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GLACIRRE OF THE CARNUTT PREAN-PRENOET Pasy AUBA . WYOHING

Qamnatt and Fremont Peaks are Josated in the northesentral
Wind River Nonntains, whioh fors the Continentel Divide in wostecentral
yoming (Pigs 1)s The sleofors studied are losated on Yoth stdes of
the divide and extend from about 2 miles north of Gannett Peak south
and eant te Knife Point Mountain. Thay ell mey be contained in a
reotangle 9 milee lomg end § miles wide (Fig. 2),

i

Pywelographie Dessription of Arves \
The ¥ind River Range is the nmn\mu nass in the State

of Fyoming) in Pact no sther renges um»&ym north of Colorsdo

or the Sierms inolude es muok eres above u.@ fest in altitude. For

® digtanoe of about 30 miles the lowest ool in dh\o Contisental Divide

is noarly 11,900 feet above seu level, mnd for i‘-ﬂ.lu the divide is

00 foot, The ht;tu:t.\dmuu in dyoming

ie Uaunett Feak (13,765 feet), and the maximun mw! in the ares

sround this mosntein 1o more then 4,000 feet. “”‘M reunants of

old erosion surfaces sre evident §n some locations, xmm Fleigtooens

glaciation has o aodified the topogrephy that tha nnm;m Gannett

alnost uaumnlé above 1
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Foak and Fremomt Peak is rugged and typloally alpine. The Wiad River
Range is ineluded im the ¥iddle Rooky Wountein provinse of the physiee
graphie divisions of the United States (Pencemen, 1931, pe 166).

The area 18 draiued on the west side of the Continmental
Divide by several streams thet are tributary to the Green Biver
direotly and thmugh New FPork River. Dinwoody Cresk and North Fork
of Bull Lake Creek drain much of the area east of the divide, and are
tributery to the Wind River,

The olimate of the region is distimetly sipine with short
000l summers end long eold winters, Jo metecrologioal statioms are
loested in the Wind River Mountains, se & guantitative anmlysis of the

wenther is impossible at the present time, Sinee there are no largsr
mountein massifs bebweon iyoming and the Faolfio Coast in the direction
of the prevailing winde, the orographie precipitation at high elevae
ticns may be exesptiomally large, end ecertalnly much of this precipie
tation is in the fore of smows From late July until sarly September
of 1950 freosing tomperatures were experienced mesrly every week. The
winter snows began on September § of 1950 at apparently sbout the
normal time. The timberline of the region ia 10,500-11,000 feet in
altitude, OGvergreen forests are preseat in the valleys up to about
10,100 feet e the saet side of the range.




Agessy to the Ares

Travel in this area Lo diffloult bevense of the absence of
mads or good tralle. The sasiest approssh to Sunnott Feak iv by way
ef s jeep or truck med from nesr Burris, fyoring. This road teraie
Btes ot the Boundary betwosn the Showhons Indian Eeservabien asd the
Fhoshons Hatiossl Forest, at en elevation of aboas §,800 Mt. From
Tais point & good hovse trail leads over Horse Rldgs (wboet 11,000 feet
ia altitede) %o a tent osmp in Dimwoody Valley, a dletencs of avout 15
- miles. 2 falr treil leads snother 3 wiles to the tersisuy of Dimwody
Qlaclor. The ares san be spprosobsd frow She Berthwest Wy way of the
Sreon River lukws, or from the southwest from the Sows of Pionedale, but
Whese rostos roguire leager trsll jourséye. There ave ne tralle somse
the Contlasntal Divide 'in e Oumistt PeskePramont Peak wrsn, Wt the
divide mey be crocsed at several poiute without the use of specinlised

Salation in othor Gisgler Azess
| The Inrgest glaofers in the Unitod ftatss ars in the Cunnonde
28 of Wmshington, espeelally avousd WS, Saimter, W%, Bskar, and
for Posk, Aesording %o Sentworth snd Dele (1931, p. 609), ¥,
or i» covered with sbout 45 sguare miles of glaaler foe, and ¥t
with sbout 25.7 squere miles.

The 1oe messes of Olaeier Hetionsl Park are the best known
those farther inland. Aceording to Dysem (1950, p. 2) the largest




glesier in thie park was only 330 meres in ares, about 0.51 sguare
mniles. Dysom (1945, p. 95) mentioned thet there were at that time mt |
more then 8 gleoiere with an sves more than ome~fourth of s squars
mile. The total arse covered by gleciers iz Olesler Nediconal Park is
probebly now only a fyestion of the 25 square miles wessursd on mape
denwn nesr the turn of the century (Wentworth saud Delor, 1931, pe 611).

Small glaciers exiet in many other Noeky Mountein renges im
Yontene, Wyoming, end Coloreds meeording to tysem (1950). In no eese

are these glaciers vomparable in size or total ares to thoss of the
Find River Wountains,

It svoms cortein, thevefore, that the Wind River Range some
$ains the lergest gluclers (Dannett (lacier has en ares of 177 sguare
silee) of any aree in the Rooky Yountains south of the Cansdian border.
Probebly there is more glacfer ice here then in any aren of comparsble
size in the Roeky Nountains of United States.

Lrexicus Shadles of she Qlsoiers

The first report of glsoters in the ¥ind River Range is
ted to the Heyden Zurvey (1878, e, b)s Ik 1205 1. O. Busseil
ibed several Wind River glesiers (pp.3hi=346), bat several years
the seme suthor omly atates that north of the Celormde border
el srow banks imorvesse in m and axtent toward the north,
true glecliers cesur in Wontanma and adjecent portions of Cenada,®
11, 1897, pe 39D




The ¥, £, Gecloglonl Survey's Premont Peak quadrangle, odis
tlon of 1909 (out of print), shows several of the glaelers but omits
many and losates some in isproleble pleces. The generalised napping
hmtimhﬂtntmm Pivide.

The first published solentilis cbesrvetions ou these glae
elers resulted from s threeedsy pack trip by C. %, Wentworth snd
D, ¥. Delo (1931, pp. 611-620). The euthors desoribed Dinevedy,
Gooseneck, end OGemmett Clmelers. Dr. Delo luter revisited these same
glaciors, and an abstrast of his findings wes published (Delo, 1340).

The Uind River glasiers have been mentioned briefly in
seversl of the reports of the Cowmittes on Glasiers of the Aseriven
Seophysionl Union (see Mstthes, 1941, p. 1010; Mmttheus, 1942, pp. 31h,
383; alse Dysom, 1950, pp. 9e10).

_ Co Lo Boker, while working on the general geelogy of the
morthevestorn Wind River Vountains, discovered snd reported several
glasiers wost of Gennett Pesk (1946, pe 593). Be ml apparently the
Pirst to recogaize thet sany of the existing glaclers are not shows
the Premsut Pesk quadeengle, for he stated thet there were § glee
ani 3 glaoieretber vest of the divide and 13 gleoclers enst of the

fereld Rlobmond, 1n an srtlele pertainir; %o certain perie
1 featuree in the ¥ind River Hange (1949, p. 143), states that
are over forty sotive glasiors in the algh wounteins, and thas
lsrgest of those is over 3% miles longs In 1950 (perscnel




connunisstion) he stated thet he hed found 52 gleolers im the Presout
Peak quadrangle, of whieh 21 were woet and 3) were east of the divide.

Pumens of s Jvessigsios

s oan Do sesu frowm the above diseussion, Shers hes beon
relatively litile selentific study of the Wind Siver gleslera. Tie
suthor wes, in faot, unable te fiad e aingle published desoription of
the isportent Ball Lake Uloelors, or of megy gleelors i She Junsett
Foal tves. Other gleolers i the fNooky lountainy, swoh a8 hoae 4in
Colovade, The Tobons, and Glacier TNational Park, bave been siudied by
prominest geologiate and glaolelogivie, Wt the lergest ncewsmlstlon
ofgmlm in the Soekiun Mns been, in comparison, mearly owmpletely
seglented. Ous of the purpeses of this stady, therefore, is % provide
& genewml desoription of these gisotiers for comperison with gluciers
of better-known vegions, T '

huother purpose is to provide a startingepoint from which
perivdie recession measurements ean be sade, for these date mey heave
great olimatio signiffoance. M¥atthes (1946) has salds

herefore 1t behooves ue tw keep a olose watoh on our

ginelers and o weasure and photograph thaw at frequent intere
SoL1 0 ts o Moapiming e the sitann .

This study wer alse initinted to attenpt to detersine the

regine of these highealtitude, continental, temporate glacisrs fur &

glaoiologle conparison with other reglons, A general glseiologieal




imvestigation of loe structure, minor festures, oto, was mumother impors
tant aspeet of this study.

s of Sl

Boosuse of the lask of roads or horse trails it was necessery
to do all of the work on foot, Alpine oamping equipment was backe
pecked, Moet of the esmps were above timberlime. Supplies were cape
nﬁhﬁmsﬂln of Dinwecody Olssier by the Genuett Peak Camps,
Ino. The sathor spent 10 daye in the aren in early Auguet of 1948, and
with the exeeption of one day was in the area eontinmously from July 22
%o September 11 of 1950. The Premomt Peak topographie map wes uved
enly for geneml reference, and most of the mepping and location was
done with the ald of serial photogrephs. PFhotographs of the temmind
~ of the glaclers were taken from merked loeations and printe were sent
% the Amorican Alpine Club and the Committee ou Olaciere of the Amere
doan Ocophiywionl Union for filing.

Planimetrio maps were construoted in the office from serial
photographe. Aves distribution graphs (see Ahlmen, pe 62) wore plotted
a8 an ald to the elessifiontion of the gleociers, It is realised that
these diegrems are not exact since they are mot based on scourate
Sopographio maps. However, the graph depends only oms (1) the shape
of gleciers, represented by & planimetrio mep; and (2) the differences
slope over the surface of the glecler. The true sisze, the true
rences in olevetion between high and low pofints, and the average

{ v mem——mmmims e == A ST z
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slope do not enter imto the conleuletionse The mein sourse of ervoer
is the determinstion of ohenges of elope. The surfass eonfigaretion of
She les was sketohed firet from the Fremont Pesk mep. This rough map
wes then sltered by reforence tos (1) direotion of slope of the sure
face as revenled Uy the pattern of etreans om the aerisl photographe}
(2) surfave profiles determined from gyound photographs; and (3) gene
orel referemes to the suthor's observetions and photogrephs. To test
he acouracy of this method, area distribution diagrems were ccnstruse
Sed of the 'uu'put' Dinwoody Gleeler nccording tos (a) s map drewn as
sscurately as possidle; (b) the Fremomt Peak mep, ummodified; and
(o) = map in whioh the contours weve evenly spsoed seross the surfece.
The throe graphs showed differences of up to 6 per sent st speeifio :
altitude intervals. However, they had a nearly eguivalent shepe, and
foll into the wame oatagory acecrding to shlmann's olessifieation.
the resultes of this single test ave by no means conelusive,
distridbution graphe osn prodably be construoted by this method
suffiolont ssearesy to serve ns & definite sid to elassiliontion.
Other charaoteristics of the glacliors were computed, inolude
present area, maximum ressst ares, medisn sltitude (altitude above
per sent of the aren), firm limit sltitude in 1945 (from aerial
rapho )y poresntags of abletion area fn 1945, altiteds of firs
{taken umtﬂ betweon the medien sltitude snd the mexisum
tade, (m pages ), peresntage changes in ares in recent years.
those date it wme possible to give o comparative desoription of
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essoh glesier. Ablation messursments on Dimwoody Glsoler were compiled
and analysed so thet en estimate of the vegime during the 1950 sesson
was obtained. From thess data conclusions wore resched about the
gonsrul behavior of these glaolers in resent yearse




Glseiers coour throughout the Wind River Wountains, especimlly
in the morthewn third of the ranmge, Wt only those south of Bastion
Poak (lat. 49° 12' 56° H.) end north of Fe3 Houstain (lat, 49° 5* 41*
B. ) were studied in detail., South of this avea the glseiers are small
and rather spares, dut theve are many large gleciers north of the ares
along the Continental Divide. The greatest seccunulation of 1oe, howe
ever, vomus %0 be in the Gannett PeakeFremont Feak aves (Pige 24 ps 3).

In genoral the glaclers are found either in eirques fecing
morth or o884t or on broad uplends at high sltitudes near the Continsntel
Pivide. Very fow gleolers ave looated move than 1} niles from the
divide, and mone sre farther thenm 3 miles, Host of the glaclers are
an the sastern slope of the Pange. Probably a conssquence of the

The termini of the larger glanclers descend usually to between
11,000 end 11,300 foot above sea level, and the neves extend to mearly

13,600 feet in altitude. The fira limit of the gleolers is found
| ssually et spround 12,000 feet, although it may bo &8 low as 11,400
foet on some Mmu loeated elrgue glasiers. The reglonal snowe
ne, os defiosd by Matthes (1942, pe 378}, is probably at about
13,600 or 13,700 feet at the present time; Uen yeurs ago it wes souse
what higher. A mere thorough dissussion of the reglonal smoweline e




given later.

liost of the Wind River gleoiers are smell oivgue glaciors,
bat thres of the largest ave walley glesiers snd thrse others are oums
plex ia form. JNoue of the glaciers ave large by Alpine or Alusken
standards, for the hmnt.u less than Z squere milee in ares. Heven
ice masees in the area are larger thean the largest body of lee in
other reuges of the Nooky Mountaine of this countyy. Msny small ise
- bodien are on the borderiine betwsen resl gleciers end etaguant lee
masses. Neny of these may be temed *vestigiel glaciers® (Pryuell,
1935, pe 307) or gluoierets® (Piint, 1947, p. 18)s

Houe of the Wind liiver glaciers has a high rate of motion.
Wost of thaw show unuistekable evidences of movement, sush as crevasses,
dirt m. medinl movalnes, and shenr planes. That they are notively
~ eorraiding their beds is indiceted by the quantity of suspended wntter
in the cutlet streaus. The presenee of roek flour in the meltewator
was rogarded as on importent eriteriom in this study for differentinte
fng botwesn veal glacters and stagnant fes masses, No bodies of 1oe
are comsidered in this veport thet did not heve turdid outlet sbroans.
niliy eolor of the water in Dinwoody Oresk after flowing about 29
and passing through several large lskes attrected the attention
Wontwo rth and Dele (1931, p. €06).




The meme Oanvett Jlasier was epparently Ffivst appliscd by
Hendovson in 1939 (pe 955)s The tewm *Horth Junasti Glesier?
(Wentworth asd Telo, 1931, »s 613) hae xot persieted in the Joes)
ususge. This glaster is one of a group thet has been kuown ne the
Dinwosdy Gluclers® baonuss they ave loeated at the headwaters of
Dinwoody Oresk. The naue OGannett Glecier hes wok bean epesifionlly
approved by the Bourd of Geographioal Names, but it is tiw enly neme
thet 18 used by the looal resldeuts mud the U, O Forest Service,
and hes appeaved in meny poablieations.

-

The glacier is lovated sast of tae Continental Divide north
of Gannett Fesk (Pige 2)s ‘The dirveotion of motion is geserally euet.
The glsefer now extends about 2§ miles north from Gaunett Fesk to &
low divide northenst of Bastion Feakt. Vhen the Fremont Peak quearangle
~was mapped (1906) Lo was apparentiy contimuous acrose this divide,
Joining the large glacior that lies west of Klondlke Lakes 4t the
southern extremity ice conneets with Goosensei Glesler threugh o high
eol, From & fhem Fleld elongated pamilel t the divide seversi
tongues of lso move esstward tonerd Onanett Creeks o tribatery of




Mowoody Creske

Semnett Gleslsr ie more than 2 xiler in botel width and the
main lobe is about 1) miles longe The eree us messured in 1950, e
sguare niles or 1,130 sores. It i the largest of the glasiere
se. The highest firn sxtends te sver 13,000 feet and the uein
desconds te about 11,000 foet in altitude. The medier altitude

i genorelly Wy hydrologists es the elevation above 50 per sent
the areas (Wieler end Drater, 1943 ppe 47=30) is 12,250 feot whove

level,

4 AODRTLO]

The peouliar shape of Oeunett Glaoler (Figed) makes it
diffioult %o elaseify morphologioally. Wentworth and Dele
ppe 636, 619) comsidered 1t u palmate olrgue glacier, and
ified 1% mosording to Hobhe' system (Hobbs, 1911, ppe Ale56)es
 radiating type of gloolave

Thie simple definition of eirgue glacier has been smmended
recent yonrs with the appearancs of Ahlmann's graphiosl Wd of
loglonl oluseifiostion (Ahlmens, I8, pp. 59<67)s In thle
a graph of percentage of ares a certein sltitude intervel is
, egeinet thet sltitude imterval; the result is a eurve whieh
sharsctoristionily difforent for different types of glaviers.

% & graph for Gausett Olasier (Fige 3) is mesrly fdentical sith the
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surve shown by Ahlmsnn for a velley glsoier charmeterized by a lerge
firn basin, end the graph is mot at a1l 1fke thet of » sormel elrque
glsoiore

This apperent discrepancy bDetween the shape of the glasier
and its ares distridation greph can be resolved by dividing the gleeler
fate ite four independent tongues separated by lee divides. Figure 4
shows that the individual, independent parts all bhave the sppearsnce
of conventionnl valley gleciers chameterised by large Pirn basine.
Sach of these parts has as sves distribution graph similar to that of
the composite glacler, Therefore, this glecier is bost desoribed me
» aystem of contiguous wvalley gleclers, and is mot properily eonsidered

s eirgque glacler.

Sepers) Deseription

The oommon firn fleld thet feede the various tomgues of
Sannett Glaoier iv stesp ab ite upper mergin. dlong the Clenk of
mmnn-mnnwmmmwnuum.
below Gannett Peak and at several loocations below Mt. Theodore
and Rompart Feak (ene Pig. 2) fs thers a bergschrund, Below
Shis steep apron is sn irvegaler, gently rolling platesu of firm
viasd by meny lavge erovesses, ospeolslly in the upper regions
the main (eenter) lobe (see Fig. S)e One of thess orevesses wae
by & loeal gulde to be 50-60 feet wide. Delow this firn
ssveral rock nusataks chanmel the flow into three independent
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tongues or lobes, The more northerly of these hes two separate eouree
regions (Pigs 3)e The lce tongues slope e mush us 35 degress near
their temind, and the surfece has & different appearance. Here, below
the Pirn llue, such dobris is seen on the 109, snd mediel moralass ere
poticeabls in the lee of nupatake. The waln tongue is chameterised
by & perfest arrangenent of marginal orevesses. The iee ls thin in
the lower parte of the tongues, and two high points in the bedrook
eoms to the surface weer the Cemimns of the mein lobe (Plg. 6)s The
author made no attempt to determine the depth of lee in the central
portions of Gennett Gluoler, but Tentworth and Dele (1931. pe 617)
sstimatod a thiokusss of 500 £6 600 feet.

Cannett Gleoier hes oonsideradle surfece debris in its |
medial moraines, but compared with near-by Dinwcody Olasier the sure
face 1o quite oloan. This fs probably boveuse Cennett Glusler is not
sontinuously surrounded by high elrque walls. Hany glaoier tables
were notioed both in 1948 and 1950, but Venbworth and Dele (1931,

Pe 610) make no meontion of any.

| In 1945 the firn limit on Gennett Ulacler was at about

| 12,100 feet in altitude. An estimeted J40 aores was at that time
ineluded in the ablation sone, therefors the ratis of ablation ares

%0 total area was about 0,350, ‘

Mersinen
4 prominent Presh morsine exiets jJust below the present

_ gt



Pig, 5

Aerial photograph showing Gannett, Dimnwocody, Nemmoth, Minor, and
Gcosensek Olsnoiers. Note the prominent orevasses and generally
alean appearamse of the surfece of Gannett Glaesler. RNorth iz to
the top of the page, approximete seale 1:4],000.



Terninue of the main lobe of Gunnett Glasier. Aotual tee of

the iee i eoncesled under smow at the bottom of the valley in
the foreground, Osnnett Peak, with its preminent smow sPowm,

is {n the eenter Lemakground. Two low snpataks oan De seen barely
protruding through the thin fos of the snout. At the plases
marked with an *x® it wes possidle to wmlk tack under the ioe

for « sonafderadle distance.




- mergin of Gannott Glaeler, protebly representing o terminmel moreine
whioh dstes from a time when the thres lobes conlesved. This ridge
extande north and west for mors thes a nile, Noshere is the morsine
higher than about 50 feet.

This moreine mskes 1% possible to eetinate the ares of the
gleoler at its mexiausm extent during the Little Ios Age® (atthes,
1950, po 39B)e This fu about 2,17 square miles (1367 sores)s In
other words, the present ares of loe represents only 82 per cent of
the maximum recent extent.

Becssaion
Avoording %o photographe taken by Wenteorth and Dele in
1930, the temminus of Gennett Glacisr was ennsiderably aloser to the
Little Ioe Age moraine then i% deo now, see Plg. 3¢ The 1940 position
of the terminmus is shown on photographs teken Wy Delo. A messurement
of the retrest of the mein lobe from swaner of 1939 to ond of the
sunmer 1940 S given by Plopd ¥ileon in Matthes, 1941, ps 1010 The
recspsion of the margin of the mein lobe betwsen the years
and 1950 was ALffioult to momsure heoanse of gnow sover, but
the teminnl thinning a lineer retrest has been estimated.
spprogimate linear and aves obhenges in recent times are given in
foliowing tabuletion:




Period of Time Linear Recession hrea Deeorense

of ¥ain Iobe

£t fe./yrs  sores cores/yr. per sent
Le o Ao max. 143 \2.4

o 1930 1100 e 6 e vk
1930 & 1940 600 60 &8 6e8 LTS ]
1940 to 1950 200 20 19 1.9 Loy

Thess figares are, Qrmmwuhwmumm
fmations. Nevertheless, the difference in the amouut of retrset bne
teoen the 193040 decade and the 194050 deonde does seem to be eige

“mifioant,s These figures wre consistent with the genernl trend of the
recession mensuresents sade on other Wind River glaoievs.

Dimwoody is the most mccsseible and is the most often

ted of the Wind River gleclers. For meny yosrs the glecler was
along with seversl of Lts nelghbors as the Dinwoody Cleelewvs
Sentworth and Delo (1931, pe 613) proposed instesd the name *East
Gannett Olaoier.® This nome has mot pereisted, and the neme Dimwody
Bas continued in the 1itersture and the loeal usage. Although mot

I by the U, §. Forest Service and appears on many of their
in the ares,

#pocifically sanotionsd by the Beard of Ueographio Hames, the mame ie




Dimwssdy Olesisr o soparated from Gansett (lusier only by
She small Gocesnsek Glweler whioh prier o 1536 war o teibutery %O
Plawcody (see Pige 2)s The glooler lies in o large vompeund elrque
epening to the northesst. Jagged eirgss wails form the Conbinental
Pivide from OazneSt Pesk to Nivs Warrem. The glaeler is of o mu:n
shape: sevoral tridutasy glecters (Pingere) eome tegetusr foraing e
Jarge baein of los, from which & stubby tongae reaches only tﬂwﬂ
distance (Tige 7)e The glecier is nearly two wiles wide, bat omlilt
2ittle over & uile and & half long. Ae mensaved by meps wutm‘#
$a 1550, the glesier has an mrea of 1.34 squure miles (840 acres), wnd
s the fourth largsst of the gleslers studies. Altitudes on the i*h
slor range from 11,200 fast to 13,200 feot, snd the sedien uuu*
is sdout 12,200 feel.

sy be olassified as o olrque gleolor mevording to Ahlmsun (1948, *.

)e Tentworth and Delo (1931, pe 614) slso eonsidered thie & mu
f

‘sirgue glsoders |
The tridutary fingers of fee and fira thas fewd mmL

part of Dimeoody Glecier are quite steep at Their MM%W
The ico onsoads between My. Ferren and ¥t, Doublet avernges over
& for searly 1,000 fest (Figs $)s MW»#MM °\

The ares dietridation dlegren (Fig. 7) shows that the cl*atw

genernlly ovevsssed whers they pess over an irregularliy in the m ‘
’\
(Pig. 9)» In places thews orevaseed sones appreach tue sondition of |
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an foe full. Vory 1ittle, if azy, coarse debris is meen on the surs
fese of these tributary tongues, for meet of Whis aree is above the
firn limit,

At the elevetion (ususlly Detwean 12,200 and 12,400 fout)
where the tridutary fingers of lee join the centrel basin, the surfece
of the glaoler takes on & different appesrance. The erevasses are
elosed here, only a thin e14% or 1ise of dirt marks their position.
On the central portion of the glsoler the slope averages less than 10
dogroes. Ouperglecin) streams inolse shancels to 10 feet deop in the
fee. These stremms are fairly streight where the surfece gradient ie
. gontle, but meander both horizontelly and vertioally (somewhat in the
. manner of a toboggen wun) whore the gradient is steeper. In places
| where the stream draiunage is not well developed, *snow swanpe® form,
sonsisting of seversl inshes to e foot of water and slush often masked
by & thin leyer of enows The slush 1s formed elither from melted smow
or perforated *rotten® See whioh has been riddled with dust wells.
This latter gondition is notlced most often in relatively clean loe
sarly in the senson.

Although some of the streams on the oeutrsl basin disappear
fnts moulins, meny streams flow on the sarface coutimuously until
resching the steepsyr teminel part of the glacier. Throughout the
1950 fleld sesson this lower portion wes buried under snow, and the
supergleciel streams flowed out onto the surfece of this permeable,
partinlly firnified suew, The load of sluch which is & cherssteristie




Dipsoody Olaolier, as viewsd from the sumait of Uennett Peak,
The mounteine in the baokground are (left to right) Sunrise,
Turret, Yarren, and Doublet. Note the exceptionally steep loe
tonzue betwesn Mts, Yerren end Doudlet. The flrn on the side
of the glasier in the beckground (east) is considerably higher
in altitude then anyvhere nln on the glseliers Fhetograph
takon Bept. 5. 1’$|

I
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Dimwoody Claeier, as geen from & poimt on the Little lee Age
meraine south of the termimas. The mountains in the baskground
(Sphinx, Woodrow Wilson, and Pinnsele Ridge) are over 1} miles
distant. Note the eolean, erevassed surface of the tridbutary

fee streams and the dirty, uncrevessed surfase of the iee in
the foreground. The gentle floor of the eemiral basin is barely
visidle at the left center. The abrupt ehange in slope from the
sentral basin to the sloping termimus is shewn.
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fonture of these stresss eould not pereclete down through the swow
~ and vag left on the surfece. Thess scoumulations of slush fored dems
over snd through which the welter had %o flow. The slush dems move
slowly down elope by depoeition on the downstrean side snd push of the
running water. The strens thus comee %o flow on & bed of slush often
a2 high as 6 inohes above the snow surfece (Fig. 10). Diural freening
probably serves to osment the slush scounulations into e nearly impers
meable stream beds The sides of this bed are probably built up by e
prooess similar to the fomation of matural levess by greded rivers.

The surface of the sentral basin of Dinwcody Glaoler io
1ittered with muoch eonrse debris (Fig. 8) derived from: (1) direst
soounulstion on the surfunce by avalanches from the surrounding oliffs)
(2) medial moraines; (J) subglesiel materisl drought up elong shesr
planes; and (4) subglnoin) materinl delivered to the surfeve by homoe
goneous plestie flow, The firet and second of thass are prodably the
sost iwportant,

The lowest part of Dinwcody Clesier was not observable
during the 1950 seeson bessnee of the abnommal smow oover, but the
sathor was able to cbserve the teminus in 1948, The swout of
Blawoody Glaeter (Fig. 11) is cvnsideradly steeper than the oentral
(the abrupt ohange in slope oan bs seen iu Flge 10). The lee
s vory dirty, and from o distencs sppesrs even darker than the mserby

Only wherve streams have ploked sut the debris and oleaned
Thie temminal is probably

moraines.
the ioe does the fow appear light in eclor.




Fig. 10

Superglecial stress on snow, near terminus of Dinwoody Glaoler.
The strean is on snow for over 1000 feet, end is here slevated
above the snow by shout é tnohes. Nedinl moraine in the imuediate
baekgrounds




nearly stagnant.

Hornines

; A% either sice and extonding belew the present smout of
Dinwosdy Ulacier are moreiumal ridges whieoh ure sontimuous with mediel
moreines on the foes surfuce (Pige 11). These consist of a surface

eomoentration of debris mentliing glesier fes. Thelr presence Heans
%o confim the fden that the termminal loe of Dimwoedy Clecler has
only very slow motion. '

An extensive moreine deting beaok o the maximum advance of
the glacier during the Little loe Age surrounds the termimue of
Dinwoody Olaeiere It stands more than 100 feet above the outlet stream,
and extends 900 feot from the present suouts In the low aress betwoen
the snout of the glacier wnd the erest of the moreine much send end
finer material hes scoumulated. Probably the woraine hes « core of
foe (it was s0 reported by Wentworth end Dele, 1931, p. 616). loe in

the morains sould be found inm 1950 only near the glesfer and could
Bhave beon formsd from meltewatore The size ond the instability of
She movaine suggest an loe core at some distence bemeath the surfecs.

The ternimae of Dimscody Glasier is rather complex sinee
the active ioe la mseked by iurur stagnant teminel ioe aud moraine,
#o this glecler doss not lend 1%self readily to precise recession
messurements. ‘hen Wentwsrth and Delo vislted the gleeler (1930)
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Fig. 11

Ternimis of Dimsoody Olacier. The saowfield in the foreground
18 in the lee of s bedrook knob, and in not underlsin by moving
fee. The mearest ridge of roecks is & short medial morsine,
probably overlying stagannt fee. The tongue of smnow Jjust bohlnd
this moreine obscures the terainsl les. Beyond the snow tongue
is o high medisl meraine, consisting of e« venser of debris not
more than 3 to 5 feet thisk overlying glsoial 3ses Dehind thie
mediel Lo enother tongus of snow covering more termmiaul ise whiech
is probabdly stagusnt. The lerge block In the left ocenter of the
ploture mensures adout 60 by 40 by 25 Teet. In 1930 Goosensok
Blacier desoended inte the upper loft hend corner of the pleture.
The present teminus of the glasier ip hidden ia the eloud.
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sotive low extended nearly %o the farthest soreiass, and since then the
smout has retreatod comsiderebly. This s sbout all thet ean be ssid

sbout the recession of the termimas, emd 1% is mot possible to give a

quentitative eveluation of the retreat.

Fortunntely, wany photographe exist thet oan be used to
obtain an cetinmate of the position of the fira limit for e nusber of

years in the last two deoades. T his inmformation is given in the
following tabulation:

Year  Firn Line end Dete Hebimated Souree of
Firn Linit Fhotographs
lm 126350, Mo ‘T} 12,400 0o Ke Hontworth
1957 12,790, Auge 12,750 Ce L. Bakep
1940 12,400, Bept. 12,400 De Mo Dolo
1941 12,350, about fage 10 18.“0 Be Jeo Ebert
1945 12,150, Aug. 2% 12,250 Aere Serxvice Corp.
lm 18300, nbout Aug.ld w.m author
1950 12,050, Sept. 9 lﬁ‘mjﬂ author

The watio of sblation area t0 acounuletion area sorre-
sponding to eavh of these sstimated firn limits has been plotted in
Pig. 12, It ie noticsable theat the pereentage ablation area hes
decreased somewhat in the last few years, although the data are mot
suffielently precise or complete to prove & definite trend. It can
elso moted that fur wost of these ysars there was a Jarger ares of
tion them acoumnlation. IF the acoumulaetion end ablation were
lated lineerly thies would indieate that the regims was negutive in
1 the yeers save 1950 snd possibly 1945. This would suggest tiat
fon has been the pensral rmle sizee 1930.
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Fig., 18

Approximate relation of ablation area to sccumilation area
of Dinwoody Glacier gince 1930, Black bars indicate per
cent of total that is ablation area, white bars indicate
acowmlsbion area.’ Accumulation prohably exceeded
ablation only in 1945 and 1950.
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The total eres of the glesier at i%e mexisum recent extent
is somewhat diffisult Yo compute, sinee at thet tias Dizwoody snd |
Gooseneok Gleciers coelesoed. An approximetion of the mexisus ares not
inoluding the area of Goosensek Gleeier is 1.48 square miles or §50 1
seres. This reprocents a deoresse of .5 per ecent to the pressnt.

Sy
Hessnslature

This glacier was referred to as *Sest Gaanett Olacler® by
rth and Delo (1931, pe 613), and es the “Eells Creek Glacler®
Baker (1946, pe 593)e The term *Oreen River Glaecier® is often
fed sinee thie glacier fs the largsst of seversl gleclers whiech
the headwaters of the Green River. The nume in present usage by
parties whioh visit the higher regions (Mammoth Gleclier) wes
rontly firet suggested by Hendersons im 1938 (pe 356)

Deseription

Honmoth Olegior ig looeted soath end west of Uannett Feak end
the only large glseier in the arves studied west of the Comtinental

do (Figs 2, ps 3)s Holtwmter from this ghun flows northwest %o
Welle Cresk, ® tributery of the Green River. The glesler hes an
of sbont 1.55 square miles (990 sores). Its longth is sbout 2 1/8
end the aversge width ehout 3/k of & wile. The kighest suowfields
to mearly 13,000 foet im slevationm, apd the smout e at aboud
foet. The median aliitude is about 12,400 feet.

b
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The evea distridbution graph (Fig. 33) shows that this gleeler
falls into the eless of valley glaciers gharsoterised by large firn
Sesine as defined by Anlmann (1948, pe 820, and i%e shape is that of &

Sypical valley glecier,
A ohasacteristio festure of Mamsoth Glmeler is the large fim

fleld. This basin i3 more or less senioireular snd disheshapsd. The
sentral portion is nearly flat and featurslesss This large fira basin
4s enoiroled by a ring of mountains (Fig. 16 )e

Prom this firn basin s 3/h mile wide tongue extends northweste
rel sabsidisry fecdors deliver loe %o the tongue frowm mounteins
along the south margin of the glasior. The slope of the Songue is here
" vory gentle, and the senter of the tongue is et sbout the sane level

- a8 the sides. (Pige 15) Toward its temims the tongue is only 1,500

feot wide. The direotion of motion is diverwd from morthwest %o northe
utﬁchmtnﬂofmnnhrmamu rather stsep

fup to @5 Wamummimmmrmu strongly 0onveX.

of Surfesee
Yenwoth Olecier is mmmlum»m resches of

fiya basin and in the tongue. In genersl the firn field iw rathor
free of orevassing except elong the southesst end south mergins, where
& nom-eontinucas bergsohrund exists. The tongus of the glesier
exhibits o typlonl system of marginal erevasses. These gensrally
ﬂoummmﬁnmmuﬂcﬁramtﬁu;m with the aoute
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ple upeglecier. These marginmsl orevasses are formed by the shesring
of the valley side on the ise. The gemeral charvesteyr of the

16 and seversl of these marginal ovevesees cen be seen in Figs 15.
fio large supsrglaclal stresms wore odusrved ob Waummoth

ter. Nost of the meltwater was transported ia e series of parallel |
zols only & few inohes deep, and much of this water disappeared
orevesses after flowing only a ehort dlstance.

The surface of Hesmoth Olacier differs merkedly in sppearance
‘sithor Gaznett or Dinwoody Gleciers becauss of the nearly complete
se of coarse debrise Debris is chiefly of silt and sand sises,
rting an even, gray oolor %o the surfsce. Very few glacisl tables
observed. The sesvoity of large blooks is probably dus te the

of high eirque wells overleoking the gleeior.
fn 1945 ebout 320 aspes were vontained below the fimm 1imit,

the ablstion ares embreced dout 32 per cent of the total aren.
low firn 1imit in 1950 s vieidle in Fig. 15

Inmediately delow the suout of Henuoth Glaeier is a amall

about 400 feet long, eusireled by sn extensive morains whioh
gents the meximum extent of the glesler im the Little loe Age.
morsine consists of large blooks mixed with a sousiderable smount
vory fine material. This fine debris {flour) probably serves both
s sement the moreime and to preserve axy lee which night be baried




Pig. 14

Firn basin of Manmoth Glasier, as seen from the west end of the
ridge on the southwest side of Mipor Glasier. The peak at the
extrome loft is X8. Woodrow Wilson, and the two on the right
side of the pieture are Twin Peaks and Winifred Peak. Note the
nearly featureless surfece of the firm besin, This pleture is
almost pezoramio with Fig. 15.



ﬂg. 15

Part of the tongne of Mammath Glacier, as seen from the summi$
of Gannett Pesk at the end of the summer. The firn basin is out
of view %o the left, end the temmimns extends off to the right.
Vargine]l orevasses and several types of dirt bands are seen be-
low the firn line. Baby Glacier, st the foot of G-1 Peak, is
seon in the upper right cormer.

40
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beneath, Consequently the moraine is nesrly ispermeable, The lake
stands to within e few feot of the erest of the moraine.

Ho medisl moveines of any sort were observed on Hammoth
Olaoley, but & prominent lateral moraine cosurs slong the western
mergine It f¢ contimsous for about Bo 600 feots AL & point sbout
1000 feot fyom the southern extremity of the moraine thure is a de
presaion in the bedrock. The moreine bulges out inte this depression,
forning » sort of rudimentary teminal moreine around a alight salient
in the side of the glweler.
Recenpion

The maxisum sxtent of the glaoler in the last seversl
senturien oan be detormined from e study of the woralnes. Apparently
the glecier once sxtended as thinm loe over a large sren now bave of

. foo direstly south of Oanuett Peake. Beouuse of this the redustion

in area sinee the Little loe Age is scmewhat groator than that which
would be expected on the basls of terminel reosssion alomns. ALosorde
ing to mape .lm in 1950 the glsoier once oxtended over about 1125
asres (1.76 square miles), sud the desreans to the present amounts to
about 12 per cend,

Unfortunately the suthor was unable %o prosure any photo=
grophs showing the position of the terninas in resent years. The
Fromont Peak quadrangle shows the gleeier extending ealong one margin
mﬂ}hMMh&Muin&nﬂnWW“dh

—
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Photographa supplied by O, L. Baker show the marginel lake along the
sovtheest side of the glusier (see Fige 15) nearly surrounded by gle-
sier foe im 1§97, wheress in 1950 this leke was bordered by lee enly
on one side. Prom thiz 4% appears that the thin lee overlying the
ares southesst of Jsnnett Feak mainly disappeared during the years
1937 o 1945. Aerial photographs show that the temimas has receded
wbout 80 feot in the imterval 1945 %o 1350.

It is indoed unfortunate thet this gleoler hes not besn
wvisited by meny people, for the simple eonfiguration of the tercinas
1t an unasuslly good ons for recession study. The glasior cen
veached from the Ureen River lekes without too muoh dirfionlty.
Bly this glecier lends itself to glnelelogleal study more ensily
auy of the other Wind River Glaciers. It s vigoreum, bes &
le configuration, snd is not dengerous to work ofe The snout ie
oy olosn, v:mummuum and is pot mesked by eny
lations of debris or moraines.

felen Hlasler

L Reseription

The nsme of this glscier was first guggested Yy Hendersom
s Pe 356)s The Heyden Survey (1878) party wiewsd the narthern
n of this glacler from the susni® of Premont Peak, but did mob

PO B NUNO,
Halsn Emhr {e the most mortherly of the Bull Leke Glaciers.
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The glacier originates in en imperfeet oirque betwesn Wt. Helen and
Wts Warren snd moves streight east for about 1} miles (Fige @ pe S)e
The sverage width is about s third of & uile, Thie glsoler is the
suellest of the seven larger gluoiers studied, for it has an ares of
only 0.6) sguere miles (393 sores). The median sltitude is about
12,160 feet. The long nerrvow shape snd the srea digtridution disgrem
indiostes that this is & valley glacier of the normsl type.

The oirgue at the head of Helen Olseler is rether impere
footly developed. The lce surface at the north edge of the elrque is
ot over 12,700 feet in altitude and reeceives most of ite scoumulation
bW avalanching from the southemn slopes of UG, Farrvens On the south
side of the eirque firn extends continuously to the summit pyremid of
¥t. Holen, an olevation of over 13,000 feet.

Below this eirgue is & constriotion whioh narrowe the width
of the glacier down to ebout 1,000 feet. Below this meck the glacler
recsives consideredle ice from o firn slope that sonneets over a high
divide (12,500 feet) with adjesent Smongewea Glacier. A% the other
‘side of the glacier & tongue of neve extends up %o *Hlsie's Col® et
13,000 feut,

Below the junotion of these two tributary neve tonguss the
n glecier moves east for about 3,000 feet, then turns abruptly to
portheast for ansther 2,000 feet. The sverage width of the lower

maxinup slope et the termimue s &t more then 18 degrees.

is only sbout 1,000 feet, snd the slope aversges about T degress.
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The Pirn 1init in 1945 was sstimated &t 12,300 fest, ien
the glaolor was visited on August 28, 1950, only & very ssall eres of
foe wao exposed (Fige 1T)e The area Below the firn limit in 1945 wes
estimeted So be 150 sores or 39 per cent of the total ares.

Surfios] Feoturss

Helon Clacier hes a nomael ayetem of marginal orevesses
where the tongue barrews below the confluenve of ive from Hlsle's Col
and ¥t. Helen. 4 nearly unorcssable bergeshrund exists just below
Rleie’s Col, tut this 1s the only place where & bDorgschrund is promie-
nent,

UYoltwater from surface abletion is sarried off the glaoier
in meny smell atresms floving in parsllel chamnels only & few inches
doop oud several feet apurte Sines debris is washed from the lee in
mmummmmnmmarm“muwﬂum
and perforated Loe, thoss channels eppear ms prralliel white lines on
the grey surface of the glaoier when sesn fres e distance. Note this
effont in the lower left cormer of Fige 17, end elwo in Pig. 48,

pge .

Several medisl moraines oxist on this glseier. One orige
fsstes aa & separation betweon the Elslie's Col tosgue end the meln
glastor snd continuse Shroughout the lemgth of the glaeler and for
severs] hundred fost beyond. This moraine, howsver, is very élose o




m. 1?
Helen Glacier. The high peak on the right is Turret Peak and

in the osnter of the ploture is Mt. Werren. A small vestigial
glesier existed just below the fesing eliff of Turret Peek
during the little Ioe Age, note the prominent moraine. Elsie's
Col is detween M. Werren and Turret Psak, but is not visible,
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the north mergin of the glesler, and nearly tekes on the sppearence of
o lateral moraime, Another, more prominent, medisl norsine separates
the main tougus of Helen Glaeler from the saall westigial glecler

whioh Lo south of the terminus, This medlel is high snd los~soreds

4 third medin) movaine originates about 850 feet from the present
termimee and fome & prominent feature in the lower part of the glaciers
This is prodebly coused Ly & bedrook kned under the glecier some dise
tanes taak from the point of emerganes of the moreine. The postuleted
mmh'mi be desp under the glasler, for its precence ia not
indionted by oreveasses or other surfece fentures,

" Below the glsoler iz o large socountlation of morsisal dabris
which prodably indiestes the maximum extension of the loe during the
Little Toe Age. This wornine does mot stend high, and probably ie
everyvhare less then 100 feet bedrosk. Datwser the oreat of the
soraine end the tos of the glaeler 1 meoh rewsrked morsinel saterial,
mainly send and gravel with some larger sises.

Below the Little Toe Age morvelnms s & large send (and quioke
m)'mu whish nesgares dout 1,600 feet wide and 2,000 foot long.
The meltwater from the glasier forms amsetemesing shannels on elther
side of this flat,

Jssspsian
turing the grestest sxtension of Helem Glacier in recent
times the ares of the zlasier wes ebout 530 sores. The present lee

>3
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M“M‘E&)&rﬂn&af that aress The lipesr resession of the
tominus is abous 1,100 feet.
In 1945 the glasisr extended somewhat ferther then it 444 in
1950, bat the sxask smount {8 41ffieult to sptimete. Ib is probably
sbout 50 feat,

8ince Helen Ulasier is only very rarely visited, the suthor
wae uneble to find sny ground photographa that show the position of the
terninus in repent years, sud little eon be soid about the sise varlie
ations of thie glecier iu the last soveral dsondos.

spognuse Slselsl
Honeuplature |
The only published reference to this large glesier that the
suther eould find wes Henderson (1935, p» 356) who eseigned the neme
‘lower Promont Olualer.® However, the Hayden Barvey {1678, ») spplied
this neme to & ompletely different ;lulﬂ'. pad this original ueege
nas priority. Sines thie glecier originates in the vielnlty of .

Secagawes the name ‘fassguues flsoier*® is here proposed. iictmond
(1950, perecnsl companiontion) also suggested this nanes

mmm
m:smmumurmmx Lake Glaslerse It heads

botween ¥t. Helen end Hi. GncRgawes snd flows east for mearly 2§ miles
(Pig, 2, poge 3)s The glanier hag on sverage width of about 3,000 feet
and » total arse of sbout l.A7 square siles (J40 noves) « IS io the
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third lavgest of the gisolers studied. Altitudes range from 11,700 Fest
to 13,200 feet, snd the medien altitude le about 12,150 feet,

| The sres dletribution diegras for this glacler (Pig 16) ie
trensitionnl botwsen a Type 111 {sharasterised by abaenca of s lerge
firn field) nnd Type IV (lerge loteral tridutaries) valley gleelier ss
defined by Mulmans (1948, pe 62)¢ The lack of a large firn besin is
partionlarly notiosable.

Secagawen Glselor is fod by seversl suall tongues of neve,

one from .hm on Mt. Helen (see Fig. 19)y end m others from WS

Saongronte
Directly east of ¥t., Helen is o mass of loe that appemrs %o

have motion independent of the main glwelers This glasieret is sepe
erated from Caoagnwen Glesier proper by e terminel moreiue whioh,
unfortunately, was not vieited in 1950,

The largest part of Sacagewsa Glasler is e brosd tongue
of tos (Fig. 18) that slopes very gently (less then 6 degrees) from
about 12,500 fest to 11,900 feet in sltitude. The northern margin of
this tongus 1s blooked at 1ts sest end by s hedrosk knob which foroes
the glasier to the southenad.

The saout is = rather somplex eonbinetion of smelle inde-
pondent loe ussses sepsrated by considerable morainal debris. The
sotual temminas fo diffieult to loeate. 'hen the glacier was visited
on August 28 and 29 of 1950 the whole sree was deeply covered by snow.

The mepping of this couplicnted mess of dlvergent loe motions would




Pig. 18

View of the flat, broad tongue of Sasagawea Glaefer. The
poak to the left of senter is Mt. Snengawes (13,607 feet).

--m” b’ C- P, Dl!'liu

o _ e
ﬁ‘n 19
%, Holen snd the upper part of Sacsgawea Glasier. Note the large,

highelevel moraine parallel to the Continental Divide (skyline to
the left of Mt. Helen) and glecieret below the peak.
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got have besn possible without the sid of the 1945 merisl photographs.
The existence of these vestigial glaciers st altitudes below
the trus smout of the glesier e & consequense of an exeepticnally
favorable topographie losations The meis glasler is geserelly unpros
toocted from the san, but these glesiereta are nestled under & steop
. porthwerd-fesing oliff, end receive direct sunlight for only a few
hours during the day. The Sopogrephie pesition slso suggeste that
snow might drift to considerable depths here, and this would occntrie
bute to the existenes of these small gleclers at such & low altitude.
The firn limit on Seongaves Olacier in 1945 was at about
12,400 foot in sltitude, ineluding sbout A40 mores ia the ablation
sone, or A7 per sent of the total ares. The per cent of ablation
aren is signifioantly higher than for the Dimwody Olaclers. The firn
1init oould not bo observed in 1950, dut 1t wes uobiced that by
Sugust 29%h neerly onsethind of the total avea was beneath the firm

1ine.
Saoagewes hee & low gradient end 1s therefore mearly free
from .mm. A dlsoontinuous bergsohrund exists along the southera
margin of the glasisr, and a fow erevassss oesur at the foot of the
neve slope beneath M¥t. Sancegawen. UDecause of the pauoity of srevesses
and the gentle slope, the surfmes is ot dreined well and ‘suocw swanpe®
exists at several places.

R
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Some largs blooks, epparently welies of avalanches, coour on
the surface (Fig. 18). fHxsept for these the surface of the ice is very
olean. Probably much debris is deing esrried englacinily ap fine pare
tisles, for the outlet strean is exspbionally milkys

Eorsines

fio medial movaines oxist on Sacagawen Ulseler, but the meny
lateral end teminel seweines Pom promiment features sround Yhe main
glreler and the amell gleolerets. The lateral morsine that barders
the tongue of firn theat desoonds frem Wt, Helen is m rather unique
feoture (eos Fige 19)s This moraine is well over 100 feet highs 500
fest brond, snd flatetopped, yet it cocurs in the extreme upper reaches
of the glasier st an altitude of from 12,600 fest to over 13,100 feets
The top of thie moraine is ot one plece higher then the ndjecent
Coxtinental Nivide (Figs 21).

Unfortunntely, the author was not sble to get to this morelue
in 1950, ond the veesos; for the existence of so large e moraine ab sush
. hlﬁ level is not kuown. The source of materisl must have besn neer
the summit of Nt, Helen, but 1% is somewhal diffieult % visualise the
former, move extensive ioe tongue thnt would heve produced this lnter

Tae sastern margin of Sseagewes Olacier is unusual. Hore the
fos ip soparated from the bedrook hill to the esst although the genaral
motion of the ioe is elmost direstly toward this hill. Several hundred

[
B
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foot back rom the edge of the los is » low moraine (Fige22)s
One possible explasation for this festure is that the ios is
vory thin underncath the margin. The zain mess of toe, thon, would be
deflected to the southeast well bmok from the mmrgins, snd the ioe et
the edpe zay have very little wotion. Unfortunmtely the whole aree
waE snow t*nml when visited in 1950, and it wes not ’utﬂh o
dotormine the direction of motion of the fos at the extreae margise
The complex arrangement of moreines at the smout (Pige 16)
18 not being altered at the present time. It seoms ldkely that these
moraines were formed at the time of the maxisum extent of the glmeler
during the Little Ioe Age, and have not moved sppreciably since then.
Therefore the giseisr probdedbly did not extend far beyond the present
100 in recent years, for these zmoraines border the pregont limits of

foe,

ELTLTHS
The maximun Littls Ioe hge extent of the gleeler coversd

about 1.59 square miles (1,010 serss) and the more reeent retreat hes
ungovered less than 7 per sent of this -Ium Pronounced terminal
thinaing ie pated by the high mormines, Dow ptending nearly 100 foed
ehove the iuse sarface., The temime has shown negligible recsssion

sinoe 1943,




Emutwunst pnrﬂo through highelevel wnraine at head of
Saoagnuen Oleoler. Approximate seales 1% % 400
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Eagtenwset profile through eastern margin of Smosgawes Olsoler
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g o0 kel

by



The Pirst published refavence %o this glacler, appavently a
report of the Hayden Survey (1578, b), econtains e sareful sketoh of
the view from the summit of Premont Feak showing parts of this glesier.
The ico mase just below the summit of the pesk was named *Upper Fremout
Oleoien,® and a lower foe mase was oalled *lower Premont Glasier.®
Thie usage will be followed hare, and the two masses of los, whioh sre
eonnsoted, will be referred to as *Fremont Olasier® sollestively.
Henderson (1939, p. 356) onlled this the *Upper Fremont (lacler® end
reforred to the mext glsoler te the north (Sneagawea) as *Lower Free
mont Glacier.® Richwond (1950, personsl communioation) suggeated the
tem “lorth Pramout Oleoler.® The sathor was »ot able %o find axy

econsistent loonl usunge.

Senersl lsseription
This glaoler lles on the enet and morthesst flenk of Premont

Poak (13,730 feet in elevation)e Yt cooupies o broad high shelf south
of Savagnwes flecier, and is sdjecent to the larger Unife Polnt
Olsofer southeast of Fremont Pesk (Pige 2)s This glacier has the
highoat modian alewntion of any placier studied « 12,870 foet. 2Altls
tudes on the glasier renge frem 12,200 fest %o ever 13,600 foete

The composite zlseler bas & total length of about 2 miles,
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and the saximen width is about 7/8 of a mile, The total area is about
1.03 squere uiles or 660 neres. It fs the sixth ilnrgest of the gla=
elers studieds

finoe the glasier consists of two nsarly s eparate parts,

as seon in Vigs 23, the ares disteibution dlegrem is & Swo-peaked
graph (Plg. 23)s The diegres for either Upper Frenont or lower Free
sont Glaoier shows, however, » shape characteristio of eirque glaclers
 (Ahimann, 1948, pe 62)s Prom this graph and Prom the genersl shepe of
the gleeier it is seen that this gleoier should be olaspified s &
double (or tendes) oirgue glacier.

Spper Frement Sleeler
Upper Fremont Glnotor consiste of & peareshaped field of
foe and firn,. The broad end of the poar Ls the eteep Firn apron ok
the upper slopes of Fremont Fesk. The other end of the glaoler is a
searly flat and fentureless plain of lee (Fige 24)s The slope here
is 1pnm6m. The bergsehrund whieh forms a prominent feae
ture ot the hesd of Upper Premont flnclor i¢ eontinuous for uearly e
mile, end oosurs ot an eltitude of sbout 134400 fost. The firn line
uuumnnmmupwuu@« 13,200 fests The
saout of Upper Presont Glsoler is st about 12,800 feet, so 1% can be
| geon that the glasier hes an aboormelly high general sltitude. In
1945 shout 11h seres were inoluded bomesth the firn line., The ratic
of sblstion ares to total ares for this year was about 0,30, This
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low figure is due, of course, ¢ the decresnsed sblation at high
altitudes.
The upper and lower parts of FPremont Glacier are now cone

meoted only by ome marrvew ‘throat. This steep couloir was completely
¥ covered when visited iz 1950. However, ice is probebly being
sotively transferred through this constrioction, as indicated by the
1lowing evidences

(1) PFaint indications of orevassing bensath the snow would
0t be axpeoted 1f this was en ordinery snow couloir and suggest motion.

(2) The dirt bands on the exposed ice of lLower Fremont
or dip at & high angle (about 60 degrees) upeglucier snd are sepe
ted by 10 %o 15 foot intervals, although further down on the glesier
lar bands dipping et the same angle are spaeed at only 35 foot inters
o« This would indioate thet the velooity of the glacier is greatest
t below the couloir, a fact that is consistent with the sssumption
t considerable ice ie transferred to the lower glacier through the
ire
{3) The percentage of ablation area of lower Fremost Olucler
o0 low in ecomparisen with other glaciers that it would seem probable
at the glaoier oould not have mainteined its present size unless it
suppiied with ies from another source {(Upper Fremont Glscier).
Severel other smeller eouloirs comneet Upper and lowsr

nt Gleolers, but it is doubiful thet there is sny apprecisble
fer of fee through them. In some ceses overhanging cormioces of
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014 1oe were observed, and thess may have been connsetions between the
glaoiers at o tine of greater ioe thickness.

Thie glaoler i somewhnt swaller than Upper Fremoat Glsoler,
for its surface area ie only about ﬂb aores (0.44 square miles).
The surface is also quite flat, averaging geserslly less than 10 dee
grovs. The suwout desoends lato ¢ smell velley for & short distanve,
but 1t was not poseible to delineante aosurately the fce temmioue in
1950 because of snow sover. The mblation arem in 1945 emounted to
about 209 aoress 74 per cent of the total area. Frobably in & nommal
your nearly the whole ares s inoluded ia the wblation sone.

The ablation ares for the composite glecier was about 3520
aores, or 49 per cent of the totel combined aves, in 1%45. This was
the highest per csnt ablation area recorded of the glaclers studied,
and is in spite of the high altitude of this glecier.

The surface of both Upper and lower Fremont Glesiers is | |
renarkably free from conrse debris, slthough some large blooks were
obgerved on the ioe below the unuened pesk betwesn the twe glaciers.
The lee is generslly olean, end is spparently trassporting little
debrise The outlet streen from lLower Fremont Glacier was observed to
be earrylag very lttﬂt suspended matter. Beecsuse of the gentle slope
and poor drelimsge, meny ‘onow amﬂ oeeure DPirt bands, probably g




61

representing sheer surfeces, wers noticed on both Upper snd lLowes
Premont Glaoleve, '

Koralipes

Upper Fremont Olacler is bordered on the uorth by a series
of leteral moreines whish rise less then 50 feet above the icves These
are compound, indiceting severs) expansioms and sontrections of the
gleoler. Along the southeast margin of the fee i¢ & rudimentary lete
ersl moraine of oo great height,

The south border of Lower Premont Glseler is formed by o
mediel moruine which separates this glecier from the sdjoiaing Knife
Polnt Glecler. This moraime is low, probebly less thanm 100 feet high,
and l.l.l very straight throughout most of ite length. The esstern end
is um by seversl tight folde. These mey represent sineyr survings
or drag folds thet were compreswed and tightly folded sgainst the
bedrook and moraine beyond the glweler, If these folde started ag
drag folde, then it followe tiet Lower Fremont Olacier here flows
festor then Enife Polnt Clacier. Beyond the folde the wowaise serges
with extensive woraizsl debris everlying bedrock, and besomes part of
& lerge lateral moraisc around the soathesstern margly of the glasier.

A similer lateral moreine exists on the northeset side of Lower Premont
Cleoier,

Resesoiop
The author wee not able to locats any previous photographs

T
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of the terminus of Frement Glsofere Frem s study of the moreizes and
the 1945 seriel photographe 1%t sosss probable that there has been
1ittle 1f any, torminal vecession in the last few yeurs. The trae
snout of thiz glsoler was heavily smow ecversd when visited in 1950,
end the lee w poepibly have retreated a slight distance frow the
moraive. In the wvalloy Relow the svout some vld glasier fos was obe
served, but thie is probabdly s stagnent remsent of o small vestigiul
glacier whiohonce mhm in the sonfines of the valley.

The upper regloms of the gleeisr heve deen sbserved by seve
eral parties, and the suther was sble to locate photogrephe or sketohes
of the glaoler deting es far baok ae 190} (Titeomb, 1939) and 1678
(Hayden, 1678, b.). No ohemge could de detested iu the margins or the
thiokness of Upper Pramont Glacler in the 1878.1901 intervel. Compare
toon of the 1878 sketoh end the 1945 aeriel photogreaphs shows some
recont uarginal thinning amounting probebly te less then 100 feet, and
e #light morainel dovelopment aleng the esstern mergin of Upper Fremont
Glaolere Considerably greatsr changs, however, is noticed in those
parts of Lower Frement Olmscier that were visible So the 1678 party.
The glacler ot that time wteod even with, or possidly above, the oreat
of the morains on the southenst sdge of the glasier. AL the present
time Bhis movaine stends over 100 feet above the ice surfnoe, so the
Waa ainoe 1678 must have emounted to m.:u ever 100 fest,




The name Enife Polat Gleoter (from Knife Polut Moumtedn)
Bas bsen taken frou Henderson (1933, e 356)e o othor published name
ar any sonsistent losal wsage has besn found,

Tais glsoler is loomted ox the eest slope of the Contineamtal
Divide snd sxtesds southeast from Fremont Pesk to Kmife Foint Nountain
(Fige 2)s Only smel} gleslers snd glesiorets exist eouth of this gle-
oler i the Find River Nousbeins. Kndfe Poimt Gleoier extends for
sver 2} niles in i%s longest dimension, snd hes an wres of sbout 1.16
squere siles (ThO sores)s Pirn resches to about 15,100 feet snd the
smsat 1s ot about 11,300 feet in altitade, The median elevation is
about 12,090 feot above ser lovels
_ This gleeier is ecmewhat diffioult %o olaselfy 2o PP Jogie
sally. The aven distribution diagres for the whole glasier (Pig. 29)
doer nnt T3t eny of Mhlmann's glacier types (Ahlmsnne 1948, pe 62)s
However, when individuel ares distribution graphe are drawa for the
porth end seuth lobes, it is sesn that the sorth lobe oan be considered
e typies] valley gleofer and the south lobe a typleal oirgue gleciers

The sorth lobe of Knife Polnt Glneier originates at the
Continzsntn} Divide in & depression between Frement Peak and Glesler
Crest (Plg. 2)s It moves firet east, parsileling the adjasent Lower
Premont Olseler (Pig. 25), snd then turns southeset and flows parallel
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%o the divide for about a mils (Pig. 26} Moar Isdien Tess the lobe
turns sbraptly enst and mortheest, jolniag the ssout of the south lode.
The sloss af the morth lobe is yathar eonstant at fron & %o 10 degrees

(o4

sxospt where the glasler maves s87 & housh slong the aset alds of
Qlanior ﬂm‘h Here, jJust weat of the teminsus, Sho les in stasapest
and 45 probably thin, for several low musatuks projeet through So the
suzlnoee

The south lode of Xaife Folnt Olsaler originates in a odrque,
the walle of whioh form the Cortinental Divide frem Indian Fass southe
_amst %o Enife Point Mounteln. The foe moves in & gomerally northward
dirsotion toward the mein termizus ssrtheast of Indinn Fase, although
some loe is directed toward a rudimentary sscut to the southesst. Zext
to the eirgue walls the surfsce slopes up to 30 degrees. About ones
third of the way m.ﬂn surface glope ehanges to o muok lower walue
{arousd 8 to 10 degrees), and st the termminus is agein stesp (sbout
15 dogreen ).
| Io 1945 the firs limit om Knife Foint Glesier ranged from es

Righ ag 12,900 feet to as low es 11,500 fest in eltitudes PFor this

geur the ablebion ares smountsd o about 0,55 square miles, 48 per
sont of the tolal ares. Then the glacler was visited in 1950 (August
30 m‘zi)_em- about 30 per sent of the srve was bulow the firn liue.

Exoept for o bergsohrund vn the north faoe of Glecier Crest
(Fig. 25) snd & diseontinucus bergschrund east of Znife Folnt Nountalu,
B0 orevasses were seen on Knife Point Clasier. foms sonrse debris

™BE
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Head of the morth lobe of Knife Foint Glaeier. Glsoler Crest
is the high pesk. Modial morains and o small part of lower
Fremont Glsoier in the foreground. This pieture is almost
panorsnio with Pig. 26,
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Enife Polnt Clmoder Pron the svwsit of the wnvemed pank beteeon
Upper snd lower Fromont Glasier. The smow peak oxtendiag vut of
view o the right fe Gleeler Crest. lu the sentey of the view

the north lobe of Znifs Folnt Glasisr turns %o She sonthonst, and
then steepens abreptly before joining the south lobe, shioh Is vise
ible fu the beokground. Hote the folds in the medisl woreine
separating ¥nife Foint Glesler from Lower Fremont Olesier (fores
ground). This view is slmost panorsnie with Pige #5e
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ooours on the surfses, but not &8 nuok es on the Digwsody Claclerse

The surfece is Puirly well dralzed, sed feow sace swesps were notliced
in 1950, Dirt bands prodably indicating shesr plenes were olssrved

on the south lobe,

The only wedial moraloe seen suparates Enifs Polad and
ont Oiselere (Plzs. 23, 26, and diseussion uader Fremoat Gluelar).
4 mmesive, fresh wmoraine mavis the maximum extent of the glee
r io the leet oentury or so. Zals fesdurs sxtoads contizously ee
lateral moraine from near Premoat Olacier to the teralmme of Enife
nt Gleoler shere it takes the form of & lurgsy high terainel moe
ne. Thie moraine probebly comteinms the most meterial of apy of the
rainss that were visited fn 1950, Sowme sanll kettles wers peen on
norains, Detween the erest of the terminel woraine snd the edge
the glasier is o quickeand flab, similer to the one ot the foot of
moody Glselers

This glacier hes retreated conslderably from ite weximam
ut in the Little lee Age. About E90 scres (1.3 square miles)
then coversd by ioe, and the present ares represents only 83.5
r oont of that amounst. The MMus retreat of the stwat hes been
ut 1,200 feuts
4 sketoh from the sumait of Premoat Fesk (Hayden. 1578, %)
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shows that les extended mearly to the orest of the tormisal moraine
in that years This sugzests thet most of the rescasion hos taken
plece in the lest 7O yeurz. The sene im m thet the neve on
the sorth face of Oleoler Crest hee thinmsd by mot lese them 10O feet.
Yory 1ittle chengo mt the terminug ¢ould be debected betnaen
1945 sod 1950, dut thore was sotlossble thinning on the stsep part
of tha morth Jobe. I recssalon condinues im a very sheri tine this
johe of Enife Moint Mlnoler will ba sut in twe at tais polnt.

Genors) Desoription
This gleeler we until 1935 or eo a tributary of Dinwoody
Glaclor. Consequently, it hes mot meeded en individusl name untl)

rooently. Although no published mamo could be found, the nene
“loosunsok Glasier® hay been used by the loos) pavking and geiding
personnel. The *Coosencok® fe o peculier pinmacle domineting the
ridge betwsen this glaelier and Dimwoody Oleniere

Goosensok Glneier 1ies in a smell, imperfest olrque beneath
the preeipitous enst face of Oanuett Peak (Pige 2)s The gleoler has
& surface aree of only sbout 87 meres. The length ls about 2,700
foot and the sverage width about 1,400 feet., The suout is now at
about 12,000 feat, firn extends to as bigh es 13,000 feet, sud the
pedian slovation le about 12,310 feet. The eres distribdution dingrem

e - = i

i
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shows this to be & typlesl eirque glasier (Fig. 27).

The upper portions of Goosensek Glnoier slope up to 30 dee
groas. !alw thie stesp upper mergin s & broad, irrepular firn basia
whish slopes to the morthesst, The glasier moves in sn essterly
dirootion, nud the sleps of the tongue $u to the southeast. Thus,
when viewed from the sast the glacier has a *twisted® apponrance.
South of the present teraimus is a pooket of foo which is no longer
being fad from above and is, therafors, stagnent, The setual smout is
on & vook slope so stesp that 1ittle morminel material san lodge there.

The surfece of the glneler is badly erevassed, probubdly
from the irregular beds The bergschrunds around the west margin of
e glacier ere large and imposing. One prouinent syatenm of crevesses.
existe in & sexioireuler bend Just below the firn besin whioh ls et the
foot of the Gunnett Fesk oliffs. Below this ares is en edditionsl set
of orevasses which interseot the above systen at mearly right engles.
Those erovasses are apparently due %o the *twisting® effect of the bed.

Vory few well defized nels water channele exist on the eure
foce of Cotesncek Qlsoler, for west of the webter Zisapypesrs iate
erevasset. Yoms aceres dabris litters the surfece, & result of aves
lanches fron Genoebt Feak,

In 1945 ablation exoosded sseamulation over ebout 20 soves,
80 the matie of ablation area o socumuintion mren for that year vaa
about O.24.

Very 1ittle morainal materinl Is found in the ismediate
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violnity of the present terminus, Sueavar, & preninash 3601 2oe Ags
moraine shows thet the glasler was formerly mueh more extenislve. This
movaine stands over 100 feet high bonenth West Sentinel, amud le probe
ably 1o ocored.

Zeposaion
 The meximum extent of the glasier in the last several sentue
ries fe diffionlt to estimate, sinoe the glacier at lte meximum extent
ooelesoed with Dinwoody Glecier. Howewer, it i» sstimeted that the
glselor at one time spread over 147 sores snd the aren redustion sinee
this waximum ie about 41 per ceat. At the Sime of its meaximus sisze
the glevier extondsd over s svnsidersble aren %o the northesst of its
pronent poaition, snd the terminus extended sbout &,300 feet %o the
torminel moraine of Dinwoody Oleciers By 1930 it had retreated but
slightly from its maximws position. However, at sometime betweon
1930 end 1939 the gleofer had thinned to the point where the 1,700
foot sestion of the W which wag connested to Dimwoody Glasier
wae out off from the mein pert of the glasler (Pig. 28). Thia left
' mu‘ stagrant loe which im 1950 smounted to about ¥ seres. Sinee
Iﬁﬁﬁ Mmt.mhmhtu fow por oeut of the maxinum ares. The
linsar and erea changes in recent years are summed up in the fole
lowing tabulations '
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Parlod of Tine Lineay Recession dren Deuronse
4. oo/t per cent per sent/yre

Lo 1o 44 max, | _

to 1930 340 e 10.1 wne
1930 to 1940 1,700 170 #0.6 2.86
1540 %o 1941 150 150 1.3 1.30
1951 o 1945 150 38 o7 0.18
1955 to 1948 35 12 03 D10
1958 to 1950 20 10 1% 0u 0%

Total 24395 [ 1 §

The neze ¥inor Slsoler was apparently firet suggested b
Hondovson (1935, p. 356) by way of contrest to the nearby Meswoth
Glacier (see Pige 2, page 3)e This nene is vommonly used looally.

Hinor Olacier is direstly beneath the shesr west fuee of
Gannett Poake It &5 conteined om the south and west by o ourving
ridge shich nowhere rises more then a fu tens of feet above the
progent surface of the glesier. The diveotion of motion of the loe
1s slightly west of morth., 7he glreler ia about 4700 feet long and
gevernily about 2,000 faet wides The prssent aren is about 214 acres
(6u55 squsse wilea)s I 1s She largest of the group of susll oirgue
glaciers that were studieds

he form of thls glsoler (Pige 39) is that of o small
eirqus zleeier. An erea distribution dlagra esuld not be comstraoted

for leck &r sufficlent photographie eontrol.
The slope of the surfuce of Winor Gleoler is rather constant
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at about 10 degress, slthough just shove the sosut the slope ls sonee
what stosper. The firm besin le elliptionl in sheape, with the long
axis parallel to the wost faoe of Gannett PFeake

Intricately contorted dirt bands are exposed at the snouts
These are probadbly primary sedimeatary bands that heave beeome folded
through shearing and plastio flow.

Srasshorpais

The ocutetending surface Peature of Niner Glaeler in 1950
was the large smount of organie saterial littering the surface. Nost
of thie debris was in the form of gresshopper remaings Wt parts of
moths, dragonflies, snd other inseots) gresses and deeiduous leavea}
ond o smell bird end asother amsll noimal were collested. Unfortun-
ately the wolleotion was lost sille leaving the ares in September.

Yost of the remains were imbriceted or flattened, ol though
some relatively whole specimens of gresshoppers were founds . Bo In—
pains were found completely imbedded in the loe, bat sovernl speaie
wens were partly surrounded by oo and the bird was found next to an
fos oavity that seemed %o £it the contour of the vivd olosely. The
pemnins soour only wheve old glasier ioe was exposed, and none are
ebove the firm Yine. The debris was mot definitely trecoable to &
single layer in the Lev.

Urssshopper remains on Wind Mver gleciers have boen
reported befores Henderson (1933¢ Pe 365 footnote) snysi
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mwmn»mmmwmammw
fielon and Ounnett Feak this parly 1924 found gresshoppers

huﬁmﬁu-mmmmuuimm* ¥re T O
_ large areas of thelr rotiing eareasses

!
:

B oved Premcnt Pesk in 1931 reported large mmbers of grass-
hoppers on the %o (Ploedele Boundep, Augest s 1$31)

The sems suthor, when desoribing & 1936 ssoent of Premont Fesk
(Hendorsons 193% pe 53) mentions that, %ecothey dimoovered thet the
min Fromont aud Taife Polnt Olasiers were soversd with billlons

of gresshoppsy GAroasees whioh stenk horribly.*

| Grasshoppor Pemains bhave besn reported frem paveral other
Toeky Mountein gleoierss The most Pamoup of these iu the Gresshopper
Oleoder in the Boartooth Nountelns of Montsna. & short vidbliogrephy
of pefornves to thls placier oay be found im Dyeom, 1950, pe Te

The sathor is not able to affer s satisfaotory ﬁpkntﬁn
for the presense of gresshopper and other remains only on Minor
flsolers It is perhaps possible that & swarn of inseots wae oaught
tn an sxouptionsily high wind and carrdod to the higher regions of the
Wind River Hountelns. anhuhmmmlﬁ& spow and pree

motion of the loe on the larger glecierss

#iuor Glacter is enelireled on the north snd sorthweat by




s promisent iLittle Jow Age morsime less than 100 feet high.

Between the moreine end the smout is e small miliky-green lake. The
glaoier hos retrented sbout 350 feet frem its naxisum extent of the
Little Ise Age, and the present aren repressnts about 68 per cont of
the resent maxiném. No measurable retrest has been detested since

1945.
oty Ldader

Genops), Desoription.
The pane Baby Glacier was epparently first applied by
Hondereon (1933, p. 356)s Richmond (1950, personal sonmunioation)
gugzestod the nome *Wells Olesler,® bub 4% is thought thet the uwse
of this term might cause confusion with Baker's (1946, pe 593)
wsage of the name *Wells Creek Glecler® for the larger Hazmoth Glacler.
Baky Olaoior is looated less than 1,000 feet weet of
Yemmoth Clacier (Pige 2) o It e vontalned lu e sertimard feolng
sirque at the foot of Mt. "hitecsp nad Ow1 Pesk (FPigss 15 and J0)
The lemgth of the loe sass ie about 3,500 feet and the waxisws width
about 1,600 feet. The ares of wotive los is sboud 9k sores, sud it
is the tenth largest of the gleelsrs studied. The highest firm #ke
tonds to about 12,500 fesd, the sucut s at sbout 11,700 fost, snd
¥he sedien sltitude is setimated at 11,900 fosts The shape of the
glaoter (Fig. 29) and its topogrephie setting indloste that ib should
be olassed as & elrque gleoler,

|
I\
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Fig. 30

Baly Gleoier, e sesn from o point on the Little loe moreine
onst of the present temminue. The peak in the ecenter baskground
is Y. Thiteoap. MNotice the outorsp of shenr surfaces, which sre .
here maarly paeallel to the border of the placiere : =
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The surfece is rather unowen, for theve are several stops |
of benshes in the long profile (Pigs 30). ¥ ovevapsus wers sesn with

. fhe surfacs of e low fa oovervd with coaslderable debris, probe
dorived from the 011ffs at the head of the gleeler, Dirt bands,

over an uneven bed, ave absent here probebly beosuse the motion
18 vory slow. The outlet streem sontains very little rook floure

~ In 1945 the firn 1imit was et about 11,500 feet, About 32
sores wore inoluded in the sblation sons, 34 per eent of the total
aren, Vest of the notive part of Baby Olsofer is a remnant of a lobe
of the glseler shioh omes covered nearly 40 sorves. 2t the present
ting only shout 15 seres of steguent ce remsins. This 1s slowly
wepting away under an evereinsressing mantle of debriv.

¥orainos and Resession

4 large fresh morveine exists eround the um of Daby
Glsaters It is gemerally low, but east of the present tersimia it
sttalns o height of over 100 feste

A% ome time in the lest hundred years oF so the main part of
the glaoier oxtanded over 119 mores, and it has retreated 470 foot snd
diminished in area by about 21 per ceut since that time. The west lobe

whioh onse covered mﬂj k0 sores ia pew snly 38 per sent of its fommer




pize. 7The recssgion in the 1ast Pow years could mot be determimed
mummtmmum&ammnurmumm

Souenplature

The author was mot sbls to find any published name for this
snall glasier. The peliey followed in osses such as this was %o neme
. the g;uur after the mountain on whioh the body of loce is locuted,
This glecier fs at the foot of the northesst fase of Heap Steep Peak
 and the morth Page of Sunrios Peaks It was thought that the neme
ssunrise Glasler® would onume sonfusion with the saall glaslier on the
southonst side of Sunrise Peak (Pig. 2. puge 3)e Therefore the name
Honp Steap Olacier is suggestod.

Gensrnl Deseription

This giecler nestles olose under the walls of the above-
mentioned mountains, end is enst of Dimweedy Olnoter. It is so well
hiddon from viow thab Wentworth eod Dele (1931 PP. 618-619) wrotes

This susll henging oirgue wee net visited ner its extreme floor
viewed from a distanos, but encugh of ite side walls wae seen
fyom the spur south of North Gannett Gannett Glesier to re-
mlwm&lmu&ﬂﬂmum Fronont Pesk mape
A fer gnowebanks were men om the more sheltered slopas but
there was no evidense of & true glasier heres..

The length of thir glaeler is only 2,100 feet on the map
sonstrusted by the suthor (Fig. 31) and the srea is only sboat 4é

eores. It is Deliaved o e & true glacler for the following reascns:
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(1) a large bergeohrund probably tnéloates voreiderable mevesenty (2)
sefizite ablation snd seonxaletion tenet separated 3y o firs lise
sxisty (3) ourved shosy sarfesss show definite svidence of movenent st
the lewer pert of the gleoler; (k) a largs Ritile Ioe Age uoraize has
beon sseumuiated; and (5) the lesssontact leke at the tersimis has @
typioel zleelel uilkyegreen soloy.

Fiyn beging et about 12,600 feet, the snout f2 et about
11,700 feot, apd the medisn sititude 1o ostimeted to be 12,100 fenbe
The abletion sres in 1945 enbreced about 12 serves or 26 per eent of
the total ares. The firn limit et that time was about 11,900 feet.
The herizontelity of the firm line e striking (Pig. _3!)-

fhe outstending sherscteristion of Heap Eteep Glaelier are
the perfest, reguler configuration and the stespnsss of the surfese
slope. The shepe of the glacier suggests that it wight be well
adapted for a speeial study, but this is precluded by the constent
denger of rookefall from the steep eliffs and the steep slope (&l dee
grees and more).

Pae surface of the gleoier below the firn line is marked

by three prominent fentares: (1) many gluoial tebles (thewe are
indistinetly visible in Pige 31)i (R) s reguler arrengevent of dirt
bands) end (3) & regular arrangenent of baups on the lee, These
bimps are the result of the reguler intersestion at right angles of
the dirt bemds (shear surfeses) Yy superglecisl strean ehanusls.
The 4ist bends are very aloss togsther at The foot of the glsoler




Pig., 32

Hesp Stesp Gleocier, from the top of the bedrook kmob in the cen~
ter of the large sirque. Note the straight fira line, the surved
dirt bands, the large bergschrund, the morains emerging bemeath
the termims, and the large, oompound Little Ice Age terminal

moreine. Heap Steep Pesk to the right and Sumrise Peak to the
laft in the baokground,
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(some weve less them ome imeh spart), but higher six bands weve
m in & distanss along the surfacs of 25 feet. The dlp of the
bands was 32 degroes ape-giscier st this point, sand ssny dust weils
ware observed. Yhe average size of the ioe erystals mear She firn
1ine wae found to be between 0.1 snd 0.2 inches in dlemetor, and st
the terainsus the average sise was dbout 0.3 lnehes in dinseter.

The symmstry of Seap Stesp Glesier s marred ad the teruimss
by & broad, low morainsl ridge boosath the tee on the west sids
(Fige 31). 1ho meterial in this feasure ip ussorsted 8531, and shows
B evidencs of having been doposited by wter. This debris ridge
sust, therefore, bs developsd 1a the les of a projection of the bode
rocke

The Little Doe Age terminal moraine is very promiansnt. It
is mot o single ridge, but conaiets of o series of svnsentrie woreines.
These may mpresent several sdvenses sad retrests, or at least several
ponses in the recent recession. The mersaine ls high end appsrently
has on lo0 oore.

Hoap tSenp Glacier hoe retrectod meerly 500 Poot from its
farthest recent ascraine, isdieating e redustion in sree of atous 12
por sent. Sines 1945 the glacior hey retrested less then 50 fost,
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Semerul, Reserintion

This nene, like many others in this report, wes firet suge
gested by Henderson (1933, pe 356). This glacler is ove of s group to
whieh the neme Titoosd Glnelers hes been applled.

Twina Slacler i¢ looated et the headwaters of Titeomb Creek
woet of the Coatinental Divide (Plg. 2). Winifred and Twin Feaks rise
above the west side of the gleeder. This loe wess i elightly over a
mile wide and is about 2,200 feet long in the direction of moticn.

Ite arves fw ebout 175 seres, snd 1% ds ninth in sise of the gleclers
studien, The glecler extemds fromsbout 11,200 feet te about 12,200

feet in altitude, and the medien eltitude is estimated to be 11,700
fest. The elongation perpendisular to the direction of motion snd
the topographie setting elassify the glsaler as a olrque gleeler
{rig. 31).

Yo eraowasses and o bergsahrund were visible om the surfece
of this glasier in 1950. The surfece was nearly complotely eovered
with gnow on Seplember lat (Fig. 33)s but plotwres Saken in 1948 show
sonniderable old lse exposed in the ablation xone. Yalat dirt bende
are visible in thesn plotarss. It was not possible to study thie
glseler nlosely in 1950 or investigate the outlet stross Anmsediately
bslow the glseier. The strean Ls quite wilky vhere it jolns the main
Titoond Valley, but gome of this flour may have been eontributed %o




Pig. 33

Twins Olscier. Nots that the surfuce is nearly completely
covered with snmaw although the sunmer geason is nsarly over
(photegraph taken Septeabder 1, 1950). The Little Ioe ige
moraine 1s in the form of e sloping bensh below the glacier,
and there is no single outlet stresm. The head end of the
?{tsozb Lakes valley appears ia the foregronnde
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the stesen from the Sphimx Ulesier. In 1945 the firn liult waz ab
aboat 11,500 fest inm aititude and ebest 67 seres were iusluded in
the ablation soume (38 per cent of the betal aren}s

The Little les Age mormine at the foot of Twine OGlecier is
in the shape of » sloping benoh rether Shan an eneireling ridge. The
surface of this bemeh ie epparvently soored with rogular, streight
furrows. This type of furrowed t11) surface hus beon veported by
fay (1935, ppe 910<311) end Tarr and Yertin (192as ppe LhSehhds Yiate
o1X%X) from Alaska, and by Dysom (1950, persousl eommunisation) from
Oleoter Netional Park. Unfortumataly, this morains wes 20t vislted
in the flsld, nud the furrowsd ©i11 surfaoe was discovered only after
sarsful study of sorinl photogrephs.

The form of this moraine makes wp sgtimste of the Little loe
Age sxtent of Twing Clasler very diffioult. The recsssion of thie
glnofer {n vesent years ia negligible.

Phiy neme ws firet siggested by Bendevson (1933, p. 356)
The names "¥ilson Glasier® sud *Horth Titoomb Gleeler® are used
losally, but they have apperently 2ot besn published.

This glasler lies oloce under the gouth fese of the Sphinx




and ¥, Hoodrow ¥ilsow, and is on the west elde of the Continentel
Divide. The eres of Sphimx Olaeler is ealy about 60 sores, sad its
grontost dmonsion is buk 3,600 fweb (Fige 3hk)e The glacler extends
from sbout 12,100 fost to 12,800 feet, and the median altitude ie
estimated to be 12,450 feet. This glavler i slomgrted perpendloulasr
%o the diretion of motion, and 1t ls evidently s sirque glaolere

The sarface of Sphink Olesler slopes at & steep sngle. &
discontinnous bergsshrand oxiets at the highest mergin of the glecler,
and & masber of marginal orevagses appesr along tho east elde, The
surface of the foe below the £ im ne exhibits & typloul aystem of
airt bands. In 1945 the ablation ares was only 10 asres or 16 per
oont of 'm total ares. This 18 even more umisua) ovmsidering the
woderate altitude end the acuthern AXPOSUre.

Heraisss aid Sesecsiol

sphinx Slsoter is loouted on such & stesp slope that the
extensive Little loe Age moreius forms n 0OR® below the glaolere
The glesier has thinued and receded eonsiderably from this morailue,
bub §t 15 not possidle to give snacourate estinate of the mexiwum
revoat uﬂont. of the leee The recession simee 1945 ewounts to less

then 50 feet.

This plscier 1o nob, %o the hest of the suthor's kmowledge

e
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paneé in any publication. Hiokwond (1950, personel comsunloation)
waggested the ters “Enife Poin® Glacler,? Bat Whils wuld have con-
Plloted with Henderson's {1953, P« 356) ussge ¢f thal soume to dugeride
the lerzer glasier on the other glde of the mountain. The suther proe
powes the pume P Oleoler sinve this mall ioe wess lo loented g
twasn Enife Polnt Hountain end Fe) Feak (Fige 2 page 3Je

This loe body ie o swell olrque glecler (Fige 33, baving an
area of but 59 aores, ani it 18 one of the swnllest gleciers etudiede
The glacier o ovel lu ehepo (ses Gue map fu Plgs J4)s The surfuce is

N

uueven, rad slopes from swbout 10 te 20 degrees. 1o erevavess of ey
sort were men ¢n the surface in 1350, bat dirh beauds arrenged in the
typienl mMu of olrque gleslere indlestes glueler novenent, o does
the nmm-snm ice qmmt'hw 8t the tersinue. The glesler uxtends
from sbout 11,700 fest to about 12,500 feet in altitude, the medien

| elevetion iz abont 12,150 fest. In 1945 the sblation sres envlosed
sbout 13 neres, this is 21 per ceat of the total sress

- Morsines sod iseessich

This glesier ie enolowed by & prominent Little loe fge
soraine which is peerly 200 feet' high iu pleces. The glssler hes
retronted about 450 feat from this moyaine sdd the prosent ares is
enly 8§ per cent of the ME sexinem, The vieluity of the giselor
is showa in the sketeh from the top of Freacnt Pesk by the 1676 Bayden
perty, but 1t is not posaidls %o defime the axast linits of the gleeler
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Pig. 35

P-3 Glacier, from near Indien Pass. The ridge in the background
extonds from Knife Point Mountain (of'f the pioture to the left)
to F=3 Peak (just ont of view to the right). Xote the high Little
loe Age moraine, end the typical pattera of dirt bands on the
surface of the lce in the smell abletion area.




fron the nearby snowfields. The reesssion of the glasler in recentd
yoars is not known, exeept that sinee 1945 the teminus receded perhaps
by as mueh as 50 feete

Horth of Basticn fesk

Horth of Ganuett Glacler e o large glacier that ccoupies
broad uplend sleng the Continental Divide (Pig. 2, page 5)e This
glnoler apparently extends for at least 2§ niles slong the divide,
and is probabdly one of the largest glasiers in the range. The loe is
pot protested by oirgue walls or valley sides, but exists here becsuse
of heoavy mooumulation (alimented by wind d¢rift) snd relatively high
sltitude. A% the time of the U. 5. O, 0. Fremont Peak gusdrangle
mapping (1907) this glecier was appsrently contimwous with Geannett
Olacier at the south, end flowsd into Klondike lake on the emnst. A%
the present time 1t has retreated considerably. The south end of thie
gleacier ie shown in Pig. 36.

Zogt of lampart Feak

Rehnond (1950, persomel sommunieation) suggested the
presence of two small gleseiers north of Desolation Pesk anmd west of
Rempart Peek (Pig. 2). Jderial photographs show smnll messes of snow
or possible ioe here, snd at the fool of each is & small mornine or
protalus rempart, Te the suthor these have neither the else mor the
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South margin of unvamed glasier morth of Gannett Glaeier. This
glecier extends for several miles north along the divide. Another
glaeier is arely visible in the low seddle on tep of the broad
high peak in the left daskground. Notiee that the regiomal snow-
line is just ebove the level of the high ercsional surfese shown
here. This view teaken from the summit of Rempert Peak, looking
mréh. :
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sppearanss of true glaolers. It was not possible to vislt thess lee
bodise in 1950,

Zop of Horse Ridge

Two smell glasiors are indiented om the top of Hores Ridge
(about 3 miles east of Oanuett Fenk, ses Fig. 2, page 3) on an unpabe
1iohed map sent the suthor by Richaond in 1950, The author saw this
aree from « distence in 1950, and no twe gluciers were sesn. Aeriel
photographs show only smowfields end no well defined moraines. The
strean from these patohes of suow has beon used es the water supply
for a.mu Poek Cemp, snd eontains mo appreeisble smount of roek
flour, Therefore, it seems probable thet mo gleolers exist here.
 Interestingly enough, the U. 8. G. 8. Fremont Feak quadrangle ludie
cates o very large glaeier in thie looation.

Bast Slope of Horse Bidze

Apparently smsll los messes exist in protected loontions
et the hesd of the Dry Opeek droinsge system. The suthor wes not
able to exemine these in the field, and therefore does not kwow if
they are resl glasiers. From thelr appearsnos on the aerial photoe
graphe it 4a poseible, if mot probeble, thet they are glusiere.

Southesst of Sunrise Feak
lerizl photogmphs show whet is probably o true glecler in
2 protected, northward fecing eirque between funrise snd Turreb Peaks.
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Thie fee mass is ccaperable in sise and shape to Heap Steep and ¥Fe3
glaelers, and hae & very large Little Iow Age moraine. It was mod
vinited.

Sauth aad Segt of Enife Feimt Hounteln

There are spparently several very smell glm{ns in proe
teoted loomtions im oirgues or on uorth sides of ridges in this ares
(extrome southesst corner of Fig. 2, poge 5). Hone of these were
vieited,

Eupt of 8-8 Desk
In o eirgue between (Oe8 and Winifred Puske (southwest pore

tion of Pig. 2) are tw emall *tanden® lov wasses (only the upper one
ie shown on the map). A%t the time of the recent maximum extension of
ioe in the Wind River Renge these were probebly true glaclers, end

mey have then coeleseed, The lower foe mess is now certeinly steguant.
The upper loe mass way possces eome gleoiel sharsoteristiow, but is
more 1ikely aleo stagnant, The outlet stresm from these bodies of loe

is olear.

This 18 a true gleeler whioh sxiste in e eirgque sest and
north of the mountains from Sulphur Fesk to ¥r. Arrowhesd (southwest
portion of Fig. 2)s This glacior is compareble in sise to Twins and
Saby Glsofers, snd hes a definite firm line, bergechrund, dirt bands,
end sneiroling moraine. It wae seen oaly from o distense im 1950.
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Regimen imipﬁau avoording to thn methods used hy
Anlmeann (1948, ppe 15-55) were underteken on Dimwoedy Gleeisr. This
glaoler io typloesl of the larger glusiers studied, and probably these
roginen fuvestigations apply spproxinstely %o many eﬂuir glsciers in
the range for the yeur 1950, Unfortunately this year was abrornsal,
80 thess results osn mot be regarded sz typieal.

desuszleiion

in ordor to mensure the woounsletion of saow on e surfece
of n glavlor during « winter season it s Geonssary elther U0 have a
continwous resord of the smowfall throughout the seawom or to be able
to swsple the depths of suow at the beginoing of the abletion (TY T
finve no _uohoulnﬂul records exiet ab high nititudes in these moume
toine, ond as the suthor did wot remeh the glasier until after the
start of the ablution season, 1t was not poseible % obtain o direct
Bensurement of sosusulation end an indlreot method was devised.

in order t oheok on the value of weoumulation obtained from
the regimen computations (this will be desoribed later), an estination
Hast be made of the proteble soswmlation of wuow over the glasier for
& normel yosr. Snow sourse vesdings (V. 7. Soil Comservation Service,
1947, 8y b) indioate thet the snow remeining on the flenks of the
mage at about 9,000 feed in altitude st the lust of ¥ey is wewslly

-~ R




98

sround 2 04 3 feet. O. L. Beker (1946, p. 593) ostimated that the
mean anmual precipltation sbove 10,000 feet might be 40 to 50 inohes
of water, and that the belt of maximum precipitation might be as high
as 13,000 fest,

Starting with this Pigure it ia possible to esbimate the ore
der of magnitude of acounmalation to be expooted on the gleaeler during
sormel winter. By estimeting the grester precipitation due to higher
altitude, the effeot of wind drifting, and the ratio of catohment
basin arvea %o the aren of the glasier; then deoreasing this figure %
allow for the slight smount of precipitation thet falle as rein, and
the anow that is retained and ablated on the elrgue walls; an estie
mate of 60 to B0 inches of wuter is obtaineds This is more of o guess
es to the order of magnitude than sn exaot determinmation.

e
lothod of Neasurenent

Bight aluminumepainted 36 imoh dowsl vods § inch in diameter
wore set in the glacler at intervals from the snout %o & high lovel to

zensure the sarfece ablation. The level of the fira or ice on these

stakkes was recorded as often se possidle, end the stake was reset
after cach rending. In many csses where the stake was not et in hamd
foe the density of the firn was recorded. This wes done by welghing
an uncompaoted knows wolume of the materizl on a portable spring bale
anos. The weight of the sample scontainer wes kmows both empty and




when full of weteyr, o the density of the firn e2uld be quiekly
dstermined by the relationship:

n.nmuintmwumnmmwwmmr
fos, but this ordinmarily differs 1ittle from the valus 0.9, and this
figure was wsed {n valeulation. In all sases the waw ablation date
were reduced to a watereequivalent besis.

The wain diffioulty with these ablstion measuremsuts was
sotting the stekes fute glasier iece to suffiofent depthe. The wuthor
had only § inoh and 5/8 lneh eter drille and used & heaner to drive
ﬂutrilm A% depthe approsehing ¥ inoheos the star drills often
besene so tightly wedged that they could be extraoted only with the
greatest diffionlity. Consequently stakes ocould mot be set deeper than
9 inohes in iece, and often melted out before they could be revisited.
Two stakes set in firn were lost when & superglaeinl strean unpre-
umsuwmmu a8 % wash out the etakes.

The 6 stakes wore set in & line from near the smout st an
olevation of sbout 11,230 feet %o & polnt oast of the Hphinx at about
ﬁ.jﬂ feet., Ablation at higher eltitudes was satimated by noting the
depreseion of the firn surfnos eround rocks near the summit of Camnett
Mmrnﬂmahm

losses of resdings due to ﬁtum out of the gtakes betwesn
readings socounted for frequent breaks in the sblstion resord for some

= i)
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of tha higher stakes. The resord for Stake 1, whioh was visited aost
sften, is somplete from July 25 to feptember § with a brsak of osnly one
deye The gape in the record for other gialws wers ocomputed on the
basis of the abletion trend recorded on Stake 1 or on other stakes
whioh had o more complete rescrd for the period.s It was thervefore
popsihle to obtain & reascnsbis estisate, although not a preclss dew
temination, of the surface ablation en Diwewedy Oleoier for nogt of
the ablation senson. Thess velues are plotted in Pige 37. The graph
shows that the ablation wap greetest on the Flat eentrel portien of
the gloeier, not on the worthward-sleping toamaions. The total mtn-
ablation is computed by dividing the glasier into insrements of nltie
tude (separated by eonmtour lines), mulbiplying the area of esch in=
srement by the average surfuce ablation shown en Fig. 37, suening
these products, and converting to unite of ouble feet of waters

Sourges of Srrer Ap Ablatioy Messurensats

(1) Omly surface ablation was messured. Thie introduces two
orrores one due to lgmoring laternal ablation; the cther dus % wucere
tainty of the amount of melt water shich ls redeposited in the fim

{falling to differentiate betwesn groes and met ablation).

The interasl ablation{sblation slomg the iuner surfeces of
erevass wlls, tunzels, end hollows Sa the loes Ahlmmou, 1948, p. 26)
is probebly uegligidle on Diawoody Glacler besause of the very lew
erovesses sad tunmals in the maim part of the glacler.

The seaplisated phencuencn of redeposition of mell water hes
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been stadied by Mughes snd Heligmen (1939, ppe 642+4643) end Seliguan
(1942, ppe 306-308) at the Jungfreujosh on & glevier whioch is geoe
physienlly sinilsr to Dimwoody Olsolere They sbats that *The inerease
fa firc density due % the freesing of water held in the firn ot the
ond of the summer by the slowly pemetrating frost wme cousluded to be
very small by Sverdrups..” From thelr own roseareh they eoncluded that
the density ileerouse of the fira dae % freesing of the melt wher was
olight soupersd %o the density Luorewss dus to the slow settling of the
£4rne  Ablomna (1948, ppe 26-27) streszes the importance cf the geoe
physiosl cherester of the glacier fn respuet to the quantity of mels
water redeposited in the Lo or firn. Ho uwenblone that oa Isachsen's
Platesu (West Spitsbargen) the deposit was *about 30 per cent, but in
gensyal It {a oertainly muoh less.® Wallen, in his sonprehensive
atudy of the Yarsa Olsofer (1948, pp. 80.82)followe Sohytt in showing
‘thet net ablation cen be onlouleted from gross abletion with ressonable
nosuraoy by t_um e firn doneity somevhat below avemsge, In the ones
of the Karss muv the walue 0.50 gave good resulte.

The wuthor had mo way of conputing the differenss betwsen
groee and net ablation, finse Dinwcody Glasler geophysioally resembles
Karss Glsofer, 1t was desided %o follow ¥ellen end Sehytt and assuse &
value of firn density (0.50) lese than the messurad average velue
(0.55)e This should allow e ressonable estimation of the pet ablatien
for thls glaaler

(2) svlation is greeter on convex slopes, nesr bedrosk, nesr

- ’,J'I
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meli water rubnels, sud othar aimiler features. 1u order Vo elinisate
thiz ervor She ablatlon stakes were ssrefully leenied o roprezent
svorage slopes and smooth sarfaces. One staks wes parposely losated
for a fow days 10 foet south of u large boulder, but the ablation
recorded at this staks wme not greator than the eblation ol » slmiler
staks Josated im the olear, Prolubly rofleeted radletion from the
0liff's along the nurthweat adge of Dlawoody Gluolier affoots the ablew
Sion loenlly, bt aslde from shif. effeet the arror iz probably
wagligidle.

u;'a-tum of the firn inorsasea the appurest ablatios,
~ while sedtling of the siake deoreapos the -mnm.. The atakes wore
peintod with & highly rofleetive peint o aininise any heating bWy
abaorbed radiation. IV is thought thet this ervor la negligible.

(&) Interpolating values of ablation to f111 in gaps ia the
record of the higher stakes also introduces imscournoy. The author
'aul uot able to sstinste the evwrer introdused by this rather arbie
trary prossfure. Frobably errvor hars doas not affoet the gensral
sonolusions, sinoe the messured adblation is more of an spproximadion
then a precise dotemination.

The surfece abletion was found %o vary greatly from dey to
day, end the ebletion at high and low sltitudes was significsntly less
than the eblation of the central basin (ses Pig. 36)s The mazimus
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surfase sblation reserded vas 2.0 inches of water per day, and the sve
emgs Sotal valus for tha sbletton in the July 25 %o Septembar 5 paried
was 4.8 fsshes. The ablation st the Ol Yimit (adout 46.0 tnshes of
witor) wme obtuined by Interpoletion sinve 1t wee lupossibla %o prediet
st the begimuing of the essann shers the fra Mmit wuld be.

flo study of the depeudenos of ahlation on various neteopsion
glonl sonditions was made In 1950, largaly besanse of & merousy sopas
retion dn the saly thawmomstor. 7The vearistion of ablation at Otake }
and n brief mention of the wenther are given in Table II. It Ls pearly
nposaible to deaw any signifisant conslusions from thess data.

T™he water-esquivelont ablatlion was greater on oo than on saow.
The diffevence (in the order of 30 per sent) wag found te be anpros
inately in ascord =ith the higher nlbede refleativity of oloan anow.

e fnleatoiod Jeoliog

Extrapolation of the Ablation Record

Befors the reginen of Dinweody Glecler eould be ealoulated,
the ablation resord had % be made oemplete for the sntire ablation
season. This was done on the basis of laformation on the gemaral
tenporature and weather in the srea ap observed by the Usnnett Feak
Camp personnsl sinee sarly in Juse., From this information arbitrary
valaes of abletion wers sssipmed to different pericds of time, so that
the total ablation for the sesson eould be estimated, The following
valuss wore used in the somputatioms
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Table II
Eeastred Ablation et Stake §

Average
Pate  Dally teather
Ablation
(inohes of firn)

J 25 1.6 heil flurries, unvettled

26 1.6 unsettled, eool

= 1.6 unsettlod, sool

28 1.6 nusottled

29 1.6 wnsettled

30 1.6 rein furning %o snow, oold

A 1 1.6 eold, olear

2 1.6 aloay

3 (9 elear, warm

& Ol olowdy, light reln in Ade, stom Iﬁ Falle s snow
5 (% storm in P.i. with hail, snow

é 9.3 warm AeMe, thunderstorm Plﬂn

7 b 2.5 olenr, oold

8 - 17 stomy, iittle precipitation

| 1.7 storny, little precipitetion

10 1.7 stomy, considerable snow

1 1.7 fain and enow

12 1.7 rain end snow, oool

13 1.7 thunde reto mm

b 1.7

15 1.7

16 By warm, soattered olouds

g a.:- werm, seattered olouds

e L

19 2.6 wars, seattered olouds ‘
20 2.6 olear
an 2.6 snow Plurries

22 2.6 olear to oloudy

23 206 eolds windy _

2 206 eold, wiody, some light min end swow
3 rain, eold, windy

26 2.2 elear, sosl

a Bed elear
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Table II (conbinmmed)
Vengured iblation at ﬂ+ i

rain, heil, smow
olanr, warm
elonpr, werm
olear, hot

oloudy, wool

thunderstoma, suow pellets

stomy

roin, elest, hail, considevable soow

min below 12,000 feet, suow above

heavy suow above 11,500 feet) slest, raein,
poow Dolowe

huswy suow ot lowsr slevetioss

hoavy suow ab lower elevations
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Time Yeriod Average Taily Ablation Total Ablation
June 1 %0 June 9 Qe 20% of firn 1.8% of firn
June 10 to July & 040 10,0 ‘
July 5 %o July 2§ 1.08 - 20ely
July 25 to fept, § l.6a% 69069
Total 10644

* messured direotly
% ond of ablation sesson
Assuming & Firn density of 0.50 (see page 102), this f»
eguivalent to 53.2 inches of water lost during the thres-month ablae
tion semsons Ablation wes not extrepoleted back farther then June }

boosuse of the sbuermelly late spring in the mounteine. This extree
polation probably introduces oconsiderabdly wore error than was soquired
in the measurement of abletion. However, i1t fs thought that the
sstinated velue of average ablation is sufficlently presise to be of |
value for an approximetion of the regimen. ‘

Yethod of Detemminaticn of Bexisen
Reocent careful regimen studies have shown » relation between
the ascumuletion snd ablation at the firs limit and the regimen of the

glsoier as o whole. Ahlmensn (1948, p. 55) was appurently the firet to
obperve that:

The balasnce-gheot of the regime...benrs o linesr rels-
tion o the empunt of aveusulation and wdletion at the lirn
1imit. .. This fndloates that the sccusulation and the equally
large ablation at the firn limit, expressed in willimeters of
weter, corrvespond %o half the balaneeeshset total of the glee
eler expressed in million cubic meters of water per sguare
kilometer,
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Wallen tested this ldea by owreful messursuents over & seven year
peried on the Kareu Olsolers IHe found that the totel reglmen and the
sum of ssocumisletisn and ablation at the firn linit differsd om the
aversge by less thear § per eent {(¥nllen, 1948, p. 112).

The prasent writer assumed thet the regimen ¢f Dimwoody
Gleeisr could be gomputed from & knowledge of sccumalation and able
tiocn at the firn limit, at lesst to within several per cent.

Salonlebion

I The ablation st the flrn linit (Fig. 36) was extrepolated in
exuctly the seme menper se the mversge abletion. The resulting firn
it ablation 4o 70.3 inohes of water. The totel eblation plus
seounsletion at the flen limit fs equel) lo two Simes the mblation
fimes the aree of the glacier; this figures o bs A3.8 x 10° cudle
Mt of water or 3.57 million cuble webers per squere kilometer. The
total ablation is the everage eblation times the ares of the plasier,
or 16.6 x 1@‘ euble fent of veater, Acsuming that the regimen of the
whole glacier is egual to the suw of totel ablation and total aseume
ulation et the Pirn limit, the %otel sooumulation besomes (43.5 «
16.6) x le‘ or 27,2 x 10° cuble fuet of wnter. The sxcese of socume
slation aver ablation is then 10.6 x :o‘ oubis feet or C.66 million
sublie metere per sguers kilometar. These computations ere given in
full in Appendiz B |

4 sheok on the ervder of megnitude of the m&inum be
made by comparing the ratio of totsl ablation over balasse-sheet
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total %e the persentage sblation srem. If the scoumulstion and ablas

tion over the different altitudes of the gleacier sre related ia en g
inverse linear manuner (this is often eppreoximetely true), then the two =
ehovoensntioned ratios should be egqual. Jinee the ablation-altitude

ourve is not limesr (Fig. 37) the greater abletioca at Jow and middle

altitudes would ceuse the totel abletion over balance-sheet total

ratiog to be higher then the ares ratioc. This 1s found %o be trus,

slthough the two ratios are of the ssme order of meguitede. The ratie

of total sblation to balance~sheet totel is 0,38, end the retio of
ablation ares to total ares is 0,34,

By working backwards from the regimen ealeulations the
avepage scoumilation a?u' the gleoler oan be estimated. DNividing
the total scoumulation by the sres of the glacier, the average scoume _
uletion {s found to be in the peighdorhood of 87 inehes. This resuld !
goams rather iuah. but 1t is not imoonelistent with the estimstions of
scousulation made enrlier (page )o

It must be remembered that this study of regimen was made ia
a very usnsual year., There is emple evidenes that the regimen for
Dinwoody Olecier has usually been nsgative in the last several decades,

bat in 1950 $t wee strongly positive. Acsording to looal residents

this yesr was charsoterized by the latest spring and the shortest and

ovolest mr for many yoars, perhbaps for many decndes. The positive
regimen ie oxpleined om the bmsis of @ short ablation sesson, rather
than inaressed ascumunlation during the presseding winter,
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¥adial moreiness oeour on Dimwsody, Gsunett, Helenm, and bew
twoon Premont snd Zuife Point Olaclers. The morains separating the
last two gleclors (see page ) seeme o be eonventionsl medial,
vesulting from the oonlesaence of dsbris Crom the laters) merglus of
the two glssiers, The movaines on the ather glaelers, however, do not
answor the common definition of medial moraines. They sre onlled
medlal moraines in this veport beoause they supsrfionlly resemble
eonventional -.m:. wmoraines. The ones mentioned here, however, emerge
from the e often far away from say glecler margin (Fig. 38). On ell
the medinls visited loo immediately underlies a oonting of debris gene
erally no more than 2 or 3 feet thiok. The lee was often visible
where it formed a pedestsl under & large boulder (Fige 39). These
festures mey originate in three poesible ways, as follows:

(1) They may ovigisate in the lee of a subglaolel bedrook
projeotion. This possible oxplanation is suggested by two photegraphs
of the snout of Dinwnody Olecier taken over & 20 year pericd. The
iyt shows & short bend of debris uﬂhltnﬁ from e distanos one of
tho ebove-mentionsd media)l moraines. The second ploture, teken after
the gleeier had thinned considersbly et the termioas, shows s bedrosk
knob juat above the poist of emergonse of the debris in the first ples
ture. Apparently sabglssial debris is 1ifsed passing over the knob,
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H;. 3‘

Emergence of a medial moraine om Dimwoody Gleeier. The eorest of
the moraine has been marked with a dotted line, This medial emerges
about 2,900 feet below the nmearest visible bdedrock, and is contin-
wous for about 1,600 feet, Note figure standing om near end of
moreine. The lower end of this morainme is shown in Fig. 1l.




Fig. 39

Surface of a medial moraine on Dinwoody Glasier. This is one of
the moraines showa in Fig, 9. Nots the glaeier ice exposed as &
pedeatal supporting several of the large boulders.



end ie then plesed In o position higher in the glseler so that it
weits out sconore .

(2) Gome of the wedisl wersines wsy be largsly eongosed of
material which hes ssvwsilnted in vendklufts (moots) st either side
off bedrook rils projeoting fute the glasiere This meterisl is sovered
by snow ench winter, miad probebly will cowe to oooupy en ongleoial
position. Shis theory eveme applicable o many of the medisl soreines
on Dlawwoody Gleeler (Figse Uy 94 30, and 39).

(3) ancther possible explanation is that they consist of
dobrie concentrated cogleolally st the eides of Sributary ioe stroame
by obetruobed *gravity® flow (Demoveaty, P43, Ppe 367-369, snd sharp,
1940, ppe 164=185), and then drought to the surfeee in the ocentral
baalin of oo by obatruoted "extrusion® flow ov siaple rotational
slippings

s Shabl
Daring the sunmsr a considerabls esoust of dobris is blowa
on %o the loe ﬁrm. esuaing the formation of & dark layer vhich may
be presorved under the snow of the following winter and preserved in
the doe (Selipean, 1941, pe 314)s 1If the glesier moves over sn irregs

ular bod or hns & high rate of wotion, these bende may beeome strie
kingly contorted in the tongue. The begt displey of this wee in e




14

rondiluft Yeside & tributery loe tongue on Diawedy Glseler (Pig. 40)e

If these bands outorep near the ares of ascunulation they
nay form parebolie mroe on the glacler surfece. These were desoribed
by @ashbars (1935, ppe 1879-1889) end leter by Pisher (1957, pp. 137=
145} who spplied the mame *Alegken bande® to them. The same type of
bende have bsen desoribed under the neme *ogives® in Curope, where
thelr atmial nature has bhesn oonfirmed by pollen suelysis (Codwin,
1949, pp. 325-332).

It ves found diffieult in the fleld to differentiate be
twoon these uncontorted snmuesl buads sud the outerep of spoon~shoped
surfaces of ohear on the tongues of Wind River Cleciers. In some
easnes interseeting sets of bauds are found end 4t 4s possidle thet
one sot i sedimentary snd the other tectonie. In most goses where
the *snmusl® bands were inspeoted olosely they ware found %o be astive
sheay surfaces.

Shesr Boads

fhosr bends sre very sommen on the Wind River gloslevse
They wern stadled sarefuily on Hewp Ptecp Uleelor, whore the reguler
syrRRgenent of tunds suggonted an explsnation of the type of movemant
e¢f this emel)l gloolere & gevearel view of this glesier leo shown in
Fige 52, and & slessy view of the shear bends in Fige 41. The aotive
surfesss ave shoen in éetell in Pig. 42,
Gibeon snd Dyson (1999) disoussed the votations) slipping




Contorted dirt bands (predably anmel, sedimentary bands) exposed
in a rendkluft beside the tributary iee tongue thet desesnds from
Ht. Woodrow ¥ilson 0 join Dimmecody Glacier. Note thrust faulting
and drag folding due to obstruoted ®gravity® flow and obstrusted
‘extrusion® flow. This moat Lz & bout 130 feet deep.
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Pig. Al

Outorep of spoon-shaped ghear surfaces below the fira line on Heap
Steep Olecier, a mmall eirgue glesier. Note that the surfaces are
close together at the bese of the glacier, and farther apert higher.

A morainel ridge emerges from bemeath the ise in the right center of
the photogreph.
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Detail view of active shear surfeses on Heup Steep Glasier. Note
that the iee above the dirt band is being sotively overthrusted
fagter them it oan be melted bask, The bands here dip about 32
degrees to the right, end the glaocier alopus at about 21 degrees
in the opposite direction. The ice axe is 36 inches long. In
the baskground is e high Little Iee Age moraine.
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motion of the smell Grinnell Gleeler in Glecier National Fark., They
assumed thet yearly ecounuletion wes in the form of e wedge with the
thick end toward the cirgus wall. By stasking shingles on s olrque=
shaped surface they were sble to demonstyate that as Im&w shine
gles ( yourly sooumulations) were added the lower shingles wers osused
%o rotate and siip, ohanging the dip of the imter-shingle planes (dirt
vends) from s elight sngle downegluoler to s steep eagle up=glaciers
They spparently assumed that the shear surfaces wore identionl with
the annual bunds.

%, V. Lowis hes also proposed a rotational alipping hypothe
osts of oirque glasier motion (Lewls, 1949)s This ides compares the
motion of the glecier to the alipping of oley on enbaniments. This
hypothesis sesms more in ecoord with the obssrved phenomexon in the
Wind Rivers then doss the type of motion desoribed by Gibeon and
Dysom. The suthor's comveption of the motien of o small, steep edrque
glaoler, such as Houp Steep Gleoler, is 1llustrated in Pig. 43. This
type of banding is seen on the surfuoe of Dinwoody Glesler (Pig. 8).
Upper Premont Clseler (Pige 24), Pe3 Olacier (Pig, 95), ead many other
eirque placisrs in Yhe Wind Biver Nange.

Yarties] Banding Farellel 3o Ehe Harsin

This type of banding hes mot been mentiouned by nany suthors.
Sentworth and Dele (1931, p. 616) saw this fesbure on Diswoedy Glsoler
snd reported that *The origin of these was ot apparent.® Oodwin




Hypothetical rotationsl slipping movement of a smell, steep
cirgue glacier.

R



(1949, pr. 328, 333) states thet this type of banding is Wt dls-
tinotly amsmale Seligeen (1949, s. P 236) mentions thet thess Laads
cosur Sshere the rosk Lrough of a glesler narrows.® These Launds were
found on Dimwoody Olssier (Fige &A) eud oo ¥essoth Glscler (iudle-
tinotly shown in Pigs 15)s The bands comsiated of hin surfuses of
divty sows and were generslly vertieal or woarly 8. The strike we
parailel %o the wetion of the giselers

ltkW@MMWM&##MﬂM*#W
processess (1) the dragging ont of nomel ssdimentary or teetonio
bande by the shearing sffeet of the walley wallsp or (2) a foliation
induend by plestie flow under pressure mesr the warglo, ednilar to
the margine) sohistosity fount im the ClooseBalk type of batholithe

fupsrglesis) L2Rrle

Yory larse Doulders

Seversl huge boulders were seen on Dimwsody Glasier. One
o.fmﬂu“ﬁﬂhhﬂﬁﬂw&!mm&m
worth and Delo (1991, pe 615)s sew Pigs 11s These largs Douldevs
ummummanﬁmﬂmm.m.nmm
s much ap 10 feel benseth the surfase. It is thought that thie
mumw.zmummummwm
ﬁnﬂsﬂmwwmzmwmmmmmuu;
sompresaive gtress.




Pige. b

Vertieal dirt bands parallel to the margin of Diowoedy Glacier.
4dlso visidle are parebolio bends prodedly r opresentiag spoen~
shaped shear surfeses, Doublet Feak with its steep ice cesonds
is seen in the center baskground,

e Ph#“ w €. k. Wentwerth
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Fhese arve sosuon on the Find River glusisrs. Late in the
sesson ebandoned pedestals wers observed, indiosting thet the beuldere
had moved From their originsl position (Vryxells 1933 Beje Al
Whmmwmmﬁm'ﬂwmﬁhunmﬁu
south (apsglacier), mearly se meny osses of twavel in other direetions
were sasn. nmm-mmznwmmmwgmmmm
estals ns an ascurate weasure of the alnimum smouat of ablation.

Dugt wells were ecmmon in all of the glselars 8 tudied,
espeoially in the early part of the season. Some susll baslaw were
Pound on Heap Steep Ulneter (Fige h5), that were fdentionl in nearly
a1l oharaoteristios save sise with those desoribed by Sharp (1949)
from Alaske. WUslls mnd busine were found only in relatively olean 4o

ki

lesepiption

Cekowe emevze from the foe at The tomind of Nessoth sad
Holen Gluolovs, fesent exkers have been reporsed in the Literature
by only & fow enthorer Baseell, (1692 1597, ¥Pe 124~125), lavie
(19490

On the nerthesst edgs of the termims of Hemmoth Gleeier is
& low, sinuons ridge of debris (Fig. B6)e The ridge iy ebout 15 feet
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Dust wells end several gmall dust basine on Heap Steep Glacier.
The largest dust besin ie 6.4 inches long and about 6 fnches desp,
and is half covered by a dianrnal erust. Dust deposits in the
bottom of the basins are only & fow millimeters thiek. Perfor-
sted fee in the upper right hend corner. Seale is 6 inches long.




Esker below temmimms of Mammoth Glacier. A very reeent slide
from the moraine to the right hes nearly obseured this feature.
4 small pond 18 seen to the loeft of the sinuous ridge. Note
figure on near end of esker. Debris ridge in the right fore-
ground is not conneeted with the esker, which disappears under
the zlaocier in the bottom center of the view,
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wide on i%6 flat top, wnd is nearly 15 fest high. The sides slope
st the angle of repose of the material, waieh iz mainly sand with some
fiour end much soarser sabterial. Ooe lerge bouldsr about 10 feet io
dlesoter wis found onbwdded in the vidge, but this mey heve relled in
from the moveine slides %The material ls very locve snd ussonsolie
dutad, an lee axe ouwli be thrust du Ik feek Lefors meeting weeb
vosietances No sosting or bedding wituin the mees could be dutesbeds
The boulders were et weticenbl¥ strosn rounded. e foe oould be
dotooted ia the mess, et least %o depths of several feet. There was
ne sonsentmiion of debris on the surface of the 100 mear the point
of wmergenoe of the oskers Itanding water existe on one side of the
feature.

Another set of eskers exist at the north edge of the termie
e of Helen Glacter (Fige. 47 end 48)s These are not parallel %
the direetion of lee motion, ns is the esker at Mamwoth Olaster, but
swing sround nearly perpendiculur to the glaoler axis. These ridges
are of about the seme slxe e the previously deseoribed one. Tho maw
terinl here is msinly grevel, with much sand eod 15%tle coaveer debris.
Some of the gravel pleess ere definitely stresn rounded, 4 orude sort
of topset bedding wes obeerved, dut zo forevet or sidoset beds were
detooted, The cutlet drainsge ie heve lmpeded by s low ridge of
unﬁn. g0 thet & mall fce-contsot pond ie formeds It was mot joew
pible to defipe ewsetly the point of smergence of theose eskers from
beneath the glacier besanse of snow cover, but it is neer the x®
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rig. 47
Sketoh map of eskers at torminus of Helen Glaeier

!‘1;. “
Esker et the toe of Helen Glaoier
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in Fige U7, so indicnted by collupse feactures in the lee. ' ‘

Sxigia

The origin of these eskers 1e mt tve elear, They are cere
tainly stream deposite, fors (1) they are mush better sorted than the
nearby till; (2) some of the pleces are noticeably rounded; and (3)
erude bedding is loeally present. In eash sase these festures have
beon formed where the sabglacial dreinags was impeded or blosked,
forming o pond, In the opinion of the suthor these sskers worw formed
by deposition in subglesiel strean chennels due %o the loes of velooity
of streams when entering e subglaciel pond. This procens is assumed
%o take plase in the “sone of freoture® (Tarr and Martin, 193he pe 164)
at the terminal margin of the glecier,

A% the enout of Usnnett Gleoier are some 10e caves formed
vhere the glasier passes around & low ok nusetek (Fige 5)e It was
possible to ovewl beck for over 100 feet end observe seversl sube
glnoinl phencmens, such se orystal structure, flow of glaolor ovey
rook, and soms ourious extruded ice shapes.

Srestal Size
Host of the orystals in this looation average about 1.5 om,

in diemeter, and the largest deteoted by orystel rabbing (oee Fig. 49%s)
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Rabbings of ios erystals in basal teminal 1ee of Gannett Glacier. X 0.6
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wee about 3.8 em. in diameter. Those sizes sgree in order of maguitude
with those that Seligman (1949, a, pe 257) found at the smoute of
Alpine glasiers, and are somewhat smaller than those found by Ahluenn
and Drosssler (1949) at the termind of ssvtive gleoiers in the
Eobumoknjee Dietriot in Sweden. If the emout of Gannett Cleeier wes
stagnant or very slugeish the orystels would be expeoted to be mush
larger, sinoe orystal growth is o Nuotion of time.

Shear Mlsnes
fhear planss exist throughout the whole ares that was

studiod at the snout of Ganmett Gleciers These planes are horizontal
and spased ot irregular intervels. In some places the shear planes
oontain many smell owystals, evidently a result of orashing and the
formation of a “orystal brecoie® (Pig. 49b). The shear planes appoar
to pase through some of the large eorystals in Fig. 4%, (see Selignan,
1950, pe 3081,

Sharseter of Basal lse

In these iee enver it wes possible % observe the lee in
oontant with its M. Thie type of investigation bas boen deseribed
bafore only by Cavel (1947), who was able to resch a depth of 50
netars Dalow the surface of the glasier. The suthor wes able at ome
point to get to o depth of sbout 100 feet below the surfave.

The basal ios was heavily eharged with fine debrie. The
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undsrsurface of the ioe where it had palled away from roek wes coated

with a thin peete of rook flour snd weter, fome small pebbles were

found in the fee, and there were slsc severnl csvitiss whioh had probe

ably onoe sontained lerger rooks. The ice iteslf iz wery dark in :

oolor, and the transition betwwen olesn and bassl ice wes abrupt, see

Figs. 50 and 51. This ebrupt dlscontinuity is apperently due to sheare

fag, which juxtaposss olean and dirty ioe. The top surfece of these '

shenr planes oould be tmoed buok inte the olesn foe for several feet,

and the planes were remarkebly flate :

Fom of She lpe
At this depth bensath the glacier the 1oe i generally gquite

rigid, ond freotires cesily. Howsver, o small excess of pressure
censes the yleld point of the iee to be exeeeded, snd the fee then is
deformed plastioslly. Comswquently, when lee is forved sgainet a
rook obetruotion 1t molds itself to the contour of the rooke. After
pussing over the roek, however, the pressure lo reloased and the ice
resumey Lite brittle charester. Therefores the contour of the reek obe
struotion is molded onto the foe ae & series of long Flutings, see
Pige 5%

fmpther unexplained phenomenon was discovered here. In some
pinces the lee wan sgueesed out from the side of an obetruotion,
onusing 1% % be formed lnto & long rod like toothpeste sguessed from
e tube (Pig. 53}, or elee a sesz of peouliar contorted, twisted



Pig. 50

Abrupt contaot of dirty basal (bottom) and oleam $o0 exposed in a
vertical srevasse mr the terminus of Gannets Glaeier.

 am m \y a. r. mm;

“so 51

Detail view of dirtyrclean ice gontset shown in FPig. 48. The tw
dirty shear planes are 2 inches apart,
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Fig. 52

Photograph taken about 50 feet under the surfacs of Gampet$ Glaeier
near a munstak. Note the lomg flutiangs impressed on the basal fee
vhish here forms the eeiling. Bedreek is net easily visidle inm the
Pleture due to a coanting of dirt, water, end ioe formed from frosem
water. In the left senter, just behind the figure, is a shapeless
ness of extruded fee which is separate from the main mass of fee
above. Intricately branched and twinned (?) fee orystals wers found
in ;)dup pool mear the right edge of the pleture (see Sohneider,
1948).

B\ TR




rig. 53

Pesuliar rod of ®extruded® lee in an foo oave bencath Jannatt
Glasier. Hote how the bedroek (1light solored matorial in the
foreground) has impressed its contour on the mein part of the
jee as sories of long flutings, passing from right to left.
The textruded® rod, however, originates slightly to the left
of senter aund moves direetly tomrd the camerm {at about 60
degrees to the msin glaoier motion) thenm bends around to move
with the rest of the lce.
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saspes (semter of Pige 52)e This iee is complete!
main wass of the glasier. The suthor hus es yet mo satisfectery exe
planstion of thls, but it may be pessidle that the loenl inereess of
velosity of doo st & bedrosk projeotion is sufficient to muke this
ios "shoot? oud independently of the vest of the msss. Unfortunately
u sryetal rubbinge eould be made of this lce.




Svidense Prom Sonndsmevie and olgewnere indiontes thad the
sliante 4,000 to 6,000 penrs ago wes WaINeF sud drier than it L8 wow,
This pericd is tewsed the solimatic Uptimun® by Sosndesaviens (Flint,
197, PPe HETS4IY) snd the *Fosbeiiseonsin xeyothermio intervel® by
Sharp (1951, Po 104). Natthes (1542, we ppe 377380), working lergoly
on the basis of plul romaine and buried forests, stated that the
rogional snows1ine in mestern United States wes 1,000 t0 1,500 feet
bigher daring thie warm period than {4 iz mew., The problem, them, 1#
to detemine vhether the Wind River glasiors sould heve survived thie
vise in the reglonal snmowsline. 1 they were able to lest through this
pericd they probably heve besn in contimious existence for over 11,000
yoars, and ave thevefore "sncient.® Netthes (1942, & Po 383) suggested
thet this might have been trues

them, ssong which are the three glaciers on Osunett Penk, head
at altitudes betweon 12,500 and 13,000 foet. IU may resson=
ably be presumed, therefore, that these persisted througheat
the ‘olimetie optimwes, when the regional snoweline rose to
about 15,006 feobe

Eatthos (1942, oy Be 583), probubly from & study of the

Iy,



Frouont Feok yunireugle. guesssd thet the regions) ssowelime & ths
Hind Rivers in 1040 weie &b cboud 14,000 fests This suoweline lo de
fined e» the lower mw of the suae *in which uander & given set of
olinmbio snow conditlons waey wesusulebes iu oxsvsr of weetage aad
fowms glosler-ios in all parte of the lané save these from whick the
siow 18 vemaved puriodieally eisher by avelemshies or by windesotios,
(intbhos, 1902, s P 379) The sunnit of Gumwth Desk is a s loping
platfom waioh oxoept for o few yours eround 1340, ie novmslly coveved
with o thiok sooumulation of smow and neve. Hard oo probedly exiets
tenoath the surfacs costing of snow, ss judged by some pletures taken
in 1941s This soeuwmulation is not preteeted Prom the gun in any way,
and {3 protably subjoet %o considersble wind eorresion. The other
sumite in the Wind Rivers that pise above 13,600 fest are shary spives
or sidgea, nud could 200 varsy smowfloldss On ths other hend, & flat
upland merthesst of Oannott Posk (elevation abost 13,100 fest) are
sovarsd with only oceastions) smow putehes. Therefors it seems probe
able that the reglonal smowelise im She Wind Rver Hoanteins fe now
13,600-+13,700 oot in altitades |

Thers is an direst evidense in the ares stadied of the poe
sition of the regional swoweline during the wars period. Metthes bas
estimated a rise of 1,000 o 1,500 feet in the Cssondes and the Sierm
Hovadn. Flink{1347, p. 218) has noted thet the differsnce Detwsen the




Pleistosene suow-iinss and the presext suowslisss is greatest in ree
Shm shish mow heve heavy preeipitation. The present miafell in the
#ind Rivers lp, ooy, doud $0 inches, whoveas ab it Raigler it is
-«mmm. Prow this it van bu presumed Uhat the rise hﬁi
supweline on the inlend sountaine during the Cilmetie Optimus wee 20t
3 grest es the viss on the couptal wounteins, Therefore, Hintthon'
figuve of 1,000 feet la probably eloser to the true value than 14500
feot. Howsver, tu be on the sefe side a rise of 1,500 fout is assumed.
1f giseisrs eould exliet with this high snowelise, then Shey were
pectably tiere during the Climatie Dptimase

Present Helstion of Olseiers %o the Zsow-line
uniu that the centers of the an basine for the

present gw-n- is helf way botween their medinn sltitude and thelr
higheet altitude, the larger glociere {Gammett, Dimsoody, Hammobiy
Helen, Secagewea, Fremont, end Koife mm hesd at Q&ﬂm of boe
twoen 460 and 1,120 feet below the present reglonal snow-line of
13,700 fset. The smaller glasiers bead from 1,050 te 1,750 fued bee
MM srows1ine, sofl sose of the lesser glaslarets houd s2 far a8
1,900 fost bolow Habthes (1542, e, pe 3E0) hes suggested that small
eirque glaciers oan &m\ at olevations s low as 2,000 or 34000 fest
below the regionsl snowsline ia exseptionsl esses.
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nmmﬁwnm;mu-m 1% 15 seen that yome of

the ¥ind River gleciers was large during the Climatle Optimum, for
there are no scsusuletion baelus within 460 o 1,300 foet of the pree
guned maximum reglonal enow-line of 15,200 feet. Howevsr, 1% 18 pose
‘sidle that gleclers of the gmaller size (honding batwsen 1,050 end
1,750 feet below the enowelins) ooald have existod at that time, and
certainly sewe small Mrﬂl existed at high aititudes iz protected
ioentions, By & study of the topogruphle sevting and altitude of the
present glasiers it u possible to prediet where glasiers nignt exist
in equilibriun with suy given reglomsl snvueling. Fige 56 (a) chows
tae gleotors that wuld be cousistent with & sroweline of 15,200 feehs
This 49 the meximum expsetable snoweline daring the Climatio Opbimam
on the basis of Matthes' worke Thorefore, It geems uther sertain
that at least small messen of ios ab the head of the Gannatl, Llmwoody.
Helen, Premont, snd possibly the Memsoth and Oncagawes alrques have
sxisted sontinnously simoe the lewt great Flelatossns gleelsticn. 1%
{e even move osrtain Wat may of the tonger Wing River glsvierm, sueh

©“8 hﬁp and Twins, are produetis of © new 100 LEDe

e Lile Joo LGS
The promiment mowaines whish ave foand bayond the temmind
of all of the ginolers studied indicete mther conolusively that these
_gineters have been considersbly larger snd Ehicker within the last
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cenbury or sc. The morsines date bask to a time probably shorily bee
fore the Hayden Survey (1878), Probably this meximum advance wg
roughly contemporensous with the pesk in Surops, Alasks, and the Slerre
Hovnds (Matvhes, 1942, b, Ppe 1G0=213) » mbout the middle of the nine-
Cosnth cantury. Hinos That time. the glasiers Mn. recedad, shrinking
in eren sbout 13 per cond on the average. A map of the weximum extent
of ‘e giseters during the Lithle Tow Age (interred frvm o stedy of
the norsines) s shown in Pigs 56 (b), sné & map of the glsview in
1950 s shown for somparison in Fige 56 (s)e

ferreletion of Repession with Olssier Chavscterjsbice

Bome of the M.umgm&m have been reduced lu drea as
mach s 41 per cent but others bave remained within less thea 7 par
oont of the maximun size (see Teble I, page 96). It might b axpaoted
that o eorrelation exinte batwean those glnolory mu now heve the
most Fogative regimens and those glaslers whieh have retrested the
moats A graph (Pig, 57) wee plotted of the per vent recession versus
the pev cent ablation ares (1945) for twlve of the gleeiors studleds
1% onn h soen from this that little or no corvelation existe; that
 fa, m gloslove whish heve velrented tue woed are not nscessirily
 the ones Shat todey show the most negative rogimons.

£5 taverss cerrelasion havwesn the sise of the glaeiure
snd thelr per cent rodustion in sres does exist (Fig. 58), That is,
the mmiler Magn ‘have bewn peroestegewiss redesed in elze more




(a) @ Glaciers of the Climatic Optimum, assuming a regional
gnow-line at 15,200 feet in altitude.

Mazimum extent

(b)

Map modified from the U.
intervral B00 feet, scale

(e) Extent of glacier ice in 19370,

of ice during the "Little Ice Age".
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Fremont Peak guadrangle, contour
110,000 or 0.6" = 1 mile
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1945 Ablation Area, in Percent of Total Area

Pig, 55

Graph of recent area réduction (im per cent since the mazimum
Little Ice Age extent) plotted against 1945 per cemt ablation
area, for 18 Wind River glaciers. Note the abgence of a
relationghip between these two factors.

* Googeneck Glacier, an abnormal case (ses page 71)
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Recent Reduction of Area, in Percent
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Area of Glacier, in Acres

Correlation between size of glacier (1950 ares) and recent redugtion
in area (per cent reduction since the maximum exztent during the
Little Ice Age) for 12 Wind River glaciers. )

* Gooseneck Glacier, an abnormel case: see page 71




then have the larger ones.

& stady was ales made %o deternine whether there was o
relation between the presest per sent ablasion sres and the medien
altitude. Then thess two oharssteristios ave plotted vn o graph

(Pige 59) 1% f2 seen thet the eorrelation ls very wough for the large

valley and compound efrque plmciers (oiroles), but there s a dige
tinet relation between these chersoteristios for the samll edrque
glaoiers (Srinngles), In both of these cases, the per cent ablation
eres is approximetely faversely proportionsl to the median eltitude.

220200000 40 B2 lost Dnenty Years

Rocossion mensuremonts have been eompiled only on OQuunett,
Dinwoody, end Goosensek Glaefere. Although far from complets and not
procise in many Lfnstences, the data do seem to indloate » trend. When
correlated with recession messurements Cfrom three other glaoiers whioh
have & rather complete resord, 1t is seen that the olimatie trend in
the Wind Rivers also was spparent in Gleefer Netionel Park (Fige 60)
This compilation shows en ever-inoressing amount of recession through
the 1930 %o 1940 desmde, olimaxing eround 1940. Sinee then the re-
cession hae been substentially less. '

The deoreasing recession rate of the Wind Biver glaciers may

i}
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Fig. 59

Relationship hetween the 1945 per cent ablation area and the
median altitude for 7 large glaciers (gpen circleg) and 7 small
ciraue glaciers (solid traingleg) in the Wind River Range.
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{ndlonte that thess glasiers are coming inte hydrologie equilibriume
There i actunl evidenee érmmufmﬂum suow Flelds in
povent yeurs, particularly et the suseit of Gaunett Peak. However,
thie mey be due %o o gemeral rise in the gons of maximum seeusnletion,
uﬁmmtmlﬂnwﬂam;tm-m“{& definite
inovease in the amoust of oreveseing om Dimwcody Glaoder has been
noted in recent years. This, likewise, doss not neosssarily mean
glaoler expansion, but mey be due to other faators. However, there

is & ptrong probebility that Lf present sonditions ovutinne, the ree
consion of the 7ind River glaoiers will become generally less, nud
may in some onces sense allogethor.




Highest elevetion is about 13,100
Lowest elevation is about _11,100
2,000 Altitude interval 1o 200 feet

Interval Mevation Ares unitox Per cent

1 11,100~11,300 19 2.1

2 11 '300-11'500 38 402

3 u,500"n.700 58 6.5

4 11,700~11 ,900 90 10.0

7 12,300-12,500 116 12.9

9 12,700-12,900 152 16.9
10 12,900-13,100 76

Firn basin: ¥(13,100-12,250) +12,250 = 12,075 feet in altitude

Total Ablation Maximum &% of abl. 7 reductiom

Ares unitek 898 270 1100
Acres 1130 5309 1390 30.1 18.7
sq. miles 1.77 0.55 2.17

% Area units refers to units of calibration of the polar plenimetsr
used to measure the areas.
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DINWOODY GLACITR

Highest elevation: 13,200
Lowest elevation:

2,000 Altitude intervel is 200 feet

Intervel mevation Area unita
1 11,200-11,400 11
2 11,400-11,600 26
3 11,600~11,300 58
4 11,800-12,000 106
5 12,000-12,200 82
6 12,200-12,400 101
7 12,400-12,600 121
8 12,600-12,800 95
9 12,800~13,000 53

10 13,000~13,200 25

Per cent

N

:gx:i:mml—l

-

=
SES
moon

ok

median elev. 12,210

Firn baein: #(13,200~12,210)+ 12,210 = 12,0650

Total Ablation

Arep units 678
Aorea 860

2350
292

3(10 miles 1.%34 0046

749
950
1.48

Maximum % of aobl. % reduction

33.9 9.5




HAMMOTH GLACIER

Highest elevation: 12,000
Lowest elevation:

1,600 altitude interval is 160 feet

Intervel ¥levation Area units
X 11,300~11,460 12
2 11,460-11,620 25
4 11,780-11,940 64
8 11,540-12,100 94
6 12,100~12,260 106
7 12,260-12,420 121
8 12,420~12,580 158
9 12,580-12,740 126
10 12,740-12,900 36

medien elev. 12,400

Firn besin: %(12,900-12,400)+ 12,400 = 12,650

Total 1945 abl.

Ares units 789 255
Aorea 990 320
Sq. mileas 1.55 0.50

1950 abl. Maximum @ of '45 cbl. % red.

898

1125 32.3 12.0
1.76
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HELEN GLACLIR

Highest elevation: 13,000
lowest elevation:
1,500 altitude interval is 150 feet

Interval Tlevation Area units, Area units, TFer cent of
main glacier glacleret main glaclier

1 11,500-11,650 138 5 6.7
2 11,650-11,800 18 15 6.7
3 11,800-11,950 19 7 Tl
4 11'9_50'12.100 35 13.1
5 12,100-12,250 48 18.0*
6 12,250-12,400 57 21.4
7 12,400-12,550 33 12.4
8 12,550-12,700 17 6.4
9 12,700~12,850 14 5.2
10 12,850~13,000 8 e —340

: 267 27 100.0

* median elevation 12,160
Firn baain: 4(12,000-12,160)+ 12,160 = 12,580

Total Ablation Meximum % of abl. % reduction

Area units 204 114 395
Acres 390% 153 528 38.9 25.5
sq: miles 0.61 0.24 0-85



SACAGAWRA GLACITR

Highest elevation: 13,200
Loweat elevation:
1,500 altitude intervel is 150 feet

Interval Hlevation Area units, Area units, TFer cent of
mein glacier glacierets mein glacier

1 11,700~11,350 5 51 1.1
2 11,850~12,000 53 42 12.1
3 12,000~12,150 8l 20 18.6

4 132,150-12,300 64 15 14.6%
3 12,300-12,450 61 4 28 13.9
6  12,450-12,600 53 43 12,1
8 12,750~12,900 40 9.2
9 12,900-13,050 19 4.3
10 13,050-13,200 _ 12 A3, B
4338 132 71 100.0

* median elevation 13,150

Firn besin: #(13,200-12,150)+ 12,150 = 12,675

Total Ablation lMaximum 2 of abl, # reduction

Aree units 680 320 730
Acres 040 443 1010 47.1 6.9
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FREHONT GLACI®R

Highest elevetion: 13,600
lovest elevation: 12,200
1,400 altitude intervel is 140 feet

Interval Tlevatlon Area Units rer cent, Pey cent,
lower Fremont Upper Fremont

1 12,200~12,340 5 0.9

3 18 "80"12 .630 65 11.9

4 12,53)-12 '760 112 20 . 5
5 12 |?6°""13 '900 E‘ﬁ 5-0 116
6 12,900-13,040 96 2.2 15.4
7 13,040-13,180 105 19.2
9 13,320~13,460 32 5.9
10 13,460~13,600 18 RGN . B L.
43.2 56.8

Median elevation is 12,870
Yirn Basin: #(13,600-12,870) + 12,870 = 13,235

Total Ablation Haximum % of abl. % reduoction

Upper:

Aren waits 314 95 743

Aores 376 114 410 30.2 8.5
Lower:

Aree units 237 175 257

Acres 284 209 308 5.8 7.8
Combined:

Area unitz 551 270 600

Acres 659 323 718 49.0 8.2

S8q. miles 1.03 0.51 1.12




KNIF® POINT GLACITR

Highest eclevation is 12,960
Lowest elevation is _11,360
1,600 oltitude imterval is 160 feet

Interval

=
OV WH

Rlevation

11,360-11,520
11,520~11,680
11 ;6%"’11 » 840
11,840-12,000
12,000-12,160
12,160~12,320

13,320-12,480

12,480~12,0640
12,640~12,800
12,800~12,960

Median altitude: 12,090

Firn basin:

Total

Aree unita 618

Acres
Sq- miles

740
1.16

Ares units,
South North Total
18 4 ‘23
23 4 27
40 9 49
58 9 67
67 11 78
53 22 75
18 48 66
29 69 98
4 83 87
50 50
619

Area units,
gouth North Total
2.9 0.6 3.5
2.7 0.6 4.4
6.5 1.8 7.9
9.4 1.5 10.8
10,8 1.8 12.6
86 3.6 1l2.1
400 T 207
4.7 1l.1 15.8
0.6 13.4 14.1
8.1 __8.1

100.0

#(12,960-12,090) + 12,090 = 12,525

Ablation

294
352
0.55

Meximum % of abl.

745
892
1.39

47.6

% reduction

17.0

153




GOOSRIECK GLACIER

Highest elevation: 13,000
Lowest elevation: 11,700
1,300 eltitude interval is 130 feet.

Interval Elevation Area units Per cent

5 11,700~11,830 7 1.9
2 11,830-11,960 29 340
- 11,960-12,000 33 9.2
4 13;&90-12.280 “ 12!3

5 12,220-12,350 59 16.3 median elev, 12,310
6 12,350~12,480 50 13.9
7 13.‘80'12.610 43» 11.4
9 12,740-12,870 29 8.0

10 12.87’#'13 .000 24
100.0
Firn besin: #(13,000-12,310)+ 12,310 = 12,670
Total Abletion HMeximum % of abl. % reduction
Aves unite 361 86 611

3q. miles Q.14 0,03 0.23



Altitude increment ' Area units inches ablation product

11,200~11 ,400 11 52 570
11,400-11,600 26 66 1170
11,600~11,800 58 73 4230
11, 300~12,000 106 69 7720
12,000~12,200 82 45 3690
12,200-12,400 101 23 2320
12,400-12,600 121 17 2160
12,600 and sbove A 13 2250

678 23610

9
*‘%& — 34,8 inches (aversge sblation over whole crea)

retrapolatod average ablation: 53.2 in. water

nxtrepolated firn JAmit ablatlon: 46.0 x 53.2/34.8 = 70.3 in.
Total area of glecier: 1.34 x 52802 = 3.74 x 106 £¢.2

Total regimen: 1/12(3 x 70.3 x 3.78 x 106) = 43.8 x 10° 3.3
Total sblation: 93.2 x 1/12 x 5.74 x 10%) = 16.6 x 105 £¢.”

6

Total acoumalation: (43.8 - 16.6) x 1062 27.2 x 10 tt.3

PR YR 1 5T
o 5-7‘ X 106

rxcess of accumulation over ablation: (27.2 - 16.6) = 10‘5 =

10.6 x 10 £¢.3
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