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ABIA?IOT OT SXO}T-FIELDS AT f,IGE AI,$TUDES BY RADIAXT SOIAR FqAT

Frangols E. ltatthee

Snqv-flelds and thc ao-ealled n6v5e of glaoiers o tofby nountalnc oftcn prcrent
a peoullar, honeycmbed appaaranoc, the surface bclng pttted wlth tteep ce}l-}lkc hol-
lone a foot or tro fcet ln dianeter and fro a fcw lnches to ccvcral feet ln d.epth.
Whcn t]rplcally devcloped these hollonc are oloscly spaccd, the dlvldes betwcea lhen
oonel.stlng nerely of atteauated bledes and plnrraclec of hardr gmaular snorv (tr'ig. l).
The hollowa are allued roughly Ln rowa and sunk at a r.rnlfora, hlgh aagle, alt ti the
sa:rc dlreotlon,

- lhe plnnacles have cqne to be lcoonrn ln the llterature by the plctr,rrceque nane ofnalcvc penitenten--a contractlon fron inieve de los penitentlen, *irL"h rs tho popular

.t

jl

Flg. l--Sectlonal vlew of maturely developed sunplts about 2 feat ln dcpth (drawn fro
a photograph taken ln the Sierra Nevada at an altltude of l3r00o feet)

Flg. ?--Sectlonal vlew of aunplte ln an early ctage of devclopcnt; lnterrsdlatc por-
tlonc of saon-ftcld atlll unconcuned

Flg. S--$ploal eunoups auch aa oocur la the Slcrra Ncvada at altltudes ebove IO,OOO
fcet; thcse erc nature foras drrc to long-aontlaued ablatlon, yet the hollowr arc
oaly a few lncheo deep
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Doo for tho ln thc Andcs of Argcatlna and neenr rnox rcGsnbllng pcnltcut nont!. ?ha
Ocroenc havc tnnalated thlc to "Bficacrgohaeen, but they aleo cnptoy the tera tzaolcn-
ffu:a." ilone of these for"clgn tcrrs haa fouad, nor ls llkely to flnd, gcneral ecocpr-
tance la thla cotmtry, ell of thcn bc{ag for Engllgh-5pGa}{ng peoplc awbrard to pro-
Dor.lnc€r Besldce, they are urrrtcldy aud 111 adaptcd for tcchnlcal ucc. It scens la
order, therefore, to ecck en approprlatc and convcnlcnt Bngllch tcr!.

In thlc quest for a ner tGrn, howevcr, lt ls to be borne ln nfud tbat th6 bladea
end plnnaolct' though concplcuous to thc c1nc, arc nerely ceaondaryr rcsidual features.
lhe hollow! ar€ gcnetlcally tfn prtrary aad clgnlflaant foma. Ihey dcvclop caoh ae
an lndependcnt unlt, ofbcn at dlataacca of sovcral feet frm one aaothcr (Flg. 2), and
lt ls for then that a ncn tcr:u 1r loat urgcntly necded. fn e prevloua paper the
author tcntatlvely auggcctcd the tcmc tlr.rncupc'and "honeycobai (F. E. lbtthec,
l{ount Ralnlcr and lts glaotere, Ibp. Iaterlor, tlaahlngtonr D. C.1 pp. 17-18, l9l4).
Ecre he proporo! nore fornalfy thc tcm'sunoupsn for the shallor hollors, oaly a fcrr
lnches ln dcpth (Fige. 2 and S), that oocur ln great abundance on the lower sron-
flcldr of htgh nountalns and ocoealonally at noderatc clcvatlong, aa lm evc! a! !oa-
lcvcl. lhe tctm not only ls lu e neelure exprecalvc of the eooothly concavc forn of
therc hollms but llrte than wlth the sourcc of caergy by rhloh thcy are called forth.
In addltlon lt hac the advantagc of foning a conwnlent adJcctlvc, ao that a $ror-
flcld nay be graphleally dcrcrlbcd aa "cuncuppedn throughout.

For the nuoh lces oormon ocll-Ilke hollona acvcral fcct lu dcpth that derolop
fron sunoupa only at vcry htgh altitudear and thcre only under apeolal rueathcr-
oondltlona, the tcrn tar:nplti" lc here proposed. (rEonyconbat, lhorgh cuggeetlvc of
thc ccll-llke forlc of the hollorc aad of thclr arrangcmont ln row!, !con6 lcca apr-
proprlatc ncvcrtheleoe. ) tSrmpltat alao llaks thc hollors ln quectloo wlth thc rryc
of thc Sua, but lndlcatea grcatcr dcpth thaa auaoupo. ?hc einllarlty of the tro
tcnc, lor€ovor, lndlcatca thc oloac gcnetlc ktnohlp of thc tlo typca of forrs.
"sunplten, flnally, also lendg ltself to use ln adJectlval forr.

rldoptlon of thcse ner tema, lt le to bc noted, 1111 not cllninate nnlevc penl-
tcnter, tB[racrgchaesn, or nzaokcnflrnn fro poaciblc ucc. ?hcse tcrur rcmaln avall-
able, for any one rho nay tlsh to cnploy thcn, to deeigretc thc roon-plnnacleg bctvrccn
thc aunplte. EelpI\rI critlclo and ruggestlons are lnvlted ln rcgard to theae nat-
tcra of nonenclaturo, for lt geene dcclrablc that the atudentg of snow and of glaclcrrl
ln thlc oountry at leaat, rcach an agnaomnt on the ter:ulnology of thlr part of thelr
aclcnoc. lleanwhllc the terma tauncupan aud naunpltrn wtII bc uacd ln thls patrrr.

Sunoupa and aunpltg arc atrlctly cvaporatlon-holloac. ?hcy arc gcncrally ooa-
oedcd to bc suoh, a.ad tho radlaat hcet of thc $u la rcoognlzcd ae thc ageat tbat pro-
duocc then. Xo attcnpt 1111 hcre bc uadc to revlen ttre cxtcnslve llterature oa the
rubJeot, rhlch bcglna rlth Darrla, nor to traoc the atcpc rhereby the preeent under-
atandlng of their naturc and node of orlgin has been achlevcd. It wlll sufflce to
caunerate the callcnt factc coDcornir.'g the node of ocourrenae of aunplts aad runoups,
end to atate the csscncc of the gencrally ececptcd theory es to thc prooccs of thelr
cvolutlon.

The faoto arc:

(f) rypfoal ruupits ooour only at very hlgh altltudee. In thc .Andcs thclr lourcr
llnlt appears to bc about I2,OOO feet; on the f,lltnandJaro group ln equatorlel lfrlca
lt 1r about 15,06 fcet; ln the Elneleyac probably about 16,000 feet. I{o upper llnit
to thclr rang6 hac yet becn reported. 0n Chlnborazo they have been obscrved at l8r0OO
fcet and on }tount Nievcs Penltentes, ln the Nun f,nn Rauge of thc Elnelalns, at abovc
19,O0O fect.

(Z) frm hla orn obscrratlone thc author rnay add that eplendidly dcvoloped eun-
plts occur ln the Slerra Nevada at altltudes fron |2,OOO feet uprard and on lfount
Balnler occaalonally as lotr ae 11r00O feot but, aa a rule, above l2r0OO feet,

(g) Suncups a few lnchcg ta depth occur ln thc Slerra l{eveda at eltltudcs aa lof
aa IOTOOO feet and on thc lqver slopea of llount Rainler down to about 8OO0 feet.

(4) TSrplcel auapltc dcvelop only on nountalne ln low and modcrate latltud€s. Thcy
hevc not bcen observcd (as far aa knorut) ln the Rooklea alxd Solklrks of Canada, nor olr
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the notrntalns of Alaeka' They are abgent la thc polar rcgiolrs. 0n tho othcr hand,
thcy attaln greatest depth ncar the equator. Ia the Andes dcptha of t5 to 18 fcet
havc been meesured.

(S) fypfcal cunplte devclop only on mountalne that have a dry suutrcr clfunate and
that are exposed to etrong ineolatlon for proloaged perlodc. They are unhown tn thc
European Alps, which havc a prevalllngly hunld cllnate, but ehallow sunoups are pro-
duoed thcro occasLonally.

[?he frequent ocouronce of well-ttcvcloped sunpltc oa l'tount Ralnler is of pc-
oullar lnterest ln vlew of the htgh latttudc of that peah--46o 6Or--and also ln vlcw
of ltg reputedly htnld olfuute. Ihe fact 13, hmver, that the sumlt of l,lount Raln-
lcr rlaes well aboye the zone of naxlmun cloudlness etld preoipltatlon, and often haa
fron fivc to ten conscoutlvc days of sunshlnc ln sumer. J

(e) fne angle at whlch the bladcs and plnnaalee of sDow bctwcen the cunplts lean
corcaponds to thc eleration of the Sun at nldday. fn the l{orthern Eenlsphere they
lcen torard the aouth; lu the Soutbera Eenlephere they lean torard the north. At tho
cquator they stand rurtlcal.

(Z) Sunpits and suncups attain typloal forne only ln clean Brorf. Rock fragnents
and wlnd-blown dust lnterfere xith thelr ordcrly development and tend to produce lr-
rcgular fonns. Sunpitc and auncups ere not to be confueed wlth ndust+ellsn or cryo-
conite besiaa and cavltles.

(8) Sunpfte and suncupe are produoed without vlclble llbcratlon of melt-water
rDd are at all tlmes dry. Melt-water, tf tt acctrnulates at tbg botton of a hollow,
retards and nay fruatrate entlrely lts I\rrthcr development \r rcfreezlng into a oake
of hard loe.

Theory of devclopncnt--It ts generally agreed that runpits and suncups are pro-
auccd@ftheSun.Ittranefornethesaowd1rectly1ntowater-
vlpor, whieh ls abcorbcd by the dry alr ac fast ag for"med. A part of tho water-vapor,
nevcrthclegg, ls aubllnatcd on the sldes of thc hollowa, and as a oonocqueace these
arc oonvctted by progrcsslve recrystalltzatton lnto flrz, granular n6v6.

The inoeptlon of runcups and eunplte ls traceeble to the orlglnal un6vcnno6so6 of
the rnor-flcld. The lnevltiUte cffecl of the Sunr e rays ls to aoccntuate the depth of
eny lnltlal con6avlty, however ellght and by whatevcr cause produced. That part of
the ooncavc curfaco upon whioh they tnptnge at right-angles at nlddry--when they arc
atrongest--wlll waete away more rapidly tlnn any other part, the amount of eolar heet
recclvcd per unit of surfaoc varylng ea tho coslne of the angle of lncldeace (tr'tga. 4
rnd 5). ltoreover, therc wlll be e oonccntratlon of eolar heat at the bottcnn of eaoh
plt ae a rceult of rcflectlon fron the aldca. thut cach plt wlll bc dcetrrned norc
rrpldly tban wldcned, rad aheyc ln thc dlrcctlon of the Suntg raya at nldday.

The deeper thc plt growa, thc rore neerly perallcl to thc dlrcotlon of ctroageat
lnsolatlon lts north and south rallc wlll beoone, and thc lese ablatlon these wlll
ruffer. The west wall, neanwhile, guffere nlld but lncreaslngly lntcnse ablatlon dur-
lng the norning bours, and the cast walI sufferc dlninlshtng ablatlon durlng the aftcr-
noon houre, aud go thc hollow tcnds to become elongate in eaat-weat dlreotlon. If the
period of dry, ruDny weather lagto lmg eaough the west atrd eaat wallc will bc partly
dcatroyed, and adJaccnt ptte wtll flnally coalesce' Eo as to form an oast-weet trcnoh
or furror wlth uneveu bottorn.

lhe lntlnate detalla of tho procees neod not be pursued furthcr hore, for they
aro of llttlc aonscqueuce to elther the meteorologist or the hydrologlst. But one
point dceerves more enphaale than it has beeu glven hitherto' nanrely, thet low e1r-
tenperaturea, at or below the freezlng-polnt, ere lndlepensable for the typlcal de-
vclotrnent of cunpltc. In other worda, lt ts essentlal for best regults that at-
uoapherlc heat shall heve uo part ln the ablatlon of the dDon-&i8sr

The rays of thc Sun, tt 1g to be borrre ln nlnd, lnpingc at rnldday nornally upo!
thc bottons of tho pitc ard llkerlrc upon the crcets of the partltlone (Flg. 5). Thcy
aot rith cqual lntcnalty oa both. l'lhat la Doro' they ehine ell dty long' fro onc
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Flg. 4--scotlonal vlew showlng devclopnent of dcep snapltr
fron shallon coaoavltles in surface of saow-rleia; .rr-"
indloate dlrectloa of Strnrs rays at aoon; curveo ane
drarn eaplrloally only

dlreotlon or another, upo:t thc uppcr parta of thc
ln the ulddlc of the day upon thc bottms of the

partltlone, but oaly for a few hours
plts. Agaln, the partltlong are in-

herently nuch noro rnrlnerablc to
lneolatlon than the bottms of
the plta, because thcy have a
nuch greater area of expoaed
surface per r.rnit of vohne than
the latter. Eapeclally ls thls
co wheu they are reduced to at-
tcnuated bladec and pinnaclec
such as are ghoryn ln Flgure l.
Yet the pitc are lowcred uorc
rapidly frcn day to day than the
partltlons. There muet then be
gone additlonal agoncy or ag€n-
cles that operate either to ac-
celerate ablatlon in the plts or
to retard lt on the partitlone,
or to do both.

lhe eoneentratlon of solar
heet at thc botto'n of each plt
by reflcotlon from the wallc
doubtleec ls a factor, but thc
oxcess of heat thus areatcd
cannot be conslderable in vlew
of thc great capaclty that snouv
has for abeorbing rediant solar
heat (il. t{. xalilin, Radlant
propertles of a EDon-covcr, Bull.
Observ. G6ophyc. Central, LnU-
grad, l{os. 1-?, pp. g-18, lggl).
ft tg aot likalyr therefore,
tbat this rllght ooaoentratlon
of solar hcat rould alone ao-
couat for the rapld deepenlag of
the plts.

Flg. 6--Ideallzed sectlonal vlew of a cunplt ead ad_
Jolaing partitloaci arrows lndloatc dlriottoa ofST-" rays at o99o, thclr plotted lengthc ludt_cattrg the relatlve intenefty of lasoiatlon at
eaoh polnt, whloh lc proportloml to the coclneof the angle of lnctdence (trote that the naxlnaat thc botbon of thc.plt and on the tops of thepartltlonr ere cqual)
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The herdonlng of the partitionc by progreeslve recrystalllzatloa doubtlesg opcr-
atee to retard thclr reductlon, but thls carueot be a potent factor elther, for thc sac
at the bottm of the plte le llkewiee hardened by recryaballlzatlon whenevor lt lc lD
ahadow--and that ls the caao at least 18 hours out of every 24.

A muoh nore potent agcncy ls seen la llght breezeg with freezlng tcnperaturce
that waft acrose the snow-flelile and refrigerate the tops of the partitlone whlle af-
fecting but slightly the sheltered hollows. Such chllling breezeo, the author lc ta-
clined to bolleve, do much to lengthen the llfe of the partitiona. Strong galee, on
the contrary, are probably unfavorable, for they accelerate cvaporatlon from the par-
titlona and refrlgerate the hollowg as well as the partltlone. It 1sr 8! I natter of
observatlon, preemlnently during periods of htgh baroneter, charaaterlzed by cold,
clear, dry weather, aird light broezee, that aunpits attain thelr nost pcrfeet develop-
nont.

It is, then, the unusual oonrblnation of lntonse solar heat and freezing alr-
tenperatures, oven at nldday, coupled wlth low hwnldity, that pemlts sunplts to at-
taln groat depth. Obvlously thls cqrbinatlon of condltions oan obtain oaly at very
hlgh al-titudes. At lower levele, where the air-tornperature'mounts dally apprcclably
ebove the freezing-polnt, the partltlons are aot sufficlently refrlgeratecl to oalntala
any cursldorable helght. At the lower levels, noreovor' solar hcet ig lcss.lntcuce,
and its effect le mors readlly offseb by rislng alr-temperature and rislng hunldlty.
For these rsaoona no aunplte, but only shallow ltuncups, are produood. lnd at ottll
lower lcvels atmoepherlo ablatlon becomes preponderaut and the saow-flclde nelt down
errenly,

Or a peak such as llount Ralaler, whose Bnowy robe ln early llriltrer hag an altltudc
range of fu1Ly IO,OOO feet (fron 14,400 to about 4OO0 feet) thc gradation frm decp
sunpitc at the top to ahallowest dirnples below ls often lnproaalvely dleplgytd. Abovr
lSrOOO feet the pits ruay be two feet deep, offering an crasperatlng inpedinent to thc
nountaLneer; at 12r0OO feet they are llkely to bo only one foot deep; at 10'000 feet
they degener.ate lnto sunoups half a foot ln depth and ao broadly opcn as to bc an ald
rather than an i-npedlnent to tho cllraber; ln the vloinlt5r of 9OOO feet the hollows arc
only a few lnchce deep, and at 80OO feet thcy are nere dlnplec that do not lntcrfere
rlth the pleasurablo gllesades of tourlote.

In conoluslon, a word about the hydrologlc oigniflcance of suapita and sunoups ln
snow-flelds on hlgh nountalns. Aa already etatod, theae hollons are produced wlthout
the liberation of nslt-water. Indeed, on hls vlsfts to the ceiitral Elgh Slerra the
author has been lnprosoad agaln and again by the fact that ths ctrongly suapltted
snow-flelde abovo 12r0O0 feet wast€ away tlurlng the eunmer wlthout oontrlbutiug a drop
of water to the streams ln the valleye below. Evsa when tho lndlvidual plta finally
reech 6ovn to thc rocke of tho mountal.n alde, so that only e ckeleton of eon-rldgcs
and snow-plnnacles reraalne, no runnlng water ls ln 91ght. Below l2rOOO feet, end ac
far dowa ae about llrOOO feet (near the tlmber 11ne), the cunoupped snow-fielda yteld
a llttle runnlng water, dependlng upoa orpoeUro' Enough melt-water nay bo produced ln
the midJle of the day to drenoh the nantle of frost-rlven rook fragncnts that oovera
the mountain side, and to proote the prooesEes of nivatlon and eollfluctlon, but no
rlnrlets capable of erodlng channels are to be seen, aad the mounteln-elde renains ult-
furrowed by ravlnes.

It follows that these upper snouu-flolds ere ln no sonao the couroes of strea'nr
aad are to be exeluded fron any ostlnatos of runoff besed on 6D@r-suFeof8. Eov muoh

of an area nay bc involved ln a groat rnountain range such aa the Sierra Nevada lt le
ae yet lnpoesiblo to estlnate. Tho aggregate may run up into eoe hund.reds of squere
ntles, or 1t @y b oonslderably less. Speolal studles for the purpose of obtalnlng
more accurate lnforratlon on thls polnt aro rocon]rended.

It follows, further, that the lofty n6v6 ftelds at the heads of glaclers--88' for
inetance, those on the broad surmlt of Mount Ralnler--contrlbute nothlng, from their
surfaces at least, to the runoff from the glaciers. Fron their basal layers soall
quantltles of water nay poseibly be released by the warnth of the nouataln and by

fr"""r."u melting, but foi praotical purposoE thgee quantities aro probebly negllglblc.
it f" fron the lo"e" porti-ons of the glaclers that thc great floods of nclt-nater ln
rutnor are derlvcd. bn the glaclera of Mount Rainler surficlal ncltlag in eufflolcnt
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qnentltlcr to produoc rllle and rlvulcte o thc lcc docc not crtcnil ebovc an rltltudc
of,rbout 750O fcct. O! nn dryr thore ctrcanlcts fon nlntaturr rlvcr-tyctcngr llth
rlnhture rrtcrfalllp litc!, ard orryonr out ln the loc. lhey arc truly lnprccrlvc
for thc vohnc of mtcr lzlrcy oerry off' ht fer rore lnprccalve, tf onc atopr to o@-
cfulcr lt, fu the feot tlat flo tbtr lor lcvcl uprerd to thc crmlt of thc pcat--
tbrangh an altltudc nngc of roc ?O0O fect--th raor and n5v6 crtrnd rlth dtrplcil,
ennoupprd.r ermplttcd rurfeoca tDrt ana pcrpctrnlly dr1r.

U. 8, 0cologlorl !furvcy,
l{lrhragton; D. C.



(Repri.nted frun Transattions' of the Amerim,n Geophysi'cal Un'i;onr.

Ninetepnth Annual Meethug, 1998)

EVAPOMTION A}.ID RUNOFF FROI'I SNOW IN THE ALPINE ZONE OF OUR I'IESTERN MOUNTAINS

FR.ANCOIS E. MATTHES

(SunmarY)

In thls lnfornal,paper the processes of snow-wastage at hlgh altltucles nere dlscussed and a

nunber ot slldes lllustrattng suncuDs and gglp&q ln dtflerent stages of developnent v{ere shot{n'

It nas str66sed that these features ar" p"iutt.r to the reglon above the'tlmber-Ilne' whlch

blologtsts tern the Alplne' or Arctlc-Alplne, Zone' That reglons ls' as a matter of fact'
prlnarlly and fundanentalU a physlogr"puc zon. dlstlnct from all other physlographtc zones at

lower levels by reason of an unusual conblnatlon of cllmatlc, hydrologtc, and geologlc tactors'

0n1ng to lon alr-tenperatures all the year round (freezlng temperatures belng frequent even

lnnldsunner)butasnallproportlonofthesnow-packlntheAlplneZonelstransfornedlnto
nert-Hater. on tbe other hand, because of tbe lntenslty of radlant sorar heat at hlgh altltudes'

tastage of sno|,| by dlrect evaporatlon 1s very great. Thls 1s so especlally on those of our nestern

nountaln ranges that have a relattvely dry sunmer cllnate'

Ra<llant sorar heat tends to accentuate the trregurarltles of the snov{-surface, and lf permltted

to act wttbout lnterference for several days tn successlon, produces shallow cup-sbaped hollons

(suncups). These under lavorabre condltlons graduauy oeepen to rough].v cyllndrlsar plts several

reet ln depth (sunplts). the iaggeo plnnacles ol crystaltlne snon that remaln standlng between

the sunplts are the fanlllar nlevs penttente descrtbed by explorers and mountalneers' suncups and

sunplts nay be seen on our western mountatns every sunner; nleve p94!g!,9., on the other hand' are

relatlvelY rare.

The runoff from snow-ftelds 1n tbe Arplne zone decreases msrkedly toward the hlgher levels'

Aboye altltudes of 1r,000 to I2,OOO feet, iccordlng to latltude' nert-tater ts so scanty that lt

forns no channel-naklng streans or streanlets. Above 13,OOO feet the snow-flelds yleld but small

trlcldes that do not reach the valleys below. It follors tbat these upper snon-flelds are 1n no

sense the sources of streans and aro to be excluded fron any egtlnates o! mnoff based on snow-

surveys.

U. S. Oeologlcal Survey'
blashlngton' D- C.
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REFoRT 0F COntrITEE 0N eLACIERS, 193?-38

F"*gols B. ttatthss, Chalt!8n

Durlng tbe past year the CoDtslttss lost by reslgnatlon one rarbcr, R. [. Sargent, but galn€d
another, hot€seor {8. s. Cooper of the Unlyerslty of tllnDesota, rhoge ecologlcj studles of tbe
yegstatlon ln glacler Bqy, soutboastsrn Alasl(a, have shed nei and yaluable llgbt otr tbe past
lluctuatlon8 of the va,st glaclers of tbat ualque area.

Tho Conlttee contlnuep to bs represente<l on the Internattronal olacler Condsslori by the
Chalrlan' rbo 1g tltular reaber for the Ualted statss, and by Professor un. H. Hobbg, rho ls as-
soclate Fnber. Botb ars also tseDbers of tbe Lntsrnatlonal Connlsston of Snot, 6t rntcn F?of6s-
sor J. E. Cburcb ls Presldent.

Follorlng 18 the Cornltteers rcport on the glaclers of tbe Ualted states and AlsEl€ for thc
l2-uonth Fcrlod endlng octobor, lggi'r.

Olaclors of Hount Bal(er

The Easton 8nd Colalan glaelers on lbunt Belcer, aoted for thelr unusually rapl<t receggton
<lurlng rec€nt yesrs' lere a8a1n peasured ln 193? by [erbert v. strandDerg and asslstlng nenbersot the lbuntalneers of seattle,.Uasblngton. Both gtaclers contlnue to 

""""0" 
u*:"t-"-a""ia"ory

slorer rate than prevlousg

Ea.gpon:9}$l9r' sltuated on the sout'h-goutheast frank or the peak, receded t16 feet durlng
tbe year sndlhg sopteDber 26. Th.ls recesslon corparss ilth fft feet <lurtng ths precsdlng year,
agl rlth 190 feet tro years a8o. rhe aronnt, nor-eover, falls constderably beloi tho uean rateof m6 fcst for the z8-yaar perlod endlng 1930 (baseo upon the totar resesslon fron lts posltlon

(-.

hi-*.'
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1n L908, whlch ls snoHn on tbe topograpblc nap of the Unlted States Geologlcal Survey). It ls
nucb less, also, tban tbe nean rate of 160 feet for a perlod ol 26 years, based upon a photo-
grapb taken 1n 1910.

Colenan Glacler, sltuated on the cooler northnest slde of the peat<' on October 3' 1937' had

receded 52 feet, as conparecl wlth a mean rate of 86 feet for a perlod of ?6 years' based 0n a
photograph talren 1n 1910.

Thls appreclable slowlng up of the recesslon of the two glaclers, norsover, ls paralleled
1n a general nay by the dlnlnutlon ln dlscharge of the Skaglt Rlver, whlch dralns thls portlon
of the Cascade llountalns. Tb.e gaglng records at Dlablo Dan show, for the year endlng Septenber

1934, a nean of 5,945 cubls feet per second (a blgh for the 26-year perlo<l); for the year endlng

Septenber 1935 a nean of 4,653 cublc feet per second; and for tbe year endlng Septenber 1936 a

mean of 3,450 cublc feet Per second.

As llr. Strandberg polnts out, the record of glacler-neasurenents on ltount Baker ls as yet

too short to afford a rellable basls for conparlsons: nevertbeless, tbe data obtatned so far
Justlfy tbe bellef that 1n the course of tlne the recesslon-record, taken ln coordlnatlon v{lth
iU. O.t" of preclpltatlon and runoff that are avallable for the nountaln dlstrlct, w111 cone to
have real value as an lndex of the trend of cl1nat1c fluctuatlons.

Glaclers of llount Ralnler

l,leasurenents made by C. F. Brockhan, Pari( Naturallst of Mount Ralnler Natlonal Park, seen'to

lndlcate a Eeneral slonlng up of the recesslon of lts glaclers 1n 1937. Flve of the slx glaclers
neasured had receded conslderably less than the nean rate for severgl years past. Tbe slxth
glacler bad receded an excesslve anount, but tbls was due to local and tenporary condltlons not

representatlve of the nountaln area as a whole-

Nlsoual\y Glacl-er, on tbe soutb stde of l{ount'Ra1n1er, sbowed a recesslon of 55 feet' as

conpaiio wlth a nean of ?o feet for the lg-year perlod slnce 1918. l.lbether thls reductlon has

any slgnlflcance as belng lndlcatlve of a deflnlte trend, renalns to be seen, for 12 tlnes dur-

lng that perloct the glaclerrs recesston has fatlen below tbe !l€8t1, &d flve tlnes tt has been

under 50 feet. The nean ls brought up by several year$ of excesslve recesslons, .when the anount

ranged fron go to lss feet. Nor are the years of hlgh and of low recesslon so cllstrlbuted as to
lndlcate any deflnlte trend.

The conplete tabre of recesslon for the Nlsouallv Glacler nas publtshecl 1n last yearrs're-
port and wll} not agatn be glven here, but a recaplturatlon of tbe neans for tbe successlve

perlods, whlch pfesumably are tndlcatlve of cl1natlc fluctuatlons, does seen epproprlate.

Fron lgs? to 1g8b the nean annuar recesslon was 2? feet. Fron 1885 to 1892 lt nas 20 feet.
Fron 18g2 to r9L8 lt was 50 feet, and from 1918 to 193? lt has been 70 feet. the general trend'

therefore, has been deflnltel-y upward slnce 1892, and has [bre than trebled durlng the last 45

year9.

The total recesslon of the NlSqually Glacler slnce I9I8, nhen annual Eeesurenents were be-

gun, ls no,n l,gg8 feet. Tbe total reGton "face 
185?, when the glacler was flrst slgbted, ts

g,S+a teet. Tbe glacler .1s, however, stllt 4-Vz nl1es long'

As was denonstrated by the two detalled topographtc surveys o{ lts lower half nade 1n l93l
and 19g6, and conparlson of then wlth tbe small-scale topograPhlc nap of tbe Park nade ln l9IO,'

thls shortenlng of the Nlsqually ctagrer has been attended by a correspondlng reductlon ln thlcl(-

ness. In zI years, fron fgfo io fggL, tbe surface of the glacter was lowered by neltlng bet$Jeen

gO and I2O feet over a stretch of'approxlmatery 4,OOO feet; anct fron I93I to 1936 1t nas lowered

an addltlonal 40 to 80 feet over a stretch of 3'500 leet'

As a result of thls Ioss ln tblcl(ness the loHer hau o! tbe glacler now presents a very

dlfferent appearance fron the one lt bad 1n 1910. An lsland of roclc protrudes through the nld-

dle of the glacler at tbe 5,500-foot contour-l1ne, where fornerly there ras a tunultuous tce-

cascade brlstllng wlth tall, leanlng s6racs. In I93I thls rock-lsl8nd l|as 500 feet broad and

;;;;;;;ir,s];" about 180 feet hleh; by le36 lt had developed to a nldtb of 650 teet and a

helght of 280 feet.

About 1,800 feet lower down on the glacler' at the 5'200-foot contour-llne' snother rock-

mass bas becone uncovered. ln t93I thls had the forn of an lsland ?00 feet 10n8 and 200 leet
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broad, sltuated not far lron the eastern nargtn of the glacler, but by 1996 lt hacl become a roct(y
platforn rlth sloplng front, projectlng fron the eastern nall of tbe canyon. opposlte lt the
gracler has lost nearly 700 feet 1n wl<lth and ts now on\r r,100 feet w1de.

Thts narked reductlon ln thtclcness and tn volune, honever, appears to be strlct\y llnlted
to the lower half of the Nlsaually Glacler. F.ron the 5,?00-foot contour-Ilne (at the head of
the flrst ls1and nentloned) upnard the surface of the glacler ls no lower than lt ras ln I93I and
ln 1910, but, lf aqytblng, sonewhat hlgher.

The detalled surveys of the lorer Ntsqually, 1t sbould be repeated bere, were nade by tbe
l.later Resources Branch of the Unlted States Geologlcal Survey 1n cooperatlon nlth tbe Departnent
of Pubrlc utlutles of tbe clty of racona, the Natlonar park servlce, and the Bureau of publlc
Roads. The plane-table naPs ;ere Dade on the scale of I:4800, nlth 20-foot contour-lntervals.
The plan ls to repeat these surveys every flfth year for tbe purpose of deternlnlng the loss ln
volune sustalned by tbe glacler. Tbe earller topographlc map of t{ount Ralnler Natj.onal park was
nade by the Topographli Branch of tbe Geotogleal Survey ln lglo and 19ll, on the scale of
1:62,500, wlth 100-foot contour-l.Btervals.

Emnons Clacler' the largest glacler, sltuited on the northeast slde of ltount Ra1a1er, had
recedod only I0 feet 1n 1937. As usual, ilr. Brocknan nade hls measurenents to the lce at the
polnt of effluence of tbe streaF, ad<llng, bowever, a supplenentary neasurenent to the approxl_
nate Polnt of effluence of the year before. Tbe latter Deasurenent lndlcated a recesslon of 16feet. The conparable flgures ln 1936 rere l9g feet and loo feet; and the neans of the two sets
of neasurenents for the perlod 1930 to 193? rere 66 leet and SS feet, respectlvely.

tfhlle the recesslon of the Ennons Glacler 1s never capable of accurato deternlnatlon be-
cause of the vast accunulatlo* i'fTilffiGEter1at tbat nantle 1ts ternlnus, there can be no
doubt that the recesslon 1n 19gz nas far less than ln prevlous years.

Carbon Olacler' sltuated on the north-northwest stde of tbe peak, ensconced ln a steep-walled,
shady cenyon' was found to have receded 20 feet, as conpared rlth 62 teet ln 19g6, ancl as con-
pared wltb a rnean annuaL recesslon of 29 feet for the perlod Ig32 to 1937.

South Tsbona Glacler, sltusted on tbe soutbnest slde of the peak and confluent Hlth tbe
soutbern lobe.of the Tahona Glacler, ltr I93? ha<l receded only lg feet at polnt B, as conpared
wlth 37 feet 1n 1936. Polnt A, nhlch receded 66 feet ln Ig3?, nas foun<l conpletel.y obllterated.
At polnt B the llean annual recesslon slnce 1934 ls 3I feet; at polnt A the nean annual recesslon
slnce I93l 1s 50 feet.

Paracllse and stevens glaclers, heretofore rlsted separately, are realry but two lobes of one
and the sane lce-Ilass. The Paradlse Lobe has non receded so far that lt ls uttle nore than the
southern frank of the parenfi;E;nle the stevens Lobe remalns pronlnent and non na3r be re-
garded as the real ternlnus. As a result of these changes the fa.nous lce-cave under tbe paradlse
Lobe, whlch was fornerl.y vlslted by uany tourlsts, has ceased to exlst, and the paradlse Rlver,
and the slutsldn Falls by nhlcb that strean descends lnto paradlse VaIIey, have suffered appre-clable losses 1n volune.

Recesslon of the Paradlse Lobe has usuaLly been neasured at three polnts, A, B, and C. Ofthese onlJ B was ldentlflaDle ln 193?, the other two remalnlrg covered wlth snow.. ihe recesslonat polnt B amunted to 28 feet, as conpared wlth 60 feet ln 19g6, and wlth a neAn of gO feet fora S-year perlod. The total recesslon at potnt'B slnce 1982, wben neasuremonts were begun, 1s
L24 feet.

The stevens Lobe ls wastlng away at a nuch more rapld rate tban the paradlse Lobe, chlef\ronlng to lts narror' taperlng forn, rhlch has a large neltlng surface per unlt of volune. Tlfenecesslon, neasured ln I9AZ, a.oounted to not less than lg? feet, as conpared wlth 146 feet ln1936' As l{r' Brockran polnts out 1n h1s report, the rate of recesslon doubtless wlll cone clotrnto a nore nearry nornal flgure rhen the narrow lce-tongue has nerted auray.

The Paradlse ancl stevens lobes are of pecullar lnterest because the lce-nass of whlch theyform part ls merely a smalr secondary glacler Lylng on a gently sloplng platforn between the deepcanyons of two prlmary glaclers--the Nlsquauy 
"no-tir" cowlltz. It ls only L-g/4 mlles.long,heads ln n6v6 flelds at artltudes near 8,ooo feet, fulry 2,ooo feet berow the general level atwhlch tbe maln clrque glaclers orlglnate, and has a southerly exposure. It ls nearly stagnant,and as a consequence the rosses by meltlng at lts rower margln ar'e not conpen;.;;- ot i""-."0novenent of the lce to the sane degree as 1n the more moblre prrnary glaclers.
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Glaclers of Mount Hood

The Researcn Comni.ttee of the Mazamas, of Portland, oregon, Iast year, as usual, remeasured

the more lgportant glaclers on Mount Hood, and 1n addltlon extended 1ts studles to some of the
Iesser lce-streams, prlnclpaUy to obtaln conparlsons wlth pbotographs talcen ln earller years.

Ellot Glacler, the longest glacler on the peak, sltuated on the northeast slde, was found

to nave receded 20 feet fron September 20, 1936, to September ll' 1937. Durlng a somparable per-

lod a year ago 1t receded 2l feet.

Comparlson of a pbotograph of-.the ternlnus talcen on Septenber II, 193?, wlth One Publlshed
1n I9IZ, ln J. H. idllllanst boolr, rThe guardlans of the Columbla,n shows that durlng the past 25

years the gtacler has receded several hundred feet and has lost, by estlmatlon' fully ]00 feet
ln tnlclmess. cryoclneneter-neasurenents at the ternlnus lndlcated a forwarcl movement of the lse

averaglng 0.66 lnch 7n 24 hours.

Coe Glacler, on the north slde of the peak, had receded 29 feet durlng the z3-month perlod

from October 20, 1935, to Septenoer 11, I93?. Cryoclneneter-neasurenents at the termlnus lndl-
cated a forward movement of the lce averaglng I.09 lnches ln 24 hours. The rate of novement

actually varles wldely durlng dlfferent parts of the day, presumably ln response to changes ln
temperature.

Newton Clar}< Glacler, on the ea'st slde of the pealt, was rephotographed by A. J. Gllardl on

SeptemUer fZ,;gSf, from the ldentlcal polnt fron nhlch Dr. Barry Fleldlng Reld photograpbed 1t

on JuIy ZS, tgOI. Conparlson of the photographs reveals an amazlng reductlon ln both extent and

thlci(Iress. The recesslon, whlch ls dlfflcutt to estloate becauSe of the lrregular shape of the

lce-body, amounts to about 500 feet, and the decrease ln thlckness averages fully 100 feet.

palmer Glacler, sltuated on tbe south slope of Mount Hood, iust lTest of tbe canyon of the
yJhlte Rlver clacler, is tne rennant of an lce-tongue that was formerl-y fed by overtlow fron that
glacler. A recent experlnent shows tnat lt 1s now reduced to a stagnant lce-fleld. 0n 0ctober
lL, 19g6, a wire was stretched across one of the lower tongues of tbe 1ce-body' 75 feet 1n

breadth.' A trench was cut along the w1re, ftlled v{tth orange Plgnent and agaln fllled }'llth snow.

On October 9, 1937, the llne was reexamlned and found stlll ldentlflable by means of the ptg-
ment. It showed no novement although the surface had been lonered several feet by ablatlon.

Langllle clacl.e:1s the name proposed for the lce-body that Iles iust west of Langllle Crags,
on the north slope of the peak. 'r,lhen mapped 1n 1907 lt was a compact mass extendlng from an al-
tltude of ?,500 feet down tc an altltude of 6,500 feet. It ls now greatly reduced ln area and

nas become severecl lnto two thln lobes each of whtch ends 1n a lakelet held by a termlnal moralne-

bbservations on tnese relatlvely 1ns1gnlflcant lce-bodles may at flrst seem to have Ilttte
value; nevertnel,ess, 1t ls hoped that they wlll be repeated from tlme to tlme, for these small
resldual. lce-masses are on the verge of extlnctlon, and unless there is a change ln the trend 0f

climatlc condltions that wlII lnsure thelr early rebabllltatlon they wlII probaoly vanlsh entlre-
Iy withln the next ten or twenty years.

Aerla1 photographlc surveys of the
glaclers 'of the Cascade llountalns

On September Zb, 1935, Kenneth N. Ph11l1ps, Chalrman of the Research Comnlttee of the

Mazamas, accompanled by Adrlan J. Gllardl, member of that Comnlttee' and L. J. Bally' photog-

rapher, enctrcled Mount Hood 1n an alrPlane and secured a set of excellent obllque photograpns

of lts entlre glacler system.

So valuable dld these aerlal photographs turn out to be as a means of recordlng the extent'

form, and cnaracterlstlcs of each glacler, and such accessory features as noralnes' proglaclal'

Iakelets, tne course of effluent streans, and the helght of the tlmber-Ilne near oy, tnat lt was

declded to make a more extended fllght tne followlng year around some of the other glacier-

bearlng peal6 of the Cascade I'tountalns. Accordlntly, otl October 6' 1936' a fllght nas made en-'

ctrcling Mount Adams, lniount Ralnter, and tlount st. Helens, ln the state of i'lashlngton' A set of

photographs was taken, portraylng tne numerous glaclers on eacb of.these three peaks' and agaln

much valuable lnfornratlon t/{as secured that could not posslDl-y have been obtalned by Eround ob-

servat lons.

OnSeptembet24,LgsT,athirdfllghtwasmadeembraclngtneglacler-bearlngpealGof
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aorth-central oreBon--ltount Jefferson, Three-flngered Jack, ltount ifashlngton, and the Three
slsters--and as a resurt there ls aoi at baud, for tbe flrst tlne, a collectlon of aerlar photo-
graphs deplctlng all of thelr relstlve\r tlttle-krown glaclers.

These Photograpbs have been nounted ln tto annota,ted albuns that constltute, 1n eftect, geo-
grapblc roports 1n plctorlEl forn. The flrst of tbese albuEs contalns tbe vlers of llount Adans,
nount Ra1nler, ano lbunt St. Eelens; the second contalns the vlers of ltount Hood, ltount Jelfer-
soD, three-flngered Jack, nount hlashlngton, 8Dd thi Three Slsters.

A copy of each of these al-buns has been generous\y presented by tbe llazauas to the Connlt-
tee on Glaclers. The Connlttee takes thls opportunlty publlc\y to sxpress lts hlgb appreclatloar
8nd to coBgratulate the Researcb connlttee of the Mazanas oB tbe success of 1ts aerlai-reconnals-
sances. Lfhatever the, effort, and erpense haye gone lnto then have been tell spent, for these
collectlons of aerlal photographs tlll foru a nuch-needed groundiork for future glaclologlc re-
search. It ls to be hoPecl that slnllar collectlons t1ll be nacle 1n tbe course of tl!e, coyerlngall of.the more lnportant graclers of tbe restern unlte<l states.

Oleclers of tbe Sterra Neva<la

C. A. Earlell, Park Naturallst of losenlte Natlonal park, caltfornla, and hls asststantsl88t auttrnn revlslted the flve glaclers on the crest of the range to Fblch D6asurenents are an-
nually nade. lhree of these--the East l.yetl, Uest Lvell, and !{aclure-_are n1th1n the park, the
other tlo--the @ 8Dd Coaaess--are Just outslde 1ts eastern borCer. The results rere as fol-
lots:

East lyet-I glacler on SepteDber ?A, I9B?, tas tound to bave receded only slx feet frol ltsposltlon 1n 1936.

lrest Lve-u olacler bad receded 14 leet and had lost at least stx feet 1n thlcl(ness at ltsIorer end. !b. Harwellrs handsone\r lllustrated report contalns an unusuall-y lnstructlve photo-
graph sbowlng crear\r the systel of concentrlcau.y outcropplng lce-layers lrr the surface of thlsglacler, lhlcb nas conplete\y dlvested of recent.snor, save at 1ts ertrene bead. Superlnposed

. unconforrarly on the broad naln nass Iles a long, Darro; lce-tongue corposed of a Bore recent
serles of }ayers. 0n the upper half ol the glacler, agalD, the central tongue <llsappears be_
neath snother'. shorter tongue conposed of a thlrd unconromable and stlu ror€ recent serles oflayers.

rt ls here suggested that each of the tro superlnposed sertes represents an accururatlon
aade durlng a reratlvery recent pertod, or cycre, of glacter-grorth, and that each of the two
uarked unconfornltles lndlcates strong ablatlon durlng a prolonged perlocl, or cycre, of glacler-
wastage. .. The youngest serles ot beds ls perhaps to be correlated ritu tne cycle of wet yearstbat 1s <lellalte\y recorded 1n tbe varylng levels of ldono Lake, at tbe eastern base of tbe Slerra
Neyada, and that culntnsted durlng the yeers l9r9 to L9?p taee s. T. f,ardlng, changes ln lakelevels ln Great Basln Area, Ctv. Eng., y. S, No. Z, February, lgg5, pp. aS_SOJ.,

tlaclure oracler, uke tfest werr olacler, ras found strlpped of lts snof,-cover except lnthe vlclnlty of the bergschrund. rt had recioeo 13 feet slnce the autunn ol 1986.

Dana 01ac1er, by coatrastr f,as stlu psrtl.y covered nltb snot. Large Dasses of'snow blan-lceted tts lower nargln, and as a conseguence recesslon.ltealrurenents courd be nade onLy fron troof the four statloas that are regularly used. .At statlon g_A the lce had receded Io feet, atldat statloa 5-A 1t had recede<t 53 feet.

Conness Glaclsrr Bgaltr, nas largely strlpped of 1ts snof,-cover, and appeared to haye sus-talned greater losses lron ablatlon durlng thl past year than any of the other glaclers of th€c.entral slerra Nevada' Its eastern lobe hact receoed no ress tban go leet and had becone reducedto a relatlvely thln sbeet.

Glaclers of Glacler !&atlonal park, lloatana

Dr' oeorge c' Ruhre, Park Naturallst of.olacler Natlonal park, reports the foltowlng flguresfor the recessl.n of three of the Dore accesslbre gracters:

stkslkalkran Gracler (forner[r west robe of Blackfoot clacter) on septenber 20, rg3?, haclreceded 28 feet froD the posltlon tt occupteo to ffiuer, 1986.. Its total recesslon for tberast two years 1s r32 feet, but tbe totar for the rast flve years 1s only ?o feet, tbere havlngbeen advances ln 1933 and lgBS-
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Sperry Glacter had receded 29 feet durtng the year endlng Septenber 17, L937. It 1s gradu-

ally breaklng up lnto sev€ral snall lce-bodles and now falls far short of covertng the broad

shelf whlch lt mantled alDost coEpletel.y 1n 1901, when the topograPhlc map of the Chlef llountaln
Quddrangle was made by the Unlted States Geologlcal Survey-

Grlnnel1 olacler, vlslted on october 25, 193?, was found to have hel<l lts own durlng the
past 12 months, havlng receded on\y four feet-

Durlng tbe sunner of I93? a detalled topographlc nap was made of the GrlnneU Glacler and

tts suryoundlng noralnes on a scale of 1:2,400, an<l wlth 20-foot contour-lntervals. Thls work

narl6 the beglnnlng of a napplng program whlch, lt ls hoped, wlII ultlmatel.y be extended to all
of the larger glaclers of the Park, and wlll afford a splendld groundwork for future glaclologic
studles.

Glaclers of RocW }lountaln Natlonal Park' Colorado

To E. R. Gregg, Park Naturaltst of RocKy llountaln Natlonal Park, we are lndebted for re-
suDptlon, ln 193?, of recesslon-neasurenents to tbe Andrews anct 1Ig!f!! glaclens. ]leasurenent

of these glaclers was begun ln 1932 but had lapsed ln 1936 owln8 to shanges 1n the personnel of
the Parlc.

Both glaclers are snall, measurlng only half a nlle or less ln length' but they are repre-

sentatlve of the type that prevalls 1n the central portlon of the RocW l{ountalns, and annual

observatlons on then are, therefore, of speclal lmportance'

Andreils Glacler on october 13, 193?, was found to h4ve nelted back 31 feet slnce 1t was

vlslted 1n 1935. Its conplete record 1s as tollows: 1932-1933, -10 feet: 1933-1934, -80 feet;
1934-1935, +?3 feet; 1935-193?, -31 feet; net change slnce 1932' -48 feet'

llr. Greggts report 1s tllustrated wtth photograpbs shonlng successlve stages 1n the reces-

slon of tbe smap clrque glacler fron September 1928, Hhen lt fronted broadl.y on the lal(elet at
tts foot, to Septenber 28, 193?, nhen lt was separated fron the takelet by a delta 35 feet I0n8'

Tyndall Glacler appeared to have recected no less tban 163 feet ln the two-year lnterval
slnce l9BS. lts compleie record ls as followsr 1932-1933, -33 feet; 1933-1934' -9 feet;
1934-1935, +34 feet; 1935-193?, -163 feet; net change slnce 1932' -17I feet'

partlcutarly lnpresslve 1s the evldence of great reductton ln thtcl(ness and ln volune of

the tynd-au clacler fron September, 1928, to the piesent tlme, that 1s afforded by tbe photo-

grqphs lncluded ln tbe report-

Olaclers of Alaska

Fron Harry J. Llek, Superlntendent of.llount l'lcKlnley Natlonal Park, word nas recelved tbat

be has at last succeeded ln naklng lnltlal neasurenents to tbe fronts of three 1ce stres^ns ln
tbe Park--tbe East Forl( Glacler, the !9@!-@1S,, and the sunset Glacler

Bayne Beauchanp of Honolulu, Terrltory of Banatl, who vtslted Valdez, Alaska, ancl several

of the glaclers 1n lts vlctnlty 1n 1936, has lclndly transnltted to the commlttee coples of two

old records of the recesslon of valde_z Glacler that are ln the possesslon of the order of l{oose

at Va1dez. gne of these goes bacli to fg98, when the great rgold rusbt to thls part of Alaska

toolc p1ace. Though these two records do not agree througbout, tbey lndlcate the sane total' re-

cesslon of 918 feet. Both are gtven here as transnltted:

Paced dlstances fron a stone monument on a nound near the front of the

glacler (locatlon of nonunent not posltlvely ldentlfled by Beauchaup)

Feet Resesslon ln feet
+150
210 60

249 39
4L4 165

5r3 99

?96 283
840 44
9I8 78

Date steps
1898-99 ?

leol 70
1902 83
1904 138
1905 r7l
1908 70 stePs + 583 feet
1909 7

1914 ?
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Dates_

June 6, I90L - June tB, 1902
June 18, 1902 - June 7, L904
June 7, 1904 - June 16, lgOs
June 16, 1905 - Oct. lg, tg08
oct. 13, 1908 - June Zl, 1909
June 21, 1909 - Aug. 10, l9l4

Recesslon Total recesslon
1n feet slnce I90l

39
165
99

283
44

288

39
204
303
586
630
9t8

}lean annual recesslon for the l3-year perlod ls ?0.6 feet. The second set of ieasurenents
1s presitnably tne nore rellable of the tno. rt nas nade by Dr. L. s. canlcla and Joseph A.Bourlte (both deceased)- Transnltted rlth these records ls a sketch nap of the front of vardezGlacter' showlng dlstances neasured to tts tront by Beaucbanpts party, and Iocatlon of reference-polnts.

rn addltlon, there rere recelved froE Beauchanp noies on three glaclers sltuated near theRlchardson Hlghway teadlng fron vardez to Falrbanks. These are the uortnlngton Gracler, sltuated29 nlles fron vardez; the cache creek Glacler, sltuated s0 nlles north of varoez;-ano-ttre GakonaGlacler' sltuated about mldray between valdez and Falrbant<s. Acconpanylng the notes are photo-graphs of tbe graclers and sketch Daps sbotrlng the locatton of rock-calrns bullt for futurereference-polnts.

Black RaDlds-Glgcler, ihose pbenonenal advance threatenlng the Rlcbardson Hlghwav, durlngthe wl,nter of l9s6-gz, gave 1r fronr_page norortrety as the nruL*"y gr".i.";;;;";;iaiJeo uecrto the slugglsb,alnost lmperceptlble movenent characterlstlc or dostlraclers.
The nost conplete report on 1ts phenonenal advance, and the probable causes thereof, hasbeen presentecl by Professor.Janes B. Eance or tbe unlverslty of Alaska ln a paper entltred r?he

recent ad.vance of Black Raplds Glacler, Alaskai (J. Geol., v. 4S,.No. ?, oct._Nov. 1932, pp.775-783)' A brlef note by Fred. H. ltolflt of tbe unlted states Georoglcar survey entltred 'Run-anay grasler caused by frlctlon ahcl sklddlngr ras publlshed ln sclence Nens Letter for January15, rgsa.

The advance was estlnated at about three nlres. Tle preclse date of 1ts beglnnlng ls un-krown, but 1f lt 1s assuDed that lt began rate tn septenber or earry ln october, 1936, the aver-age forward novement of the lce-front per 24 hours nourct probably n"". u..n-iii'r."a.' j.i*.ro
February ancl June, r93?, actvances as rapld as 250 reet per <lay wbre reported by rocal observers,but Professor Hance belleves that tcrunbllng 

and flattenlng of the steep rront nay account forsone 6f these phenomenal flgures. i

Professor aance ls lncllned to attrlbute the rapicl advance prlnarlry to excesslve snow-preclPltatlon ln the nouatalns suroundlng the broad gatherlng uasrri at trre head of the gracler,durlng 1929 to 1932, whlch las followed by another p."roo of sonerhat nore than nornar preclplta-tlon durlng l'9?9 to 1936. (The only preclpltatton-oata avallable are those fron tbe LteatherBureau statlon at Falrbanlcs, about l4o nlles to the northeast; these are probabry not repre-sentatlve of the condltlons that obtalned ln the nountaln area. ) The raplctlty of the forwardnovenent ls attrlbuted to the namorness of the outflo*.."von,-."-;;rp;ed wlth ilre breadtb ofthe basln dralned' Termlnar noralnes sltuated rest of tbe Delta Rlver show that the glacler hasnade sonewhat slnllar advances ln lalrly recent tlnes. 'r'rv' err

Mofflt does not regard excesslve snorfall as th€ prloary cause of the rapld advance of theBlack Raplds Glacler. If excesslve slowlatl had been ihe c.use, he argues, then every glaclerln the saoe nountaln area nould have orun ;;";] 
-iii 

i""a that the Black Raplds Glgcler was theonry one that bebaved so extraordlnarll.y, he 1nstsa", piina""lo 
""ioffi"ur". That cause 1svery probabry to be found ln the extrene narrowness of the outfron caruron as conpare<r wrth thebreadth of the capaclous Satberlng baslD above. The great frlctlonal reslstaace of the canyon-warl's nust have caused the lce to ascunulate ln the uasrn for nany years until at last there wassufflclent pressure or ohead' to rorce outflow. probably the reslstance rvas overcome rather sud-den\y, and the outfror{ therefore toor prace rltb unusuar ve10c1ty.

It nay be presuned that slnlrar tYd,l.tl and rapld forward surges have occurred perlodlcall.ythroughout the l1fe of the glac1er, and thls presunptron seems to be borne out by two concentrlsnoralnes sttuated about one nlIe and one-half nlle iron ttre present front of the gracler.
U. S. Geologlcal Survey,

trashlngton, D. C.
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REpoRT oF coMMITTEE 0N GLAcTERS, rgao-+rli:'/':- ,i':
Frangols E. t'latthes, Chalrman i...:.,

(Publlshed wlth the approval of the Dlrector of the ceoldX{ca1 Survey)
-'r...' | .. i "';, i\''-''-"y'

The personnel or the Commlttee ls now as follons: Harry Flelcllng Ael<1,*hosbiboi'endiitus
of Geology, Johns Hopklns Unlverslty, 608 Cathedral Street, Baltlnore, Haryland; Wllllan H.
Hobbs, Professor Emerltus of Geology, Unlverslty of l{lchlgan, Ann Arbor, Mlchlgan; Lawrence
}lartln, Chlef of the Dlvlston of llaps, Llbrary of Congress, lJashlngton, D. C.; J. E. Church,
Professor of Heteorology, Agrlcultural Experlment Statlon, Unlverslty of Nevada, Reno, Nevada;
!Jm. Osgood Fleld, Jr., Explorer, 18 West Twelfth Street, New Yorl<, Ner York; Ollver Kehrletn,
Chalrman, Commlttee on Cllacler Studles of Slerra Club, 1050 t'!111s Torer, 220 Bush Street, San
Franclsco, Callfornla; Kenneth N. Phllllps, Assoclate Hydraullc Englneer, llater Resources Branch,
Unlted States Geologlcal Survey, Chalrman, Research Comnlttee of the llazamas, 606 Post-0ff1se
Bul1d1ng, Portland, Oregon; Wll1lam S. Cooper, Professor of Botany, Unlverslty of Mlnnesota,
l'l1nneapol1s, l'llnnesota; Gerald Fltzgerald, Senlor Topographlc Englneer, Alaska Branch, Unlted
States Geologlcal Survey, Llashlngton, D. C.; Laurence H. Gould, Professor of Geology, Carleton
College, Northfleld, l'llnnesota; Dr. Max Demorest, Department of Geology, Yale Unlversluy, Neil
Haven, Connectlcut; Frengols E. Matthes (Chalrman), Senlor Geologlst, Sectlon of Glaclal Geology,
Unlted States Geologlcal Survey, l,lashlngton, D. C.

Dr. Otto lfitschg, Fresldent ol the Internatlonal Assoclatlon of Sclentlflc ltydrotogy, actlng
for 1ts Executlve Conmlttee, has appolnted Dr. Church Presldent of the Internatlonal Conmlsslon
of Snon and Glaclers, and l,tr. Hatthes Secretary of that Connlsslon, for the perlod 1939-42.

The followlng records of recesslon and shrlnl€ge ln volume of Anerlcan glaclers rere re-
celved from the fleld durtng the past year:

Glaclers of t'lount Ra1n1er, Washlngton

A report by FRED F. LAURENCE, of th6 Conservatlon Branch of the unlted states Geologlcal
Survey, on the thlrd resurvey of the lower Nlsqually Glacler 1n 1940, shons that the termlnus of
that Glacler has receded 70 feet from the posltlon tt occupled 1n 1939 and 300 feet slnce the
prevlous survey was made 1n 1936. The average annual recesslon durlng the past 22 years has
been 72 feet, hence 1t appesrs that th6 general rate ls belng nalntalned essentlally unchanged.

Recesslon-flgures durlng the Z?-year pertod have shorn conslderable departures from the
nean, falllng as lon as 45 and 44 feet 1n sone years and rlslng as hlgh as 118 and even 155 feet
ln other years. A plot of the recesslon-flgures nade by the present ;rlter, horever, lndlcates
no evldence of any cycles, ancl 1t can only be lnferred that the departures from the mean are due

to the varlous cllmatlc factors that annually affect the €conomy of a glacter such 8s the
Nlsqually, thlch has a length ot 4-L/2 rlles and nakss a dessent of over IO,O00 feet ln altl-
tude lrom the sunnlt n6v6s on the peak.

The ortglnal plan of repetltlve surveys of the Nlsqually Glacler, by the Oeologlcal Survey'
ln cooperatlon rlth the Clty of Tacora Llght Department (nhlch depends for poier upon the
N1squally Rlver), called for renapplng at lntervals of flve years. The flrst suryey wag nade ln
I93I, the second ln 1930, and the. thlnt ras scheduled for 1941. Eoiever, so rapld has been the
shrldcage of the Olacler durlng the last few years that lt w&s declded to make the thlrd survey
1n 1940.

In l93l and 1936 the mapplng ras done on a scale of 1:4,800 llth a contour-lnterryal ot 20

feet. It was soon found, however, that a snaller scale and larger contour-lnterval nould aflord
sufflclently accurate data for the computatlons of loss ol volume of the O1acler, and accordlngly
the lg4g-survey ras made on a scale of 1:96,000 and nlth a contour-lnterTal of 50 feet. Ths

stretch napped ln each case conprtsed the loxer 10;000 feet of the lce-strean--that 1g, sonerhat

Iess than the lorer half.

lhe longltudlnal proflles based upon the successlve surv€ys shor that the Glaclerrs surface

over a stretch of 3,OOO feet ias lotercd by ablatlon from 3O to 60 feot durlng the flve-year
perlod 19gl-96, and on an average sonenhat nore durlng the four-year perlod 1936-40. At the

terrnlnus, of course, tbe lossss rere stlll greater, avet?g1ng about 70 fect durlng €ach pertod.

Slnce 1910, ihen the Gtacler ras mapped on a scale of 1:48,000 and wlth a sontour-lnterval of
IOO feet, ln connectlon rlth th6 survsy of the entlre t'lount Ralnler Natlonal Park, th€ vortlcal
Iosses ovsr tho 8,000-foot strctch before nentloned have averaged about 200 feet or about 6.6
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fcct per year. In the llddle of tho stretch ths los8 has bcen not less than 240 feet, or elght
feet per yaar. It 1111 be noted that durlng the perlod 1931-36, ablatlon proceeded at the rato
of 6 to 12 feet p6r yeari and durlng the perlod 1936-40 1t reached a naxlnum of 15 feet per year.

of pccullar lntorest ls th6 fact that above the altltude of 5,600 reet the losses have been
very yarlable. Durlng the pertod 1931-36 the Glacler there actually lncreased ln thlckness from
10 to 40 feet, only to be reduced aggln 50 to 60 feet durlng thc perlod 1936-40.

lllthout gotng lnto an account of the nethod adopted for the coLputatlon of losges ln volune,
lt nay be statcd that the curves ln l{r. lsmencers report shor that durlng the perlod 19lO-31
thc losses of lce ln the surveyed portlon of the N1squally Glacler aggregated about 500 acre-
fcet pcr year; durtng the perlod 193I-SO th€y aggfegiated about 750 acre-feet per year; and durlng
the perlod 1936-40 they aggregBted not legs than 3,400 acrc-fect per year. these flgures afford
lnpresslve testtmony of the rapl<lly lncreaslng reductlon of the Nlsquallyrs Yolune, lhlch ls not
aDparent from the constant ratc of recesglon of lts temlnus.

l,leasurenents by C. fRAllK BRoCKIIAN, Parl( Naturallst of l'lount Ralnler Natlonal Park, on the
Emons Glacler, ths largest lce-strea^u on llount Ralnler, shor that 1t has receded 97 feet slnce
the precedlng ycar. lhls ls conslderably nore than the ayer?ge for ths Dast decado. It ls to be

noted, hoxeyer, that recesslon-ceasurenentg ln the case of a glacler such as the Ennons' ;h1cb
ends 1n vast nasses of stagnant, or partly stagtunt lce thlckly nantled by noralnal d6brls, can

har<lly furnlsh nore tban approxlratc values. They serve nevertheless to lndlcate the general
orrler of nagnltude ol the Olacler's recesslon fror yoar to J€8r, and lt 19 to bc hoped, therefore,
that such n€asuretrents llU contlnue to be nade ln the future.

lhe Carbon Glacler <lurlhg the past year receded nearly trlce as fast as at any tlne slnce
neasurenents iGrG begun. thls lcc-strea! ortglnates ln a largp clrque carved ln ths north f18fi
of the peal(, at an altltude of only 9,600 feet--that 19, at a lcvel nearly 5,000 lect belol the
suilnlt. It ls, horever, fed ln conslderable neasure by avalanches fron the.lce-cap on the suu-
trtt pl8tfom. tbe loter end of the G1acler l1as ensconced ln a narror, steep-;aUed gorgs, and

tbat clrcutrstance probably accounts for the slolness of lts recesslon as conpare<l llth tbe
NlsquaUy and Emons glaclcrs.

lhe g.!! Tahorg Olaclcr, sltuatcd on the south-southiest stde of tlount Ralnler, also
orlgtnatca ln a clrlue but dllfers fror the Carbon Glacler ln that lt recelves no relnlorccilents
by avalanchlng fron'the surmlt platforn. It also shoted a narked lncrsase ln the rate of lts
recegslon durlng the past year. Llke thG Ernons Glacler 1t ls heavlly encumbered at lts loter
end by noralnal naterlal releascd by ablatlon and therefore also presents dlfflcultles for the
detemlnatlon of lts rccesglon. lbree dlflGrent relorencc polnts have been used by l{r. Brocloan
for hls neasursnents. Eere only the neasurenents fron polnt B are recordsd.

Year Recesston ln fect lear Recegslon ln fcet

Iear Recesslon 1n feet
1936-r| 20
19fl-38 l8

1956-fl 13
1937-38 ?6

Iear Rccesston 1n feet
1938-39 25
1939-40 46

1938-39 67
1939-40 91

lbe pa,radlse elscler ls of pocullar lntersst because lt does not orl8lnatc hlgh up on thc
flanks of Hount Ralnler but occuples a gcntly slonln8 sholf at altltudeE rangtng fron 6'300 to
?,AOO fect. It 1s fed ln large Dart by dlrest preclpltatlon and llncl drtftlng but doubtlcss
rgcctves conslderablc rolnforccrentg also lron thc stscply sloplng n6v6 flelds to the south of
Anvll Rock. It ls onty 1-l/4 lllcs long and ls often referred to as a tdead glacler.t that
Bppollatlon, borever, ls hardly Justlflablc, ln vler of tbe fact that thcre 13, or has baen untll
lest ycar, cnough trovstsnt ln thc rasr to sustaln three trar8lnal lobes. The contral one of thcs3,
cornonly knom aE tho Stcyens olac:lgl, bccause lt dnBlns lnto Stevens CEr\yon, ls nol ln truth
dylng, as lt has bccone <tctached fror the neln nass. AI1 that -retralno, accordlng to llr.
Brockran, ls a thln sl.ab of lce about onc-quartcr nlle long and scparatsd fron the latn Glacler
by 200 yards of bare rock.

the southcrn lobe of the Faradlse Olactcr, bost knotn to the publtc because nost roadlly
acccsslblc, rcccdod but slo;l.y durlng thc pegt year, 1es8, ln fact, than durlng prevlous yoars.

lbtt fact 1s probably accountod for by the Drogrcgstve thtnnlng of th. olacler by ablatlon. No

rccott ol thc rcductlon of ltg Eurfacc bas bccl kcDt, but thcre ls every reason to bol16v€ that
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the reductlon 1s golng on apace, ln vler of the southerly €xposure of the Olacter, the absence

of shadon-castlng cllffg on elther s1de, and the absence also of a protectlng debrls-covcr.
Followlng ls the record of recesslon of the southcrn lobe.

Year Recesslon ln feet

1936-38 (2 years) 83
1938-39 ?s
1939-40 30

Slgnlflcant ln connectlon rlth the foregolng records of glacler-reccsslon aro the Ecteor-
ologlc,data rhlch l,tr. Brocknan appends to hls report: The snor-preclpltatlon durlng the ilnter
of IgSg-40, as recorded ln Paradlse Talley, at 8n altltude of 5,557 feet, a^nountecl to only 402

lnches as compared rlth a norrnal fall of 625 lnches. l'lean tsmpsratures durlng the past year;erc
about 18 per cent above the average.

Olaclers of llount Bood' oregon

?he Research comnlttee of th6 tlazanas, of Portland, ore8on, accordlnS to the report of
KENNETn N. PHILLTPS, Chalrman, on Septenber 2I, 1940, revtslted the Ellot Glacler, the largest
ice-strea^n on llount flood, and by taps-neaEuron€nt deterntned tts recosslon slnce Septenber 21'

193g, to be 1g feet. In vlet of the fact that tenperatures durtng the perlod July' 1939' to
Sept€mber, 1940, had been decldedly above nornal for each nonth, and that the snoltall on llount

Eood had been very s11ght durlng october and Novenber, and untll Decenber 8, 1939' lt tas ex-

pected that the recesslon of the Ellot clacler rould be much nore than 18 feet, 'perhaps even

nore than the 64-foot retreat observed ln I938-39r. The relatlvely sllght change ln thc longth

of the Glacler, therefore, seened <llfflcult to acsount for nlth the dat; at hand. tnotrever,t

suggests l,tr. ph1l11ps, tlt soems posslble that the forrard novenent of the Glacler durlng tho

ye.r 
".s conslderably greater than normal orlng to the ;arn ieather, thus conpensatlng rargely

io" tft"-s"eater ablatlon by meltlng and evaporatlon'n

The party, further, tootc the flrst steps tof,ard deterutnlng the rate at lhlch the Glaclerrs

surface 1s belng lowered by ablatlon from year to year, by runntng tio translt-stadta proflles

across 1t and marklng the end polnts thereof on the laterar noralnes. The lorer llne ls sltuatcd

about 300 feet above the beglnnlng of the tertslnal face or the Glacler, the uDper ltne about

ons-quarter mlle farther upstream. The tro profltes r1I1 be resurveyed at lntervals of tlo or

three years to determlne the vertlcal losses by ablatlon.

Cryoclneneter neasurenents tere made on Sept€mbdt 2L-22, 1940, to dcternlne the ratc of

advance of the ternlnus 1n autunn ieather. over a perlod of 2g hours, 45 nlnutcs, the total
advance observed ;as 0.4g2 lnch, a rate of 0.487 lnch per day. The tenperature durlng the

perlod of observatlon ranged from about 40" to 60" F'

The Research commlttee also contlnued lts recently lnauguratcd progran of recordlng tenpera-

tures on the sunnlt of l,lount Hood nlth marlmun and nlnlnun therxoneters. The nlnlnun recorded

for the rlnter or-igig-aO nag -6o F (probably hlgher than tbe true nlnlnun' as the themoncter-

box hacl becone covered ilth several feet of sno;). The naxlnun, recorded on August 20' 1940'

las 69o F.

Tbe rennants of an anclent forest of large tre6s tbst once gre; on the flanlG of l{ount Hood

at altltudes as hlgh as ?,500 leet--that ls, conslderably above thc presont tlnber-llne for large

trees--rere brlefry ex8.mlned by professor DoNALD B. I"AI{RE}{CE, Of tbe unlverslty of }llnnesota' and

ltr. ph1U1ps. ?hese ronnants are sltuatcd 1n the vallcy ol tlhlte Rlver, rhlch ts cut ln the

south frank of the peak, and they probably are thc aane rhlch A. f,. sytvsster of the unltccl states

G€ologlcal Survey dlscovered ln 1g06, rnen ne tas naklng tho topographlc rap of llount Eood and

lts vtc1nlty. lhe lnterest that attaches to then ls that tbcy r8y lndlcate a relatlvely recent

perlod of nllcl, ralny cllnate durlng rhlch the tlrber-llne lay at a nuCb hlgher tcvcl then at

prescnt.

As tas rnentloncd ln the llrst annual report of the Connlttce on Glaclcrs [lran3' Aner'

Geophys. unlon, Thlrteonth Annual t'teetlng, 9p. 252'28?, L9322 th13 rcfcrencc on p' 2801 rcmants

of another anclent forest--the stadter Burled Forest--tere found ln 1926 by a party of llazanas'

ihlle on a cllmb n8ar the tlnbcr-lln€ on tb8 southtest slope of l'tount Eood. lhese roBants con-

slst of long, stralght tnrnlcs lyln8 ln a tangl€d nass bencsth lhEt t3 bellcved to be a reccnt

noralne of the Zlezisgl$Lg!, and they are belng cxposcd to vlcr by thc lnclgton of a ner

strcan-cut guuy.
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The rlngs of grorth 1n those anclent trees average about l8 to 20 to the lnch--that ls,
they are about the slze of the rlngs ln trees such as gron today about the base of llount Hood.
The rlngs 1n tlmber-llne trees, by contrast, average more nearly 100 to the lnch. There ls good
reason to belleve, therefore, that the anclent forest grer hlgh up on the slopes of Hount Hood
at a tlme lhen, because of nllder cllmate, the tlmber-llne tay at least a thousand feet hlgher
than lt does at present. Nor that the occurrence of a perlod of ;ann€r cllmate than the present
durlng the mlddle thlrd of the Post-Plelstocene lnterval ls deflnltely establlshed by several
lndependent llnes of evldence, 1n Europe as well as ln North Amerlca and 1n Ner Zealand, these
anclent tburted forestst at hlgh leve1s on l{ount Hood galn ner slgnlflcance, ancl lt seens rell
;orth rhlle to lnvestlgate them ilth care, 1n order to deterrnlne, 1f posslble, rhether they
date back to the !cllmatlc oDtlnunr of the post-plelstocone lntervar.

Glaclers of the Slerra Nevada, Callfornla

The report by tl. E. BEATTY, Actlng Park Naturallst ol Yosenlte Natlonal Pafl<, glves the
results o! neasurements both of reccsslon and ol reductlon of surface lor several glaclers.

The toe of the East Lvell G1acler on October 4, 1940, was stl1l covered urlth snon, henco no
recesslon-neasurenent could be nade. Reductlon of the surface of the Glacler by ablatlon, on
the other hand, :as deternlned at tro polnts on a proflle across tbe nlddle of the Glacler that
had been establlshed ln 1933. At statlon I, 504 feet from the urest end of the base-ltne, there
ias a vertlcal loss of 4.4 feet slnce 1939, and at Statlon 2, ?68 feet out, the vertlcal loss tas
6.8 feet. At Statlon 1, the totat loss ln seven years anounted to Z2.Z feet; at Statlon 2 lt
amounted to 38.8 feet. The mean annual loss for the seven-year perlocl, therefore, was 3.2 teet
at Statlon I' and 5.6 feet at statlon 2. Assumlng that the Glacler has a maxlnum thlckness 1n
1ts clrque of about 300 feet, lt 1111, at the present rate of neltlng, ceasc to exlst ln about
50 years.

A measurement to the front ol the Ltest Lyell Glacler shoned a reeesslon slnce the prevlous
year of thrse feet. Hhat ls nore slgn1flcant, hotrever, 1s that neasurements wlth an Abney 1evel
to tro polnts on a proflle across the clacler establlshed 1n 19gg showed a lowerlng of the sur-
face by ablatlon closely stmllar to that on the East Lyell Glacler. At Statlon l, gLl feet
dlstant froto the rest nargln, the vertlcal loss slnse 1939 proved to be 2.8 feet; at Statlon z,
7I4 feet dlstant, the vertlcal loss was 6.3 feet. Durlng the seven-year perlod slnce ISBB the
surface of the Glacler was loweredl-T.2 feet at Statlon 1, and 26.4 teet at Statlon Z. The mean
annual vertlcal loss for the seven-year perlod, therefore, tas z.s feet at Statlon l, and B.g
leet at Statlon 2.

The llaclure Gl.acler ln 1940 shoned but llttle
nent of recesslon nas posslble, owlng to the large
ln rhat supposedly tas noralnal naterlal, but that
the cave-ln ias due, of course, to the neltlng out
froo the base of the elacler.

change ln appearance slnce 1.989. No measure-ncaye-lno that had taken place at its front
proved to be noralne-covered gl.acler-lce.
of a cavern ln the lce by a strean lssutng

lleasurenents to the broad front of the Dana clacler could be made onl.y at tro polnts. At
statlon 3 the lce had receded 30 feet slnce 1939; at statlon 6 thers had been a recesslon of notless than 64 feet.

Glaclers of Glacler Natlonal park, l.lontana

JAJ'tEs L. DYSON, durlng the sunmer of 1940, vlslted s1x of the targer glaclers ol Glacler
Natlonal Park and found then all ln a state of acceleratcd, recesslon. The rlnter of 1959-40, here,ports' was one of the nost open rlnters on record ln that part of the RocIry l,tountalns. The
snovrfall was so llght that the roads lnto sone ol the hlgher areas iere passabrc throughout thegreater Dart of the wlnter. ?hat fact, coupled rlth a prolonged perlod of hlgh tenperaturesdurlng the ensulng sunner, resulted ln an unusually great dlnlnutlon of the glaclers ln thePark. Fron sone glaclers all of the sno; that lell durlng the wlnter of rgSg-40 f,as coopletelyrenoved, and fron most of the smaller lce-bodles the conpacted n6v€ of several precedlng llnters
wag neaoved also.

lleasurements to the front of the crlnnell Graclel showed that the recesslon durlng thesunmer of 1940 alone (up to september 6Jr4o) anounteo io "o""-il"n-is reet, xhereas thegrevlous recesslon slnce August, 1937, had been only 26 feet. Hr. Dysonr" r"""u""r"ntu--""" 
""lollows.
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Dates Interval

August ?;9, L937 to July ?7, L939 I year, 11 months

July 2?, 1939 to JulY 3, 1940 11 months

July 5, 1940 to August 11, 1940 I month

August 11, 1940 to September 6, 1940 1 month

Total ln 3 years . .

Recesslon

2O feet
6 feet

18 feet
21 feet

65 feet

The detelled map of the Speny Glacler, nhlch l1r. Dyson made for the Natlonal Park Servlce
1n 1939, showed a proJectlng lce-mass ?00 feet long and from 200 to 600 feet ln wldth' on the

nest slde of the maln body of the G1acler. A11 of thls proJectlon had dlsappeared late 1n

August,1940.

The Chaney Glacler appeared to have been reduced 8 to lO feet 1n thlckness.

The Shepard Glacler, whlch around the beglnnlng of the present century rested on two rock

shelves separated by a vertlcal c]1lf thet nas exposed only at the northern end of the lce-nass'
ln 1940 was conflned largely to the upper shelf, and had been reduced to less than one-half lts
former surface area.

The Agasslz @r, whlch 1n 1900 covered an area of about 1.40 square mlIes and ilas one of

the ty{o rargest ano tnosi spectacular glaclers 1n the Park, 1n r94o had been reduced to two d1s-

connected masses of stagnant lce aggregatlng together no more than 0.29 square mlle. llhepeas ln
lgoo, to Judge by the posltlon of the fresh termlnal moralne, 1t probably had a thlckness of

several hundred feet, the ty{o remelnlng masses appear to be not over 35 feet thlc}<. It 1s clear

that, 1f the present c1lmatlc trend contlnues, the Agasslz Glacler--named for the father of

glaclology--wlll ceasp to exlst ln only a very few years'

The glacleret at Iceberg !*e, rhlch as late as 1920 st1ll extended a conslderable dlstance

out lnto the Lake and had a frontal cl1ff 90 to 1oo feet hlgh, from whlch lcebergs calved off
from tlme to t1me, ln 1940 had melted back from the border of the Lake and ceased to produce the

lcebergs nhlch heretofore were an obJect of lnterest to the vlsltlng publ1c'

tlr. Dyson also had opportunlty to vlslt the Grant 91ac1el on the Flathead Range, to the

south of Gracler Natlonal park. It appeared wholly dlvested of snow ln the sunmer'of 1940' and'

to judge from lts relatlon to the fresh moralne, whlch lt probably touched 1n ]900' 1t 1s now

only about one-hall as large as 1t then was'

Glaclers of the L{lnd Rlver Range, l'lyonlng

To FL0YD L|ILsoN, of Burrls, t.lyomlng, the Commlttee 1s lndebted for lnforrnatlon on the

recesslon of the pr1nc1pal glaclers of ine Dlnwoodle 9!9g!., near Gannett Peak' AIl of these

glaclers are ln recesslon and evldently have been ror a nunber of years' tlarkers rere set only

belon the Gg,nnett Glacler and 1ts branches, and as a consequence flgures of recesslon can be glven

for these only. The meln Gannett Glacler, accordlng to r'!r. l.lllsonrs measurements, receded not

less than 102 feet durlng tne summei-or tg+0. The mlddle fork of the Glacler receded 87 feet'

The south fork, he estlmates, must have receded about 500 reet 1n the last flve years'

Glaclers of Rocky llountaln Natlonal Park, Colorado

H. R. GREGG, Parl< Naturallst of Rocky !1ountaln Natlonal Park' has contlnued to nake measure-

ments of the recesslon of the Andrews and Tyndall glac1ers. These belong, both of then, ln the
;"""rr*i"i;-"iu"" and for that reas6 are of unusual lnterest. Both are steeplv s10p1ng masses

of lemlnated 1ce sltuated ln relatlvely smaIl clrques on the east slde of the conttncntal D1v1de'

The recesslon of these glaclerets anounts tO OnIy a fen feet per year and 1n some years 1s not

measurable because of accumulatlons of snow on the'tennlnus. Apparently, because of thelr

sheltered posltlons, both of these glaclerets suffer less, proportlonately' lron the lncreaslng

dryness and narrnth of the cllmate, than the much larger glaclers ln Glaoler Natlonal Park and ln

the Paclflc Northwest.

Glaclers of ltount McKlnley Natlonal Park' Alaska

FRANK T. BEEN, superlntendent of llount ltcKlnley Natlonal Park, reports that he has at last

succeeded 1n obtalnlng a neasure of the recesslon of the sunse! Glacler' It had receded 12 feet

slnce the sumner of 1959.
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Dlfflculty has been exDerlenced durlng Dast years tn measurlng the recesslon of the East
&iK and Toklat glaclers, Dartl-y owlng to lncleBent xeather, partly because the monu4ents bullt
for reference-polnts are frequently xashed away by floods. It ls reasonably certaln, horever,
that all of tbese glaclers on the Alaska Range are 1n a state of recesslon.

U. S. Geologlcal Survey,
tlashlngton, D. C.


