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THE REPRESENTATION OF GLACIATED REGIONS 
ON MAPS OF THE SURVEY OF INDIA 

1~zt~oduclion.-The followiilg paper is the result of a feeling 
on the part of several officers of the Survey of India t h a t  the re- 
preseiltatioil of glacier features on our maps does not meet the  
requiremellts of ~noderil scieace. The Himalaya is the largest and 
most co~~spicuous feature of the Earth's surface; in its recesses we 
find sammits higher than any other summits in the world, gorges 
clreper thall any other gorges, anrl glaciers longer than any other 
%laciers outside sub-polar regions. Yet we have not deemed i t  
necess:~ry or advisable to spend the tiine or money to delineate their 
special featurc~s. Our Indian snrveyors have paid no notice to the 
xno~v-line : and iio individuality has been given to the glaciers them- 
selves. I n  the 'fifties and 'sixties of last century the surveyors were 
expressly told " not to waste their tiine surveying barren regions above 
1.5,000 feet". and though we find some of the officers concerned 
striving to explore and survey accurately the main features of the 
glaciers as far  as was then possible, tha t  same policy of not ~cmstinq 
t i m e  has remained almost unchangecl until today. 

The science of Glaciology has advanced since then;  and this, 
110 less than thc fact tha t  cou~ltless routes in the Himilaya-several 
of them being important trarle-routes-traversr glaciers and passes 
above the snow-linc, calls for somethi~lg much better than in t,he 
past. But if this general cllange in policy is to be carried out,, we 
must first train our surveyors to ~undrrst~and how glaciers are formed, 
their feat'ures and their inovements, before we can expect those gla- 
ciers to br surveyerl aiicl drawn correctly. 

This paper has therefore bee11 divided illto two parts. The 
first contains a b r i ~ f  :lcc.otunt of how glaciers are formed, how they 
move, ancl what changes t l ~ y  u n d e r ~ o  under various circumstances; 
thc cnuscs and results of their special ~haractcrist~ics, such as mo- 
r;~inos. lateral, medial, m~t l  tt~rniinnl, their ice-falls, crevasses and 
sc>19ac.s. The srcoild part  shows ancl discusses the symbols t h a t  hnvr 
lwtw tl~si:~lc.d for t,hcst~ fcntnres, with sprri:~l 1.t.ferenccl to Himila- 
ynli c~oi~clitio~is ancl our Tncli :~~~ m 11,s. A g1ossal.y of wortls, whost, 
n lc :~~~i i iq  :.nay ]lot br l i 1 1 0 ~ 1 1  to thv surveyor, is included for conve- 
ni~llctl nt tl1c1 t~n(l. 

1 ain i11111\11tctl to Lt.-Colonel H. T. Morshead, D.S.O., ~t.s., allcl 
Major C'. (1.  L(.wis, o.n.ic., R.E., of the Survey o f  India, for assistance 
in preparing this paper and to Sir Edwin Pascoe and Dr. A .  M. Heron 
of the Geological Survcy for I~clpful criticism. 



THE FORMATION AND CHARACTER OF GLACIERS 

Definition.-A glacier may be defined as a mass of compacted 
ice originating nil ally portion of the earth's surface t,hat is perina- 
ne~lt ly above the snow-line, ancl descencling below that  line. The 
snow-line is the lower limit of perpetual snow-the line above which 
the enow resists the heat of sumlner, a i d  below which snow, as dis- 
tinct froin ice, clisappears for a certain time of the year. This snow- 
line varies not only with latitude-it touches sea-level within Polar 
regions-but with various causes, climatic and otherwise, such as 
temperature and annual snow-fall, clirectio~l and moisture of prevail- 
ing winds, alignmeilt of mountain ranges, presence of high plateaux, 
etc. It ie not however within the scope of t,he present paper to dis- 
cuss in cletail these causes ancl their effects, nor to specify the height 
of the snow-line outside High Asia. The followii~g table shows the 
rcyyrocimccte height of the snow-line in the various ranges of the 
Himilnpa ancl Central Asia. 

TABLE I.-Approximute .Heiyh,t of the ICf)~oi(~-11'~te. 

Rnnpe  

1 
A p p r o x i m a t e  I 

S n o w - L i n e  I . 4n tbon tp  
N. 

The G r e a t  H i m t i l a p  
Assam-ZlirnG.la!/a . 
Bhutil~a-Eimdla!ya ... 
Nppnl -E imr i l aya  . .  
Ktr~naun-Himcilnya .. . 
f'rr~ijob- H i , , ~ d n y a  ... 

l ' h r  Znskar-Himii layn . 

T h e  Ladiikh-hi mi la!.^ ... 
n e  Knilils-Himiilnyn . 

W e s t e r n  T i b e t  Rungc:s ... 
'I'he Kai l is-K arakorarn . . . 
T h e  M u a t i g h - l i n r a k o r n r n  
'I'he . \ gh i l -Knrako l . an~  .. 
l 'he  ti on Llln 
T h c  E a s t e r n  H i n d n  Klish 

nntl H indn  R i j  .. 
The  ' I ' iphdi~rnhiuI~ I'Srnirs 

H. T. Aforshcatl 
do. 
do. 

Bicharcl Strac:hep 
J 'I'.G. Montgomer ie  
(S: A .  C n r ~ n i n g h n r n  
A.  C u n n i n g h a m  
Hichard St l .nr t l rp  
F. D r e w  

' i & 'I'.O. Longstnff st"ac11e!- ' StrnrheJ' ')rr'v' 
1 ,k H . H . P .  Dens. 
T.O. Longatnff 
A. Cnn~i ing l inn i  

Tho N a n  S l i n i ~  . 3 '  90' , 1 8  500 
T h e  T r a n s - h l a i  R n n r r  . i 39i0 73" ! 16.500 
The Allti R n n p  . . . / 40" 7.1" 14.000 
T h e  Tien Sha l l  . I 42" RO' 11,000 

I 

I 

29' 94" I 14,500 
28' 90" ' 16,500 
28" 67' ) 16,000 * 
304 " R O O  , 15,500 

3 C  76" ' 17'000 

33J 8 '  20,000 
6 33 ' 80" 
1 34,; 

... 
78' 19,000 

31" 813 , 19,000 

3:in 81" ' 20.000 

35' 77' 16 700 $ 
35" 56' 18,500 

17,O 0 j A. Streill 
15,000 , W. H. Rivkrnrr* $ 
14,,000 Morgn.n I1 
11.000 Seinrnoff  1 1  

16,500 
18,500 
19,500 
1P,.500 

l'J'C'CK) 

19,500 
80,000 
18,500 

20.000 t 

20,000 

1G,700 $ 
1R,000 

Honlipr yirns the fno\rr-llne of the Nel,nl Hilnil:~yn (*ot~th ~ t sp r r t )  n y  1 l.;Oll f~1.t. I t  lnny l~r m 
~ t r  occn6ional 1ocnlitir.u. I l ~ o ~ l y l ~  penernllg i t  i a  nearer ld.0nO feet. 

t Longataff considers his ertimntn vrr j  rough. 
: ConmtaE's estimnte was made in ,Ilinr. Tlie snow.linc woul~l prol~nbly he 1230 feet higher bl' 

the middle of August a t  any mte on noiitl~ nlopes. 
5 Then heights are taken very approximatvl,~ f ~ o m  Rlckmero' photopraphs, and nro subject to 

c o m c t ~ n n .  
I; Y o r p x n ' ~  and BrmenoH'e fiflrrea do not give the nnpert .  I lmre  they innqt In. ro l l~ id~re t l  

very npprorhnnte. 

36" 77' 20,009 
36' 80' 19,600 

36:' 72" . 14,000 
, 37' 75' I 18,500 

19,000 1 K. Ma8011 
17,500 1 -4. Stexin 

15,500 , C.G.  1 . e n . i ~  
16.500 i K. Xlnsoi~ 



I have called this snow-line approximate. Various authorities 
disagree within narrow limits; in nature i t  does not follow a contour, 
for snow will lie longer and therefore the snow-line will be lower in 
sheltered ravines than on exposed hillsides. Local radiation, local 
variation of temperature, local snow-fall, direction ancl strength of 
the prevailing wind, directness of the sull's rays, all affect the line, 
and a t  best a mean can be estimated. But from the table, approxi- 
mate as i t  is, some points are obvious. I11 the Kuinaun-Himiilaya 
of the Great Hi~nalayan Range, the snow-line lies about 3,000 feet 
lower on those slopes with a southern aspect than on those facing 
north. I11 the hssam-Himalaya the difference is 2,000 feet, and 
t8he snow-line is low on both slopes. In  the Bhutan-Himiilaya the 
difference is also 2,000 feet, but the snow-line is higher on both 
slopes as this region lies in tlie " rain-shadow " of the Khtlsi aiicl 
Jaintia Hills. I11 the Punjab-Himalaya of the same range, the 
difference is again about 3,000 feet anci the snow-line is higher still, 
thanks to the Pir Panjil. This difference between the souther11 
and northern aspects throughout the Great Himilaga is due to expo- 
sure to the damp winds from the Indian Ocean, which are arrested 
before crossing the range ancl deposit much of their moisture on the 
southern slopes as snow. We inay therefore expect longer glaciers 
flowing south than north in the Great Himalaya. 

After traversing the Gieat Himalaya in Ladiikh, the effect of 
these clamp winds is much lessened ancl there is little differellee in 
the snow-fall on the southern and nort~hern slopes of the Ladlkh 
railge. The snow-line is therefore higher on southward-facing 
slopes, owing to the clirectness of the sun's rays, than on riortherlj- 
ones, where the sun has less power to melt the snow. 011 both slopes 
the snow-line has retreated to near the sulninits of the mountains, 
and glaciers are few. Beyond, in the Kailis-Earakoraln, the snow- 
line is little different from that an the Ladkkh-Hiiniilaya but  the 
mountains rise much higher and far above the snow-line. We there- 
fore find great areas of snow and ice, a id  long glaciers. I n  the 
Muztiigh-Karal<ol.rt~l the silow-line is about the same, and we have 
groups of some of the highest mountains in the world, and some of 
the longest glaciers. This icy rang-e shields the lower Aghil-Kara- 
koranl, which therefore receives far less snow. The snow-line is 
therefore higlirr llere and the glaciers much smaller. 

' Z ' h ( 2  Forirrntiort of f7ltrc.i,~r~~.-These clffects are caused by the 
Yltct that ~1acie1-s ald pl~inlilrily f o n l ~ ~ d  by tllr fall of snow above 
thv snow-line, where the t~mpcrature is below freezing-point. After 
:t stol.~il, the lowc~r layers of snow are subjected to pressure and form 
what is linown as 9161'6. S~ibseque~~ t  falls cover and subject the 
previous fall to jirt1ntc.r ~ ~ r c s s ~ ~ r c ~ ,  and graclually clear ice is formed 
in the lowst and oldcst layers. The original layers of snow-fall 
cntl often Iw t~nceil right do~rii to t h ~  lowest limits of the glacier, 
s l lo~f ' i l l~  ~ H H  1)nlltlr~tl ~ t r a t : ~  of i c a c ~ ,  sc~l)ar.ntc~tl l y  1:1y~rs of (lust. 



A glacier however does not go on piling up ice to  an i n h i t e  
height by successive snow-falls in its nCvB region. The weight of 
super-imposed ice and snow gradually causes regelntio~~ to  occur in 
the lowest strata of the mass, ancl the body of the glacier slides 
forward and downward. If the snow-line lies near a s u m m i L o n e  
covered with an  ice-cay- the ice will slide down radially below 
tha t  line. If the moving ice encounters a cliff, ice-bloclis from 
the advancing mass will break off and tumble to lower ground, and 
there either melt or become compacted to forin anot.her glacier. 
Greenlancl is covered by one huge ice-cap of this kind, extending 
over 400,000 square miles. The Antarctic ice-cap is seven times as 
large as tha t  of Greenland and has an area of three  nill lion square 
miles. Where the snow-line approxiinately coincides with the 
summits of mountains, as in tropical countries, the ice-caps are of 
comparatively small extent and rest on the su~ninits of the ranges. 

If however the limit of perpet,ual snow lies already in a hollow 
or in a valley, the n6v6 is compacted here a i d  converges towards 
the basin, ancl the glacier flows clown that  valley, far  below the 
snow-line. The supply is g r e a t ~ r  t8han the wastage, and the "head" 
urges the mass clownwards, till the melting caused by the increasecl 
temperature of lower altitudes balances the supply from above. 
Here is the end or s ~ o u t  of the glacier. 

The n6v6 portion of an ice.-cat, or of a "valley glacier" receives 
and converts the supply of snow to ice. Snow, ancl from it., ice, is 
constantly being added above the snow-line. But below that  line 
there is always wastage, small perhaps a t  first, but ever increasing 
towards the snout. The thickest part of a qlaoiei- is norinally just 
helow the snow-line, and calculations haw. been made ill certain of 
Ihe lungitu~lina~l glaciers of t,hr Karalroraln, which Irad us to 
l~plieve tha t  the thickness here inuy amount to as lriuch as from 
l,.i00 to 2,000 feet. The ice-cap of Greenland has been estimatecl 
to be .i,000 feet thick. 

TI,,) i\Iorrnr~trt i ! f  (!ltrc.ic rv. It has l,rr~i said above that  a glacier 
flows by re~els t ion.  I t  is nclt nPc8rssarp to r ~ ~ t e r  11~1.e. into a scienti- 
tic explnnatlon of this ninvemrnt. 111 pol~ulai- languag:.r i t  may be 
said that  t 1 1 ~  weight of tht. qlacir~.  r.auses tho lower laytll-s to melt 
1,y pressure. ancl the glacier vlideh o ~ i  its p~r t ia l ly  inelteil ice. A 

pl-ocess of  lnelting ancl re-frc~rzing is g:.oing on. If a glacier 
~.ould lie on u prl.fectlj- even he11 with a 1)erfrctly slnooth flool- all11 
+I\-c3n fall. :l11(1 flow ill ;t l ~ ~ ' r f e ~ t l y  ( . o n ~ t n ~ i t  t c ~ r n p c ~ ~ - a t i ~ ~ ~ r ,  conccivabl~ 
it would slitlc~ pel.frc.tly rc~i11:1rly :tt n ~iniform rate, ant1 its 1o1vt.r 
strata woulrl melt ~uiifor~rily. But f i* i (*t io~~ aflrr*ts it. 1 1 1  PI-acticca 
al l  I.H'intn o f  a glacier (lo I I O ~  tiow :tt : I l l  t>vcBi~  I.:L~P. I t  llan 1)ot)11 
I,l-i)ved that  the lowchr Iayf11.n .ran. reatartle~d 1,y fl-ic4io11; that tho 
surface portiollu Inovr more rapic1l.v t h a , ~ ~  thtb clflrper IR~C'I-Y; alitl t'hat 
the mc~tioll is slowed a t  the sides and bottom w h ~ r e  frictioll is 
~ , r t .~- ; l t~ . .~t .  \vtlprcb ;I I;ltorsl \-alloy a11 ttl,lrrtio~t utrl/i~y - exists betweell 



a glacier-trunk and one of its enclosing walls, the lateral friction 
is removed, and tha t  side of the glacier will flow Inore rapidly than 
the side delayed by the other wall-possibly even quicker than the 
celltral ice-streain. Such lateral valleys are common in the Himjlaya. 
They occur fa r  below the snow-line, where wastage is 
great, alld radiatioll from the rock walls is a powerful degenerating 
factor. I11 many of these ablation valleys of the Karakoram, Hindu 
Kush alld elsewhere the groui~d has become fertile, and trees, bus he^ 
and flowers flourish in profusion. 

The rate of motion of a glacier past the same spot is not uniform 
It will move quicker in summer than in winter, and, to a less extent, 
quicker in the afternoon than in the morning ; for heat accelerates 
it, and cold arrests it. Nor is the rate of flow a t  ally lnoinent coil- 
stant throughout its length ; the steeper the fall, the thicker the ice, 
the higher the temperature, the silloother its rocky bed, the quicker 
its rate of motion. 

C~evnsses.-These variations in rate of inotion set  up stresses, 
and the brittle ice is split and torn. In  certain areas where changes 
of fall occur, rrevasses, S C I ~ C C C S ,  or, if there is a definite drop in the bed, 
ice-falls and ice-cl{$s, may always be expected. A coi~tinual creak- 
ing and rurnblil~g will be heard in such areas, as individual crevasses 
advance, their upper central parts moving faster than their lower 
lateral ends. Teinporarily they become curved and bent, convex 
towards t,he snout,--convex not only from siclo to side but froin 
above downwards. These are the crevasses due to inequalities in 
the bed of the glacier. 011 reaching a11 even gi-adient they almost 
always close a i d  /hen/. Here a new form of crevasse is usually ]net 
with : this is the crevasse. due to the more 1Sapid movement in the 
centre of the ice stream. The general clirectioi~ of these crevasses 
is diagonally upstream from t,he sides towai-(1s thcl centre.* 

A glacier in very inai~y ways ma,y be compa,red with a river. 
There appear to be ice-swirls ancl eddies as well as an upward creep 
on shelving culsves. But t'llis ooml~arison milst i ~ o t  be carried too 
far, for ice is a britt,le solid, while 1-egelatioil gives a glacier. some 
properties of plasticity. It can s h e a ~ ~  ancl split into crevasses and 
seracs, and can flow i l~h i l l  over a11 :~clverse slope, if there is sufficient 
pressure behind it. There are countless instances of this ill the 
Himila!-a a ~ l d  U a r a k o r ~ ~ n .  It is a c ~ ~ ~ n ~ ~ ~ o ~ ~  fe-'htu~-e of inany of t h ~  

- - - . - - - . - - - - - - .  -- 
I ' l l ( \  l l l 3 ~ l . l l l l  l l l ~ l ~ t l : l t ( ~ .  I I1c- <,:llIhP oi tllc~sc t.1evn\.c*. 

A A Consitlc~. n lillc .? ( ' I<  n c 1 . 0 ~ ~  :I ylncier, dftc,r. 
:I Inl'sr or ti~nc- t l ~ c  ivr nluuq A C R  nPllnlcs t.he 

1 

I posit,ion A'C'  13'. A' (" rtrltl R' C' nrr now lorlgrr 
I 111:111 .\ ( :  : I I I I ~  R (I, c:rnsinp trnsion ns shon~n bj- 
I 1 1 1 1 .  t lo~~l~lc-I~rntlvrI nl.l.on.s: (:I.PYRSSPS l'0r111 s t  

~,irllt. nt~glrs to  A' C'nnd B'(:'. 'I'hcsr rrcrnsses 
I : ~ r r  oftell vrrj  p i . o ~ ~ ~ i n r n t  nenr the  snout of n 
I glncicr, nu t)hec ~viden l)p n~elt . ing and ' *  T U I I  out " 

B B' st. the edges owing t o  l l ~ p  sitles of rlie slncier 
I l n ~ i ~ l g  meltr(1 nn.n\-. 



snddlv ytctciers of the Aghil ; the great Rilno glacier, the source of 
the Shyok river, south of the Central Asian watershed, forces an 
arm of ice,-a branch distributary, as i t  were-over that  watershed 
to form the source of the Yarkancl river of Chinese Turkistin ; and 
in the great " snow-lake " a t  the head of the Biafo glacier of the 
BIuztiigh-Karakoram, a region " drowned in ice ", the ndvd is forcecl 
upwards over the Hispar pass to feecl the Hispar glacier, aild over 
the Muztiigll range t o  feed the Kh~~rclopin and Virjerib glaciers of 
bhe ShiilgshBl basin. 

W e  are here concerned with the effects rather than t,he causes 
of glacier movement ; and in the maill we are concerned with those 
effects which iinpecle accessibility. I11 general the upper portion of 
a glacier is hidden under it,s inailtle of freshly-fallen snow. If cre- 
vasses exist they are generally covered, and the surface appears 
snlooth ailcl unbroken. During the summer, as the glacier moves 
away from its snow-field or mountain-side, a crevasse of great depth, 
sometimes extencling right down to the bed, ailcl known as a bergs- 
(-ht-tincl, is formed. The ice moves on, crevasses are forined a i d  
covered with fresh si~ow or fallen avalailches below the snow-line. 
This is the area of greatest danger from hidden crevasses, for the 
snow covering them,-the snolo-briclye-is apt  to break on the appli- 
cation of the least extra pressure. 

The bergschrmicl is an easily recogi~izable ancl prominent feature 
ill the upper reaches of a glacier. It always occurs a t  the change of 
slope between the llkvd proper of the mountain sides and the gentler 
slope of the nascent glacier in the valley floor ; its position does not 
alter from year to year, though the ice along its upper edge will 
break away and join the inoving mass below, leaviilg the crevasse 
itself in its permallelit location. This is due b the cliffereilt rates 
and d i f f~ren t  directioils of inovemeilt of the nkvi ancl glacier proper. 
Lower (low11 conclitions are different, the inain mass is moving more 
uniformly. it reaches the etlgo of a steeper slope, a crevasse is forined 
and moves oil, aucl ailother takes its place. The crevasses themselves, 
and their atten(1ant serncs. are 1111 thv lnovcb ancl thus an if-r-frrll may be 
formed. 

~bfo~*cii~tex.--O~~ its jouriiey, the qlaaiei- passes roclr-promontories 
;uicl cliffs, couloirs ancl tributary glaciers. All these load i t  with 
t.xtra rock and si~ow ancl ice. The rock debris. shot froin the heights, 
is tirst carriecl alolig with the moving lnasa in the form of lateral 
I I .  A branch  lacier joiliillg the main one, or two co~rvergiiig 

'7 
glaciers, will carry tth~s moraine bet,we)en them, and now i t  appears 
;is a tnr,tlinl morn i r ~ ~  below their jui~rt~ion. Frequently in co~npountl 
glaciel-s, where s e v ~ r a l  glacicbrs convt*rge, wti find a x~r ies  of lncldial 
inorailies c a r r i d  a101ig by tlie ice ill parallrtl hands for lollg (listnnces, 
,lac11 coirtainilig detachecl sprcimc\ns of the rock specially c1i:~ra~~teris- 
tic of the mountain from which i t  originated. A beaubiful example 
of this i1in-y h ~ >  sPPn h ~ l o w  " C'oncordia " on the grr~at  Rult4,ro g1nric.r. 







As these lnedial inoraiiies approach the lower reaches of the  
%lacier they may merge illto one another, or if there is a lateral 

the outer inoraines may fall off and form stationary moraines. 
~~~g debris is colltinually added from the barren lower walls, from 
r o C k - ~ v a l a ~ ~ ~ l ~ ,  storre-shoots, scree slopes, and j i t t ~ a  ; the  surface of the 
glacier may then present a chaotic huininoclry black mass, which 
.completely covers and hides the ice. 

Throughout the  length of the  glacier, the  interplay of radiation, 
evaporatioil and temperature causes a variety of surface features ailcl 
irregularities such as ice-pinnacles, towers, etc. Thin stoi~es and 
clust trailslnit heat through their masses to melt the ice below 
them. This sinall debris sinks illto the glacier and forms e7z-ylaci(tl 
morniue. It is lost to view and the surveyor need not coilsicler i t  till 
it reappears near the snout. Thiclrer rocks with low conductivity 
inay shade the ice below them, and as the neighbouring ice melts, 
these rocks reinail1 supported in the form of ylncier-tables. Eventu- 
ally they collapse and may fall out  of their true alignment. 

Rul:fnce strenms, lakrs, serncs rrnd yin~znc1es.-On glaciers of 
gentle even fall, compzratively free froir~ strain, surface streams 
inay be formed; these ~oinet~iines attain the size of uilfordable rivers. 
Sometimes they carry aloilg with them mud, dust and debris; they 
inay flow for loilg distances before finally pluilgiilg illto a crevasse, 
losing themselves among- the serace, or clraiiiiilg illto a deep g1aci:il 
lalre. 

North of the Muztagh-Karakorain ancl elsewhere, tlioug11 in a 
less marked degree, the glacier surfaces are broken up into a iilaze 
of giant ice-pinnacles and towers, ainoilg which the surface streams 
and lakes nlalie progress almost impossible. Htlre the only ]illes of 
advance, except by laborious cnt t i~ig  of every step in the ice, are by 
the lateral or ineclial mol-nines, which forin corridors, sollletillles 
from the snout to soine promontory above the snow-]ine. ~ h ~ ,  
correct delineatioll of these mol*aines on the map hecomes a matter 
-of great importance. 

The supply area of a glacier bears a, very variable rrlation t o  
its area of melting. ;1nd is affected by inany considerations. As 
a general rule the ratio of supply-area to inelting-area is much 
sinaller in Himiilajan glaciers t,l~aii in those of Europe. I n  extreme 
cxses in the Himdaya, glaciers have bee11 known to commence 
allnost at' thc limit of perpetual snow. They seein to have almost 
1 1 0  1l6vt:-basiil. Such glaeicli-s may btl fed almost entirely below t,he 
snow-li~ic. by avalaiic.hes, fallen froin the siunmits of the eiiclosii~g 
walls. Evtw glncicrs with coinparrttivrly largc nt:vC areas may still 
reccivtl a large supply fro111 this accicleiital source far  below the 
snow-line, :tlicl so prolong tl~tbir snouts fa r  below the altitude above 
sea-level, wllich they would othrrwisc. attain. The BatBra, of which 
soinc. figures are giv(>~i below, is all i~ ls ia~lce  of this. 

,-lltitvde of (Jlncic>r ,V~lotitx.--Tllo altitude to which glacier 



descends is also a function of its velocity. The steeper its bed, the 
faster i t  moves, the lower the altitude to which it  is likely to  per- 
sist. Burrard records that  " in Sikkim, Kumaun and Spiti "-and 
we might add Kashmir proper-" the glaciers of our time rarely 
clescend to  11,000 feet. But in the Karakoram the glaciers frequent- 
ly descend to 10,000 feet ". At the fa r  eastem end of the Greatt 
Hiinf~laya the glaciers on the north face of Namcha Barwa in the 
Assam Himilaya descencl to 9,000 feet, ancl, as a matter of fact 
some Karakoram glaciers clescencl much lower than Burrard's figure, 
The two transverse glaciers, of the Kaills-Karakoram, the Minapill 
ancl Hasanibicl, of H~ulzn, descend to 7,050 and i, 290 feet respec- 
tively. These two glaciers probably 1-eceive an imine~lse supply of 
ice from the peaks at  their head and are subject to heavy ice and 
snow a~-alanches throughout their length. The snow-line here is 
about 18,000 feet, but the enclosing ranges exceed 23,000 feet and 
are litel.ally encasecl in ice. The glaciers eventunlly emerge through 
narrow- valleys. 

The great longituclinal Batitra glacier, lyii~g in the trough 
north of the Muztiigh-Karakoram, has a length of 36 miles, and 
clescends to 8,030 feet, largely owing to the extra volume of ice 
that  i t  receives from its almost continuous avalanches falling from 
the buttressed wall of the Muztrigh-Karalrol.am. 

The fol lowi~~g table gives the lengths a ~ i d  pl-eseiit altitudes of 
the snouts of the eight longest glaciers of High Asia : 

TABLE z.-Tlr~ Eigl~f Longest  glacier^ in Asin 
I I 

Glacier I Range 
I 

~- -. - - ~ 

3G0 10' 45 12,1.50 
. . . 42' 02' 4 9,100 japprox.). 

 el-clam)\ Trnns- hlai 
" '  I 

89' 05' 44 !),880 (apyrox.) 
Hispar . . . / Miiztigh-Kar:tkora~n i :3(i0 10' 38 10,500 

1 (approx.). 
Binfo . . . ! (10. clo. ! < 70 3 40' 7 IO,:$tiO 
Baltol-c 1 . . . j (lo. cl( I. 5 0 '  X(i  ll,i,80 

I 
Bn,tiira . . . i (l( I ,  1 :i6" 81'  R.O:lO 

(Hinrlu-h'us11 srct,ioti) 
Koi-Kaf . . . ! Tiell Shall . . . 

NOTIC:-- n n t x  of the  T n ~ l c h e k  nnrl Koi-KnF glaciers nre from ;\lerzt)acher'~ map 
of t.ne Tien Shnn. 1928. ' l h m c  of the  F e t l r h c ~ ~ k o  are from R brirfpaper hy W.R.  
Kickrnerq i r ~  the  Alpine . J O I I ~ I I ~ I /  ror filay, 1929. hle1.7hnrht'r's own h ~ i g h t f o r  the ~ n o n t  
of the Inylchek nrnR 9.650 feet. Ht:linble nelrer H~~rsiarl sllrVCgS clitier in important. 
point8 trnm hl ershachpr's h c i g l ~ t  v a l n r ~ .  011 the  1!12R ronipilnlir~n ( S F  h l e r z h n r l i ~ ~ r ' ~  map. 
motlifierl I I ~  t h e s e  later F n l v e y ,  the l o l r e ~  end of  the  Inyichrk is given 8s 2.770 met,re 
(npprns  9.100 feet) .  l'hv heirIlt, of the  Koi-Knf snnut  is f r o n ~  100-mctrt. form.line* 
rjn the  192s mnp, nritl t h e ~ e  f n r m - l i n r ~  (lo not  nppear to hnve twcn rorrcrtrtl h.V t,he 
Inter FnrvcFR. T h i ~  t ~ e i ~ l b t  11.320 f ~ e t ,  m a y  thc~,cforr I ~ F  1 . 1  ont fF.0 Fret trlo high. 

l o  1 :11 1 1,:120 



The approxilnab height. of the snow-line is 16,500 feet in the 
MuxtLgh-Karakoram, 16,000 in tlie Trans-Alai, and 11,000 feet in 
the Tiell Shall. No other glaciers thail the above are known to 
exceed 80 lniles out'side sub-polar regions. 

" Adurtnce 7 '  alLd " Retreat " of G1ncier.s.-It' will be readily 
ullclerstood that the position of a glacier's silout lnay vary from year 
to year. As has beell st,at,ed above, it. lies i ~ t  that point where the 
rat,e of llleltiilg balailces the rate of supply of ice. The position 
therefore depeiids on bot'li t.hese fact,ors. 

If t,he of ice is uniform, a~icl a general increase in tern- 
l~erature occurs, the illeltillg will increase, nilcl the snout apparently 
recedes. If the t,elnperature falls, t,hr snout aclvances. If a change 
in climate occurs, there inay be ail increase or decrease of snowfall 
in the feecliiig area. This will ultiinately i~ieail an advance or re- 
t,reat of t,lie sllout8. Such seculiir changes in temperature or climate 
lead to what are lciiown as S ( J C U ~ I C ~ ~  i ~ ~ o v e m e ~ l t , ~  of the snout,. They 
will be clist,ribut,ed over long periods of time. 

But apart from secular vai.iation of clilnate alld t,einperature, 
there are periodic and seasonal changes. The effects of these are 
generally inuoh more noticeable, and with steep tfransverse glaciers- 
those flowing a t  right angles to a inaii~ rai~ge-t,he per~odic and 
seasolla1 snont inovements arc 1i:tblr t,o cloa,lc t,he secular change 
entirely. 

Of those t,raiisvrrse glaciers that I have lilyself st,udied the two 
with t,he greatest, periodic inoveinents are curiously those two, the 
Miiia~in aild the Hasan%bid, whose snout,s today descend lowel* than 
ally others in t,he Himilaya, or I<nralrorn,m. Their ice inay be likened 
to t,hc mercury of :I, cliilicnl t~herinomet~rr. As the volume of the 
inel-cury i1icre:tses in thc l~ulb,  i t  is forced t,lirough the narrow tube. 
Though the t,ul~cb is grnduatrtl to ].eat1 tl(lgrt1es, it isea,lly records t,he 
change in volnme of t,hc nieiscul.!- tlucl to chnlige ill temperature. So 
wit.11 these two glaciers. Their vol~une of icr within the nkvC area 
is subject to great ch:i,iiges, a,nd t,hr ice is forced down through t,he 
narrow exit valleys, to record those chauges of volluine by the posi- 
tion of t,he siiout,. 

All valley glaciers inay indeed to some extent be likened to 
therlnorneters laic1 on the bosoin of t,he eart,ll, whose periodic and 
seasonal fevers are rccordocl by the " reading " a t  the end.* 
- - -  - 

* J u  1906 \-nrious rnemhrr.s of t,he ('leolnyical Survey of India mal.kr.d t h e  rocks 
:~ t l j :~ceul  to tltc sn i~nl~s  of cert,nin ~ l a c i e r s  of the Hiniil;~!.:~, ill ordo: t ha t  fu ture  observers 
shonl~l 111. :11)11- t o  rcooltl :1~(.111.nl~ly tht, I I I ~ I V ~ U ~ C I I I ~  of 1 . 1 1 ~  ~ r ~ o t l t n .  S O I ~ I C  of thcae have 
since 11cc.n visitt~tl Ilg tr:tvc.llc~.s, n~!tl ir~l.c-r.csi.ir~l;. tl:~tn l1:rve \,~c.o collrctcd. l'he glaciers 
marl,(-11 wcl.c: t l ~ r  Eollo\vina: t he  141n:lrr.l1e nnrl H : ~ ~ c b c  (I{:~jirot,); tilt! Minapin, Hinpar 
and Y c l ~ ~ l ~ l s n  (Nnfi:~r):l.l~c Ilnsmiit):r~l 0l1111zn); H ~ I I : I ~ ) ~ I I ~ ,  the 1::irn Shipri, and tho Pernd 
( I~nhnl) ;  t l ~ c  P I I I ( ~ : I ~ I ,  t , l~(\  h11ln111, ~ I I C  Hlrnr~knll,:~. n l ~ t l  ( I I C  I'oting (I<iimnnn) Full detail* 
will be fotrr~<l 111 A'rrord.~ qf f h p  ( ~ ~ ~ 0 1 0 , ~ i r ~ r I  S I I I . V / , ~  of I?~di(t,, Jrt11, 35. 

I f  rnl.vr,ycrrq :n11(1 1 t.:~v('IIt~rs I I I L V C  t i l l~c ,  i t  \\.1,11ld hv n l  t,hc gl.cntest interest. if they 
\vonltl rocortl c:i~.cl'nll! Ill(, ~~clsiriorr of 1110 S I I ~ I I ~ S  O T  I I I O ' C  g l ac i c~ r~  rel:~tive t,o tho marks 
of t,llc! (3cologicnl H ~ ~ r v r g .  :lntl ~ 1 1 1 ,  nc\v ]narks to sl~o\v 1.11~ I)osit,ion of other glacier 
S I I O ~ I R  not yet  marlic:tl. A Iarge-se:~Ic 1)1n11 \vonl(l nlso 1)r of vnlne. The nrnrk~ shoald 
L I C  t~hist~llrd in rnck i n  ~ i l i c ,  [or cni r r l~  nrr! lirrblc to  tlest,rnction and lcoac bouldew may 
move; the ~ l n t ~ r  of t.ho o h s o ~ ~ v n t ~ i r ~ n ~  cl~onltl of conrsr hr rcc.nrrlrt1. 



An advancing snout deposits little or no terminal moraine; and 
what littale moraine is thrown off is usually carried away by the 
stream issuing from the glacier. A stationary snout will form a 
terminal moraine-bank, through which or round which the glacier 
stream must maintail1 a channel. A retreating snout will form a 
lower terminal moraine, but coveriilg a larger area, unless the stream 
has t'he power to  carry i t  away. As i t  retreats its volume near the 
snout will diminish, its end becomes flattened, en-glacial moraine 
comes again to the surface, and debris is cast off a t  the sides, form- 
ing lateral moraine banks. Sometimes if retreat is rapid, isolated 
blocks of clecrd ice itre left in advance of the living ice of the glacier. 
Moraines on the surface of living ice are called live moraines ; those 
deposited from this ice to  the valley slopes or floor are dead. Live 
moraines may be lafernl or medial; dead moraines are lateral or 
tsrmirtrrl *. 

The existence of ancient moraines, long since dead, of glacier- 
borne erratic boulders, and the striations of rock, graved by moving 
ice far  below the levels to which glaciers descend today, show tha t  
the glaciers of our time are mere relics of the huge glaciers tha t  
once extendecl throughout the Himilaya. High up the walls of 
valleys now deeply carved out by water are found evidences of these 
great glaciers. On the southern slopes of the Dhauladhar range, 
old moraines have been recognized as low as 1,700 feet above sea- 
level. Sotinmt~rg in the Sind valley of Kashmir is n mass of deposi- 
ted inornine now buried with soil and covered witth grass and flowers. 
The grthat Sitwhen glacier was once a thousand feet deep a t  a point 
dti  miles lower down the Nubra valley than its present snout. Ancl 
such instances might be inultiplied inclefinitely. - 

Enough has been said perhaps to give a general account of the 
formation and movement of glaciers, and of their characteristics. 
Unless some knowledge i~ 0bt~ainer1 of these facts, it is cliflicult to  
realize the importance of representing the glaciers accurately on O L ~ .  

maps, ancl impossible to show them with any approximation to the 
tl*r~tIi. 

T H E  DELINEATION OF GLACIERS 

rienzrn1.-Up to the present glaciers have been representecl on 
Survey of India Maps conventionally. In the old hachured maps 
they were convenientlv and most economically shown as a complete 
hlnhk. T h ~ i r  enclosin& walls w ~ r e  hachurerl .in hlnck irr~spect~ive 
OF wl~t>thcr t h r l ~  wen1 ;&rid slopes hcblow thv snow-linc. afforrstcd 
aloprs etill Iowe~r, or prrlcipicv~s, ice or stlow above that  linca. Tccl-rnl)~ 
wwtb not rlisti~lguishc.rl from rocky summits ; thry too were hachnrrd. 
Tht\ mou~ltnil~-uitle w;~s l~nclir~rerl down to  a point tvhert. thv 8urvryor 

- - -  -- - - .- 

* Some pra,lilr conslrlcr tll:tt some latrrnl mol.nltleP o f  the ~ lnc l rr  R I I C I  tlcl.lillnal 
nlnrrrlnrR lo t h e  birlnlty of thr ~ l l ~ l l t  are (11. nlnr be 'Ilve ', wt1el.r they :Irv h111)jctct to 
rlicrtn~hnrlce I)y Ihr I ~ v ~ n g  glacier. '11113 I I~e l~eve  1s trc-btlicallg wrong: for jolt cannot 
kick a corpse to  11le. 



considered it was time to  stop hachuring, and the valley glacier 
was left white. Sometimes the  words " Glacier" or " Snow-bed " 
mere written across the blank space ; occasionally i t  was tinted green 
by hand. 

With the illtroduction of coiltoured and coloured maps, this 
practice was not convenient; and as the re-survey of the Hilnglaya 
was taken up, a conventional sign was gradually introduced. Gene- 
rally speaking, the sommits under permanelit sllow ( ice-cap~ ) have 

beell left indist,inguishable from barreri summits, the brown 
contours being retained for both. Again, a t  a poblt where the 
surveyor thought fit, the brown contours have been stopped and a 
brokell blue line has been shown to  indicate the edge of the glacier. 
Well below tlle snow-line this glacier edge has been easy t o  survey ; 
above i t  the edge has been purely arbitrary. Aild a t  this arbitrary 
?dgr contours liavtl ceased to  be surveyed; they have not been 
surveyed across the ice of the glacier ; though they have been surveyed 
across the ice of the nPvC, and shown in brown. An attempt has 
beell made to show ice-falls and seracs, but the conventional sign 
showing these features was unexplained, with the result that  survey- 
ors ancl draftsmen have considered this as part  of the conventional 
sign for a glacier, and drawn i t  irrespective of whether ice-falls and 
seracs exist. A few brown dots here and there have been conven- 
tionally put in, to indicate that  if there is 110 moraine there ought 
to be. 

Glaciers will in futnre be surveyed and the limits of the perma- 
nrlnt ice and snow shown. Contours will be shown across the ice, 
and, as far  as the scale permits, glacier features and moraines will 
he surveyccl corrclctly. 

ITlre Limits clficc1.-In lai*ge glaciers which estriid several thou- 
sand feet below the snow-liiir, the only difficulty may be to  clis- 
tinguisli between " dead morainc " ancl thp glacier covert~cl with 
living moraine. With such glaciers the snout can allnost a l w a ~ s  be 
found by its issuing stream and ice-cave, but i t  is often necessary 
to visit the act,ual snout. Further up clearer ice is visible, and 
main glaciers arc still in v a l l ~ ~ s .  Below the snow-line their edges 
\vilI be clearly marked nnrl call btl ensily surveyc1d. Higher still the 
I-rgions of glacier-ice Incrgt' impt~rccptihly into 116~6, both 011 the 
g1xc.ic.r itself and on the t~nclosing slo~~cls. 111 late summc~r when 
  no st of tlltl surl~lus snow has mt~ltt1c1, thcrr will btl cl-ev:~sses below 
tllt~ sllow-line ~ 1 1 o r t ~  t l l ~  brtl ch:tng,res slope, and frcquontlY :ill oprn 
bc~r~scliru~li l  a l o n ~  thcb ~ d g t l  of  thc c*nc.losinC \vall. Hallgillcr !,.laciers 

- 7  011 stf1c\l) S ~ ( ~ O - W : I I I S  i~~c~xt~-icabl,y ]nixecj up with :lreqs of n c a v c  ; tllc, 
limits of thcl W ~ O ~ P  mtws howovc~r arc. (>:lsily distin~rllis]l:ll~]p. Wl1ile 7 i t  is not silnplc for :111 illt~xpc~~-ionc~ril survrjor to dlfitillRUiPh betweell 
#lacbirr,-thouqh :IS a rille, it clids :~brnptlj-ant1 a frc.sll fall of sllom- 
near the snow-]in(. *, i t  shoul(1 always be possiblta for him to survev 

- --  - - - - - - - - - --- - 
* Preph stlow I R  whiter thnn n l t l  snow, I Cvd. or ~ c e  I t  cover8 rockg and expo- 

sell nrBtes whlrh cannot retniu 1 1 O 6  or ice, a1~d froul R ~ I C ~ I  it gc~nernlly tleeoendfi ~p 
tllc f o ~ m  of nvalaucbc~.  



accurately the  limits of a glacier well below tha t  line. They should 
be shown on his planetable by a line of yellow-g oreen dots. 

It will often not be possible for a surveyor to visit the areas 
above the snow-line, or to  survey correctly the limits of ice-caps. 
Frequently however they end as hnnging glaciers, with a " clotted- 
cream " appearance, ;und t t ~ r ~ n i n a t e  abruptly with an ice-cliff which 
is easy to  survey. 

In all cases contours across ice will be shown on planetables 
in yellow-green. It must be realized tha t  i t  is physically impossible 
for a barren ice-free gentle slope to exist above the snow-line; and 
therefore brown contours should never bcb shown above tliat line. 
If there is no snow or nevi or ice, i t  can only b~ btlcause the slope 
is too steep for these to remain, a~icl the cliff symbol is appropriate. 

Contollre ncrons y1nci~r.s.-It canilot be too strongly urged on 
surveyors tha t  contours musf be sl~rveyed across glaciatecl areas ancl 
glaciers. Wi th  ice-cap and hanging glaciers this is not clifficnlt, 
for they conform roughly to  the contours of  their bed. 

Wi th  valley glaciers, however, there are certain principles which 
will help a surveyor to  show thc. form of his ice correc.tlp. 

A valley filled with a glacier is tpl~ically U-s11y)ecl; it v:~lley 
cut  by water action is generally V-sllnpcltl. If these f;~cts are borne 
in mind, i t  will be realized that  bincfh, thl-ouxhout tlie Himilava, 
glaciers are of less extolit than f o r ~ n ~ r l y ,  thtb enclosing walls of a 
glacier are generally concave, that  is, t h ~  lower slopes are less 
steep than the higher. 

Figure I represents a normal glacier in plan. If we consider a 
section across the valley a t  AB, assumed to be above the sno~v-line, 
we shall have something like figure 11. The actual fall and slope 
of the valley-sides are a t  right angles to the glacier's clirectioil and 
therefore the contours run almost parallrl to the valley, as shown a t  
n n n in figure I. At the head of the glacier Ir X. k thore will be an 
almost imperceptible jurictiol~ h e t w ~ e n  the g1:lcier ancl the  liillside, 
except for w change of slope. Thc ice and ncvk a t  AR may be 
coverecl by fresh or avalanche sllow. 

W e  will now considor a sec~tiorl C'D below the snow-linc. We 
will assume t.hat on one sitlfb th~11-P is :t rock-frl,ll s1)lit fro111 t,lle cliffs 
above by the action of frost ; whilc on the. nthrr ~ , I I  aval:t~ic'ho has 
been shot from ;:hove the sr~ow-lioe ant1 rl(1l)ositcvl on thr. glacier. 
The track of t h ~  av;~la~ichc~ is acci(lf.lltal ; i t  is not pcti-manont. * 
On the g1acir.r i t  will covcr crevmses, so that  these ~ i t ~ i n o t  survr~jerl, 

~ -.. ~. .~~ ..-  -~ ~ . - .  

* I t  is I I O  psrt uf this Ilnrwl. to decrrilich the rnnsrx o f  avnlnrl(:h~q, 01. t h p  tliffer~nt 
kind8 of nvnlanchc.1. I I I  rletnil. Bnt sinr.e wrrt%j-ol..q mny have h;itl lil.tlr or no rupc-r~r~~c-c! 
of them, ant1 ~i I ICP I I P T ~ I ~ ~ H  IIIorC I I ( * C ~ I ~ ~ I I  1 9  nrnnng tlrc. ~nc~rrrlt~nills rtrc c'nnhecl 11y 
them thnn by other qcbnrp. i t, nlnp not t , r ,  nnt of plnrc t o ~ t n t c  tllnt n~.rrlnrrr~h~n 
nvr not act* of ( ; m i ;  their scirnl.6. I S  an rxt~c-t. .ql-irrice 1,nrrrl nn tlelinitr rlhy5icanl laws. 

Snow from wint,er or 811ring slrqrnis, rleporitrtl on ice or 1dr6 on n slope pre:rtrr 
thsn  ago i m  liahle to avdnnche dnrir~p thr flrrring, either when ontlrr the influence 
of the snrl dnrinp the dnp, or doring n warm clondg night,.  On c r i ~ p  #tarlit cold niphtn, 
such mllow is ante after it haa beer1 depoaitetl .$A ho~irrr, provitled no fresh fall of anow 



and if it is a large avalanche its lower layers will be converted into 
ice and feed the glacier. The rock-fall is often a more permanent 
feature, alld a ]nore permanent danger. The rocks fall continually 
to the surface of the glacier, and are carried by its motion ill the 
form of a ~ontiiluous lateral moraine along the edge of the main 
trunk. A sectioil a t  CD is shown in Figure 111. 

T, and Tg are two tributary glaciers. T1 has a large area of 
nCvb, and falls steeply to join the maill glacier ; T2  is less signi- 
ficant. At tho two rock l~romontories, PI and P:, more rock debris 
is throw11 upon the surface of the glacier. The pressure of TI  ancl 
its ample ice coilvert the lateral moraine and the rocks from P, illto 
a medial illoraiile; the rocks from P, are barely affected by T2, 
whose wastaqe from meltii~q is qrent, ancl the rocks tumble off the 
Inaill glacier to form dead lnoraine. 

We llo\v consider a sect,ion a t  EF, some clist.aiice below the 
jullctiol1 of these two tribut.a(ries. Tlle hillsides are no longer 
ior,ereLl by pel-lllane~~t sllow ; the slopes receive t,heir winter snow- 
fall, which mc3lt.s a.lld trickles to the valley bottom, or desceitds 
~nore  viole~lt81y in t,he form of s p r i ~ ~ g  avalanches. By midsummer 
tllis " llew sllow " has cleared away, anci me fincl t'he beginnings of 
lateral ablatioil valleys. The surface of the glacier is now definitely 
convex. I11 the northern hemisphere t,he valley on it's north banlc 
will usually be more pronounced than on its southern banlr owing 
to radiatioii from t,he barren valley walls with a southerly aspect. 
The section will be something like Figure IV*, ancl the cont~ours will 
t'akc the fol.111 as shown a.t EF in Figure I. 

Figure V shows a scct,ion :l.cross the snout, of a, st,rongly advanc- 
ing glacier ; F i g ~ ~ r e  VI  sho~vs n, sec,tio~l near t'he snout of a ret>reating 
diminishing glncicl.. 111 t,lic~ first t,he ice t,el~cls to maiiit,ain i t,s 
height but. cnc~roachrs on thr  la.t,era.l vallt.,~, 1)ushing aside its dead 
lateral moraiiie. I11 thc secoiicl figi~re, t>he clegenerate glacier is 
flattening. Thc contours will be s o ~ n e ~ v l ~ a t  si~nilar to t.hose showll 
in Figurc VII. Under 110 circuinst~ances can the colitours near a 
~1:tcitw- snout bc correct,ly sho\vn as in Figure VIII. S u c l ~  n possi- 
l,ilbt!y i s  i n c o ~ ~ c r i r m h l r .  

---- 
has occurretl. The  locnt,ion of these ~ p r i n g  a v a l a n c h ~ s  in t h e  t l i n ~ i l n y n  is rst , rnordi-  
nnrily conrrt,nr~t~. I n  unnlrner no fresh slloW l y i n ~ .  at. on nnr le  :rcat,c~, thnn 29' i n  cafe for 
72 honrs a f te r  n hrnvy fall, tlg which t i m e  it. shonitl e i ther  have nralnnched or becclure 
cornl)actc~l with the  ~ r n t l c ~ ~ - n i n s s :  t h c  st,t.rpcr t , ~ i c  slope, t,be ~ r c a t e r  t,he c1;lngcr. 

Snow l y i ~ l g  at. :r grcat,er anyle than 23" on t,hc le(,-sitlc of n suow nlnnntain sl lonldbe 
trcntetl with s~rs])icion. This nlny calls(> n clnngcroas slab-nvnlnnrhe. 1>11t, 1 do not, 
belleve fhin type occ:rlrs In t11o IIimSln!.n in t h e  s ~ r o l n ~ c , r  o r  I~clotv tabe snow-line, except  
perhaps in niid\vinLcr 

No stlow whntcver rnn nvnlnnchn on n slope c)f I r ~ s  t h a n  23 t lrcreea:  finow 
l ~ i r l ~  nt. n crl.nt,c.r nncle t,linn :i0" tlcrrecfi. nntl all connlry )pin? close nndor snrh n 
 now-slor~r, sho~llrl I I P  trcsnlrtl wilh rc5l)rct. Otticcrs. I~efore  tnltirlr t h e  field t o  ~ l l r v r y  
Rlacintetl nrtbng. sho1111i ?;lntlv sonic s l r~~i t l :~r t l  work on  snonr-ornft, nnd rxl>lnin t.hc gene- 
ra l  \ ~ r i ~ l c i l ~ l c .  of : ~ \ . : ~ l n ~ l c h r s  t , ~  Iht,ir men.  A very ~ o u d  n c c o n ~ ~ t .  of t l lcm iH givr l l  i l l  
Arnold Lurtn's .4/p1nc, S ~ I - I I I ~ ,  C l ~ a ~ j t c r  IV. 

I n  t h e  ~ e c t i o r l  Eli' t h e  nhIntio11 vnllrg 011 t h e  nort.11 ~ i d c  is n o t  e~ l l l~ l l r r s ized  
on.inR the crnahing of  t h e  tonglle of glacier TI. It will however be Illore marked 
in ~ e c b i o n  (JH. 



Moraine material has been shown on the above figures enierillg 
below the snow-line. A rock cliff above the snow-lme may com- 
mence a moraine; tha t  moraine is then covered by snow and may 
never appear again until the snout is reached. It may become con- 
solidated in the nCvC, and work its way as en-glacial or sub-glacial 
moraine throughout the  length of the  glacier. A confused mass of 
morniue  debr i s  does ?lot a n d  canwot exist ctbove or  nenr  the suow-line 
071 n broad glacier. Here moraines, if they exist, follow definite 
lines, and i t  is important to survey them. 

Barren moraines, living or dead, will be show11 on the plane- 
table and on the published map in black. Dead moraines covered 
with vegetation should be in burnt sienna. Contours across clear 
ice or living moraines will be shown on the planetable in yellow- 
green, and on the finished map in blue. Contours across dead 
moraine, both on the  planetable ancl on the map will be in burnt 
sienna. The margins of the glacier will be shown on the plane- 
table by yellow-green dots, ancl not by a continuous line, which 
should be reserved for contours, bergschru~~ds and other ice-features. 
The dots showing the snout should be strengthened. No colourecl 
wash to  show the glacier will appear on the plane-table or on t,he 
published map. 

A//di!iorlal 0dac1-luatir,nx.-The following aclditional observations 
will also help surveyors to indicate glacier features ancl other fea- 
turps in the neighbourhood of glaciers correctly :- 

(a) Crevassecl ancl serac'ed areas are permanent over a long 
period of time, as are also the positioils of ice-falls ancl bergschrunds, 
though individual crevasses and seracs below the snow-line move 
forward. and indiviclual crevasses may heal by counter-pressure. 

The fact that  the central ice of a glacier moves faster than that  
a t  the  sicles produces crevasses across the lines of stress. The gene- 
ral direction of such crevasses is thus (liagonally upstream froin the 
sides towards the centre of the ice-flow. 

(b) Bergschrunds may he expc~cted a t  the base of steep ice- 
slopes above the snow-line, ant1 a t  the snow-line, when clear of snow. 
They should be surveyecl if the scaltl permits. 

(c) Surface streams, rivers and lakes may bc expcwted t41 occur 
on flat uncrevassecl stmight reaches of glaciers of clvcn qrarlient. 

(d) Couloirs are steep gllllies 011 p~'ecipitous mountain-sides, 
pither with or without ichcl. They are. frrquently fi11111~~Is for fallii~g 
rocks ancl are therefore often clangerous. If the scalct permits they 
should he shown. 

(e) Cornices form on most snow-riclges aborch the snow-]in(., 
and conaist of compacted winrl-drivcln s11o~- on tliv ~ r ~ s t  op1lositt> to 
t,he prevailing wind. Thtbir o1ltr.r rdgc, bc~i~rg gent>rnlly fo~.metl of 
less compackd snow, is always dang~rous  whether near tho s~low- 
line or far above it. Cornices cannot howtbver 1)e shown 011 ordinary 
topographical acsles. 



(f) Screes and rock-falls are very prevalent above the tree-liiie, 
where the binding effect of vegetation is waating. They are promi- 
nent features of the landscape on the arid hillsides of the higher 
ranges and often form a successioll of cones or fans along the lower 
slopes of the valleys. The larger ones can usually be sllown on - 
topographical maps. 

The accompanying speuimen, Figure IX, has been drawn by 
Major C.G. Lewis, ancl approved by the Surveyol* General. It gives 
the syinbols t,hat should henceforth be used on maps of the Survey 
of India. Few glaciers will contain all the features shown on this - 
specillleil and ?LO glacier i i ~  an twre  10211 he e,ccrct/!l rcy~r.esotatetl I?y thzs 
speczmcJn. 

The colours of these symbols will be as shown in the annexed 
table. 

TABLE 3. 

2. Wat,er features whe- 
ther on or off ice. 

1. Lin~it~s of all areas 
of perlnaneilt glaciation, 
whether glacier or ne've', 
and all ice features. 

3. Live or barren dead 
moraines, lateral, meclial, 
or terminal; scree, rock- 
falls and fans. 

4. Dead moraines if 
uncler vegetation (grass, 
scrub or trees). 

Yellow- 
green 

Blacl; 

Burnt 
Sienna. 

Blue 

Violet,- 
blue 

Blaclr 

Brown 

No tint. The limits 
of the glacier will be 
shown by a fine line of 
dots. 

Blue 

I Ca,re should be taken 
to avoicl the appearance 
of sancl. The rocks 
comprising inoraine are 
of all sizes ; so also 
should be t'he dots. 

. . . 

. . .  3. Contours aemss gla- Yellow- I Blue 

6. Col~toilr-v:bl~~~s per- 
taining to the nl)ove 

I I 

ciers n i ~ d  niv6, including 
trhosc across live inorninta. 

The contour values 
]nay be eit,her along- 

green 

(a,)  across ict> tk RIIOIV 1 - I .  B e  sidr or brealiillg t,he 
(b) across ~norxino. Black Black contour li~le, whichever 

I is ,nost suitable. 



TABLE 3.- (Contd.) 

7 .  Contours across hill- 
slopes below t'he snow- 
line, across dead moraines, 
scree, fails, etc. 

8. Cliffs above or below 
the snow-line. 

9. Paths, tracks, rout,es, 
huts. 

10. Passes and names. 

In fair drawing, items ( I ) ,  ((I), ( 5 ) ,  (6,,), (7) c t  (8) will norm:~lly llc dm\v11 on the 
" Hill-sheet"; Items (2) ,  (3 ) ,  (61,), (9) n t ~ d  (10) 011 t h c  " 011tl i11e-shcet.  " In esceptionol 
cases, all may br drawn on one sheet. 

Surveyors before t'akirig the fielcl for the survey of glaciated 
areas shoulcl have this paper explainecl to them, and practice drawing 
the symbols. They shoultl t ry  ancl recognize the various featuree 
and become expert in su rv~ying  them. Skill will only be attained 
by experience. 

GLOSSARY. 

&own contoara slrosld 
?leael. he a~orun ~ b o l l e  LJe 
snow-l ine.  Bare ground 
above this line must be 
cliff, ancl should be 
shown by the cliff- ' symbol 

... 

... 

Burnt / ~ r o r v n  

rlblatio/r tlnl/e,~/.-A subsidiary valley betweell a, %lacier ancl it,s 
valley wall, generally clue to wastage of thc glacier-ice, caused 
mainly by racliation from the hill-side ( 1 ) ~ .  4, 5 ,  13). 

Sienna 

Burnt 
Sienna 
Recl 

Black 

d,.r'tr.-The crest of a riclge or 1)uttress lt>acli~jg to a summit. 
dcctlti~rehe.-A mass of snow detachrd ant1 slicling from a 

moimtain-side (pp. 7, 8, 12,  13) .  
Bcryschrund.-The crevasse, often of great depth, furined by a 

glacier moving froin its nkvk. It always occurs a t  the change 
of slope between the nh-6 on a mountain-side ancl t,he geiltler slope 
of the  las scent glacier ill thc, valley (PI'. G ,  14) .  

Brown 

Recl 

Black 

( 'n ,~ , t ir .~ . -Ovt~l-ha11~i11~ com1)nr~tod witid-rlrivcbi~ ~ i ~ o w  formecl on 
tha t  nitle of a crest, or :trCtr opposite. to the prevailing wiiicl (p. 14). 

C,'r,uloir.---.4 stcbep L[IIIIY on a l)rc~cipito113 mountain-side, either 
with or  without icv ( ~ c P - , - o I I / I I ~ ~ ,  rork-(-o?doir) (pp. 7. 14). 

('r,~~wwxr).-- A reilt 01- crack in t,hr ~ n r f a c c  of  n qlacir.1-, caused 
by the unwell 1)wl or mc )t io~i of thra cplacic-r (pp. 5 ,  1 1). 

E)oL.-Erosion debris el~rlerging Fan-wise into t h ~  gentler slopes 
of  tht* vallc,~--hottom. 1 1 1 i  muy Ilc* mutl, pa11(1, gravel, scree, 
boulders, etc. (y. 7 ) .  



altlciel..-A inass of compacted ice origillatillg above the S~IOW- 

line nlld descending below that  line. 
A l iauging glacie~ is one formed by an ice-cap, and 

clillgil~g to a steep mountain-side. It frequently terminates in an 
ice-wall on a precipitous edge (p. 12). 

A Val l ey  glncie~. is one flowing in a valley (pp. 4, 11). 
A Lonyzt l~dfnal  y lac i e~ .  is one flowing in a main valley- 

trough parallel to a maill range. I ts  .fall is gellerally small (p. 8). 
A T~.c~n~ue~.se ylcrcier is one flowiilg transversely to the 

axis of a main range. Its.fnll may be great (pp. 8, 9). 
A Saddle ylneicr is one descencling to  and lying astride a 

ridge, soinetiines throwing branches illto the valleys 011 each sicle 
of the divide (11. 6).  

A Glacier table is forined by a moraine slab supportecl 
on an ice stem (p. 7). 

Ice-C'c91.-Coinpactecl silow and ice on summits above the snow- 
line (pp. 4, 10, 11). 

Morainc.r are forined by debris detaclled from exposed rocks 
and clepositecl on glaciers (pi). G ,  7, 9, 10). 

En -,qlncinl Mornine.-Rock debris carried along within 
the body of a glacier (pp. 7, 14). 

Lciterctl Mo~aivze.-Roclr debris carried along a t  the sides 
of glaciers ( 1  ive), or deposited on the valley floor froin the sides 
of glaciers (rl(~ntl) (pp. 6, 7,  10, 13). 

Medin? Mot.nznr.-Rock debris carried along on the 
sulxfuce of :t :lacier below the junction of two or inore glaciers 
(pp. 6, 7, 10, 1 3 ) .  

Slth-ylocitrl Alol-cii~te.-Rock debris clraggecl along beneath 
a glacier ( p. 14). 

Te~.n~iunl ilfo~.tci~~c~.-Rocl~ debris deposited froin the snout 
of a glaciel. (pp. 9,10,13). 

Idice Morrriv,es.--Live inoi'aiiies arch carried 011 the surface 
or in t l ~ r  body of a glacier. Moraines deposited 011 the valley slopes 
or floor arc1 tlcrctl (1). 10). 

i1-PvF'.-Snow above the siiow-line which has not reached thc 
coilsiste~lcy of ice. 

Reyr1nfiot1.-The process continually taking place in the lowest 
strata, of :t glacier, causing the glacier to move (p. 4). 

r)'o*.cr.--Loo sinall rock debris stsnding at! or near its liinitiillS 
ai~gle of slope (pp. 7,14). 

N~t*rtcs.-D~t:~ch~d broke11 colun~ns of ice in the crevassed areas 
of glncirrs, often formed by crevasses interseot,iilg one another. 
The term i n  soin~~t~iines looscly but incorrectly applied t<o all ice- 
pillnacleu oil :t glaciczr, how~ver thrv lnay be forined (pp. S,14) 

1'3nouf.-Tllcl lower end of a glacier where lneltillg by the ill- 
creased teinpr~rnturr of lower altitudes balances the sitl,pla- of ice 
from above (pp. 4 , i - 1 0 ) .  



Snow-bridge.-Snow covering crevasses a i d  bergschrunds, and 
formed by snow-fall or avalanche (p. 6). 

Snow-line.-The lower limit of permanent silow (pp. 2-4).  

Cieod. Hr. P.0.-111-500-1820. 



NOTE.-Since the above paper was sent to  press Mr. Rickmers has 
informed me tha t  17,000 feet and 15,000 feet are the ap- 
proximate average heights of the  snow-line on southern and 
northern aspects of the Trans-Alai range, while in extreme 
cases the limits may be 17,500 feet and 14,500 feet (see  
Table 1, page 2 ). 

Mr. Riclrmers also informs me " tha t  exact measure- 
ments from photogrammetric material result in 77  kilometres 
( roughly 48 miles ) as t,he length of the Fedchenko glacier, 
measured along the stream-line. " The Fedchenko thus 
becomes the longest glacier outside sub-polar regions (see  
Table 2. page 8, and note below). 

K.M. 
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Corrections to  "Professional Paper No. 25 : The 
Representation of Glaciated Regions on maps 

of the Survey of India ", 1929 

Page 1 2 - 
In the 2nd and 9th lines, correct "yellow-green" to "blue- 

green (viridian) ". 

No. 1, dated 1-2-31. 

Page 14, 2nd para. of the page- 

I n  the 4th and 5th, and the 8th lines, correct "yellow-green" 
to "blue-green (viridian) ". 

l n s ~ r t  the  I'ollowiug a8 penult i~r~ate ~ e n t e n c e  of tht: p:rr:i.: 
r 7 I l ~ e s c  clots wil l ,  Ilowever, be o~uit ted Lcslow rocks  1i:~ving a 

definite edge. * q'.  
NO. 18, dated I-w-$1. f 

. - 

Pages 16 alto? 16. 

D~letc! exist,ing table 3, and sz~bsfitute: 

--- 

i 

1~'e:~tnrcn. 

.- 

14i111its of nll nreas of 
~ ) c ~ . ~ ~ i r n ~ c n t  glnci- 
r~l.ion, wlletlicrglncic~r 
or  li(.\.&, I L I I ~  nll ice 
~ ~ : : I , I , I I ~ T R .  

-. 

Colours 
on  

plane-t.nble 
sections. 

12l1le-grectn 
(Vir id in .~~) .  

Colours 
on 

published 
mn.ps. 

I3lue 

H,EMAHKR. 

L i ~ ~ ~ i t s  of all nrcns of ice & 
snow, whcther glncicr or  
116~6, will be s11ow11 by 
n ciottcd line, which is 
o ~ n i l t c d  below rock8 
having n dcfinitc cdge; n o  
limit  between a glacier 
and i t s  nAv6 will be 
sliown. Tho rock cliff 
sylnbol will never be  
draw11 in I)luo to represent 
ice-ftl.lln or ico walls. 
These fcnturcn have  
specinl symbols. 



Features. 

Colours 
on  

pla,ne-table 
sections. 

Colours 
on 

published 
mtbps. 

iii Live or barren dead 
~lloritines, It~tcral,  
ruedial, or terlnitlal ; 
scree, rock-falls, and  

ii I Water fet~tureswhether 
j on or oH ice. 

Hlaok 

Violet 
Blue. 

iv 1 Dead moraines if 

I under vegetation 
(pw, ecurb, o r  
breee). 

v ' Contours across gln- 
I ciors t ~ n d  n6v6 
, inclutlir~q those 
1 trcross live moraine. 

vi Co11to11r vnlues per- 
' tr~irlitlg to the above. 
i ncrosH ice, RIIOW, and 
1 live moraine. 

Burnt  
Sienna. 

l3lue-green 
(Viridinn). 

Z3lue-green 
(Viriclian). 

viii ' Cliff above or below 
the snow-line. 

vii 1 Contours RCrOSS hill I alopca below the 
ellow-line, across / dead nmniinea, scree. 

1 fnns, etc. 

ix ' T r ~ c k n  and routes, 
over glnciera nnd 
psrnrnnent nnow ; 
club huts. 

Uumt  
Xicl~nn. 

Hnmt  
Sienna. 

Red 

Rlue 

Black 

Brown 

Rlae 

Ulue 

Brown 

Care should be taken to 
avoid the appearance of 
sand. The rocks coln- 
prising moraine are of nil 
sizes; so also should be 
the dots. Screes, on the 
other hand, are usually 
uniform and regular and 
should be represented by 
uniform dots, generally in 
fanwise lines. 

...... 

The contour values should 
break the contours ne 
in brown contours. 

Brown contours SILOTLM 
aeldom be shown above 
the 8n.oiu.line. Bare 
ground above thin line is 
u ~ u a l l y  cliff, which shoola 
be shown in the nppro- 
priate wtyle. Brown con- 
tourn will a l w a y ~  have 
brown contour vnlue. 

I 
x ! ~ a s n  nnd names ... I i3lsak I H I ~ O ~  I ...... 

L I L 

N I I T C  --Ill fair tlrnwiny, it~vnn I ,  %, 6 6, 7 nnat n will norn~nlly hr drawn on tlir ~ . o ~ ~ t , o ~ l r  
nhe4.n.; items 2, 8 ,  9, and 1 0  on the  oiltline .beet. 10 exoeptional ( ~ L R I ~ H  all n n y  Iw dmwn on 
one sbwt. 

No. 9, dated 1-8-31. 



Paye 16- 

I n  the 2nd line of the last para. above "Glossary" correct 
('practice " to  "practise ". 

No. 4, dated 1-2-31. 

Glossarg - 
Under '' Fan1'- 
I n  the lamst line, after "etc.", insert a comma, and add the 

following after i t :  

and may be overgrown by grass or scrub 

IJnder " Glacier "- 
In the 2nd line, insert "usually" after "and ". 

Under " A Glacier table1'- 
111 the lil .~t liue, after "ice stern", insert a f u l l  stop, and add 

the following after i t :  
I t s  forinntion is due to the protection of the ~1nder1yin.g ice 

from the heat of t,he sun 
Under " Ice-Ca;p l 1  - ?+is ~ 

In the firet line, aftem ~~unir$a%b", &aai~8' ' '~  ear^ ddgee ". 
l n , s ~ r t  the following as new item in its proper place : 
[ce fir,ll.-This occurs on a glacier at a change of slope to a 

steeper gril,die~lt, where crevasses are formed. When euch crevasses 
intersect, orle nnother a t  right angles, they often degenerate in eerace 
and tunll,led blocI<s oC ice reuerubling ;I rock fall (pp.  5, 6, 11). 

hi the I ; L s ~  l i ~ ~ e ,  t~l'ter "glacier", insert a commit, and d,tl the  
following :.~Tter i t :  

from the uleclit~l, I;~teral, and sub-glaci;~1 moraines 

[qlsert the following i1.s new it0111 in itu proper place: 

l lock  fc1,11.-A rnnw oF trltnbled rocks in ;t gully or on a moun- 
tain sitle (pp.  12, 13 ). 

IJrlder " SCTPC" - 

I I I  the f i r ~ t  line, after "srnall rock", insert "or shale ". 
TJlld~r " Sno.~/i-l,in,c " - 

Delete t h ~  existirlg tlescriptions, and substitute the following: 

The ;t.verage lower l i ~ r ~ i t  of permanent snow. 
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