




GEOLOGICAL s'ruL)Ir.:s I N  T H E  N ~ I Z T I I L \ ' I ~ S T  I I I X I A I , , ~ Y I ~  ISI;TWEEK 
TIIE K.4SfIMIIZ A N D  I N D U S  VAI.I.I<YS 

The geological cross-section tlcscrilwd in the present cvntrihutiori leads frorn the "Vale 
of Kashniir" northeastward over the main Ilinlalayan range to  the upper Indus valley in 
Indian Tibet, covering a distance of 180 ~ililes. I t  traverses for the niost part the main 
structural eletnents of the Ilimalaya a t  right angles to the strike and thus permits insight 
into the geology of this ~nost  elevated of nlountain rangm. 

The author has crossed this region four times. 111 1927 he acconrl)anietl Dr. E. Trinkler 
on his journey fro111 Kashniir to Indian Tibet on the "High Treaty Road" and returned the 
following year on the same route. With the Yale North India Expedition in 1932, he used 
the same caravan road between Srinagar and Leh and returned to Kashmir in the fall of that 
year. This  fourfold opportunity to study one of the more accessible portions of the Hima- 
laya naturally let1 to a better understanding of its geological history, the section revealing tlie 
general outlines of mountain history in the Northwest Hinialaya. The  limitations imposed 
by caravan travel and the hasty circumstances under \vliich each of these trips had to be 
carried out explain why these studies represent a general reconnaissance rather than a detailed 
survey. Notwithstanding the inconipleteness of the observations, it appearetl that tlie struc- 
tural relations of the Tethyan formations are much more complicatetl than previous investi- 
gators, particularly Stolitzka (1866) and Lydekker (1883) ,  had thought them to Ix. 'This 
was indeed to be expected, for \\'adia (1928)  has recently proved that the E'ir Panjal  range 
in the southern I-Iimalaya is characterized 11). soutli\vartl thrusting on a large scale, and that 
even subrecent strata within the Punjat)  foredeep have Ijecome involved in the more recent 
crustal movements. I'leistncene and sul)recent diastropliisni have left their traces in tlie 
neighhoring Iiashnlir valley, and such traces appear also in the topographic relief of the 
mountain sector under discrrssion \vliich presents a niost re~narkahle picture of such crustal 
deformations a s  follo\ved the Tertiary folding. 

The  sedimentary and rnorl)hoIogical record of the Pleistocene epncli in this regioti has 
previously been studied by Oestreich ( 1906), Dainelli (1922) .  and Norin (1925) .  In  the 
present report special attention is paid to the Pleistocene only \\-hen the author's observa- 
tions are more conlplete than those of previous investigators. 

The  writer feels greatly intlel~ted to  Professor H. Gerth of Amsterdam and to I'rofessor 
M. Kiihn of Vienna for the paleontological descriptio~rs of Triassic fossils \\.liicli will eventu- 
ally I>e published in Volume I S  of the Metiioirs of the Connecticut hcadenly of Arts and 
Sciences. Hc feels equally obliged to Doctors H .  Schulz arid Icunitz who very kindly under- 
took the microscol)ic study of a nunlber of rock specimens. 





The geological cross-section here presentet1 Ijegins in the S i ~ ~ t l  valley, trne of the nulner- 
ous transverse valleys that t l r a i ~ ~  the south er^^ slope o f  thc central I limalayan range. One 
enters it from the l iashmir valley p l ; ~ i ~ ~  acrobs ;I large c.lelt;~ over \vhich the Sintl river tlis- 
charges its swif t  glacier-fell \vatera into the cluict s\\arnlky lakes o f  l ias l in~ir .  liice lieltls 
border on tlie I~arrcn fluvial soil of thc tlelta \\.hicl1 is su r~ r~or~n te t l  I J ~   ravel terraces of 
I'leistocenr age on \\,hich one l~roceerls upstreat11 into the valley. 1-roni the I)r~~~ltler-stre\\~n 
I~anks  of the river one looks across cultivatetl flats, fiellls of ~naize,  I~arley ant1 rice, and glades 
shatletl l)y planes, \valnut. rn~11l)erry arid \viltl fruit trees. 'l'alr~s-covered n ~ o u l ~ t a i n  slopes 
appear a t  a so~lie\vhat higher level ant1 are  overgro\vn \\.it11 tlecitlr~ous trees a11t1 shrubs 
which merge with the tlarker belt of co~~ i fe rous  forest. I.ong ro\\-s o f  1)ine ancl cedar. of silver 
fir and spruce cover tlie steep and tlissectetl slopes. The upper limit of  the forest I)elt lics a t  
11,500 feet and from there alpine meatlo\vs spread ovcr tlie gentle ~-c~lling surface \\.hich in 
places has the aspect of a high plateau. 'l'liis is the "marg-level," the ],re-Plcistocene nlature 
land form \vhere the "gujars," or  Iiaslimir hertlsnlen, have their summer canlps with flocks 
of sheep and goat. The  valley is tlensely populatetl, a~ i t l  tlie villages are I~uilt on the higher 
terraces so as to secure sufficient ~)rotection from Hootls ant1 avala~~ches .  

I~et\vcen (;antlarbal ant1 Gund the valley \\-itlth shr i~lks  from three n~iles at  (;antlarl~al 
to half a mile at  Guntl, and a t  Gagangijer it narro\vs do\v~i  to an  i~npressive gorge some five 
miles long. I t  is here that the Sind breaks through \\-hat farther north\\rest has I~een tlamed 
the "Sogpp-put Range." This is a minor range. 11.000 to 15,700 feet higli, of a resistant trap 
rock \\.it11 its strike parallel to that of the central Hi~nalaya.  111 the gorge s n o \ v l ~ d s  from 
a\.alanches 1)locl.; the caravan path until June, ant1 the caravan people then use snow-buried 
tlCl>ris of pine, I~irch ant1 spruce as a \velcome supl)ly o f  fire\\food. The  h t t o n ~  of the gorge 
is cholietl with coarse I~oulders over \vhich the green glacier-water cascades into \vhirlpools 
ant1 foaming torrellts. Quite unexpectetlly tlie gorge ollens to\vards a \vitler terraced valley, 
\vhich two miles north\\.est of Sonamarg swings from a transverse course into the longitutli- 
~ i a l  strike of tlie surrounding mountains. The la~ltlscape Ixconles more alpine, the pine forest 
is thinner, here ant1 there tlestroyetl by long streamers of ta l i~s  \\-hicl1 mark the trails of 
avalanches (Test-figure 1 ) .  The I~amlet ( ~ i  Sonamarg \vas almost co~npletely tlestroyed in 
May, 1928, I)y a large avalanche. 11ut in 1930 had already l ~ e n  rel~uilt .  ,Avalanches and 
frost-\veatherillg reatlily furnish t1il)ris irom the li~nestone ant1 shales protlucing the thick 
accumulation of coarse talus on the present valley floor. .\nlple precipitation causes frequent 
out\vash of filler particles \\-hich spr i~lg  ant1 summer flwtls carry into tlie river. 'l'lie residual 
soil is therefore coarse and tlevoitl of clay colnpollents. 

The gorge through \\.hich the \vinter route of the caravans leads to the Zoji L a  is cut 
transversely through the rclcks. :\t places it attains the aspect of a callyon, 1000 feet deep, 
\\.it11 almost vertical \valls. The erosive force required to nlake such a cleft can 1x fully 
appreciated only \v11e11 one consitlers tile great thickness uf snow \vhicIi tlie a\,ala~lches deposit 
each year (luring tlie months of April ant1 Rfay, since the steel) southern flank of the range 
receives the I~ullc vf the ~ n o i s t ~ ~ r e  carried 1)y the southern winds ancl the 1iic)nsoon tutvards the 
higli glaciatetl range. 13irch ancl fir thrive on the slopes al)o\.e the ravine up to a thousand 
feet belo\\- tlie pass-level. 'The Zoji La ( 11 ,ZOO), 011 the crebt o f  the central Ilimalayan range, 



View front the summer road to the Zoji La towards the Triassic limestone range. Birch and pine forest in 
h-md The bigh spurs in the background are just a h e  12,000 feet. 

lutndreds of years. Today telegraph poles and stone huts for mail runners mark this trail 
across h e  ancient barrier. 

The descent from the pass is gentle compared with the steep southern slope, and the 
kvd of the k r u  wUep between Matayan and Dras never falls below 10,000 feet. The 
only physical f-re which it has in common with the Sind valley is its Pleistocene glacial 
triotphology, v k ,  the camposite slopes and the glacial trough. The shape of the latter, how- 
ever, is not as perfect as along the Sind for, due to the drier air and the more rapid ternpera- 
ture changes, weatherkg is here more intense. The grcen verdure of coniferous forests is 
-laced by barren mountain-slopes and flat talus-covered valleys. The latter expand at Dras 
ts Form a narrow basin one to two miles wide. The barren rounded hills north of Dras con- 
trast markedly with the precipitous snowy range in the south (Text-figure g), the former 
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The valley is cut into an anticline of flyseh beds and the river entrenched into Pleistoce~~e coarse fluvio-glacial 
and 6ner lake deposits. The higher terrace i s  of fluvio-glacial origin and probably mid-Pleistocene in age. 

pe&dly towards a broad depression. The rugged granite mountains give place to sloping 
hills and ridges, and 'before one reaches the junction of the Suru and Wakka streams a wide 
terraced basin appears. The town of Kargjl lies surrounded by barley fields and poplar 
groves. On erttering its narrow bazaar street one notiees that merchandise is here as varied 
as the mefchanbs wha retail it. Hhdus from the Indian plains and Kashmiris deal with 
people from Idha T i b t  m d  Baldstan, for it is here that the trade route from Kashmir 
branches into two caravan routes. Qne road follows the Suru valley to Skardu in Baltistan 
whae the other &riw southeastward to Mulbok and to Leh, the capital of India11 Tibet. This 
junction of trade routes at is determined by the successive confluence of the three 
dvers mentioned above, for the Suru valley afiords easy access to the proviace of Baltistan 
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gravel soils of the broatl river terraces in tlie vicinity of the junction also pern~i t  culti\,ati~,n 
and l)r(~vitle an inviting site for settlement. T11e geographical position of Kargil as a gate- 
way to Indian Ti lx t  is therefore detern~irietl I)y geological ancl physiographic factors alike. 

The river fork thus determinecl the grou~i t l  pattern of the Kargil Ix~sin. .\ triangular 
depression has Ixen carved out of the ~nou l~ ta ins  \r*hich lie Inttveen the Zanskar range ancl 
the northeastern slope of the central Himalayas. I ts  southern l~ase  is alwut -I n ~ i l e j  broatl. 
its apex lies 1 mile north of the junction Ixt\veen the Suru and M'akka streams. l 'he tlel~res- 
sion is thus I ~ u t  an enlarged valley fork and therefore of erosional origin. 

?'he tratle route from Kargil to Leh ill Indian T i h t  follo\vs first the \Vakka streani 
ant1 then crosses a tract of mountainous cuuntry \vhicIi is rerninisccnt o f  the tol~ography north 
oi  Draz. Rounded hilltops and gentler n~ounta in  slopes here characterize the higher relief 
unit, and not until one reaches Shargol docs the lantlscape rebsain its alpine aspect. :\gain 
the liniestone range appears, a s  at  Dras, like a buttress sonle 19,000 iert  high, antl the valley 
w i d e ~ ~ s ,  permitting agriculture. \\'herever the political frontiers of l ' i l r t  m q  have IWCII  i l l  

former tiriies, here at  Shargol one enters the present s1)iritcral (Ionlain o i  the I!uddliistic 
empire of Tibet. I ts  nlor~astic hierarchy has in~pressed a c e r t a i ~ ~  style o f  living ant1 of 
architecture on the peol~le, quite distinct from that iountl in I i a~hn i i r .  N o  lunger are the 
villages solely agricultural or  ~nercantile settlenients. but they are groul)etl around a larnasery 
quite reminiscent of the ~nediaeval patter11 o i  certain ancient Eurupean cn~n~nuni t ies .  
AIeans of communicatio~i also cease to 1.x purely utilitarian and I~ecome also channels for 
spiritual iritercourse. The caravan route is flanked \\it11 religious n~oliunlents a11t1 peoplcd 
\\.it11 tra\,elling tnonks, a picture Ivhich in itself espresses the mystic po\vers that dominate 
the life of the natives (Test-hgure 2 ) .  Opposite Kangral one notices a ruined village \\-hicl1 
was ul~viously deserted after torrential floods hat1 tlestroyed and partially 1)urietl 111ost of the 
tl\vellings. Xt Uotl K a r l ~ u ,  on the other hand, a larger fortified settlenielit on the liilltol~ was 
left in ruins after Kashmir troops had conquered tlie city in the Dogra war of 1846. T h e  
ascent from tlie Sangelulna valley to the Fotu La is steep Ixcause the interstream divide is 
greatly trenched on tlie t~ortheastern Hank. \\here tlie erosive induence of the nearby Indus 
river is felt. Uut of all these tlivitles only the one imriiediately south of the Indus tleserves 
special attention for it is as distinct an orographic unit as its northern neighlmr, the Ladakli 
range. I ts  mean elevation is about 19,000 feet and locally, for exaniple southeast of the 
Hangru gorge, antl again near Leh, it h a r s  single peaks of 31,000 feet altitude. Hence it 
is not surprising that tlie transverse valley through \vhich one crosses the range s h o ~ ~ l d  have 
tlie steepest slol)e of all the valleys on this route. I t  drops over a clistatice of eight miles a t  
the rate of LOO feet per mile to the 9600 feet level of tlie Indus river. T h e  H a n g n ~  valley 
is a typical e s a ~ n l ~ l e  of an overtlow and subsequent capture of a late Pleistoce~ie lake basin 
\ \~l~icli  \\as tlrainecl off I)y a snlall tributary of tlie Indus. The yellow silt and clay 1)etls at  
Lamayuru with their 1)ad-land topography make a n ~ o s t  striking pictrrre as their renlrlants 
hang like natural fortifications a1n)ve the deep gorge (Test-t igure 2 ) .  The  geological sec- 
tion closes here at  the outlet of the Hangru valley and the tratle route turns r~pstreani ant1 
uses forth\\rith the rnain longitudinal valley of the Indus into Ladakh (Test-figure 3 ) .  





On leaving the Kasl~ni i r  \,alley at  (;atitlarl~al, a village situatetl a t  the o u ~ l c t  of the Sitid 
valley, one notices o n  the eastern slol~e Panjal trap appearing Iwneath the I'leistocene gravel 
fill. T h e  outcrop is a t  least three-cluarters of :I ~ n i l e  \ride and is follo\\.etl abruptly I)y slates 
and phyllites, \\hicl1 continue iron1 liere l~pstrealil forming t~ios t  of the area tlrail~ctl I,y the 
lower Sintl river. T h e  I)cn~~itlary Ixtween t rap  :untl the metan~urphic rocks is a tnajor tlis- 
location, the iortner is sliatteretl ancl hea\.ily ir~filtrateti \vith c;ilcite veins ancl the grey slaty 
greywacke is full O F  slirkensitlcs ; ~ I I I I  n ~ i n o r  faults. lielore reachit~g 3l;rrgund grey hard 

l = Camhrian-Silurian s l a t ~ s ;  5 = F c l l e ~ r l l a  sllales. Other n l ~ n ~ b r r s  rcier tat ?;i,qnatures given in Figure 7. 

greywaclce, greenish pliyllites ancl slntcs art. esl)osctl on In)tl~ slopes of the valley. Tlie 
slates Lear rusty spots on the schistplanes, ren~iniscent ot' the middle Calilbrian slates of 
Handawara  in the nortll\vestern part of tlie Kashmir valley \vhicIi they resenible in every 
respect. Closer insl)ectiun reveals that tlie slate in the Sintl valley is more metaniorphic than 
the fossil-bearing I-kintla\\,arn horizvn; it is s11earc.d ant1 crun~pletl and clearly sho\vs a 
secondary foliation. : i t  hIarguntl grcunite has iiitrutletl the slates and forms a n  elliptical 
outcrop one mile long ancl aljout h:df a mile ivide. I ts  shape is that of a neck o r  chonolith 
rather than that of a Iacct~litlt as Al i~ldle~r~irs  (1?1 1, p. 139)' hat1 assumetl, for it cuts across 
the northwest strike of the slate \vhich is closely foldetl. Quartzite a l~ t l  pyt-itiferuus schist 
form a contact halo, some t\\.r) ht~ritlretl ieet \vide, thus indicating that the intrusion is 
younger than tlie ?Can~l)rian series :uitl their foltling. 

.\t lieyil, t\\:o miles I)eyon(l G~intl ,  the strilie ill these rocks is N SO" \V, 65' NNE,  

Topograpl~ic reiercnccs are to 11e found on the followinp Sun-c!. of India maps: Sos. 43 J l j ,  -13 116, 43 N 3, 
43 N 7, on a scale of 1 in cl^ tu 1 mile ; ant1 So.;. 43 K, 52 13 on a scale of 1 illrh to 4 miles. 

? T h e  larger olltrrup <)I trap, south\\-r4 ol K ; L I I ~ J I I ,  \\.a$ not actt~ally obsrr\~cd but taken over from Bion's 
skctcli map (1028). 
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\ \ - l l i le  iollr n l i l e s  al)ove I<angan the slates strike N GO' l\:, 40'' NE. Near I<cz;ln conglo111- 
eratic ;lntl I)recciose layers appear in the l)urplish slate. 'They are i n t r a i o r ~ ~ ~ a t i o m l  ant1 cull- 

si3t \\-ell rou~~t le t l  I)el)l>les o i  clnartz. Hint, ant1 greyivacke. T h e  intense folding let1 to 

rep et it it)^^ ancl tl) a closely packet1 Illass of ioltls \vhose thickness must csceetl 3000 ieet. 
1'11~ grey\vacke and slate series give place a t  (iagnngjir to the L)evoni;in A l ~ ~ t h  cluartzite. . . I 11c 1;lttcr is esl)osetl 1000 ieet al.mve the l)ath \vhich leads iroln that place to\vards the Sintl 

gorge I)elo\v So11a111arg. I t  is ;I silicitietl coarse santlstol~e, of light yello\v sl)ecklctl al)pe;lr- 
anre. some\vl~at slaty ; i ~ ~ t l  she;tretl ;~nt l  \vit l~ N 50-60' \V strike :IIICI 65" N E  <lip. Its c o ~ ~ t a c t  
\\it11 the slate seems at tirst sight ~ ~ o r n ~ a l .  I ~ u t  the ln)u~~r lary  is 111arketl I)y shearing ant1 the 
slate is con~l, letel~ sqrleezetl into a nlass of sliclicl~sitletl lenses (Text-t igr~re 1). At oue l)l;lce. 
nl)out .iOO feet higher ancl just alwve milestone 43, slices of ~)hyllitic slate and chloritizetl trap 
appear st1uwze(I in Ipt\veen the slates ancl the 3luth clr~artzite. Hion's ;u~tl  3Iitltllemiss' map 
( 1 9 3 .  1'1. \'l11 1 reveals that here n;uro\v striljs of I)evoni;u~. Loiver C'arl)olliierous ant1 
1'ermi;ul rocks tlisal,lrrar successively I ~ t \ v e e n  the 1':unjal trap o f  the Sogput r:unge a ~ ~ t l  the 
C'a~~~l)ru-Silurian slate series (see  nap ) .  l ' l~ is  must I)e I)ecause ~)or t ions  of the n~) r the rn  liml) 
~ , i  the Uasmai :u~ticline have Ixen sclr~eezetl out I)et\vee~~ t\vo thr l~s t  planes of \vhich one lie5 a t  
the 1)ase o i  the hl11th cluartzite \vhile the other is situatetl I)elo\v the l"anj:~l tra1) sheet. l l a l i  
;l mile s o ~ ~ t l l  ~i peak 14.341 l)otl~ thrusts seem to join in order to form the major  tlislocation 
\vl~ich iollo\vs the I):rse u i  the Sog l~u t  r:unge. North o i  (hgang i j e r  the seconcl thrust 1)l;une 
is intlicatecl 1)y the chloritizecl and sheared variety of tr:lp \vhich follo\vs the agglolncrntic slate 
in t l ~ e  section. 111 ~) lares  the slate has turnet1 illto phyllonite a l~ t l  is inte~lsely slickensitletl. 
From these rel;ltio~~ships it nlay I)e inferretl that the contact I)et\\-eel1 the tr;il) :untl the 
youllger I'nleozoic rocks is largely t)i a t c c t u ~ ~ i c  nature ant1 I I O ~  solely clue to nnconlor~ni ty  
\\-it11 overlap as  Alitltllc~niss ant1 13ion had assnmed. It may, oi course. I)e that the subsetluent 
thrust-1nove111ent utilizecl planes of unconforrnity, but in this section the sudtlen sor~th\vard 
advance o i  the trap has clearly led to p r o i u u ~ ~ c l  t l e f o r ~ ~ ~ a t i o n  o i  the n d j o i ~ ~ i ~ ~ g  rocks \vhicl~ 
callnot be due to 11ormal ~nagmat ic  overfo\v. 

Under suc l~  ~olldit ions one \voul(i esl)ect t l ~ e  trap to acqr~ire its nurnl;ll non-metamorl)liic 
aspect as one ~~roceet ls  northeast\vartl into the tr ;~l)  ritlge allcl this is 1)recisely ~ v h a t  one 
ol)scrves. On entering the Sintl gorge at  the tirst I ) e ~ ~ t l  o i  the river, the e~)irnetaniorl)hic 
facies of trap merges into a fine-grainet1 o r  t l e ~ ~ s e  rock o f  light greenish color. 'The t c s t r~ re  
varies ill tliflerent layers. So111c are dense ant1 i~~tercal;~tetl  \\-it11 I):untlrtl tuff, ant1 others are  
amygdaluitlal. 'I'here is a platy jointing all through the trap runt1 quite commonly larger 
sheer l)l:unes \\it11 motlcrately steel) northeasterl! (lip. Locally one may ol)serve n 1)rogressive 
t l i s l~ lace~~le~l t  uf trap layers in an a sce~~ t l i ng  f a sh io l~  from northeast to south\vest. 

The  total thickness of the trap nlust esceetl 4000 ieet. hut, as the nl:ll) she\\-S, the tr :~p 
, . thins out \\.here the northern thrust 1)l:ule makes a re-elltr;lnce. I his intlicates that t l ~ e  thicl<- 

ness u l  the trap varies \\it11 the (leg-ree o f  t e c t o ~ ~ i c  t le for~l~;~t ion .  
IJetrologically the rock differs fro111 the ~ ~ o r r n a l  1':uljal t r a l~ .  \I-llicl~ is :l11 augite-;~ntlesite, 

Iry a greater alnount of  epil)crtlite, zoisite ant1 chlorite. 'fhis mineral con~l)ination s ig~~ i l i e s  
the strong el)i-~netamorl)l~ism tlr~e to i n t e ~ ~ s e  Ixessure of ioltling. C'hloritizatiol~ ; ~ c r o r t l i ~ ~ g l y  
has especially tlevelopetl  long major  sheer 1)lanes. So far as  the eslrosures a l o ~ ~ x  the river 
pern~i t  one to judge, t l ~ e  trap consists of a ~ ~ u n ~ l ) c r  of intlivitlu:ll 110\vs or sheets fretl~le~lt ly 
sel):tratetl from each other I)y jasper-like 11a11tls ( ~ f  tuff. 'l'hr thicla~css o i  some , ) i  tllese sl~cets 
is only 10-100 feet \vl~ich sugge.;ts a I~ighly lic111itl lava that \velle(l L I ~ )  in intert l~it te~lt  erup- 



tions. ..\S all o i  thcse cllnracteris~ics are sl~aretl I I ~  111e ~ I I ) ~ I I I : I I  I1;ltlj;tI trap :111cl ;L+ its strati- 
firal)l~ic 1)ositio11 a l n ~ v r  the a~g lomera t i c  slate is llornlal, i t  is .;:tic 10 cl~nhiclcr this tr:111 a.; a 
nietainorl)Iiic variety o f  the 1'anj:ll extrusive of Iao\vcr I 'er~nian ;lgr (see 'l'rst-iiKure 7 1 .  

At the oritlel o f  the. gorge,  I )/L ftlrlol~gs I~eforc r e : l c l i i ~ ~ ~  n~ilestonr 48. 1111. trap is sec11 
to Tor111 11recil)itour; cliffs \vhicli 1)lunge into a s~iiall ravine ol)l)115ite Tr;1n1kag;111. 'file trnlr 
is faultrtl ag :~i l~s t  ;L series c~ i  carl~~)tiaceous ~)hyll i te ;tntl gra1)hitic scl~ist \vliicli tlil) X 0  XI:. -. 
(Text-figure 5 ) .  I lie rocks are  s t r o ~ ~ g l y  sliearetl along the cont;lct, thr t r a l ~  is 11artly con- 
vertetl into chlorite schist, \vhile the ~,liyllitr is infiltr:ltetl \vitli cluartzo.~e \ - c i ~ ~ < .  .\ l : ~ r ~ r r  
c111artz vein tlisl~lays a N 80 ' \V srrike. The phyllitic r~rck is a ie\v I~untlretl iert thick :untl 
nlcrges into a li:~rtl, dark,  limy slate. \vliicli in t u r ~ ~  is iollo\\.ed 11y slaty grey lin~estoncs. 'I'he 
~ ; I ~ ~ I ~ I I ; L C ~ O L I S  content o i  tlie ~)hyll i tr  Inay i~~ t l i ca l r  t1i;tt i t  is clerivctl fro111 a nle111ler o i  tlle 
(;untl\v:u1:1 serieh o i  I<:l.;l~lnir i11r \vl~icli a h ig l~  c:u.l1011 an11 I I ~ ~ I I I I I ~ I I C -  C I J I I L C ~ I ~  is very cll:tractcr- 

8 = Perniial~ shales : 9 = lower 10 111icl[llr Tria\sic: 10 = ~niclclle t,, upper Tria5.i~ li~iiestone a1111 s h a h  

istic. Tlierelore, i t  is ~)rol)al,le that part o i  tlie r'erniian G~~rl~orrroptc-ri .~ Ixds al~[,enr here, 
though in metamorphosed contlitioti. This i o r r~ l a t i~~ t l .  \vliich near Srinagnr I~ea r s  tlie reniains 
o f  .- lrc~lrc~~~sr~rrrrrs.  .-lctirrotiorl, ant1 .-lrrrbl>~ptc.rrr.~. is ;ln oltl (;ontl\vana l;u111 tlrposit, ancl i f  this 
carlx)naceous l)hyllite can I)e regarcletl as  of equal age, it i.i only logical to co~lclutle that the 
(;ontl\vnna lantl mass cste~ltletl during some of the l ' e r ~ ~ i i a ~ i  time ~ ~ K I L I ~  30 miles nortll o f  the 
Kashmir valley and a l~ou t  80 ntiles nol.Lli of the ],I-esent southernn~ost limit of hlesuzoic 
Tetliys formations. 

r .  I lie Triassic age of the succceJ i~~g  limestone hat1 previc~usly [wen ascertai~letl 11y Stcl- 
litzlia \vho fount1 Ptyc-lritt,.~ ,yc.r~~tii at  a locality calletl I'aji\v:tz. l I i t l ( l l e ~ ~ i i s ~  ( l 01  l ,  11. l42 ) 
also iountl f rag~uentary  Xlusclielkalk amnlonites. 1)iener (1899) confirmrtl t l ~ e  .\lusehellialk 
age (C'~.rc~titc.s tlrrrillic~ri) for  tlie sequence o i  ~~liyll i t ic to slaty. ocl~re-coloretl layers of liti~e- 
s to~ le  \vliicli overlie tlie slates on  the slope o11p):'ite l':~ji\vaz. ~I iddleni iss  tleterininetl this 
series to I)e 200 feet thick as coml)aretl \\-ill1 "00 ieet in the I<:lslimir valley. l 'he Lo\ver 
, . I riassic then is tloul)tless rel)~-esentetl IT tlie dark slaty l i ~ n e s t o ~ ~ e .  I)ut its metamorl)liic contli- 
t i o ~ ~  (lid not penilit the  reservation of iossilx. The  I)l:lck rliales \vIiich, accortling to 3lidtlle- 
111iss ( 101 1 ) iollo\v thr slaty l i ~ ~ ~ e s t o ~ i e s ,  are t l i f ferc~~t  f r o ~ n  tllc c:lrlx~n;~ceous ( ['ermiati? ) 

shales mrntionetl al~ove. l 'hey ;Ire limy sl~ales alternrrt i~~g \\-it11 thin-betltlecl limestone. In  
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View taken from two miles west of Pindras looking east. In foregrenod ground-ttmaim of last Pk&&m%m 
&&tioa To the right Triassic limestone and shales faulted ~ h t  Dras Vefdcl i  which b d d  the Mt v&q! 
Bank. 

THE GAHRU AND DRAS VALLEY SECTIONS 

The desert aspect of the region zccenhates the sinister lo&ng dix of the steep lime- 
stone walk through Micb & Gamm river flows tow& Dras. % q ~ r d i r q ;  &BY;" 
Lhe steel> dip which new Machhd 25 nortkoast tarns wmhwest. Tkt Trisssic forrzrs a syn- 
dine wh~se  &S 5krike N 70' W. Its Wiess at k b k p n  m@ be at least. 70fM1 fee& In 
the lower part 04 the dwtltain slapeg the dark grey lfmestcrn~ is bancled by layers of &ate 
while higher up it a;ppear$ more massive and of lighter wbr. Fmds were b o k h d  from a 
dark grey, somewhat dolomitic m k  in the I- portion af the exposure at Matayan. 
Among the fossil fragments which pcrmiited identiiieahn were: MsgdoSas l t d d h w &  
Bittner, Tlw7p~uash.rrsa sp. a& R h y u c M  sp. T h e  most common fw i l  f d  in this m k  
ip-the large marine dam, Megdodim, which ac~ml ing to Bittnet (1901) is a guide £as4 for 
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FIGURE 7. STRATIGRAPI~IC SSQUENCII OF RWK FORMATIONS AS O U S E R V ~  IN THE SECTION. 

Thicknesses not true to scale. The arched line indicates an angular unconformity. 
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the Noric and Rhaetic stages o i  the lll,pcr 'l'riah>ic in Sl,iti ;~niJ ill E;asI~rllir. 'The great  
thickness ant1 niassivcncss of the light grey linlestotlcs 111a1cc thia Triassic secluellce rcse~nhle 
tlie upper Triassic o f  Spiti to s11c11 a tlegrcc tliat it is fairly safc to say tliat tllc 'Triassir in 
tlie Ciamru valley a t  Rlat;ly:ui rel)rcscnts a nt,rth\vcstcr~l or~tlicr I I ~  the gre;it .L'ri;issic synrlir~e 

o f  Spiti. It is quite ~)ossible that the thin-I~tltlccl l in~cs to~ie  and shales \vliicli appcar I~clo\v 
the nlassivc rocks rcpresellt the 3Iirltlle Triashic o r  Xluschclkalk. llct\vcen l la tayan ant1 
I'intlras tllc liniestone is sharply conlprcssetl into recunllr~lt  Ii~ltl.; S I I C ~ I  as  t11o.e es1)t,scil ill the 
neig11lw)ring pcaks 17,881 feet ancl 16,478 feet \vlicre the ftrltl a s i s  can Ix seen 11) t l i l~ south- 
west. This  s t r u c t ~ ~ r e  prevails clnly in tlie highest portions of tlic espnsttrcs, \vhereas 3000 feet 
lo\ver the foltls Iwcorne more normal. I Iere  tlle structure seems morc tlctcrn~inetl I)y tlic 
inconlpctc~lcc of tlie slialy limestones. 

:it I'inrlras antl a l~on t  1500 fcct s o ~ ~ t l i  of tlie s l ~ a r p  Iwntl o f  tlie G a n ~ r u  valley. dark- 
hetl(letl limcstone a l~ ru l~ t ly  nieets a series o [  tuffaccous ;~ntl  agglonleratic rocks and grecn- 
stones. A s  these are  less resistant to erosion, they give rise to softer I:~ntl f o r n ~ s  ant1 to a 
greater accu~iiulatio~l c.)f dbl)ris \vhicli is strikingly exenlplihetl on the northern slorle of tlie 
(;anirr~ vallcy to\\.artls 1)ras. l-Icre tlie 'Sriassic limcstone occul~ies the upper 11ortinn of tlie 
southern flank, rising like a I~uttress al)t>ve a sequence of green an(l purple shales, agglonier- 
ates and greenstones \vhich clip toivards tlie Triassic ('Test-figure h ) .  Xortli of the river the 
volcanic rc)cIi~ are  seen to clip 30-50 norlli. Thus  the Ganir11 river Hts~vs on an  anticline 
wit11 a \vest-east strike. At 1'. 16,210 feet \vest of l'indras, the tuflaceons slates antl aggloni- 
erates (lip 4 0  SS\+' towards the Io\ver port it)^^ of tlie Triassic secluence. Sevcn miles east- 
\\art1 tlie ~ l e g a l o t l o ~ i  limestone is seen to he faulted against greenstone. Slickensi~les. 
I~recciation and crystalline structure \\ithi11 the l i~nestone intlicate here a great  tlislocati~m. 
F r o n ~  l'intlras 011 east\vartl. the fault plane crosses tlie river ancl can IJC follo\ved as  a sharp 
rlivitling line I)et\veen the cliff-forn~ing Triassic aritl the softer tuff-shales. The  true fault 
character of this contact \\.as first clearly ol>servetl in a few exposures on the southern flank 
of tlie Dras  basin. Tuffaceous slates of green ancl purple color are  liere separatetl from 
sandy, calcareous shales and overlying Triassic limestones Ijy mylonite, 10-20 feet thick. 
Tlie latter consists o f  angular pieces of Triassic limestone ant1 slate which are cenientetl I)y 
ochreor~s, limy matter. T h e  tectonic 1)reccia is locally penetratetl I)y quartz veins ant1 is 
otlier\vise completely silicifietl. Tlie fault p la~ie  itself is tilted ant1 changes its (lip ivitliin a 
( p a r t e r  of a niile frorii 50'  to 70  SS\\'. The  fault runs along tlie base of the Triassic litne- 
stone ridge ancl can be seen half a mile north o f  P. 14,850, contitiuing east\vartl along the 
norther11 slope of tlie r:uige. 

\\'e Illay now ccxisitler tlie age relatio~isliips of tlie tlirustctl fornlations. Tlie oltlcr 
investigators sucli a s  Stolitzka (1860)  ant1 12ytlckker (1883, p. 147 ff.) Ixlievetl that the 
vc>lcanic series near IDras represented I'anjal trap and agglonieratic slate (Test-figure 7 ) .  
I t  must I I ~  atl~ilittetl tliat tlie greellstone of l l r a s  outivardly resenildes the cliloritizecl facies 
o f  the l 'anjal trap,  I)ut the tlifferences are more significant than their superficial resemblance. 
In tlie first place a large portion of tlie greenstone is tlerived from an augite porphyrite o r  
from tlial);~se, ancl its t~~ffaceous  tlerivatives, as  will be po i~~ te t l  o r ~ t  later, a re  intimately ~rlixetl 
ul) jvitli Rlesozoic limestones. Tlicre is a t  Dras  also evidence for intrusive phases representetl 
11y Inasses of t~ltra-Insic rocks such as gabbro. pyrosenite, peridotite ancl serpentine \vhich 
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are clearly connecterl wit11 the volcanic series. 'The tuffaceous shales are purple and hright 
green in color and bear litlle resemblance to tlie greyish agglornera~ic slate of Kashmir. 
They lack fossils ant1 alternate in atljoining r e ~ i ~ ~ n s ,  such as in I,atlak, \\:ilh niarine Cre- 
taceous liniestones. T h e  agglomerates of the I h a s  Volcanics are generally ~)urplisli o r  red- 
tlisli ant1 consist of a n p ~ l a r  Iragnients of oltler metamorpl~ic rocks. such as pliyllites, 11ut 
more commonly of tc~ff. g r e e ~ ~ s t o n c  ancl shale. 'She latter is ~niracrous anrl santly and fre- 
qi~ently fornis layers 200 feet thick in the green-schist coniplex. The agglr~nierates and 
tuffs are cut l,y dark,  Insic dikes ( 2  nlilcs \vest of D r a s )  \vIiich seem to cclnie from the 
intrusive niasses. The  latter built1 up great portions nf tlie northern frame of the Dras basin 
where they give rise to reddish I~ro\vn undulating hills which contrast remarka1)ly with the 
grey precipitous limestone ridges to tlie ~011th (Test-figure 8) .  ~Iccnrtl ing to Aloisi (1933. 
p. 226) the gabbros north o f  Dras have hcen greatly altered r~ntler the influerice of heavy 
folding. The  serpentine rocks lie cotisiders to be derived from a tlillag-gal~ljro which is 
exposed a few miles north of Dras. All along tlic northern slope of the basin, hetwcen Dras 
and the great I)eiid of the river towartls Kargil, there appears a massive complex of dark 
green rocks \vhich may In: follo\vetl for a distance of over 3 0  miles. I t  consists of diahase 
in green schist facies and of augite-porphyrite. Locally these rocks are  cut I J ~  (likes and tlie 
\\hole mass presents a net\vork of irregular thrust slices which generally dip northeast. The  
greenstones and green schists \vhich flank the basic intrusives alter with green ant1 purple 
coloretl laminatetl tuff shales and slates. These latter are of tivo-fold origin. Aloisi (1933. 
p. 232) found a scliistose tliahase a t  l 'asgam in the Llras valley \vhile a t  Dras  the denser and 
laminatetl green schists are derived froni metan~orphic rock of tlial>ase-tuff origin. T h e  close 
affinity \vhich exists between these tuffaceous schists and similar ones near 1-amayuru in 
Ladak is very illuminating as to tlie geological age o i  the 1)ras Volcanics. 111 Latlak they are 
intercalated Ivitli tlie Upper Cretaceous flysch, while near Dras,  a s  everywhere else along the 
Tntlus river, these green schists appear closely associated with porphyrite and diabase lava 
sheets (Text-figure 7 ) .  In the eastern part of tlie 11eighFx)ring Icargil hasin at  Pashkyum 
tlie sariie diabase and augite-porphyritc are fount1 in close association ~ \ ~ i t l i  purple and green 
tuffs and agglomerates. ; is  regards the Dras \'olcanics. Lydekker (1883, p. 115)  also 
remarked on tlie close reseml~l;~nce of these igneous rocks to the greenstone and its associated 
retl shales that appear in the Kargil region. I t  seems, lio\vever, as i f  the information which 
he ol)tainetl in tlie ficltl \\as too scanty to permit him to recopiize that tlie Dras  Volcanics are 
not of the same agc as tlie Panjal  trap. hioreover, these tuffaceous shales and greenstones 
are  locally associatetl \vith thrust slices c~f  Eocenc limestone, which points t o  a close age rela- 
tionship with tlie oltler Tertiary. 

The  or ig i t~  of the ultral~;~sir  rock.; ant1 thcir strtrctr~ral position ~vithiii the Himalayan 
geosyncli~ic will Iw tliscr~ssctl ill a later rliaptcr. 

I:et\vcen Dras and I<argil one has o c c a s i ~ ) ~ ~  to sre niore of tlie volcanic series. .\tlgitc- 
porphyritc ancl tlial)asc, the latter varying f r o n ~  a t l c ~ ~ s c  to a cnarser texture, arc here cut hy 

hlack lamprophyre dikes whir11 appear opposite the hamlet o f  1)jas-Guntl. F o r  five niilcs one 
crosses this coniples of tliahase anti greenstolies along tlic 1)ras river until at  .F;lsga111 gahhro 
alltl a~npliiholite appear. These rocks evitlently for111 smaller intnisive masses within the 
diabase grecnstune coniples. .\l1 along tlie road one notices the effects of intense deforina- 



tion. The Inore nlassive serpentincs ancl gabbros are shatterecl and cut hy numerc~us shear 
plarles a ~ ~ t l  appear generally strongly jointed. l 'he green schists are locally trrrnetl into 
chlarite schist. The  g a l ~ l ~ r o  coml)les crosses the valley wit11 a north-northeast strike ant1 is 
associated at  Shimsu with agglomerates and tliil~ lenses of tlarlc liiiiestone. T h e  latter appears 
ill the for111 of thrust slices, 150 feet thick, on a major tlislocation which subsequently will be 
described as the I<argil thrust. hIicltllemiss determined this limestone to IX of Eocene age. 
T h e  small inthrusted portion of this limestone seems to occur solne 1200 feet northwest of 
the bridge belon: Tasgaln \\.here a slaty, much altered antl ~unfossiliferous rock of this type is 
exposed. Opposite 1Carb11 (o r  Sliinislia Karbu)  this limestone is associatetl with sandy rnica- 
ceous and pyritiferous slates very similar to those \\~hich make tlie syncline south of Zoji pass. 
The  strike is here N 55' E, the dip 40" S W .  Slaty agglomerates of the I l ras  volcanics arc  
Couud folded in het\\;een linlestone and greenstone. ;\ thrust plane appears to be responsible 
for the much sheared condition of these rocks. 

In  the section along the Dras river there also appear local intrusions of granite. Aloisi 
(1933, pp. 30, 33)  tletcrmined it as an an~philwlite granite \\.it11 quartz diorite association. 
FIe descrilxcl the rock as I)eing sericitizetl ancl chloritized, evitlently representing an epi-meta- 
morphic facies. Similar smaller outcrops of granite are to be found south\vest of Tololing 
mnuntaiii north of Dras, \vliere they for111 larger lenses in the greenstone complex. The  
origin of these small granite intrusions is still obscure. Prenson (1926, p. 70) states that the 
tliabase-serpenti~ie rocks in tlie Italian Alps and in tlie Sierra Nevatla of California coutain 
veins of granite  hicl^ cl^ he helieves to have Ixen tleri\red from acid resitlual fluids o f  a I)asic 
Inagnla. I t  is quite collceivable that the local granite inirusions around Dras are  derivetl 
frnm the same parent magma which was the source of the Tertiary I-Ii~nalayan granites such 
a s  occur in the eastern Ilirnalaya. 

. \ h u t  one mile north of Sli in~sha Karbu a small I~oss of granite may be seen on the 
right side of the Dras river. Granite also forms the heights north of Soman peak (16,957 
feet) and the divide bet\veei~ the l l ras  river arid the Suru river \vest of Icargil. I t  continues 
northwest\vartl to\i,artls the Deosai plateau antl fornis the northern frame of the Icargil 
basin. As to the nature o f  the contact between the granite and the Dras Volcanics, i t  zrppcars 
that about one mile do\vnstrearn from Icarbu the chloritizetl green schists ;lntl I)orl)l~yritcs 
terminate al)ruptly. The  schists are slicltensitletl ant1 I ~ d l y  crushed along- tlicir In,~~ntl;iry 
wit11 the granite. The latter rises steeply above the valley floor and a sitle glen exposes tlie 
contact fo r  a few miles iu a southeasterly tlircction. \\:est of Sonian and of Station 14,114 
chlorite schist and cliloritizetl porphyrite are seen to form a kind of eml~ayn~en t  in the granite 
\vhich southeast of Karbu is replaced by a s;llieiit of the scliists. Here  lenses of porphyrite 
appear in the form of thin thrr~s t  slices \\xithin tlie granite, ant1 here also granite emerges froni 
Iwlow porphyrite along the e;lstern slope of the vallcy. On the right side of the streaill ancl 
alnlost continuous \\it11 tlie fornier rocks there appears the thrusted slice o i  limestone and 
agglomerate mentioned a b x e .  'fliis rock forms an altnost uill~roken thin Ixlt \vhich extends 
f rom south of Tasgam east\\-art1 to the southern flank of the liarg-il I);~sin. Frotn here it 
can be traced farther east to F'ashkyuni where the Ilysch formation ;lntl the overlying I<ocene- 
series plullge beneath the Dras volcanics. The  limestone is associatetl \vith agglomerates ant1 
Imrdered by 111ajt)r dislocations. The abrupt fault contact I)et\yeeti granite ancl Dras  vol- 
c a n i c ~  on the one hand, ant1 the appearance of thrust slices south of the granite on the other. 
indicate a fault- ancl possibly thrust-structure. 
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The erosion of this I~asin \vas clearly determined I)y two gcol~)gical factors: the soft- 
ness of the. santly ancl slialy strata which unllerlie the r e ~ i o n  \vhere the confluence of two 
pre-l'leistocene rivers occr~rretl, ant1 the sul)srquent filling of the cleprcssion \vith loose, flu\ric~- 
glacial ant1 interglaci;~l tleposits. The  geological structure of the basin is conlposed o l  three 
main elements: igneous rocks, sedirnentary Cretaceous flysch. anti Eocene and I'leistocene 
strata. 

The igneous rocks form the I~iglilantls to the south, nes t  and north. 1Iost  of them 
Ixlong to the granite massive whicll displays a variety of granitic rocks ranging from hyper- 
stendiorite to an acidic granite. The former is particularly prevalent on the western antl 
northern flanks of the basin \vtiere tlie tliorite emerges from under the lnsal strata of the 
Upper Cretaceous flysch. Just Ixfore one enters the I<argil basin, the granite, exposecl on 
the left side of the Suru river, tlisplays its norrnal petrologic composition. Eiotite, oligo- 
clase, quartz, and occasionally amphihole, are its main components, with zircon ant1 apatite as 
accessory ~ninerals.' T h e  structure of this granite is schistose throughout. \vhich is clue to 
recrystallization under stress, as indicated 11y the linear arrangement of granular mica par- 
ticles- and by the absence of larger quartz grains which have k e n  transformetl into smaller 
aggregates. Dr. Fischer's analysis" points to a tleformation [luring and immediately subse- 
quent to the intrusion. The granite is also characterized by an al)unrlance of resorhed schist 
~naterial  especially in its south\vestern portion near the confluence of the Suru and Shingo 
rivers. A t  Chunaguntl an aplitic variety don~inates ancl the texture I~ecomes holocrystalline 
to porphyritic. Aplite ant1 p e p a t i t e  veins are  cut 1)y a few lamprophyre dikes which have a 
N 45" E strike. .As to the age of this major granite intrusion, it must he pointetl out that 
the Kargil granite is but part of a larger intrusive mass \vhich extends from near Karbu 
do\vn tlie Shingo river to the Indus valley some thirty miles north of Kargil. Here  Dainelli 
ohservetl a normal contact lxt\veen granite antl the late hfesozoic flysch forniation. The  
Kargil granite, then, is I ~ u t  an  outlier of tlie Ladak granite ivhich builds the core of the 
1-adak range north of the Indus valley. The  granite is locally rich in resorl;etl schists which 
Ixlong to an  older forniation that crops out as a resistant hillock at  the resthouse opposite 
Kargil (Text-figures 9 ant1 10). The  E'leistocene gravel lies here directly upon amphiholitic 
schist \\,hicl1 has a NW-SE strilte. It is prot)at)le that tlie great differentiation of the granitic 
maglna arountl Kargil is due to the resorption of older schist material. Apart from grano- 
tliorite rocks there appears south of the basin near Paslikyilnl a thick complex of greenstone 
ant1 serpentine. The  latter appears a s  the continuation of the Dras \'olcanics. At Pashkyurn 
the greenstone is greatly shatteretl and hroken up into sn~aller complexes. .4t its base lies a 
phyllite some thirty feet thick Ixlo\v \vl~ich appears a major thrust plane separating the 
greenstone complex irorn the purplish conglomerates and shales that dip beneath the 
volcanic series. 

A t  first sight these 1)url)le conglomerates seen1 to he part of the upper portion of the 
great setlilnentary iorniation into \\-.liich the Kargil Insin has I ~ e n  car\.ed. 011 the sonthern 
Inlrtler the conglonierate forms tlie last and uppermost layer of this sedimentary col~lplex 
\vhich o\.crlal)s tlic granitic rocks so~~ th \vcs t  of Kargil. I ts  high stratigraphic position in the 

4 For furtller descriptioll see I-I. de Terra (1933, p. 191), and Aloisi (1933, p. 33). 
111 13. de Tcrra (1933. p. 101). 



F X G ~ E  9. TEE KARGIL BASIN AS SEEN PBOM ABOVE TEE &.STEOUSE TOWWS SOUTHEAST. 
k foreground outaop of amphibofitic schist, Four of the lower terraces can be seen into which the, Sum 
is mtrenched. In the left backgrouhd is the opening of the Wakka valley with the flyJch sandstone Mlle 

of P. 10214 in front. 



sedimentary sequence is indicated by the peculiar pebble composition. Nu~nmulit ic ant1 Tr i -  
assic limestone, greenstone, purple sanilstone, shale, and quartz are the most common constitu- 
uents. The Nummulitic limestone varies from a light t o  a clark grey color ant1 is one ~ I E  the 
most frequent pebble components. I t  makes large sul)angular fragrnerlts from one ~ I J  thrce 
inches ill size, full of h'ui~~i~~uli trs  and .-llz!i~oliita. ?'lie lossil content and littiologic character 
alike make it certain that these pebl~les \\ere tlerivetl irom the l<ocene li~nestonc age ( I~out lo-  
vian-Lutetian) which overlies Cretaceous flysch ill 1,adak." 'l'lie conglumerate must there- 
fore FE post-hIiddle Eocene in age. I ts  norrnal thickness camlot h detcr~ninetl on account of 
its tectonic contact with the greenstone. L-ydekker (1893, p. 47) nlenti~ms that i t  is associ- 
ated with purple shales and overlain by grey shales and slates. The pelhle composition oi  
tliis layer suggests erosion in a neighboring region where ne\\.ly upliitetl strata of the latest 
Tethys sea and volcanic rocks had Ixen esposed. I t  is kno\vn that late or  pnst-Eocene ul~l i i t .  
preceded I>y basic intrusions and by lava tlo\vs, occurretl extensively in tlie Ilirnalayas ant1 it 
is therefore possil~le that the purple lirllestone conglonierate also reappe:lrs in atljuirling 
regions. I n  Ladak, such post-Lutetian limestone conglomerates are found in tlie upper 
portion of the Eoce~le  as a t  Ski11 in Zanskar from where 1-ytlekker (1883, p. 108 R. 
described a post-r\'umn~ulitic sequence with several hundretl iect of conglomerates a t  its base. 
These beds resenil)le the Eocene "Laki-series" of the southern Hinlalayas in Kashmir as 
described by Wadia  (1928, p. 262). I propose to call them the "Skiu-series" from tlie 
locality in Ladak where they appear to be perfectly exposed. 

The  sedirtientary break between this horizori and the untlerlying shale and sandstone 
formation, is not exposed a t  Pashkyum, but it should t~ r e n ~ e n l k r ~ t l  that the observations 
are too localized tv permit a true recognition of this relationship. Furthermore, the contact 
may have been altered by later thrust-movements sucli as a t  P a s h k y ~ ~ n l  \\.here the thrust \\.a, 
transmitted locally along a bedding plane in the conglomerate (Test-figure 11 ). -4 thrust 
could have flattened an underlying angular contact to sucli a degree as to lead to local tectonic 
coiirdination ("Einregelnng" of Sander)  betlveen Ixdding and thrust plane. Tectonically 
concealed Ireaks sucli as these are  not uncotnnlon in the .Alps \\-here the major thrusting on 
the southern flank of the central massifs has changed many a stratigraphical break into a 
plane of major movement. This  possi1)ility shoultl, thereiore, allvays I* kept in mind, a final 
judgnent  k i n g  possible only \\hen the contact has k e n  stutlied over a \\ider area. 

The  strata underlying the conglomerate are  purple santlstone ant1 shales. Ir)th being of 
a harder consistency in the neighlmrhood of the thrust than farther north. The  sandstone is 
fine and micaceous, aritli intercalated shales. The  exposures along the 1V;tkka river alwve 
Pashkyum show the purple sandstone underlain by pur1)le :und g-reen shales with thinner 
bands of dark ca r l~naceous  sl~ales (Text-figure 11 ) .  T h e  former are gypsiierous and very 
friable, hence tlie tight local iolding ivhicll has led to crrl~npled antl fan folds. One  mile 
north of tlie thrust contact the dip has flattened to 1 0  . ?'he green s11;lles appear in the lu\ver 
portion of tlie purplisli sequence and locally contain thin betls of d:trk linlestone, one ;untl a 
half feet thick. These might either Ixlong to the "C'otrtrlitt-.~ l in~estor~e" mentioned Ixfore, or  
to tlie i\'irnrtir~tlitcs horizon of 1,utetiall age. (.)Idham (1X?3, p. 341) mentions sirnil:~r linie- 
stones from the Intlus valley I)et\veen Xurla ancl Icalatze. T h e  thickness o i  the dominantly 
l )~~rpl ish  sequence betweell tliis calcareous layer ant1 the retl limextonc c o ~ ~ g l o m e r ; ~ t e  at  Pash- 
kynm is at  least 1500 feet. 

' E. l:u,sa hla~icirli (1928) 



Shortly twlo\v Pashkyum the purple and green shales are follo\vecl conforn~al~ly  by a 
thick scquence o i  dark grey ant1 green marly ant1 sandy shales. Certain layers iirc ~nicaceous 
and ot l~ers  more car l~~naceous .  The latter contain plant fragments, usually laccratetl leaves 
of Poprdus and Sobul. These fossils do  not permit stratigraphic dating b r ~ t  it 111ust Ix men- 
tioned that they do not occur in tlie fossil flora of pre-Nummulitic i~gcc fountl a t  1-Ielnis i l l  

Ladak.' I t  is eviclently from these I ~ d s  a t  l'asl~kyum that Drew (in 1-ytlekker 1883, p. 100) 
collected Afrlanin and llrrio which are fountl also in the I'otc~rrritlrs mar1 of the Eocene 
sequence near J~rrutse  in 1-adak. Ilere the mar1 is i t~ t e r l~ t lde t l  with snntly plant-lxari~lg 
sliales and seems to underlie the .\'rrrrir~~rrlitc-s l i~nestu~le.  l'he gastruplxl f:u~n:t in the ~ n a r l  

1 = greenstone, serpeliti~ie ; 2 = purple lirnesto~ie conglomerate ; 3 = purple s a ~ ~ d s t o n e  ; 4 = purple shale and 
thinly bedded sandstone; 5 = green shale; 6 = Pleistocene till and gravel. 

I )  

of J u n ~ t s e  is according to Fossa hIancini (1928, 1). 227) of lower Eocene, perhaps even 
Paleocene age. Although the localities are  sixty-five rriiles apart ,  there is every reason to 
believe that the two sequences can k correlatecl on both fossil ant1 petrological grountls. 
This  makes it highly probable that the sli;~le I~elow l'ashkyum is uf very early Eocene age. 
I ts  total thickness is 500-600 feet. 

The apparent absence of the i\~~rrrrrrirtlitc~s limestune in this section is prolnl)ly due to the 
incon~pleteness of obser\~ations rather than to a stratigraphic break, I~ecause a few miles 
westward from I'ashkyurn Eocene litnestone appears wit11 marl-lwaring shales. The outcrop 
here is, however, too poor to permit recognitio~l of its geological relationshil~s. The  strati- 
graphic position of the A'icrrrrrr~~litrs limestone in the formational sequence as intlicxted on 
Text-figure 7 must therefore remain uncertain. 

Eelow tlie shale there appears a yello\vish-grey, fine-grained santlstone which a i ter  eighty 
feet changes into greenish-grey sandstone of coarser texture. This  s;~litlstone f o r n ~ s  the 
entire ridge towards the Hanllwting La and sonle of the hillock3 \vliicli surntount the upper 
terrace of the I<argil basin (Station 10,214 feet) .  .,\cross the basin tlie total exposure of 

7 This  inlorniatiutl was ubtailled i r o ~ n  P r u l c ~ s o r  I<. \V. Chaney ivliu very kindly untlortuok Ille determination 
uf the Hernis flora. 
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this sandstone group is two miles and the average angle of clip is 40'SSE. I t s  thickness 
rrnlst amount a t  least to 6000 feet. The lithologic facies is clearly that of a tlelta deposit. 
CIhanges froni sandy to conglomer;ctic or  shaly layers are  colnnlon ant1 rather sudden. The  
pebble layers consist of well-routitled quartz ant1 harder porpliyric rocks and of Ijlack flint. 
No  Eocene limestone col~ld h detected. T h e  Iwdtling planes in the sar~clstone s h t ~ w  layers of 
n ~ i c a  and occasionally ochreous plant f r agn~e t~ t s .  ~itainly n~shes .  \'ie\vetl from a greater dis- 
tance the outcrops of this group see111 rllore evenly stratilied. (.;reenish-grey c~) lors  prevail 
in the lolver portion but there are i~~tercala ted  1n;tny 1111rldish and sonle rctl shales. ' fhe 
strike in these k t l s  is N 60-70" E. This s a t l ~ l s t o ~ ~ e  can Ic cclrrelatctl with the 111dus Ilysch, 
particularly with its lower portion such as is esposetl irn the slopes o i  the Intlus valley in 

1 = biotite granite; 2 =  arkose and co~~glunieratc 110'; 3 =grey coarse >alldstone 100'; 4 = silt-stune w i t h  

plant remains 11' ; 5 = Pleistocct~e till ( W ) .  

Ladak. Here  the age o i  the sar~dstone group can definitely be fixetl as Upper Cretaceous. 
I found a t  the Yaye Tso north of hlalie a calcareous lnarl \vIiich yielded a small marine 
gastropod fauna of Se~lonian ( ?hIaestriclitian ) age.s This iossiliierous layer appears a t  tlie 
base of the sandstone group \\:hich here, as near Kargil. is follo\ved I)y a thick series o i  dark 
grey shales, and underlain by coarser conglomeratic h d s  a11t1 arkose. Such k i n g  the 
sequence in the adjoining Indus v;illey, we shoultl anticipate a sin1il;lr increase in coarseness 
i l l  the I~asal layers of the fysch at  Kargil. Here  the s a n d s t o ~ ~ e  not only turns into arkose and 
finally into coarse Ijasal conglonlerates I)ut its grey color is replaced I q .  p11rl~lisli-rrtl. Uuth 
\vest ancl east of the town the basal conglonlerates are  seen to overlap the l iargil  granite and 
its various derivatives. False-lmlding indicates Huvial agencies of tleposition (Test-figure 
12). These basal k d s  attain a thickness of 500-600 ieet. l Iere  tlie plane o i  overlap appears 
rather even, but over greater distances it is very irregular, suggesting sonie sort o i  reliei a t  
tlie ti111e \rlien this rock \r.aste accun~ulated. This old undulating relief can be detected by 
tlie irregular occurrence of nietaniorphic schists, granitic and dioritic rucks \vliicll form 
irregularly shaped patches of subHour rising iron1 h l o w  tlie Hysch s ; l~~dstone.  The  
height of this buried relief must have atnountecl locally to several hundred feet as is slio\vn 
south~vest of Kargil \\,here a granite ridge some 1100 feet broad clnerges irum beneath a 

" Prufessor C. I:. Paruna very kitldly undertook tlie deter~nillatiun of this pig111y fauna. I7e believes that this 
Ilurizt~n ~l~iglit  be correlated \\fit11 the 0111phuloo.~.l11s beds uf 13. l)u~~villr i l l  I.uuristan, Persia. 
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600 feet sequence of arkose ant1 santlstone. In accortlance \vith the deposition;~l nature of this 
ovcrlal), t l ~ e  lmsal strata flatten their clip along the contact to 10". The  ravine of the Waltka 
river sol~tll  o i  Kargil follo\\~s the plane of overlap for t\vo miles, purplish arlcose forming 
the southern and syenite the n a r t h e r ~ ~  \\all o i  the ravine. IIere the steep slope of the igneous 
rock almost suggests a fault contact but no sure traces of such abnornial relationship could 
h fountl. The last tril)utary of t l ~ e  \V;~kl<a river tnust originally h;lve follo\ved the flysch 
c o ~ ~ t ; ~ c t  east\r.artl, for the present river runs only olle mile south ant1 about par;lllel to the 
Ilysch 1x)undary. The nature of the basal l cds  \vliicl~ rest upon crystalline rocks also reflects 
the ancient geography of this region. A fair nunlber of the pel>l>les are water-worn but s u b  
angular fragments prevail throughout. These are of tliorite, granite, aplite, pegrnatite, 
a~nphilxdite. Insic dike-rock, and quartz. The  ielclspar in these rocks is k;~olinized and the 
biotite is rusty. The  reddish clay component in the ~ n a t r i s  also indicates such weathering 
agencies are are typical of a humid clinlate. The  flu\~ial type of 1)ctltling and a1x)ve all the 
a l ~ u n d a ~ ~ c e  of lacerated plant remains in lenses of shale and sandstone are  equally suggestive 
of a wet climate ancl rich vegetation in the surrounding highlands. The  pel~bles are  badly 
assorted and mostly derived from the underlying crystalline rock. There is no indication of 
glacial origin in any of these basal beds and Lydekker's suggestion (1883, p. 104) that 
they might have Imen derived from glacial boultlers has no foundation. 

Obviously this overlap is an  important datum line in the geological history of this 
region. I t  indicates that the Icargil granite is of pre-Upper Cretaceous age  and that a long 
denudation of its rock mantle took place Ixfore the basal flysch \vas laid tlo\vn. The'uncon- 
forn~i ty ,  therefore, conceals not only a time break but a structural event of importance, for 
the granite and the crystalline schists associated tvith i t  are part of the Tethyan subfloor 
\vIlich was obviously converted into land. Else\vhere (1934a) I have already called attention 
to a variety of evidence for suc l~  diastrophism in the late RIesozoic of the north\vest Himalaya 
and Icarakoram. I con~paretl this uplift \vith the Middle Cretaceous phase of folding in the 
.Alps and pointed out that the Intlus flysch can be interpreted as the filling of a foredeep 
\\hicl1 resulted from the uplift of the Icarakoram region. 'I'lle foregoing discussion tends to 
confirm this view and widens its application to  the northwestern portion of the I l i~nalayas  
which a t  that time evidently were but part of the newly uplifted land. After the denudation, 
rene\ved sinking set in. I t  is probable that only the I)asal portion of the Hysch represents 
cuntinental deposits, whereas the overlying sandstcmes and shales are of marine or  brackish 
water origin. The great thickness of the dark and purple Eocene shale series signifies tleposi- 
tion in deep, relatively quiet water \\,it11 ~ccas ional  setlimentation of fine clastic material. 

Earlier ol>servers have noticed the lack of younger Tertiaries in this part of the Hinla- 
layas, a fact which is not surprising if one consitlers the uplift and folding that occurretl 
after the Eocene. The  region under consideration 111~ist have been a mountainous upland 
during the time when the late hliocene to Pliocene Alurree- and Si\valik formations accumu- 
lated on the souther11 slope o f  the Himalaya. l iut  the question arises \vIlether the rock waste 
in the upland was imtnediately removed by erosion or  \vhether it tirst accumulated ancl then 
was subjected to e r o s i o ~ ~  which owing to the capturing of the longituclinal drainage by trans- 
verse streams must have L ~ e n  very effective (luring Siwalik times. T h e  latter alternative 
appears to Ix the more p1ausil)le. The  adjoining Intlus valley doul,tless existed during the 
Tertiary and, as Dainelli (1922) has sho\vn, \\-as cont~ectecl with the ICargil basin through 
the Suru valley. 'l'he 1)asin at  that t i ~ n r ,  :IS totlay, was tlrait~rtl I)!. a tril)ut:lry o i  tile Indus 



and this oltl Indus, during the younger Tertiary, presumal~ly flokvetl eastwartl instear1 o f  west- 
ward (deTerra, 1934, p. 39). This pre-glacial tril)utary then joinetl the liead\vater portiort 
of the Indus river which a t  that tiriie cot~lil not liave Ieen as 11owerftil ;L strcarn a.; nonr, nor a s  
it presunia1,ly was during the close of tlie Tertiary. 1:rc~nl s11c11 interni~mtane tlepressic~ns 
as the Kargil-Zanskar basins, the quickly accumulating rock waste cc~ultl har~l ly  liave I J C ~ I I  
removed instantly. But once the Intlus was converted into a po\verlul west\var(l-llo~ving 
river tlie tr i l~utaries h g a n  rapidly to erotlc tlie Ijasins, u ~ ~ t i l  finally tlie relief was tlecpenetl. 
the rock waste denudetl and tlie rivers started cutting into the ur~tlerlying cIltlcr rocks. This  
pre-glacial relief a t  the close of the Tertiary was, as has previously I ~ e n  pointetl out, greatly 
tlissectetl. l'he drainage pattern was generally establislietl, the glaciers r ~ i  the following Ice 
plge utilizing its valleys.time after time. Tliese inference  must sl~tfice to fill the gall in the 
incoi11l)lete record o f  events which follo\ved the deposition of the post-Eocene rocks. Theo- 
retically, the Pleistocene deposits can therefore bc expectetl to rest in n youthful reliei of late 
Tertiary origin. Dainelli (1922) has shown this to be true. Not  only did he demonstrate 
the pre-glacial existence of the deeply incised junction of the Suru  and Wakka rivers but lie 
also showed tliat the basin floor a t  one time continued into the Wakka valley which rose 
eastward towards M u l k k ,  thus indicating tlie existence of an  early Pleistocene \Vakka valley. 
There is, however, widespread e\.idetice for a reshaping of the pre-glacial relief by ice action 
and this feature invites a more thorough discussion of the Pleistocene history of the Kargil 
basin. 

'[HE PLEISTOCENE .AT IZARGIL 

T h e  block diagram (Text-figure 13) indicates that the Kargil basin contains a number o i  
Pleistocene terraces which contrast strangely with the rugged and barren relief of the sur- 
rounding mountains. An  ancient basin filling made of gravel and sand \vitli intercalated clay 
layers is seen to occupy most of the river floor between thc Suru and Wakka streams. These 
appear deeply incised and expose the underlying irregular rock floor. T h e  picture suggests a 
complex record of Pleistocene history and obviously pronlises to shed light on the problem of 
the glacial cycles in High  .Asia. Thanks to Dainelli's (1922) extensive studies we have well 
substantiated evidence of four ~nounta in  glaciations in the Northwest Hinialaya. I Ixlieve 
that in this respect my observations confirni Dainelli's ideas in principles. I n  cases where lily 
views differ iron1 his, as for instance in the interpretation of the Kargil terraces and the 
nature of the Iusin filling, the difference may be attributed to better opportunities for observa- 
tion \vhich I enjoyed around Kargil. \Vhen Dainelli travelled through that place in 1914 the 
landscape was still snowbound and actual rock exposures tiiust have k e n  rare. Later 
Trinkler (1932) added some \laluable informatio~i which I was able to confirm on my second 
journey. Dainelli, however, llad a rich funtl o i  experience derived from the atljoining 
regions, especially from Skardu, and his interpretation of the Icargil Pleistocene therefore 
deserves careful consideration. 

Dainelli's deductions are based on two principal assuniptions : firstly, tliat the ground- 
nloraines a t  Pashkyum belong to the second glaciation, and secondlj-, that tlie overlying 
gravel filling of the I)asin is a fluvio-glacial deposit resulting fro111 the third ice-advance. 
The  first assumption appears to be correct, for  i r ~  the ne ighbr ing  \Vakka valley there are 
re~nnallts o i  :I cor~~llosite slope profile \\~hich clearly ir~dic;~tr  a glacial stage earlier than tlie 



groundmorairles a t  Pashkyum. .4t 1,otsun the llpper bench of the co~nposite slope corre- 
sponds to the striated rock terrace \vhich I o1)servetl ahove the \I'akka ravine near P a s h k y l ~ u ~ .  
The terrace is well nlarked and lwars the ruins of an  oltl fort. In [he follo\z~ing interglacial 
period the r~~elt-waters cut into the floor of the first glacial trough ancl made a gorge which 
was son~ewhat re~nodelled by a glacier of the secontl ice-advance (Text-figure 14). This 
latter event is t lenlo~~strated I)y the close corres1)ondence uf level k t w e e ~ ~  the grou~ldnlor : I '  Ines 
on  striated ruck floor at  the ot~tlet  of the gorge and the Inse of the lower gravel at  its er1tr;tnce 
('Test-figure 1 5 ) .  

The groundmoraines at  l 'asl~kya~n are exposed above the ha~nle t  where they overlie the 
Eocene formation horizontally. They are 20-30 fret thick and c o ~ ~ s i s t  of 1111assorted till with 

FIGURE 13. BLOCKDIACRA~IMATIC SKETCH OF T l l E  KAHCIL BASIN.  

For explal~atiol~ see Figure 7. 

striated bulclers. .Altin~etrically they seem to correspond to a secontl outcrop of glacial till in 
the lower Wakka ravine, about half a mile east of its junction \\,it11 the Suru. In both places 
the till fills a steeply eroded and partly scourecl relief in l ~ t l  rock. This relief must have h e n  
very irregular, and clearly indicates active erosion before the secontl ice-atlvanre. The first 
interglacial period was evidently one of intense erosion ant1 river action, to \vhich the earlier 
relief and its deposits were sul~jected. This  wiclespreatl erosion may account for the lack of 
earlier interglacial o r  preglacial tleposits. 

A third occurrence of these moraines was fou~l t l  by nle a n ~ i l e  due south\vest of the 
Edlvard Ixidge at  Kargil across the Suru river on the higher slope of a side glen. I t  is of a 
very coarse nature with boulders L I ~  to six feet in tlianleter enlktltled ill a some\vhat retlclish 
sandy clay, capping the basal conglo~nerates o f  the flysch fo rn~a t io r~ .  On all these places the 
till is directly overlain by what Dainelli has called the "fluvio-glacial filling" of the Insin 
which he attributes to the third glaciation. The  following o1)servation.s tent1 to sho\v that 
Dainelli's interpretation is altogether too generalized and only partially sup1)orted I)y nly 
stratigraphic studies. T h e  strata overlying the groundnroraines represent a cornl)osite 
sequence of fluvial and lake deposits. Text-figure 15 sho\vs the Io\ver 1)oultler gravcl strati- 
fied and overlying the hvelletl edges of the Insal flysch strata. 'l'he Io~ver grountlmoraine 
seems to IR missing here; it certainly was not clearly exposecl, but the flysch sandstone is 
smoothed I)y ice, pro\.ing a glaciation Ijefore the gravel was laid tlown. 1)ainelli 11i1nselF has 
brought for\vartl extensive evidence of :l11 interglacial periocl following the secontl THin~a- 



layan ice-atl\*ance. Tlie llt~viatile nature of the gravel intlicates that the ice had Ixcome 
re1)lacetl I)y rivers. The coarseness and tlie water-tvorn s1ial)e of tlie ~ ) e l ~ l ~ l e s  ant1 hjultlers 
signify a periotl of rapit1 erosion in tlic surrountling niountains and of rapitl filling up in the 
basin. Such action cot~ltl unly have occurred during a period when norn~al  drainage was 
rei;stablislied and tlic higl~l:uitls more or  less freed frorn their ice ca)ver. If the I~onltlcr gravel 
rel~resented a fluvio-glacial tleposit, one \\-oultl at least expect to hntl sunie striated ~)el)l~lcs 
and, moreover, nearer tlie mo~nitains glacial till or  nlorainic Ix~ultler sliot~ld replace the 
gravel. Evidence for such a relationship was riot found. 

The  Iwultler gravel whicli varies i r ~  thickness from 80 to 110 feet cr~rresltor~(ls, as 
Ilainelli pointed out, to the re~ner~teil  c ~ ~ n g l u n ~ e r a t e  in t l ~ e  upper \Vakka ;~ntl  Suru valleys. 

g l ~ c t u l  trou 
l g~.c?ation 
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FIGURE 14. THE EARLY GLACIAL AN11 INTERGLACIAL RECURIJS IN T H E  GURGE OF TFIE WAKKA RIVER RETIVEEN 
PI\slll(\ IJM \.\'U L U T ~ U N .  

Trinkler (1932, p. 58) observed tliat these conglomerates are striated on their surface and 
that they are overlain by morainic Imulder where the \\'akka terrace merges into the upper 
terrace of tlie basin. This  relationship caused Trinkler to correlate the lower gravel with a 
period of ice-retreat, or,  in other w r d s .  with an  interglacial \vhicli followed the second 
glaciation of Dainelli and which was ulti~nately succeeded by another ice-advance. 111 the 
\\'akka valley, as \\.ell a s  in the basin, tlie lower gravel is uverlaiti by clay ant1 silt of vzlrying 
thickness \\liicli in Text-figure 15 can LW seen to increase towards tlie center of the basin 
(ten feet or    no re). I ts  Iiatr~re, especially tlie regional distribution and fine la~nination, 
points to a lake period during \vhich the waters were ponded, presu~nably by a choking of 
the lower outlet in the Suru valley IxIo\v Icargil. The sedimentary break is so sudden that 
\ye must assume a catastrophic event, perhaps a large landslide, which led to  a blocking of 
tlie melt waters derived from the dissipating glaciers. T h e  lake period consequently also 
occt~rred (luring the second Ititerglacial. 

Furtlierniore, Text-figure l 5  demonstrates tliat tlie \vliitisli clay str:~tuni is overlain by ;l 
younger gravel. Tlie contact L~ t ivee~ l  the deposits is one of tlisconformity, market1 locally by 
a gravelly boulder bed of ol)scure origin. Hut around the edges of the basin, especially at 
the outlets of tlie Suru and \Vakka rivers, there are morainic boulilers and glacial striae on 
tlie surface of t l ~ e  cemented conglonierates. Tlie former are missing in tlie basin, a fact 
\vl~icli \vcn~ltl i~~t l ica te  tliat the new ice :ttlvance (tliirtl of Ih inel l i )  was not so 1)ronounced as 
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the preceding one and that the glaciers presumably did not fill the entire basin. Trinkler 
(1932, Fig.  19. S,) also came to this concl~~sion and pictured roughly the sl~rcession of 
events ill the Sun1 valley. Froni his description it appears that he considered tlie less con- 
solidated top gravels to k deposits of a glacial recession. A n  altimetric c o n ~ p a r i s o ~ ~  proves 
that these cannot Ix itlentifietl \\lit11 tlle upper sandy gravel of the basin filling, for the latter 
directly overlies the second Interglacial, ant1 although they seern to cover its so~ilewliat irregu- 
lar surface they never appear a t  a mu cl^ lo\ver level. Therefore the upper sandy gravel 
seems to belong to the Third  l~~terglacia l .  I t  was on this sandy gravel that Mr. G. E. 
Hutchinson, biologist of the expedition, collected all artifact of presurnal~ly pre-Mousterian 
make \vhich sho~vs  signs of later re toucl~ing.~ This implement was crusted with a fernigi- 
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hI2-4 = moraines of the second, third and fourth ice advances. Lower gravel = Second Interglacial ; upper 
gravel = Third Interglacial. Terrace levels are given in meters. 

nous patina which indicates that it had lain a long tinie on the surface, and the fact that it 
was not waterworn, though reworked, makes it probal~le that it was derived from the upper 
gravel. This  indicates that since that time there was no river on the upper terrace but that 
the lower terraces were cut into it. I f ,  then, the upper gravel terrace was the 1ial)itat of tlie 
niaker of so ancient a type of implement, it is obvious that the formation of the terrace 
cannot 1x younger than the Third  Wimalayan Interglacial, a confirmation \vliicli is te11ll)ting 
enough were it not for  the fact that one single artifact tloes not pt ' r~nit  all accurate dating 
since correlations of Stone Age cultures k t w e e n  Europe and this region cannot as yet be 
established. 

The  Suru valley contains, a s  already mentioned by Trinkler, along the upper third of its 
slope, a terrace bench which exposes coarse boulders and faintly stratified santl. T h e  nature 
of this deposit suggests a fluvio-glacial origin, such as might have k e n  brought a b u t  by 
either a receding small valley glacier or  by glacial outwash redistributed by melt waters in 
the vicinity of receding ice. I t  makes an  ancient valley filling and lies 50 miles above tlie 
present river txd and some 25 miles below the upper larger terraces. A relief was evidently 
cut into the latter before this boultler was laid down. The  relief-making processes t l~erefore 

See Article I. Memoirs of the Connecticut Academy of Arts and Scieuces, Vol. V I I I ,  New Haven, 1934, 
p. 14. Here it was pointed out that this artifact had undergullr a secondary flaking of 111ucl1 later, perhaps latr 
Palrulithic. date 



fall either illto the later part o f  the Third Interglacial clr into the last 1)ainelli 
(1922, p. 225 and Fig. 24) heltl that the larger tcrraces, Sus. 1-3, \rrere formet1 t lr~ring 
his fourth glaciation. In  vie\\, of the fact that there are no signs o f  ice action within their 
area it is more likely that the younger houltler gravel ill the Suru valley represents glacial 
nut\\:ash of a stnall glacier Ixlonging tn thc last ~ ~ r r i o t l  of icc advance. 

Sul>sequent to the last glacial retreat there has evidently occurred internii ttent cutting, 
fo r  the rivers are deeply entrenched into the higher terraces, leaving terraccd fans on the 
outlet of larger tril~utaries. These lo\vermost river terraces m m t  therefore he of post- 
Pleistocene age. 

The foregoing tliscussion of tlic nature of the Insin lilling ohviously ~ n u s t  leacl to an  
interpretation of tlie terraces quite different from that given hy 1)ainelli. The terraces can- 
not 1x lacustrine for the majority represent f o r n ~ e r  levels of erosion which cvitlently (level- 
oped in successive stages on the interglacial fluvial gravel filling of the hasin. Their erosive 
origin Iwcomes particularly evident firstly through the winding outline of their respective 
slopes, ancl secondly on account of the fact that their slope is occasionally determined by 
that of the underlying hard rock, either bed rock o r  cemented lo~ver  gravel. The  latter 
feature is ~)rol~al,ly much more common in nature than the schematic Text-figure l 5  indicates 
where terraces I1 and 1); are  seen to ahnt on the resistant rock which must have checked the 
swinging rnotion of the streams as they cut laterally. Terrace IX was evidently a n  erosion 
level before the third ice-advance occurrecl, but it must subsequently have been altered by the 
ice. Therefore it is distinctly older than the lower ones, as indeed Dainelli pointed out. 
Terrace I, on the other hand, sho\rs the original level of deposition. which was cut into by 
the younger Suru river in post-glacial time. 

The  spacing of the terraces, which is so conspicuous a feature in this lantlscape, was 
ol)\.iously determinecl by the increasing al~ility of the streams to erode. SIICII intermittent 
erosive action is to Ix expected [luring a period of ice retreat for, a t  such time, the snow 
waters l ~ c o m e  less and less hindered by their load, so that they can renew their cutting 
activities a t  certain stages, and a re  then led successively to lower levels. Processes of this 
kintl are \yell kno\vn in other mountain regions where stages of Pleistocene ice retreat have 
Iwen connectetl wit11 terrace making in adjoining basins. T h e  development of these terraces 
Inay 1w taken as indicative of widespread erosion \\~hicli could have occurretl only dur ing the 
later part of tlie last Interglacial. From Text-figure 13 it can be seen that the present streams 
are tleeply entrenched ancl that their courses follow approximately the borders of the hasin 
\\.here the resistant su1)floor rises from Ixneath the flysch formation. This vertical cutting 
must have preceded the last glacial atlvance \vhich tlepositetl morainic Imulder (bI4 ) .  in the 
tlcel)ly incised Suru \,alley. This entrenching of the river system a t  Kargil prol~ably falls 
into the late third Interglacial \vhich, as Dainelli has shown, was cllaracterized by mountain 
uplift in Kashmir and Latlnk. The  vertical erosion which precetletl the last glaciation doubt- 
less was tlr~e to this mnuntain-n~aking event. 

The fact that the niorainic deposits (Test-figure 13) \\ere cut into by the Snru river 
cleitrly intlicatcs that vertical erosion predominated since the last glacial advance. The  lower 
terraces \vhich can Ir seen along the younger fans should mark intermittent stages of river 
filling and cutting belonging to late glacial clirnatic oscillations for  Ivhich In,th Norin (1925, 
p. 191) and Dainelli (1922, 569 ff.) have given evidence. 

If  \ve su~ntnarize the obsenrations on the glacial geology of the Kargil basin, it becomes 
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clear t l ~ a t  they 1)rincil)ally supl)ort thc theory o i  1)ainelli accortling to \vhicl~ the Ilimalayas 
\r~itncsscd iour glacial ant1 three interglacial periods. The  first t\vo ice atlvances actually 
reached the t~asicl \vhile the sr~cceetling ones confinetl their ice tongues to the edge of the 
basin o r  to the upper course of the ~ ~ ( l j o i n i n g  valleys. The first ancl the t l~irt l  lt~terglacial 
\\ere periods o i  intense erosion \vhirh \vas due to nlountain uplift. 

O n  this occasion it shoultl LW noticed that Dninelli conlparetl the i o r ~ r  Ilimalayan periotls 
o i  \!alley glaciation \vith the h.Iinclel-, Riss-, \Viirnl- and Biihl ativances in the Alps (1912, 
p. h35). This geological equation ni l'leistocene events tends to throw adtlitional light o n  the 
recency o i  Hin~alayan nlountai~i uplift for Ivhich I shall present more e\,idence in the follow- 
ing chapters. 

011 leaving the Kargil basin at  I ' ashky~l~n one enters the l r l t  of the "Dras Volcanics" 
across I\-hich the \Vakka river has cut excellent exposures. In the ravine totvarcls Lotsun the 
greenstone is locally stratified wit11 layers of dense olive-green an(l la~ninated slaty material 
alternating wit11 diabase and clilorite schist. The latter appears to occur nlore frequently 
than near Ilras,  and the tlial~ase also is nir~ch rnore shearetl ancl rnetanlorl)hosed. The  
la~ninatetl slates are tr~l'fs \vhich seer11 to occur n~ainly  a t  the Inse of the greenstone complex. 
Freqr~ently along tlie road one meets with pr~rplish ant1 reddish shales into mhich the tliahase 
magma has intrr~tleil as sho\vn by many inclusions of the s1i;rles in tlial)ase nr  serpentine. 
, . I he espl~rsive stage at  tlie leginning of tlie tliabase eruptions is anlply illustratecl by coarse 
agglo~nerates near Shargol. I-Ialf a niile Ixfore one reaches this place, one can stutly 
numerous exposures on the right slope of thc valley \\,here a slialy greenstone contains large 
lilncstone I)locks, t\vo feet in tliamcter, and fragments of pliyllite ancl slate. A n~icroscopic 
investigation of the greenstone sho~vs  that it is derivetl from a fine tuff in \vIiich the l i~ne-  
stone bloclis lie sc:rtteretl. Tllcse fragments are  of t\\,o kinds, one is identic;ll \vith the tipl)cr 
'Triassic limestone of the atljoining range to the sonth, the other b e l o ~ ~ g s  to a tlarlt ant1 
siliceous rnclr strongly reminiscent of the Upper Cretaceor~s limestone of 1-atlak f;icies. Tlie 
Triassic ir;lgn~ents fix the age ( ~ f  thc :igglomerate as post-l'ri;issic ancl hence they give atltli- 
tional prooi of the post-Paleozoic origin of the "1)ras \ 'olca~~ics." .\l)o\.e the turf lie 
augite-11orl)hyrite and scrl)entine I>c~tli ;ittaining a thickness of at  least 1.500 feet. 

Tlie stratigral)hic position of the "Dras V(.)lcanics" at  Shargol is tlcter~nine(l I,y a thick 
series of multi-colored shales ancl conglomerates \r.hich form the northern slol)c of the \\'akka 
valley to~varcls k t u l l ~ k .  This formation is characterizetl Ijy (lark carl~onaceous shales sonle 
150 feet thick \\~hicli are ftruntl interhedtled wit11 greenish shales ant1 phj-llitic slates. Tight 
foltling has car~setl minute crunlpling ant1 sericitization in the shales ~vhile some of the carlmn- 
aceous layers attain a grapliitic aspect. 'These Ixtls crop out along the Io\ver part of the 
~lor thern  slope \vitli \vhicli they share a west-east strike. As one procwtls e;ist\vnrtl t,n\vartls 
h l r~l lxk the underlying agglonlerates clisappear I~eneath the Pleistocene gravel filling, ant1 as 
the caravan path \vin(ls up the tlissectetl nlotlntain front one crosses higher horizons such a s  
g y ~ s i i e r o u s  purple shales ant1 overlying santlstones. 'I'he slol~es are co\:erctl by ii retltlisli 
Ioalny soil from \\;hich \\-bite balts elllt~resce, locally forming a hart1 surface tlel~osit of soda. 
:\lu~ve, tlie gypsiferous layers are follo\ved Ijy sandstone ancl phyllitic shale of greenish and 



1)11rl)l' color. l'lle crcst of the ritlgc ;q)pears to In, icirmetl of ~reens to t lc .  The  entire 
scclt~cricc of varicgatetl shale?; ant1 santlstones nirasures at least fOO-800 feet. Thcir  (lip is 
10-00 north. 'The rercnll,la~~ce t r t w e e ~ ~  tliis fortnatioci ant1 the Iowcr portinn the I;.r~ce~lc 
: ~ t  I';tshkyrln~ is most s t r i k i ~ ~ g .  It ~)crtnits  I ~ u t  one roticlusion, namely, that thr  E c ~ e n e  
r c : ~ l ~ l w r s I i e r e  eleven miles southeast of tlic Icargil basin. l'liis fact is c ~ f  solile strllctural 
significance, fur  the contact of the "Dras Volcanics" with the I<ocene is a r ~ ~ a j o r  thrust pla~le. 
'l'hr thrust conlact is cxpr)sed on the northern flank c ~ f  the lower l'oka valley l ~ t w e e n  Kutchi 
and Shargol,  fronl \vhere it crosscs the \Vakka valley alr)ut one-qrlarter of a mile south of 

their contluence. From tliis point east\\,artl tlie t l i n~s t  plane seems to continue some two 
miles ~ i o r t h  o l  tlie valley ant1 crosr;es tlic Zanskar range into the Sangeluma valley. In the 

I ' I G v ~ E  16. STRUCTURE SFATION T M R O ~ . G H  T H E  UPPER \YALKA VALLEY AT ~ ~ L ' L R E K  

1 - Triassic limrstn~ic ; 2 =preen srliirts; 3 = sa~~dstone and sliales; 4 = shaly serpentine and clllorite schist ; 

5 - agglomerates ancl gypsilerous shales ; h = grcenstonc. 

exposures \vest of Sli;~rgol the "l)ras \rolca~~ics" are  representet1 1111 tlie thrust contact 11y 
chlorite schist alltl shattered serpentine. Belo\v, the gypsiferous purple shales are tightly 
squeezetl ancl give rise to a 1)rightly coloretl handing in zigzag pattern on the slope surface. 
T h e  grey shales are  turned into phyllites and sericitic slates which are  crun~pletl and infil- 
trated \\it11 vein quartz. T h e  main gree~lstnne coniplex is always restricted to the north of 
the valley. 11ut in the vicinity east of Shargol solrle rnemlxrs of the greenstone con~p le s ,  such 
as  serpentine and chlorite schist, have k e n  tightly folded together with such shales as  form 
the loivest slopes south of tlie river. The  section shown in Test-figure 16. which was taker1 
eight miles upstream a t  h[ullxk, proves that Eocene shales and "Dras \'olcanics" are greatly 
faultetl. :\ limestone rock, some 900 feet thick, rises here al~ruptly f r o n ~  the valley floor. 
pro\.itling a soli11 fountlation for a picturesque Ti lx tan  monastery called h Iu l l~k -gonpa .  In  
this n~ ;~ss ive  lin~estonc o f  light grey color \\,ere ic~und a nunlber of fragmentary fossils 
alilnngst \\~liicli Jlrgnlodorr is the most comnion type. T h e  rock therefore is a menllwr of  the 
ITpper Triassic \vliicl~ also f o r ~ n s  tlie higher s l o p n  of the great  range that rises one and one- 
h:~lf 111i1cs to the south o f  h l u l l ~ k .  T h e  walls of the rock. polished I)! Pleistoccne ice, a re  
orna~nentetl  \\.it11 the cleanly cut sections of this clam and of single corals. The  rock itself is 



partly 1)recciated ant1 cut I)y an  infinite number of joints and slickensides. Its crystalline 
structure also indicates the intense strain of deformation tn \vhich it \\,as subjected. That  
faulting and not volcanic action is responsible for this shattered contlition is indicated by t\vo 
faults, (me o i  \vhich lwrdcrs the southern and the other the northern \\all. Here  there are 
zlickensi~lcs nn a large scale, their grooves ant1 striae p o i n t i ~ ~ g  to vertical nlovetnent r ~ f  tlie 
adjoining rocks. T h e  slate, phyllite ant1 serpentine which appear in this section are com- 
pletely shattereci along the contact. The  fault 1)lanes dip steeply away from the limestone as 
i f  the schistose rocks had 1.mn cnml)ressetl froni h ) t h  sides against it. The  normal northerly 
(lip of the Eocene hecomes vertical and it is only south of the river tliat the strata regain a 
[latter inclination. 

Further cvidence of a nlajor fault along the \Vakka river was fount1 at  the Namika 
pass. This section \\.ill be tlescrilxd Ixlo\v hut it must he mentioned tliat the Triassic reef 
limestone is here also f a t ~ l t ~ l  against Eocene rocks. 

The n ~ u c l ~  crushed appearance of the schistose ant1 shaly nlembers of the Eocene and 
"Dras Volcanics" is corrolmrative proof of a fault zone in the upper \Vakka valley. This 
phenomenon cannot hc fully understootl t~nless sonle consitleration be given to the structtrre 
soutli of the valley. 

.-lltl~ougl~ Iny lieltl o1)servations are here too imperfect to permit clear insight into the 
co~l~ple te  sequence of rocli formations, the general exposures allow one to recognize the fol- 
lo\ving relationships. X series of partly meta~norphosed ~nenihers of the "Dras Volcanics" 
ant1 of Eocene rocks dips 40-SO0 S. At  ahout l500 feet abo\~e the \:alley floor I noticed a 
steepening of the dip to 65". T h e  contact with tlie Triassic limestone was not observed here. 
\'ie\ved from tlie Xamilia L a  (12.200 feet) the schists seem to dip beneath the Triassic, but 
;is pointerl out Ixlo\v, the contact appears to 1x rather that of a tilted fault o r  of a short over- 
t l~rus t .  'She massi\~e limestc~nes contain only sectioi~s of i~ lcgn loda i~ ,  but there can Ile no 
tloul~t that they are Upper Triassic since more a l>u~~dan t  iossil evitlence was obtained f rom 
near Eotl l i a r l n ~  (see 1). S.?). 

It has alreatly 1we11 ~nent ione~l  that the lower gravel nf tlie Icargil hasin continr~es into the 
\\'akli;l v;tlley \\here it f o r n ~ s  local re11111;uits along tlie sloj)cs. I lerc  also it is o\.erlain Ily 
l i~ic silt :t11(1 yello\vish clay which may represent the same periotl c-)f pontling as near ICargil. 
\\.here it \vas interpretctl as a lake deposit o f  the Sccontl Interglacial 1)hase. l j a i ~ ~ e l l i  (1922, 
11. 220-221) has sho\vn tliat the thicliness of the Io\ver gravel tliminishes gratlr~ally as one 
l)roceeds u1)strearn from Icargil to 3lull)ek. 111 the same manner thc overlying clay lake 
t l q ~ ) s i t s  thin nut slo~vly until near Shargol they tlisappear altogether. From here o n  onc 
\\-oultl esl)ect the upper c e n ~ c ~ ~ t c t l  level o i  the Icargil I)asin to rest tlirertly on the lo\ver 
cc~nentetl gravel. Trinkler (1?32, p. 56) pointctl otlt that  the upl)er looser gravcl makes a 
younger valley filling \vithit~ the oltlcr tlal)osit, such as is illastratetl I)y Tcst-figure 17. The  
Io\\er gr;ivel is coarse a ~ ~ t l  c o ~ ~ t a i n s  f r a g ~ ~ l e n t s  111) to ten inches in tliarnetcr, most of \\;hic11 
are \vatcr\vorn. 'The anq i l a r  fragments are dcrivetl i r o ~ ~ ~  slates ancl grecnstoncs \vhich lent1 
then~sclves easily to disintegration. The matrix is santly ant1 locally loa~ny.  Thcre is not a 
pel~ble whose origin cor~ltl not 1.x traced to tlle native rocks. This short tlescription may 
suffice to show that this older deposit is not a fanglon~erate as Trinkler rnaintainetl, but that 



it is rather of flr~\,ial clrigill ant1 the lack o f  glacia~ccl or  facctwl pel)hles clearly intlicates its 
null-glacial nature. It must h(~\vever a t  one time have Ixen under ice cover as local ocrur- 
rerlces o i  glacial striae o11 the higher terraces indicate. It \$-as sul~sequently cut into I I ~  a 
stream which tlel~ositetl the 1o1)se gravel after the valley glacier hat1 rece(led. The Pleisto- 
ccne near Xlu l l~ck  reflects, therefore, the main stages of I'leistocene history for which the 
Rargil I)asi~i has i~~rnishet l  a Illore cot,ll)lete evidence: it represents t\vo i~ltergl;icial pcriotls 
\vliicli I an1 il~cli~lecl to relate to the secc111d and thirtl periotl of ire retreat. 

I t  is true that there are no tlistinct traces of a later glaciation in this part of the IYakka 
valley, I~ut  there rriay I-K. gootl reasons \c.Iiicli acroulit for their absence. The  Survey map 
sho\vs that only one of the southern tril)utarics carries a short valley glacier \vhich is atmut 

FIGURE 17. PLEISTOCENE A N D  SUARECENT FORMATIONS IN THE UPPER WAKKA VALLEY. 

gl = coarse cen~ented gravel ; g2 = loose gravel;  t = talus cone ; d = delta deposit of tributary stream. 

t\vo miles long. The last twenty-live miles of the upper course of the Wakka stream are 
also devoid of any recent glaciation. This scantiness of glaciers contrasts tiiarkedly with 
the rich glaciation found in tlie liead\vaters of the neiglitmring Sangeluma valley and there 
is every reason to I-K.Iie\,e that similar tlifferences in the degree of glaciation existed during 
tlie I'leistocene. If the I'leistoce~ie glacier atlvancerl after the loose gravel had k e n  laid 
tlo\vn it is most prohahle that it never reachetl tlie region at  LTul l~k I>ut that it confined itself 
to the upl)er t\venty-five miles of the liead\r.ater region. The middle and lower course of the 
\\';ikka valley therelore never co~itaineti any glaciers t luri~lg the later Pleistocene. I n  this 
respect its history recalls the case of the Suru valley near Kargil where traces o i  a later ice 
atlvance point to a lirnitetl valley glaciation \vtiich never reached the Kargil l ~ s i n .  This  last 
ant1 rather feeble glaciatio~l may have I ~ e n  responsil)le for tlie deposition of coarse boultler- 
Ixaring gravel \vliich one occasionally tinds aljove the upper gravel. Such single Ix>ulders 
occur three-quarters of a mile upstreani irom AIulkk where they lie scattered on the second 
lo\vest of the terraces. The Io\verniost o f  the terraces must be of post-glacial origin and 
slioaltl correspond to one of the lo\ver Ixriclies fount1 along the terraced fans of the Suru 
tril)utaries near Kargil. 

'I'he alluviutii of the \\'akka valley a t  1 I u l l ~ k  presents some striking features \\4iich 
o\vitig to their frequency else\vliere deserve brief discussion. O n  1x)th slopes, particularly on 
the southern flank, there occur large fans ant1 talus cones \vhich f r equen t l~  alternate with 
eacl~ other. Lhinelli (1922, Tav. 78. Fig. -7; l'av. 79, Fig. 1 ) has figured some of these in 



Ilis recrllt pr~hlicatinn. The  fornier are restricted to tlte c>r~tlcts of sitlc s t r e a n ~ s  and it can Ile 

seer1 tli;ct the fans are  dispropclrtion;~tcly large for  the volume o i  \vatrr \\~liicln totlay, 
dllring- the seasonal nleltir~g. tliscliargcs into the niain ri\:er. Freclucntly tlic fan is \vithout 
any streatn, yet its \vaterworn pel)l)lcs clearly twar witness o i  fornier stre:unl t lc~~nsi t ion .  
The  rclatioli o f  these fans to tlic higher I'leistoce~lc terraces, as  illustr:~tetl o n  7'est-fig11rc 17, 
itidicatcs that they could only ha\-e Ixen tlepositetl at a periorl of s t r c a ~ ~ i  a g g r a t l a t i o ~ ~  s ~ h s e -  
rluent to  the formation of the lo\ver gravel and consequently iollo\ving the thirtl ice atlv;lncc 
the larger fans are  cut into 1)y a set of terraces \vliirli. owing to  their lo\v position, must either 
lw late l'leistocene o r  post-glacial (Test-figure 1 7 ) .  l 'heir relation to  the upper gravel is 
I I I I ~ I I O \ ~ I I  but it looks as  i f  they \vor~ltl merge intn each other. T h e  fans, of \vhich some have 
~nean\vIiile lxcn dissectctl Ily streams, are  ~)rcsutn;chly t1el)nsits of tlie last Interglacial for 
they clearly represent a time o l  r;tpitl filling of thc valley \vhiclt \\,as tlie periotl of the \vaning 
thirtl ice cover. T h e  formation of talus cones is clue to quite different a g e ~ ~ c i e s .  On clnser 
inspection they were foulltl to colisist of disintcgratetl I~roken-up 1)el~blcs derived from the 
lo\vcr gravel. This  ccnlentetl older valley filling gives rise to the fornlation of steep cl;ffs: 
in front o i  n.Iiic11 talus rapidly accu~nr~lates.  T h e  prevailing angularity of its pebble corn- 
l ) o ~ ~ n t s  ant1 the irregular shape o i  tlie cones suggest their having Ixen tle1)ositetl under 
clitnatic contlitions s r~ch as  a t  present give rise to  the peculiar block- o r  coarse lantlslitle 
tleposits in western Tilxt .  Their  fornlation is mainly tleterminetl l)y frost-weathering, niva- 
tion, insolation, ant1 temporary saturation with melt-\vater. Thei r  appearance in tlie \Vakka 
valley a t  11,000 feet clearly reflects the weathering agencies of the present semi-arid alpine 
type of clitnate. 

17roni h I u l l ~ k  east\vartl the caravan path tollo~vs a tril)utary ( ~ i  tlic upper \Vakka river. 
T h e  valley \zIiich leads to the Namika pass was  con~pletely tlry (luring hlay and Septemlxr, 
I ~ u t  intermittent rivulets have trenchetl the slopes suficiently to give the relief a rather 
youthful a1)pearance. ;Ilong the steep slopes are  esposetl gypsum-bearing shales of the 
I:ocetle series (Text-figure 18). l'liese forni strongly coml)ressetl, recumlxnt foltls, their 
axial planes (lipping a h ) u t  40" S but g:lining in steepness to\r.ards the pass. Here  green 
ochreous slates and n1al-l-hearing pliyllites strike N 77'' E wit11 78' S or  SW clip. An iso- 
lated cliff o i  Triassic rorlc rises like ;I \vatchto\ver a ln~u t  one mile south of the Narllika pass. 
I t  is Ix>rclerecl by steeply tlil)l)i~lg f;iults which have given rise to  considerable slickensiding 
along tlie l i~nestone \valls. l 'his  s t l .~~cture  recalls tlie situation a t  Mull~ek and it is tempting 
t o  inter1)ret such isolatetl occurrences of Triassic l i~nestone as  downfaulted portions of t l ~ e  
adjoining 'Triassic sequelice. I<e that  a s  it [nay, tlie Triassic at  the Naniika [)ass is in itself 
1)ronf o i  the eastern cont i~iuat io l~  o i  the \\'akka fault. The  structure of tlie atljoining rocks 
also intlicates intense tectonic strain. The strong compression makes recognition of the 
n o r n ~ a l  stratigrapl~ic sequence very tliffic~~lt. Loc;illy there apl)ear t1ii11 layers of grey 
silicifietl limestone \\:Iiich are  rlistinctly different fronl either tlie l'riassic o r  I<occne rocks. 
, . 
l h e  path follo\vs in the strike of these fortilations until the junction \vitln the Sangelnn~a 
valley i5 reachecl. I lere,  at  tlie hamlet ICa~lgral, the ~ ~ h y l l i t e  atltl green slales are  overlain to 
tlie north l)y a thick c ~ ~ m l ) l e s  o f  greenstone ant1 purple shale. In  these one recognize3 
i~istantly tlie "L)ras Lrolc;unics" :untl their sedilnentary associates. T h e  augite-l,orphyrite from 
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FIGURE 18. VIEW P I ~ I I X  CARAI'AN PATH \I'E\T OF NABIIKA L.9 INTO THE UPPER WAKKA VALLEY. 

Gentle slopes in foreground Eocene shales and agglomerate series. Range in background shows the south- 
ward-dipping Triassic limestone. 

Chiktan are followed by gpenstmes. Farther downstream the fly& rests on tke grmite of 
the Ladak range. Re- it a& thst the section along &e lower Sang&- river 
exposes t)re sme. type of $tTuwn as Sbie Wakbt stream dam eighmm miles W the west. 

"T-he  stone and rmdqIykg p& isigs strike the r4ky d then cxmtit~ue 
on its northwtm~ dqe. S"aIsk;b fp  a T~t& firnesttime ri.dg.e bends m a r d ~  the @east 
and from here an smc~@~db slre catawa ptk on the left side of thc valley. The map 
eleatly shows PHie h the strike which re&tabliahe% the prevailing NW-SE bad of the 
formations. Upstream at %ad Kwbu ahe s1t5p of the limeet9ne bOfdePs tlre path+ 

10 a y d e n ' s  (WO81 geobglcal map where the 'Tertiary f q x "  is satn to foam a e h i r u  bdt d 
Mnfb~k ("Thr Gpnlnpv of the Himahvs Momtains," etc., Calcutta, 1 
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. \ l~) l l t  half ;I  111i1c nor111 of the latter 1)lace a coral fauna \v;is forlnd in loose l i ~ i i e s t o ~ ~ c  1)locks 
\vhich hat1 tu~nl)letl fro111 the precil)itnus rocks almve. The  following genera are representecl : 
'I'l~c,c.os~rriljc~, l i l m h t f o p l ~ ~ l l i t r .  ant1 I.o~.rcviipora. The  last is a plitle fossil for the upper Triassic 
o f  tile Karakoraln arid other 'Tcthys regions iri Er1rol)e antl in the hlalay ;\rchipclago." 
The tnountain slope is here covered \\,it11 coarse limestone hreccia it1 which t\vo types of rock. 
a dark ;ultl a light greyish lirnesto~ie, occur. l'his Iweccia is somewhat scliistosc ; ~ i l ( l  the 
rock frapiicnts are occasionally conll)ressetl. l 'he linlestone walls alw)\,e consist of dark grey 
lwtlded rock overlain I)y s o n ~ e  2.500 feet of light yelI1)\vish-\ve:1tI1ering limestone antl tloloniite. 
Here  a s  else\vl~ere near Dras the Triassic nlakes the highest ant1 steepest ralige which can 
clearly tw seen to continue from Rod Karbn southeast to\vartl the group of towering snow- 
coveretl l~eaks.  The fragments contained in the I~reccia therefore are all derived from the 
range aln)ve alld their position at  the foot of the cliffs exclrldes their Ixing of tlie salile age 
a s  tlie Triassic rock. The I~reccia coultl not 1x a scliistose coral reef det r i t~ ls  for it was 
no\\-here ol)served to rel)lace any o f  the upper Triassic strata. The total lack of sandy com- 
ponents o r  of proper stratification makes it very i1nprr11)al)le that they represent such detritus 
as iiiigl~t have accurilulatetl on the slope of an uplifted mass of rock. On the other hand, 
their distrihrltion along the contact \\:it11 the Eocene and volcanic series points to a tectonic 
origin. There is a variety of other evitlence in support of this view. 011 the right I~ank of 
the river, just opposite Rod Karhu, upper Triassic linlestones dip 80" NE.  Hardly 800 feet, 
or  less than one-third of the normal thickness of  the upper Triassic, is represented in this 
section. On the slope the lirnestone is abruptly overlain by purple antl green shale and green- 
stone representing the "Dras Volcanics." Downhill, across the river, the limestone is 
1n)rtlered I)y phyllitic shale and calcareous slate arhich appear to underlie the reef limestone 
o n  the left valley Hank. The  coral limestone is brecciatetl and slickensitletl, ant1 faulted 
against the pur1)le shale. The  fault plane must IR rather flat as it is little inclined towards 
the valley Hoor. The  low angle thrust contrasts remarkably with the perpendicular dip of 
the Triassic and makes one suspect that the steep dip of the latter is due to normal faulting 
\vhich precetletl the thrust nlovernent. T h e  structure on both flanks of the valley warrants 
tlie assuml)tion that there is a nonnal fault along the river, \\-hicl1 caused the drop of the 
ni;ljor portion of tlie reef limestone to\vards the northeast. This relationshil) recalls the 
structure near hlulllek \\liere the Dras thrust has moved the greenstone ro~nl)lex over ICocene 
shale while the Triassic has been tlo\vnf;lultetl some tn;o miles south\vest of the thrtlst con- 
tact. Here  a t  nod K a r l ~ u  it I-~comes evident that the prlrple shales are part of the thrusted 
volcanic secluence which was movetl over faulted Triassic limestone. 

. I s  one follo\vs the valley upstream, one passes numerous outcrops of tlark grey coral 
reef l i m e s t o ~ ~ e  \vhich is greatly foldetl with phyllites and sericite slates. These rocks con- 
tinue in a \VN\\--ESE strike to\vartls the Fotu La (13,432 feet). and as one crosses the 
strike obliquely the Eocene purplish shales and green schists of the hlulbek section reappear. 
These dip 60-80' NE and are intensely cruml)letl. Infolded with these shales appear dark 
grey oolite limestone \pith foraminifera." :l limestone Iwaring foraminifera in such c1~1an- 
tities is unkno\vn in the Triassic rocks of Kashmir iacies ant1 hence these lirriestones shoultl 
k referred either to the Upper Cretaceous or  the Eocene. Their ~)etrologic resenil)l;ulce to 

11 This information and the preliminary identification of the fossils was receivetl frvrn Profeswr H .  Certh in 
Anlaterdam lo whom the author is ~ r c a t l y  obliged for 11is co<iperatior~. 

1' H. dc Terra. 1932, p. 185. 
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the Upper Cretaceous in the 11eighIhlx)ring Intlus valley is very cltrse intleetl. ~)articularly the 
(lark clierty variety which rcralls the Upper Scnorlia~l 1lipp1tritr.s li~nestones near Kalatse 
(Pa rona ,  1928, p. 112 ) .  The associa1it)n \vitli 1111rple shales also suggests that l7ppcr ('re- 
taceous to I-ewer 1-ocene formations are representet1 in this section. This vie\\, contrasts 
with interpretations that have previously Iwen giver1 Ijy Stolitzka and 1,ytlekkcr ( 1883, 
1). 165, and FIaytleli. 1908).  'I'lie latter recopiizetl that the l.'ottc 1-a rocks resemlrle the 
lower "Indus Tertiaries" I)ut was evitlently niisletl I)y Stolitzka who saw in the!ii yollngcr 
I'aleozoic formations. Stolitzka hat1 l~rt .) l~al~ly noticecl that these series clip to\var(ls tlie Tr i -  
assic liniestone range in the south\rlest but his hurried traverse hat1 11ot all~jwed h i n ~  to study 
the fault contact of tlie two series a t  h1ull)ek arltl I(otJ Karlju. Tlie finding of an  ill-pre- 
servetl fossil, which Stolitzka totrk for a trilol,ite, must have strengtlie~itul his t ~ l i e f  in the 
I'aleozoic age of the slaty sequence. The associatio~i of tliis limestone \\,it11 purple shale 
niakes it almost certain that these rocks llelong to tlie Indus Hyscli series of Latlak. flalf a 
mile south of the pass Triassic reef limestone rises aljruptly alx)ve tlie softer shales. The  
contact was not observed and the formations that occur over this tlistaricc are not known. 
It is possible that l'aleozoic rocks underlie the limestone range I ~ u t  it secrns rather inipro11- 
able that tliis narrow exposure should cor~tain sufficient space it)r the entire Triassic sequence, 
not to speak of the younger Palmzoic. 

The l'leistocene of the Sangeluma valley is alnlost itletitical with that of the upper 
\\'akka in that two kinds of terrace gravels occur, o i  \vhich the lo\ver is thicker and more 
cemented than the upper. . i s  in the Kargil basin the lower gravel contains in its upper 
portion a clay stratum, thirty-t\vo feet thick, \vhich intlicates that the pontling o f  glacial 
Ivaters during the secontl Interglacial was of regional extvnt. The  high ~josition o i  this 
ancient valley filling Ixt\r~een ljotl Karl)u ant1 the 1:otu La ancl the 400-feet thickness of 
cemented gravel indicate rapid filling of the tlel)ressiuri ancl its tributaries. This aggrada- 
tion must have follo\ved the secontl glacial advar~ce. 'I'rinkler (1932, p. 5 6 )  interpreted these 
gravels as fanglon~erates but here, as at  .2111lI~k, the sutnngular shape I B ~  the pebbles, the clay 
matrix, and the stratification of the entire deposit rather indicate fluvial tleposition. These 
tleposits resen~lde to such a tlegree tlie pseutlo-glacial talus fou~ltl 011 the Tibetan highland. 
that these valley fillings easily Inay have originated from snow niutl-Haws, \vhicli were later 
reworked 1 ~ .  river action. This type of sedin~ent is in fact restricterl to the plateau region of 
Tilmt so that it Inay LK taken as an indicator soil for an alpine sul)arctic clinlate and it is 
ol)vious that such a colder cli~nate existed [luring the Pleistucene in tlie N\V-Hi~nalaya. 

In the absence of morphological e\.idence. Dainelli conclutletl that this valley had never 
been glaciatetl. The  regional extent of the second ice-advance, ho\vever, makes such an 
assumption rather inlprol~ahle, ancl moreover erosion coultl have in post-glacial time erased 
the traces of the preceding glaciation. Dainelli himself states thxt the slates ancl pliyllites 
connectetl tvith tlie Eocene scries lend themselves to rapirl \veathering \vliicli le;~ds to very 
fast  evolution of a rnature relief. Such a process atl'cluately accounts io r  tlie lack oi.glacial 
ientures conlnloll elsewhere. 

Tlie slate and scliistose lin~estone series continue with a S 4 0 - 5 0  \\' strike to\vards 
La~nayuru.  The dark slates are so~l~e\vliat  sericitic ancl often cor~tain indistinct ochreous 
plant remains which are frequently tlra\vn o r ~ t  in the plane of schistosity. ?'liese shales 
rescnible the "schistes lustrks" o i  tlie western .-\ll~s lwth in respect ~ ) i  their lithology arid 
thickness. No  fossil that \voultl indicate their age c o ~ ~ l t l ,  ho\vever, Ix found. Their mode o i  



\veatlieri~ig, antl particularly the efilorcsce~~ce of \vhite salts. 11i;1kc rile I)elirve tllal they are 
identical \vitli the I'ocene shale of the upper \\':ikka \,alley. 

.At I , a m a y ~ ~ r r ~  these shales appear to overlie the greenslone ant1 chlorite scliisi o i  the 
"1)ras \'olcanics." The  mou11t;lin slol)e on  \\rliich the 1)ictllresclrie 1:lnlasel-y is built ex1)oses 
these dark slates ant1 grey thin-I~tltletl limestones, ~iict:l~norl)l~osetl i r~lo  slaty crystalline 
rocks. The contact of tliis formation \\.it11 the \vitlc Ixlt o i  greenstone ; I I I ( I  Hyscli .strata of 
the Indus region is here largely co~icealctl 11y a tliick filli~lg o i  I'leistocene I;~lic tlepr~sits. The  
1iii1c11 sliearetl ancl coritorted contlition of tlie limestone-lxaring s l a ~ e s  :111tl tlie cl111 iused struc- 
ture seen1 to indicate that tlie contact is deterniilietl I)y a ni:~jor tlislocation. No exllosure 
\vliicl~ gave conclusive evitlence on tliis point was stutlietl. .4 clu;~rler of a nlile east o l  
1,amayuru bright green jasper-lxaring tr~ffaceoas slates emerge from 1)eneatli tlic d ; ~ r k  schists. 
Enst\vard ancl alniost a t  the erltrance of the I iangru river gorge (lark sl;tty breccias or  
agglomerates appear \vhicli reseml~le tliose of the "Dras \701canics." Tliesc strata Iiierge into 
green tine sandstone ;uid finally into a tliick co~~ l l ) l e s  of tuftitc, sandstone ancl shale o i  tlonii- 
nantly green, but also of purple antl reddish color. ;\S one descends through the sinister 
gorge to\vartls tlie Indus valley one has oc;lsion to ol~serve the intense folding i l l  this coni- 
plex. The structure clearly varies with tlie conil)ete~lcy of the rocks. 'I'l~e purl)le :u~d tlarli 
grey coloretl shales, k i n g  the conil~etent layers, lend tIienisel\~es to com1)osite folds of ditfer- 
ent types, such as isoclinal-, che\,ron-, ancl frun-foltls. The  green santlstone ancl tuftite, on  the 
other hantl, display simple asy~i i~netr ic  ioltls. l'liis variety of structure makes it quite i~npos- 
sible to estimate tlie thickness of tlie formation, especially a s  tlie tlifficult passage t l irougl~ tlie 
gorge forbids any detailed observation. The  exposecl thicliness o f  this zone is five miles 
measured along the Hank of the valley froni the entrance ot' the upper gorge Ixlow 
I2anlayuru tlo\vnstream to ;l place 300 feet belo\v tlie bridge ;it IIangru. In  tliis zone the 
northern two nliles are entirely composed of greenstones, tuffites antl fine-grained volcanic 
breccias with a general N 80" LC' strike. Here  tlie more si11il)le ioltling permits one to  esti- 
mate the thickness of the volcanic series as a t  least G000 feet. 

Petrologic investigations of tlie green volcanic and cl;~stic roclis slio\\; that tlie entire 
co~nplex was sotne\\~hat n~etan~orphosetl  in the epizone \\,it11 f o r ~ l ~ a t i o ~ i  of chlorite, epitlote, 
sericite and carbonates. This re-mineralizatio~i \ v i t l i i ~ i  the inco~~ll)etent strata took 1)lace \vitli- 
out lia\.ing Ixen much influencetl by tliffereiitial movements in tlie roclc lal~ric.  IIu\vever, the 
shales ancl thinner units suffered froni slipping ant1 crum1)ling ~ i i o v r ~ i i e ~ ~ t s  \vliich \\:ere greatly 
facilitatetl t y  tlie formation of chlorite ant1 sericite aggregates. Tlie greenstone in tliis 
section is a 11i:issive or  coarsely lxtltletl rocli o i  green color in \vliicli f ne g r a m ~ l a r  mi~ieral  
aggregates kcon ie  visible (de  Terra ,  1931, 1). 187).  The  felsitic g r o ~ ~ n t l  mass contains sharp 
angular fragments of porpliric rocks \vliicli consist ni:iinly of ~nitl-basic l)l;lgioclase, titanite, 
augite, and a few rountled iusetl quartz grains. I ts  o r i g i ~ ~  is eitlier that of a line \.olcanic 
breccia or  of a tnftite. These greenstones inclutle fine 1)antletl jasper-hearing greenish slates. 
consisting of very tine aggregates of augite :uitl fclsite \vhich ;ire cle;~rly fine \.olcanic ashes. 
deposited in a quiet aqueous niedium o n  tol) oi the coarser 1)recci;l. 1,ocally tlie greenstone 
attains tlie character o i  greylvacke \\fit11 quartz, feltlsl)nr ant1 augitc :IS domin;uit constituctits. 

Helow Hangru  greenstone ant1 clilorite scliists are seen t o  f ~ ) r m  an anticline in tlie core 
of \vhich grey clierty li~nestone appears. Tlie latter \ve;~tliers out from tllc soiter volcanic 
rocks and makes a conspicuous ridge which can I K  follo\vetl for ~nilcs along tlie souther11 
Ha~ik uf the Intlus v:tllry. 'fliis l in~esto~le  is 180 ire! thicli :11icl i t  rese111l)les i l l  every respect 
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the Ratlinlitc~s limestone o f  l3ali1kar in the Indris velley, e?cl,nsed ;ilr)ut five miles eastward 
froni the outlet of the I iangru gorge ( P a r o ~ ~ a ,  1028. 11. 11 1 ) .  'I'llis limestone (lips steeply 
northeast and at the outlet o f  the gorge is al,rul~tly followetl I)y a layer of coarse corl- 
glomerate. This rock is composed o f  well ro~unded pel)l~les of greenstolle. schist, a~iiphilx~lite, 
grey cherty linlestone, granite, and quartz porl~hyrite. Some of these pel,l,les are f r o ~ n  six 
to eight inches in tlianieter lwt most ~ ~ s u a l l y  nleasure two or  three inches. Such a cornposi- 
tion indicates a denudation process which follo~ved del)osition of the Senonian K~uliolites 
l i~l~estone, affecting both the granite of the neighlnring I.stlak range ant1 the "IJras C'ol- 
canics" south of it. On the soutlierr~ flank of the In(lus valley tlie Cretaceous liniestone is 
untlerlain by green and purplish colored shales and overlain by grecnstonc, J x ~ v c  which lie 
the conglonierates of the I Ja~ ig ru  gorge. 

From tliis relationship it niay Ir concludecl that tlie ~ n a i r ~  portion of tlle "1)ras \'olcanics" 
is younger than Senonian (>laestriclitian, according to P a r o ~ ~ a ' s  rqwr t  ) .  l'he vulcanic 
activity evidently took place during the marine sulmierger~ce at  the close of the C:rctaceous or  
during tlie earliest Eocene period. Presumal,ly it was a subniaririe eruption of predonii- 
nantly mitldle basic nlapiia which led to thick accunlulation of exl~losive protlucts such a5 
agglonierates, tuffites and shales. Most of the detrital material was reworketl ant1 rnisecl with 
very fine clastic setlimetit \vhich \vas swept ill fro111 tlie crystalline liiglila~itls in tlie north. 
Since the Eocene niarls and ,\~urrrrrrrrlitt~s liniestones appear to Ix .  r~t~inHuenretl I)y tliis volcanic 
action, it is evident that tlie \lolcanic phase coultl not have continued into the 3'litlclle Eocene. 
F rom a subsequent description of the Upper Cretaceous in the Indus valley, it will 1~ seen 
that the first eruptions preceded the deposition of the Senonian Kc1dio1itc.c limestone so that it 
is possil~le to trace tlie origin of the "Dras Volcanics" Imck intn at  least tlie first part of tlie 
U l~per  Cretaceous. These first eruptions caiisetl rather thin onttlo\vs of lava over niarine 
sedilnents, whereas during the later period volcanicity ~ n u s t  have ~~ruceetlcd o n  a n ~ u c h  
grander scale, as tlie thickness o l  the "Dras I'olcanics" implies. 
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l 'ALI3IZOIC STKUCTUKES ()F THE TETHYAX 

In so far a s  (-)tie can judge from the foregoing ol)servatio~ls, there are revcaletl ill the 
geological section under discussion several major time 1)eriutls a~ltl  rock units. liavillg ;l 

history uf its own. 111 the lower Sintl valley there is a metan~orl)liic cc.~nll)lex of ~)hyllites, 
slates and greywacke which obviously antedates all o i  the known younger L'aleozoic rocks. 
Its slaty rnemkrs ,  inas~nucli as they reseniljle the .\Iitldle Can1l)rian of l~lantlawara,'3 ~ n u s t  
1x o f  ~iiarine origin. Tlie greywacke and phyllites contain thin Inntls of yello~vish linic- 
stone which resemble the Silurian rocks of the Litlar valley section as descr i l~t l  hy llitltlle- 
rniss ( 1910. 1). 215) .  This Caml~ro-Silurian coniplex evidently is largely a ~iiarine tleposit 
which must have accuniulatetl in a fairly stal)lc trough of long duration, as is i~nl~liecl by 
the great thickness ancl the time range of for~ilations. .l stutly of a geological map of 
Intlia reveals that this Ixlt of older rocks co~~ t inues  so~ltheast\vartl into the Spiti district, 

7 .  

thus forming a long. NW-SE-striking Ixlt o f  oltl I'aleozoic strata. I he general agreelrlent 
of strike between the fold axis and the outlines of this zone suggests l)erliaps that the 
Caml~ro-Silurian geosyncline once extended in a direction sin~ilar to that of the present moun- 
tain ranges. Hence it appears that tlie present strike of these older furlnations is o i  very 
ancient origin \vhich presut~~aMy antedates all subsequent structures. Of this the cleavage 
and tight folding give anlple evidence. The slates generally show flow cleavage with super- 
imposed fracture cleavage, the strike of \vhich tnakes an acute angle with the general NE-SE 
strike o f  tlie entire co~i~plex.  The fe\v measurements of strike are insuflicient to thro\v more 
light on this structural discordance but it is quite o1)vious tliat the co~npression o i  these 
rocks \\!as a differential one in wliicli at  least t\vo defornlations were involved. Eiu~l's (1928, 
PI. V I I )  studies tend to show that the Cambro-Silurian rocks are unconiormahly overlain by 
hIuth quartzite \r,liich presumably is of late Silurian and Devoniatl age. O n  the other hand. 
the thrust niuvernent of the younger Paleozoic rocks suggests that the sudden overlap of 
Panjal  trap over the older slates may in part Ix clue to the south\vartl advance o i  the thrust 
nlass. \\flintever their relationship today, tlie thinness of the ;\Iutli quartzite and its petrology 
contrast so  renlarkably \\.it11 the thick Canlbro-Siluria~i scllists that only an effective ul)heaval 
:uicl a subsequent shallo\ving of the old Paleozoic geosyncline can account iur its tleposition. 
Hence it is highly probable tliat this region under\vent foltling during Silurian ur late 
Ordovician time. 

In  the I-o\\rer Carboniierous tlie region once more Ixcame sublnerged, ancl almut 500 
feet of Syr i r~got /c~r is  limesto~le was tleposited (Test-tigure 7).  Then followed a period o i  
great crustal unrest. The granites ancl their associatecl n~etaniorphic rocks very likely origi- 
nated after the li~nestone liatl h e n  dei)osited. Tlie basal slates of the agglomerate slate series 

contain ~)el)l)les of granite and pepia t i te  (Eion, 19.28, 1). 1), and hence it is reasunal)le to 
assume that the granite of hlargtlnd is a 3tidtlle or  Lipper Carln)lliferous intrusion. The 

outlier o i  the 1,atlak granite I~ t iveen  Kargil arltl t l ~ e  lntlus river should IK of si~nilar age. 
111 a I)rcvious pul)lication of mille (1032, 111). 113-114) I tliscussed the evidence for tlie pre- 
i\Iesozoic o f  the main g r a ~ ~ i t e  ~nassiis.  The relation of the Icargil granite outlier to 
t l ~ e  Hysch sho\vs that the i n t r u s i o ~ ~  \\-as a t  least ~)re-Ul)per Cretaceous. Alesozoic granites in 

' 3  T. K~~hayasll i .  "hlidcllc Ca11111ria1i Fos>ils fruni Kazlitiiir." Arnrr. Jour. Sci.. vol. 17. 19.U. pp. 295-301. 
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the nortli\\.rst IIinialaya are unknown ancl it therefore seellls reasonal)le to co~icludr that 
with the exception o i  minor occurrences of granite a t  I)ras a~rtl  possil)ly in tlie Zoji Iaa 
region, they are of post-I,o\ver Carh)niferous ant1 pre-I'ermian date. In a recent puhlicatio~i 
.-\uden (1933) has presented evidence for tlie Carl)o~liferous age of t l ~ e  granites in the 
Central Hirnalaya, from which it appears that s11cI1 intrusions l ~ l o n g  to the 'rethyan sr~l,- 
floor and are therefore unconnecied with the post-Paleozoic foltling. 

, . I he crys ta l l i~~e scliists ancl other igneous rocks \vhicl~ alrl)ear near I<nrgil in associatic,n 
\vitli granite should therefore I R  considrred a s  part of the older 1':tleozuic structure. Eiun 
recogr~ized the overlap of the Agglomerate slate series over Syr ingot l r~r is  lin~estone ant1 as 
the Ft~r~rstc~lla shales appear to IK co~i te~~iporaneous  \vitli the lo\ver volcanic slates it is evident 
that this foltling was of pre-Moscovian date. T h e  I-Iimalapa then shares \vitli the rest o f  
the earth this record of world-wide mountain-l~uiltling du r i r~g  the Carl)oniferous. (:\sturian 
phase of Stille). Evidences for this folding can also 1~ fou~ltl  in tlie neighlx~ring Kara- 
koram and K'u11-lun ~iiountains (de Terra ,  1932, pp. 80-81, 114)  a11d in the Salt R a r ~ g e  to the 
south. This mountain-niaking must have \veltletl tlie Indian (;oritl\vana mass to tlie enlargetl 
.-\rlgara triass lying to the north, in what is non. C'entral Asia. \Vith this vie\\. i l l  nlintl, it 
I~econies clear that tlie origin of the Tetliys sea follo\\~etl this f o l d i ~ ~ g  and tli:~t the 'fethy;un 
geosyncli~ie, here as well as iri Alpine Europe, marks tlie clisintegration o f  a 1)revious Inntl 
mass for which Horn (1933) ,  by analogy \\;it11 European structures, has en~ l ) Io~e t l  the terri~ 
"hieso-Eurasia." This connection of previously separated land Inasses I,rolce do\vn i l l  

Perniian tinie. Whe t l~e r  it \ifas this event or  tlie precetlir~g foltling which Ietl to the \:ast 
eruptions of tlie Panjal aritlesitic rocks ant1 tuffs, \ve tlo not know. Volcanisni co~ l t i~~r i ed  
over a long period for the trap sheets ancl sills appear both Ixlow and a b ) v r  the (;tr~~~nrrrop- 
tcris series of Kashmir. If any folding took place conten~por:uieo~~sly \vitli tlie errll)tions, its 
records are hidden under tlie great thickness of volc:unic roclcs. 

The  Perrnian strata a t  Sonanlarg are sliearetl against trap ant1 therefore one feels 
hesitant in accepting Bion's (1928, p. 13)  itlea that the P a ~ i j a l  trap n o r ~ ~ ~ a l l y  untlerlies here 
the ??\fiddle Pernl ia~i  rocks. The  Kashmir valley sections prove tliat at tliat time general 
subsidence Ixgan, so that at  tlie close of tlie I'aleozoic the region urlder tliscussion \\as once 
Illore sul)rnergetl under the sea. The  fact that n o  Perminn strata occur in the northcaster11 
portion of the section has a definite bearing on the structure and c m  o11Iy In. 1111cle1-stootl 
after due consideration has k e n  given to tlie ~)rogresiive s i r lk i~q  o i  the 1'rthy:un geoby~~cline 
in hlesozoic tinles. 

TIZIASSIC SINI<ING ,-\XI) Cl?El'r\CE(3US EhlBRGENCE 

The  Permian apparently is conformal)ly overlai~i by the Triassic shale ;untl limestt~ne 
series. Whereas its lower I)etls still contain a great tle:ll of sandy a~ l t l  micaceous shales, the 
3Iidtlle Triassic or  "hIuschelkalk" is for its greatest part tlevoitl of I:uitl tlctritr~s. 111 tlie 
up1)ernrost portion o ~ ~ l y ,  at  almut the Inse o i  the massive Ul)per Triassic l i t~~estone,  tlicre 
appear quartzitic layers of unknown thickness \vhicli may corresl~oncl to the :uel~aceous 
I ' t j c l ~ i t ~ ~ s  horizon of the l'riassic in Kashmir. 'The santlp shales arltl lil~~estonr.; in thi.; 
portion stantl out as a i o r e i g ~ ~  ele~iient from thc other\\-ise limy or  tlolomitic seclllellce of the 
Triassic. \vIiicli i~itluces one to  believe that this c h a ~ ~ g e  ot' setli~nent:~tion \va.s 1)rougIit alnnlt 
t ~ y  alteratio~rb in the 1x)rtler of ,  or \vithin, the geosynclicle. l<vitlence for a n  unco~~forrn;~l)l t* 



contact between Xluschelkalk and TTl~l~cr Triassic is wanting. 1x11 s1111tIi o f  tlie Ilinialitya, in 
the Salt Range, there appears a great hiatus. \vitli the .\iitl(llr 'friassic tlirectly overlain by 
Cretaceorls I ~ d s .  This Ijreak has l~een taken as a sure sign of a general regression of the 
Triassic sea f rom the Salt Range area and it is  this event which seems to 1~ reflectetl in the 
sandy layers o f  the late bliddle 'Triassic in Kashmir. I-Iere, hc~\ve\rcr, the tentlency t o  crustal 
yielding was so clon~inant that (luring the sul>secluent periocl Ijasining progressed ral~itlly. 
, . I he great thickness of the Upper Triassic coral-reei lin~e.itr~ne ant1 tloloniite appears to  In 
nornial for the 'Tethyan sequence ant1 indicates its progressi\re sinking. This movement may 
have continued into the Jurassic Jut ,  as previonsly ~)ointe(l out, very little is as yet known of 
strata h long ing  to this period. 

T o  the Upper Cretaceous must Lelong in part the very thick pile o i  detrital sedin~ents 
tvhicli appear in the vicinity o l  Kargil. The  exj~osetl unconfor~nit!. with the Paleozuic 
igneous and ~r~etan~or l ) l i ic  rocks on the one Iiantl, and the total lack of ally normal contact or  
sedimentary relation to the 'Triassic iorniations on the other, are uutstantling features. The  
fornier in~plies a reversion from subsidence and setlir~ientation t t ~  uplift tlenutlation. The 
fact that hardly any of the Hyscli pebl)les are derived iron1 the Triassic woultl intlicate that 
the recent formational Imu~~dar ies  I~ t iveen  the flysch and the Triassic cannot reflect their 
original contacts. Consitlering that the Paleozoic rocks n ~ u s t  have lnen greatly snbnlerged 
h l o w  the Triassic sea, the denutlation preceding the deposition of the brtsal f y s c l ~  l ~ d s  must 
have been enormous. In fact it is impossible to imagine such an e\,ent \vithi)ut taking into 
account extensive uplift of the Tethyan rocks so far  deposited and a very effective erosion 
  hicl cl^ levellerl the newly fulded strata do\rn to the subfloor of the geosyncline. This clenuda- 
t i o ~ i  clearly \\:as restricted to anticlinal ridges in which one nlay see the foreru~mers  of recent 
anticlinoria. I t  is ol)vious that events such as these must have required a long periocl of 
time and one stage of tlie Upper o r  RIitltlle Cretaceous could have hardly Ixen sufficient to 
bring alwut such profoulld changes. As Lower Cretaceous and Jur;~ssic forniations \\ere not 
observed, it is i~ilpossil~le to say \v l~e r~  these intra-Alesozoic movements h g a n .  I ~ u t  it sl~uultl 
be recalled that Middle~riiss (1SYG) found evidence i ~ r  u r a s s i c  folding in the neighlx)ring 
Hazara tlistrict. I3esitles, \ve kno\v from the .4lpine region in Europe that the so-called 
"Tertiary fo l t l i~~g" must in reality ha\-e lxen a long process cri  intermittent yet ~~l.ogressive 
crustal deformation which can be traced far I)acl; into the blesozoic ant1 p remna l~ ly  even 
into the younger Paleozoic. Due co~~sidera t ion should therefore h given t c~  the co~lsiderablr 
a~itiquity oi  14inl:ilayan ~i~ountain-making. I t s  influence upon the Tet l~yan setlin~enlntic~r~ 
shoultl IK fo i~nd in the facies differentiation of the rocks. 

The  Intlus flysch fulfills all tlie requirements of n foredeep deposit. The  coarse basal 
cotiglonierate indicates the steepness of tlie fornler mountain slope. The  sandy-shnly char- 
acter o i  its plant-bearing Ietls ant1 the extraordinary thickness oi  the flysCh in~plies constarlt 
I~asining with filling and \vitlening of the trough, until the time \rhen nlarine calcareous 
de1)osits \\'ere Inid do\vn. The intimate I~lend of these basin setlin~ents \vitli I~asic igneous 
rocks as revealetl I J ~  tlie "L)ras Volcanics" is in accortlance with the concel~tion of foredeep 
iornlation in the ~ l ~ o u n t a i n  Ixlts of Euru l~e  ;u~tl I\lorth .\n~erica." I rnpor tn~~ t  inferences 
as to the structure of orogenic Ixlts I~ave  luen draivn ir0111 this close associa t io~~ of 

' 4  Tlre Jurassic and Tertiary ophiolitcs uf tlie Alps arc directly tu bc cu~npared I\-itli tlie "Dras Vulcanics" as 
Aloiai (193.3) ~xl i~ l ted  out. I n  the ce~rlral Alrpalaclrians tlre \Vissahickun scliists uf the Algul~kian Gle~larm series 
and tlrr yrrc~l,lt,lirb i n  the I;ra~rci.;ca~l f~rl l i ;~t iol l  CD[  llrr I'acilic (.o~sl ralrges arc similar illuslralionr. 
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"opllialites" or  greenstones bvitli the strata of geosynclines. I'd. Suess inierpretetl them as  
al)yssal rnagllla which was intruded d r l r i ~ ~ g  the first stages of ioltling. 'fhis view is greatly 
suppt)rted Oy Staulis analysis of Alpine structures, particularly I)y the contenlporaneousness 
o f  th? Jurassic orogeny a~i t l  ophiolitic ilitrusions. Tlie Ilin~ala!.an ol)hiolites o r  "1)ras 1'01- 
ca~lics" appear for the first ti111e ill the LTl)l)er C'retaccous I)ut tlie fact that the flysch santl- 
stolle is largely tleri\wl [roll1 rock \\,aste of green Ijasic rocks points to an  earlier existence 
o i  freshly esl)osetl lava flo\vs. This makes it highly prol)al)le that the initial eruptions o f  
~)orl)hyrite ancl andesite \\ere cuntemporaneoLis wit11 tlie RIitltlle C'retaccous foltling. The 
ol,vious connection Ixt\veen the thrrlsts and the greetistone l ~ l t  shuultl, lio\vevcr, I)e con- 
sitleretl as a tlil'ferent l)henonienon which ~na~i i ies te t l  itself long after tlie Hysch hat1 been laid 
tlo\v11. 'The iact that this intrusion of basic magnia into the geosyncline lastetl into the 
p:oce~~e ilidicates that this event \vas not restricted to an orogeiiic phase I ) L I ~  that it continuetl 
all through the basining stage of the Ilyscli periotl. Ih~che r  (1934, pp. 268-273) in dis- 
cussing this same prul)lem, conte~lrletl that the ~11)\velling of IJasic magtna in 111obi1e I~elts 
rcsrllts from tension in a s u l ~ r n s t a l  niobile region \vhich is equi\.alent to the tensional force 
aciillg in the resisting upper crust. The example of tlie "Dras Volcat~ics" \\.ill satisfy both 
views inasmuch as the nlaglna appears to have originated (luring an  early phase o f  geosyn- 
clinal compression subsequent to \\.hich tlie lava \\felled 111) over a wider area (luring the 
tensional phase of iuretleep Ijasining. 

This idea pern~i ts  another inference as to the general structure of the northwest EIinla- 
Iaya. Ophiolites tend to occur ill association either \vith deep \vater deposits o r  \vitli such 
strata as accumulatetl rapitlly in sinking I~elts, and in almost rvery case they mark the axis 
of greatest basilling in the geosynclir~e. Their present location, then, \vonltl al)proxiri~ately 
coincide wit11 the region of greatest sul>sidence, pro\,idetl that no great thrust movements Il;~d 
consideral~ly displaced them. .As sul>sequent tliscussion \\;ill sho\\r, the structures on the 
southern flank of the Rarakoran~  do not permit the assumption that the "ljras V~lcanics"  
have Ixen displaced \:cry far fro111 tlieir original position. 

The geophysical data,  as computed o n  Char t  7 of the Geotletic Report X ( 14.33) o l  tlie 
Survey o f  Intlia, characterize this particular region as one of high ~ ~ o s i l i o n  gr;~vit!. 
anomalies. 'Their t l i s t r i l~u t io~~  coincitles rather closely \\.it11 the 1zlt of "l)r;lr; \-olc;l~~ic," 
\vhich in parts consists of igneous rocks o f  high sl)ecilic gravity sucl~ ;I.; g;il)l~r-o ;111tl I I I ; ~ ~ I I ~ . -  

tite-1,earitlg 1)eridotite. This  relationsliil) illustrates ho\v Ioc.all!. tlic I l in~;~layan rcgion, like 
1)eninsular Intlia, follows tlie labv cited in (;lenllie's (10.32. 1). ! ) )  rccellt study, accortling to 
which tlie anomalies are positive over igneor~s ;untl negative over setlitl~el~tary rocks. Tlie fact 
that large portions of the nortli\vest Flimalaya arc lnatle up o i  either I'aleozoic o r  Alesozoic to 
Tertiary hasic igneous rocks shoultl I)e consitleretl as a iactor \vhich contril)utes to the ge~leral  
positive anonlaly o f  tlie ~lorth\vest  Ilimal;~y;k. 

T I E  EOC'I<NE AIARINE REGRESSION, SURSBQUIINT I ~ O L D I N G ,  
AND HESU1,TING STKUC1'UKES 

Judging iron1 the esposurcs of flysch in the Kargil basin, it seetils ~)rol)al)le that tlie I'ncene 
plant-lxaring shales and  marine nlarls lie conforlnal~ly on the Ul)l)er Cretaceo~~s.  In the 
adjoining l<arakuran~ 1ilount;rins ;~nt l  i l l  the 1)latearl region of \\ester11 'l'ilwt, l~o\vever, tliere 
is an  angular ~ ~ ~ l c o n C o r ~ ~ ~ i l y ~ l ~ e t \ v e c ~ i  l i i p p ~ r r i l ~ ~ s  lin~esrones ant1 r~~ l l t i~ l en ia l  'I'eriiaries \vhicli 



indicates g e ~ ~ e r a l  r~plift of the nortliern area in late (.'rct;lccol~~ titnc. I1 i ,hs i l ) ly  i t  \\-a.; this 
emergence \vhicli causetl tlel~osition of liti~estone conglonlerates sllch ;Is al,pear at  1)1ltIct of 

the Ila11gru gorge near Icalatse. I-Iere tlie contact of tlie ci,nglon~crate is f;u~ltccl ;111tl tlic 
proper relatiolishil)s arc thcreiore unkno\vn. I f  there \rere any Ijreak in the seclucncc, one 
\\~oultl suspect it to he a tliscrlnior~iiity as tlie early liocene continues the shaly facies of the 
flyscli. This contrast in tlie chi~ractcr of tlie I)or~ntlary of the (.'rctaccorrs Eocene In.twce~i 
the Hin~alayan ancl Karakoram regions is highly significant for  it slio\vs that tlic ~ ~ o r t l i e r n  
region emergetl froni the Tethyan waters tvhile the soclthcrn region conti~luc(l its tnarine 
history. 1;ossa hIancini (1928, pp. 236-237 ) ,  commenting on the litholog-). of the .\'rrrrrrrrrrl- 
itcs limestone and Polnrrritfcs niarls of l,atlak, pointctl out that this Eocene sea must have 
been a very shallotv Irjdy of water in \vhich estuarine contlitions ten~l)r,rarily led tn the evolu- 
tion o f  Ixackish-water life. This same picture holds gootl for part of the sandstone flyscli 
in Latlak ant1 it \ vo~~ l t l  thus appear that the thick mass of over 10.000 feet o i  setli~nent 
accuniulated Imt\veen the L7pper Cretaceous ant1 the Mitltlle Eocene required a steatlily 
sinking crust. I n  vie\\- of the fact that this same region had ~~reviously  untlergone con- 
si(leral~le sinking (luring the early 3lesozoic and that this sinking continued into the early 
Tertiary, it is re~narkable that in spite of intervening phases of foltling the Indus Ixisi~i 
should have resu~ned crustal yieltling even in motlern times (p .  67 ) .  

The  folding which follo\ved this relatively quiet period resultetl in a total change of 
Ilimalayati geography. Evitlence of this ioltling is given I)!. tlie total lack of any marine 
post-Eocene formation. I)y the post-nummulitic conglomerates, ant1 hy tlie intense folding 
ancl thrust structure illustrated in the section. .\part froni these iacts, corroln,rative proof 
for a post-RIid(lle Eocene foltling is iound in adjoining territories, such as I'oonch. where 
\Vadia (1?2X. 1). 2 9 )  ol)servetl the effects of the intense tleformation to which ISocene ant1 
oltler rocks hat1 lxen subjected. T h e  map reveals that not only "Dras \'olcanics" and l-ocene 
have Ixen strongly folded but that tlie post-numn~ulitic lxds at  Pashkyum are  involved in tlie 
deformation. The  latter phenomenon makes one inclined to I~ l i e \ , e  that the main folding 
is of post-Eocene (late. I)ut it is qnestiona1)le whether the structures originated entirely (luring 
one orogenic ~)hase. X solution of such an intricate prohle~n evitlently cannot Ix: esl~ecterl 
fro111 this general survey, I ~ u t  a 1)rief revic\v of the structural outlines niay contril)ute to a 
general uritlerstantling of the tectonic forces involvctl. 

So f a r  s s  my o\vn o1)servations ant1 those o f  earlier investigators go. the s e c t i ~ ~ n  I I I ; I ~  I)e 
divitled tectonically into the iollo\ving units: ( 1 )  an  autochthonous zone co~lsisting of the 
Ras~nai  anticline and a some\vIiat tlisplaced synclinc of Permian and Triassic rocks: ( 2 )  a 
thrust zone of crystalline ant1 nletan~nrphic rocks as esposetl in the Zoji La region; ( 3 )  an 
intermediate syncline of Triassic strata, faulted ancl partially overthrustetl Oy ( 4 )  a synclinal 
h l t  o f  Indus flysch, Eocene ancl "Dras Volcanics" \vhich overlap in the north, and ( 5 )  an 
autochthonous crystalline comples of granite ant1 diorite. 

111 atltlition to \\hat has previously t m n  said almut the structrlre of the first of these 
units, it \voultl appear as if the axis of the Ijasn~ai anticline t i~akes an acute angle with the 
N\I:-SIS strike of the Permi;~ii-'rriassic belt as exposetl in the upper Sintl valley syncline. 
.\long tlie northern limb the I'aleozoic fornlations are shearecl against C'amhro-Sil~~rian 
rocks ant1 the thrrist conti~ct of the 1';unjal trap also indicates that 1)ressure fro111 the north- 
east \\-as cserietl 011 \\.hat apl)ears to I)e a perfectly norn~al  syncline. The  shearing forces 

~ ~ a t u ~ . a l l y  acted "11 11lancs of least rcsist;unce, that is, bet\veen the more resistant trap and the 
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atl joinil lg 31;ltc l,r ~ ' ~ ~ ~ i ; ~ ~ l  sll;llcs. ' I ' I I~  ~~ l l l r l i  lilore I I I ~ I S S ~ V C  .l'ri;lssic SLY~IICIICC re;~cted ( 1 1  the 

[,~l(lillg l l y  tile ;l s [ q )  :111ticIi11c \v l~ic l~  is ; I ~ N I I I ~  I I I I C  111i1e I B ~ I ) : I ( ~  : ~ I I ( \  is roll~)\\-ed 
1,). ;I11 inrc,nll)lctel!. cxllclsctl syllcIirle. I Iencc the oltlcr ( I'crnii;~n-I,r)\\,er '1'ri;lssic) rocks arc  
I,r(,rlgllt i l l )  allnost eqrl;ll clcvation \vitIi tlie nluch younger Ul)[)cr l'riassic ancl I,ii~ssic 
t r  '17his rclatio~~shil ,  \vor~ltl intlicntc tli;lt the syncline \v;~s first foltlctl ;uitl then again 

s~r l ) j~ete t l  to rtln~pression \\ 'l~ich carrietl the s~>r~th\vestcrn l i~nl )  ti~)\\,ar(I ag;~inst  tllc Illore 
resistant tr:tl) \ \~h ic l~  in itself t r a ~ ~ s n ~ i t t c t l  the ~llovernent iilrtlier sor~th\ \~cs t ,  thereby causing ;l 

slig[lt ovcrtllrust ;lgainst the oltlcr 14;lsrllai ;~nticline. This  in turn presunl;lldy lctl to ;L slight 
tlivcrsion (3i s r~ch structures ;IS a re  inherent in the oltler I'aleozoic co~n l~ lex .  

The  Zoji I,a region prescnts a c o ~ ~ ~ p l c s l y  I)r~ilt zolle o l  tightly co~npressetl fnrtnations in 
\\-hich Triassic, gneiss-granite ancl green schists of unknoivn age take part. 1C;lcIi formation 
allpear5 tn I K  srpar;ltetl from tllc nes t  1)y a rnajor shear plane. ;uid even tlie 'I'riassic of tlie 
(;arnru synclinc Feenls to I)e some\\rliat sliearetl to\v;lrtls the Iclt o i  ~~ntleterminetl  schists. 
. . 
I lie dip of tlie shear planes Hnttens nortlirast\vartl until it is pilrallel to the normal (lip of 
the (;amru syncline. 7Tl~is progressive steepening of the shear planvs to\vartls the sontli\vest. 
ant1 the successive ;ippe:rr:nnce o f  a1)p;~rently oltler rocks in the same direction, suggest that 
all oltler anticline \\as movctl soutli\vest\v;lrtl ul)on tlie ar~ttr l i thonous syncline o f  the u ly~e r  
Sintl. :\S tlie tlirr~st contact is a t  present practically vertical it is evitlent tliat the shear planes 
niust have Imen either steepened by cnntinuetl pressrlre of foltlil~g from the northeast o r  I)y 
t;uljsecluent faulting. \\'hether the Zoji La  sequence really presents an ~~l)t l irustetl  ~)ortion of 
the ' I ' e thya~~ snl)floor, o r  \vIietllcr it is a n~etiumorpliic unit of younger rtxks 1)elonging to the 
Cretaceous-17oce11e series, cannot yet I)e tlecitletl."' Iiut in vie\\. of the fact that there is little 
evidence in sul)l)ort o i  the latter vie\v, it seems ~)rol)itl)le that this structurc in the ~ n a i n  
rellects tlic process of tleiorrnation previorlsly tlescril)etl ; that is. prcssure of f o l t l i ~ ~ g  from 
the northeast leading to ioltling ant1 shearing until the variotls for~nat ions  came to rest like 
a row of s l i i~~g le s  Ijent against a Hat \vall. 

The  (iamru synclitioriuni is almost entirely occupietl by the thick marine Triassic 
setpence. I t  can Ix traced from the Gamru valley eastwartl across tlie lieatl\vaters of the 
Suru  river into tlie ripper \\:akka valley \vhere its strike changes fro111 \V-E to N\V-SE. 
Reti iwn Maclihoi ant1 r'indras one recognizes at  least three synclines and one anticline. 
1.1 ~es~tler;, . ' there is a variety o f  secontlary structures \vhich, in case of the anticline. a re  piletl 
alrwe each other so as  to form a mass of recrlmlmnt foltls \\.it11 their ol)cn li11il)s po i~~ te t l  
nortli\varil. Such recr~nil)ent foltls were ol)servetl mainly in the northern part of the Triassic 
belt and allvays in the upper portions of the exposures. These facts wonltl seern to intlicntc 
that tlie main force of foltling pressure was applied from tlie north and tliat the co~npress io~l  
of tlie Triassic rocks was here as  great  as  in the Zoji La  region. I t  is signiticant in this 
connection that tlie Triassic limestones in the north are abruptly cut off I)y a major  farllt. 
T h e  exact nature of this "1)ras-fault" coultl not 1x ascertained for the li~nitetl ~~ l ln l l ) e r  of 
exposures \.isited revealetl a great  variety of structures. West of I'intlras the fault contact 
apparently (lips under the Triassic;  eastward ant1 south of Dras  the fault (lips 80 ' N o r  is 
perpenilicular. South of tlie 12Jakka \,alley tlie Id:ncene ant1 "l1r;rs Volcanics" clip ag;lin 
trnvartls tlie range of Triassic limestone I)ut tlie contact is clearly one of faulting r;lther t11:un 
thrusting. 'l'he \Val<kn fault near A1rlll)ek awl tlie v;llley fault ; ~ t  Ilotl Icarbn \vith their 
tlo\vniaultetl patches of 'Triassic l i~~ le s tone  give evitlence o f  these vertical tlisplacements. 

12 This vicuz was adopted by the writer in a previous ~~uhlic;ltiun, 011. cit. 1934a 



\\'hcrcver this fault plane was ~lctlrctc~~l toivartls tlie south. the 'l'rias5ic i.; slightly rnoverl over 
"1)ras \/olcanicsV o r  shales. I t  seenis as i f  such Ioc;~l rotations arc, due to a slight tiltinc of 
the ~nassive T r i x  conlples over the atl j~)ining weaker shales ant1 tuff-slates. .l'lic fact tliat 
lr lqwr Cretaceous to I < o c e ~ ~ c  rocks abut I ) I I  tlie fault line iritlicatcs tliat the northern liml)of the 
(;;inlru syncline \\.as tl~~\vnfaultetl in pc~s~-Eocrne tinle. I t  is, however. ~)ossil)le tliat the "I)r;~s- 
f;~nlt" represents a complex systeni of tlisplace~ncrits and tliat the f au l t i r i~  t q a n  at  an earlier 
(late \vhen the Kar;~ltorani foretlecp \\(a?; for~netl .  In this conneclion it is interesting to notc 

that the fault itself marks tlie southern Iw)untlary of the flysch t)asin ant1 that there are intlica- 
lions of faulting previous to the thrust-niove~ncnt (see p. 52) .  

The fourth structi~ral  ele~nent,  tlie Indus Hysch ancl "Dras Volcanics." has preserved its 
norn~al  overlap contact with the granite subfloor near Kargil. The olclest flysch txtls (lip 
soutlieast\\~ard to\\fartls the place \\.here the ancient foredeep must have h e n  Iocatetl. Farther 
south, ho\vevcr, this nnrmal relationship does not prevail any longer fnr tlic "1)ras \'oI- 
canics" are here rnoved north\\,ard upon Icocene and post-Eocene strata. The thrust fault a t  
Paslikyum (Test-figure 11 ) shows tliat tlie move~nent towards the north coul~l not have l r en  
very great. This fault apparently continues \rest\vard where it offsets greet is t~~ne f r o n ~  
granite. It was also traced at  K a r l ~ u  where Rocene slates are faultetl against "1)ras Vol- 
canic~." Whether it is this sarne fault which displaces the greenstones north of 1)ras f r o n ~  
granite cannot I R  stated wit11 any certainty. I n  contrast to this northern fault, there is a 
thrust plane which l~ortlers tlic main greenstone coniplex on the south. This thrust is txst 
ohserved near Shargol ant1 can I K  traced from there north of the \\'akka valley to the 
Sangelurn;~ river. Farther southeast i t  has not Iwcn s:~fficiently stutlictl I)ut presun~al)ly con- 
tinucs cast of 1,atnayuru tcnvards the Yapola valley. .2t 1)ras few ol>servatiotis that indicate 
the trentl of the main thrust are availal,le. The  appearallre of a thin \)and of Eocene linie- 
stone surrountletl 1)y greenstone and agglo~nerate might indicate a thrust relatio~~sliip. O n  the 
other hantl, tlie greenstone on the ~wr the rn  flank of the Cianiru river east of Pintlras appears 
to o\rcrlie the purple shale and agglomerate series. Here the reducecl width of the shale Ixlt. 
ri~uch narro\ver than that in the Mulbek section, suggests a greater southward advance of 
tlie greenstone coniplex. This thrusting apparently was an outward movenlent, directed from 
the flysch foretleep, \\fliich affected the massive \.olcanic rocks niore than tlie underlying rocks 
o r  the younger shales so that the "Dras Volcanics" \Yere thrust indepenclently over the basin 
filling towards the south. 

Previous investigators such as Lytlekker (1883) and Oltlhani (18!)8) have tlralvn atten- 
tion to the north\vestcrn terminal of the Indus flysch along the crystalline rocks near Kargil. 
Formerly it \vas stated that tlie granite-diorite mass with its associatetl n~eta~norphic  schist 
should Ix regarded as part of the uplifted subtloor which is intimately connected with the 
crystalline axis of the Ladak range northeast of tlie Indus. I t  is in this fifth structural unit 
that the influence of the [)re-Tertiary uplift manifests itself most clearly. The fault contact 
of the granite \\'it11 the greenstoties would indicate that this sutlden termination of the Hysch 
Insin tloes not actually represent the original Imrder of the flysch, particularly if one recalls 
that only tlie l~asal layers are in normal contact with older rocks. The  great thickness of this 
for~nation ant1 its relative petrologic unifornlity would rather point to a nluch greater exten- 
sion of these strata in Upper Cretaceous and Eocene time. This  consitleratiori i~itluces one to 
I~elievc tli;~t tlic present Ilysch 1n)untlary is due to post-Eocene niovenients \\,l~icli brought 
about ul)lica\,al of the a s i s  of tlie Ilysch trough. Such a structure is in accordance with the 



ge11eraI t ec to~~ ics  Oi I I I C  a ~ l j o i ~ ~ i ~ ~ g  l i ; ~ r i ~ k o r ; i ~ ~ ~  r:inge.s \vl~cre t11c l 'al tv~z~)ic i o r ~ ~ ~ i ~ t i o l ~ s  ; I I I ( I  
c rys ta l l i~~e rock?; elllcrgc ~)rc>grrssivel! i r ~ ~ r n  sor~lhcast to ~ ~ ~ ) r t l i \ v c s t  Iron] u~lt lcr  the i ~ ~ t c ~ ~ w l y  
foltle,l 3lesozoic rocks. A n  axial upliit to\\.;lr(l3 the r~ortIi\vcst t l i e r e i ~ ~ r e  is COII I I I I I I I I  to 1)0t11 
the I<nrakoran~ ;untl the nc>rth\vest ! l in~al :~y;~ .  ancl it is ol)\.iou.: that this Inovclnent ctlt~ltl 
havr taken 1)lace only in pos t - l<occ~~c t i ~ ~ l e .  

l 'hc prfic11t gencr;rl rec~)~lr~aiss;~nc.t. pern~i ts  O I I ~  to  tlralr. I I I I ~  l i~l~itctl  conclr~sions ;IS t o  
the ge~lcr ;~l  te~ltle~lcies of tectonic t l e i o r n ~ a t i o ~ ~ .  S a l ~ ~ r a l l y  these \\.ere tleterniinetl I I ~  ttvo 
I I I ~ ~ I I  e le~nents :  the geosyncline o n  the one h;111tl. ;ultl its sr~l)lloor o r  Ix)r(lers, nl:ttlc ( ~ i  oltler 
rocks. O I I  tlie c~ther. The  1:ttter a t  1)resent n~:~kes  a f r a ~ n e  for the l'oltl- ant1 thrust-structure 
prevailing i r ~  the cclltral portion nf the sectitln, for  it is t l a~~ke t l  I)y an autc~chthonous comples 
of i g n e o ~ ~ s  rock.., i11 the north ant1 an oltler I'alcozoic setlimentary onc in the soutli. ICvi- 
tlel~tly the former came into existence through Cretaceous upliit, ancl a f ter  tenlporar! sull- 
sitle~lce g:iinetl prominence \vhc~l a ge~lera l  foltling occurrctl in post-ICocenc time. These 
comlmessivr forces t ra~~smit te t l  thcn~selvcs \vithin the rock serluer~ce ill such a \vay as  to give 
rise to an offshearing o i  the northern part o i  the geosy~lclinc. 'This \\.as movetl south\vartl, 
therely c a r ~ s i l ~ g  extensive shearing along the contact \vith tlie southern unit and \vith the 
oltler Palet~zoic rocks. The  northern portion untler\vent strong conll)ression es11c.cinlly along 
the contact \vith the " l l ras  Volcanics," \vhicli, as  ;l11 intlividual thrust Inass, hat1 I~een rnc~vetl 
iron1 a more central position in tlie flysch I~asin to the south. I t  is here that the thrust nlove- 
lnent evitlently attained its greatest iorce. I t  is rather iml)rol)al)le that the autochthonous 
conlplex in the north \\-as ever tlisplacetl to any apprecial)le tlistance. The  south\v;ird Inove- 
metit of the Tethyan folds, its exeml~lifetl I)y this structure, appears to  have originated froni 
the same orcyenic iorce that gave rise to tlie thrust structrlre i l l  the 1leig11l)oring P i r  Panjal  
range, as  tlescrihetl 1,y \\'adia ( 19-38, p. 198). 



, . Ihe  relief ~iiotlcl o f  the ~iorthwest tlinialaya, i i  sr~ch cnt~ltl tr c1)115tructe1l ; I I I I I ~ K  t l ~ e  
geological sectiori, would in tlie vcrtical diniensic~n 1)rescnt a four-folcl a r r a n ~ a i i r n t  nf ~)h>.bio- 
graphic units. The  rlpperr~iost floor of this towering structure ~ v o u l ~ l  slir-)\v siriglc high 
massifs ant1 glaciatetl ranges a t  an altitutle I ~ t w e e n  16,000 a~ i t l  2 h . O  feet ;~ln)\.e sea Ie\,cl. 
'4 second floor bel\vccri 11,000 ant1 16,000 feet ~voultl reveal ~videly extentlctl mature land 
forms with witle valleys. isolatetl plains and sha rp -~ve~ lge~ l  interstrean~ tlivides ~r~oltlctl 11y 
Pleistocene glaciation. The  latter conil)letely d o ~ n i n a t n  in tlie fr-~rniatio~i n l  the next f l t~or 
which merges into the youngest relief unit t h r o u ~ h  deeply dissected, glacially s h a l ~ d ,  but 
more recently excavated valleys. The  1x)uncIary o i  the lo\vcst arid fourth unit I,econ~es clearly 

FIGURE 19. THE HIGH ~IASSI \ .E  OF NANCA PARB.AT ABOVE T H E  SL'YLIIT LEVF.~. 

Sketched after a photograph taken by A. and N .  voll 1.rydc11 from Hararnuk peak near Srinagar. 

visible \vherever glacial trouglls have l ~ e ~ i  cut into I)y younger streanis, as  in the Sincl o r  
Hangru  valleys (Text-figures 1 ant1 3).  

T h e  highest floor is I)uried untler snow ant1 ice ant1 is greatly scc~urctl I)y a lasting 
glaciation. I t  lies Inore than t\vo niiles almve tlie structrlres clescrilled in the previnus cliapter. 
I ts  iormational co~iipositiori is as  yet little known ancl can only locally I K  inferred fro111 the 
untlcrlying grountl plan. I'lut its outlines, f rom a 1,ird's-eye view, reveal an  ortlerly arrauge- 
ment of topographic forms. \vliicli Imconies particularly striking in the neiglilmrliootl of the 
high massifs. Such great  rn~juntain groups are  Nanga Parbat ant1 Nun-Kun. T h e  f o r n ~ e r  
lies seventy miles north\vest of t h r  Siritl valley ant1 tlie latter a ln~u t  thirty miles south\vcst of 
the M'akka valley. 

1;rorn an  alpine ~neadow near ( iulmarg ;~lx)vc the Icashniir valley I saw Nanga Pa r tn t  
rise alnlve the sunimit level c ~ f  the Kasl in~ir  I l i~nalaya .  Like a giant group nf islantls it 
lifts itself almvc a n  a ~ ~ ~ ~ r o s i r i i a t c l y  eve11 line of single peaks ant1 serrated ritlges that lie in 
a11 accortlant level at  a height of alnmt 16.500-17.000 feet (Text-figure 19). IIere ant1 there 
a s o n ~ e ~ v h a t  higher peak rises out of tlie uniform alignment of crests and interstreat11 
divitles. N o  plateau remnants can l* seen, nor  are  there any other signs to indicate that this 
level originated from an ancient dissectetl peneplain. Or1 the contrary, tlie youthfulness of 
the innunierable shar1)-edged crests, sumniits, ancl tlivitlcs ~vhicli a re  so perfectly dissected by 



active \\-eathcrinK : ; I~ l ( l  er(>~i()ll. SCCIIIS tt1 in~ply a11 ever-chancing stale. .All)rccht l'rnck ( 1')1Q, 
I,, 264) llas tlenlc)nl;trate(l that ~ 1 1 ~ 1 1  s l ~ n l ~ ~ i i t  IcvcIs ill the :\11)s I11;L)' actllally lllarli a 1,alance 
o f  tol),)gral)tlic rel ief  In.t\vecn ~nountain ul~lic:t\~al ant1 erosion. l'here, as in the Il i~n;dayas,  
the sumlnit Icvcl is c,)~lstal~tly i l l  tlie ~naking,  allcl T'rnck's conclusion was that i t  coultl never 
t l l c r c i~~re  Iw a land iorm directly inheritctl fro111 an older ~)ellepl:~i~i. 'The alpinc summit level, 

accortling to I'enck, is  the result o i  rapitl \\-eathering in sno\v-covcretl heights ant1 o f  con- 
s t ; ~ ~ l t  Clltti~ll: of a11 evenly spaced river system \\-hicl1 contirlt~es to cut ever more tlecply in tlle 
altenlpt to keel) pace \vith the nlountain uplift. 

;is ill the A\lps this sumnlit-level of the I<aslimir-lli~r~:~Iaya is surrnot~ntctl I)y higher 
grorlps, sucll as Ni~liga Par ln t .  Nanga l'arhat consists o i  resistant metalnorphic 

a s  \yell as non-resistant roclis and these also take part in the structural conlposition of the 
untlerlying region. Its 11ountl;~rics tlo not coincitlc \\.it11 the outcrops of the harder rock 
ele111ent ;ultl i t  is therefore i~nprol)al)le that Nanga I'arl)at represents a group of monatlnocks. 
This cnnclusiol~ can also 19 tlra\\-n i ro~ i l  tlie ol)servation that thr accortlance of lcvel is due 
to all even spacing of the river system \\~Iiich originated at  a time pre\lious to the general 
uplift. :\S long as there esistetl a state of halance I)et\vccn the (leeper cutting of this drain- 
age systenl and the nlountain r~pheaval. the alpine sun~~nit-level domillatecl the entire relief. 
E r ~ t  \\- her^ this Ijalance \\.as upset 11). a quiclter uplift of certain portions of the structure, thc 
rivers in tlie quicker-risi~~g portion \Yere unal)le to cstal,lish an  equally tlissectetl relief. 
I l igher massifs I ~ g a n  to appear aln~ve the sum~nit-level. Such an event nlrist Ix resl~onsil)le 
for the estrat)rtlinary pronlinence which the Nanga Parbat massif attains a lx~vc tlie sumn~i t  
level. I!ut \ve ask ourselves ~vliilt forces controlled these accelerated uplifts? . I re  they 
dependent on those earth movemellts wliicl~ are manifested in the tleeper structure of the 
section, or  clo they k l o n g  to an entirely tliffcrent order?  

\VARPING OF FOLD STRUC1'UlIES 

The a.ssunil)tio~~ that young crustal deformation is largely resl)onsil)le for axial cleva- 
tions in the sulnnlit level region is justilietl if one accepts a variety of evitlence \vhich g txs  to 
prove the youthf~ll  character oi  the tliastro1)Iiism. Text-ti gure 0 sho~vs  that the longitutlinal 
valley protile along the Sind presents a steel) slol)e 011 the southern Hank of the central 
Himalayan range. 'The same steepness of gratlr is reflectetl in thc relative Icvels of l'leisto- 
cene terraces. --\t \Voyil near the outlet of the Sintl valley tlie main terrace lies at  5500 fcrt 
ant1 at  Sonalnarg thirty miles nps t r ea~ l~  its level is at  9000 feet. Considering that the Sintl 
valley sufferetl repeatetlly from glacial erosion \vhich nlnst have loweretl the gratle ant1 
smoothetl the slope, it is surprising to notice ho\\. steep the ascent of these Pleistocene terrace 
levels is at present. AIoreover, there is evitlellce to prove that the I'leistocene jvatcrs were 
telnporarily p ( ~ ~ l e d  in the valley ant1 that tlie interglacial lake tleposits I )e t \vee~~ (;antlarl);d 
and Guntl rise over a distance of t\venty-three miles Ily i ~ t  least 800 icet \vithout gaining in 
thickness ( 1)ainelli. 1921, 1). 510) .  This situation reveals a ~)rogressi\re tilting o i  the l'leisto- 
cene irorn south\vest to ~iortheast ,  iron1 the Kashmir hasin to\\-artls the higher r:unge. In the 
Kashmir Insin, wl~icli is thc local I)ase level of erosion for tlie Sintl ant1 neighboring rivers. 
the I'leistocene lCare\va formation is foltletl ancl f;iultetl (Test-t igure 20 ) .  .-llong the 
northern rim the upl)cr Karciva clays ant1 sands are slightly tiltctl wit11 a south\vest tlil). The  
111)1)cr Lench mark of the Icarewa lake a t  Takl~t-i-Suleiman near Srinagar is tilted. Liet\\-eel1 



G a ~ ~ d a r l ~ a l  and \\.oyil a set o i  lake terrace.; s l~o\vs  s l i ~ l ~ t  tilting to\rartls the south\re.st. 
r)air~clli (1021, p. 5 5 4 )  also has civcn intlislrutal)Ic  roof for \,cry recent, oltl a ~ ~ t l  J O I I I I ~  

, . I'leistocene upliits o l  the P i r  1';~cljal range. I hcse olrscrvations ~ r e r n ~ i t  only one concl~~sia~n.  
nanlcly, tliat 21 rcl:~tivtsly recent rise t rcc~~rred  in the surroun(lings of tlie K ; ~ s h ~ n i r  valley ar~tl  
that co~~sitlcralrlc changes of level took place in t l ~ c  Iiare\ra lake I)a.sin. 

I'hysiographic stutlies leatl to :I further recognition o l  the nai r~re  c l i  this t l i ;~strol)his~i~.  
, . I he s t ~ n ~ m i t  level slopes r;ither cluickly to\r;~rds the Kashn~ i r  tlel)ression anti. 011 the 11orth 
Ilank of the I'ir l'anjal range. ~rl ;~teau le\rels alrl~car at  Io\ver elevation \vliich can o111y lx 
remnants of a fully niaturc~l reliei. l l e r e  it is ~rossil)le to (late the mature Iantl forms as  
late Tertiary or early I'leistocene as the fcll(letl Kare\ra clays rest ul)on the gratletl slol)es of 
the range. To\v;~rtls the northeast tlie sun~mi t  level of tlie central l l i ~ r ~ a l a y a n  range is 
replacet1 1)y matnrer la~ltl forms and i ~ l t e r ~ ~ ~ e ( l i a t c  Irasins. ?'he liargil a ~ ~ t l  Zanskar Irasins 
for111 in conjunction \vith the 1)roatl Intlus vallcy a great tlel)ression \vliich follo\vs the X\V-SF: 
strilie of the mountain axis. The Pleistocene terraces in the Kargil Insin eritlelitly are  not 
tilted, I)ut, as I tlescril)etl previously (19.34. Fig.  2 2 ) .  there is sul)recent t i l t i~ig in lake Irc!tls of 
the R u p d ~ u  tlistrict i l l  tlie s:)utlieastern continuation of the Zanskar range. It cannot lx 
fortuitous that tlie tol)ogral)hic tlepressions coincitle \\.it11 regions of I'leistocene o r  sal>recenl 
deformation. Hence one is rather tlrive11 to  the conclusion tliat the uppermost tnl)ocral)h;c 
relief has sufferet1 fro111 gentle \varl)ing. long after the Tertiary orogeny, ant1 sul )seque~~t  
even to tlie intra-f'leistoce~~e ioltling. I i  this is so. \ve \roultl expect to hntl that the n ~ a t u r e  
l a ~ ~ t l  forms \\ere tlevelol)etl intlel)entlently froni ~rntlerlying structure. Tha t  this is intleed the 
case \rill sul)secluently I)e tlemonstratetl. 7'he sketch map (Text-ligure 21) sho\vs such a 
phenomenon rather clearly. On it t\vo anticlines appear, occupying respectively the F i r  Panjal  
range in Kashmir ant1 the nlain Flimalayan range. The  axes of the sync l i~~es  o n  this map 
approximately iollo\\- the greatest thickness o i  the I'leistoce~~e, mainly consisting of Ialie 
deposits, so far as  it is kno\v11. Their  1)osition ()errnits a11 estirllate o i  the alnount o i  Irasining 
during tlie I ' leistoce~~e. In case o i  tlie Iiashniir valley it an~ountetl  to at  least 4000 leet ( the 
n~inimuni thickness of tlie KareIva io rn~a t iuns )  ant1 in the Kargil-Intlus tleprcssion to over 
1500 feet. The  total a~nplitutle of this g e ~ ~ t l e  crustal folding can here be tletern~ined to he 
7000 o r  8000 feet. The  "\\.a\-e length" o r  distance Ixt\\-een the t\vo crests of the anticlines 
is forty-five 111iles. I)ut the asymmetric posit io~i of the intermetliate syncline \\tould rather 
intlicate a Hesil,le and asymn~etric shape of these \I-arpetl structures. Their  origin certainly 
dates I)acli to tlie I'leistocene but a more accurate dating will Ixcorne ~)ossil)le only af ter  the 
stratigral)liy of the E;are\va iornlations has Ixen fully studied. Suffice it to state that the 
ul)l~erii~ost  relief unit gives evitlence of gentle crnstal \varping. I ts  characteristics coincide 
~ r i t h  those tlescrilletl i rom other crustal ioltls such as  the .Ups. tlie ranges of central Celelxs 
o r  the .\ntles \vhere "(;rossfaltung:." has Ireen a tlominant factor in tlie relief antl mountain- 
~ n a k i n g  1,rocess since the close of tlie Tertiary ioltling.'" I t  is not surprising that the Hima- 
Iaya. as  the n~ightiest  of tlie great  crustal folds. presents t lefor~nations similar to  those 
ol)serv;~l~le else\vhcre, ant1 it may I)e saitl that it shares this nlorl)hologic phenomenon with 
a ln~os t  all of tlie younger n~ounta in  ranges of the \vorltl. I ts  presence in other parts of tlie 
Hi11lal;~y:ui mor~nt;iin I)elt can rrntlily I R  tletlucetl f r o n ~  sinlilar morphologic evitlence. T h e  
I,asins o f  Huntles ant1 Sepal ,  for instance, repeat the tlcpression of the southern Himalaya 

' " S e c  E. C. :\l~enda~lon. "Die Gros3falten dcr Erdri~~de." Lcide~i, 1914, and \V. Penck, "Die liorphologisrhe 
.\~ialysr." Stuttgart, 1924. 



ill l<asl~mir \vIiile thr I< r ; ih~~~a l ) r~ t r a  ( ' fsang PO) valley, 11c)rtli of the central range, like\vise 
fornls the del,rcssion corrcspontling to the u p ~ w r  Intlus region. Outsitlc of t l ~ e  I I i~nalayas  
hut in a closely relatc~l tcctnnic unit. naniely i r ~  the .Alps of Chinese Tibet, Al)e~itlatioti a11t1 
more recc~ltly .4r1iol(i 1Ieini (1033) have shown ho\v yonng crustal nlovenieuts contitirle to 
deter~iii~ie tlie morl)hology. Once niore the question arises whether these tlefor~iiations are 
related to oltler structures ancl if so. \r~liether they are manifestations of the sanie forces 
\vllicli led to thrusting and folding of oltler rocks? 

Fmm the picture presented it would appear as i f  there \\,ere a very definite relationship 
Iwtwcen axial elevations in the highest relief and the axes of oltler i~pl i f t  on the one halid anti 
I ~ t w e e n  tlepressio~is and zones of crustal basiriing on the other. The  Indus depression in 
the north coincides largely with the flysch area south of the Karakoram. This region, as 
has already k e n  pnitited out (Text-figure 7 ) ,  has a long record of crustal basining. T h e  
Kashmir valley, on tlie other hand, was a t  one time part of the Siwalik foredeep for there 
are  certain 1)ottom layers of the l~asin filling which resenil)le certain younger Siwalik beds. 
hliddle~niss (191 1 )  as ~vell as Dainelli have drawn attention to the much lower elevation o f  
tlie P i r  Panjal  range in old Pleistocene times. Dainelli (1922, p. 533 ff.) could prove that 
this range \\,as uplifted in the first and especially during the third interglacial period. H e  
also denionstrated the close correspondence bet\veen the topography of this range and the 
uplift of the Karelva lake beds. The axial uplifts possess either anticlinal structure, as in 
tlie Pi r  Panjal  and around the Zoji pass, or  represent elevatecl zones of strong thrust move- 
ment in \\~hicli tangential and radial coniponents shared alike. Hence it becomes obvious that 
this gentle crustal warping is nothing lnlt a different manifestation of the same forces o f  
folding which previously led to much more intricate rock structure. T h e  Tethys forniations 
\Yere rendered inflexible I)? tight conipression but they yieldetl once niore to yorlnger defor- 
mation \\rhicIi may I>e characterized as a I~road crustal bulging accompanied by differential 
gentle warping of its upper structure. 

REit1N:INTS OF OLDER LAND FORMS AND THEIR KE1,ATIONSHIPS \VITH 
OTHERS FOUND IN THE EASTERN I<ARAKORARI 

Previously it was mentioned tliat sumniit level ant1 high massifs arc locally replaced by 
a more o r  less extended mature topography. Of  what nature is this relationshi11 h t ~ r e e n  the 
most yor~thful ant1 the oltler land forms? 

The  more mature relief in the northwest Himalaya generally lies a few thousancl feet 
Ixlo\v the summit level and as Text-figure 20  sho~vs ,  there are at  least two, locally even 
three. surface levels present. one het~veen 11.000 ancl 12,200 feet ant1 a second around 13,200 
feet. The  former may l* calletl the "3larg-level" for it takes tlie form of rolling alpine 
meado\vs which the Kaslimiris call "marg." Such an alpine nieadow can he forintl at  
3Inhantlniarg alx3ve the entrance of the Sintl valley. Topographic sheet No. 43 J 15 of the 
lntlian ~ l t l a s  sho\\rs 1)eautfully ho\v the glacial ant1 post-glacial erosion has dissectetl this 
relief except fo r  narroiv flats on interstream divides. If we connect the t\\zo sou the r~~mos t  of 
the elevated niature relief remnants in Text-figure 20 \\,it11 each other, it appears tliat this level 
slopes steeply to~ .a r t l s  tlie Pleistocene and su l~ recen t  syncline of tlie Kashmir valle)~, wherc;~s 
it ascends northward tourards the Zoji La anticline. 
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North of the central range there is a higher surface level at 13,200 feet and it is this 
level which is represented south of Dras by highly elevated Lroatl valley floors and flat slopes 
b l o w  tlie snow-covered lin~estone range (Text-figure 8 ) .  This  panorama sho\vs that tlie 
Pleistocene terraces of Dras lie about two tliousand feet lxlow that level. In its most perfect 
state of preservation it is encountered sonie t w e ~ ~ t y  miles tiorth of Ilras,  where i t  c o ~ l s t i t ~ ~ t e s  
an  extended plateau remnant called "Deosai." Oestreich (1906, p. 83 )  descr ihd its flat land 
fonns  as the remnant of an  uplifted peneplain. Its width is about sixteen miles ant1 the u t~du-  
lating surface cuts across schists ancl grieissic rocks alike. I t s  pre-glacial o r ig i l~  as a highly 

elerated surface beconies evident through the fact that it was thoroughly glaciated during the 
Pleistocene and that already then it must have t ~ e n  much raised abo\.e the now greatly 
depressed pre-glacial floor of the Kargil basin (Text-figure 20  j .  It was noted previously 
that pre-glacial erosion had caused de~ludation of the Hysch rocks near Kargil, arid it seerns 
therefore reasonable to assunie that previous uplifts had already raised the "Deosai" plain. 
This "L)eosain level extends into our section where it appears near h l u l h k  and around the 
Fotu pass. Here  it can be recognized in tlie forni of top level spurs and generally Hatter 
land fornis (Text-figure 20 ) .  South of the Indus it is clearly represented by level terraces 
at 13,100 feet which project twltlly from tlie flanks of tlie range. There call h little doubt 
th i~t  this level extends regionally over a still greater distance and that its gentle southward 
slope reveals tlie mature stage of erosion which the Hinialayan ul)land hacl acquired after the 
foltling. Here in tlie northeasternniost sector, bet\vee~l tlie I:otu La and tlie Indus valley, a 
still higher surface is fonnd (Tex t - f ip re  20 ) .  I t  makes a terrace a b u t  2000 feet alwve the 
"Deosai" level and very often its level coincides with a distinct line of cirques. The latter are  
no\v al)antlonetl ancl are therefore of Pleistocene rather than of recent origin. \\herever 
tllrse circlr~es ilppear they nierge i r~to  \videnetl valley Hoors ancl gentle slopes, into which the 
Pleistocelir glaciers liatl carved their tror~ghs.  Post.glacial erosion has in such cases not been 
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s t ; ~ ~ q g  enwgh to destroy entirely the older land forms, but the intwstream divides always 
w r  s h a q d p d  owing to intense Pleietocene glaeiatim. The s l q e  down t;o the lower 
*fl)eosai''level is rather almtpt: h t  concave a d  in the longituthef d t 2 y  pmfiier this slope 
can be t.goognized in the form of a step. Quite unlike the "Deasai" IeveL this surface does 
nut give rise h extensive plateau remnants, but further eastward in Rupshu and southeast of 
L&, it forms highly $mated plains. The latter extend across resistant Cretaeews limestone 

Froua~ 21. CBWBRAL Retts~ MAP W TP~B ~~n BETWEEN THE KASHMIR AND INDUS VALLEYS. 

The shaded area b at an d~wlion over 16,000 feet and partially glaciated. 

and granite, but also across l& resistant greenstones and shales. Hence it cannot be said 
that the maturity of land forms is due to advanced erosion in less resistant rocks. Neither 
h ib occurrence restricted to the main river courses. 

From the existence of at least three terraces and of their step-like arrangement, it would 
appear os if this Himdayan mountain sector had undergone a fatts similar to that of the 
~wighboring &akmm Here I (1934) found three separate uplifts of which one has been 
assigned to a pre-@acid period. This geomorphologicaI relationship between Karakoram 
and H i d a y a  might suggest an identical history, were it not for the fact that the latkr has 
an alpine summit level and a warped relief. Such phenomena sewn to be lacking in the 
eastenmost Karakoram for whemkr a summit lwel appears it is derived from a late mature 
or old lard surface of pre-glacial date (de Terra, 1934, Fig. 7). The higher massifs which 
surmount this surface must here be considered as nonadnacks. Such land forme are clearly 
inherited from an dder relief. Plateau remnants of this kind actually accur in the Hima- 
laya 'but as was pointed out they do not, correspond ta stimmit levels. The higher massifs are 



here entirely restricted to the zones of young anticlinal 1111liit along the n~airi 111rluntain axis, 
ant1 the nxLture forms n[ erosion escapetl destruction only in intermetliate zone.; \vhich experi- 
enced tlo\vn\varping. 

This  physiogral~hic contrast between the tlorth\vest Hirnalaya and the e a s t e r ~ ~ ~ n o s t  
Kar;tkorani apparently reveals t\vo different types of post-Tertiary diastrol)hism. The  Il ima- 
layan sector is characterizetl by uplifts ant1 gentle w a r p i ~ ~ g  of oltler structures; the eastern 
Karakoram, on the other hand. suffered I)road uplift \vithout further \varping. This does not 
mean that the entire Karakoram is free from lvarpetl lantl f o r ~ ~ l s .  I~u t ,  so far as its eastern 
l ~ ~ r t l e r  region is concerned, it certainly does not show ally signs of yo1111g differential rnove- 
Incnts. The  effect of gentle warping on Ilinialayan structures ~)ossil~ly extei~ds over the high 
Karakoram north of the Nul)ra valley, for here again the central tectonic axis l ~ a r s  high 
~nass i fs  which alternate in the geological strike ~v i th  lo~~gitutl inal zones in which, a s  in the 
Shaksgam valley, mature land f o r ~ n s  appear. 

I n  regard to the origin o f  this gentle warping, it slioultl In: notetl that the up\varps con- 
tinue tlie rising anticlines o f  earlier clate and that the tlo\vn\\~arl]s are in no way carlsctl 1))' 
strike faults. This independence fro111 faults I~ecomes especially clear in tlie ICashmir valley 
where the Pleistocene is ioltletl only along the rising Hank of the I'ir Parijal range. 'This 
type of warping is then clearly an orogenic process ant1 a continuetl phase oi  Tertiary 
foltling. Tectonic pattern and rock structure are due to successive phases of ioltling 1)ut the 
final relief- ancl mountain-rnaking process is one in \vhich a ne\v type 1 1 f  crustal tlefornlation 
combines orogenic ~vitli epeirogenic niovcnlellts. It re~nains to be seen \vhetlier this is an  

intermediate o r  a final stage in tlie mountain-making 1)rncess. 





V. G E N E R A L  CONCLUSIONS 

S o  far  a s  nly studies of structure and relief per~ni t  an analysis of this tnountain sector, it 
appears that the geological history of the Himalaya, like that o l  the Alps, was determined l ~ y  
crustal rllove~nents o f  deep-seated origin. This is revealed by the breaking t low~i oi the 
Paleozoic structure, its progressive sinking in llesozoic time, and the ability of the Cre- 
taceous and Tertiary folding to n~ohilize rocks of Te thya~ i  and 11re-Tethya~i age in the fornra- 
tion of one great crustal fold. I ts  structures are n~ainly due to conlpressi\.e iorces which 
were applied from the north. Here thrust structures are cori~~eclrtl with a l ~ l t  o i  I~asic 
igneous rocks which intruded the geosyncline (luring a stage of deep crustal sul~sidence. 
This  thrusting is directed towards the south ant1 reflects the crustal n~oven~en t  against the 
foreland of Gondwana. The amount of horizontal disl~lacement cannot as get be estin~ated 
and it must therefore remain an open question tvhetlier the structure of the entire riorth\vest 
Hirnalaya kvas caused by nappe-movements. ;Is the structure of the neighboring Kara- 
kora~i i  ranges is characterized by much steeper folding and northward movement, it is evident 
that the interniediate Indus valley al~proxiniately 111arks the Ln~undary Ixttveen two foltl 
systetns. Of  these the Himalaya niust 1x considered as the more active unit which still 
continues to grow in height as well as in breadth. 
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