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., UNITED STATES
DEPARTMENT OF THE INTERIOR

NATIONAL PARK SERVICE
ROCKY MOUNTAIN !\IATIONA_L PARK
ESTES PARK, COLO.

Novembeir 29, 1940

.Dr. Francois E. Matthes,
U.S. .Geological Survey,
llashington, D. C,

Dear Dr. Matthes;

Enclosed is the 1940 report on glaciers in Rocky
Mountain National Park.

This year, due to an injury, I found it impossible
to make the measurement trip, sending one of the ranger-
naturalists on our staff in my place. 4s a result, he
made some of thé measurements on the basis of our dis-
cussions and review of the previous reports and photo-
graphs, and failed to take exsmctly the same comparative
data that I would have obtained had I mede the survey
personally. 4s a result, the complete accuracy of the
data is qusstionable, but the general trends indicated
by the data, except for suggested advance of Tyndall
Glacier, are substantial., The photographs probably
meke up in ¢éompleteness for the inaccuracy of the de-
tailee data.

Thanks again for the copy of the 1939 Committee
report, received a short time ago.

Yours very truly,
David H. Canfield

" Superintendent

Pdark Naturalist
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1940 GLACIFR STUDIES
ROCKY HOUNTAIN KATIGNAL - PARK

A in provious yeare sinoe 1932, with the exception of 1936, when per~
Jounol was not availsble for the purpoes, studies of the frontal position
aud other changes in the Tyndall and Andrews glediers were mefe at the cloes
of the 1940 seeson, ad discussed Balow. ' -

Mothod of Measurepsnt

Monsurements are made from fized stations well in front of the ice
terminus, ae it has existed since the initiation of studies. Those stations
ere marked by white *X" mmiks on firmly fixed rooks, In each cads, to check
stability of the station from which measuremsnt is made, referende stutions
at masured distences are ostablished in triangles, and each year, the dig~
tance on the legs of these triangles is messured, When it is determined that
Do chenge has gacursd in the position of the station for meesuremont, tapelins
measure on groundslope io mads from the station to the neersst front of the
lce. If ths moasuring station sppoars afier checking to have shifted, the
shift is celoulated, and the momsurement incressed or decrsased t0 alliow for
this shift, Co

1940 Glacier Survey Party

Park Servise personnsl of the survey party consisted of Dark Rangor
Barold ii, Rabteliff end Haanger-Naturalist Paul ¥, Nesbit. This report is
submitted almost verbatim from the notes prepared by Mr. Nesbit, who substi~- -
tuted for the writer, who was restrsined by en injury from meiking tha tr¥ip.
The trip wae opened to park vistors capable of the atrenuous effort required, :
and the followiny persons accompanicd the lsadaerss Bsmporary rangsr Bloom-
Quist, lr. and Mrs., George White, Mr. end Mrs. Fosselt, and mise Jeamnstie
Hefiron, of Chicago, Illimois; Mrs. Q. 4. Shepherd, of Kensas City, Kenses; .
Misses #ildred Holmes and Mery Lou Michener, of Wichita, Kamsas; George #ebbh, ef .
Little River, Florida; Harris Watorman, of Peoria, Ill. Measurements Wwere made
by Hangers Rateliff ard Bloomguist; photogrephs by dir.. Nesbit,
LORs . (Bept. 18, 1840)

8:10 a.m, Stert from Glacier Corge Jot.

10330 a.n, Arrived at leke bdlow Andrews Glacier

12:30 p.m.. Arrived at tep of Andrews Glacier

to (party of wvarious ability,.
1:%0 p.n. reflsoted in elapsed tins)

2:30 p.m, Arrived at top of Tyndall Gladier

3:18 pem. Reachad foot of Pyndall Glacier

§:45 pom, Recched Besr lake via Tyndall Coxge

feathoy

Cloudy end threatening at stert of trip. Although the clouds hed been
over Andrews and Typdall glaciers, they lifted enough to sllow photographs
to.be mds, vith eome sum at Andrews. When the party reached the srost of
- Pyndall glasier it started to ghprinkle, end continued to @o s¢ until the
meesuring party wss below the Pool of Jade, The rainfall was hooviest at
the time measuremsnts wore made at the foot of Tyndell, mking exposure of
the bost guality of pictures almost impossible, Fassably good picturcs were
obtained in spite of the light belng so poor,
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The followihg accounts of the measiremsnts and findings at the two
Blaciers studied afe quoted from Nr. Wesbit's field notes,

ANORIHS GLICLIR.

The =mmell isolated blook
"of 1939 (Along the south edge.
of the lakelét in front of the
glacier) had disappesred en~
- firely, snd now a emall isola-
ted: ‘bloek s found further
AN .the ice front of 1939
P8 nearest
'attached 1ce was 179" feat(from
: stati.on X', the point for meas-
-,_.__.uremant). Whioh 1s-faxther ‘back
- ‘from this point ‘than’ -any. ‘provious
_ =measuremnt haa shom 1t to be.. .
..In faqt, it 18 so fer end at such- an,
e angle £from- Station X%, that the
measurement cedses to measure ver-
, . LA 'tieal retreat. s:lnce the line
: o - ‘of memsurement was the eord length
1:7.]‘cv¢d YocKs (eVVespey d Jeo ﬁbfe I '{Falong the shore rather than i-u:E
T S : . across the water; it would seem
- that 170* would be a better alr-
line distanca. _ :

: Tie measuramsnt f‘rom Statien X"' Qwhich was establiahed in 1938. and
- uded as a partial ¢heok in 1939) should. ‘glve .a better figure for tha actual
vertieal retreat of the* ice, -Singh the. ice was 23 feet. in front of this
‘point in° 1839, and 16 feot, 9 inches back: of it tkis year,. it @wuld £0 Jlow
that the ice fromt has receded ¥9- feet 9’ 1nehes. or apmeximately 40 feat,'
to a point farther baek then - had prev:.oualy been. measured. '

The-point X'** was painted ‘on: the: roek with paint. Hmarevex', the exact
point teken .in 1939 eould not be deta'minsd and an error of up to & fest
mey be introduced. Point X119 i determinad by sighting over the point of
the neighboring rock from Stetion Xt. .It was painted as high 8 could be
reached from a smallsr rock, but is .ukely to be enow-covered in a year of
heavy snew, even.-throughout" f:eptember (in which caso, measureunent from
Station X* will have to be used for comparision). .

Interesting features of Andreﬂa Glaed.err 1n 1940 include the groming
delte reaching out into the lakelet; the greater amount of mud and rocks
on the snout; and a narrow. but 10115 crevasse opening near the top of the
glacier. ' : .

_ "‘Suggest that nex& ;vear -an. o.ffset msasurenent .be made from Point X'
straight west t0-a‘point even with the smout: cf the glaecler, 4 compass
would bé helpful in getting en eccurate measurament or. gnother station
might be marked to detérmineé the line: of measurement.® (Nosbit)
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Heasurements and eompar:lalon with prerviaue medsursmsui 8 are as followss

- Stetion X* to e - . Station Xvv¢ 1o Ics Front
1940 170% . “Appa.) ... 1940 minus  16% o
1939, Pas ) 1939 23
- 1958 330 _;3,1:_ o oo 19-3@ 3 . .. .4_‘39. e
1937 11 10" _

2035 68¢ ' -Apparent recaasion, 1959—1946 on
1834 138 North front: 39! gv

1933 681 ov

1938 481 VA

Apparent recessbm, 1939-40, on
gouth fromt: '?8'

GMLATIVE REOESSTON SI'*IGE i932' 121’

As has been suggested, measursments sn the line fmm 3tation K' ta
"nearest :lce" has two defeots: (1) the "nearest ice™ often’ is. an ides -
cdmpacted apron of aceumulation along the edge and in front of the
true sout of the moving glacial fce; {2) the: angle rorthward of 2 due. .
west line from Station X' to the true: froat when' shrinkage reashes the
level attained in 1940 is such as to make & noticeable deviation from -
accuracy. Discounting possible inacamracy in determining Station X''t,

(vhich we believe Mr. Neabit ovérestimates, . glich he had marked photo-
graphs. on the epot for referende in losating it, and . our: atudy of his

- photograph of the point marked: ieads us to believe it 18 almost exactly

at. the point used by the wilter in 1989), it is 0Ur belief that the.

bme ﬂuctua’sing vsrtical me@surenent - is refleeted in the maaurament

from. Station. X', and e0 lodg as it.:is posaible to. use:this figure,

it 18 recommended thdt it be fellnwed. Tharefore. Wwo ecnsider tha$ in

the year 19 19.:9-40 Andraas Glaeier aedgd 3‘3' 8. e .

This repreaemts a cum;lative recesasion aince 1958 when atatien
X'%Y . wag eatabnahed, of 68' 8", There ie.no readwn: te belisve that
.this gladier over was at a point behi.nd thaﬁ or 1940, af lsast sines.
‘Pesords have baoh kept. .

{at. 'l‘ynﬂall GJacier. the o
party did not use the sams . - 7‘ /
determination of ide’ fmnt ad ?Ta 4
was employed in’ 1939 & ‘tha$ VP D1a
figures for this glacier mean th !
less then the photograyhs do, T
Mr. Nesbit's figures .refleset a bl

gaid in’ proximity of ‘ico ‘front -
to Stetion X', the maasureing -
point, but photo&'apha make it
evident that oaaaion contmued
from the recaaaiva point indieated
in the 1939 measurements.)
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_"Tyndell Glacier appsered to bo reduced in size since ths previous year,
but ice was ae¢tuslly closer to the ‘neaslirensnt poiit: this yoar. This my be
.due_to 8lipping downward of the whole masa of . ice, but. there seems to.be no
greater berr“aehrund at the ‘top to indicats any great sl:lp. A d:lfrerence be-
‘tween. the X paints on the réferende triangle behind X* 1s. ev:ldenee of: som
movement. ksalting of 1ce at the glaciem *s foot,: umierneath “the Fo0ks piay
‘have catused: the nearby etetion to slip dowmwerd some’, ‘but only 6 feet at the
moat, and not enoughto aocount for the d;fference cf 52 feet in the’ longecr
~ heasurement, and of 49 47 ip ‘the ‘shorter measwremant,. ‘&% lsust, these
~ figutes 4o not disagrea greatly, and 1t might be agsumad. that the’ 109 front
'has advanued an average of 50' e

“A egudy of photoa shows that new pocks hmre rolbd down. fram the glacier.
in faot, rocks rolled about” evacy f:lve minutes while the obsm-vations vere
I..baing made. The plotos 816 show more oennplate malt;mg anay . of. tha pz'evious
wintera! {o@ winter's) Bnow, Also melting dack ﬂong tho narbh side, and
_ aouth extenaion, are ahown 1n the photos. ‘

Fallowing theae eomluaione, '1t mst- be shown numericauy thae there
was an sinkal resession . 48 *plus? 50' g%, an advance. . Thia ‘Wuld make a
eumulative raoeasion figura sinee 1932 of PA feat. A

J‘Ieasurements and comparis;ons with prervi:raa i‘:lgures for ’l‘rndall Gla-
eier are as follows--' ' .

Station X' to 'nea:-'.ejat dee.. - .,S'bat,-i_on', X! .wes_t 3o ice
1940 o pe . - 1940 100
- 1939 - lesr g 1939 .. 1ssr
les8 o eEr U gw isss T lasv
_ 1937 _ _ '201{ ) l_l"- o _ _ 1937 o LI b L
3,9@«_1_ o 72' - ) Apperent advaence on line to
1933 83 ar  wesi firam Station zc' 1939
1988 h 30'-' gv - to 1940- 52' -
Apparent ‘advanée ‘on’ line fram =~ 'cmnulative recesaion on this
gtation X¥ o neareat 1@9, 1959 -line, 193‘7-1940. _101' 13n

to 1940' 49' 4”

"Gmaumtive recession on this 1ine,
1952-1940- ' 35' KL

Te@g_ature and ?rec-ipitati_on'__

on the fellowing page a tabnlated sumnary of meteorologicaldc:xiz:t ziixgxga
during the 193940 glacler yoar is: presented.- .During the perio ’

th
preoipitation and- tamperatura ‘data have beex; D:o i)::ﬁ:r:gsiﬁe:::n::::ax;owi
thisg per
i npicatuited raper:::.wg;fi:ﬁe writgr md'e :4he measurements; and in

little precipitation. are nore’ evident to the eye, the
Anfirews Glacier where chanBes hrink .
ﬁ;h:a;:e:ipitation of: 6.65.11101135 aid not produce the ampunt: of 8 ags

ctor is
noted in 1940 when precipitation was only 6.33 ineheawmgr:::h:;a iafor L1680
-that the 193'7 figure is for Estea Park station only,

s showing
average of Grand iake and Estes Park stations, the fomer alway:
is an

much more Saowfall,
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ANDREWS GLACIER
Looking west across lakelet at foot of glacier,
showing comparative apvearance in 1939 and 1940,

Above: 1939 Below: 1940

Identified voints assist visualizing alteration of the posi-
“tion of glacier front. In 193G it was possible tc measure
forward from Station X''', located -on Rock B, 23 feet. In
1940 the front of this section of the glacier was 16 feet 9
inches behind Station X''' (at a point hidden behind Rock A
in the lower photograph).

MAT-1740-8
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PIATE II

)

LOOKING SOUTH AC

iy > _'___'-.
SR o,

ROSS FRONT OF ANDREWS GLACIER

Above: 1939 phetograph, showing position of ice front with re~
lstion to indicated points, Note that the south edge of the ice
front, and the extended "apron" extend well out toward Rock A,
which is a reference point for checking Station X', on a rock at
the edge of the lakelet nearby.

Below: 1940 photograph, showing complete disappearance of the 1939
Uapron," and such marked recession on the main ice front that the
snout is now invisible behind Rock D, with only the mud delta visi-
ble a2t the water's edge. Dotted line overlay indicates position of
ice in 1939, as it apnears in the upper victure.
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PLATE III

ANDREWS GLACIER
Looking north from Station X' to north edge of ice front -
Above: 1939 Below: 1940

Dotted overlay between rocks A and B on 1940 photograph in-
dicates position of ice front in 1939, as seen in upper photo-
graph, This ice had completely evacuated the space between the
rock A and the walls of the valley, to a point 16' 9V behind
Station X'!'', indicated on the large stable houlder on the valley
wall, behind rock A. In 1939, it was 23' in front of Xi'!, The
1940 front is concealed behind rocks in the lower photograph, at
the point indicated.




ANDREWS GLACIER

Above: View of south edge of Andrews Glacier, showing position
of ice margin and south front in 1939,

Below: Similar view of Andrews Glacier, 1940, showing marked
shrinkage in main body of front, and complete disappearance of the
"apron" along the south front, Dotted overlay indicates 1939
position of ice.

AT-13%0~ 11
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PIATE V

] =

ANDREWS GIACIER
1940
Above: Looking north at foot of glacier. Large rocks at center are
new denosit at terminus,

Below: Crevasse opening toward upper end of glacier (looking SW),




PIATE VI

ANDREWS GLACIER
Above: 1939 : " Below: 19U0

Note increased amount of ablation mud
on surface in lower photograph, and ex-
posed delta in lakelet where ice front
receded from 1939 position,

MAT-1540-)%




PIATE VII

Below:

WaT-i990- 1Y

. ANDREWS GLACIER
Both photographs 1940

Looking up the glacier from the
delta in front of the terminus,
Note mud accurmulation near teirm-
inus, and boulder debris near
point where "enout" is constricted.

Surface stream on the south edge
of the "snout", showing structure
of ice in Andrews glacier,



PLATE VIII

T
Ve BRI, :
ANDREWS GLACIER
Above: 1939 ~ Below: 1940

Looking down from headwall, showing
norti edge, with nevation, or ablation
ridge, and position of snow overlay.
Movement is indicated in relative posi-
tion of parallel bands A and B,

WAT-1940-15




PIATE IX

TYNDALL GLACIER

Avove: 1939 Below: 1940

Looking southwest from Flattop side across berg-
schrund area, Dissipation of snow over-lay on the
surface of the glacier is very easily evident, In-
creased opening of bergschrund, and breaking down
of the up-side in the center portion (left: upner;
center: lower) can be seen at a glance, Identical
points are indicated to aid comparison,

hatT- 18w 14




TYNDALL GLACIER
Above: 1939 Below: 1940

Looking down from headwall to ice front and melt-
ing basin in front of glacier. Shrinkage from the
lateral ridge at the left seems more marked in the
lower photograpvh, but debris cover on the ice front
makes comparative study very difficult.

fat-1540-17
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TYNDALL GLACIER
Left: 1939 photo Below: 1940 photo
North edge of Tyndall zlacier, showing

comparative identical points, as seen
from X', the point of measurement.

Noticesble shrinkage near upper right,
at a readily identifiable cornice is
evident in 1940 over 1939, but it is
difficult to determine from vhotographs
whether continuous exposed ice is closer
or more distant in 1940, 28 referred to
Station X',




MAT 190~ 17

TYNDALL GTACIER

Left: Vertical panorama, 1239

Above: 1940

View from north wall of gorge, looking
at south edge of Tyndall Glacier, show-
ing readily distinguisheble shrinkage

of glacier in 1940 from 1939 condition,
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PLATZ XIII

TINDALL GLACIER

Wider view than Plate XII, showing
Ufunnel" and main body of ice from
brink of north wall of Tyndsll Gorge.
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PLATE XIV

TYNDALL GLACIER
Above, 1939 Below, 1940

Looking from lateral ridge north of glacier toward south
body of ice. 3By comparison, it is immediately evident
that there hns been shrinkage as well as increased accum-
ulation of ablation debris on this portion of the glacier,




PLATE XV

Below:

MAY - T1970-22

TYNDALL GLACIER
Both photographs 1940

Looking west, up south edge of
glacier to headwall, showing a
readily identifiable rock mass
vhich will make possible easy
comparison of this edge of the
glaclier in future years.

Looking westward from direct cen-
ter of melting basin in front of

glacier, up to headwall over main
body of ice. Oblique flow~strezk
is continuation of one seen near

upper right of left photo.

é}’iﬁyau
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PLATE XVI

TYNDALL GLACIER
Above: 1939 - Below: 1940

Looking southwest across abruvnt terminus near south edge

of main body of the glacier. The front here is easily
determined, as far as an abrupt, definite ice end exposure
is concerned, but there is ice beneath the debris at the
left of the vpictures, so that as elsewhere, it is impossi-
ble to determine the true front margin of this glacier,
Dotted overlsy indicates meltage as evident in comparison
with the rock at upper left. Of course, this would not mean
much re the advance or recession, since the embedded boulder
probably would be moved equally with the forward movement

of the ice, .
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PLATE XVII

ICE TABIE
in basin at foot of Tyndall Glacier.
Above - 1939 photograph.
Below ~ Same table in 1940.
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