopes below the railroad track; an exa1nple is the 
earthflow at the north end of the Moody landslide 
(fig. 47). These enlarge headwarcl slowly, some of them 
undermining the track. 

Oa'uses.-The force that moves the slumps and earth
flows as well as other landslides is the component in 
the direction of n1ovement of the weight of the n1ass 
n1oved. In order for this force to be effective, how
ever, a slope must exist along which movmnent can 
take place. Furthennore, this slope Inust be of such 
steepness that the component of gravitational force 
directed along the sliding plane is greater than the force 
of frictional resistance across the ,plane. If this slope 
is not steep enough, landsliding will not take place un
less the frictional resistance to movement of the mass 
is reduced by other factors to a magnitude less than 
that of the component of gravitational force directed 
along the slope. Thus, although gravity is the force 
that Inoves slumps and earthflows, other factors (such 
as changes in moisture, structure, gradient) must be 
present to induce the movements. 

The primary cause of shunps and earthflows along 
the railroad is the lateral erosion and clowncutting of 
the Nenana River, which undermines and steepens the 
canyon walls. Steep slopes, even vertical or overhang
ing cliffs, can persist almost indefinitely in well-con
solidated and crystalline rocks; but in the unconsoli
dated glacial deposits and in poorly consolidated 
Inaterial of the Tertiary rocks and weathered or pyri
tizecl schist, relatively gentle slopes are unstable, par
ticularly when the underlying material is saturated 
with water. The ancient slump at Inile 346.3 is in 
the cutbank of a prominent meander on the Nenana 
River, where the swift current had undermined the 
bank (pl. 3 and fig. 35). The weight of the overlying 
gravel caused movement to take place along planes 
within the clay-rich till at the base of the bluff. The 
slump is now agparantly stable, and the place at which 
the current impinges on the bank has moved some dis
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 frmn the railroad, 
however, and renewed activity of this slump would 
probably affect the railroad. Other landslides occa
sioned in large part by steepening the river banks as 
a result of lateral erosion have occurred between mile 
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FIGURE 35.-Geologic cross section of landslide at mile 346.3, the 
Alaska Railroad. 

349.2 and mile 3±9.6, (fig. 37), and at mile 356.2 and 
Inile 357.5. All of these landslides are at the concave 
sides of sharp n1eanders in the river. 

Most of the slopes in glacial-lake silt and clay, and in 
till, would be sliding today if it were not for the fact 
that much of the clay and till is perennially frozen. 
Ancient landslides became stabilized when permafrost 
fonned in the sliding material, and they remained 
stablized as long as the permafrost was present. For 
instance, excavations for the south abutment of the 
bridge at mile 351.4, in 1948, disclosed ste~ faults ca_used 
by ancient landslides, which are now In perennmlly 
frozen clay. The clay has rmnained frozen and had 
not moved since the railroad was constructed. At the 
north end of the same bridge the railroad crosses the 
top of an ancient landslide in clay which is now pere~
nially frozen and stable. As long as permafi:ost .Is 
present the banks tend to remain stable, even n: silt 
and clay. The melting of permafrost does two tlnngs: 
it destroys the bonding force of ice crystals that hold 
the mass of clay together, and it releases a large quan
tity of water which acts as a lubricant to the slide. 
The water has an additional effect. The pressure of 
the water in the pores of the rock, called pore-water 
pressure (Terzaghi, 1950, p .. 9~-93), te~1ds to float the 
overlying rock. Thus the friCtiOnal resistance to land
slidincr which results from the pressure of the over-

o' · l d lying rock against the slipping; surfac~s, I~ re.c uce , 
while the component of that wmght, which Is ~Irected 
down the slope, ren1ains the same. Hence landshdes are 
caused also by the increase in pore-water pressure. 

Permafrost has been shown to be in very delicate 
equilibrimn with its surroundings. .One ?f the most 
important elements of the surroundn~gs IS the cover 
of vegetation. Along much of the railroad the cov:r 
of vecretation has been destroyed or damaged by rail
road ~xcavations 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 Inile 349.2 and mile 349.6 appears to 
owe mu~h of its recent activity to destruction of penna-
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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 1nile 351.4 and much of 
the landsliding at Moody (mile 353) appear to have 
occurred on water-saturated planes at the top of or 
deep within melting pennafrost. 

Between 1nile 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 cmnpletely covered with dense thickets of alders and 
willows. When the railroad was constructed the brush 
was not da1naged, and the slope re1nained stable. In 
1948 a new telephone line was erectec~ a few hundred 
feet above the track, and a tractor trail was bulldozed 
along the telephone line. Slumping and 3liding of sur
ficial material onto the track soon followed. Locally, 
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 and clay-rich till lubri
cates and increases the weight of the material and de
creases frictional resistance by buoying up the overly
ing rock. Cracks in the n1aterial divert the melt water 
and rainfall runoff to the sliding planes, where water 
is most effective in causing landslides. 

Another factor in landslide 1novement is overloading 
of the upper part of an unstable n1ass with debris. The 
slump area at the north end of the Garner tunnel (1nile 
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 Inove slowly downward and 
outward tmvard the river, carrying the railroad track 
with it. 

Overloading of unstable masses can also be clone arti
ficially. At smne 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 at mile 351.± 
during the summer of 1948 was caused by such over
loading. 

A ~pecial set of circmnstances 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 thanl,OOO feet wide at 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 at 
mile 35±.5 (pl. 2). Similar conditions have caused the 
large landslide at mile 357.5 (pl. 2 and figs. 54-56), 
where the river, eroding the outer bank of a large 
Ineander, 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 at 
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 at the riverbank in the center of the 
slide is undisturbed. 

Possible rrmnedial 1J&ea8U1'es.-Measures that are 
adopted to arrest landslide movement should control 
one or more of the factors which facilitate that move
n1ent. 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) incompetent 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 impractical to reduce the slopes 
of the Nenana gorge to gradients of 10° or less, Inerely 
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 thE 
slumps and earthflows. 
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The lateral erosion of the Nenana River between mile 
349.2 and n1ile 349.6 and at other places where it is a 
factor in slumping and earthflow ean be controlled by 
placing riprap along the river bank. Riprap of shaped 
blocks of conglmnerate obtained frmn a quarry in talus 
frmn the Cantwell formation at mile 331 was placed 
along the river bank beneath the north end of the 
Garner tunnel at mile 356.2 Although it receives the 
full force of the river at a sharp bend of n1ore than 90°, 
it has not moved sinee it was installed in 1920. At 
many of the landslides, however, the lateral erosion of 
the river is not now a factor. At mile 356.2 and at mile 
357.5, for instanee, riprap or eribbing at the base of the 
slide has not been disturbed by the river, yet the sliding 
continues. The initial rupture of the landslide at 1nile 
351.4 was halfway up the slope. Although eontrol of 
the river will stop the movmnent of smne of the slides, 
it will not stop the movement of others. 

The major factor in slumping and earthflow is 
water, derived from runoff, rainfall or the Inelt
ing of permafrost. The amount of surface water 
reaching the slide ean be greatly reduced by construct
ing channels, flumes, and galleries that conduct the 
water directly to the river. Willows, cottonwoods and 
other sneh plants which consume large amounts of 
ground water, if planted on the surface of the slide 
and of the surrounding area, will keep mueh of the 
rainwater and melt water from reaching the sliding 
surfaces. Plants are useful in controlling landslides 
in two other ways : their mat of roots binds together the 
soil at the surface, and their vegetation provides an 
insulating cover through whieh the outflow of heat 
during winter is greater than the inflow of heat dur
ing summer; ice, being a better conductor of heat 
than water, the frozen vegetation of winter conducts 
heat outward from the ground more rapidly than the 
wet vegetation of summer conducts it inward (Muller, 
1947, p. 53). Hence plants protect permafrost where 
it exists and promote its development where it does 
not exist. 

If the surface drainage across landslides cannot be 
effectively controlled, it may be advisable to freeze the 
slides; in other words, to create artificial permafrost. 
Permafrost can probably be induced locally by reduc
ing the amount of ground-water infiltration, by en
couraging or planting vegetation, by removing snow in 
early winter, or by covering the surface of the slide 
with coarse gravel. At Fairbanks, permafrost has 
formed reeently in coarse-grained drag-line tailings, 
and on slip-off slopes of rivers (Pewe, oral communiea
tion, March 9, 1952). 

Where permafrost has largely been destroyed in some 
of the slumps and earthflows that are entirely in clay, 

it probably will be necessary to refreeze parts of the 
clay artifieially to stop 1novement. Rapid movements 
\vhich occur on the upper surface of permafrost (that 
is, the surface between the perennially frozen ground 
and the thawed ground, or the surface zone of annual 
freezing and thawing) could be eliminated by freez
ing the sliding 1naterial permanently, that is, by rais
ing the top of the permafrost to within 1 or 2 feet of 
the surface. On the other hand, sliding that is taking 
place on planes within or beneath the pennafrost cannot 
be stopped in this way. In such places it may be neces
sary to drill holes through the frozen sediments and to 
drive well points into the underlying clay for the circu
lation of refrigerants beneath the permafrost. The base 
of the permafrost can then be frozen to a depth well be
low the base level of the slides or frozen so irregularly 
that sliding is impossible. If refrigeration is done in 
winter, the refrigerant (for example, kerosene, diesel 
oil, or an aqueous solution) could be cooled in surface 
radiators and circulated during periods of subfreezing 
weather; the need for expensive cooling equipment 
would thus be eliminated. Portable pumping units 
could service several areas. Freezing would have two 
favorable effects: it would fix the water that is now 
providing both the lubricant and the buoyant pressure 
that induce the slumps and earthflows; and it would 
change poorly consolidated, unstable claystone into 
claystone that is well cemented by ice. Thus, as a 
result of freezing, material that is now slumping would 
be able to stand indefinitely at angles considerably 
greater than the angle of repose of loose debris. 

Some of the techniques used at Grand Conlee dam 
and described by Gordon (1937) could be adopted. 
Presumably \vell points for the refrigerants would be 
driven in late fall at wider spacing than was used at 
Grand Coulee dan1. A rule of thumb for spacing welJ 
points could probably be based on the depth of se:~ · 
sonal freezing. Like natural seasonal freezing, refrig
eration by this technique is effected by conduction only, 
assuming that no flowing water is present in the forma
tion. If the distances between well points are appro
priately chosen, it should be possible to freeze n1ost of 
the landslide in a single season. The suecessful appli
cation of a rule of thumb based on the depth of seasonal 
freezing requires that the material which is to be frozen 
be homogeneous. Where the material varies with 
depth, either in thermal conductivity or in water con
tent, marked differences in the rate of heat flow and 
freezing can be expected. Therefore, in order to space 
the holes properly, the moisture content would have to 
be detennined, probably by test drilling. Once the well 
points \Vere installed and the landslide area frozen, 
little expense would be incurred in circulating a refrig-
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erant for a short time each winter and thereby main
taining permafrost. 

The 1nathematics involved in relating the linear con
duction of heat in a semi-infinite solid (the type of heat 
flow involved in natural seasonal freezing) to eondue
tion along radii of a cylinder (the type of heat-flow 
involved in the use of ·well points) is beyond the scope 
of this paper. 

Rathjens (1951, p. 41) has described a similar method 
that maintained the heat balance of permafrost in the 
material on which an oil derrick rested, even though 
the temperature of drilling mud in the well was 110° F. 
The temperature at vvhieh the slide material freezes 
will be lower than that at which water freez~s, and the 
temperature at which the clay freezes may be several 
degrees lower (Johnson, 1952, p. 9-13). The bearing 
strength of the frozen sediments varies markedly ae
cording to the temperature, moisture content, and other 
faetors (l{ersten, 1951; Muller, 1947, p. 24-45), but it 
is suffieient to produce good foundations for the track. 

Electro-osmotie and vacumn 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 land.slides, can, of course, be effectively eontrolled 
where the overloading has been clone artificially. Waste 
should be dumped only where the debris 1vill not affeet 
the stability of the slopes. Overloading of landslides 
due to the natural aecmnulation 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 Mcl{inley · 
Park station and Healy. vVhere rockfalls oceur, 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 attaeked quickly by 
frost action and by chemical weathering. Blocks of 
schist are worked loose and slide outward tmvard 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 d.ownslope. Such movement is tak
ing place on the slope west of mile 353. At other places 
n1any tons of rubble have cascaded onto the tracks frmn 
the steeper rock walls. Sueh roekslides and roekfalls 
are of frequent occurrenee on steep, blocky bedrock 
slopes at many places in the world (Sharpe, 1939). 
Permafrost is not generally a factor. 

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

n1aterial threatening to fall on the traek. In plaees, 
however, tunnels or protective sheds probably ean be 
installed at less expense than the cost of removing po
tential rockslides and rockfalls. Ditehes along the 
track should be wid.ened and deepened to intereept as 
1nueh debris as possible. 

FROST HEAVING AND SETTLING 

Heaving of the roadbed in winter is eaused by growth 
of seasonal iee in fine-grained material at the bottom 
of or under lying the ballast, and settling in the spring 
is caused by thaw of the ice. J\t1ovements generally are 
less than an inch. Locally, however, hydrostatic pres
sure may cause larger 1novements. Heaving and set
tling have eansecl fewer traffic delays than landslides, 
but they have necessitated eonsic~erable maintenance. 
"Pumping" of fine-grained ballast from under the ties 
has been the 1najor factor contributing to an overall 
settling of the rails of as mueh as a foot or more in son1e 
places. "\Vhere differential heaving or settling of the 
track is oeeurring, trains must rednee their speeds. 

Locally, permafrost provides an impervious zone that 
prevents nonnal ground-water drainage and eonse
quently promotes frost heaving and settling. In most 
places along the railroad, however, the depth to per
mafrost is so great that its effect on seasonal frost heav
ing is negligible. Henee, the problems generally are 
similar to those that exist elsewhere in north ten1perate 
zones. 

Suggestlon,s for control.-Methods of control of sea
sonal heaving and settling in the Nenana gorge are sug
gested in order of general preferenee, as follows: ( 1) 
Improve1nent of drainage by digging deeper ditches 
and building additional culverts, (2) use of chemical 
stabilizers and waterproofing agents to red.uce capil
lary action and prevent seasonal freezing from dravving 
water into the sub grade of the track, and ( 3) replace
ment of the present ballast with nonheaving coarse
grained ballast. 

ICINGS BETWEEN CARLO 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 4 (Eager 
and Pryor, 1954~ Muller, 1947, p. 76-82; and Taber, 
1943b, p. 250). In Alaska they are called "glaeiers. )' 
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 airfieldt<: 
Paper presented before .Am. Soc. Civil Eng., Oct. 23, 1951. 
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Along the railroad, icings are con1mon in three sets 
of geologic and topographic conditions. The first set 
of conditions involves the presence of thick layers of 
coarse pervious gravel. Icings for1n where water 
en1erges at the base of the gravel. The second set of 
conditions involves shallow depressions that drain ex
tensive swa1npy areas or slopes of muskeg. The rail
road crosses these depressions on fills through which 
water is normally conducted by culverts. In winter, 
ice forming in the culverts impedes and finally blocks 
the flow of water. The third set of conditions involves 
muskeg on open hillsides. vV ater trickles through the 
vegetation of the muskeg without forming distinct 
channels or watercourses. \::Vhere the railroad crosses 
such sloping muskeg, the water is collected in ditches on 
the uphill side of the track and is conducted to the 
downhill side through culverts. In winter, ice aceu
n1ulates in the culverts and ditches. This ice is fed by 
water trickling through the muskeg-water that is 
kept above the freezing temperature by the insulating 
effect of the saturated vegetation. In all three of these 
sets of conditions the water in the pools and slow-mov
ing streams freezes to its bed-that is, from the bottmn 
up rather than from the top down. By this process 
accumulations of ice several feet thick 1nay form for 
distances of a few hundred feet uphill from the rail
road. In a few places the track may be covered by ice 
a few feet deep. vVhere this occurs, ice must be chipped 
from the track continuously during part of the winter 
in order to keep traffic 1noving. 

Su,ggestions foP control.-Many 1nethods for con
trol of icings have been developed over the years in 
Alaska and Siberia 5 (Eager and Pryor, 1945; and 
Muller, 1947, p. 109-123). Each icing presents indi
vidual problems depending on local cond.itions, and no 
one method is always best. Hm:vever, in the Nenana 
River gorge south of Healy most icings along the rail
road probably could be elin1inated by deepening and 
protecting existing culverts where icings occur, and 
by putting in other eulverts where the drainage is im
peded. Slopes are adequate for good drainage, and. 
runoff need be protected from freezing only long 
enough to get it aeross the track. 

At Ferry (see pl. 5) a serious icing on the railroad 
has been successfully eontrolled at little cost through 
the use of a boiler; the boiler is conneeted 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. Pewe, oral communication, 
1954.) 

5 Ghiglione, A. F., 1951, ibid. 
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INDIVIDUAL LANDSLIDES BETWEEN MILES 349.1 
AND 350.3 

The landslides described in the following sections 
have been stuc~ied in con1parative detail. They serve as 
examples of the slumps, earthflows, rockslides, and rock
falls which have hindered the operation of the rail
road and whieh are common throughout this part of 
Alaksa. The re1nedial measures whieh the authors 
believe would suceessfully control each landslid.e are 
deseribed. Remedial measures whieh have been tried 
or suaaestecl but which the authors believe ·will not 

bb ' 

pennanently eontrol the landslides, and the reasons for 
such belief, are also described. 

Between mile 349.1 and mile 350.3 a bench about 
250 feet high projeets from. the west \vall of the Nenana 
River gorge and reduces the flood plain of the river 
from its normal width of about three-eighths of a mile 
to a width of about 250 feet (fig. 36). This bench 
is half a mile long and is semieircular in ground
plan. Its upper surface slopes 7°-10° toward the 
river. The railroad, which is nearly 200 feet above the 
river and about 50-100 feet below the brow of the 
bench, follows the west wall of the inner gorge made 
by this bench and describes an arc about half a mile 
a~ross at the base, convex toward the east (fig. 36). 
Throughout this great curve, frmn the bridge at mile 
349.1 to the bridge at mile 350.3, the railroad has been 
subject to landslides sinee it was first constructed .. 

Geology.-This beneh preserves a short segn1ent of 
the aneient, clay-filled glaeial gorge of the Nenana 
River. Along the south side of the beneh, frmn mile 
34:9.1 to mile 349.5, and on the north side, frmn mile 
350.0 to 1nile 350.2, glaeial-lake clay and silt are exposed 
on the canyon wall fron1 river level to about the level 
of the railroad track. The clay and silt are soft and 
plastic when wet and absorb a large amount of water. 
Samples 1, 2, 3, and 6 (figs. 32 and 33) are of typical 
mixtures of the elay and silt. In the walls of the tribu
tary c.anyon at mile 350.3, the clay and silt interfinger 
with delta gravel dipping about 20° toward the river, 
and presun1ably the northwest part of the bench is 
underlain by a buried delta built by this tributary into 
the lake. Elsewhere, however, sand and gravel are 
minor eonstituents of the lake sediments. Along the 
east side of the bench the clay is separated from the 
river by a septum of Birch Creek schist about 300 feet 
wide at the top and ,probably no 1nore than 700 feet 
wide at 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 at Riley Creek, about 2 miles south 
of this bench. The gravel is well exposed in the rail
road eut 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, 
where it rests on the delta gravel Many springs emerge 
from the hillside along the contact of the permeable 
outwash gravel and the underlying impervious glacial
lake sediments. Resting on top of the outwash gravel 

is a deposit of yellowish-brown gravel deposited as 
an alluvial fan by a tributary stream frmn the west
the strea1n which now passes beneath the bridge at 
mile 350.3. About two-thirds of this gravel consists 
of fragments of Birch Creek schist and one-third of 
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silty mud. In many places it absorbs much water -~rtd ·· 
becomes plastic or fluid. Along the contact between ·~ 
the yellowish-brown alluvial gravel and the blue-gray ; 
outwash gravel, the latter is partly cemented with cal
cite to a thickness of 1-4 feet, ,particularly along the 
south side of the bench. This hard, calcite-cemented 
layer of gravel is very difficult to excavate. 

The septum of Birch Creek schist along the east side 
of the bench is broken by north-trending vertical joints. 
Some of the north-trending joints and one east-trend
ing joint are filled with basalt dikes, 10-50 feet thick. 
The dikes are slightly altered along their borders, and 
the schist near the dikes is pyritized and when weath
ered is easily eroded. Fold axes and crenulations in 
the foliation of the septum of Birch Creek schist plunge 
eastward toward the river at angles of 7-15 o . 

The gorge east of the bench is probably less than 
10,000 years old, and its walls have not yet stabilized. 
The west wall is slowly crumbling into the river, and 
eventually the septum of schist -will be destroyed and 
the west bank of the river will consist largely of clay. 
The schist septum has already been breached at its 
north end, near mile 349.95. 

The construction of the alluvial cone on the outwash 
gravel by the t ributary from the west was the cause 
of the eli ,.e1·sion of the river and of the preservation 
of the glacial-lake sediments. The buildinrr of the 

0 

cone forced the river to the east side of the glacial gorge. 
As conditions of aggradation were succeeded by con
ditions of degradation, the river carved a channel in 
the schist that makes up the east wall of the gorge. 
The course of this superposed gorge w·as controlled 
partly by the presence of basalt dikes, which provided 
zones of altered rock ttlong which the river could erode 
easily. 

These geologic conditions have led to the extensive 
landslides along this segment of the track. Lrrndslides 
occur wherever the bank of the gorge is formed by 
silt and clay. Indeed, it is likely that slump and earth
flow is the normal manner of erosion of the glacial
lake sediments, and the manner by which they have 
always been delivered to the Nenana River. Along the 
east bank of the bench, where the bench faces thenar
row gorge, the crumbling walls of the gorge are produc
ing dangerous rockfall conditions. 

BETWEEN MILES 349.1 AND 349.6 

The exposure of glacial-lake clay on the wall of the 
canyon between mile 349.1 and mile 34D.6 is marked 
by a large slump, which was in existence long before 
the railroad was built. The railroad was constructed 
across the upper part of this slump (fig. 37). Evidence 
of movement several decades ago is indicated by abrupt 
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FIGURE 37.-View northward from mile 348.8 on the .Alaska Itailrond, 
showing the landslide between mile 349.1 and 349.6, June 17, 1952. 

bends in the trunks of spruce trees below the railroad 
track Most trees are tilted 5°- 10° or more toward 
the hill- an inJic::ttion that individual slumps have 
rotated backwarcl. 

The railroad began to sink across the slump a few 
years after construction. Additional fill beneath the 
track was required almost every year to maintain a 
reasonable grade across the slump. By 1945 the track 
''"as sinking so rapidly that it was difficult to main
tain the grade, and a new grade was cut on the uphill 
side of the track Before the railroad could be re
aligned, however, great crescentic cracks opened in 
the new cut, and the south side of the cut began to sink 
(fig. 38). By 1947 the track bed had dropped as much 
as 6 feet along some of the new cracks, and it 'Yas be
corning increasingly difricult to keep traffic moving 
across Yrhat had now become a very steep dip or "sink
hole". In the summer of 1948 when the track was 15-
20 f eet below the original grade it was agnin moved, 
this tirne to a position 75 feet north. Shortly after the 
realignment was completed, fresh cracks appeared 
along the foot of the slope above the grade between 
mile 349.30 and mile 34().45. Between mile 349.45 and 
mile 349.60 these cracks passed into the middle of the 
grade and for a short distance ran between the rails. 
In 1949 and 1950 the track was again moved north
ward into the hill. However, by 1952 the new track 
had been raised as much as 2 feet across several local 
"sinkholes" (fig. 39) in order to maintain the grade 
and was still sinking. Debris from the new cut was 
spread out south of the track 
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FIGURE 38.- View westwar·d from mile 349.5 on the Alaska Hailr·oad , FIGUHF. 39.- Passenger train crossing "sinkhole" in track at mile 349.5. 

showing a landslide scarp in an excavation for a new rai lroad track , on the Alaska Railroad, June 17, 1952. An abandoned gmtle line is 
No,·ember 3, 1947. The track at the left \Yas abanclonecl in Hl4D. on the left. The cross marks the place from which the photograph 

sho\Yn ns fi gu t'e 38 wns taken. 

In 1950 piles "·ere driven along the downl1ill side 
of part of the h·ack at the east end of the slide in an 
attempt to arrest 1·he sinking of the railroad. They 
"·ere reported to have penetrated easily their full length 
of 35 feet. By June 1952, these piles and the debris 
in which they were located had sunk as much as 6 feet, 
with no appreciable tilting. 

In <Tun e 1952, crescent ic cracks that mark the head
walls of coalescing slumps were traceable about 20-50 
feet north of the track between mile 349.1 and mile 
349.6. In some places the cracks appenred in the ditcl1 es 
adjacent to the track, but in most places they were part 
'"ay up the embankment to the north. Most of tl1e 
craeks were fresl 1, "-hich indicates that movement took 
place during the spring of 1D52; tL few appeared to have 
formed during the preceding fall. Movement along the 
llew·est cracks amounted to only a few inches; how
ever, fresh cracks and slump headwalls as much as 6 
feet high were seen in the woods below the track at 
mile :349.2 and mile 34D.3. In 1948 this forest had been 
undisturbed, but later, surface runoff from north of 
the track was diverted into the area. In June 1952 
most of the water disappeared into cracks at the head 
of a slump on the north side of the track at mile 349.25. 
The remainder was conveyed by a short culvert under 
the track and disappeared into the cracks in the forest 
immediately below the fill. 

It seems reasonably certain that surface water enter
ing the ground at the track has melted the permafrost 
completely under parts of the landslide. The present 
extent of permafrost is not lmmn1. Presumably 

permafrost formerly underlay the entire area, but 
pl'obably is now patcl1y and underlies only a part of 
the forest at shallow depth. After breaching the pro
tective body of permafrost the water developed suf
ficiently high pore-water pressure to cause the glacial 
lake sediments along the river to bulge and flow out
ward under hydrostatic pressure. The overlying grav
els and isolated patches of permafrost are ~tlso sliding 
ou ~"·ard and do"·nward over the plastic mass. Deep 
slumps are developing headward from the thawed area 
as the K enana River removes the toe of the landslide. 
The Yertical headwalls and predominately vertical 
movements at the head of the slide indicate that the 
base of the slide is near river level. 

It is clear that the sinking of the track at this point 
has not been controlled by realinement. Moving the 
track farther into the hillside would increase the curva
ture of the track, which is already excessive, and would 
not solve the problem. Stabilization of the track in 
t·hi s area probably will be difficult to accomplish, but 
bypassi ng the landslide will be more difficult. A cut 
through the bench from mile 340.0 to mile 350.3 would 
be more than 100 feet deep and half a mile long. The 
grade " ·ould be increased from its present average of 
about 0.8 percent to about 1.3 percent. Slumps and 
earthflows probably " -ould be a common occurrence 
along the walls of the cut, as natural slopes in the lake 
s3diments 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 at 
the toe of the slide would have inadequate foundations 
to withstand the lateral thrust. Thus, stabilization 
appears to be the most satisfactory m.ethod of arrest
ing movement. The most immediate and economical 
step in stabilization is to conduct surface water in 
waterproof culverts completely across the area of the 
slide and into the Nenana River. Culverts "·hich do 
not conduct the water directly to the Nenana River, 
but which lead it only to a lower ,part of the landslide, 
are likely to do more harm than good. ·where the in
filtmtion of surface water cannot be stopped, a second 
step can be taken to control the landslide-the estab
li shment of well points, tunnels, and galleries to drain 
grou nd water from within the slide, and of lined cul
verts to conduct it directly to the river. If these rela
tively inexpensive drainage methods fail to arrest the 
slumping, consideration should be given to artificial 
refreezing of the slides. A program of art ificial re
freezing, to be effective, must serve to create an in·eo·u-o 
lar contact between frozen and unfrozen around thus 
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eli~inating the smooth sliding surfaces which probably 
e~1st 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 placed 
in drilled holes. If surface water were prevented from 
entering the ground, the creation of frozen columns 
of clay spaced 50 feet apart might, by the withdrawal 
of water fl"om the surrounding clay to form ice Yeinlets 
in the columns, lower the ground-water table to below 
the critical level. Vegetation should be planted on bare 
areas in order to protect the 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 steepen ing 
of the slope. 

BETWEEN MILES 349.7 AND 349.8 

The west wall of the gorge, between the river and the 
railroad (fig. 3G), has been retreating westward for 
the last two decades. Large blocks of schist have sepa
rated from the wall along north-trendino· vertical 
. • b 

JOmts and have moved outward toward the river along 
crenulati.ons and drag folds in the schist which plunge 
eastward 5°- 15c. Rockfalls and rockslides have been 
the result of this movement. 

The "-estwarcl 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 it was at 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 trenches are 150-200 feet long, 1-10 feet deep 
and 1-10 feet wide. They are partly filled with loess 
to a depth of 4 feet, contain numerous ponds, and in 
places are overgrown with willows and alders. 

AT MILE 349.95 

At 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 
thickness 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 teack are moving slo·wly northeastward into the 
gorge through the narrow gap. Movement is most rapid 
at depth. On November 2, 1947, the headwall crack 
of a slump, 1 inch wide and about 100 feet long, was 
4 feet from the track. In June 1952, the slump was 
on 1 y 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 
the water that accumulates in the ditch. V\Tater is con
veyed in the culvert only one-quarter of the way down 
the slope. Below the end of the culvert it is allowed to 
sink into the slide area. Continued slow settlina is 0 

to be expected until the clay is dried out. Complete 
diversion of surface water is necessary for stabilization. 
As long as surface " ·ater is allo"·ed to seep into the 
slump, realinement of the track will only postpone 
further rnovement of the track. If present movement 
of the slump is allowed to continue for several years, 
bridging or artificial freezing may be required to save 
tl1e track. 

BETWEEN MILES 350.0 AND 350.3 

The slumps and earthflows between mile 350.0 and 
350.3 are similar to those between mile 349.1 and mile 
3-±9.6 (see fig. 36). The lake sediments that underlie 
the area crop out in the west wall of the canyon from 
river leYel to the level of the track. Here, as between 
mile 34-9.1 and mile 349.6, trees are tilted 5°-10° toward 
the hill, and abrupt bends in the trunks of the spruce 
trees indicate that movement took place several dec
ades ago. It is reported that movement was particu
larly rapid at mile 350.1 and mile 350.3 durino· the 0 

early years of the railroad. Little movement occurred 
in 1947. Activity in the slump, particularly in the 
northwestern part, began again in 1948 and has con
tinued to the present time. Fill on the northeast side 
of the track at mile 350.3 settled as much as 15 feet 
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FIG URE 40.-View north\\'estward from mile 350.2, the Alaska Railroad. 
showing the landslide at mile 350.3, .Tunc 17, 1052. 

from J 950 to Hl52 (fig. 40). Along the track itself, 
settling of 2 feet per year has required frequent rrddi
tion of fill beneath the rails to maintaiJJ grade. On the 
lO\Yer part of the slump, supersaturated. clay and silt 
flow on a slope of less than 10°. Slumping and flowing 
can be expected to continue unless remedial measures, 
similar to those recommended for the slide between 
mile 34D.1 and mile 349.6, are taken. 

LANDSLIDE BETWEEN MILES 351.2 AND 351.5 

Geotogy.-Another persistent landslide occurs be
tween mile 351.2 and mile 351.5, \vhere the railroad 
passes across the toe of a glacial delta, whose gravels 
interfinger with Jake clay and silt (figs. LJ-1 and 42). 
Cnnsually nccu rate data on the geology of this landslide 
n.rea ha.-e been obtained through the study of material 
exposed in exc.'l.vrttions that were made in connection 
with the construction of a new bridge across the trib
utary canyon at mile 351.4. 

T lw Birch Creek schist that makes up the bedrock 
beb,·een mile 351.2 and mile 351.5 generally is covered 
with gravel and lake sediments to a leYel about 200 
feet above the track, but is exposed at track level south 
of m il e 351.25 and in the gorge about 400 feet "·est of 
the track at mi le 351.4 (see fig. 41). The surface of 
the bedrock slopes 25° or 30° E., toward the river, and 
lies more than 200 feet below the track at the bridge 
across the tributary canyon. The schist is cut by ver
tical joints that strike parallel to the river and are 
spaced from a few inches to several feet apart. Drag 
folds and crenulations in the foliation plunge H\ 0 

toward the river. 

Fine-grained lake sediments similar to those between 
mile 34D.1 and mile 350.3 crop out between the river 
and the track from a point about 300 feet south of the 
bridge northward to a point beyond the area shown in 
figure 41. The fine-grained lake sediments consist pre
dominately of clay and silt, but locally contain sand 
and gravel. Samples 7, 8, and 9 (fig. 33) consist of 
mixtures of the sliding material. For the most part 
the sediments are covered with a dense mat of vegeta
tion. Locally they are covered with a thin veneer of 
gravel which has slid or rolled down the hillside and 
partly incorporated the clay and silt. 

The fine-grained lake sediments are underlain by and 
interfinger westward with delta gravel that was de
posited in the ancient glacial lake by the tributary at 
mile 351.4. Drill-hole data and exposures along the 
track and in the canyon at mile 351.4 (figs. 41 and 42, 
section B- B') show that the zone of interfingering is 
irregular but that it coincides roughly with the present 
position of the railroad. The delta gravel is exposed 
along the west bank of the railroad south of mile 351.4, 
and on the south bank of the canyon of the tributary 
for a distance of about 300 feet westward from the 
track (fig. 43) . The delta gravel is in layers that 
dip 20°-25° toward the river. It is composed almost 
entirely of angular pebbles and cobbles of Birch Creek 
schist. 

Overlying the delta gravel is a layer 10-25 feet thick 
of clean blue-gray outwash g ravel of the Nenana River. 
This gravel contains well-rounded boulders and pebbles 
of conglomerate, greenstone, a.nd other rocks. About 
100 feet of yellowish-brown alluvium deposited by the 
tributary at mile 351.4 overlies the outwash gravel. 
Bedding in this uppermost gravel dips 7°-10° toward 
the river, parallel to the upper surface of the bench. 

Pemnafrost.-Permafrost is generally present in the 
lake sediments and in the overlying gravel. Its depth 
and thickness vary from place to place, depending on 
exposure and vegetation. At the south end of the 
bridge, permafrost in clay and gravel lies 10- 15 feet 
below the surface (fig. 44). At the north end of the 
bridge, excavators struck permafrost in clay at a depth 
of 6 feet. IV' est of the track and south of the bridge 
excavators dug through 15-20 feet of frozen blue clay 
and into unfrozen yello·w clay. A hole that was churn
ch·illecl just south of the bridge passed through un
frozen clay at a depth of 32-45 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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in the area; however, the permafrost may be con
siderably thicker at other localities. 

The perennially frozen clay and silt contain ice in 
the form of nearly vertical veinlets, lj2--4 inches thick 
and 3-12 inches apart, which strike approximately 

north. Horizontal seams of ice are present along 
bedding planes. Clear ice masses are estimated to make 
up 20- 25 percent of the frozen clay, and ice also cements 
indi vi cltml particles. The total amount of contained 
water is thus much greater than the plastic limit of the 
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FJG U RF. 42.- Geologic cross sections of landslide between mile 351.2 a nd 351.5 on the Alaska Railroad. 

sedi ments (see table 3), as defined by the American So
ciety for Testing :Materials (Hl50, p. 7). Perennially 
fro~en gravel contains Jce which fills interstices 
bebl'een pebbles and cements them together. The 
frozen gravel mnst be blasted or thawed before it can 
be remond. The clean gravel does not settle or· flow as 
it thaws. 

Landslide activity.-The l tmdslide of October 1D, 
1947, the investigation of which revealed the need for 
this study of engineering geology along the Alaska 
Railroad, occmred at mile 351.4, immediately aHer a 

FIGURE 43.-View southward f rom the north abutment of the b;·idge at 
mile 351.4 on the Alaska Ra ilroad, showing foreset delta gravel 
overlain by outwash and t errace gravel. The excavation beside the 
trestle is in interbedded clay, silt, a nd gravel. Note siumps into 
the excavation. September 24, 1948. 

severe earthquake. Before 1947 several hundred feet 
of the track had been settling slowly for m any years. 
Grade was maintained by adding fill each year. How
ever, immediately after the earthquake of October 19, 
1947, tlbout 150 feet of track south of the bridge began 
sinking at a rate of 3 feet per hour (St. Amand, 1948, 
p. 617). Most of the slumping ceased on about Octo
ber 30, but on about September 20, 1948, service was 
again disrupted by a very rapid slump (fig. 45), By 
September 25, movement had almost ceased. The 
track was realine~ about 30 feet westwa.rd a.fter thou
sands of tons of gravel were removed from the hill 
and spread over the slump. Later that year 28 piles, 
centered about 3 feet apart, were driven along the 
river side of the railroad and anchored with ''ire cables 

l <'IGUR>J 44.-Cien.r ice in perpetually f rozen clay, silt, and g ravel at mile 
351.4 on the Alaska Railroad, June 22, 1948. 
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FIGURE 45.-Realinlng the track at mile 351.4 on the Ala ska l{ailroacl 
immediately after slumping, Sevtcmber 24, 1ll48. 

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

The landslide of October 19, 1947, initially broke out 
about halfway clown the slope between the tracks and 
the river. Above that point the ground sank; below it 
a tongue of material spilled from the hillside to the 
river. The initial slide area extended from a point 
about 50 feet south of the bridge southward along the 
railroad for 150 feet. Dy 1952 the sliding area had 
more than doubled in width. The most active area 
extended from the bridge to a point 350 feet south. 

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

J uclging from the size of the blocks that were ro
tated, the thickness of the slide originally \Vtts less than 
40 feet. Presumably, movement was on or near the 
top of the permafrost. In 1952, rotated blocks were 
considerably larger, indicating that movement was go
ing on at depths of as much as 100 feet. Earthflows 
had moved outward from the toe of the slide at least 
30 feet into the river. Exposed portions of vertical 
headwalls of some indivic~ual blocks were more than 20 
feet high; the greatest downward vertical movement 
took place adjacent to and just north of the piles at 
the head of the slump (see fig . 46). In June 1952, 
cracks appeared on the uphill side of the piles, and 
subsequent slumping exposed segments of the piles 5 
or 6 feet long. 

The slumps to the south were not affecting the track 
in 1952, although the headwall of the slump about 700 
feet south of the bridge was at the edge of the ties. 

The north pier and north abutrne11 t of the bridge at 
mile 351.4 rest on clay. When excavations for the new 
bridge were made in 1()48, it was discovered that wooden 
foundations of the piers of the old trestle had been 
bent and broken, apparently by slow creep of the clay. 
Small slumps from the clay and from fill on the top 
of the clay were pressing against the concrete base of 
tl1e north pier of the bridge in 1952. On June 15, 1952, 
water was running from these slumps onto the con
crete footing. \iV ater was running out from under the 
southeast corner of the pier also, probably weakening 
the foundation. A vertical crack 1 millimeter wide 
was present in the southeast concrete support of the 

FIGURE 46.-Upper part of slumps, showing partly exposed pili ng at mile 351.4 on the Alaska Railroad. View is soutlnvcstward from a point 
a few feet east of the south abutment of tlle bridge. June 15, 1952. 
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north pier. The slumps that were observed in 1952 
probably are not large enough to move the 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 1-4 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
car-pments. Dming 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 formeu. 
The nor-th abutment of the br-idge is in an ancient sta
bilized landslide block of frozen clay and silt. Con
torted bedding rwd 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 
tllC vicinity of mile 351.4 is the result of the melting 
of permafrost, which occurred after railroad construc
tion was begun. Melt water supersaturated the clay 
and silt and Guilt up high pore-water pressure. Move
ment took place on the top of permafrost and possibly 
on thawed zones within it. 

Possible remedial measures.-Effective methods for 
combatting this landslide will include those by which 
pore-water pressure is reduced and the sliding material 
is strengthened. Im,proved -drainage will be only partly 
effective, because :rhuch 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 
at the north pier and abutment of the bridge should also 
be frozen to prevent a slump under the pier. In 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. If a retaining wall were built at the 
toe of the slide it would have to be capable of with
standing a thrust of several tons per square foot, and 
would lm ve 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 sediments 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 at the base of the 
high mountain that forms the west wall of the Nenana 
gorge (pl. 10). At Moody the railroad trends about 
N. 45° E as it swings in a bron,d 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. At Moody the river 
leaves the ancient glacial gorge, which it occupies with 
but one short interruption from McKinley Park Sta
tion to Moody, and enters a narrow canyon that is 
superposed in the rock making up the east bedrock wall 
of the gorge. The north ward continuation of the an
cient glacial gorge, now filled with lake sediments, lies 
underneath the broad bench on the west side of the 
Nenana gorge between Moody and Garner. The cause 
of the superposit ion 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 gmvel, 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) at 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 northward from Sheep Creek 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 and silt on the 
east lies about 50 feet east of the railroad track from 
Sheep Creek to mile 353.0, and is marked by the head
wall scarps of an active landslide (see pl. 10). A small 
patch of till that lies beneath the gravel, and that was 
deposited by the glacier which occupied this gorge just 
before the lake was formed, is exposed on the north wall 
of Sheep Creek, about 300 feet west of the railroad. 

A 40-foot layer of coarse clean blue-gray outwash 
gravel deposited by the Nenana River overlies the lake 
deposits west of the railroad track. This layer abuts 
against the west bedrock wall of the ancient gorge, 300-
700 feet west of the railroad between Sheep Creek and 
Moody. The layer of blue-gray gravel probably abuts 
against a buried bank of clay not far north of the bluff 
between mile 353.3 and mile 353.5, for clay is exposed to 
an altitude of 1,700 feet in the canyon half a mile north 
of Moody (see pl. 2). A younger deposit of outwash 
gravel of the Nenana River lies on the terrace about 
20 feet above the railroad between mile 353.5 and mile 
353.6. 

One hundred feet of yellowish-brown alluvium that 
was deposited by Sheep Creek overlies the blue-gray 
outwash gravel west of the track between Sheep Creek 
and mile 353.0. Similar gravel north of the track 
between mile 353.3 and mile 353.6 (pl. 10) was de
posited by the stream which now flows in the canyon 
half a mile north of Moody (pl. 2). The material 
that overlies the blue-gray gravel in the bluff west of 
the railroad between the two alluvial fans is partly 
talus and partly congeliturbate. It consists of large 
and small blocks of Birch Creek schist, some as much 
as 30 feet across, in a matrix of brown micaceous dirt. 
It is unsorted and has no bedding. 

Permafrost.-Permafrost is probably present 
throughout most of the area, but its extent and thick
ness are not known. Clay banks at Moody, and the al
der-covered slo,pe below the railroad track at mile 
353.0, were probed with a soil auger to a depth of 3-4 
feet in .July 1048. No permafrost was found. The 
earthflow at mile 353.5 (fig. 47) was probed with a soil 
auger to a depth of 7 feet in October 1948, but no perma
frost was found. The dip and displacement of the land
slide cracks at the head of this earthflow suggested that 
permafrost was at least 10 feet below the surface. The 
presence of a dense mat of moss on the high sloping 
bench west of Moody suggests that permafrost under 
the bench is ,probably within 3 feet of the surface. In 

FIGURE 47.- Earthfiow at north end of Moody landslide area at mile 
353.G, September 24, 1948. 

1948, cribbing and fill which was replaced beneath the 
track on the shaded hillside at the north end of the 
tunnel at mile 35::>.7 was found to be perennially frozen. 
The development of permafrost in this material must 
have taken place after 1920 when this cribbing was 
constructed. In 1945, clay at a depth of about 30 feet 
was solidly frozen for a distance of 300 feet along the 
track near mile 353.0, where thawed clay was excavated 
and the roadbed was backfilled with gravel. 

Although no drilling has been done to test the land
slide at Moody, the slip plane, at least in part, is be
lieved to be at the base of the permafrost. Sven Brag
stad, section foreman, reported in 1948 ·that in 1945 
Joseph MeN avish, roadmastcr, descended into a head
wall crack west of the track at mile @Zf.J. This crack 
,penetrated permafrost and running vyater could be 
heard at the bottom. Although no records are available 
to indicate whether or not permafrost is thawing in the 
Moody landslide area, it seems likely that it is doi.ng 
so, at least locally, as a result of disturbance of thermal 
equilibrium through deforestation, excavations, and 
changes in the hydrologic regime. 

Landslide activity.-The railroad at Moody was 
built across an ancient landslide with an irregular hum
mocky surface and crescent-shaped headwall scars 
(fig. 48). Low, asymetrical ridges on the surface of the 
slide, parallel to the contour, are parts of rotated land
slide blocks. From Sheep Creek to mile 353.0 the track 
was originally built across a steep bank of clay along 
the river. When this bank slid into the river, a wooden 
trestle, also anchored in clay, was built across the slide. 
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B'IGUH>: 48.- View nortlnvn.r·cl fr·orn mile 353.0 on t he Alaska Railr·on.cl, showing llw :Moody lands lide area. The building in the foreground is on 
au abandoned railroacl g rade. 'l'hc )fOOLly section house is in the background at the bend of the track. Tension cracks in the rj ght fore
gr onnrl nrc in clay and silt and are produced by upwa rd welling of setliruen ts f rom below. 'l'he Nenana Ri\·pr enters its s uperposed cour·se 
between ~loody a nd Hrnl,v to the righ t of t he railroad tunnel in the background. The ben ch be tween the t unnel and th e l\Ioocly section house 
is capped by tri butary terrnce gravel. June 22, l !l-!8. 

In 19±0 the trestle g:we '"ay. The track " -as moved 
westward to its present position on clay-free delta 
gravel in successive stages after several hundred thou
sand cubic yards of gravel h ttd been excavated from 
the cliff. The clay along the river continues to slide, 
and the area between the track and the river (pl. 10), 
about 300 feet wide, consists of rotated landslide blocks 
separated by fresh scarps and cracks. The track, wl1ere 
it rests on gravel, has not moved for several years. 

The most rapid movement of the roadbed in recent 
years has taken place b:::tween mile 353.0 and :Moody 
(mil e 353.3) . The landslide there is divisible into three 
belts t·hat are moving in part independently. A lower 
belt from 1,400 to 1,480 feet in alt itude has mo.-eel 
considerably in the past but shows little sign of move
ment at present. ~\..n intermediate belt from 1,±80 to 
1,600 feet in altitn<le lws mowd actively since 19±8 
alld had moved considerably before then. An upper 
belt from 1,600 to 2,300 feet in altitude began signifi
cant movement in 1D47. In July 1948 the center line 
of an abandoned portion of the track, about 50 feet 
east of the Jllain line and on the east edge of the inter
mediate belt, was :10 feet bDlow the original grade at 
mile 353.15. Ties in this abandoned portion had ro
tated so that the west end was a few inches low"er than 
the east end. At that time the main line 'Yas abont 10 
feet below grade at tlJC lowest point of the "sinkhole" 
and had moved several feet cast of its original posit ion. 
By the fa ll of 1948 several "doglegs" appeared in the 
t rack, evidence of more eastward movement during 
the summer. 

Movement of the track since 1948 is reported by 
Mr. Bragstad to have averaged about 4 feet horizon
tally and about 1% feet vertically per year. In .June 
1952 numerous active scarps were seen between mile 
353.0 and mile 353.2 £rom the track uphill to the top 
of the bench, at. an altitude of 1,700 feet. The central 
part of a north-trending line of stakes, which .James 
Morrison, surveyor for the Alaska Railroad, had 
placed between 100 and 200 feet west of the track, 
moved more than 7 feet eastward in the D-month 
period , from October 1947 to .July 1948. (See pl. 10.) 
The stakes "-m·e not l'elocated in 1D52. The telephone 
line (fig. 49), which crosses the upper part of the inte r
medi ate slide belt, has been offset as much as 35 feet 
in the period from 1947 to 1D52, iud icating a maximum 
a \·e ragc do"-nslope movement of 7 feet per year. 

An upper line of stakes was placed by Morrison be
tween GOO and 700 feet west of the t rack, in the upper 
belt of the landsl ide (see pl. 10). Maxim um movement 
on this line in the period from October 1D4 7 to .July 
1D±8 was 8.5 'feet. These stakes also 'Yere not relocated 
in 1952. The surface of the upper part of the sli de 
in 1948 and in 1952 was seamed with fresh cracks, 
SOllie as much as 2 feet wide. The lmYer end of this 
belt is a barren bluff from " -hich blocks of schist fre
<Jtlently roll do\nl upon the upper edge of the inter
mediate belt of the slide. 

Fresh cracks in the bedrock at the top of the steep 
moun ta in slope (fig. 50) that rises 800 feet above the 
track were observed by Mr. Bragstad and the late 
Mr. McNavish in the summer of 1947. Additional 
cracks 'Yere seen by the authors in 1948 and in 1952. 
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FIGunE 49.- Displacctl telep hone line on the Moody landslide; \' iew is 
to the north. Maximum displaccnwnl is 3a feet, from 1947 to June 
19, ]J)fi2. 

The schist on this ridge is broken into large blocks, 
some of "·hich are sli<bng southward from the crest of 
the ridge toward Sheep Creek and others eash1ard 
toward the railroad. 

Between Moody (mile 353.3) and mile 353.5 the rail
road crosses a part of the la11dslide that "·as active 
before J 945, but which gave littl e trouble between 1945 
and 1D49. In Septem her 1937, the track across this 
pal't of the slide sank 30 feet in 15 days. Before 1945 
this part of the slide \\·as not covered with vegetation. 
Except for its east end, which is still barren, th is area 
is now covered with a dense growth of alders and 
will OTIS. 

At the northeast end of the Moody slide, at mile 
353.5, a very active earthflow in glacial-lake clay and 
si lt (sample 15, figs. 34 and 47) enlarged headward 
tmntrd the track and undermined the track in 1!)49. 
To protect the track, 34 wooden piles "·ere driven on 
the south side of the tmck and anchored, by steel cables 
running under the tmek, to 12 piles on the north side. 
The track has not settl8d since the piling was emplaced. 
In Jnne 1952 cracks '"ere present in the fill bet\\'een 
the milroad and the south line of piling, and one craek 
was seen 60 feet north and about 20 feet above the track. 
Slumping seems imminent. 

Surface >rater that drains the upper slopes runs into 
the head scarps of many slump blocks. \iVater stands 
in sag ponds in several places on the intermediate belt 
of the landslide, and a small temporary reservoir w·as 
built in 1947 on the slide at mile 353.2 to provi{:le domes
tic water for a construction crew. Several springs 
emerge within the slide area, and several intermittent 
streams cross the slides. 

Possible remedial measures.- The recommendat ions 
for the control of the landslide between mile 352.7 and 
mile 353.5 are in general similar to those for the land
slides between miles 349.1 and 349.6, between miles 
350.0 alld iHI0.3, and between mile 351.2 and mile 351.5. 
Probably realinement of the track "-ould be too costly 
to be pract·ical. Piles and concrete retaining walls are 
short term expedients only. The best remedies pre
sunmbl y involve drying m· refreezing of the slide. All 
bnt one of the flumes that were constructed to facilitate 
removal of surface water now carry the water only to 
the lower side of the track. These should be extend ed 
to the river and many more should be constntcted. 
The ponds saturate the landslide material n,nd should be 
clr·a ined. \Vater from springs should be conveyed from 
the sli <le area by flumes. Lined clj.tches across the 
upper slope are necessary to d ivert surface water. 

In order to stop moYement "·hich is taking place at 
considemble depth, in part at least at the base of perma
frost, it "·ill be necessary to intercept ground water or 
to freeze the clay or gravel from the tops of those layers 
to bedrock or to a level below that of t·he river. Drain 
pipes or freezing pipes could be driven, steam-jetted, 
or placed in drilled wel ls. To avoid the possibility of 
shearing the crtsings containing the freezing points be
fore stabilization is accomplished, they could be in
stall ed from the periphery of the slide inward. It 
would be very desirable to start freezing the slide im
mediately after each point has been put in place. 

FIGURE 50.- Air view of the :Moody landslide area, from u point above 
the east \Yall of tile Nennna gor~;e. 
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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. 51), 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 
hndslide. (The head scarp and other pronounced 
scarps of the landslide are shown 011 f-ia-ure 51.) The 
eastern part of the landslide consists of a great mass of 
talus that sulmps toward the river. The talus is fed 
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FIUHE 51.- Geologic sketch map and cross section of landslide between mile 356.3 and mile 356.6, the Alaska Railt·oad. 
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FIGuRhl 52.- Tunnel and broken cliff of Birch Creek schist at Garner 
landslide area at mile 350.2 on the Alaska Railroad. Arrow indicates 
broken block of schist approximately 100 by 60 by 100 feet in di
mension. June 22, 1052. 

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

The great weight of the broken rock at the head of 
the landslid,e forces the talus in the lower part to move 
downward and outward (fig. 51) toward the river. 
The river erodes the toe of the slide as fast as it ad
vances. The track has moved with the slump at the 
rate of 2--4 feet per year for many years. No adequate 
method of controlling track movement is known that 
would be less expensive than periodic adjustment of 
the track. 

Along the soutlmest margin of the landslide a cliff 
rises several hundred feet above the northeast portal 
of the tunnel. It has slopes of 50°-90° and overhang
ing ledges are common. Several chutes having gradi
ents of 50° extend from the top of the cliff to the 
track. Blocks of bedrock are separated by open joints 
and open seams along planes of fol iation at 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. Measurements of the 
width of this crack were made about once a year in the 
period from 1!)48 to 1952 and show that the crack is 
enlarging at the rate of about 0.2 foot per year. Ac
cording to Mr. Bragstad, the '" idth of the crack doubled 
in the period from 1938 to 1948. Blocks of schist have 
been falling from this cliff onto the track for many 
years. Rockfalls delayed trains from several hou r·s to 
several clays on October 5, 1!)39, August 24, 1946, August 

16, 1948, and August 20, 1950. The last rockfall buried 
150 feet of the track to a depth of 30 feet. 

LANDSILDE BETWEEN MILES 357.3 AND 257.7 

Oeology.-Between mile 357 and mile 358, between 
1 and 2 miles south of Healy (pl. 2), the river and the 
ra ilroad make a sharp curve convex to the north, and 
then, east of this curve, a much sharper curve convex 
to the east. At the north end of the second curve the 
river and railroad emerge from the narrow rock-walled 
gorge which they follow for nearly 5 miles to the 
south, and enter a broad, terraced, valley, the floor of 
''hich is nearly half a mile wide. In the area of these 
bYo curves the gorge is about 220 feet deep and is in
cised in a broad terrace. The south bank of the river 
in the western curve is marked by a flight of terraces, 
whose presence indicates that the river has been migrat
ing laterally into its north bank during the time it has 
been cutting the narrow gorge. On the north bank of 
the river in this same bend is a sloping hummocky 
bench, about 120 feet above river level and about 50 
feet above track level. As will be shown subsequently, 
this bench is a complex slump block of a landslide which 
affects the railroad at this point. The landslide area 
is shown in figures 54 and 55; cross sections through it 
are shown in figure 56. Throughout the two curves the 
railroad is about 70 feet above the river. 

The bedrock through this part of the gorge is mostly 
Birch Cl'eek schist; the west wall of the gorge as much 

FIGURE 53.-0pen joints behind schist block at Garner landslide area at 
mile 356.2 on the Alaska Railroad. July 18, 1948. 



----:~9, 

.~~ 
·,P 

-~ 

! 
~ 

c 

100 

·"-· 

. .. ·.·. · .·.\~ .. 

-i' ~. 
,. ,.1 ~ 

1'. 

.,.) / v 

400 Feet 
tou r interval 10 feet --'-------' Con· 

The Alasha Railroad datum, approximate 
(21 feet aboue mean sea leuel) 

.. 
'9a·~ ·. . • . 

~1' 

... 
..... 

Geology and topography by Clyde Wahrhaftig and 
John W. James. Surveyed June 18-21, 1948 

FIGURE 54.-Geologlc map of landslide between miles 657.6 and :l57.7 on the Alaska Railroad. 

! 

"r 
-~i 
~ 

EXPLANATION 

~
G ·o~ 

. ·] at_ · . 
o._· .<::~..0: 

Art"itic~l fill 

I l Qds · .' ,1 

Dune sand 

,-., ·~· a Qls ..-
~ ~I _.._ • 

Landsl ide material com posed 
of broken and partly weath· 
ered masses of Birch Creek 
schist 

[·: ·. ~~w:: :J ... 
ou~~~~ fi:~~~~~e!~ted 

1
-----~ 

pCbc . 
!~ ____ ! 

Birch Creek schist 

Contact. dashed Where 
approximately located 

_,20 
Str ike and dip of fractu re 

cleavage 1n Birth Creek schist 

. !_5 
Strike and dip of joints 

=== 
Landslide scarp or boundary 

of slump area 

Open crack, present in 1948. 
B~ck to south fe ll on 
September 10, 1948 

I 

II Ia 

Jz 

ll 
"' 0. 

Note: Sections shown on ftgure 56 

,__. ,__. 
0 

D 
g2 
>-3 
t"J 
::tl z 
> 
~ 

~ 
t:;) 

t"J z 
0 z 
trl 
trl 

e:! z 
0 

0 
trl 
0 
t" 
0 
0 

-~ 
0 
M z 
>-3 
::tl 
> 
t" 

> 
t" 
> 
r:tJ 
~ 
> 
!::0 
> z 
0 
M 



c 

1500' 

1400' 

ENGINEERING GEOLOGY ALONG ALASKA RAILROAD 111 

FIGUL<E 55.-- Vi ew northward to landslide area between mile 357.3 and 357.7 on the Alaska Railroad. June 22, 1952. 
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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° \V. and dip 
70° N. Generally the schist in the gorge is firm and 
unweathered. T l1 is part of the gorge is very close, 
howeYer, to the depositional contact at the base of the 
Tertiary coal-bea1·ing 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 clips about 30° N. 

The broad terrace east of the river is probably under
lain by tl1 e 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
c] ine in t·he coal-bearing rocks. The base of t-110 coal
bearing rocks at the crest of the anticline could have 
been no more than a few hundred feet above tl1e -level of 
the terrace. 

Immediately below the depositiomd contact elsewhere 
in the Alaska R.ange 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 at present. ..'\long Healy Creek, al)out 4 
miles to the east, the schi st is weathered partly to 
sticky clay from the conta ct to a point more than 100 
feet below the contact (\Vahrha ftig, Hickcox, and 
Freedman, 1951, p. 148). Pres11 mably the zone of 
weathered schist is present along the bmied contact 
north of this area. 

The upper part of the canyon wall consists of clean 
coarse-gra ined blue-gray outwash gr:wel, 30- 60 feet 
thick, which was deposited by the Nenana R.iver. 

J orthward from the top of the bluff the gravel form s 
a terrace that is covered in part with sand dunes as 
much as 20 feet high (fig. 54). 

Landslide activity.- "Sinkl10les" have caused consid
erable tro11ble along the stretch of track between mile 
357.::1 and rn ile 357.6, which is on the convex side of 
the "·estern of the two bends of the river (figs. 54 and 
56). The "sinkholes" resu 1 t from a landslide on the 
outer side of the curve in the river . The material 
exposed at the toe of the landslide between the rail
road and the river is broken and weathered Birch 
Creek schi st. For a distance of about 200 feet alono· 

0 

the east edge of the landslide, where the movement is 
most active, t he schist is t·educed to a mass of small 
blocks and much sericite paste. In 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 cl ips 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 ovet· the slumped 
blocks of Birch Creek schist beneath it (fig. 56), thus 
forming the sloping hummocky bench above the rail
road track at 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 at mile 357.5- the northeast part of the land
slide, where the rock consists of badly broken fmg
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 at 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 wall of un
weathcr·ed schist separating it from the mass of 
weathered schist, which was then forced to move into 
the river as an earth:fiow by the great weight of ma
teriallhat rested on it. If this interpretation is correct, 
expensive measures will be required to control sliding 
of the great mass of weak material that lies beneath the 
terrace to the north of tl 1e track (fig. 56) . 

Possible remedial measures.-R.ealinement of the 
railroad by cutting or tunnelling directly through the , 
terrace would be difficult and expensive. A cut would 
have to be nearly 200 feet deep, ml.Jil its walls would 
consist of abo 11 t 100 feet of weathered schist "clay" 
and of sand and clay of the coal-bearing formation, 
overlain by 70 feet of coarse gravel. Landsliding would 
occur frequently along the walls of the cut. A 
tunnel would require lining tht·onghout its length. A 
massive retaining wall at the base of the slide would 
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 R.iver area 6 (vVahrhaftig, Hickcox, and Freed
man, 1951; and Cobb, 1D51), and the favorable ,position 
of the area with respect to transportation, make an 
evaluation of potential industrial sites advisable. Suit-

• :\Ioxham, H. )J. , West, W. S, , and Nelson, A. E ., 1951, Cement raw 
111 atez· ia l s anzilable to the Windy Creek a r ea , Alaska ; ·npublish cd rept. 
in files of "C. S. Geol. Survey. 
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able locations for factories are scarce in interior Alaska, 
\vhere most of the level ground is underlain by fine
grained sediments containing much perennial ice. The 
cost of construction in such areas commonly is pro
hibitive. If careful tests and evaluations of the rock 
units and thermal regin1e are not made before struc
tures are designed, destructive settling usually results. 
The following consideration.s have been given to the 
selection of sites to be used for industrial purposes: ( 1) 
The site should embrace at least a quarter of a square 
mile of level ground. ( 2) It should be reasonably ac
cessible to the Alaska Railroad. ( 3) The foundation 
1naterial should be free of pern1afrost, or it should be 
unaffected by tha \Ving of permafrost. 

In 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 at least 20 feet thick. If the gravel 
is thinner, it should rest on suitable bedrock. Test 
drilling should precede final selection of an industrial 
site. 

NEAR WINDY 

Two areas near Windy are regarded as favorable for 
industrial sites. One is on the alluvial fan of Bain 
Creek at vVindy, which is underlain by medium- to 
fine-grained gravel cmnposed of argillite and gray
wacke (pl. 4). This is overlain by 1-3 feet of moss and 
silt and is perennially frozen. A n1ore favorable site 
is on the broad terrace north of the Alaska Railroad 
where the tracks cross Windy Creek It is apparently 
underlain by a thick layer of well-washed 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 20-40 feet of gravel that was 
deposited by the Nenana River (pl. 2). Of these sites 
the n1ost suitable is on a set of terraces, totalling 1y2 

miles in width and 2 miles in length, just west of Healy. 
Individual terraces are 1ft-Y2 1nile wide, 2 1niles 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 anclinus
keg if that ground were prepared properly for it. This 

site is about 80-100 feet above the railroad track at 
Healy. 

Other industrial sites are on the terraces at Healy 
and along the river below Healy. The site on the rail
road terrace at Healy is 200-400 feet wide. However, 
it is already occupied by switchyards and other instal
lations of the Alaska Railroad. The terrace below the 
railroad is about 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. 

A broad gravel-covered terrace at 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 it is not underlain by minable coal, and provided 
the gravel cover 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 at 1nile 357 on the Alaska 
Railroad. 

vVest of Lignite (mile 363) is a terrace about 1-Vh 
miles wide, about 4 miles long, and about 150 feet above 
the railroad (pl. 2). It 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 at the railroad level in the 
vicinity of Lignite, are about a quarter of a 1nile wide. 
However, they are covered for the most part by exten
sive muskeg and swa1nps and probably by a much 
thinner layer of gravel than that on the higher ter
race. Similar terraces occur between Ferry and 
Browne (pl. 5). 

DAM SITES 

In general the Nenana River is not favorable for 
power 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 da1n. The canyon is narrow throughout, and no 
reservoir could be 1nore than 1lf2 1niles wide at the 
widest 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 vVindy. 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, 1948a and 1948b). 

During the sumnler of 1950, the vV ater Resources 
Division of the Geological Survey inaugurated stream
flow 1neasurements on the Nenana River. 
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FROM MILE 354 TO MILE 356 

The only part of the canyon between Moody ~nd 
Healy that is topographically suitable for dam sites 
lies between mile 354 and mile 356. The most favorable 
locality here is at about mile 354.3. A dam about 230 
feet high and 750 feet wide at the top would impound 
a lake 3 miles long and as n1ueh as half a mile wide. 
The reservoir would eover an area of 2.5 square miles, 
and its storage capaeity would be about 100,000 acre 
feet. The building of such a dam would require re
alineinent of at least 9 miles of traek. 

The canyon walls at mile 354.3 are in Birch Creek 
schist, slightly impregnated with pyrite. Although 
this sehist is eonsiderably 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 eanyon is a half-buried ridge of schist, about 
1,500 feet wide ( tlg. 57), beyond which lies a preglacial 
gorge 2,000-2,500 feet 1vide, filled with glacial-lake 
sediments (see p. 83-86 and fig. 57). The sedi1nents 
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 segme.nt of the 
gorge about two-thirds of a mile long that lies between 
the tributary canyons crossed by the railroad at mile 
354 and 1nile 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 at the top 
at 1nile 349.8 would impound a reservoir 5 miles long 
and as much as 1:14 miles wide. It would have an area 
of about 2.5 square miles and a storage eapacity of 
about 67,000 aere feet. Construetion of sueh a dam 
at this point would not require realinement of the 
traek. 

QUATERNARY 

Healy glaciation 

Outwash gravel Delta gravel 

Geologically, this dam site is very unfavorable (fig. 
36) . The sehist in the eanyon is weak struetura~ly 
and is sliding into the river. It is likely that the schist 
is broken by nmnerous throughgoing fraetures. Sev
eral partly altered basalt dikes in the east. ~all of the 
eanyon follow north-trending vertieal JOints. The 
body of sehist that forms the west wall of the eanyon 
is only 600-800 feet wide at the base and only 300 feet 
wide at the top. vVest of this schist lies a segment, 
abo~lt 0.6 mile long, of an aneient glaeial valley that 
is filled largely 'vith glacial-lake secli1nents that eo.n
sist mostly of elay and silt (fig. 36). The ereek at nule 
350.3 had built into this aneient lake a delta, the per
vious gravels of which are exposed in the south eanyon 
wall of the creek, just west of the railroad bridge. It 
is possible that the delta gravels from this ereek extend 
beneath the west side of the beneh and erop out on the 
river bank at mile 349.1. If so, leakage through it 
would be eonsiclerable. Moreover, the glacial history 
of the Nenana River gorge indicates that an aneient 
ehannel 1nay exist in the elay beneath the bench. If 
this aneient ehannel does exist, it is probably as d_eep 
as the present channel of the river and is filled with 
porous glaeial gravels. 

AT MILE 342.0 

The river at 1nile 342.0 passes through a narrow 
gorge in diabase. A clam 200 feet high and1,000 ~eet 
long at its crest would impound a lake abou~ 6 m.Iles 
long and as much as three-quarters of a nule wide. 
The reservoir would have an area of about 2.5 square 
miles and a storage eapacity of about 80,000 aere feet. 
The Alaska Railroad would have to be realined for a 
distanee of 1-1¥2 miles if such a d.am were built. 

The west abutment of the clam would be in a diabase 
sill about 250 feet thick. (See fig. 58.) The east 
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FIGURE 57.-Geologic cross section of dam site at mile 354.3, the Alaska Railroad. 
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FIGUJHiJ 58.-Geologic cross section of damsite at mile 342.0, the Alaska Railroad. 

abutment 'vould be in a 100-foot bed of partly meta
lllorphosed sandstone, overlain by diabase. The sand
stone and diabase strike approximately north\vest and 
dip about 20° NE. A fault having a displacement of 
about 300 feet passes down the center of the gorge ancl 
has apparently controlled the course of the Nenana 
River through this ridge. The fact that the river 
follows this fault through the gorge suggests that the 
fault may have a wide clay-gouge zone. Other faults 
of small displacement, exposed on the east wall of the 
gorge, show no gouge. The faults are not now active. 

Between the diabase hills of the damsite and the rail
road, the confining walls of the reservoir would consist 
of glacial deposits. It is entirely possible that a sub
glacial or interglacial stream channel, filled with 
coarse, pervious river gravels, occurs beneath the reser
voir site and extends frmn the reservoir site to the 
Nenana River at 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 would impound a reservoir having an area of 
about 61h square miles and a storage capacity of about 
250,000 acre feet. The station at Windy would be 
flooded by this reservoir. About 10 1niles 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 foundation 
rock at this point is greenstone. In general, the rock 
is massive and coarsely crystalline, but it may be ser
pentinized locally and may also contain 1nany shear 
zones. Calcite veinlets are common. 
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