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ABSTRACT. Earl y photographs of a cirque g lacier complex in the Arrigetch P eaks o f the south-centra l 
Brooks R a nge date from Ig ll , and a re the second oldest known set of glacier pho tographs from no rthern 
Alaska. M atching pho tographs a nd supplem entary observations made in Ig62 ind icate that changes over the 
pas t 5 I yr. in this a rea include genera l glac ia l recession a nd thin ning, the emergence of pronounced trim
lines a nd pa rtia l melting of ice cores beneath recent moraines. 

Renewed post-hyp sithe rma l glacia l activity in the Arrigetch Peaks a rea atta ined two maxima in the 
recent p ast. The younger mora ines li e close to g lacier positions shown in the Ig l I pho tographs, conta in ice 
cores which ex tend practi ca ll y to their surfaces a nd were proba bly formed in the la tte r par t of the nineteenth 
century. M ore wea thered depos its, unde rl a in by ice cores a t re la tively grea ter depths, were formed at some 
unknown earlier da te. The mora ines a re corre la ted with the two-su bstage recen t Fan M o untain advance of 
northern Alaska a nd m ay correspond to da ted mid-eighteen th cen tury and m iddle to la te ni neteenth century 
a dva nces of a lpine g lacie rs in the north Pac ific coas ta l mounta ins of North Amer ica. 

RESUME. Coml;amisoll de /JhOlogralJhies de glaciers du Nord de l'Alaska . Des photogl'aphies anciennes d ' un com
plexe d 'un glac ier d e c irque, Arrige tch Pea ks, Brooks Range, d a tes d e Ig l I, et sont le d euxieme p lus a nc ien 
j eu d e pho tographies d e g lac iers d u no rd d e I' Alaska. D es pho tographics repctces e t des observa tions 
supplem enta ires fa ites en Ig62 indiquent que penda nt Ies 5 1 a nnees passees ce tte region pn'senle un ren·a il 
genera l des g lac iers, une ne tt e emergence d ES lignes de sediments e t la fonte parti e ll e des noyaux de g lace 
dans les mora ines recentes. 

D ans les Arrigetch Peaks, le renouveau d e l' ac ti vite glac ia ire post-hypsithermale passa pa r deux max ima 
d a ns le passe recent. L es mora ines p lus j eunes s'etendent prt':s des pos itions des g lac iers d e Ig ll , con tiennent 
des noyaux de g lace jusqu 'a leurs surfaces, e t se sont probabl em en t formees dans la d c rni ere pa rti e d u Igc 
siecle . D es depo ts plus erodes avec des noyaux d e g lace plus profonds ont ete formes a u ne da te inconnuc p lus 
a nc ienne . L es mora ines sont mises en corre la ti ons avec les d eux sous-periodes de la rccente avance de Fan 
Mounta in du nord de I' Alaska ct poulTa ient cOlTcspondre a ux avances des g lac ie rs da lecs d u milieu d u Igc 
siec le e l de la prem iere p a rti e d u Ige siec le d a ns les chaines co ti er-cs du Pac ifiq ue de l'A merique d u Nord. 

Z USAMMENFASSUNG. Plzotographische Vergleichsaufnalunen von Clelschem ill Nord-Alaska. F rUhere Photographi en 
e ine r Gruppe von K a r-Gletschern in den A rrigetch Peaks im SUdtc il de r zentra len Brooks R ange stam m en 
von Ig I I: sic sind d el" Zweita lteste Sa tz von G letscher-Photographi en aus Nord-Al aska, der beka nn t ist. 
Ve rg leichsa ufnahm en und e rgii nzende Beobach tungen aus d em J a hre 1962 zeigen, d ass die Vera nderungen 
wa hrend der letzten 5 I J a hre in di esem G ebiet e inen a llgemeinen G letscherrUckga ng und -schwund . di e 
Bildung a usgepragte r R a nd lin ien und d ie Abschmeizung van E iske rncn unter j ungen Moranen umfassen. 

Ncuerli che nachwarmezeitl iche G le tschervo rstiisse in den Arrige tch Peaks erre ich te n in der j u nge re n 
Vergangenheit zwei M axima. Die jUngeren Morii nen li egen na he a n den G letschersta nden, d ie in den 
Photograp hien von I 9 I I festgehalte n sind ; sie en tha lten Eiske rne, d ie bis di ch t un ter ih re O bcrAiiche re ichen , 
und wurden verm utlich ZLI Ende des Ig . J a hrhllnde rts gebildet. Stii rker ve rwi tte r te Ablagerungen m it 
E iskernen in rela ti v g riissere r Tiefe entsta nd en zu einem frUhe ren . lInbeka nn te n Zeitpunkt. Die MOI·a n en 
lassen sich dem zweiphasigen jungen Fan M oun ta in-Vorstoss vo n Nord-Alaska zuo rd nen und miigen Vor
stiissen a lp iner G le tscher in den nordpaz ifischcn Kusten bergen von Nordamerika en tsp rechen. d ie in die 
Mi tte des 18. J a hrh underts unci in clas mi t tl e re bis spate Ig. J a hrhundert datie rt s in d. 

I NT RO D UCT ION 

Early inves tigations in the Brooks R a nge of northern A laska were gene ra ll y of a recon
na issance na ture, involving ra pid traverses of the principa l dra inage systems and ve ry littl e 
explora tion of the surrounding highlands. At the concl usion of an ex tensive U .S . Geo logical 
Survey reconna issance proj ect, which spa nned the fi rs t three decades of this century, onl y 
three g laciers had been seen in a ll ofn ol·th-western Alaska (Smith and M e rti e, 1930 , p . 37) . 
Knowledge of the high er p a rts of th e eastern Brooks R a nge was at this t ime essenti ally limited 
to a repor t of the explorations of Leffin gwell ( 19 I 9) shortly a fter the turn o f th e century. 

Only two sets of earl y photogra phs of Brooks R ange g lac iers a re known to exist today. T he 
oldes t set was ta ken in 1907 by Leffin gwe ll near the head of the Okpi la k V a lley in no rth
eastern A las ka (c. la t . 69°15' N. , long. 144°00' W .) . Seve ra l of Leffin gwe ll 's photogra phs 
a re reproduced in a recent report by Sa bl e ( 196 1), who compares their indi ca ted ice distribu
ti on with tha t of th e presen t time. A second .et of pho togra phs was ta ke n in Jul y 19 1 I by 
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P . S. Smith, during U .S. Geological Survey exploration of the Alatna and Noatak Valleys in 
the central and western Brooks R a nge (F ig. I ) . Two of Smith's photographs, which show a 
cirque glacier complex at lat. 67012' N., long. 154012' W . in the Arrigetch Peaks west of the 
Ala tna Valley, are of particular importance for their fine detail of ice distribution and thickness. 
The writer was able to re-locate Smith's camera stations and ta ke matching photographs 
during a visit to this area in the summer of 1962. 
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Fig. I. North-western A laska. Prillci/Jal drainages and location of detail map (hatched rectangle ) 

TH E ARRIGETCH P EAKS AREA 

The Arrigetch Peaks mark the eastern limit of a granitic intrusion which sta nds today as a 
rugged highla nd mass between the drainages of the Alatna and the upper Kobuk and Noatak 
Rivers (Fig. I) . Although few of its peaks exceed 2,000 m . in elevation, the Arrigetch Peaks 
granites rise high above the surrounding mountains and contain probably one-quarter of 
the presently active glaciers in the western ha lf of the Brooks R a nge. 

Flowing eastward to the A latna Valley, Arrigetch Creek a nd a n unnamed stream to the 
south carry the melt water of six active and fi ve stagnant g laciers (Fig. 2) . The subdued 
a ppearance of most of these ice bodies contrasts strongly wi th the fresh moraines, trimlines 
and outwash remnants which indicate much greater glacial activity and extent in the recent 
past. Presently active glaciers fl ow from elevations around 1,800 m. down to a bout 1,250 m., 
stagnant ice bodies lie between 1,500 and 1,200 m., and protalus ramparts are forming today 
between 1,350 and 1, 150 m. elevation. Fresh d eposits farther down the valleys indicate that 
both glacial a nd protalus activity extended to about 300 m. lower elevation within the past 
several centuries . 

EARLY INVESTIGATIONS AND PHOTOGRAPHS 

The only reported study of the Arrigetch Peaks area prior to 1962 is that of P . S. Smith 
in the summer of 191 1 (Smith, 19 12 ; Smith and M ertie, 1930, p. 8) . On 16July of that year 
Smith and a companion explored Arrigetch Creek, seat"ching for a route westward to the 
Noatak River. Instead of the low pass which was reputed to lie at the vall ey head , they found 
their route blocked by the head walls of an extensive cirque complex which contained several 
glaciers. Smith took four photographs of active and stagnating ice in this area from two 
stations. 
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Two of Smith's photographs (Nos. 567 and 568; Table I ) are views of the valley head and 
principal terminal moraine, taken from the flood plain of Arrigetch Creek (station [- 62, 
Fig. 2) . The pictures duplicate each other with respect to the glacial coverage. Two additional 
photographs were taken from the threshold of a hanging cirque valley (station 2- 62, Fig. 2) 
just west of the initial station and at about 300 m. higher elevation. These photographs (Nos. 
570 and 57[, Table I ) form a panoramic view from the valley's head wall to a position a long 
its eastern flank. Only a small amount of glacial ice is visible in photograph 57[ , and this 
is an overlap and duplication of the extreme down-valley limi t of the glacial coverage of photo
graph 570. 
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Fig. 2. Glaciers and drainage of the eastern Arrigetch Peaks. Major ridge lines are dashed. R ecent glacial deposits are shown 
as dOlled areas infront of the active (A ) and stagnant (S ) ice bodies. Ice has disapJ)earedfrom the vicinity cif three recent 
moraines (M ). With the exception of Wichmalln Glacier (A3), ice alld moraine nomenclature isfor descriptive pur/loses 
on!;>. Crosses mark camera stations, and the associated numbers are those under which photograJ)hs are filed at I. G.Y. 
World D ata Center A 

TABLE 1. EARLY GLACIER PHOTOGRAPHS FROM NORTH-WESTERN ALASKA 

(On file a t the U .S. Geologica l Survey Photograph Libra ry, Denver, Colorado) 

File number 
P. S. Smith, 567 

P. S. Smith, 568 

P . S. Smith, 570 

P. S. Smith , 57 1 

P. S . Smith, 598 

4u 

T itle 
Glacier at head of Fa lse Pass Creek, Alatna 
District, Alaska. 16 July 19 11. 

Same as No. 567. 

Glacier a t head of Fa lse Pass C reek from 
northern cirque. Ala tna District, Alaska. 
16July 19". 

Sa m e as No. 570. 

Big snow dome south of Noatak near camp. 
Noa ta k District, Alaska . 3 1 July 1911. 

Notes 
Figure 3A. 

Same view with long axis of photo
gra ph horizonta l ra ther than verti ca l. 

Figure 4A. Right half of Smith's 
panoramic view. 

Left half of panoramic view. Pub
lished together with No. 570 as 
Plate 4B in Smith and M ertie (1930). 

G lac ier is in center background at c. 
10 km . dista nce. 
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One additional glacier photograph ( O. 598, Table I ) was taken by Smith two weeks later 
from the north bank of the Noatak River. This photograph shows a small ice cap on Oyukak 
Mountain (lat . 67°35 ' N. , long. 155°30 ' W. ) but it was taken from a distance of nearly 
10 km. and reveals little detail. Subsequent thinning and recession, if of sufficient magnitude, 
could probably be measured by comparisons with this photograph, but the writer has not 
yet had the opportunity to visit the Oyukak Mountain area or the adjacent Noatak. 

CAMERA STATIONS AND OBSERVED GLACIER CHANGES 

Smith's first camera station was located on top of a prominent granite boulder c. 2 m . 
high which lies at about g80 m. elevation in the valley bottom near Arrigetch Creek (Fig. 2) . 
The boulder is about 100 m . north-west of the present stream margin and c. 0·7 km. 
down-valley from the terminus of the recent combined moraine of glaciers S2 , AI and A2 . 
The clarity of the foreground d etail in the I g I I photographs (Fig. 3A) allowed reproduction 

Fig. 3A. Combined terminal moraine DJ S2 , AI and west arm DJ A2. Older arcuate segment lies at the extremeJront and sides; 
the )'ounger component is on the cirque threshold. (PhotogralJh by P. S. Smith; 567, 16 July f9rr ) 
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of the unmarked cam era position to within IS cm . in a ll three dimensions. Matching photo
graphs (Fig. 3B) taken from this site in 1962 indicate: 

( I) T he ice-cored m oraine in the center of the photographs has lost nearly 10 per cent of 
its thi ckness over the past 5 1 yr. , decreasing in surface eleva tion by roughl y 20 m. 

(2) The instability of this moraine is illustrated by the down-slope movement of nearly 
all of the la rger boulders on its surface. Several boulders actua ll y appear fresher today than 
they did in Smith's time. 

(3) T he ice in the head-wall gulley (center background ) has thinned appreciably, leaving 
a pronounced trimline where non e was visible in 191 I . 

(4) Accumulation of talus a long the cliff base (right margin) had increased only slightl y, 
indicating a considerable period of formation prior to 191 I . 

(5) The la rge boulder in the stream fl oodpla in (near left margin ) has neither settl ed nor 

Fig . 38. Same view as in Figure 3 A. (Photograph by T. D. Hamilton. 14 August 1962. camera slation 1- 62 ) 
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been covered to any appreciable d egree by sediments, reflecting the virtual stability of this 
area over the past 51 yr. 

(6) Lichen cover of the boulders in the foreground has intensified significantly. As most 
of the foreground boulders in the 191 I photographs are readily identifiable today, they 
could serve as a good base for lichen growth studies in the area. 

Smith's second station was found at c. 1,300 m . elevation on a cirque floor just north-west 
of the recent moraine ofS !. The site is located about 300 m. distant (on a bearing ofN22 °W) 
from the northern tip of a sharp granite ridge which separates this hanging cirque basin from 
the main valley glacier complex. Alignment of a distinctive fracture in the granite ridge 
(near right margin , Fig. 4A) with background details permitted re-location of the original 
camera station to within 55 cm. in all dimensions. Closer positioning was not possible because 
of the settling and displacement of the foreground boulders which are underlain by ice. 
Matching photographs (Fig. 4B) were taken from the sta tion which, like the other, was then 
marked with a stone cairn to facilitate future use. Comparison of the 191 I and 1962 photo
graphs shows: 

( I) Appreciable recession of both arms of Glacier A2. Present terminal positions are 
roughly 200 m. farther up-valley and lie at elevations nearly 100 m . higher than in 19 1 I. 

(2 ) Thinning ofWichmann Glacier (A3) by an unknown amount. The decrease in surface 
elevation is indicated by an emerging peak or rock knob (background arrow) . 

(3 ) A pronounced trimline (T) near the right m argin of Figure 4B stands c. 15 m. above 
the ice surface. No indications of this trimline appear in the earlier photograph. 

(4) The ice-cored moraine in the foreground has subsided an average of 2- 3 m . from its 
19 1 I position (dashed line, Fig. 4B) . The down-slope movement of its surface boulders indi
cates continued spilling of boulders over the cirque threshold . 

Fig. 4A. Cirque glacier comjJlex at the head of the northfork of Arrigetch Creek. Note the ice in contact with the younger moraine 
substage. (Photograph by P. S. Smith; 570, 16 July 19 11 ) 
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Fig. 4B . Same view as Figure 4/1. Nole the trimline ( T ),former position of the ice-cored moraine of S I (dashed line ), thinning 
of Wiclzmmzn Glacier (arrow) and modification of the ridge tip (dotted outline ). (Photograph b), T. D . H amilton, 14 August 
1962; camera station 2-62) 

(5) The snow line on the surface of g lacier A2 appears to have m oved upward more than 
100 m . since 19 1 I , but this may be la rgely due to differences in the da tes of the compa rative 
photographs. Smith 's photographs were ta ken in mid-July a nd the writer 's nearly one m onth 
later in the summer . 

(6) M aj or rockfa ll s in at least two places have occurred since 19 1 I . One, just down-valley 
from the eastern terminus of g lacier A2, has covered a n ice bank a t the cliff base a nd has 
added considerably to the bul k of the adj acent mora ine. A second rock mass (dotted line, 
Fig. 4B) has been rem oved from the ridge tip near the righ t margin of the photographs. 

CONCLUSIONS 

A comparison of 1962 Arrigetch glacier observations wi th photogra phs taken 5 I yr. 
earlier indicates a general recession a nd thinning of ice bodies throughout this area. R ecession 
from the innermost of the recen t moraines has been greater since 19 1 I tha n in the years before 
this d a te, thus either an ice maximum occurred shortly before 19 1 I or the ini tial recession was 
relatively slow. Instabili ty of the ice-cored moraines is shown by the general displacem ents 
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of surface debris in recent years. Continued shifting and settli ng of recent glacia l debris is a 
maj or problem in precise moraine dating and correlation throughou t this region. 

Supplementary studies in 1962 and [963 have shown tha t the recent moraines often have 
two components. Inner r idges a re generally steeper and less stable, and the [9 1 I p hotographs 
show ice positions in close proximity to them. T he outer moraines, which are still par tially 
ice-cored, are somewhat more stab le and vary in position from d irect contact with the inner 
mora ines to locations as much as 1 km. down-valley. T his two-stage form is no t universal 
bu t it was seen in the recent deposits of most of the glaciers that are not spi ll ing their mora ines 
over high cirque thresholds. 

The cirque glacier deposits of the Arrigetch Peaks correlate with recent moraines farther 
nor th and east in the Brooks R a nge. T hey are considered to be the equi valent of the Fan 
M oun tain advance of Detterm an and others (1958) and probably with the two-substage 
Cirque M oraine I and II of H olmes and L ewis (I96 [) and th e Fan Mountain I and 11 of 
Porter ( [964). Although no direct da tes are yet available for recen t moraines in northern 
Alaska, an ini tia l estimate of mid-eighteen th a nd middle to late n ineteenth cen turies may 
approximate the times of forma tion of the two substages . A h uge body of recent d a ta* from 
the North Pacifi c Coast region of North Am erica indicates recent advances culmina ting 
during these periods, with generally little evidence of more extensive advances for up to 
several millennia previously . 
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