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Introduction

Sunreys of Tyndalt and Andrews Gl-eclers ulere initiated in
L932r md these surveys have been made annually since that tirree ox-
ctuding the years of L936 and 1943. Five sma1l glaciers are included
within the bor:ndaries of Rocky lrforrntain Natlonal Park, but three of
these glaciers - Rowe, Sprague, and Taylor - Bro rather lnaccessible
and not well adapted to the present nethods of measurenenb. Ir addi-
tion, the relative locations of Tyndall and Andrews Glaciers rnake it
feasible to include both glaclers j-n a one day trJ.p, and they repre-
sent the ocbremes jn exposure, topographic position, and degree of
slope of the five glaciers. That l-s, Tyndall G1acj-er is one of the
glaciers which is reposing on a slope with an extreme angle that pro-
tects it from sun and wlnd. On the other hand, Andrews Glacier ls
situated on a sl-ope of low ang.le, relative to the other glaciers in
the parkr ffid thls low angle slope gives naxi.rnum exposure to sr:n and
wind.

The L95h glacier rneasurenent trip was made on Augu.st 30 t
L954t by four rnenrbers of the naturalist staff, one member of the
ranger staff and thirty-five park vis itors . The neasurenent party was

under the direction of Seasonal Park Naturalist J. Herbert Heger, as-
sisted. by Eanger-Naturallst Frank R. Beck and Ranger T.F. Hornbein.
The party f"ft Bear la,ke at 6t3O A.M. and ascended Tyndall Gorge to
the base of Tyndall GLacier, where the first measurenents were made.

The visitor group, conducted by Eanger-Natr:ralists Albert Razum and
Joan Seear, left Bear T,ake at ?$O A.I{. and fol.lowed the custonery
route up tfre Elattop trAountajn trall to the head of TyndaLL Gorge, where
they Joined the measurernent party.



The weather on August 30, L954t was fair and ca]-n rrntil abou&
11t00 A.L,[. Throughout the rest of the diy the skies were alternately
cloudy and clear. However, lulusualJ.y wanm weather persisted and no
strong wjnds were noted.

Methods of Measurenent

Since the advent of annual glacier sunreJrs li 1932, the only
data that have been obtaJned are neasurenents concerning the actual
fluctuations of the glaclept assuned tennLnl. Wlth thi"s end ln view,
the first survey pady devieed a sfurpIe s5rstcn of measurenents from
fixed stations to the nearest lce which lends itself to rapid checking.
However, this simple systen is very inaccurate and it is rrsefirl only in
qualitative observationg. The present systern consists of two tpes of
qualitative rneasurements I

1. Photographs of the changes in confS-guration of the
glaciers! ternlni and changes in arear exbent of the
glaciers.

2, Linear measurements from previously established
stations to the nearest exposures of presr:ned graciaL
ice at the glaciersr ternini, which are arbitrarily
designated as the tlsnoutsn of the glaciers. These
neasurements are of little value because:

A) of the arbitrary designation of the
llgnOUf,tl

B) the supposedly nfixedn stations are
located on nrorainal blocks which are
subject to dispLacernent.

C) the linear measurenents are along the
grorrrtd slope and et an oblique angle
to the llne of retreat or advance of
the glaciersr ternini.

A study of the figures in tables II and III will shoyr that
the only conclrrsion whlch can be drawn from the present data is that
the glaelers seen to be retreating sloufitrr., although there have been
occasional minor advances dr:ring years of unusually heavy snowfall.



These f5-gures are exbremely erratic because deternr-ination of the tne
rrsnoutsn of the glaciers, parbicularly of Tyndall Glacier, is almost
irnpossible.

In recent years the scienti-fic obsenration of the advance or
retreat of glaciers has become an increasirsty important supplement to
direct meteorological observations of climatic variations. The author
suggests that the following methods of measurement would be desirable in
future glacier sunreys 3

1. Photographs of the areal octent of the glaeiers. Contjn-
uance of this ty?e of observatlon will be valuable in
deterrnining to what ercbent oqposure to sun and wJ-nd, topo-
graphic positi-on, shape, etc. p have on the configuratj-on
of the glacS-ers.

2. Establishnent of a line of stakes across the center of
the glaciers by standard triangrflation rnethods to deter-
rnine the rate of flow of the glaciers. A row of sj:c
metal stakes was placed across the face of Tyndall
Glacier in 19531 but apparently nrelted out of the ice by
the Eumrer of L954. It is probable that the metal stakes
conducted too much heat from the sun, and future stakes
shor:.Ld be at least si:c feet long or constrtrcted from
high grade hard wood with pointed metal tips.

3, Stadia neasurements of the ternini of the glaciers by
neans of a pLane table and alidade. Measurenents by
this rnethod wi 1 1 accurately establish the presumed
termlni, permit accurate mapplng of the termini, pro-
vide quantitative data regarding gain or loss ln
voh:ne, and nore detaj-Ied data regarding advance or
retreat of the termini. As a rough estimate, adequate
stadia measurements would require a ninjmum of three
nen - one instnrment man and two rod men - and for at
Ieast two days for each glacier.

4. If frrnds were available, thermal bore holes should be
drilled to b.edrock beneath the glaciers in order to de-
ternine the total volume of the glaciers and configura-
tion of the floor of the glaclers. Although this type
of data is of scientific i-rnportance, it worrld not be
absolutely necessary for the srnaII glaciers that are
e:cbant in the Park. The cost estimate would be about



$trOOO or norer arld require the servj-ces of at least
one technician. It rnight be npre feasible to deter-
rnine depth of the ice and configuration of the cirque
by means of seismic equlprent.

@er
The weather was unusually warm when the meesurement party

reached the snout of TyndaIL G.Lacier., ed copious flovrs of water
lssued from the snout of the glacier. It was qulte evident that there
had been a definite ]oss in ice volune sj_nce L953. lllo of the
nrxrataks (see plate I) that were quite proninent in L953 are no longer
sr:rrrormded by glacial ice; therefore, they cannot be classed as nurls-
taks this year. Little or no contemporary snow was noted on Tyndall
Gl-acier, and, jn the authorrs opinion, npre glacial ice is exposed in
L954 than at arly time since the advent of the glacier surveJrso

The usual problem of determinlng the true snout of the glacier
was encorxrtered by the L95l+ neasurement party. Horvever, it was definitely
established that glacial ice does extend under the rprajlal debris at
TSmdalI Glacier although the actual distance that the ice ercbends under
the debris is indeternlnable. Solid glacial ice was obserrred in about
four areas beyond the ercposed snout where overlying outwash rnaterial had
been swepb away by the surface nelt rvater from the glacier. The slope
distance from station X to the nearest ice was 66t 6n. A recession of
6t 6u since L953, measured at an oblique angle to the line of recesslon.
The slope distance frour station Xt to the snout was 96t 6n. A recession
of $t $tr since L953, also rneasured at an obl5,que angle to the l:ine of
recession. The anount of rock debris coverilg the snout is considerably
greater in L954 than it ruas in L953 (see plates 5 and 6). Most of this
debris is evidently oId material, not from rock falls within the last
year, because the surfaces of the debris are rather highly weathered.
The arrthor believes that this naterj-a1 has been covered by contemporary
snorv in past years. At the farthest exbent of the snout, where the
ice was e:4posed, the ice was three feet thick and contained boulders
up to one foot in dianeter.

he of the nost interesting features that was observed ln
1954 was a large ice cave at, the southeastern edge of the glacier
(see plate 7). This ice cave was approxi-rnately 200 feet long, 5-L0
feet high, and 30 ft. deep (see plate 8). Borrlders up to three feet
in diarneter were e:cposed jn the roof of the cave. BIue ice and a
ttmarblett effect were observed in some portions of the cave roof. The
individual layers of the rtmarble'r effect averaged about sj:c j.nches in
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thiclmess. At the back of the cave the roof sloped off abruptly to
a heigftt of one foot above the cave floor, and then qcbended for an
unknown distance back under the glacial ice.

The bergschrrrnd area at the head of Tyndall Glacier was
better exposed than in L953 (see plates I and 9). Hornbeln exarnined
the bergschrund, and he estimated it to be L75 Srards long, a naxirm:.n
of 50-60 feet wide, and a narcimun of 5O-& feet deep.

Tn 1953 Ih. Hornbein set a row of six netal stakes across
Tyrdall C.lacier, which were to be used, tn Lg54 and subsequent years,
to give a clue to the rate of movement of Tyndall Glacier. However, a
thorough examLnatlon of the glacier in 1954 by trfir. Hornbein failed to
disclose any of these rnetal stakes. Therefore, i-t was not possible to
make ar\y rneasurements regarding the rate of movement of Tyndall Glacier.

Tyndall Glacier is located on an ercbremely steep sloper md
the upper surface of the ice has a marcimurn slope of 650 gradually
dj-ntnj-shing to a slope of 20o at th.e snout.

Andrews G.Lacier

The weather had become cloudy, but retrtsined unseasonably
warn, when the measurement pady amived at the snout of Andrews Glacier.
Large quantities of water were issuing from the snout of the glacier,
and there Itas litt1e or no contemporary snow on the surface of the
glacier. In contrast to the surface slope of Tyndall Glacier, the sur-
face slope of Andrews Glacj.er is a maximrrn 2lo at the lower end, and a
minfumln of l-5o at the upper end of the glacj-er.

For the first time, to the authorrs knowledge, the snout of
Andrews Glacier was above the Ievel of the lake, therefore, the msxi-
nnrm e:cbent of the glacial snout was easily determjned (see plate L2).
The slope distance frorn station Xr | | to the snout of the glacier was
9T6n, an apparent recession of 46t6n since l.953 (see table IfI).
However, this partlcular neasurement is nade in a line nearly perpendi-
crrlar to the ljne of retreat of the glacier and since in previous years
the snout of the glacier has exbended into the lake, the gnout was
designated as the farthest exbent of ice above the level of the lalce.
The slope distance from station Xt to the snout of the glacier was
150t Otr . This is an apparent advance of seven feet sj-nce L953. However,
this is only an approximation because the farthest erbent of the snout
was at less of an oblique angle fron station Xt than it was rn T953
(see plate 10).



The delta at the snout of Ardrews Glacier was flrore fully
exposed in L954 than in L953 (see plate L3), partly because of the
recession of the snout and partly because the level of the lake had
dropped approxl-rnately twelve inches (station Xt was errposed above
the water, see plate 15). The water issujng from the snout of the
glacier was carrying a heavy br:rden of glacial flour and siJ.t, and
the lake into which the water emptied was quite milky in color.

The most interesting feature that was obsenred on Andrews
Glacier was the rather marked shrinkage along the lateral edges of
the glacier, particularly the southern margin (see plate I0), and the
resultant exposure of about twelve crevasses on the southern rnargin
of the glacier (see plate 15). The crevesses were first observed in
L953, but at that time they were rather srns]-l. Most of the crevasses
in L95l+ were confined to the trough along the southern rnargin of the
gtacler (see plate 15). These snaller crevasses are approri-mately
50 feet longr a nalci-mr:rn of 5 feet wide, and a rnalsjrrun of 25 feet deep.
However, near the upper end of the glacier there are two extremely
large crevasses (see plates 10 ana f5). The higher of these two cre-
vasses exbends clear across the surface of the gLacier, but it is a
maxi.mun of only three feet wlde and thlrty feet deep (see plate L5).
The other large cre\rasse (see plate 15) ersbends about half way acrosg
the glacier, and tt is a nsJcimrrn of 6t ride and I50 fb. deep (see
plates 15 and 16).

Although the true snout of Andrews C'lacier i.s more easily
deternfuied than that of Tyndall Glacier, the linear neasurerents are
jttst as erratic and inaccurate because of the exbreme angles between
the lines of neasurenent and the line of retreat of the glacial ice.
Howeverp the photographs defjnitely Sndicate a decrease in size and
volrrme of both Tyndall and Andrews Glaciers sjxce +,he L953 survey.
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Tyndall Glacier from P- 3 . Bergschrund and nunataks at head of Glacier o 

August 28 , 1953 

Tyndall Glacier from near P- 3 showing bergschrund and nunataks at head 
of glacier. August 30, 1954 

Plate 1 . Tyndall Glacier 



General view of the southeastern 
end of Tyndall Glacier. 
August 30, 1954. 

Plate 2. Tyndall Glacier 

C~neral view of the southeastern 
end of Tyndall Glacier from P- l . 
August 28 , 1953 . 



Recessional moraine at the base of Tyndall Glacier, showing stations 
X and XI. August 28 , 1953. 

Recessional moraine at the base of Tyndall Glacier, showing stations 
X and X' and the snout of the glacier. August 30, 954. 

Plate 3. Tyndall Glacier 



Recessional moraine at base of TJmdall Glacier, taken from snout of 
glacier, showing stations X and XI. August 28 , 1953. 

Recessional moraine at base of Tyndall Glacier, taken from snout of 
glacier, showing stations X and XI . August 30, 1954. 

Plate 4. Tyndall Glacier 
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Same view did not turn out in 1953. 

General view of snout of Tyndall Glacier from P-2 looking north , 
showing stations X and r,. ugust 30, 1954. 

Plate 5. Tyndall Glacier 
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Same view did --not turn out in 1953 . 

General view of snout of Tyndall Glacier from station X, showing 
farthest extent ,of exposed ice . August 30, 1954. 

Plate 6. Tyndall Glacier 



( 

View from P- l looking south , shovving ice snout , stations X and XI , 
and entrance to small ice cave. August 28, 1953 . 

View from P- l looking south , showing ice snout , stations X and Xt , and 
entrance to large ice cave . August 30 , 19540 

Plate 7. Tyndall Glacier. 
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C~neral views inside large ice cave at southeastern end of Tyndall 
Glacier. August 30, 1954. 

Plate 8. Tyndall Glacier 
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General view, looking south , of the bergschrund at the head of Tyndall 
Glacier, taken from the head of Tyndall Gorge . August 30, 1954. 

General view of the bergschrund at the head of Tyndall Glacier, taken 
from the snout of the glacier looking east . August 30, 19540 

Plate 9. Tyndall Glacier. 
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General view, looking west across the lake , showing stations XI and XII'. 
August 28, 1953 . 

General view, looking west across the lake, showing stations Xl and XII' , 
the snout of the glacier and the two largest crevasses o August 30, 1954. 

Plate 10. Andrews Glacier 
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General view, looking southwest from near the position of the snout 
underwater to the point of measurement . August 28 , 1953. 

General view from near the same point as above showing the contact between 
the exposed delta and the glacial ice . August 30 , 1954. 

Plate 11. Andrews Glacier 
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General view looking up glacial snout 
from delta. August 30, 1954. 

General view looking up glacial 
snout from delta. August 2$ , 1953 . 

Plate 12. Andrews Glacier 



View south from near station XI'I , 
showing position of station XI and the 
contact of glacial ice with the delta . 
August 30, 1954. 

Plate 130 

> 

View south, showing position of 
snout and station Xl. Taken from 
near station X",. August 2S , 1953 . 

Andrews Glacier 



View along line of measurement from 
station X', showing contact of glacial 
snout and delta. August 30 , 1954. 

View along line of measurement 
from station XI. August 28 , 
1953 . 

Plate 140 .~drews Glacier 
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View down glacier to lake. August 28 , 1953 

View down glacier, showing contact between glacial ice and delta. 
August 30, 1954 

Plate 15. ndrews Glacier 



Detailed view of the deepest crevasse 
looking north from bedrock. 
August 30, 19540 

General view west along the southern 
margin of the glacier showing the 
crevasses . August 30, 1954. 

Plate 16. Andrews Glacier 
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Detailed view from top of deepest 
crevasse looking down to bedrock o 

Compare with photograph on plate 16 . 
August 30, 1954. 

Detailed view from under the 
deepest crevasse looking up _ 
August 30, 1954. 

Plate 17. Andrews Glacier 
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