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.ANNUAL REPORT Qr. GLACIER MEASUREMENTS 

GLACim NATIONAL.PARK, MONTANA 

General. 

The accomplishments of the 1955 project are listed below: 

1. Compilation and distribution of 1954 report. 

2. Preparation of profiles and measurements charts by 
Washington D. c. and Tacoma offices of the u. s. 
Geological Survey. 

3. Reconstruction and extension of #1 precipitation 
gauge at Grinnell Glacier by Helena Office of the 
U. s. Weather Bureau, assisted by the National 
Park Service. 

4. Installation of a second precipitation gauge in the 
Grinnell Glacier basin, also by the U. s. Weather 
Bureau and the National Park Service. 

5. Continuation of meteorological and hyd.rological studies 
in the Grinnell Glacier basin, in cooperation with the 
u. s. Weather Bureau and u. s. Geological Survey. 

6. Field work at Grinnell Glacier, consisting of measure
ment of surface profiles, re-location of previously 
marked rocks upon the surf ace of the glacier to deter
mine rate and direction of ice flow, photography of 
glacier from previously marked and photographed points, 
and an attempt to map the ice surface by use of photo
theodolite. 

Again this year, chiefly because of lack of funds and time, 
work was concentrated solely upon Grinnell Glacier. And here, 
also, no work was done on frontal measurement because of lack of 
change in the ice front. 

The various officesof the u. s. Geolo~ical Survey, and the 
u. s. Weather Bureau continued and increased their ~xcellent 
cooperation in this project, which has now assumed its true as
pect, that of a joint project of the three Services concerned; 
the Weather Bureau, Geological Survey, and the National Park 
Service. 
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Weather 

The general weather pattern for 1954 and 55 seems to be re
verting to that established over the past eight to ten years of 
higher than normal snowfall and precipitation and below normal 
temperatures. The years 1952 and 1953 upset this pattern some
what, with below normal snowfall and precipitation in 19521 and 
above normal temperatures in 1952 and 19531 but the past two 
years have swung the cycle back into the longer-term trend. 

The summer of 1955 was somewhat different from the usual 
pattern, having an extremely dry, hot period throughout August 
extending into the middle part of September. As a result, the 
surface of the glacier was cleared of residual snow much earlier 
and remained exposed to sun and melting action longer than has 
been the case for many years. This heavy melting is borne out 
by the high percentage of run-off over precipitation, for com
parable periods. 

The accompanying weather chart and tables are based, as 
previously, upon records of temperature, precipitation and snow
fall from three stations in or adjacent to the Park1 West Glacier, 
on the lower western boundary of the Park; Summit, on the Con
tinental Divide at Ma.rias Pass; and Babb1 on the plains adjacent 
to the eastern Park boundary. The average of these three sta
tions gives a well-rounded picture of Park weather conditions. 

Again this year, difficulty was encountered in obtaining 
complete weather records at Summit and Babb because of observer 
trouble. As a result, the temperature is based upon observa
tions from Summit and Fest Glacier only (broken thermometer at 
Babb caused loss of two months record). Snowfall records were 
also missing from both Babb and Summit, but the record was con
tinued, using West Glacier only, in order to give a continuous 
picture of weather conditions on Chart A. Although the use of 
one station only gives an erroneous average snowfall, it was 
felt that this irould not affect the trend curve to any great 
extent, provided future years'records are complete. 
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WEATHER STATISTICS 

GLACIER NATIONAL PARK -
West Glacier (Park Hdqtrs.) Station 

(Elev• .3154 .ft.) 

Mean Annual Calendar Year Cal. Year Fiscal Year 
Temperature Precipitation Snowfall Snowfall Years 

hE (degrees) (igches) (inches) Cinches) Included 

1931 43.0 22.72 75.7 (1930-31) 
1932 41.2 34.33 148.4 (1931-·32) 
1933 42.5 36.97 157.4 173.0 (1932-33) 
1934 45.6 22.71 82.8 94.6 (1933-34) 
1935 40.9 17.43 108.5 ll7.4 (1934-35) 
1936 41.7 23.04 147.2 146 .. l (1935--36) 
19.37 40.7 27.97 137.2 144.S (1936-37) 
1938 42.9 26.48 104.2 67.2 (1937-38) 
1939 44.0 22.13 79.9 136.6 (1938-39) 
1940 44.S 27.25 90.9 56.1 (1939-40) 
1941 44.4 22.22 65.0 85.8 (1940-41) 
1942 42.8 27.44 104.7 53.0 (1941-42) 
1943 41.26 21.84 95.7 152.4 (1942..;.43) 
1944 43.13 18.59 57.5 46.2 (1943-44) 
1945 43.07 30~28 98.7 68.7 (1944-45) 
1946 42.55 37.19 149.4 137.1 (1945-46) 
1947 42.96 31.58 119.8 143.5 (1946-47) 
1948 40.9 31.07 175.2 139.2 (1947-'4.8) 
1949 40.4 26.65 162.1 166.2 (194$.-49.l 
1950 40.1 33.84 174.6 198 .. 3 (1949~-50) 
1951 38.8 38.97 249.7 186.1 (1950-51) 
1952 42.6 21.06 134.S 204.8 (1951-52) 
1953 44 .. 3 32.32 156.1 161.2 (1952-53) 
1954 41~4 35.10 165.1 186 .. 7 (1953-54) 
1955 39.5 29.28 163.4 121.4 (1954-55) 
1956 
1957 
1958 
1959 
1960 
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WEATHER STATISTICS 
GLACIER NATIONAL PARK 

NORMALS (Used in Chart A) 

WEST GLACIER ()154 t't.) 

1955 RECORDS 

Rec2rdeq Deviation 

- 2.a 
.;. 3.58 
/.51.8 

Temperature: 
Precipitation: 
Snowfall: 

42.3 deg. 
25. 72 inches 

111.6 inches 

39.5 deg. 
29.30 inches 

163.4 inches 

BABB, MONTANA (4461 rt.) 

Temperature: 
Precipitation: 
Snowfall: 

39.3 deg. 
19.40 inches 
85.8 inches 

(no record) 
18.79 inches 

(no record) 
- 0.61 

SUMMIT (Mp.rias PassY5213 ft,) 

~ 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 

Temperature: 36.1 deg. 
Precipitation: 31.43 inches 
Snowfall: 239.8 inches 

34.0 deg. 
42.33 inches 

(no record) 

- 2.1 
.;.10.90 

DEVIATIONS ~ NORMAL 
(Average of three stations) 

· .. TEMPERATURE 

/. 1.7 
/. 0.2 
- o.6 
/. 0.9 
/. o.6 
/. o.a 
/. o.6 
- 1.2 
- 1.2 
- 2.5 
- 4.0 
.;. o.6 
- 1-.9.(*) 
- o.6 
- 2.4(*) 

PRECIPITATION 

- 2.10 
/. 4.12 
- 1.37 
- 6.16 
/. 3.52 
/. 7.44 
/. 1.31 
.J. 7.21 
/. 2.38 
.;. 9.53 
/.18.85 
- 4.62 
/.12.18 
/. 7.12 
.J. 4.62 

SNOWFALL 

- 66.6 
- 14.6 
/. 8.9 
- 51.4 
/. 4.1 
.;. 42.3 
- 3.2 
.J. 49.9 
.;. 20.s 
/. 48.5 
/.118.6 
- 27.1 
.J. 56 .• 5(*) 
.J.131.5(#) 
/. 51.8(-) 

(*) Based on av. two stations) (~) Based on Av. one station. 

(#) Includes 4-month estimate for Summit. 
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Field Work - Meteorological and Hydrglqgiga1 

The previously established High Altitude Precipitation Storage 
Gauge (hencfo?'th to be referred to as Gauge #1) was drained and the 
water content measured on August 10, 1955, at which time there was 
a total of lOS.2211 of precipitation recorded since last charged on 
July 31, 1954. Section Director Richard A. Dightman and Hydroclim
atic Inspector ''allace M. Irgens, of the Helena Office, U. S. 1'reather 
Bureau, directed the measurement, aided by Park Naturalists M. E., 
Beatty and Donald H. Robinson. The gauge was found to be in good 
condition this year, although the base was still loose from the dam
age done by snow the previous year. 

Following this measurement Mr. Irgens and a crew from the 
Weather Bureau and the National Park Service dismantled the gauge~ 
poured a larger and more substantial footing, and added another 
five-foot section to the tank,, giving it approximate 20 feet of total 
height - Photo No. 1. Previous experience indicated that snow deptk.> 
had exceeded the gauge height by at least 5 feet. Following recon, 
struction, the gauge was re-charged ~ri.th calcium chloride for the 
following winter. 

In addition1 Mr. Irgens and his crew installed another identical 
gauge in the basin,, approximately one-half mile southeast of the 
site of No. 1, hereafter referred to as Gauge #2. (Photo #2). This 
Installation was felt necessary in order to furnish a check upon 
Gauge #1 and also to give a more comprehensive picture of the snow~ 
fall in the basin, particularly since the latter location is farther 
from the bj}sin head-wall and less subject to the effects of blow:i.J1i:; 
snow than #1. Both gauges are approximately the same distance frt)r.J. 

the glacier. 

The u. s. Heather Bureau furnished the bulk of labor for thia 
installation, plus the equipment. The National Park Service fur
nished the services of one man, the sand and gravel, and packing to 
get the sand, .gravel,, cement and supplies to the site. 

Staff Engineer c. s. Heidel of the Helena Office of Geological 
Survey and his associates measured and compiled the run-off records 
shown in the following chart, from the gauging station at the outlet 
of Grinnell Lake. It is interesting to note the close correlation 
between the precipitation record of lOS.22 11 for August 5, 1954 to 
August 10, 1955,, and the run-off record of 105.19" for al.most the 
identical period, August 6,, 1954 to August 10, 1955. This close 
relationship can only be attributed to the unusually heavy melting 
on the ice surface during August, which will be discussed further 
under the subject of Weather. Also included on the table is the run
off records for 1953-54 year. October through September. A more 
comparable breakdown shows the period, August l, 1953 to August 5, 
1954 having had 107.29 inches of run-off, or 77.6% of the precip-
itation. · 

5 



Precipitation and RUD=OU Records - Grinnell Glacier Basin 

frecipitation Gauge 
(U. s. Weather Bureau records for station near Grinnell Glacier, 
elevation 6238 feet.) 

Inches of 
Inclusive Dates 

8/27/49 to ?/20/50 
7/20/50 to 9/3/50 
7/20/50 to 7/24/51 
7/24/51 to 9/12/51 
7/24/51 to 7/15/52 
7/15/52 to 7/31/53 
7/31/53 to 9/4/53 
7/31/53 to 8/5/54 
a/5/54 to 9/27/54 
S/5/54 to 8/10/55 

~. of Days ?recipit,ation Tvne · of Measurem~, 

Weight & Dip Stick 
Dip Stick Only 
Weight & Dip Stick 
Dip Stick Only 
WJeight & Dip Stick 
Weight & Dip Stick 
Dip Stick Only 
Weight & Dip Stick 
Dip Stick Only 
Weight & Dip Stick 

327 
45 

369 
50 

356 
3S2 

36 
370 

52 
370 

125.l 
1.8 

117.5 
8,7 

108.3 
106.9 

3.4 
138.2 
12,0 

lOS,2 

Rµn-off Record 

(From u. s. G, S, records for Grinnell Creek Station, covering drain
age area of 3,47 ~square miles.) 

Mgntb l949=5Q 1950-51 
(inches)( inches) 

12SJ.-S2 
(inches) 

J.2S2-S2 
(inches) 

12SZ:Sl.i.* 
(inches) 

19Sla-25* 
(inches) 

August - -- - 13.79(#) 
September --- 9.81 
October 3.79 10.71 9.12 1.88 1.99 5.95 
November 4.17 4.23 1,38 .. .31 2,30 3.57 
December 1.44 2.85 .89 .29 1.67 1.39 
January .34 .71 .25 2.47 .86 .. 83 
February .31 .62 .25 1.47 .76 ,23 
March .48 .42 .26 .84 ~81 ,28 
April 2,05 4,43 6.20 2.63 2.55 1.34 
May 10.44 16.26 16.72 12.71 16.70 7.11 
June 32.02 19.30 20.42 28.45 25.64 30.00 
July 29.74 24.33 16.60 25.97 30~95 25.54 
August 15.10 11.99 11.99 13.90 .16.70 5.35 
September 6.66 9.13 5.51 6.24 9.s1 

\fater Yr. 106.54 104.98 S9.59 97.16 110.74(f)l05.19(1) 

% Run-off 85.2% 89.3% 82.7% 90.9% 00.1% 97.2% 

(*) Unpublished records, subject to revision 
(#) Measure year changed to correspond more closely to precipitation 

year. 
(~) Total run-off August 1, 1953 to August 5, 1954, was 107,27, or 

77.6%. 
(1) 8/6/54 through 8/16/55 
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Photo No. l 

Upper precipitation gauge (original) a:'ter re-setting and 
one extra section in 1955? Gauge is :ri.ow approximately 20 feet in 
heighto Note the steel shield on the base section, to prevent the 
snow from damaging drain valves, as it did in 1954,. 



Photo ·'Y 
* .;;;. Sept@ Rc1):i m~on 

S:Lte of new annual precipitation gauge established in 1955. View looking S~': from near 
site of first gauge. Grinnell Glacier on extreme right of photo. 'I'he combination of the 
two gauges should give a better picture of the basin snowfall in future years@ 



Field. Work - Grinnell Glacier 

Again, as in previous years, lack of funds curtailed the 
work of glacier measurement, although we did receive excellent 

. material ceoperation from both the u. s. Heather Bureau and u. s. 
Geological Survey. In view of the time and funds, it was again 
decided to concentrate all efforts on Grinnell Glacier because 
more work could be done in a shorter time there with a minimum 
expenditure of funds. And furthermore, revisions of the meteor
ological station set-up at Grinnell tended to concentrate our 
efforts in that vicinity. 

Three full days September 6 - 8, 1955, were spent on the 
Glacier, most of it in an attempt to make use of the photo
theodolite for mapping the ice, results of which are described 
further along irt the report. Arthur Johnson, Br~nch Chief of 
the U. S. Geolo,~ical Survey, worked ,.,.d. th the theodolite, as
sisted by Park Naturalist Donald H. Robinson, Ran~er Naturalist 
David Karraker, and Engineer Robert Chapman of the Great Falls 
Office of the Geological Survey. Chief Park Naturalist Beatty 
headed the planning for the job and took photographs of the 
glacier on the first day. Chapman, ably assisted by Miss 
Kathleen Revis, staff photographer for the National Geographic 
Society, re-ran the profiles and re-located the marked rocks 
on ~lacier with the plane table. 

'Spot checks along the ice front indicated that there would 
be little or no change in it's location, so no effort was ex
pended towa rd mapping the front. In place of this, extensive 
work was spent on the profile lines and rock location on the 
surfa.ce, to check upon changes in ice depth and movement. The 
more or less stationary condition of the ice front seems to 
carry out the previously noted trend that has existed for the 
past several years, in spite of a severe summer melting season. 

Panoramic photos were again taken from the photo point near 
Station D, plus photos of the north moraine and the attempted 
photo-theodolite project. These photos clearly show the lit
tered surface of the ice and the marked absence of last season's 
snowfall. They also show the unusual amount of crevassing that 
was encountered, much more evident than in the past few yea.rs. 

Profiles - Grinnell Glacier 

Profile measurements still appear to give the most reliable 
infonnation as to what might be occurring within the body of ice. 

The summer of 1955 was unusually warm and dry, with a very 
heavy melting season during July and August (See Weather). Lit
tle precipitation and a long period of warm weather during August 
and early September cleared practically all of the past season's 
snow from the ice surface early in the season, leaving a long 
period for the sun to work on the surface of the ice itself. As 
a result, the surface showed a much heavier concentration of 
rocks and other small debris than usual. 
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The two profiles, No. 1 and No. 2, were remeasured on 
September 8 and September 6, respectively. The changes in 
surf ace elevation from previous years is not pronounced enough 
to be readily shown graphically on a dra.lidng of convenient 
size and ecale. As a means of visual presentation, the pro
files for a single year, 1952, were drawn and the statistical 
data relative to changes included in tabular form on this 
drawing. The -profiles for 1952 were selected as a "base" 
because the observations that year were carried farther to
ward the cirque wall than in other years. The two profiles 
have been shown on a single dra~~ng (Fig. 1) rather than on 
two drawings as in previous reports. 

In referring to the above figures a pronounced difference 
in the shape of the two profiles is noted. They are both much 
the same for the first 1200 feet, but beyond this point Profile 
No. 1 becomes practically flat and remains so for about 300 
feet and then has a noticearle do'W?lward slope. This feature 
is due to a depression along the cirque wall on the western side 
of the glacier, possibly caused to some extent by a stream that 
falls onto the glacier from the cirque wall. The alignment of 
profile No. 1 passes through the notch where this stream falls 
over the cirque wall. Profile No. 2 has an upward slope through
out. 

An examination of the tabular data shown in Figure l and 
also on page ti. reveals that the changes in surface elevation 
during the period 1950-55 have been within rather narrow limits 
and do not necessarily indicate any particular trend one way 
or another. In other words, it appears that this Glacier can 
be considered to have been essentially in a state of equilib
rium during the five-year period covered by the profile obser
vations. One minor consistency that will bear watching in 
future measurements, is the apparent slight increase in aver
age elevation of the first 500 feet of both profiles, as com
pared to an equally slight decrease throughout the remainder 
of the distance. This difference could very possibly lie with
in the limits of measurement or plotting deviations, and as 
such would not be significant, yet it should be 1"'8.tched in the 
event that future measurements give added weight to this. 

Another factor to keep in mind in evaluating segments of 
the profiles, is the fact that dates of observation have varied 
from year to year, from as early as August 22 to as late as 
September 27. Also the number of observations or points deter
mined has varied considerably from year to year, as well as the 
working conditions under which they were obtained. For example, 
in 1954, the field party was faced with an impending storm and 
the observations had to be made hurriedly and under adverse 
weather conditions. In eomparing the values shown in the table, 
one should keep these factors in mind and therefore, they should 
not be taken too literally. 

The data for the profile measurements that have been made to 
date are included in pages.~ and :J:t. 

'I /0 
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GRINNELL GL \CIER, MONTANA 
Profile No, 1 from Point B. 

Sept. 14, 1950 Aug. 22, 1952 ~ Sept. 4, 1953 1 Sept. 27, 1954 ! Sept. 8, 1955 
I L _______ { 

Dist. from 
Point B 

eet 

0 
47 

122 
194 
251 

295 
36S 
456 
551 
616 

685 
740 
848 
958 

1013 

Elevation 
(feet) 

6425 .o 
6416.8 
6428.6 
6444.0 
6457.8 

6467.4 
6477.6 
6487.7 
6495.0 
6500.,5 

6506.3 
6510.5 
6518.5 
6524.1 
6525.5 

Dist. from 
Point B 
feet 

Elevation 1· Dist: from Elevation ' Dist; from i Eleva.tion!Dis~. fromf Elevatio; 
(feet) Point 3 (feet) Pol.I1,t B I (feet) ; Polllt B j (feet) 

feet feet _I l (feet) 

0 
67 

165 
265 
336 

439 
500 
648 
751 
872 

977 
1102 
1194 
1307 
1357 

6425"0 
6416.7 
6438.8 
6462.7 
6472.6 

6485.4 
6490.8 
6501.9 
6511~3 
6519.5 

6525.0 
6529.7 
6530.9 
6530.0 
6529.3 

j 

0 
38 
74 

141 
201 

281 
423 
476 
561 
660 

761 
864 
959 

1019 
1150 

6425 .. 0 
641e.2 
6419.2 
61+30.0 
6445.1 

6461.5 
6479.7 
6485.2 
6490.9 
6498e9 

6507.4 
6515.1 
6519.3 
6522.1 
6525,.3 i 

1412 6529.5 ! 1243 6525.1 
1537 6529.5 l 1348 6523.5 
1692 6523.0 l 1432 i 6522.2 
1802 6522.1 ! 1552 ! 6519.3 

0 
37 
64 

141 
201 

266 
433 
511 
651 
773 

926 
1000 

~ i I 
I 6h25c0 11· 0 !' 6425.0 

6419.8 73 641608 
6420.3 I 140 l 643la9 
6429,8 3 212 ! 641+9e7 
6444.B I 2$0 I 6463.8 

6460.4 I .339 1 6472.0 
64s2.1 403 I 647903 
6488.9 . 553 6490.9 
649s,2 i 662 I 649904 
650hc.4 1 761 I 6506.6 

651s.3 \ B65 I 6513~5 
652Lhl j 940 l 6518.1 

I 1050 6522.4 
I 1183 t 6524.8 i 1283 6524.6 
l 
I 

'1 1380 
' 1480 
l 1595 

I 1882 6515.7 ! 1674 l 6517.8 I i 

i I 1787 l 6514.l ! I 

·1· 1680 
1780~1-

l i 

652404 
6523.9 
6522.8 
6521.6 
6521.6 

I ! ; __ I __ 

! j I 1a18 I 65os.6 i 11 ------'------!t--___ ._:... ____ I . 1912 i 6504.l I -- L_ 
----~. -·------ --, 

* Estimated. 
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Sept. 14, 1950 

Dist.from 
Point B 

eet 

0 
70 

185 
277 
359 

422 
490 
558 
622 
727 

811 
920 

1014 
1133 
1242 

1357 
1481 
1644 
1783 

I 
I 

' 

I 
I 

l 
! 

Elevation 
(feet) 

-
6425.0 
6417.4 
6431+.7 
6455.7 
6473.6 

6485.4 
6496.8 
6506.2 
6512.l 
6521.9 

6529.5 
6537.8 
6546.2 
6555.B 
6565.0 

6573.0 
6581.6 
6595.2 
6610.6 

GRINNELL ~LACIER, MONTANA 
Profile No. 2 from Point B. 

I j 

1 

f 

I 
l 
~ 

I 
I 
I 

I 
I 
I 

I 

Aug. 22, 1952 
I 

Dist.from 1 Elevation 
Point B (feet) 
feet 

0 
90 

176 
289 
363 

454 
553 
685 
784 
882 

910 
972 

1081 
1180 
1280 

1347 
1379 
1457 
1571 
1690 

1784 
1923 
2022 
2120 
2199 
-,-

' 

6425.0 
6416.5 
6434.1 
6459.3 
6475.0 

6491.0 
6503.9 
6517.6 
6526.5 
6533.5 

6535.7 
6541.6 
6550.6 
6559.5 
6567.5 567.5 

6570.2 
6572.9 
6578.6 
6587.1 
6597.9 

I 
i 
l 
I 

l 
I 

I 
! 
I 

Sept. 4, 1953 

Dist.from'J Elevation 
Point B (feet) . 
feet ! 

I 

0 l 6425.0 I ' 
l 63 6418.,4 ! 

96 
i 

6419.8 ' ' I 
144 I 6425.3 l 

I : 255 6450.4 l 
I I 

346 
j 

6470.0 I 472 6490.5 ' 556 6501.2 I 
I 

671 I 6513.2 I 
BOO 6525.2 I 

! I I 

948 6536.7 i 
\ 

1046 6545.9 I 
' I 

] 11.? t..i::i::'l ,., i 

1 
1 3 57 

I i 

i I 
! l l I 

l 
I I I 
I I 
I ' ; ( 

! 

Sept. 27, 1954 I 
Dist.from ~ Elevation 

Point B j 
feet 

0 
60 
67 

187 
264 

362 
515 
632 
751 
884 

985 
1102 ,I), 0 

447 

1565 

i 
! 
i 
I 
i 

l 
I 
I 
I 
j 

i 
I 
i 

I 
! 

l 
! 
! 
I . 

I 

l 
I 
I 
! 

(feet) 

6425.0 I 

6419.6 I 
6420.0 I 
6433.4 ' 
6451.1 I 

I 

6474.9 
6499.7 
6512.0 
6522.9 
6534.0 . 

6542.1 I 
6552.9 I 
L ,.L,... L. 

579._ I 
65as.s I 

I 

I 
I 

Sept. 6, 1955 

Dist.from Elevation 
Point B (feet) 
feet 

0 6425.0 
86 6415.6 

154 6428.7 
214 6443.3 
291 6460.8 

357 6475.7 
441 6488.2 
544 6501.s 
643 6513.1 
784 6525.4 

921 6536.,1 
1109 6553.2 
... '"'""' ,, ,,-/,... ,... 

i 
i 
l 
I 
I 



DATE 

GRINNELL GLACIER, MONTANA 
CHANGES IN SURFACE ELEVATION, IN FEET 

PROFILE No. 1 

Station 
100 - 500 

Station. 
500 - 1000 

Station 
1000 - 1500 

Mean 
Eleva ti Change 

Mean 
Change Elevation Change 

Sept. 14, 1950 6463.5 6510.3 
f ,to.1 - 0.3 

Aug. 22,, 1952 6463.6 I 6510.0 ! 
.- 3.4 ! - 4.5 I 

Sept. 4, 1953 6460.2 I 6505.5 i I 

Sept. 27,, 1954f 
I- o. 9 /. 0.3 I 

6461.1 j i 6505.8 l 
Sept. Sa 1955 J ·.;. 0.9 I 

6505.1 l - 0.7 
6462.0 

i 
1 I ' 

Total for I I 
period r- 1.5 I - 5.2 

I - - I 
! j_ _l 

Date 
PROFILE NO. 2 

Date 
i Mean ··· 
'Elevationt Change 

Sept. 14, 1950 I 
Aug. 22,, 1952 ' 

Sept. 4,, 1953 
I 

Sept. 27, 1954! 
I 

Sept. 6, 1955 1 
l 
T 

Total for J _D_eriod 

j 

6460.1 I 
l f 0.2 

6460.3 { 
I - 1.9 

6458.4 ! 

i I- 1 1 • 
6459.5 i 

! .;. 1.1 
6460.6 l 

I 
J. 
! 
j 

- l 1- 0.5 

! 
! 

! 

l 
1 
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Station 
500 - 1000 

l~"i~ion i Change 

6523,.3 

6522.6 

6519.5 

j 

I - 0.1 
! 
I - 3.1 
I 

I .;. 2 5 • 
6522.0 I 

I - 0.2 
6521.8 i 

I 

- _L - 1.5 

t 
l 
1 

! 
; 
I 

-
6529.5 

-5.9 
6523.6 

-
.;.0.3 

6523.9 

- -5 .. 6 

Station 
1000 - 1500 

Mean 

6564.8 

6558.8 I 
I 

6564.4 

6563.9 

-

Change 

- 6.o 

.;. 5 6 • 

- 0.5 

- 0.9 



Movement of Marked Rocks 

Five of the previously marked rocks were located in 1955, 
viz., 47-1, 50-1, 50-2, 52-1, and 52-3. The 1955 locations, 
along with previous locations, are shown in Fi~. 2. Reference 
to this figure shows that the movement of these marked rocks 
continued much the same as in previous years in both direction 
and amount. It is of interest to note the direction of move
ment which, in general, is only slightly east of north. A 
direction of movement normal to the main front of the glacier 
would be between northeast and east. The direction of move
ment is no doubt controlled by the bedrock topography. 

The total movement of the five rocks mentioned for the 
period of observation and the average rate of movement per 
year is shown in the following table: 

"o. Q, 

Rock No. i Period of Movement per year 
Years (feet) (feet) 

N l Total f Aver~ge Movement 

! I 47-1 11947-1955 8 I 305 38 
50-1 11950-1955 I 5 172 34 
50-2 1950-1955 5 170 34 
52-1 

. 

l 130 43 !1952-1955 3 
52-3 !1952-1955 I 3 126 42 

: 

The rate of movement of Rock 47-1 will no doubt show an 
increase within a few years as it approaches the steeper por
tion of the ice fronta It seems likely that the other rocks 
will continue at much the same rate for several years. Any 
appreciable increase in this rate would be an indication that 
some significant change affecting the entire glacier was occur
ring. 

It would be advisable to extend the observations on move
ment by selecting and marking suitable rocks in the area about 
1500 to 2000 feet from the ice front. Several rocks should be 
marked in each general area to allow for possible loss by fall
ing into crevasses. 
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Use of Photo-theodolite in G1acier Mapping 

As part of the 1955 field program, it was planned to 
map the Grinnell Glacier by terrestrial photogrammetry in order 
to determine the a;)plicability and feasibility of this method 
for glacier mapping. In brief, mapping by terrestrial photo
gramnetric methods requires obtaining stereoscopic pairs of 
photographs from a base line of known length and elevations of 
end points. Several pictures may be taken from each end of the 
base line. The directions or azimuths of corresponding pairs 
must be parallel. The length of base line is dependent upon the 
area to be covered. The usual practice is to have a base line of 
such length that the most distant area to be mapped ~rill not ex
ceed 20 timesthe length of the base line and the area nearest the 
camera should be at a distance at least five ti_mesthe length of the 
base line. For example, with a 300-foot base line, the area to be 
mapped would extend from 1500 feet to 6000 feet beyond the camera" 
Fhenever practicable to do so, the position and elevation should 
be determined for two or three points within the area of each pair 
of pictures to serve as control points for the map compilation. 
The actual map compilation is accomplished by using stereoscopic 
pairs of photographs in one of several stereo-compilation in
struments. 

A Fild T-2 photo-theodolite was borrowed from the Topo
graphic Division, u. s. Geological Survey, in Denver. Prior to 
going to the field, the project was discussed with Topographic 
Division engineers who suggested possible base line locations 
from which to obtain the photographs that would be required for 
map compilation purposes. These were determined from reference 
to the map of the Grinnell Glacier and adjacent area prepared by 
the Geological Survey from aerial photographs taken in 1950. 

The most favorable base line appeared to be on the prom
inent morairial ridge north of the glacier. It was known from pre
vious experience that this ridge had a very sharp crest, practi
cally a "knife-edge" (see photograph, No. 3) and there was therefore 
some question as to the practicability of using this as a base line 
location. On arriving in the field for the annual observations on 
this glacier and the contemplated mapping, the first day, September 
5, was spent considering and outlining plans for the photo-theodolite 
operations. The above ridge was examined and the difficulties that 
had been envisioned were very real. However, in view of the greater 
distance over difficult terrain to other possible base line loca
tions and the verJ favorable view obtainable from the morainal ridge, 
it was concluded that this would be the most favorable location to 
use in spite of its disadvantages. Two points were selected for in
strument stations but before these could be occupied, it was neces
sary to flatten an area sufficiently large on which to set the 
tripod and provide a foothold for the observer. The distance between 
these points, length of base line, could not be measured directly but 
would have to be determined by triangulation from a base line in the 
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flatter area near the foot of the ridge, which could be measured 
with a tape. With this plan of operations decided upon the next 
day, September 6, was spent, along with measuring one of the 
profiles, in placing flags on :prominent boulders at various loca
tions on the glacier for use in accurately determining their po
sitions and elevations with respect to the base line. These 
flags were placed on boulders that could be readily identified 
in the photographs and thus serve as control points in the stereo
compilation. 

The actual photographing and instrumental observations were 
started September 7. As this was the writer's first experience 
with a photo-theodolite, coupled with the very unfavorable work
ing conditions (see photograph, No. 4), operations were very slow., 
Pictures on three different alignments were ta.ken from one end of 
the base line. On reviewing the day's work certain questions carne 
to mind and there was some uncertainty as to the alignments or 
directions of the photographs that had been taken. Consequently, 
it seemed advisable to reoccupy . thi:s,._, station and to obtain an·· 
other set of photographs. This was done September 8 and angles 
read to the end points of the base line L~ the flat area and ~o 
the marked boulders on the glacier. Fhen this was accomplished 9 

there was not enough time left in the day to move to the other end 
of the base line and occupy it so this was therefore plaLned fer 
the following day. The following day started out with a cold, 
drizzling rain with a strong probability of snow. Ittherefore 
seemed that the only safe thing to do vra.s to bring the instrumenta'L 
equipment out and not take a chance on it becoming "snowbound" a·l, 
the Glacier. Consideration was given to going back if weather 
cleared up but as September 10 marked the end of the season at 
Many Glacier Hotel and all the horses were moved out on that dat3, 
the thought had to be given up. Consequently, the objective of 
obtaining the necessary photographs with a photo-theodolite and 
having a map compiled from them was not accomplished. However, 
much valuable experience was gained from this venture which should 
be useful in future plans. 

One problem encountered in the use 0£ the photo-theodolite 
was the weight of the equipment to be back-packed beyond the end 
of the horse trail. The weight of this equioment was as follows: 

Theodolite 
Camera and tripod 

adapter 

Tripod 
Two cases with 12 

glass plates in each 

18 lbs. 

8 lbs. 

15 lbs. 

24 lbs. 
65 lbs. 

14 

In carrying case 
In carrying case 
with other acces
sories 

33 lbs. 

27 lbs. 
15 lbs. 

24 lbs. 
99 lbs. 



From the above, it is seen that an appreciable part of 
the weight is in the boxes or cases. The case for the theodo
lite wei,~hs· 15 lbs. The "other accessories 11 in the case with 
the camera included the tripod adapter and targets for use vdth 
the subtense bar and could be removed if the subtense bar was 
not to be used, and in most cases, it would not be. 

As seen from the figures, the w-eight of the phototheodolite 
when set up for operation would be 41 lbs. The cases ~Qth 12 
glass plates weight 12 lbs. each. In general, only one case 
would have to be brought to an instrument station. The cases 
in which the equipment is packed is of course necessary for ship-
ping purposes or for transportation on pack animals. However, 
it should be possible to design and construct light weight cases 
for the theodolite and camera that would give adequate protection 
while being carried in a pack sack on a person's back. By so 
doing, the weight of this equipment can be brought down to a 
point where it can be reacily carried by two .people over any 
terrain where its use would be considered. 



Photo Wo. 3 9/6/55 Robinson Photo 

Top of lateral moraine north of Grinnell 
Glacj_er, from which photo-theodolite wo:rk 
was done., Note sharp edge and precipi·cius 
sides, making work v-ery difficult, 

'··> 

\', 

-Photo No. 4 9/6/55 Robinson Photo 

Arthur Johnson, Chief, '"ater Resources Branch 
Geological Survey, setting up photo-theodolite 
on top of moraine north of Grinnell Glacier. 

~ .. 

.. 
~ 



No., 5 Sept@ 6, lq55 

Panoramic view of Grinnell Glacier from west end 
moraine that the photo-theodolite work was done$ 
end of glacier .. 

moraine, north of glacier.. It wa:;; from 
Note lack of snow and heavy crevassing on near 
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Summarv ~ Conclusions 

In summarizing the past season's research, we find both 
good and bad news. The good news being the establishment of 
an additional precipitation gauge in the Grinnell Glacier basin 
and re-construction of the one already there. The bad news, 
as in previous years, lack of time and funds to do a more com
plete job of survey, especially at Sperry Glacier. 

Actual results of survey work done on Grinnell show a de
finite continuation of the trend that has been apparent for the 
past 10 years - - above normal snowfall and precipitations, and 
below normal temperatures, accompanied by a continued static 
condition of the glacier. Althought this past season showGd a 
lower than normal temperature, there was an extremely heaVJ· melt ... 
ing season during the summer and an accompanyir1g high percentage 
of run-off. Yet the profile elevations 8howed no significant 
change from the 1952 base, nor from the 1954 measurements~ 

The importance of profile measurements, coupled with precip
itation and run-off records, is becoming more and more apparent 
as time goes on. It is hoped that in the near future, further 
profiles may be added, particularly on Grinnell, and that pre
cipitation and run-off studies can be initiated at Sperry Glacier 
to correlate the melting and weather conditions there, as a check 
on the Grinnell studies. 

Contour mapping of the glaciers in the future can conceiv
ably be liJnited to aerial or terrestrial photo-grammetric methods 
and such maps need not be done each year - possibly every 5 yeaJ.~s 
or so, depending upon frontal change - but elevation of profiles 
should be quite closely watched, and any apparent changes in the 
ice surface measured, annually if necessary. These measurements 
are especially i.'Ilportant when tied in with such meteorological 
and hydrological studies as are now being undertaken at Grinnell 
Glacier. 
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Recornm~ndations for 1956 

In order that the scope and value of this project be in
creased, it is recommended that the following work be undertaken 
in 1956, in order of ~riority as listed, and subject to available 
funds: 

1. Continue the precipitation and run-off studies in the Grinnell 
Glacier basin. Serious consideration should also be given tJ 
expanding these studies to Sperry Glacier, possibly by install~ 
ation of a ~auging station near the outlet of Avalanche Lake 
and an Annual Precipitation Storage Gauge near Sperry Glaci0:i:,, 
Because of packing difficulties it might be necessary to air· 
drop the supplies and equipment for installation of the latter" 

2., Continue panoramic photos of Sperry, Grinnell and Jackf:>on 
Glaciers from previously established photo points, to continue 
the photographic record of the ice conditions. 

3. Make plane table traverse of profiles established on Sperry 
and Grinnell Glacie~s, and if possible, plane table map the 
fronts of Sperry and Jackson Glaciers. 

4. It will have been four years since the last aerial photos werG 
taken of the Park glaciers, therefore plans should be laid to lT .. 

photograph as many of them as possible either next fall or th~ 
following year, especially the ones under study. Aerial pho·:,ch 
graphy for mapping purposes is recommended every 4 or 5 years, 

5. Have a topographic map of Jackson made up from the above-mc:1-
tioned aerial photos, and possibly one of Sperry also, if p:.-:-c-· 
vious plane-table maps or visual inspection indicates that it 
would be advisable. 

6. Make photographs of various glaciers, duplicating shots taken 
years ago when the ice mass was considerably larger than now, 
to show the changes that have taken place. Several old photos 
are in the Park files and slide collections for comparison. 

The importance of continuing and expanding this research 
cannot be over-emphasized, particularly in view of the fact that 
this particular time might possibly be a major turning point in 
climatic trends, resulting in considerable change in water stor
age capacity of the earth's glaciers. 
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