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THESNOUT
OF THE BIAFOGLACIER
IN BALTISTAN.BY J. R.
AUDEN,M A . , F.G.S., Assistant Superintendent, Geolo.
gical Survey of India. (With Plates 27 to 31 .)
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I. INTRODUCTION.
The following obeervations were nlade during a ~ h o r texcursion,
when on furlough, with Captain C. E. C. Gregory, 2/18t8h Royal
Gnrhwal Rifles, to Baltistan in June and July, 1933. A gcneral
narrative account of this excur~ion has already appcarcd in the
Hinuthyan Jozirnal, Vol. VI, p. 67, (1934). These notca are concerned with details of thc glacier.
The snout of the Biafo glacicr is situated a t Lat.. 35" 40' N . , I A o 1 1 ~ .
75" 56' E., and is included in Survey of Inclia Ucgrce S h c t 43 M.
It has been visited by many travcllcr.s, Loth by those who welit spccifically to explore the Biafo glacier, and hy thosc wllosc dcst'ination
was the Baltoro glacier lying to the cast, in sheet 52A.
An account of earlier observations of the Biafo glacier. up to 1923
has been given By Major K. Mason (now Lieutcnnnt C'olo~icl)in his
This
paper on the Glaciers of the I(amkornm and neighbou~~hood.~
is rel~roducedverbatin1 in the prcscnt paper for thr saltc of com13lctenesa. Since 1923, there has been au It:~lian expedition to the liarakoram in 1929. header1 by 11. H . 11. the Uultc oI Spolctto. A preliminary account of this expedition has appearcd in tho G'cog~aphiml
Journal, LXXV, pp. 386-411, (1930).
1

Rec. flenl. Surc. Ind., LXIII, pp. 264-267, (1930).

I should like here to record my thanks to Captain Gregory for
the invitation to join his expedition, and also to Lance-Naik Pertap
Singh for the trouble he took in preparing the sketch map of the
Biafo glacier.
11. PREVIOUS EXPL0RATION.l (By K. Mason.)
Sheet 43M ; Type, Longitudinal (mainly) ; Length, 37 miles (including Snow
Lalie) ; Ileiyht of S~lotct, 10,360 feet ; Fall, 16,290 to 10,360 from edge of Snow
Lalto to snout, 28 miles (212 feet per mile, 4 per cont.).
The Biafo is the Gfth longest glacier outeide the sub-polar regions. It descends
from a n onormous snow basin which haa a n area of some 26 square miles. This
cnormous reservoir, which has Lecn described as a region ' drowned i n ice ', thollgh
seen by Godwin Austin, Sir Martin Conway and the Worlrmans, haa not yet becn
fully survoycd, but i t is believed not only to supply ico to tho Biafo glacier, but t o
forco ico over the Hispar pass to the Hispar glacior and over the main Muztagh rango
t o the heady of the Shingshal glaciers, the Virjerab and ICburdopin. The Biafo
glacior itsolf is fed by some ten branches on the southern sido, but with the cxception of the Latoli glacier, there are none of a n y importance on its northern side.
[ A stcep minor glacior may be seen entering tho Bia.fo from tho north, above Camp
2, in tho plate, opposite page 68, of Vol. VI, 1iinutlu.yan Jottrnal.] Tho ratio of
supply arca t o waste oroa is as largo m 3 : 4. Near tho entrance of tho Snow Lake
the glacier has a width of about 28 iniles, but i t narrows to a, mile a t six milos from
tho snout. I t is possiblo t h a t this narrowing is partly responaiblo for tho ruarkod
variatiol~rof tho snout, which aro unusual for a glacier o i so gontlo s n avorage fell.
[ Tho longitudiilal profile is brolreri a t tlirec places, a t a.pproximably four, ninc and
twcilty lililo~froin tlic snout. Sliglit ico falls occur a t tho fimt two pluccs, but only
011 tho sor1tl1-wcst sidc of tho glacior.]
Tlic follo\ving arc tho lnost ilnportant obsorvatiollv t h a t liavc boon made rogardi l ~ gtlio snout variations of tllc Biafo glncior :1861. Ciudwvin Austin survoycd tllc glacior and folrnd tho cl~ioutfilling the
whola Uraltloli valloy fro111 0110 sido to tho othcr, and routing on tlio roclcv of klilngo
Gusc~ron tho lult flimlr of tho vl~110y,in 611ch a way t h a t tho Uraldoh river, o o ~ i t u ~ , ~ ~ i ing m:~i~ily
tho walura of tho l'~i11111alii~lidBaltoro glaciers, ilowod in a tun~iolundori~ootlitlic ice. His map ellows a coniplcto blocli and thc track is shown croasilig
thc glncicr 1; ~iiilcsfroin t l ~ os~iout.
1892. 0113141; July, Sir Martin Conway found t l ~ o~ n o u t~
t rp~i~rl*)~.
of a. lliilo
away from tlic I\.Iango Gusor wall of t,llo valloy, and n o h d t h a t during A ~ g u of
s~
t h a t ycar i t lout another quartor of n niilo. As i t witlidrow, i t loft a wido nlorc~ino
covorod with oarth and vegotation.
1899. Tho Worluna~lsfound the glncior so slirunlt t h a t i t L ~ r c l yroachod tl10
outlot into tho Bmldoli valley a t all. It would thon havo boon about (I liiilo fro111
tho Mango G a ~ o wall
r
on tlio loft banlr of the rivor.
1002. According to Cfuillarmod, tlio glncior liad odvoncod rw far as the right
bank of tho Braldoh rivor driving boforo i t a low frontal morairio. Dr. l'fannl, of

-

'

l'ortions in square brclckots trru ~ d d i t i o ~ ior
e omondntions to Colonel Maeon'a
eum~nery.
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t h e same expedition, doos not mention this frontal moraino, and doscribos the Biafo
w D mass 600 to 700 feot thick, protruding across t h e vallcy, squeezing tlle Braldol~
illto a narrow bed, and ending with a stccp snout 400 foot abovo tho rivcr. (Mill.
d. Geog. Gea. LVien, 47, 1901, p. 255.)
1905. Colonel Penny rocordv froill memory in 1928, t h a t i11 1003 tho low
snout of tho Biafo glacior was a mass of fissured brokcn ico ' ontollding to tho right
side of tho Braldoh rivor and thcro soemod n o practicablo p a s a g o thoro'. His
guidos confirmed the Workman's statement of lS09 (private lottcr). Tho low
tissurod snout indicatov t h a t the glacior was now rotroating and diminishing in
volume.
1908. The Workmaus o n their roturn t o the region noted t h a t tho Biafo was
practically i n tho samo position as they had found i t i n 1899. If this observation
1s correct, t h e glacier must have grown a n d shrunk again between tho two expeditions.
1909. De Pilippi, during tho Abruzzi oxpodition, found tho glacier projecting
into the Braldoh valloy, and thought a t first t h a t i t blockod tho river. He writes :
' I t was only when on our return journcy wo ascondod tho left bank of tho Braldoli
valley on the Skoro L a road t h a t wo clearly saw the rivor flowing undor the open
sky through a, narrow g a p in the valley wall and tho stoop front of tho glacior. The
lattor showed no traco of frontal moraine. It is, however, possible t h a t a t some
point of the left half of tho glacier tho ico may bridge over tho river and actually
resoh tha rock.' (Kurakoram and CVestern Himalaya, p. 165.)
[ 1913. Desio montions a n observation made by Dainolli during tho wintor
of 1913, who found tho minimum distance between tho snout and tho loft hanlc of
the Braldoh rivor war 40 metros or 131 foot. (Geogr. Jorrrn., LXXV, p. 410, 1930).
1)ainelli himself w r i h s : ' We crossed tho groat snout of tho Biafo, scorod with
crevwses and rugged with noodles ; i t flows down from its immonso basin arid fills
u p the entiro width of the Braldoh valley.' (Himalaya, Karakoram and Easter>&
l'~crke.stan, p. 86, 1032.)]
1022. Peathontono found the snout right up to tho Braldoh rivor, and according to tllc natives i t had boon so for two yean. Thoy alao said t h a t tho glacior
cut into tho opposite bank, causing great Ianclslidos (G'eoyr.
w u forcing the river
Jotrrn., LXVII, 1!)2G). [ I t is improbablo that tho rivcr is cutting rapidly into the
opposite bank. Tllo rocks aro very hard ortho- and para-gnoiss and ~ h o w o d no
sign of larltlslipping in 1U33 ; Plate 29, fig. 1.1
1023. Fgohorg roportoil that tho Biafo stroam could bo croasorl bolow tho
snotlt of the glac~orowing to tho rotroat of tho lattor ( p i v a l e communicnlio?7).
[ 1929. h s i o rayorb t h a t in May tho distanco of tho snout from tho loft bank
of tile Braldoh rivor w a ~180 metres, or 590 foot. (G'eogr. Jourtl., LXXV, p. 410,
1930.)]
co~lclrcnion.-lt is unusual for a l~n~itritlirlal
glacior with 80 gontlo a fall to
show such markotl p r i o d i c or ~ o w o n a lrnovcrncntn, and i t would ho wcll worth
stutlying this glacior moro rarofully ant1 in rnoro dotail, in spito of tho fact t h a t
oncl ormion mwqt to 9orno oxtont vitiato tho obqorvations wlion tho glacior actually
projoch into tho rivor bod. I t is inconcoival~let h a t this glacior could block tho
combinod waters of the Purlrnah ilncl Bsltoro glaciorq, which should always be able
to maintain e cl~annol.
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Tho poriod 1861 to 1892 is too long, in view of later observations, t o wsume
that tho snout rcmainetl lnorc or loss stationary during that pcriod ; but from thc
Iatlcr year to 1809, thore secms to have boon a steady retrcat. A suddon advance
then set in, but by 1905 clcgcnrration and retreat had again commcncocl, reaching
a maximum about 1908. Anotller rapid advancc had set in by thc following year,
ancl tlie glacier was in approxim:~tclythc salnc position in 1022, thoi~gllagain beginning to rctroat.
Theso movclnonts may be considcred seasonal or periodic. Tho fact that thc
snout was in approximatoly tlic salnc position in 1861 and in 1922 seems to indicatc
that there has boon no sccular movomont of any importance during those sixty
ycars.

111. RECENT OBSERVATIONS.

On lcaving Askoli on the 22nd June, 1933, and clinlbing over
the promontory llorth of Ste Ste, tllc Biafo glacicr suddenly comes
in vie\\^, a great Inass of dark ice covered with boulders. It : ~ p peared to us a t first as if thc glacicr had retreated far away froin the
left banli of the Braldoh river and elnerged only a short distance
southwards from t l ~ ecollspicuous l~illocl~wcst of the snout which
acts as a sentinel to the 13iafo valley. This hillocli is called the
' Sentinel ' on thc sltetch map, Plate 31, (see also Plate 28, fig. 1).
This soon 1)roved to bc incorrect, bccausc, on mounting the glacicr,
its snout urns seen to turn away to the south-east and to approach
tile left wall of the Braldoh valley (north wall of the northern pcali
of Mango Gusor).
No more observations of the snout were made until the return
journey, when caillp was pitched a t Korofon. The 1st and 2nd
July wcre spcnt in mal)ping and photographing.
The production of the map, Plate 31, was carried out by Captain
Gregory's orderly, Lnncc-Naik Pertap Singh, under my supervision,
aud was ~ n a d cby compass and tape-measure survey, on a scale
of 1 : 0,600. It has since been reduced t o a scale of 1 inch=l,G00
fcet or 1 : 19,200. Planc table work would have been very difficult
with the time a t our disposal, sincc two base lines would have bccln
rcquirccl, onc on cach side of the glacicr. Captain Gregory had unfortunately dcvelopcd malaria on the 22nd June, and had been cornpclled to leave on thc 24th for Skardu.
The best view of the whole of the snout of the Biafo is obtailled
from the top of the first rise on the Icorofon-Lasltam path, a t a hcigllt
of about 11,600 fcet ; (see Plate 27). Wrom this placc, i t was a t once
cvitlcnt that the snout colncs down as far as the Braldoh river and
follows round the grcat buttress of the northern peak of Mango
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Gusorl. 'The snout is shaped into two lobes, east and west of the
buttress. If viewed from the west from any distance a t river level,
it gives the impression of touching the south wall, but this due to
the southward overlapping of the two lobes on each side of the buttress. The closest distance t o which the snout approached the south
wall of the Brnldoh valley on July 1st proves from the map to be 440
feet or 134 metres. Slightly t o the west of tbis place, we measured
a distance of 350 feet from the snout to the right bank of the Braldoh
river and estimated a total distance of 800 feet or 244 metres as far
as the buttress wall. The river was impossible to cross owing to its
being in full flood, and hence the full distance to the wall could not
be measured. The figures may be accepted as accurate
within an error of f 30 feet. They are only of significance when
the date of observation is taken into account. Ablation is so strong
between June and August that a month will make a considerable
alteration in the southward extension of the snout; (sea p. 406).
A less compl-ehensive view, because the height of observatiorl
is small relative to the distance, is obtained a t a height about 11,500
the path between Monjong and the Skoro La. This is shown in
Plate 30, fig. 1 and is in the same direction as that figured by De
yifipi, (Iiurclkornm and Western Himccluya, panorama between pages
158 and 159, and text photograph, page 163). There is no doubt
that the west lobc of the glacier extended wcstmards in 1909 to
clove t o the clebouchmcnt of the Stolipa Lungma (called by the local
Baltis Tehri Iiuslbu) with the Braldoh river, and as far as the level
terrace of river grrtvcls. I n the map, Plate 31, lllay be scen from west
to east : firstly, a n extensive flat terrace of water-roundcd river
graveh, upon which the glacier has prolrably novcr overflowed ailice
the great secular retrcat alter the lac Age ; sccondly, a small old
moraine, covered with vcgctntion ; thirdly, a large area of ncw laltccovered moraine, bounded eastwal.du by the snout. I n 1909, the
west lobe of the glacier must habe covered this area of young maraiue. Between 1909 and 1933, approxinlatcly 750,000 scjuare yards
(0.24 square d e s , 0.63 equarc kil~lnet~res)
of this lobc has w a ~ t e d
away, dropping thc overlying nlorainc. The chief portion of the
snout has not, however, retreated, Lut curves round close to thc
buttress as it did in 1909.
Recent decrease in thicl~nessof the glacier is cvident fronl the
high im-marks seen along both sides of the Hiafo valley ; (em Plate 27 and

,,

1 See

Himulayan Journal,

VI, footnote p. 09, (lU.14).
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Plate 29, fig. 2). The bare rock, not yet colonised by vegetation, has
only recently been forsaken by the ice. This decrease in thickness
is a t lea.st 100 feet near the snout, but diminishes higher up the
glacier, until about 10 miles from the snout it is not noticeable.'
IV. DISCUSSION.

I. Types of Observation.
Except for the observations of the Workmans in 1899 and 1908,
other travellers have found the snout of the Uiaio glacier to have
renlained irioderately close to thc south wall of the Braldoh river.
I n 1892, Conway noticed that during August the snout retrcated
one quarter of a mile.
On page 403, I stated that the impression we first had on approaching the Biafo from Askoli mas that thc snout appeared to penetrate
only a snlall way beyond the Sentinel. An explanation which suggests itself is that the Workmans, anxious to move up thc glacier,
were misled by first appearanccs. The normal route froill Askoli
up the glacier is along the gully bctwecn the Sentinel and the north
side of the Uraldoh valley. If this route is iollowed, and not departed from, i t would be inlpossiblc for anyone to find the true
cxtc~lsion of the snout. This, I thought, might cxplain the somewhat anoiiialous obscrvntions of thc JVorli~lians. Yet both in 1899
and in 1908, the IYorliii~a~is
went up the Blioro La from Monjong.
The Binfo snout is visible fro111 this pntli, as stated 011 page 40.1, and
t is dificult to s u ~ ~ p o that
s c thcy failcd to scc it unless the weather
was abnornlally hazy. It must, thcrcfore, be allowcd that their
observatioiis iuay perhaps be corrcct.
Tllc ncccssity should bc cmpl~asised,Iiowcvcr, of malting obsercation^ of large g1;icicrs not ollly fro111 vallcy lcvcl but from positiom o\crl~oliiiig the siiout. 011ly after obtaining a broad view
can tlic clctailu obtained f1o111 diacrcnt 11lact.s close a t hand fit in
without initial conflict. The map, of conrsc, filially co-ordinates
tlic details, but n innp is made more easily if the whole layout has
bccu grasped Ly :I prcliininary in~pcction iron1 the slopcs abovc s
glacier. Such a view is to bc seen iron1 the Korofon-Laskam path.
I\ \ory t ~ [ ) l > r o \ i ~ l iitloa
~ ~ t uor t110 loss in vo11111~o
of 1110 ico 111rn-j LC 011Lninod by asuuming a ~~niforrn
IOHH
i l l tliirl<ttrusof IjO fcct of ico for Lon lnilvs of glacior, 0110 milo in width.
On tliose nssou~ptronu,tho lose llaa boon 13,'J40,000,000cubic feot, or nearly l/lOtli of a
onhio mile (0.1 cubic liilolnotrcs).
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2. Ablation.
T l ~ eobservation of Conway that the snout retreated one quarttbr
of a mile in Angust 1803 is vcry sigliificant. Colonel Mason was the
tirst, I believe, t o stress the importance of summer ablation in glnciers situated in low latitudes. I llad myself ~~ndercstiinatcdthis
factor of ablation in writing the panlphlet entitled Notes on the Sttctly
of Gltcicrs, and Colonel Mas011 was kind enough to point this out
to me by letter1. The two days that we spent mapping the Biafo
snout in July 1933 fully demonstrated the importance of this factor.
The day temperature was 94" F. (34" C.) in our tents, and about
118" F. (48" C.) in the open, (we had no solar thermometer).
The cliffs of ice a t the snout retreated almost bodily before our eyes.
I t seenis clear that Conway's observation was not exaggerated, and
that a retreat of some 400 yards inny be expected during the course
of a prolonged hot weather. This fact vitiates the loose comparisons
of distance of the snout from the south wall of the Braldoh river.
It is ncccssary to couparc observations that are made during the
same iuonth of successive ycars, realising also that annual cliinatic
conditions niay not he exactly comparable. Dainelli's obscrvation
in the winter of 1913 (40 metres) should not really be compared with
that of Desio in RIay 1 9 ~ 9 (180
,
metres). This retreat of 140 metres,
or 459 fect, is of seasonal magnitude, and niay not indicate any
periodic change.

3. Summary.
Apart from the observations of the Workmans, which arc not
entirely free f1.0111 doubt, there appears to have 1)ccn no secular
and little periodic change in the length of the Bii~lo glacier since
1861. The closest position of the snout from the left or south bani; of
the Braltloh river on July 2nd, 1933, was 440 fect or 131 metres.
Seasonal variation in the length of this glacier is prohnbly of thc
order of 400 yards.
The west lobe of the glacier has retreated eastwards since 1909
over an area of about 760,000 square yards.
of thv glacicr
There has certainly been a decrease in thi(:k~i('.~is
over its lowest 10 miles, amounting to a vcry al)l)roxil~~;~tc
ligure of
1/1Clth of a cul)ic: mile. It is impossible to statc wlicthcr or not this
reduction of volume is still persisting.
1 See

elso Himdayan Journal, V, p. 102, (1033).
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V. OTHER7GLACIERS.

(1) On descending thc Skoro L a (16,664 feet ; 35" 34' : 75' 49')
towards Skoro village, some small hanging glaciers are seen t o the
west ; (see Plate 30, fig. 2). The southern glacier (left hand side) in
the
is the same as the northern glacier (right hand
a t thc margin) in the panorama between pages 340 and 341 of
Karnlccirn?n a?ld Western Ilinlalccya. The snout of this glarier was
a t least 500 feet lower in altitude in July, 1909 than in July, 1933.
(2) Thrce hanging glaciers arc seen from the 81-ligar river southwest of and overlooking the villages of Motto and Txogo (35" 37' :
75" 30'). Onc of these glaciers is close to a peak with all astonishing
resemblailce to the Matterhorn in Switzerland. They appear all t o
be in retreat, leaving bare polished rock below the snouts not yet
blanketed with veget at'ion.
( 3 ) Machhoi glacier : (34" 18' ; 75" 32' ; Sheet 43 N.). This wellknown glacicr is passed by every traveller who crosses the Zoji La.
Nevel states that tthc snout may have been a little highcr in the last
decade of the 19th century than i t was in 1010, h u t that upon the
whole thcrc liacl been little change between 1885 and 1910. H e
gives no position of the snout relative t o the caravan path a t Machhoi.
A lantern slide (registered number 353) in the collrction of t h c
Geological Survey of India, probably from a photograp11 taken b y
Colonel Mason in 1010, shows the snout to bnve been in nearly thc
sxmc position in 1910 as i t was in 1933. This was a p p r o x i n ~ a t e l ~
one-quarter of a mile Erom the path, though thc a d u a l distance was
not mcasurcd.
De Pilippi wrote as follows with reference to the glacicr on 26th
September, 29132 :' Wc mndo a singlo stngo nt Rfotchuhoi, bosido n. nnmolrss glarier that almost
ttourhos tho path with its tongiio, at about 10,800 foot a 1 . 1 0 so:&-lo~ol.'
~~

It is inipossiblc to gucss what distance is rcally iluplicd, b u t perhaps some slight advance of the snout toolc place bctwcen 1!)10 ancl
1913, followcd by a retreat between 1913 and 1933.
VI. CLIMATE.

Many of the latcral and hanging glaciers in Baltistan appear to
bc in rctrcnt,. Thc Biafo glacier has not tlirninished in length since
XI,,p. 343, (1910).
Ilimaln?/rr, A ~ c ~ c t k o rnild
n ~ ~I<cralc?n
~
[1'1~1kc,dn71,
1913-191.1, pp. 23, (I.onc!on, 103:).

Rrr. Crol. S I I ~ V11111.,
.

Records of the Geological Survey of I d a . [ VOL.LXVILI.

408

1861, but has lost in width a t its snout since 1909 and in thickness
and width wit,hiin the Biafo valley for an unknown period of time.
It appears therefore as if the volume of ice in many glaciers in
Baltistan has been diminishing. It is of interest to attempt briefly
to discuss the nature of the climatic change which has been responsible for this loss in volume.
There has, of course, been a secular change in climate since the
period of maximum glaciation of the Himalaya. Signs of the
former extension of glaciation are to be seen throughout most regions
of the higher Himalaya. With regard to historical times, Colonel
Mason1 has given a list of nine glaciers in the Karalroram that
are suitable for the study of secular change and remarks :-

' Observations are aa yet very scanty and incomplete end i t must be remembered that thoso of laat century were rarely made with any scientific motive.
Nevertheless, as far as we can my a t prosont, all of these are oither stationary or in
very alight socl~larretroat, except the Biafo.'
He then discusses the periodic fluctuation of the Biafo glacier,
assuming as correct the observations of the Workmanu. On page
257, he concludes with reference to the Biafo that ' there has been no
secular movement of any importance during these sixty years '
(since 1861).
Coming to the question of pcriodic change, Mason states that
the majority oE glaciers in the Karakoram which show pcriodic
movement seem to be in rctrent, though a notable exception is the
Chong Kunldan, wliich in 1929 was a t its period of rnaxirn~lm advance.'
The periodicities of the Minapin, Chong Kumdan, Kichik Kumdan and Aktash glacicrs are given by Mason3 as 48, 45, 45, and 6li
years respectively, with recent maxima in 1013, 1929-1931, 19021914, a ~ i d1909. Other glaciers which were in a condition of maximum
advance a t about the same time aa thrce of the abovr-noted glacicrs
are the Lungmo-Che A (1914), Sasaini (1912), and the Pasu (1910).
On the other hand, the Chong Kumdan, Malangutti Yaz, and
Yazghil glaciers had m:~xinla about 1929-31, 1926 and 1925 respcctively. Mention may also be made of a lateral glacicr in the NubraShyok region, figured by V i ~ s e r . ~Retween 1914 and 1929 this
Rec. Oeol. ~Yura.Ind., TXJTI, p. 221, (1930).
Loc. ril., p. 224.
cit., pp. 232, 271, 273, 275.
Zeilachr. f. Olkde., Ud. YX, p. 41, (1932). Vin~ergives no locnlif ion to his p h o t o
grupbe.

Im.
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glacier had advanced from a position well up in the side valley down
into the main valley, spreading out in a great fan apparently halfway across.
It may be taken, however, that the majority of glaciers in the
region were in a condition of maximum advance between about 1905
and 1915. Assuming the periodicity to be approxilnately 50 years,
and 25 years to be the interval between the conditions of maximum
advance and retreat, i t follows that the glaciers should be in maximum
retreat between 1930 and 1940. The data are scanty and do not allow
the drawing of rigid conclusions, but i t is seen that there is some agreement between the few observations that we were able to make and the
concliisions as to retreat drawn from Mason's historical summary. The
glaciers which were visited in 1933 did not exhibit any signs of advance ;
on the contrary, most of them appeared to be in periodic and seasonal
retreat.
Visscrl has also studied the question of periodicity and has suggested periods of maxima for glaciers in the Karakoram in 1780,
1818-1833, 1853-1869 and 1903-1909. He considered the Earakoram glaciers to be in a condition of advance in 1922. If 1922 did
mark a period of advance, i t was evidently short-lived. Vjsser apparently did not mention those glaciers which are out of phase with his
periods.
I t is of interest to turn to Europe, where glacier observatioils
have bren frequent and accurate. In Europe, thcre was a period of
maxima roughly bct\iCcn 189G and 1900, the ~vcutcrn Alps being
aflccted earlier than thc e a ~ t e r n . ~This was followed by a general
retrcat over most of thc Alps, Pyrenecs and Norway. An exception in Nor1va.y was thc Jo~t~cdalsbrae
group, which showed a steady
a d v a n r ~ . About 1912-13, there were many indicatioils in the
Alps t11at rrtrcnt was giving way to advance, although numerically
n~orc, g1:lcicrs mrre in retreat than in advancee3 Froill 1921-22 to
1927-28, t,llcrc 11:~s been almost univcrsnl retzrnt of Alpine glaciers
b11t a general advancc of Norwegian glaciers, particl~larly in thc
F'olgefonn, Sogu and Olden groups.' The dnta subsequent to 1028
arc ~r:if,lcl-cd,Init the yearly rcportv from tllc castcrn Alps in tllc
Zcitscl,r(j't jiiv GEctsc7rcrkunde sho\i*that retreat is still continuing there.
e c i r . ~ ~ rj.
l t .(!lli.de.,
.
ud. XVI, p. 220, (1028).
FIwn:
(:lnl.~cl~or.
11. 2159, c4 aeq., ~raunschwoig,(1001).
3 Zritsckr. 1'. f l l k d ~ . Utl.
,
X, pp. 137, 138, (1917).
lt(rpl~ort,2111ur1914-1.928, (Innirninsir~~lt l o ~ (:I~rinrs: Scrlion
I'llnion g6opl1y~iquon t pAotl6sirlnr int.ornnlionnlo, Vo~~ic-r,
(1030).
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The data are so consistent over a number of years that it is impossible to assunle t,hat seasonal factors are responsible
for their
interpretation. It is alrnost ce~tain that some periodic climatic
change is involved t.hough modifietl in certain reg:ons by local
conclitions. I n Europe, it is usual to assume that Briickner's cycle
of 35 years is responsible, though this has not been accepted by
all glaciologistt~ Briickner's periods of damp and cold weather are
thought to correspond more or less with those of glacier maxima.
This consistency in Europe leads to the hope that some measure of
consistent behaviour will be found to obtain in the Himalaya, and
makes i t seem permissible, in spite of the inadequacy of the data, to
sugkcst the conclusions as t o advance and retreat given above. Apart
froni purely local factors of mountain topography t h a t may govern
exceptions t o the general behaviour in any given region, i t is not perhaps
to be expected that the glaciers of different regions along a chain so
great as the Hinlalaya will shorn identical periods of advance and retreat.
What may be expected is that the variation from region t o region will
be in some orderly sequence, based, for instance, on an interplay
between world-wide climatic cycles and the local conditions obtaining
a t the different latitudes through which the Himalaya pass.
Coming to Jntlia, Visscrl ha3 drawn 11p thc following table :-

Glacier maxima in linralioram.

Ilamp.

Cold.

The Eriickncr's cycles are deduced from ohscrvations of climate
in Europe. IYhile it is very probable that weathcr cycles arc of
world magnitude, a r ~ dthat those of Europe arc applicablc to India,
yet local conditions arc also important, and arc ccrtair~lyinfluential
in governing local glacier growrth in India. It is d e ~ i r : ~ l ~therefore
Ic
to undertake a study of rainfall and climatic c.ondit,ions in India,
and attempt a correlation with the bebnviour of Jndir~n glaciem.
1

Zeiluchr. f. Qlkde, IM., X\'I, p. 220, (1028).

PART4.1

AIJDEN: Biafo Glacier in Baltistan.
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Little correlation appears to have been done in India in connection with climatic variation. Walker1 has shown that in northwest and central India the monsoon rainfall showed a tendency,
(1) to increa.se t o a maximum between 1892 and 1894,
(2) to sink t o a minimum in 1899,
(3) to inlprove slowly until 1908, the last pear of data analysed
in his paper.
He has a.lso shown a strong degree of correlation between the
Nile floods in Egypt and the inonsoon rainfall 111 north-west India.
Exanxination of the graphs on Plate I of his paper shows that a
period of low monsoon rainfall occurred between 1864 and 1871,
followed by increased ra.infa.11 between 1872 and 1894 and a further
decrease froill 1895 to 1905. I n a later paper, the data are carried
on to 1921., and i t is seen that there were peaks of high rainfall in
1908 and 1917.2 It may be remarked that the period of increased
monsoon rainfall in north-west India., 1872-1894, corresponds roughly
with Briickncr's damp cycle of 1871-1885 in Europe, and that the
period of glacier maxima in the :LCaraltoram between 1905 and 1918
simil,~
I ly co~responds with that of increased monsoon rainfall 19081'317. The pcriod of glacier nlinilnn bclievcd to cxist in parts of
I3n.ltistan a t the present time In:l,y perl1a.p~corrcspoild with one of
minimiim monsoon r:~infnll, but the dat,a of rainfall a.re so numerous
and niiwirldy, when not collect,ed togct-,her in graph form, that it is
]lot pracl~ica1,le to (leal lvit.11 t.llcm a t thc present time. It would
116 llnwise 9.t this juncture t,o (10 nlorc t;han sliggest that some correlation mnjr br, 11ossi1,lo I)ct,wc.cn nwusoon rn.inrall and glncicr advance
and rcti,e:~t. Thc 1>1*ol,len1has been put forivrnrii to Profe~sor
Mnhal:i.nob's, I'rcsiclcncy C!olIage, Cn.lcutta, and it is hoped that
on glacanalysis of rn.inf;l,ll dat,a., togct;llcr with fartllcr ob~ervat~ion
iers, will produce solllctlling of value.
VII. APPENDIX.

Aftcr this paper had already gone to the prcss, there has appeared an
by 1T.dc Tcrrn and G. E. IIutchinson on recent climatic
ir11l)oitmlt
cl1nnges shown by t,hc Tibet:\n I-Iighlalltl l n l ~ e s .Tlicse
~
authors have
l'rovrd that the recent rise in water lcvel of the Pailgong TSO, the TSO

' Mrln. Znrl.
a

fllclrorol. I l r p t . , X X I , 1%. 1, p. 6, (1910).
01).
c i t . , XXI 11, I't. 2, gl.nl)h PI. IT, (1922).
CJlngr. Journ., LXXXIV, pp. 311-320, (1Q34),Nature, Vol. 134, p. 741, (1034).
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Morari and other lakes in Ladakh is not connected with increased melting of glaciers, since the local glaciers appear to be in a stationary
condition, and the rise in water level has been recorded also in lakes
which have no glaciers in the immediate neighbourhood. They conclude that the rise is due to increase in rainfall, and mention t h a t such
an increase has been established by Brooks for the period 1880-1910
for the temperature zone of the Eurasian continent. De Terra and
IIutchinson also cornpare their own observations with those of the
Karalcorarn glaciers, mentioning Mason's historical survey of the Chong
Kumdan glacier as supporting their own conclusions. This comparison
is misleading, because the evidence as discussed in my paper indicates
that, in spite of exceptions such as the Chong Kumdan glacier, there
has been retreat rather than advance of the Karakoram glaciers during
the last 25 years. It may be noted that the rainfall fluctuations a t Leh
(fig. 4 of their paper) correspond approximately with those of monsoon
rainfall in northern India. The rise in lake level of the Pangong Tso
between 1890 and 1905 took place during an interval of time when the
rainfall was first high, then low and finally on the increase, and before
111ostof the glaciers in the Karakoram had reached their maximum.
Further, between 1905 and 1932 there appears to have been no change
in lake level or in the condition of the Ladakh glaciers, but there has
been a definite change in the Icarakoram glaciers. It seems, therefore,
that while rainfall may be one of the prime factors governing the secular
and greater periodic variations of the Ladalth lake levels and of the
glnniers in the Karal;o~~am,its influence must be modified by other
fkrctors, pcculinr to those sicas, wliich prevcnt :ul exact psrallelism
of sliort-time Lehaviour. The discrepant results arrived a t in Balthtan
awl Latlakh only Rerve to sllow the con~plexityof the problem.
V111. EXP1,ANATION OF PLATES.
PLATE27.-(ieneral
view of snout of Iliafo glacior, from Korofon-1,~-lram path.
Dirertion of view 267'. Biafo glnrirr onlorges from ita own valley
and forms tho right hank of tho roligllly o a ~ t - w e s tBralcloh river.
On right wall of glnrior inay 110 soon R, high ice-mark, forsalten by
shrinking ico.
I'I.ATE 28. Fro. I.-Eiafo
glanicr c~norging from its valloy, pa& Sentinel rock.
View 15' from C. Tho photograpl~ic point lie3 on river
gravels, over which the ice h m probably not been sinco the
groat socular rrtrrat.. Tho Srntinol rock lies i l l tho Icft-centro
of the photograph, humpcd on the side adjacent t o the glacior
and roche movtonnke in form. Tho route up the Biafo glacier
is through tho gully on the west Aide of the Rentinel.

AUDEN: Biafo Glacier in Baltistan.
FIG.2.-Snout

of Biafo glacior. Viow 55' from hill of doad ice B.
Paiju p e a h in distance. Possiblo rccurnbu~ltfold i n paragnoissos on the Laskam spur.
PLATE30, l l u . 1.-Northern poak of Mango Gusor and u ~ ~irlo
t of owt loLo of
glacicr from A. T l ~ ctruo Mallgo Gusor is possibly tho poak
in clouds lying next to tho south from that uo lnbcllod i n tho
panorama botmoon pagos 168 and 159, Kura1;orana a11d IVesce m IIin~alaya (London, 1912).
V I ~ 2.-liigh
.
ice-marb along lowest four milov of Uiafo glacior, which
is complotcly covorod with moraino.
~ ' L A T30,
~ PIU.1.-Braldoh
river and Biafo glacior. Viow cast from Skoro La
path. Figurod aho in panorama botwveen pagos 158 and 150,
Karakoram and W e ~ t e r nHimalaya.
FIG.2.-Hanging glaciers. Viow west from south-west of Slroro La.
Figured in panorama between pages 340 and 341, K w u k ~ r a m
and Wesler?~
Himalaya.
PLATE31.-Sketch map of snout of Biafo glacier ;July 1st and Znd, 1933.
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1.B. A d r z , Photo.
GENERAL VlEW OF SNOUT OF BlAFO GLACIER FROM KOROFON-LASKAM PATH.

G. S. I., Calcutta.
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FIG. 1. BlAFO GLACIER EMERBING FROM ITS VALLEY, PAST SENTINEL ROCK.
VIEW 1 5 O FROM C.

J B. A W ~ IPI ,i k t ~ .
PI@. 8. $RflW OF ~

0. 8,

CJwYo,

I QLAP'IPR
k ~ WB\1V I b
WfJI PIILL OF DWb ICE I,

GEOLOGICAL SUR VE Y OF INDIA.
Records, Vol. LXVIII, PI. 29,

FIG. 1. NORTHERN PEAK OF MANGO QUSOR AND EAST
SIDE OF EAST LOBE OF GLACIER FROM A.

1.I;. Aardm,

PIP, Qs

photo^:

G. S. I., Calcutta.

W l Q W IOI-MARKB ALONQ LOWEBT FOUR MILE8 OF BlAFO GLAOIER.
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FIG. 1.

BRALDOH RIVER AND BIAFO GLACIER.
SKORO LA PATH.
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