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GEOLOGY OF THlE GERSTLE RIVER DISTRICT, 
ALASKA 

The area here dwibed hclndea moat of the north side of the b l a ~ h  Range 
between the Delta and Johnson Rivers, in one 'dlreetion, and the axis of the 
AI- Range and the Tanana River in the other. BesLdes the Delta Blver, ib 
prhdpal stream are Jmis Greek, the Gemtle and Little Geretle Rivem, an4 
at the extreme eaBt, the Jobngon River, tall of wblch have glacial sonrcea. On 
the m t h  are hIg4 rugged mountains with enowcape and iceflelds that &d 
not only many small glaciers but also wveml glaciers of much m t e r  she. On 
tbe north are the lowIands of the Tanana Rlver. Between the high mountains 
and the lowlands i~ an elevated platean of varying width and with a smmth. 
rolling wrface through which the principal streams, aided by glacial ice, have 
cat deeg valleys. The lower cuankg, up to approximately 2 , W  feet above 
sea level, is covered wlth thber. 

Most of  the dlstrict b occupied by schht and gndaa that are In large prt altem3 
Mlmwtary Ws: of prevalllnglg qnarteitlc aaracter and practleally lacking 
111 limestone members. The schist and gnelw are tentatively correlated Wtb the 
p r ~ C m b r i a n  Birch Creek whist, bat the possibility of  their being partly or 
wholly of Paleomllc age is recognized. Thee metamorphic ~ c k s  are intruded 
by Itghtalored granltlc rocks in the form of dikes, Bills, ,and larger bodies at  
irregular shapes, some of whleh m p g  areaa of con~iderable size. The intrusive 
mks may repwent more than one period of Intrusion, but whatwer their age 
OF ages mag be they were e x p a  to weathering and were deeply eroded 
More the Tertiary caal-haring beds were laid down. NO sedimentary rocb 
that are detEnltely mmgnized as of either Paleozoic or Mesomlc age are known 
Lnthearea 

TerHarg tlme i s  repwentea by a thick accumulation of flne gravel, mad, 
and sandy day or  hale containing many seams of lignttic mI, and by be& of 
roamer gravel and aand tentativeIy correlated wIth the Nenaua gravel. The 
cad-bearhg kds, of Eocene or podbly kter age, are tilted in p l a w  but are 
only slightly conmlidated, although they are older and more consolidated than 
the Nenam gravel. 

!J%e youngest w~eonsolidated d m t s  include glacial moralnw, &cia1 out- 
w h  gravel that occupies much of the Tamma lowland, the mnd, gravel, an8 
gilt of tfie v e n t  atream and lakes. and exhnslve degoslta d winadblown 
sand 

The dii3trict was prospected In the mrly days by men b search of ghcer 
gold and other valuable metah and although it has not been commadallg 
productive it shows evidence of mlnerahf3on. 
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INTRODUCTION 

The Gerstle River district, in the sense employed in this report, cam- 
prim a ma l l  mountainous ama hi the most northern part of the 
Alaska Range, but it shows no distinctive cl~aracteristics that separate 
it from adjacent areas on the east and w d  and is not to be mqpded 
as presenting exwptional or peculiar geologic features. 

The Alaska B a n e  is a succession of magnificent snow-~~.pped moun- 
hins  and ranks as one of the outstanding topographic features of the 
Territory. It lies north of the Chupch Mountains of the Pacific 
coast and extends in a p a t  arc from the Canadian boundary to the 
Alaska Peninsula, themby including many geologic formations of 
widely varying charader and aga and involving a complicated historg 
of geologic processepr and events, many of which me still not known or 
undembd. This paper deals principally with the small part of the 
range that lies nodh of the main divide and that extends from the 
Delta Rirer to the Jol~nson River, both tributaries of the Tanana 
Riwr ; yet it also deals with some of the adjacent a m  The country 
described is here designated the Gentle River district, althougll it 
includes not only the Gerstle River drainage basin but also same 
contiguous areaa The position of this district in the Alaska Ran@ 
is shown in figure 4. 

FIOW 4,Inllde mag at part of Alaaka 8howIng the locatlw of the Qemtle Elver dlutrlet. 



The topographic map (pl. 2) that serves as the bass for showing 
the meal geology of the Gerstle River district is compiled from severnI 
surveys. That part with which this report is especially cunmrned, 
ahl indicated above, was mappad by Gerald FibGerald in 1936 and 
includw most of the territory on the north side of the btween 
h a  h 1 t a  and Johnson River& Other parts are based on surveys hg 
T. G. Gerdine in 1909; by J. W. Bagley, D. C. Witherspoon, and 
C. E. Griffin in 1910; arid T. W. Ranta in 1987. 

The geologic map (pl. 8 )  gives the d t s  of the geologic investi- 
gation made by the writer in 1939, together with soma information 
callected in earlier years, eqmislly in 1910 and 1937. It is entirely 
raeonnaissanoe in character. Tkis investigation w w  a continuation 
of a project that has been under way for ~ e v e d  yearn and has as 
its object the mapping of d l  the Alaska Range lying east of  the 
Delta. River. 

The .geologic sump of 1939 waa made by a party considng of 
t h  men in addition to f i e  writer. who was in charge of the expedi- 
tion. These men wem Zm Morgridge and Joe Smith, packers, and 
Barney Dawson, cook, all of whom were experienced and gave faith- 

, ful and efficient service. The party was equipped with a pack train 
of 12 horses, the necesstiry camp gear, and food supplies sufficient for 
a m w n  of about 90 days in the Geld. It was assembled at Qdkann, 
on the Richadson Highway, and left there for the old Donnelly 
Telegraph Station on June 20, after the pack par  had bean set up 
and the provision% sorted for convenience in transportation At the 
end of the season it mtumed to Gdksna and was disbanded them 
on September 12. 

The area oovemd by the mnnsissance geologic mneg in 1939 wm 
gomewhat less than 1,000 squam miles, This area cornprim mun-  
bins chidy and does not include a wide expanse of lowlands between 
the mountains and the Tanltns River, where none of the Mmck 
formations are known to crop out. 

Mmt of thst part of the Alaska R a n p  and adjacent srea to tw 
described in t h i ~  report lies between the crest of the range and the 
Tsnana River and extends eastvard from the Delta River to the 
Johnmn Eiver. Within this area three topographic districts, dis- 
tinct in character and locakion, may be distinguished. On the south 
are high, rugged mountains (pl. 4) that form the win mass of the 
range, which here trends eahward and &ward and has a width of 
roughly PO milea Many of these mountains are mvered with per- 
petual mow. They reach their greatest height in Mount Kimball 



(about 10,000 feet), near ths head of the Robertson River, but are 
only slightly lower in the region between the Delta River and Mount 
Kimball. They mark the gathering ground of anowa, from which 
come the many glaciers that creep down their sides and f e d  the 
streams below. 

Them rugged mountains of the central part of the range are bordmd 
on the north by lower mountains, which are part of a highland area 
characterized by smooth-topped bills and gently ~Ioping surfam 
( pl. 6, A) .  The highland area nowhm exceeds a dozen miles in width 
m d  is no more than half that wide in its narrower parts. It has its 
p a w  development between the Johnson and Rabertaon Rivers. Its- 
peculiar charactm ia hst seen from points on its own surf nca or from 
mme higher point, for it is deeply trenched by the valley of the 
glacial streams that c m  it and the continuity of its surface ia not 
easily recognized from the valley floor. In plaees this surfam slopes 
slightly toward the north. 

Near the hrderline between the highlands and the Tmana bw- 
1snds.h s, landmark of inkrest to all travelers along the Richardson 
Highway. This landmark, which is east of the road near mila 253, 
is the lone mountain that rim a thousand feet &ova the surrounding 
rolling country and that for many years 113s borne the name of Don- 
nellg Dome (pl. 6, R )  . It stands far from my comparable object and 
is conspicuous from whatever direction it is seen. 
The highland area is  m d e d  on the north by t h ~  wide lowland' 

of the Tnnana Valley, which hss an devstion of slightly more than 
1,000 feet above sea Ted at  the mouth of Cmk and of approxi- 
mately the sarroe elevation at the mouth of the Johnson River. 

The lowland area in the Tanana R i m  Valley is m p i e d  in prt- 
that ig near the places where the fivers from the Alaska Range leave 
their highland valleys to cmsa i t b y  low, irregularly shaped hills and 
ridges of morainal material, btween which lie many small ponds and 
lakes. Much the greater part of the lowland area, however, is flat 
country with almost no relief and underlain by outwash gravel from 
the glaciers and by s h a m  depmits. This area is m v e d  with a gcanty 
growth of timber, especially of younR trees and veget~tion that have 
come up on land where fim destroyed the original growth 

Mount h b d l  and the high mountains west of it form a mtraI 
area from which dreams, radiating in all directions, ontributa to the 
drainage of both the Tanma and Copper Rivers. Only those stmum 
that flow directly into the Tanana River, however, together with the 
Delta River and mme of its tributaries, am dmribed in this report. 

Beginning on the west, the principal streams are the Delta R i m  
m d  its tributmy Jami~ Creek, and the Gerstle, Wttle Gerstle, Johnsn, 
and Roberkon Rivers. All af them am glacial straam flowing in deep, 
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glacisted d e y ~  that are cut directly across the mountain and high- 
land ares, but spresding out and following mom devious courses . 
ltbFongh the lowlands. Heavily loaded with silt, t h v  transport large 
qumtitk of gravel and coarser material, so that even in the mountain 
area their d d  plrtins am mostly wide and their channeh complicatd. 
The general courses of all except the Delta River and Jamis Creek 
are north-northeast or northeast; that is, they are nearly at right angles 
to the c o r n  of the Tanana River, into which they flow. 

The Delta River has its source in the northern part of the Copper 
River lowland ares, but instead of joining the Copper River it flow 
north in a canyonlike valley directly across the Alaska lbnp t o  the 
Tanana. Its valley affords one of the t h m  principal passes lmding 
from the Coppr and Susitna River Vallep to the Tanana Vdey,  
and, because of its location, it b m e  the route of the Richardson 
Highway, which connect8 the town of Fairbanks in the interior with 
Valdez on Prince William Sound. 

J a d s  Creek, a stream about 85 miles long, rim ody 5 mileg east of 
the Delta. River and flows northward to join it 10 miles frem tbe 
Tanana Rivar without at any place being as much as 10 miIes distant 
from the Del~'%. Mogt of its valley is open ; but for a few milts south- 
southeast of Donnelly Dome, near the month of Mwmber Creek, it 
flows in a box canyon strewn with boulders, which maka it impassable 
for travel by pack train. The largest tributariespf Jabs .Creek are 
Riley and Macomber C m b .  

The &&le River has its main source in a glacier 17 mil- & of the 
Delta River, but one of its  large^ tributaries, July Cmk, Bows from a 
smaller glacier between the G e d e  Glacier and Riley Creek Glacier. 
Leaving the gIacier of its origin, the Gerstle River flows 21 miles north- 
east by north to a p i n t  only 3 miles from the Tanana River, then turns 
abruptly north-north- and finally joins the Tanana after holding a 
conm nearly pmllel with it for 16 miles. Its flood plain and valley 
floor range from 1 to 2 miles in width except in s short stretch outside 
the mountain area, where the river flows fo r  several miles in a canyon 
mt partly in bedrock and partly in glacial deposits. 

'She Little @ M e  River is a much smaller stream. From its glacial 
mum to the Tmna River at its mouth the distance is less than 9 
miles. For 5.5 miles the river flows through a narrow mountain valley 
in a channel pavd with granite boulders, but after leaving this upper 
valley and entering the abandoned valley of the Johnson River it f 01- 
lows a more open c o r n ,  although in places it  is confined between high 
grsw2 banks. 

T h e  Johnson River originttbs in one of the larger glsciers of the 
district and remi- much additional water from several headwster 
tributaries that also originab in glmiefs. Within the mountain area, 
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the J o h n  R i m  flaws directly no?th over a wide f l d  pIah and at 
no placa is m h e d  within a m m  canyon. Outsida the mountain 
area it tmm abruptly eastward and flows to the Tanam River. Its 
valley, like that of a11 the other large &mam  alleys of this distri6 is 
distinctly U-&a@ 

A striking topographic feature of this vicinity is the wide, ldm 
dotted, glacial valley that comBcts lthe valley of the Johnson River 
with thnt of the Little Gem& River. This valley doubtless at one 
tine received part of the ice flowing out from the upper Johnson River 
Valleg. The J o b  River, although only about 24 miles long, ie a 
large, swiftly flowing stream and in times of high watar offers a serious 
olxtwle to travel ; ao much so that tha topographic party that surveyed 
this area in 1936 was blocked for several days in its attempts to cross 
the stream. 

The Roberhn River is the l q m t  Btmm flowing from the Mount 
KimbaII area. It htas two main branches, the d r n  branch of which 
heads in the mountain mass as that from which the eastern head- 
water tributazies of the Johnson River flow. This branch however 
takes an east-northeast course and joins the aouth branch, which flows 
from the Robertson Glacier on the east slope of Mount Kimball, 11 
miles from the Tanana River. The Robertson River, like the Johnson, 
is a large glacial stream particularly hchemus  in times of high 
water* 

Batwean the JoGmn and Rohrtson Rivm iF1 a bare highland mu-- 
try with mnty timber on the lower slopes and drained by stream, 
most of which have small glaciers at their heads nnd which occupy 
vdlegrs of distinctly glacial f o m  A fern of the smaller ~ltmams in this 
area do not a h  back to the high-mountain area and thus, having no 
contribution of glacial water, are clear. None of the, Btreams of the 
highland m a  carry as much water aa the other streams that have 
bean described. 

The large streams of the district p w s ~ s  one feature in common, 
which is particularly noticeable and of much importanm. Their ral- 
leys, at least; in Yummer, are oftan swept by strong winds, which blow 
northward from the highmountain area toward the Tanana lowland 
and which mom va& quantities of fine sand and dust that have b n  
picked up from the dry bars and raised in dense clouds high above the 
stmama, to be Borne fur miles over the lowIand area. The heavier 
particles that are Itoo Inrge to be carried through the air are driven 
over the surf me of the flood plains as  lowly traveling  dun^ or streams 
of stand. This sand, mostly quartz from which the lighter-weight 
and dark-colored minemls have been separated by the sorting action 
of either water or wind, is derived chiefly from the weathering of 
quartz veins in the mhist and from the granite intrusivas. ;Sand beds 
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and dunes, a few inches to a few feet thick, held together and tem- 
porarily kept in plaoe by the roots of plants, are common on the grave1 
bars. The finer wind-Mown m&tBrial is far mom widely scattered, 
however, and forms loess depmits of variable t h i c l w  over broad 
areas of the lowlancfs. These loess deposits am most extensivaly de- 
veloped and thickest on the terraces brdering the flood plains, the 
nearby m u m  of the material. Such deposits nearly everywhere cover 
the gravel on the terraces. 

m B  B;NIT VEC+ETATxOTO 

The purpm of this m i o n  is to give to pmqmdors nnd travelers 
a few fa& about the distribution of useful timbr and of the plants 
a~aiTabFe for forage. It is not to discuss the quality and quantity 
of timber and its availability for the lumberman. The term timber 
as applied to the district refers chiefly to the stand of spruce tw . 
which grow in practically all the lowland areas and on the lower 
dopes of the mountains up to an indefinite altitude somewhere htween 
2,500 and 3,000 feet above sea level. In favored localities qmce 
grows ahve  3,000 feet but, on the other hand, fails to reach 2,500 fee4 
where the conditions of life, are unftlrorable. Nearness to glncial ice 
does not seem to be conducive t o  the best development of apruce, and as 
a nsle the ibettm trees are not found new the gl aeiem This, however, 
may km partly a matter of altitude mther than the influence of the ica. 
The Iwgast and finest of the trees commonly grow on the well-drained 

- terraces of the lower valleys and the lower hill slopes. Nearly every- 
where within the limits of altitude favorable to growth, trees suitable 
for home logs and for the usual requirements of prospectors are to be 
found. In places birch, poplnr, and aspen are mingled with the s p m  
but do not equal it in suitability for most purposes. Their yellow 
learn give the landmapa its dominant color in au t u r n .  

Some p r m  have lost their best trees. A Inrp proportion of the 
land once occupied by timber mas burned over in the early days and 
is now covered by a young p w t h  that in many placss is thick and 
healthy and has reached a height of 8 to 10 feet, abve which occasional 
trees stand still higher. 

The more mmmon and abundant grasses af the district are those 
h o r n  to prospectors as "red top'' mid Kb~meh grass." Together with 

vinen and willowa they provide forage in most of the area except 
tlie wooded pulb of the Zgnana lowlands, whem feed for pmck animals 
is oftea hard to find, Grass commonly p w s  lest in the; upper parts 
of valleys and on the hill lopes nmr the timber line. Pea vines 
flourish ;on the ff ood-plain barn. They belong to the fmdY of vetcha 
and ww of wveral vnrjetim, some of which apped to the taste of h o r n  
more than other& At som stam of their growth they are didmteful 



m n  to h o r n  and are moided by them. f ri' nddition to the di ff cmnt 
gmmxs and vetches; a variety of Episetum and the leaves of certain 
willows should also be mentioned as forage plants, far horses eat them 
with d i s h  and wi1I subsist on them without grass if necessary. 
In general, it may be said that feed for stock is plentiful in summer 

in most parts of the district except the lowlands north of the mountain 
area. Locally it is,remmkablg plentiftl1, as on the bars of Jarvis Cr& 
and the upper john sat^ River, which produce an abundance af grasses 
snd pea vine and are a h e  'lhorse heapen" in summer. Although the 
minters are savere, horses have wintered for many yearn on the bars 
of some of the sltreams, where, 1; ke the buffalo, they arm able to pt mf- 
dcient hod to maintsh themselves from one gmwing wason to the 
next. However, it is doubtful i f  them bars can support any consider- 
able number of horn the year round without much hardship and 
hungmr, 

% O m  mm TILdaS 
 route^ r~ther than tra& may well be mnsidemd to be tbe subject of 

thia saction since the trails am faw and with one or two exceptions are 
now used so infrequently that they are obscure and not easy to follow. 
In general, they cross the ridges and drainage lines of the district at 
right angles so that in places they are either very steep or wet ; yet 
notwilthsbnding their shortcomings they are of much help to travel 
with horses or on fmt. All l ~ a d  eventually to the Richardson 
Highway or the Tanana River. 

The Richardson Highway follows the  alley of the Delta River 
through the Alaska R a n g  and is the only feasible land mute for ap- 
proaching the country that lies on the north side of tho Alaska Rmge 
between the Delta and Robertson Rivers. However, it is not the only 
means of a m .  The Tanana River is navigable for small power 
boata and is USHI for distributing supplies to the trading stations of 
the upper river, particularly those at Tanana Crossing and Tetling 
Lake. By this means supplies far the Geological Snrvey topographic 
party of 1936 and hunting parties of earlier years were delivered at 

, the mouth of the Little Gerstle River, where they w m  then accessible 
$or transport by pack train into the adjacent country on the south. 

The present highway took the place of trails that h d  already been 
in USB for some time. Most of the early prospectors who went into 
the valleys of the Delta River and Jsrvis Creek came from the Fair- 
banks district before the Richardson Highway mas established. Their 
trails from the Tanana River are not used now, as the highway pro- 
vidw a better mode of tfavel. At present little prospecting goes nn in 
the district., and most of the traveling is done by trappers and hunting 
parties. The route ased by the Geologicrtl Survey fidd parties is 
in the main that which has been used by hunting parties in going to 



Jarvia ind Riley Gmb and the Johnmn River. In parts of this 
mute fairly well defined trails haw been made; but as a d e  each 
traveler chooses his own trail as the masion quires.  

A route that has srvd for t m e I  by horses and even by trader 
leaves ' the. Richardson Highway at mile !247.%3% miles north of 
Donnelly Btation--crosses the ridge on the east to J h s  Cmk, m d  
m b R s  that stream 4 miles below the mouth of Riley Creek, to which 
the barn of J amis Creek give easy access. From the mouth of Riley 
Creak it runs through ths timber for a short distance and climbs to 
the open country of the ridge on the east, which country, though pro- 
viding no trail, is above timber line and aflords good footing fo r  
horses, After crossing the open country to  the head of Macomber 
Creek this route leads up to a saddle overloolnng the +head of ths 
Gerstle River, from which it makes a steep descent to July Creek, 
The approach ta the saddle is gradud for most of the way but ends 
in a steep pitch at the top. The desmnt to July Creek, howaver, is 
abrupt and, as there i s  no trail, care is need4  to keep pack animals 
out of danger from loose bulders and mck ledges, From July Creek 
the bars of the Gerstle River furnish easy going for 8 miles down- 
stream to the old ache on its west bank. Here, at the crossing of Big 
Grstle, is a well-defined trail to the top of the ridge on the southeast. 
Although the trail ends on t.he brow of this ridgs, ths bare hilltop 
furnishes good footing as f ~ r  as s d d l e  3 miles to the southeast, 
over1ooEEing the valleys of S h e q  Creek and the Little Gerstle River. 
The descent to  the Little Gmdle River is by a trail through, the 
timber on a steep mounhin sidea where care is necessBry in places to 
avoid soft ground. The trail was made for the usa of a hunting 
party and leads to Hajdukovichas hunting lodge on the east side of 
the Little Gerstle River 1 mile above the mouth of Sheep Creek 
Below or north of the hunting lodge the hrs of the Little Gerstle 
River provide a route, indicated by a tmil in a few places, to the 
Tmana =ver. South of the hunting ldge a aft, swampy trail leads 
along the east side of the valley to the bars of the Johnson River. 
Travel on the bars of the west side of the Johnson River is good 8s 

far a4 the glacier, although there ia no trail except at one or two 
points where the river swings against ib west bank. 
In the highland country between the Johnson and Robrtmn Rimm 

there are no trails. The traveler must pick his way gs best he can 
and may travel far to  find wood and grass suitable for a camping 
plm. 
An alternate routa from the Delta River that may be uaed in plm 

of tha one jnst described starts from the Richardson Highway about 
3 miles south of Beales Cache;, an olcl, abandoned roadhouse on the 
highway near mile ,361.5. This mute provides a well-defined hail 



from the &hway eastward as far ns Granih Cneek or s little beyond, 
fiat is, for about 10 miles. The trail is over the glacial moraines and 
for most of the way gives hrsrd footing and easy travel for horns, 
although it has a little soft ground on the west side of Jawis Creek. 

Fmm Granite Greek this route leads along the margin of the Tanma 
Iwland area to the cache on the Gerstle Ri~er ,  where it joins the route 
already described. Inasmuch as any trails that may have existed in , 

this part of the mute are now practically oblitemtd, tho traveler can 
do no better than use his own best judgment in picking a wag through 
timber and swamps and glacial moraine. 

The obstacles to travel that are most like1 y to give trouble jn this dis- 
trict are glacial stmams, soft ground, and ground strewn.with granite 
blmh or boulders that are overgrown with moss or other vegetation. 
Inasmuch as the Richardson Highway is on the east side of the Delta 
River this &earn gives no cmcern to the traveler going mat from, the 
highway. Among the remaining streams the Johnson River is the 
one most likely to cause trouble, for in times of high water it cannot 
be crossed without some danger of losing home and packs. In the 
summer of 1936 the Geologid Survey topopphic party forded the  
river at a place opposite the granite point, where the trail from the 
Little Gcrstle River reaches the Jobnmn River Valley. The high 
water a t  that time made it necessary to delay crossing several days 
before a favoraMe stage of water m e  foand, The return journey 
some weeks later was made without dificulty as the water was lower. 

Both Jamis Creek and the Gerstle River aEod many places favor- 
able for crossing with horses and ordinarily give little trouble. The 
Little Gemtle River is a much smaller atream, which for the most part 
ia easily forded. 
. Q u i c h n d  is not present on most of the stfea~118 within the moun- 
tain area, but soft ground is found in the lowland ama. Wet, m p y  
p u n d  is such a common cause of trouble in pack-train h v e I  though- 
out most, of Alaska tlmt the experienced traveler is constantly on the 
watch for it Soft ground, though it may be- almost anywhere, is often 
found along the fmt of the hill slow and dong small streams in 
poorly drnined land. Wet p m d  is likely t~ be marked by a growth 
of smdl willows. 

In some parts of the Delta district homes are in mom danger from 
concealed holes &ween boulders partly or wholly mvered with vege- 
tation than from swampy ground. The granite areas have yidded a 
v a t  quantity of blocks and boulders that rolled down the mountain 
sides or were heaped tagether by glaciers. In plaeas where this l m ~  
material has been ovtwpwn by vegetation without having f ie  spaces 
htwaen the boulders filled with gravel or other fine matarid, a horse 
stepping into a hale may injum himself. 



Mfhmgh game mimais inhabit most pa& of the Gerstle River 
district, so far efforts to establish the cquntry as a bunting p m d  for 
hunting parties from the outside have been only moderately success- 
ful. Some years ago Mr. John Hujdukovich laid out trails and built 
cabins to accommodate hunting parties in the Johnson River Vdlq.  
For several seasons t h m  a b i n s  were used in the manner intsndd, but 
in more recent yeam they have been occupied only by local sportsmen, 
who were mnmrned chiefly with getting their winter's supply of meat, 
Although much of the district is too remote to be visited even by local 
hunters in the hunting muon, most of it is covered by tmp lines in 
winter. 

The larger game animals include the mom, mribon, sheep, bar,  wolf, 
and coyota. Sheep am f o n d  throughout the district. As is common 
elsewhere the bucks keep to the high mountains in summer, but the 
owes and lambs graze out on, the highland areas and are thus mom 
frequently in view. Caribou, like the sheep, are widely distributed 
and am often seen p i n g  on the bam highlands or traveling on the 
river bars. Moose do not frequent the high mountains or the bare 
highland mas but feed near the many lakes of the lowlands and in 
the valleys, where they can quickly h d  cover in the timber. Though 
its tracks are common, the moose i s  a wary animal and keepa hidden 
most of the t h e  when not feeding in the water. Bears also are widely 
distributed but, so far as observation by the Geological Survey parties 
would indicate, are less numerous than en the south $rde of the 
Alaska Range in the upper Copper and N a h e  River districts. 
Wolves and coyotes appear ta be more numerous than in any other 
part af Alaeka f a d i a r  to the writer. During the field s e w n  of 
1939 the Geological Survey parky members mw about 15 wolves and 
as many coyota. Inasmuch as the wolf habitually kmps under cam 
~t all times during daylight, the number seen in 1939 is regarded as 
remarkable. Wolves make a practice of following the bands of aribou, 
doubtless with the intention of picking 0% an animal when the opportu- 
nity comes, and will stay for days near grazing horses. Although 
some differenm of opinion exists ss ta how destmctive these ani- 
mals are, it seems reasonable to believe that the large proportion of 
caribou wws withaut calves and of ewes without lambs that wlrs 
noticeable during the -n of 1939 is due to the depreddons of 
wolves and coyotes. 

Ailthough the buffalo is protected and is not a game animal. in tha 
same sense as the other animals mentioned, it is interesting to note 
that the animals introduced on the barn of the Delta River and Jarvia 
Cmk several years ago by the Biological Snmy are reported to have 
i n c d  fmm about 30 to nearly 200. From the =chardson High- 
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way a p m n  with glasses may sornetirnes them on the ban of 
the Delta River, and he may d o n a l l y  meet lthem on the highway 
i k I f .  Am albino calf was born in the herd in 1989. 

The dominant rocfts of the Gentle River district are whist and 
gneiss of pre-Paleozoic or possibly Paleozoic age. They are met* 
morphic mdm, derived partly from old sedimentary beds and partly 
from igneous intrusives and are conspicuously lacking in calmreous 
members. They are fomd throughout the district. !I'he whist and 
gneiss are intruded by granite and related granitic rocks occurring 
in the form of dikes, sills, and larger r n w s  of irregular shape. Most 
of the igneous rocks are not much altered, if altemd at all,  and 
therefom, unlike the %hi& and peisg, show little tendency to cleava 
dong dehite planes. 

Subordinate in amount and much younger in age than the schist 
and g n e i ~  are beds of sand, gravel, and day, which l a 1 l y  contain 
beds of Jignib. These younger beda are only partly consolidated. 
They lie on the eroded eurface of the schist and p e i w  and are re- 
stricted to  a few small areas, which probably represent farmatione 
that were once more extensive than at prasent, They am correlated 
with the Tertiary coal-baaring beds that crop out in much larger 
bodies farther west along the north front of the Alaska h g a  

Unconsolidated materials constitute the remaining geologic forma- 
tions. well-stratified and slightly tilted beds of unconsolidated coarse 
grave1 and grit, identifled with the Nenans e v e 1  af the Kantishna 
district, are found in a few places, They are not distinguished with 
certainty fmm the older Tertiary gravel deposits and, on the ather 
hand, may be confused with still younlplr deposits. These yo-r 
nnmnsolidatd deposits am morainal material, sand, gravel, silt, and 
loess lajd down by glaciers or by streams and lakes and the wind. 
They clompleta the stratigraphic m l m n  of the district. 

Meager knowledge of the facts makes the p l o g i c  history of the 
district seem simpler than it is. An ancient p t r p  of much-alted 
d i m e n t a q  Ws and intrnded igneous rocks was invaded by p n i t e  
md other closely related jnt.msives aS some time not certainly known 

' but probably in the late M~sozoic. Possibly mom than one such 
invasion ozcurred. This assemblage of rocks gives little or no mg- 
gestion of the complicated geologic pmmsses that must have titken 
place daring most of the PBFWIB~F and Memzoic eras. However, two 
of the proceeses that affected the district are clearly evident. First, 
the old mks underwent a long pried of eradon during which p a t  
m m d a t i o n s  of h h - w a f e r  deposits, including coal beds, were built 
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up. Second, mountsin-building forces became active and, assisted 
by the pmmses of erosion, gave rise to the AIaska Range-though not 
exactly in the m e  condition as we see it now, for  the forms produced 
by the more common agents of erosion have been modified by recent 
glncial action not get ended. 

CHARACTER Ah?, DXETRIBWI'TON 

%hist and gneiss are the country mcks in most of the area. here 
cansidered (pl. 3, in pocket). These terms are used to designate all the 
metamorphic m k s  nf the district, altl~ougl~ they include a relatively 
smdl proportion of s l ~ t e  and mncli quartzite that is only subscl~istoso 
in structure. In wide areas the schist and gneiss are concealed by un- 
consolidated f rapentnl daposits--sil ts, gravel, sand, and morninal 
materisl-and il l  a t  least one relatively srnalI area are overlain by more 
or less indurated Tertiary coal-bearing beds. They are intruded by 
granite and other related igneous rocks of much younger age that occur 
as dikes and silk and as larger bodies that rank wcnnd to schist and 
gneiss in rtwd extent. 

Tl~e whist aud gneiss are derived partly from sedimentary beds nnd 
pmrtly from jgneuus m k s ,  which are believed to be mainly old in- 
trusives but mag include effusi'ra also. These two types of meta- 
morplljc rocks grade into each other in such a may that no sharp line 
of demarcation can be drawn between them. Consequelitly no attempt 
is mnde to separrtte them on the geologic map, either on the basis of their 
potlvgraphic characteristics or on that of their origin, since to do 
so would require fnr more tima and detailed study than could be 
given to the problem, assuming that it muId be done at all. 

They occur in gredt variety, as would be expxted in view of their 
origin, and show a wjds rang  in d ~ g m  nf metamorphism. The colors 
are dominantly gray in varying sllades but include g m n  and black 
and suggestions of pink and lavender. Some of the more siliceous 
varieties have a bright silvery tlspect, hut the darker grays are mom 
common. T h e  texture grades from that of fine slate with plant! 
clearage and constituent rninerak r?o m a l l  as to be unidentzable in 
the hand specimen to that of coarse, crinkly schist and gneiss with 
easily recognizable miners1 components. Garnet is a Gommon constit- 
uent of the schist and occurs in bodies of all sizes from t , k ~ y ,  well- 
crgstsljzed g r ~ i n s  hardly visible with a hand lens to'impsrfect crystals 
almost an inch in diameter. Other m~tarnorphic minerds are pment 
also, such as hornblende, which occum in one locality in thin blades 
several inches long associrtted m-ith great numbers of tiny red garnets. 



Aside from variations of color and size of m i n e d  constituents and 
fhe p m c e  or absence of conspicuous metamarphic minerals mch 
as hornblende and garnet, the schist and gneiss show no unusual fea- 
t-; yet one common type is worthy of special mention. In many 
localities the rocks are characterid by an arrangement of minerals 
thIbt ghea them the appearance of a light gray paper ruled with thin, 
c l d y  spaced lines in the manner known to draftinnen as section 
lining. This feature is best obmrved on a joint face or on rt smoothly 
rounded boulder, and on examination it is seen to be due to the altera- 
tion of thin layers of quartz with mica, or of quartz and subordinate 
feldspar with mica ; the alternating layers are c o m d y  less than 
one-sixtenth inch thick and actually are lenticular in form, as will 
lw seen on c h  emmindion. The resulting cleavage i s  plane in most 
instanm. Occasionally, however, the l a p s  are folded and clody 
compressed, and the cleavage follows tha layers of mica around the 
folds. For many of these rocks the designation gneiss is mom appli- 
cable than schist; yet when the lamellaa are very thin the distinction 
can hardly be made. Similar rocks occur on the Robertson River, 
where they were dwcribed as sheared quartzita.1 In the Gerstle River 
district, however, some of the schist or gneiss pcwsessing this featurn 
is plainly derived from igneous iutrusives, and it is therefore can- 
d u d 4  that the members of this striking group are derived partly 
from sedimentary & and partly from igneous rocks. 
One feature of the schist and gneiss that is universal and of much 

importance is the abund~nw of vein quartz. T h e  largest and most 
conspicuous veins are bodies of milky white quartz that fill joints 
and other lwge fracture planes in tk country rock; but the veins 
that are m& imporhnt, both in number and in volume of material 
contained, are the small, contorted lenses and ~tringers that follow 
the cleavage planes of the schist and gneiss. Their h~brdness and 

to weathering make them almost the only constituent in 
much of the unconsoIidated material derived from the old rock As 
mill be seen later, the baa1 members of some of the gravel deposits 
are made up of this vein quartz. 

The field relations make it evident that the schist exposed in some 
places was derived from original beda of sand and grit intarstratihd 
with beds of mud, among which the silimuufi or sandy mmhrs  mem 
to have predominated. The wnd now appears as sheared quartzite 
or silvery siIiceous schist and the mud beds as gray schist. Thin beds 
of limestone were interstmtii?ed with the mhistose memberr in a few 
lmlities, but, on the whole, limestone is notably absent throughout 
the area. 

rM&t, F. H, Geology ot the Slana-Tok dlstrlct. Almka: V. 8. sol. &umw Bull. 
904, p. 1% isas. 
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Most of the rocks thst are referred to gs gneiss are probably meta- 
morphosed igneous intrusives of the more acid types. They &ow the 
constituent minerals of such intrusive3 and in many places have such 
field relations a9 ~uggest their intrusive nature. They differ f m  
the later intrusive4 which are net recrystallized and do not show any 
marked tendency to cleave in definite directions. Such mks ocxur in 
many localities. Exposums of the older, metamorphosed intrusive 
are seen an the west side of the Grstla River Valley a few miles below 
Bradford Creek. The rocks there am less altered than in some other 
localities and occupy a larger area than was noted elsewhere. The' 
rocks on the west side of Donnelly Dome; are coarse gneiss showing 
quartz, rnicns, and feldspars plainly in the hand specimen. As Don- 
nelly Dame was not examined in detail, the extent of such rocks waB 
not learned ; but it is sugpsted that differential weathering of these 
older intrusive$ may account for the presence of this striking topo- 
graphic featurnof the Delta River Valley. The aldaedimentary beds 
were invaded by igneous mcks that appew to be chiefly granita or 
mks of granitic character, although the intrusives probably also 
included typm of igneous rocks more bmic than granite and diorite, 
The intrusion by these igneous rocks took place hfom the sedimentary 
I d s  were changed to schist, for the intrusives are themselves meta- 
m o r p h d  equally with the host rocks. At some later time, however- 
that is, at  some time after the schistme and gneissic Btructums had 
been induced in the older rocks-further intrusion by ~ a n i t ~ i c  rocks 
took p l a a  The later intrusilres are relatively unaltcrcci, m that the . 
evidenm for at least two periods of intrusion of the old sedimentary 
beds is well established. 

The more m n t  @t.ic intrusim nre easily distinguished from 
the metamorphosed typs and apparently occupy as great or greater 
rareas. They will be described in a later section. 

TBf-861 AND m u - m  

Thickness and structure are facts to b learned about any d i m e n -  
tary bed or assemblage of beds and must ba known to make the de- 
scription of the beds complete. Very little evidence is available to 
indicate the thicknes of the sedimentary rncmbers of the schist-gneiss 
p u p .  Distinctive has that could be uwd ns horizon markers in 
correlating the rocks of one locality with those of another were not 
recognized. Furthermore, folding is intensa and faulting is common, 
so that the measurement of t h i c k n ~ s  is difficult,. Added to these 
difficulties are the facts that more thnn one period of p log i e~ t ime  
may be represented by the beds and that tho h d s  therns~lves have 
not hen  differentiated from the intrusivcs that invade them. The 
question of thickness is therefore a complicated one and at  pmsent 



can Im rmswsmd only in approximate terms by saying that the d i s t  
derived from sedimentary beds pmbttbly represents many hundreds if 
not thousands of feet of deposits. 

The metamorphic rocks acquired their characteristic structure while 
they were buried deep beneath the surface of the earth, where both 
temperature and pressure were great. They have since been elevated, 
and mnny hundreds or thousands of feet of overlying rock have k n  
removed by erosion, thus exposing to view the lower beds and the 
granitic in trusives. 
In parts of the area tlla cleavage of the fissile sedimentary rockg 

corresponds to the planes of the bedding; in other parts, however, it 
crosses the bedding at various angles, depending on the psitian in 
the folds, so that the angle between the hiding and cleavap may 
range from parallelism to 90'. Analysis of the structural o k m a -  
tions made on the rocks throughout the district shows that the clea~-  
age of the schist und the bedding planes of the sedimentary members 
have a strike that is prevailingly toward the north and west in the 
vicinity of the Delta River and Jamis Creek and toward the north 
and east in the eastern part of the district, where strikes ranging from 
N. 46" Em to N. 80' E. predominate. The dips in the eastern part of 
the district are nearly all toward the south. Moreover the planes of 
drag folds in mme exposures shorn an overturning of beds toward the 
north. Dip9 arc less ~ g u l a r  in the western part of the district, and 
both north and south dips mere obser~eci. 

Faulting is common nnd i11 places has probably resulted in great 
dislocation of the rocks affwted. Fault zones mere seen in which the 
schist is highly disturbed and brightly colored with iron oxide, so 
that their courses could lm easily followed on the mountain sides. 
Yet the absence of strongly contrasting beds, which by their offsets 
and intemptions might indicate dislocations more distinctly, makes 
the disovery of such structltral fentures somewhat a matter of chance. 
Undoubtedly many faults were unnoticed for every one that was 
*en. 

AOA AND COR-TION 

The age af the metamorphic rocks of the Qerhle River district is 
]mown only within wide limits. The mdimentary members, which 
when they w m  deposited may have cont,ained fmils bearing evi- 
dence of their age, are, toa greatly altered to yield any such evidence 
now; and the only other beds so far tiiscovered in the district that 
have.any bearing on the age of the schist and of the gneiss derived 
from sedimentary beds were formed so late in the geologic time scale 
that their testimony gives little assistance. 

The evidence available at present indicates that these roch were 
deposited in middle or early Paleozoic or mom probably in pre- 
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Paleozoic time. They are regarded ws being the westward extension 
of similar rocks exposed on the Robertson and upper Tok Rivers.' In 
that district the evidence obtained indicates that the beds were formed 
' before Middle Devonian time but gives no clue as to how long before. 

Mendenhall a correlated the schist and gneiss of the Delta River with 
t,he Tannnra schist, which was thought t o  be of pre-Silurian age. 
Tanma schist has since h e n  abandoned as a formation name, and 
Birch Creek schist has k n  u d  for rocks that include the Tanana 
schist. Mertie ' has shown that two groups of ancient metamorphic 
rocks are present in the Yukon-Tanana region. The older consists 
of the Birch Creek schist and associated altered igneous rocks, of 
which the Birch Creek schist is considered to be of pre-Cambrian age 
but not late pre-Cambrian. The associated altered igneous rocks may 
range in age from pre-Cambrian to early Paleozoic. The seeond group 
of metamorphic rocks includes several formations, of which the low- 
est are considered to be of I a h  pre-Cambrian age. The highest rocks 
of the second group range upward to the Lower Ordovician. Although 
a definite correlation of the metamorphosed wdimentary rocks of the 
Gedle  River district with any of tho rocks dmcribd by Mertie is not 
yet warranted, some such correlation may eventually prove to be 
c o m t .  

PRETEBT-Y TGNEOUR ROCKS 

CHBRACFER AND DIBTILIBmION 

Intrusive igneous rocks are present in wide variety within the 
GerstJe River district, As has already bean pointed out they may be 
divided into two major classes depending on relative age, which in 
this connection is indicated by the presence or absence of regional 
aetamorphism, The first, class includes those that mere intruded inko 
the old mdimentary deposits and underwent distortion and recrystal- 
lization before the 1~t.m intrusives invaded the sedimentary beds. 
l%ay are made up in considerable part of acid types of granitic in- 
truives rind probably mpresent different periods of intrusion. They 
are now so altered that their original characteristics are largely 13s- 
~troyed and for this reason were included with the whist and gneiss 
that have h e n  described. The second class of intrusive igneous rocks 
includes those intrusives that were injected after the metmorplism 
af the older seclimmtary m d  igneous rocks had taken place or at least 
was nearly completed. Some of them show alight alteration owing 
to pressure or chemical and mineralogical changes, and some appear 

Mofflt, F. H.. Geology of the Blana-Xok district, Alaskn: U. I. Geol. Rnrvey Bull. 904, 
PP. 18-16, 1938. 

Mendenhalt, W. C., Ueology of  the central Copper River %Ion : U. 8. Geol. Bnrvey Prot 
Paper 41, p. $0, 1W5. 

'Mertia. 3. B., Jr., The Yukon-Tanana reglon, Alasika: U. 8. Wol. lurveg Ball. 872, 
pp. 4-7, 1937. 



freak This suggests that they also may replesent mare than one 
period of intrusion. They are the rocks that will now be described. 

The younger igneous rocks of the Grstle River district include a 
variety of intmives ranging from granular basic types to acid types. 
They have the form of dikes, sills, and stocks, or large bodies of irreg- 
ular shape. Two principal areas of the larger bodies of intrusive 
are shewn on the geologic map. One includes the flat-topped moun- 
tain mass facing the Tanana lowland between Jmis Creek and the 
G e d e  River. The other extends from the high pe& east of Gmtle 
Glacier eastward across the Johnson K~ver to  the high tableland be- 
tween the Johnson and Robertson Rivers. Although the easkrn 
boundaries of this second area were not determind, they probably 
include most of the tableland between the high mountains and the 
Ttanana River. 
Only a few of the dikes and  ills are shown on the geologic map. 

Such htrusivm are numerous in the high rnountajns of the central 
part of the range tmd have supplied a large part of the material of 
the morainal deposits and the more resistant part of the flood-plain 
gravel of streams. The glaciers of the Gerstle and Joknson Rivers 
carry mu& material obtained from this source, but it is possible fiat 
they also derive some of their load from stocks or other large h d i e s  
in the almost inaccessible parts of the central mountain mass. 
The large we8tern area of igneous intrusives consists almost wholly 

of coarsely granular, light gray rock to which the field name granite 
may appropriaely b applied, although in a strict petrographic sense 
much of it may be more accurately designated by names indic~ting 
types of more basic character, ~ b &  qua& monzonita and granodiodte. 
Both thm types of rocks are among the specimens collected by the 
writer and examined with the mic-pe by Robert Coats. This 
mass of intrusiae granite produced exhnsive changes in the host rock 
by introducing contact-metamorphic minerals and otherwise altering 
the charader of the rw1m in the contact zone between the two. This 
contad-metamorphic change is notabIe on Granite Creek, where the 
schist near the b0undary.i~ hardened and highly colomd through the 
weathering of dimminated pyrih, which probably was introduced 
at the time 'of intrusion. The cantact in this vicinity, bowevar, ap- 
peam to be the Iocus of pronounced f a d t  movements, so that the 
r m h  am much dist~rbd. 

The N t e  area in the eastern pad of the district north of Mount 
Kimbdl is apparently considerably more ~xtensive than that between 
Granite C m k  and fie Gerstle River, and it shows a wider variety of 
rock t -yp~ .  main body of the intmim rnm is in the highland 
area between the Johnson and Robertson Rivers, but it  extends 
w & w d  to the high p& at the head of the Little Gerstle Biver, 
where many dikeg and sills mark the limib of the intrusion in that 



direction. Although mmt of the intrusive rocks in this vicinity are 
m m l y  granular md light in color, heavy, dark basaltic rocks are 
prasent also and probably bdeng to a later period of igneous activity 
than the light granitic intrusives. 

From the head of the Little Gamtle River the bonndaries of this 
granite ares diverge rapidly toward the east m that they lsre separated 
by a distance of &boat 8 miles on the Johnson River. Here the rocks 
are dominantly of the light-colored granitic types. The Mion  shown 
in the steep wall of the cnst side of the Johnson River VaUq suggssts 
that the intrusive body is a ,mat lens or laccolite of granitic rock 
tilted toward the south, but whether this apgearmm resulted from 
erosion or indicates the actual form of the body was not determined. 
A glance at the topographic map (pL 2, in pocket) wil l  show that 
glacial erosion htrs left some striking topographic fatures in the 
highlands between lthe Johnson md BobrLmn Rivers. Much of this 
area is occupied by granite. 

The great quantity of lighlxolorecl gmnitic bdders and cobbles 
carried by the Gerstle and the J o h n  River glaciers suggests that 
this mnspicuous mck waste m q  be derived from a murm in t h ~  uppe+ 
valleys capable of s~~pplying a greater- quantity of such material than 
the dikes mid silk that cut the schist, but the dificulty of reaching 
the heds  of the glaciers prevented the search for any guch possible 
 SOU^. 

The dikes and sills are regarded as offshoots of the larger bd im of 
granitic rock that probably underlie much of the area. They are 
more conspicuous and seemingly more numerous in the higher mom- 
tains than in the tableland area, but this appearance may be die  to 
the more favorable conditions for observation rather than to larger 
n u m h  

Both light granitic dikes and dark basic d i b  am present. Many 
of the light granitic dikes are porphyritic and show large phenocrysts 
of feldspar in an even-grained groground rnss ~~ufficiently coarse to 
permit easy recognition of the minerals that compose it. Feldspar 
crystals ranging from 6 to 8 inches in length nnd up to three-fourths of 
an hc l t  in thichm were found. However, a t  this same locality 
crgstals showing s~~t iom 1% inches by a/s inch, oriented in parallel 
lines on the rock fm, were much mom common. In mntrmt to 
these coa-grained dikes are dikes of finer grain composed chiefly 
of feldspar and quad z. Many such dikes stand out because of the 
contrast in color between them and the ho& mk, and their con- 
over the mountaikde are easily traced. 

Dark fine-grained dikes are less likely to be notid. Dikes of this 
kind were m principally in the vicinity of the Johnson River, where 
they intrude tho schist. Near the head of the small drearn that joins 
the Ijttle (;Ferstle River at the Hajdukavich hunting lodge, dikes of 



black medium-grained m k  np to 10 feet thick crop out in the creek 
channel. The rock weathers into blocks with rounded edges and is 
much dai~-~ed with iron oxide. Tt was identified by Rohrt Coats 
as quartz diabase. 

AGE OF TEE INTRUSIPPl8 

Evidence for the ~ g a  of the intrusive mcks of the &mtle River 
district must be supplemented by testimony from other m u m  thnn 
those derived from the district itself if the assigned limits of age 
are to be restricted na much as possible. The older intrusives, which 
show regional metnmorphism, were intruded at a time or timea prior 
to the formation of the Alaska Range. That omgenic movement is 
how generally regarded as having h g n n  late in Mesozoic time and 
as having continued into the Tertiary. Probably the oldest intru~ives 
were not only older but much olrler than the beginning of the move- 
~nents that produced the range. The later intrusives, those which did 
not undergo mgional metamorphism, are later than the operstion of 
the foms that c~used the metamorphism. They intrude the meta- 
'rnorphic rocks and probably were involved with them in the growth 
of the range, for insofar as i s  laown at preaent none of them cut 
the Tertiary coal-bearing beds exposed in the M t l e  River district. 
Since they are deep-se3ed rocks and were formed at p a t  depths they 
could have been exposed at the surface only after n long period of 
emsion that preceded the laying down of the Tertiary M s .  

M d i e  has pointed out that five principal epochs of igneous in- 
trusion have been recognized in the Yukon-Tanana region. Two of 
them are pre-Paleozoic, ~ n d  of the remaining three, one: beIongs to 
the Paleozoic, one to the Mesozoic, and one to the Tertiary. In t h e  
N a h n a  district granitic in trws iv~  have invaded tAe Lower Cre- 
tnceous slate and graywecke of the ~utzotin'~omtains, but their 
precise age is not known. Whether they are 02 late Mesozoic or early 
Tertiary age has not been determined. 

The absence of +Mesozoic rocks Qn the north side of the Almka 
Range in the Gsrstla River district offers a difficulty that so far has 
prevented correlation of the intrusives there with those of the nearby 
Yukon-Tanana region or of the eastward continuation of the range. 
I f  they am to be condated with the intrusives of any of the five epochs 
mentioned by Mertie it would probably be with those of the Mesozoic 
epoch, because if they were older they probably would show greatm 
rnetarnorplljsm md if they were yomg~r  some suggestion of their 
youth might have been found in the cod-bearing arm; but more 
significant .than this, they probably would not show as much altera- 
tion as they show and would appear fresher than they appear now. 

.Mertle, 3. R,, Jr., Tbe Yukon-'hnana nwion, Alaska: 0. 8. Gaol. Survey Bull. 872, 
pQ. 1%201, 1937. 



TERTURY C O A L B U G  BOCm 

CEAEtA- AND PISTRIBUTION 

A small part of the country under consideration is occupied by 
sedimentary rocks of fresh-water origin and Tertiary age. Qe total 
arm is only a few square miles, although it probably was much more 
extended at one time than now. The principal area of the Tertiary 
m k g  and in fact the only area that wuld be mapped with fairly 
accurate boundaries includes the top of the ridge between the Delta 
River and Jarvis Cmek and &,ends southward 5 milas from the 
saddie west of the head of Little Gold Creek to the sag in the ridge 
east of Donnelly Station, through which the trail between the two 
stmm pasms. 

The rocks of this area cover about I2 square miles, as nearly rts can 
be told from the rather inadequate outcrops on the ridge, and include 
soft yellow and buff shale. or clay, gray and yellowish sand beds, clean 
whitm quartz grit and sand, and coal beds. The best exposures are 
on the west side of Little Gold Creek Vallr:y, on the western tributary 
of Jarvis Creek that comes in below the mouth of Little Gold Creek, 
tmd on the 4, locally known as Sargent Creek, that flows east from 
the saddle at the north end of the area of Tertiary r&. Much of 
the w a  is covered by a mantle of gravel-moraind and other uncon- 
solidated material-so that the exact boundaries between the meta- 
morphic and the younger rocks ma not known. This uncertaint;y is 
prticularly true of the west boundary. 

The Tertiary mcks are present in other localities apt i s  shown by 
the fragments of coal in the creek gravels, bat outcrops of them rocks 
in plam were not recognized. One such locality js crossed by t he  trail 
that leads aa~tward aver the hill from the mouth of Riley Creek, 
Prohbly Tertiary deposits ttre also present farther north on Jarvk 
Creek and east of Macomber Creek. The Tertiary rock are soft and 
weather rapidly, so thnt hhey are ensily removed completely or are 
conceded by vegetation and by the rnant.1~ of loose m k  fragments. 

THXG-SS STRUCTITREI 

Little &Id Creek and the small unnamed creek west of i t  give 
exmllent opportunities for examining the cod-br ing  beds. In both 
places the beds are not greatly djsturbed and in geneml ma ilaarly 
.harimntal, although farther north on Sargent Creek they dip at 
various angles up to 40". The mountain dopa on the west side of 
Little Gold Grsek Valley shows no other rocks sxcept those in the 
practically horizontal beds of the coal-beming group, and it g i~es  the 
section of greatest thickness h o r n  in that area. No faulting h a t  
might scnnplicata the structure was wen. It themfore appears that the 

401-- 



128 MEhTlML RE.SOIJRCES OF ALASKA, 1 B 8 9 

maximum thlchm of beds in this vicinity is probably not less than 
1,200 feet, for it practically corresponds with the difference in altitude 
between the channel of Little Gold Creek and the top of the ridge on 
the west. m e  next creek toward the west gives a splendid section of 
beds hdving a thickness of apprusimntely 600 feet. This is less t.hm 
the apparent thickness on Little Gold Creek ; but the baement & 
rn not exposed and the ridge at its h e d  is not so high. S w p t  
Creek does not afford a good section for memnring thickness. It 
exposas coal and some of the associnted sand find conglomerate but 
has not cut into them deeply enough to firrnish a favorable section for 
measurement. Howevw, the exposurea there indicate that the. b d s  
thin out toward the north margin of the area. 

The coal-bearing beds rest mconform~bly on the old schist and 
gneiss. The basal beds are clean white quartz sand and grit. The 
quartz fragments are angular and are particularly well sorted, rmging 
in size from co~rsa sand to pieces possibly 3 inches in p a t e s t  diameter. 
The prevailing size, however, is from a quarter of an inch to 1 inch 
Many of the larger fragments are water-worn, but not the small pieces. 
The two notable characteristics of the material are the angularity of 
the fragments and the assortment into hds,  in which fragments of 
tipproxiinately the same size predominate. Although the material is 
not consolidated it is compacted and stands in the outcrop with ~ertical  
face so that a pick is needed to loosen it. For this reason it weathers 
into peculiar forms, notably those of mushroom shape, with a more 
or less columnar base and,an expnnded cttp, which is the remnant of rt 

slightly harder overlying bed (PI. 6, A ) .  
The thickness of the basal quartz beds varies greatly from place 

to place. At the head of LittIe Gold Creek it is at l& 100 feet, 
but elsewhere it is much smaller. Possibly the quartz is absent in 
places. Abve the white quartz beds follow beds of clay, sand7 
shale, sandstone and sand, grit and cong lomeratd  inhrstrati6ed 
with beds of lignitic coal ranging in thickness from a few inches to 
10 feet. Near the base of the section sandstane beds containing con- 
cretions 4 feet in diameter were seen. A notable feature of the day 
and shale beds is the abundance of fine rnica scales such as we foand 
in the mud and j h e  sand of the prwent stream cornring from the 
nreas of metamorphic rocks. They, like. t,he white quartz fragments, 
are a product of the  weathering of tlm schist and gneiss. Most of 
the sandstone and shah beds m yelIoPrish or buff-colored. Many 
beds show cross bedding and like the sand beds are of lenticular form. 
Many contain the fragmental remains of plants. 

The basal white quartz member and the many beds of cod are the 
most outstanding featurea of the Tertiav deposits. In the d d l e  
between the head of Little Gold Creek and the Ddta River a coral 



bed 10 feet thick overlies sandy shale and sandstone, which in turn 
overlie the white quartz M s  (pl. 6, B ) .  Another thick bed of coal 
crops out on the brow of the ridge north of the saddle, md midway 
between the two coal beds is a third bed 4 feet thick. 

The full section of coal-bearing beds on Little Gold Creek mas 
not measured, but a partial section as shown in the smdI pointed 
hill on the west side of Little Gold Creek, 3 miles above the mouth, 
was examined with some care. The beds here represent the base 
of the group. They lie horizontally, and some of them can be followed 
all the way amund the hilI. The section is as folIows : 

Ft. C, 
Yellowish weathering or buff shale -,-------------- 10 

18 
Bone--,,,----------,----L---------------------- 8 
m1,,-,---------,-,,----------------------------- 18 

i3 
E 

Dark may shale-,----------,---,-------------- 10 
Light gray 20 
Buff wndg shale-,----------------------- 3 
Fufe sandstone, f nirlg hard ....................... 2 6 
Huff ~halc,---,,,---------------------------- 5 
Coal---,,,-----,--,--------------------------- 30 
Bbnly sandstone ,I-- 4 
 coal--,----,,,-----,--------,_-----^------------ 8 
Gray  hale with mndg W, whlte mad, and bony 

mal,,,-,--,,---------------------------- 20 
Bandutone and hale. ThZs member contains maqv 

large bonfflery and Inntnstic white mndstone 
bodica probably p r d u  by ~roslon. Fkirly hard 
hnt rendilg picickd down and crumbles under 
Bngem ----,,--- - 1m (?) - - 

1@3 8 

Probably not fewer than 20 beds of coal, ranging from R fern inches 
to 8 feet in thicknss, are exposed in the west wall of the basin nt the 
head of the d1o1.t creek west of Little GoId Creek (pl. 7, A ) .  The 
stratigraphic section there compriwies at least 600 feet of 'beds, ss 
hns been nated nbove, Tro thick Ms of mal--+ne 8 fwt, the other 
5 feet--crop out near the bbnsp. of the exposed section. A third bed, 
4 feet thick, crops out near the middle, and a persistent fourth bed, 
3 feet thick, is exposed near the top. The many thinner beds are 
distributed thraad~out the settion. 
On Sarpnt Crmk no continuous section of the coal-bearing beds 

is expaml. The m k  runs nearly east from the saddle in the ridge 
nnd exp~sa tho k1.s intermittently for a distance of about 1,500 feet 
east from the axis of the ridge. The beds rest on scllist and dip 
toward the southwest. The basal white quartz bed is not ~incovererl 
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at the schist boundary but is evident by an abundance of angular 
quartz fragments in the creek at this point. On going west up the 
stream h d  a short distance one &st finds evidence of an unexposed 
coal bed. A few yards farther upstream a bed of poor cad, 4 feet 
thick, with sonthwesterly dip, appears. Then follow beds of hard 
bluish-gmy grit and fine conglom~rltte with a maximum dip of 4" 
SW. Abut 1,000 feeh upstream from the schist boundary a hori- 
zontal bed of coal, 4 feet thick, is underlain by imn-shined clay 
containing mica in fine sales, and overlain by soft, h e l y  banded, 
pUowish sandstone. This bed of clod continues upstream abut 300 
feet but is nncovemd in only ra few places. No further expmnrea 
appear along the creek above the coal outcrops. 

AGE! AND CO-TION 

Fresh-water deposits of Tertiary age are widely distributed 'in 
dlnska. They nearly everywhere include many beds of lignitic coal, 
m that beds of this kind me almwt automatically assigned to the 
Tertiaxy ~ p h m  without much questioning, dthough the supporting 
evidence of fossils is always sought. The shale and sandstone of 
Iittle Gold C d  unfortunately are not rnaterinl fmm which to make 
good fossil collectfons; yeti some beds contrh fmpents  of plants 
that leave no doubt regarding the age of the sediments themselves. 
A mal l  collection of fossil plant fragments was made fram the fresh- 
water shale and sandstone of the small hill on the west i d e  of Little 
@ld Creek described on pages 128-129, This calIection was referred 
to R. W. Bmwn for identification and determination of w. 
Although the specimens were pmr, Bmwn identified t h m  of the 
forms tentatively as follows E G ~ y p ~ ~ t r l ) ~  ewmpaeu4 (Bronpiart) 
Reer, AZw BP., and Ftqm amtipoji Abich. Re says of them, L'There 
is no doubt of tho Tertiary age of them fossils, but howledge of the 
Altrsk~ Tertiary %oras is not yet wficiently detailed to permit 9 

mom precise statement of age." This statsment is a gsneml one 
applying to many other districts as well as to the C h d e  River dis- 
trict. Until recently the fmil plats have h n  regarded as iniPicat- 
jng Bcene f m the coal-bearing beds, but, as d l  Ix seen later, 
the discovery of fish rernrtins in members of the series now s u e s  a 
Miocene age for some of them. 

It is u n n e m r p  to make references to all the various Tertiary coal- 
bearing formations with which t h m  of the Gerstle River district 
might be correlated, In view of the statement by Mr. Brown it is 
evident that the d e p i t s  of the different arms are not newsmrily 
contemp~.~nmus but n a y  paddy be distributed through different 
parts of the Tertiary system. It may be pointed out, hawever, that 
Tertiary d e p i t s  a m  p m n t  on bath sides of the A l a h  within 



the drabage basin of the Delta River and lthd they are &nsivs on 
the north side of the mnge farther west in the Nenanls coal fields. 
Cappsqas shown that they aIso occur in many isolated areas along 
the north front of the range between the Nenana and Delta Rivers. 
This distribution, to@her with the chamcter of the deposits, mnkes 
it appear pmbble that, at Ieast within this region, the beds ware laid 
d a m  co~1tempmaneousIg, or wentially so. 

NENANA GHATEL 

At several places in the Gerstle River district deposits of grave1 
are e x p o d  that EPB evidently not a part of the present stream gravels 
and almost as evidently cannot be classed mong the deposits of 
glacial origin. They appear in small isolated areas within or at the 
margin of the higl~lrmd arert between the central mountain mass 
and the Tanana lowland. In places these grave1 deposits a m  uncon- 
solidated but elsewhere are slightly cemented. Moreover, the slightly 
cemented deposits commonly have a yellowish color, which dis- 
tinguishes them from those that are uncemented. Them circum- 
stances may raise some doubt as to whether the two are to be corre- 
lated with each other, but, in the a h n a  of definite evidence to the 
contrary, it has seemed best to consider them together and pro- 
visionally to regard them as belonging to tho same formation. The 
principal localities of these deposits are in the valley of Mammber 
Creek or adjacent to it and a t  the  north border of the highland areR 
west of the Gerstle River. Possibly the gravel deposits at the an- 
yon of the Gerstle River (pl. 8, A) and on the east side of Jarvis 
Cmk opposite the norkh end of the Terkiary coal-bearing beds may 
also Mong in part t o  this same group of gravel daposits, which are 
here tentatively correlated with the Nenana gravel. The deposits 
of Macomber Creek mill be considered first. 

Two northward-flowing tributnries join Macomber Creek a short 
&stance beIow the mouth of Old Channel Creek and in their lower 
c m m s  Row for a mile er more through narrow cangodike valleys 
cut in ycllm gravel deposits. These d e p i t s  are best seen at  the 
mouth of the eastern dream, when a section aver 100 feet high is 
-axposed (pl. 7, B}  . The top of this section consists of gray h l d e r y  
glacial wash conihining s I q e  proportion of angulsr schist hag- 
mentn The lower 60 feet, is yellowish-gray gravel in which are lenses 
and bsds of hard yellowish-gmy sandstone in practically horizonta1 

EL R.  be ~wnidcla moll, a-: '(J. 8. G ~ O L  Bun. MI, gcolmc 
map in w h e t .  1912. 



position. T h e  sand beds in this particular section reach a thicknss of 
30 inches. They consist mostly of quartz g a i n s  of fairly unaem size 
and contain a mal l  proportion of well-rounded pebbles sparingly 
scat ted  through them. The gravel beds are made up of pebbles and 
cobbIes of granite and quartz contnined in a sand base, which is slightly 
compacted but ctln renclily lfi picked down mith the hammer. Few of 
the cobbles exceed 8 inrhes in diameter. *I11 nre wdl-rounded and 
t*l~%e of grnnite am so much decompo~ed that they are easily mashed 
with the flat side of tho hammer. The granite in the sandstone 
lenses is hnrder than the sandstone, however, which although yellow- 
ish on the weathered surface is gmy on the unweathered freshly broken 
surface. The quartz, in contrast with the p n i t e ,  is hard and resists 
veathering, nlthougll quartzow cobbles derived from some gneissic 
rock are easily broken. The colors of the q ~ ~ a r t z  cobbles are gray and 
white. Most af them are, ~mooot.hly sounrlcd, and many present an 
~gecialIy attractive apponranco wlien wet. Some are bmdad and 
look liko agate. 

E.qostlres of the pellowish pwavcl continue up the c& for nearly 
1 mile, but as the cl~rtnncl of the creek r i m  the thickness of yellow 
beds in sight diminishes and the proportion of overlying glacial wash 
incrmses. Grnvel rleposits of tllc same kind appear i l k  the banks of 
Macombor Creek abovo Old Cl~annel Cre~k,  hut there they are less 
favorably exposed for obscrvntion. It is highly probable that these 
deposits are much more widely distributed thnn these areas indicate, 
as t,he covcring of glacid wnsh rind vegetation  permit^ them to be 
Reon only in f ftvorabie p~ sces. 

Tbs yellow gmvel =,i tli o\~erlyj~~g grny gli~cial mttsh continues down 
Macomber Creek for 1 mile below the mouths of the two streams 
previously roferred to, where a small g t ~ f r l ~  joins Macomber Creek 
from the northeast. This gulch cxpbsps extensive gravel deposits, 
which nm best developed on the lower slnpr of the hill to the nort.h, 
where they extend more than 200 feet ahow the little crilek and form a 
conspicuot~s landmark because of the contrast between their color and 
that 02 the Wmk and vegetation of the hill. These deposits do not 
have a, pronounced yellow color but are yellowish white or lack the 
yellow entirely. T h ~ y  consist of decotnposd granite md well- 
rounded qunrtz pebbles, many of which h a ~ e  a distinctive grew 
luster on the fresh sarfnce. Their h~dtling was not cletermined, for 
the p ~ ~ e l  in place is covereci by the lotm mnterial that mantles the 
hill slope. 

Two mil- west-sou thwest of the mouths of the same two tributaries 
of Macombr Creek n prominent low hfl marks the highest point of 
the ridge between Mncomber and Sarvia Creelts. This hill is formed 
of well-washed grnvel containing smoothly warn pebbles and cobbla 
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of granite and quartz up to n h u t  6 inches in diameter, although most 
of the material is smaller. The greasy-looking qua&, like that just 
~nentioned, is present here also, and the similarity between this gravel 
and that described in the paragraph above is such as to lenve little 
doubt that they are to be correlated with each other. 

Ths  old trail between the Gerstle River nnd the Richardson High- 
way south of Beales Cache crosses a small creek 2 miles west of the 
river. This creek and the two branches of the next one on the west 
extend southwest~nrd into t.he upland area t~nd are s;epamtd from 
one mother by narrow ridges The points of these ridges and of the 
ridge enst of the first creek are rnacle up of bedded g r a d  deposits that. 
dip steeply north-northeastward (pl. 8, B ) .  I n e n  Acst seen these 
gravel deposits nppenred to be part a£ the material spilled over the 
ridge on the ewt by the old glacier that formerly occupied the valley 
of the GerstIe River, but, on k i n g  closely examined, they sllawed thath 
they are distinctly lxdded gravel consisting lsrgaly of woll-rounded 
quartz and grnnite sucli as was not seen in any of the deposits of 
undoubtecl glacial origin. This locality gives the best example of 
roplarly bedded,  teep ply dipping grmel beds seen during the field 
season. The tl~icknes~ of the deposits was not measured, but it 
amounts to many hundreds of feet. Such tilted beds are typical of 
the Nenana gravel in its type locality. 

BTEnCTDBE 

AN the p e l  deposits here considered as  belonging to the Nenann 
gavel formation rest undnformably on the ancient metamorphic 
rocks wherever their relntion to the underlying mcks is h o r n .  The 
question of their structnral relation to the T e r t i q  coal-bearing beds 
therefore can hardly be determi~~ed from this district as nn exposures 
of the two formations in contnct or near e ~ c h  other w e  hown. Scem- 
ingly, the beds tl~emsclves ara cithcr horizontal or only moderately 
tilted except in the locality nt tho mnrgin of tlia highlmd area near 
the G e d e  River, where t h e  dip nppronchea 40" north-northeast. 

AGE 

The exact age of the h'ennna gmrcl hns not yet been determined. 
The formatio~z is widely distributed nlang the north front. of the 
Alaske Range, but its type locnl i ty nnd most conspicuous ~~posures  
are in the vicinity of the h'ennnn River, from which it takes its 
name. It hnr been described by various w r i t m ,  but chiefly and most 
recently by C a p p ~ , ~  who proposed the formntion name originally and 
who hss summarized the f k t s  nnd opinions regarclhg it. It is un- 

'Cn~ph R. Geologp of tbe Alaska -road -on: U. 8. &I. Burvey Bull 9(YI, 
Pb 123-W, 1940. 



necessary to repeat this summary further than to state the conclusions 
which at present seem most probable. Information obtained fmm 
the Gerstle River district extends the known distribution of the Nenana 
gravel but contribntes little to a knowledge of its age. 

Up to this time the Nenana gravel has not yielded fossils from which 
its can be determined, but its stratipnphic relations furnish a 
mewre  of information about its age. In most plnces, but not every- 
where, tha gravel rests with stnlct.ura1 confomit.y on the beds of 
the Tertiary coal-bearing formation. It is therefom younger than 
the coal beds. Aa the Nenann gnvel deposits were deeply eroded, 
wide valleys were formed in them hefare the ndvanca of the earlkt 
recognized Pleistocene glwiers. It is therefore; older than the glacial 
deposits. This difference of ofge is further indicated by the ltdvamed 
decomposition of the granite cobbles and the dismloration of the 
deposits as contrasted with the unaltered state of the glacial depwits. 
One of the principal differences between the Wenana gravel and 

the conglomerate of the Tertiary coal-bearing formation is rhe greabr 
coarseness of material of the Kenana gravel, a diflemnce Ithat is 
thought to be due to a revival of vigorous erosion brought about by 
rmewed uplift of the Alaskn Range and the resulting rejnvenaGon 
of its stranms after the con1 beds were formed. The ullconformity, 
which in some places occurs between the coal beds and the Nenana 
p e l ,  is m e e d  as a local condition due to local causes--possibly 
to the overlapping of older beds by yoanger h d s  as the area of 
deposition widened or to the erosion nnd redeposition of the origins1 
M s  by later streams. Cnpps believes tlmt deposition of the coal 
beds and the Nenana gravel was a practically continuous prbcess 
marked onIy by the rejuvenation of the streams, which provided 
the comer rnabrial of the younger formation, and thut the two 
fomntions were folded and t i l t ~ d  together. Such a mclusion, if 
it is correct, leaves the determination of the age of the Nenana gravel 
dependent on a knowledge of the age of the Tertiary coal and associ- 
a M  deprr~its. For many years the age of the coal-bearing formation 
has heen reprded as Eocene, as determined from the *ndy of fossil 
plants. However, the discovery of fish remains in beds beIonging b 
the coal mries by Schlaikjera in 1936 and hi3 determination of 
their age as Miocens casts some doubt on the enxlier determination. 
Until this doubt is cloared away the nge of ths cod beds and the 
Nenana p v e l  will not be h o r n  definitely; yet there can be little 
question that the Nenana gravel was deposited during the Tertiarg 
period. 

I 

HcfilkJer, gl, M, N m  d#hem from thm mntLnentnI Terrltorg. of A h k S  : b. MU#. N4t 
Eistov Bull., w t  74 ,  a r t  1, pp. I-2q 1887. 
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w h e t h e r  this diflerence of alteration, which the granite fragments so 
often exhibit, indicates the ocumnce of two stws of gl.laciation widely 
separated in time or shows that the granite was derived from two 
diflerent sources, such as the original rock in place on the one hand and 
the weathered material of the Tertiary gravel deposits on the other, 
is dificult to determine with the eridence at hand. 

The unconsolidated deposits of gravel, sand, and silt that were 
laid down by the post-Tertiary sttreanls or deposited in contem- 
poraneous ponds and lakes require only brief attention. As a con- 
venience hi description they may bo divided into deposits laid 

, down by the more abundant waters from melting glaciers during a 
time of greater extension of the ice and into deposits formed by 
the present streams or lakes. The rlifference between them ia more 
R matter of age than of composition or structure. The h t  includes 
outwash gravel, which is widely distributed along the edge of the 

a Tanana lowlands but which can hardly be differentiated from 
stream p v e I s  that have no connectian with glaciers. The second 
comprises the flood plains of the present streams and the Tow ter- 
races adjacent to these flood plains. Undoubtedly dso some de- 
posit% formed in ponds nnd lakes are present bttt are subordinate 
to the stream gravels. KO a t t ~ r n p ~  is made to distinguish such 
deposits on the map. 
In going northward over the Ricl~ardson Righway in the vicinity 

of Donnelly Dome the traveler passes fi~st through an area of 
morainm and then, near Beales Cache, antors t h e  true lowland area 
of the Tamana Valley. This part of the lowland is a plain sloping 
gently nortllmard and showing little rslief except where the streams 
have cut into it. Soil is thin or absent, and the surface is strewn 
with cobbles and well-rounded boulders of moderate size, from 
which the finer material has been wasl~ed or blown away. Thia 
material does not differ in charwter and manner of form~tion from 
the flood-plain gravel in front of the present glaciers. It is rock 
waate that was transported and deposited by the older glacial 
streams: partly material that was contribtrted directly by the melt- 
ing ice and pnrtly morainal materid that was mworked and re- 
deposited. Terminal moraines are exceptiond in front of the prep- 
ent glaciers, and even when such moraines are formed the3 continua 
to exist for only a relatively shod time, for they are soon destroyed 
by.the shifting Streams of water corning from the ice. 

The depth of t h e  outwash grave1 deposits near the Delta River 
has not been determined but evidently is greater than the depth of 
the  alley that the river has cut in them, for the bedrock is not 



e x p a d .  This Is at least 200 feet in the Itemm between Bales 
Ceche and Jarvis h e k  Bridge, over'which the highwrrg m a  
Little is hewn about the character of the deposits except what 
may be seen on the surface, for no &ion wtts examined. Probably 
they are m d e  up of b& md lenses of unsorted and partly sorted 
stream wash, such as is seen on some of the smaller stresms. Also 
the cobbles and boulders strewn over tha surface worlld indimta that 
much of Ithe rnaterinl is worn and well rounded. Possibly the 
deeper parts of the deposih may include older stream or lltke gravel, 
such as the Nenana gravel. 

With~ut doubt the waters of all the streams of glacial ice that 
cmssedl the highIand ares ktween the Delta and Johnson Rivers 
have contributed similar p v e l  deposits to the Tanana lowland 
area- These stream deposits nild the morainal dqposits were built 
up to a level higher than that nt which present dreams are work- 
ing, and subsequently they were deeply trenched by  stream^ that 
crossed them near the border of the lowland area. 
The larger streams, such as the Delta, QerstIe, Little Gerstle, and 

Johnsun Rivera, and Jrtrvis Creek, fire loaded with waste material 
pduced  by the erosion of their  alleys and have built up wide 
fiood plains, over which their channels are continually shifting. 
In many places low gavel benches border the present flood plains 
and indicate former levels of these flood plains. 

The material of the terraces and flood plains is largely the prod- , 

uct of local ermion of the older racks, but, as already stated, it 
conbins a component of foreign glacial material and in places an- 
other component of the younger, partly consolidated deposits of 
the Tertiary ml-bearing formation and the Nenme p v e l .  

Attention has already been directed to the deposits of wind- 
blown sand, which cover errnost of the terraces and high b:ttnka near 
the larger streams and are widely distributed over the flood-plain 
a r e a  

%nd grains too heavy to be lifted and c a m i d  through the air 
for more than short distances msy still be light enough for the wind 
to move over the rmrface of the gravel bars and collect in dun% 
or temporary beds and lenses. Almost any fixed object Iike a log 
or bash is sufficient to form a, quiet eddy wl~ere the mnd 8ettl~s 
and perhaps stays long enongh for vegetation to start and hold 
i t  in place. Sand dunes 10 feet high were formed on the east side 
of Jamis Creek above the mouth of Riley Creek. 
T h e  1- d e p i t s  or wind-blm sand of the t~mme, tog&her 

with the dunes of the f l d  plains, have their counterpart in thick 
deposits of coarse gray sand that overlie the w e 1  of the etfesms 
draining the north side of the granite area east of GOsani Creek, 
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and they appear to  have been deposited by water rather than by 
wind. After Pwrvbg the granite area the streams lose their steep 
grsdients and are no longer able to move the heavy gravel, but 
they still carry a heavy load of sand, which is deposihd where 
the grade diminishes further or the wnter seeps away through the 
p v e l .  

The sand is chiefly quartz and feldspar, which give the beds their 
light-gray color. In plsm it contains considerable maeetite. 
Much of it is overgrown with limber and other vegetation, but 
where the stream channels nre cut into it, it shows a thickness of 
~eveml feet. Such sand differs from wind-blown sand in being 
coemer and having morn angular p i n s .  

Most of the smaller stream of tho district have steep gradients 
and occupy narrow valleys in which relatively m a l l  deposits of 
p f e l  have gccurndatd Some streams like the Little Gerstle 
Rive, show great quantities of grnnite boulders, and nearly all the 
streams in the district contain granite boulders in their lower 
coursa, even where no granite crops out in the vicinitg. 

Same of the unconsolidated deposits n M r  the streams are difficult 
to classify. On the west side of the narrow valley of July Creek, 
commonly h o w n  as Fourth of Jnly Creek, and about 2 miles above 
ita mouth is a d i m  of yellow-weathering, mconsalidated material 
fully 200 feet thick. The lower two-thirds is a fairly homogeneous 
glacial strewn wnsh with many boulders and sb crude stratification. 
'The lower half of the upper third is made up mostly of fairly 
fine gavel without hulders bnt with lenses and one persistent bed 
of glacial wash 20 feet thick The remainder is glacial wash with- 
out ~tmtscation and is not so coarse as that forming the base of 
the section. On the top is wind-blown sand. These deposits except 
the sand were evidently laid down when the July C ~ e k  glacier 
was more active than now. 

Other streams, as Jamis and Mmmber Greeb and the Gerstla 
and Little Gerstle Rivers, show analogous sections with an alhr- 
nation of sorted and unsorted material. These deposits am the 
product of the more recent glaciation. 

The events that occurred during the earlier geologic history of the 
Gerstle River district are obscure. This is due largely to the absenca 
in the district of most of the sequence of deposits that make up tho 
-logic column repment.ing Paleozoic and Mesozoic time. No 
Mwzoic ~dimentary rocks are pmmt, nor are any rocks that can b 
defmitely assigned to the Paleozoic. Even tho Cenozojlc is sparingly 
represented. The oldest sedimentary rock of the district were mostly 



sandstone and shale but are new so greatIy dted that their original 
charactm is I&, and any fossil remains that they may have contained 
are completely deatmyed so far as is h o w n  at p m t .  Tentatively 
t h y  have been comlated with the Birch Greek schist, which, as 
explained by Mertie; is the designation now ussd in dmcribing the 
Yukon-Tanana region to include "all the older pre-Cmnbrian mks 
that were originally of sedimentary origin." Future work may show 
that  the metamorphic sedimentary rocks of, the Gerstle River district 
are partly or wholly of Paleozoic age but no evidence in support of 
this possibility is at hand. The mcient sedimentary beds may have 
included lava flows or tufl beds, but, i f  so, thesa mcks were not w g -  
n i d .  However, the sediments were intruded by igneous granitio 
rocks at different times and took part in mountain-building p r m  
by which they wem altemd to txhist and gneiss, as ws see them now. 
These changes probably are the r d t s  of repeated application of the 
forces that produced them 

Not until relative1 y l a b  geologic time did e m t s  take place that I& 
clearly understandable m o d s  of their occurrence. Some time in the 
ltbte Mesozoic the land mas raised above the sea, and the formation 
of the p m n t  Alaska Range began. This mountain-building move 
ment ssems to have baen intermittent in ch~mter and was made up 
of periods of elevation of the land wpamed by perids of quiewenm. 
During periods of uplift erosion was arxelemtsll. During quiet 
periods the procesm of erosion p d e d  at a. gradually diminishing 
rate ; get at times reduction of the land was fisr advanced. 

AA a result of one such period of erosion the nomarine Tertiary 
coal-be~ring beds were formed. A11 the evidence, not only from the 
Garstle River district but from elsewhere in centrd Alaska, tends to 
show that in early Tertiary time the land had long been .above ssea 
level and had taken on the characteristic features of mat= 
iapography. It WM not B monohnuus lowland, radud'  practically 
to sea level, but p s s e s d  considembIa d ie£ .  Its hills and mom- 
t a b ,  however, mere old and smooth-featured rather thsn rugged like 
the present Alaska Range. Lowland areas existed, as is evident from 
the character of the deposits that were formed and the vegetation that 
.grew* 

The Tertiary deposits are fresh-wster deposits and accumulated on a 
land surface w h  streams of low p & e n t  and quiet watars pre- 
dominated. They are mado up of &ale, sand, and fine conglomerate, 
and never since their formation have they h e n  d e p d  below sea 
level. The he, welI-sorted and well-stratsed gravel, sand, and shale 
are not the product of rapidly flowing and actively eroding streams, 
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They were laid down in the quieter waters. The coal beds inter- 
htratified with tho sand and fine gravel are fossil remains of beds of 
p t  and other vegetation that grew on the surface just as similar 
vegetation grows today. 

AS has been hated by Capps:O the long-continued, orderly fom- 
tion of the coal-bearing beds appears at last ~AI have been intarrupted 
by a renewal of the uplift in the Alaska Range and rs consequent 
rejuvenation of streams flowing from it. This in turn led to &a 
rapid production of coarse gravel and sand. n u s  the cu-P de- 
posits of the Nsnana gravel were built up on the her w g  beds 
of the cod-bearing group. 

Deposition of the Nenana gravel =ems to have immediately pre- 
ceded the next notable event of the geologic historg of the Gerstle 
River district, that is, the gradual mset of a period glaciation. Al- 
though t h ~  history of gJaciation in most of Alaska is not fully under- 
stood and evidenw has not been obtained to show that the alternating 
&ttrges of advance and retreat of the ice front that took place in smth- 
ern Canada and the northern United States during Pleistocene time 
had their counterpart in Alaska, it nevertheless is fairly well estab- 
lished that at least two stages of advance and retreat are indicated 
by glacial deposits along the north front of the Alaska Range and 
the east front of the WirangeU Mountains. Perhaps the most con- 
vincing evidence is found in certain deposits on the Whit. River, 
where.Capps 'l examined b& of gravel, soft shde, and a little sand, 
"intempted by sheets and lenses of glacial till in different stages of 
induration and by lava flows." Thesg beds were locally tilted and 
deformed md wem overridden by later glaciers. They were evidently 
much older than the more widespread glacial deposits uf the region. 
No similar evidences of early glaciation were seen in the Gerstle River 
dist;rict, although the presence of morainal deposits containing deeply 
weathered granib hulders in contrast with morainal deposits in which 
the boulders am unweathered may have a bearing on this question. 
T h e  weah- of the evidence from weathered and unweathered granite 
boulders lies in the presence of weathersd boulders in the Tertiary 
gravel deposits, particularly the Nenana gavel. The weathered 
boulders in some of the gIacial moraines may have been derived 
from this s o m  so that it would be necessary to prove the so- 
of the boulders in order to distinguish older weathered gIacial deposits 
fPom more recant unweathed deposits. 

The more recent gIaeiation must necesmriIy have destroyed much 
of the evidence of older glaciation in those amas where both took 

'Capps, 5. R., Qeo1og3 ot tbe Alar&a Railroad regloa : U. S. Geol. h w e g  Bull. 80'1, 
p 125,1840. 

Cappa, 8. R, The Chlrrms-Wbite IUver dhtrict, dlaslra : U. 9. Qwl. Hamey Bull. 680, 
Pp. flS-87. 1918. 



place, pnrtieularly in an aretl of Alpine glaciation such as the one 
treated in this report. OnIy where the earlier glnciers extended h- 
yond or above the limits of the more m n t  ice cover would the evi- 
den- of the earlier stage be likely to be pmrved. So far as is 
known, most of the morainal deposits that have been described belong 
to the more m n t  stage of glaciation, which probably corresponds 
with the Wisconsin stage of the northern United States. 
As the accum~~latim of snm and ice in the high mountains pad- 

 rally went on, icefields covered mere and more of the intervening 
ridges, and stmm of im were extended down the valleys till finally 
the maximum advance was attained. This advanced position may 
havs been maintained a long time, but event~~ally a reversal of the 
who18 process began. The @nerd aclvance and &rent of the ice 
were probably not cuntinuous but were broken by minor fluctuations 
of advance nnd retreat, all of which' required a long perid of time 
for its nmmplishment. During the general ~dvance the valleys wem 
widened and draigl~tened and were swept clean of any untsonso1i- 
dated deposits that may have been present. During the retreat the 
buden of rock debris carried by the ice was released and left to lie 
as it fell or to be sorted and redistribukd by the streams. The same 
p m e  are irr operation at present but because of the redrtction in 
t,he extent and voIume of the ice are less effective in bringing about 
changes in the topography then formerly. 

A very recent evcnlt in the history of glaciation of the district is 
of such interest rto the public in enem1 ~ n c l  to stadlrnta of glacintion 
in particular thnt it merits born than passing notice. This evcnt 
is the spectacular ndvance of the Black Rnpids Glacier, wlrich twk 
place in the minter of 1936-37 and is described in another sec- 
tion of this report under the heading, uBlack R~pjds  Qlacier." 

Just when prospecting b e p  in the Delta River district is not 
known to the writer. Some of the stampders to the Copper River 
Valley visited the upper Delta River in 1899 or 1800. Act i~e  pros- 
pecting in the country on the north side of the Alaska Range, e ~ s t  of 
the Delta River, hen about the time of the discovery of plmer gold 
in the Fairbanks district md was carried on by a fcw men, most of 
whom made Fdrbanks thdr headquartem and base of supplies, 
although others came into the district from the Copper River Valley. 
These men were in search of placer gold and gave their attention 
chiefly to the creek p w l q  yet did not wl~olly neglect the posriibility 
of finding lode deposits. The remains of their cabins, their old gl~lice 
boxes, and the pits they dug may still be seen, but their efforts to find 
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deposits that could be worked with profit met with little BUCC- and 
most of them left for more promising diggings. At present no 
mining and litkltle prospecting is done in the districk. 
In certain respects the geologic conditions seem favorable for the 

uccumnce of gold and other valuable minerals. The old schists and 
p e k e s  are cut by numerous granitic intrusive hdies  of sizes rang- 
ing from thin dikes and sills to large irregularly shs-ped m m ,  and 
all underwent profound erosion during which many b u n d d s  or 
thousands of feet of rock was removed and the heavy minerals were 
subjected to concentration. 

Qlsciation, however, swept from the valleys most of the unoonsoli- 
dated deposits produced by erosion and probably with them the heavy 
minerals, such as gold, t h ~ t  may have been cwcentrated in the gravels, 
Furthermore, tho present stream gravels in most places are so filled 
with granita bouIders that placer mining would be both difficult and 
expensive. 

Most of the prospecting for plncer p l d  has hen done in the area 
that includes Ober, darvis, and Macombr Creeks. Judging by the 
evidence of cabins, pits, anti almndoned equipment, Ober Creek 
received most attention. At the forks of upper Oher Creek, 4 miles 
northeast of Donnellp Station, several holes were sunk in gravel that 
is reported to have yielded fair prospects. The country rock is sclzi~t. 
The p u n d  is shallow and frozen, as is indicated by an abandoned 
h i l er  that was used for thawing. This part of Ober Crcek is near 
timber line and originally had a scanty growth of spruce, mod of 
which was cut for fuel and cabin logs. Probably much of t,he wood 
used for firing the boiIer was hauIed n considerable distance. 

Nearby, across the narrow valley to the southeast, prospecting h ~ s  
hen carried on mom recently. A small strenm comes down from the 
ridge on the east, ctrtting deeply into the light-gray yellow-weathering 
schist but building up its channel in the. wider valley of the main cre~k, 
The rocks of the gulch are leached, faulted, and otherwise distnrbetl, 
so that they are conspict~ous on the hillsidw An automatic dam for 
sluicing and old pits at the mouth of the gulch show that some work 
wm done here, but the  result^ wer!re not learned. A miner's notice 
showed that the pound had been restaked m n t l y .  

Little Gold Creek, which is tributary to Jamis Creek, flows along 
the east border of the Tertinry coal-bearing formation. It would 
seem to be favorably situated for receiving and preserving any placer 
gold that may have been deposited with or reconcentrated from the 
Terkiary gravel and is reported to yield a little gold but not in paying 
quantity. 

Macomber Creek, in its middle m u m ,  and the stmms that come 
into it on both sides have entrenched their chmneb in ra deep deposit 



of unconsolidated materid that is partly Nenana grave1 and partly 
glacial wa~h. Although a little gold is reported to be present in some 
of the gravel, no deposits of commercial value were found. This state- 
ment applies aIso to Pegmatite Creek, a tributary of the Little Gemtle 
River. 
The search for lode deposib has met with no htter succsgs than 

the search for placer gold. In the absence of opportunity to  talk 
with men who prospected the district little information concerning 
the work they did was obtained. Some evidence of their operations 
horrever, remains o n  the ground. In the early days the district 
was remote from settlements, but the physical conditions for proqwt- 
ing were generally favorable, as exposures of the countr~~ rock are 
excellent in comp~rison with other places, where vegetation is more 
abundant and the overburden of unconsolidated material is greater. 
A striking feature of the geology is the abundance of white vein 
quartz. Veinlets and small lens& of ¶mart follawing the linm of 
foliation make up a large proportion of the schistme rocks. Larger 
veins, mostly of a different genemtion, follow the joint and fault 
planes that cut the schist Some of the veins are mineralized. 'The 
writer found galena in stringers of quartz on a ridge northeast of 
the old cabin on upper Macomber Greek, and the gravel of some 
streams carries colors of gold, as has already besn pointed out. 

Prospecting for lode deposits was carried on at ssveral widely 
separated localit,ies in the district, including the valley of the 
stream that comes into the Johnson River from the east, opposite 
the south end of the valley between the Little Gerstle and Johnson 
Rivera, and Bradford Greek, which is a w&rn tributary of the 
Gerstle River. . 

The kt-known lode prospect of the district is a. strong vein of iron- 
stained quartz on Gunnysack Creek south of the Rapids Roadhouse 
on the Richardson Highway. This vein has been known for many 
years and was described by Capps.12 The vein crosses the creek about 
a quarter of a mile from the highway and cuts contorted quarteitic 
mica schist which forms the canyon walls on both sides of the stream. 
It is irregular in form although persistent, stands nearly vertical, and 
hm a thichws of more than 20 feet in places. It consists of milky 
quartz stained with iron oxide m l t i n g  from the weathering of 
pyrite. Very high assays in gold were reported when the vein was 
first examined, and a short tunnel was driven to test further the 
value of the deposit, but the results wem disappointing and the work 
mas discontinued. 

"C~BW, 8. B., The BonnlfleId -on, Maah : U. I3. Geol. Survey BuU. b01, p 54, 1812. 
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COAb 

The Tertiary coal depmits between the Delta River a i d  Jarvia 
(/"reek appear to have aroused v e q  little interest, although a con- 
siderable quantity of lignitic coal is available for use if any local de- 
mand shouId arise. A demand for coal, however, is unlikely while 
wood is as plentiful and handy as at present and while the only users 
are the rosdhouse propriotom and trappew. 

The ma1 beds nre easily accessible from the Jzrvis C m k  side of 
the ridge but a climb of 1,200 to 1,500 feet in a distance of 4 miles 
would be required to reach them from the Richardson Highway 5 miles 
north of the Rapids Roadhouse;. This climb would not be prohibitive 
if the coal wem in demand. 
The occurrence of the coal and its ~ssociated beds of sand, con- 

glomerate, and sandy shale ha8 already been dexribed (pp, 127-131). 
The b s t  exposures of coal are on tho west side of Little Qold Crack 
near ib  head and on a little unnamed creek that flows almost parallel 
to Little Gold Creek on the west. Either of these localities is easily 
accessible f mm Jarvis Creek, but the one on the smaller meek is m e -  
what doser. 

Near the barn of the settion on the smaller creek two beds of coal 
5 to 8 feet thick, mp1~mted by about the =me thiclmegs of soft gray 
shale, crop out close to the chnnnel. On the ham hillside above these 
two beds are many other thin beds of coal extending nearly ta the top 
of the r i d p  on the \v&. The next largest and best appearing Led is 
in the middle of the d o n ,  nearly 300 feet above the two beds first 
mentioned. This bed is m e w h a t  thinner, but tlie coal is clean and 
bright. A11 the beds lie practically horizontal. 
In the saddle btween the head of Little Gold Creek and the small 

tributary ta Delta River two beds of coal crop out, ana about 100 feet 
above the saddle nnd the other on the point of the ridge above, on the 
north The lower bsd is 10 feet thick, and the upper one sliglltly less. 
These beds are not exposed continuously along ths wmt side of the 
valley of Little GoId Creek, being hidden under the loom rock frag- 
ments and vegetation, but undoubtedly these and other beds are p r ~ e n t  
and could be found by removing the overburden on the hi11 slope. 
The m~l l  hill west of Little Gdd Creek from which the -tion 
(p. 129) was derived contains a bed of coal 8 feet thick that may 
well correspond to the lower bed at the head of the cmk These 
M s  are all horizontal and could easily be worked. Although the 
coal is not of high grnd~ j t would be suitable for local rise. 



BLACK RAPIDS GLACIER, ALASKA 

ABSTRACT 

The Black Rapids Glacier is one of the many glaciers of the Alaska Range. 
I t  belongs to the Delta River drainage and occupies a basinlike valley with a n  
area of approximately 150 square miles west of the Rapids Roadhouse on the 
Richardson Highway. In  the winter of 1936-37 the active front of this glacier 
made a sensational advance of more than 4 miles, a n  advance which clearly is  a 
recurring event, a s  the evidence of several former advances is seen in old terminal 
moraines outside the present front. These advances take place after intervals 
of many years, during which snow and ice accumulate in the upper valley a t  a 
rate greater than that a t  which they are  dissipated, till a t  last they overcome 
resistance to pressure and begin a brief, rapid mol-ement. The pressure required 
to initiate the movement is greater than that required to maintain i t  after it  
has been started, and the advance of the glacier continues under diminishing force 
till i t  finally ceases and a new cycle begins. 

INTRODUCTION 

Early in 1937, newspapers published accounts of the unusual be- 
'havior of a practically unknown Alaskan glacier, which after years 
of quiet had suddenly begun to advance at an extraordinary rate. They 
referred to i t  as the Black Rapids Glacier and thus familiarized many 
persons with the name of a feature of the Alaska Range that hitherto 
had been of particular interest only to local residents and a few trained 
observers. 

The movement of the glacier as described by the newspapers was 
so remarkable that most of those who read the accounts and had some 
knowledge of the nature and habits of glaciers were inclined to accept 
the accounts with a good deal of reservation. The Geological Survey 
received many requests for pictures, maps, and information about this 
natural wonder, but although the front of the glacier had been mapped, 
its unusual character had been noted, and a few photographs had been 
filed, the Survey unfortunately had comparatively little information 
available for distribution. I n  September 1937 the writer, in com- 
pany with T. 7.Y. Ranta, topographer, had an opportunity to spend 
several days a t  the Rapids Roadhouse and learn at first hand some- 
thing about the glacier. The roadhouse is at mile 233 on the Richard- 
son Highway, which connects Valdez on Prince William Sound with 

146 



BLACK WIDB GLACIER, ALAS= 147 

Fairbanks in the Tanana Valley. It is directly across the Delta River 
Valley from the glacier and only 1 mile distant, so that i t  not oldy is a. 
favorable place for observation but mouId have been a dangerous 
place if the unusual movement of the ice had continued for only m short 
time longer. 

PBIYBXCAL FEATURES OF THE AREA 

h one sense the name ''Black Rapids Glacier" is not appropriate, 
for Black Rrtpids is a feature of the Delta River and not of the 
glacier or of my part of its valley. In another wnse the name is 
appropriate, for the rapids owe their existence, partly at least, 
to the great quantity of debris contributed by the glacier and by 

stmm flowing from its valley to the gravel deposits of the Delta 
River. This debris, by raising the 0 o d  plain of the river at  this 
place and by @Ping the stream a gradient higher than average for 
a short distance to the north, produces the rapids. 
T h e  Delta River rises in the Tangle Lakes of the northern part 

of the Copper River Bash and Aows northward through a deep can- 
yodike valley directly across the AIzska Range to  the Tanana River. 
The upper river is a beautiful, clear stream of water, with gravelly 
bottom and wboded banka, but too deep for fording with horses 
in mod places. &fore it renches the entrance to the canyon through 
the Alaska Range it w i v e s  the water of two glaciul streams, one 
on the west and one on the east. Soma miles farther downstream, to 
the north, it receives water from the Canwell and Caher  Glaciers on 
the east, and then, just as it passes the nxis of the Alaska Range and 
is about to enter the area of the lower hills that border the range on 
the north, it is joined by waters that flow from the Black Rapids 
Glacier 9n the wsst. All these glaciers are active and discharge a 
large-volume of black, dirty water, which destroys the beauty of 
the clear stxeam, flowing from the Tangle IAws and the small 
tributaries o f  the upper Delta River. 

The valley or basin in which the ice of Black Rapids Glacier a& 
curnulatea and from which the glacier flows Bes in the he& of the 
Alaska Range and is surrounded by snow-covered mountains that rise 
to 13,000 feet on the north side of the basin and to 9,000 feat on the 
south sida The maximum relief of the mountains adjacent to 
the basin is thus ever 10,000 feet, for the altitude of the bench mark 
in front of the Fhpide Roadhouw is 2,129 feet. Much of the rim of 
rnounhins about the basin is ahva the line of perpetual snow. 
Every minor  alley within the basin is occupied by an ice stream. 
The many tributaries from the minor valleys unib to form the main 
glacier, which finds its only outlet in the straight, narrow, canyon- 
like depression lending to the Delta Valley. (See pl. 10,A.) 
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The valley of the Black Rapids Glacier is not easily accessible 
because of the necessity of crossing the Delta River in an unusually 
difficult place. I f  it were not for the fact that the mountains about 
the basin are good hunting country and that trappers have run 
tpheir trap lines into the valley in winter when the streams are frozen, 
it is doubtful whether it would have been visited at all. 

EXPLORATION AND MAPPING IN THE AREA 

Apparently, the first white men to see the Black Rapids Glacier 
or, at  least, to note it were members of the military expedition that 
Capt. E. I?. Glenn led in 1898 from Cook Inlet, up the Matanuska 
Valley, across the Copper River Basin, and down the Delta River 
Valley to the mouth of J.arvis Creek, within 7 miles of the Tanana 
River. W. C. Mendenhall, now Director of the Geological Survey, 
was a member of this expedition, and "Col." H. E. Revell, now de- 
ceased, who later owned the Rapids Roadhouse, was also a member. 
Mendenhall,la in his account of the expedition, reported that the 
glacier that comes into the Delta Valley from the west, 12 miles 
below the Castner Glacier, showed a fresh moraine and seemed to 
be subject to more rapid fluctuations than the glaciers above. 

I n  1910, D. C. Witherspoon and C. E. Giffin mapped topographi- 
cally the south side of the Alaska Range from the Delta River west- 
ward to the head of the Susitna River. At the same time, J. W. 
Bagley mapped.the north side of the range from the Nenana River 
eastward to the Delta River. As part of his project Bagley mapped 
the front and lower end of the Black Rapids Glacier, but both he 
and Gillin stopped their survey at the high crestline that surrounds 
the valley of the glacier, so that the area within-approximately 
150 square miles--has never been surveyed and the body of ice shown 
on the published map as occupying the upper part of the valley is 
largely diagrammatic. Bagley used a panoramic camera in his 
topographic surveying and took pictures of the lower end of the 
glacier. S. R. Capps, who accompanied Bagley's party as geologist, 
also took pictures of the lower valley. These pictures are not fully 
satisfactory, however, for they were taken in unfavorable weather at 
the end of a long field season when the party was making all haste 
to reach Valdez before snow had closed Thompson Pass. Although 
Bagley's field work was done in 1910, his map was not published 
until 1912 and bears that date. This fact has not been understood 
by some who have written about the glacier. 

abfendenhall, W. C., A reconnaissance from Resurrection Bay to the Tanana River, 
Alaska, in 1898: U. S. Geol. Survey 20th Ann. Rept., pt. 7, p. 328, 1930. 
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The OeologicaI Survey did no further topographic or p l o g i c  
mapping involving the Black Rapids Glacier from 1910 until Rmta 
mrveyed  the f a n t  of the glacier and its lower valley in 1937. . 
However, the *cent advance of the ice aroused much general inter- 
est and led to studies by several observers outside the Survey, par- 
ticularly 3. H. Hancs l4 and 0, W. Geist of the University of AIask 
Two representatives of Bradford Tlrashburn of the Hnmnrd Insti- 
tub of Geo~raphical Exploration camped near the glacier and made 
ohmstions on it in July and Au* 1937. Members of the A l a h  
&ad Commisslon, fearful thst the auvance of the ice might inter- 
fere with the operation of the Richardson Higliway, also watched 
the glacier in the earlier part of the year. 

Rantah topopphic survey, which cove& the vicinity of the 
Rapids badhouse, was m ~ d e  p r h r i l y  to fill in a gap between 
Bagleg's map and a map of an area surveyd by Gmld  FitxGerald 
in 1936. Though the area to be covered by the new survey was east 
of  Ithe Delta River, it was most conveniently situated to furni~h an 
opportunity for mumeying the front of the Black Rapids Glacier. 

CHANGES OBdERVED X N  THE QKACIER 

The glacier as Bagley mapped it in 1910 and as Ranta mapped it 
in 1937 is shown in figures 5 and 0, The front of the ice as it 
appmmd in September I937 is shown in plate 11. I t  ja impoi-ttmt 
to notice the basinlike form of the upper valley and the abrupt chnnge 
in-direction of flow as the ice strenrn enters the narrow outlet that 
leads to the Delb .Valley, for  this doubtless had a p a t  influenw 
w the change In the glacier that took place in the winter of 
1936-87. 

Bagl~y's original map shows an embayment of the ice on the south 
side of the glacier that extended fully 1y2 miles back of the present 
front. The lobe on the north side was well beyond the present front 
and is now represented by debris-covered hillocks of ice that have not 
been overtaken in tho m n t  advsnce. 

It is importttnt also to  notice the form and position of the old termi- 
nal moraines that h n C a  outlined on the map. (See fig. 6 and pl, 10, 
B.) TWO such moraines are readjE y distinguishable. The outer mo- 
raine, which is necessarily the older, was more than three-fourths of .a 
miIe byond the face of the gIwier ~s it exidid in September 1987. 
This momine, thouqh not continuous, is well-defined and is marked by 
heaps of glacis1 debris When it was form& the end of the glacier 
was decidedly bulbous, and the parts of the moraine at the south border, 

" Etrnn. 5. R, !Fhe recent advance of Black anpIds Olaclcr : Jour, CZsolm, pp. 776-388, 
Octdber-Nmembcr 1037. 



Firmum 8-Map of M n m  W n  o t  Black Raplda Glacier M mrreyed by J. W. Baglep 
In 1810. The outI1nt of the gladm front la s h a m  with tha acrtlracr regalred by the 
& 01 tbe m p ,  but the form of the  glacler la Itu upper part la appmxlmate. 
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growam &-Lower part of Bhck Bagid8 Ohcler m ~ m r e p d  by T. W. Ban- hi 1857. 
Twa old m n ~ n t r l e  terminal moraines are nbown, and W sn old momhe at the north 
~ p d  ui the ~ I a c l w ,  which, l ike tbe termlnnl matnlnes, wna not rencbed by the ice In it* 
reemt advance, 
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contraued by the contour of the ice margin, trend east-west, or directly 
amss the Delta River Valley. The inner moraine is about half a mil6 
beyond the present front of the glacier. It is lower than the outer 
moraine but is continuous, or practically go, for it is broken through by 
only one m a l l  stream flowing from the glacier. From a dlstanoe it 
resenib1a a railroad embankment but is somewhat higher at the north 
end than at th0 south. Both these old mominea are tmcated by tha 
Delta River and are plainly visible at the edge of the Iow gravel ter- 
race on the west side of the river channel. Although originrally the 
moraines must have reached almost to the higher, timber-covered bmb 

- on the east, the riyer probably was able to  maintah its channel between 
the im front and the high bench, for it shows no evidence of having 
flowed over the bench. However, the possibility that it overflowed 
requires further investigation. 

The weak point in all the accounts of the ice movement that took 
plm in the winter of 1936-3'1 is the lack of accurate knowledge of the 
condition of the ice and the position of the active glacier front when 
the movement began. BagIey7s map (1910) suggcsts that white ice, 
which would probably be moving ice, extended almost to the position 
of the present front. Cappd fieId notes, on the contrary, state defi- 
nitely that no white ice appeared below the forks, or the place where 
the recent rapid movement was first noticed. It seems more likely then 
th& even in 1910 a considerabIe part of the Iower valley was occupied 
by relatively stagnant, debris-covered ice. This is the condition that 
has been described by some of the earlier observers. 

From the statements of people who have huntA or trapped in the 
valley of the lower glacier, it would wrn that in the 27 years since 
Bagley mapped the front of the ica the embayment on the south side 
was errtended considerably farther upstream through melting and that 
p& of the valley below the turn was occupied by a &'dead glacier: or 
heaps of stagnant ice covered with morainal material. It is possible 
if not probable that the flood-plttin gravels of the lower valley were 
underlain by ice, on which the advancing glacier may heva coastad in 
its rapid movement, ar which, mom Likely, helped to transmit the 

, thrust from above and was plowed up as tha glacier advanced. 
The Rapids Roadhouse or hunting lodge is on the east side of the 

Delt River but is directly in line with the lower 5-mile stretch of the 
glacier and Iittlg more than a miIe from the preseht f rbnt  It is now 
owned by Mrs. II. E. Revell, who related to the writer the story of the 
advance of the im as she saw it. The valley of the Delta River is the 
mute followed by airpIane piIoh in traveling between Fairbanks and 
points Xong the Copper River or the coast towns of Valdez and Cor- 
dova. Information about weather conditions in the Delta Pass is 
e n t i a l  to them piloh and is furnished by Mrs. Revell. She is an 
o b r v e r  for the Weather Bureau station at Fairbanks, is provided 



with the usual instments--wch as thorn for determining wind veloc- 
ity and precipitation--and makes regular reports b the in Fair- 
b w h ,  as well as special reports when they am called for. The Delta 
Pass is dosed to mgu1ar travel along the highway in WinEer, so that 
probably littIe, would be known about the movement of the Black 
Rapids GIacier if the Revells had wt o m p i d  the madhouse in winter. 

The story of the advance of the glacier as told by Mrs. Revell is in 
substance as follows: During much of November 1936 the occupants 
of the roadhouse felt earth tremors and heard noises coming from the 
wuthwest, the dimtion of the glacier valley, Mm. Revell supposed 
these to be caused by esrthquakes, which am not uncommon in the 
Alaska Range, and reported them ns earthquakes ta the Weather Bu- 
reau, On the 3d of December, while sitting at the front window 
emnning the glacier valley with field glasses, she noticed that same- 
thing extraordinary was taking place on the muth side of the valley 
at the turn about 6 miles from the roadhouse, or a t  the "black points," 
as the mountain spurs on both sides of. the valley a t  that place are 
called. Qmt blocks of ice wem piled up in a jumbled mass on the 
wuth &'point," where no ice been h f o m  She reported this to the 
office in Fairbanks without arousing apparent inter&. A few days 
later, however, no question remained that .tomething mafly m m a l  
was taking place. The ice blocks now appmred at the black point on 
the north side of the valley, and a high wall of black and white ica had 
formed across the valley between the points. This waH wap made up 
of masses of broken ice of all shapea and sizes--hugn mtangnlar ' 
blmks, towers, spires, and jagged s p l i n t e ~ m e  black from the rock 
frngments they contained and some white like snow, As she watched 
the wall with the glasses from day to day she saw that the blmlts were 
jostled about and that many were gradually tilted until they toppled 
over and fell in a cloud of snow and small fragments,, followed by a 
roar and by a jar that rattled the windows of the roadhousa. Slie 
reported this to Fairbanks; nnd then for the fir& time the story mas 
given to the papem. 

Between December 3 and March 7 the wall, of ice, as it appamd to 
Mn. Revell, a d v a n d  fmm the black points nearly to if9 prasent pmi- 
tion, or a distance of approximately 4 miles. T ~ B  movement, insofar 
rts it could be seen, was not a flow like the usual movement of glacial 
ica The whole glacier appeared tn be pushed f o m a d ,  not as a solid 
unit but as a mass of jumblad blacks moving on a gently sloping sur- 
face. Xt ~ m e d  tu glide rather than to roll. Bushes and mks were 
not overridden but were caught up into the ice. The movement was 
not uniform amom the front. A bnl* or Iabe formed at onepint ,  
then at amother, and finally the part k w e e n  the l o b  WBS f d  ahead 
tiLl the line was regained. hi t h i ~  way the whola f mnt margin of the 
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ice was rapidly & a n d  down the narrow vdley. f i t  whether the 
whole mass of glacial ice was actually thrust forward so great a db- 
tan# or whether the wall-like front was not in some degree the effect 
of an advancing warn of disturbance that taok place in the Btagnant, 
moraine-cove& im of the lower vaIley is not apparent from the 
known f d a  

The present front of the glacier has caused less displacement of the 
old flod-pl& gravels than one might expect. In places the dihedral 
angle formed by the ice wall and the p v e l  plain is clean-cirt. In 
other places the roots of the vegetation hold the surface material to- 
gether m that a all  or wrinkled body of turf is present at the line of 
joining, although it is nowhere especially conspicuous. 

During the rapid movement of the glacier in the early part of 1931 
the iea front waa steep, but in September it was much lass so, for the 
broken MMks, exposing a large surfam to ths sun rand air, had m d M  
rapidly. On the other hand, the sides of the glacier are remarkably 
deep and in many places perpendicular, and they show much less 
tendency to spwd into side gulches than would be expected. Black, 
dirty ice genemlly makes up the sidm of the Iawer glacier with whib 
ice between, although black ice is there also. The surf= of the glacier 
ia exceedingly rough, so that waking on any part of the lower stretch 
is wholly out of the question. A study with gIassss suggests that 
h e 1  may lm possible in places on the ice above the bend; yet not 
eveqwhere, for the main glacier a few miles above shows another 
stretch of tumbled blocks that have a much steeper grade than the 
surface immediately below, which possibly indicates a mcond wave 
of forward movement, This second stretch of broken glacier ice is 
in t h ~  eastern part of the gathering basin and, mtIthough it wrms viewed 
from a dishnm and theref ore was not d c i e n t l y  examined to warrant 
a pasitivs statement, it m m s  highly impmbable that it is a cascade 
in the ice stream c a w d  by uneven bedrock in the channel. 
Ponds or s m d  l a b  t h ~ t  formed in places where drainage was 

blocked by the ice were reported by the airpltbne pilots who fly through 
fhe Delta Pam. At Ieast one such lake was seen from ths high m m -  
bins east of the Delta, F'mbably mast of these lakes are only tern- 
pomry and will be emptied as soon as the water is able to cut an 
outlet channel or force its way beneath the ice. A sudden flood of 
glacier water that came from the valley in July 1937 probably origi- 
nated in this way. Such floods occur regularly with some Maskan 
glaciers. Most of the floods are peculiar in that they are due not to 
the omdowing of a basin that hag been filled but rather to the m 
oumdation of a head, which in some way results in an escape of the 
water h u g h  a channel beneath the ioe. The flood comes sudddy 
and ends quickly, with the complete emptying of the repervoir. 
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Any estimate of the average daily movement of the glacier dnring 
the 3 months of modst rapid advance involves nnmrtainties arising 
from the apparent lack of pmise information about the condition of 
th8 glacier when the advance began. If we accept as the best infor- 
mation obtainable the statement of Mrs. Revell that the ice wall 
which she first saw forming on the south side nenr the bend of the 
glacier on December 3 hnd advanced nearly to its p m t  pmidion 
by March 7, the averaga daily movement must lmve been at least 200 
feet. It should be remembered that Mw. Revell's first ohmations 
of the movement of the glacier were made at  a distance of about 6 
miles, Later, both Mrs, R e ~ e l l  and others visited the front of the 
ice at close hand and measured the movement by referr ing to objects 
on the p m d .  

Ranee," in Itis excellent description, s~y3 that fsom his own obser- 
vation from tha Richardson Highway in f 936 and fmm the obsema- 
tions of others he would place the front of the ice 3 mi le  from the 
Delta River Valley when the advance began. He states, how~ver, and 
shows by photographs taken from an airplane in February, that the 
old moraines or debriseovered ice mounts exbnded Sn unknown dis- 
tance h front of it. Basing his estimate on his own observations, he 
calcuFntes an average daily fornard moment of 115 feet ~ n d  say8 
that local obsemrs haw m e a d  a movement of 250 feet in one day. 
R. B. Shepad, of the Alaska R o d  Commission, measured an ad- 

ranm of 400 feat in 7 days, an avemp  of 57 feet a day. Geist, of the 
University of Alaska, is reported to have measured s movement of 
17 to 18 feet a day in March. The m& rapi& adv~nce was in Decem- 
h r  and January. By September 1937 it wns evident that the move- 
ment wns too mnall to attract specid attention, and, eecording to 
the Valdez Miner of Dewmber 31, Mr. Revell reported that no move- 
ment had taken plaoe in 2 months ewept unimportant local adjust- 
ments but that, sounds as of crashing ice were heard from far up 
the valley. 

The muse for tbe unusual advance of Bllnck Rapids Qlncier is not 
easy to determine. Probably more than me factor .was involved, but 
so little is known of the condition of the glacier previous to the 
winter of 1936-3'1 and so little has been Icarned since then that it is 
difficult to evaluate the factors. Baaieally, the reason for the move- 
ment of any glacial ice that is free to move is the accumulntion of more 
snow than is meIted im the e i l d o ~  Masons of the year. This snow 
is compacted and recrystalixed and lsecomss glacial ice. When suf- 
ficient ice acrmmulahs, the movement of the ice is bmught about by 

'Em Z. EL, om dt. P 110. 
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the force of gravity ; for the glacier seeks a lower level, just as water 
d- Given a fairly uniform supply of snow it might be expeckd 
that, except for seasonal differences, the mwernent of the glacier 
would be n m l y  canstant unless some unuaual outside influcnms come 
into play; and that is what appears to be t rue  of tho movement of 
most of the active Alaskan glaciers. 

An unusual movemerlt of the glaciers of the Glacier Bay BM, in 
mutheastern Alaska, which took place in 1899, is attributed ta the 
disturbing influence of a violent earthquake. Earthquakes occurred 
in the area of ths Black Rapids Glacier in 1936 and 1937, as they 
have frequently m d  in the pad, but they were not exceptionally 
violent and probably cannot be co~~slsidered es anything more than 
a contributing can= of the sdvanca of the glacier, if they had any 
iduenca at, all. 

HsnceXa made s study of tho records of precipitation for the Fair- 
banks d M c t  and ~wached the conclusion that the advanoe of Black 
Rapids Glacier in W b e r  1936 md January 193'1 was due to exces- 
sive pmcipihtion during the years 1928-32, which was about 17 
permnt above the mean fur those pars. H e  believes that excesses 
md deficiencies of mowfall are a cause of oscillation of the im front 
and that they q u i r e  abont 4 yeam' lapse of time td make themsel~es 
felt nt the lower end of the glacier. 

It seema reasonable, if not n-, to supporn that variations of 
wowfall will have an eflect on the movement of the glacier; yet it 
also seeme necessary to look for some further mnsa of the extraordi- 
nary m o m e n t  in this particular glacier, qecially as none of the 
many other glwiers in the vicinity are  ported to have had any cor- 
rqmnding movemenL Rance himself m@ tlmt records of 
precipitation at Fairbah may not fully correspond with local 
weather conditions of a basin in the klaska Rangn 180 d e s  away. 

It It suggested that the rather nnrrsud combinstion of high moun- 
, tains, a comparatively large gathering basin, and a wmtricted outlet 

provide conditions for' a superaccumulation of ice. The free move- 
ment of the glacier being obstrncted, snow and ice continue to pile up 
in the basin till a pressure greater than that required to maintain free 
flowage under more usual conditions is built up. Amy one of several 
causes, such as excess snowfall, excess rainfall, earthquake shack, or 
podbly other more obmure causes, might wrve gs an immedi~te am- 
sion for the sudden yielding to mumnlated stresses that evidently 
took p~me, although increasing pressure alone would eventn~ll y brf ng 
about the movemenk 

J* H., m. ddL, pp 78ST83. 



Experiments on ice flowage that were conducted by Talr and Von . 
Engeln l7 ah Com1I University in the winter of 1911-12 to  determine 
the nature of ice and its behavior under varying conditions of pres- 
sure md temperature appear t o  substanti& both qualitatively and 
quantitatively the principal conclusion that the writer had =ached 
in regard to the movement of the Blsck Rapids ~lacie'r~ A dwrip- 
tion of the experiment would require too much spm to permit its 
bing given here, but one important fact brought out by the investi- 
gation was that tbe flow of ice in the form of unsupported cubes sub- 
jected to increasing pressure requires a p t e r  force fox its initiation 
than for its maintsnance ltfter the flow has once started Although 
other factors, particdarly temperature, enter into the problem of the 
flow of glacial ice, the factor just given seems t o  b a r  directly on 
the problem. 
In applying the r d t s  derived frprn a study of the exprimenta 

to the behavior of glacier ice, Yon Engelurn 'made a shtarnent that 
might well have been intended for the Black Rapids Ulader. Under 
the heading C'Reservoir lag md wave of advance," he mys : 

Climatic variations, difperences in the amount of predpitation for a serlerr of 
years, determine the,general advance or  retreat of the glaclem of a #ven seglon, 
md anch clLmatlc variations are perhapa uniformly eiPectIve the world over. 
Rut Individual glaclera may exhibit phenomena of advance and retreat In a rrort 
of irregnlar pulsation apparently independent of the general dmatlc factor. 
Snch pulaatibn ha8 been aacribed to the effect of  what may be termed m m v o t r  
lag. It Is conceived that the reservoir badn of a g l a d a  muat be filled up to 
a certain level before the piemure attains a saiaciently high meamre to initiate 
flaw. Once this point la reachpd, however, the &wts due to beginning flow are 
rapidly augmented and the accnmnlated remmoir material goaw down the 
glacier tongue as a wave of advance. Such an ad~ance is followed by a longer 
mdod of wastage and mnaeqnent shrhking of the Ice tongue while the reservoir 
Is once more ftllhg. 

There is a very clom anafogy between much behavior of glaciers and that 
of unsupported ice c u b  that were caused to flow mder compreselon. In these 
mrfmenta a certain minimum presmre was n m r y  to indnce flow, but once 
flow had begun it proceeded ragidlg under dImInle;hfng pressurn. In gaciem, 
s w n r l y ,  pmwre is gmduallg augmented by the incrmslng depth of accnmu- 
lated anow, until the yield pofnt is attained, when flow begha and continnea 
at pre~mea mneh lower than those required W hitlate the advance. Daring 
the period QZ accumulation the mow and ice mass of the m l r  1s under 
practically nniform preawre and the cold snow Is being gmdually rfilsed, by 
m o w  of earth heat, to the preamre-temperature equilibrium. Once flow Is 
a t a e d  the preamm are of the nonanlform character with reuultant inmeam 
and decrease of the thiclmem of Interstitial solution and a conseqnent f m d g  
f l~ldlty of the ma= The starting of the flow is  a function of both riaEng p m  

=Tam, B. I,, and Ton an@, 0. D., Exp?imental stndleo of ice with reieRnce t o  
glncial atmctnre and motion: Zeltachr. Qletcherkaade. 9te Band, 1@14-1b, pp. 81-114, 
Idpig ,  1916. 

Idem., P. 187. 



a r e  and rising temperature; itt4 continuance and acceleration, one of ImlWtIon 
of madmum s!msaea wlth rellef by thickening of the interstlthl fllm, the recan- 
mlidatron of this excesfl liquid at goslitions of less presmre remlUng in a redis- 
tribution of atreme@. 

The mfemnoes to temperature and interstitial film of water in the 
smnd parqraph of this quotation relate to the internal conditions 
of the ica in the b d y  of the glacier. They are additional factors on 
which the flow of the ice is dependent for its beginning and continu- 
ation and were considered a t  length in the earlier part of Von Engeln's 
paper. A s  they are not peculiar to the BIack Rapids Glacier, how- 
ever, they need not be discumd here. 

Applying the ideas jnst considered to an explanation of the advance 
that took place in the glaciers of the Yakutat B y  Region a h r  the 
earthquake of 1899, Von Engeln IQ says further: 

O n e  started, the wave of advance moved very rapidly to the end of the 
glacier, apparently In the nature of a aismna nndedow which greatly dlsmpted 
the rigid upper ice layera and apparently tranmltted the eEect of its thru~t 
to the terminal mrtions of the glacier3 before the actual wave reached sncb 
points. 

Buch saves of advance are accompanied by a swellhg of the glader tsngue 
that would be extremely dlflmlt of explanation by any hypothesis of rigid for- 
ward thrust of the Ice. 

Whether Von Engeln intended that t h a  cycle of events implied in 
his description of the pmcess of ice movement shouEd be applied to a 
recurrence of accumulation, advance, and retreat involving a period of 
time as long as is suggested by conditions rat the Black Rapids GIacier 
is not evident from his paper, yet them seems to be no good reason for 
limiting the application of the cycle to short perioda of a few years. 
In hhis connection it wouId be interesting to investigate the Caatner 
and, Cmwell Glaciers on tha east side of the Delta Ri~er ,  for, although 
smaller than the Black Rapids Glacier, they exhibit some similar f a -  

, turas, particularly an open gathering basin that drains through a 
narrow outlet. 

Although the Black Rapids Glacier has shown m unnsui advanoe 
only onw since it was first seen by whita men, this was not the first 
advance but rather the last of at least three advan- as there is demr 
evidence of the earlier two in the old terminal moraines. It is prob- 
ably impossible to tell whether other more ancient advances took place, 
the evidence of which hss been destroyed. It mems reasonable to 
condude that the events of the winter of 193W7 may be repeated 
aome time in t h e  future, although if we judge the future by the recent 
past we may assume that they are not likely to recur in the lifetime of 
this generation. 

** Op. dt., p. 130. 
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