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The Geological Survey is releasing in open files the 

following report: 

Glacier Observations, Glacier National Park, 

Montana, 1964, by Arthur Johnson. 17 p., 3 fig. 

Copies are available for consultation in the following 

Geological Survey libraries and offices: 1033 G.S.A. Bldg., 

Washington, D. C.; Bldg. 25, Federal Center, Denver, Colorado; 

345 Middlefield Rd., Menlo Park, California; 468 New Custom 

House, Denver, Colorado; 244 Federal Bldg., Tacoma, Washington; 

South 157'Haward St., Spokane, Washington; 409 Federal Bldg., 
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/964 PROGRESS REPORT 

GLACIER OBSERVATIONS 

GLACIER NATIONAL PARK, MONTANA 

INTRODUCTION 

This report records the results obtained during .he 1964 season 

the continuing program of obaervations on the Grinnell and Sperry. 

Caa.cl'irs in Glacier National Park, Montana. This is ca./.'ried on coop 

by the Geological Survey, the National Park Se:rvice, and 

!",1 ▪ther 3UPekit1 Tt inc11.1d.'s eoe dt.erminatl,on annual change 

in. thci, *urfv,ce e1i2rvation of the glac.;icE.7. by the 71.aouI-emant of 

▪ changeo du.:;c:Ing the aummer months: by th tba..J.,5.hment of 

ion 3takeLl?,' mppiilq the ,k,:de7.' in 

yv-17,-...3 to dvan.ce op -r1.oz.17 aetarina',.....ion of annual. 

by the location of markd roc1s7 the: operstions two sto.PAge-

1- Lio.o. gagt2, ,e immediate. of the., in t'J7 GlacAer 

to anal pvoclpitation; the: 4,.1 - av:f)no2 two. - 5,a2., .:,, sttions, 

below thc::Gvini GLn OT ddag t'ne one 

.C.;111aleil 

Spe..N.'y Chalet tho 

months. 

Inacv.-. for i.c)64 

17A.i:.,tr ono-

t41.1.1. of Auguot and much of 3eptembsa, - 1 Dightmul- „. Thee are desf.,.riblA 
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Table 1 - Temperature and precipitation data, 
July, August, and September, 1960, 1961, 1962, 1963, and 1964 

West Glacier Sperry Chalet Grinnell Glacier 

Meand1960 1961 1962 1963 1964 1960 1961 1962 1963 1964 1960 1961 1962 1963 

Temperature °F 
Mean: 
July 64.0 66.1 64.8 61.3 61.7 62.7 62.7 58.0 52.9 53.5 h/56.1 -- -- -- 56.1 
August 62.0 57.9 66.4 60.6 63.2 56.7 50.7 61.9 51.0 56.6 45.5 51.1 61.7 54.5 57.5 
September 53.3 52.9 47.5 52.2 57.0 48.9 _.... 

Maximum: 
July -- 93 89 88 90 88 84 75 74 76 79 -- -- -- 79 
August -- 87 96 91 90 81 76 90 82 81 76 81 89 84 82 7 
September -- 80 76 79 89 72 -- -- -- -- -- --

Mean Maximum: 
July 80.6 84.4 81.1 77.4 77.5 78.7 73.0 67.8 61.2 62.0 66.4 -- -- -- 66.4 
August 78.5 70.2 84.6 75.5 79.3 70.2 57.6 71.8 58.9 66.5 56.7 59.3 73.6 63.5 68.4 5 
September 67.2 67.8 59.7 67.7 71.3 60.3 -- --

Minimum: 
__ _.... 37July -- 40 35 33 39 40 39 37 32 35 37 --

August -- 34 39 37 37 32 30 36 31 36 33 31 33 35 38 .i 
September -- 26 20 27 32 27 -- --

Mean Minimum: 
July 47.3 47.8 48.5 45.2 45.9 46.7 52.3 48.2 44.5 44.9 45.7 -- -- -- 45.5 
August 45.5 45.5 48.1 45.7 47.1 43.1 43.7 51.9 43.1 46.7 42.3 42.8. 49.8 45.2 ____ 4 
September 39.4 38.0 35.3 36.7 42.7 37.4 -- __ ___ ...-

Precipitation, 
inches: 
July 1.27 0.00 2.20 0.58 1.70 3.50 . 0.15 3.27 0.76 2.30 2.69 -- -- -- --
August 1.33 2.75 0.76 1.03 0.79 1.51 3.82 3.30 2.41 1.60 3.52 -- -- -- --
September 1.89 0.59 3.33 1.65 1.80 2.71 -- -- -- -- -- -- -- --

From 30-year record, 1931-1960. 

bi No record July 1-3. 



r1RINNELT, GLACIER 

The mapa of the Grinnell C118ci, bavA or 

p_lotographs tai,:en In 1950 a.14. 1960, will soon b.r; conplvted. 

a..pactd that the$toraps, mountiZ. /„vi ona..4. ror easiez. 

w75.11 pu'll*:171ed. by J7no Me 1950 map wi 

the map p.iblizilod,L 19. 5' it based. o mora 

cuRte tha:a oas availablv th? of previous cf:ympi:c,-,:: 

Snf-,:eaa Chaagv 

fkofiLt,, ,,,vaa;F.ared on kusas',, 2: aos, I xnd 2 wyre 4:.1., - 29, 

re6pecti.vely.tfi1 na 7e7f?,elotnem.l.vz?d. 

profdles ior 195 7, , hiawn g.-phAcally in flgaro a-

The profiie2 1964 were not r.I.Pwin IY1 view of the conpalstively 

Imp7I elawag,.7 alnue 196?. The menn ,,:aavation for :,-ii_txrci,rizions of 

no,„ 1 and mcf, 2 :',7or all yel4zs 

- aroment4 z.,61..11.inas- goz-

Profile rQ. with the 1963 

rrY0,/:,;Lovart. L 

the 1964 siofztee Ight17 fiktF. tht an 190., As indicated in 

tA)le I t firFt 40C fet, of 

with Jifftr, a :7j0W.7,t V,1 4 felt. 
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Table 2. - Profile No. 1, Grinnell Glacier, Montana 

Mean elevations, feet 

Distance from reference point, feet 

Date 100-500 500-1000 1000-1500 1500-2000 

Sept. 14, 1950 6463.5 6510.3 

Aug. 22, 1952 6463.6 6510.0 6529.5 

Sept. 4, 1953 6460.2 6505.5 6523.6 

Sept. 27, 1954 6461.1 6505.8 

Sept. 8, 1955 6462.0 6505.1 6523.9 

Aug. 30, 1956 6462.6 6504.4 6522.9 6515.4 

Aug. 13, 1957 6461.6 6504.0 6522.0 6513.6 

Sept. 10, 1957 6458.1 6500.7 6518.3 6508.3 

Aug. 12, 1958 6454.8 6497.0 6513.2 6503.2 

Sept. 14, 1958 6449.2 6491.1 6507.8 6497.6 

Aug. 14, 1959 6454.9 6498.3 6514.4 6501.9 

Sept. 12, 1959 6452.2 6495.7 6512.2 6500.3 

Sept. 2, 1960 6453.0 6495.9 6511.1 6502.3 

Sept. 19, 1961 6447.0 6489.2 

Sept. 1, 1962 6446.6 6488.4 6505.0 6496.1 

Sept. 12, 1963 6440.6 6484.2 6499.9 6492.4 

Aug. 28,29, 1964 6437.3 6482.8 6499.3 6490.8 

7 



Table 3. - Profile No. 2, Grinnell Glacier, Montana 

Mean elevations, feet 

Distance from reference point, feet 

Date 100-500 500-1000 1000-1500 1500-2000 2000-2500 

Sept. 14, 1950 6460.1 6523.3 6564.8 

Aug. 22, 1952 6460.3 6522.6 6563.8 6604.8 

Sept. 4, 1953 6458.4 6519.5 

Sept. 27, 1954 6459.5 6522.0 6564.4 

Sept. 6, 1955 6460.6 6521.8 6563.9 

Aug. 30,1956 6461.7 6521.6 6563.8 6604.6 6659.9 

Aug. 13, 1957 6460.2 6521.3 6563.2 6602.9 6657.2 

Sept. 10, 1957 6456.6 6517.9 6560.6 6600.9 6654.9 

Aug. 12, 1958 6452.5 6515.2 6557.1 6596.4 6649.6 

Sept. 15, 1958 6446.4 6509.8 6551.6 6591.2 6642.7 

Aug. 14, 1959 6453.0 6516.2 6558.6 6598.4 6651.6 

Sept. 12, 1959 6449.9 6513.6 6555.7 6597.1 6649.5 

Sept.3,4,6,1960 6449.9 6514.1 6555.5 6594.7 6646.7 

Sept. 1,2, 1962 6442.8 6506.4 6547.4 6586.9 6640.7 

Sept. 12, 1963 6437.5 6499.2 6541.8 6582.4 6634.4 

Sept. 15, 1961, 6436.5 6)499.1 6541.1 6581.4 
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Fiva e„hlation. stakes were pla(;sri, on ,,1_11 in .1o1es 

der r:rf M feet, digrAted 

T - e pl!.cedl by e5timai-,ion, atak .,9 ths 

shown on fii.,;.1„Pa 2. The only tilks. . 21 'troT, the.., J7127 

rea waii 7* Thezri. 1.ntended tc DTcviAa a reo.. -pd, 5 at1,75,kso . 

dAiwt placeynt . until late A,I.zufst 

plwaned to di I.hole* r.ie-...:77T erro-,a01 to 3-S:V71 - -, for a 2 -:A7 e.wf Pe 

to advQrs Ilef,Ither condition3wr 7nyv The 

olzaoIved. at th..e 

3-1-64 :,blation. July 21 to August 29 1M6 

'DAM holf.i 19.7 feet tio,;ft:1-,,v, 2.2 fet dowr4iaer frorA 

-previou3 lumT.lon and eci 4 

Aakes,.. .4az 25 flot uc 

,lagnmont of prg:I . nd 2W fet Close..r to 

r'j.ylitial point fci1 the ,,:r1.11!ne, 

Itakes lett stAndinp;± the -

xa glacier surfato, On Oct be L. a. otAke wa,6 

-lytbadded 35:Net. Thls would inOrAt a change of at 

least 1.5 feet since Octobey7 15. This 7-alue is uncertain 

a-id seems lnecnsitent with oth,?:r obser7at3ors. 

pozition of the -...,,WAtse' was about ,downjaciez, from 

the alignment of profile no I and shcid a movement of 

5 ft since aciptenboz' 196 

3-2-63 .:,,take expod, 0,5 foot, Alqtdon 15, i9V3, 

1-5 feet, 1c6':3 



 

 

AblatdJn July 21 to September 15 was 8.4 feet. This 

locatlon about 350 feet southeast of pos5tf1m of 3-63. 

4-64 On September 15 stakes plsc!ed on July 21 wel.e all lyiag 

on the ice. This would indicate an ablation of more 

than 9.7 feet since July 21. At about this same location 

the change from July 9 to 3eptember 12, 1963, was more 

than 13 feet. 

3-7-64 Ablat:Ion July 21 to September 13 was 7.4 fee,. Ice was 

expo,ued on July 21. Stake placed 'wthin a :':e'r feet of 

prc,;iviously used location. Stake placed in 1963 was 

found .- , 0.3 foot)n July 21 and showed a change of oni-c 

Octoba.J.- l5 1961. 

JI.dy 21 t,o Saptor 17 was F:t.5 

nn valan as stako cbserved dthg a severe 

thrindenitrm 47-7.nci r-ainztorn... This loeat or. 1thin 20 

0 ,) reei , rfrvotytr, niacea LaLy I 4. 

.L.40 1963 htrark1n Etot rearre" 

This stake exyxx;id 1.6 feet en Octor 15, 196:- and 

1.7 Ant o Septmber Ir.', 1963. In (Ahoy, 5.71aci_er 

suce, in thie exea N'aZ essentiAlly the 'V40. on-

t1± ', 1964, as at.1 October 15. 196'2. This tako 

ahovad a ro-wormnt of Almost 60 fet Nince 6Dr_;tember 190. 

hclle 9,..9 feet :leep p1ac& on 

3,a.f.._tamber 1964. Thi.:3 ImAion was abour, 5 

7r-' V Of lotion. 

10 

4 



 

Novenent 

Th results of the observations on :aovement since 194 are shown 

on fiTire 2. in 1964 nine previously marl-ed rocks were relocated: 

'Is° three ablation stakes located in 1963 were relocateu, The 1964 

,3bservations were consistent with those 1n pre-vious yes, indicating 

a71 FiTAr-ament of 35 t 50 feet per year. The greatest annu:11 movement 

the southern part of the glacier. 

One n rook, designated 64i, was rarked and located for future 

4ecInce. This wa3 in accta.dance with the recommendation in the 1963 

prois report that o Dr two roc ks near the original poslLion of 

50-2 but somewhat closer to the headwall be located, for future det.e-

minaUons. The 1963 report also recommended that two or three suitable 

rocko about midway betwwin 59-5 and the headwall bs narked and located. 

rhi ,vrts not accoyiplisbod due to the adverse weather c rait',onEt This 

clthwid Lberefor.i be lade a part, of the 1965 field program. 

Recesaion 

IN shore lint of the lake at tilt, talci of the g17„e,-,Ir was mapped. 

ere som minor c,anges since IchS bt Ito pronoanmd variations 

No z:rminationJ 'K2rti made c th po31tt0n of the frc.c:, o edge of 

A5L4tIfer, hut it 13 believed that Lhere were no s4 ,,I:icartt, .;:hanges, 

3incy 1963, 



P1,71tz,t-loa and Runoff 

T11 N10 astbli$hed and maintained 

Bureau ad the NAtional 1k3ervii, one in 1949 and 

1(. were c.q.:;:Aiinu.. arxration. 4.)) g,!..;gng 9ttion at the. 

og Griauell tni the one jue, below 

.icier, e*tabliahcd in 1959 L o ontin,...,ed in operatIon. 

ULt of thta Cr.anatIons at the two precirdthILion gages, along 

runoff at outlot oT CMnnc- 11 Lake for curr5ponding 

are shown in „, ble L. The time of observation8- at the 

gagsv,f, varie fror” year to yeaz so the obseved vasults 

aA Annix1.1 Ho'vT,s,var, 6UMME*7' 

:1;,3 1..CW o different;a betmn th 

113% ard the -vf.l.tle L. ibvek.7eq on the nal:act 6..-!..te each Yeav 

aL peroert. or,7 the 

to t.,;:.-cke artma,s,1 yalue3. 

pevlod, July. 21, 1550, Lo jalY- '30, 19645- tile alrer.ge AL gc,e0 

10.6 The 8v,14',.:mge amu8A rarcp172 at Itation 

sla.:3 96.9 .!....ftchol,..7 2 ot 

loez thf,An tie obtie7t7vtt:d no. 1. ThL 

Irjw 4flCies t7i.le 7-1-unof iftgurns definit3 

precf it Imuld catch at 

I is.crz. bat Vo....!,m, the aeragce for th nLeba3in 

;Aation. 
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,;tJon at yag.-.1 no. 2 a n prevci ears, 

ro.0 prxcai--.c=r c!,:nge ;to 1. th,%t of 7.-000rd 

t ':.loth ,T.2.7ust . ava:s2t: 5i")-

trir than at no. I„ Yeat'-to-year comiarizIr:n3 navc varied 

ni ii of yraTc11;:,to di 04' 63 s 

repoarts the di ff-n'stinc*:!'3 in wind patterns whi in. turn 

, influnce,2, by. ..,he rupf.f.-Pd mountafn tineze, no doubt, prlmarilT 

.,-6rponnible 7o1 tho 1..ronounced difiemhcc! 111 catc!' at the f„..wc. gages. 

1.7e1ation h runoff t th ag1r9. t,A17,1on below GrimleIl 

the 111d privtipitatioll at tIle two !sailis 

:von yew. to year. This relatiowhi, la sti,.-.4c,41y iniluencei 

%,:P:J.N.Au7es.igh3.:tulaer temperaure follo.„.r.ing a 7,11,111.L. of low 9now 

cou16 reuit in a high ruaolf valuc. Conver.J0.7. f.,,urmtc-1. of 

riult In a lor value of ru:-.&: ,,howf,h tha 

fop thc 1)-0:1(Jeding ulnter had been. ii 

The gagi tatio iitu1y belmi th oak-) figt:e 2) 

lac'ed in operation o: theeTt;on &.1„. Th rtv!order had 

in oDarEltdon until Decmber 5, CalloAng. the lalt inspection 

or c'bei -1 13, The etrg of 

io sr a:rected by ie 

"The vftlri. t this atation ar ,Thoull -.e obialmed thuo 1 'n table 

Atli the record for the coeoptmdl onth at 

Lrg station biw the outlet of Grjil,riell Lake. The nompari-os for 

month. of AugidY:;, and Septembek Eioe the no3 ignificnt. Th,:, 

for july, except for 1960 and 19163, Are p,7,rt1v ,3,--;tinar.,ed as the-
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Table 4. - Precipitation and runoff data in 
vicinity of Grinnell Glacier 

Number:Precipitation(inches):Percent:Runoff 
Period of • A B B/A :(inches) 

days : Gage Gage 
No. 1 a/ No. 2 b/ 

Aug. 27, 1949-July 20, 1950 327 125.1 - 87.0 

July 21, 1950-July 24, 1951 369 117.5 - 109.8 

July 25, 1951-July 15, 1952 357 108.3 - 90.4 

July 16, 1952-July 31, 1953 381 106.9 - 101.9 

Aug. 1, 1953-Aug. 5, 1954 370 138.2 - 107.3 

Aug. 6, 1954-Aug. 10, 1955 370 109.2 - 105.2 

Aug. 11, 1955-Aug. 7, 1956 363 100.7 152.8 / 152 98.5 

Aug. 8, 1956-July 16, 1957 342 88.7 137.2 155 81.4 

Aug. 17, 1957-July 17, 1958 365 78.9 115.8 147 84.0 

July 18,, 1958-Aug. 4, 1959 383 111.6 184.6 165 108.8 

Aug. 5, 1959-July 21, 1960 352 107.7 166.6 155 91.6 

July 22, 1960-Aug. 8, 1961 383 98.3 131.8 134 106.1 

Aug. 9, 1961-July 26, 1962 352 87.1 121.4 139 73.3 

July 27, 1962-July 18, 1963 356 101.1 157.6 157 90.7 

July 19, 1963-July 30, 1964 378 95.5 144.1 151 108.1 

a/ Measured at storage precipitation gag,: ear end of horse trail 
0.4 mile from glacier. 
Measured at storage precipitation gag_ about 2mile southeast 
of gage described in footnote J. 

/ Measured at gaging station at outlet _rinnell Lake. 
August 15, 1955 to August 7, 1956. 
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Table 5. - Runoff Comparisons, Grinnell Creek 
at Grinnell Glacier and Grinnell Creek 
near Many Glacier (just below outlet 
of Grinnell Lake) 

Grinnell Creek at Grinnell Creek near Percent 
Grinnell Glacier Many Glacier A/B 

Month • Runoff Runoff 
Acre-feet Inches Acre-feet Inches 

A B 

July 1959 
August 

2460 
1700 

41.93 
28..98 

4310 
2260 

23.27 
12.21 

57 
75 

September 1230 20.97 2280 12.29 54 
October 1959 662 11.29 1500 8.09 44 

July 1960 2770 47.30 4180 22.57 66 
August 1700 28.98 2080 11.23 82 
September 975 16.62 1190 6.44 82 
October 351 5.98 599 3.24 59 
November 1960 115 1.96 336 1.81 34 

July 1961 25 70 43.88 3500 18.90 73 
August 2260 38.51 2360 12.75 96 
September 666 11.35 944 5.10 71 
October 1190 20.20 2530 13.65 47 
November 1961 51 0.87 403 2.18 13 

July 1962 2090 35.57 2820 15.25 74 
August 1840 31.37 2170 11.74 85 
September 729 12.42 935 5.05 78 
October 529 9.01 1050 5.65 50 
November 329 5.60 664 3.59 50 
December 1962 113 1.93 403 2.18 28 

July 1963 2310 39.39 3650 19.72 68 
August 1860 31.78 2170 11.71 86 
September 1350 23.09 1530 8.25 88 
October 567 9.66 696 3.76 82 
November 1963 213 3.63 345 1.86 62 

July 1964 2790 47.56 4420 23.88 63 
August 1550 26.42 2000 10.80 78 
September 1964 600 10.22 1300 7.02 46 

Drainage Areas 
Square Acres Square Acres 
miles miles 

1.10 704 3.47 2221 

16 
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map sunorzsedes the previowly pus (1953) map as it ia 

19fA ii more adectuate control thwi was ava3able thetii of the 

compilation. 
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