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FOREWORD 

The publication in 1939 of the monumental memoir by Arnold Heim and 
August Gansser on the geology of one of the most crucial and responsive 
regions of the Himalaya opened the geologically little-known Kumaun to the 
world. Immensely informative, tremendously stimulating aod profusely illus- 
trated, this comprehensive memoir by two highly experienced and ardently 
dedicated mountain geologists has served as a valuable supplement to the 
works of C. L. Griesbach on the Tethys Himalaya to the north, of D. N. Wadia 
on Kashmir, of G. E. Pilgrim, W. D. West and J. B. Auden on Himachal 
Pradesh to the west. The observations, interpretation and conclusions of 
Heim and Gansser have widely and profoundly influenced tbe philosophy of 
thinking and the styles of working of Himalayan geologists and the volume 
has served as an indispensable guide and reference work to all enquiring 
workers that followed them in Kumauo and adjoining regions. 

Much work has been done in Kumaun since the publication of this 
memoir, but most of the later investigations, carried out preponderantly by 
the academic institutions, are of the nature of isolated, localized spot-studies, 
with greater emphasis on restrict& fields of specialization such as analysis of 
mesoscopic structures, petrography and petrogenesis of granitic and asso- 
ciated metamorphic rocks, etc. Regional studies of the kind Heim and 
Gansser undertook have, however, been done in eastern Kumaun and in 
parts of Garhwal. These investigations have by and large established the 
validity of the premises of Heinl and Gansser and amply confirmed tbeir 
tectonic deductions. In the field of stratigraphic order and correlation, espe- 
cially in the Lesser Himalaya, there have been modifications and changes. 

Following the trails of Heim and Gansser I have myself traversed quite a 
part of the Kumaun Himalaya and extended the area of study westward upto 
the River Tons that forms the frontier of  Himachal and Kumaun. My studies, 
and the studies of a host of recent workers, have amply confirmed the existence 
of various thrusts demonstrated and postulated by Heim and Gansser, al- 
though there ere disputes regarding the attitude, nature and delineation of a 
few of them. Below the overthrust 'Central Cryssallines' of the Great Himalaya 
the sedimentary formations in the Chamoli and Almora districts are split up 
into a number of tectonic scales giving rise to zones of schuppen. The 
Main Central Thrust, regarded by Heim and Gaosser as the great plane 
separating the Great Himalaya from the Lesser Himalayan domain, seems to 
be but the largest and most persistent thrust of the schuppen zones; the real 
boundary between the two domains being quite to the north of the Main 
Central Thrust. Recent investigations have futl~er demonstrated existence 



of  yet another tremendous regional rupture; the Malari fault, demarcat- 
ing the northern boundary of the Great Himalaya. Betueen these two 
thrusts the lofty Great Himalaya seems to rise-as Q: colossat tectonic slab, 
which is probably still active Detailed mapping and structural studies have 
conclusively established the North Almora Thrust as a great tectonic feature 
separating the Lesser Himalaya into two distinctive litholectonic realms. 
The position of the South Almora Thrustcis, hpwever, disputable. It is found 
that thc: thrust which passes through the vicinities of Dliaun, Mukteshwar, 
Suwalbari, Uprari and Bhikiasen is the real South.Almora Thrust represent- 
ing the southern flank of the North Almura Thrust. There is yet another 
thrust, called the Ladhiya Thrust in southeastern Kamaun or the Ranigarh 
Thrust iu central part, which definesthe, base~of the tectonic unit made up 
of low-grade metasedimentaries and strongly sheared and mylonitized por- 
phyritic granite and quarzt-porphyry.. ,, This lithotectonic unit thus lies 
imbricatedly under the Almora nappe,,. Recent studies have shown consider- 
able structural complexities in the proximity of the thrusts, such as irnbrjca- 
tion, inversion of beds resulting from overturning and recumbent folding qr 
thrust faulting, and the like, leading to  conflicting interpretations qnd.conlro- 
versies. A large number of transverse tear faults, some of which extending 
tens ~f kilometres. have been disc~versd,  largely from the interpqetation of  
aerial photographs and very detailed and deep studies in connection witb 
construction of dams. Likewise, high degree of seismicity, with distinctive 
pattern of distribution of epicent~es in northeastern Kumaun, has been inter- 
preted as suggestive of neotectonic movements t a k ~ n g  place along these faults. 
Interestingly, these tear faults evince parallelism with the transverse fractures 
and faults discovered by aeromagnetic surveys in the basement of the Ganga 
Basin. 

In the stratigraphic field, significant advances have been made, necessita- 
ting revision of the schemes of stratigraphic order and correlation. In the 
outer sedimentary belt of the Lesser Himalaya the Infrakrol rocks, near 
Nainital, have yielded spores and pollens suggesting Perrno-Traissic age, 
while in the Nadhaur valley to the southeast the same formation contains 
bryozoans of Middle Palaeozoic age. The Tal that succeeds the Krol in Pauri- 
Garhwal has recently revealed Permian brachiopods, fusulinids, bryozoans 
and calcareous algae, although some workers, who regard the Tal as Jurassic- 
Cretaceous in age, believe that these Permian fossil-beariog soft sediments 
have been brought there from the far north by thrusting. In the inner sedi- 
mentary belt identifiable forms of profusely and widely developed stromato- 
lites in the carbonate rocks of the Tejam-Badolisera calc zones (which I call 
the Gangolihat Dolomite) indicate Upper/Middle Ripbean (Purana) age. Heim 



ar4d Gansser had equated them with the Krol of, what is commonly believed, 
early Mesozoic age. The sericitic and often pebbly orthoquartzites with 
invariably associated basic rnetavolcanics--my Berinag Formation-have been 
found to be pronouncedly thrust over the carbonate rocks in many a locality. 
The Berinag appears to be the equivalent of the Nagthat Formalion of  the 
outer sedimentary belt. Below the Gangolihat Formation lies the protean 
formation of Rautgara, consisting of  muddy quartzites alternating with 
slates, subordinate conglomerates and a sizeable volume of basic intrusives. 
And between the Gangolihat and the Berinag there is an impersistent horizon 
-the Sor--of carbonaceous-pyritic slates alternating with marble. Thus, four 
distinctive lithological units have now been clearly recognized in the inner 
sedimentary belt of the Lesser Himalaya. 

In the Tethys Himalaya the Upper Garbyang of Heim and Gansser has 
revealzd a Middle Ordovician fossil, and the discovery of fossiliferous Lower 
and Middle Carboniferous below the Middle Permian horizon has consider- 
ably lessened the span of the Hercynian gap postulated by these workers. 

Kumaun is being extensively investigated for minerals, especially base 
metals and radioactive minerals. These investigations are yet to prove fruit- 
ful. However, what Heim and Gansser had described as pockts of barite in 
the dolomite have turned out to be lentiform deposits of coarsely crystalline 
spathic magnesite of great economic potential. Together with the associated 
talc, the magnesitc is being commercially mined on a large scale. 

To the east in Nepal there has been an upsurge of vigorous investigation 
by a number of parties. They have come out with dismayingly divergent 
interpretations and conclusions, thus vastly complicating the picture of the 
tectonic architecture and stratigraphic setting. Even as new lines of enquiry 
and increasing efforts in research have led to unveiling of a wealth of signifi- 
cant facts, forests of baffling question marks have grown side by side. 
Sharply conflicting interpretations and disconcertingly divergent conclusions 
by recent workers in Nepal, Kumaun and Himachal have again brought home 
the indispensability of this memoir by Heim and Gansser, portraying the 
Kumaun Himalaya as an epitome. Perusal of this work is thus an essential 
prerequisite of all researches in the Himalayan Geology. Consequently, the 
demand for the rare work-gone out of print for a long time-has been very 
keenly felt by researchers and professional workers alike. All Himalayan 
earth-scientists would be very grateful to Professor A. Gansser for permitting 
the Hindustan Publishing Corporation to reprint the memoir and making it 
available once again to the geological community. 
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P R E F A C E  

After having devoted about twenty years to the geological study of the Alps, especially 
to the problems of thrusting and their relation to facies-stratigraphy, 1 had the opportunity 
to traverse the great Asiatic mountain systems: the Yangtse region and Chinese Tibet in 
1929-1931, and the meridian ranges of Further India (north-western Siam) in 1935: Finally, 
in 1936, my loug-cherished hope to make a comparative study of the Himalaya-the highest 
and youngest mountain range of our globe-was realized. 

My plan of a small Swiss expedition was taken up and made possible by the generous 
support O F  our Swiss Academy, the "Schweizerische Naturforschende Gesellschaft". 

From the tectonical point of view, the Central division of the great Hima!ayan Range 
seemed to present the greatest interest. Indeed, most of the former expeditions have choseu 
either the south-eastern divisions, departing from Darjeeling to Kangchenjunga or Mount Everest. 
or the regions to the north-west in Kashmir and the Karakorum. The Kingdom of bepal, with 
the highest mountains and the deepest transverse gorges of our globe, being closed to foreigners, 
it was the British Province of Kumaon, on its north-western side, which we selected as the 
main sphere of our activity. As a matter of fact we did penetrate also into the forbidden 
territories of Nepal and as far  as the Transhimalaya in Tibet, since those regions were likely 
to yield the most important geological results (see map). 

For the purpose of preliminary studies we first visited the surroundings of Darjeeling, on 
the south-eastern side of Nepal. Then we proceeded 750 miles further to the NW, as far as 
Tehri Garhwal and Mussoorie. We were able to make the latter excursion thanks to the invi- 
tation of our colleague, Mr. J. B. AUDEN OF the Geological Survey of India, who was entrusted 
with the mapping of the region between Solon and Lansdowne. It is to him that we owe our 
knowledge of the formatious and the structure of those border ranges. Whenever we had 
occasion to come into contact with the Geological Survey of India at Calcutta - either by 
personal call or by correspondence-the greatest kindness was shown to us and we were 
given every possible help. 

Our expedition was limited to three members, as it was thought that a small group of 
tourists would not only be cheaper, but also relatively more efficient than a large one. 

Our thanks are due to the experienced Alpinist WERNER WECKERT of Zurich who arranged 
and sent out to India the complete outfit for camping including part of the provisions. Should 
we, at scme future time, embark upoo another expedition, we would take fewer provisions 
with us, as the essential foodstuffs, such as  wheat, barley and potatoes, are usually ready for 
sale even ill the highest villages of the Central Himalaya. According to our experience, this 
simple vegetarian "food of the coolies" is not only very cheap, but much healthier than the 
stodgy canned and soinetimes poisonous foodstuffs. 

At the end of April, when everythiug had arrived at Almora and the long march towards 
the snow mountains had begun, a great disaster overtook us: Mr. WECKERT fell ill and had to 
be carried back to a hospital for an urgent operation of appendicitis. He was most unfortunately 
unable to join us again, and we were reduced to two-too small a number for safe travelling and 
high climbing. If in spite of this we managed to traverse and study a larger region than had 
been anticipated-nud that during the worst monsoon season known to the mountain people- 



i t  is thanks to m y  young colleague, Dr. AU(;UST GANSSBK, of 1,ugano. Iir was not ouly irn excellei~l 
companion on our eight months travellings, but proved to be of extraordil~ary scientific apti- 
tude, an indefatigable worker and a first class Alpinist. After having published some prelimi- 
nary reports1, we brought out together our book "Thron der Gotter"' which appeared i n  
November 1937. It gives a complete account of our experien.ces and adventures. Furnished 
with a new relief map in ~ ~ a t u r a l  light (from SW), it is a contribution towards the geography 
of the Central Himalaya aud further ou to the 'I'raoshimalaya. giving particulars regarding the 
people, the plants and animals as well as the gorges, glaciers, plateaux aud summits. As far 
as possible we have made it a book for the general reader. It has a final chapter on our 
general geological results, however without geological maps and sections. 

The present volume, on the other hand, is a purely geological publication, its main object 
being to elucidate the Himalayan structure. All designs, and the photographs with one exception, 
have been made by the authors (H -= HEIM, G -- GANSSER). The map 1 : 650000 has been worked 
out by the well-known firm of K U ~ I M E R L Y  a t ~ d  FREY in Berue, whom we have to thank for their help. 

Considering that the greater part of the Himalaya and its literature are English, aud that 
practically all geologists interested in the Himalaya are reading English, this language was 
chosen. While the text of H was written directly in English, that of G was translated by H 
from the German. 

Professor Dr. P. N I C ~ G L I ,  on his part, has examined through the microscope some of our 370 slides 
of llimalayan rocks. 

Dr. W. LELPOLI) of Berne has kindly made anrl examined some.of our sedimentary slides. 
To Professor Dr. C. BURIII of Zurich we are greatly indebted for his help in determining 

the feldspars, and for writing the special chapter on the volcanic pebbles of the Kailas included 
in the present text. 

Professor Dr. J.  .JAKOM, our authority on silicate chemistry, has greatly helped us in making 
10 complete rock analyses. 

The rnost important contribution we owe to our friend Professor Dr. A. JEANNE'P of Zurich. 
With unfailing energy he has studied our fossil collections. Practically all the determinations 
mentioned in this book are due to him. His complete paleontological research will be published 
in a Memoir of the Geological Survey of India. 

Our collections have been presented to the Geologicsl Department of the Swiss Federal 
Institute of Technology (S. F. I. T.) of Ziirich. 

Dr. A. GANSSER, assistant of this geological Institute, after having bee11 granted leave 
for our expedition, enjoyed his position again for working out this publication. For this pur- 
pose, the head of the geological department, Professor Dr. R. STAUR, kindly provided us with a 
special room. 

The S. N.  G. (Swiss Academy of Sciences) has not only gelierously assisted our expedition, 
but its Committee for Reports put its whole means available during the current year at the 
service of the present publication. 

Nevertheless, these means would not have been in auy case sufficient to cover the heavy 
costs for printing and illustrating if there had not beeu large subsidies front many quarters. 

We are especially indebted for large contribulions from the C e r: t r a1 F u n d  of t h e  S.N. G. 
t h r ~ u g h  the good offices of the Centrlil Comtnittee and its President, Professor Dr. G. SENN. 

' Altsol.~) H K l h l :  I)ie Scl~\veizrrisrl~e Hin~;~l;~y;t 1:xped. 19:l(i. %~its(-hr.  1 1 .  Ges. f. Erdkunde, licrlin. April 1937. 
Die sc.l~\\.eiz. Hi~ni~layi~  Kxl)etl. Die Alpen, Marc11 1937, 8 plates. 
Str~lctl~ri~l  Stutlirs in tlre ('entrill Himalaya. Himalayan ,lor~rnirl,M~~g l9:37 (6 plates). 
('entlxl Hill~ali~y;~.  (ieol. Obser\.. of the Swiss Hinlalay;~ Esp,  1936, a preli~ninary sketch, wit11 

1)lilte of sections. XVll Intern. Geol. Co~~gress ,  Moscow 1937. 
' . ~~ (Y( ILI J  1-!KIM i I l 1 t l  ~\U(;IIS.I. (;A&~SI.:I~: Thr011 tler Giitter, with relief-map. 1 ; 650.000, 220 phot., 2 plates of 

palloranlas. 151 test fig. hlorgarlenverlag, Ziirich 1937. 



Furthermore. thanks are due to the A l b e r t  B a r t h  F u n d  of t h e  S w i s s  F e d e r a l  I n s t i -  
t u t e of T e c h  n 01 o g y  through the kind efforts of Professor Dr. A. ROAN, President of the 
Swiss School Council, and to the F o u n d a t i o n  Dr .  J o a c h i m  d e  G i a c o m i  of t h e  S .N.G.  
(President Dr. R. LA NICCA). For further contributions towards the expenses of the publication, 
we are indebted to the C e n t r a l  C o m m i t t e e  of t h e  S w i s s  A l p i n e  C l u b  (S. A. C.), 
to the S w i s s  R e - I n s u r a n c e  S o c i e t y  and to its President, Dr. CH. SIMON of Zurich; to 
the S w i s s  S o c i e t y  of I n s u r a n c e  a g a i n s t  A c c i d e n t s  a t  Winterthur,and to Dr. C. J.As~ac; 
of Zurich. 

Our thanks are further due to the following persons or firms in Switzerland for having 
financially supported our expedition: 

Mr. IWAN BALLY, Schonenwerd, 
Mr. A. DORLER-TOBLER, Engineer, and HANS TOBLEH, Zurich, 
Dr. A. WANDER, Berne, through Director SCHAFFNER, 
Grands Magasins JELMOLI, Zurich, 
Mr. PAUL MONTANDON, Thun. 

We also remember thankfully the numerous firms in Switzerland mentioned in our general 
book "Thron der Gotter", who have furnished us with mountaineering outfit and provisions. 

To the editor, Professor Dr. E. LUDWIG of Basle, who has put in all his care and energy 
to bring this work to a satisfactory end, the authors are very grateful. 

Zurich, February 1938 ARNOLD HEILI 





Literature mainly on Central Himalaya 
AROAND, E.: Ida Tectonique de  1'Asie. Co~npte-Rendu' XI11 Congr. g6ol. Intern. 1922, Liege 1924. 
AUDEN, .I. R.: On the Age of certain Himalayan Granites. Records geol. Survey of India, LXVI part 4,p.461-471,1939. 

The Geology of the  Krol Belt. Records geol. Survey of India Vol. LXVII, p. 4, 1934. 
Traverses in the Himalaya. Records geol. Survey of India VoI. I,XIX, p. 123-167, 1935. 
In: Annual Report, Records geol. Survey of India Vol. 71, pt. :, 1936. 
The Structure of the  Hi~nalaya in Garl~wal. Records geol. Survey of India Vo1.71, p. 407-433,1937. 

I~AII,EY, E. B.: Sedimentation in Relation to Tectonics. Bull. geol. Soc. AIII. Vol. 47, 1936 (p. 1713-1723). 
I~OSE, P. N.: Notes on the geological and ~nineral  Resources of Sikkim (ivith primitive map). Records geol. Sur- 

vey O F  India, Vol. XXIV, part 3, 1891. 
~ ~ I I R H A R I )  and HAYDEN, revised by BURRAI~D and HERON: A Sketch of the Geography and Geology of l l ~ e  

Himalaya. Delhi, 1934. 
COTTER, G. DE P. and BROWN. J. COOOM: Notes on certain Glaciers in Kumaon, in: Records geol. Survey of India, 

Vol. XXVI, part 3, 1907. 
DIENER, D.: Ergebnisse einer geol. Expedition in d. Centralen Himalaya. Denkschr. d. k. Akad. d. Wissenscl~. 

Wien 1895 pp. 588-607. 
- Schneegrenze und Gletscl~er i ~ n  Central-Himalaya. D. Rundschau Gwgr.  Stat. XVI, Heft 4. 

Notes on the geological Structure of the Cl~iticllun Region. Mem. geol. Survey or India, Vol. XXXVI, 
part 1, 1898. 

. - 'Phe Trias of the Himalayas. Mem. geol. Survey of India, Vol. XXXVI, part 3, 1912. 
DYHH~:NFURTH, G.: Die Internationale Himalaya-Expedition 1930. Zeitschr. d. Ges. fur Erdkunde, Berlin 1931. 
- Hi~nalayn. Unsere Expedition 1930, Berlin 1932, p. 296. 

Fox, C.:  The Lower Gondwana Coal Fields of the  Indian Borderland. Mem. geol. Survey of India, Vol. IJX, 1934. 
p. 43 and 48. 

OAllwoor), E.J.: The (;eologicnl Structure and Physical Features of Sikkirn. In : D. R'. FRESHFIELD, Round Kang- 
chenjunga 1903. 

GLENNIK. L A . :  Gravity Anomalies and the Structure of the  Earth's Cl.ust. Survey of India, Prof. paper Nr.27, 
1)elira Dun, 1932. 

GRIRSIIACH, C.L.: Noles on the Imwer Trias of the Himalayas. Records geol. Survey of India, Vol. XI11, part 2,1880. 
- Geology of the  Central Himalayas. Mem. geo t  Survey of India, Vol. XXIII, 1891. 

Notes on the Central Himalayas. Records geol. Surrey  of India, Vol. XXVI, 1693 (nit11 a map of 
Chitichum Exotic Region). 

HAYDEN, H. H.: The Geology of Spiti. with parts of Bashahr and Rupsl~u. Mem. geol. Survey of India. Vol. 
XXXVI, part 1, 1904. 

- The Geology of the Provinces Tsang and U in Central Tibet. Mem. geol. Survey of India. XXXVI, 
part 2, 1907. 

HEIM, ARNOLD: Central Hinlalaya, Geological Observations of the Swiss Himalaya Expedition 1936, a prelimi- 
nary Sketch. XVlI Iutern. Geological Congress. Moscow 1937. With plate and sections, in the  press. 

- Die schweizerische Himalaya-Expedition 1936, in .Die Alpen', Marc11 1937, pp. 38-43,6 photo-plates. 
Section of Darjeeling, in H. CLOOS, Einfuhrung in die Geologie. Berlin 1936 (p.366). 

- (ieologisrhe Beobachtungen im Zentralen Himalaya. Auto-Referat. Vierteljahrsscl~~. Nat. Ges. Zurich, 
82. .Ial~rg., p. XXV-XXVII, 1937. 
Structural Studies in thecentral  Hirnaltl~vas, 1936. Himalayan Journal, May 1937,pp.38-43,6pl1oto-plates. 

- The Hilnnlayan Border compared with the Alps. Records geol. Survey of India, 1938 (in the press). 
11: GANSSER, A : Thron der Gatter, Erlebnisse aer  ersten schwaix. Hirualaya-Exped. Morgarten-Verlag, 
Zilrich 193i. This book, ~nainly  a travelling account, contnins a chapter on the geological results a 
relief-map, over 220 photographs and many designs, partly of geological interest. 

-. Geologische Reobachtungen im Zentralen Himalaya (Auto-Referat nach Vortrag mit Licl~tbildern vonl 
22. Nov. 1937). Vie~teljahrsschr. Nat. Ges. ZIlrich 1937 

I ~ E N N I G ,  A , :  %11r I'etrographie und Geologie von Slldweattibet,Vol.Vof SVEN HEDIN'S SouthernTibet. Stockholn11915. 
I IERON.  A . M . :  Creol. Results of the Mount Everest Reconnaissance. Records geol. Survey of India. Val. LlV, 1932. 



34 JEANNET, A.: Etudes pal6ontologiques des R6coltes de MM. HEIM et GAN~SER dans 1'Himalaya Central. Palae- 
ontogia Indica (in preparation). 

35 KOSSMAT, F.: Palaeographie und Tektonik, Gebr. Borntrlger. Berlin 1936, on Himalaya p. 287-289. 
36 KRAPFT. A. v.: Notes on the "Exotic Blocks" of Malla J o l ~ a r  in the Bhot Mahals of Kumaon. Mem. geol. Survey 

of India, Vol. XXXII, Part 3, 1902 (with map and sections). 
37 Loczu, L. v.: Beobachtungen im tlstlichen Himalaya (vom 8.-28. Feb. 1878). "Ftlldrajzi Ktlzlemenyek", Bd. XXXV, 

Heft IX, 1907. 
38 MALLET, F. R.: On the Geology and Mineral Resources of the Darjiling District and the Western Duars, with 

map. Me~n. geol. Survey of India, Vol. XI, 1875. 
39 MEDLICOTT, H.: On the geol. Structure and Relations of the Southern portion of the Himalayan Ranges between 

the Rivers Ganges and Ravee. Mem. geol. Survey of India 111, part 2.1864. 
40 - The Alps and the Himalayas, a geological Comparison. Quaterly Journal, London 1868. 
41 - and BLAUFORD: A Manual on the Geology of India, Calcutta 1879-80. 
42 MIDDLEMIBB, C. S.: Crystalline and Metamorphic Rocks of the Lower Himalaya, Garhwal and Kumaon, with map 

and plate. Records geol. Survey of India, Vol. XX, 1887. 
43 - Physical Geology of W. Brit. Garhwal etc. Records geol. Survey of India, Vol. XX, 1887. 
44 - Geological Sketch of Naini Tal, with some remarks on the natural conditions governing mountain 

slopes. Records geol. Survey of Indin, XXIII, 1890. 
46 - Physical Geology of the Sub-Himalaya of Garhwal and Kumaon. Meln. geol. Survey of India, Vol. 

24, 6891. 
16 MISCH, F.: Forschung am Nanga Parbat. Arbeit und vorlaufige Ergebnisse des Geologen. Deutsche Himalaya- 

Expedition 1934. Hannover 1935. 
47 MUBHKETOV, B.: Modern Conceptions of theTectonics of Asia. Rep. of XVI Intern. Geol. Congress, Washington 1933. 
48 NORIN, ERIK: The Relief Chronology of the Chenal Valley. Geografiska Annaler 1926 H. 4, p. 284-300. 
49 ODELL, N. E.: Observations on the Rocks and Glaciers of Mount Everest. Geogr. Journal LXVI, Nr. 4,1925, p. 306. 
50 OESTREICH, K.: Himalaya-Studien. Zeitschr. Ges. t. Erdkunde, 1914, Nr. 6. 
61 OLDHAM, R.D.: Notes on a Traverse between Almora and Mussooree made in October 1882. Records geol. Sur- 

vey of India, Vol. XVI, 1883, p. 162 -164. 
52 - A Manual of the Geology of India, stratigraphic4 and structural. 2nd ed. Calcutta 1893. 
53 - The Structure of the Himalaya and of the Gangetic Plain, as elucidated by Geodetic Observations 

in India. Mem. geol. Survey of India. XLII, part 2, 1917. 
64 SAHNI. B.: Permo-carboniferous Life Provinces, with special reference to India. Current Science. Vol. IV, No. 6. 

Dec. 1935. 
55 - The Karewas of Kashmir. Current Science. Vol. V, No. 1, July 1936. 
5ti - The Himalayan Uplift since the Advent of Man : Its cultural Significance. Current Science. August 1936. 
57 SPITZ, A . :  A lower Cretaceous fauna from the Himalayan Gieumal sandstone together with a description of a 

few fossils from the Chikkim Series. Records geol. Survey of India, Vol. 44, 1914. 
58 STAUB, R.: Der Bewegungsmechanismus der Erde, Berlin 1928. 
59 STRACHEY, R.: On tlie Geology of Pnrt of the Himalaya Mountains and Tibel. Quarterly Journal of the Geol. 

Soc. London, Vol. 7, 1851, p. 292--310, map in colours and sections. 
60 SUEBs, ED.: Das Antlitz der Erde (The face of the Earlh). Vol. 4, 1885. French revised edition by E. DE MAROERIE: 

La Face de In Terre, Paris 1912. 
61 TEILHARD DE CHARDIN, P.: The Significance of Piedmont Gravels in Continentnl Geology. Report of XVI Intern. 

Qeol. Congresb, Washington 1933, issued 1935. 
62 TEHHA, DE, HELLMUT: Himalayan and Alpine Orogenies. Rep. of XVI Intern. Geol. Congress, Washington 1939, 

iesued June 1934. 
ti3 - Ceuozoic Cycles in Asia and their Bearing on I l l~~ i l an  Prehistory. Proc. Am. Philos. Soc. Vo1.77, No.3,1937. 
64 '~HEOHI\I.D, W.: On some Pleistocene Deposits of Northern Punjah. Recol-ds geol. Survey of India, Vol. XIII, 1880, 

p. 222-243. 
ti5 - The Ku~naon Lakes, Records of the Geol. Smvey of India, Vol. 111, pt. 3, 1880. 
66 UHLIO, V.: The Fauna of the Spiti Shales. Himalayan Fossils, Vol. IV, Meln. geol. Survey of India, Palneontologia 

lndica 1903. 
67 VISSER, P H . ~ . :  Gletscherbeobachtungen im Karakorum. Zeitschr. fiir Gletscherkudde Bd. XXII. 1935. 
68 W A ~ I A ,  D. N. : Geology of India for Students, London 1926. 
69 - The Synlaxia of the  North-West Himalaya: Its rocks,tectonics and orogeny.Rec.geol.Survey of'lndia 1931 
70 W A ~ E H ,  I.. R.: A review of the Geology and some new Observations in HUGH RUTTLEDGE, Everest 1933. HODDER 

and STOUGHTON. London, 1934, p. 312-337. 
71 WIBSMANN, H.v.: Die quarttire Vergletsclierung in China. Zeitschr. d. Ges. I. Erdkunde, Berlin, OMober 1937. 

On Himalaya p. 259. 



I N T R O D U C T I O N  

Geographlcal Features 

Formiug an enormous arch, the Himalayan border is beut towards the great Indian plain, 
over a length of 1500 miles (2400 km.) This fact in itself suggests a general movement of the 
Himalayan Ranges towards the south and south-west. The southern border of this arch is 
much more clearly defined than the corresponding northern border of the smaller Alpine arch. 
It commences with the Siwalik-Tertiaries in the east at Nizamghat (north of Sadiya) and reaches 
in the north-west the Jhelum River of the Punjab (Wadia). At both of these extremities the 
front ranges suddenly turn towards the south, apparently around the edges of the old Gondwana 
block. (Fig. 1) There, in a nearly symmetrical way, the two great rivers, the Indus and the Brahma- 
putra (= Tsangpo) have found their outlets across and around the Himalayan arch. Both ori- 
ginate in the Tibetan Highland, behind the central part of the Himalayan Ranges, in the Trans- 
himalayan region of the holy Kailas. These two main rivers thus embrace the whole Himalaya. 
The Sutlej originates on the big plateau of the Manasarovar and Raksas Lakes in Tibet, at  
an altitude of 4500-4600 meters, and after having crossed the Himalayan Ranges near Simla, 
it flows into the Indus. The Ganges with its tributaries originates in the northern Himalayan 
Ranges and after leaving the mountains turns towards the south-east, where it joins the 
Brahnlaputra. 

Geographically, and geologically in part, the ranges of the Central Himalaya (Kumaon) 
and northward to the Transhimalaya (Tibet) are subdivided as follows, from south-west: 

Fig. 1. I n d e x - m a p  of t h e  
Himalaya .  

The square on the NW side 
of Nepal corresponds to the 
geological map 1 : 650,000 of 

this book. 

MBm. de la SOP. Helv. den Sc. Nnt. Vol. LXXIII. Arnold Heim and August G a m e r :  Central Himnlapn. 
1 



1. Subhimtllaya (Border Zone) 
or Siwaliks (Tertiary) width 5-10 km. 

2. Lower Himalaya (Outer 
Himalaya, unfossiliferous) . 70-120km. 

3. High Himalaya 40-65 k ~ n .  
a) Central High Range 

(Nampa - Nanda - Devi - 
Badrinath) 15-30 kni. 

b) Northern Ranges or Te- 
thys-Himalaya (AUDEN), 
the Tibetan Border 
Range or Zaskar Range 
incl., n~arine,fossiliferous . 20-35 km. 

4. Hundes Highland, Tibet . 70-80 km. 

5. Transhimalaya (Kailas 
Range) . 40-60km. 

Former Geological 
Investigations 

An excellent general account of our 
knowledge of Himalayan geology is pre- 
sented in the official book "The Geology 
of the Himalaya", revised edition of 1934. 
This standard work not only gives infor- 
mation about the great work done by the 
Geological Survey of India, but also con- 
tains important reproductions of sections 
and  special maps, while the new general 
geological map 1 : 3.168.000, although not 
altogether accurate, gives a general view 
of almost everything that has beeu mapped 
so far. Not only Bhutan and Nepal, but 
also the greater part of Kumaon is left 
in blank, while a great part of the north- 
western Himalaya, beyond the Sutlej, has 
already been mapped. 

With regard to the structural con- 
ceptions, the sections published in "Geo- 
logy of the Himalaya" are somewhat 
contradictory. The general sections of 
pl. XXXVIII (reproduced in our Fig. 2) 
with their gentle autochthonousfolding and 
a qearly vertical "main boundary fault" 
recall a period about half a century ago. 
Other plates, on the contrary, are based 



on recent mapping in the north-western border region and present the modern conception of 
thrusting. (PILGRIM, WADIA, WEST, AUDEN).' 

The author of the oldest publication on the Central Himalaya and the only one issued 
with a geological sketch-map covering a great part of the region of our research is Captain 
RICHARD .STRACHEY. He already traversed the Central Himalaya in 1818-49, and published his 
paper "On the Geology of part of the Himalaya Mouutains and Tibet" in 1851 (59). His sections 
(Fig. 3) on fi natural scale, although not showing any thrusting are a remarkable achievement 
for that time. Indeed, STRACHEY already clearly distinguished the main stratigraphical divisions 
of the High Himalaya, from the "azoic slates", the Siluriau which was determined after his fossil 
colleotions, up to the secondary formations, all dipping towards north-east. 

It seems that R. D. OLDHAM in 1893 was the first investigator realizing the general thrusting 
movements of the Himalayan Ranges over the subsidiug Indian Plain. Highly important results 
bearing on the question of the young age of the whole Himalaya have recently been obtained 
by WADIA, SAHNI and DE TERRA iu Kashmir and Karakorum. 

The first modern section of thrustfolding over the entire width of the Himalaya, although 
done in a schematic way, was presented by a foreigner, not mentioned in "The Geology of 
the Himalaya". It was the Hungarian professor L. v. Loczy, who, aftek having rapidly traversed 
the eastern Himalaya as  early as 1878, published his remarkable "Beobachtungen" in 1907. 
His sections of Kangchenjunga (Fig. 4) showing an enormous overfold with huge reversed series 
thrust for 150-200 kilometers towards the Indian Plain are more correct in principle than the 
later essays by DYHRENFURTH in 1932 and WAGER in 1933. They are confirmed by AUDEN'S 
"Traverses" (4) and by our own observations. 
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Fig. 3. The f i r s t  s e c t i o n  a c r o s s  Central  Himalaya  b y  Capta in  R I C H A R D  STRACHEY. 
Quarter ly  Journ.  1851.  

I = Tertiary 4 = Crystalline schists 7 = Secondary 
2 = Secondary and I'aleozoic?'? 5 = Azoic slates 8 = Greensbne 
3 =- Metamorphic strata without fossils 6 Z- Palaeozoic 9 = Granite 

(Numbers not figured in the original.) 

While the unfossiliferous border ranges of the north-western Himalaya, north-west of the 
Ganges, are being systematically mapped in detail by the excellent geologists of the Geological 
Survey of India, little or no work had been done for a long time in the interior Himalayan 

' The former director of the Geological Survey of India, Sir LEIGH FERMOR, in a discussion with the writer, 
expressed the opinion that systematic mapping was the only way to advance our structural knowledge of the 
Himalayas. Had systematic mapping been applied exclusively in the Alps, the prolific conception of thrusting, 
however, might have been delayed for half a century. The reader may judge for himself whether the rapid excur- 
sions of the authors through the Central Himalaya were scientifically justified. 



Ranges. There, the great pioneer work was done at the end of the last century. Thus 
H. H. HAYDEN'S survey of the region of Spiti, north-east of Simla, with its rich fossiliferous hori- 
zons has become of primary value, while GRIESBACH in 1891 mapped its south-eastern conti- 
nuation in north-eastern Kumaon. His sections designed with much natural skill have been 
found however to need ample correction. 

Fig. 4. 
T e c t o n i c a l  s e c t i o n  of K a n g c h e n d j u n g a - D a r j e e l i n g  b y  L. v. b 6 c z ~ ,  1907. 

In the Tibetan border range of northern Kumaon, G. DIENER and GRLESBACH discovered 
the famous "exotic blocks", which some years later were carefully studied by A. VON KRAFFT. 
Although DIENER had compared them with the "Klippen" of the Alps, VON KHAFFT concluded 
that they originated from huge volcanic outbursts on the Tibetan side which he was forbidden 
to traverse. ED. S u ~ s s ,  after VON KRAFFT'S description', concluded, however, that the phenomena 
were related to great overthrusts. 

Within the region which we traversed in Kumaon, in north-western Nepal and Tibet, only 
the southern border ranges as far as Nainital, and the Tibetau border ranges had been mapped, 
the intervening part being shown blank. It is true that on the geological map of the Himalaya 
1 : 3.168.000 the surroundings of the great Lake Manasarovar too are coloured, although no 
geologist before us seems ever to have studied that Tibetan region; the mapping is accor- 
dingly misleading. 

Bhutan and Nepal excepted, which are practically unknown, the tectonical conception of 
the Himalaya at present is about in the stage of that of the Alps in 1902 when the theory 
of thrusting became victorious. 
- 

' V o s  KHAFFT'B nlapping is not reproduced in the Geological map of the Himalaya by B U R R A R D  and 
H A Y D E N  in 1934. 



T H E  SIWALIK BORDER REGION 

The Border Section of the Tista River, Bengal 

Similarly to the discoveries in the Alps at the begin- 
ning of this century, the younger generation of the geolo- 
gists of India have recognized that the so-called "main boun- 
dary fault" (Fig. 2) at the interior contact of the Siwaliks 
is a t h r u s t  p I a n  e ,  the older Himalayan formations over- 
riding the Tertiaries of the border zone. The question to 
our mind was to find out the true u a t u  r e  of this thrust 
plane, no special studies of the kind having apparently been 
made. Wherever an abnormal contact was found, the older 
authors have drawn a fault line on maps and sections. We 
cannot, therefore, refer to them as a reliable source, and 
new investigations are necessary. 

My first aim was to see the transverse section of the 
Tista river, with the aid of M A L L ~ ' S  careful map of 1875. 

Similar to the views of last century regarding the nor- 
thern border of the Alps of Switzerland (C. BURCKHARDT l89l), 
the Siwaliks on the Himalayan border have even recently 
been regarded as  being overturned.' 

Our observations made in 1935 and 1936, the results 
of which are shown in Fig. 5, demonstrate that the main 
sequence is n o r m  a I .  

The following four subdivisio~ls were found, from be- 
low (south): 

a) a blue nodular marl and clay with soft micaceous 
saudstone layers, at Sivok, about 50 meters exposed 
above the river, passing inlo 

b) 1700 meters of chiefly gray sandstone interbedded 
with subordinate marly layers,'passing upward into 

c) 300-400 meters of sandstone with conglomerate 
layers containing q u ~ r t z  pebbles, 

d) disconnected with the normal series a-c, on the 
river bank north of the mile stone 16, lies an extra- 
ordinary exposure of steeply upraised and squeezed 
sandstone with two dark argillaceous layers and 
a coal seam of 2 meters with clay at the base (Fig. 5). 

' G. 0. DYHRENFURTH, Himalaya 1930, plate after p. 296, and 
L. R. WAC~ER, A review of the geology and some new obsen~ations, in 
H. R ~ L E D Q E ,  Everest 1999, London. 

a Several coal seams are exposed in this division along the 
Darjeeling road below Tindharia. 



The question considered at the place was, whether this interior series (d) of about 90 m 
visible thickness repiesents an erected Tertiary thrust scale pushed agahs t  the normal se- 
quence of c, analogous to similar scales of Oligocene ou the Alpine border, or whether it might 
be Carboniferous in spite of the softness of the sandstone. 

The big mass of Siwaliks a-c, of about 2100 meters thickness is not only in a normal po- 
sition, but forms a wide a n  t i c l i  n a l  a r c h  with its apex at Sivok station, the southern limb 
being for the greater part removed by recent erosion and covered by alluvial deposits. 

A similar anticline has been foupd by AUDEN (4, p. 144) in south-east Nepal (Pl. I), where 
two series are present, the inner one being thrust upon the anticlinal outer one. A further ana- 
logous case is that one north-west of the Ganges as  already mapped by MEDLICOTT in 1864. 

The Gaps of the Siwaliks East of the Tista 

Already in 1874, MALLET made the following fine observations, illustrated by strikes and 
dips on his map: 

"The Tertiaries are wanting for some miles eastward of the Lehti naddi; they occur again 
in the Ma-chu, but are again absent for forty miles eastward ,of the Jaldoka. Their absence 
along this part of the lower hills.. . is the only instance of the kind from the Indus to the 
Brama Khund" . . . "The older formations do certainly stretch further south here, owing rnaiuly 
to a change of strike, and it is possible that they originally ran still further south as  a pro- 
montory in the Tertiary basin of deposition." 

This position, largely based on MALLET, is shown in Fig. 6. 

W Him. thrust over  Siwo/lks Sl'wa/ik erosl've border - -  11 erosive border -1 Siwa//'k, M,'ocpne ... 
Fig.6. S k e t c h - m a p  of t h e  H i m a l a y a n  a d v a n c e s  t h r o u g h  t h e  S i w n l i k  g a p s  e a s t  of t h e  T i s t a .  
g = gneiss; D = Daling series; in the western part including Darnuda~ (Carboniferous); B =; B R X ~  series; 

S = Sivok railway station; M = Mntiali. 

In the first of the two places mentioned by MALLET, the Siwalik front range, without chan- 
ging its regular ENE direction and dip towards the mountains, ends abruptly, whereas the old 
Daling slates bend with a perpendicular strike around the corner in order to protrude towards 
the plane. Indeed on the Murti river (Ma-chu), we found the Siwaliks with conglomerate again 



in the unchanged tettonical position (ENE strike), overlain by the thrust Dalings as  shown in 
MALLET'S map. Thus, t h e  H i m a l a y a n  t h r u s t  h a s  f l o o d e d  5 k i l o m e t e r s  t o w a r d s  t h e  
p l a i n  t h r o u g h  a 15 k i l o m e t e r s  g a p  i n  t h e  S i w a l i k s .  
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Fig. 7. The entrance of the Murti River to the plain. D = Daling series (sericite-pllyllites), B .= Rasa series, 
S = Upper Siwaliks (granite-conglomerate), T = Main boundary Lhrust. 

The second gap is by far much larger, and equals that of western Switzerland. According 
to MALLET it extends from the Jaldhaka river eastward to the Kalijhora creek, ou a distance 
of 60 kilometers, t h e  a d v a n c e  of t h e  H i m a l a y a n  t h r u s t  t o w a r d s  t h e  p l a i n  b e i n g  
a s  m u c h  a s  20 k i l o m e t e r s  (Fig. 6). Again, according to MALLET'S map, the Siwaliks do not 
bend around this huge protrusion. 

The view I enjoyed from the Forest Bungalow of Samsing, north of Matiali in the Duars, 
was an inspiration. In the form of a huge arch, the wooded Himalayan mountains project far 
east and south-east, one silhouette appearing behind the other, finally ending like a peninsular 
cape in the great alluvial plain (Fig. 8). 

Fig.8. S k e t c h - v i e w  f r o m  t h e  Fores t  Bunga low of S a m s i n g  o v e r  t h e  Himalayan  Border .  
H high-, M middle-, L lower gravel terraces. J = Jaldbaka River. 

The Quaternary Terraces East of the Tista 

The northern border of the Indian plain along the Himalayan foot-hills east of the Tista 
and especially in the surroundings of Matiali (railway terminus) would be an "El Dorado" for 
the morphologist able to spend some weeks there. Our rapid visit, in April 1936, resulted in the 
following observations : 

Coming from Siliguri to the mountain border, the alluvial plain rises very gently, then 
gradually more rapidly. East of the Tista, however, very gentle hills of gravel rise out of the 
plain, in a parallel line to the Siwaliks at 6-8 miles distance to the south of the mountain 
border, in the shape of a foreland-anticline in its first stage of erection. At Chalsa railway station, 



the terraced hills rise to eveu 300 feet above the hottom of the valley. Five terraces, all in 
gravel, are traced on the hill one mile west of the station (Fig. 9). 

The top terrace is the best developed and the most eatensive. West of Chalsa, as seen 
from a distance, it seems to be warped. Its southeru side converges with the lower terraces, 
whereas the northern side shows a counter-dip towards the Himalaya of 1-2 degrees. The road 

B from Chalsa to Matiali, after climbing in curves to the hill 859' of map 7 8 ~  follows this gentle 

SW 167 172 180 191 21.3 2 4 3  24s m NE 
; Rol'/way j 244 m 

Rice field i : : 
9 8 .  
8 , .  
a , 4  Fig. 9. The gravel terraces 
- a ,  . ,  - . .  j - v i o j  1 mile west of Chalsa rail- 
( , .  

counter-dip in a northern direction for about 2 miles. Matiali is in a synclinal depression'. Thence 
the gravel surface rises uninterruptedly towards the mountains. 
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0 5 r n ~ l e s  
Fig.lO. Warping of the  Quaternary gravel  terraces at Matiali ,  east  of t h e  Tieta. 

(Heights 6 times exaggerated). V = bottom of the valley; L = Low terrace; highest level 
(Nagrakata terrace); M = middle terrace (Samsing terrace); H = High terrace (Kumai terrace). 

(At Mal-Chalsa the southern limb of L-terrace is cut out in the shape of secondary steps 
as shown in Fig. 9). 

A similar vast terrace, with its cliff towards west, entirely planted with tea, follows east 
of the Jaldhaka river. If there be no counter-dip, at least the original southward slope has been 
changed into a level platform of 1150' (Fig. 8). According to the above-mentioned map the river 
has cut its way 450' down through the Nagrakata terrace. 

Instead of an uniform subsidence of the alluvial plain, we thus find a longitudinal z o n e  
of r e  1 a t  i v e u p  h e a v  a 1 along the Siwalik border. This anticlinal warping strikes E 15" N and 
illustrates a r e c e n t  t e c t o n i c  m o v e m e n t  p r o b a b l y  s t i l l  g o i n g  on .  

Following up the Murti River at Samsing, we come to higher terraces. Once more the slope 
of the river-bed diverges from that of the terraces, which rise more rapidly towards the moun- 
tains, namely as much as 5" and even up to 10". A strongly marked gravel terrace is that of 
Samsing forest bungalow. It rises from 550-660 meters and to about 130 meters above the 
river and is indicated as the Middle terrace (M) in Fig. 7 and 8. It seems either to continue at 
the Nagrakata plateau, or else is stratigraphically slightly higher. 
- ' The hill8 of Matialy, 200-250'high (at 1163'), may be relics of a higher terrace and would be worth a spe- 
cial study. 



About 80 meters higher still is the terrace of Ku~nai village on the east side of the Murti 
river (Fig. 8), which rises 5 10" towards the ~nountains. 

'I'hese two higher terraces M and H are composed of extremely coarse gravel material 
with rou~ided blocks of micaschist and gueiss up to beveral cubic. meters. 

Boulders of exlraordinury size are also washed down into the actual river. Several of them 
below the forest buugalow reach over 10 cubic meters, and one a little further up \\.as estimated 
at nearly 100 cubic meters. This enormous erosive power is due to the rainfall of this most rainy 
country of the world (10 12 meters per annum). 

The Hl~nalayan Border at Kathgodaln, West of Nepal 
0 0 Following the foot of the mounlains with the survey maps 5:jgT and 53ck at hand,our 

first surprise was to find the lower Siwaliks \\lith a 1, e r 1) r 11 d i c u l i I  r s t  r i k e to the general 
trend of the Hilllalayan border. This is the case at the e ~ ~ l r a n c e  to the Jam Valley i miles SE 
of Kathgodam, where the violet aud green clays are exposed \villi a clip of 60 to WNW and 
NW (Fig. 11). 

Fig. 11.  T e ( a t o n i c a 1  S k e t c h - m a p  o f  K a t h g o d a m .  
C = Cnlcareous sandstone; M = Mouutain slide, Lakes black. Some strikes 
and dips ant1 eastern part of main boundary t l ~ r ~ s t  after M~DDLEMSS 1891. 

MBm. de la Soc. Holy. dcs Su. Nnt. \'<)I. LXXIII.  Arnold H e i ~ u  and August Ganswr: C'cntrnl Hirunlaya. 



At I(athgodnto, on tlie Ralya River, even the verticill beds of vn~*ic~gntrtl c.l;~ys ant1 s i ~ ~ ~ d -  
stones are at a right angle to the nornli~l strike, as  illl.eady ~ni~l)lw(l  I)y k l l ~ ) l ) l . ~ > l l ~ s  ( lS!)l) .  ,4 
steep series of one kilometer or more strikes E 15 30 K. Only opposite of l I 1 ( 2  ~ r ~ o ~ r t l i  of t l ~ r  
Gola River does the position become norlnal again, the Siwnlik sirncislont~s tlipl)ing 3 1  10" 011 

an average towards NE. This normal position of the sanrlslones is furthertnorc: visil)le i ~ t  ;I  long 
distance ~ l o u g  the first rnoun ta i~~  crest above the  plain, as  far as  the Golii Hiver, wl~t:rc the dip 
steepens towards the main boundary thrust. It seerns as i f  i ~ t  I(at1igodarr1 ii tec.to~~ic.;~l 111.c:ili i l l  

the strike of the Siwaliks l;ad been filled hg thc Hi~naliiynn Ihrllst Innss, whic*l~ here c.onsisls 
mainly of variegaled clays with quartzitic sancis lo~~es  (Naglh;it'?). 

To the NW of Kathgoclarn the generill position of the Siwalik s;~ndstones is a gentle dip 
towards NNE. But at Mitha Aonln, 7 - 8  miles W of Ki~tl lg~tlarn,  viiriegated (:lays a re  i~gnin ex- 
posed at a right angle, dipping 20-40" to WNW. 

The question arises whether the variegated lower Siwalik beds Iii~vc? r ~ l ~ t l e r ~ o ~ ~ c  an older 
tectonic deformation than that of the sandstones above s h o w i ~ ~ g  a n o r ~ ~ ~ ; ~ l  strikc. 

The inlerlinl border of the Siwaliks or main horlndnry thrust is tliffic:~~lt to trace nc:cl~rat- 
ely, not only hec:ar~se of Lhe 1;ic:k of outcrops and cru~npled stri~tific:alio~~, b ~ ~ t  i~lso  on  nc:cour~l 
of the resemhl;~nc.e of th(! ~.etl Siwalik clays and santlstones to thosc of the oltler Hin~al i~yi i l~  
forrnatiol~s (Krol - N:igtIi;~l - Nila~ltlali). 

Another c.on~l)lic;~tio~i ~ecnll ing [hat at the 'Fista seems to bc present on [lie I< side of tlie 
Nihal vnllcy i ~ ~ l ( l . i ~ l o n g  tlie motor road to Naini 'I'i11: 

The norlht.rn-most 'I'erliary, in tlie form of a hard gray C ; I I C ; I ~ ~ O I I S  si~nrlstonc, of some Illin- 
dred meters t l~ickness and an  1: 10-20" S strike, is erected to a vertical position. I t  scbems to 
be a separate tlirast scale between the normally dipping Siwaliks and the Ilirn;~lay:~n thrust 
(Fig. 12 and Plate 111). 
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Fig. 12. 'l'he Tlirllsted Himalayan series upon the Siwaliks on the  motor road to Naini 'Tal, norllr of P : I~ \v ; I  I ) I I ~ ~ : I .  
a = crumplcil rnd clay with quartzite fragmenla (Nagthat'?); h, d. f gray s l i :~ l (~s  (Krol o r  1nfr;~krnl); (*, c -= l i~ncs tnnr  

(I<rnl o r  Tnf~,:~krol); s -- Siwalik s;~ndalonc of normal series; rs c ; ~ l ~ . : ~ r e o ~ ~ s  s;~ntlslonc.. 

The cnlrnreous sandstone c s forms an  ootstnnding crest westward of the road down to 
the Nihal Valley wI1cnc.e it disappears. Detailed and systernalic work, hnsed on a map larger 
than 1 ":  1 mile, wonld be neetletl to clear 11p these structural conclilio~~s which a r r  here only 
to~~c.lied upon. 

The "Main Bol~ndary Fault'' compared wltll the Alps 

As early as  1868, ME~LI(:OTT (40) compared the Siwaliks with the corresponding Molasse. 
On the northern border of the Alps, the Molasse (Tertiary) Conglo~nerates were formerly 

regnrdrd ns Iwing o\.erlurned (B~:HCKHART)T 1891'). This idea was based on an apparently re- 

' ('. I { ~ ' I : ~ ' K I I : \ I ~ I ~ I .  I i l ~ ~ ~ t i l k l z o n ~ ,  Heitriige z. geol. Karte d. Schwsiz 1891. 



versed series of the Alpine border fortnutions that follow ahove the t h r ~ ~ s t  plane: f1vsc.h tvith 
Nulnlnulilic li~riestorles and Cretaceous fornlations. 

lu the castern tlilnalaya the sarne mistake tvas made until recently (X~~EI~LICOIT, SUESS, DYHI~EN-  
I:LIIITH 1932, Wl\c;l;~c, 1931). Although the I-Iitnalayan formations in the region of the 'l'ista river 
are reversed (L)alnuda - Daling nlicaschists - Darjeeling gneiss), we found that the main body 
of the onderlyiug Tertiaries (Siwaliks) are in a n o r m  a l and in an n u t  i c l  i u a L position. Thus, 
there is u o  s t r i i t i g r a p h i c a l  c o n n e c t i o n  b e t w e e n  t h e  S i i v a l i k s  a n d  t h e  H i m a -  
I A ) ' ~ I S .  

Iu 1906' the wriler foirud that the southern border of the rnolasse (whicli could also be 
r.;ill~d the main boundary thrust) is very irregular and of the shape of an old eroded surface 
Ilpon wliic.11 a ~ ~ d  inlo which the flysch was pushed. Great gaps and hollows of the rnolasse 
border rilnge 11ilve enabled tlie thrust rnasses to protrude and have beeu the cause of trnns- 
verse f;iults ancl displ;ice~i~ents of the latter, wliile none of these faults continues into the fore- 
laud. Tllos. tlie suhi~ipine r~lolasse was considered as  being folded and strongly altarkccl hy 
erosioli before the final ntlvnuce of tlie Alpine thrust sheets'. 

After a long conlroversy:' tlie writer's conception based on new detailed tnapping Iliis finally 
beell accepletl and definitely established'. The most couspicuous cases of this thrust-contact 
over an old eroded surface ("relief-thrust") are:  

1) Along the 1,oisach in soltthern Bavaria the austro-Alpine thrust sheets aud the ultra- 
helvetic flysch Iii~ve advanced over the eroded ~riolasse folds along oblique faults wit11 large 
horizontal d isplace~nents~.  

2) In eastern Switzerlaud the SBntis thrust folds have advanced nearly a mile towards Korlh 
in10 an  erosive hollow (removed conglomerate) along the largest known transverse fault of the 
Helvetic region (Sax-Schwendi Bruch). 

3) On the Lake of Lucerne, the immense body of the "Rigi-Nagelfliih" has been removed 
towards West, causing an advance of tlie Helvetic thrust. 

4) The largest gap is that hetweeu the Lake of Thun and the Lake of Geneva \\here the 
Alpine thrust sheets have advanced in the shape of an arch of 60 krn lengtli and about 20 krn 
width. In the depression, the higher thrust sheets of the Klippcn (PrPalpes midiaues) have been 
preserved from weathrriug (Fig. 13). 

According to our observations, Ihe pl ienon~en;~ in the 1-Iinial:rya are the same. if we only 
keep in mind that the rnountaiu formiltiou is younger and that the thrusting is from N to S 
or NE to SW. With the aid of MALLET'S excellent geological map, we thiuk that we have estab- 
lished two large gaps of the Siwaliks east of the Tista, through which the Himalayan thrust 
mass (mainly D a ~ n i ~ d a  -Daliugs) have advanced far out into the plain. The gap and arch east 
of the Jaldhalia river are  of the same atr~plitude a s  those of western Switzerlaud. 

In analogy with the Alps, other proofs may be found that the "main boundary fault" is 
a relief thrust. W e  only may mention the tectonical position of Delira Dun" Below Mussoorie, 
the  thrust contact strikes nonnally to ESE, the Siwaliks dipping regularly 40' to\varas NNE 

' 
ARNOLD HEIN : Die Rrnndrlng der Alpen am N:~pelflul~-tiebirge. \'ie~.teljahrsscl~r. d. Xnturf. Ges. Zurich 1906. 

'' Instead of the poor wort1 "nnppc". \vllic*h otlly me;ltls "sheet" although h;~ving already found its way inlo 
Inany English books, the writer prefers the hetter and purely English ternls of thrust sheet or thrust mass. 

:' 'I'he milill liternlure is quoted in ARKOI.I)  H E I M :  The Himalnyn~l Border colnpared with the Alps, Rec Geol. 
Survey of India, 1938, 

H. RENZ:  Die suh:~lpine blol:~ssa znrischen Aare und Rhein, wilh map, sectiolis and complete literature, 
Lclogae geol. Helv. 1937. 

H. HAUS: Qeologie der Gegend von Schnngnau irn oheren Emmental, Beitriige zur geol. Karte d. Schweir, 
n. P. Lfg. 75, 19:li. 

,> An~01.o HEIII: Uber Hau ~ind Alter des Alpen-Nordra~~des (with fig.). ~c lokae  geol. Helr. 19?8. 

" See topogr. n~np of Dehrn Dun, Sheet 53&. 



Fig. 13. The Alpine Border of Western Swilzerland. 

below the red Mandali formation. Rut a t  Rnjpur, as  already mapped in 1864 by MEDLICOTT 
(39), the Himalayan border jumps a s  much a s  8--10 km to the south and down illto the Dehra 
plain where it forms the Kalanga hill 3089'. No  c o r r e s p o n d i n g  d i s p l a c e m e n t  i s  s e e n  
a l o n g  t h e  S i w a l i k  c r e s t  i n  f r o n t  of i t .  

As seen already at a long tlistance, the Siwalik border continues with a regular north- 
western strike, as  i f  i t  h i~d  not felt anything of the approaching I-Iimnlayan thrust. New observations 
may determine Inany more similar cases which formerly could not he understood. 

To explain the old erosion of the s ~ ~ h a l p i n e  Molasse, the writer, in 1906, supposed that in 
Miocene time the main currents flowed along the strike behind the molasse border ranges. The 
younger Flimirlaya seerits ;it present to he in that condilion with its I)uns, a s  such longitudinal 
valleys behintl the Siwaliks front rirnges are  called. Indeed. if the Himalaya advances, the Duns 
will become filled up tectonically, and the structure will largely depend on the former erosion 
of the foreland, more t h a ~ t  vice-versa. 



T H E  G R E A T  T H R U S T  F O L D  O F  D A R J E E L I N G  

Tectonlcal Features 

The present knowletlge of the s w i 111 rn i n g D a r j e e l  i n g g n e i s s  is bi~sed on the excellent 
work of MAI.I,F:T. published in 1874 (hlcm. Vol. XI). I t  is true that !t141.1.b~,  i~ccol'(li~i:' to i h ~  
general tectoliic.nl collc.eplion of tli:~l t i ~ ~ i c ,  l.egitrtlrtl the I)arjiling series as 11 o r 111 a l and 
autochthono~~s. Ilr was. Ilo~vt~ver, I I I I I ( ~ I  s~~rl)rised to f i ~ ~ d  that i n  ( * o ~ ~ t r i ~ > t  i n  all ot11c.r ~ I IO\ \ . I I  
countries, the degree of 111c,t;l111orl)hi<111 i~ l ( - l . e i~se~ ul)\\al.tl< i .  e i l ~ ( ' ~ r d i ~ l g  10 hi- itlei1 toiviirds 
the Darjiling gneihs, wl1ic.11 110 colisiclc.rr~d as the youngest fo~~~nn l io r~  (Fig. 14). 

- , . , I  I 
I+ 3 2 I o 4 m t l e s  

I:ic. 14.  ' l ' l~e  f i r s t  sec ' l ion of 1 )a r j ee l ing  b y  1 1 . 4 ~ 1 . ~ ~ .  1874.  
I = Siliki~n G n ~ i - s :  2 = 1)aling series; 3 =- Da~nud:~: 4 = Xcllian Ciroup ( l 'e~ti:~ry) 

Since then all ohservers have confirlned the idea that the gneiss overlies the Daliug series 
of schists and quilrlzites whic~li are exposed all along the deep tl-ansverse cut of the Tista 
river. The coal-bearing carboniferous Damuda series not only underlies the certaiuly older 
Daling schists, but is in itself in a reversed position. Indeed. C. S. Fox (1G) discovered just 
above the railway station of Tindharia on the Darjeeling road a basal couglornerate (Tillite?) 
in the orograpl~i~ally upper part of the coal bearing Darnudas (Fig. 15). 

The latest and conclusive discussion with some new data was furnished by AUDEN in 1935. 
Wherever the series is traversed from the gneiss down to the Dalings, a transitional zone 

of some hundred meters thickness is found in the form of mica schists. They are frequently 
full of garnet, and interbedded with quartzite. Following up the previous observers, we again 
studied this trnnsilion in the south, the east and the north of Darjeeling. As already stated 
by AUDEN, WAGER'S section of 1934 indicating a sharp thrust of the gneiss is incorrect We 
must come to the conclrisiou that t h e  D a r j e e l i n g  g n e i s s  a n d  i t s  c o n t i n u a t i o n  in  t h e  
K a n g c h e ~ i j u n g a  mi l s s ive  b e l o n g s  t o  a h u g e  r e c u m b e n t  a n t i c l i n e  t h r u s t  f r o m  
N t o  S o v e r  a v i s i b l e  s u r f a c e  of m o r e  t h a n  80 K i l o m e t e r s  ( P l a t e  I). 

While the Darjeeling gneiss is underlain and surrounded by younger sedimentaries, the huge 
K a n g c h e n j i l n g a  m a s s i v e  r e p r e s e n t s  t h e  r o o t  z o u e  of t h e  g r e a t  D a r j e e l i n g  
t h r u s t  fold.  The valuable observations of v. Lbczu. HAYDEN, HERON, WAGER and AUDEN of a no rm a1 
series of Perrnocarboniferous (Everest limestone and Lachi series), Triassic (Tso Lhamo series) and 
fossiliferous Jurassic (which further north in Tibet is crowned by fossiliferous Cretaceous and Num- 
mulitic) and their northeru dip are conclusive. G. DYHRENFURTH (14 p. 298) found the northern-most 



lirnestoues and (lolomites below the gneiss in the Lachung 
Valley \\lhic.h is at 90 km distance from the froutal part of the 
thrust gneiss. H i s  sectiou p. 296 sl~ows a thrust of over 100 Itm. 
We do not yet know how far uncierneath the surface the 
Dali~lgs and Rlica schists penetrate towards North below 
Kangcheo,iuuga. Possibly the 111arch of the gneiss towards 
the Indiau plain is even rnore thau 120 Kilometers. 

In principle we thus come to the same conclusion as 
L. v. L ~ C Z Y ,  who iu 1907 reconsidered his observations of 
1878 and whose conclusions were so long ignored (compare 
Fig. 14, 15 and PI. I ) .  T h e  h i g h e s t  m o u n t a i n s  c o r r e -  
s p o n d  t o  t h e  b a c k  of t h e  l a r g e s t  k n o w u  t h r u s t  
f o l d  of o u r  g lobe .  Indeed, the tectonic:~l position of 
Chonia Lungma (M. 1Sverest 8982 ~neters) is that of Oodang 
Nyima on the no~.l l~rru part of Kangcheujunga. where 
A. M. HEROS in 1922 also found a normal superposition of 
a Permian to mesozoic series upou the northerly dip- 
ping gneiss. 

G. 0. I)YHRESI;I:HT~I (14) was mislead by a limestone 
series at Dodang Nyima north of Kangchenjunga which 
he took as reversed Cretaceous thrust upon the gneiss, 
the granitic intrusions of which he regarded as Tertiary. 

The present sections of Kangchenjunga and Chorno 
Lungma (PI. I) are only preliminary, and only partly based 
on our personal observations. They illustrate, however, 
the knowu data of topography and geology of the preseut 
time, and are drawn without exaggerations'. Detailed stu- 
dies and mapping will certainly bring to light more com- 
pl icat ion~.~ 

Regarding details of structure, we may mention a 
most beautiful parabolic synclitle with 14" pitch to NE sub- 
dividing locally the mica schist series below point 4860', 
2' r km SE of Kurseong on the Darjeeling road. It be lo~~gs  
to the reversed frontal part of the great thrust fold, and 
was laid bare by a quarry of building stone. On its West 
side a slickensided southerly dipping thrust fault was vi- 
sible which has cut off the parabolic quartzite syncline. 
(Fig. 16 aud photo 4, PI. VII). This syncline is not only 
of local interest. It shows how the hardest rock of the 
Himalaya has been deformed without fracture (bruchlos) 
and how each quartzite layer rnathernatically thins from 
the axes towards the limbs. This fact only can be explained 
by very high pressure. Rut if we can hardly believe, that 

' Unfortu~~ately H A Y D E N ' S  sections are without a sc:~le, and thc 
heights are exaggerated. 

I n  N E  Sikkirn, for iuslance, AIII)RN (4, pl. 6) has figured :I 
recumbent anticline of the gneiss. Similiir co~npl ica l ion~  may be fonnd 
nt Kangchenjunga. 



at the 1nargi11 of Lhe great tl~ruslfold 5000 or n~ore  tneters of srrpcipo~cd rocks I~nve exisletl. 
we 111ust q~~es t ioo  whettier the folding was made in grcat tiepll~ farlhcr nor111 and lhcn had 
been shifted pashively towards south. 

'I'he synklirie of Kurseong may be only oue of the many conceiled caw.; of repetitious 
and lhrusl planes wilhin the series which, as a wltole, is regarded as reversed. It1 any case, 
the ques t io~~ arises, how far down the Dalirlgs lnny be reg;rrded its belooging to the r~versed  
series. 011 an excursion all along the Tista, the intellsely folded series of schists and qii~rtzites 
ditl no1 givcl t l ~ c  iml)ression of being reversed. Possibly, by deep boring i~ndernenlli t l ~ r  1)aliugs 
of the 'l'islu, i I  similar progressive metamorpliis~~~ would be fouud d~\\~ntvurd as i t  occurs up- 
ward at the surface. 

Fig. 16. Dct:~il.; of  l l ~ e  re\.crsed series of Mica srl~isls  below the Dnrjeeling gneiss on tlie 
road 2 '  :. k ~ n  SI.: of K~~rseong.  (Co~itlilions of April Jill, 1936). 

1 :- 111ic.a scl~isls  wit11 psnlnll~ite g~ieiss;  2 = qllartzite: R 7 banded gnt,iss with quarlzite nod paa~ l~n~ i t e  gneiss: 
4 - iiiicn scl~isla w ~ t l ~  garnet, and clu:~rtzite: T : lor:~l thrust pl;~ne 

Note: m e s  of ~ninor folding in NlS ~tirection! 

111 his "Traverses" of 19.35, Atrne~ emphasizes the presence of Aravalli struclures found 
iu t l ~ c  I)arjcelil~g gneiss. Indeed, tlie north-eastern strike of thiq range in Indian Goud\vann 
is still recognizable in the Lower Himalaya. Hefore haviug been ;~c*quainled with Xrn~x's  paper,iht- 
writer, in 1935, WRS l~uzzled by a cross-strike of the gneiss on tlie Ilarjeeling road, in the 
ravine. olie mile north of Karst-ouy. There, the Ilarjiling gneiss strikes for some distance N to 
NNW and N N E  \vith a westerly dip as much as 75 - 80". Also the tniuor folds of the mica 
schists SI', of Kurseong (Fig. 16) strike NE:. Nu~neroi~s cases of abnortnal strike are indicated 
in GA~woon's mnp of Kangchenjunga (17). Such au abnormal NNE strike determines the \\rester11 
border of the Sikkini window. According to GA~\\'oon the gneiss strikes N instead of E: over 
almost the whole of the Kangchenjunga massive. Similar cross strikes to the Himalayau trend 
were also found on a larger scale by AUDEN in the Arun Valley of Nepal and in Garhwal. The 
resemblance of these metamorphic rocks to those of the Peninsula, and the presence of the 
Damuda series, with its coal seams and Glossopteris leaves, as the youngest division of the 
thrusled eastern Himalaya also confirmed HAYDEN'S conclusion (in 8, p. 291) that "the Hirna- 



layan chain is in part made up of true representatives of the oldest known group of rocks, 
and that these are merely the northerly exteusion of the similar roclts of the 111dian Peninsula". 

Such structural relnnllnts of an Aravalli-strike (NE) are appi~rently the cause of many 
irregularities in the position of the gneiss and of the irregular boundary with the overlyiug sedi- 
mentary formations of the Tista Valley and aloug the Tibetan frontier. 

Tectonical Essay of Mt.  Everest 

The tectonical position of Kangchenjunga being now explained and figured in its rnain 
lines, we may compare i t  with what is known of Mt. Everest (Plate 1). 

According to AUIIGN, the frontal part of the Hirnalayari Lhrusl is praclically tlie same as 
that of the Darjeeling region: the Siwaliks form a frontal anticline upon which is thrust a se- 
cond series of Lower Siwaliks. The thrusting is siniilar again and the Himalayan forlnations (Da- 
muda-Daiings-micaschist-gneiss) are at least partly reversed. Similar to the window or half- 
window of the Tista, the Tamur- and Arun rivers form half-windows cut into the Daliogs and 
extending 50 km to\vards north, underlying the gneiss. 

The middle part of the Arun valley, which is probably the deepest transverse gorge of 
our globe, has never yet been visited by a geologist. However, looking from the East, every- 
thing points to the coricl~lsion that it is the western continuation of the Siugalila crest and thus 
also formed of gneiss, with gentle inclinations of its stratification. 

We owe the knowledge of the Tibetan side of Chomo Lungma (Mt. Everest) to ODELL, HERON 
and WAGER. Nobody ever doubted that the Cholno Lliugrna ~nassive is the western prolongation 
of Kanchenjunga. However the summit with its permo-carboniferons limestones (Lower and Upper 
Everest limestone of WAGEN) does not correspontl exactly to the gneissic summit of Kauchen- 
junga, but to its northern part, especially to Jongsong or Dodang Peak as already ohsctrved by 
G. DYHRENFURTH. The continuation of the strike towards West of Kanchenjunga S I I I I I I I I ~ ~  lei~ds to 
a region of 25-30 krn south of Mt. Everest, where the gneiss has been denudvrl lo s ~ ~ m ~ n i t s  
of 7000 meters and less. 

The Tibetan zone of the Everest section with its normal folding also correspol~tls to that 
on the northern side of Kanchenjunga, the Eocene syncline of Shekar Dzong beiug equivalent 
to that of Kampar Dzong, although they rnay not be in direct continuation. 

We thus conclude that t h e  h i g h e s t  m o u n t a i n  of o u r  g l o b e  i s  w e a t h e r e d  o u t  
of t h e  n o r m a l l y  s t r a t i f i e d  b a c k  p a r t  of t h e  g r e a t e s t  k n o w n  t h r u s t f o l d  whicl~ 
we have called after Darjeeling, the starting point of all expeditions and geological investigations 
in the eastern Himalaya. 

The Rock-Types of Darjeeling 
(by A .  GANSSEH) 

The whole series of rocks which can be studied almost continuously from the Tista River 
up to the heights of Darjeeling, shows a passage from nearly non-metan~orphic shales up to 
the kata~netamorphic type of sillimanite-gneiss. Three subdivisions may be distinguished: (1) 
D a l i n g  s c h i s t s  with q u a r t z i t e ,  (2) g a r u e t i f e r ' o u s  m i c a  s c h i s t s  and (3) the t y p i c a l  
D a r j e e 1 i n  g g n e i s  s .  Sorne new observations may be added to the description of former 
observers. 

1. 't'l~c Daling Sc l~ is t s  

The characteristic rock is a g r e e n i s h  s c h i s t .  The least metamorphic types rnay he called 
clay-slates. They usually alternate with greenish cluartzitic saudslone layers. The irnpurer ones 
show a somewhat higher metarnorphism. This is partly caused by selective metamorphism, partly 
by lack of interreaction in the case of pure quartz rocks and pure argillites. 



An average type of green schist shows the following composition (analyst Prof. ,I. JAI ;OB) :  

To facilitate the comparison with other rocks, the molecular values according slo. ;.'j 

to N I ~ G L I '  have been calculated and compared with the values of a normal clay 22.39 
Fe-0, 3.0.5 

slate: FeO 4.01 
si al fm c alk MgO 1.61 

Normal argillite: 200-500 35-50 30-50 1-10 8-20 hInO 002 

Daling schist: 202 48.5 30 2.5 19 CaO 0.59 
Sa,O 1.79 

The above figures show that the Daling schist is chemically comparable with ~~0 5.43 
a clay-slate or argillite, the variability in silica excepted, which derives from the TIO? 0.80 
variable amount of quartz sand. The above example shows a minimum of quartz. P!06 0.14 

Another type may be defined as s e r i c i t e - c h l o r i t e - q u a r t z i t e .  The cha- 11,0* 5.42 
H 0 - 0.18 racteristic minerals are q u a r t z  in the shape of small round grains which show --- 

100.16 
intense undulose extinction. The larger grains are embedded in a fine ground Inass 
of sericite with almost colourless scales of chlorite. The latter is slightly pleo- 'I 202 

al 48.5 
chroitic (yellowish, green). As a primary accessory r u t  i l e is present (partly leu- !,,, so 
koxenized), e n r i c h  e d i n p a t  c h e s .  Some large idiomorphic t o  u r m a 1 i n e crystals 2.2 
with brownish pleochroisln may be considered to be secondary. E p  i d o t e grains alk 19 
and a limonitic substance are more sporadic. The texture of the stratified rock is k 0.67 

blastopsammitic to porphyroclastic. mg 0.30 
ti 0.02 

The next type is a b i o t i t e - c h l o r i t e - s c h i s t  with e p i d o t e ,  of a stronger 
metamorphism. The schistosity is obvious. On the warped surfaces of the strata which are of 
a green lustre, the small biotite scales are recognized even macroscopically. Together with q u a r t z  
of slightly undulous extinction, c h l o r i t e  and b i o t i t e  are the main representatives. Usually the 
mica is concentrated in fine layers and associated with chlorite which seems mainly to be formed 
of biotite. Epidote and cl i nozo i  s i t  e are accessory, as well as the subordinate s e  r i c i  te .  Se- 
condary accessories of fine distribution are t o u r m a l i n e ,  a p a t i t e ,  r u t i l e  a n d  o r t h i t e .  The 
texture is granoblastic to lepidoblastic and of charactelistic crystallization schistosity (Kristalli- 
sationsschieferung). 

An increase of sericite leads on to the s e r i c i t e - c h l o r i t e - s c h i s t s  w i t h  biotite. Com- 
pared with the less sericitic schists, they are less green. The surface frequently shows fine fur- 
rows. The q u a r t z  is very fine-grained and conceutrated in thin layers. The b i o t i t e  is  fre- 
quently pleochroitic, green and partly transformed to chlorite. As an accessory mineral we find 
c 1 i n  o z o i s i t e in form of long idiomorphic stalks, usually nicely separated from the rounded 
grains of e p i d o t e .  I l ~n e n i t e occurs in fine scales. T o u r  m a 1 i n e of brown colour is sporadic. 
This rock-type is still blastopsammitic and of crystallization schistosity. 

With increase of sericite and the occurrence of garnet, we pass on to the next group of 
rocks : 

2. The Garnetiferous Mica Schists 

This group is multifarious. While the former one was of epimetamorphic character, the 
minerals of this group are ~nostly of the meso-type. 

The quartzitic types show the least complicated mineral association, though being even 
macroscopically different from the Daling quartzites. The greenish colour has disappeared, and 
in place of the argillaceous rocks the micas are already well defined muscovite and biotite. 
Beginning the description with the more simple types which are developed above the Daling 
quartzites,we come to the g a r n e t i f e r o u s  m u s c o v i t e - b i o t i t e  q u a r t z i t e .  Associated with 

' P. NroaLr, F. DE QUERVAIN, R. U. WINTERHALTER, Chemismus schweizerischer Gesteine. Beltr. z. Geologie der 
Schweiz, Geolechn. Serie, XIV, 1930. 
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abundant q u a r t z  of irregularly intergrown though little kataclastic grains is an interesting 
g a r n e t  of a skeletal relictic aspect. On the edge and in the cracks l i m o n  i t  e has beer] formed. 
The only rare inclusion is b i o t i t e  (Phot. 78, PI. XXV). The rock, on the whole, is of massive 
appearance under the microscope, though showing macroscopically the original stratification. The 
additional schistosity tnade by the regular orientation of the micas is counterbalanced by the 
garnets which form wart-like knots on the rock surface. When the content of micas increases, 
the h igh1  y m i c a c e o u s  q u a r t z i t e  is reached, of which the biotite is less abuudaut and 
garnet non-existent or only sporadic. The quartz is rather less intergrown, but of distinctly 
undulatory extinction. Folding iu detail is frequent and may pass on to "helicitic" structure. 

Decrease of quartz leads to the real schists. They usually carry garnet and are accord- 
ingly less minutely folded. The strong lustre is caused by sericite; the warped mica scales 
are characteristic. The simplest type is the g a r n e t - m u s c o v i t e - b i o t i t e  s c h i s t .  Yet there 
is quartz in places of a pavement-like texture and of little undulose extinction. Garnet is 
frequent, and idiomorphic, though rich in drop-like quartz-inclusions. They frequently form S- 
shaped figures in the centre. The b i o t i t e  forms elongated scales which coutain iuclusions of 
z i r c o n  wilh pleochroic haloes. The colour of the biotite is the ordinary brown. The m u s -  
c o v i t e  is irregularly built and frequently shows dust-like lilnonitic inclusious. As accessories 
we find m a g n e t i t e ,  i l m e n i l e ,  and a slightly zonary t o u r m a l i n e .  

On the distinctly schistose rock the elongated biotite cryslals are even macroscopically 
recognized and might be taken for staurolite at first sight. The k y a n i  t e - s t  a u  rol  i t  e - g a r n  e t -  
m u  s c o v i  t e - b i o  t i t e s c h i s t  is to be mentioned as a type illustrating the meso-conditions. 
Suth rocks are of a fairly wide distribution, though frequently only staurolite is recognized. 
Staurolite and kyanite are easily recognized on the weathered surface. The latter tnay become 
concentrated in lenticular quartz veins forming individuals up to 10 centimeters in length. The 
main minerals are: m u s  c o  v i t e ,  usually of irregular scales and containing dark graphite-like 
inclusions. The. q u a r t z  grains are of slightly undulose extinction and of irregular lobate con- 
tours. The g a r  n e t forms large rounded graius including m a g n e t i t e.  The rims and cracks 
are limonilised. The biotite is of a light brown to reddish brown pleochroism. The scales are 
larger than those of the muscovite and frequently of polygonal position around the garnet. 
Inclusious of z i r c o n  are again surrounded by haloes. The k y a n i t  e shows the characteristic 
cleavage, with an extinction Z/c = 28-30'. The s t  a u r o l  i t e is distinctly pleochroitic from 
light yellow to dark yellow. In its centre may be dust-like inclusions. Rolh staurolite and 
kyanite form large porphyroblasts. M a g e t i t e , l i rn o n i t e and r u t i 1 e occur as accessories. 
The texture is grano-lepidoblastic, partly porphyroblastic, the structure stratified to schistose. 

The last mentioned rock-types show a striking resemblance to the crystalline para-zones 
of the lower Penninic t h ~ u s t  sheets of the Alps, especially to certain occurrences of the Canton 
Ticino, such as  on Plzzo Forno. 

We have passed from the epimetamorphic Dalings to the mesometamorphic mica schists, 
aud now come to rocks of still higher metamorphic grade. 

3. l 'he Darjeeling Gneiss 

General descriptions of the Darjeeling Gneiss were published by MALLET (38), DYHREN- 
FURTH (11), AUDEN (4) and others. The following remarks are presented in order to furnish a 
basis for a co~nparison with similar rocks in other parts of the Himalaya. The g a r n e t  i f e r o u s  
p s a m tn i t  i c g n e i s s  corresponds to the garnetiferous quartzitic mica schists. Its sedimentary 
origin is easily recognized even macroscopically. It is usually banded by light gray, more 
quartzitic layers which alternate with darker layers rich in biotite. 

The g a r n e t i f e r o u s  m u s c o v i t e - b i o t i t e - p s a m m i t i c - g n e i s s  is characterized in 
general by the following minerals: 



Q u a r t z  is predominent. The large grains of lobate contours are distinctly undulatory. 
0 1  igoc la  s e - a n d  e s i n e with twin-lamellas is less abundant. Among the micas the b i o t i t e  of 
light brown to red-brown pleochroism predominates. Like the m u  s c o  v i t e which alwaye joine 
the biotite, it borders the quartz in a lobate shape. 

The most important amongst the accessory minerals is an idiomorphic g a  r n  e t with frequent 
quartzite inclusions. A p a t i t e  is present in rather large round grains. I l m e n i  t e  is joined 
to the biotite. The sporadic accessories are z i r c o n and r u t  i l e enclosed in biotite, the former 
again with pleochroitic haloes. 

The rock is stratified, the texture granoblastic. Beside psammiticgneiss there are g a r n e t  if e r o u s  
muscovi te -b io t i te  gne i s se s ,  rich in mica and only distinguished from the mica schists by the 
presence of feldspar. The q u a r t z  grains are more polygonal and show little undulatory extinction. 

A1 b i  t e - 0 1  i g  o c  1 a s e is very subordinate. Dark brown b io  t i t e predominates amongst 
the micas. Its marginal zones are partly bleached. The muscovite is "sprinkled" with tiny 
dust-like particles. Most interesting is the shape of the g a r n e t  (Phot. 79, PI. XXV). The many 
Quartz inclusions are of S-shape. The margin is fringed. Frequently even the whole garuet 
crystals are S-shaped. S t  a 11 r o l i  t e is of special interest amongst the accessories. It forms small 
crystals aud is characteristic of the already mentioned passage from the mica schists. 

The n o  r m a l type of Darjeeling gneiss may be defined as a more or less injected 
g a r n e t i f e r o u s  b i o t i t e  - p s a m m i t e  g n e i s s .  The injected rocks, although characteristic, 
are very varied. As for the normal type, the primary stratification is obliterated by the various 
veins of injection which are chiefly made of q u a r t z  and o l i g o c l a s e - a n d e s i n e .  The quartz 
grains of the veins are intergrown. The b io t i te  predominates over the m u s c o v i  t e. The latter, 
however, is recognizable even macroscopically. The g a r  n e t s form larger imperfectly idiomorphic 
grains which give the granoblastic rock a somewhat porphyroblastic appearance. 

The gneisses with sillimanite which may be regarded as the kalametamorphic pepresent- 
atives of the staurolite-kyanite mica schists, may also be regarded as normal types. 

Such a typical s i l l i m a n i t e - b i o t i t e - g n e i s s  is constituted of the following minerals: 
Q u a r t z  predominates in the shape of lobate graius which, howewer, show slight or no 

undulatory extinction. The feldspars are not well formed. The a 1 b i t e  only rarely shows twin- 
lamellas. 0 r t h o c l  a s e-like alkali feldspar is present wilh a small optic-axial angle. Beside 
the reddish brown b i o t i t e  , s i 11 i m a n  i t  e is present in tiny needle-like aggregates. Larger 
individuals with clear transverse cleavage are not frequent. The latter may be slightly brown. 
Muscovi te ,  a p a t i t e  and magne t i t e  are accessories. Z i r c o n  with haloes is enclosed in biotite. 

The granoblastic texture tends towards a fibroblastic appearance because of the abundant 
presence of sillirnanite. The structure is irregularly schistose. 

The twotypes described above have been analysed byProf.Dr.J.J~~o~,with the followingresults: 

Nr. 2 Garnetiferous biotite pssn~mite gneiss (little injected) Nr. 3 Silli~nonite-biotite gneiss 
2 3 2 3 

SiO, 
AI,O:, 
Fe, O:, 
FeO 
MgO 
MnO. 
CaO 
Na,O 
Kt0 
TiO, 
p20, 
H,O + 
H,O - 
C 

0.00 0.18 
trace - -- .- 

100.13 100.04 

ei 294 
al 44 
f m 29 
C 4 
alk 23 



'The two analyses c~onfirnl the results of the observations in the field and under the 
microscope that the Darjeeling gneiss is a partly i n j e c t e d  s e d i m e n t  of a r g i l l a c e o u s  
o r i g i n .  Comparing the above analyses with those of the Alpine rocks, the closest resemblance 
to this Himalayan section is fountl iu some biotitir injection gneisses of the region of Bellinzonal 
as well as with the biotite-plagioclase gneisscs called Ceneri Gneiss" little further south. 
These rocks macroscopically and microscopically resemble closely the Darjeeling Gneiss, a fact 
which struck the author's eyes at first sight. 

'I'he original sedimentary material was a Daliog-like clay-slate, as was to be expected 
after the microscopic research. It is therefore of special interest to compare the analysis of the 
Dalings with the different Darjeeling- and Alpine gneisses: 

3. G a r n  e t . l , i o -  
t i t e - S i l l i -  I .  ~ e n e r i  

I i t e - ~ ) s a r n ~ ~ ~ i  tc 
te G n e i s s  1 (Alps, , G n e i s s  

G n e i s s  5. I o l e c t i o n  
., ( i n e i s s  (Alps) 

SI 

nl I 
f nl 

C 

alk 

I 
nlg 

The general accord is striking. The reletively large difference of the si- and alk values 
may be caused by the different grade of injection. Since the Dnlings also vary in their quartz 
content, their low si-figure is of no significance. A specitrl harmony is fouud between ana- 
lysis No 3 and that of the Ceneri-Gneiss (4) which also is a hiolite gneiss of predominant paril- 
material. ?'he n ~ t  chapter will show that other phenomena I-haracteristic of the Darjeeling 
Gneiss, are also found in the Ceneri-Gneiss of exaclly the saine kind. 

The biotite-sillimanite gneiss ('2) differs from the garnet-biotite gneiss chemically by the 
alk value. The abundant occurrence of silli~nanite is represerited by the surplus of clay (al-alk) 
which is as much as 34 units, whereas in the garnet-biotite gneiss it is only 23 units. The 
higher alk of the biotite-psamrnite gneiss accounts for the injection. 

As menlioned before, the Darjeeling gneiss is apparently Ihe kata-metamorphic represent- 
ative of a slate similar to an argillite. This view is confirmed by the chemical analysis. 

Both rocks are characterized by a difference of al-alk of 30 or more. A great similarity 
is also shown by the k and rng values. 

The gradual passage fporn the epimetamorphic Daling slates through the mesometamorphic 
kyanite-staurolite-garnet-mica schists to the katametamorphic sillimanite gueisses of Darjeeling, 
observed in nature, seems thus also to be confirmed by chemical analysis. 

4. Tlic Ilimcsilic.atc Inclusions of tlic- 1)arjcc~ling (Anciss 

According to our observations, the presence of limesilicate (calcsilicate) inclusions is a wide- 
spread phenomena in the Darjeeling gneiss. Usually there are lenlicular bodies of about 
20-25 centimeters, the ends of which are bent or crurnpled (Phot. 8,9 PI. V111; 11 PI. IX). In 
other places they form bands which are folded conformably to the surrounding gneiss. In 
every case the gneiss clings to these inclusions. 

' N I ~ G L I  and olhers, I. c. on p. 17 .  
R .  I ~ X C H L I N ,  Genlogie 11nt1 I'ctrographie des M.  Ta~naro-Gebielcs. Scl~\\.eiz. M i l l .  I'clr. Milt., Ijd. XVII, 1 .  1937. 



At the contact the gneiss is somewhat enriched by biotite. The occurrence of layers or 
zenes rich iu g a r n e t  and d i o p s i  d e gives to the lenticular bodies a somewhat conceutric 
appearance. Usually the garnets are already ~nacroscopically identified. An extremely zonal 
structure as described of similnr occurrences in the Ceneri-Gneiss of the Alps' was, however, 
not observed. 

Under the microscope the following mineral composition is revealed: 
The adjacent rock is a normal biotite gneiss, partly injected. At the c o ~ ~ l a c t  \vith the 

inclusion the biotite is enriched. Theu follow large ii~tergrowu lobate (1 o a r t z grains with 
little biotite, some g a r n e t  and small grains of t i t  a n  i t  e.  The border to the inclusion is sharp. 
Beside the quartz grains follows a border of 11 y t o w n  i t e with welldefincd twin-la~nellas. 'I'lie 
plagioclase is -joined to green h o r n b l e u d e. 'l' i t  a u i t e and g a r  n e t iu large round seno- 
morphic grains are also present. The latter are filled in a sieve-like way with quarlz inclusious. 
Together with the garuet there is also a slightly greeu d i o p  s i  d e  of relictic shape. 

Macroscopically we observe a whitish zone dotted with red and green spots. 
The next, more reddish zone, often formilig the centre, about 5 10 mln from the bou~idary. 

shows under the microscope a reticular appearance of g a r n e t. Large iudividuals are lacking. 
With this garnet b y t o w n i t e ,  d i o p s i d e  and even some q u a r t z  are associated. ' I ' i t i r~ i i te  
usually forms larger xenomorphic graius. No free carbonate occurs. 

Iu general it is surprising that the b y  t o w n  i t e ,  and partly also the g a r  lie t are of a 
relictic shape caused by quartz which includes and surrounds those minerals. The rt~icroscopic 
aspect points to an ingress of quartz which might be in connection with the injection of 
the gneiss. 

Summing up, the following mineral paragenesis of a li~nesilicste inclusion is obser\,ed, 
from the adjacent gueiss to the ceutre of the lenticular body: 

1. Quartz, oligoclase-atidesine, biotite, garnet (couutry rock) 
2. Quartz, little andesine, little biotite, garuet, titanite . 

,- coutact 
3. Hytownite, green hornbleude, garuet, quartz, titanite 
4. Dytownile, garnet, diopside, quartz, titanite 
5. Uytownite, quartz, fine reticular garnet (titanite). 
Other similar occurrences have shown the same compositiou. 111 pl;~c-es the garnet is  large^. 

and contains less quartz iuclusions, althoogh tlie bytownile still aboi~nds i l l  the111. 'I'lie diopside 
here and there shows margiual transformation into a slightly greenish pleoc.hroitic 11 o r  n b l e 11 d e .  

Besides the frequent inclusioils described above, some s 1) e c i a l t y p e s will be nlentioned. 
An extreme abundance of garnet leads to a quartz-bearing git r 11 e t  i t e.  S o ~ i ~ e  pieces 

collected in the Murti River show red-brown idionlorphic garnets up to 2 centir~leters each. 
Under the microscope we recognize inclusiolls io rows of drop-like q u ;I r t z c'onnected \vith 
swarms of longitudiual m a g n e t i t e  grains. As in the case of tlie quarlz, they are distributed 
in the garuets in a fluidal shape. Both these inclusions are usually conc.enlrated at the core 
of the garnet. 

OLher inclusious iu the gneiss are more basic. leuticular botlies. rich in 11 o r  n h 1 e n d e . 
They are characterized by their irregular banding (Banderuug). The different layers of garnet, 
hornblende and diopside are even macroscopically distiugiiished, as described belo\\ : 

1 The a rnph i bol i t i c zone shows a prevailing alnouut of olive to bluish-greeu pleochroilic 
hornblende. There are also quartz, auorthoclase-like alkalifeldspar (described in the nest chapter), 
garnet and epidote - cliuozoisite. 

2. The p e r  i d o t  i t i c zone is of a more co~liplex nature. Besides the alkalifeldspar, which 
at first appears like undulatory quartz, there is much browu biotite, epidote - cliuozoisite and 
-- - - - - - 

' H. ~ ~ C H L I N .  (;eologir und Pe(~ogr:~l>liic de\ hl. l ' :~~~~a~~o-(;rh~ele\ S1.hwe17. hlin. I'etr. h l ~ l l  Hd. S\'11, 1. I!):3i. 
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quartz. Garnet is very abundant here too. It is usually concentrated in layers, and full of central 
inclusions of quartz and feldspar. 

A d  increasing amount of hornblende leads to lenses of real a m p h i b o 1 i t  e.  Their h o r n  - 
b l e n d  e is pleochroitic: X = pale green; Y = olive green ; Z = blue-green. The extinction of z c 
is about 20". The reticular inclusions, mainly of plagioclase and quartz, are remarkable. 

Other, only local inclusions in the gneiss shall not be described. 

5. Pegmatites and Basic Sills 

Frequently dikes of p e g  m a t  i t e and a p 1 i t  e are found traversing the gneisses in various 
directions. They may also occur in the garnetiferous mica schists. At Badamtam, north of 
Darjeeling, such a dike is 5 meters thick. Here, as in the gneisses' themselves, the dikes are 
mainly m u s c o v i t e - t o u r m a l i n e  p e g m a t i t e s .  Locally they may contain garnet and some 
biotite. The pegmatite sills are regarded as the last intrusions in connection with the injection, 
or may be little younger (Fig. 17). 

Fig. 17. Aplit ic  Intrus ions  in the D a r -  
j ee l ing  Gneiss  at  Ghum (Trail one mile 
NE of point 7867'). x = sliding plane.. 

C . . . . I . . . . .  J 
I o 2 m e t .  

Sills of basic rocks are rare, and usually restricted to the passage zoue between garnet- 
mice schists and real gneiss. The amphibolitic rocks are frequently remarkably rich in quartz. 

An example of q u a r t z - a c t i n o l i t e - a m p h i b o l i t e  of irregular banding from Badamtarn 
reveals under the microscope as the essential mineral an actinolitic h o r n b l e n d e .  The pleochroism 
is X = yellowish; Y = greenish; Z = pale bluish-green; Z/c = about 15". The shape is not well 
defined. The q u a r t z  forms intergrown grains. The plagioclase is less abundant and of the 
1 a b r  a d o  r i t e type. Both plagioclase and hornblende carry abundant inclusions of quartz. E p i- 
d o t e - c l i n o z o i s i t e  is fairly abundant. The core of it is always richest in Fe- content. As 
acceeeoriee there are a p a t i t e ,  t i t  a n  i t e aud r u  t i l e ,  the latter frequently in the shape of in- 
clueiona in the titanite. 

Another basic sill of the same locality is of i.1 more complex composition and deserves 
special description, although superficially it is not different from the type mentioned above. The 
streaky distribution of hornblende and biotite is striking. Under the microscope we first recog- 
nize an actinolitik f i b r o u s  h o r n b l e n d e .  In addition there is a feldspar of an uncommon am- 
phibolitic rock. The irregular grains show an undulatory.extinction and are of a cryptoperthitic 
aspect. They possess an indistinct microcline-like reticulation. Peculiar also is the low refrigence 
eimilar to that of an alkali-feldspar. The measurement on the i~niversal stage led to the recog- 
nition of a t r i c l i  n e (cleavage !) a1 k a l if e l  d s  p a r ,  of a negative angle 2 V = 50-54". Accord- 
ing to thie optical character it must be an a n  o r t h o c l a s e .  

The anorthoclase is the only feldspar of this type of basic rock. D i o p  s i d  e is present in 
short light green prisms. The b i o t i t e  is pale yellowish to brown. The q u a r t z  g ~ a i n s  show 
slightly undulatory extinction and of lobate contours. The accessories are e p i d o t e ,  a p  a t  i t e 
with sporadic t i t  a n  i t  e and l i m o n i t  i c material. 



Such abundance of a n o  r t h o  c l  a s  e in a metamorphic rock is unusual. As far as we know, 
only one such case has been recorded, namely from an amphibolitic rock of the Pyrenees'. There 
it is "un schiste amphibolitique a grain trbs fin, qui alterne avec des gneiss a deux micas et 
qui est traversk par quelques filons granulitiqaes emanant d'un massif grarritique situe un peu 
plus au sud". The anorthoclase appears in the granitic veins of injection within the amphibo- 
lite and belong to the latter. In the rock from Darjeeling however, - which is an a n o r t  ho -  
c l a s e  - bearing d i o p s i d e - a c t i n o l i t e ,  the anorthoclase is not bound to the few quartzme 
layers of injection. but is frequently interbedded between the hornblende layers. As in the caee 
of the Pyrenean quartz-bearing amphibolite, the present rock too seems originally to have been 
a sedimentary rock wich subsequently was transformed by the same injection of the Darjee- 
ling gneiss. This interesting occurrence of anorthoclase in a metamorphic rock is indirectly ex- 
plained by injection. 

6. Some Petrographical Observations in Sikkim 

On a hurried excursion we had the chance to get a glimpse of the m u s  c o vi t e - b i o t i t e -  
g r a n i t e g n e i s s e s on the motor road just below Gangtok, which dip 30-40 " towards E and 
NE. They are mentioned only as a completion to the study of the Darjeeling gneias. 

Rising through the Dalings, a similar increase of metamorphism as in Darjeeling is recag- 
nized. The granite gneisses are interbedded in garnet-staurolite-mica schists. They form the 
basal part of the general gneiss sheet which corresponds to that of Darjeeling. Macroscopically 
the gneiss is white with streaks of mica. 

Under the microscope we recognize much q u a r t  z which is intergrown with all other mine- 
rals. 0 r t h o c l a s e and mi c r o c 1 i n e are frequent. The reticular structure is distributed in patches. 
The a 1 b i t e  shows well-defined twin lamellas. M 11 s c o v i  t e and b i o t i t e ,  the latter of olive 
green to yellowish pleochroism, are only accessories. A p a t i t e  and m a g  n e t i t e are very sub- 
ordinate. When the contents of biotite increases, the rock passes to the b io t i te -a lka l i - fe ldspar  
g n e i s s e s  which are less massive than the former types. 

These rocks are regarded as i n j e c t  i o n  g n  e i s s e s .  Accordingly an ingress of silica 
is verified under the microscope. 

Besides these typical equivalents oft he Darjeeling gneiss another gneiss was encountered 
on the road near the Tista at Tunglubong. It may be called m u s c o v i t e - b i o t i t e - a l k a l i -  
f e l d s p a r  g n e i s s (Augengneiss). It is even macroscopically distinguished from the above rnen- 
tioned types by the lack of injection character. It is an uniform body of typical or th~gneiss~of  
about 100 meters thickness. The dip is 25-50' to the north. It must be emphasized that thie 
gneiss is included in the D a l i n  g s  (sericite-chlorite-quartz schists). Although the direct contacts 
are not exposed, they must be cousidered as being of tectonical origin. 

Marginally the gneiss body is more schistose, greenish, and transformed along shear planes 
to a c h 1 o r  i t e s c h i s  t .  The central part of the gneiss shows large eyes of quartz and alkali 
feldspars. The o r  t h o c 1 a s e is perthitic. The m i c r o c l  i n e too shows perthitic reticulation. The 
b i o t i t e  predominates the m u s c o v i t e.  Both micas are minutely scaly (feinschuppig) and form 
lenticular trains around the quartz-feldspar eyes. 

Towards the lower conlact the greenish colour increases. Except for its content of chlo- 
rite and epidote, it still resembles the central part, though showing more epimetamorphism. The 
biotite is mainly chloritized, the mica sericitized. The large orthoclase is unmixed in the ehape 
of chequered albite ("Schachbrett-Albit"). The granular ep ido te  is joined to chlorite and eericite. 

' GYSIN, M. Sw la preeence de I'anortbocle dane un rchiste crlrtallin. ComptaRendu Soc. Pbys. et d'Hirt Nat, 
Oeneve. Vol. 43, 1026. 



Nearer the lower contact the c h l o r i t i c  g n e i s s  contains t o u r m a l i n e .  The feldspar is 
mainly sericitized and the biotite chloritized. The large feldspars have disappeared. In their place 
are found larger roundish quartz grains, embedded in a grouud mass of sericite and quartz, 
in a manner comparable to their occurrence within intensely epimetaniol.phic quartzporphyries. 
The intergrowth with tourmaline of a pleochroism similar to glaucophane is striking. 

The final epimetamorphic product was fouud in the shape of a layer of 20 centimeters 
within the lower part of the gneiss in the shape of a dark green chlorite schist,formed by tec- 
tonical sliding. Macroscopically this schist is hardly distinguishable from certain Daling schists. 
The microscope reveals an almost isotropic c h l o r  i t e of greenish to blue pleochroism. Small 
individuals of q u a r t  z and a l b i t e are recognized. M a g n  e t i t e is abundant, though xenomor- 
phic and of irregular distribution. A surprising fact is the occurrence of s i l l i  m a n  i t  e.  The tiny 
idiomorphic needles are irregularly spread over the rock, and must be regarded as  a secondary 
mineral (Neubildung). A brownish pleochroism is distinctly observed. The occurrence of silli- 
manite in an epimeta~norphic chlorite schist is something u n u s  u a I. It  shows that sillirnanite 
as the stablest mineral form can grow also under pure epimetamorphic conditions in a rock with 
excessive aluminium contents. 

7. Summary 

The microscopic research has confirmed the passage of a more or less c ~ l ~ i t ~ ~ c ~ l ; ~ t ~ ~ o r p h i c  
zone of argillites (Dalings) via the mesometamorphic garnet-mica schist to the k;~l i~l~~c. l i~~norphic 
sillimanite gneiss of Darjeeling. 

The c h e m i c a  l analyses confirm the supposition that the Darjeeling gneisses ;vc more or 
less injected rocks of argillaceous origin. 

The layers of psammite gneiss and the peculiar inclusions of limesilicates (calcsilicates) 
are further characteristics of the sedimentary transformation. They are regarded as former 
calcareous concretionary layers in the clay-slates (Phot. PI. VIII-IX). 

A striking resemblance was established between the Daijeeling gneiss and the Ceneri 
gneiss of the southern Alpine root zone (BACHLIN), both containing the interesting calcsilicate 
inclusions of the same type and origin. 

The gradual upward increase of metamorphism, as already mentioned, suggests a reversed 
series of a huge recumbent fold. However, it is difficult to conceive a phenomenon of this 
size, and to imagine the existence of the Daling schists of such little metamorphism in a reversed 
series. Possibly there are numerous concealed thrust sheets in place of an uniform recumbent 
anticline, the sum of which assumes the appearance of a reversed series. 

In the region of Darjeeling real orthogneisses are unknown. The rocks are paragneisses 
more or less invaded by magmatic material (migmatite). This injection seems to increase to- 
wards the north, as shown by the gneisses of Gangtok which reveal a predominance of ortho- 
material. In the Kangchenjunga massive large intrusions of granite and orthogneiss were 
already recognized (GARWOOD, DYHRENFURTH, AUDEN) increasing towards north. 

A similar increase of metamorphism from S to N may also be found in the underlying 
Dalings, as partly observed on the lower Tista. Such an assllmption would justify the above 
meutioned view of imbricated scale thrusting. 



T H E  L O W E R  HIMALAYA O F  KUMAON 

Naini Tal 

This beautiful lake 6346' (1935 meters) above sea-level, with its surrounding bungalows 
and military buildings, is a famous summer resort for the people living in the hot Indian plain. 

The geology has been worked out by M~DDLE~~ISS  in 1890 (44). His description begins with 
the followiug remarks: "The geology of Naini 'ral, in its purer scieutific aspecls, is neither very 
attractive nor very instructive". This is as true for the stratigrapher as for the tectonician. 
Middlemiss' map showing faultlines around the lake, drawn with the ruler in the shape of a 
cob-web, pointed to the advisability of a revision. 

The result of our rapid investigation within a few days showed us first that a larger 
part of the country than that indicated by MIDDLEJ~~SS is sliding or filled up with blocks of 
mountain slides, and that even the Ayarpata mountain (7716' = 2350 meters), with its stratified 
southern limestone face, is generally broken up in such a way that it is impossible to design 
a correct tectonical section. We even discl~ssed GANSSER'S idea whether the whole region SW 
of the lake had been affected by late-, or post-tectonic saggiug, thus causing the breaking-up 
of the stratification. Although we found some blocks of the ,,trap dykeu on Ayarpata, neither 
the intensely folded and faulted Ayarpata syncline of MIDDLE~IISS nor the cob-web faults could 
be verified. 

Besides this broken Ayarpata mountain, a large area is covered by what is unquestionably 
scree material from landslides (Sketch-rnap Fig. 11). They have brokeu off from the walls of 
the crest, extending from China peak (8583' = 2600 meters) towards the south over Deopatha 
7987' to the Bajiyun Pass. The structure of this crest is fairly well visible. The unfossiliferous 
limestones with shaly layers, probably belonging to the Krol series (Fig. 19) as already con- 
sidered by MEDLICOTT, form the syncline of Deopatha. 

The sequence of China peak seems to be cut off by a fault from the main limestone 
(Krol) series, which is at least 600 and probably over 1000 meters thick. 

An interesting exposure of detail at the base of the limestone walls of Ayarpata is 
passed on the road to Naini Tal below point 6913 (Fig. 18). Possibly the limestone series SW 
of Naini Tal is repeated by concealed thrust-sheets dipping to the north-east (Plate 111, Sect. 6a). 

1 = greenish shale with limestone layere 

2 = 15 meters of violet clay shale with about 12 bede of greenish dolo- 
mite, each 5-30 cm at every 0,5-1 mdter. Slight unconformity. 

3 = 10 meters of gray shales passing into 

4 = about 300 meters of bluish limestones and rnarls forming the SW 
wall of Ayarpata : 
a) about 80 meters of blue marls with limestone layere 
b) 50 meters brown weathered li~nestone 
c) 100 meters thin-bedded bluish limestone 

Fig. 18. B a s i s  o f  t h e  l i m e s t o n e  d) 100 meters of yellowish weathered limeetone and dolomite, well- 
wa l l  of Ayarpata,  Naini  Tal.  bedded and "banded". 

MBm. de la Eoc. Helv. des Sc. Nat. Vol. LXXIII. Arnold Heim and August Ctansser: Central Himalaya. 4 



The region SE of Naini Tal is extremely complicated by crushing, crumpling and nunlerous 
local faults of different directions. The variegated clay shales with quartzite along the road 
to Ranikhet (Gainthia and Bhumia Dhar) may partly correspond to the Naglhat series of 
Tehri Garhwal. 

If we try to establish a normal sequence of the formations, we start from China Peak, 
the snow view point and highest summit of Naini Tal 2ti00 meters (Fig. 19). There, as already 
mapped by 'MIDDLEMISS, a limestone bed is exposed within the shales or slates. It is of a pecu- 
liar aspect, made of small lenticular scnles of yellow dolomite and bluish gray limestone. Several 
slices under the microscope showed no trace of micro-organisms. 

N37E 
Jakh -N. 

Fig. 19 S e c t i o n  of N a i n i  Ta l .  

3 = Quartzile; 4 7 gray and ~a r i ega t ed  shales; 5 = gray limestone: 6 = large series of shales or slates, partly 
calcareol~s, including a basic sill (D); 7 = limestone layer of China peak; 8 = shales like 6; 9 = thick series of 
massive lirnestone with marls (Deopalhn-Ayarpata: 10 = middle Siwaliks; sandstones and variegalcd shales; 
11 -- scree mitlerial of mountain slides, the washed-out material forming the terraces or Nihal Valley (Nr. 3 = ? 

Naglhat; 4-8  -- lnfra-Krol; 9 = Krol). 

The best stratigraphic series with a regular dip of 25-35" to SW is obliquely traversed 
from China Peak along the crest to Sherka Danda-Lariakanta. 

sw Nai'N'WI Sherh Danda L ar/ikan ta 
7864' 8/41, 

N E 
Lake ; 

J 

Fig. 20 S e c t i o n  f r o m  N a i n i  Ti11 t o  L a r i a k a n l n  (Observation by A. GANSSER). 
(Topogr. map 53.0, 1" = 1 mile). 

3 = Quartzite, thick-bedded, yellowish to greenish. Sharp limit to 4 a  = gray clt~y slates; b = mainly purple 
slates: c = gray platy shale; 5 = gray limestone with quartz grnins, 20- 40 meters (resembling that of China Peak). 

6a -- gray elates, b = purple elates. (The numbers 3-6 correspond to Fig. 19). 



I n t e r  p r e t a t  i o n : The first question is, whether we can regard the mighty sequence on 
the north side of Naini Lake as beir~g one stratigraphic unit. The regularity seems to confirm 
a. normal position, but i t  may be questioned if the limestone of China Peak No. 7 is a repe- 
tition of No. 5 of Sherka Dat~da. In this case, the series would be repeated above a tbrust- 
plane on the top of No. 5. However that may be, the slaty gray to purple series reminds us 
of the Lower Krol of the Simla district and Tehri. If  so, the quartzite of Lariakanta might 
cowespond to the Nagthat of AUDEN and others. We searched in vain for the Blaini conglo- 
merate above the quartzite. 

The f o r m a t i o n  of t h e  N a i n  i La k e  and its ueighbours (Bhim Tal) was much discussed 
already long ago and seems still to be an unsolved problem. While MIDDI.EMISS considered a 
sacking, the depth having been formed when an outlet existed at the bottom across the 
limestone, which later became clased up, GEIILACH postulated a glacial origin and claimed to 
have established the existence of moraine, not at Naini Tal but on the corresponding lakes. 

Looking around the couutry from a high point such as China Peak, it seems as if the 
whole surface of the country as far as Almora were dominated by a dissected peneplain, 
of an average elevation of 2000-- -2400 meters. Only the limestone range from China to the 
NW overtops this peneplain for about 200 meters. 

The Transverse Section from Nalni Tal to Almora 

Following the pretty upper trail through the forest from Naini Tal to Bhowali, we come 
below the purple and gray shales No. 4 east of the cemetery not directly to the quartzite, but 
pass a series of carbonaceous slates interbedded with c o n g l o rn e r a t  i c g r a y  w a c k e - s a n d- 
s t  o n  e .  In vain we hoped to find something determinable of the apparent plant remains. Pos- 
sibly, this series is Carboniferous. 

The quartzite below, gray and variegated, may be 500 meters thick and seems to corres- 
pond to the Nagthat. 

So far, the dip was towards WSW. But at the Sanitarium above Bhowali a sudden change 
occuks. Steeply erected and crushed rocks follow, consisting of quartz-conglomerate, green 
amygdaloidal diabase with vesicles of epidote and calcite, intersected with quartzite and crushed 
slate. Good exposures are found on the motor road at Bhowali (PI. 111). 

On the slope opposite Bhowali, green rocks are exposed over another kilometer: It is 
true that they are more slaty and interbedded with quartzite layers and dolomite. No repe- 
tition of the sedimentary series of Naini Tal being found, we conclude that this series of green 
rocks is older than what has been found further SW, and older than Carboniferous. 

The green schists (Griinschiefer) of Bhowali form the bases of a huge series of forma- 
tions which, as far as Almora, dip with more or less regularity towards NE. 

Along the trail from Bhowali via Ramgarh we encountered the following main subdivisions 
from below (PI. 111) : 

approximate thickness (meters) 

1. g r e e n  s c h i s t s  with quartzite and dolomite of Bhowali . . . . . . .  lo00 
2. q u a r t z i t e ,  dipping 30'-40°NE . . . . . . . . . . . . . . . .  500 
3. q u a r t z  p o r p h y r y  of Ramgarh; mainly slaty, but partly porphyritic ar gneissic, 

with minor intercalations of phyllite (Benaik pass); average dip 30°-35O to NE 2800 
4 . , q u a r t z i t e  of Ram Gad bridge, dip 50° NE . . . . . . . . . . . .  700 
5. a m p h i b o l i t e  with basal layer of q u a r t z  p o r p h y r y ,  strongly stretched, 

containing iron-manganese ore (abandoned high furnace) . . . . . . .  30-50 



6, q u a r t z i t e  and s e r i c i t i c  p h y l l i t e  with manifold repetitions and an amphi- 
bolitic layer in the niiddle part, dips diminishing from 50" -  30" . .  1400 

7.  d o  l o m i t  e and l i In e s t o n e  with slaty layers in the lower part, well bedded, 
with massive marble on the top, dipping %5"-40" NE, passage into Nr. 8 . 500 

8. s e r i c i t e p h y 1 l i t  e (schistes lustres) with quartzite layers in repetition (pas- 
. . . . . . . . . . . . . . . . . . . . . . .  sing to No. 9) 500-800 

9. s e r i c i t e - s c 11 i s t  with increasiug lnetamorphis~n upwards, garnetiferous at 
bungalow of Peora. No. 8-9 recalling Daling series (passage to Nr. 10) . . 1600 

10. mica  s c ti i s t  , 1);rrtly gneissic, with garnet; average dip 30" to E and ENE- 
. . . . . . . . . . . . . . . . . . . . .  (passage to Nr. 11) 1200 

11. mu s co  v i t e - g 11 e i s s with little biotite (forming the Kali Rau gorge above 
. . . . . . . . . . . . . . . . . . . . . . .  Gurari-bridge) 1200 

12. m i c a  s c h i s t  with q u a r t z i t e  layers overlie the gneiss W of Dyoli, dip 30" 
to NE. Garnets in lower par t .  . . . . . . . . . . . . . . . . .  200 

13. Al rn o r a - g  r a n i t e  with biotite, massive intrusion, gray, partly gneissic, 
coarse-grained . . . . . . . . . . . . . . . . . . . . . . .  1000 

14. The gneissic top of the granite. is overlain by mica schist with thin-bedded 
quartzite layers, dip 30" to NE. . . . . . . . . . . . . . . . .  60 

15. m i c a  s c h i s t s ,  with garnet in lower part . . . . . . . . . . . . .  200 
16. s e r i c i t e  s ch i s t s  and mica  s c h i s t s  with q u a r t z i t e  layers: series of Almora 1500 

14 700 

I n t e r p r e t a t i o n  

The above series from Bhowali to Alrnora, about 15 kilometers in thickness, seems to be 
r e  v e r s e d  in its north-eastern part. Indeed, from the Nathua Khan pass to the Kali Rau gorge, 
the metamorphism gratlually increases upward and this not only apart froni the granite in- 
trusion. 

On the other hand, the sedimentary series of the Ram Gad valley with its regular strati- 
ficatiou shows all the aspects of a n o r m  ;I l series. Possibly the teclonical position of Nathua 
Khan is that of a recumbent syncline. The series is interisely stretched. Beautiful slickensides 
in the direction of the north-eastern dip.were encountered on the surface of a quartzite layer 
SW of Nathua Khan. However, no signs of a major thrust-fault were found. 

Some Observations at Rlinikl~et 

The outcrops along the motor road from Kanikhet to Almora with its great turn oblique 
to the strike of the formations (lo not make i t  suitable for obtaining a clear view of the 
structure and were not studied properly. Sorne oulcrops, howewer, are remarkable. 

Coming to the bridge over Ihe Kosi, at 29" 30' of lat., the greenish shales and quar- 
tzites, representing possibly the Nagthat series, seem to be overlain by a vastly extended series 
of sericiteschists with layers of quartzite which dip 30-40" to NE ant1 NNE. 'l'he road is cut 
out of these schists for 10 kilometers, as far as below Chaubattia, where they become rnorr 
lnetamorphosed in the shape of mica schists with small garnets, dipping 20 '  to NNE (thick- 
ness 200-300 meters). They are partly well stratified and contain thin layers which may be 
called psarnmite gneiss. Above them, at Chaubattia-West, there is a large wall of gneiss, partly 
broken down in the shape of a n~ountain slide. It is a real ortho-gneiss with augen up to 
2 cm, and of about 50 meters thickness. Fresh specimens can be taken from a quarry. 

' South of the Kali Rau river the trail deviates 2'1 ,  miles to the SE of the seclion line of PI. Ill. 'l'l~e orlt- 
crops of the trail have been projected inlo the section line; l l ~ u s  the scction c-;~~loot bc quite accurate. 



This gneiss supports nearly horizontally another series of mica schists extending to the 
post office of Ranikhet whicli agaiti is situated on intrusive gneiss. Many of the pretty bun- 
galows and gardeus are built on white, deeply weathered grauite-gneiss, upon which extend 
again the mica schists with subordinate quartzites and carbonaceous shales. as far as Almora. 

The gneiss of Hanikhet corresponds tectonically to the grauite of Almora which is Inore 
massive, partly on account of its much greater thickness. At Ranikhet, as well as SW of 
Almora, the upwards progressive metatnorphism is considered as  a reversed stratigraphic series. 

Beautiful r i v e r  t e r r a c e s  are cut out along the Kuch Gad as seen from the motor road 
to Ranikhet. They are deserving of a special study. One of the most prominent is that of the 
farm houses of Chapar (map 53:, 1" = 1 mile) at 3800-3900 , 1000' above the river. 

The Region from Allnora to  Askot (A.  GANSSEH) 

East of the Nanda Devi Telnple at Almora, along the steep slope towards the Sual River 
is situated a large quarry where the slabs for paving and roofitig are extracted. Beautiful 
even slabs of the size of several square meters can be takeu out, each 1-10 cm in thickuess, 
representing one bed of original sand deposit, transformed into very hard quartzite, which is 
interbedded with argillaceous layers uow in the state of mica schists. On these slabs the 
evidence of mechanical stress caused by differential movement is given by tlie liuear dispo- 
sition of the mica flakes. Their disposition is usually in the direction of the maiu rnove~nedt 
to SSW, but at a srnall quarry 2.5 km north of tlie Mission hill, l o n  g i t u d i n a l strelcliing 
in EW direction was fo~uid. On the deeply weathered surface, as for instance in Alrnora 
towu, the mica schist looks like a Terliury to recent deposit of sand and cloy recalling Molasse 
satidstone or Nahan-S waliks. This was their origit~al facies. 

Following the trail via Chitai and Bari Chhiua to Kanari Chhina, the following structure is 
encountered (Fig. 21): 

First the mica schists of Almora (frequently with garnet) continue their gently undulating 
uorth-eastern dip, partly altered by transverse warping. The trail glitters in the sun as a 
consequence of refleclion froin the mica scales. 

Descending to tlie Mahadeo creek, two leuticular orthogneiss intercalations are found 
withiu the garuetlferoos schist, and also a first indication of b 1 a c k c a r  b o n a c e o u s shales. 
They are interbedded throughout a zone of 100 meters with thin layers of sericite-quartzite. 

On the north side of the little bridge the aspect is altogether different. Black carbonaceous 
shales, stailling the hands like graphite, follow the foot of the mouutaiu 5111' (map 53:, 1" = 1 mile) 
with a gentle north-eastern dip of 15 -25". The lower of the two carbonaceous bands is about 
50 meters thick and recognizable on a long distance. Above it follow again niica schist and 
quartzite, then the upper black subdivision. 

The overlying mica schist series forms an u~isy~nrnetrical s y n c l i n e at Bari Chhina. The 
trail passes over tlie northern limb where the c~rbonaceous series reappears with a 75' steep 
southern dip. 

The carbonaceous beds within the extensive series of mica schists seem to be useful as 
a mapping horieoo. They reappear on the trail from Alrnora to Biusar (PI. I1 Sect. 6b), then 
cross the Nana Kosi valley with a pitch of 20-30" to NW and are also traversed on the motor 
road W of Koirnli, below point 5491'. 

On the south-western slope of Dhaill Chhi~ia Pass, at least 7 intrusive bodies of granite- 
gneiss with feldspar-augen appear reaching 70 meters in thickuess. In some cases the sharp 
steep contact is at an angle of 20 - 30' with the less steeply inclined mica schists. The top 
of the pass (1830 meters) is also formed of white lenticular granite-gneiss. 



The adjoining mica schists are usually more 
garnetiferous than those farther away from the in- 
trusions. 

A further gneiss outcrop is crossed on the trail 
. . down to Kanari Chhina. Compared with the southern 
ro 
n .- gneiss, it seems to be somewhat more basic. por- 
a 
M phyritic. Then follow within the regularly 40"-50" SW 

dippiug sericite schists several greenish gneiss-like 
El 'ij 

:ti and quartzitic zones with some white feldspars, and 
b 5 a green amphibolite, about 30 meters thick. The 

v contacts of the latter with the schists are sharp. The : a 
a last gneiss-like rocks of 10-30 meters, of hyperacid 
I' 2 appearance, are at Naugaon, together with chlori- 

... II tic phyllite. 

; : 5 7  Outcrops are lacking for several hundred meters, 
just there where a great thrust plane is expected. 

4 SW of the Forest Bungalow of Kanari China, 
. a thick series of vertical sericite quartzites with 

westerly strike is exposed, probably belonging to the 
a E . 0  
X m:s S sedimentary series below the supposed thrust plane. 

I1 .e 11 
0 2%' Below the bungalow, a few steps south of the 

bridge over the Jaingan river, the quartzite-slate series : .- II z 
4 . ' dips to SSW. In the river bed itself the strongly con- 
d ;x- , o torted slates with quartzites are practically vertical. O M = u  

9 2 , The same series, a little north of the bridge, dips 45" 
p e g  

z.::~ The higher cliffs of the northern slope are made 
u g of fine-grained to dense dark limestone, with flint 

> 'Pa- 
m o ti b: concretions recalling Krol limestone. Microscopic 
! % Qs examination proved this limestoue to be entirely de- 
w 
a II + 11 void of organic remains, even where the original deuse 

mB 2 structure is preserved. The strike is W to WNW. H .- b: 
m 
b a The river follows a more or less vertical zone. a g.2 

ab 2 
At the village of Badolisera, where the Jaingan joins 

z 5 the Sarju, the structure of Kanari Chhina is clearly 
1 exposed again. The right bank of the Sarju, near 

2 %  CT .. the hanging bridge, shows continuous outcrops from 
c P the southern dip over the vertical to the northerly 
+ - 

dippiug zone (Fig. 22). 
+ A  .z a The peculiar fan-like anticline of Kanari Chhina 

and Badolisera recalls somewhat the northern Ter- 
Z tiary anticline of the molasse in Switzerland where also 5 a 

the two limbs do not correspond to each other. 
II 
uY Towards north a mighty repetition of limestone 
@ and quartzite is traversed. It forms the long ridge 

towards WNW, between the Jaingan aud the Sarju River. 
The southern crystalline zone of Almora is thus 

weathered away to the north and above the anti- 
clinal sedimentary zone. The latter, with its fa0 opened 



downwards may be called the z o n e of B a d o  I i s  e r a. We subsequently found it again further 
west at Takula. 

The limestone series is about 500 meters thick. From below (south) the passage ie gradual. 
The quartzite iutercalations of the slate series (2 of Fig. 22) become thinner (about 1 meter 
each). Then follows a zone about 100 meters thick with the first limestone layers in the slate. 
They gradually increase until we come at once to the main body of limestoue. Closely examined, 

t o  Kanari Ch. 

Fig. 22. The Vert ical  Zone  o f  B i ~ d o l i s e r a .  
1 = Quartzite; 2 = slate: 3 = greenifih and reddish slates, partly disturbed. 

it shows a finely stratified repetition of limestone and dolomite showing little or no metamorphism. 
The banding of white and gray layers corresponds to the more or less dolomitic character of 
the primary deposition. In some zones the fine bands are folded. 

The whole limestone series dips about 60" to 70' towards north. On its north side follows 
quartzite again, with the same strike, but folded to a vertical position. 

The trail to Ganai now leaves the Sarju valley and ascends towards the pass of Phadiari, 
crossing two further zones of limestone. They also lean towards quartzite and slate. The 
northern dip gradually turns towards 50" to NE. 

The two lirl~estones mer~tioned above, and the southern one especially, are surprisingly 
rich in b a r y t e s of coarse crystalline to breccious structure, partly intersected with talcose 
layers. The barytes zone has a thickness of about 200 meters. On its south side, between it 
aud the quartzite, a small intercalation of amphibolite was found. 

At a short distance this side of the pass at Phadiari, the quartzites are interbedded with 
green sericite-chlorite schists up to 50 meters each, of the Daliog type. Also one mile west of 
Ganai such greenish sericite schists occur. The previously prevalent regional dip to the N or 
NE is no longer pronounced. The quartzite, as well as the limestone on its south side, are 
locally crumpled (Fig. 23). 

Fig. 23. V iew from t h e  
Fores t  B u n g a l o w  
o f  Oanai  t o w a r d s  
Godi  Gad (G). 
1 = White quartzite, 
2 = gray and ydbwirh 

quartzite, 
8 = dolamitie limestaw. 



North-enst of Ganai, a vast zone of quartzite is traversed. It is very thick-bedded and 
in places shows small pebble-layers, chiefly of quartzite. This and the frequent quartz veins 
recall the aspect of the "Tal quartzite", as recognized in Garhwal by J. B. AUDEN. The under- 
lying limestone which may correspond to the Krol series points to this conception too. 

South of Jakheri, the quartzites are again interbedded with Daling-like schists. The tec- 
tonic position becomes more complicated, the dip being now abnorm~lly 30" to SW. 

At Jakheri the quartzite is overlain by slate, below which nppears a bed of limestone. Its 
dip of ahout 50" towards SSW is normal again. The local conditions are shown in Fig. 24. 

The quartzite to the 
south of the limestone is 
partly c o n g l o m e r a t i c .  
The pebbles of quartzite are 
as much as 25 cm in dia- 
meter. Even the nonconglo- 
meratic part is coarse-grai- 
ned. The limestone is non- 
metamorphic, bluish gray, 
and interbedded with fine 
dolomitic layers. 

The sericite scbhists be- 
I 1 low the limestone nre in- 

Fig. 24. T h e  L i m e s t o n e  Z o n e  of Jakher i  tensely folded. 'I'liey also 
1 = slates: 2 = nlinutely banded limestone and dolomite; 3 -: banded lime. 
stone, intensely folded; 4 = sericite schists of silky luster wilh intercalalions of contain layers of less meta- 
less n~etanlorphic slates; 5 = well.bedded quarlzile with sharp contact lowards lnorphosed slates. The limit 
the slates; 6 -= dioritic-ampl~ibolitic sill; B = bridge over the Godi Gad east towards the quartzite On 

of Jakheri. the north side is made of 
a twofold change of slate 

and quartzite, of 10 centimeters each, and thus is well defined. A d i o r i  t i  c s i l l  is exposed 
over a width of about 20 meters, but may. be much thicker. 

The succeeding zone of quartzite is at least 3 kilometers wide. It is cut across by the Godi 
Gad.. The strike remains little changed, whereas the dip changes to 30-40" towards the NE. 

This change in the direction of the dip is not noticed in the wide valley flat of Bans. 
Probably there is a large, though complex anticline. That the large quartzite body does not 
represent the primary thickness is shown by the frequent complications in the Godi Gorge 
(Fig. 25), as well as by the intercalated sericitic slates. 

Fig. 25 ( A  and .B) F o l d e d  and  l o c a l l y  thrus ted  q u a r t z i l e s  in  the  Godi  G o r g e .  
A The axis of the anticline striking W 3 0 N  
B The axis iind the thrust line slriking W. 



Besides the folding, we frequently come across local shearing thrusts. About 3 kilometers 
east of Bans, a fnirly large litnestone zone is encoontered. Wilh its strongly fold(xl, well-bedded 
layers it quite resembles the limestone zone south of Bans. The normal dip to NE (10 ) sug- 
gests a couneclio~i wilh the lilnestones of Jakheri, all the more so as the underlying slaty layers 
seem to form a co~nplex anticline. 

Fig.26. S e c t i o n  'of Ber inag .  
1 = gneiss; 2 = quartzite and sericite-quartzite; 3 = eericite schist; 1 = Daling-like schists; 

5 = shales or schists, more or less sericitic: 6 = limestone; i = dolomitic limestone. 

The steep ascent to Berinag across the strike reveals an interesting section (Fig. 26). After 
the limestone follow greenish sericite-chlorite schists of the Daling type. Then comes a small 
zone of quartzite and another limestone, the intense deformation with cracks and veins of which 
are suggesting a stronger tectonical influence. It again borders ou a light gray quartzite which 
on the contact is slaty and sericitic. 

The uppermost limestone above the quartzite zone is fine-grained and weathers to a some- 
what yellowish colour. The slight reaction with HCI points to dolomite. 

The following sericite quartzite with its interbedded sericite schists form the walls below 
the Forest bungalow of Berinag. There, the slaty quartzite layers are nearly horizontal. 

The quartzite zone of Berinag is o v e r l a i u b y g n e i s s with highly rnetamorpllic sericite- 
and sericitic chlorite schists. The contact below the gneiss (partly ortho-gneiss) is not exposed. 
Sericite schists seem to follow the boundary. 

South of Girtia, the first mighty body of gneiss is overlain by sericite schists with a rather 
massive amphibolite of about 10 meters. Its contact to the schists is sharp. The sill dips 30" to N. 

Further basic intrusions, usually weathered, are encountered at Chanpata. They may be 
in connection with the sill of Girtia. 

Descending farther towards Tal on the Ramganga, the strike changes several times. In 
places, vertical gneisses are encountered, the strike of which deviates from E to NE. Shortly 
before Tal a further amphibolitic sill is crossed, while at this village itself a fairly regional 
though abnormal NNE strike was observed. The gneisses dip to ESE and are overlain by black 
argillaceous slates. On the left bank of the Ramganga we unexpectedly met with a banded 
limestone layer of 1-2 meters, discordantly superposed by quartzite (Fig. 27). The dip is 70' to 
ESE. The quartzite is again overlain by sericite schists. Above it follows muscovite-augen gneiss 
with tourmaline. Unfortunately the contact here also is not properly exposed. 

Up to an elevation of 5610 the zig-zag trail mainly traverses gne i s s .  The latter is very acid 
in the lower part, with muscovite and locally much tourmaline. Upwards more biotite occurs, while 
tourmaline disappears. The gneiss first dips 30" to E. Dioritic sills of 5-10 meters or below 
are intercalated within the sericite schists. 
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About 3 kilometers east of Thal, the eastern dip passes inlo (1 southern dip. On the saddle 
about 2 kilometers west of Sandeh, a reddish weathered dioritic sill is exposed, 100-150 meters 

W 

Fig.27. Deta i l  of t h e  H u ~ n g a n g a  a t  T l ~ a l .  

1 = Black shales or slates; 4 = River deposits. 
2 = Banded limestone; 
3 = Quartrile; 

in thickuess. Corresponding rocks were found before as pebbles in the Hamganga. We there- 
fore conclude that these basic rocks are also widely distributed towards the North. 

Overlying the diorite are garnetiferous phyllites, frequently folded or crumpled. They in 
turn are superposed to the south by s coarse, sornewhat lenticular gneiss which forms the en- 
tire Dechula  nounl lain (Point 7656'). 

As far as Askot the trail follows the norlhern rim of this vast gneiss thrust. To the North 
of the Forest Bungalow of Sandeh, the normal south-eastern strike is restored, r~sually with a 
steep south-western dip below the gneiss and Ilie sericite schists. The bungalow is situated on 
the garnetiferorls phyllite with i!s basic dykes. The lalter no longer resemble the more dioritic 
types fountl within the underlying sedimentary series, ant1 they also show much stronger tectonical 
influence. 'l'his occurrence of Sandeh is not in lhe shape of il sill, but of a true dyke crossing 
the garnetiferous schisls as well as the overlying gneiss. 

Very suggeslive outcrops are presented by the rocky crest upon which is situated the 
small teniple of Sirakot (Fig 28). 

h x l n - q  1 r,, Fig.28. T h e  rocky r idge  of Sirukot  nor theas l  - 

of Sande l l .  

I = Wcll-bedtletl yello\\.isl~ quartzite; 
2 -- Schisty ;~~nl)hil~olite sills; 

u chloritoitl; 
5 0 ~  " 1  TS Temple of Sirakol. 

Below the garnetiferous sericite schisls are strongly compressed amphibolite sills. They 
in turn overlie a large sdries of well-bedded quartzite. The latter, however, are not uuiforrn, 
but again coutain a basic dyke. All formations are steeply inclined, dipping to one or the other 
side of the vertical. 

Similar structures occur all along from Sirakot towards SW via Xskot and heyond.the 
Nepal boundary. A fact of special interest is the intercalalion of basic rocks along the ho1111- 
dary of the qu~rtzi te  and the crystalline series. Similar basic (usually dioritic) conformable intcr- 
calalions were found by the authors along most of the gneiss thrusts of the Central hi ma lay^ 
betweeu quartzite and the overlying gneiss and mica schists. 

North of the zone of Sandeh-Askot a regional NW strike is seen at a long distance. The 
trail to Askot follows the gneiss. Ouly east of Dindihat it passes over ihe uorthern rim of the 
Ask01 Thrust. There, as at Sandeh, i t  is formed of garnet-sericite schists. Only the quartzites, 
which here too are separated from the crystalline series by amphibolite, show a s t e e p  dip 
below the gneiss. 



Towards Askot the texture of Ihe gneiss becomes more porphyritic, with feldspar augen. 
'rourrnaline is constalltly present in fine itliornorphic needles. The village lies on sericite schists 
with two large bodies of a~nphibolite (Forest Bungalow ot Askot). 

In order to find the contact to the augengueiss again, one has to follow 1-2 km along 
the trail towards Pitoragarh. The two amphibolites on the south side of the Forest Bungalow 
of Askot are overlain by quartzite which for~ns a genlle syncline, followed by a gentle anti- 
cline. T l ~ e  latter, at the little post office of Askot, is again overlain by amphibolite with a southern 
dip. Three further zones of a~nphibolite separated by sericite schists were found. The latter are 
locally vertical nud form the boundary to the grat~ite-gneiss with its S to SW dip. 

Fig.29. V iew of t h e  r idge  s o u t h e a s t  of A s k o t .  
1 = Quartzite: 2 = limestone: 3 = slates and schiste; 4 = gneiss of Askot 

The gentle folds of quartzite mentioned above pitch towards W below the gueiss sheet. 
This gneiss, here too, is very coarse, the eyes of feldspar attaining a diameter of 5centimeters. 

In conclusion: The structure of Askot suggests a great thrust of gneiss coming from the 
NE. Probably the gneiss sheet extends towards west as far as Berinag, where i t  is doubled,as 
iudicnted by the complications of Thal. The conditions east of Askot, in the gorge of the Kali, 
wilh its huge limestone-slate and quartzite series point eveu more decidedly to the conception 
of thrusting. This sedimentary series recalls in fact that of the Godi Gad, west of Berinag (which 
also plunges below the gneiss), aud also those of Badolisera. Finally, the occurrence of barytes 
about 1,5 km below Balwakot ou the Kali points to the above tectonical coordinations,as they 
are exactly of the type of those at Badolisera. 

The huge crystalline sheet of Almora ends as a result of erosion at Kanari Chhina and 
is underlain by the very complicated anticlinal sedirn2ntary Z o n  e of B a d  o l i s e r a ,  with its 
inversed fan structure. North of i t  follow several non-metamorphosed or slightly metamorphosed 
zones of limestone with mighty quartzitesabove. South of Bans these limestones, reauced to 
one, reappear in the shape of a complex anticliue with a quartzite core, while SW of Berinag 
they again dip below quartzite, forming three different zones. From Berinag there is an exten- 
sion of the gneiss towards the east, which is probably a continuation of the crystalline Almora- 
Kanari Sheet. 

The Transverse Section of the Kall along Nepal 
(PI. II, Sect. 4) 

a) Tectonics 
Descending from the village of Ascot (1400 meters) to the Gorge of the Gori Ganga (600 

meters), a complicated and crumpled zone is traversed below the steeply inclined mica schists 



made of amphibolite, quartzite with interbedded chlorite schists and sericite schists with quartzite 
layers. 

Then follows a huge vertical series of banded crystalline limestone with interbedded 
black slates and sericite schists at a regular strike of W 30-40' N, showing less metarnor- 
phisrn. It is traversed along the trail which follows the west side of the Kali gorge above the 

C 
Nepal bridge point 1967' (map 62rn,  I" 2 miles). 

After the massive limesto~le walls, the series becomes more argillaceous. Layers of calcareous 
saudstone are interbedded with phyllite, recalling the Alpine "schistes lustrds" (dip 50" to SW). 

The surrouudings of Balwakot are wanting in clear outcrops. At the place + of PI. I1 sect. 
4a we found loose blocks of barytes breccia similar to that north of Badolisera. Above this miser- 
able village, the Kali river flows westward for 5 ltilolneters through an auticlinal litnestone 
gorge of corresponding deviation in the strike. On the SW-NE section of 1'1.11 it could only be 
iudicated approximately. 

l'he promiuent point 4496' above the mouth of Ghat Gad 2460' is in the position of a 
narrow syncline of limestones and dolomites with a WNW strike and dips of 70-80". 

On Ihe Nepali side of the Kali river, opposite Gnlanti, the limestone and dolomite form 
high mountains with an anticlinal structure, but again with an abnormal ENE strike. At Dar- 
chula, the folding of the calcareous series with phyllites is more irregular and the section 4a 
can only give an approximate idea of the structure. However, 3 miles NE of this village, the 
limestol~e and dolomite clearly dip to the NNE again with angles of 30-45". Then comes a 
sudden change, for, after an intermediate layer of phyllite, we suddenly reach a gorge of 
g n e i s s  dipping gently to the NNE. Unquestionably we stand before a g r e a t  o v e r t  h r u s t  
coming from the N; As seen at a distance, the mountain to the west seems to be crowned 
by white quartzite of an intermediate position. 

The ,trail gradually rises above the river iis far as Khela, over nearly flat biotite gneiss, 
recalling that of 1)arjeeling. It contains a zone of interbedded sericite phyllite, a band of 
chlorite schist a n d  ampl~ibolite, with sericitic quartz porphyry, in the shape of slate above it. 
The dip is 25' to N :WE. 

The tiny village of Khela is partly hidden in gneiss blocks of a laudslide. 

North of Khela, the hail crosses the Dhauli gorge, then again rises steeply above the 
gneiss, up to 1950 meters. 'l'he latter is gradually replaced by chlorite-sericite schists of over 
1 km thickness. 

The uext surprise is a lnost remarkable o r t h o - a u g e  n - g n e i s s just above the pretty 
village of Panghu. It forms a rnountain slide of big blocks. The feldspar augen reach the 
amazing size of 10 - 16 ce.ntirneters in length. The gneiss of Panghu has a thickness of about 
300 meters. Above it, dipping 35-40" NE follow some mica schists, then about 250 meters of 
quartzite, covered by arnphibolite. 

On the opposite eastern side of the Panghu Valley the intrusive granite-gneiss disappears. 
The picturesque village of Soso on lhe mountain crest is siluated on sericite schist, above 
which follow quartzite and amphibolite crowned by a vast series of calcareous phyllite (Alpine 
type of "Rii~~clt~erscl~iefer") (Fig. 30). 

The quartz phyllite forms the top of a hill above Sirdang of 3100 meters, presenting a 
beautiful view all round. Towards west the regional steepening dip towards north of the gneiss 
aud its overlying series is visible for a long distance, while the view down to the imposing 
Kali gorge to the east also reveals an a s t o n i s h i n g  r e g u l a r i t y  of t h e  s t r u c t u r e  o n  a 
l a r g e  s c a l e ,  ~ ~ a m e l y  a general dip of the quartzite-arnphibolite-phyllite series of 45" to 
N25E (Fig. 60--61). 



Fig. 30. The  s e m i - m e t a m o r p h i c  s e r i e s  of S o s o .  
1 = Sericite and chlorite schist; 2 = white quartzite with sharp boundaries, about 100 meters; 3 = amphibolite, 
30 meters; 4 = quartzite, 10 meters, sharply defined;. 5 = green amphibolitic series, with 6 = lenticular inclu- 
eions of chlorite schist and quartzite; 7 = quartzite 50 meters; 8 = sericite-chlorite-phpllite, calcareous, paesing 

into 9 = calcphyllite; 10 -- quartz phyllite. 

Apparently we are in a normally ascending series, the metamorphism of which, as a whole, 
is decreasing. NE of Sirdang village, the trail crosses withiu the phyllite zone a 20 meter layer 
of coarse-grained marble, then a spotted limestone lense. The first one might be a transformed 
echinoderm breccia, the second an altered coral limestone. But only several hundred meters 
further follows the ma  i n 1 i m e s t o n e series: 150-200 meters of partly sandy marble of brown 
weathering, locally rose-coloured, well stratified, and still dipping 45" NE. 

We are now at the upper end of a wild gorge of a side river flowing SE to the Kali. 
The trail enters the upper part leading through a forest of wild chestnut trees and oaks up 
to the Dhar~na pass, an altitude of nearly 3000 meters. With an uuchanged dip the following 
series is traversed above the limestone (PI. 11, sect. 4a): 

1. Phyllite, about 200 meters 
2. amphibolite, schistose, 30-40 meters 
3. micaceous quartzite, well-bedded, 300-400 meters 
4. amphibolite, partly covered, ? 20 meters 
5. gneiss with muscovite and biotite of Darjeeling type. 

Obviously, this second gneiss series is t h r u s t  again over the sedimentary group, the 
dip of the thrust plane being 45-50" to NNE. 

It is this Darjeeling gneiss which forms the beautiful oak forest of the .Dharma. Pass. 
Minor basic (amphibolitic) intrusions and a dyke or sill of greisen-granite were noted, the latter 
just on the top of the pass. The thickness of the gneiss is about 2500 meters. 

The descending trail passes a vast block region of an old mountainslide of gneiss from 
the west. 

At Shankula camping ground (2200 meters) and thence to the bend of the trail below 
point 11257', the "Zweiglimmer-gneiss" .is overlain by a zone of psamrnite gneiss and of mica 
schist with garnet and staurolite of some hundred meters, including a basic sill. Then follows 
a zone of a u g e n g n e i s  s with very large feldspar-augen repeated several times, subdivided 
by quartzite, the thickest of the gneiss sills measuring about 20 meters. 



The succeeding series of 2000 meters thicltness is of sedimeutary origin and changes 
frequently from quartzite to psammite-gneiss and mica schist containing mainly biotite, garnet 
and tourmaline. The dip increases to 60" and in places to 70" to NE or NNE. 

Coming to the waterfall of Nayan Gadh, we met with the first t r t~e  igneous d y l<es of 
p e g m  a t  i t e ,  which cross the meta~norphic strata. The latter are mainly quurlzite, bericite- 
quartzite and mica schists in repetition, and frequel~lly coutain kyanite. Near hlalpa they become 
intensely folded (Fig. 62). 

At the camping ground of Malpa a quartzite of about 250-300 meters thickness forms 
huge walls. There, the surface of a bedding plane in the upper part shows beautiful striation 
of tectonical friction in the dip 45" to NE, on a gigantic scale. 

Further NE of Malpa, the rock may be called an injection gueiss, and partly is a real 
a u g e n g n  e i s s with large feldspar-eyes, also containing sills and dykes of pegmatite (pro- 
gressive contact metatnorphism upwards). 

Above the gneiss, a beautiful parabolic syncline is visible on the W side of the trail, 
made of well stratified psammitic gneiss and mica schists (photo 12, PI. IX). Auother similar 
fold follows at less than one kilometer distance. (PI. 11, section Gb.) There, the whole series 
of metamorphic sediments (psammitic gneiss and calcsilicate schists) is traversed and penetrated 
by s w a r m s  of d y k e s ,  chiefly of pegmatite and granite. They are younger than part of the 
folding, cutting and crossing the latter independently. They are also younger than the intru- 
sive augengneisses. It is mineralogically the most interesting zone of the whole 1ravrlsse of 
the Himalaya along the border of Nepal (see petrologic description). 

Below Budhi, the granite forms large dykes, attaini~,: thicknesses up to 50 rnctrrs. But 
above this village the injections corne to an end, and we are apparently at the basis of the 
huge sedimentary series, eql-~ivalent to the Haimanta system of GRLESBACH and HAYDEN, and 
regarded as Algonkian to Cambrian. Tt conti~iues to Garbyaug and will be described in a later 
stratigraphic chapter. It only need to be mentioned here that at Rudhi village, where the peg- 
matite dykes are dying out, the basis of the phyllite series still shows a characteristic minute 
feature of metamorphism: the sericite schists contain tabular to almost cubic porphyroblasts 
of biotite, and streaks of marble. 

b) Morphological Features-Moraines 

The old river terraces would be worth a special study, for which our limited time was 
insufficient. Moreover, the Nepalese side, where the finest terraces are seen, was inaccessible. 

A gravel terrace about 40 meters above the Kali was met with at the mouth of the 
Gori Ganga (Fig. 29). 

A most interesting region of terraces along the Kali is that of Balwnkot. At the northern 
river bend, south of point 4111 ' (map 62Gv), the lower gravel terraces are cut off in the shape 
of walls, one about 15 meters, the other about 60 meters above the river. An even higher 
flat on this Nepal side is estimated at nearly 300 meters above the river. 

The gravel terrace above Darchula seems to correspoud to the lower one of Balwakat. 
If this is the case, the slope of these younger terraces would conform to that of the actual 
river bed. 

Between these river sections where the valley widens and the current is normal, there 
are rocky gorges: first from Askot is seen the Gori Ganga with its c o n v e x  slopes The Kali, 
above the confluence, crosses the vertical limestone barrier in the shape of a gorge. Another 
narrow is that through the deviated anticliue below Ghat Gad.. Ahove Darchula, through the 
thrusted gneiss, the river has cut out a long gorge, again with characteristic c o n v e x  s l o -  
p e s  (Fig. 31). 



Above the mouth of Dhauli Ganga, the 
trail for a two days' journey turns away from 
the valley, its gorge being inaccessible. The 
grade of the current here becomes so steep 
that no more fish are fouud above Darchula. 
A magnificent view down the valley to the S W  
is obtained on the kuee of the trail below point 
11257'. Again the slopes are convex, proving 
accelerated erosion up to the present time 
(Phot. 13, PI. IX). 

A new morphologic feature is encountered 
about a kilometer above Malpa. The trail is 
cut through the t e r m i n a l  m o r a i n e  of the 
last glaciation (Wiirm?) at 2160 meters (baro- 
metric). One hundred meters higher. striated 
quartzite pebbles were collected in loan1 of 
ground moraine, mixed with steeply inclined, 

Fig. 31. Tlie Korge  o l  t h e  Kali  
sandy 'lay, probably shifted l a k e  deposit. Ihrougli tlle gneiss above Darcht~l;~,  looking Sorlh. 
(Photo 11, PI. IX). The river here seems for some K = poeition of Khela. 
distance to have deviated from its former course, 
cutting a deep gorge illto the gneiss (Fig. 3'2). 

Further upward the glacial deposits are interrupted by ravines and partly washed down. 
Where they have remained, a new feature is visible on the Nepali side: the rno r a i  n e  i s  
c o v e r e d  b y  s a n d y  c l a y  w i t h  v a r v e s  (at an altitude of 2270-2320 meters) upon which 
are remains of a fluvioglacial gravel 
terrace. The sandy clay is partly horizon- 
tal, partly slightly iuclit~ed, and nt some 
places dislocated by slipping or glacier 
~novement to an almost vertical position. 

About 2 kilometers SW of Budhi the 
trail climbs over a moraine wall of a f i r s t  
s t a g e  of r e c e s s i o n .  Its Lop is at an 
altitude of 2680 meters (barometric), about 
150 meters above the river and about 
5 kilometers behind the t e rmi~~a l  moraine. 
The fluvio-glacial gravels further down 
the valley have probably been washed 
out of this moraiue. 

Behind this wall and below Budhi 
;r dissected flnvioglacial terrace of gravel 
ex tends along the river. 

SE of Budhi is the deposit of a large 
subrecent landslide which came Fig. 32. E p i g e n e t i c  g o r g e  o f  t h e  Ks l  i a b o v e  hlalpn.  
the wt~lls in the SE (Fig. 46). Points = moraine; L at -; -= Laniri~ergeier nest. 

The Transverse Section from Almora to the Sarju River (PI. 111, Section 6b) 

The first part of this section is similar to that of the Chhina's (Fig. 21). The .trail first 
leads over the wooded ridge of Kalimat (6412') where at a mile distance north of Alrnora the 



carbonaceous shale series is crossed. On our north-eastern section the stratification appears 
to be practically horizontal, the dip or pitch beiug slightly towards east. 

On the NW side of the saddle Kapar Khan continues the s y n c l  i n e of R a r i C h h i n  a. 
The carbonaceous series, here too, is interbedded with the mica schist. The latter, above the 
carbonaceous beds, cont~ins  a small sill of fine grained gneiss with biotite and muscovite. 

To the north-east follows, usually with a SSW dip of 40- -8O0, n mixed series of mica 
schist, quartzite and sills of gneiss with two micas. The first gueiss contains tourmaline; the 
second-about 60 meters thick-is a real ortho-augengneiss. On its north-eastern side it is 
somewhat unconformable to the steeply erected mica schist. Samples of a peculiar metamorphic 
rock were gathered about one kilometer NE of Kapar Khan at i- of pl. I11 section 6b. It is a 
repetition of micaceous tourmaline-bearing quartzite with garnetiferous mica schist and mica 
schist rich in tourmaline, the whole being about 20 meters thick. 

From Binsar up to Jandi, the best view point of the snow mountains1, the bedding planes 
are steeply inclined to S and SSW. The rocks are an intimate mixture of fine grained sericite 
gneiss with mica schist and chloritic phyllite, unfit for mapping the gneisses, which towards 
the bases become predominent. The thickness of this gneissic series of Jandi is estimated to 
about 3 kilometers. 

Our section pl. 111 continues along the trail NE of Takula, where the gneiss dips 40-60" 
to the south. Although the outcrops are scarce, it obviously overlies a series with cr~~mpled 
quartzite layers. Then follows a more regular stratigraphic series of a north-e;~stc.~-n dip, be- 
ginning with sericite schist which is supported by the limestone series of Batari-l)cwnl(lhar. 
As seen from Jandi, it is the direct north-western co~tinuation of the limestone which forms 
the range on the NE side of Jaingan Naddi at Kanari Chhina (p 30). 

Above the limestone and dolomite with its thick bedding is a series of sericitic schists 
which seem to be supported by quartzite. This region of Bitaunsera, however, is not well ex- 
posed. Moreover it had to be traversed in a hurry, on account of a government order. The 
section plate 111 thus needs improvement. But towards the town of Bageshwar, the tectonic 
position is clear again: on the south side of the bridge over the mouth of the Gomati river is 
a cliff of quartzite dipping 65" to S, while on the opposite hill on the north side of the town 
the sericitic quartzite dips 35-40" to N 20E. Obviously the mighty quartzite series forms here 
an a n t i c l i n e  a n d  a s y n  c l i  ne. But this syncline north of Bageshwar is not followed by the 
normal sediments. They are sericite-chlorite schists of the Daling type passing into fine g r a i n 4  
sericite gneiss. In its southern limb was found a layer of arnphibolite. We therefore suppose 
it to be in an abnormal position, the s y n c l i n e  b e i n g  f i l l e d  w i t h  t h e  r e m a i n s  of a 
h i g h e r  t h r u s t  s h e e t .  The width of this sy~~clinal  filling on the NW side of the Sarju river 
is half a mile. SE of it, on account of an axial   itch to th'e NW, it becomes narrower and 
seems to end in the air. 

Farther up, the Sarju valley is for a long way cut out of a mighty quartzite series which 
dips Inore or less regularly 45-60" to SW. It is underlain by phyllite and limestone. 

The vast region of Kapkot to Karbogat, Sama and up to Tejam, thence up the Jakala 
river, until Girgaon, is made of limestone and dolomite with more or less calcareous shales, 
folded and twisted with strikes in all directions. 

At Kharbagar a normal anticline of W to WNW direction occurs. 
Stratigraphically, a peculiar con  g l  o ln e r a t  e is worth mentioning, which was found on 

the trail directly below the iron bridge of Kapkot. There, a thick bed of dolomite is overlain 
by calcareous strata with pebbles of quartzite up to the size of a fist, and normally covered 
again by limestone, the whole dipping 20-30" to S (PI. 111). It is apparently the same conglo- 

' See "Thron der Gl)tterW 1937. Panorama PI. Ia. 



merate which was also encountered in huge blocks near the sulphur springs on the Ram Ganga 
above Tejam. The pehbles embedded in a schistose marble are of limestone, quartzite, reddish 
and somewhat sericitic sandstoue aud of less abundant gneiss. Quartzite pehbles were noted 
up to lialf a meter in diameler. 

No real mori~ine was encountered in the Sarj11 valley. But sorile blocks in the river are 
of .such a size that they call hardly have beeu brought dowu by the aclual river. Thus, at 

0 
Hatsila (sheet 53cL) a block of quarlzite was estimated at about 100 cubic meters. East of 

Kharbagar there is a gneiss pebble of about 2 cubic meters, although there is no goeiss in 
the neighboarhood. 

The continuation of the Sarju section NE of Kharbagar is described by A. GASSSER, de- 
parting from the NE (p. 67, PI. 111, sect. 6c). 

The Transverse Section of Jakala Valley and aorl Cfanga 
(PI. 11, Sect. 5 aud Fig. 33) 

a) Tectonics 

The village of Teja~n at the confluence of the Jakala River with the Ram Ganga is situated 
on three terraces, the lowest being eroded out of the black calcareous phyllite, about 1.5-20 
meters above the river (1020 m. above sea-level). The next one is about 50 aud the third one 
still 15 meters higher. 

Tectonically, the section of the Jakala valley is a continuation of that of the Sarju river 
above Kapkot, but with a general dip of the calcareous sediineutaries to the north.. It seems 
that the limestones form a great anticline pitching to WNW (Kharbagat). 

If the series on the Jakala is normal, as it appears to be, the thickuess is about 5,5 kilo- 
meters. It is a repetition of limestone or dolomite mainly in the state of marble, frequently 
sericitic and splitting into fine tables or stalks, ioterbedded with dark arglllaceous slates or 
phyllites The dip is 55-20", towards north (not NE) as an average. 

- - 

Fig. 33. T h e  t r a n s v e r s e  s e c t i o n  of J a k a l a  R i v e r .  
g = gneiss; s = sericite schists, partly with garnet; r = rnrbonate series (limestone, partly dolomitic and marble 

nit11 interbedded slate; bs .;: black slate; q = quartzite. 

At the bridge of Girgaon (1400 meters above sea-level), a massive wall of marble about 
100 meters thick, dipping 20-25" to NNW, forms the top of the calcareous series. It is over- 
lain by quartzite and phyllite. The trail from the dak bungalow of Girgaon to Mansiari follows 
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a zone of sericite- and chlorite-phyllite with layers of quartzite or quartz schists and occasional 
marble. An intensely blue scaly mineral was found in schisty quartzite, which under the 
microscope Is determined by Professor Dr. C. BURRI as l a  z u l i t e.  

Curiously enough, this whole z u e  along the face of the high mountains strikes in an 
almost north-eastern direction, conforming to the deviated northwestern dip of the strata. But 
the striations of tectonical friction are not to NW, but to S30W according to the main tec- 
tonical movement. 

This sedimentary series is t h r u s t  by augengneiss which forms the basis of a huge 
cristalline series cut across by the gorge of the Gori Ganga. 

We now pass over to Mansiari and the Gori Ganga some 6 kilometers farther NE (P1.11, sect.5). 
The exact contact of the gneiss-thrust was uot found on account of smaller and larger 

landslips all along the thrust line. 
Following the trail from the slope of Mansiari down to the Gori river and then upwards 

along it we first traverse again ortho-augengneiss of 50" dip to N, then come across repetitions 
of orthogneiss and paragneiss (psammite gneiss) dipping 30-40" to north. Muscovite gneiss alter- 
nates with muscovite-biotite gneiss, passing into a black schist composed almost entirely of biotite. 

Above Rarar, the gneiss with its minor folds recalls that of Darjeeling. 
At the overhanging camping rock of Baugdiar, (2500 meters) granular limesilicates occur. 

To the north of it, dykes of aplite and pegmatite traverse the northerly dipping biotite gneiss. 
Above the bridge of Tibu the river has cut a narrow passage through walls of an un- 

usually beautiful ortho-augengneiss with biotite and muscovite, the feldspar augen reaching 
a size of 1 0 x 2 0  centimeters. The upper conformable contact with the metamorphic sedimentary 
series is sharply modelled out and dips 38" to N15E. 

Above the bridge of Nahar' (2750 meters) numerous dykes or veins and sills of aplite 
and pegmatite wilh ~n~rscovite and tourmaline traverse the oldest sediments in all directions, 
in places amounfing to about 50°,0 of the rock formation. (Phot. 24, PI. XII). It is miueralogi- 
cally the most varied division of the Gori valley and corresponds to that of the Kali below 
Budhi. Calcsilicate layers with diopside and chlorite schists also occur in minute repetitions 
with mica schist or paragneiss. 

Finally, above the mouth of the Laspa creek, the igneous injection is dying out, and we 
enter a vast series of p h  y l l i  te. The dip gradually decreases to 20" from Rilkot to Tola. The 
basis of this apparently Algonkian series at Rilkot shows the last effects of contact-metamor- 
phism in the shape of garnet and biotite porphyroblasts in the phyllite. The latter are elon- 
gated in the direction S 30 W which is the direction of the main differential movement and 
not that of the dip of the strata which is towards NNW. 

Reviewing the seclion of the Gori Ganga, we mention the huge series of gneiss and mica 
schist of about 16 kilometers thickness dipping towards the north and thrust over the calca- 
reous sedimentary series of Mansiari-Rilkot. The crystalline series seems to be normally covered 
by a mighty sedin~entary series of phyllite with an intel~sely injected basis. 

b) Morphological Observations 

From the desert climate, of the plain, we have come to the region of abundant monsoon 
rain, where the main valleys are cut deep enough for an almost tropical climate with temp- 
eratures up to aud above 40" C, and of tropical cultivation like that of bananas and rice. 
No wonder that under such conditions also red l a  t e r i  t e -  l i  Ke e a r t h  was locally encountered 
(in Jakala Valley up to the villnge of Gudji at 1200 meters). 

These are uninhabited places in the gorge. 



The Gori Ganga gorge above Mansiari is a typical case of u n e q  u a l i z e d  s l o p e  (unaue- 
qeglichenes OefEille) of the Himdayan transverse rivers. From Milam down to Rilkot the elope 
is gentle and the valley widened through the phyllite series with moraines and terraces. But 
from Rilkot down to near Mansiari, it is an u n b a l a n c e d  c h a i n  of g o r g e s  a n d  r a p i d s .  
The average fall on 20 kilometers in a straight line is 1700 meters. Considering the curves at 
Rarar and other smaller ones, the length would be 24 kilometers and the gradient even as 
much as 7 per cent. The main cataracts are below the mouth of Jamia Ghat, above Rarar 
and below the bridge of Tibu. At the latter place, over a length of about 400 meters, the 
gradient is as much as 18 degrees1 

M o r a i n e s  were found down to the Tibu bridge at 2700 meters. The glacier now ending 
at 3600 meters above Milam niust have passed the narrow walls of the great augengneiss. 
There the vertical walls of the gorge are only about 40 meters apart. Thus, fine glacial 
striation was expected. But only slight smoothing was observed at the left issue, of uucertein 
glacial origin. 

North of the mouth of the Laspa river, a great lateral moraine with blocks of granite and 
pegmatite of the former Poting glacier was found which reached the main valley. Farther down 
the Gori, typical moraine occurs just below the bridge one kilometer SE of Baugdiar, at 
2460 meters. It may have come from the former Rarar glacier and from Parbat A, 6100 meters 
on the west side. Another moraine was noticed 2 kilometers further down tho main valley, 
at about 2100 meters. As compared with the Kali river, no more moraine was to be expected 
at lower levels. But on the trail below Jamia Ghat, on a slipping slope at an altitude of 
1650 meters, material of the appearance of ground moraine was encountered: round and an- 
gular pebbles of gneiss and biotite schist, embedded in sandy clay. Although no striated pebbles 
could be found, the question may be raised whether this occurrence is to be regarded as  a 
relic of an older glacial period. 

From Almora northward to Joshlmath (Qarhwal) 
a) Tectoniral Features 

NO geologist seems as yet to have followed the Kosi river north of Almora and entered 
Garhwal at Gwaldam in order to proceed over the Kuari pass to the tributaries of the Ganges. 
At least, as  far as we know, nothing has been published and the map of the Himalaya, 
printed in 1934, leaves the region blank. 

Our route, on the whole, was oblique to the strike, so that no general section can be 
presented. The main features are seen on our geological map 1 : 650000. For detailed topo- 
graphy we refer to sheets 53, 1" = 2 miles. 

We first follow the new motor road from the bridge NW of Almora along the Kosi river. 
The flat mica schists of Almora, with their quartzite layers, are slightly synclinal at the western 
continuation of the Bari Chhina syncline. The northern limb again is steeply inclined and contains 
several intrusive bodies of augengneiss (Mekala, Gotakot, Parolia). West of Saumkotli, dipping 
30" SW below the mica schist series, follows quartzite in vast extension. We are here in the 
western continuation of the overthrust of Kanari Chhina. 

Along the flat valley bottom the outcrops are scanty as far as Someshwar, where the 
quartzite, with a normal strike, is vertical and then dips to the NNE. 

Two miles north of Someshwar follows the zone of dolomite and limestone with interbedded 
sericite phyllite, faulted and gently dipping, then covered again by a big body of quartzite 
(some 1600 meters) dipping 30-40" NNE to N. 

Obviously, the anticline or false anticline of Someshwar, with its dolomites and limestones, 
corresponds to the crumpled sedimentary zone of Badolisera-Kanari Chhina-Batari. 



As expected, another thrust follows above it. It is well exposed on the road leading up 
in curves from the Kosi plain to the watershed of Kausani. An undulated smooth sliding plane 
on quartzite, with an average dip of 4 0 '  to NNW is overlain by 30-50 meters of chlorite schist. 
Then follows sericite gneiss and augengneiss. I t  contains arnphibolitic norite or gabbrodiorite 
near the basis in form of several small sills of a total thickuess of 5---lo meters. 

Wotersl~ed 
Kausani N 

: M G Q  DaG 

Fig. .34. T h e  t h r u s t  of K a u s a n i .  
G .= Sericite gneiss passing to fine augengneiss; M = Micaschist; B = Basic igneous; chlorite schists; 
Da = Sericite phyllite of Daling type; (2 = Quartzite; D = I>olomite with phyllitir sericitic layers (S). 

In descending to Garur, after having met with several more intercalations of augengneiss 
and quartzite, we traverse the fertile alluvial plain of Baijnath where excellent crops of wheat 
are gathered. The dip up to 45" towards the north or north-east remains unchanged on the 
low hills north of Baijnath. 

5 Goma ti- R . Strkot N 
Gomali- R . Pqkna A'ndar- R . 

IJOO m 

Fig. 35. T h e  S e c t i o n  of B i n a i k  P a s s .  
(Boundary of Almora- and Garhwal Districts, and Watershed lo the Ganges.) 

NW projection according to the average strike. M =. Mica rcbists; Ss --- Sericite schists; Sc = Sericite-chlorite-. 
schists; Sq = Sericite quartzite; C = Carbonaceous series in schists; G -- gneiss (augengnciss); 

Gg = Granite gneiss; Gr - Massive granite; 13 - llasic sills. 

At Bajena, above mica schist, is exposed a g r a n i t e g n e i s s .  The latter is overlain by 
gently undulated mica schists with c a r b o n  a c e  o u  s layers, similar to those of the Almora region. 

Climbing over the ridge above Sirkot through pine woods. about 200 meters of chiefly 
basic greeu intrusives are crossed. They contain some sulphide ore and are interbedded with 
chlorite-sericite schist. 

The main feature of the south side of the Binaik pass is a great mass of g r a n i t e  with 
slightly gneissic marginal zones. 

The pass itself is on chlcrite-sericite-schists, which support another series of ;lugengneiss 
in the shape of a syncline of WNW direction (Fig. 35). 



On the north side of the Pindari river the strike of the mica schists ie perpendicular to 
their normal position, and the dip is 50 degrees to WNW. Up to the village Wan, at a distance 
of 20 kilometers, this abnormal position is predo- 
minant uot ouly with regard to the mica schists: /1/4/ ' Tral/ -+ E SE 
the quartzite too which underlies them after Bathles- w o n - A .  

war, and the calcareous series below the quartzite 
of the Wan valley strike to NNE. Because of such 
c o n t o r t i o n s ,  the structure of this and the follow- 
ing part of the wooded mouutains of Garhwal is 
most intricate. Moreover, the trails are scarce and 
the topographic basis 1" = 4 miles is the moat 
primitive one of the Central Himalaya1. 

On the west side of the Wau valley, north 
of the Lohadjaug pass, the quartzite series forms 
high walls. The dip is 20" to W 30-40 ' N. We Wan Val l ey .  

could observe clearly that the limestone underlies g=gneiss":nd:mica scl~ists\\.ith biotite; q=quartz- 
ite; c = li~nestone series (marble) wit11 black this quartzite couformabl~ '  In conclusiou, we must 
phyllite (type of Tejaln); = c~llori~ic ac,ieb 

regard the mica schists with gneiss as thrust over of an~)~hibolite. 
the quartzite-limestone series (Fig. 36). 

The pass of 3000 meters between Wan and Kanaul (Kanol) is eroded out of higher metamor- 
phic schists, but in the Nandaltiui valley the limestone-dolomite series reappears in the shape 
of a window with a 
pitch to NW. Black + sw 
and variegated clay 37 

slates occur too. The The sert/on of /t?.fa ./'Pass (/i; 
dips are in all direc- 
tions. 'I'he steep slope 
north of tlie bridge is -, 

I00 0 made of a thick dolo- I00 Ot 

mitic series, covered 
by phyllite, with dips \ 17 

of 45" to north. The 
latter again is overlain 
by the quartzite series. 

The next pass 
above R ~ m r i  (Rawni) 
takes us over two 
quartzite series with 
intercalated sericite- 1. (jmnite-gneiss 
phyllite, to the Birehi 2. Mica schists 

valley. A most 3. Mica schists  will^ garnel 

plicated seriesofrocks 4. Basic rocks: Amphibolite, Diorite, partly chloritic 
5. Quartzite, Sericite-quartzite 

foHows on SW si- 6. Gray banded Marble 
de of the Kuari Pass 7. S;lndp li~r~estone 
(3700-3800 meters), as Fig. 
shown in Fig. 37. 

' The new but still preli~llinary edilion of 1936 sheet 53 S \\'as no1 yet at hand for our geological research. 
It is a pily thal the lllodern photogralnmetric method is not yet applied in the Hi~nalaya. 



Possibly, this series is doubled or tripled. On the whole, the nie  t a m o r p h i s m  a g a i n  
i n c r e a s e s  u p w a r d s .  

The NE side of the Kuari pass is uniforrnly made of mica schists with quartzite and 
gneiss, dipping 20-40' to NE. It forms the basis of the great crystalline thrust zone from 
Joshimath to Badrinnth. 

b) Morphological Fea tures  

Except for the highest part of the Kuari pass, the whole country is wooded-in the 
lower regions with pine (Pinus longifolia), in the higher regions with oaks, Rhododendron, 
firs (Picea morinda) and hemlock (Abies Webbiana), and finally on the northern slopes with 
birch trees at an altitude of 3600--3800 melers. This jungle, together wilh the strong semi- 
tropical weathering made it difficult to understand the structure at a distance. In addition, the 
southern part of the lower Himalaya from N~ini tal  and Almora to the Pindari, as seen from 
a high point, reveals the remains of a p e n e p l a i n  at an altitude of 2000-2500 meters 
(Phot. 5 PI. VII). 

The Pindari is a very active river. The floods of the monsoon seasou of 1936 caused numerous 
landslips on the borders, one of which buried a village and killed numerous people. 

The Nandakini collecting its water from the Nandakna. (ti300 meters) and the Trisul 
(7100 meters), has cut an impracticable gorge through the quartzite and the limestone series, 
with typical c o n v e x walls. 

The village of Ramri (2500 meters) on its north side is situated on the terrace of a vast 
landslide with blocks made of big carbonate crystals. Another subrecent mountain slide was 
encountered in the Birehi valley at Ghiugi. The wall from where it broke off in the NE is easily 
recognized. The scree material is about 200 meters thick and covers about one square kilometer1. 

Along the Pilgrlmage Trail from Ranikhet northward to Karnaprayag 

R. D. OLDHAM (51) seems to have been the first geologist who, already in October 1882 
travelled along this trail. It is difficult to follow his non-illustrated description, because many 
of his names do not figure on the new maps. The eastern boundary of the gneiss was "seen 
to be fairly straight and presumably a fault". 

MIDDLEMISS (42) mapped 1587 the crystalline Dudatoli mountains west of the trail, passing 
over Diwali Khal. 

Forty-eight years later, J. B AUDEN (4, p. 133; Ba, plate 36), also of the Geological Survey 
of India, used the same way to go up to Badrinath. In his first paper he gives a short des- 
cription of the rocks found along the pilgrim trail, without supplementing his account with 
any illustrative sections. He mentions also "the abrupt fault contact of the granite and 
schistose series of Dudatoli with the massive limestone to the east", as had earlier been des- 
cribed by MIDDLEMISS. In his later paper he shows this fault contact to be the line of a great 
thrust plane delimiting the schistose and granitic rocks of Dudatoli, belonging to his "Garhwal 
Nappe", from the underlying limestones. We also have come iudependently to the conclusion 
that this fault line marks the line of a great thrust coming from the north-east. 

We begin at Ranikhet. This pretty and important place (1700-1900 meters) is situated 
on mica schists and white orthogneiss of gentle northern dip. 

The Gona lake elide further down in the Birehi valley and the great mountain slides of the Dhaoli valley 
will be dealt with in later chaptere. 



Descending northward lo the Gagas river, a series of mica schists, quartzite and gneiss 
ie traversed. The dip increases up to 40' to Ng. A carbonaceous layer too was encountered 
about half way down (Graphitic phyllilic schist of AUDEN). The dip remains unchanged aa far 
as  the crest of Chaura, where the garnetiferous mica schists form a symmetrical s y n c l i n e  
of WNW strike (PI. I, Sect. 3). 

At an angle of 45" the mica schists overlie an imposing mass of coarse granite. It con- 
tains muscovite and biotite. aud forms the rugged hills south of Dwarahat. This important 
village with its schools, missions and numerous old Hiudu temples is situated on a peneplain 
of 1500-1600 meters, formed of deeply weathered white gneiss, rich in muscovite, but with 
little biotite. 

With 30-40' S W  dip the gneiss is conformably underlain by riericite schists with garnet, 
below which follows slaty quartz porphyry. On the eastern side of the brook are some ex- 
posures of variegated. shale recalling the Krol formation. The dip there is, on the contrary, 
towards NE. The walls up to the Dunagiri (fine view point, 7519') are made of limestone 
or dolomite and quartzite with a general dip more or less corresponding to the slope, i. e. 
towards SW (Pl. I). 

Along the valley towards NW, quartz porphyry schists are exposed on the south-western 
side, di?ping 30-50" SW. A fine place for studying these igneous rocks is Chaukhutia, sit6ated 
on the border of the fertile alluvial plain (Fig. 38). 

A highly interesting struc- 
ture is found about a mile north NE Rampnqa Bungalow ~ospi ia /  
of Melchauri, where the Ram- 
ganga has cut an epige~ietic gor- 
ge through the folded limestone 
series (Fig. 39). At Melchauri this 
riverdeviatesacrossthelimestone 
series iu order to traverse the 
contactregion again, 1 lkilometers 
farther SE, nt Chaulthutia. 

The limeetoue series inter- - 
bedded with quartzite and green 
schists is intensely folded, the J 

general strike being still to the Fig. 98. The I g n e o u s  Rocks  o f  Chaukhut ia .  
qp .= Slaty quartz porphyry; 

NNW, conformous to the longi- n = Arnphibollte (altered basic igneous rock). 
tudinal valley, but with local 

0 \/sw 2400m 

Fig. 39. Ske tch  o f  the  
Thrust  Reg ion  o f  the  
Upper Ramgangn.  

A = Section of the Diwali 
paee; B =Section one mile 

north of Melchauri; 
me = mlcaechists with gar- 
net and quartzite layers; 
g = gnelse; c = limeatone 
and dolomite; q = quartz- 
Ite; s = slate; cl = green 
dchiet, chloritic (amphi- 
bolite). 



deviations (Fig. 39 B). Proceeding farther to the NW and rising from Lohba to Diwali Khal, 
the crystalline series is seen o v e r l a p p i n g  the sedimentary folds. The trail cuts the thrust 
contact at Salana (top. sheet 53 &, 1" to 2 miles). We are in the continuation towards NNW 
of the overthrust of Dwarahat. 

MIDDLE~IISS considered the abrupt contact to the unmapped limestone series to be a straight 
fault. However, this "fault" contact is far from being straight, nor is it vertical. Look i~~g  from 
Salana to Diwali Khal, it plainly appears as an o v e r  t h r u s  t shearing off the folded sedi- 
mentaries. Thus, the great synclinal region of gneiss and 111ica schists of the Dudatoli mount- 
ains is swimming. We may call it the. Dudatoli thrust mass. 

On the northern side of the watershed of the Diwali Khal pass, a tributary of the Ganges is fol- 
lowed for six miles. The trail, on the right side of the longitudinal valley, shows some exposures of 
quartzite and green schists belonging to the sedimentary series underlying the Dudatoli thrust. 

Below Adbadri, the valley turns abruptly to the right and forms the transverse gorge of 
Ata Gad, showing the structure down to the Pindar river (Fig. 40). 

Pl'ndar-R. NE 
780 171 

I . . . .  I . , . . ,  I I  

1 0 2 Km 
Sea /eve/ 

Fig. 40. T h e  T r a n s v e r s e  S e c t i o n  of Ata  G a d  b e t w e e n  A d b a d r i  a n d  t h e  
P i n d a r  Riv.er (in NNW projeclion). 

1 = Main quartzite ('l'al?); 2 = Greenish chlorilic schists including quartzite and compact amphibolile (a); 
3 =Quartzite dipping 35-55" E 40' N ;  4 =Green schists dipping to ENE; 5 = Quartzite with amphibolite layers; 
6-7 = Big series of amphibolite to chlorile-sericite schists; 8 -- Quartzite with interbedded slates above the 

bridge, dipping 55" to E 25" N ;  9 = Chlorite-sericite schists or slates, passing into: 
10 = Dark phyllite, little metamorphic. 

This series of 5-6 kilometers thickness seems to be in a normal position. It contrasts with 
all we have seen so far by the abundance of green schists and amphibolite of igneous origin. 

Following the Pindari down to Karnaprayag, the'bluish black and greenish slates of 50--60" 
dip to E 15 N are beautifully exposed at the bamboo hanging bridge of Simli. Another inter- 
esting outcrop is a thick body of tough amphibolite about 2 kilometers from Karnaprayag. 

The Transverse Section of the Alaknanda from Karnaprayag to Joshi~nath 
(PI. IV, Sect. 7 and topogr. sheet 53 N) 

a) Tectonics 

The village of Karnaprayag is situated at the confliience of the mighty rivers Pindar and 
Alaknanda, both tributaries of the Ganges. A big body of nearly vertical quarlzite striking 
regularly N 12" W forms the mountain on the SW side and is cut across below Karnaprayag 
in the shape of a gorge. 

With a sharp concordant boundary follows to the northeast a series of about 1,5 km 
thickness of green chlorite-sericite schists passing into chloritic quartz schist with some minor 



layers of amphibolite, and ending in a thick body (about 100 meters) of amphibnlite. The dip, 
inclndipg a quartzite of 15 meters is 50--60' to E 20 N. 

Then follows in continuation of the slate of thePiudar at Simli (Nr.10 of Fig. 40) a zone of about 
500 meters of black clay slate with little, if auy, sericite. A small upright anticline of quartzite 
separates i t  from the next zone of slate (quarry of Jaikan). These and the next exposures cannot 
be figured properly in our N 30' E section, because the dip is towards E instead of NE. 

After traversing a thick body of quartzite of 60' eastern dip, the rocky trail along the 
gorge passes over chloritic slate again. Then follows at Laugasu a surprise: a nearly vertical wall 
of massive marble and amphibolite, both of a normal uorth-western strike. Two more marble 
beds (one of 50 meters) follow, separated by slates. The strike agaiu turns, even to nearly 
west. The top marble thus strikes at a right angle to the basal quartzite. 

The little village of Sunla (bungalow) and the more important place of Nandaprayag are 
situated on a mighty wavy series of sericite-chlorite schists with quartzite layers of the Daling 
type. The dip is normal to NE (Dalings upon Baxa'?). 

In this region the metarnorphism increases upwards again. We come to stretched and 
sericilic quartzite and mica schists of north-eastern dip. Although the valley borders are ter- 
raced or made of landslips, the scanty outcrops seem to suggest a synclinal position 2 km 
north of Nandaprayag. Below a thick body of quartzite appears b i o t i t  e - g n e i s s (about 
500 meters thick, at Mathyana), and uuderneath it is the follotving series: 

Amphibolite,about 200meters(dip40'toS30E),exposedat the iron bridge 2.5km SWof Chamoli). 
Quartzite with a layer of amphibolite, about 100 meters, crushed. 
Amphibolite, 50 meters; sharp limit to 
Quartzite of Chamoli. 
This latter quartzite is characterized by massive beds, up to 2 meters each, of greenish 

colour, in a flat anticliual position of abnormal south-easteru dip. On the section PI. 1V i t  can- 
not, therefore, be figured satisfactorily. 

The quartzite of Chamoli is of great thiclrness and exteusion. At the mouth of the Birehi 
river and farther up this valley to the SE, the quartzite. being partly crushed and crumbling into 
sand, forms white hills. It is underlain by a narrow zoue of gneiss alid schistose amphibolite. 

We now euter a vast regiou of carbonates: limestone, dolornite. chiefly rnicrocrystalliue. 
and marble interbedded with dark argillaceous shales and slates, together of over 1,s km thick- 
ness. It is of the same appearance and tectonical positiou as !he limestone series of Tejarn 
and forms a great tectonical p e n i n s u l a  of about 150 square kilometers. All around its rug- 
ged contours the limestone series seems to be overlain by quartzite. 

We have followed the lin~estone up the Birehi valley to Go n a  L a k e .  The fresh blocks 
of the great recent and subrecent mountaiu slides yield excellent specimens for petrographic 
study. Some blocks on the lake are nicely banded by a hundredfold repetition of rnicrocrystal- 
line limestone and dolomite, each layer measuriug a few milli~neters to several centimeters. 
Possibly they represent yearly deposits. The dolomite layers frequenlly show a yellow to orange 
surface weathering. The gray layers are siliceous aud resist leachiug more than the n~arblt. sheets. 

Two analyses of a banded rock, I of a white band. 11 of a gray band, show- the follou'ing 
composition I I1 

in HCI unsoluble, mainly SiO, 7,69 ' ,, 59,ll " 
Fe,O, 1.11 I' ,, 4-42 (I ,, 
CaO 50,20 " , ,  1 1,23 I' %I 

MgO 0,42 " 6,01" a ,  

CO, 40.43 (' 4 i  17,34 " 8 ,  

14:O 0.13" 4 -  1.36" (1 - - -. - -. - - -- - - - - - 
1 0 0 , ~ ~ O  l b  100,oo 



While sorne blocks show little, if any, structural deformation, a great part of lhe series 
is intensely stretched and mit~utely folded. Besides argillaceous intercalations, there are also 
some of green chlorite schists. They are seen with the field-glasses at the precipice above 
Gona, and thence extend north-westwards to Pipalkoti. The average dip above Gona is 30" 
to E 15 N, flatteuil~g towards east (Fig. 41). 

1430s 812s '  7 5 5 6 '  Gona I 1 4 6 ~ '  5405' E3oN 
q ?  1 

Fig.41. S i t u : ~ t i o n  of  G o n a  Lake.  I'rojeclion to N 3OW. 
g z (illeisp; q = Quartzite; c = 1,ilneslone and dolomile series; 1 = prehistoric, I 1  = recent ~nount i~ in  slip. 

The tectonical position in detail is not yet deciphered. The top region of the high mountain, 
Y 

11460' of the map 63sALv, above Gona Lake is apparently made of quartzite, as an eastern 

prolongation of the quartzite .of Chanioli. I t  seems to cut off the lirnestone series. 1)ven lriore 
peculiar is a band of gneiss forming the western crests 8125' and 7567'. It is encountered on 
the trail over the gap 7556' on the wild crest above the limestone, and seems to be covered 
again by limestone. Possibly it is something similar to the gneiss biintls in the meso7,oic: limestones 
or slates of the Penninic thrust region in the Alps. 

Returning to the Alaknanda, the structure is simpler and plainly seen on the north-western 
side of the deep gotge at Pipalkoti. The strike is normal: W to WNW. The series of lirr~cstone and 
dolomite passes into, and is interbedded with, dark to carbonaceous clay-slate. It is very liltlt: rnctit- 
morphic, but regionally traversed by a distinct cleavage of 45 to 65' northern or nortli-eastern dip. 
Caps of quartzite are recognized at a distance (PI.IV). The best exposures for close sludy ;Ire at the 
Patal bridge, above point 3744' of map 53 N, where a landslip hild recently tlarnagetl the tri~il (Pig. 12). 

Opposite Flilang, below tile rrto~rlh of lhellrgarn 
5Sh' T r ~ ~ l   TI^,, i NNE valley, we corne to the i~~teresl ing bountlary of the 

' P<ltd! 
, . . : J B o ~  limestone series, where already Au1)li~ noticed a 

series of mica schists anti biotite-gl1c4ss i~l)p:irently 
limestones and ~)rrsurnably thrlist 

According to our rapid ohser\,atiol)s anti de- 

.. , signs, the srtccessiori from below is about as foll- 
ows, i ~ t  40 ' (lip to NK: 

--2 

o 50 I ,mwJ :I) massive c r y s t a ~ ~ i t ~ e  litr1estonf3 
big. 4". 'l'lit: ) i p i g c n c t i c  G o r g e  o f  l h e  I ' : I ~ : I ~  b) about 500 rnelers of ( : h i ~ ~ ~ ~ o l i - c ~ ~ ~ i ~ ~ ' I ~ . i t ~ :  

H I  = L ) ; I I . ~  slate \\.itll c~ len \ . ' :~~c~  
Ins = Old ~nounl;~innlitle 111;1Leri:ll. 

(crysli~ls in certnit~ places 111) lo 5 ctrl. re- 
calling Itamri) 

d) cluartzitc* and sericilt-c.hlot%itc. sc.hi,sts of the 
1)nling type : ~ t  the mouth of Ihe Ilrgilm valley (opposite the Oridgc of tlilar~g) 

r) t11ic.n schists iuterbeddrd \\it11 quartzite 
f )  biotite-gneiss with fluidal internal folding, of the 1)arjeeling type. 



Plainly enough, the crystalline silicates are t h r u s t  over the limestone-quartzite series. 
But the question is whether there is a reversed zone between. The main thrust plane is 
apparently to be considered either between c and d or d ar~d e. I'ossibly the reduced Dalings 
are the remaining part of a reversed limb. 

Proceeding farther upwards to Joshimath and Vishnuprayag, the rocks are predornin~tly 
of. gneiss with a similar north-eastern to northern dip. The interbedded quartzites seem to have 
preserved part of their original position, pintching out locally or showing slight unconforrnity 
to the gneiss or mica schists. 

h)  Morpl~ological Fratllres 

Along the old trail, on which every year 50--100.000 pilgrilns travel, the Xlaknanda valley 
has been deforested and the landscape is devoid of beauty. I t  is. Iiou.ever, of some interest 
in connection with terraces and mountain slides. 

A terrace of about 30 meters above the river is indicated on the slates in the gorge 
2-3 km NE of Karnaprayag. Older terraces of 60-80 meters are well preserved above 1,angasu. 
Naudaprayag is sifuated ou a pretty terrace of about 50 meters. in the cSorner of the Nandakiui 
and Alaknatlda rivers. 

2 '  2 km N of Nandaprayag, the whole eastern mountain slope of mica schists has slipped 
down, apparently gradually and at intervals. 

The position of Chariioli is characterized by a long intersected terrace of about 50 meters. 
All these terraces seem to be parallel to the actual course of the river. 

At the river bend NE of Chamoli we saw in the distance a huge field of old mountain 
slide material, in the shape of rounded heaps of quartzite and limestone blocks. There seem to be 
two niches of breakage (Abrissnischen). The slide deposits may cover about 10 square kilometers. 

A famolls historical case is the Go n a s l i d  e of the Birehi valley '. 'I'he rock fill1 occurred 
in September 1893. But the catastrophe ouly came to pass nearly a year later, on August 
26th 1894, when the water broke through the dam, and damaged the valley far down. The 
heaps of scree material made of limestone and dolomite cover about 1,5 square kilometers 
and had a maximurn thickness of 300 meters (Fig. 41). We estimated the volurne at about 
150000000 c ~ ~ b i c  meters. 'l'he lake was 4 km long and had a masimum width of 0 , i  kilometers. The 
length is uow reduced to 3,2 km, the depth having dimiuished from 150 to 120 meters. The surface 
of the water is at 5405' - 1650meters. We estimated the height of the rock fall to be about 1000 to 
1200 meters. The type of Gona, amongst the 20 types of mouutainslides distinquished by ALBERT 
HEIM, is his NO. 15, called F a l l s  t u r z  (Felssturz) which means rock fall. The limestone mass has 
broken off not from a slippery argillaceous bed, but from a dry rock wall across the stratification. 

Auother similar mountain slide, probably pre-historic, was found immediately to the West. 
It has broken off from the higher neighbouring peak, and apparently once covered au even 
larger surface (I of Fig. 41). It must have dammed not only the Birehi valley, but also filled 
the mouth of the opposite side valley south of Gona. The length is about 3 km and the height 
1500 meters. 

At Pipalkoti and north of it, the Alaknanda has cut an imposing gorge into the limestone 
series. Both sides of the river show the typical c o n v e x  shape, steepening downward. The 
village is situated on fertile oblique terraces near the edge of the escarpment. 

An extended sliding field is crossed by the pilgrimage trail 4 km NE of Pipalkoti. The 
tired traveller is not likely to forget it, as he has to do a bit of bard climbing to cross the 
dangerous region. 
- - 

I R. R. PULFORD: Narrative Report on the Gona Lake and Flood elc. Luckoon. Nov. 14. 1894. 
ALBERT HEIM: Bergsturz und Menscheoleben. Zurich 1932, p. 173. 
ARNOLD HEW und AUGUST GANSSER: Thron der GOtter 1997, p. 223, Textf. 13 and phot. 216. 



The last mountain slide before reaching Joshimath, still within the limestone window, has 
filled the side valley SE above point 3744' of Patalganga bridge. Judging from the erosion which 
has occurred since, it rnay be pre-historic. The scree material forms a crest above the origiual 
valley, the creek having deviated and cut an epigenetic issue (Fig. 4'2). 

'l'he material of this old Patal slide derives from the background of the Patal valley and 
has reached the right bank of the Alaknauda. Obviously, the contents of clay and the cleavage 
have greatly facilitated the breaking off and slipping of such mountain slides caused by the 
deepening of the erosive basis. 

Petrologic Studies 
by A. GANSSEH 

1. Tile Basic Sills of thc Border Region 

a) N a i n i  T a l  

The occurrences of biisic rocks east of China Peak were already mapped hy MII)I)LEMISS 
in 1890 (44). 'l'he sills are perfectly conformable to the shales which we supposed as belongiug 
to the L0n.t.r Krol series. 'l'he best exposure was found a1 the saddle NW of point 7864, where 
the sill di l~s  30 to W 15 S il~ld is several meters thick. It is more or less chloritized. 

The microscopic examination of a fairly fresh specimel~ allowed to deterniiue the rock as a 
d ior i te .  

The p l a g i o  c l a s  e forms rather large lalh -shaped elongated individuals and is an 
a 11 d e s i n e - l a b r a d o r. 'l'he next important mineral is an a u g i  t e of light brown colour. The 
average extinction 11 y (: is ahout 45 '. The angle of the optical axis is relalively small. Mag  - 
11 e t i  t e is fairly abundant, ant1 also idiomorphic a p a t i t e and c h l o r  i t e ,  the lalter forrned 
out of augite. Quartz is of subordinale importance and occurs in the shape of irregular grains, 
partly formed by rriyrmekilic onmixture. Q u a r t z ,  l e u  c o x  e n  e and p y r i t e  are the accessory 
~ninel-als. 'l'he texture is ophitic. 

The basic sills are somewhat arranged in layers, usually traversed by cleavage, and 
tectonically deformed. The grain becomes finer towards the e d g e  where the rock is also 
Inore altered, as seen by its rnore greenish colouring. 'rhe plagioclase is macroscopically 110 

longer clearly recognizable. Under the microscope, however, the same mineral cornposilioli is 
recognized. The p l a g i o c l a s e is somewhat sericitized. I,ocally, c a l c i  t e is also secreted. The 
c h l o r i  t e derived from a~lgite is more abundant. Quartz too is more plentiful and even discerned 
with the naked eye, forming certain streaks. The myrmekitic reaction with plagioclase is nicely 
defined. 

NO co~itact ~netamorphistn is recognizable, probably too OH account of later tectonical 
transfor~nation. 

b) B h o w a l i  

The basic igneous rocks exposed along the road above Hhowali form large massive greenish 
rocks of a reddish weathering colour. 'l'l1t.y show characteristic oviil alnygtlaloid vesicles 111) 
to 1-2 ceutinielers in size, filled witti irttellsely green t!pi d o  t e .  Macroscopically no other 
~ni~iernls are recognized in the fine-grained rocks. Eveo u ~ ~ d e r  the ~nicroscope the tlifferenl 
minerals are srnall and pilrtly decomposed by epidolizatiori and uralitizatioti. 

'I'he basic zones of Hhowali ;ire of the same Lype loo, ant1 mainly regarded as an  e p i -  
d o t  ic  d i a b a s e . 'l'lie chief co~npongnts are small lath-shaped stalks of a n d e s i n e - l a b r a d o r. 
'l'hey are f reque~~t ly  epidolized. Small brownish a u g i  t e s  are inlerciilnled between the ophitic 
plilgioclase. They itre partly uri~litizetl allti c:hlorilized. 'Fhe 11 ril l i t e  is eilsily recogniziible by 
its iliteusely greeu pleochroism. The c l i l o r i t e  usuiilly fortris rather large patches which, 



however, are not transformed from aug~te,  hut are in connection with the amygdaloid e p i -  
d o t e .  This latter miueral is abundant in the following shapes: a) as srnall pale to colourless 
grains, the result of secondiiry alteration, and b) as rather large, inleusely greeli (ferruginous) 
individuals filling the vesicles; c) the rather large patches are often made of granular epidote 
with a rini of colourless epidote needles. The latter rniugle with chlorite individuals as the last 
formed amygdaloid compouents. 

Finely spread 1 e u coxen  i z e d  t i t a n  i t e i6 found as an accessory mineral. The lack of 
ore is remarkable in contrast to the basic sill of Naini Tal. The interesting vesicles of epidote, 
sometimes mixed with rather large plagioclase, may originate from primary gas bubbles, filled 
with carbonate which was transformed to epidote. 

'I'he mighty crystalliue rocks of the regiou of Ramgarh, N E  of Naini Tal, are tleterrnined 
as rneta~riorphic q 11 ;Ir t z p o r  p 11 y r y, some ordinary gneissic or schistose intercalations excepted. 
Macroscopically tlie dark .gray rock with biotite shows \vllile spots of feltispar and dark glassy 
quartz grains. 'l'he gneissified rocks are of an irregul:rr scliislo.;e structure and [nay be designated 
as q u i\ r t z p o  r p  11 y I. y - g  n e i s s .  Tlie ~nicroncopr tiiscloses tlie follo\virig rninrral components: 

'rhe phenocrisls are p e r t h i t i c  o r l h o c l a s e  and rounded q u a r t z .  
The quartz grairls are \vet1 defined, without showing ciitaclastic borders. 0 r I hocla s e  is 

more iibundaut than quartz. The larger crystals frequently show cracks filled with quartz. 
Less plentiful and smaller is tlie 111 i e r o c 1 i 11 e with its characteristic quadrille structure. The 
a l b i t e is usually confined to the fine-grained matrix. 

'rhe ground~nass is chiefly formed of fiue q 11 a r t  z graius, tiny scales of b i o t i t e  and 
s e r i  c i t e ,  and subordinate p l  a g i o c  l a s e .  Tlie biotite is striking on account of its olive-brown 
to green pleochrois~n. It is usuiilly conce~~trated in layers. Also nests of biotite are formed 
around a t i la~~it ic  ~n ii  g n  e t i  t e .  'l'lie latter frequerltly has a border of t i t  a ni  t e A p a  t i l e  is 
usually li~nitrd to hiotilic layers. Chlorite is rarely found with biotite. Calcite is a secondary 
mineral i ~ t ~ t i  cl~irfly c-o~lnected with the larger feldsp;~rs. The dark colour of [lie groundmaw 
is caused t)y Lhr at)und:ince of tiny biotite scales. 'l'lie sharp distinction of ground~nass and 
phenocrysts characterizes the ~)orl)hyrilic- texture. 

'I'owards 12i1i1ikllel we find a similar increase of ~netalnorphisrn as at Darjeeling. 
The sericite scliisls, along the 111otor road. are gradlliilly tra~isfortned into g a r n e t  i -  

f e r o u  s mu scbo v i l e -  b i o t i  t e scl i  i s t .  ' r l~ t~  rounded garnets with their centripetally conceu- 
trated inclusions, ~ I I C I I  ilq ( ~ ~ ~ n r t z  ii~id 111ag11etite are striking. Pecr~liar is also the marginal lia~o- 
nitist~tion of the gitr~i~l.;  follo\ving 1I1e cracks. The rocnk is of at1 extrenle cryst;rllis:rlion-scbistos- 
ity. 'l'llr i i l ~ l ~ n i ~ ~ i u ~ r i  sili(';lteh, ~ 1 1 ~ ~ 1 1  ;IS ~ t i ~ ~ ~ ~ l i t e  and kyanite. like those of the garnet-mica 
srhist-zo~~e of I);i~:jeelin.g, \vere ho\vever not e~~rouute~ .ed  at Hanikhet. 

Gradu;illy the 111iva-garort scl~ists are i~ljec-ted by a pl i t ic  g n e i s s  l a g e r s .  The former 
arc l runsfor~~~ed inlo t o ~ ~ r l n t ~ l i ~ ~ e -  bearing ni 11 s tao v i 1 e - b i o t i t e g n e i s s .  'The garuet is usually 
scanty. 'l'ogether with the ordinary mineriils of Ihe ~nica schists is found clear a l b i t e  with 
well defi~led twiu Innlrll:~~. Hrown pleochroilic b i o t i t e  is more abundant thi~u muscovite. The micas 
account for the l e ~ ~ t i c t ~ l i ~ r  scl~istosity. 'I'he above ~rieutioned iujected schists form the basis of 
the orthog~ieiss of Ha~~ ik l~e t .  

The uor~ni~l  a~irl \\fidely distributed type of ortho-gneiss is a very acid white m u s c o v i t e -  
;I l k a l i f e l  d s p a r  g n e i s s (granite gueiss) of fairly unifor~r~ n~ediurn-sized grain and with 
so~newhat Ieuticulnr feldspars. Biotite is uot present, niuscovite abundaut and of a fairly large 



size. The latter is slightly greenish. Even under the microscope n slightly greenish pleochrois~n 
is recognized. This would point to p h e n g i t i c muscovite. The optical axis, rnei~sorcd on ~solalr(l 
scnles, points however to norrnal muscovite. (3V 34 ). 

As accessory minerals of the Gneiss we must mention rounded xeno~riorpho~rs a p ;I t i  l c. .  

Here and there idiomorphic needles of tourmaline are also present. 'l'l~ey are ~lsually confined 
to aplitic layers within the gneiss. 

Another type of gneiss, somewhat less acid, is also found, with rather large augr11, rnore 
scaly, with biotite in addition to the muscovile and with cataclastic quartz. 'l'he augen are 
mainly formed of o r t h o c l a s e .  (For the chemical cornposition of the Hanikhet gneiss see the 
following chapter.) 

4. Tlir C'rystalline %on(* of Almora 

Also in the Almora region a progressive metamorphism was found upwards of the sen- 
cite schists and quartzites. 

The t a b u l a r  q u a r t z i t e s  are usually interbedded with sericite schists which may 
contain garnet. 

The microscopic aspect of a fine-graiued s e r i c i t e -q u a r t z i t e is as follows : 
The predominant q u a r t z is formed of evenly sized parallelepipedic grains of slightly 

undulous extinction. The fine scales of sericite or muscovite form layers of stric-tly parallel 
orientation. T o u r m a l i n e  was noted as an accessory mineral. Dark layers within the white 
quartz are recognized macroscopically and under the microscope as r u t i  l e ,  granulur t i 1 n n it e 
and t o u r  m a li n e .  Probably pneumatolitic iufluences accov.nt for such local mineral enrichment. 

Another type of rock interbedded with the lighter coloured quartzite layers is a g r a y i s h  
b r o w n  s c h i s t  of fine silky lustre. Under the microscope i t  is determined as b i o t i t e -  
m u s c o v i  t e  s c h i s t ,  rich in uniformly orientated scales of the micas. Quartz is present in  
tiny grains. Also tiny grains of m a g n e t i t e  are distributed through the rock. The striking 
amount of biotite does not point to pure "epi-conditions", but to the proximily of the injections. 

The garnets, as well as the rather large micas, and accessory h o r n  h l e n  d e point to 
a higher stage of metamorphism. 

The a v e r  a g e  t y p e  of the characteristic g a r  11 e t - m i c a  s c h i s t  of Almora contiiins the 
following minerals: 

The originally well defined m u s c o v i  t e  scales are mainly sericitized, so that the single 
scales are obliterated. Q u a r t z  is irregularly concentrated, usually in the shape of rather large 
grains of undulous extinction. Of special interest is the idiomorphic g a r  n e t ,  characterized by 
small drop-like central inclusions of q u a r t z and m a g n  e t i t  e .  The surface is slightly litnonitized. 
Large idiomorphic needles of h o r n b l e n d e  have been observed in one of the slides. The 
extinction Z,lc is 20" on au average. The intense pleochroism is X, Y = olive green, Z = dark 
blue-green. Large and intensely pleochroitic c h 1 o r i  t e scales seen1 to derive from biotite, which 
is found in relics. The accessories are t o  u r m a 1 i n  e (bluish gray, pleochroitic), m a g n e t i t  e 
and i l m e n i t e ,  little e p i d o t e  and l i m o n i t e .  

The texture is lepidoblastic-porphyroblastic (garnet), the structure schisty. 
In coutrast to the gneissified ortho-rocks of Ranikhet, we found south of Almora town 

a large complex of massive m u s  c o  v i t e - b i o t i t e  - g r a n i t e (Section 6a P1.111). The wooded 
"Granite Hill" shows clear outcrops including its no~thern  contact. The large idiomorphic 
feldspar (2 centimeters) gives the rock a porphyritic appearance. 

Inside the granite mass there are often more basic inclusions with biotite of a pre-granitic 
schisty relic structure. 

The composition of the grauite is as follows: Large perthitic o r t h o c l a s e  and q u a r t z  
of a slightly undulous extinction are the main components. Plagioclase of the o 1 i gb c l a s  e - 



a n d e s i n e type is less abundant. Twin lamellas are usually indistinct. Occasionally the plagioclebe 
shows zonar growth wit11 a somewhat more acid core. M u s  c o v i t e and b i o t i t e  are well defined. 
The b i o t i t e ,  of a pleochroism from hrown to reddish brown, frequently contains i u c l ~ ~ s i o ~ ~ ~  o f  
z i rcon.  Their pleoc~hroitic haloes may have some bearing on the age of the granite. The relatively 
large diameter of the haloes points to a higher age than Tertiary as some Himalayan Granites 
are considered to be. 

The b i o t i t i c i o c l u s i o n s in the Grauite are determined uuder the microscope as re1ic.s 
of b i o t i t e  - p s a m In i t e g q e i s s ,  the muscovite of which only occurs ia fine subordinate sci~les. 

On the north side of Grauite-Hill, the cor~tact is exposed to the mica whist-quartzite 
series of Almora (Fig. 43). 

5 N 

Fic. 43. T l ~ e  ( ;r: ln i te  ( : o n t a c t  S o u t h  o f  A l m o r n .  
1 = Co:lrse granite; 2 -- gr;luilic gneiss; 3 := lenticular gneiss to quartzitic gneiss: 
4 -- nlir.;~ s(-l~isIs; 5 =- 11lici1 srl~ists wit11 garnet ; t i  - -  I I I ~ C B  acl~irrt~ \\.it11 fine qrlitrlz I;~yrrs: 

7 :-- qunrlzit~, 111ri11ly scririte quartzite. 

Towards the contact the massive granite is getting tabular (plattig). Tlie srhislosity 
increases auti the granite passes into a biotite (mrrscovite) gneiss (2). The large orthoclase 
crystals arp hroken up. I.arge ~iniforn~ individuals are lacking. The colltent of p l a g i o  c l a  s e 
soniewhat increases (slightly basic rr~arginal facies). Tlie b i o t i t e ,  contrary to the graoite, s l~o\ \s  
no 1)leorhroitic- I~aloes. 'l'he III u s  c o v i t r is mainly transforn~ed into s e r i c i t r .  Sporadically a 
xrnornorl)hic g s r II e t ocbcburs. The schistosity of the granitic gneiss, still containi~ig biotite and 
rnusc.o\itc~, inc.rr;lses. 111 place of katnclastir strllctl~re recrystallisatio~~ is recognizable. 'l'he 
o r  t h o c. I :IS e for~ns 1:rrge ":111gen" sur~*ou~~det i  hy micas. Thr single scales of ~rlica arc., ho\\evrr, 
not twisled. A 1) a t i t  r is  frequent. Further :ic3cessory I I I ~ I : P ~ ; I I S  are e p  id o t e ,  t i t  a r i i  t e nod 
z i r c o n .  'I'll(. latter is agi1i11 included in the biotite and shou~s pleochroitic haloes. 

Mustaovi te -c luar tz i te  g n e i s s  to m u s c o v i t e - q u a r t z i t e  are formed by an increasing 
amount of quartz. 'l'hey overlie the gneisses described above. Macroscopically they still resemble 
a norl~~:rl gneiss, hut they art. by no means equal to the ~lormal quartzites of the Alrnora zone. 
'I'l~c c111artz grains are interloc-Iced in a lobate shape and show no or very slightly undulouse 
exti~lvlion. 13iotite is 1:icking. a n d  the m u s c o v i t e  irregularly distributed. Together wit11 the 
latter is for~ud a ~ ~ o t h e r  rolourless inillera1 of the appearance of olnscovite, but of much lesser 
birefrigencue 'I'htx refrigenre is like that of muscovite. The n~ineral is biaxial 1- with an 
angle of tllp opticb a\i.i 2 V 2.1 . as again4 45" of the muscovite in the sanle rock. I t  must 
he a colourless c.lllorite, perhaps a 111 e s i  t e cicrording to its optical character. 

'I'he mica sc-hists are formed by a din~irlution of the feldspars and iucrense of the schistosity. 
'l'hcy in no way differ C ~ O I I I  the Alniora types already described. It is an iuleresting fact that 
the higher ~netamorphic garnetiferous schists are found not directly at the granite contact, but 
only outside a zone of quartzite and ordinary mica schisls. 

No undisputable primary contact-metamorphism was observed. The formation of gneiss 
is due partly to ii primary ~nargi l~al  facies of the grauite, parlly to tectonical effects. However, 
the metamorphism seems to be in some connection wilh Ihe granite intrusion. allhough not 
confined to the direct coutact. 



5. Result of an  Analysis and Summary 

Ad analysis of the normal muscovite gneiss from Ranikhet had the following result 
(analyst Prof. J. JAKOB): 

A n a l y s i s  4 

SiO. 
AI?O.i 
Fe?O:l 
FeO 
MgO 
CaO 
NaaO 
KaO 
Ti02 
Pro: 
HzOi- 
H2O- 

M u s c o v i  t e - G n e i s s  

si 424 
a1 49.5 
f n ~  7.0 
C 3.5 
alk 40.0 
k 0.46 
111g 0.15 

T y p e  of hlngrn;~  

4,50 
16 
li 

:3 
45 

v~lrl~ll>it- 
0 .  l i 

Being certainly an ortho-gneiss, the type of magma was determined after the table of 
NI~GLI'. It is thus a l k a l i - g r a n i t e - a p l i t e ,  as shown by comparison in the last column. 

As at Darjeeling, so in the region of Ranikhet-Almora, a certain increase of the meta- 
morphism upwards could be determined. However, the boundaries in the Central Himalaya 
are much better defined. Usually the single bodies of orthogneiss are sharply separated from 
the mica schist series, and the somewhat migmatitic character of the Darjeeling gneiss is 
missing. The difference is also indicated by the analysis. 

6. The  Outliers South of the Central Gneiss Thrus t  

a )  T h e  N o r t h e r n  P a r t  of t h e  A l m o r a - R a n i k h e t  Z o n e  

Of this complex zone traversed in fdur different regions, only the main types or those 
of special petrologic interest will be mentioned, proceeding northward. 

The occurrence of c a r b o n a c e o u s  b e d s  in the mica schist series was partly already 
known to former observers. Microscopically these schistose rocks of black colour prove to be 
of a very simple composition. The main components are elongated psammitic q u a r t z  grains 
of little undulatory extinction, and a finely distributed, granular g r a p h  i t o i d s u b s t  a n c e.  
This pigment is occasionally concentrated in patches. The hardly micaceous rock may be 
called a g r a p h i t o i d  q u a r t z i t e .  

Orthogneiss and partly also basic sills have more and more intruded into the zones north 
of the synclinal graphitoid series. The best exposures are from Bari Chhina to the p ~ s s  of 
Dhaul Chhina (Fig. 21). The average type is a m u s c o v i t e - b i o t i t e  a l k a l i f e l d s p a r  g n e i s s  
(allyengneiss). The large p e r t  h i t i c o r t h o c l a s e  arrests attention. M;~rginally, it is freqllently 
m y r m e k i  t i  c. The a c i d  p l a g i o c l a s  e only shows twin lamellas near the orthoclase. Together 
with biotite and muscovite, it is also found as an inclusion in the lenticular orthoclase. The 
larger plagioclase shows a slight zonary growth. Mu s c o v i t e predominates over b i o t i t e 
The latter generally only occurs in the shape of tiny dark-brown scales. The texture of the 
rock is granoblastic-porphyroblastic. 

Other gneiss intrusions are characterized by large white augen up to 8 centimeters in 
length. This m u s c o v i t e - b i o t i t e - a u g e n g n e i s s  contains more b i o t i t e  and ia I:irgcr indi- 

' 1'. Nroo~r, Die Magtnentypen. Schweiz. Min. Petr. Mi t t .  Iitl. XVI, 19.16. 



viduals. The borders of the large alkalifeldspars are nicely myrmekitized. The occurrence of 
g a  r h  e t was not expected in this rock. 

Similar trains of orthogneiss are also fouud on the !rail lo Binsar. The mineral colnpo- 
s~tion of a t o u r m a l i n e - b e a r i n g  a l k a l i f e l d s p a r  g n e i s s  at Dinapani is as  follows: 

Reticular r n i c r o c l i n e  is frequent. The acid plagioclase is iln a l b i t e - o l i g o c l a s e  wilh 
clear cleavages and twin lamellas. The q u a r t z  is irregularly lobate, little undulalory, but 
with distinct "Felderteilung". The distinct schislosily is chiefly due to the m u s c o  i t e .  Bio- 
tite seems to be lacking. Jn its place there is much tou rma l ine  which is less frequent in the 
rocks rich in biotite. A p a t i t e  and g a r n e t  are found as frequent accessories. 

Associated with this gneiss are rocks with little or no feldspars which, however, resemble 
the gneisses by their same content of muscovite and tourmaline. Apa t i t e  is the main accessory 
mineral. Perhaps these t o  u 1.m a l  i n e - m u s c o  v i t  e s c h i s  t s are a marginal facies of the 
orthogneiss. 

Although only at a short distance from Binsar, the paragneisses and schists of Hari 
Chhina are richer in biotite and poorer in tourmaline. The average type may be called 
g a r n e t i f e r o u s  b i o t i t e - m u s c o v i t e - p s a m m i t e  g n e i s s .  Q u a r t z  predominates over 
a l b i t e .  The latte'r usually does not show twin lamellas. The b i o t i t e  is of a greenish pleo- 
chroism X = pale yellow; Z - olive green. The idiomorphic g a r n e t  frequently shows quartz 
inclusions. The main accessories are c h l o r i t e ,  a p a t i t e  and m a g n e t i t e .  E p i d o t e  and 
z i r c o n  are less frequent. 

Descending froin the Dhauli Chhina Pass to Kanari Chhina, a greenish fine-grained type 
of gneiss was encountered, spriokled with white feldspars. T h i s p o  r p h y r i t i c e p i  d o t e  - 
b i o t i t e - m u s c o v i t e  a u g e n g n e i s s  is more basic than those of Dhauli Chhina and Binsar, 
and tectouically more influenced. The augen are mainly formed of sericitized alkali-feldspars 
(orthoclase). The green colour is derived from the scaly olive-green b i o t i t e  to which are 
associated e p i d o t e , q u a r t z and p l a g i o  c 1 a s e in the granular groundmass. Similar, more 
basic epidotized gneisses were also encountered between Binsar and Takula in the same lower 
part of the great thrust sheet. 

On the Kosi River south of Someshwar and north of Hanikhet, orthogneiss trains were 
found of the same types as those described, iu accordance with their tectonical position which 
is considered as belonging to the same thrust mass. We cannot enter into the many local 
varieties. 

At Chaukhutia, north of the large augengueisses of Dwarahat, and apparently below- them, 
good exposures of metamorphic quartzporphyry were fouud (Fig. 38). The sprinkling of feldspar 
and quartz of the gray schistose rock is recognized even macroscopically. Under the micro- 
scope the q u a r t z  forms large rounded grains of intense undulatory extinction. The o r  t h o - 
c l a s e  is perthitic, more or less idiornorphic and in parts reticularly albitized aud calcitized. 
The plagioclase (oligoclase-andesine), if present, shows calcite secretion. The fine ground mass 
is chiefly q u a r t z ,  s e r i c i t e  and brown b i o t i t e .  

The texture is porphyroblastic, the structure lenticular. The mineral composition too is 
that of a quartz-porphyry, similar to the quartz-porphyry gneiss of Ramgarh. In both cases 
they are probably old intrusions, like those of gneiss. At Chaukhutia it may be a porphyritic 
marginal facies of the gneiss. 

Some words must be added regarding the b a s i c  s i l l s  within the crystalline rocks found 
at Dhauli Chhina. The thickest of them, of about 30meters. is intercalated between greenish augen- 
gneiss south of Kauari Chhina. The sill is not uniform and composed of more or less granular or 
darker zones. The brighter parts are a rather coarse d i  a b a s i c  a m p  h i b a l i  t e .  The massive 
rock shows under the microscope an optic texture of a basic lath-shaped a n  d e s i n  e with 
interbedded large h or11 b l e q d e individuals. The pl a g i o c l a s e forms clear twin lamellas, 
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though being partly altered to e p i d o t e  and k l i n o z o i s i t e .  The large h o r n b l e n d e  is but 
very little pleochroitic: X = pale yellowish; Y - pale olive-green; Z = pale blue-green. The 
extinction is Z c - 24'. The basal planes of the hornblende are finely fringed. Although 
forming large crystals, the hornblende probably derived from augite. Relictic a~igite was not 
observed. Ore is found in the shape of t i t  a n  i f e r o u s In a g n e t i I e with wreaths of leucoxene 
and titanite. The whole composition of the rocks points to a metamorphic d o l e  r i  t i c d i a b a se.  

The darker streaks of the same basic sill are finer-grained and characterized by an en- 
richment of hornblende in place of plagioclase. This d i a b a s i c a m p h i b o l i t e corresponds lo 
the lighter-coloured streaks. The fine-grained h o r  n b l e n d e is xenomorphic and usually somewhat 
zonar, the core being more definitely pleochroitic olive-green. 

The contacts are not clearly exposed. It seems that they are sharp, without showing 
contact nietamorphism. Usually these contacts are rather young sliding planes of local deve- 
lopment, the massive intrusive bodies slipping on the mica schists. 

b )  T h e  C r y s t a l l i n e  Z o n e  of A s k o t  

The gueisses and crystalline schists of Askot overlie the sericite quartzite of Berinag. 
The latter is already so highly metamorphosed that an exact boundary of tlie lhrust cannot 
be traced. The dioritic sills usually found hetween gneiss and quartzite are missing. 

The s e r  ic i  t e q u a r t  z.i t e of Berinag is strongly miciiceous at the border towards the 
gneiss and hardly distinguishable, macroscdpicaIIy, from a superacid sericite gneiss. It is chiefly 
formed of kataclastic q 11 a r t  z .  The size viiries from large augen-like phenocrysts to fine 
psamtnilic grains of the ground mass. Sotnewhat xenomorphic a p a t i  t e and e p  i d o t e are rare 
accessories. (lompared with other quartzites, the undulatory exlinclion of the quarlz is striking. 
It must be in connection will1 the proximily to lhe Ihrusl. 

Large masses of uniform gneiss are found east of 'ral. At about 3 km occurs an 
acid t o u r m a l i n e - h e a r i n g  m u s c o v i t e - a l k i ~ l i f e l d s p ; l r - g n e i s s ,  ahounding in lobale 
intergrown quartz. The perthilic o r t h o c l a s e  is i n  parts reticularly albitized. 'l'he ol i g o c l  a s  e-  
a n d  e s  i n e partly shows the twin lamellas. The m u s  c o  v i t e scales are irregularly dislribtrled. 
T o  u r m a l i n e ,  locally concentraled in the shape of idiomorphic needles, is recognized already 
with the naked eye. 

The average gneiss forming the I)ec:hula (I'oint 7651') is a h i o t i t e - rn 11 s c o  v i t e -  a l k a I i -  
f e l d s p a r  gne iss .  'l'hc mineral co~nposilion is the same as that one of Lhe gneiss described above, 
the occurrence of a chestnut-brown h i o t i t e excepted. 

Besides these acid orlho-granite gneisses, the n o r  t h e r 11 oo n t a c t  z o n e is of speci;il 
interest. It is a tec:tonical' corilact. The hasic sills, which we missed at Berinag, are present at 
Askot. Biotitic garnet-mica schists occur, similar to those of Almora. 'l'he large garnets liiive 
frequently been twisled somewhat after their formation, the holes for~ried thereby are 
filled with quartz. Towards the contact with the quartzite, at the Sirakot 'l'emple, tlie pirnet- 
mica schists are inlerbedded with c h I o r i t o  i d - p  h y l I i t e s. 'l'lieir c h  I o r i t o i d whic:b is or special 
interest, is recognizable even macroscopically as srnwll greenish black scales.  undo^. Ihe mi- 
croscope i t  is distinctly pleochroitic: X --= pale green : Y - sky-hlue; % - .  yellowish gl-eel]. 'l'he 
positive angle of the axis is 2 V - 40' on the average. 'l'he scales ;ire partly sieve-like 1)iercetl 
by quartz. On the other hand the relictic shape points to resorption. Olher inclusions, usually 
known from chloritoid, are lackiug. In their place the polysynthetic twin I;imellas occur, as 
already described from the Swiss Alps.' 
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The bas i c  s i l l s  at the boundary of the quartzite and the crystalline rocks are well exposed 
at Sirakot. They tilay also be found within the quartzite. and :ire usually of uniform compo- 
sition eveu over long distances. Macroscopically, these flesh rocks are speckled white and 
green and resemble a diorite at the first glance. This is confirmed by the microscope: 

The large h o r  u b l e n d  e crystals are of the normal bluish green. They rontain abundant 
reticular inclusions, usually in the centre, of plagioclase and quartz. The plagioclase pheno- 
cry'sts are an a n d  e s i  n e to labrador, with twin lamellas. Small grains of t i  l a n  i t e are con- 
centrated in continuous zones. They rarely contain small brown biotite scflles. The quartz occurs 
together with the feldspar, though it is very subordinate. 

These dioritic rocks observed in the slice are usually massive. Towards the contact both 
the schistosity and the amount of hornblende increase. Most of the basic sills of the Askot 
region are of a similar dioritic mineral aspect. 

The basic sills of the same zone further west, at Thal, are somewhat different and more 
schistose and may be called d i o r i t i c  a m p h i b o l i t e s  (Girtia). The h o r ~ i b l e u d e  is fibrous, 
blue-green aud partly zonar, with a more coloured olive-green core. A basic a n d e s i n e occurs, 
partly altered to k l  i n o  z oi  s i t e .  T i t  a n  it e forms wreaths around the titaniferous m a g n  e t i t e. 
The accessories are a p a t i t e  and locally some q u a r t z .  In the slice the aspect of the rock is 
massive. It seems to be somewhat more basic than the usual dioritic sills. 

Here it may not be out of place to mention also the amphibolitic sills of the sedimen- 
tary series, usually found between the limestone and the quartzite. 

In the tectonical description a sill was mentioned between limestone and quartzite north 
of Badolisera. It is a highly altered d i a  b a s  e .  The lath-shaped p l  a g i o c l  a s e  is obliterated 
by the forniation of e p i d o  t e and z o i s i  t e .  The sporadic clear a u d e s  i n e may have been 
formed later. An almost coloured xenomorphic h o r n  b 1 e n d e is present, together with rudi- 
ments of uralitized a u  g i  t e .  T o u r  m a l i  n e of a dirty violet pleochroisrn arrests attention. 
It may have been concentrated along cracks in the shape of tiny layers. 

West of Bans is another basic sill of 20 rneters at least, the aspect of which recalls those 
of the crystalline zone of Askot. It may be called a q u a r t z - h e a r i n g  d i o r i t i c  a m p h i -  
b o l i t e .  The h o r n b l e n d e  is ragged and slightly yellowish green. The p l a g i o c l a s e  is 
almost entirely transformed to e p i d o t e and k l i n o  z o i s i t e .  Here too. the titaniferous mag- 
netite is bordered by leucoxeue and titauite. Q u a r t z  is distributed in patches. The relative 
abundance of quartz contrasts with that of the amphibolites of Askot. However, the basis of 
the rock is dioritic or q u a r t  z - d i o r i t i  c . The dioritic aspect is more easily recognized macro- 
scopically than from the slice. 

c )  T h e  C r y s t a l l i n e  Z o n e  of B a i j n a t h  

This zone corresponds tectonically to that of Askot. Apart from Bageshwar, the thrusted 
syncline pitches and widens towards the west. Correspondingly, the g r a n i t e - g n e i s s e s and 
o r  t h o - a u g e n g n e i s  s e s south of Gwaldam much resemble those of Askot or are even identi- 
cal. Besides this, the basic rocks are also found again. The marginal granite-gneiss of the 
granite north of Sirkot, and the contacts of gneiss with mica schists and quartzite are joined 
to, or interbedded with, basic sills. Also here the rocks are mainly dioritic. The main sill of 
about 200 meters thickness (Fig. 35) is not uniform. Between massive zones of dioritic aspect 
are green dense layers rich in tourmaline phenocrysts. The latter rock is a fine-grained t o u r  - 
m a l i n e - e p i d o t e - a m p h i b o l i t e .  An ordinary tiny green h o r n b l e n d e  is ragged in con- 
fused distribution. The rare p l a g i o c l a s e is so much altered to clinozoisite that it can no longer 
be determined. E p  i d o t  e forming rather large grains is distributed in nests. The t o u r  m a I i n e 
is almost dendritic end zonar, gray outside and ink-blue inside. It may be a secondary mineral. 



'The more dioritic parts. of the basic zone of Sirkot correspond to a normal a m p  h i  bo -  
l i t  e The h o r n b l e n d e  is zonar. The outside colour is Inore intense; the birifringence aud 
the angle of extinction are lower than at the core. The ol  i g o c l  a s e - n n d e s i  n e is partly 
altered to clinozoisite. The plagioclases cause a slightly ophitic structure. Quartz is subordinate. 

Heside these massive rocks are schistose zones enriched with h o r  n b l e 11 d e in layers. 
The m a g n e t i t e ,  otherwise patchy and relictic, is distributed in trains along those of the 
hornblende. The p 1 a g i o  c l  a s e s with their abundant inclusions are roundish and recall somewhat 
a poikiloblastic, prasinilic texture. Together with the hornblende also c h l o r i t e  in the schis- 
tose layers is observed. 

The original rock of the basic sill of Sirkot was mainly a d i o r i  t e with more basic, 
diabase-like streaks which are now represented by the fine-grained epidote-amphibolite. 

d) T h e  B a s i c  Z o n e s  of A l a k n a n d a  Va l l ey  

TJle wide 'zones of green schists of Karnaprayag are macroscopically not recognized at 
ouce as of basic igneous origin. The conclusion is the result of microscopic study. The lath- 
shaped ophitic plagioclase is conclusive. Layers of amphibolite are less frequently recognized 
macroscopically in the very fiue-graiued rocks which may reach a thickness of 200 meters or 
more (Simli). 

The fine-grained parts are determined as e p i d o t i c  a m p h i b o l i t e s .  The h o r n b l e n d e  
is xenomorphic, ragged and irregular, of olive-green to blue-green pleochroisni. Usually lhe 
chloritisation is chiefly confined to Lhe borders. Curiously euough the p I a g i o c l a s e is an 
a l b i t e - o l i g o c l a s  e and usually lalh-shaped. It may have been originally a Inore basic type 
as suggested by the abundance of epidote. The latter generally forms small grains. The larger 
individuals are yellowish pleochroitic. T i t  a n  i t e too is present, together with plagioclase. Ca l -  
c i t e ,  as an accessory, is considered as having been formed from the more basic ~~lagioclase. 
Quartz is very subordinate. The abundant c h l o r  i t e is a secondary product of the hornblende. 
The latter characterizes macroscopically the schistose parts of the fine-grained rocks and hides 
the amphibolitic origin. 

The coarser-grained rocks are more easily recognizable as e p i d o t i c a m p h i b o l i t e s .  
They usually form layers in the fine-grained rocks of similar mineralogical composition. The 
h o r n  b l e n d e is more homogenous and less pleochroitic. The 01 i g o  c l  a s  e stipulates the 
ophitic rock-character and frequently includes hornblende. The e p i d o t e ,  in large grains, 
is idion~orphic and zonar. C h l o r i t e  is still abundant. I n  this case too the epidote and calcite 
may have been formed of basic plagioclase. This conjecture would account for a d i a b a s i c  
origin which is also suggested by the ophitic texture. 

Two kilometers north of Karnaprayag, anolher distinctly amphibolitic sill is crossed on 
the pilgrimage trail along the Alaknnnda river (PI. I V ,  Section 7a). It is bedded between finer- 
grained schistose chloritic rocks. The microscope reveals a t i t  a n i f  e r o u s a 111 p 11 i h o l i l e .  Its 
large xenomorphic and somewhat leucoxenitised t i t  a n  i t e is formed around titaniferous 
m a g n e t i t  e. The plagioclase is allnost exclusively replaced by clinozoisite and set-icite. 

The huge basic series of Karnaprayag borders on the norlh side a minutely folded series 
of dark clay slates with intercalated quartzitic layers. The slates are microscopically recognized 
as g r a p h i t o i d - b e a r i n g  c h l o r i t e - s e r i c i t e  s c h i s t s .  The green pleochroitic ch lo r i t e ,  the 
s e r i c i t e  and q u a r t  z occur in a similar quautily. The graphitoid is eq~tally distributed in 
fine grains. A bluish tourmaline is found as an accessory. Even the minute folding is visible 
under the microscope. 

Further amphibolitic sills are encountered between Nandaprayag and Chamoli, usually 
i\t the contact of the quartzite and the crystalline rocks. In contrast to those of Karnaprayag, they 



are recognized at once as amphibolites. Good outcrops occur on the trail north of Nanda- 
prayag, also below the gneiss, above and within the quartzite of Chamoli, at a dip of 45' to 
S30° E. Finally, at the mouth of the Birehi river, an amphibolite also underlies these quartz- 
ites, separated from them by augengneiss. This latter amphibolite is different from those of 
K~rnaprayag and even macroscopically of a d i o r i t i c aspect. According to the high content 
of quartz, it has to be defined as q u a r t z  - a m p h i b o 1 i t e and probably derived from quartz- 
diorite. The rock from the lowest part of the Birehi Valley shows under the microscope a b ~ ~ n d a n t  
h o r n  b 1 e n d e of intense pleochroism : X = yellowish ; Y = olive-green ; Z - blue-green. The 
extinction is Z:c = 18". Q u a r t z  predominates over the plagioclase in such a way that the 
latter, an a 1 b i t e - o l i g o c l a s  e ,  is almost an accessory mineral. The rock, in parts with 
scanty feldspars, might even be called a quartz-arnphibolite schist. The feldspar is replaced 
by clinozoisite and epidote. Joined to the hornblende is an olive-brown b io  t i t e. M a g n  e t i t e 
is another accessory mineral. The schisty character of the rock is caused by parallel textured 
hornblende. 

Layers of " H o r n b 1 e n d e - G a r b e n  s c h i e f e r" are found within these amphibolites. This 
narhe is not quite correct, inasmuch as feldspar is still present. The large sheaf-like idiomorphic 
h o r n  b 1 e u d e is intensely coloured: X = pale yellowish green ; Y - dark green ; Z = intensely 
blue-green. The extinction Z, c is about 17". The hornblende stalks are bedded in layers of 
c h l o r i t e  and q u a r t z .  They also contain rather long plagioclase, determined as acid a n  - 
d e s  i n e. The twiu lamellas are fairly well defined. R u  t i l e  is present in layers and as an 
inclusion of I~ornblende. 

The above described quartz-amphibolite was only found on the southern border of the 
Pipalkoti limestone region. Most of the ampl~ibolitic sills from Chamoli to Nandaprayag are 
also at the contacts of the crystalline schuppen with quartzite. Similar observations will be described 
of the contact zone formed by the Main Central Thrust. 



THE CENTRAL HIGH RANGE 

Of this range, forming the highest peaks of the Central Himalaya, we have in part studied 
the three above named massives. 

The Nampa Ciroup (Nepal) 
(chiefly by A. GANSSER) 

This is the least known of the three main elevations. On the original sheet 1" = 1 mile Nr.261, 
the highest mountain indicated as 23352' at 30' lat. N and 80" 581/a0 E is called N a m p a ,  as 
we heard it by the natives of Garbyang. On the more recent map Nr. 62 B, 1" =: 4 miles, the 
same summit is given as  23399' and called Ap i .  As the top is a flat ice sheet, and nobody has 
ever climbed this mountain, these figures cannot be accurate. We have therefore called and 
figured the mountain under the name of Nanipa and given it the rough figure of 7100 meters 
(30, phot. Nr. 60, 79, 81). 

The western part of this massive has been mapped more or less correctly by the Survey 
of India, whereas the South, East and North-East remained practically unmapped and unknown. 
The sketch-map Fig. 10, p. 85 and the panorama P1. I1 of "Thron der Gotter" give an idea of 
the magnificent mountains and crests on the eastern and north-eastern side of the Nampa. They 
form an insurmountable barrier between the main part of Nepal and its north-eastern corner, 
which is only accessible from Kumaon or Tibet. 

a) Tectonics 

The whole Nampa group is dominated by a regional northern to north-eastern dip, usually 
of 30-40". The large Garbyang series which forms the highest su~nmits also is monotonous. 

The basis of the highest sum- 
NE 19919' s~ mit, the Nampa 23399' (7135 

1 :  meters), is formed of the zone 
rich in lime-silicate and pegma- 
tite dikes, as seen on the SW 
side of the Nampa in the back- 
ground of the Api glacier (see 
chapter petrology and photo 6 
PI.VII).The boundary to theBudhi 
zone is well seen on the sharp 
peak 19919' (Fig. 44). 

The large ice cuirass of the 
Nampa completely covers the 

Fig. 44. T h e  Uu.dhi Z o n e  i n  t h e  N a m p a  G r o u p .  rock. It seems that the Budhi 
1 = Zone of biotite-psammite-gneiee and lime-silicates; 2= Phyllitic schist Zone passes Over the SUmmit. 

of the Budhl Zone with biotite porphyroblaets. The rocky walls on the NNE 



side do not show any more pegmatite dykes, one on Nampa glacier Nr. 2 excepted (Fig. 46 
and 49). 

At the basis of the Garbyang series which forms the peaks around the Nampa Valley, 
a green chloritic layer of about 50 meters is found. It could be followed from above Budhi 
towards ESE over the peak 19919' to the NE walls of the Nampa and its eastern side. It is taken 
as the basis of the Garbyang series, while the Budhi zone is regarded as the reduced Martoli division. 

Fig. 45. S e c l i o n  o f  Nampa (7135 meters). 
1 - 3 = Sirdang zone: 4 = Injection-gneiss (Kali zone a); 8 = Aplitic granile, pegmatite and 

1 = slates and limestone; 5 = Paraschists with garnet (zone b); tourmaline-aplite (zone I ) ;  
2 = a~~~phibo l i t e ;  6 = Lime-silicates (zone c and 1); 9 = Budl~i scllists (zone g); 
4 -- quartzite; 5 = Highly nletalnorphic quartzite 10 = Garbyang series (zone h);  

with kyanite (zone d); 1 1  = Green schists of Garbyang series. 

In the background of the Nampa Valley, and especially in the eastern~nost part, the 
Garbyang series is banded by ~ninute repetitions of greenish and yellowish layers similar to 
varves. In the quartzitic limestones diagonal bedding and primary folds, discordantly overlapped 
by ulidistrirbed strata, were also observed, probably caused by subaquatic sliding. Though fre- 
qr~elitly only of the size of some centimeters, such occureuces are widely distributed. 

In the regiou of the N n rn p a g l a c i e r  Nr. 4, sonie quartz dykes were fouud containing 
copper ore (Fahlerz). The glaciers Nr. 3, 2 and 1 carry also rocks from deeper zones. Aplite 
dykes occur, .but quite exceptionally, as high up as the Garbyang series, such for instance as 
that on the lower glacier Nr. 2 (Fig. 49 and petrologic description). 

b) Glaciation 

A p i  V a l l e y  

We called the valley on the west side of the Nampa the Api Valley and ils glacier the 
Api glacier. It fills the space between the Nampa and its southern lower neighbour which may 
be called Api (30, photos Nr. 46 aiid 60). 

The valley is partly filled with old moraine, which is so much hardened that it sticks out on 
the steep slopes up to nearly 200 ~iieters above the actual glacier brook. 

The first ter~ninal ~noraine of recession forms a wall at au altitude of 3670-3700 meters 
(phot. 60, PI. XlX). The next one is from 3850 4050  meters. At an altitude of 4100 meters. 
minialure lakes are fouud iu the block field, poiuting to ice below. Here is the lower end of 
the actual Api glacier. 

Had weather prevented us froin following the Api glacier upwards for more than about 
4 kilometers lowards SSIS. Not far from there, the valley turns round, conling from SW (Fig. 46)'. 

' The nl:ip sheet 62 C', 1 "  = 4 miles s l~ows  a long ice crest from "Api" 23399' towards SW cnlled Api Letch. 
where the glacier flows northward iu a deep valley. 



In this upper part the glacier, to a great extent, is fed from the hanging glaciers on the NW 
slope of the Nampa, and to a lesser extent from the side glaciers from the SW side. The sharp 
moraine crests of the latter are deviated by the main glacier, on the left side of which they 
continue further downwards (phot. 6, PI. VII). 

Part of a large moraine wall is left some kilometers above the end of the Api glacier, 
on its left side, 100-150 meters above the corresponding part of the actual ice, at 4400 meters. 
There are, thus, three steps of moraines in the Api valley, at 3700, 4050 and 4400 meters of 
equal intervals. 



Sampa V a l l ~ y  

In regard to glacialion, the uninhabited Nar~npa Valley is one of the most io;eresling of 
the Central Hiunalaya. Being, however, in a forbidden country (Kepal), the observations had 
to be made in a hurry. 

F o r m e r  G l a c i a t i o u  

Similar Lo the Api glacier, Lhree main moraine stages of recession \\.ere foutid (Fig. 46). 
Near the entrance to the Nanlpa valley, above its jullctinu \vith the Tinkar valley, the 

sediments of the former Garbyang lake (gravels and varvcs) are transgressive over the lotvest 
and biggest :noraine. 

This moraine begins at 32001neters and reaches 3600, thus forming a ra~iipart of about 400meters 
height. It corresponds to the moraine slage of 3670 meters iu the Api valley. 

Attached to the lower palst of this moraine is a secoud stage of nearly: horizontal gravel 
terraces at 3380 meters. \\,hich extend 2-3 kiiometers farther backwards. up to the e t ~ d  of 
another moraiue of, recessiou at 3560 meters. This secoud recession stage is of secondary 
importance: the glacier nas  i t l r ~ a d ~  reduced in thickness. 

In lhe intri-val ot this rnidrlle stage and the uext higher one of 3900 meters, \\hich reaches 
on the right side an i~ltitode of 4000 meters, the moraine of the main valley is replaced 
hy Lhose of the southerrl s i d r \ a l l  e y s . This divisioll of the Na~npa valley is of special interest 
on account of the following observations: 

The inoraines of 3600 and 3560 meters have dammed up a lake i r r  which were deposited 
gravel, sand and clay, similar to tliose of Garbyang. Below the moraine of 4000 meters towards 
west, the Nampa river has cut out horizontal v a  r v e  s in repetitions with sand and gravel, the 
latter continui~iq valleywards as far as the moraine of 3600 meters. These lake deposits reach 
down to tlie rock-ground. They are covered in their middle part with tnoraiue of 100 meters 
thickness (Fig. 47). 

This covering moraine belongs to the first large s i d e g l a c i e r ,  which comes down from 
the summit of Nampa and ends upward in seracs above a rock-wall of 300 meters height. It 
is a fact of special interest ihat it was 
the s i d e  g ln  c i e r  which advanced 
over the lake gravels at a period when 
the main glacier did not reach any 
longer so far. After its three stages 
of recessiou the main glacier retreated 
behind the great moraine of 4000 
ri~eters. Theu followed a 11 e w a d -  
v a n c e .  h u t  o u l y  of t h e  s i d e  
g l a I. I e r s, down into the maiu valley. 
following i l  even for a short distance. 

Exaclly the same pheuomenon 
is found further up on the present 
glaciers. 

P r e s e n t  G l a c i a t i o n  Fig.47. The  Moraine  of n S i d e  G i a c i e r  c o v e r i n g  t h e  Lake  
In the hitherto completely un- D e p o s i l s  of t h e  N a ~ n p a  Val ley .  

kuown N~~~~ valley four southern 1 = Gravel, sands and clay with varves; 2 = Moraine of the 
side glacier fro111 south; S o  =- Firsl northern fiide glacier of 

glzciers were found' the Nnmpn (numbered 0 as i t  does not reach the main vdley) 
frcm W E, Fig. 46, 3 = Garbynng series, Carnbripn. In the bachground is seen the 

the main glacier n9 more exists. moraine of 3900--4000 meters of the rnain Nampa glacier. 



XI1 these glaciers are covured with upper moraine up to nbout 4500 meters -.vhere the 
ice full (G]ctscherbrr!cll) begil:s. On all the four glaciers, this ice fall is at the s a  11le l e v e l  
fro111 4.500-5000 meters. Above it follows a glacial terrace of 5000 meters, which may correspoud 
lo the .surfnce of the mail; glacier iu Fleistocene time. The block-covering from above begins 
iu o striking \vag on all four glaciers, just below the ice fall, although there is uo visible 
supply of scree from tlie sides. 

G l a c i e r  K r .  1 deriving frorn the circus (I<essel) of the east wall of the Nanlpa flows 
r c ~ ~ i ~ ~ l a r l y  iuto the lrlaiu valley where it expands undisturbed by a former main glacier on the 
al~nost level ground, so that the glacier becomes subdivided into !hree branches with intcr- 
~llrtliatc ~noruiues (Fig. 48). 

The glacier ends at 3770 rneters arid nearly reaches towards west the  big moraine 
(4000 meters) of the forlner ~ n a i n  glacier. It is this ~noraine  which dammed the present side 
glacier and c-aused also its spreading, with a hrar~ch v;~:ley-rll)wards. 

G l a c i e r  N r .  2 tloeS no1 at present reach Nr. 1. 11s snout is similar to t h i ~ t  of Nr. 1, 
although it is slightly deviated hy Nr. 3 inspite of thc tl~~plici~tiort (I'liol. 57, 1'1. XXI). 

G l i l c i e r  N r .  I1 flows uniformly down to the main valley following i t  until becorning 
o v e r  r i tl d e n  by Nr. 2. 'She large right laterill moraine of the latter tr ;~verses the whole 
glacier Nr. 3, which is ahorlt 30 rneters lower . than glacier Nr. 2. 

In exactly the same wily, g l  a c : i  e r N r .  4 is overricltlen by Nr. :(. 'l'he right side molaine 
of Nr. 3 crosses the whole glacier Nr. 4, and herk loo the untlerlying gli~cier is i~bout  20 - 30 meters 
lower. 'The glacier river of Nr. 4 lei~ves the glal.:ier for :I short distance and disappears agaiu 
below the r i d i ~ ~ g  glacier 1Jr. I). 

'rhe gl:lcier river of Nr. 3 has a narrow passage betweer2 ihe rocks an0 tJ~e i f - c ~  of Nr. 2. 
Both glaciers, Nr. 3 and 4, flow tiow11 towards north and then turn to west. The 111nin glacier 
thus does not exist any tilore. In  i t s  p l n c e  a r e  t h e  l o n g u e s  of t h e  s i d e  g l i ~ c i e r s  o f  
\ v h i c h  t h e  w e s t e r n  o n e s  o v e r r i d e  t h e  e a s t e r ; ~  o n e s .  



The large lateral mo- 
raines of the different gla- 
ciers do but rarely reach 
far out into the valleys. 
Usually the avalanches of 
the exceedingly steep slo- 
pes destroy the ramparts 
or fill them up, forming co- 
nes from which the glaciers 
are fed (Phot. 57, PI. XXI). 
Where thelateral moraines 
are preserved, they form a 
crest up to 40 meters 
high, sloping off abruptly 
from the glacier, whereb jr 

the surface of the glacier is 
always more elevated thau 
theouterfoot of themoraine. 
There, small lakes may be 
found, especially along the 
left lateral moraines where 
they turn into the main Fig. 49. T h e  N a m p a  G l a c i e r  N r .  2 o v e r r i t l i ~ ~ p  Sr. 3 
valley, and at the junc- t. ..... = 'Tourrnaliue-aplile; rn = Moraine. The rock walls :we made o f  Ille 

tions, where the left la- Gnrbynog aeries. 

teral moraine of the underlyi~g glacier pushes on the right lateral moraiue of the west en^ 
riding one. Only iu this place where so much snow with scree is brought down the glaciers 
seem to touch directly the side walls of the valley. 

On the glacier side of the lateral moraine, the crest is subdivided. Inside the highest crest follow 
several more subordinate crests of decreasing height. The following striking observation \\.as made: 

In the lower part of Nampa glacier Nr. 1 there are 4 crests clearly recognised on the right side 
of the expanding glacier, cdused by three periods of recession aud stagnation. The moraines of 
glacier Nr. 2 (Phot. 57) have 3 crests at the most, and Nr..4 usually shows only one undivided interior 
face of the lateral moraine. It is the highest one, where the glacial changes had less influence. 

The Nanda Devl Group (Kumaon) 
Nanda Devi with its two peaks of 25645' (7820 meters) and 24391 (7435 meters) is the 

highest mountain of the Central Himalaya. It was ascended on August 29th 1936 by the 
Anglo-American Expedition. On the geological map of the Himalaya (in 8, 1934) the Nanda 
Devi and Nanda Kot groups are still erroneously indkated as "unclassified gneiss". 

Eastern Section (by A. GANSSER) 

a) T e c t o n i c s  (P inda : -Tra i l l  P a s s )  
In order to explore the structure of this highest summit, the so-called Traill Pass on the 

crest between Nanda Kot and Nanda Devi was traversed, departing from Martoli (PI. 111, section 6c). 
This village is situated ou a gravel terrace more thau 200 meters above the Gori river. 

On its western side a former epigenetic gorge was found, filled in with gravel. 
From Martoli towards west, the Lwanl Gadh offers excellent exposures up to the unnamed 

glacier which descends from the NE side of the Traill Pass and is fed by the main side glaciem, 
one descending from Nanda Kot, the other from the eastern summit of Nanda Devi. 



' rhe surrounding of Ma'rtoli is situated on the Martoli series, nlade of sornewhat folcled 
i c i t e  - p h 11 i t  e \flilh sjnall quartz veins, which cross the stratification in the direclion of 

the cleavage, at an angle of about 60'. Quartzitic and always sericitic la)-ers are  i~ l so  inter- 
bedded. The lo\ver part of Lwanl valley follows the west~1.n strike with a variable dip. Wes: 
of Martoli, the dip is towards south, then SSW. 

Toit7ards the glacier which will be called Livaul-glacier, tlie valley turns towards SW ar~tl  
the strike to WNW. At the glacier tongue, at 4200 meters, lhe tiip is to N and NNlL 'rhc 
phyllites there are rnore quartzitic and somewhat calcareous, recalliug tlie series at Garbsang. 
Both sublime summits. N a o d a  K o t  a n d  N a n d a  U e v i ,  a r e  m a d e  u p  of t h e  l i t t l e  r n e t a -  
m o r p h i c  s e d i m e n t a r y  M a r t o l i  s e r i e s .  

Above the western side glacier rises more than 3000 meters high the imnieuse eastern 
wall of the eastern Nanda Devi Peak. Inspite of ice and  much fresh monsoon snoiv, the geuerri! 
stri~c.ture could be plaicly observed. Nanda Devi forms a wide syncliue of c ;I r 1) o n  a t  i c: 
(1 ti a r t z i t e \vith sericitic phyllite layers. Two a p 1 i t i c tl y k e s were recwgnized o ~ r  t l l r  e;rsteru 
summit esclusivel!.. ..\]I rock types are assembled on the moraine helow lhe prt:at ~:ocl< ~vnll (Fig. 50). 

Only on the soulli side of Lhe 'l'raill 
Pass, real metarnorl)hics occirl.. Nanda 
Devi is thus not ~nadt :  of "~rurlassifietl 
gneiss", as  111a1)l)ed by GI~IKSIL\(:II and 
copied in later puhIic:ations, hut of tlie 
sedimenta1,g Marloli series, ivlrici~ is 
here of a similar facies as  the younger 
Garbyang series. 

Similar conditions prevail a t  Nandir 
Kot, which, 011 :~ccoulil of lhe ESLS strike, 
is built of somewhat deeper and rnore 
lnelalnorphic strata, rorresponding to 
those of the Trail1 I'ass, which carry 
already bidi te  porphyroblirsls. (See pe- 

Fig. 50. T h e  S t r u c t u r e  o f  N a n d a  D e v i - E a s t .  trogrnphic parl.) 
1 = Gray quartzite wiHi eericile quartzite; 2 = White quartzite, 
localiy folded; 3 = Dark slales (?); 4 : Sericite yliyllile will1 Or? the eastern 1,wanl glacier c:olning 
yellowish carbonalic and dolon~ilic quartzitit: sandstone layers; from Nanda Kot, ltlrge blocks of c o  n - 

6 = Dykes of tourmaline aplile. g10 m e r  a t e were found. It consisls O F  t i  

greenish quartzitic groundrnass in whicll 
globular to oval pebbles, of a palish pink quartzite, up to the size of a head are  elnbedded. They 
are  partly solnewhat stretched. According to the size of the blocks, the corresponding layer niusl 
be a t  least 10 meters thick. The conglomerale recalls sornewhat the Ralam conglomerale which 
belongs to a lower series. Nothing could be seen of the conglomerate on lhe wester11 rock w:rlls 
of Nnnda Kot, not only because of the ice cuirass, but also on account of the fresh snow cover. 

l'he proper metn~norphosis begins in the steep rock-scarp above the I'irrdari glacier, soulh 
of the '1'1.aill Pass. Small scales of biolite are found in the quartzose sericile phyllile. When they 
are gettitlg largilr alltl more freclueat, \Ire come to the Budhi schists wlith lheir hiotite 1)orl)hyro- 
l-~l;rsts. Then fo110ws the garnet. 'l'he quarlZ veins carry stalks of kyanite. Feldspi~r appe;trs 
and leads on to the biotite-psamrnile gneiss, which is pierced by ~ ) e g ~ n i ~ t i t e  veins ( w e  I'etrology). 

The whole large series of gneiss, with intercalated meta~norphic qunrzite, reaches down 
to Loharlthet. The thickness, according to the regular dip of 30' to NE, is about 10 kilometers. 

At Lohi~rkhet, the mighty augenglleiss, after an intercalation of some meters of a~nphibolite 
with little plrrgioclase, overlies couformably a quartzitic series of about 1100 meters. 'l'he 
[luartzite forlns the precipice to the upper Sarju valley. It is remarkably pure and well-bedded, 



diplbing 35" to NE. The bi~sis is Inore greenish and contaius here and there thin layers of 
fuchsite. 

Willi iI s h n ~ p  boundary the quarlzite overlies a green clil'orite schist, derived fronl a 
basic sill, underneatli \vI~ich fol!o\v slightly ~i~eta t r~olpl i ic  argillilceous slates. 'l'lie latter pass doivn- 
iviird iuto c.i~lsareous shales. 

Tlle dip ol' 35 40 towa:.ds NNK is sho\\lu on isolated thin quartzite intercalations. The 
contact of l l ~ e  clilorile schist aud the slates is not exposed. The occurreuce of basic sills 
between slale nud quartzite aud between quartzite and  gneiss recalls the Kali seclion ou both 
sides of the zone of Sircii~ng. 

About 5 6 kni soutli of Lohnrkhet, the ci~lcareous slate is auderlaiu with n sllarl) boundary 
by yellowisli dolomite ~vi th  spuri~dic layers of sericiie schists. The basis is tnort3 massive. gray 
hlue illid bdnded, t h r  >.;.llo\v bauds becoming subordina'e. Tlle main coiislituellt of this large 
series is tlolonlite. 'L'o\vi~rds lllc basis the ~lliuutely billided do1on:ile is darh gray ; ~ n d  iutensely 
folded in dt.ti~il, \\.liic-li nlay partly be of syllgenetit origin (5ubaq11il;ic sliding'?). 

' f l ~ r  r~liderl j . i~)g slriil;~, dipl)ing 45 to NKE, ;ire rn:~iul;\. t a l )u l~v  lialestones. reclilliug and 
al)parrnlly I ~ u i i ~ g  i<roi. h1i11-e to\vartls south, the whole series stc,ep~ns. Below tlie huge car- 
honiltic. svries of about :I liilotneters thickness follow tvitll a sllarl) ho~l~idi l ry  about 100 t i~etcrs  
of bli~cl<, s o r ~ i ~ \ v l i i ~ t  rusty \veiitliereti slates \\.it11 scllne sericitic s t ~ e a k s .  dippi~ig (i0 to NE- 
011 Ihc sn1i111 hill norlh c)f I i l~ i~rbngar ,  where the trail culs off n bellti of the Sar:jo river. 
finely banclctl yello\v  lid g r q .  dololi~ite is i~gain  found. Apai-I from Illis I~ill, \v l~err  tlie strata 
are verlic:nl tl~ougll still of lllr ailnlt r~ortil-\vestelm slrike. the dip is lowards SM'. as  seen in IIle 
direction of Ihe river colnirlg ft-onl Silma.We are  therefore facing here another peculiar iuitic.linc. in the 
shape of ;I fa11 ol~enitig do\vu\vilrds. Indeed. tlie black slates a re  repeaied with rc dip of ti0 lo SR'. 
auil thereupon agiiin follows the huge series of doloaiite arid limestoue. with i\ soutll-\veslero 
dip dowu to beyot~tl Kapkot. 

G l a c i a l  Observations 

Clilnbiug over lhc 'Trail1 I'iiss. t ~ v o  n~iiiu gl;~c.ier-s \\ere traversed, the I,\valu $lac-ier on 
the nor t l~  and llie l'it~dari gl;icirt ~ I I  Iht. sc111t11 side. 

'I'lir glacier \\~liicli we cilllrtl iif1t.1. lhe I.\valti valle!. Iias its collrcling gro~111(1 at  Si i~lda  liot 
and Nal~da 1)evi-1Sast. 'The snout of Ll~e I)ri~uc.h fronl N;~nda Dtwi r e~n i l i t~s  2 3 kt11 1)tnl1i1ld tht, 
n ~ i ~ i u  gli~c.icr. 'l'lln i~ltiiost flat interval is at  4300 meters. The terlnination of the niain gli~c-ier is 
5--G kni farlllel- NW ill 4200 aielers. 11 is therefore iilniost flat in its lower parl. 'l'holigh iuler- 
rupled by the Nandil 1)evi branch, it is still in conueclion wilh that from Nnnda Kot. The collecting 
suow field is very large. 'l'his explaitis its north-ensteru conliuuatiou over that flat space of the 
valley. This lower part is of special inlerest: it is framed by large sharp  lateral mol-eiues altaillil~g 
a height OF 100 meters. 'Flit: ice is :llrnost 100 ~lieters above the  prese~i t  valley bottom and 
flows like i1 river belweeu tlie dams. At the 
snout (4200 ~ne te r s )  the  gli~c.ier river appears 
i~houl  20 meter. above tlie valley hotto~n, 
sllowing lliil! t h r  ice is swimming 20 meters 
l~igli  ul)on the o\vn grouud 111oraiue (Fig. 51). 

The old topogri~l)liic niap 1 "  - 1 niile. 
thougli reniurltable for tlie lime, is very in- 
accurille in this region, illso I-egarding Ihe 
fanious l'ititl;~ri glacier. It does not convey its 

1 

proper position and shape. I 

t~ I'ig. 51. Trnt~sverse Section of l l ~ e  I , w n n l  Glacier. 
1 Iiv l'ilidirri also has lwo niaiu collecting , _ ice; moraine; = Old moraine 

grounds: the weslward one is tlie circus to- and gruvel; J = Rock (hlartoli series). 



wards the Trail1 Pass, the eastern one is on the south side of Nanda Kot. The end of thc Pindari 
glacier frequently visited by tourists, was found at 3700 meters (barometric). 

.In the Pindar valley, as well as in the Lwanl, no distinct olaer moraines were found. 
The last moraine-like deposit of the Pindar valley was recorded about 3 km north of Kati, at 
2300 meters. This stage may correspo~ld to that of the Kali at about 2150 meters. 

Western Section (Dhauli-Risbi Cfanga) 
a) T e c t o n i c s  

On the north side of the Kuari pass (p. 45) the Dhauli Ganga has formed a deep valley 
in the shape of an arch with its convex side turned to the south, first making a transverse 
section and then cutting a longitudinal valley down to its confluence with the Alaknanda at 
Joshimath-Vishnuprayag. The rocks are mica schists with quartzite layers, alternating with 
real biotite gneiss which becomes predominant towards Joshimath. The dip is 20" to N and 
NNE at the Kuari pass and gradually steepens up to 45" towards N. (Fig. 37,52.) 

About 2 km below the mouth of the Rishi Ganga, the trail passes over a spur of gneiss 
with muscovite, biotite and kyanite, together with layers of marble and limesilicates dipping 
38' to E25N. 

In the Rishi gorge the mica schists, full of garuet, still dipping 30°, strike to S30E,  and 
on the north side of Nandakna, already seen at a long distance, the strike is even S 15 E. The 
strike from Joshimath forms thus a wide arch, turning from nearly east to nearly south. 
Joshirnath lies in the prolongation of Nandakna. 

b) M o r p h o l o g y  

The lower Dhauli and the Rishi gorge are interesting on account of their mnlpholog- 
ical features. 

Mountain Slips 

All along the north of the Kuari pass, the Dhauli, in its north-wcstern course, has been 
forced to the right, so that this side of the valley is formed of steep walls. This is not caused 
only by the dip of the gneiss and the mica schists towards NE, but especially by an almost 
general slipping of the left valley side ou the micaceous bedding planes. Joshimalh is situated 
cjn a slope of bloc!:s which extends 5 kilometer to the SE. 

The next mountain slide is crossed by the same valley trail at  Dhak (Topogr. map 
53N,1" = 4 miles, 1936). 

NE Dhauli-G. Domban 
I800 m /256/'  

L m zoo0 met.  1 
Fig. 52. T h c  K u a r i  M o u n t a i n  S l i d e .  

G = Gneiss; M = Mica schists; Q : Quarzile; A = Amphibolite; L = Marble; 
ma - Slided scree; rn = Moraine (7 ) ;  g = Gravel terrace. 



The largest and longest landslide has its origin on the mountain crest a1 4000 meters, east 
uf the Kuari pass. We shall call it the K u a r i  S l i p .  The leugth from S to N is 8-10 kilometere, 
the width up to 3 kilometers. The average thickness being estimated at 150 meters, the volume 
would be about 2,3 cubic kilometers. 

This Kuari slip is partly covered with fir timber and in places is cultivated A I I ~  inhabited. 
Several small villages are situated on the stream of scree. Besides the artificial terraces on 
which wheat, barley, mill, corn, amarauthus are cultivated, there are also indications of river 
terraces along the Dhauli. As seen at a distance, it further seems that {here is moraine below the 
slided material. The whole appearance is that of a pre-historic and perhaps inter-glacial slide. 

Lack of time prevented us from climbiug over the right side of the valley. It looks as  
if the terraced green triangular ridge which rises nearly 300 meters above the right side of 
the Dhauli were forming the frontal part of the Kuari slide (phot. 53, PI. XX). There, part of 
the old valley is filled with moraine and slided scree. In cutting accross the great barrier 
wall, the river did not strike its old way again, but has cut au epigenetic gorge into the mica 
schists and quartzites above the bridge of Tapoban. The filling of the old valley is especially 
suggestive as seen from the east side of the frontal wall of the slide, shown in Fig. 53. 

Farther up the Dhauli, more slides, 
5 &)haul,' Dhdul; partly mixed with moraine, come from anc course 

N 
eptgen. y. 

the southern valley side. 011 the last one 
we stepped over is situated the village 
of Lata (2350 meters). Lookiug towards I 

the N from the Lata crest, we noticed 
in the Dhauli a fjordlike sandy valley 
bottom, of several kilometers leugth. It 
must be a lake filling, caused by another 
mountain slide or by a late pleistocene 
moraine. 

Moraines I I 

Fig. 53. T h e  e p i g e n e t i c  G o r g e  o f  I11e D11;luIi 
The Rishi Ganga forms the only s e e n  f r o m  111e E a s t .  

issue great Nanda Devi glacier M = Mica schists; Q = Quartzite with a layer of chlorilic 
basin. We thus expected to find moraines amphibolite; G = Gneiss; rn = Moraine (?); g - Gravel terrace: 
farther down the valley than usual. How- rns -- Alountain creep. 

ever, the intense water erosion has removed the greater part of the former glacier deposits. 
This is the case along the Dhauli up to Tapoban. Above the bridge of this village, along the 
trail on the left side of the river. several outcrops occur, of a material resembling ground 
moraine. But we looked in vain for striated pebbles. 
In places malerial is hardened and sticks to even NW 
vertical rock sides. 

,Just above thc mouth of the Rishi Ganga, which 
carries about half as much watcr as the Dhauli, the 
remains of a great barrier of ah0111 200 meters height 
cross ths Dhauli valley. It is formed of gueiss on the 
left and of moraiue or transporled slide material on 
the right side of the 1)kauli gorge. (Fig. 54). 

We are again iu prese1ic.e of an epigenetic gorge, 
similar to that 4-5 kilometers farther below. The Fig. 54. T h e  D h a u l i  H a r r i e r  a b o v e  t h e  

block material is heaped up at the corner of the former :+lout11 o f  IIle H i s h i  G a n g a .  

Dhauli aud Rishi glaciers. G = gceiss;  In -= moraine (?). 



Fint~lly, below t l ~ e  walls of Latn 
12621', the north side of Ihe Rishi 

- -9 S 1%' 
gorge i5 fo!-met1 of rnori~inc. I I ~  lo 
,300 1netel.s almve the river, \\.ill1 an 
intrrn~etl i ;~Ie gravel hed (Fig. 55). As 
we f o ~ i o d  such an interv:~l \vithiu the 
moraine deposits also in other valleys, 
the gravel may be regarded as  Inter- 
glacial, or interstadia1 within the Wiirnl 

Fig. 55. T h e  1 ' l e ; s t o c e n o  ( ; la l . i : t l  
L ) e p o s i t s  i n  t i le I . o w e r  R i s l l i  G o r g e .  

L I 1 . . l . I L . l  G -= Gneiss; hl = Rlicn scl~ists \\-it11 garnet; 
0 tn = Hardened g r o ~ ~ n d  ~ l l o ~ ' ; ~ i n e ;  

g = Gravel Inyer. 

The Badrinath Group 

The  Upper Alaknanda 

We first continue the description of p. 52 by means of section 7 b  PI. IV. This part of 
the section is a projection towards the W according to the average strike above Joshirnath, 
which is mainly E W. 

Descending to the gorge a t  Vishnuprayag, the gneiss is exposed below the  slided block 
field. I t  is biotite gneiss with minute f 1 u i d a1 f 0 1  d i 11 g,  of the Darjeeling type. Above it, also 
regionally dipping 45" to NIOE, follows a repetition of highly metamorphic mica schists and 
paragneiss with injections, of the following approximate thicltness: 

a) 1200 meters of chiefly mica schists with garnet ;  

b) 400 meters of chiefly gneiss; 
c) 700 meters of chiefly mica schists with garnet ;  
d) 9400 meters of quartzite with subordinate mica schists. 

With slight c,hanges of the strike, the dip of this enormoils mass of well-bedded quartzite') 
varies from 40-70". No indications of tectonical rept i t ions  having been fo~lud,  we are forced 
to consider it as a normal succession! Only above the wciterfall of Icaliankoli, beljveen the 
two iron bridges, the rock changes into a highly metamorphic setli~nentarg series with injected 
augengneiss, characterized by lime-silicates. The dip is 55-65 to N15lX4. 

The next subdivision sets in with a series of q~rartzitca and lime-silicates, injected and 
interberlded with gneiss and amphibolitic layers. The latier (:an also be traced 011 :he \\-alls 
on the west side of the valley by their rusty weathering. 'I'l~is series shows ~n inu te  zigzag folding. 

The two last s~~bdivis ions  have a thickness of aboul 1,s kilolneters. 'l'hc Lrwil follo\viug 
the east side of the Alakoandii now enters moraines. As see11 from Ihe distance, on the high 
walls of the western side, the injected series with lime-siliccte layers coulinues iiotl gradoally 
steepens to a vertical and even over-vertical position, in the shape of a synclinal f a n .  Its 
vertical axis, striking W20°S, passes the river below the  bridge of Hamaoi, 1.5 to 2 km south 
of the temple of Badrinath. There, the succession towards the  Korth is as  follows: 

' ,I. B. ADDEN (4) alreadg drew attention to this enormoua hody. 'Talcing an  nvrrnge dip of 45", he obtained 
32,000' of the "grrnulitic series" fro111 Virhnuprayag to l'ainor (= Pnndor'?). 



a) Biotite glieiss and mica schists, about 80 meters, dip 80' to S30E;  
b) Banded lime-silicates, about 100 meters; 
c) Gneiss and gueiss-quartzite, dip 60' to S25  E; 
d) Highly metaninrphic sediments with injected gneiss and calc-silicates forming a flat 

anticline, of 10-20' pitch to W 15S, thickness about 1 kilometer. 
Hevielving the Alakl~atlda section from the thrusted basal mica-schists and gueisses at 

Urgaln valley up lo Badrinalh, we find the three following huge subdivisions, of which the 
first two are apparently in a normal succession: r - - -  -- 1 

1) i ,8 km ~nica schists and gneiss: 
2) 9,4 km quartzite ("granulite"); 
3) about 4 km of injected paraschists character- 

ized by lime-silicate layers. 
This latter series, above Mana and thence to 

the West, becomes to a great extent replaced by 
granite with aplitic dykes and sills. 

b )  M o r p h o l o g y  

Above the mouth of the Dhauli at Vishnuprayag, 
the gorge of the Alaknanda not only continues up- 
wards, but even becomes Inore tremendous. As seen 
from Joshimath towards the North, the convex walls 
seem to leave no more room for the river, as  if they 
had been caused by a fault collapse. But the traveller 
soon finds himself on a well maintained gently rising 
trail between the shady walls. They exactly corre- 
spond to each other on both sides and leave no doubt, 
that this transverse gorge is also exclusively formed 
by river erosion. The hard quartzites, for 10 kilo- 
meters, seem to have been Cut across as easily as Fig. 56. The  A l a k n a n d a  G o r g e  a c r o e e  g n e i e e ,  
the mica schists and gneisses (Fig. 56). ~ i l i c a  s c h i s t  a n d  q u a r t z i t e ,  s e e n  f r o m  Josh!-  

The valley widens towards Pandukeshwar. Se- m a t h  t o w a r d s  t h e  n o r t h .  

veral small mountain slides have come down from both G = Gneiss; M =  Mica schisls withgarnet; Q = ~uartz-  
sides of the valley, and have dalntned the river. A flat ite7 = "ishnupragag; = 

trail to  Rndrinath. 
step about ' / a  kilometer in length still shows this effect. 

Not far above it, 2,3 kilometers from the pilgrims' halt of Pandukeshwar, we reach the 
t e r m  i u a l m o r a i n  e which probably corresponds to the alpine Wiirrn stage. The small village 
of Patri, on the east side of the Alaknnnda, lies just below the rnoraine wall, which seems 
to pass over to a low gravel terrace. The elevation above sea-level, taken with the aneroid, 
is 2030 meters. The end of the ice was at an altitude of 2000 meters. 

With some interruptions, caused by side stream erosion, the lateral moraine can be 
followed on both sides along the river. At first the ridge rises more rapidly than the river. 
Then it runs parallel to it. At 1,5 kilometers from the end, the left moraine is ,50-60 meters 
above the river. Thence the right moraine too is preserved. The trail follows its crest through 
jungle. On it we noticed a large block of quartzite, with diagoual glacial striation. The valley 
is still narrow, the two corresponding moraine ridges being only about 250 meters apart. A 
wall of quartzite in a side valley, coming from the right, shows striation made by the side glacier. 

At Lambagar, the quartzite rocks project like n spur towards west and show some stria- 
tion on the vertical walls. Above the hanging bridge follow a typical ground moraine and 

MBm. do la Soc. Helv. des Sc. Not. Vol. LXXIII. Arnuld Heilu and August Gansser: Central Himalaya. 10 



another spur of quartzite with well preserved striation of the rnaiu glacier, hut over a small 
space only, at about 30 meters above the river. On the whole, the polish is scarce aud poor, 
although the quartzite would have perfectly preserved it. 

Opposite the lollgitudinal Khiraun valley, the trail makes a curve over the blockfield of 
a wide mountain slide coming f ro~n  the east side. It is of the shape of an ordinary fall aud 
seems to be post-glacial. A little farther on follows a moraine hill at about 2530 meters, some 
60 meters above the river1. It seems to present a stage of recession and to be in connection 

with the waterfall of Kaliankoti (- Hanuman 
E ':'-;' A loknanda W Chatti), above which extends a level step of 

the valley-floor (Talstufe). 
Apart from about oue kilometer above 

the second iron bridge after Kaliankoti, the 
trail enters into moraine and scree of land- 
slide in which it remains as far as Badrinath. 

The moraine reaches about 200 meters 

u 
above the river. At 2880 meters it is inter- 

C . - .. . 20 met. bedded with horizontally stratified v a r v  e s  . of micaceous sandy clay, recalling those of 
Fig.57. V a r v e s  w i t h i n  t h e M o r a i n e  of  t h e  A l a k -  theKaliriver.Thisdepositisabout10meters 

n a n d a  a b o u t  2 kin s o u i h  of t h e  B r i d g e  thick, and is regarded as an interglacial or 
of  B a d r i n a t h :  interstadial lake deposit (i of Section 7b, 

In = Moraine; v = sandy clay with varves (lake deposit) PI. IV and Fig. 57). 
Further down no subdivision of the moraine was recognized any more, whereas further up 

the varves are replaced by gravel with which the former lake, at its upper end, was filled 
before the glacier agaiu advanced over it. 

After an arduous climb in zigzag over the upper moraine, the traveller reaches the great 
"dam" at Ramani, 3100 meters, behind which extends for  early 4 kilometers the flat and 
widened valley section (Talstufe) of Badrinath. 

The little time at our disposal was not sufficient to determine whether the wall of Bamani 
is a mountain slide or a retreating stage of ~noraine. It may be both - a slide upon the moraine, 
similar to that of Garbyaug. 

The Alaknanda, from Badrinath (3080 meters at the bridge) to ~Mana (3170 barometric), 
i. e. on 3,5 km iu a straight line, has only a gradient of 5,6"/o, whereas below the dam of Bamani 
it is about 1 5 " ' ~  on an average over a lenglh of 3 kilometers, and even much more directly 
below the dam. 

Another great barrier, cut across by an epigeuelic gorge, follows above Mana. 
The transverse vi~lley of the Alakoanda, similar to that of the I<ali, is tllr~s far  from being 

balanced. Its course is irregular and wild. 
Probably the dam of Ralnani once formed a lake during a short period. It was filled up 

with gravel (Staaschotler). North of the bridge of Badrinalh, the terrace of coarse gravel 
reaches about 30 meters above the river. The pebbles of gneiss are usually of the size of a 
head. At the bungalow, on the west side of the river, the gravel is (:overed by moraine. The 
widened valley of Uadrinath, moreover, is filled with recent mountaiu .slide material and fall 
deposits which came down from both sides, covering the older moraine and gravel deposits. 

Thanks to His Holiness, the high priest of Badrinath, we were allowed to visit, bare-footed, 
the sacred h o t  s p r i  n g s .  The place is just below the temple and 10-15 meters above the 
river. The temperature measured 55 centigrades. We estimated the total quantity conducted 

Tlie height of the moraine in Sect. 7b, 1'1. 1V is slightly exaggerated. 



into different basins to be 4 liters (about 1 gallon) per second. The water only contains traces 
of HzS, but much lime which forms the sinter down to the river1. A second but smaller 
spring comes to the surface 50 meters further south. I t  may be merely an offshoot. The quan- 
tity is only 5 liters per minute and the temperature 27 centigrades. 

The Region of Satopanth- and Bhagat Kharak Glaciers 

a )  T e c t o n i c s  
(Topogr. map 53N, 1936) 

Following the old lateral moraine on the north side of the holy Alaknanda west of Mana, 
we come north of the ice caves to high walls (Pabeigorh), made chiefly of white m a s s i v e  
g r a n i t e ,  extremely rich in black crystals of t o u r  111 a1 i n e (Phot. 51, PI. XIX). Granite with 
pegmatitic and aplitic dykes have, to a great extent, replaced the metamorphics. The latter, 
on the north side of the Alaknanda to the north of the Narayau Parbat, dip 30" to N20W. 
This position prevails along the Satopanth glacier east of the Kunaling, but it turns towards the 
Badriuath, where the dips are 5-35" to N 20E. The strike of the rnetamorphics forms thus 
an arch over the Satopanth glacier, with its convex side to SSE, turning from SSW to W and 
WNW. Gentle dips also prevail north of the Bhagat Kharak glacier. 

Climbing over the north walls of this glacier, at an altitude of 5500-6100 meters, we 
reach the first stratified rocks upon the graoite. It is a black graphitic biotite schist, of a 

Fig.68. B h a g a t  Kharak G l a c i e r . l o o k i n g  t o  t h e  W e s t .  
bs = Basal metamorphic sedimentaries (Biotite schiet) upon granite. 

' When His Holiness asked us, it there were also stones that are growing, we could juet show him this 
sinter as a growing stone. 
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north-eastern dip of 10-35 , \\~hich strongly contrabts \villi llie ~naksive white granite below 
and above. It is already recognizable from below at a distance of ten miles in the background 
of Bhagat Kharak glacier, where it forms tlie top I i~yer  of sharp unnamed peaks, 6500 aud 
7000 meters high (Fig. 58). 

Apparently the crest north of Bhagat Kharak marlts on llie whole the basis of the Algonkian 
sedimentary series \vhich forms the more geutle mountains uorth of the Arwa valley. 

h )  R i v e r s  a n d  G l a c i e r s  

The main ri\,er corning from the North ahove ivIann is ci~llcd Snraswati, whereas its western 
afflux is named Alaknanda. The latter originates a t  the gate of the Satopanth glacier, the holiest 
of the Ganges sources. 

Just ahove the afflux, a natural bridge is niade by a huge block squeezed in the epigen- 
etic gorge. The former issue, now coveretl wilh a great mass of scree rnateriikl, is apparenlly 
due to an e;~stern mountain fall above thc village of Matla, on the east side of the gorge. On 
September 40"', 1936, at'ter t\vo t l ;~ys without rain, the amount of water of tlie Alaknanda 
glacier river was approxirnatetl : ~ t  i i t ~ o ~ ~ t  ' :I of that O F  the Saraswiili. 

The trail on the north side of tlre Alal<ni~ntla leads over rnoraine and recent scree 
material to a large terminal moraine of a stage of recession at an  altitude of 3600 meters. It may 
be historical, of only about 100 years of age. The river has  cut a V-shaped gorge across the 
moraines. 

'Lvo great glaciers have their actual'entl near each-other and nearly on the same level: 
Bhagi~t l(harak, corning from the Wesl ilntl having ;I length of nearly 18 kilometers, ends a (  
about 3750 ~nelors ;  S;itop;~nlh, c:orning fro111 tlie So~~l l i -Wes t  and 14 kilometers long, has its 
gate (source of the Ganges) i ~ t  ;thor~t 3800 ~ ~ r c t e r s '  (~ )ho l .  54, 1'1. XX). 

ICxcept at lhese g,r;~lcs wlicrc t l ~ e  tl;~rk ice is f.xposetl, bolh these glaciers arc: r~~iiformly 
covered with ul)l)cr rnoririne for many kilornelers. I:urlhrr up, the icc gradually appears along 
cracks ant1 hollo\vs. I<irt only tlre hirngi~ig side glacicrs are of prrrc: ice (see the numerous 
photos in 30). 

On the Satopanth glacier, at ah0111 1,500 n~cters ,  we came accross three joined crater-like 
little lakes. Close to them is i~ pharrtaslic: ice-c:averne of I)rlre hluish and glassy hlack ice, 
showing steep slratificiltion. 

A litlle lower down, on the right ( - -  south) sitle, a t  4400 ~netcrs ,  is the sacred Salopanth 
lake. It forms at riangle of ah0111 300;t400 rneters, barred by lhe Iatcmil moraines of the Sato- 
panth glacier ilnd a trihulary glacier from the south-east. On Oclober i"', the waler was in- 
tensely green and full of vermilion tiny pl i~nkl~n-c .r~ is t i~c;e i~e .  'I'he lake was then 30-40 
meters beloiil the sharp moraine crests. According to ils high w;~ te r  rr~i~l-k, the lcvel during 
the monsoon season may he 6 rrieters higher than we fount1 i t  i l l  Oclohcr. 

The Satopanth lake is only one prolninent instilnrcb of a c - l r  a r a  c t e r i s t i c: rn o r  p h o l o -  
g ica l  f e a t l i r e  of holh, Salopanth and I3lrngiit I<harak glacirrs: 'l'he sharp lnleral mori~ine cresls, 
sometimes doubled, are 10 2.5 meters ahovc the glacier ice. 'l'here is il deep char~nel hetwevn 
this moraine crest ;111(l Llie rock wall. This depression is r~sui~l ly  1111lch decper than the ice- 
surface and sonretilnrs (south side of the upper Sittopiinlh) ;IS 1ni1c:Ir a s  50--60 meters below 
the rnain nioraine crest. 

These deild exter~ral  glacier channels ilre not simply V-shaped vullcys rut  out by former 
side streams. In places there is it flal sandy hottonr of I00 and Inorr meters width between 
tlie es ter~ral  foot of the tilornine ant1 lhe rock w;~ll (I<'ig. 5!l). 'J'he flats miry partly have been 
lakes \vhich were filled i n  with sand. In no pl;ic:e did we find distinct polish or striation on the  

' See phot. 213 in :lO. 



rock wall, allhougll (luring the last pleistocene glaciation the ice must have been about 200 
meters higher than now. It may therefore be questioned wether similar conditions already 
existed at a remote period, w h i c h  p r e v e n t e d  t h e  i c e  f r o m  t o u c h i n g  t h e  r o c k  w a l l s  
d i r e c t l y .  

However that may be, uot ouly now, but during the stage when the high lateral moraines 
were deposited aud the ice was 10-25 meters higher, t h e  g l a c i e r  h a d  n o  f o r c e  f o r  l a -  
t e r a l  e x p a n s i o n .  It was "ridiug" upon its moraine, high above the lateral channels, like 
a lazy stream which fills up its bed instead of deepening it (Fig. 5CI). 

5 I 1,111 P I.,. lj I In h: 

_ _ _ ,  . . -  - - - 

Fig. 59. G e n e r a l  S e c t i o n  n c r o s s  a g l a c i e r  
l i k e  S a t o p a n t l ~  o r  I3hngat  K h a r a k .  

_ L  - -  (Surl';lce as observed, depth Iiypotllelic.) 
G = Gneiss ilnd grauite; A = Motxine-covered sur- 
face of sobreccnt gli~cier: B == dito of the nctunl _ _ -.. . . , . -- 
gI:lcict.; 1111 - =  laler:~l 111or;lincs \\-ill~ sharp crests; ,- -, - .-, b' 

gln = Ground moraine; 1. I.:~ke or sandy Ilnt. . 

According to Visser's discoveries', iu the Karakoram, of glaciers t 11 r u s t  upon each other, we 
did not fail to pay attention to the way in which two glaciers meet. But the conditions were 
not so favourable in this part of the Himalaya as we had hoped, for the ice was generally 
covered with rocks which are not characteristic of the one or other glacier. Moreover our 
time was too restricted. It seems, however, that: 

1. on the upper part of Satopanth a side glacier is thrust upon the main glacier, and 
this one i l l  turn rrlns over a side glacier coming towards SE from Badriuath 23120'. A 
weeker side glacier below Satopanth lake is simply sheared off. 

2. on Hhagat Kharak A. GANSSEI~ observed a shear plaue of the hangiug glacier conling 
from the NW side of Krinaling 21230' which seems to override the main glacier for 
Inore ~ I I : I I I  one l~ilonieler. 

There seelns to be no rule \villi regard to ~nnin and side glaciers. But we suppose that 
two ile~ns are esse~itiiil to cietennine wllich of the unitii~g glaciers will have the upper haud: 
it will be the one tlli~t reaches tlie place of ~neetiog last aud the stronger one. 

While we were campiug at an altitude of 5150 meters on the north side of Bhagat Kharak, 
from October 2"" to October 5"', we frequently saw ice avalanches falling over the ice-clad 
walls OII the north side of l<unaling, and the thandering seerned to be most frequeut at the 
beginning of the night, probably caused by the expausion of freezing water. The teniperature, 
at 5100 meters, fell over night to 10 centigrildes below frecvinp poinl. The lo\ver part of that 
hanging glacier is fed to a large extent by such ice avalanches. It may provide the strength 
to overrun the main valley glacier (see photo 206 and panorama PI. Ilb iu lit. 30). 

c )  H o a r  I c e  a n d  S n o w  L i n e  

The steep and minutely "chiseled" crests and raviues of unclimable slope are well 
known and characteristic of the high Himalayan peaks of 6000 meters and more. They are 
also known in the Alps, but not of such a size and extension. 

Besides these knife-like cut crests and furrows ("Schneiderillen"). we found in the Ba- 
drinalh group a second type that we called "Sagerillen", which may be trauslated as s a w - 
f u r r o w s  (photo 209 iu lit. 30). We could only explain them by attributing then1 to the effect 

I Ph. C. VISSEH, Gletsclierbeobachtungen in1 Karakorum. Zeitschr. fiir Gletsclierkuude, Bd. XXll 1935. 



of direct condensation from high clouds in the form of h o a r  i c e .  Indeed, no firn or ice of 
snow could be formed on such nearly vertical walls (Phot. 55 PI. XX). Also the crests of these 
unnamed mountains on the south side of Bhagat Kharak glacier, west of Kunaliug, are not 
of the shape of ordiuary ice-flags ("Wachten"), but of rounded "seams" (Saume). The former 
are growing in the direction of the wind, the latter made of hoar ice, on the contrary, grow 
a g a i n s t  t h e  w i n  d .  Both these types of firn- or ice furrows we folrrld only around and above 
6000 meters, at Minya Gongkarl in Chinese Tibet and iu the Himalaya. No expedition has 
ever been troubled as much with hoar ice as P. BAUER'S expedit io~~'  which had to cut tunnels 
through the flower-like ice crests of Kaugchenjunga as the only way to overcome the hoar- 
iced crests. 

On level ground, on the north side of Bhagat Kharak glacier, we found the s n o w  l ine  
in 1936 at an altitude of about 5300 meters, some hundred meters lower than on the Tibetan 
front, but higher than in the south-eastern Himalaya. 

C. The Crystalline Rocks of the Central Thrust Mass 
(by A. GANSSER) 

1. The  Section of the Kali River 

T h e  L o w e r  C r y s t a l l i n e  Z o n e  ( D a r c h u l a - S o s o )  

With a sharp contact, called the Main Central Thrust, the crystalline Rocks at Darchula 
rest upon the metamorphic limestone series. The usual intermediate zones of quartzite and 
amphibolites do not reach the gorge, but are seen on the right ridge of the Kali Valley. 

The orthogneiss sheet north of Darchula consists in its lower part of large layers of bio- 
t i t e - a l k a l i f e l d s p a r - g n e i s s e s  with scanty p l a g i o c l a s e .  It is a fairly homogeneous ortho- 
rock. The o r  t h o c l a s  e forms large perthitic and somewhat sericitized grains. The q u a r t  z ,  
also in large grains, has a strongly undulatory extinction and shows a typical mortar texture 
("Mbrtelstruktur"). It also borders in parts sharply on to the fine-grained ground mass which 
is chiefly composed of quartz and sericite. In it occurs restrictively an acid p l  a g i  o c l  a s e ,  rarely 
forming small grains with twin lamellas. The strongly pleochroitic b i o t i t e  is concentrated in 
heaps. Here and there also rather large m u s c o v i t e  scales occur. With the biotite some m a -  
g n e t i t e is associated. Further accessories are a p  a t  i t e and z i r c o n. The large feldspar and 
quartz produce a porphyroblastic appearance. The structure is lenticular to schisty. 

The thick basal gneiss bodies pass upwards to more schisty true augeugneisses. They are 
of the m u s c o v i t e - b i o t i t  e - a u g e ngn e i s  s type. Compared with the more massive varieties, 
the alkalifeldspars diminish considerably. The rock shows more signs of tectonical influence. The 
b io t i te  gets more finely scaly and is associated with m u s c o v i t e .  Curiously enough, the large 
minerals which also forms the augen are on the whole strongly undulatory quartzes. Macro- 
scopically, the quartz is distinctly violet and, therefore, an a m e t h y s t .  

Half way up to Khela, similar though more schistose rocks are encountered. Macroscopi- 
cally, the large rounded grains of a m e t h y s t - c o u 1 o u r  e d q u  a r t z are striking. The rock is 
minutely folded. It may be called a b i o t i t e - a m e t h y s t - s e r i c i t e  s c h i s t .  Accordi~lg to the 
mineral contents, it is regarded as an extremely schistose augengneiss. The feldspar is no longer 
clear and mainly sericitized. The a l n e t h  y s  t is of strongly undulatory extinction, and shows 
distinct "Bbhm'sche Streifung" at about 45" to the direction of extinction. The b i o t i t e  is seri- 
citic and finely scaly. Besides the tectonical influence, the rock too seems primarily to have 

' ARNOLD HEIM: hlinya Gongkar, Forschungereise ins  Hochgebirge v. Chinesisch Tibet. Bern 1933. 
a B. BAUER: Urn den Kanlsch. Munchen 1933 (highly impressive photographs). 



changed its position. Indeed, it might be regarded as a schistose quartzporphyry - - perhaps a 
marginal facies of the gneisses described above. This interpretation is all the more plausible 
as we find interbedded para-schists towards Khela, parlly accompanied by amphibolitic sills. It is 
but at the village itself that orthogneisses again occur, belonging to a higher subdivision. 

The b a s i c  s i l l  south of Khela is a q u a r t z o s e  b i o t i t e - a m p h i b o l i t e  of 3-5 meters 
thickness in paragneiss. Large ho rnb lende ,  somewhat non-homogeneous and of a blue-green 
pleochroism predominates. Together with it is m a g  11 e t i t e in abundance, parlly included in the 
hornblende. The frequent fiue scaly brown b i o t i t e  is intimately bound up witk the hornblende 
and also occurs inside the larger amphiboles. Compared with the abundant q u a r t z ,  the plagio- 
clase ( a n  d e s i  n e )  is less abundant. To judge from the high content of biotite and quartz, the 
present sill may be a p a r a - a m p h i b o l i t e .  

The blocks of Khela derive from a mountain slide and are orthogneisses. Similar rocks 
are also found in a place north of this village, on the left slope of the Dhauli-ganga. The macro- 
scopically uniform b i o t i t e  g n e i s s  is rich in plagioclase ( o l i g o c l a s e - a n d e s i u e )  and only 
subordinately bears a l k a l i f e 1 d s p a r . The b i o  t i t e forms large scales and is intensely brown 
pleochroitic. The q u a r t z  is of but slightly uudulatory extinction. In spite of the scanty coutents 
of alkalifeldspar, the rock, at least inacroscopically, is of a granitic aspect. Only at an altitude 
of about 1900 meters, north of the Dhauli, a new zone of paraschists follows. It extends up 
to the thick body of augengueiss at Phangu (PI. 11, Sect.4). The rock is mainly a fine-graioed 
b i o t i t e - s e r i c i t e  s c h i s t  with little undulatory q u a r t z ,  brown pleochroitic b i o t i t e  and 
s e r i c i t e distributed in layers. 

Norlh of Phangu, we come to an extremely coarse b i o t i t e - a l k a l i f e l d s p a r - a u g e n -  
g n e i s s .  The huge mountain slide blocks behind the village are a magnificent display. This 
orthogneiss is a lenticular body of 300 meters thickness at least which piuches out towards east, 
but may even increase towards west. Macroscopically,large o r  t h o c l a s e individuals of a bluish- 
gray colour, up to 15 centimeters in length and 8 centimeters in width, are recognized betweeu 
the streaks of biotite with clear quartz and plagioclase. This orthoclase is more or less idio- 
morphic. In places the rock is of nearly directionless stucture, the large feldspars being irre- 
gularly embedded. Under the microscope, the o r  t h o c l a s e is only little perthitic and frequently 
forms very beautiful myr~nekitic reactions with the plagioclase which, together with a somewhat 
more acid unnrixillg type, is an o l i g o c l a s e - a n d e s i n e . The q u a r t z  is not undulatory and 
of the shape of polygo~al  grains. M u s c o v i t e  is associated with the brown pleochroitic b io -  
t i t e .  The t i t a n i f e r o u s  m a g n e t i t e  is bordered by t i t a n i t e .  A p a t i t e ,  m a g n e t i t e  and 
e p  i d o t e  are further accessories. 

Special attention is drawn to the very beautiful m y r m e k i t i  c r e  a c t i o n s w i t h o r  t h o- 
c l a s  e . Orthoclase is frequently encountered in the slice, surrounded by quartz and bordered by 
myrmekitic plagioclase. Similar phenomena also occur ou the cracks of the larger orthoclase 
which include quartz and partly muscovite. Apart from the cracks, towards both sides, the myrme- 
kitic plagioclase has grown like coral branches into the orthoclase (phot. 70, PI. XXIV). 

The augengneiss of Phangu is a lenticular body within the biotite-sericite schists. Those 
overlying the gneiss at Soso are minutely folded, though not irregular on the whole. 

T h e  S e d i m e n t a r y  Z o n e  of S i r d a n g  

Above the biotite-sericite schists, at the village of Soso, a new series follows, of white 
quartzite with amphibolite sills of about 100 meters thickness. Then follow phyllites and the 
marbles of Sirdang. 

The main green massive body at Soso (Fig. 30) is a b i o t i t  e -  a ru p h i  b o l i  t e with macro- 
scopically visible large h o r  n b l e n d e in diepereed di~tribution. Under the microscope, the latter 



is distinctly pleochroitic: X = light yellowish-green; Y = olive-green; Z = blue-green. The ex- 
tinction Z, c is about 17". The sieve-like inclusions of q u a r t z  are rernarltable. And e s  i ut: is 
present in large, somewhat lath-shaped, crystals and full of inclusions of Ilornblentle, biotite 
and epidote. The b i o t i t e  is abundant in form of small scales. The texture is somewhat ophitic, 
the structure completely massive. Inspite of the large content of biotite, the present rocks may 
be o r t h o - a m p  h i  b o l i t e s  of a dioritic origin. The large content of biotite and the occurrence 
of quartz might on the other hand point to a tonalite as the original rock. Bul the quartz might 
also be connected with the main phase of intrusion. 

Fig.60-01. The Zone of S i rdang  seen from the height 3100 meters above Soso,Fig.60 looking towards eaet; 
Fig. 61 looking toward8 west. 1. Biolite phyllite, partly graphitoidic, partly calcareous. 2. While, rrericitic marble. 

3. Quartzite, more or less eericitlc. 4. Dioritic amphibolite. 5. Biotite-muscovite gneiss. 6. Calcsilicnte 
and quartzltlc zone. X = Thrust contact of the northern crystalline mae.9. 



Similar types of amphibolite, although more schistose, are agaiu encountered overlyiog the 
limestones of Sirdang, and in a similar connection with the quartzite, both towards the lime- 
stone and towards the orthog~~eiss thrust (Section 4b, PI. 11 and Fig. 60-61). 

At first sight the thick series of slates at Sirdang recall in a striking way the "Btindner- 
schiefer" or "schistes lustr6s" of the Alps. But they are mainly devoid of lime. They are fairly 
metamorphic, including the small intercalations of lnic~ceous marble. 

According to their niineral composition the dark schists of the Zone of Sirdang are g r a -  
p h i t o i d - s e r i c i t e - b i o t i t e - p h y l l i t e s .  Small scales of b i o t i t e  together with s e r i c i t e  form 
minutely folded layers. The graphitoid pigment is spread abundantly over the rock. The 
q u a r t  z forms small polygonal grains. Small idiomorphic t o  u r ln a l i u e and rather large 
z o i s  i t e individuals are present as  accessories. Inspite of the intercalatious of sandy lirnestone 
aud marbles, the schists are mainly free of carbonate. 

The muscovite-bearing c a 1 c i  u m - m a r b  l e, above the village of Sirdang, is about 20 meters 
thick and of gray tint, caused by irregular distribution oi graphitoid. The main mineral is a 
tabular c a l c i t e .  Some q u a r t z  and m u s c o v i t e ,  the scales of which are parallel to the 
cleavage, are the accessories. 

G e o l o g i c a l  S k e t c h - M a p  

on t h e  K a l i  R i t e r .  

Fig. 62. S i r d a n g  Zone:  1. Grspl~itoid schists with marbles. 2. Quartzite wilb am~hibol i te  sills. 

a = Muscovite-biotite gneiss, partly injected, b = Para-schists (3) with orthogneiss (4) and injected gneiss (5); 
c ;= Injection gneiss with some calcsilicate layers (6); d = Quarlzite with kysnite-garnet schists (7); e = Iojeclion- 
gneisses with some pegn~ntite dykes, f = Complex zone of biotite-pea~nrnite gneiss with calcsilicate marble layers, 

both pierced by dykes of pegmatite; g = Biotite porphyroblast zone of Bhudi; h = Zone of Garbyang 

MBm. rls In Roc. Hrlv. drs 6c. Nnt. Vol. TAXIII. Arnold IIriln and A u g u ~ t  Qanr<r*r: Ccntrnl Himalaya. 11 



Compared with the limestones on the south side of the Main Central Thrust (Darchula), 
the rocks of Sirdang are much Inore metamorphic. This results especially from the study of 
the phyllites atld also of the snowwhite sericite-quartzites. The finer-grained main marble, 
north of Sirdang, of white to pink colour, interwoven wit11 fine layers of sericite and phlogopite, 
point also to a higher degree of metamorphism. 

T h e  U p p e r  C r y s t a l l i n e  Z o n e  

Compared with the lower thrust mass, this upper zone is much more complex, although 
the stratification is remarkably regular. Upwards, towards Garbyang, the rneta~norphism agaiu 
decreases as we pass from the Archean to the Cambrian. The regional dip of 30-60" to NE 
points to a primary succession, although it may be locally repeated by concealed sliding planes. 
The subdivisions are from below: 

a) The basis of the whole series is fo~med of a large mass of gneiss, mainly consisting 
of more or less injected muscovite-biotite gneiss. 

b) Para-schists pierced by some smaller orthogneiss trains. 
c) Injection gneisses with the first limesilicate layers in their upper part. 
d) An important zone of quartzite and highly metamorphic mica schists. 
e) Injection gneisses overlying the quartzites. 
f) Fine-grained biotite-psammite gneisses and calcsilicate layers, the whole profusely 

pierced by dykes of pegmatite. 
g) Towards Budhi, the pegrnatites "die out" and the metamorphism decreases. 
h) Budhi schists characterized by biotite porphyroblasts. 
For the following description compare PI. I1 and Fig. 62. 

We begin the detailed description in the above order 

Zone a 

Above the thin amphibolite sills which overlie the sericite quartzites north of Sirdang 
follows a large series of b i o t i t e  - m u s c o v i t e g n e i s s of irregular banding by injection. These 
rocks recall somewhat, macroscopically, the Darjeeling gneiss. Rising up to the pass of Samkola, 
they are well exposed. In the lower part we find a slnall alrlphiholite lens. 'l'owards the pass, 
the injection increases, resulting in the formation of small layers of greisen-like granite. 

Under the microscope, the strongly m i c a c e o u s  g a r n e t - b e a r i n g  b i o t i t e - m u s c o -  
v i  t e  g n e i s s  shows the following minerals: The lobate q u a r t z  is of slightly undulatory ex- 
tinction. The o l i g o c l a s e  is distinctly twinned. The b i o t i t e  is highly pleochroitic, dark brown 
to pale yellow. The m u s c o v i t e  is less abundant, though constantly associated with the bio- 
tite. Moreover, there is a relictic, idiomorphic g a r  n e t . A p a t  i t e is f r e q u e ~ ~ t  as an accessory. 
Enclosed within tlie micas are srnall oval grains of high refrigence, the peculiar extinction of 
which suggests an extremely high axial dispersion. They thus seem to he of an appnrently 
lower birefrigence, although the other optical characters point to titanite. The rock is grano- 
lepidoblastic, the structure distinctly schistose. 

By intense injection the above mentioned rocks become more massive and less micaceous. 
Such types occur especially on both sides of the Samkola pass, and are determiued as t o u r -  
maline-beariug b i o t i t e - m u s c o v i t e - a l k a l i f e l d s p a r  g n e i s s .  Beside the o l i g o c l n s e  
(An = 22), the alkalifeld~pars are abundant. With the perthitic o r thoc l a se  ( 2 V  = 70") we find 
a l k a 1 i f  e l  d s p a r s  of a small negative axial angle (about 50 "). Strongly magnified, very fine 
kryptoperthitic lamellas are visible. They usually also show a marginal, somewhat obliterated 
~nicrocline-like crosshatched texture. A tricline habitus results in measuring the cleavage with 



the universal stage. Even the srnall angle of the optical axis points to similar feldspars 
(anorthoclase). 

The frequent t o u r  m a 1 i n  e is bluish-gray under the microscope. It is usually confined 
to aplitic injected layers. Garnet is absent. However, the rock clearly derives from the above 
mentioned garnetiferous muscovite-biotite gneiss. 

Where the iujection increased, the rocks get poorer in mica. Apart from that, they still 
resemble the above mentioned type with which they are conuected by a passage. Gradually, 
massive lenses, excessively rich in quartz, are formed with brilliaut and partly somewhat 
rounded muscovite. 

The rock at the sumn~it of the pass is strikingly like a certain g r e i s e  u .  It could be 
called an e x t r e m e l y  q u a r t z o s e  nearly massive m u s c o v i t e - g n e i s s .  Only the somewhat 
parallel position of the micas recalls the schistosity. The main constituents are q u a r t z  in 
interlocked grains, and m u s c o v i t e  in large well defined scales. An acid p 1 a g i o  cl a s e with 
indistinct twin lamellas is only very subordinate. Alkalifeldspars are absent. 

On the north side of the pass, south of Samkola, several thin, aplitic layers are found 
with beautiful radiative t o  u r m a 1 i n  e .  The idiomorphic tourmaline is also preseut in the mica- 
ceous layers of the muscovite-biotite gueiss. 

Zone b 

The passage from zone a is covered, at Samkola, by a large mountain slide. Above the 
injection gneiss we come to dark g a r n e t i f e r o u s  b i o t i t e - p s a m m i t e - g n e i s s .  This type 
is repeated many times further up in the Kali gorge, especially in the zone f,  together with 
calcsilicates. Beside abundant q u a r t  z , o l i g o  c 1 a s e -  a n  d e s i n e is present. The schistosity is 
caused by the small scales of biotite. The g a r n e t  forms xenomorphic grains. A p a t i t e  is 
an accessory. 

Interbedded with the above rock are layers of varied thickness of brilliant s t  a u r o l i  t e -  
g a r  n e t  - b i o t i t e - p h y l l i t  e . Macroscopically, the idiomorphic garnets of a dark red- brown 
colour are remarkable. They weather out of the schisty layers, each of which may be over 
100 meters thick. The larger garnets reach one centimeter in diameter. The staurolite, although 
smaller, is at once recognized by its red-brown stalks. The followiug minerals are found uuder 
the microscope : q u  a r t  z predominant in large, undulously extinguishing grains; b io t i t e in 
small scales together with s e r i c i t e ; the s t  a u r o l i t  e is somewhat idiomorphic with distinct 
yellow pleochroism. Of special interest are the g a r n e t s ,  apparently of two different forms : 
Some are small, idiomorphic crystals without inclusions, others are large, full of inclusions iu 
the core. The inclusions are mainly fine quartz graius with less abundant drop-like magnetite. 
More towards the edge there is a zone of larger quartz inclusions which marks off the zone of 
inclusions from the cleau marginal zone. Only some single grains of magnetite remain, and 
quartz is non-existent (Phot. 80, PI. XXV). 

With the psammite gneisses and the phyllites are interbedded a small sill of aniphibolite 
and several layers of orthogneiss. One of the latter especially (zone b Nr. 4) attains a thick- 
ness of 100 meters. This rock is a more or less g a r n e t i f e r o u s  m u s c o v i t e - b i o t i t e -  
a l k a l i f e l d s p a r - g n e i s s .  Beside o l i g o c l a s e  ( a n d e s i n e )  of distinct twin lamellas, the 
a n  o r  t h o c l  a s c -like a l k a 1 i f e 1 d s p a r s arrest attention. They are again characterized by their 
indistinct reticulation and the srnall angle of the optical axis. They predomiuate amongst the 
alkalit'eldspars. The b i o t i t e is intensely brown pleochroitic and goes together with the much 
larger m u 8 c o  v i  t e grains. G a r  n e t is only present here and there in grains, with few inclusions. 

The alkalifeldspar gneisses may develop large augen. They form the ortho-layer in the 
sedimentary gneisses and schists of zone b. In the upper part of zone b, alkalifeldspars appear 



also within the psamlnite gneisses, first in the shape of augen, then in real streaks of in- 
jection. We thus pass on gradually to zone c. 

Zone c 

Its lower part is exclusively formed of injection gneisses. Between the gray psammitic 
layers are white aplitic bands. Here too the rocks recall in parts the Darjeeling gneiss. 

The upper part of zone c is characterized by somewhat streaky banded psamrnite gneisses 
within which fine trains of limesilicates are found (Nr. 6, c). 

First of all, zones of fine reddish garnet are recognized in the quartzose aplitic layers. 
Gradually stalks up to several ceutimeters of zo is i te  appear, between which the garnet is con- 
centrated. In the more calcium-bearing zones ordinary calcite too is present. 

The garnetiferous aplitic layers are g a r n e t  g n e i s s  e s rich in q u a r t z .  The quartz is 
minutely interlocked as is usual with injected quartz. A n d e s i  n e shows clear twin lamellas. 
(Its axial angle is about $10 '; Z of the andesine is higher than E of the quartz). Inspite of the 
aplitic character and the large contents of quartz, the plagioclases are not very acid, a fact 
which can be explained by the proximity of the calcsilicates. The b i o t i t e  forms small brownish 
scales. The xenomorphic g a r  11 e t is slightly rose-coloured and free from inclusious. The small 
distinctly idiomorphic grains of t i t  a n i t  e are very typical. 

With the retreating of the feldspars and the appearance of abundant z o i s i t e  we pass 
on to the g a r n e t i f e r o u s  q u a r t z i t i c  z o i s i t e  g n e i s s e s .  The zoisite is an u - z o i s i t e ,  and 
marginally somewhat ragged. Plagioclase i's subordinate. Where it is lacking, we come to the 
type of c a l c i t e - z o i s i t e - g a r n e t - q u a r t z i t e .  Here, the calcite only is xenomorphic. Partly 
too, it forins a secondary mineral on a-zoisite. Black tourmaline of macruscopic size is mainly 
confined to the zones with scanty calcite. 

Zone d 

At the passage of zone c to dl  forming the basis of a mighty quartzite series, is a zone 
of gneiss which even macroscopically arrests attention by its abuudance of k y a n i  t e  and 
g a r n e t .  It is a k y a n i t e - g a r n e t - b i o t i t e  g n e i s s ,  which macroscopically much resembles 
similar types of the basal Darjeeling gneiss. The k y a  n i t e  is in the shape of large stalks. 
The b io t i t e  forms large brown sheets. The plagioclase is an a l  b i t e - o l i g o c l a s e  with dis- 
tinct twin lamellas, but it is subordinate as compared with thc q u a r t z .  The grains of the 
latter are intergrown. Rather large graius of a brownish-yellow r u t  i l e  are joined to the bio- 
tite and kyaoite. The texture of the rock is grano-lepidoblastic, the structure distinctly schisty. 

The above described gneiss gradually passes on to s e r i c i t e - q u a r t  z i t e of great thick- 
ness. It is interbedded with thin layers of sericite schists which contain brilliantly blue k y a n i t  e 
crystals, up to 8 centimeters in length. They are specially developed on the bedding planes 
of the quartzite, even if the sericite layers are only a few millimeters thick. G a r n e t  is abun- 
dant and t o u r m  nl in  e not lacking either. B i o t i t e  is subor?inate. The kyanitic quartzite is 
repeated several times in different horizons up to Malpa (Nr 7 of d). 

In the middle part of zone d, the first dykes of pegmatite were encountered. They traverse 
the thick quartzitic strata (PI. Ilj. 

Zone e 
The pegmatite dykes are increasing in number and size. Above the quartzite walls of 

Malpa again follow injected augengneisses with a rather sharp boundary. The "nuyen" attain 
a length of 10 ceutirneters and may be elongated to form real aplitic layers. Thus the lenti- 
cular character disappears and we pass on to that of a psammite gneiss. More and Inore 



frequently we come across dykes of pegmatite, up to several meters each, ofteu rich in tour- 
maline, but scanty of other minerals. The pegmatites usually form dykes rather than sills, 
which, when they occur, only follow along the stratification for a short distance, i n  order to 
cut across them again. Even to the s~nallest details, the dykes and veins may be warped in- 
dependently of the stratification of the psammite gneiss. No distinct coutact pheuomena are 
observed on the gneisses. Even the usual enrichment of biotite on the conlacts is lacking. 

The gueisses are still of the b i o t i t e - p s  a m m i t e g n e i s s  type. Only here and there they 
contain rather large, somewhat sieve-structured t o u r  m a 1 i n e together with t i t  a u i t  e .  At the 
c o n t a c t  w i t h  a p e g  m a t  i t e a slight increase of quartz only is noticed, which seems to 
derive from the pegmatite. The latter is very fine-grained for 2-3 millimeters off the contact 
and is mainly composed of quartz aud acid plagioclase. The plagioclase is somewhnt altered. 
Some milli~neters further inward, rather large a l k a l  i f  e l d s p a r has been formed. I t  is in this 
particular case a large, nlostly cross-hatched m i c r o c l in  e . Beside it are also found large uni- 
form individuals, regarded as orthoclase or non-twinned microcline. Alkalifeldspars of a small 
axial angle, as they have frequently been described before, seem to be wanting. 

The microscopic aspect of a t o u r m a l i n e  - p e g m a t i t e  poor iu mica, is as follows: 
Microc l  i n e  is retreating and in ils place fine perthitic o r t h o c l a s e  is found. The plagioclase 
~lsually shows disliuct twin la~nellas and seems to be 01 igoc l  a s e ,  partly somewhat albilic. 
The macroscopically black, idio~norphic t o u r m  a l i n e  is zonar. In t l ~ e  core i t  shows a dark 
lavender-blue pleochroisrn which chi~nges into brownish yellow towards the edge. 

Beside the frequent aplite- and pegmatite dykes real g r  a u i t  i c d y k e s  also appear. They 
may increase to large bodies on the Kali and iu the back-ground of the Api-glacier. Miuera- 
logically, these rocks are b i o t i t e -bearing In u s  c o  v i t  e g r  a u i t  e 6. The intermediate aplitic 
tourmaline-bearing types will not be described. They are especially abuudant ou the Api glacier 
(see later chapter). The large, slightly perthitic o r  t h o cl a s  e often shows myrnlekitic reaclions 
with the a l b i t e .  The m u s c o v i  t e forms rather large sheets. The subordinate b i o t i t e  is 
usually somewhat chloritized. 

With the appearauce of highly metamorphic calcsilicate-marbles withiu the psamrnite gueiss, 
we pass on to zone f. 

Zone f 

This is the most co~nplex and petrographically richest zone of the central crystalline 
region. As will be shown later, it was again found by the authors in all other more north- 
western sections, bearing exactly the same 
character. 

Between the finely stratified biotite- 
psammite gneisses are interbedded highly 
metamorphic layers of limesilicate m a r b l e  
which may attain vver 20 meters in thick- 
ness. Besides this, the whole series, minutely 
folded, is pierced with swarnls of dykes 
and veins of pegma t i t e  and ap l i t e  which 
traverse the strata iu all directions. There 
are also dykes of g r a n i t e  of more than 
20 meters thickness (Fig. 63). 

The descriplion must be confined to 
the most important rock types. 

Fig. 63 D e t a i l  of  z o n e  I. 
B i 0 t i t  e - p s a III m i t  e g n e i s  s forms 1 = ~ine-grained biotile-paammite gneiss; 2 =: Lasers 

the basis of all the rocks of zone f. They of lime-silicate; 3 = pegmatites 



may contain auorthoclase-like alkalileldspars. Macroscopically the banded gneisses permit to 
recognize biotite porphyroblasts, stretched in the direction of the schistosity. (In the next series 
of Budhi, they are of primary importance and even more characteristic.) Beside the abundant 
q u a r t z ~ n d  the large scales of b i o t i t e ,  a microcline-like a l  k a l i f e l d s p a r is striking. The 
reticulatiou is indistinct, and the angle of the optical axis is small, so that it must be counted 
to the category of a n o r t h o c l a s e - l i k e  alkalifeldspars. Some o r t h o c l a s e  and m i c r o c l i n e  
also occur. As a plagioclase we find a l  bi t e - o  l i goc l  a s  e or a somewhat more basic one. A 
grayish-green pleochroitic t o u r  m a l i n e is associtlted with the b i o t i t e .  A p a t  i t e is an im- 
portant accessory. 

Within these biotite gneisses are layers of limesilicate, which in the lower part are fine 
and only a few centimeters thick, but may grow further up to about 20 meters in the shape 
of marble. The fine layers are frequently repeated within the gneiss. In this case the borders 
are usually iudistiuct. Thus we find within the biotite gneisses zones of little biotite, enriched 
with limesilicates. Such a s t r a t i f i e d  b i o t i t e - l i m e s i l i c a t e  g n e i s s  peculiarly shows no 
plagioclase, but much q u  a r t  z and m i c r o  c l  i n e with clear twin lamellas, and again those 
m i c r  o c l i  ne - 1 i k e a l k a l  if e l  d s p  art3 with a distinct crosshatched microcline. The negative 
angle of the optical axis in the preseut case is 50-60". Moreover there are large uniform 
individuals of alkalifeldspar which must be regarded as o r  t h o c l a s  e . Within these layers 
rich in alkalifeldspar, we find greenish a c t i n 01 i t  e ,  d i o p s i d e and n-zoisite. Frequently there 
is also an idiomorphic t i t  a n i  t e and a roundish e p i  d o  t e .  The tiny scales of b i o t i t e  are 
partly chloritized. 

As soon as the lin~esilicate layers become larger, they not only form bands in the gueiss, 
but are banded themselves, so that even macroscopically mare epidotic, diopsidic, biotitic and 
actinolitic layers are recognized. Q u a r t z  and p l a g i o c l a  s e are still frequent, so that the 
rock may be defined as a b a n d e d  l i m e s i l i c a t e  g n e i s s .  E p i d o t e  is found everywhere, 
although concentrated in layers. Its core is usually less ferruginous. Together with epidote, 
or by itself, there is a d i o p  s i  d i c  a u g i  t e of faintly green colour. A green pleochroitic acli- 
nolitic h o r  n b 1 e n d e is also associated with epidote. The zone rich in hornblende usually 
bears plagioclase in the form of a b a s i c  a n  d e  s i n e  with distinct twin-lamellas. It is partly 
zonar, with a more basic edge. The  qua^ t z  is more restricted to the diopside layers. It forms 
coarse-grained layers between the hornblende The partly chloritized b i o t i t e  goes together 
with the hornblende. Large roundish t i t  a n  i t e grains occur too. 

The actinolitic layers may locally swell up within the biotite gneiss. Such lenticular bo- 
dies are mainly formed of q u  a r t  z and large fibrous a c t i  n o 1 i t  e .  Within the actinolitic parts* 
large d i o p s i d e  is found beside the quartz with some c a l c i t e .  At the contact towards the 
biotite gneiss, we come to a zoue rich in a n d e s i n e  with c l i n o z o i s i t e  and little b i o t i t e .  
Only then follows the quartz with its actinolite. 

Beside the above-named smaller limesilicate layers we find in the middle part of zone f 
layers up to 20 meters of m a r b l e  with more or less limesilicates. These marbles are always 
coarsely crystalline. Within them there are mineralogically poorer rock-types, the few acces- 
sories of which are concentrated in layers. The most frequent type is a p h l o g o p i  t e - c  a1 c - 
m a r  b 1 e . Beside the predominant calcite, p h 1 o g o p i t e is the main accessory mineral. Its pleo- 
chroism varies from brown to almost colourless. The angle of the optical axis is relatively 
large, namley 16" as measured on isolated scales. Scapol i te ,  q u a r t z  and muscovi te  are further 
accessories. Towards the contact of the biolite gneiss, the phlogopite seems to become enriched. 

The scapol i te -bear ing  c a l c m a r b l e  r i c h  i n  d i o p s i d e  is a widely distributed type. 
Here the accessories are regularly distributed in the marble. Beside d i o p s i d  e and green 
h o r n b l e n d e  roundish s c a p o l i t e  grains are found. Q u a r t z ,  a n d e s i n e ,  a - z o i s i t e  and 
p h l o g o p i t e  are further accessories. The granoblastic rock is entirely massive. 



The marble layers dre frequently crossed by pegmatite and granite dykes. It is a striking 
fact that there are no distinct contact phenomena. They can only be recognized under the 
microscope. It must further be emphasized that garnet is non-existent along the pegmatite 
contacts. It is generally rare in the zone f ,  and was found only in the more basic streaks. 

The following microscopic statement is related to two pegmatite contacts: 
1. A b i o t i t i c  t o u r m a l i n e - p e g m a t i t e  bordering on to a d i o p s i d i c  c a l c m a r b l e .  

At the contact, the pergmatite is formed of large acid ol i goc l  olse individuals which are 
pierced by large z o i s i t e of partly relictic appearance. The optical character points to n - z o i - 
s i t e .  Some single b i o t i t e  scales, of very large size (5 millimeters), and some q u a r t z  are 
relictic. At ihe real contact, towards the large c a l c i t e  graius of the marble, there are large 
s c a p o l i t e s .  They are usually bordered by calcite towards the zoisite-andesine granite. In 
parts the scapolite may also form lamellar inclusions in the calcite. 

Together with the calcite, after the scapolite zone, follows large greenish d i o p s i d e .  This, 
and roundish grains of scapolite form the accessories of the propre marble. 

2. Another pegmatite-contact shows mainly q u a r t z  on the edge. Towards the marble, 
some very large c l i n oz  o i s i t e individuals. appear, recognized even rnacroscopically as short, 
olive-brown stalks. The clinozoisite is joined by a basic plagioclase corresponding approxinlately 
to a l a  b r a d o r  or is even somewhat more basic. Siugle s c a p o l i  t e  graius are also asso- 
ciated with the labrador. After a rather sharp boundary follows a zone of basic p l a g i o c l a s  e ,  
d i o p s i d e - a u g i t e ,  a c t i n o l i t e ,  e p i d o t e - c l i n o z o i s i t e ,  s c a p o l i t e ,  c a l c i t e  and some 
q u a r t z ,  further some rather large grains of t i t a n i t e  and blue t o u r m a l i n e .  

Usually, these complex contact zones are only 1-2 centimeters wide. Only the fine- 
grained edges of the pegmatite may be somewhat wider. The coarse-grained structure of the 
marbles is thus in no direct connection with the pegmatite intrusions. 

Towards the roof of zone f, the pegmatites and also the thicker marble layers decrease. 
About 1 km south of Budhi we observed, in addition, between the fine-grained biotite schists 
and the gneisses, some single b a n  d s r i c h in a c t  i n o  1 i t  e, usually wit11 reddish biotite layers 
in their centre. The biotite lavers are generally only 2-3 centimeters thick. Nevertheless, it is 
worth while studying such a layer under the microscope. The follo\h.ing distillctions could be 
made, beginning from the actinolite band: 

1. Actinolite-like hornblende, almost colourless, and quartz. 
2. Quartz increases at the expense of the actiuolite. Titanite is enriched. 
3. Enrichment of tourmaline. 
4. Actinolite is enriched again in small individuals. Tourmaline remains, titanite decreases. 
5. Actinolite forms large individuals. 
6. Biotite is abundant, the actinolite only rare. Tourmaline is still present. Some titanite 

again occurs. 
7. The biotite forms large scales. An almost colourless chlorite is associated to it. 
8. The biotite again forms fine scales. 
9. The actinolite is again getting more abundant. Tourmaline decreases. 

10. Abundance of actinolite, together with some quartz and large titauile individuals. Bio- 
tite and tourmaline are absent. 

The above serles 1-10 is about 2 centimeters wide. 
Usually all layers of zone f are somewhat psammitic. Proper kataminerals are no longer 

present. 

Zone g (Budhi) 

With the "dyiug out" of the pegmatites and a lesser metamorphism of the crystalline 
schists, the passage is made from zone f  to g. The s c h i s t s  w i t h  b i o t i t e  p o r p h y r o b l a s t s  



are the caracteristic feature of zone g, which we call.the Budhi-zone. They form the passage 
from the highly metamorphic, more or less micaceous psammite gneisses to the slightly meta- 
morphic series of Garbyang (zone h). 

Macroscopically the small, usually somewhat rectangular biotite porphyroblasts are placed 
across the stratification, and in the transverse section are easily recognizable in the phyllitic 
ground mass. 

Under tlle microscope the fine groundmass proves to be formed of q u a r t z ,  s e r i c i  t e 
and the accessories: e p i d o t e ,  t o u r m a l i n e  and m a g n e t i t e .  In it are the large b i o t i t e  
porphyroblasts with sieve-like quartz inclusions. The pleochroism is pale yellow to dark olive- 
green. The inclusions of quartz were primarily parallel to the schistosity of the rock. (Synge- 
netic formation of biotite). A t  the present time they are oblique or at a right angle to the 
schistosily. The holes formed by the turning of the mineral have been filled with quartz. 
Usually, the biotites are only sharp-edged on one side; frequently the form is xenoniorphic, 
of relictic reticulation (Phot. 66, PI. XXIV). 

The origin of these biotite porphyroblasts corresponds more or less to the so-called 
"Tiipfelschiefer" of a beginning deepseated metamorphism. They are recognized in all corre- 
sponding sections of the Central Himalaya studied by the authors (see next chapter). 

With a decrease of the biotite we come to the monotonous Garbyang zone h. 

Zone h 

The very fine-grained somewhat yellowish schists frequently show green banding, especially 
in the lower division. The microscope reveals a very fine-grained mixture of c a l c i t e ,  q u a r  t z 
and a 1 b i t e  - o I i g o c 1 a s  e . Calcite forms about 50°/o of the rock, as supposed, according to the 
HCI-reaction. The plagioclase shows but rarely twin-lamellas and frequently resembles the small 
quartz graius in a striking manner. C h l o r i t e  and s e r i  c i  t e are present as accessories. The 
former, in small slightly green scales, may become enriched in layers and causes the colouring 
of thegreenbands.Rareraccessoriesare t i t a n i t e ,  m a g n e t i t e ,  l e u c o x e n e  and t o u r m a l i n e .  
According to the mineral contents the rock is more or less a c h l o r  i t i  c m e t a  m o r p h i  c 
c a r b o n  a t e  - s a n  d s t  o n e. It is typically blasto-psammitic and more or less massive under the 
microscope. 

Some Rocks of Api-Glacier and Nompa (Nepal) 

The glaciated walls forming the crest between the Nampa ($140 meters) and the Api are 
chiefly formed of the petrographic zones e and f. The acid dykes of zone f form rather large plugs 
nicely visible in the background of the Api glacier (Phot. 6 PI. VII). A complete assortiment 
of these rocks is found on the moraine of the Api glacier. 

The granitic intrusions chiefly cousist of fine-grained m 11 s c o v i t  e - t o u r m a I i n  e - a p 1 i t  e 
g r  a n i t  e .  Macroscopically, the black idiomorphic tourmaline needles are striking: The a l b i t  e - 
o l igoc l a ' s e  is clearly twinned and somewhat more abundant than the alkalifeldspars, which 
are slightly perthitic o r t h o c l a s e  and m i c r o  cl i n e with sharply defiued twin-lamellas. The 
scales of m u s c o v i t e  are so scarce that they rnay be defined as accessories. The idionlorphic 
t o u r  m a 1 i n e is zonar, gray-brown orltside and gray-blue inside. The main accessory is a roundish 
a p a t i t e .  

The size of the grain may vary, although the mineral composition remains unchanged. 
In order to compare this granitic rock of the Nampa with those of Hadrinnth, the following 
analysis was made by Prof. J. JAKOB: 



SiOr 
All01 
Fe, 01 
FeO 
MgO 
CaO 
Na?O 
K?O 
Ti02 
Pz0n 
HlOf 
H20-- 
BaOa 

L 
ai  302 
HI 49.6 
fm 6.0 
C 4.6 
alk 41 0 
k 0.32 
ml3 0.27 

According to N I ~ ~ L I ' s  table of determination, it is a s o d ; u m - g r a n i t e - a p l i t i c magma. 
The corresponding values are indicated (BzOs derives from the tourmaline). 

Of the varied rock-types on the moraine amongst which garnetiferous atnphibolites are 
frequent, the kyanite-bearing specimens are of special interest. They probably also belong to zone f ,  
because no quartzites of zone d were found. 

A b i o t i t e  - k y a u i t e schist probably derives from the zone of biotite-psamrnite gneisses. 
The whitish, not very typical stalks of kyanite attain a length of several centimeters. Under the 
microscope we recognize mainly b i o t i t e ,  k y a n i t  e and q u a r t z .  The latter is full of small 
inclusions of r u t  i l e, a p a t i t a 'and b i o t i t e. Locally fine scales of a colourless c h 1 o r i t e  are 
concentrated. Between the large kyanites a distinct z o n e  of r e  a c t i o n  w i t h  t h e  b i o t i t e  
is recognized, in as much as the kyanite here never borders directly on to the biotite (Phot.68, 
PI. XXIV). This reaction-zone is formed of quartz and sericite. It seems that kyanite has been 
formed out of micas, so that each individual of kyanite gets its halo of quartz. Probably the 
rock rich in mica has again been altered by thermal metamorphism (maiu injection), so that 
kyanite was formed. The kyanite containing less quartz than biotite has thus segregated quartz 
during its formation. The liberated niagnesium led to the for~natiou of chlorite. 

Another rock rich in kyanite was mac~~oscopically considered to be a greenish black, almost 
massive biotite-fels. It is in fact a s t au ro l i t e -bea r ing  k y a n i t e - b i o t i t e  f e l s .  Thisisprobably 
an altered lamprophyric rock. The more or less idiomorphic k y  a n  i t e stalks are found betweell 
the abundant olivebrown biotite. In this case there are no reactions between these two minerals. 
S t a u r o 1 i t e is subordinate as distinctly idiomorphic stalks. R u t  i l e and z i r c o n  occur as 
accessories, both in the biotite, more rarely as inclusions in the kyanite. The zircon shows 
distinct pleochroitic haloes in the biotite. 

Other kyanites are found in quartz veins forming blue stalks up to 20 centimeters in length! 
The ,rocks of the N a m p a V a 1 l e y  (Nepal) mainly belong to the Garbyang series. Types 

from the deeper zones are found on the moraines of the Nampa glaciers Nrs. 1 ,2  and 3. Only 
afew types hitherto not encountered will be described, since nothing is known of their relationship. 

A c a r  b o n a t e  - a c t i n  o l i  t e - f e l s comes from the remotest background of the Nampa 
glacier Nr. 3. The completely massive rock shows, even macroscopically, a dense entauglement 
of fine actinolite sheaves. This is confirmed by the microscope. The sheaves are beautifully 
developed and are embedded iu a calcitic groundmass. The a c t i n o l i  t i c  h o r n b l e n d e  is 
only slightly coloured. Between the single sheaves there is slightly pleochroitic biotite. Beside 
the rather large calcite of the groundmass, the actinolitic hornblende is sprinkled with small 
calcite inclusions which are regarded as primary, not as  altered primary matter. The composition 
and appearance point to an altered dolomitic sediment. 
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Beside such carbonate products of transformation we also find qilartzitic layers in which 
actinolite too has been formed by n~etalnorphism. These rocks were found on the moraine of 
Nampa glacier Nr. 2, aud probably derive from a more southerly and lower zone. 'I'he countl-a?- 
rock of this g a r n e t - a c t i n o l i t  e - (1 u a r t z i t e is a biotite-quartzite. Macroscopically the actinolite 
is at once recognized by its beautiful sheaves with garnet in the quartzitic groundmilss. Under 
the microscope the a c t  i n o  I i t  e is distinctly greet) pleochroitic and forms inco~npnral)ly bva~ltiful  
sheaves (Phot. 27, PI. XXIV). The single needles are frequently penetrated by quai-tz. l'he single 
g a r n e t s  only form relictic reticular grains in the qrlartzose ground~nass.  C l i n o  z o i s i t e ,  
t i t a  11 i t e  and c a  l c i t e ,  the latter associated with garnet (partly reticular) a re  present i1s 
accessories. 

At the contact with the b i o t i t e  - q  11 a r t  z i t e the hornblende simply disappears. Clinozoisite 
is more abundant and b i o t i t e appears together with In a g 11 e t i t  e .  

Only the southernmost crest of the Nampa reaches zones f and g. 1 t  is Lhercfore of special 
interest to mention the occurrence of several dykes of t o  rr r m a 1 i n e - a p I i t e u p  to 10 meters 
thickness, extending over a distal~ce of nearly 500 meters on the north side of the Nalnpa 
massive, viz. on the right lower slope of the glaciated Nampa Valley Nr. 2 (Fig. 49). 

The country rock is a fine brown b i o t i t i  c q u a r t  z i t i c  s c h i s t ,  which passes into the 
normal rocks of the Garbyang series. The g a r n e t i f e r o u s  t o u r m a l i n e - m u s c o v i t e - a p l i t e  
is rich in acid plagioclase. Inspite of the peculiar, often nun-homogenous composition, it could 
be  determined as  a1 b i  t e - 0 1  i g o c l  a s e .  Q u a  r t z is intergrown with this plagioclase. The 
m u  s c o v i t e forms large scales. There is also t o  u r m ;I 1 i n e .  The roundish g a r  n e t is rnacro- 
scopically visible a s  reddish points. It is an aplitic rock, such as  we so frequently encorlntered 
in the Kali gorge. 

2. The Scctiorts of thc Pindar-  and Gori Kivcrs  

For the sake of comparison, we again begin the description from S to N, although only 
a few typical rocks will be mentioned for coordination with the much better exposures of the Kali. 

a )  T h e  S e c t i o n  of t h e  P i n d a r  R i v e r  

Similar conditions to those north of Darcl~ula are  found north of Loharkhet, where the 
orthogneiss of the Main Central Thrust overlies the slightly metamorphic: series of li~nestone 
and quartzite. The m u s c c v i t e - b i o t i t e  o r t l i o - a u g c n g n e i s s ,  with its feldspar augen up 
to 5 centimeters in length, corresponds to that north of Darchula. North of the pass, a t  an 
altitude of 3000 meters, towartls the I'indar Valley, the biotite diminishes and the ~nicaceous 
gneisses pass into bright streaky s e r i c i t e g n e i s s  containing plenty of torrr~naline. South of 
Kati, sericite schists and psammite gneiss rich in garnet ;Ire four~d. Only a l  the village of 
Kati a new and mighty m u s c o v i  t e - h i o l  i t e  g n e i s s  sets in. Sirnilnr to the Ki~li, the dip 
averaging 30' to NE or NNE is so strikingly (:onstant, t h ; ~ t  the series has  to he considered as  
being in a normal posilion. The sedilnel~tnry zone of Sirdang, a s  in the Gori Ganga, has 
disappeared. In its place, above the injection gneiss wliich overlilps the i~ugengneiss of Kati, 
we encounter the typical metalnorphic quartzite series which corresponds to zone d of the 
Kali section (PI. 111, Sect. 6 c). Special kynnitc I ;~yers  were not, however, encountered in the 
Pindar section, but the garnet-sericite-schist il~tercali~tions are  the same. At Dwali follow again 
injected tnuscovite-biotite-psatnite-gneiss, similar to zone e of the Ki~li. At the 1)ak Hungalow 
of Phurkia oue enters iuto a psamnlite-gneiss series rich in limesilicate layers, characterized 
by abundant dykes of pegmatite. of rtp to 10 meters thickness eac-11, with rxi~ct ly  the same 
rock types as  iu the clivision of the Kali. The clykes are displayed in onique profusion on the 
lower Pindar Glacier (Fig. 64). 



Here too, the pegrnatites 
are not rich in mit~erals. They 
are tourmal iue-muscovi te -  
p e g m a t i t e s .  At x in Fig.61, 
some streaky lenses, up to 
10 centimeters thickness each, 
were fouud in a pegmatite of 
3 meters thickness, cot~sisting 
of finegrained arsenopyrite. 
This ore is included in quartz 
and is enriched in the central 
part of the dyke as a last 
hydrothermal stage of injec- 
tion. 

More to the north, in the 
upper region of the Pindari 
glacier,thepegmatites diminish 
in number and size, aud the Fig. 64. The T e g ~ l i a l i t e  D y k e s  on l l ~ e  r igh t  s i d e  of  Ihe Lower  

l'indari (;I:tcier. 
''ammitic gneisses and schists 1. Biotite (-muscovite) psnrnrnile gneiss; 2. Li~nesilicnte-marble layers; 
gradually pass into more or 3. Peg~natlle dykes; s = -  Arsenopyrite. 
less quartzose sericite schists, 
in which the garnet is gradually lost, so that only the biotite porphyroblasts remain. The 
analogy with the Blidhi zone (g) of the Kali is striking. Even the walls of the further western 
Pindari glacier consist of g a r n e t i f e r o u s  b i o t i t e  p o r p h y r o b l a s t  s c h i s t s .  

In a groundmass of quartz and sericite large b i o t i t e  p o r p h y r o b l a s  t s are embedded, 
pierced in sieve-like manner by quartz, and also contaiuiug some magnetite inclusions. Here 
too, the porphyroblasts are somewhat turned off from the stratification. The g a r n e t  is partly 
idiomorphic, partly skeleton-like. 

Towards north the garnets diminish. The remaining rock is a s e r i c i t e  - b i o t i t e p o r -  
p h y r o b l a s t s c 11 i s  t . The ground mass of quartz and sericite agaiu contains the same somewhat 
sieve-like biotite porphyroblasts. Besides s e r i ci t e ,  c h l o r i t e  and frequently m a g n e t i t e occur. 

The two rocks described above correspond petrologically completely to the Budhi zone. 
This is all the more remarkable, as at the upper Pindari glacier (south of ihe Traill Pass), the 
overlying slightly metamorphic Martoli series begins - of which the Budhi zone forms the 
basis. The slightly metamorphic Martoli rocks, on the south side of the Traill Pass, are c a r -  
b o n a t i c  b i o t i t e - q u a r t z i t e s .  The last b i o t i t e  occurs in a fine mixture of q u a r t z  and 
c a  1 c i t e  with some s e r i c i  t e.  It is just recognizable macroscopically, forming tiny dark scales. 
They are the last remains of the biotite porphyroblasts. Towards the north they disappear, so 
that the rock resembles a sandy Garbyang limestone. 

b) T h e  S e c t i o n  of t h e  G o r i  G a n g a  

As a supplement to the tectonical chapter ou "The Tranverse Sections of the Jakala Valley 
and Gori Ganga", some interesting rocks will be briefly described. 

The quartzite of Girgaon, below the crystalliue Main Central Thrust, contains thin layers 
of some ~nillimeters of a cobalt-blue scaly mineral. The rock is a k y a n i t  e - bearing s e r i c i t e 
q u a r t z i t e .  The lobate q u a r t z is uot undulatory. K y a n i t  e is present in small single individuals 
as an accessory. The deeply blue scales are found together with s e r i c i t e .  The refrigence is 
about equal to that of muscovite. The birefrigence is medium-sized. The isolated mineral which 



is no more mica-like, is distinctly pleochroitic, from colourless to sky-blue. The negative angle 2V 
of the optical axes, measured on isolated scales, is 76-78'. We thank Professor Dr. C. B U I ~ I ~ I  for 
the deterniination as l a z u l i  t e .  

The huge mass of overlying gneiss, upward of Mansiari, is b i o t i t e - a 1 k a l i f e l d s p  ar- 
g n e i s s (Augengneiss) with layers of m u  s c o  v i t  e -  g u e i s s which resemble the brilliaut greisen- 
like muscovite rock of the Sarnkola Pass (Zone a of the Kali). The intercalations are q u a r t  z o s e 
t i t an i t ic  amphibol i tes  with gray-green pleochroitic h o r n b l e n d e  and o l igoc lase-andes ine .  

The Augengneiss of Nahar is a b i o t i t e - m u s c o v i t e - a l k a l i f e l d s p a r - g n e i s s  with 
large augen, correspo~~ding to an intensely injected biotite-gneiss. The o r  t h o c l n s e forms large, 
slightly perthitic individuals, with partly myrmekitic reactions. Less abundant are m i c r o c l i n e 
which is clearly crosshatched, and an a n  o r t h o c l  a s  e - like a l k a l i  f e l d s p a r similar to that 
of Samkola. 0 l i g o c l  a s e - a n d e s i n e forms fairly large grains. The b i o t i t e predominates over 
the m u s c o v i t e .  The accessories are a p a t i t e ,  c h l o r i t e  (from biotite), ep ido ' t e  and r u t i l e ,  
the latter in fine needles included in biolite. The quartz which projects sinuously iuto the 
feldspars may have been introduced by injection. The present rock may corrdspond, petrographic- 
ally, to zone c or e of the Kali section. 

A special quartzite series, like that of the Kali, of the Pindar and the Alakanda, seems 
not to occur iu the Gori Valley. It must, however, be mentioned that the region was traversed 
during terrible rain and that our study of it needs therefore some irnprovernent. 

Above the augengneiss of Tibu follows the zone with the abundant pegrnatites and the 
limesilicates. It certainly corresponds to zone f of the Kali and is found in the same posilion 
on the Pindar. 

At Rilkot begins zone g wilh the typical biotite-porphyroblast schists. They are parlly 
black on account of graphitoid substance. Under the microscope the g r a p h  i to  i d - s e r i c i  t e - 
b i o t i t e - s c h i s t  once more presents the sieve-like idiomorphic b i o t i t e  p o r p h y r o b l a s t s  
which are turned at an angle to the stratification. S t a r l r o l i t e ,  g a r n e t ,  m a g n e t i t e ,  t o u r -  
m a l i n e  and an acid xenomorphic p l a g i o c l a s e  with g r a p h i t o i d  inclusions are the acces- 
sories. The whole rock is schistose and leads on to the Martoli phyllite. 

3. Tbe Section of the Alaknanda up to  t l ~ c  Satoyanth 
and Bhagat I<harak (:laeic!rs 

a )  T h e  A l n k n a n d a  S e c t i o n  (['I. IV, Sect. 7b) 

Joshimath is already situated within the zone OF b i o t i t e - m u s c o v i t e - i n j e c t i o n  g n e i s s  
which resembles certain types of Darjeeling. It contains sonle accessory g n r n e  t in the psam- 
mitic layers, similar to Darjeeling gneiss, and tourmaline. Limesilicales with some gi~rnet and 
diopside are rarely encountered; they again are similar to the Darjeeling types. 

North of Vishnuprayag the injection decreases and clunrtzitic streilks beco~ne separated 
from the more micaceous ones. The former are in~piirc, gray, and show garnet beside fine 
scales of muscovite. The mica schist layers with muscovite and biotile of similar importance, 
are highly garnetiferous. 

At the first bridge uorth of Vishnuprayag we come across a series of about 500 meters 
of b io  t i t e , - m u s c o v i t  e s c h i s t s  which are also rich in garnet. The garnet porphyroblasts 
are frequently bordered by biotite. Some limesilicate streaks appear with garnet and diopside. 
This zone may correspond to the somewhat quartzitic g a r n e t - m i c a - s c h i s  t s west of Rini, 



LI the Dhauli Valley (Garhwal), which also contaiti linlesilicates. The garnet-mica schists with 
kyanite and some streaks of limesilicate, west of Dhali, belong to a more southerly zone. 

North of the garnet-mica schists of Vishnuprayag we come to the huge series of quartz- 
itic rocks to which already J. B. AUDEN (1) drew attention. He photographed the beautiful 
primary diagonal current-beddi~,g. 'I'he quartzites are Inore or less gneissified. Aune~  calle 
them gr a n u li  t e .  Rut they are uot everywhere of a gueissic character and may be normal 
quartzites. South of Pnndukeshwar, more s~nall intercalations of mica schists are eucountered. 
They are usually found on the bedding plaues. 

As already noted by AUDEN, the mighly quartzites pass at the bridge uorth of Painor 
into rusty wqathered p a r a  b i o t i t e s ch i  s t  s which are partly injected nnd thus show irregular 
augen of feldspar and quartz. AUDEN also tneutio~ls the rich liniesilicate layers which may be 
followed eveu beyoud Radrinath. 

Half a kilometer north of the upper bridge, above Painor, the different li~nesilicate layers 
appear within the i~~jec ted  biotite g~leisses. 

In this place are also found two green layers of about 1 ~neter  each. They are g a r n e t  - 
a m p h i b o l i t e s  r i c h  in q u a r t z  a n d  b i o t i t e  The short stalks of h o r n b l e n d e  are iuten- 
sely green. The o I i g o  r 1 a s e - a 11 (1 e s i n e crystals are s iu~~ous ,  crowded out by q u a r t  z which 
also forms roundish inclr~sions. The large rorlndish g a r n e t s  are pierced sieve-like by quartz 
inclusions. 'I'he b i o t i t  c goes together with hornhleude and ma  g u e  t i t  e .  Some a p a t  i t e is 
included i n  the hornblende. The striking intergrowth of this an~phibolite with quartz is related 
to the general injection. 

In the region described above, the pegmatite dykes are not yet preseut. They follow 
further north. 

The sirlgle layers of lit~lesilicate rnarble may attain a thickness of 10 meters. About 
300 meters above tlie garnet-atnpliibolite, intensely illjected gueisses becol~le Inore abundant 
again. The streaky distributed micas produce the appearatlce of a migmatite. 

One kilo~neter south of Badrinath, the limesilicate-~nnrbles, iuterbedded with finely strati- 
fieti tbiotitr-psan~n~ite-gneiss, lnay atti~io over 10 meters thickness each. In parts fine layers 
rich in diopside are formed withill Ihr biotite gneisses; they may grad~lally pass into real 
limesilicate marbles. 

On the south side of the side valley \vhich colnes fro111 the Nilkanta, the pegmatite dykes 
appeilr. There, the li~nesilicates of Badriuath within the biotite-psammite gueisses are verti- 
cally erected (1'1. IV). 

A s c a p o l i  t e  - d i o p s i d e  - ~n a r b l e  was fouud at the coutact with the biotite gneiss. 
Macroscopirally it is a fine-grained rock. The s c a p o l  i t e usually forms ror~~idish grains. The 
d i o p s i d  e is slightly green and is associated with the scapolite in the qr~artzose zones, while 
the c a l c i t e  forms its own miueralogically monotonous layers. On the edge of the diopside, 
an uralitic h o r n  bl e n d e is frcquenlly found. Large grains of t i  t a 11 i t  e are irregularly distri- 
buted. With the qnarlzose parts are also associated subordinate a l b i t e  and some roundish 
grains of a p a t i t e .  

The real m a r b  l e s are light-coloured and sho\v even macroscopically regularly distributed 
phlogopite and diopside. These diopside-phlogopite-nlarbles also carry s c a p o l i t e ,  
q u a r t z ,  h o r n b l e n d e ,  acid p l ag ioc l : l s e ,  ~ n l ~ s c o v i t e  and a p a t i t e .  

The zone of Badrinatli, rich in liniesilicates, f o r m  a \\ride anticliue and is overlain, at 
Mane, by injected biotite-muscovite gueiss which is crossed by numerous pegmatite-and 
aplite dykes. 

On the whole, we thus found on the Alnkuauda a crystalliue series, similar to that of 
the Pindar and the Kali. The huge quartzites of Pandukeshwar (9 kilonleters thickness) corre- 
spond to zone d of tlie Kali section (Malpa). The normally overlying injection gneisses of Painor 



are equivalent to zone e. The typical li~nesilicates within the biotite-psamnlite gneisses corre- 
spond to zone f, although the pegn~atites only follow more to the north. Instead of now passing 
on to the normal sedimeutary series of Martoli, we come at Mana once more to the injection 
gneisses which, by way of their abundant pegmatite dykes, pass on to the tourmaline granites 
of the Bhagat-Kharak region. 

b )  T h e  R e g i o n  of t h e  S a t o p a n t h  G l a c i e r  
Nearly the whole length of the Satopanth glacier is bordered by b i o t i t e  - p s a m m i t e 

g n e i s s .  The tourmaline-granite of the Bhagat-Kharak is here restricted to the higher mountains 
forming walls of several hundred meters on the north side of Nilkanta,6600 meters (Phot.54, P1.XX). 

The biotite gneisses are the continuation of the limesilicate zones of Badrinath and are, 
here too, frequently interbedded with limesilicate marbles. 

The injection of the gneiss is irregular. A rock of granite-like appearance is a s i l l i -  
r n a n i t e - g a r n e t - b e a r i n g  a l k a l i f e l d s p a r  g n e i s s .  It might suggest, macroscopically, a 
highly injected paragneiss (~nigmatite). Under the microscope the following minerals are recog- 
nized: The o r  t h o c 1 a s e predominates in the shape of undulatory extinguishing individuals. 
It is slightly perthitic, showing narrow spindles. The a 1 b i t e  - ~ l i  g o  c l  a s e is distinctly twinned 
and frequently enclosed in orthoclase. Fine needles of s i l l  i m a n i t  e are associated with the 
chestnutbrown b i o t i t e .  It rarely forms larger individuals with basal cleavage. The g a r  n e t s 
are of varied size and somewhat idiomorphic. Here and there t o u r m a l i n e  is found in large 
idiomorphic stalks. The accessories are a p a t i t e ,  and z i r c o n  as an inclusion of biotite with 
distinct pleochroitic haloes. 

Within the fine biotite gneisses, limesilicate zones occur, similar to the Kali section. 
Locally, instead of the biotite gneisses. we come to fine-grained h o r  n b 1 e n d e g n e i s s , rich 
in e p i d o  t e ,  which may be regarded as a connecting liuk to the limesilicates. Usually it forms 
the adjacent rock to the marbles. Beside an intensely olive-green h o r n b l e n d e ,  q u a r t z  is 
abundant. The feldspar* are mainly a n  d e s i n  e . Then follow a 1 k a l i  f e 1 d s p a r s , again of a 
small axial angle. An indistinct crosshatched e p i  d o t e  is equally distributed like hornblende. 
The accessories are d i o p s i d e ,  c a l c i t e ,  t i t a n i t e ,  a p a t i t e  and m a g n e t i t e .  

The limesilicate gneisses and marbles are very plentiful on the right lateral moraine of 
the Satopanth glacier. Specimens were collected which show i n  o n e  p i e c e  t e n  mi n e r a l o -  
g i c a l l y  d i f f e r e n t  l a y e r s .  These c o m p l e x  l i r n e s i l i c a t e  g n e i s s e s  frequently form 
lenticular bands around the diopside cores. The outer parts of the d i o p s i d e - h o r n  b 1 e n  d e 
g n e i s s  are rich in q u a r t z ,  a n d e s i n e ,  g r e e n  h o r n b l e n d e  and d i o p s i d e .  The accesso- 
ries are t i t a n i t e ,  p h l o g o p i t e ,  a p a t i t e  and c a l c i t e .  The more interior layers show the 
passage of s c a p o l i t e - d i o p s i d e  g n e i s s  t o  d i o p s i d e  f e l s .  Here too, we encounter quar tz .  
The plagioclase is non-homogeneous. Marginally, a n  d e s i  n e is determiued with distinct twin 
lamellas. The same grain of ar~desine may pass inwards to non-homogeneous, basic plagioclase 
of b y t o w n i t e  to a n o r t h i t e  type. No clear zonar growth is present. D i o p s i d e  is associated 
with the feldspars and layers of s c a p o l i t e  with h o r n b l e n d e .  

Beside these still gneissic limesilicate layers we fiud the real limesilicate marbles, usually 
as p h l o g o p i t e - d i o p s i d e  m a r b l e ,  with more or less h o r n b l e n d e  and an accessory basic 
p l a g i o c l  a s e .  Pure white marbles also are not lacking. Here and there atnphibolitic layers 
are found in the white marbles. 

A specimen of a large block from the right lateral moraine of Satopanth is a t o u r m  a -  
line-bearing p h lo  go  p i  t e - a m p  h i  bo  li  t e with scanty feldspar. It is mainly coinposed of 
h o r n b l e n d e  of slightly bluish-green pleochroism, of p h 1 o g o p  i t e and large individuals of 
t o u r m a l i n e .  The basic p l a g i o c l a s e  ( b y t o w n i t e )  is an accessory, and so are a p a t i t e ,  
t i t a n i t e  and p y r i t e .  



c )  T h e  R e g i o n  of B h a g a t  K l l a r a k  G l a c i e r  

The lnyers of white t o u r m  a l i  u e g r a  11 i t  e l  which on the Satopanth only form the walls 
of the summits, come clown to the Bhagat Kharak glacier on accouut of their general dip of 
10.- 20" to\vnrds north. They also become murh more important. Iudeed, a decrease of the 
granitic intrusion towards south is demoustrated by its disappearance south of the flat auticline 
of Radrinath. The magnificent mountains of the Badriilath group surrounding the Rhagat 
Kharak Glacier' ilre chiefly formed of bright granite. 

Along the lower northern side of Hhagat Kharak glacier sornc large zones of inject1011 
gneiss are seen. Also, in the rnain grauite zone, homogeneous orthogneisses are enclosed, which 
are different from the it~jection gueisses. Appareutly these gueisses are older than the nlassive 
granite. Aplitir dykes, counected with the granite, are seen crossiug the gneiss. 

Amougst the gneisses we can distinguish three rnaiu types: 
1) The most widely distributed one is a b i o t i t e - g r a u i t e  g n e i s s .  It is rich iu large, 

very beautiful p e r t h i t i c  to a n t i p e r t h i t i c  o r t h o c l a s e .  Togetllcr with the closely iuter- 
locked q u a  r t z, i t  is the main rnineral conbtituent. The a l  b i t e - o  l i g o c la  s e is some\vhat subordi- 
nate. It forms beautiful myrmekitic reactions with the orthoclase. Other a l  k a l i f  e l d s p a  r s  
are also subordinate. With their distinct crosshatching they tnust belong to the category of 
m i c r o c l i n e ,  though characterized by a slnall axial angle. The hi  o t i t e is somewhat bleached. 
Its inclusions of o r  t h i t e show pleochroitic haloes. Mu s co  v i t e is only subordinate. To  u r -  
m a l  i u e is a further accessory. 

2) The next typeisa n luscovi te -grani te  gneiss.Itrese~nblestheforrnerone,butinplaceof 
the biotite there is m u s c o v i t e .  A l b i t e - o l i g o c l a s e  is somewhat more abundant, and 
amongst ~lki~lifeldspnrs there is also normal m i c r o c l i 11 e . Macrosc.opically lhis rock-type is 
more schistose. 

3) The b io t i te -a lka l i fe ldsp i l r  g n e i s s  shows pe r th i t i c  o r thoc l a se .  The large por- 
phyroblasts are recognized even macroscopically. On the edge they are replaced by a l b i t e -  
ol  i goc l  a s e  with bei~utiful ~nyrlnekitic renctious. The b i o t i t e  is Ientici~larly concentrated as 
can even ~nacroscopicall~ be seen. G a r n e t  iu srnall xeno~norpliic grains is pedorniuaut amongst 
the accessories. 

The massive biotite-tnuscovite-tourtnaline g r a n i t e  aud g r a u i t e - a p l i t e  are 
characterized by their a b 11 n d a n  c e  o f  t o u r m  a l i I I  e .  This distinguishes them from the gneieses 
which carry tourmaline only, as an accessory. Although, on the whole, cotnposed rather uni- 
formly, the grauites differ .in size of the grain and in their couterlts of mica, 

The predominant types are the follo\viag: 
1) Biotite-mascovite-tourmaliue-granite, with large o r t h o c l a s e  of perthitic to 

antiperthitic unmixture. Mic roc l ine - l i ke  alkalifeldspars of a small axial angle are subordi- 
nate. A l bi t e - o l i g o c l  a s e  is less abuudatlt. The q u a r t z  is dislinctly interlocked and of 
slightly undulatory extinction. M u s c o v i t e  usually forms larger sritles in which the b i o t i t e  
is enclosed. Hoclts with large idiolnorphic ~nuscovite scales, up to 2 rentimetkrs, show small 
idiomorphic biotite inclusions which are col~cei~traled in the ceutre of the ~nuscovite. The bio- 
tite frequently shows pleochroitic haloes. The large grayish-brown to bluish-gray pleochroitic 
t o u r m a l i n e  is important. 

A fine-grained rock is determined as m u s c o v i t e - b i o t i t e - t o u r m a l i n e - a p l i t e - p -  
n i t e .  It bears some g a r n e t  &ich is also found in the ordinary aplite. The fine-grained 
massive rock is the most frequent tourmaline-granite and corresponds to the types described 
in connection with the Api glacier in Nepal. The two analyses may be compared: 

' See the Photo-l'anorania PI. I1 and  the Pholos NI.. 203-211 of Lit. 30. 



T o o r m a l i n e - A p l i t e - G r a n i t e  
Bhaghat-Kharak-Glacier 

SiOa 73.38 
AlaOa 14.66 
Fw Ol - 
FeO 0.80 s i  428 
MI30 0.11 a1 60 
CaO 0.81 $ :  6 
NaiO 4.27 6 
Ka0 4.17 alk 40 
TiOn 0.08 2 k 0.39 
P l 0 ~  0.19 "'g 0.20 
H20+ 1.67 
H30- - 
B?Os 0.22 (in tourmaline) 

. . .. -. - - - - 

100.16 

A p l i l e - T o t ~ l . m a l i n e  G r n n i t e  A p l i t e  g r a n i t i c  
Api Glacier M a g m a  

According to NIGOLI'S table of determination it is an a p 1 i t  e - g r a n i t  i c magma. The corre- 
sponding magma types are indicated in the third column. A comparison of the two analyses 
shows a good accord, except for slight differences in the al-alk and the k-values. 

The real aplites are frequent, usually in the form of m u s  c o  v i  t e - and  g a r n  e t-bearing 
t o u r m a l i n e - a p l i t e .  

Towards north-west the whole granitic mass of the Bhagat Khararak is overlain by 
b l a c k  s c h i s t s .  Some lenticular inclusions are also found in the granite whlch seems to be 
younger. The schists are determined as q u a r t z i t i c  g r a p h i t o i d  b i o t i t e  g n e i s s  and q u a r t z -  
i t i c  g r a p h i t o i d  s c h i s t s .  They seem to represent the old sedimentary cover into which 
the younger granite intruded. From a peak (6100 meters), between the Bhagat Kharak and the 
Arwa glacier, they could be seen as far as the bordering western crest of the Arwa Valley, 

Fig.65. T h e  N o r t h - w e s t e r n  R e g i o n  of B h a g a t  K h a r a k ,  s h o w i n g  t h e  B l a c k  
S c h i s t s  c o v e r i n g  t h e  G r a n i t e .  

1. Tourmaline-Granite and Aplite-Granite; 2. Black graphitoid Biotite schists; hlo = Recent moraines. The IWO 
peaks (in W 12 N and W 22 N) are about 8600 to 7000 meters high. 



partly forming the summits on the watershed to the Oangotri glacier. There the schists are 
practically horizontal. In the back-ground of Bhagat Kharak, the highest summits are capped 
by the black schists which sharply overlie the aplitic border zone of the granite (Fig. 65). 
The Tibetan-like smooth forms of the surface more to the uorth is caused by these metamor- 
phic sedimentaries which overlie the granite. 

Finally, attention may be drawn to a rare pegmatite which was found on the northern 
slope of the Bhagat Kharak glacier, above its middle part, though only in a loose block. It is 
a s p  o d u m e n  e - p e g m a t i t e . Macroscopically the white quartzose rock is formed of more or 
less idiomorphic colourless stalks, up to 10 centimeters in length. Under the microscope the 
following minerals were recognized : lath-shaped o l i g o c l  a s e - a n d e s i n e , o r t h o c l a s e and 
large q u a r t z  grains. But the chief and striking mineral forms are large and beautiful colour- 
less stalks with polysynthetic twin lamellas. The medium-sized positive angle of the axis, the 
striking cleavage of the augite-type, a s  well as the contents of Lithium (see analyses), point 
to s p o d u m e n e .  The extinction Z,!c (also of the twin lamellas) is 27-28". 

The spodumene predominates over all the minerals. This interesting rock is of the follow- 
ing chemical composition (analyst Prof. J. JAKOB): 

S p o  d u rn e n  e - P e gin a t i t e (Bhagnt-Kharok Glacier) 
SiO? 72.96 
Alto I 19.55 
Fez0:l - 
FeO - 
MgO - 
MnO- 0.02 si 3'22 
CaO 0.10 a1 W.5 
NazO 2.80 frn - 
KaO 0.37 c 0.5 
Liz0 4.04 alk 49.0 
Ti02 - 
PPO:, - 
fro+ 0.26 
H3O- - - 

100.0B 

Attention must also be drawn to an interesting reaction of the spodumene with the ortho- 
clase and partly also with the plagioclase. The long stalks frequently g r o w  i n t o  t h e  f e l d -  
s p a r  in dendritic shape. It seems that the spodumene is replacing the feldspar. Quartz being 
thereby segregated, the phenomenon seems to resemble the myrmekitic replacing of alkali- 
feldspar by plagioclase. The border of these myrmekitic spodumene dendrites is finely rami- 
fied (Phot. 69, PI. XXIV). 

MAm. ~ l r  In Sot.. I l t~ lr .  (Ira Sr.  Xnt. Vol. 1,SSIII. Arnold Ilriln nntl AIICIIRI C111q:rl.: C'tmtrnl Hlmnlnyn. 



T H E  N O R T H E R N  R A N G E S  
T E T H Y S - H I M A L A Y A  

Introdudlon 

This region between the Central High Range and the Tibetan Front Range or Zaskar 
Range appears a s  a great  contrast to the former regions, tectonically, stratigraphically and 
morphologically. It is made of s e d i m e n t a r y  formations of Algonkian to Cretaceous age and 
tectonically characterized by numerous t h r u s t  s h e e t s coming from NE, piled upon each other. 
Morphologically, the region is shaped to a large extent according to its formations, the Silurian 
quartzites forming rugged crests and peaks, while the black shales have been weathered oul 
to form valleys or gaps. One of them is the Lebong pass which leads from Ihe longitudinnl 
valley of Kuli to that of the Dhauli Ganga. 

Having travelled so far in unfossiliferous regious of partly complicated structure, where 
the relative age of the formalions can only be judged by their grade of metamorphism, we 
now come to highly f o s s i l i f  e r o u s  mountain ranges. The fossils of some horizons are  [lot 
only abundant, but also well preserved. Our collection which was presented lo the Geological 
Institute of the  Federal High School of Technology (Technische Hochschule) of Zurich is worked 
out by its paleontologist Professor Dr. A .  JEANNET, to whom we owe not only the deler- 
minations in thee following pages, but also working out of a paleontologici~l v o l ~ ~ n ~ e  with 
numerous designs and photographs of the new aud rare species from the Ordovicii~n to the 
Cretaceous. The ammonites are especially numerous and well preserved. In addition, we made 
and studied a number of microscopic slices showing an abundant life of foraminifera and 
radiolarians in the Mesozoic formations. 

The whole region behind Ihe Central High Range is thus made essentially of m a r i n e  
deposits. The peaks rising above 6000 meters have been squeezed and pushed up  o11t of an  
old sea. It is the farnous T e t h  y s of E. SUES which extended from the Alps to the Hi~nalnya. 
J. B. AUDEN therefore called the Northern Ranges the ' r e  t h y s H i m a l a y a .  Not only lhe 
paleogeographic conditions recall those of the Alps-the structure too and the surface of the 
Northern Hanges show striking resemblances. The first geologist who travelled across ihe  Central 
Himalayn and as filr as the Transhimalaya was Captain H. STRACHEY in 1848, who found rnarinc 
fossils and recognized the Silurian and other marine for~nations (see p. 7). 

Considering the analogy with the Alps, the Geological Survey of India, at the end of lasl 
cenlury, engaged three Austro-german geologists, familiar with the study of the Alps and of 
the Alpine Triilssic especially: Prof. C. DIENER, C. L. GRIKSHACH and A. VON KRAFFT, who did pioneer 
work i l l  the interior region of the Himalaya. Most valuable contributions a re  due also to Sir 
HENRY HAYDEN (1904) concerning the famous region of Spiti in the NW Himalaya (32" N, 78"  W) 
which have their bearing on the judgement of the formations in our south-eastern region called 
hfalla Johar.  GI*IESDACH'S work was begun in the highly fossiliferous region of Spiti a s  early as  
1879 Including those north-western countries and all that is related to their geology, GRIESRACH 
gi\.es a list and partly discusses 130 publications. I n  referring to this list, we shall only have 
to deal with the three authors mentioned above, and GI{I~:SHACH'S Geology of the Centrnl 



Himalayas" with tlumerous plates and 2 geological maps in 1" = 4 miles which forms a complete 
memoir of the Geological Survey of India (20, 1891). 

As shown on our geological map, the region we shall describe in this book extends from 
north-western Nepal to the boundary of Oarhwal in the NW, and from the Central High Range 
lo Lhe Tibelan Border Range, the latter included. The stratigraphy of this region, in O H I ~ ~ B A C H ' ~  
memoir, is largely based on the results in Spiti and applied to the soulh-eastern region in a 
rather artificial way. On going to the field with his geological map at hand, including the 
skillfully drawn tracings of sections, we were surprised to find that they were based on much 
imagination. Thus, instead of a normally folded and faulted region, we found one of thrusting 
towards SW, with several beautifully visible thrusts upon each other, which, with the exception 
of one, were overlooked by GRIESRACH. 

The Transverse Sectlon ot the Upper Kali 

On pages 35 41 we described the section of the Kali river along Nepal. We shall now con- 
tinue towards NE, starting from the region of Garbynng. 

a) l'ectonics and Stratigraphy (PI. 11, Sect. 4h) 
Above the schists of Budlii with their characteristic porphyroblasls of biotite as a last 

expression of colltact rnetaniorphism, we come to the great and normal, althougl~ locally crumpled 
s e r i e s  of G a r b  y a n g .  It is chiefly formed of slightly sericitic and arenaceous calcareous 
phyllite, with dolomitic and green chloritic layers. The latter enable us to subdivide the great 
phyllitic series between Budhi and Gunji. They are problably a product of former basic tuffs, 
similar to the so-called bentonites of America. The rusty brown weathering of the dolomitic 
and chloritic layers makes it possible to recognize the Garbyang series at a distance. 

'I'he Lower Garbyang subdivision of nearly 2 kilometers thickness gradually passes into 
a similar series of calcphyllites (Upper Garbyang). Its normal position aud regular dip of 
40-50" towards north enables us to determine the thickness which is little less than 3 kilo- 
meters. 'l'he lower half of the Upper Garbyarig series is more calcareous, with sandy limestones 
fornling high walls, while the upper half shows a more red brown weatheriug. 

The total thickness of the Garbyang series above its injected basis, betweeu Budhi and 
Gunji, is thus 4,5 kilometers. Including the Budhi series, the thickness of the sediments older 
than Silurian is 5,5 kilotneters. 

GRIESBACH, in his mernoir, called the lowest sedimentary system of the Central Himalayas 
Ha  i m a n t a which it1 Sauscrit siguifies "snow-covered". His description (20, p. 51), however, 
largely applies to the north-western regions and is not applicable to the Kali section. Here we 
have looked in vain for the quartzites and conglomerates, and we cannot confirm his statement 
(p. 49) that "the Haimantns are invariably separated from the Silurians by a zone of bright red 
quartz shales, which I have traced from the extreme north-western limit of my area (Spiti) 
to the frontiers of Nepal". GRIE~BACH reduces STRACHEY'S estimate of 9000' thickness of his 
"azoic slates" to 4000', whereas at Garbyang we come to an estimate of 15000' and even much 
more for the Hai~nantas in the near North West. One of his errors of which we shall give 
the data later, was to take the red Silurian of Guuji as  the same horizon which, in the Dhauli 
gorge is stratigraphically about 4 kilometers deeper. 

The upper limit of the Garbyang series is passed on the trail east of Gunji. The contact 
seems to be sharp and stratigraphic. The top layers of the Garbyaug series are formed of 
crumpled greenish marly schists. They are stratigraphically overlain by violet sandy clay shales. 
dipping 35 -40" to NE, apparently slightly steeper thau the underlying schists. The latter are 

' In Section 4b, PI. I 1  somewhat srnrllet. :~ngles a le  shown on accounl of the projecliou which is no1 exactly iu 
the strike. 
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of variable thickness for stratigraphical and tectonical 
reasons. They are intensely folded, squeezed and faulted 
on the walls of the Nepali side, conformably with the 
underlying Garbyang shales (Fig. 66). 

On the trail the thickness of the violet shale is 
only 20-30 meters, but the normal thickness at Guoji 
may be 50- 100 meters. 

No fossils were found except some small white 
joints of Crinoids in the violet shale. 

The immediately overlying strata are not exposed 
along the trail. On the whole lhe violet shale is over- 

;; lain by a thick body of folded quartzite of brown 
weathering. The upper part, about 400 meters, is regu- 

Fig.66. C a m b r o - S i l u r i a n  C o n t a c t  o n  t h e  larly bedded and partly made up of dolomite and 
N e p a l  s i d e  o f  l h e  K a l i *  seen Gunji lo- dolomitic limestone. The dip at the foot of the walls 
wards ESE. 1 = Garbyang series; 2 =violet shales 
of basal Silurian; 3 = series; t =talus. is nearly vertical and the strike accurately W30- 35"N. 

f = fa111t This brown series is normally overlaiu by a 
massive white quartzite of about 150 meters. Then we come to the crumpled syncline with its 
d is  ha  rmo n ic interior folding, photographed and well reproduced by GHIESBACH (20, PI. 24), though 
not indicated on his seclion PI. 9, Fig. 4. This syncline is made of rusty brown weathered quartz- 
SW N E  

Pig.67. D e t a i l s  of t h e  T h r u s t  Z o n e  o f  t h e  U p p e r  K a l i  b e l o w  K a l ; ~ p : ~ n i .  

Lower 
Silurian 

Muth aeries, 
Upper 
Sllurian 
to Devonian 

' 1 -- Gray limestone, wavy, about 50 melern, with a Ibed of ect~inoderm breccia and .3  meters 
of qrlarlzite at  the b a ~ e .  

2 = Variegated slaty ~na r l s  lviolet, red and greenish), with small stem-ossicles of Crinoids, 
50 --70 meters. 

3 = Calcareous sundstone and sandy limestone wit11 badly preserved smooth Bivalves. 
4 = Variegaled marly shale overlnin by s bed of 0-6 meters of white massive limestone. 
5 = Well-bedded fine-grained li~nestone, gtsny lo reddish and greenish, with, cleavage, about 

100 ~neters. 

1 6 = Well-bedded quartzite, with dolomite and limestone beds of brown weathering, about 
700 meters. Q = wl~i te  quartzite band about 20 meters. 

I 
7 = Maseive white quartzite, nbout 150 meters. Sharp l i n~ l t  to 
8 = Well-bedded dolomite-quartzite of rusty weathering, about 150 111eters. 
9 = White quartzite and dolomite-quartzite of variable thickness 10- 50 ~nelers.  

10 = Produclun shale, black. 
11 = Chocolate series, Eotrinssic. 
12 = Spotted limestone (Kalnpani Ilmestone). 
13 = Kuti shales below talus. 



ites and dolomites in repetition of about 160 meters thickness. They seem to be crowned by 
a last body of white quartzite of irregular thickness (Fig. 87). 

We now come to the most interesting and the most complicated tectonical zone, which 
was completely misunderstood by GRIE~BACH. Hard climbing would be necessary for further 
improvement of the present description. 

First we see the thick white Muth-quartzite, forming an anticline overlying towards NE! 
It is, so far, the only back-folding ("RUckfaltung") found in the Central Himalaya, whereas 
similar cases are frequent in the Alps. However the reversed limb is only overhanging for 
100-150 meters. 

Both, this anticline and the syucline on its SW side show a.gentle though distinct axial 
pitch towardi NW. 

The back-turned front of the white quartzite is regularly overlain by a thick body of 
brown, well-bedded dolomite. Then follows again a white quartzite covered by dolomitic layers. 
They are partly reduced and inteusely compressed. 

Having now traversed the Muth series, we come to a normal, although squeezed and 
folded series, beginning with black Permian shale and the Triassic sequence: chocolate shale, 
spotted Middle-Triassic limestone and probably some Kuti shales (Upper Triassic). They are 
thrust-covered by a Lower Silurian or Ordovician series, with variegated shales and limestones, 
in the shape of narrow folds. 

The t h r u s  t - p l a n  e is nicely visible on the southeastern side of the valley as a steeply 
north-eastcsrly inclined shearing plane. In order to work 
out all the interesting details, a photogrammetric map 
of 1 : 10 000 and photographe on a large scale should 
be taken in the direction of the strike, from high stand- 
points on both sides of the valley. 

The variegated squeezed and folded Silurian seemb 
to be normally overlain by quartzite with limestone 
and dolomite of great thickness. Certainly this brown 
series corresponds to what we have regarded as 
Muth (Upper Silurian to Devonian) in the series under- 
lying the thrust plane. 

I 

Fig. 68. D e t a i l  o f  t h e  T o p  o f  S e r i e s  4 
Before proceeding farther north-eastward, an in- i n  F i g .  6 7 .  

teresting detail of the series 4 of Fig. 67 is noticed A :  a = ~~d shales; b ;. ~ ~ , j  lllarl 
(Fig. 68). with sharp ronfact to c = 0-6 t~letelr. of . - 

The sharp contacts of the litnestone bed and the m ~ s s i v e  fine-grained white limestone. Slight 

slight unconformity of about 5 degrees is of more llnconformity to d = Well-bedded   el lo wish 
marls. B :  Folded cleavage in marly Silurian 

lithological thau stratigraphical interest. These con- of the same formation, 
tacts have nothing to do with transgression and must 
have been formed at the bottom of the deep sea, possibly in short phases of interruption of 
the sedimentation. 

The top of the browu quartzitic to dolomitic series is again formed by a massive white 
quartzite (Muth quartzite). It rises to the top of t l ~ e  admirable needle point 17634' of the old 
map 1" = 1 mile, and is sharply overlain by black Permian shale and the normal Triassic 
sequence, the whole being intensely folded. 

We are now at the uniuhabited stone huts of Kalapani, at about 3700 meters altitude, 
and look up to hoth sides of the valley. They are complicated by faults and differ in detail. 

The south-eastern side is shown in Fig 69. 
If we cross the bridge over the Panka glacier river, we come to a nor~nally NNE dipping 

series of Lower Triassic and Permian; which is cut off by a striking fault. Between this and 



Panka Gad 
I 2a j / 3 

Fig. 69. T h e  S t r u c t u r e  of K a l a p a n i  o n  t h e  S E  s i d e  of t h e  K a l i  R i v e r .  

I l a  = Brown dolonlitic quartzites 
Muth series l b  = White quartzite 
Permian 2 = Productus shale 

j 3 -- Chocolate series 
Triassic 1 4 = Kalapani lime4one 

the Silurian quartzite is an intensely folded, crumpled and faulted packing of Triassic sedi- 
ments (Fig. 69). 

A normal section of the Triassic limestone was found on the right (north-eastern) side 
of Panka Gad above Kalapani. There the stratification is so regular and well exposed that we 
propose to call it the Kalapani limestone. 

This Kalapani limestone thus has a normal thickness of about 55 meters and corresponds 
mainly to the European Muschelkalk or Middle Triassic, as already known to C. DIENER. The 
hematitic layer iu the middle is rich in large involute ammonites which stick out on the in- 
accessible wall, where only one good specimen of Ptychites cf. rugifel- could be extracted. This 
is an Anisian species, while the upper part may represent the Ladinic and? Carnic stage. 

Fig. 70. T h e  K a l a p a n i  l i m e s t o n e  of 
P a n k n  G a d ,  1 k m  S E  of K a l a p a n i .  

Mulh quartzite 
Covered by talus,prohably reduced Productus shale = Kuling 
shale. 
Chocolate series 
a)  18 meters of (:lay-iron stone layers of 1-2 decimeters 

with argillaceous shales passing into 
b) a 3 meter band of dark shale. Sharp boundary (con- 

formous discontinuity) to 
a) 17 meters of compact gray lin~estone, of light brown 

weathering,upper part coarse-grained withshell fragments. 
b) 2 meters limestone spotted with red hematite and large 

i~lvolute ammonites, amongst which Ptgchites cf. rugifer 
OPP. and Paraceratites himalayanus BLANK. 

c) 6 meters of fine grained limestone. 
d) 30 meters well - bedded dense, dark blue limestone, 

spotted with orange coloured streaks of ankerite. Upper 
part nodular and thin-bedded, with numerous ammonites 
of which could be extracted: Tropites subbulatus v. HAUER. 

talus, on Kuti shale. 



U~lfortunately the contact to the overlying Kuti shales is covered, whereas the lower Triassic 
and Permian are nicely exposed along the trait immediately south of Kalapani (Fig. 69): 

2 a) 10 meters (?) of reddish brown weathered platy limestone (plattiger Kalkstein), with 
undeterrni~lable fossils, probably a lower and rare Permian horizon, cut off by a fault. 

b) 40--50 meters of black Productus shale with ochre concretions and uumeroue Pro- 
ductiis of bad preservation iu the lower part. 

3 a) 1,2 meters brown sandy calcareous layer with cleavage, full of ammonite0 in very 
bad preservation. 

b) '2 meters black shale. 
c) 10 ? meters chocolate shale. 

The time at our disposal was too short to search on the other side of the valley the 
contact of the Kalapani limestone with the "Daonella shales" (Kuti shales). 

I 

Fig.71. S k e l c l ~  o f  t l ~ e  S t r l l r t u r e  nt K a l f l p a n i  o n  t h e  N \ I f s i d e  o f  t h e  K n l i .  

t - Dolonlilc qu;1rt7.ile (Sil~lrinnl; 2 = M r ~ l l ~  qu:~rtzite: 3 -- Productus- and c~hocolate shale: 4 = Kalapani 
liinestonr (hl~lncl~elliall~); 5 = Kuti sll:lle: 6 - Upper Triassic lirne~tone (with quartzite in lllr lower part?); 

7 = ? Spiti shale. 

We now follow the Kali further op (PI. 11, Sect. 4 b and Fig. 71). I'oint 13430' correspouds 
Ieclonically lo the outcrop of Fig. 70. The folds of Kalapani li~nesto~le on the NUr side are 
overlaill 113' dark shales which proh;~hly correspond to the Daonella shale of GRIESRACH, hut are 
il~dicalrd on his section as white Carbolliferous quartzite. 

T ~ P  unn;lmed ~ n o ~ ~ n t a i n  crest north of Kalapani is entirely made up of Triassic limesto~~es 
with quartzite and shale, intensely folded, slickensided and pushed over each-other. The struc- 
ture shown i l l  Fig. 71 is not imaginative, but directly designed after nature. Thrustfaulting is, 
in Ihese upper Hilni~lt~yan formalious, combined with folding. The direction of compression 
was always lownrds SW. 

Bear~lifl~l folds of Upper 'I'riassic limestone and black shales (Spiti ?) are seen on the 
11lo1111lains i l l  the hackgl.ound of 'I'era Gad. The trail to Lipu Lek passes over a bridge to the 
~ ~ o r l h  side of Ihc Kali ~ n d  turns towards easl. For several kilometers it follows moraine and 
blacli mici~reor~s shale of the I<uti facies (Upper Triassic), while the great walls above it. of 
brown and whit(. li~nestones and quartziles with subordinate shaly layers, belong chiefly to 
the Silnrian i r~ain (Fig. 72). 
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Fig. 72. T h e  W a l l s  o f  
Z a s k a r  R a n g e ,  N o r t h  
o f  L i l i n t h i , a b o v e  t h e  
T r a i l  t o  L i p u  L e k ,  
s e e n  f r o m  Lipu  P a s s .  

A - Limestone; 
b = Shale of brown 

weathering; 
Q 7~ Quartzilic- dolomitic 

Silurian ; 
T .= Triassic sequence,re- 

pealed. 

GRIESBACH (20, p. 192) already recognized that this older part of the Zaskar range is 
t h r u s t  upon the Triassic. The question still remains whether there is a reversed limb along 
the zone of thrusting. With more time at our disposal and in better weather it would be 
fascinating to study and to map this region, of which we can only give s n  approximate idea. 

The folded Silurian of the above figure strikes normally ESE and forms the mountain 
crest east oP Lilinthi, froni point 16292' to 17882' of the old topographic sheet Nr. 62,l" = 

1 mile. The axis of the main fold distinctly r i s e s  towards ESE, a t  an angle of about 15", so 
that the red and violet Crinoid shales with yellow limestone intercalations appear east of point 
16292' in remarkable extension. The quartzitic sandstone at the base may even belong to the 
Ordovician (Fig. 73). 

Fig.73. L o n g i t u d i n a l  D iagrammat ic  S e c t i o n  of  t h e  A n t i c l i n e  o n  t h e  SW s i d e  o f  
L ipu  Lek, s h o w i n g  a x i a l  P i t c h  and  F l e x u r e  (F). 

Q = Low. Silurian or Ordovician quartzite; R = Red and violet shales and yellowish limestones 
(Lower Silurian); Q = Brown Muth quartzite; m = Moraine; t = Talus. 

About a kilometer east of point 16292', this red Silurian series is cut off by an important 
t r a n s v e r s e  f l e x u r e .  The south-eastern part of the anticline seems to have slipped about 
500 meters down along twp parallel planes of south-eastern dip. Thence the anticline1 axis again 
rises at an angle of 15-20", with the effect that the red Silurian reappears about 3 km far- 
ther ESE, on the SE side of the Tibetan frontier and water shed of the Lipu Lek. At the same 
place the anticline begins to lean over to the SW (Fig. 74). 

The section of Lipu Lek, the most frequented pass to Tihet, 61501metew, has already been 
described and designed by GRIESBACH, but in a mistaken way. Indeed, the pass is not on an 



anticline, nor on coral limestone, but on w 
regularly isoclinal Silurian quartzites, dipp- $ 
ing 35" to NNW. The abnormal strike is 
caused by the general a x i a l  p i t c h  t o  
WNW. GRIESBACH regarded the dark Eu- 
crioites limestone in which he found Trilo- 
hitesas Devonian,and in this he may be right. 

Lipu Lek is on the normal limb of an 
anticline with an intensely crumpled Silu- 
rian interior, t h r u s t  upou upper Triassic 
shales and limestones. The latter correspond 
to the Kioto limestone of Spiti. The oolites 
are characteristic of its lower part. We are g 
here at the eastern continuation of the great " 

thrustfold already recognized by GIUESBACH 
NE of Kalapani. 

On the northern side of Lipu Lek foll- 
ows a very gentle syncline of fossiliferous 
Productus shale, also pitching towards WNW. 
Indeed, the dip of its southern limb is 35" 
to N 10 W, whereas the northern limb dips 
35" to W 30 S. The pitch of the synclinal 
axis is thus 25" to W 25 N. In the N-S sec- 
tion (Fig. 74) the dip is figured correspon- 
dingly less. 

The rugged Tibetan boundary crest 
again forms an anticline, but I could not 
determine its local structure, whether it was 
caused by faultiug or stratigraphic irregu- 
larity (pinching out of Productus shale?) 

In the basal part of the synclinal Pro- 
ductus shale we collected the following spe- 
cies (determination by Prof. A. JEANNET): 

Productus himalayensis DIENER 
,, subreticulatus MARTIN 
,, Abichi WAAGEN 

Spirifer tibetanus DIENER 

About 5 km in a direclion E 10 S from 
Lipu Lek, the structure of Fig. 75 is seen, 
designed at a distance. 

This symmetrical anticlinal core may ....- 

be the south-eastern prolongation of the " 

anticline which forms the Tibetan water- 
shed north of Lipu Lek. If so, it would show 
a further axial risiug and accentuation to- - . . - - . . . - - -  

wards SE. 

>Urn. do la Soc. Ilolv. dcs Sc. Kat. Vol. LXXIII. Arnold Heim and August Qanwcr: Crntral Himalaya. 14 
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Fig. 7.5. S e c t i o n  e a s t  o f  L i p u  L e k ,  T i b e t  (scale approximate). 
q - Quartzite; S = Hl;~ck slates with quartzitic layers; r = Red shales with I = yellowish to 

brown limestone of lower Silurian; b = Rusty brown slrata,probably Silurian dolomite-qr~nrtzite. 

h) Moraines and Lake Deposits 

Starting from Garbyang, we have first to study the remarkable Quaternary deposits on which 
this important Bhotia village (3140 meters) is situated. 

Coming up the Kali river, the great barrier was mentioned which rises 600 meters above 
Budhi, a t the point 10809' (= 3300 meters) of the topographic map N 62,l" = 1 mile (see PI. II,Sect.4b). 

Its upper part, about 50 meters thick, is made of blocks of the Garbyang series and has 
the aspect of a mountain slide. But we looked out in vain for the niche on the north-western 
walls where it should have broken off. 

Climbing up the escarpment in the gorge from the east side, the material below the ce- 
mented block deposit is recognized as a moraine with some scratched pebbles. We therefore sup- 
pose that the wall is made by both, moraine and a mountain slide which fell upon i t  or upon 
the receding glacier that may have transported the block heap for a short distance (Fig. 76 

and Phot. 15, PI. X). 
1oeo9' 

= ~ 3 o o r n  

Fig.76. T h e  G r e a t  B a r r i e r  of  
G a r b y a n g ,  s e e n  f r o m  t h o  
v i l l a g e  t o w a r d s  SW. 

I' = Pliyllile of Garbynng series, 
ni = Moraine; Ins = Cemented 
mountain slide wilh fluidal strn- 
tilication on the left; rs = S~iiall 
recent mountain slide and talus: 
G1 .r Supposed fornier gorge; 
G2 = Actual epigenetic gorge. 

The former course of the valley was certainly more to the right, and the mund-about way 
cut down into the phyllitic rock is epigeuetic. The mouth of tlie Api side river coming from 
the SE  is ~nade  by a waterfall of about 80 meters height. 

Obviously, a g r e a t  Q u a t e r n a r y  l ake  extended behind this dam for at least 7 kilometers, and 
probably even up to Gunji, which would be 1 1  kilometers as measured along the course of the river. 

The original high level of the lake is preserved in differenl places. 'l'he best is the great 
circus broken out of the lake deposits at the small village situated 1 kilometer ENE of Gar- 



byang, on the S W  side of the rocky spur of point 11387; I f  the altitude of Garbyaug is taken 
to be 3140 meters, it would be the 3170 meter level, which corresponds to the gravel terrace 
of the Nepalese vi l l~ge Changru aud to that further up the river at Kaua Talla. The next lower 
terrace is that of the village of Garbyang, 3140 meters. 

The maill lake deposit is a fine sandy loam of yellowish to olive greeuish colour, inter- 
calated with brown bituminous sheets. The lop at Garbyang, and a ptirt below the bungalow, 
is of the type of a v a r  v e  d e p o s i t ,  with minute stratificaliou which probably corresponds 
to annual changes of deposition, similar to the fatnous glacial varves of Sweden and New York. 
However, it is i~npossible to count the total number of varves on account of the slipping of 
the slope and the interruptions of the outcrops by gravel aud moraine. 

N Terrace o f  Changru s 
Kz/! -R . 

: ! I 7 0  

L - J 

Fig 57. 'The P l e i s t o c e n e  Lake Depos i t s  of Garhyang.  
( i  : (iarbyang series (Cambrian): I - loner gr:~vels: 2 = Conipact sandy  loan^; 

\. varves; ln111' = ground ~noraine. 

A microscopic test made by Prof. Dr. HELMUT GAMS of Innsbruck, who was on the look- 
out for pollen in the varved clay, had a negative result. 

Only at the circus on the NE side of Garbyang, under the protection of the spur 11387', 
the varve deposit reaches the top level of the former lake. The small village is dangerously 
situated on the south-western edge of the top-gravel replacing the Lrarves (Phot. 16, PI. X). 
N 3 I 70 m - Terr OF Chongru 5 On the Nepali side opposite Garbyang, 

we found ground moraine with interbedded 
gravel, as far up as 50 meters below the 
Garbyang level ; then follows lake loam, 
covered with 2 meters of gravel up to the 
Garbyang level. Apparently this ground- 
~~roraine is older than the lake loam. 

In no place at Garbyaug did we find 
moraine walls above the former lake level. 

. . . .  If we follow the Kali river upwams, 
we find an interesting relic of the lake fill- 
ing at Kaua Talla (Fig. 78). 

I d  K O ~ ~ .  - At the confluence of the Kali and the 
0 2 0  m e t .  5--8 times larger Kuti Yangti, and further 

F i g . 7 8 . A R e l i c o f t h e L a k e D e p o s i t s a t K a u a T a I l a ,  uptoGunji,thebroadeningvalleyismade 
Kali Gorge a b o v e  Garbyang.  of gravel, shaped to terraces at different 

P = Phyllite (Cambrian); In = Moraine mixed \\,ilh talus, 
enclosing V = varves crumpled by subaquatic sliding or levels. The village of Gunji is on the higheat 
glacial pressure; 1 = Compact loan,; 2 = Varved loam; One. The barometric elevation,given on the 

3 = Gravel, lower with diagonal bedding. topographic map, is 10310' = 3145 meters, 



Fig. i!). T h e  G r a v e l  T e r r a c e s  
o f  G u n j i .  

I' -: I'hyllite of upper (i;~rhgang 
series (Cil~llbrian) ; \' - \'iolel 
shale (IowerSiluri:~n);Q-Qui~rtz- 
ite, Silurian; w - l,evel of (;;It-- 
by i~ng  varve deposits; g = Gravel 
filling; t = Talus; f -= Fan depo- 

sit of Nnp;~lcl~yu side river. 

whereas our instrument indicated 3175 meters, according to which the former sea level with the 
supposed varves would be just below the Kuti river (Fig. 79). 

Further up, the Kali valley cuts in V-shape across the complicated folds and thrusts of Silurian 
to Jurassic age, as described above, then widens agaiu above Kalapani. The trail along the north 
side of the river follows gentle foot hills of upper Triassic shale, covered with moraine and 
talus until we reach a great moraine wall of recession at the mouth of the Lilinthi glacial river 
(Phot. 20, PI. XI). Behind i t  is the flat valley bottom of Lilinthi grazing ground. The river has 
cut a gorge across this terminal moraine, the top of which is at 4320 meters (barometric). 

Above Sangcham encamping ground we conie to lateral moraine walls at 4850 meters and 
reach the last moraine coming from the north side of Lipu Lek at 5050 meters, only 80 meters 
below the pass. 

Lipu Lek is the lowest point of the Indo-Tibetan watershed. Although the mountains around 
it reach 5500 5600 meters, there is only a small firn field left of the great former glacier. 
True, there is more firn snow on the Tibetan (= south-east) side of the pass, but even there 
no real glacier is formed. The summits of 5500 meters hardly reach the snow line. 

Tinkar Llpu (Nepal) 
This north-eastern part of Nepal has hardly been surveyed at all by the Indian topo- 

graphers and is designed by hatching, the whole being completely misleading. We refer to 
Fig. 46 and the topographic improvement on our map 1 : 650.000, without entering into details. 
Limited time and bad weather prevented us from making a new topographic survey. We have, 
however, to describe some. geological discoveries. 

a) l 'ettonics and Stratigraphy 

East of Garbyang, the Tinkar river has cut its way in V-shape partly along, parlly across 
the upper Garbyang phyllites, which dip regularly about 45'  to N. 

From the little Chorten 2 km E of Tinkar,a branch of the valley turns to the north across 
the strike. The violet basal Silurian is recognized on Ihe western walls above the primitive 
shepherd huts of Dongang. I t  must pass below the moraine on the trail. 

Tec~onical colnplications and bad weather prevented us from clearing up the whole sectiou. 
At Tinkar Lipit, 5200 meters, we are at the pass lo Tibet. There A. GANSSER discovered in the 
black shale the fine Nor i  a n f o s s i l s  which are the key to our understanding of the strati- 
graphic and tectonical section (Fig. 80 and I'hot. 19, 21, PI. XI). 

The pass is weathered out of the upper Triassic shale, while the beautiful ice-clad peak 
Phung-Di (6000 meters), on its SE side, and Sabu (5800 meters) are formed of Silurian quartz- 
ite, with an abnormal dip of 50" to NW. However, on the whole, the stratigraphic position is 
normal. But the details of the lower Triassic are extremely complicated by thrustfolding and 





ever, more of a silicious shale than a limestone. An analysis yielded the following results of 
the compact part: 

[naoluble 51.2"/~ 
H:O 1.27 
C'O* 2 1.80 
CaO 15.53 
bIg0 i 04 
FeO :3.2:3 - 

100.07 

Under the microscope, the same specimen is of niicro-granular structure, chiefly made of 
calcite with re!ics of a deuse groundmnss and numerous imperfect ankeritic calcite rhombo- 
hedrons. The expected quartz sand is absent. 

The patchy K a l  a p a  ni  l i m e s t o n e  Nr. 4 is of an interesting mineral aspect (Phot. 75, 
P1. XXV). The bluish gray limestone, of a dense structure, is full of straight or slightly curved 
tiuy calcitic stalks up to 0,25 mm in length. They are partly doubled, the transverse section 
being a ring. They may be small algae. The yellowish to rusty brown patches, as  was to be 
expected, are made of a mosaic of fine autogenous a n  k e r  i t e or ankeritic calcite rhombohedrons. 
They are usually below 0,l mm, but some of them reach 0,25 millimeters. Their well-defined 
limonitic contours are apparently the residue of the impure calcareous material of which they were 
formed during diagenesis. All these tiny crystals, also those of concentric growth, show uniform 
extinction under crossed Nicols. The ground mass of the mosaic is dense lime. 

The resemblance of this patchy limestone to the Helvetic Schiltkalk of Argovian age, as 
was to be excepted from their common aspect, is striking.' 

A chemical test of the yellowish brown part of the rock formed of the ankeritic rhombohedrons 
yielded the following result: 

Insoluble (Silica and clay) . . . 51.20°,0 
F e O .  . .  . . .  3.23 O j n  

CaO . . . 15.53O10~ 
MgO . . . . . 7.04 '/n 

CO, . . . . 21.80"/~ 
HyO . . 1.27'/0 

100.07 '10 
The dense black ammonite limestone of the Kuti shales Nr. 7 shows uuder the microscope 

a wealth of gastropod- and cephalopod embryons, but no distinct foraminifera. Iu addition, there 
are long tiny stalks of dense brown lime with symmetric transverse fibres,of unknown origin. 

c) Fauna (Determinations by A. JEANNET) 

From the lower part of the c h o c o l a t e  series (Nr. 3) were collected out of scree the 
following E o - T r i a s s  i c ammonites : 

? Meekoceras sp. ind. 
Ophiceras dernissurn OPPEL 
Ophiceras cf. dernissurn OPP. 

Anakashrnirites niualis D~ENER 
? Glyptophiceras Kashrniricurn SPATH 

From the lower nodular part of the Kalapani limestone (with ankeritic patches, 4a of Fig. 81). are 
Griesbachites sp. nov. 
Gyrnniles cl. Sankara DIENEH 

? Japonites sp. cf. Dieneri MARTEI.LI 
Siliceous sponge 

Except G r i e  s b a  c h  i t e s ,  which is a Carnic fossil, all are Anisian types. From the dense, 
dark blue upper Kalapani limestone (4b of Fig. 81) are:  

Traumalocrinus sp. (numerous fragments) ? Spirigera hunica DIENEH 

which probably are lower Ladinian ("Daonella limestone"). 

' See ARNOLD HRIM, Monogr.d.Churfiraten, Beilrlge z. geol. Karte der Schweiz n. F. Ltg. X X ,  purt 3, Fig.166 p.566. 



From the Sandy Limeslone (Nr. 5 of Fig. 81) forming the topof the Kalapani limestoue and corres- 
ponding in its stratigraphic position to the Tropites Limestone of DIENER were gathered in place the 
following numerous cephalopods with many new species, which shall be described by P~O~.JEASSRT:  

'? Haloriles ~ p .  

1)inrorplriles sp.  
..lnatonriIes cl'. Ijrocclri MOJS. 
Molrnyraa fptes c f .  cornpressus WELTER 
Molenyraaffiles sp. 
Anatropites sp. 
Slyrites cf. sigrlalus I)ITTLI 
(Iliorr ites sp. 
? Beyrich'ites ap. 
7'lrisbites sp. 
Paralibelites (sf. Tor~ lqu is t i  MOJS. 
Paratibetiles Adolphi hlOJs. 
Paratibetiles angustisellalrrs Mo~s. 
Haueritcs cf. rarestrialus HAUICII 
Polyc!/cl~ls sp.  
New gcnus  to be described. 
Metacar~niles s l ~  
Sirenitcs (*I. elc,!]ons hlo.1~. 

Sirenitcs r f .  Ali.ris 111 L N E ~  
? U%lterill,s sp. 
CIadi.~ri les cf. prrvillrr.~ .\Io.IS. 
Arcrstes cf. Piae I)II;SEII 
Al.cestes 6p. nov .  
Arcestes sp.  div .  
Gya~ni tes xp. 
Pinacoceras sp. no\.. 
Placites Sakuntala h1o.1~. 
Placites polytfacl!llus MOJS. var. Oldl~arrri MOJS 

:' M~yaph l / l l i tes  sp. 
I ) iscopl~~l l l i tes aff. Ebr~c,r.i Xlo.1~. 
l ) i sco /~ l~y l l i tes  sp. 
Proclydorrauliltis cf. ac-ulilobalrrs U I E S F I ~  
Orthoceras np. 
Atractites sp.  
Halobia st!/riaca Mo~s. 

We thus have here an a l m o s t  e x c l u s i v e  c e p h a l o p o d  h o r i z o n ,  the Arcestidae 
( C a r n i c )  being preponderant. But there are also the N o r i c  Pa~eatibetites. In the writers idia 
i t  is a c o  u d e n s e  d product of C a r  n i c and Nor  i c age similar to the Tlapites beds. although 
no true Tropites are presei~t at Tinkar Lipu. 

The black limesto~~e flags of the Kuti shale (Nr. 7 of Fig. 61) have furnished the follo~\.ing 
Cephalopodes,   no st of which of a fine preservation: 

Halorites r l .  proc!lon Mo.1~. 
Halol~itcs sp.  
Isculites sp. 

Mi l i t rs  sp.  
('!/clocclliles sp.  
CYiorriles U'oodrrw~.di hlo 1s. 

. l i i i~auites sp. ('liotritrs sp. 
A~ralontites cl'. crassepliccrliis h,lo.ls. Sleinnrnnnites sp. nov. 
Anatorniles cf. Ranlbanrgrnsis Mo~s. C,qrloplerir~ite.s Herotloti h1o.1~. 
I1ara,jrrr,auites r l .  Jacquini Mo~s. (young)  ? Ui.lleriles sp.  
I1ara,juuaoilcs cf. Hritltflraicus Mo~s. Sand1ir1,qilc.s cI. Ar.chibaldi Mo.la. 
I-'ar.ajriuar~iles cf. nrinor Mo~s. 
Parajr~mavites sp. ~ io \ , .  

I 'arajr irui~itrs sp. d i v .  
Mclasibiriles cl. spinescerrs HAUEII  
Tlrctidilcs Hlr.rleyi h4o.l~. 
Tltel iditrs sp. 

Proarrestrs sp. 
P I a r i l ~ ~  Sakiinlala hioJs. 
LJiscopA!/llilrs sp. 
Megaphylliles sp. 
Orllrocrras sp. 

Numerous tiny Gastropods, Pelecypods and Brachiopods. 
This fauna is characterized by the numerous Parajijuoaoites and Steinmannites, and is 

f r a n k l y  Nor ic .  
From the overlying shales,in the talus,was found Monotissalinaria B R O N N , ~ ~ S O  a Noric species. 

d) (flaciation (Fig. 46) 
Following the Tiukar valley upwards, we find towards east and above the gravel terrace 

of Changru a first moraine wall of recession at 3450 meters, and a further one preserved on 
the north side of the valley at 3530 meters. 

The srnall village of Tinkar, the highest of north-western Nepal, is situated ou an inclined 
terrace at 3700 meters. There, several branches of glacier rivers come together, each furnished 
with end moraines or retreating stages: 
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a) in the valley coming from the north (peak 20276' called Thimbu) at 3970-4150 meters, 
at 4430 meters and about 4800 meters. The latter is of a subrecent stage, situated about 1 km 
from the end of the small southeastern Thimbu glacier, south of the pass 5100 meters which 
leads from Tinkar to Kalapani. 

b) A large lateral moraine at 3800 meters forms a terraced spur in the SE, opposite Tinkar 
(Phot. 17, PI. X). 

c) Two kilometers east of Tinkar, a sacred little Chorten is placed on a moraine, above 
the junction of the glacier rivers coming from NE and SE, at nearly 3800 meters altitude. 

d) Turning thence north towards Tinkar Lipu, two moraine walls are found on which the 
poor shepherds stone huts of Dongang are situated at 4070 and 4180 meters. Two kilometers 
further north follow hills of 4540 and 4620 meters. Behind them extends a level flat (filled 
lake?). An extraordinary moraine, rising stair-like, was seen at a distance farther northward towards 
the pass leading to Lilinthi. This pass would also be most interesting tectonically. 

A large final moraine of horse-shoe shape, with white quaftzite blocks on the path to Lipu 
Lek is at an altitude of 4800 meters, the crest being at about 4850. 

All the high peaks of 6000 meters and more, forming the crest and boundary of Nepal 
and Tibet, south of Lipu Lek, are sending small glaciers to the collecting Tinkar valley, especially 
those of Katscharam (20279') and south of it. 

A fairly large and clean glacier comes down from the north side of Phung-Di (see Photo 71 
and 73 in 30). It ends at about 4850 meters on the Tibetan side. 

The region of Kuti, Kumaon 

a) Tectonics and Stratigraphy 

On the trail up the Kuti valley, the village 13944 '  
N I  h a l -  th ru5 t  NE 

of Nabi is passed at the foot of the magnificent 
peak 13944'. Its walls are so beautifully banded 
in brown and white and black, that the strati- 
graphy is clear at a distance (Fig. 82). 

1 3000 m e t .  0 
Fig.82.  T h e  C o l o u r e d  W a l l s  o f  N a b i  P e a k  1 3 9 4 4 ' ,  K u t i  V a l l e y ,  a s  s e e n  a t  a d i s t a n c e .  

Thickness of the formations approximate 
P = CBlcphyllite (upper Gatbyang series, Carnbrinn); v = Violet shale, r = red shales (of lower Silurian); a = Banded 
quartzite and shale in brown, black and white; b = Rusty brown quartzites with dolomite and limestone layers: 
w = While Muth quartzite, g = Gray quartzite; 1 = Productus shale, Permian; 2 = Chocolate shale (lower Triassic): 

3 = Kalapani limeetone (Muschelkalk); 4 = Kuti shales, Norian. 



The sequence of t1.e imposing S W  face seems lo be normal and non-reduced, from the 
phyllite over the violet lower Silurian to the huge mass of banded Muth quartzites and dolo- 
mites. Their normal thickness, the average dip taken as 30°, would be 1100 meters (suppos- 
ing the elevation of Nabi peak 13944' and Nabi village 10460' of the topographic map 62 to be 
correct). On the west side of Nabi peak, the white top-quartzite is seen pinching out north- 
w&d. It is one of the rare places where a l o c a l  u n  c o  n f o r m i t y ,  of apparently stratigraphic 
origin, is visible in this region (Fig. 82). Above it follows the normal Permian-Triassic sequence 
which is cut off by the thrusted Silurian with its bright red Crinoid shales, recognized at a 
long distance. Whether the basal quartzites of the thrust sheet are in a normal poeition 
(Ordovician) or reversed, we were not able to ascertain. 

At the next village, Nihal, the Triassic comes down to the river and follows it under- 
neath talus, in order to cross the river 3 km further up, where the thrust is nicely visible on 
the SW side of the valley. (Fig. 83). We shall call the thrust mass above Nihal the N i h a l  
t h r u s t  s h e e t .  

Fig.83. T h e  S t r u c t d r e  o f  I h e  N i h a l  T h r u s t  
S h e e t ,  S E  s i d e  o f  K u t i  V a l l e y  a b 0 i . e  

N i h a l ,  a s  s e e n  t o w a r d s  W N W .  

L o w e r  s e r i e s :  P = Pre-Silurian phyllite (upper 
Garbyang series); V=Violet shale; b = Brown quartz- 
ites and dolomites, Muth quartzite; w = White 
quartzite, Muth quartzite; p = Productus shale; 
C = chocolate shale; K = Kalapani limesloue (Trius). 
U p p e r  s e r i e s :  g --- Gray to pale violet quartz- 
ite (Ordovician?); r = Red and variegated shales 
(lower Silurian); w = White Muth quartzile; U = Un- 
conformity (?); I = First thrust plane of the Northern 

Ranges (Nihal thrust). 

SSW U I .  N i h a l - t h r u s t  

Above Nihal, on the NE-side of the river, intense secondary folding is visible iu  the core 
of the thrusted Silurian series. It seems to be doubled: The red Silurian shales (r) form a band 
above the folded body of quartzites and are normally overlain again by the quartzitic Silurian 
series and the Triassic sequence in addition. The Muth quartzite forms the Nihal Dhura (Fig. 84). 
This peak thus corresponds exactly to the Kalapani peak 17634'. 

Fig.84. V i e w  of N i h a l  f r o m  SE 

r = Red calcareous shale (Lo- 
wer Silurian); b -; Brown quartz- 
ite and dolomite; w = White 
quartzite; g = Gray to violettieh 
quartzite; P = Productue- and 
chocolate shale; K = Kalapani 
limestone; Ke = Kuti shale, I = 
Kioto limestone; S = ? Spiii 

shale, Jurassic. 

MCm. de la Sor. JTel\p. des Sr. Sat. \'ot. LSXIII .  Ar~~old Hrim and .4ugusl Oa~~seer: Central Himalaya. 15 
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Intense secondary folding is also seen soulh of Kuti (Fig. 85). The Paleozoic sequence of 
the Nihal thrust sheet may be noted approximately as follows from below: 

1. gray, violettish and while quarlzite 100-150 meters 
2:red shale, 100 meters, sharp limit to 
3. gray to violettish quartzite, 400 meters 
4., violet to red and gray shale 200 meters 
6, brown quartzite and dolomite 800-900 meters 
6. white quartzite (= Muth quartzite) 150 meters. 

Numbers 4-5 are well exposed above the trail 3,5 kilometers south of Kuti. 
There the following subdivisions, dipping 45" to NE, were observed from below: 

4 a  Red calcareous shale, about 150 meters, passing inlo 
4 b pale variegaled to gray slaty limestone, about 50 meters; passage within n few meters into 
5 a  rusty yellow weatllered dolomite with quarlzite in thick beds, forming a wall, about 50 meters. 

I . . . . . . . . . ,  I 

0 1 2 krn 

Fig. 85. S e c t i o n  o f  K u t i .  
1 = Gray to violet quartzite (Ordovician?); 2 -- Red shale; 3 = Like Nr. 1 ;  4 - Variegated shale and limestone; 
6 = Brown dolomite and quartzite (upper Silurian); 6 = White Muth quartzite; 7 Productus shale; 8 = choco- 
late shale; 9 = Kalapani limestone, reduced; 10 = Kuti shale; 11 = Kioto limestone with qu~r t z i l e  layer; 

13 - Spili shale, upper Jurassic. Above thrust I1 : r = red shale; q = Quartzite, Silurian. 

We now come to Kuti, 3750 meters, the highest village of the Kumaon Himalaya, which 
we made our second headguarter. Thence we first visited the north-eastern side of the valley, 
riming up towards the Zaskar Range. 

The normal succession at and behind the village, in ascending order (Fig. 85) is: 
10. Kuti shales: black, ~nic;~ceous. Total lhickness 400--600 meters. Upper part wilh lhin beds of mico- 

ceous sandstone ; passnge to 
l l a .  8 rnelcrs of brown snndy limestone beds, pils~ing to 

b. 30-35 meters of well-bedded gray limeslone, partly dense, partly o o l  i t i c .  
c. 12 meters of white q u a r t z i t e layers 
d. 100-120 meters of well-bcdded, compact limestone, dense and dark blue inside, forming a white wall. 

Top layers with r i p p l e  nl a r k s .  Sharp limit (discontinuity) to 
13. severill l ~ l ~ ~ ~ d r e d  meters of S p i I i s h a l e .  

Curiously enough, GRIESBACH did not notice the occurrence of Spiti shales in the enstern 
part of Kulnaon and mapped them partly as lower Triassic, partly as Carboniferous. At Kuti, 
they are, however, of wide extension and represented by their characteristic ammonites and 



belemnites, which are found inside the siliceous concretions. They are more flinty in the 
lower part and more of a clay-iron stone in the upper part, where also layers of such material 
are found in the black clay shale. The fossils are frequently pyritized. It is impossible to 
establish stratigrsphical subdivisions. (See list of fossils in the conclusive chapter.) 

A chemical test of a black concretion around an ammonite gave the following result: 
72,+" 9 of insoluble material (silica and clay), about 1090 of iron and 2-3 ' / a  of carbonaceous 
~natter. The corresponding slice, although very thin, is nearly isotropic aud parlly amorphoue. 
There are few micro-organisms, hardly to be recognized, beside a few tiny quartz grains, but 
uumerous srnall imperfect calcite rhombohedrons. 

Already at a distance a sharp line is seen above these Spiti shales which form an un- 
dulated gentle slope with pasture, rich in bright yellow and red flowers (Potentilla arggro- 
phylla). The walls above, as far as we climbed them (up to 5000 meters) are made of 
folded and repeated Silurian red shales and quartzites! We are thus iu presence of the s e c o n d  
g r e a t  t h r u s t  of the Northern Himalaya Ranges, which is the continuation towards WNW of 
the thrust of Lilinthi-Tera Gad. (Phot. 26, PI. XIII.) 

Beautiful exposures of this thrust are seen SE and NW of Kuti. We first climb on the 
synclinal Spiti shales to the pass at 4800 meters, 3-4 kilometers SE of Kuti, called Chaga pass 
by the natives (Fig. 85-86). About 1 kilometer before reaching it, the upper Triassic Kioto lime- 
stone comes up again on the NE side of the little valley washed out on the soft Spiti shales, 
forming a wall of about 100 meters height, at a dip of 70-80" towards SW. This limestone is 
cut off at a right angle by the thrust plane Nr. 11. 

Fig.86. De ta i l s  o f  the  
Thrust  I 1  at  Chapa 

P a s s .  
For numbers of strata 
see Fig. 85: 12 = Fer- 
ruginous oolite, Callo- 
vian; A = 0,5 lo 1 kilo- 
meter NW of the pass; 
B = a  few hundred me- 

ters SE of the pass. 

The thrust, on the NW side of the Chaga pass is subdivided into 2-3 sliding planes 
with sliding packs between, of quartzite and Triassic limestone. At the pass itself, only small 
fragments of this squeezed limestone remain, broken and mylonitized. The thrust plaue of the 
Silurian quartzite descends towards SE into the next side valley, then rises again with a dip 
of 45" to NE to the glaciated crest NE of Nihal Dhura. Although visible only for a few seconds 
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through rain and clouds, the contact was recognized from Chaga pass in perfect clearness. The 
thrusted Silurian rocks become still more ?ompressed into narrow folds, while the Spiti  hales 
above the limestone Nr. 11 are reduced to a black furrow. 

The Chaga syncline, forming a zone of black shales of about half a kilometer at the 
pass, becomes doubled on its SE side, as shown in Fig. 86B. At an axial rise of as much as 
20-30°, a pointed-arch anticline of upper Triassic limestone rises out of the Spiti shale syu- 
cline, forming a new crest and peak. A closer examination r e s~~ l t ed  in an interesting little 
discovery: Above the thick-bedded Kioto limestone, just on the anticline1 crest, follow with 
a passage. 

a) 10 meters of dark well-bedded marly Iimeetone 
b) 5 centimeters of ochre (indicating a former zone of oxydation). Sharp limit to 
c) $0 meler of calcareous ferruginous o o l i t e  wilh belemnites and gastropods, passing to a 
d) 10 centimeters belernnite layer of clay-iron stone with ferruginous o\,oides, deeply weathered, full of 

Belemnopsis and rare ammoniles. Sharp conformable limit to 
e) black Spiti shale. 

In the talus of c a good specimen of 
Subgrossouuria cf. gudjinsirensis WAAGEN 

was found, which points to the Athleta zone (Upper Callovian). The Callovian age of the 
ferruginous oolite also is confirmed by the ammonites found later at Laptal 85 km farther NW. 

The importance of this occurrence will be discussed later. But another fact is to be em- 
phasized even at this poiut,: the c o n f o r m a b l e  d i s c o n t i n u i t i e s  of the upper and lower 
boundary of the ferruginous oolite bed, and the absence of this Jurassic horizon on the SW 
limb of the Chaga syncline at the pass and thence towards NW. 
SW NE Climbing now to the symmetrical 

4420 4400 
'. gap NW of Kuti (4420 meters), we not 

only find the thrust plane TI of Chaga 
pass well exposed again, but also two 
or three upper Triassic sheets, sheared 
off by the thrust plane and dragged 
ahead below it (Fig. 87). 

These drag-sheets are less crush- 
ed than at the Chaga pass, except 
the uppermost one. The lower one is 
squeezed out entirely half a kilometer 

Fig.87. D e t a i l  o f  t h e T h r u s t  Nr. l l  a t  2 ,5  krn N W  o f  K u t i .  farther NW. 
10 = Kuti shale (or Spiti?) 11 = Kiolo limestone, with eharp dis- 
continuity to 13 = Spiti ehale; b = lhrusled brown quartzite Climbing up the avalanche-cou- 

(Muth or older). loir NE of Kuti, we noted red shale 
in abundance, up to 4800 meters, with 

mauy repetitions in the shape of compressed minor folds; but the Monsun weather was too 
bad to obtain an idea of the greater subdivisions of this thrust sheet Nr. 11, nor could we find 
out if the magnificent peak 21130' on the Tibetan border, called Shangtang by the natives, the 
highest of the Zaskar range, forms par1 of the thrust mass Nr. I1 or of an eved higher one. 

Before we go to the SW side of Kuti valley, we have to look closer again to the normal 
series of the Nihal thrust sheet Nr. I. 

From the trail W of Kuti towards SE, a peculiar structure is seeu on the walls: The 
Kalapani limestone between the two bodies of shale forms a secondary syncline in the shape 
of an upright or even backward leaning wedge (Fig. 85 aud Phot. 27, PI. XIII). While the basal 
Productus shales (7), the basal Triassic with 3 meters of ferruginous limestone (corresponding 
to the 0phicer.as stage of GMESBACH) and 50-60 meters of chocolate shale Are well developed, 



the Kalapani limestone is reduced to a small though prominent yellowish band of 10-20 metem. 
Possibly the upper part is stratigraphically miseing, the boundary to the black Kuti shalw 
being a sharp conformable discontinuity. 

Now we go to the little hill . 7 3750m 

in the nicely terraced bar- S W 
ley and buckwheat fields, 
half a mile south of the vil- 
lage, on which are the ruins 
of a former castle. It is the 
direct north-western con- 
tinuation of the lobality we 
described above, and for- 
med of the lower Triassic 
sequence at a regular dip 
of 60" to KE (Fig. 88). 

We thus have here a Fig. 8B. T h e  S t r a t i g r a p h i c  S u c c e s s i o n  a t  t h e  C a s t l e - H i l l  of K u t i .  

comple te  s e r i e s  of  t h e  7 : Produclus or Kuling shale, lower part covered by talus. Sharp limit to 

ba s  T~ i a s, with several 8a - 5'0 meter of .wavy ferruginous limestone, in its lower part layers of clay- 
iron stone, with numerous ammonites; sharp limit to concordant b = 45-50 meters of clay-iron stone with slaty intercalations. Sharp contact to 

tinuities" 9, = 6 metere limestone-lumachelle with brachiopods and rare ammonites, 
A complete and nor- passing into 

ma1 section of the Kalapa~i  b = 5 meters light gray compact Limestone with broken shells of echinoderms, 

limestone was found 3 kilq- bivalves and ammonites. 

meters WNW (one hour's march) from Kuti on the river (Fig. 89). 

Fig. 89. S e c t i o n  of  K a l a p a n i  l i m e s t o n e  ( M i d d l e  T r i a e )  
3 k i l o m e t e r s  W N W  of K u t i .  

8a -= 2,5 rnelers of nodulous ferruginous limestone with clay-iron stone 
layers, containing numerous atnmonites. Sharp limit (slight discontinuity) 
to h ;= 4.5 ri~eters of black slate with clay-iron stone layers; passage to 
c = 35--40 meters of chocolale shale, 
with clay-iron stone layers, well-bed- 
ded; pnssrge to d = 5 meters choco- 
late shale; black slate predominent; 
sharp limit to 9a = 8 metera of coarse- 
grained limestone - lumachelle, with 
rusty ferruginous streaks; passage zone SW 
1 meter to b 1 9 meters of light gray 
compact limestone with nurnerous frrg- 
ments of shells and badly preserved 
amtnonites in the upper part;sharp limit 
(qroove) lo c = 18 nleters of dark blue, 
dense, well-bedded liniestone; d = 13 
meters spotted lirneslonc, like c, hut 
more nodulous und with yellow anker- 
ite patches; rn = moraine; t = talus and nlountain slide. 

Iu the basal Triassic layer 8a  the following Eo-Triassic ammonites were collected (det. 
A. JEANNET) : 

Pseudosageceras a ff. drinense ARTH ABER 

Ophiceras cf. demisslrm OPPEL 
Anakashmirites nivalis DIENER 
Meekoceras Hodgsoni D I ~ E R  



Vishnuites sp. (cf. pra lambha DIENER) 
? Koninckites sp. (aff. yudishthira DIENER) 

The upper contact of the Kalapani 
limestone is covered, but the basis is nicely 
exposed on the left side of the river, though 
almost innccessible. Below 8a follow 40--50 
meters of black Productus shale,which are 
conformably underlain by a 20 meters wall 
of massive dolomite, replacing Muth quartz- 
ite. This dolomite in turn is underlain by 
quartzite, which at the wretched bridge 
over the Kali, a mile W of Kuti, stratigra- 
phically about 100 meters below the Pro- 
ductus shales, shows a striking aspect: the 
quartzitic sandstone is full of white specks 
of quartz. They seen1 to be a leading 
characteristic of this subhorizon of theMuth 
series within the district. 

c) Morphology 

The Kuti river, on the whole, flows 
through a longitudinal valley largely de- 
pending on structure and stratigraphy. In 
its lower part it does not, however, exactly 
follow the strike. We have shown that above 
Nabi, the basal Silurian crosses the river 
towards west. Similarly, 5 kilometers fur- 
ther up, the Nihal thrust obliquely cross- 
es the river so that thence it runs along 
and within the Nihal thrust mass all the 
way up to its glacial sources (see our map 
1 : 650,000). 

Above the gravel terraces of Gunji 
(Fig. 79) the valley is V-shaped and the 
rocks are partly covered at their foot by 
dry and wet side-fans. 

An interesting type of 1 a n d  s l i d e  
must also be noted. It originates from the 
thrusted Silurian behind point 4420 m, 2 
km NW of Kuti: a stream of rusty colour- 
ed quartzite blocks, apparently broken off 
gradually from the rocks on the front of 
the thrust and gliding down over the Kuti 
shales with the help of water, snow and 
freezing ground (solifluction). The white, 
yellow and brown block stream ia about 



a mile long and nearly reaches the river I. It belongs to type VI of ALBERT HEIM'S L L B e r g ~ t ~ n  
und Menschenleben". 

Shlala (= Nama) Pass 

The pass SW of Kuti leading to the Dhauli- or Darma Ganga at Sela and its glaciers 
have different names. The natives of Kuti call the pass Shiala Pass. It is the Nama Pass of 
the new mop Nr. 62B, 1" = 2 miles, 1931. The glacier on the NE side figures under the 
name of Surnzurkchank on the old map Nr. 260, 1" to 1 mile. In our new book (30) (description 
and photographs p. 112-114), we have used the names given by the Kuti people which we 
retain here. 

a) Tectonics and Stratigraphy 

First the .folded Silurian series of the Nihal thrust sheet are crossed. A small upright anti- 
cline is passed which shows a striking though unimportant fault through the axis (Fig. 90 and 94). 

The next larger anticline with red shales is slightly faulted too. Theu, about 5 km in a 
straight liue SW of Kuti we come to the basis of the Nihal thrust. It is well exposed so that 
it can be photographed and studied in detail (Ph0.t. 23, PI. XI1 and Fig. 91). 

Kundekong-GI. b . K c k  , , .  c . .  k p ?  . 

Fig.91. T h e  C o ~ n p l i c a t i o n s  o f  t h e  T h r u s l  Z o n e  I b  s t  t h e  S l i i a l n  G l a c i e r .  
View Reen from SE. 

r - Hed Silurian shale ; ~ n d  lin~eslone; b = Brown quartzites (Siluri;~n): Wliite qunrlzile pointed: P -- Black 
I'roductus shale; C = Chocolate shale; K = Kalnpani lil~iestone; Ks .- Miciceous ~ l in le  (Kutin11nle:'j: 111 = Left 

nubrecent lnteral ~iiorr~ine of Kundeknng glacier; t = Dry I:~lus. 

The thrust plane I b of white Siluriau quartzite upon black Permo-Triassic shale forms 
dark caves in the higher part, and is covered with talus further down where the shale must 
be much less reduced. But the thrust plane is very well exposed again and more easily acces- 

' Lit. 30 phot. 109 shows the lower part of this mountain slide coming fro111 llie right (see the furrow 
1,6 centimeters above the houses of Kuli). 
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N E  sible on the SE side of the Shiala glacier 
(Fig. 92). 

Thus, similar complications occur also 
here. Not only is the t h r u s t  d o u b l e d .  
The basal part of the Nihal thrust mass, 
formed of white quartzites, is intensely fol- 
ded and squeezed. It forms a synclinal wedge 
which is cut off at a right angle to the 
stratification. The thrust plane dips about 
30" to NE (Fig. 92). The details are shown 
in Phot. 25, P1. XI1 and Fig. 93. 

The thrust plane, though somewhat 
warped on a large scale, is a mathematical 
plane in detail, similar to that of the famous 
Lochseite near Glaris in Switzerland. It is 

F i g . 0 2 . S e ~ t i 0 ~ 0 f t h e T h r ~ ~ t Z 0 n e 0 ~ t h e S E  markedbyblackclaywithcalciteof1-5 
e i d e  o f  t h e  S h i a l a  G l a c i e r .  millimeters thickness. 

b = Brown quartzite; w = White quartzite; s = Shaly 
intercalation; 1 = Productus shale (Permian); 2 = Cho- 

The thrust zone follows the two side 

eolate shale; 3 = Kalapani limestone; 4 = Kuti shales; which join the Shiala glacier. The 
Tr = Triassic shale below thruet Ia. north-western one is filled with the Kunde- 

kang glacier '. It comes in direct contact 
with the Shiala glacier. From the south-eastern valley descends the Rajuju glacier, which only 
toiiches the main glacier with its frontal moraine. Both these side-glaciers cover to a great part 
the thrust plane Ia and the black Kuti shales underneath, of which part of the ground moraine 
is made. The Kundekang glacier which comes down in cataracts looks dirty and black on ac- 
count of these upper Triassic shales and the mud 
derived therefrom. 

Below the Nihal thrust Ia, the Triassic, of ele- 
gant shape, swings up again on the SW side of 
Kundekang glacier. The dip is 40" to NE and 
the superposition normal and non-reduced (Fig. 
90). From the Kuti shales of Kundekang glacier 
we pass to the Kalapani limestone, the Choco- 
late- and Productus shales, which are underlain 
by the white Muth quartzite in perfect confor- 
mity. The latter swings up to high summits and 
probably forms the peak 20740 of map 62B 1 
= 4 miles or one of its neighbours. The weather 
was too cloudy to ascertain this. 

Reviewing the thrust zone at the base of 
the Nihal thrust mass, we can state that the 
thrust is doubled. A normal Silurian to Triassic 
sequence is intercalated between the two thrust 
planes. But besides this, on the NE side of Kun- 
dekang glacier, there is an intensely squeezed Fig. 93. t a  i 1  O f  t h e  T h r u s t  I 
and hardly recognizable anticline of lower Trias- t h e  S E  s i d e  o f  S h i a l a  G l n c i e r .  

W = White Muth quartzile; Q = quartzite; Ib = sic, between the intermediate Silurian link and Thrust plane; = Quartzitic mylonite; Ks = Kuti 
the upper thrust I b  (Fig. 91). shales (upper Triassic) with L = Squeezed limestone 

' Names used by the Kuti people. flags and C = Calcite veins. 



Proceeding farther up along the Shiala glacier to the South East, the large body of 
Silurian in a normal position of 45- 50 j north-easlern dip is crossed. Below the white rnassive 
Muth quartzite of 150--200 meters follow brown quartzites about 600 meters, then again a 
folded set-ies of variegated litnestones ant1 shales of the lower Silurian, with Crinoid fragments. 

Apart from duplicatior~s by folding, this series is remarkably developed as compared with 
Gunji. Its normal thickness may he about ROO meters. The lower part, especially on the SE 
side of the glacier, is more regularly stratified, dippiug 55' to N 35 E, and characterized by 
two blood-red shalg layers, with an ochre-brown band of about 20 meters between, probably 
of sandy dolomite. 

The pre-Silurian series is largcly interrupted hy side-glaciers on hot11 sides of the main 
glacier. In addition, folding and faulting make the establish~nent of a co~nplete normal suc- 
cession almost impossible. We can say, however, that below the red Silurian follows a series 
a€ about 500 meters thickuess, formed of greenish and gray marly limestones with calcareous 
sandstones or quartziles above and below. Both these sandstones are fossiliferous. The upper 
one has furnished a decidedly 0 rd o v i ci a n fauna. 

Prof. A.  JEANNET has deterrnitled the followiug species which will he described and figured 
in his nle~noil : 

A. from the sandstone in place (-i- in Fig. 90); 
Trilobite: Caly~lterle ct. Douuillci ~ T A N S U Y  ; 1 pygidiunl ; 
Gastropods : Belle~.opho~t sp. ind. ; 1 internal mould ; 

? P'rochonentn sp. iud.; 1 internal mould; 
Brachiopods: Orthis (Dinorthis) thakil var. striato-costata SALTER; several ex.; 

Orthothetes p e c t e ~ ~  Soa., several ex.: 
Orthothetes 01-hignyi DAV.. 1 ex. ; 
K~~finesquina aff. sirbdeltoidea REED; several e s :  
:' St~-o l~ho~nena  clrn~lr;le~~o/)s SALTER ; several ex. : 
S o ~ o c ~ ~ O ~ ~ c l l n  irrnh~rlla SALI.EH: several ex.; 
Lepfacna sphaer.ica sp. no\.. ; the lrlost abundant of the bracbiopods, diffe- 

rent from L. r-honlboidnlis WAHLESR. of the Gothlandian. 

B. In the moraine was fouud furthermore 
Orthis porcata M'Cou; several ex. 

The boundary to the underlying Garbyang series must pass somewhere below the side 
glaciers. The latter are the typical calcareous non- or slightly sericitic phyllites (Phot. 30 PI. XIV). 

Froin loose fragments of which the Shiala glacier is covered down to its mouth, several 
badly preserved and compressed g a s t r o p o d s  where gathered. The Garbyang series seems 
thus to be of C a m b r i a n  age and not older. 

The sharp gap of the pass 5050 meters (barometric) is made of steeply erected sericitic 
calcphyllite, of rusty brown weathering, at a normal slrike of E 40" S. The thickness up to 
this point of the supposed Cambrian is about 2 kilometers, but this represents only the upper 
part of the Garbyang series. 

If the above interpretations are correct, we should have to summarize the stratigraphic 
series of Shiala Pass below the Nihal thrust approximately as follou,~, from above: 

Triassic 300 - 1 -  7 meters; 
Permian 50 meters; 
Upper Si lur i~n (incl. Devonian ?) 800 meters ; 
Lower Silurian (Upper Olsdovician?) 800 meters. 
Ordoviciau 500 meters; 
Cambrian 2000 + x meters. 

MBm. da la Soa. I l r l v .  ~ l r r  SI.. Sat,. Vcd. LSSIIT.  Al.ne~lll H18itl1 n ~ l d  AuKurl Gnnnler: c'mtral Himalayn. 
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b) Glaciation and Glacial Dcposits 

To reach the glaciated Shiala Valley opposite Kuti, one must first descend to the Kuti river, 
then climb 70 meters up above Ihe bridge to a gravel terrace covered by moraine. A much 
higher and larger moraine corresponding to the NW side of the Shiala Valley is superposed 
on a gap made of synclinal Productus- and Chocolate shales, about 3950 meters above sea level 
and about 200 meters above the side valley (Fig. 94). 

Fig.94. S e c t i o n  of I h e  N W  s i d e o f  
K ~ l t i .  

q = Qr~artzite (Silurian); 7 = I'rotluc- 
tus shale; 8 -= Chorolatc shale (b;~snl 
Trins); 9 .; Kal;~p;~ni lilncslone; 10 = 
Kuli shale; 11 - IJ l~l~cr  Triassic Kioto 
litnestone \\.ill1 q ~ ~ : ~ r t z i t e  it1 lower part; 
12 = Spili sh;~lc, upper J~~ras s i c .  

The mouth of the Shiala glacier is at about 4080 meters. Some 20-30 m higher and im- 
mediately before it, the lower Silurian limestone of gray to violet colour is beautifully pol ished 
and striated on convex shapes - one of the rare cases of glacial rock polish in the Central 
Himalaya. 

The glacier is entirely covered with upper moraine, chiefly of brown weathered sandy 
plates of calcphyllite. On the SE-side, the characteristic greenstones of the Garbyang series 
too are abundant. 

At about 4300 meters is the junction of the glaciated side valleys. It seems as if the 
Kundekang glacler passed underneath the main Shiala glacier. The high left subrecent moraine 
of the latler is sharply cut out by both present ice streams (Fig. 91). 

A second left side glacier called Tsherpedang nearly reaches the rnain glacier at about 
4800 meters. To its left side is a steep slope of ground moraine. Upon it, 80-100 meters 
above the Shiala glacier, the ice tongue is swimming. 

'The rnain glacier ends upwards in several lobes, forming a vast collecting field of firn-snow. 
I t  is fed also by bright hanging glaciers from the SW side of the basin (Phot. 30, PI. XIV). 

The Upper Kutl Valley and Mangshang Pass 

R) Tcrtonics 

Following the Kuti valley upwsrds, II deep transversi~l incision across the S W  slope of 
the Z s ~ k a r  Range is made by the left side valley called l'hurnka C ; ~ t l ,  s t  7 ktn NW of Kuti. 
It was already designed by GHIESH~ICH on his pl. 9, fig. 2. GI{IESH,I(:H indicntes two reversed 
series of Paleozoic over Triassic, without recognizing the benutifully modelled thrust plane 
of Silurian upon Spiti shale, which he regartled as 'rrinssic (Fig. 95 gives our interpretation; 
compare Phot. 29, PI. XIII). 

As seen at a distance, the red lower Silurian is present towards N E  in the shape of 
eeveral repetitions by folding and thrusting, passing across the glacier of Rihir Gad until 4 km 
w r t h  of the above section. 



Fig. 95. T h e  N\\ '  s i d e  o f  T h u m k a  G a d .  
4 = Retl lower Silurian shale; 5 = Silurian quartzites; 6 = Muth quartzite wilh dolomite; 7 = Produclus shale; 

8 = Chocolate shale; 9 -= Kalapani limestone; 10 -- Kuti shales. 11 = Upper Triassic limestone with quartzite 
and oolite a1 the  basis; 12 -- Spiti shales, upper Jurassic; x -- Thrust scales of limestone, probably of Nr. 11 ; 

m -- Moraine; t = Talus in solifluction. 

Two miles WNW of the mouth of Thumka Gad, we come to one of the few places, 
where vertical faults occur. Besides this, the lower Triassic is nicely doubled by local thrust- 
foldiag (Fig. 96). 

The fault is of northeastern strike. /-- 

/ 

Its southeastern side iucluding the dou- sw 
bled Kalapani limestone has subsided 
about 100 meters. 

At Joling Kong (Jolinka of map 
260,l" -=  1 mile), the lower Triassic cros- 
ses the valley again, which further up 
is shaped out of upper Triassic shales 
and limestones. GIUESBACH mistook them 
for Paleozoic. Beautiful upright folds 
of Kioto limestone between Kuti- and 
Spiti shales are exposed near Wilsha 
encamping ground (Photo 34, PI. XV). 

The Thumka thrust (11) is again 
wellexposedatWilshaonthewestside . Fig. 96. S e c t i o n  o f  t h e  K u t i  V a l l e y .  1-2  k m  b e l o w  

of Mangshang pass, and can be traced J o l i n g  K o n g .  

along the NE slope of the uppermost 5 = Brown quartzile; 6 = Dolomite replacing Muth quartzite; 
7 = Productus shale; 8 = Chocolate ehale; 9 = Kalapani lime- 

Kuti Valley for 6 - 7 kilo~iieters farther stone; 10 =. Kuti shale; m = Moraine. 
towards NW. On its SW side and be- 
low it, just east of Darma Pass, the Kioto limestone forms a great anticlinal arch. 

The thrust plane at Wilsha dips 30-40' towards NE. 
Although the weather was very bad, we believe, after four traverses, to have established 

the following approximate section of the Mangshang Pass, from below (PI. V, Sect. 9a). 
1) Folded Kioto limestone covered with Spiti shale; 
2) Thumka thrust mass (11) consisting of 

a) 200-300 met. of brown quartzile with minor folding (Ordovician?); 
b) 100-600 met. of red lower Silurian ehaleo; 



c) ? 700 met. of brown quartzite and black shales; 
d) 30- 50 met. of white Muth quartzite: 
el 40 met. of black Productus shale; 
f)  40 met. of Chocolate shale (lower Triassic); 
g) 40 met. of Kalapani limeslone. 

3) Mangshang thrust mass (111) 
a) red lower Silurian, folded, several hundred meters; 
b) brotvn quarlzite npilh black shaly layers, ? 600 meters; 
C) Mangshnng limestone, 150-200meters,forming the passand the high crest of nearly 6000nletersto theNW, 
d) brown qunrlzile, about 50 meters (on the 'NE side of the pasn); 
e) shaly limestone of lower Silurian. 

If c-e are in a normal position, then the Mangshaog limestone is probably of Ordovician age. 
On the whole, all these formations 2-3 dip about 30" to NE. The top of Mangshang pass 

(5500-5600 meters), is made of a shaly, dark bluish gray limestone (3 c), regarded by GRIESBACH 
a s  Devonian. On the north side of the pass, it is overlain by quartzite dipping 60-70" NE. 
Then follow firn fields down to a great glacier basin. 

As far as  about 10 kilometers NE of Mangshang pass, the m o u ~ ~ t a i n s  on both sides show 
intense folding of red shales and brown quartzites, all leaning towards SW. There, the Silurian 
is capped again by the flat normal Triassic sequence, which is overrun by the fourth thrust, 
made of red lower Silurian (PI. V). 

The mountains become more and more rounded or tabled, and covered with talus, obscuring 
the structure. (See further description by A. GANSSER, Tibet). 

b) Morphological F e a t u r e s  

Apart from about 7 km above Kuti, the  valley abounds in moraine on its genlle SW side, 
while the steep NE side shows bare rocks all along. This is caused by the numerous side glaciers, 
which have forced the river to cut a new channel into the rock. The subrecent terminal moraines 
of the southwestern glaciers are nicely visible in the side valleys of Sangchurna and Nikurt at 
about 4300--4500 meters. The Nikurt Valley, 6 km W of the mouth of Thumka Gad, below the 
subrecent terminal moraine, is terraced by lateral moraine walls up to nearly 100 meters above 
this side river. The Kuti river has  cut its channel about 70 meters deep into the moraine (Fig. 97). 

5 E  Br~dge fomp Niukurt 4260 4790 N W  Fig. 97. T r a n s v e r s c  S e c -  
4 I80 4210 t i o n  of  t h e  N i k u r t  S i d e  

V a l l e y  a b o u t  4 k ~ n  W of 
t h e  M o u l h  o f  T h u m k a  
Gad (6 miles WNW of Kuli). - 

0 m e t ,  m - side rnol.:~ines; g - gra- 
vel terrnre. 

The encamping grountl of doling Kong (4350 meters) is a flat grazir~g place with huge 
blocks, two of which offer shelter from the rain. It is probably a rnouotain slide that fell on 
the former Lebong glacier, and \\.as transported by i t  for a short distance. On the NW side of 
doling Kong we again find ;I htep o f  moraines, a t  about 30, 40 ant1 7 0  80 meters above the 
encamping ground. 

The new map Nr. 62 H 1 " to 4 miles, 1931, shows 7 l a k e s  in the region from .loling 
Kong to Wilsha. All are but gravel flats, except two small ones. The first is immediately NW 
of Joling Kong at 4400 meters. It is n typical rnoraine lake, surrounded by the su1)recent terminal 
111oraiues of the corresponding side glacier (I'hot. 31, PI. XIV). The swanipy gravel flats at Rarab 
and Wilslia Inil!: have been former lakes. 

The second lake near Ihamathi encamping ground of the old map 1" = 1 mile, called 



Bincliti by a native of Kuti, is at about 4500 meters, and about 300 400 meters large, sur- 
rouuded by great moraine walls. 

A great and relatively clean, unuamed glilcier fills lhe valley south of Mangshang pass, 
and ends at about 5000 meters. 

The great glacier on the Tibetan side, ivhich we called Mnngshaug glacier, is of a different 
type than those on the SW side of the great watershed, ant1 is characterized by ils relative 
cleanliness and an al~r~ost  c~o~nplete absence of crarlts. 11s sniooth uortlieaster~l eud is at about 
4950 rneters in the shape of :I flat overturned spoon (Phot. 5'2, PI.XIX). The glacial river is 
coloured like diluted nlilk with some blood in it, the blood corpuscles h e i ~ ~ g  fine particles 
from the red Silurian. 

As mentioned before, the surface features change rapidly towards Tibet. 'rhe wild crests 
and peaks are gradually replaced by rounded hills and plateaux. They are covered with partly 
rounded, partly augular rock fragments from the subsoil, apparently broken up chiefly because 
of changes of temperature and frost. 

Stone flowage or s o  1 if l u c t i o n ,  which plays a subordinate role in the Himalaya, becomes 
of wide distribution and importance. The stol~es are arrauged along the grooves, where the 
water of the melting snow, from tl~a\i.iug ground and rail] runs off. Polygonal arrangements, 
so characteristic of arclic countries, are frequent. The slopes of talus with its striation according 
to the shape and colour of Ihe bottom rock may be taken for stratification as seen at a distance. 

On the plateaux stones of quartzite of an inteusely blue to violet metallic varuish, are 
frequent. This "desert-varnish" has also been encountered by the writer in the Lake Superior 
District of North America in r~gioris devoid of vegetation and \\lit11 great cllauges of temperature, 
and in Greenland. 

The erosive bilsis, with the great Lakes of Raksas Tal and Mauasaro\.ar, above 1500 meters, 
is so high, that tlle force of Lhe running water is greatly reduced. Nevertheless, the subrecent 
fans of the side canyons are cut out hy the Mangshang river, indicating that even here the 
erosion is actually in a condition of acceuluation. 

Over the Lebong Pass to the Dl~auli  Ganga 

a) l'rctonics and Stratigraphy 

(PI. V, Sect. 9a  and PI. IV, Sect. 8) 

From Joling Kong encamping ground towards WSW, we first climb over moraine aud 
talus up and above the Joling Kong glacier (Phot. 137 in 30). Then we pass over rock. The 
structure is nicely visible ou the walls south of the glacier. Only the core of the Kailas baba 
fold is covered by hanging ice (Fig. 98). 

It is impossible, and also unnecessary to describe t l ~ e  details of structure. We refer to 
PI. IV, Sect.8 as designed directly from nilture wit11 the help of a strong Zeiss glass. Unquestionably 
we are in the direct northwestern conlinuation of the Nilial thrust, described from.the Shiala Pass 
as Nr. 1. Indeed, we also find similar complications at its basis. The Triassic sequence with its 
clay shales of 3 horizons, is destined for intense folding, and contrasts wilh the massive 
Silurian quartziles, from which they could easily slip off. Thus, the tecto~lical rnovernents have 
beeu released chiefly by the Triassic series. Thanks to the difference of weatheriug a ~ l d  colouring, 
the horizons Nrs. 6-10 are relatively easily recognizahle. 

Here, as at the Shiala glacier, there is a squeezed fold of Muth quartzite (Nr. 6) between 
the Nihal thrust 1 b and that of the next lower tectonical series forming the overturued anticline 
of Kailas ham. This pyramidal summit shows on its NE side the nor~nal middle Triassic series 
dipping gently towards NE. 



Fig. 98. The nor theas t  s i d e  of  Lebong  Pase ,  looking towards SE (for explanation see Fig. 101). 

'. 

I I 

Fig. 99. Northeas t  s i d e  of Lebong Pass ,  looking towards NW (for explanation see Fig. 101). 

The corresponding structure is crossed on the trail, but too close to get a general impression. 
However, the different horizons recognized on the opposite side of the Joling Kong glacier 
can be nicely verified (Fig. 99). 

The syncline along the trail seems to be rather deep. Indeed, we step for several hundred 
meters over Kuti shales (PI. V, Sect. 9 a  and Fig. 99). 

The gap of Lebong Pass (5300 met. barometric) is made of black Productus shales (with 
clay-iron concretions like those of Spiti shale), cut out below white walls of Muth quartzite 
which seems to be thrust upon the black shales. The latter dip steeply towards NE. A. GANSSER 
had the chance to find on the pass itself two beautifully preserved, rare ammonites with 
suture lines, characteristic of upper Permian. According to Professor JEANNET they are 

Cyclolobus Oldhami WAAGEN (PI. XI) ,  and 
Cyclolobus Walkeris DIENER. 

On the Lebong pass we are faced with a tectonical problem, which on account of the 
monsoon fog we could not solve. As mentio~ed above, the Muth quartzite walls on both sides 
of the pass are superposed on the Permian shale. On the other hand, it seemed to us that 
thie quartzite continues southeastward to form the core of the Kailas baba fold. A. GANSSER 



thought of au envolvment. But this idea was not coufirmed when studying the walle on the 
SW side of 1,ebong pass over which we had to climb down. 

There, on the uorlhern side of the "trail" (which might just do for a chamoie), we again 
find below the Permian shales of the pass the normal Silurian sequence: white Muth-quartzite 
about 150 meters, and brown dolomite quartzites. The latter, folded in the lower part, are 
thrust over a black band of Permian shale (Fig. 100). 

We are here on the spot which was photographed by GRIESRACH (20, PI. 20), not to show 
this thrilst, which he does not mention, but to illustrate a sharp fault, which caused the weathering- 
out of i1 couloir, and cuts off the whole series formiug the walls above. The dip of the fault 
plarie is 35" to SW. It is indicated in our section 9 a  PI. V. GRIESRACH'S photograph is reproduced 
in WADIA'S Geology of India. It must here be emphazised that this tlrpe of fault is an exception 
in Himalaya structure, rather thau a characteristic tectonical feature. 

Characteristic are the thrust planes. The above 
l~ienlioued far~lt of small displacement cuts at a right 
angle the Silurian dolo~nite-quartzite, which is again 
thrust 11po11 the normal series of black Permiau shale. 
Below i t  again Follows Muth qatlrtzite (100 meters), 
brown quartzites (700 meters), and variegated lower 
Silurian limestone R I I ~  shale in normal succession. 

This thrust on the SW side of Lebong pass 
seems, however, not to be of a primary order. In- 
deed, we followed the black Permian baud along the 
rocky face above the Lebo~ig glacier, lo the place ' 

where i t  joins the liarrow syncline at the SW side 
of Kitilas bitba. This thrusting nlovemeut is thus to 
be regarded as being of small alnplitode. The Kailas 
baba syncline is figured below. 

GIIIESI~,\C'H (Mem. PI. XXIII) also published a fine 
photograph taken from the right moraine of 1,ebong loo. t h e  T h r u s t  O n  t h e  SW 

of L e b o n g  Pass.  looking lowards NW. glacier towards east. The structure, which is not 
= bro\h,n q,,:lr,zite; 2=,vhile upper Muth 

explained on that plate, can be determined by corn- ouarlzite: 3 = Kuline ehale. 
parison with our Fig. 101 and PI. IV, Sect. 8. Kailas 
baba. On GIIIESBACH'S photograph the summit is in the middle, above the glacier, while the black 
wall to the right is the shaded Mnth quartzite of a normal positiou. (See also Phot. 139 and 
141 in 30). 

The normal Muth quartzite series forms a great arch over a zigzag folded anticlinal core 
of variegated shales a ~ ~ d  li~nestones. But the south-western limb is not correspondingly 
developed. At least on the south side of the lower part of the Lebong glacier, the quartzite 
is folded nod faulted in a way not yet understood. Through fog and clouds, part of the back- 
ground wtis visible, showing a normal superpositiou of southwesterly dipping Permo-Triaeeic. 

Certainly, the glncinted side valley coming from the SE towards the end of Lebong gla- 
cier, is n s y n c l i n a1 one. On its south side, we agaill find the norlnally r i ~ i n g  Triaeeic to 
Silurian st~ccession, with the blnck band of Productus shnles dipping 70-80" to NE. (Pl. IV, 
Sect. 8.) This Triassic sequence, although exteusively covered by moraine and talus, again 
appenrs ubove the great catnpirlg ground of Ridang 3900 meters on the eastern slope of the 
Llhauli, ct~lled Khumling on the official maps. Close behind it, on the NE side, is an outcrop 
of red Silurian, which must be thrust over the Permo-Triassic. It is the lowest recognized 
and probably one of the less important thrusts of the Northern Ranges over Permo-Trim. 

We mow follow the trail through the transverse gorge on the SE side of the Dhauli Ganga. 
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Fig. 101. V i e w  of I h e  K a i l a s  b a b a  S y n c l i n e  above the  Lebong Glacier from the crest SE of Lebong Pass. 

As far as we could judge during hezvy rain, the huge section presents a n o r m a l  
series of sediments, with local folds only, but dipping as a whole regularly towards NNE at 
angles of 45 to 60°.' The following divisions were noted below the Permo-Triassic: 

3 Calcphyllitic Garbyang series, about 4500 to  5000 meters, slightly sericitic in the lower part and dia- 
gonally crossed by a cleavage of about 80' to NNE. 

3 a brown weathered calc-chlorite-phyllite'with much greenstone, of Garbyang type, about 2200 meters. 
3 b gray phyllites with green layers and some beds of Crinoid lilnestone, about 1500 meters. 
3 c brown weathered calcphyllite, about 1200 meters (upper Garbyang series). 
4 a variegated shales, in lower part chiefly greenish, with a layer of brown sandstone, Ordovician. Inter- 

ruption of outcrop. 
4 b red Silurian limestones and shale@, 300-400 meters. 
5 brown quartzitic series, about 600 meters. 
6 Muth quartzite 100 meters (7). 

Finally, the base of these Garbyang phyllites is exposed on the SW side of Lissar Valley 
at the confluence with the Dhauli, formed of gray and greenish quartzite with conglomerate, 
800-800 meters. The age of these fornlations will be discussed later. 

b) Glaciation and Morphology 

The Joling Kong glacier fills the upper part of the valley on the north side of Kailas 
baba. The ice tongue is at about 4500 meters and is swimming ripon ground moraine. The 
moraine washed down by the glacier rivers fills the depression behind the block field of 
Joling Kong (Pl. IV, Sect. 8, and Phot. 137 in 30). 

' On the  geological map of GRIE~RACH (20), the boundary of his slates (Haimanta syslem) and the Lower 
Silurian, ie drawn along Ihe Dhauli Gorge for more than 3 km across the strike. Thus the upper boundary of his 
Haimantas, eaet of the  Dhauli, is etratiqraphically 3-4 km higher. 



Much larger is the Lebon glacier, which originates on the west side of Kailas Raba (see 
Phot. PI. 19 of GIIIESRACH, 20). Fed also by hanging glaciers on the south side, it flows 
in a curve of about 5 kilometers length down to 4350 meters. At the turn towards north, the 
ice stream is reduced to a width of about 300 meters. The northern lateral moraine, as usual, 
is a sharp crest overtopping the grazing ground outside of it for about 30 meters, and even 
40-50 meters further west (Fig. 102). 

14400 m e t .  
u 
o l o o  met. 

Fig.10'2. Transverse  S e c t i o n  of  I .ebong g l a c i e r  at  i t s  nor thern  Knee.  
r = red Silurian li~nestone and shale; rn = grazing ground on old ~ ~ ~ o r a i n e ,  partly 

washed out; t = talus; glacier hatched, s\virnrning on ground moraine. 

This high crest of the subrecent moraine again shows the inability of the glacier even 
in its stronger stage to reach and to polish the rock walls. 

The lower end of the Lebong glacier presents au unusual phenomenon. In front of the slightly 
retreated ice tongue, a lake is formed, of which a part (about 90 -150 meters) is not yet fil- 
led up. On its edge there is a b u b b l i n g  w e  l l from which are gushing out, uuder pressure, 
about 300 lilres per second of glacier water (Phot. 35, PI. XV). 

The termiual moraine damming the little lake, has a very steep outward slope over which 
the glacial river jumps down in a cascade of about 150 meters height. Then follows a nor- 
mal drop until the glacier river falls down into the Dhauli Gorge. Bidaug (or Khumling) en- 
camping ground is a terrace at 3950 meters (barom.), about 100 meters above the Dhauli, 
overstrewn with erratic blocks, some of which were estimated 1000 cubic meters or more. 
They probably derive from the Pleistocene Dhauli Glacier. 

The trail follows the southeast N W 
side of the Dhauli Gorge downward, Dhoull' trai l  

.SE 

high above the roaring river. A 
little less than half way from the 
Rama glacial side river to the con- 
flueuce with the Lissar Ganga, the 
trail rises again over au old Ino- 
raine barrier of a stage of recession, 
at about 3600 meters. There, the 
river in a similar way as on the 
Kali (Fig. 32), has cut an epigenetic 
gorge into the calcphyllite of about - 
150 meters depth (Fig. 103). 100 met. 

The conflueuce of the Dhauli 
with thetwicetothreetimeslarger Fig.103.The E p i g e n e t i r  G o r g e o f  t I ~ e D h a u l i G a n g a , a b o u t  

Lissar is at about 3250 meters. The 2 km NE of its confluence with the Lissar. 

water of the latter has a greenish p=calcphyllite of Garbyang series; III =- Pleistocene moraine; t = talue. 

tint, probably from the chloritic Garbyang ,series and the green quartzite at its basis. 
hi+nl. (1,. in so,,.. H,.I,.. ll,.ri sc. ~ ~ l t .  \ ' , ,I.  ~ , X X I I I .  .\I.III>II~ I I V ~ I I I  : I I I ~  AII~IISI (::~ns$cr: ( 'C I I~ I .BI  I l i ~ ~ ~ n l ; ~ s : l .  17 



Ralam Pass 

a) Tectonics arlcl Stratigraphy 

At the junction of the Lissar and 
the Dhauli Gauga and below i t  the green- 
ish quartzite forms the walls on both 
sides of the longitudillal valley with a 
steep undulating dip towards N 30" E. 
But apart from Tizang upwards it re- 
mains on the southwestern slope of the 
Lissar, and crosses the Nipchungkang 
glacier about 6 kilometers SW of this 
river. There, the continuation of the 
Dhauli section can be studied down- 
wards to the ul~derlying Martoli series 
(Fig. 104). 

As shown by the above section, 
also along the Hankuphu Hangel the 
fornlalions gradually deviate from the 
topography in crossing the crest from 
east to west: 

Above Marcha, the red Siluriau 
appears on the top of the SW slope. 
'I'hence this variegated formation gra- 
dually descends lo form the middle part 
of the slope 7 8 krn more to the NW, 
while still farther, 25--28 km NW of the 
Lissar- Dhauli junction, even the black 
Productus shale and the Triassic series 
obliqrlely cross the crest to come on 
the Lissar side, still at a 45" dip to the 
NNE, as seen at a long distance. 

The most interesting stratigraphic 
division crossed by the Nipchllngkang 
glacier2, is Nr. 2 of the above section 
with its b a s a l  c o n g l o m e r a t e  (Fig. 
105). In a black groundmass of argil- 
laceous sandstone are embedded quartz 
pebbles up to the size of a fist. The 
sandstone between the more conglome- 
ratic layers is of the type of graywacke. 
The great mass of sandstone and hard 
quartzite above is chiefly greenish, but 
also reddish to violet in the lower part. 
Also the dolomite on the top is easily 

' Bankuphu is Lhe nnrne used by GRUB-  
BACH for a fiu~nrllit of  the  watershed rnnge be- 
tween Lissar and Dhauli Ganga. 

Top. sheet Nr. 254, 1" = 1 mile. 



recogllized eve11 at i I  long distance, characterised by its orauge-brown weathering. For this 
quartzitic-dolomitic: series the name of R a l a m s e r i e s is proposed. 

The conglomerale with a steep northeaster11 dip rests u n c o n  f o r ma  h 1 y upon dark phyl- 
liies. However, i t  is difficult to judge how niuch of this basnl irregularity is stratigraphical and 
how much of i t  has been tectonically disturbed. 

The phyllitic series below the congloinerate differs little from that of the Garbyang se- 
ries. It is partly less calcareous and more sandy or quartzitic. On the Ralam Pass 5550 meters, 
quartzitic calcareous sandstone rocks look out of the snow. They dip 70-80- to E 35' N. 

Climbing down over dangerous 
5 

avalanche-couloirs, and over the great 
Thercher Glacier which turns towards 
north, the conglomerate- and quartz- 
ite series is crossed again. It forins 
the gate at the junction of the Ther- 
cher- and Kala Baland glaciers, which, 
after being joined,lare known hy the 
name of Shunkalpa glacier. The cou- 
glornerate dipping 60" to N 20 E, with 
quartzite pebbles up to the size of n 
head, is well exposed on the spur at 
the north of this united glacier, but 
the basal contact is not recognizable 
on account of talus and moraine. 

Desceuding towards the mise- 
rable village of Ralam, then climbing 
westward over the pass called Natsi 
or Dutuk Dhura (4600 m), and descen- 

I 

ding down to the great valley of the Fig. 105 V i e w  o f  t h e  C o n t a c t  3 l a r t o l i - R a l a m  S e r i e s  
on the NE side of Ralam Pass. 

Gori Ganga, we remain in the mono- 1 = calcareous auarlzitic Halam series: 2 -  5 = Rala~n series: 
tonous phyllitic unfossiliferous Mar- 2 = coarse quartzilic sandslone wilh quartzite pebblek; 3 = coarse 
toli fortnation. It is the oldest and quartzitic conglomerate; 4 = sandy quartzite; 5 = green lo red- 

largest non- or only slightly meta- dish dense quarl71le. 

morphic series of the Central Hima- 
laya. As a whole it is made of sandy to calcareous phyllite of a facies recalling the much 
younger schistes lustres of the Alps, more or less sericitic and frequently containing quartzitic 
layers. The calcareous parts of the Martoli series resemble much to the Garbyang series. 
Usually, however, the phyllites are of a darker gray. At the Dutuk Dhura, both phyllites and 
quartzites abonnd in well-preserved cubes of pyrite. 

As we have shown before (PI. 11, Sect. 5 and P1. 111, Sect. 6 c), this phyllitic series over- 
lies the gueiss of the Gori Valley, and is intensely iujected at its basis (below Rilkot) by 
dykes and veins of aplite aud pegmatite. Even above these injectioi~s lhey still show the 
effect of metamorphism by their biotite-porphyroblasts (Notsi-Sumdu Rilkot), as already 
described of Budhi, Rilkot aiid Pindari glacier. 

Attention must again be drawn to the abuormal strike, which, west of Ralam, turns to- 
wards W, and locally even to WSW, with an average dip of 20 ' to the North. This is prob- 
ably connected with an axial pitch of the whole region towards NW. 

The total thickness of the pre-Cambrian phyllitic series iu this region, after comparing 
the different sections (Dutuk Dhura, Gori Ganga, Nanda Kot-Mortoli), may be estimated at 
5 kilometers. 



b) Glaciation and Ekusion 

Just opposite the mouth of the Dhauli, betweeu the little villages of Dakar and 'I'ijang, 
is a moraine wall at 3400 meters, i. e. about 100 meters high above Tijang. It derives from 
the Cholungli side-glacier on the SW-side of the main valley. It is regarded :IS a Iilst stage 
of recession, the actual end of the glacier beil~g as  low as about 3800 meters. 

The last village, Sepu on the SW side of the Lissar, at 3500 meters, is on a terrace 
90 meters above the river. 

The entrance to the Nipchungkang side valley is a gorge, narrowed hy hartlened Ino- 
raine, talus and rugged calcphyllite rocks with uuineroils caverns (the dwelli~lgs of the ghosls). 

l'he end of lht. glacier, 

S t -  4100 m at ahout 3850 r~~ctters, has 

G l a c i e r  the shape of a slerply 
desceoding wedge, with ;I 

beautiful gate fl.om whii.l~ 
originates a wild greenish- 
yellow river (Phot. 37, PI. 

o XV).'l'he subrecent inori~ioe 
I I 

crest is 50 -- 70melers above 
Fig. 106 T r a n s v e r s e  S e c t i o n  o f  t h e  L o w e r  P a r t  o f  

N i p c h u n g k a n g  G l a c i e r .  the ice (Fig. 10(i). 

p = calcphyllile (Garbyang series); nl - subrecent moraine; t = talus There are two collect- 
ing glacier basins separated 

by a spur of Ralam-quartzite. The longer part of the glacier derives iron1 the NE side bf point 
21360' (= 6500 meters), and has a length of 9-10 kilometers. 

On the NW side of l iala~n Pass ' exteud the greatest glacier basins of the Cenlral 
Himalaya: the Thercher Glacier (8,s km.) and Kala Baland Glacier (10 km.) 'I'l~ey face eircl1 
other i~ norlheru and soulheastern direction. The joined ice-stream, called Shuokalpa, flows 
towards SW fop another 4 krn. 

On Kala Baland, we saw beautiful middle moraines similar to those of a n  Alpine glacicr, 
but the weather was too bi~d for closer observations. In any case, these glaciers would de- 
serve a detailed survey. 

Just below the junction, the ice is brokeu up in seracs and fault walls, upon whic:ll i1 

most remarkable folding of lhe ice is visible. As seen on Phot. 36, PI. XV, the faulted folds 
lean over to the right (-SE) side, corresponding to the pressure of the stronger confluent 
(Kah Baland) with its higher surface. A true thrust upon the southeastern part of the 
glacier coming from the Thercher could, however, not be observed on account of the upper 
moraine cover. 

On the fresh cutting, the dark bands of the ice can hardly be distinguished from the 
cleaner inter\rals, which only seein to be solnewhat coarser grained and harder, and less ad. 
hesive to dust and s a ~ ~ d .  I'robably, the ice slratificalion represents au annual deposit. 

'I'he snout of the Shu~ikalpa Glacier is at about 3800 meters, squeezed between quartzite 
rocks of pre-Cambrian age. A good description with photographs is given by CO,TTEI~ and 
BKOWN in 1907 (Lit. !I). It seems that the ice has further retreated since that time. The bare 
subrecent lateral moraines go beyond Ihe snout for fiome hundred meters. 

The Sllunkalpil- or Rala~n glacial river and its tributaries have cut fresh V-shaped 
channels 20-30 meters deep into their own former gravel- and fan deposits which are pro- 
gressiug backwards to the glacier gate (Phot. 22. PI. XII). 

' On Ihe topogr. lllaps 252, 1" - -  1 ~ n i l e .  and 62 B, 1" = 4 miles, the Ralarn Pass is  indicated 1';) llliles 
tuo 1nuc.h north. 



Mllanl aud Mlla~tl Qlacler 

Above the great gneiss gorge, above Hilkot (p. 43), and up to Milam, the Gori Valley 
flattens and \\~itlrr~s, and is n~orl)hologicall-y as ~nonoto~ious as is the great mass of pee-Cam- 
brinn phyllile, of which i t  has been cut out. The villages ou both sides are situated on old 
river 1errilc.e~ at 60-100 meters above the present river. (Tola about 3300, river about 3200 
meters, Marloli gravel terrace at 3400). 

'I'hc (*lei~viige of the ~)liyllite still dips 60-70' to NE, wheuce the pressure came, in fipite 
of tlie deviation of the stratigraphical dip. At the bridge over the Gori, about half way be- 
twt>cn Hilju and Milirln, lhe strntificalion of phgllite iucluding gray and reddish quartzile layers, 
is bleep, and. contorted. These are minor structures similar to the greater crrislal wa\.es of the 
Nanda Ilevi-Milam regiou (PI. Ill, Sect. Cic aud coloured plate). 

'I'lie spur of Alilii~n betweeu the Gori and the Milan1 glacier river is formed by the high 
left Ii~teral niori~ine of the hliln~n glacier, apparently of a stage of recessiol~ after the Wiirm 
period. Mila111 itself, tlie highest and most important village of the upper Gori Vallry, is silu- 
ated or] a level gravel Lewace on the west aud iuner side of the moraine spur, at 11232' = 

3425 n~clcrs, and 40 meters above the Milan1 river. Its only driuking water is a troubled 
yellowisll "glitcier milk". 'The ~nuddy suspe~~siou is 60 fiue that it c a ~ ~ u o t  be filtered. The Milam 
glacier, of iI lenglh fro111 SSI; to NNW of about 18 kilometers, see~ns  to be the largest one 
of Ku~ni~on, but is second to the Gaugotri Glacier iu Tehri State (27 k~n) ,  on the NM' side 
of the Badrini~ll~ group. 

'I'he ilctt~al end of the Milarn glacier is a gate 011 the rig111 side of the ice tongue a t  
3500 n~eters, sollie 80 melers above the village of Milam, aud about 3 kilo~neters NW of it. 
On the lrfl side of the pate, the icc fronl is see11 tllrusting it110 the air, and over ;I l ~ i ~ g e  laass 
of groitotl n~ori~ine. 'I'here, \vl~erl rnellii~g, llle blocks f ro~n above fall dotvn over the ice front. 
Should it i ldvn~~ce iigain, the upper tno~-;~ine \vould tl111s be transfor~ned inlo grour~d moraine. 
Like Bl~i~yat  l<harak Glticier, the lower 9 kilolnelers or more, as far as \ve could ndva~rce, are 
almost entirely, tllougll not very ll~ickly, covered \\.ill1 upper moraine, sonle local dowofi~lls 
wit11 or without s n ~ i ~ l l  crater-l~ke yellow lakes esceplcd, \vliere dirly ice appears (Pl~ot. 32. 
PI. XIV nod 33, 1'1. XV).  

Allhougl~ tllr nlain glacier is fed by ~e \~e r i l l  tr.ibulnries, no middle ~norainc. is fonned. 
On the conlrar-y, the hlocks on thc lower t\vo kilo~i~elers are ordered conceotrically, as seen 
at a disliince by their different shadings: behind a reddish parabolic arch follo\\.s a narrow 
bluish row, Illen ;I wider yellowish oue. 'I'he blrle ones probably derive fron~e the pyrilic 
pllyllite, the yellow one from a dolo~nite seeu iu a se~ni-syncli!ial shape ou the westero back 
ground, and the red from the couglo~i~eratic snodstoue series below, \vl~ich seems to be the 
continualion of the Rala~n I'i~ss series. However, we looked in vain for this series on the 
easlern side of the Miln~n Glacier. 

The official Illill) (sheet 62 B, 1 " -- 4 miles), sho\vs five side glaciers from the SW-side, 
and three glilciers fro111 the NE-side, joining the 1riai11 valley glacier. Possibly. such co~~dilious 
partly esisled when the first map  was surveyed (Sheet 254, 1 " - 1 rnile, 1874). Indeed, the 
subrecent left laleral rnoriiine of tlie ~nnio g l a c i ~  reacllcs sorne hor~ilred meters beyoud tlie 
glacier gate. Hut at present the first side glaciers do not reach tire n~nin glacier. 'The Shakram 
glacier (the first one on the SW-side). l1i14 its 0\\~11 glacier gi~lt. at about 3900 ~nelers, half 
a kilometer or so away from the 111ili11 glacier. The second soirlh\\.esteru side glacier just 
breaks across the s~lbreceut lateral moraine of the main gliicicr, \vitl~oul advsucing as a 
separate limb. 

The Milam glacier, situated on the shady side of the highest mountaius of the Central 
Himalaya, wilh its gate at 3500 meters, reaches thus 250-300 meters farther down than any 



other glacier which we encountered in the Central 
Himalaya. It is the counterpart to the Kali Glacier, 
where only the side glaciers have been preserved. 

On the whole, the Milatrl glacier is an extre: 
mely lazy and almost equalized stream, loaded with 
mud, bedded on a thick body of moraine, and 
accompanied on both sides by ~noraiue walls. Here, 
as on most of the other glaciers, we fiud outstatld- 
ing subrecent lateral moraines of the maill glacier 
which, at some places, reach a height of 30 10 
meters. And here, as on Bhagat Kharak, there are 
depressions between them and the rock walls,oue of 
which, at Shangas Kund 3950 meters, is filled with 
an undrained green lake about 80 meters wide 
and 100-150 meters long. 

COTTER and BROWN in 1907 (9, p. 153), descri- 
bed the snout of the Milam Glacier, and made a 
sketch of it. According to them, the eastern lateral 
moraine goes 700 meters beyond the glacier gate. 
The reliable old native Kai Kishen Singh Bahadur 
of Milam stated that this extension was reached 
in 1830. If so, the high subrecent lateral moraines, 
which we found on most Himalayan glaciers, cor- 
respond roughly to the advance of the Alpine gla- 
ciers early in last century, when the Rhone Glacier 
reached one mile beyond its present snout '. 

The Oori Valley above Milaul 

a) Tectonics and Strat igraphy 

We follow the trail along the Gori Ganga north 
of Milam, first through a gorge over walls of phyl- 
lite,until3-4km from Milam we come-across patches 
of violet slates, which support the Kalam Conglo- 
merate of variable thickness, 30-50 meters. The 
ground mass of violet to red saodstoue contains 
pebbles of white, violet and red quartzite up to more 
than the size of a head. It seems to pass upwards into 
quartzitic sandstone with slaty layem, and is over- 
lain by brown weathered calcphyilite with green 
bands, in the upper part of the Garbyang type. The 
thickness of the latter was estimated at  500.-700 
meters. Then follows, below the mouth of the Sam- 
gong river, apparently with an irregular basis, thrust 
upon the Garbyang calcphyllites, a mighty second 
series (Fig. 107): 

' The great historical advances of the glaciers in Switzer- 
land were generally in 1620, 1818-1820 and 1850-1855. 



1 :I) Conglo~ner:~le, about 50 n~eterfi (Pbol. 38, PI. XVI); 
b) red and green sandslone or quartzile, interbedded with shnle, and capped by 100 meterr of green quartz- 

ite, the whole 500--700 rneters; 
c) 11ro\vn weathered dolomite, about 50 rneters. 

2) C:~lcl)hyllite, greenish-gray, over 1000 meters - Garbyang series, dipplng regularly 45" NE. 

The foot of the Shillong peak is now reached. The upper limit of the Garbyaog series 
seems again to be obliterated by talus, while the walls of the Shillong permit the establiehment 
of the following sequence: 

3) about 500 n~eters of greenish to reddish shales (Ordovician?) paseiag to 
4) 500-600 rnetere of brown quartzile, wlth white top layer (Muth quartzlte). Sharp limit to 
5) about 100 meters of gray to greenish, dense, nodubus llmeetone; sharp limit to 
6) aboJt 50 meters of red calcareous shale and greenish ehale; 
7) brown quarlzite forming the top of Shillong peak. 

The question is, whether this is a normal series. We rather had the impression that lime- 
stone Nr. 5, huge blocks of which have fallen down to the bridge of Dung 13720' (recalling 
that of Mangshang pass) forms the basis of a new thrusted series. If so, the gray limestone 
would be lower Silurian, or Ordovician rather than Devonian. 

Just in front of the mossy encamping terrace of Dung rises a magnificently banded moun- 
tain forming a spur in the place where the two valleys meet. It recalls the Nabi Pcak of Kuti 
Valley. Bad weather prevented us from acquiring a definite knowledge concerning it. However, 
we think to have established the following structure: 

The southwestern foot of the Dung mountain is the continuation of the top of Shillong, 
made of gray limestone and variegated shale. The waWs above are formed of normally supe r  
posed brown quartzites of remarkable thickness, supported by 100--150 meters of white Muth 
quartzite (Fig. 107). 

Climbing from the bridge of Dung uorthwestward along the northern moraine of the Bamlas 
Glacier, we come to a sharp corner below point 18263' of map 62 B, where the peculiar struc- 
ture of Fin. 108 is seen. 

It seems thus that the normal superposition of the Banllas series has been intensely 
disturbed, so that the hard quartzite in its plastic clay bed broke, while the well-bedded Kala- 
paui limestone, norn~ally intercalated in shales, has been intensely folded. The question is, whether 
we are here at the northwesterly end of the Nihal thrust. Fog and fresh snow fall prevented 
us from photographiug the wonderful exposure of Bamlas. 

The Anta Dhura (Utta Dhura) Pass 17590' = 5375 meters, is in the northwestern conti- 
nuation of the folded synclinorium described above, and is weathered out of Kuti shales 



dipping 70-80" to E 15 N. Their upper part here and also 011 the ,layanli Pass is ch;lrac- 
terized 'by more or less regular bedding of ilnptire lilnestolie layers, ei1c.h 10 50 celitilnelers 
thick, at distances of 1--3 meters within the dark shale. 'I'llis facies, ;it 'I'opiduogn, wns mapped 
by GRIESBACH as a faulted block of Carboniferous. 

b) Morphology ant1 (>lariat ion 

The tipper Gori Valley is pasted with hardened old moraines. They are weathered out 
iu the shape of magnificent "earth pillars", especially where the valley widens as at Jimgong, 
Samgong and Dung. Above the narrow gorge, 3 km from Milan, the channel is V-shaped in 
moraine which fills the valley, in places from the bottom up to 150 alld nearly 200 meters 
above the river. 

About 2 km south of Dung, we come to a terminal moraine of a last recediug stage, at 
4200 meters. About 50 meters above it, and 150 meters above the Gori River, is the terrni- 
nation of a living side glacier coming from the SE-side (Bambadhora massive). The dirty ice 
tongue projects by thrusting over lhe great mass of older moraine making glacial erosion of 
the rock bottom impossible. 

The encamping gronnd of Dung is a slightly inclined terrace at 4150-4200 meters mo- 
delled out of moraine ground. 

Turning from Dung to NW, the trail climbs over the left lateral moraiue of the Bamlas 
Glacier, the source of the Gori River. The glacier gate is at about 4300 meters. Above the 
steep and crevassed lower part of this glacier is a flat step at about 4600 meters, with a 
depression behind the side moraine, filled with recent fluvioglacial gravel. At Bamlas, the 
glaciers from W and NE join, while the Utta Dhura Pass, 5370 Meters, is entirely free from ice. 

The Region North of Utta Dhura 

The Utta Dhura Pass is on the great watershed between the Kali and the Ganges. 
Nearby, in a northeru direction over the Kungribingri-, Kiogar- and Balchdhura Passes, is the 
even more important watershed between the Himalaya and Tibet. 

a) Tectonics 

In this region we encounter two new principles of structure: 
1 A s t r i k e  of folds tending from the normal NW towards N ;  
2 A general p i t c h  of the folds towards north: 
3 A general f l a t t e n i n g  of the folds, which gradually show more upright forms as if 

they belonged to an autochthonous mountain range of the dtira type. 
The effect of items 2 and 3 is to lead us into a region formed not only of the youngest 

Triassic formations, but even of a mass of Cretacic flysch, crowned with exotic thrust sheets. 
This flysch, although belonging for the greater part to the normal cover of the Himalayan 
folds, will be described in the chapter on the exotic blocks. 

With the Fig. 109 and Sketch-map 133 at hand, we shall follow the different folds up to 
the frontier of Garhwal (Kiogad). 

The axis of the Utta Dhura synclinorium continues towards NNW at the Kiangur Pas8 
(5250 meters), which is formed of an isoclinal wedge of Spiti shale (Upper Jurassic). Towards 
SSE, on the south side of the Girthy Gorge, it is squeezed out between the upper Triassic 
limestone in the shape of a narrow black band (Fig. 109A and B). 

At Chidamu encamping ground, the Kiaugur syncline is no more leaning towards WSW, 
but has become upright and doubled by a minor anticline (Fig. 109D). The l ~ t t e r  suddenly 



Fig. 109. S e c t i o n s  a c r o s s  t h e  n o r t h e r n m o e t  f o l d s  from t h e  G i r t h y  R i v e r  t o  t h e  Kio Gad.  
4 = Kuti shales; 5 = Kioto limestone; a = basal part with shale and quartzite; x := problematica; 6 = luma- 

chelle, Lias; 7 = ferruginous oolite, Callovian; 8 = Spiti shale; 9 = Giu~nal sandstone '(lower flysch). 

appears at the Chfdamu river with an axial rise of 35" to NNW. In the same section, the 
crumpled anticline of the Girthy, which we call the L a h u r  anticline, has become a beautiful 
upright arch. It is completely cut across by an imposing gorge east of Chidatnu (Fig. 109D 
and Phot. 42, PI. XVII). Thence the axis gradually, though not quite equally, pitches northward 
at an angle of 8-12 O, so that the Triassic, including the Laptal-lumachelle, definitely dis- 
appears below the Spiti shales and the flysch on the north side of the Kio Gad. Before dis- 
appearing, however, the Lahur anticline has become doubled, as  seen in climbing across the 
wild Kio Gad gorge above Laptal encamping ground (Fig. 109E). 

We have now arrived in the region of "Malla Johar and adjoining parts of Huudes", 
mapped by A. v. KRAFFT, and published in his "Notes on the Exotic Blocks" (36, 1902). This 
most va'luable publication describes the flysch and the exotic region, but only touches upon the 
geology of the underlying and surrounding Himalayan folds. 

Before closing this chapter, we have to step backwards to the region of the famous Kuogri- 
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bingri Pass, the most frequented one between Milam and 
Tibet (18300' on the India maps = nearly 5600 meters, 
5500 m according to our barometric reading). 

South of the Girths River, on account of the axial rising 
towards south and deeper erosion, the core of the Lahur 
anticline appears at the surface. Indeed, just north of the 
peak 19350', east of Jayanti Pass, sticking out in shape of 
a wall above the Nadji Kaong glacier, the Muth quartzite 
is recognizable, normally covered by about 100 meters of 
black Productus shales, of Kalapani limestone, and the thick 
series of Kuti shales. A fault seems to cut off the north- 
eastern limb of this alliiclinal core. Coming from the South, 
it is the last appearance of the Dravidian within the exte- 
rior anticlinal ranges along the Tibetan frontier. The mar- 
ginal anticlines, as seen from Kungribingri Pass, are all 
lower. Indeed, the three eastern anticlines, situated on the 
Tibetan side, only show Kioto limestone on the surface, the 
synclines being filled with Spiti shales, until finally the sur- 
face is made of flysch with exotic blocks of the Chirchun 
area, coveriug all the supposed continuations of the Hirna- 
layan folds underneath. As already mapped by v. KRAFFT, 
only the outermost anticline continues for some distance 
north along the Chirchun River. 

The Chirchun eucamping ground, at 5000 meters, is 
on the spot where the broad plateau-shaped Chirchun anti- 
cline with its lurnachelle pitches below the Spiti shales and 
flysch, complicated by longitudinal and transverse faults. 
The strike of the folds here is N 15 W on an average, and 
seems to be due north in the easternmost Himalayan range, 
(Chanambaniali) mapped by v. KRAFIT. Nothing is known 
of the region east of Chanambaniali anticline and Chir- 
chun river. 

b) Stratigraphy and Fauna 

Compared with the southeastern region of the north- 
ern ranges on the Nepal border, a considerable c h a u g e 
of f a c i e s  has taken place towards this northwestern 
region of Kumaon, which is 80--100 km NW of the Kali. 

It is a fact that the M u t h  q u a r t z i t e  and its cover 
with well developed P r o  d u c t u s s h a l e  s are still of the 
same aspect. But at the Utta Dhura, we in vain looked out 
for the characteristic facies of chocolate shales of the lower 
Trilsssic. 

K u t i  S h a l e s  ( N o r i a n ,  4)  

These shales, already 400-500 meters thick in the SE, 
have even increased. A new facies of their upper part has 
also developed, characterized by impure layers of limestone. 



This subdivision was first encountered on the top of Utta Dhura. At Jayanti Pass, i t  is so 
largely developed that it might be called Jayanti formation. But no more amnionites were found. 

K i o t o  L i m e s t o n e  ( R h a e t i c ,  5)  

This series greatly increased, from 150--200 nieterfi at Kuti, to about 600-700 meters 
at €he Kio Gad. The co~nplete s~~ccession is exposed in the gorge of Chida~nu, across the Lahur 
anticline (Fig. 109 D), where we found the following approximate succession, from below: 

1 greenish quartzite forming the anticliml core, 
2 black, more or lees micaceour rhale, wlth thin nodular randy limestone- nnd qtiartzitic layen, 10 meterr? 
9 nodular limestone, 25 meters, 
4 repetition of quartzite and limestone, about 100 meters, 

a 10 m white quartzite with sharp boundary to 
b 9 m black limestone ; 
c 5 m quartzite; 
d 50-60 m of dense bluish black lilnestone, follored by 3 m quartzite, 10 In black marly shale, 20 m 

quartzite ; 
5 main body of K i o t o 1 i III e s t o n e ,  well bedded (Phot. 42). ,500-600 ~lieters, the upper 100 meters thick- 

bedded, with ripplemarks near the top (!). Sharp limit on eastern anticlinal linib (discontinuily), to 
8 Spiti shale about 100 meters; passage not exposed to 
9 Giumal sandstone. 

The imposing mass of the Kioto limestone here and in the Kiogad-Gorge above Laptal 
was found to contain a layer of p r o b l e m  a t  i c s ,  which seem to present a suitable guide 
horizon for subdivision : 

About 150 meters (at Laptal 300 meters) below the top of the Kioto limestone, is a 
massive, light gray, microcrystalline limestone bed of 10 meters thickness, full of white spindles 
or bands, frequently hollow, of up to 2 centimeters thickness, and 5-44 cm length, irregularly 
disposed in all directions (Phot. 39, PI. XVI). 

The Kioto limestone, on account of the superposed "iron pisolite" discovered by C. DIENER, 
was considered by GRIESBACH and others as ranging from Upper Trim to Middle Jurassic. This 
mistake was caused by overlooking the d i s c o n t i n u i t y  below the "pisolite". We think that 
C. DIENER was right in comparing the Kioto limestone series with the Alpine Dachsteinkalk of 
the Upper Triassic age only. 

L a p t a l  S e r i e s  ( L i a s ,  6)  

Above the horizon of problematica at Chidamu, the following approximate succession 
was noted at the issue of the gorge (western limb of Lahur anticline): 

a dense dark blue limestone (120 - 150 meters), in the upper part a layer with smooth bivalves; 
b 15-20 meters of thin-bedded limestone with some bivalves, ~nicrobreccia and oolite (facies recalling 

Alpine Urgonian) ; 
c 10 meters of yellow to reddish spotted dense limestone with layers of 1 u m a c h e l  l e '. Sorne Belemniles 

and thick shells of Pelecypods. Top layers sandy; 
d 45 meters of dense i~npure  limestone, with nodulous and shaly layers, of brown weathering: 
e 5 meters of dark rnarls wilh li~nestone layers, sharp limit to 
f 8 meters of brown lumachelle with small Belemnites, Astarle and Trigonia; 
g about 15 meters of well-bedded limestone; 
h 6 meters of brown li~nestone with lumachelle, more or  lees sandy; containing firnall Belemnites and 

thick shells of Pelecypods: Cardium, Arca and other Arcidae; 
i .Spit1 shales, contact to 
h not exposed here. 

' Agglomerate of ~ilostly broken sea-ehells. 



For the brown weathered series with lumachelle C- h, of about 80-90 ~neters,  we pro- 
pose the nalne of L a p t a l  s e r i e s ,  after the locality 4 km farther north at the issue of the 
Kiogad Gorge across the pitching Lahur anticline, where they are best I exposed (Phot. 43, 
PI. XXVII, Fig 109 E and Fig. 111). 

Fig. 111. T h e  1,aptul s e r i e s  at I , ; ~ p t ; ~ l .  
5 - Upper Kioto lin~estone; 

wsw ENE d = Laptal series 65 meters: 
a 9 meters limestone of brown weathering, 

with layers of fine lul~~achelle;  
b 17 melers thin-bedded gray li~nestone; 
c 4,6 meters brown sandy limestone wit11 

layers of lurnnchelle up to I,'? ~lleler, 
Mya, Gryphaea (?)'; 

d 25 melere gray thin-bedded limeslone like 
b,but with numerous layers of lunlachelle 
of 1-10 centimeters .each, cl~iefly small 
black oysters, some Belemniles and Pec- 
len. Upper part with foliated sandy inter- 
calations of 2-10 centimelers each; 

e 8 melers of chiefly lurnachelle, brown, 
with ernall Belemniles and oysters. 

7 - 3 meters covered, corresponding lo thc ferruginous oolite; 
8 = Spiti sh;~les. 

The fossils are not quite decisive for a determination of the age. There is, however, no 
doubt lhat the Laptal series must be either upper Rhaetic or tiassic. The presence of Trigonia 
points to Liassic. Although there are some sharp limits between the different horizons of the 
upper Kioto limestone and the Laptal series, there seems to be no major break within these 
stratigraphic sequences. 

The distribution of the Laptal series is of special interest. It was only found in the re- 
gion north and northeast of Utta Dhura. Wherever it is lacking, from the Kali to Garhwal, 
there is a marked though c o n  f o r rn a b l e d i s c o  n t i  n u i t y in its place. 'l'he ripplernarks of 
the upper beds of Kioto limestone found at Kuti and on the east side of Chidamu gorge, 
point to an iulerl.uplion of deposition. 

It would seern that the deposition of the lumachelle occurred near a flat shore along 
the present Lahur anticline. Indeed, on the west side of this fold, the lul~lachelle series was 
found at a maximum development (80-90 meters), whereas it is lacking at less than 3 kilo- 
meters eastward, as estimated after stretching the anticlinal arch. However, the Laptal lurna- 
chelle is again represented at the Kungribingri, 8 km farther SSE on the same eastern limb 
of Lahur anticline, although at a reduced thickness of 10-20 meters. We also found it on 
the next eastern Chirchun anticline. 

At the northern end of Lahur anticliue, the lumachelle goes all around and over the pitch- 
ing vault at a thickness of 50-70 meters. Also at the lower gorge OII the west side of 
Laptal, aloug the w s t  limb of Kiangur syncline, the lumachelle is well represented (50 rmters). 

This Laptal series was already well known to GI<II.:SRACH. He gave it nurnber 16 on his 
sections, and called it "earthy shell limestone". As to its age, GI~IESBACH (Mem. 1891, p. 74) 
save: "the fossil rernains which 1 have found, are too much indistinct to allow close colnpa- 
rison. but STOLICZKA was fortuuate enough to find several good Alpine Li a s s  i c forms iu this 
horizon which is widely distributed over the Central Himalayas". GI~IESBACI~ found the shell 
Limestone also on the Shalshal Cliff in Garhwal north of the Kiogad, on the top of the 
Barnhanag Heights and on the north side of Girthy Valley, 10 km WNW of Kiangur Pass, from 
where he made the fine photo of his PI. 10 (20). 



F e r r u g i n o u s  O o l i t e  ( C a l l o v i a n ,  7)  

We have already described the litlle discovery at the Chaga Pass, east of Kuti (p. 115). 
Exaclly the same layer of ferruginous oolite was found agaiu on the top of the Laptal 

series at Laptal and its su~.roundings. 
The "red iron pisolile" was discovered by C. DIENEH (10, 1895) at the Shalshal Cliff 

(about 12 km NW of Laptal, in Painkhaoda) and at the Cl~anambaniali peaks SI< of Chirchun 
in Hundes, where he collected a few brachiopodg aud nulnerous Relenlnites (B. sulcacutus 
F .  Su~ss)  regarded by F. S u ~ s s  as  being probably Kelloway. 

GRIESBACH'S view (I, c. p. 75) has, therefore, to be modified: "Apparently the Spiti shales rest 
perfectly conformably on the beds with Liassic fossils, and the only evidence of a break in 
the contiuuity of the formalions is the complete and absolute change of lithologicel character, 
as one passes from the earthy limestone of the Lias to the dark crumbling Spiti shales." 

Few completely uncovered outcrops are found at the coutact. The best one ifi 01, the S 
side of the Kiogad, 1 km south of Laptal encamping ground, (Fig. 109 E aud Fig. 112). 

Fig. 
6 ;I 

112.The F e r r u g i n o u s  O o l i t e  Sou t l l  of I.ap4al. 
1,ilpl;il limestone of brown weathering, wit11 luma- 
chelle, 
GO cenlinleters of dark dcnse linlestone \\'it11 sllaly 
layers :~ntl small Bclentrritrs. Sharp lintit to 
185 centil~leters of ferruginoils oolite; 
60 centill~elers black shale wilh flat oolitic grains, 
inlerbedded wilh Iilyers of dense lilneslone contain- 
ing round, gray ferluginoos ovoids. In the top 
laycra H e l c n r ~ ~ i l e  and large Amn~oniles(Reineckeites) 
125 centinleters of black shales with flat ferrugi- 
nous ovoid gr:~ins, 
4 - 6 centilnelers of dense linleslone wllh ferrugi- 
nous ovoids; 
Spili sll:~les, black, britlle, with rusty cracks, 35 me- 
ters exposed with very few concretions. 

The black shales 7 b can hardly be distinguished froin the basal Spiti shales, except in 
lookii~g at the111 wilh the lens, which at once reveals the black ferruginous grains, which, one 
millimeter higher, are absent. This exterior similarily of shales and the scarcity of exposures 
may be the reason that this stratigraphical key had been overlooked. 

The next good exposnre is about 2,5 kilometers farther NE in a natural dilch near the end 
of the pilching Lal~ur anticline, at Sangcha Talla. The succession, from above, is as  follows: 

8 Spiti shale. Sharp disronlinuity to 
7 2 nlelers or lllore of ferruginous oolile like that of Laptill, 

n dense li~lrestone layers crowded with Belemnites of different species, 
b rhiefly black ehille. Sllarl) discontinuity 

6 I.al)t;ll series, lu~llachelle. 

Here, the upper and lower boundaries only become visible after working out fresh cut- 
tings wilh the ice-axe. The oolitic limestone even sticks on its basis in such a way that sam- 
ples could be gathered for a microscopic research of the discoutinuity! 

A third outcrop was found at he eastern (upper) issue of the Kiogad Gorge on the east- 
eru limb of 1,ahur anlicline, where the ferruginous oolite is 1,5 meters thick. 

Chaga Pass at Kuti is the only place encountered, where the iron oolite is developed 
while the lumachelle is absent. On the other haud, the oolite is not always present together 
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with the lumachelle. Thus, at the Kungribingri, the iron oolite layer is wanting between the 
Laptal-lumachelle and the Spiti shale. In its place, the surface of the Laptal series is im- 
pregnafed with red clay (Fig. 113). 

5 w Prayer Flags NE 

9 Fig. 113. The Jurassic of 
Kungribingri.  

5 = Kioto limestone; 6.=Lsptal 
series, lu~nachelle; 8 = Spiti 

8 shale, a black shale, b black 
shale with thin limestone 
layers; 9 = siliceous shale 

L and sandslone, lower Creta- o 200 m e t .  ceouq. 

Under the m i c r o s c o p e ,  the ovoids are seen embedded in a partly dense, partly re- 
crystallized calcareous groundmass. They average about 1 mm, and are made of calcite with 
varying content of iron (limonite or goethite) changing their colour from clear white to gray, 
yellow and dark brown. Even within one grain the colour may alter from one concentric shell 
to the other. Frequently an angular fragment (shell, quartz or iron ore) forms the core. (These 
ovoids are thus mineralogically different from the chamosite ovoids in the Helvetic iron Oolite 
of the Callovian). 

F A U N A  

The following species were collected from the ferruginous limestone in situ, at Laptal 
(det. A. JEANNET) : 

7 Belemnites (Belemnopsis) calloviensis OPPEL 
Macrocephaliles el. triangularis SPATH (Lower Callovian) 
Macrocephalites (Dolikephaliles) cf. flexuosus SPATH (Lower Callovian 61 New Guinea) 
Reineckeiles aff. Waageni T ~ L .  (Ancepe zone) 
Rci,neckeites Douuillei STEMMANN (Anceps zone) 
Bonarellia cf. bicoslaia STAHL (Athleta zone) 
Rhynchonella and ind. bivalves. 

These are all C a l l o v i  a n species. The lower a n d  the upper zones seem to be present, 
confirming our view of a c o n d e n s e d  d e p o s i t .  

The Spiti shales, after the paleontologic monograph of V. Uam, are on the boundary 
of Jurassic and Cretacic, their lower part being upper Jurassic, Portlaudian. It we further 
accept the discoveries and determinations of STOLI~ZKA (1865) regarding the lumachelle, we 
come to the conclusion that 

1. the lower discontinuity of the ferruginous oolite corresponds to the interval between 
Liassic and Callovian. The whole lower Dogger, and probably also the upper Liassic, are missing; 

2. the upper discontinuity corresponds to the interval between Callovian and Portlandian. 
The lower Malm from Oxfordiau to Kimmeridgian is absent (Fig. 114). 

Thus, the still prevailing conception (8, 1934, p. 308) that the Kioto limestone ranges up 
to the middle Jurassic, is to be abandoned. This error resulted from overlooking the discouti- 
nuity below the oolite. 

The similarities of age and facies with the ferrugiuous Oolite of the Helvetic Alps is 
striking1. In both cases the oolite, although of a fe meters thickness only, and lacking in 

' See ARNOLD HEIM, Monographic d. Churfirsten elc., Beit age zur geol. Karte der Schweiz, Vol. XX, pt. 9, 
1010, and ARNOLD HPM, In ALBERT HEIM, Geoldgie der Schweiz, pt. IIIa, 1919, p. 279-286. 



Fig. 114. D e t a i l s  of t h e  T r i a s s i c  - J u r a s s i c  B o u n d a r y .  
5= Upper Kioto limestone; 6=Laptal series with l u ~ ~ ~ a c l ~ e l l e ;  7 -: ferruginous oolite, Callovian; B=lower Spiti shale. 

places, is widely distributed and characterized by its discontinuities of perfect conformity be- 
tween the older and younger sediments. And in both cases. the oolite as  well as its overlying 
Jurassic sediments are regarded as d e e p  s'ea d e p o s i t s .  No signs have been found which 
would compel one to admit an interval of land erosion. The ochre-like loam in place of the 
oolite (Chaga Pass, Kungribingri) is explained by "submarine weathering" for which the term 
e x  e s i  o n was proposed'. Such submarine desintegration has recently been found by the 
Russian hydrologists (M. KLENOWA) to prevail at present over the greater part of the Arctic 
ocean. 

Thus, the deposition of the Spiti Shales occured after a phase of submarine sedimentary 
o m i s  s i o n ,  without transmersion over a land surface. The surface of the Kioto limestone and 
the Laptal lumachelle below the Callovian oolite, however, may be partly due to slight emer- 
sion over a flat strand, where the shell agglomerates naturally came to an end. 

S p i t i  S h a l e s  ( P o r t l a n d i a n ,  8) 

"Probably the widest known amongst the Himalayan formations are the beds out of which 
the numerous and well-preserved Jurassic fossils have been collected, not only by geologists 
and European travellers, but by natives both of Tibet aud India. From ancient times a trade 
in Jurassic Ammonites has existed; great quantities of these fossils are brought every year 
to India, chiefly to the holy places of Hindu pilgrimage, and sold as  relics to Hindu wor- 
shippers" (GRIESBACH, 20, p. 75). 

But notwithstanding this and the fine works of the geologists of the Geological Survey 
of India since the middle of Inst ceutury, and of V. UHLIG'S paleont~logical monograph, little 
is known of the normal stratigraphic and paleonlologic sequence upwards, and much time 
would be necessary to first find the suitable localities. Indeed, at most places, contiuuor~s 
outcrops are lacking, nud the soil covered with talus is slipping (solifluction). Besides this, 
the fossils are collected from concretious which have been washed down to the ravines and 
brooks, so that they d o  not permit to distiugr~ish different stratigraphical subdivisions. Pos- 
sibly, if not probably, there is no mixture of upper Jurassic and lowermost Cretacic fossils, 
as was the result with the paleontologic collections. 

The following observations, however, niay be worth mentioning: 
The only place we met showiug a complete and undisturbed, though not perfect section, 

is Kungribingri Pass (Fig. 113). There, an upper subdivision of the Spiti shales with flaggy 
limestone would be worth special atteution. It may belong to the Berriasian. Already DIENER, 

' ARNOLD HEIM, Ueber submarine Denudation und chemische Sedimenle, Geol. H~~ndschau Bd. XV, 1924. 
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1898, has pointed out the upward passage of the Spiti Shales at Kungribingri and attributed 
the Giumal sandstone to the lower Cretaceous. 

At the steep ravine W of Sangcha Talla (map of v. KRAFFT), an uninterrupted exposure 
from typical Spiti shale up towards Giumal sandstone, was found, which confirms the Former 
view. A gradial passage leads up from 

a Upper black Spiti sbales, will1 fine grained crllcareous s:~ndstone layers of 2-30 centi~nelers each ; t I  

intervals of 1-3 meters, 
h 30-40 meters of somewhat rnicaceous and harder shales with layers and le~ises of slightly micaceous 

si~ndstone of 5-  15 cm each, 
c gray, fine-grained, sandy and marly limeslone, 
d greenish, glartconilic Giumal sandstone. 

The thickness of the Spiti shales varies greatly on account of stratigraphic irregularities aud 
tectonic compression or accumulation. Besides this, the vast slope north of Laptal, mapped by 
v. KRAFFT as Spiti shale, is partly made of Giurnal sandstone which rnay be iufolded and 
partly has fallen down from the walls, the whole slope creeping downward (solifluctiou). If 
we regard a-b as Spiti shale, and c-d as lower flysch, we can say that the normal thick- 
ness of the Spiti shale along the eastern limb of Lahur anticline from the Kiogad to Kungri- 
bingri, averages 80-100 meters 

The list of fossils of the Spiti shales is found in the conclusive chapter. 

Jlorphological Fea tures  and Glaciation 

North of the Kali-Ganges watershed of Utta Dhura, the surface features change ac- 
cording to the general pitch of the folds. The mountains become less r ~ ~ g g e d ;  their heights 
decrease, and the slopes are more covered with talus, while the amount of morainic material 
decreases. The passes (Utta Dhura 5370 rn, Jayanti 5550 rn, Kiangur 5200 m) are gentle and 
made of Kuti- and Spiti shales. No actual glacier seems to descend below 4800 meters. The 
glacier NW of Utta Dhura comes down near to Lauka camping ground, ending at about 
4900 meters. 

Nadji Kaong was called by a native of Milam the glacier N of point 19350' flowing north- 
ward and filling the uppermost Girthy Valley. It has a length of about 4 kilometers, and fills 
the valley cut out into the Lahur anticline underneath the Kioto limestone. 

Two greater unnamed glaciers east of it also flow northwards, joining at their lower 
end, about 4 km NW of Chirchun. Their termination is at about 5100 meters, and they do 
not conceal their Tibetan aspect, being smoother and cleaner than the Himalayan neighbour~ 
(Phot. 170 in 30). 

A prominent morphological feature is the Lahut anticline. It is cut across by the Girthy 
glacial river, the Chidamu and the Kiogad at intervals of 4-7 kilometers, but the interme- 
diate regions still show the uneroded tectonic surface in the shape of a gently pitching vault, 
while north of the Kingad the landscape has changed entirely. It is the Spiti shale and the 
flysch which dominate the landscape, forming vast creeping slopes with rugged sandstoue 
rocks above (Phot. 40. PI. XVI). 



THE EXOTIC KIOGAR REGION 

We now come to the most problematic regiou of the whole Himalaya. Although we think 
to have cleared up several questions of importance, others still remain obscured. 

Already in 1892, GRIE~BACH (Rec. geol. Survey India Vol. XXVI) and DIKSER discovered 
exotic blocks and "Klippen" on the Tibetan border near the boundary of Almora- and Garh- 
wal districts. The main peaks along this boundary above the Kiogad or Kiogar River were 
called the K i o g a ~ s  (v. KRAFFT 1902), and designed as Kiogar Nr. 1--6. When GRIESBACH 
already in 1879 visited the region first, he considered the Kiogar limestones to be of upper 
Cretaceous age on account of their superposition on the flysch. 

The most impo~Zant publications on this region are those of C. DIEBER (12) on the Geo- 
logical Structure of the Chitichun region 1898, and A. v. KRAFFT (36). ''Notes on the "Exotic 
Blocks" 1902. 

DIENER already was aware that it is the "Klippen" or crags "in their occurrence amidst 
much younger sediments, and without apparent stratigraphical connection with the latter 
which makes the structure of the Chitichun area one of the most intricate and [noat remark- 
able in the Central Himalayas." Although not illustrating his description, he already compa- 
red these occurrences with the Alpine "Klippen", the "lambeaux de recouvrement" of the 
Chablais and Switzerland "which offer some very remarkable analogies with our Tibetan 
limestone crags". 

Four years later, v. KRAFFT, after new and much more detailed information, based on a 
six weeks field work, has published his "Notes", accompanied by a geological map 1" to 
1 mile, numerous excellent designs (of which his panorama pl. 3 of the Kiogars is a master- 
piece) and photographs. Reviewing his observations. he says in contradiction to DIENER (p. 183): 
"that the exotic blocks of Johar and Chirchun have nothing whatever to do with the "Klippen 
of Europe", explaining them as the result of huge Tertiary volcanic explosions in Tibet. He 
added, however, to be "well aware that no completely satisfactory solution of this problem 
has yet been obtained. Not only are the sources of discharge of the volcanics unknown, but 
also the facies of the exotic limestone blocks is still a mystery, which is far from being satis- 
factorily cleared up, and there are several other questions of no small importance, which 
require further research in the field". (v. KRAFFT, 1. C. p. 183). 

Indeed, the only way to proceed to a definite solution would have to be based on a new 
photogrammetric and geologic survey at ti scale of 1:25,000 or larger, of the whole Kiogar- 
and Chirchun areas. 

v. KRAFR'S peculiar conclusions are partly based on the following errors: 
1 His so-called "tuffs" are mainly siliceous strata with radiolarians, 
2 the exotic rocks of the Kiogars are not eimple blocks, but part of n folded sedimen&y series of vast 

axtension, 4 
3 the lalter are less broken up by igneous intrusions, part of Ihe "banic igneous rocks" of v. KRAFFT being 

folded Juraseic sediments of similar weathering coulour, while some of his dykes are only couloirs ap- 
pearing black from wetness. 
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In spite of v. KRAFFT'S conclusions, based on an incomplete knowledge of the Alps at 
the dawn of our modern conceptions of thrusting, E. S u ~ s s  in his "Face of the Earth" ' strongly 
influenced by DIENER, interpreted the exotic blocks as belonging to a great thrust sheet, Ihe 
greenstanes being injected along thrust planes during the horizontal ~novernent. 

F. KOSSMAT (35, 1936, p. 288) supposes that the exotic facies is connected will1 the zone 
of Leh in the NW. 

Recently E. B. BAILEY (6, p. 1722) in reproducing two desigus of v. KHAFFT, draws special at- 
tention again to the associations of basic igneo~ls rc-ks (ophiolites, greenstones) with abyssal 
formations like radiolarite, in basing his ideas on the far-sighted views developed by G.Str;. . I Y M A N N  

30 years before 2. Although having no positive data of Himalayan deep sea deposits at hand, 
Professor BAILEY'S ideas have proved to be of considerable bearing and he will be amazed 
that we have found indeed in great extensiou the radiolarites he probably has thought of, in 
connection with the igneous greenstones. 

Stratlgraphy of the Flyscll 

As already stated by v. KRAPFT, the best stratigraphic sequence is found at Swngcha i l l  

the northern part of the Kiogar region. However, even there, the tectonic disturbauces do not 
permit to establish accurately the normal thicknesses of the flysch horizons. 

v. KRAFFT distinguished the following divisions, from below: 
1 Giumal santlstone 400-500 feet, 
2 Upper Flyfich 800-1000 feet, with the  following s ~ ~ l ~ d i v i s i o n s :  

a red and greenish shales and red shaly limestone, app. loo', 
1) hlack crurnhling shale* app. 200-ROO', 
c hrown weathering sandstones alternating with shales app. lo', 
tl hard hlack s i l i c e o l ~ ~  sllales, passing t l~rough crumbling shalcs into e,  ;111p. 30 4 0 ' ,  
e greenish : ~ n d  gr;ly sa~~ds tonen ,  alternating with s l ~ a l e s  passing inlo f, app. 3001, 
f Green (150') and red (50') L~~ffs ,  app. 200'. 

In some points, our observations differ considerably, as shown below: 

1. G i u m a l  s a n d s t o n e  ( L o w e r  C r e t a c e o u s )  

'I'he basal part of this formation, which gradually develops from the Spiti shale, is poorly 
exposed, and chiefly made of shales with more or less calcareous sandstone layers, containing 
glauconite grains, while the upper part forms fantastic rocks in the shape of blocks and peaks, 
especially north of 1,aptal. Much tirne and climbing would be needed to establish thoroughly 
the sequence. The following estimates are taken from Sangcha Talla and the folded walls be- 
low the SW crest of Kiogar Nr. .3: 

a 50 --I50 met. of shale w i t h  glauconilic sandslone I ;~yrrs ,  
h. 80--100 met. lower glauconitic sandstone, thick-hetldetl, 
c LOO met, of g.rcenisl1, in t h e  lower part also reddish to I)l;lck sh;rlc, wilh s;~ntlslone I:~ycrs, 
(1 150--250 met. of llpper (iiulnnl santlnlone. II is massive, s i l i ceo~~n,  grcel~ish,  will1 ;I s l ~ ; ~ l y  h ;~nd  of 30 111el. 

helo\\. llle middle. 

The total thickness of the Giumal sandstone thus is estimated as 500-700 meters, which 
means 5-6 times that of v. KHAFPT'S estimate. 

The upper part of the series c d fornis huge anticlinal walls on the north side of the Kiogarriver 
SW of Kiogar Nr. 3, up to nearly 6000 meters elevation (Phot. 2, PI. I). The imposing black rocks 

' E. Sr!l;.ss, (;er111;1n edilion vol. 3, l1art2, 1909, pp. 644-649, 675; (I:nglisll edition \.ol. 4, pi). 581--567.586) 
'- G. STEIN~I..\F;K, Geol. Heobachtungen in d. Alpen, 11. Die Sc l~ard lsc l~e  I ~ ~ : t ~ e r l ; ~ l l ~ ~ n ~ s t I ~ r o l . i e  und die geol. 

l i eder~t l~ng  der Tiefseenhs5tzv und der ophiolitllisrhen M;lssengesteil~e. l3cr. N ; ~ t ~ ~ r f o r s t : l ~ .  (;es. Fl.c.il)urg, vol. 16, 1!)06, 
und "Die o~~hioli thiachen Zone11 in d. medilerrrnen Keltcngehirgen". ('ongr. (;c'ol. Interll.. hladriti 1926, ('. H. 
2- 1927 1). (i:37 



and peaks west of Sangcha Malla are formed of the upper Giumal sandstone d (Phot. 40, PI. XVI). 
Folding and faulting, the absence of a suitable map, and the'lack of fossils makes it almost 

impossible to ascertain whether the above sequence originally was regularly deposited. 
The age of the Giumal sandstone is determined by numerous bivalves and some ammo- 

nites, found in the region of Spiti, and described by A. SPITZ (57, 1914). It is undoubtedly 
lower Cre t aceous ,  as generally admitted. The 

sw -- 2 b L 8 6 0 m e t  
basal part (a) represents the Valanginian, while 
the top (d) according to the occurrence of Para- 
hoplites cf. Nolani and Stolicxhaia cf. dispar, 
may be regarded as  Gault. 

K i o g o r  thrust  . - .  ' -  - 
I 
I 
I 

I S ; I I C ~ O U S ,  d 
R o d l o ! c r r t a r t  

- .- - - - - - - - - - - 

Fig. 115. T h e  f a u l t e d  C o n t a c t  of U p p e r  G i u -  
ma1 S a n d s t o n e  a n d  t h e  v a r i e g a t e d  s h a l e s  a t  

S a n g c h a  Malla. 
1 = Giumal sandstone, low. Cret.; 
2 := green and red shale, upper flysch; 
3 = black elates (exposed on opposite side of valley). 

2. U p p e r  F l y s c h  ( U p p e r  C r e t a c e o u s )  

Overlying the Giumal sandstoue, at Sangcha 
Malla, we have found: 

a about 60rneters of greenish shale with sandstone 
layers, passing into 

b about 100 meters of red purple marly shale, and 
marly dense limestone folded in zigzag. Few Fora- 
minifera (Globigerinidae and Rotalidae). Sharp 
limit to 

c 500-600 meters of predominently black shales or - - - - - - - - - - - 
slatee, with occasional clay-ironstone layers, and 

UP Jur. S p ~ t i  sh. 
limestone flags with fucoids, in the upper part also 
brown sandatone beds, gradually passing to 

d 300 - 400 meters of green and red siliceous sand- 
stones and dense radiolarian hornstones, alter- 
nating with siliceous shales. They are overlain by 
thrusted basic igneous rocks. (Fig. 116). 

Fig. 116. Genera l i -zed  S t r a t ~ g r a p h i c  S e c t i o n  of t h e  
H i m a l a y a n  f a c i e s  i n  t h e  Kiogar  R e g i o n .  

T h i c k n e s s e s  a p p r o x i m a t e .  

T r i a  s s i c - J u r a :  5s = Limestone with quartzite and shale (Chidamu Gorge); c :: bed of problematics; 6 = laptal  
neries, lumachelle; 7 = ferruginous oolite, Callovian; 8 = Spiti shales, upper Jurassic; 
C r e t a c e o l ~ s :  1 = Giumal sandstone, subdivision see text p.46.; 2 =Upper flysch, see text above. 



I'he thicknesses of these subdivisions are very variable on account of folding and thrust- 
iug. The upper flysch 2a-d was considered by v. KHAFPT as 1000', but reaches in our esti- 
mate that niany meters, the local accumulations by thrust-folding discounted. 

The subdivision a-b, on the Kiogar river, is only 50-70 meters thick. V. KHAFFT men- 
tions bauds of red hornstone in 2b. 

At Sangcha Malla, it seemed that the Giumal sandstone passes into the upper flysch 28. 
There is, however, a sharp limit between the red marls 2b, and the overlying black shales 
2c, as verified by digging with the ice-axe. 

The black flysch series 2c at some places also contains greenish and reddish shales. 
The fucoids of the limestone flags (Chondrites intricatus BRONG.) are the same as those of 
the ultrahelvetic Flysch of the northern Alps which now is also regarded as upper Cretaceous. 

The brown, sornewhat micaceous sandstones are not an individual subdivision, since 
such layers appear at different intervals in the, passage zone of c to d. 

At a distance, the black flysch strikingly resembles the Spiti- and Kuti shales, especially 
by its concretionary layers of siliceous clay-ironstone, which weather with a blue desert var- 
nish. This flysch, however, is devoid of round concretions with ammonites, and ia rather 
harder than the Spiti shales. 

The greatest difference of our i~lterpretation with v. KHAFFT'S description is related to 
subdivision 2 d, which corresponds with 4 e - f of v. KRAFFT, the lower one having been cal- 
led "greenish sandstone with thin brown shaly layers", the upper one called t u f f .  The latter, 
between Sangcha Malla and the Balchdhura cresl, is a red and green alternation of c h e r t ,  
of conchoidal fracture, with thinner cherty or shaly layers, and is rich of r a d i o l a r i a n s .  
In no place did we find true tuff belonging to the flysch series. We thus regard the top 
series of the flysch at Balchdhura as a c o l d w a t e r  d e e p  s e a  d e p o s i t .  

A microscopic slice Nr. 248 of the green conchoidal chert of Ralchdhura shows an iso- 
tropic opalescent groundrna'ss without volcanic material. Besides the numerous small globular 
R a d i o l a r i a n s (Spurnellarians), there are also N a s e l l a r i a n s.  The shells, however, are 
partly replaced and filled with a bluish green variety of glauconite. 

This uppernlost flysch horizon pinches out towards S or SE at the middle Kiogars. On 
the crest SW of Kiogar Nr. 3, the basic igneous rests directly upon the black flysch with its 
flags of sandstone and limestone. The siliceoils shale, however, reappears in the ravine be- 
tween Kiogar Nrs. 3 and 4, where it is directly thrust by the basic igneous complex (Fig. 118, 
125, 127). 

In the southern region of Chirchun Pass (Phot. 48, PI. XVIII) the black flysch is of great 
thickness and extension. It is overlain on Chaldu Pass (17440') by a mighty greenish siliceous 
series with sandstone, corresponding either to the hornstone subdivision of Balchdhura, or 
being thrusted upper Giumal sandstone. Farther southeast, surrounding Chirchun Nr. 1 hill 
17740', the flysch is chiefly a shaly r a d i o l a r i a n  c h e r t  of varying colour from black to 
red and green. The microscope reveals an amorphous opalescent ground mass, devoid of 
quartz sand, while the globular radiolarians are filled partly with brown opaque ferruginous 
silica, partly with fibrous chalcedony. The shells are ~nostly decomposed. The general solifluc- 
Lion in the Chirchun area does not permit to establish structural details or stratigraphical 
subdivisions (Phot. 49, PI. XVIII). 

The greenish sandstone of the upper flyscli of Kiogar-Chaldu Pass (or possibly thrusted 
Giumal sandstone) also presents an interesting ~nicroscopic aspect. Two slices (Nr. 252) of a 
specimen therefrom show a fine-grained cherty glauconite sandstone with an amorphous to 
cryptocrystalline brown groundmass of silica (opal and chalcedony 60°/0), in which are em- 
bedded angular quartz grains of 0,l-  ---0,2 rnm (30 O,O) and grains of glauconite (5',0), detritic 
grains of feldspar (albite, orthoclase?, microcline, myrmekitic plagioclase), and sporadic grains 



of pyrite, mngnetite and muscovite. Besides the ordinary blue-green cryptocrystalline glauco- 
nite, there is a pleochroitic yellowish-green chiorite-like c r y  s t a l l i z e  d g l a u c o  n i t  e , perhaps 
derived from biotite. 

Amongst the micro-olSganisms are globular radiolarians (Spumellarians), and imperforate sili- 
ceous foraminifera (Ophthalmididae) recalling highly organized miliolids like Nummuloculina. 

Tectonic8 of the Flyech 

With a photogralnmmetric map at hand it would be a pleasure to work out the intricate, 
though interest.ing structure of the Kiogars. The existing map, though remarkable, is entirely 
insufficient. Also, after having traversed only part of the country, we only can point out some 
characteristic features. 

We have shown that the Himalayan Triassic surrounding the Kiogar region on the west, 
south and east side, forms regular folds of a nearly northern strike, with a pitch towards that 
direction. The overlying flysch separated from the Kioto limestone by the Spiti shales, has 
"proclaimed its liberty", in producing further deviations aud disharmonic folding. - 

Thus, the upper Giurnal 4 8 5 0 m  

sandstone of the peak abovepoiut WNW ESE 

14110', of Sangcha Talla (see map 
of v. KRAFFT) forms a pointed arch 
anticline striking N 20-40" E I 
(Fig. 117) 

The flat-topped wild peak 
of upper Giumal sandstoue 
capped with red shales at Sang- - 
cha Malla (4850 met.) is cut off 
by a fault of about 150 meters Fig. 117. S k e t c h  o f  t h e  F l y s c h  s t r u c t u r e  a t  S a n g c h a .  
drop on the uortheastern side s ,  SpiIi shale; 1 a-c = Giumal subdivisions; 1 d = upper Giumal sand- 
(Fig. 115, 117). This fault, or a  tone; 2 a  =green and red shale of upper flysch. 
similar one, continues towards 
south, cutting an isolated block out of the Giumal sandstone on the south side of the Kiogar. 

The beautiful fold of the upper Giumal sandstone S W  of Kiogar Nr. 3 (see pl. 3 of v. 
KRAFFT, our Phot. 2 PI. I and Fig. 118) and its southeastern side-fold, are striking N45E, with 
a pitch in that direction of 5-7". Thus, this strike is at an angle of 50-60" to that of the 
adjoining Lahur anticline. 

At the crest of Chaldu pass, the flysch sandstone strikes N 10 E. Independantly, these 
diverging flysch folds are covered by the white "Dachsteinkalk" of the great Kiogar Saw 
with its igneous rocks. The flysch of Himalayan facies thus is d i s h  a r m o n  i c t o  b o t h  i t  6 

u n d e r l y i n g  a n d  o v e r l y i n g  f o r m a t i o n s .  
In the Chirchun area, no observations on Flysch tectonics have yet been made. The 

structure may only be revealed by systematic mapping on a good topographic basis. 

Balchdhura 

The northwestern end of the Kiogar thrust sheet forms the Balchdhura crest. It is of 
special interest for its igneous varieties and exotic blocks enclosed, which are easily acces- 
sible. A few additional observations to those of v. KRAFFT will be described. 

In the ravine, at about 5400 meters due west below Balchdhura 18110', discovered by 
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On the opposite, southern side of the little raviue, and higher on the slope, are other 
large red li~nesto~le blocks of cubic shape, in which no fossils were four~d (e 3). There seems 
to be agai~l one distinct horizon aboul~ding with fossils, exclusively Cephalopods-perh~p~ a 
kind of coudensation. There are few chances to find blocks just of this ferlile layer. 

Balchdhura 
I8 1.10'- 5550 m 

o 500 met. 
- 

Fig. 119. B : ~ l c h d l l u r a  C r e s t .  

b = basic rock, greenstone, porphyrite: S = Serpentine; O = Opllicalcile; G ;. Greenish S:ludstone block; e = exotic. 
blocks, cl~iefly Triassic (see lexl). 

Some 200 meters SE of the serpentine plateau of Balchdhura heights, are several augular 
blocks of well-bedded green and red horustoue with radiolarians, one of them bedded in serpentine 
the other in porphyrite. They belong either to the Triassic or to the upper flysch. Near them 
two round pebbles of gray, non-metamorphic limestone were noticed, each about a foot iu 
diameter. 

On the Tibetan side, below a big block of Giumal saudstoue in greenish igneous with 
ophicalcite, an angular block of about 26 cubic meters was seen, showing a strongly s l ickens ided  
basa l  p lane .  

It is difficult to distinguish iu some places the glaucouitic Girilnal sandstolie from certain 
varieties of the basic rocks. Thus, our Fig. 119 may need improvement. The mirroscopic examination, 
however, has confirmed v. KRAYYT'S descriptiou, mentioning "exotic blocks" of Giumal sandstone. 
According to him the youllgest rock embedded in the igueous is a strongly slickeusided "green 
and red tuff" (his flysch 4f),"due south below the western summit of the Balchdhura heights." 

Another striking aspect of Balchdhura is the abuudaut occurrence of serpentine and 
ophicalcite. The former is greenish black and frequeutly intensely slickensided. Obviously, the 
i g n e o u s  r o c k s  h a v e  s u f f e r e d  s t r o n g  t e c t o n i c a l  d e f o r m a t i o n  a f t e r  t h e i r  s o l i d i -  
f i c a  t i on  (Phot. 45, PI. XVII). 

Two hundred meters SE of the pass (at a of Fig. 119), there is a great variety of basic 
rocks: Amygdaloid porphyrite, slickeusided glassy serpentine, ophicalcite, locally also peridotite. 
'I'hey would deserve a special study. 

The Kiogar Peaks 

v. KRAFFT, with his masterful panoramic designs pl. 2 aud 3, has already given a clear 
view on the topography and geology of this saw-like Tibetan frontier-range. There are some 
points, however, which need correction : 

1) A good part of what is designed Nr. 5 - igneous, is brown Jurassic, and the "Dach- 
steinkalk" L) is less broken. 

According to v. KRAFI~T'S plate 2 and his sectiou pl. 12, the mountains look like heaps of 
loose blocks. This is not the case. The stratification of the Kiogars, seen from the SW, is quite 
clear (Phot. 2, PI. I) and uot more shattered than many Triassic regions of the "Klippen" in 
the Alps (Fig. 118). Also intense foldiug within the formations of the Kiogars could be observed. 



2) V. KRAFFT'S mapping of the Kiogars as "exotic blocks" with blue ovals is contradictory 
to hi6 own designs and still more so to nature. Indeed, we have ,found the limestone of the 
Kiogars extending to the Tibetan side for more than 20 square kilometers. Our photograph 
46 PI. XVIII gives an idea of it. 

In climbing Kiogar Nr. 2 (5700 m), a closer study also resulted in establishing a s t r a t i  - 
g r a p h i c  s e q u e n c e  of the Kiogar thrust sheet. 

5700 
1 1" Lll, NN E 

Fig. 120. S e c t i o n  o f  t h e  
S u m m i t  o f  K i o g a r  N r .  2 
i = igneous; 
1 == white Kiogar limestone, 

"Dachsteinkalk" ; 
2 = oolific formation, upper 

I I I I ~ I ~ ~ ~ ~ I  I .Jurassic; 
100 0 100 m 3 = gray radiolarian limestone, 

Cretacic. 

1. The massive white K i o g a r 1 i m e s t o n e of 200-300 meters thickness, rests upon basic 
igneous rocks. It is partly of dense to micro-cristalline, partly of onkolitic structure. No fossils 
were found. As suggested by v. KRAFFT, it may be a representative of the Alpine Dachsteinkalk. 
Upon it follows, with a sharp boundary (discontinuity): 

2. Reddish to violet calcareous series, 
a) about 8 meters of reddish marls and limestone, 
b) about 50 meters of violet oolitic limestone of flaser-strr~cture, interbedded with pink 
marly and white limestone layers; 
Under the microscope, the groundrnass is partly dense, partly calcitic. The oolitic grains 
are made of dense, nearly untransparent lime, some of them being nicely concentric. 

3. 12 meters of dense, stratified gray siliceous limestone, probably Cretaceous, full of micro- 
organisms. 

The first appearance under the microscope is that of an Orbulinaria-limestone like the 
Alpine Seewerkalk, but the tiny "cogwheels" of 0,l-0,2 millimeters are partly siliceous and 
seem to be mainly globular r a d i o l a r i a n s .  Also Nasselaririns are present, together with 
numerous sponge spiculae (Phot. 76 P1. XXV). 

0 0 In this sequence, no macroscopic fossils were met. Under the 
microscope, however, a few nicely preserved shells of Calpionella 
alpina LORENZ were found in the groundmass of the oolitic lime- 
stone 2 b (Slide Nr. 6). The form of the tiny vases somewhat.con- 
verges to Calpionella elliptica CADISCH (Fig. 121), both species being 

I 

o 0 , l  0 , ~  mm characteristic for the uppermost Jurassic, and the passage to Ber- 
riasian. We thus may hardly fail to attribute the Kiogar Oolite to 
the P o r t l a n d i a n  (~ithonian).' 

- 

Fig. 121. Calpionella alpina LORENZ 
in the oolitic limestone of This sequence is intensely squeezed, folded, thrust and faulted. 

Kiogar Nr. 2. The northeastern summit of Kiogar Nr. 2, nearly as high as the 

' CADISCH, 5006, Ein Beitrag zum Calpionellen-Problem. Geol. Rundschau Bd. XXIII, a .  241-267, 1932 and 
CAB AN OVA^, G. COLOM, Estudios sobre Ins Calpionelas. Rol. Soc. Espairola de Historia Natural t. XXXIV. 

op. 378-388, Madrid 1934. 



main peak, is again made of Kiogar limestone, 
which. overlies the gray li~neslone with a thrust 
plane of 35" dip to N 5' E (Fig. 120). 

Not only is the Kiogar series tectonically 
tormented, but also i n  j e c t e d.  The basic intru- 
sions into the Kiogar limestone from below were 
well-known by v. KHAFFT, although exaggerated. 
But even on the top of Kiogar Nr. 2, and within 
the younger Jurassic formation were found small 
green igneous intrusions (i', i", i "' in Fig. 120). 
The most interesting of them is i "  (Fig. 122). 

There, the little peak of green diabase, ori- 
ginally a sill, is f o l d e d  t o g e t h e r  w i t h  t h e  
b r o w n  t o  p i n k  J u r a s s i c  o o l i t e  and itswhite 
limestone layers. This statement is conform to 
the many observations of intensely disturbed 
and slickensided basic igneous rocks already 
made by v. KRAFFT. Indeed, they have not been 
intruded at their actual position, but b e f o r e  
being folded and thrust. Fig. 122. De la i l  of Kiogar  Nr. 2 at  5650 metere .  

with the above observations of detail at r = pale red to violet upper Jurassic limestone with 
while limestone layer (W), 

hand, we are looking around. On the north.side =green basic igneous rock. 
of our Kiogar Nr. 2 is Kiogar Nr. 1. The following 
Fig. 123 is drawn at a distance, and can only give an approximate idea of what may be 
expected by a detailed research. 

WS w Kiogar NO f 
5800 m 

ENE 

Sam;- V. 

f 

I I I . l l . .  . . I  

I krn 
I 

Fig. 123. P r o f i l e  V i e w  o f  Kiogar  Nr. 1, s k e t c h e d  f rom t h e  top o f  Kiogar  Nr. 2. 
f = black flysch ehale; i = basic igneous; D = Kiogar limestone; 2 = pink limestone and shale, oolitic 

formation, Jurassic; 3 = thinbedded gray to pink limestones and shales (Cretaceous?). 

The above observation is confirmed by the distance view of the Kiogars from the SW 
(Fig. 118). Therefrom we notice a brownish band within the walls of Kiogar Nr. 1 .  Correspondiug 
traces are also seen on Kiogar Nr. 2 and Nr. 3. 

In order to get a glimpse of the folding, we go over Sami Pass between Kiogars Nr. 3 
and 4 to their northeastern side. There we see several repetitions of infolding of the Kiogar 
limestone with pink Jurassic (Fig. 24). The reddish Jurassic band on the south side below the 
summit of Kiogar Nr. 3 also contains igneous intrusions like Kiogar Nr. 2. 

MBm. de la Soc. Helv. des Sr. Net. Vol. LXXIII. Arnold Heim and August Oansser: Central Himalaye. @ 



Fig. 124. S k e l c h - v i e w  of K i o g a r  Nr .  3 f r o m  t h e  r lpper  p a r t  of Snrni Val. ley,  
l o o k i n g  u p  t o \ \ . : ~ r d s  S W .  

D = Kiogilr limestone; J pink .luri~ssic; i = igneous; f =. fault; t =: t:~lus 

Fig. 125. S k e t c h  lo I h e  c,;rst s i d e  of S:llni I ' n s s .  
D -2 Kiogirr limestone; .1 :- red ,111rirs~ic; i =- I,;Is~(: igtreous; It =- re11 hornst(~tre, 'I'I.~:Iss~c (0); 

F - Silicco~rs flysch, ~.;~diol;~rian chert; ' l ' : ~  Kiognr thrusl; I ;: t :~ l~ r s ;  In .= tnori~ine. 

Additional rnemhers of the Kiogar series will possibly he found in Ihe future helow the 
"Dachsteinkalk" and  hove the gray ratiiolarian limestone. 

Unfortunately, the thrust plane of the igneous upon Ihe flysch is usually covered with 
talus. On the other hand, the time a t  our disposal was insufficient to hunt after places of 
contact. .The only chances for putting hands on the contact seem to he above Sangcha Malla, 
and in the ravine south of Sami Pass (Fig. 118, 125, 127). In agreement with v. I < I ~ A Y P T ,  and 
in opposition to C. DIENER, igneous rocks in the form of dykes traversing the rnesozoic Hinialayan 
formations were found in no place. Where they are  found in the flysch,they are  tectonici~lly infolded. 

The Exotlc Blocks South of the Klsgar Peaks 

W e  have to distinguish three.  series of exotic blocks: 
1) those enclosed in the igneous a t  the basis of the main Kiogar thrust plane, 
2) those iu the flysch, 
3) those enclosed in 01. connected with the igneous on the south side of the Kiogar. 
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1) Numerous blocks are known, and many more could be located by hard climbing with 
sufficient time, within the basic igneous, on the basis of the Kiogar thrust sheet. A most 
interesting place is the south side of the gap between Kiogars Nr. 2 and 3. There, numerous 
angular blocks of small and large size stick out of the green igneous, especially red radio- 
larian chert and white Kiogar limestone (Fig. 126). 

Red chert with radiolarians and associated, more or less siliceous limestones and marls 
are abundant in the southeastern Kiogar region. On the saddle between K 4 and 5 (after 
OANSSER), and on the igneous crest north of Chaldu Pass, these rocks and flags occur in such 
abundance that they form a kind of stratification. The question whether these red limestones 
and cherts are Triassic or of upper flysch origin, is still open. 

Near the basis of the Kiogar thrust, connected with the igneous, but possibly slipped 
down by sacking, are several "Klippen" of white, massive Kiogar limestone. The most pro- 
minent one was photographed by v. KRAFFT (36 pl. $). The left (western) hill is made of upper 
flysch sandstone below the thrust plane, not igneous (Fig. 128). 

: : o q  
WI'JVJ : .. D E SE 

Fig. 128. S e c t i o n  of t h e  " K l i p p e "  a t  C h a l d u  ( = K i o g a r )  Pass .  
D = Kiogar limestone; i = basic igneous with chert layers; F = upper siliceous flysch 

sandstone; t = talus; T = Kiogar thrust. 

2) In the flysch on the slope south of the Kiogar peaks, v. KRAFFT already has found 
the most prominent exotic blocks, and determined them as Li a s s i  c limestones (Nrs. 4 -7). 
The most prominent one is EB 4 of v. KRAFFT'S pl. 3, which corresponds to our Fig. 129. 

Fig. 129. S e c t i o n  of t h e  E x o t i c  L i a s  B lock  Nr. 4. 
1 =black to green and red flysch ehale; 2 = dense red limestone flags, probably 
flysch; 3 = gray and black flysch, about 30 meters expoeed; 6 = 2 meters dense 
gray to  pink limestone, with breccious flint in the upper part; 6 = 6-8 meters 
gray dense limeslone, lower part nod 
limestone layers each 5-20 centimeters; 8 = 6 meters noduloue pinkish 
limestone with flint; 9 = 2 meters of earlhy pink to violet marls, 10'= 12 
meters well-bedded denee limestone, red to white and greeni 
cular flint layers and radiolarlans; 11 =4 -6  meterb of 
earthy red marly shale; 12 = block of reddish limeslone 
breccia at  Ihe eastern end of the block; 13 = 1 meter . t 
of green basic igneous; 14 = gray to hlack flysch 
shale with reddish and greenish 
layers; t = talus. 

l . ' I  

o 50 m 
~- - 

Thus, this largest of all blocks i n  the flysch has a thickness of about 60 meters. Its 
visible length is 200 meters. The total length may be 250-300 meters, This huge longitudinal 



block, as a whole, is conformably enclosed in the upper flysch, with a dip of 10--20" towards 
E and NE (see also Fig. 118). 

In olher blocks of the same facies, v. KRAF~T has found numerous Arietites and Phy l l e  
ceras. He says: "This is the first recbrd of Lias fossils in India. My specimens are in preser- 
vation identical with the Lias of Ad n e t h near Salzburg (Austria). This type of block is the 
most characteristic of all, and once closely observed, can be recognised from afar by its charac- 
teristic tint ". 

The exotic Liassic is of a d e e p  s e a  facies. This is confirmed again by the microscope, 
which reveals an entirely dense limestone with altered radiolarians, end numerous sponge 
spiculae, whilst the flinty part is a true radiolarian chert of an amorphous groundmass. The 
globular radiolarians are filled with fibrous chalcedony, while the shells have disappeared. 

Some hundred meters east of E B 4 is a Liassic block of about 20 meters height and 
10 meters thickness, its strata being contorted and partly vertical, striking E 25 N. Green 
igneous rock sticks on its northeastern wall. 

In the ravine follows v. KHAFFT'S block 6, which has a north-south length of about 100 
meters, and, too, is associated with green igneous blocks. They follow in a row the Liassic 
limestone. The flysch, however, in which these blocks 5 and 6 must be enclosed, is not exposed. 

3) The exotic blocks on the south side of Kiogar, numbered 9-20, have been mapped 
and partly described and figured (Nrs. 17, 18, 19), by v. KRAFFT. lJnfortunately we were forced 
to return to Almora, and were therefore unable to set foot on this highly interesting region 
of exotic blocks. It is well exposed and in parts not difficult to climb. Photograph 48 PI. XVIII 
shows the characteristic flysch erosion, the disposition of the exotic blocks and of the igneous 
in which they are enclosed. 

The tectonical position, as a whole, seems to he as follows: 
The basic sheet, of a thickness up to several hundred meters, is more or  less conform- 

ably intercalated between black shales of the upper flysch, with a dip of 15--30' to ENE or 
SE. The exotic blocks are chiefly at the basis, though some of them are also in the middle 
and upper part. According to the m a p  of 1.. KRAF~T, most of them are Permian limestones 
(Nrs. 9, 11, 13, 15, 18, 19), two are fossiliferous lower Liassic of the Alpine Adneth facies (16, 17) 
and one is Triassic of Hallstadt facies (20). With their red colour, they are recognized on the 
dark igneous ground at a long distance. The most prominent and topogr~phically lowest one 
is the Permian block Nr. 9 (Phot. 48)'. 

The igneous sheet between the flysch, enclosing the exotic blocks Nrs. 9-20 is unquestion- 
ably a t h r u s t  s h e e t .  It is in no connection with that of the Kiogars. The big Liassic blocks 
Nr. 4-7 in the flysch south of Kiogar Nr. 3, may represent the continuation on the north 
side of the Kiogar Valley, where the thrust sheet is torn into pieces with only subordinate 
remains of igneous rocks accompanying the exotic limestone blocks (Fig. 132). 

The Chirchun (= Chltlchun) Area 

Looking down towards east from Chaldu Pass" the view for the common traveller is 
monotonous and uninteresting, but fascinating to the geologist. It is a dark, dreary and gloomy 
landscape. of upper flysch, intersected by numerous small valleys, of which the crests between 
are capped by pink to red limestone rocks-a crowd of exotic blocks, of which about a dozen 

' Here the niap of V. KRAFIT is not quite correct. This block, as shown on his plate 4, does not rest directly 
upon Giutnnl  ands stone. His geological mapping was baeed on a too inaccurate topography, end needs revision 
in euch question8 of detsil. 

On Ihe old map I "=  1 mile called Kiogarh (Chaldu) Pase 17440', on v. KRAFFT'~  publicalion pl. 11 called 
Chirchuo-Chnldu, and in the top. Sheet 62 B, 1" = 4 miles Kiogar Pans. 



158 [I, 158 

can be seen at a glance. As we had to traverse the country in a haste and in bad weather, 
we best revert to the excellent design of v. KRAFFT (36, pl. 11). 

Here the question arises, whether these blocks represent the weathered relics of one 
continuous thrust sheet of exotic rocks,or whether they have already been isolated in the flysch 
during the advance of the thrustmass, as is the case with the Liassic blocks below the Kiogars. 
A special study would be necessary to solve this problem. For this purpose, a topographic basis 
which is not yet existing of this region, would have to be surveyed first. Obviously, some of 
the blocks have been s a c k i n g ,  especially where the erosion has commenced to remove their 
underlying flysch. 

Most of the exotic tops, and the larger ones especially, have been given the Nr. 10 by 
v. KRAFFT, which means "blocks of uncertain age", while those of the Chirchun Nr. 1, 17740' 
were determined by their brachiopods as Permian, with a very small one between them, which 
is Triassic. 

The only small excursion we could make. was from Chirchu~i encalnpiug ground to Chirchun 
Nr. 1, where GRIESBACH found already in 1892 Fenestella, Trilobites and Paleozoic brachiopods. 
The observations of v. KRAFFT were confirmed, except that we regard Chirchun Nr. 1 as being 
made of different blocks, separated by siliceous flysch shale (Phot. 49, P1. XVIlI). 

The flysch hills are rounded and the slopes are creeping. Everywhere, solifluction is at 
work, and the structure of the flysch usually is inextricable. 

An interesting block or group of blocks is v. KRAFFT'S Nr. 9 b, about 800 meters WSW 
of Chirchun Nr. 1 (Fig. 130). 

SSE + NNW 

Fig. 130. P r o f i l e  v i e w  of t h e  E x o t i c  B l o c k s  Qb,  W S W  of  C h i r c h u n  Nr. 1 .  
P -- massive white to brownish crinoid-limestone with Productus and an am~nonile at+;  
violet layer with Crinoids and Corals at *; H = red and white Triassic limestone; i =basic 
igneous; t = local spot of greenish breccious true volcanic tuff; F = upper siliceoue flysch 

shale, green-red-black, with radiolarians, under eolifluclion. 

Already v. KRAFFT mentions half way between this block and Chirchun Nr. 1 a small block 
of red Triassic limestone in the flysch. Of this ''MIDDLEMISS crag", which is full of ammonites, 
DIENER mentions Ceratites (Danubites) and other "Muschelkalk" sp.ecies (13 p. 135). The sili- 
ceous flysch in which the block is embedded, contains breccious red radiolarian chert with 
opal as a ciment. 

The great block of Chirchun encamping ground indicated by v. KRAFFT as of uncertain 
age, is Permian crinoid limestone. Its deep position, nearly touching the Laptal lumachelle and 
the Spiti shales, 'opens the question, how much is to be attributed to post-tectonic sacking. Part 
of this unusual position, however, seems to be related to a syncline, like the more western 
occurrences. All such questions call for a new topographical basis. 

Overlooking the Chirchun region, the resemblance with the exotic region south of the 



Kiogar is obvious. In both areas the Permian blocks are predomiuent, while only one Permian 
block was found iu the Kiogar thrust sheet (at Sangc'ha Malla, 30 p. 140). 

We thus propose to call this tectonically lower exotic story the Ch i  r c h u n t h r u s t  s h e e t .  

Morpl~ologicel Remarks 

The predolni~lent feature of the landscape in the Kiogar region is the flysch and its cap 
of Kiogar limestone. The flysch presents liltle obstacle to water eroslon, so that the ravines 
have progressed backwards and cut out the peaks of a formerly wider thrust sheet of limestones. 

Over vast extensions, especially iu the Chirchun region, solifluctiou governs the rounded 
shape of the flysch slopes. Also the fragmen of white Kiogar. limestone, which fall down 
from the peaks, are gradually flowing ou their unstable substratum, helped perhaps by snow 
and certainly, by the frequent freezing and uufreezing of the grouud. Glacier-like streams have 
been observed on the SW-side of Kiogar Nr. 5 (Fig. 127) a ~ i d  in a still more fascinating way, 
with a concentric tongue,coming down like a glacier,from Kiogar Nr.2 (Fig. 126 and Phot.47;PI.XVIII). 

Regarding the summits from Balchdhura to Kuugribingri, they are all of similar height, 
namely between 5700 and 5900 meters. Tlle only glacier we met is a small hangiug glacier 
on  the north side of Kiogar Nr. 4 (Fig. 125), which comes down to about 5500 meters only. 
I'he upper Sami Valley partly seems to be filled with coarse and litlle worked ground moraiue. 
Also the irl.egul;~r hills aud terraces south of the Kiogars may be due to former glaciation and 
fir11 fields. But no true moraine was eucouutered i l l  tlie Kiogar Valley and its branches. 

An interesting topograpllic feature is the great fjord-like l a k e of Ch i  r c h u n. (Chitichun 
18130' = 19.50 meters) of the top. Sheet 62 H, 1 " - 4 miles. It is, however, only a field of gravel, 
ac.cumulated by the glacier streams co~iiing down on both sides of tlie Chitichun Nr. 2, 19550 
(nearly 6000 meters). I t  is probably a filled-up lalte dammed hy a Pleistoce~~e moraine. 

'I'he river originating at the joint glaciers west of Cliitichun Nr. 2 has cut a deep gorge 
into the antic-linal Kiolo limestone, which ends before the gravel plaiu (Fig. 133). 

'I'owards north, the 'l'ihetitn country is more and more governed by talus and gravel. 'I'he 
Ialter, after A. GANSSEII, forms extended Iligh terraces ou the west side of the anticlinal Kioto 
limestone ridge of Clialdu Nr. 2. A close study of this forbidden ground would be of the 
highest interest. 

Solvecl and unsolved problems Comparison wtth the Alps 

At the time when C. DII.:NEII (1898) and v. KHAPPT (1902) discussed the problem of the exotic 
blocks in comparison with tlie exotic regions of tlie Alps .and tlie Karpathians, the latter regions 
were yet insufficiently known. V. KI~AI'IT ci1111t3 to the conclusion "that the exotic blocks of 
.Johar. and Chirchan have noLhing \\'Itatever to do with tlie 'Klippen' of Europe. While none 
of the k:aropea~~ occurrences are coli~~ected with igneous rocks, their origin being accordiug to 
all accounts d ~ ~ e  Lo strr~ctural c i ~ ~ ~ s c s ,  the exotic blocks of Tibet aud the adjoining frontier 
districats are intimalely ron~lecled will) volcauics, and owe their existence to volcanic actiou". 
V. KI~AI'I'T tt111s did not kno\v the hitsic igneous sheets of the Vorarlberg-Allgiiu-Klippen, nor 
the funda~ne~ital work of (JLIF:I~EAU on tlie Klippe~i of Iberg', who described and mapped scattered 
tliabase porphyrile i~ilimately connected with the "Klippen" itlid their radiolarian chert over 
an area of several sqllarr kilotnetersP. 

' lil). cJtrr.:ri~.\ l ' .  I)ir lilipl~cnre:.ion von Ibrrg. Iieilriigc z. geol. K:~rte del. Srh\veiz, Lfg. 33, 1893. 
' A .  JI,:,\NNI?I,, i l l  .\I.II. HI<I%I, (icsol. d. Srl~weiz Ihi. Ill>. 1). G64. and 

I<sc-~~l.siott de I:I Sot*. ~ . i . t r l .  S ~ ~ i s s e  I ~ : I I I S  Ies Alpcs dz Scl~\v!.lz. 
l<c ln~ :~e  geol. tlelv. \'oI, 2s. Nr. 2,  l!I:35. 
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A few years after v. KRAFFT'S paper the main tectonical problem in Switzerland was solved 
in the sense of MARCEL BERTRAND', SCHARDT~ and LUGE ON^: 

The exotic regions are the remains of great "lambeaux de recouvrement". However, 
ARNOLD H ~ ~ ~ h S b w e d  that two kinds of "exotic blocks" must be distinguished : 

a) blocks of rocks pertaining to the thrust sheets, and t e c t o n i c a l l y  embedded in the flysch ("Klippet~- 
bl&icke", "Schilrflinge") and 

b) the ord~nary  exotic blocks like Habkern granite, porphyry, polygenic breccins, which are s t  r a  t i g r a p  h i-  
c a l l y  embedded in the Wildflyschb. The latter are chiefly acid rocks unknown in the thrusted "KlippenV- 
sheet itself. 

In the Kiogar region of the Himalaya, exotic blocks like those of the ultrahelvetic Wild- 
flysch are unknown. The sedimentary blocks known so far are of Permian and Mesozoic age, 
embedded in the igneous with contact metamorphism or, if embedded in the flysch, still showing 
in most cases an intimate association with basic igneous rocks. There are also blocks exclu- 
sively of igneous origin. But there are other delicate questions: 

1) The exotic fossiliferous rocks of Permian, Triassic and Liassic age are of a- facies yet unknown in the 
stratigraphic seqnence of the Kiogar thrust sheet;  

2) Not only exotic blocks of an unknown facial origin are  found in the igneous. Already v. KRAFFT has 
found Giurnal sandslone blocks in the diabase or Balchdhura, and we must confirm this observation. 
After a microscopic test it is at least certain lhat the basic igneous contains sandstone blocks of flyscl~ 
facies similar to that of the Giumal sandstone. Besides lhis, part of the frequent siliceous shales with 
Radiolarians embedded in the diabase may belong to  Ihe flysch. We thus would have enclosed in the 
basic igneous rocks, or in the  flysch, representatives of three different facies: 
a) Blocks of the K i o g a r  f a c i e s  (chiefly in the igneous of the Kiogar thrust sheet). Only the white 

Kiogar limestone of lhis type has so far been found, regarded as  "Dach~teinkalk". 
b) Blocks of sedinicntary rocks of an exotic facies unknown in situ (Permian, Triassic, Liaesic). This facies is 

of a deep sea"char:~cter, and totally different from the  Himalayan facies forming their tectonical sub- 
stratum, but also con1plet9ly different from Ihe Kiogar series. We may call it the C h i r c h u n  f ac i e s .  

c) Rlocks apparenlly of flyscll facies, similar to the Cretacic Giu~nal sandstone of the Tethys Himalaya. 
V. KRAFFT mentions also blocks of upper flysch in the diabase. 

The.  idea that the exotic blocks and the Klippen of the Kiogars were thrown over to the 
Himalayan border by huge volcanic outbursts in Tibet, is rejected by the following observations: 

1) The exotic blocks and the igneous rocks are frequently squeezed and slickensided. In 
one place (Kiogar Nr. 2), we have found the igneous intrusion folded together with the Jurassic. 
The igneous rocks have suffered the same tectonical disturbances after their solidification as 
the adjacent rocks in which they have been intruded. 

2) The Kiogar limestone extends over many square kilometers, and permits to recognize 
its stratification over considerable distances. 

3) Above the Kiogar limestone follows normally a series of Jurassic to Cretacic calcareous 
sediments, which are folded and faulted together with the Kiogar limestone. 

' BERTRAND, M., Rapport de structure des Alpes de Glaris et du Bassin houiller du Nord, Bull. Soc. g8ol. 
Fmnce, 1883-84, p. 318, 

BERTRAND, M. el GOLLIEZ, Les chaines septenlrionales des Alpes Bernoises, Bull. Soc. g8ol. France, 1897. 
SCHARDT, H. Sur I'origine des Alpes du Chablais et  du Stoc-khorn, en Savoie et en Suisse, C. R. Acad. 

Sc., Paris, vol. CXVII, p. 707 
Sur I'origine des Prkalpes romandes, Arch. d. Soc. Phya. et  Nat. Genhve, vol. XXX 
LUOEON, M., Les grandes nappeu de  recouvrement des Alpes du Chablais et de la Suisse, B. S. G. France 

1901, p. 723. 
' HEIM, ARN., Zur Frage der exotischen Bltlcke im Flysch etc., Eclogae geol. Helv. vol. IX, 1907 

see also ARN. HEIM, in ALB. HEIM, Geol. d. Schweiz, Bd. 11. 1919, p. 356-360. 
V. KRAFFT (I. C. p. 150) stated that "a careful examination in connection with the occurrence of breccias 

proves them (the Hallstadt- and Adneth facies) to have been formed in comparatively shallow-water". He seems 
no1 to have considered that the most frequent earthquakes occur in the deepest sea channels, nor did he  notice 
the Radiolarites of Ihe Kiogar region. 



4) The summits of the Kiogars Nrs. 1-4, although separated by erosive gaps, show cor- 
responding intense folding of the Kiogar series. Thus the band of reddish Jurassic marl and 
oolite could be followed already at a distance over the tops of Kiogars Nrs. 1, 2 and 3. 

5) The "tuff 4 f" of v. KRAFFI' is a siliceous radiolarian chert, which has nothing to do 
with volcanic action. 

6) The igueous rocks at the basis of the Kiogar peaks are thrust upon this upper flysch 
of deep sea facies, or upon the black shale series of the upper flysch. 

All these observations plainly result in the conceptiou that the K i o g a r s  a r e  t h e  r e -  
m a i n s  of a t h r u s t  s h e e t  coming from the Tibetan side, as already supposed inspite of 
v. KRAFFT'S coutradictory conclusions by E. Su~ss ,  F. K0ss~a.r and E. B. BAILEY. The complete 
difference of facies from the Himalayan substratum (in analogy with the Alps), proves that 
this thrust mass derives from a long distance. 

The problem, however, is two-fold. In no place we yet know a Permian to Liassic sequence 
of the Chirchun facies with its deep sea limestones and radiolarian cherls of Triassic and Lias- 
sic age. We only know the scattered blocks. Is their original home of sedimentation this side 
of that of the Kiogar sequence, or beyond the former Kiogar basin still farther northeast in Tibet? 

Possibly the blocks of Chirchun facies belong to an iuvolved frontal part of the Kiogar 
thrust, torn iuto pieces and overrun by the back part of the Kiogar sheet. But even if so, the 
primary distribution of the exotic blocks aud their embedding in the basic flow still is a pro- 
blem by itself, considering that most of these blocks belong to the Chirchun facies, different 
from the Kiogar series. That the basic igneous basis of the Kiogar thrust sheet embraces blocks of 
all three facial types, is a fact which has no equivalent in the Alps. The following table shows 
the distribution of the three facies in the Kiogar region (thick line = discontinuity; b~terrupted 
line = contact unknown): 

I H i m a l a y a n  F a c i e s  I T i b e t a n  F a c i e s  i 
I - 

I Chirchun facies, fossiliferous 
Kiogar facies, Lahur anticline I exotic blocks of 1 main thrust sheet I Chirchun and Kiogar 

Jurassic 

Triassic 

Cretaceoue 

Permian I 

Spiti shale (Portl). Pink oolite and shale with 
Calpionella alpine 

Upper flysch series 
of Kiogar 
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The above distinction of two exolic Tibetan facies is based on the supposition Ilia1 the 
Kiogar limestone represents the Dachstein kalk. Should it be upper 1,iassic or middle Jurassic, there 
would be no necessity to accept two different Tibetan facies. 

Regarding the age of the bilsic igneous, we can state that i t  is not only younger Ihan 
the unfossiliferous Kiogar limestone, which has been pierced in hundreds of places, but also 
younger than the oolitic formation, anti the gray radiolilria~l limestone, which, ilt the surnniit 
of Kiogar Nr.2,also contains basic igneous. T h e  i g n e o u s  i n t r u s i o n  t h u s  w a s  c r e t a -  
c e o u s  o r  p o s t - c r e t a c e o u s ,  a n d  p r e - t h r u s t i n g ,  though ~)ossibly only partly pre-lectonic. 

The relation of the basic igneous or ophiolites with the radiolarian chert is striking. The 
igneous flows must have been in relation to the deposition of the youngest sedinlents of the 
region which are regtirded as u p p e r  C r e t a c e o u s  d e e p  s e a  d e p o s i t s .  In the southeastern 
Kiogars both are even mixed in a way as if the flow had penetraled and ilnbibed the flysch 
series chiefly along the bedding planes as it could hardly have been the case at the subaerial 
surface. Another point in favour of s u b  m a r i n e flows a ~ i d  intrusions is the Almost cornplele 
absence of true tuffs. All  the primary phenomena, however, have been so much disturbed and 
displaced by tectonical movements that i t  is t h e  m o s t  i n t r i c a t e  t a s k  of H i r n i ~ l a y a ~ i  
g e o l o g y  t o  r e c o n s t r u c t  t h e  p r i m a r y  c o n d i t i o n s  of t h e  T i b e t a n  f a c i e s .  

Yet we have to draw the attention again on certain si~tiilarities or even complete harmony 
with the "Klippen" of tlie Alps, which are now studied and mapped in detail, although the last 
word has not been spoken either. 

When looking the first time up to the fine peak of Kiogar Nr. 2 shown in Fig. 126, I called 
it in my diary the My t h e n .  Not only the shape recalls that famous "Klippe" of Central Switz- 
erland', but also numerous other analogies have bee11 foi~nd with the Klippen of the Mythen 
and Iberg: ' 

a )  Their posilion and conservation in a synclinorium of the normill Tethys fi~cies will1 Ilysch; 
b) the non-cxistenc,e of igneous dykes penetri~ling the  s u b s t r a l ~ ~ n ~ ;  
c) the  s t r i~ l ig r ;~pl~y  of the  Kiognrs with Triaesic, .lurassic ~ I I I ~  (:reIil( 'co~~s l i~neslones c:orrespondiltg lo the 

Swiss Klippen of the same sequence; 
d)  the tectonics of the Kiogare showing intense folding tlnd fr;~cluring o f  a s l ~ i ~ l l o w  struclur.i~l lype, like Ille 

Swiss "Klippen"; 
e) the long distance t l~rust ing of an "exotic" f i~cies;  
f) possible involven~enls of sel-ondary thrust shects in the flysch; 
R) the occurrence of s t r i ~ l : ~  being broken, torn in pieces and e t~~bet lded  in the  f lyscl~ ("Klippenl~liic,ke"). 
h) l l ~ e  occurrence in hot11 .cases of d i i~h;~sc  o r  porphyrite s l~owing  igneous contac.1  will^ t l ~ e  n~esozoic strati1 

of  a deep sea facies. Indeed, Ihe red Jurassic deep sea marl of Iherg (Schwylz) is esiiclly of the sillne 
type a s  several blocks found in Ihe dirbase of tlalcl~tlhura. 

Thus, at the end of our discussion, we return to that remilrkable general coincitlence of deep 
sen deposits with ophiolitic9igneous rocks, as recognized first by G. S.I.EINMANN after his obser- 
vi~tions in the region of Iberg, Schwytz. It was explained by sub~ni~rine Iilva flows and intru- 
sions in deep oceanic depressions. For the northwestern Hi~nalaya, WAI)IA'  already hiis demon- 
strated submilrine flows of late Cretaceous or early Eocene time, and BAII.KY" l i i ~ ~  cornp;~red these 
occllrrences with those of Ihe much older tectogenetic cycles of Scolland. 

' .l\l.uelrr ~ I E I M ,  Geologie (I. Scl~weiz, I 1  b, p. (is[;-(ili5. 
' A. .It?.\SSI.:1.. F.xl(l~rsionsbericl~t, F:c.logi~e geol. Hclv. l!I:lS. 
' Under opl~iol i le  - - greenstones of E. SrJk:ss, S.I.I;INLIASN united l l ~ e  l o l l o w i ~ ~ g  Iypcs: S e r p r ~ ~ t i l ~ e ,  ol)lliciilcilc, 

spilite, diabase-porpl~yrite, variolitr and g : ~ h l ~ r o .  
' STEINhiANN, G., Die SCHAl~l)'r'sc~le i ~ l ~ c r ~ ; ~ l t ~ ~ n ~ s l l ~ r ~ , r i e  11nd (lie Iiedeutung dcr 'I'iefscei~bsiilze und tlcr ol~llio- 

litischen Massengesleine, Uer. Nnt. (ies. Yrril)urg, vol. 16, 1905. 
'' D. N. WADI.%, On the Crct:lceol~s and Eorenc vt~l(':~nic- rocks of t l ~ e  greilt hi ma la pi^ Itnr~ge in Nort l~ K;tsh~nil,. 

Records geol. Survey of Indii~,  vol. 68. 1!l35, p. 419. 
E. B. BAILEY, Sedin~entalion in Relalion t t l  'l'eclonics. Hull. geol. So(.. Anl. vol. 17, 1!19ti, p. 17133-1723. 



As apreliminary 5 
rn 

view, subject to alter- 3 
ation, it is supposed 
that the ophiolitic 
flows and intrusions 
occurred in late Cre- 
taceous or Eocene time 
in a remote Tibetan 
zone on the southside 
of the Transhirnalaya 
at the bottom of the 
deep sea and below 
it. Blocks slipped down 
from the coast and 
where embedded in 
igneous flows. Then 
followed the thrustidg 
towards south. 

But although our 
observationsprove the 
existence of long dis- 
tance thrusting, there 
are two big problems 
still to be solved: 

1) the way how 
a submarine igneous 
flow could embrace - 
huge blocks belonging ? . 
tothreedifferent facial $, $ ; Y regions; a 

2) the lnecanics 
of long distance thrust- 
ing of a thin and super- 
ficial sheet, its tectoni- 
cal decay and involv- 
ment in the Himalayan 
flysch. 

These problems 
are even more intri- a t k 
cate than those of the $ 2 . - - -  Alps, not to speak of 5 
the difficulties of tra- 
velling in such remote, LI 

7 

uninhabited and even ;j 
forbidden countries. 

In the next chapter the problems 
touched above shall be approached again, 
after new observation in hitherto absolutely 
unknowii Tibetan regions. 



Pig. 1.73. Tectonlcal  Sketch-Map of t h e  Kiogar-Chirchun-Region.  I :  140,000, i i l l e l *  v. K I I ~ F P T  
r ~ n d  new observat ions .  

__---- Him.1. Facie.: Rymch, a*. 1-1 'piti sh'l Fl R h ~ t ,  
Portl. Silurian 

Bnsic luneous. partly VzA Kiogar Series = Exollc Blocks 
. . . . . . . . . . . . -a- pitching at~lielines 

mired with cherly Flyaqh Mesoqoie 1' I'erm . T Trior.,l. I.iss. 



FROM THE HIMALAYA 
TO THE TRANSHIMALAYA (TIBET) 

Introduction 

The first observations of this regiou are due to Captain STRACHEI. (59). HENNIG (32) has 
described the rocks collected by SVEN HEDIK. Thus the conglomerates of the Kailas and the 
granite north of it were mentioned. However, almost nothing was knowu of the geological 
connections, as i t  seems that no geologist had ever visited sacred Kailas. 

The following descriptions are the result of two rapid excursious, one of 13 days duration, 
from the Mangshang Pass as far as the north side of the sacred Kailas in the Transhimalaya, 
the other of 9 days, from the Balchdhura to the upper Sutlej. During this hurried and difficult 
travelling with an abundance of impressions in an almost unknown country, thorough investi- 
gations were made impossible. Great was my astonishment when I came across Flysch with 
exotic blocks instead of Tertiary lavas, Triassic and older formation in place of younger Tertiary, 
or suddenly a nicely traced counter-thrust of contorted metamorphic Flysch over the non-meta- 
morphic horizontal Kailas conglomerate. The greatest obstacle, however, was the fact that the 
white man is forbidden to travel in this Tibetan country where every stone is looked upon as 
sacred and where geological work can only be carried out on the sly. Inspite of this, the results 
were better than we anticipated and rnay form the basis for future research. 

What has been said about the region bordering on Tibet conclusively shows that the 
tectonical boundaries do not correspond to the political bouudary between India and Tibet, 
formed by the watershed of Zaskar range. The Flysch zoue with its exotic blocks, for instance, 
is of a western strike and forms an angle of 45" and more to the Tethys Himalaya. In the 
eastern part, after crossing the Mangshang Pass, a zone of 30 kilometers is passed which 
still belongs to the Tethys Himalaya, whereas more to the West the interesting "Klippen" of 
the Kiogars form the boundary. 

'I'he tectonical zones traversed from S to N are as follows: 

The Tethgs Himalaya North of the Indo-Tibetan Frontier 
(Conlinl~ation of p. 16;; see PI. V, Sect. 9 h). 

At the northern end of the gentle Mangshang glacier (Phot. 52, PI. XIX) the claret-coloured 
criuoid shales reappear between the quartzite, formiilg the cores of complicated folds leaning 
towards S W  (Fig. 134). 

The thrust-folds of the red Silurian over the quartzite show at some places sharp uncon- 
formable coutacts. Below the red shales are green layers, except where they have been cut 
off tectonically. The bouudaries of the rigid quartzites and the softer Crinoid shales are sharp 
sliding planes, also where the series is not reversed. 



M~~~ to the NE the shales and (luartzites, dipping regiollall)' lowards NI<, are normally 
by Kuling shales, Chocolate shales, Kalipani limestone, and about 50 meters of black 

inicaceous Kuti shales, wl~icli are once 
more thrust by Silurian quartzite and red 

Crinoid shales. 
The mountains gra- 

dually flatten out on this 
Tibetan side and the out- 
crops are rnore and more 
scanty.Only thelayersof the 
Kalapani limestone are well 
exposed, projecting out of 
the rounded talus-covered 

Fig. 134. O v e r l y i n g  F o l d s  n o r t h  o f  M a n g s h a n g  P a s s  ( T i b e t ) .  slopes. 
1 : Brownish weathered quartzite; 2 = Reddish Crinoid shales; 3 - Green 

shales. Sorrie kilometers be- 
fore coming to the long 
flat-topped ridges of the 

sw lower Mangshang Valley, 

the last Mesozoic of un- 
questionable Himalayan fa- 
ciesis encountered (Fig.136). 

The strike here is SE 
and the dip, complicated 
by minor folding, towards 
NE. The sanie structure 
was seen from a hill at a 
distance of 10 1 5  kilo- 
meters towards south-east. 
Even part of the southern, 

Fig. 135. T h e  f i r s t  T h r u s t  o v e r  T r i a s s i c  E N E  of t h e  M n n g s h a n g  P a s s .  above mentioned Triassic 

1 = Muth quarlzile; 2 == red Crinoid shales (Silurian); 3 = Productus shales; zone is visible. Similar to 
4 = Chocolate shales; 5 = Kalapani limestone; 6 = Kuti shales. the region of Kuti, the 

thrust scales seem to be 
constant overlongdistances. 

 wards north, the 
Mesozoic series disappears 
below the terraces. The 
gravels are partly hardened 
and seem to correspond to 
the vast Pleistocene gravel 
deposits of 'I'aklakot and 

Fig. 136. T h e  l a s t  t y p i c a l  T r i a s s i c  o f  t h e  T e t h y s  H i m a l a y a .  of the Sutlej-Valley. They 
1 = Muth quartzite; 2 = I'roductus shales; 3 = Chocolate shales; 4 = Kala- form especially the top of 

pani l in~eslone; 5 = Kuti shales. the higher hills of the ter- 
raced landscape towards 

north. Fortunately, the underlying structure is exposed here and there along the Mangshang 
river. At first, no distinct expostires appear after the Kuti shales. But some kilometers far- 
ther, old quartzites are encountered. But we cannot say whether they overlie or underlie the 
former Mesozoic. Probably they are thrust again. 



About 15 kilo~nelers S W  of Shinglabtsa (topographic sheet (22 U 1 " - 4 miles), lirnektotir 
layer5 of about 50 meters thickness are once inore exposed, overlaiu by dark clay- hales. 
recalling the Kuti shales. The contact of the liriiestone upon the quarlzite is not visible. The 
limestone is subdivided iuto a lower part of brown weathering and an upper well-bedded and 
clearer one with lunlachelle layers of Rrachiopods and Crinoid fragments. From the lower part 
were gathered fossils recalling Paleozoic corals (Devoniau?). The basis of the liniestone is 
not exposed. 

In the overlying black shales no fossils were fouud, as time wah too short for research. 
They are overlain by Pleistocene gravels which are no longer horizontal, but d i p  d is  t i  11 c t l y 
some degrees t o w a r d s  u o r t h .  

Two kilometers farther north-east, the black shales are overlain by 8 new series of more 
or less micaceous and argillaceous grayish sandstones of brownish to yellowish weathering. 
It seems that this intensely folded series overlies the shales unconformably, aud is also over- 
lain uuconformablg by lirneslone layers. The sandstones contain iudistinct plaut remirills :~nd 
may have a total thickness of one kilometer (Fig. 137). 

B C 
Fig. 137. D e t a i l  o f  S t r r r c t u r e  : ~ l o u g  t h e  h l ; ~ ~ r g - l r ; ~ n g  R i v e r .  

1 = (luartzilc, Paleozoic; 2 = Hrown weathered limestone \\.it11 cor;~ls (Devonian'?): 3 = IVhite liniestone with 
Brachiopod- i ~ n d  Crirloid breccia: 4 - Black slate, 1)artly n~ic:~reouq; 5 - Mic;~ceous. slnly f a n d s l o ~ ~ e  of brown 
weathering; 6 = Brownish-gray sandy l i m e s t o ~ ~ e  with Belemnopsrs (Dogger); i - Black slates, probably Spiti 

shales ; 8 - Pleistocene couglomerale. 

Above the sandy series follows a well-bedded limestone of 50-100 meters which projects 
out of the badly exposed region over a long distance in the shape of a crest. Ttie dip is 60 
to NE. The character of the limestone recalls that of the series found f ~ r l h e r  south below 
the black shales. The more brownish basal limestolles do not occur here. 

The limestone is normally overlain by black shales of Spiti-like facies, of over oue kilo- 
meter thickness. Along the Mangshang river they form continuous outcrops within this flat 
gravel couutry. 

The shales dippiug constantly 50-60 ' to N E  pass 1,5 kilometers farther norlh-cast on 
to dark brown sandy limeslones of more than 100 meters, with locally interbedded shales. 
The intimate stratigraphic counection is all the more important as some li~nesto~ie layers are 
full of B e l e m n i  t e s ,  some of a thickness of 2 centimeters and a letigth of 20 centimeters. 
Size and shape poiut to Belemniles (Belemnopsis) canaliculatrrs of M i d d l e J u r a s s i c age 
(Dogger). The somewhat sandy layers with indistinct carbonaceous plant re~iiai~ls recall the 
flysch-like series mentioned above. The facies seems to correspotid to that of Tsang and U 
in Tibet, north of Kangchenjungn, described by HAYDEN in 1907 (23). However, indications of 
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the thickness of the formations and a scale to HAYDEN'S 
sections would be needed for a better comparison of the 
two Tibetan regions. 

The norrnally overlying strata are again mainly black 
shales. They seem gradually to develop from the under- 
lying sandy and argillaceous limestones, and recall the 
Spiti Shales. They were followed almost continuously as 
far as Shinglabtsa. The large river which is the main 
source of the Humla-Karnali river of Purang and Nepal, 
has completely cut its way into the black cru~nbling shales. 
Some typical flint concretious were fouud, but without 
fossils. Nevertheless, the general character points to S p  i t  i 
s h a l e s  of U p p e r  J u r a s s i c  age. Thus the Middle and 
Upper Jurassic would be largely represented. 

The Tectonical Position of Gurla Mandhata 
This huge Tibetan mountain (7700 meters) as seen from 

Shinglabtsa, is unique. Clearer than ever before, the a n t  i- 
c l i  n a1 a r c h  appears at this place which is in the direc- 
tion of the axis. Inspite of this, on account of the axial 
pitch towards west, the vast anticline has already dis- 
appeared in the region of Shinglabtsa. 

On the geological map of the Himalaya 1": 50 miles 
(8, 1934), Gurla Mandhata is indicated as  "unclassified 
gneiss". This may be more or less correct. LONGSTAFF who 
in 1907 tried to climb the mountain seems to have paid 
no attention to geology. The first time we went off the 
main track to Purang, the writer could study the moun- 
tain at a short distance. The pebbles found in the gorges 
are metamorphic phyllites, partly also muscovite-biotite 
gneiss. The latter seem to form the core. The Pleistocene 
terrace gravels, south of Taklakot, contain also abundantly 
biotite-muscovite gneiss, of the Darjeeling type, though 
probably coming from the south. We know by courtesy 
of Dr. H. TICHY of Vienna, who climbed the Gurla in May 
1936 up to 7200 meters on the west side, that the main 
rock is a m e t a m o r p h i c  p h y l l i t e .  On account of the 
axial pitch only these upper strata of the anticline are 
encountered on the western slope. The anticlinal structure 
is easily recognized by the distinct schistosity (Fig. 138). 

The highest summit of Gurla Mandhata already be- 
longs to the northern limb of the anticline. The southern 
limb forms the Nalkankar 7300 meters on the border of 
Tibet and Nepal, and continues far into Nepal. The cul- 
mination is between Gurla aud Nalkankar. The western 
pitch of the anticline is recognized in Fig. 138, producing 
the domelike shape of the whole group. The width of the 
Gurla anticline, south of Lake Mauasarovar, is 30 kilo- 
meters or more. 



Considered as a whole, the Gurla anticline with its freshly eroded ravlnes gives the im- 
pression of a ~norphologically and tectonically y o u  u g s t  r u c t u r e  . According lo the topo- 
graphic maps the auticline continues from the Gurla sumrnit towards east, but possibly also 
pitches in that direction. 

The Mesozoic Raksas Serles 

North of Shinglabtsa follows a completely new series of F l y s c h w i t  h e x  o t i c b l o c k s , 
which will be described later in order to pass on to the south shore of Lake Raksas, north 
of Jungbwa, where below the flysch older Mesozoic sediments reappear. They will be named 
R a k s a s  s e r i e s .  More in the West, on the Sutlej, similar strata form the Chilamkurkur 
ranges and will be named C h i  1 a m  k u r  k u r  s e r i e s .  On account of their strike towards 
Raksas, on the north side of the great depression of Gyanima, they will be dealt with 
together, although the facies is not altogether alike. 

1. The Section of Rnksas Lake (PI. V) 

North of Jungbwa black slates appear at a southern dip of 30-40 below the Flysch. 
They strikingly resemble the correspoudiug slates of Shinglabtsa, which were regarded as 
Spiti shales, and this inspite of a region of 20-25 kilometers between where they are covered. 
The thickness cannot be determined accurately as their basal psrt is covered with the alluvial 
deposits of the plain of Jungbwa. About 200 meters or more are exposed. 

Only 2 kilometers north of Jungbwa another isolated outcrop is encountered. It already 
belongs to the lower part of the Spiti-like series. The phjrllitic greenish-gray clayslates dip 
40' to SSE and may attain a thickness of 100 meters. At first sight they recall somewhat 
the Dalings. But a deformed impression of an ammonite, unquestionably y o u  n g e r t h a n T r i  - 
a s s i c  was found. After taking a cast, cornparisou led to the conclusion that i t  was probahly 
Polymorphites ,Jamesoni Sow., which would be a middle Lia  s s i c  species. As the phyllite 
.forms the basis of the black shales of Jungbwa, the correspondauce of the latter with the 
Spiti shales is the more probable. Indications of Dogger, similar to that of Shinglabtsa, are 
lacking here or at least no outcrops are exposed. 

Underlying this possibly Liassic series follows towards north, without a visible contact, a 
large series of greenish sandy micaceous shales with irregular brown argillaceous joints. North 
of the Dopserma beach of Raksas Tal they are folded, but dip regularly southward again 
farther north. 

Macroscopically the shales seem to be strongly chloritic and make a flysch-like impression. 
Their facies and structure recall the flysch-like sandstone series south of Shinglabtsa, all the 
more so, as  they also underlie the Jurassic sediments below the Spiti shales. Under the mi- 
croscope, the main mineral is q u a r t z  in angular grams, embedded in a reticular groundmass 
of fine scaly c h l o r i t e with s e r i c i  t e and 1 i m o n i t  e . The latter also forms small globular 
grains. Rarely, larger chlorite scales of green pleochroism are preseut too, together with e p i - 
d o t e ,  r u  t i l e  a n d  z i r c o n .  No micro-fossil was observed. 

On the section 9c,  P1. V the series above is designed as (f). Below it follow with a 
passage zone: 

e gray-brown quartzitic sandstones. Sharp conformable boundary lo 
d well bedded clear blue-gray limestone with small dark knots. apparently of crinoids, 100 metere or 

more. Distinct foraminifera are observed under the microscope in the somewhat oolitic marnlorized rock. 
Towards west, reddish sandy slates are interbedded, which pinch out towards east. The dip lo SSW 
is irregular. In places the stratification ie vertical. 

. \ ~ ~ I I I .  (I,. 111 SI~I.. I l r lv .  d m  SC. NnL. Vol. LXXTII. Arnold I l v i n l  nttd August 0at1~s1.1.: C.cnI~.al H~IIIU~IISH. 22 



c .about 2000 meters of rr~ninlg dark gray lilnes1one.s of a renlt~rkitbly regular dl]) to Sl4' 
which gradually flattens Inore in the nortl~.  .41,1oll~st the different Iri1c8es of fossils nQ 
delernlinable species could be gilthered on 1l1e lxpid traverses. Spiral relic-s of Gi~slro- 
pods of 4-5 centimeters are frequently enclosetl. Also lum:lc.l~elle layers i111tl Crinoid 
breccias occur. The normally underlying s t r i ~ l ; ~  in the north are 

b clear schisly marble with thin sericitic I;~yers. 'l'l~e conl;~ct is collce;~led I)y gr;~vel. 

a sericite schiels, apparently coufo~~nlahle to (b), esposed over 1 2 Itilon~elers. 

Farther towards wesl in the mountains reaching 5800 
meters, the connections of the different divisions are  exposed. 
However, the  details are no more recognized. The series (c) fo rn~s  

the  highest summits and covers in an  almost flat position 
the  series (b) and (a). The sericite schists, wavy in detail. 
form a wide geutle anticline, which dips on the north shorc 

' O  of Lake Raksas towards N N E  below the wide gravel plain 
bordering the Transhimalaya. The conlposition of the 

fine schists varies from yellowish cirrbo~ralic se- 
ricite schists to greenish sericite-chlorite schists. 

They partly recall the G a r b y  ir n g series. 
Rarely thin marble-layers are  interbedded. 

Silnil:~r conditions also were recbognized 
Fig. 139. T h e  n o r m i l l  s e c t i o n ' o f  t h e  C h i l a m k u r -  

k u r  S e r i e s  S W  o f  C h i l a m k u r k u r .  nt the distance on the eastern shore of Hak- 
1 = black dates ;  2 :: dark arey slates; 3 = brown sand- sas  Lake. Little is known of their age, ex- - - -. . 

stone layers; 4 - -  dark handed limestones; 5 -= rcd sl i~tcs cept that, bhey are older than ,lurassic illld 
alternating with Nr. 4 ;  6 -- reddish sandy liniestone; 
7 ~imestolle w i t h  ~ e s l o ~ o n - ~ i k e  shells; - brown probi~bly older t h i ~ n  'I'riassic, inaslnuch 
quartzitic sandstone; 9 I yello\\.-brown clnartzitic sand- the limestone series (c) lnay be 'l'lsiilssic. . . 
atone; 10 -; dark limestone; I I - minutely handed, some- prob;lt,ly, the sericile schists Hre Paleozoic. 

what sandy limestone. 
'I'he Mesozoic and older formalions of 

Haksas Lake ;Ire mapped as  Eocene in (8). They occur also in the western prolongalion north 
of the great basin of Gyanirna 8s far as  the Sutlej, inclrrding the Chilalnkurkur ranges which were also 
designed as Eocene. 

The Haksas series was seen ernerging from helow the flysch north of .lu~lgbwii. Silnil;~r 
conditions were found also- in the upper regiorr of the Shih Chu, rnore than 100 kilometers 
farther west ?'he flysch forming the basis of the Kiogars is covered over 20-30 kilomelers hy 
conglomerates of probably I'leistocene age. Only towards the mountain ranges of Chilamkurkur 
the rocks in place re-appear, though already belonging to the lower Mesozoic. 'I'he rrl:rlion 
with the flysch is visible somewhat 
farther north in the Shih Chu Gorge. 
where theflyschshales wilh enclosed 
exotic blocks are passing eilstward 
over the Chilamkurkur series into 
the sky. The strike of the flysch and 
of the Chilitlnkurkur is here abnor- 
rnally towirrds north, alrtl only north 
of lhe Sutlej i t  llrrns totyards NW. 

Indispr~li~ble flysch passing 
over the litnestones of Chilalnkur- 

I 

Fig. 110. ' l ' h r  S t r u ~ . t u r c  o f  ( : h i l : ~ ~ ~ ~ k u ~ . l i ~ ~ r .  
kur was only foii~id in the Shib RIilc-k shillvs: 2 .  lou.cl. (I ivisio~~ : :I  11pper division of Chilnln- 
CIIII Gorge. Southwesl of this range. I ( I I I . I ~ U I ,  series. 



where a good part of the Chila~~ikurkur series forms continuous outcrops, 
the basis below the limestone-quartzite series is a slate which partly resembles 
flysch, partly Spiti shales, but probably is younger Paleozoic (Fig. 139). 

The above section shows distinctly two main divisions: Nrs. 1-7 
form the lower and Nrs. 8--11 the upper part. IJnfortuuately, the basis 
aud the overlying sediments is wauting, and in no place complete 
sections were encountered. Also the facies seems to undergo changes over 
short distances, so that no accurate correlation can be made. Between 
the two main subdivisions indicated above, there is a layer of 3-4 meters 
teeming with thick white calcite shells, recalling Megalodorz (Phot. 58, 
PI. XXI). Should they be such, the whole series would have to be rcgarded 
as Triassic-Liassic. This also results from a comparison with the Raksas 
series, and with the Kioto limestone of the Tethys Himalaya. 

At the ChilarnkurK~~r mountain the strike changes from north and north- 
east to east in the more western part, and the Chilarnkurkur folds become 
joined to the Raksas series. The local conditions are shown in Fig. 140. 

Towards north follows a continuous row of folds usually of a 
northern strike until the Sutlej, thor~gh only the more resisteut upper 
Chilamkurkur series is exposed. The westeru folds are decreasing and 
disappear under the flysch, which in turn is covered by terrace conglo- 
merate or basic igneous sheets (Fig. 141 and Phot. 62, PI. XXIII). 

Continuous outcrops are only found when reaching the Sutlej, which 
has cut a gorge across the Chilamkurkur series. The folds are directed 
across the river. The bipartition is well-marked. The upper series is here 
also characterized by a repetition of quartzite and limestone, the lower 
one by well-bedded limestone with interbedded, more or less sandy slates. 

Instead of the dark slates which form the basis of the Chilarnkur- 
kur series, we fouud on the Sutlej calcareous slates of more than 100 
meters,which resembles the Alpine "Biind~~erschiefer".'Fheg are partly sandy, 
similar to the sandstones south of Shinglabtsa and north of Jungbwa 
(series f). Also, the basis of the calcareous slates is exposed in the shape 
of b l a c k  s l a t e s .  Both series are minutely folded, and penetrated by 
quartz veins. The facies recalls the flysch, although the tectonical and 
stratigraphical position points to an older age. 

A comparison with the occurrences of Raksas Tal suggests a re- 
versed position of the Chilamkurkur series on the Sutlej. The limestones of 
Chilamkurkur might correspond to the series b, c and d, and the calca- 
reous slates to the series f, partly also to the Liassic (?) phyllites, and 
the black s h a k s  to the Spiti. This, however, is very uncertain. More 
probably, the large mass of calcareous slates corresponds to the lowest 
part of the Chilamkurkur series, though the facies is altered and the 
thickness increased. Lower strata than the black slates are not exposed 
on the Sutlej as far ag could be seen. 

Attention may further be drawn to some morphologica l  f e a t u r e s .  
Three different older courses of the Sutlej may be recognized, whicli 

are still preserved in relics above each other. On Fig. 142 A an old wide 
valley bottom is seen (a), into which the river has enforced a new gorge. 
This points to a young uplift of the Chilamkurkur ranges. A third phase 
is indicated by a terrace within the gorge, about 20 meters above the 
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Fig .142A and B. The  S u t l c j - G o i g e  a c r o s s  t h e  C h i l a r n k u r k u r  S c r i e s .  
I = Upper Chilarnkurkur series; 2 = lower Chilamkurkur series; 3 -- calcnreor~s schists, partly 

nandy; 4 == black slates. 

present valley bottom (b in Fig. 142B). Finally, the river has once more renewed its force 
and formed a gorge within the gorge, with overhanging walls. At the end of the chapter on 
Tibet, the connection with the great lakes will be discussed. 

The farther continualion of the Chilamkurkur series towards NW was seen from a high poinl 
of about 4750 meters, or 600 meters above the Sutlej, wherefrom towards west, the whole 
Sutlej depression is overlooked (Fig. 143). 

From the point mentioned above, the hard layers (limestone) of the Chilamkurkur series 
could be recognized,showing a southern dip over a distance of at least 60 kilometers. At some 
distance beyond the gorge through the Chilamkurkur series follow in a huge extension the 
c o n g l o m e r a t i c  g r a v e l  t e r r a c e s ,  into which the Sutlej and its tributaries have cut a gorge 
of 100-200 meters depth. The gravels are usually well cemented. It seems to be that region 
mentioned by STRACHEY-(69) as containing fossil mammal hones. The locality is not indicated, 
but must be somewhere north of the Niti Pass. The mamrnals point to Pleistocene. Rg analogy, 

Fig. 143. P a n o r a m i c  V i e w  o f  t h e  S ~ ~ l l e j  D r p r e s g i o n .  s c e n  t o w i ~ r t l s  XW. 
1 - B R S ~  calcareo~is slates of the Chilarnkurkur serirs; '2 = llppcr (:l~ilarnkurk~~r series; :) Flysrll; 
4 -- Young peridotile; 6 = zone SW of Gnrlok, proh:~bly rryslallinc; (i - It~e setlilnenlrlry for~n:~lions o l  llle 

Tethys Hinialnpn; 7 = horizont;tl I'lrisloc*rne r o n f i l n ~ ~ ~ t ~ r : ~ l e .  



y e  accepl tlie sarne age  also for the corresponding conglomerate of the Shib Chn and of 
'I'aklakot iu Purang (Phot. 63, PI. XXIII). 

'rhe extension of the peridotilic Tertiary eruptive sheets could also be followed from the 
view point. They project like islands over the 
horizo11t;il terrace conglomerates, until they a re  
lost of sight t o w ~ r d s  west. 

Tlre Flysclr Reglons w l t l ~  Exotlc Blocks 
la  Tibet 

111 the preceding chapter we mentioued 
the great n ~ s s  OF flysch with exotic blocks o f  
Sl~inglal)tsa, which (*overs the  Spili-like shales. 
Whe11 lhe writer ciisc*ovr~rcd the  exotic rocks 
of A~nlang-La ('l'ibet) in June  1936, he only 
knew the phenolnenon o f  exotic blocks ou the 
H i ~ n i l l i ~ g i ~ ~ l  border from titer;llr~re, and it was 
but in Augusl \vhen Ile visited the classic region of 
Malli~ .Johnr. 'l'he exotic blocks appeared in such 
a striking way ;it A~nlnng-l,a, that the si~niltlrity 
was reroguized at  once. 

I -- sandy well-bcddetl  f1ysc.h s l~ ;~ le ,  pa r l l g  s i l i c r o ~ ~ s :  
L!= greenis11 silic.cous s l ;~ l r ,  wel l-bedded : lo\v?r series: 
:I = zone of g l ;~ucon i l i c  S:III~SIOII~, IIIO~C o r  less ql l i l r tz- 

i l i r .  o r  w h i l v  and  e rk~~sc%- l i l i r .  pa r t l y  wit11 r i td io-  
I;II.~:IIIS : 

4 = exotic. 11loc.l;~: i n  1110 l o w e r  p:11.1 brecc i ;~ led 
l i ~ l ~ c s l u ~ l c ~  w i l h  c.or:~ls ; ~ n t l  : ~ ~ l l n l o n i l ~ ~ ? ;  01' 1.owe1. . . I riassica: i n  Ill(, 111)11r1' 11al.l w h i t e  l o  ye l lowish 
d o l o l l ~ i l i c  l i l l ~ e s l o n r .  

.i= i g l ~ e o ~ ~ s  rorlcs. 111ol.c 111. less luff;tceous. ol' 3ntlr.b- 
ilia. Inaptll;l, o l (1r1 tl1:111 flysc.l~. bu t  yorl l lger Ih;in 
l l l e  blocaks, I l lo l lgh in t i l l la te ly  c - o n ~ ~ r r l c d  w i t h  the  
In t t r r ;  

A -- uppcr  (:rel:~~*(.o~~s l i l l l ( . s Io~~r  c.onnecled w i l h  I l y s ~ - h ;  
7 = g:tbl>roid roc.li yo l lnger  I l l ; ~ n  I l y s c l ~ :  
8 = siliceous. u s ~ l : ~ l l y  r ( v ld i s l~  ;III~ :.reen beds: 
!I = lycsllowisl~ w h i l c  ?;;III~S~IIII~.: 

I 0  I santly s11;1lrs logc>l l~r l .  w i l h  l l ~ e  111)pt'r exo t i~ .  II~III.~.;: 
I I = ~(IIIIIK p e ~ . i ~ l ~ i l i l i ~ ~  I-III*I<. 12ig. 1 4 4 .  . C ; l ; r t ( * l ~ - ~ ~ l : ~ p  0 1 '  I h t t  I < s n l i ~ .  H e g i o n  

S o u l 1 1  0I AIII~:I I I~-~:;I .  

S E  

Fig.  145. V i e w  0 1  AIIII;III~-LR R e g i c ~ n  



'rhe main purpose of the second excursion into Tibet was to find the northern continu- 
ation of the exotic region of Malla Johar. 

1. 'L'he Flysch wit11 Exotic Blocks of An~lang-T,a 

When traversing the hills of the lower Mangshang Valley towards Shinglabtsa, the northern 
part of the uppermost Humla-Karnali Valley presents a striking aspect: bright blocks up to 
one kilometer in length are embedded within dark reddish to greenish rocks. Smaller isolated 
blocks are encountered over a distance of almost 20 kilometers towards west. Towards north, 
they follow the valley up towards Amlang-La (Pass nearly 5000 meters), where the best ex- 
posures are found. Towards east, the blocks partly strike into the air. 

Unfortunately, geological observations could only be made in a hurry "en passant", where- 
as much time would be needed for a thorough study. 'l'he present remarks are confined to 
excellent outcrops in the valley between Shinglabtsa and Amlang-La (Fig. 144, 145). 

In a former chapter we have pointed out the existence of a uorrnal south-eastern strike 
of the Spiti shales. The overlying flysch strikes nearly at a right angle to them, towards E 
and NE. The change in the strike may be sudden. The gravels cover the contact. 

a )  T h e  F l y s c h  

The flysch series begins with sandy shales (facies ~f Giumal sandstone?), with several 
layers of greenish well-bedded siliceous shales. The visible part of this series overlying the 
Spiti is about 300 meters thick. Above it follow more or less argillaceous siliceous shales or 
slaty chert. They are usually green and well-bedded in layers of 10--20 centimeters. The 
thickness, as far as it is exposed, is 100 meters at least. Under the ~nicroscope, the ground- 
mass is found to be a hornstone-like quartz with abundant though badly formed minerals like 
zoisite. The darker siliceous shales (2), also with reddish layers, are 50-100 meters thick, 
and contain green q u a r t z i t i c  g l a u c o n i t e - s a n d s t o n e  in the middle part. 

Under the microscope the coarser variety shows angular q u a r t  z , green and blue-green 
roundish g l  a u c o n  i t e grains, usually together with a limonitic substance. The accessories : 
m i c r o c l i n e ,  o r t h o c l a s e  and acid p l a g i o c l a s e  are the co~nponents of an arkose-sand- 
stone. The occurence of small fragments containing an ophitic mixture of small plagioclase 
laths is important. They derive from medium basic lavas, and recall the  igneous rocks con- 
nected with the exotic blocks. 

A finer grained sandstone, of the same series, carries beside the above named minerals 
also some carbonate grains, t i t  a n i t  e and l e u c o x e n e .  Again the debris of basic rocks 
occur. By their relictic igneous content these sandstones recall somewhat the famous Tavey- 
annaz-sandstone of the Alps. 

The series of green siliceous shales and sandstones are overlain with a sharp contact 
by a few meters of a dark red argillaceous. It is g l aucon i t e  s a n d s t o n e  with r ad io l a r inns .  
The red colour derives from the abundant limonitized hematite. The rock is mainly composed 
of angular q u a r t z  and g l a u c o n i t e  with some p l a g i o c l a s e .  The numerous r a d i o l a r i a n s  
(Spumellarians) were unexpected. Their interior is usually filled with limonitic substance. Also 
some foraminifera are present, like Patellina (?). The overlying strata are calcareous, gray to 
brownish-yellow sandstones (c) of which onlv a few meters are exposed. However, they seem 
to pass into 

d) the middle part of the flysch, which also is sandy, containing igneous fragments. This 
complex series (d) is characterized by the e x o t i c  b l o c k s  (see Fig. 146 and Phot. 64, PI. XXIII) 



Fig. 146 A a1111 13. T 11 e E s o  t i c 
Bloc-krr Sol1111 of  A I I I I ; I I I R - I . ; I .  
I -- sandy, siliceous flyrrh: 
2 -- Kreen silfceolts sll:~lr wilh ~ I ~ I I I -  

col~ile  stindst~ll~e : 
3 = rcd gln~lconile sandstollv wit11 

racliol;~ri:~ns ; 
4 = c.nlrarco~is and nryill;~c-eous R ; I I I ~ -  

stone. gray liro\vn ; 
5 = l~orol~yrilic- ~bruytive roc-k en- 

c,losetl i l l  t lie flyscl~ : 
ti = enoli~.  block?;, red :~ncl while. 01 

lower Tri;~ssir: 
7 - - >.111c1y .. to. s l~a ly ,  11Iark to 11rotv11 

I'lyscl1 : 
s = l i ~ ~ r l y  sll.:~(ified liu~cstonc~ .will1 

~ l ~ h i o l i d s  ((lpper Cret;lcec~~~r) : 
Y = sgeno-diciritt-. youlljier III:III f l ~ w 1 1 .  

'I'l~e lniddle par1 of the f1ysc.h. tile exotic. blocks of wich sl:lud 0111 very clei~rly. is itself 
badly exposed. I1 is ~r~ainly il S H I I ~ ~ ~ ,  i ~ r p i l l i ~ c e o u s  b r o w n  t o  L>l;lck s l i l t e ,  

'I'he overlying flysch series is made of w e l l -  b e d d e d  l i m e s t o n e  of 56 meters and 
rnore, wit11 ci~lcite veins. 1Joder- the microscope the rock al,l,ears so~nz\vhat oolitic. The lin~e 
is coarse-grained, and the finer structure is obliterated. T l ~ e  I I I H ~ I I  ~ t ~ i ~ r o - o r g a n i s ~ ~ ~ ~  seem to be 
Miliolitri(/o(~ i111ti T e . ~ t ~ I i ~ i . i d i i ~ .  

'I'he l i ~ n e s l o ~ ~ e  lagers are unco~~for~nablg c.111 off by sgello diorite, n ~ ~ d  also partly pierced 
.I er on. hg s ~ ~ c l i .  'l'l~ey will be tlescribed 1. t 

111 the hackgronud of the valley towards A~~~lilng-I,;I, three infrusive syeno-diorile sheets 
arc Irnversed, which I ~ v e  hroken i~cross the wllole flysch series. Upon Ihe limestones which 
loc;~lly arc i ~ ~ t e ~ ~ s e l y  folded, greet1 siliceous slii~les follow agi~i~l .  'rht'y are loci~lly verlicill, but 
usually dip again 60' to NW. Upon Lhe~n are bright sandstones. usually yellowisl~ white. 
200-400 meters thick, though hndly exposed. On the Ani la~~g Pass furtlier follow dark saudy- 
i~rgilluceous flyscl~ slates of varied compositio~~. contaiuing again exotic blocks. They are much 
less ahundanl Lhan n t  Sliingl;~bl~il. Also the joined basic igneous rocks ;Ire less frequent. These 
hlorks of t l ~ e  higher flgsc.11 series are different from those of the lower zone. 



b) T h e  E x o t i c  B l o c k s  

U p p e r  S e r i e s :  West of Amlang-La, exotic blocks are confined to a distinct flysch 
horizon. Three blocks or more are distinguished at a distance by Lbeir white colour contrasting 
with the lower red ones. Also a few meters east of Amlang-La a single block projects out of 
the fly& slate, devoid of igneous material. It is about 80 cubic meters in size and composed 
of witish brittle dense limestone. It contains some dolomitic layers of a few centimeters eact;'. 
No fosssils were found. Towards the contact the flysch is crumpled. Probably, also the other 
three blocks on the same level west of Amlang-La are composed of the same limestoue. 'l'here 
may also be basic rocks counected with them. 

8) L o w e r  S e r i e s :  The single blocks become very large. The pretty block at the right 
lower issue of the Amlang-Valley is about one kilometer long and nearly 200 meters thick 
(Fig. 147). Like the other frequent blocks, it arrests attention by its white and red colour. They 
immediately recall the Hallstadt facies encountered in. the Kiogar region. The minutely rnar- 
blized rock is traversed by red earthy lime. Where the dense red limestone is.preserved, it is 
rich in Ammonites, while the earthy parts cotnposed of white angular debris, are probably syn- 
genetic breccias. 

The ammonites which occur only in the red layers, are filled with snow-white coarse 
calcite and thus are at once recognized. However, this calcitisation makes it diffichlf to collect 
determinable specinlens. Also the breccia contains ammonites, though only in their red matrix, 
while the finely marbled pink to white components are devoid of fossils. Clay fragments 
too are contained in the breccia. 

P r o f e s s o r J ~ ~ ~ ~ ~ ~  determined some specimens belonging exclusively to the Lower  Tr iass ic  
Paraceratides, a Muschelkalk species. Another form recalls Ophiceras, which would point even 
to Eo t r i a s .  Also the suture-lines of the species in situ, which could not be extracted, points 
to Lower Triassic forms. 

Besides the ammonites, frequent coral colonies are found, up to several cubic meters. The 
single branches are 1-2 centimeters in diameter and usually show 6 main partitions. 

About 13 blocks of the lower flysch were counted, all of the same facies, different from 
the upper series. This is of importance wh'en compared with Malla Johar, where also two series 
are distinguished. The upper blocks recall those of the Kiogars, the lower ones those of Chirchun. 

c)  T h e  O l d e r  I g n e o u s  R o c k s  c o n n e c t e d  w i t h  t h e  B l o c k s  

At first sight the exotic blocks seem to be enclosed in a wild mixture of flysch and igneous 
rocks. The flysch being of a similar dark colour, close investigations are needed to distinguish 
it from the igneous rocks. At Amlang-La, the positior~ is clearer than at the Kiogars: the igneous 
rocks are blocks in the flysch similar to the limestone and connected with it, although of younger 
age thau Triassic. Especially the huge block in the lower Arnlang Valley (Fig. 144) shows 
how the igneous penetrated into the limestone, so that the igneous rock forrns part of the lime- 
stone block seen at a long distance. The distinct contact metamorphism (marginal assirnilation 
of carbonate) too are conclusive for the post-Triassic age of the intn~sion. 

The igneous rock is not ot~ly part of the limestone, it may also form separate blocks in 
the flysch. Though the igneous rock may be enclosed in the limestone, it n e v e r  i s  f o u n d  
in d y k e s  o r  s i l l s  p e n e t r a t i n g  t h e  f l y s c h .  Some igneous blocks in the flysch contain 
small fragments of limestone. The flysch sandstone, however, contains small fragments of simi- 
lar igneous rocks. 

T h u s ,  t h e  i g n e o u s  r o c k s  c o n n e c t e d  w i t h  t h e  e x o t i c  b l o c k s  a r e  y o u n g e r  
t h a n  t h e  l i m e s t o n e  b l o c k s ,  b u t  o l d e r  t h a n  t h e  f l y sch .Th i s  is the preliminary result 
in the Amlang-La region. 



The petrological study of au isolated igneous block (about 'LOO meters to the left of the 
largest one in Fig. 146) had the following result: l'he dark massive rock bhows under the 
microscope an altered groundmass of fine plagioclase lalhh, arnongst which seems to be also 
some orthoclase and quartz. The plagioclase judged by its slnall angle of extillction, is an 
o l i g o c l a s e - a n d e s i u e .  Of special interest are larger t r i c l i n e  phrnocrpsts of a l k a l i f e l d -  
sp-ar  of an optical axial angle 2 V 82 (determined 011 the 1;edorow-stage). They are indi- 
stinctly albitised and also show calcite segregation. Quartz phenocrysts are ~ubordinate. Their 
edge and cracks are limonitic. The whole rock is rich in h e m  a t  i t e scales. The original rock 
seems to be a quartz-porphyrite. 

Other darker and denser types give the impression of being basalt. According to the mineral 
contents, it is however a more acid rock. Macroscopically, srnall calcite vesicles are recognized. 
The rock is an a m y g d a lo  i d p o r p h y r i t e with segregated calcile, and is mainly composed 
of a fine entanglement of a n d e s i  n e  laths. The large basic plagioclase is almost entirely 
transformed to c a l c i t e .  The origiual vesicles are filled with calcite. with wl1ic.h may be asso- 
ciated a greenish c h l o r  i t e ,  and some ~nargiual s e r i c i t e .  Over the wliole slice 111 a g n e t i t  e 
and l e u  c o x  e II e are spread, euriched arouud the calcite vesicles. The plagioclase laths are 
devoid of ore inclusious. Olher dark minerals are not preseut. 

A similar a rn y g d a l  oi  d p o r p  ti y r i  t e is still more altered, the plagioclase being almost 
unrecognizable. The calcite vesicles are irregular. Chlorite and ore are more abundaut, but 
not concentrated towards the visicles. 

A more acid type associated with a Triassic block is to be designed as  a q u a r t z  p o r -  
p h y r i t e .  The massive rock is purple aud shows under the microscope also a fiue entangle- 
ment of plagioclase laths. In this groundmass appear some altered feldspar phenocrysts (ap- 
parently alkalifeldspar) besides rather large q u a r t  z .  0 r e  and s e r i c i t e are finely distributed. 

Besides these massive homogenous types also tuffaceous rocks are frequent, forming 
separate rocks, or connected with the limestone blocks in the flysch. Macroscopically, they 
are usually violet to red with green inclusions, or entirely green. All passages are found of a 
slightly tuffaceous rock to au extremely breccious tuff. 

A s l i g h t l y  t u f f a c e o u s  q u a r t z - p o r p h y r i t e ,  macroscopically massive, shows under 
the microscope fractures of feldspars. In the groundmass of fine plagioclase laths are also 
embedded roundish relics of rocks with other plagioclases of somewhat larger size. 

Other types permit to recognize the tuffaceous character at once. A greeu rock shows 
under the microscope greenish components of an a m y g d a l o i d p o r p h y r i t e embedded in 
a groundrnass of entangled p l a g i o  c l a s e laths of also porphyritic origin. Some inclusions 
contain an almost isotropic greenish c h 1 o r  i t e . C a l c i t e is abundant all over, forming the 
vesicles, and the fine grains of the ground-mass. The components being of the same type as 
the groundmass, the rock must be a g r e e n  p o r p h y r i t e  t u f f .  

Further tuffaceous types are usually claret-coloured and green. The red groundrnass may 
contaiu green enclosures. Under the microscope, the enclosures are determined as a m y g -  
d a l o i d p o r  p h y r i t e , while the red limonitized groundmass is made of altered plagioclase. 
Amongst the enclosures are some with dislinct plagioclase laths, as well as others which do 
not show any more recognizable plagioclase. 

Finer grained types do not permit to distinguish macroscopically the red groundmass 
from the green enclosures. But the lnicroscopic aspect is again the same. 

An extreme tuffaceous rock resembles almost a flysch sandstone. The components of the 
red conglomeratic rock are uot much cemented, but connected with massive porphyrite forming 
a block in the flysch. The composition is completely effusive, the round fragmeuts being a 
red amygdaloid porphyrite. The fillings of the vesicles are partly chalcedony-like quartz. Also 
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large fragments of alkalifeldspar phenocrysts are present. The rock is a c o n  g l  o m e r a  t i c 
p o r p h y r i t e - t u f f .  

d )  T h e  Y o u n g  S y e n o - D i o r i t e  S o u t h  of A m l a n g - L a  

The figures 146A and B and Phot. 64, PI. XXIII show the upper Flysch limestone cut 
off by the younger igneous rocks. The latter form a sheet of several hundred meters thick- 
ness, and are mainly intercalated in the flysch-limestone which is completely pierced north 
of Amlang-La. There, the same igneous rocks occur also in the dark flysch enclosing the 
exotic blocks. 

The massive rocks which look rather dark in the distance, are of different grain. The 
coarse-grained rock shows macroscopically a groundmass rich in feldspar, with indistinct stalks 
of augite phenocrysts. The feldspars show partly a brilliant cleavage. The finer-grained types 
are rather rich in dark minerals, whereas the feldspar forms a fine whitish-green groundmass 
in which only biotite appears, while the augite is indistinct. According to the following 
mineralogical and chemical composition, the rock is a b i o t i t e - p i g e o n i t e - s y e n o - d i o r i t e .  

A fine-grained type reveals the following minerals under the microscope: 
The groundmass is composed of lath-shaped altered a n d  e s i  u e, recognized by the ex- 

tinction of its twin-lamellae. A perthitic a l k a l i f e 1 d s p a r is more subordinate. The b i o t i t e 
forms rather large scales an'd is intensely pleochroitic: bright yellow to dark red-brown. Usually 
it is already altered, partly red-brown, partly yellowish-green, and as an intermediate mineral 
between biotite and c h l o r i t e  no longer of distinct pleochrois~n. Partly, i l m e n  i t e was formed 
out of biotite, with well-marked lamellae in a mass of l e u c o x e n e  (Pl~ot. 86, PI. XXVI). 
Moreover the biotite passes on directly to chlorite. A slightly pink to violet a u g i t  e is parti- 
cularly frequent. The angle of the optical axis measured directly is 2 V-1- = 32 ". The plane 
of the optical axis is parallel to (010). The extinction angle Z/c is 45"-  48". The single indi- 
viduals are slightly pleochroitic from pink to violet. Besides the pinkish augite there are also 
types of a greenish and greenish-blue colour. The border of the large phenocrysts is usually 
greenish-blue, while the core is violet to pink. The greenish parts are of lesser birefringence 
and of a larger extinction-angle. The above data point to p i g e o n i  t e .  The accessories are 
a p a t i t e  , t i t  a n  i t e and some large grains of m a g n e t  i t e . The texture is somewhat ophitic 
on account of the massive entanglement of the plagioclase. 

The coarser individuals carry more pi g e o n  i t  e and less biotite. The laths of plagioclose 
are distinct and often form idiomorphic crystals enclosed in the augite (Phot. 84, PI. XXVI). 
The biotite forming large individuals is frequently completely altered to a yellowish green 
c h l o r i t e  of a rather high refringence, composed of small scales. There are also altered, rather 
large, intensely p e r t h i t i c  a l k a l i f e l d s p a r s .  The i l m e n i t e  formed of biotite and associated 
with l e u c o x e n e  is arranged sagenite-like (Phot. 83, PI. XXVI). M a g n e t i t e  occurs in rather 
large, net-like grains. 

The c o a r s e s t  s y e n o - d i o r i t e encountered shows pigeonite crystals over 1 centimeter 
in length, and feldspars of 1---2 centimeters with distinct brilliant cleavage pointing to alkali- 
feldspar. Large a n  d e s i n e with distinct twin-lamellae and a border of strongly p e  r t h i t  i c 
a l k a l i  f e l d s p a r  (Phot. 85, PI. XXVI) are determined under the nlicroscope. Usually, the plagio- 
clase is entirely enclosed in p e r  t h  i t  e . Unfortunately the alkalifeldspar is not exactly deter- 
minable. The refringence is low. The optical axial angle measured conoscopically is positive, 
though negative with the Fedorow stage, a common fact in perthite. The p i g e o n i t e  is 
distinctly idiomorphic and freqitently forms enclosures in the large feldspars, just the contrary 
to the fine-grained variety. In this coarse rock too it is zonar, with a greenish border and a 



purple core (Phot. 85). The b i o t i t e  is almost entirely chloritized and less abundant 
than pigeonite. 

In conclur;ion, an alteration in the miner61 composition, according to the size of the grain, 
is established. 

F i n e - g r a i n e d : Much biotite, pigeonite. Plagioclase abundant, alkalifeldspar scarce. 
M i d d 1 e -  gr a i n e d : Biotite and pigeonile of similar lrnportance or pigeonile prevailing. Alkalifeldsparr 

fairly frequent. 
C o a r s e  - g r  a i  n e d  : Pigeonile and biotite subordinale (the latter may even be larking). Alkalifeldapnr 

frequent, usually bordering andesine. 

A specimen of the middle-grained type showed the following cbemical compoeition 
(Analyst Prof. J. JAKOB): 

S y e n o - D i o r i t e  
SiOs 50.20 
Ahoy 13.53 
Fe303 2.78 
FeO 7.64 
MgO 5.54 
MnO 0.12 
CaO 8.30 
NasO 5.14 
K20 1.22 
Ti02 2.56 
PaOa 0.42 
Hz0 + 2.31 
Hz0- 0 42 

NIOOLI valuee 
si 127 
al 20.6 
fm 42.6 
c 22.5 
alk 14.5 
k 0.14 
rng 0.49 

Beringitic magma 
125 
23.5 
39 
22.5 
15 
0.25 
0.46 

This composition thus corresponds to the Beringitic type, except for a little lower al- aud 
k values of the Tibetan specimen. 

The a g e  of this syeno-diorite must be y o u n g e r  t h a n  t h e  f l y s c h  which it crosses 
and which is considered as Upper Cretaceous. The contact metamorphism is reduced to a fine-grained 
border of the syeno-diorite and a slight marbling of the flysch-limestone. Perhaps the intru- 
sion is Eocene and a pre-phase of the probably still younger peridotite described below. 

2. The  Peridotitie Intrusions South of Jungbwa 

Wandering northward over the Amlang-La and leaving the exotic blocks behind, we find 
the landscape suddenly changing. We come into dark hills which show no longer any struc- 
ture, and where the mountains and valleys are all alike. The floors of the meandering streams 
are covered with vegetation, and here and there shrubs are also visible on the bare hills. This 
is the landscape of the p e r i d o t i t e .  

Coming from Amlang-La, the peridotite is seen overlying the uppermost flysch layers and 
extending over a large surface. The western-most occurrences were already mentioned by 
STRACHEY (59). From the northern foot hills of Gurla Mandhata the mighty sheet continues to 
the south side of the great lakes, thence to the north side of Amlang-La and towards the wide 
basin of Gyanima. It reappears on the Shib Chu, west of the Chilamkurkur. and thence can be 
followed to the gravel plain of the Sutlej (Fig. 141, 150). From Gurla Mandhata the distance 
is 150 kilometers; the average width of this little interrupted zone is 20-30 kilometers. 

First of all we shall deal with the region between Amlang-La and Jungbwa. 
The composition of the rocks is relatively simple. Only the degree of alteration (serpent- 

inisation) gives a false impression of certain varieties. The locally different rate of serpent- 
inisation in such a vast area is striking: The serpentine appears in whatever regions within 



the less altered basic rocks, without showing any relations to structure. Possibly the serpent- 
inisatiou is locally caused hy hydrothermal influeoces. 

A primary variety is found about 10 kilometers SW of Juugbwa, although it only concerns 
the rel'ative importance of augite and the frequeut olivine. 

The fracture of the fresh heavy massive rock is yello\vish to olive or  brown showing the 
quartz-like luster of the olivine. Sorne black or dark olive coloured augile also appears, usually 
smaller than 1 centimeter. The weathered crust, of a few millimeters only, is yellowish to orange. 

Under the microscope we recognize fresh o l i v i n e alrnost without any serpentinisation. 
It is bi-axial, positive, with a large optical angle of nearly 90' and therefore f o r s  t e r i  t e ,  
which is frequent in peridotite. Most olivine crystals show a distinct wide, sornewhat u n d o l a -  
t o r y  p o l  y s y n t h  e t i c  b a  n d i n g ,  which is about parallel to the direction of exlinction X, 
and vertical to the predominant though indistinct cleavage (010, Phot. 71, PI. XXIV). 'l'he lamellae 
may be the result of tectonical influence. 

Together with the olivine, but less abundant,  is a rhombic a 11 g i  t e .  'l'his o r t  h - ;iu g i  t e 
is characterized by straight extinction and a low birefringence. The angle of thk optical axis is 
about 90'. The axial plane is parallel to (010). These data point to e u s  t a t i t e apl)roachiug 
h y p e r s  t h e n  e .  The mineral being colourless, it is better to place it with the enstatite. It is 
also characterized by fine larnellar inclusions, specially visible in sections parallel to c (Phot. 72, 
PI. XXIV). The inclusions which are  of the same orientation a s  the enstatile exlinguish at  au 
angle Z./c - 42--45". The birefringence compared with that of the enstalite is milch higher, and 
this poitits t o  m o n  o c l  i n e  a u g i  t e .  formed of rhornbic augite, which latter always predorni- 
uates. 111 the more basal sections the inclusions are  drop-like (I'hot. 73, PI. XXIV). In that case, 
two kinds rnag be observed helongirig to augite individuals of different optical position a s  seen 
hy Ihe different exlinction (Phot. 74, PI. XXIV). Besides the fine lamellile the o r  d i n a r y a u - 
g i  t e  also occurs in isolated grains, with an  extillctiol~ angle of Z!c 45". I t  is coloorless and 
hornogeueous, cootairling no orth-augite. The frequent lamell;i-structure, however, indicates d i a l -  
I a g u e .  As an accessory we find s p i  n e l l  which because of its leather-brown colour and the 
followiug analysis points lo a Fe-Mg-spinell with traces of Cr, as I 'icot i t e .  

The rock is an  e n s t a t i t e - p e r i d o t i t e  or  h a r z b u r g i t e ,  r,ich in Olivine. 
The chemical analysis is a s  follows (Analyst Prof. J .  JAKOH): 

I<nsl;llile-Pevidolitc 

SiO: 44.08 
A1:O.l 0.87 
Crr.O:l 0.'37 
Fe?O.l 4.35 
FeO 4.56 
MgO 43.46 
MnO 0.13 
CaO 1.24 
K:120  0.7.5 
K:0 0.16 
H1.0 t 0.20 
H?o- 

100,l i  

Normal I'eritlolitic: niitEII1:t 

high 

Besides these completely fresh rocks, rnore or  less serpentinizetl rocks a re  frequent. They 
sliow the typical mesh-structure of the olivine, with a n t i g o r  i t e formed on the cracks. 
('uriously eno~lgti, this serpentinized olivine shows n o  longer any la111ell;ie. 

The different slices make it possible to follow the transilion from the fresli olivine to the 
pure antigorite with a relictic mesh-structure. Where the alteration hns increased, ~nagnetitic 
ore has been segregated ou the border O F  the olivitie. 



The a u g i  t e  is subject to a similar, though less inteuse alteration. Nontheless the relics 
of augite are still recognized even in a rock devoid of olivine, whether i t  was common nugite 
or orth-augi te. 

Macroscopically the alteration is recognized by an intensely dark colouring of the' rock, 
with R rusty surface. The specific gravity diminishes. The lustre of the augite is striking and 
would point to d i a l l a g  u e amongst the ordinary augite and to b r o n z i t e in the case of orth- 
augite. With an iricrease of alteration follows a dark green serpentine with sparkling augite relics. 

Accorditlg to the coarse-grained character of the augite and the olivine, t h e  per ido  ti t e  
rn 11 s t  h a v e b e e  II in  t r u s i v e ,  not extrusive. Typical flow-structure is absent. Of course, a 
small rock-sheet may be sufficieut to cause a slow consolidation of such a basic magma. The 
s e g r e g a  t i o a  of o r d  i n a r y  a ug i  t e out of a rhombic augite poiuts to a slow cooling. It is 
explained by changes of the physical conditions and consequelltly of the stability of the 
minerals during the process of cooling. 

The iuteresting, somewhat undulatory lamellae of the fresh olivine (Phot. 71, PI. XXIV) 
were regarded as being caused by tectonical influences after solidification. The olivine crystals 
with a border of antigorite do not show such stress-larnellae. This fact is explained by the 
softness of the antigorite which protected the hard grains of lhe divine between. In any case 
the tectonical influence was l a t e r  than the serpentillisation of the olivine. 

Consequently, the serpentiuisation which is not caused by tectonical deformation must 
be v e r y  y o u  n g, the peridotite being already considered the youngest intrusive rock of the 
district. 

In conclusion, a peculiar rock is to be mentioned, only encountered south of Jungbwa. 
forming dykes in the peridotite. 

Macroscopically it presents a white groundrnass of feldspar with olive-brown augi:e 
phenocrists of 2-3 centimeters each with an olive-green border. Under the microscope the 
white suhstance is de t e r~~~ ined  as a slightly sericitic la  b r a d  o r  of sharply defiued poly-syn- 
thetic twin lamellas. Between this plagioclase is found a more or less idio~norphic e n s  t a t  i t e  
with an uralitir border. As in the peridotitic mother-rock, the enstatite is full of ordirlary 
a u g i t e  which frequently is lamellar, so that usually two uniforn~ly extinguishing augite indi- 
vidrrals are recognized within one enstatite. 

This gabbro-like dyke might correspond to a younger pegtnatitic phase of a granite. 

3. The Exotic Blorks of Jungbwa 

Shortly before reaching the SW shore of Raksas Lake, the same series of flysch reappears 
underneath the peridotite sheet which we saw disappearing below it south of Amlang-La, with 
uorth-westerly dip. At Raksas the dip of the flysch is 40' to S and SE. 

Fig. 147. T h e  N o r t h e r n  R e g i o n  o f  t h e  E x o t i c  H l o c k s  a t  . l u n g b n ; l .  
1 = black sl;~tes (Spiti shales); 2 cornplex zone of flysrh. radiolari;~~~ chert in the upper 
series; 3 - exotic blocks of Lower Triassic. like ll~ose south of Arn1nng.h; 1 porphyritic. 

Igneou* forrniug I)locks 111 the flysch; gr - gmvel. 



It is not necessary to describe the flysch again, because the subdivisions are the same. 
Moreover, the outcrops are much less continuous than at Amlang-La. The geueral position is 
shown in Fig. 147. 

The upper series is rich in red r a d i o l a r i a  n c h e r t (radiolarite), which is less important 
at Amlang-La. Uuder the microscope an exeedingly fine-grained groundmass of quartz appears 
with some rather coarse streaks. The whole is impregnated with dust-like hematite. The larger 
quartz grains are devoid of ore arid :]re slightly undulatory. The whole matrix is sprinkled 
with well-preserved radiolarians (spumellarians Y), the same forms as thosc found in the middle 
flysch series of Amlang-La. 

In the lower part the flysch is ~nainlv a variegated slate with sandstoue. It again contalus 
e x o t i c  b l o c k s .  They stand out of the dull flysch in white and piuk, each block with a 
train of scree below it. Though isolated, they are more or less restricted to the same level. 
The three largest blocks are estimated at 2000, 4000 and 500.000 cubic meters. The latter is 
the one on the left of Fig. 147. Although it was not possible to extract determinable ammonites, 
the whole facie8 is similar to that of Lower Triassic a t  Amlang-La. Besides the limestone, there 
are blocks of igneous rocks in the flysch, of the same porphyritic type as those south of 
Amlang-La. 

The upper boundary to the Spiti shales is not clearly exposed and is only recognized 
by the different colouring of the debris. Thus, the strike cannot be determined. Howewer, the 
general dip of the flysch is towards SE, while that of the Spiti is partly towards south. 
Farther to the north the lower part of the flysch again dips normally towards SW. 

4. The Exotic Blocks of the Lower Shib Chu 

Intending to seek the northern continuation of the Kiogar thrust sheet, the Shib Chu 
was followed where the flysch with exotic blocks were found, although interrupted by Pleisto- 
cene gravel and conglomerate. 

a )  T h e  N o r t h  S i d e  of t h e  K i o g a r s  

Coming from Balchdhura, the northernmost spur of Ghatametniu was crossed, where a 
good view was obtained over the north side of the Kiogar group. Unfortunately the Flysch with its 

E x .  Blocs 

I ShibChu Y E  
I 

Fig. 148. North End  of :he Kiogar F l y s c h  w i t h  i t s  Exot i c  B l o c k s .  
1 = Traaehimalaya (probably crystalline); 2 = Chilamkurkur zone, north of the Sutlej; 3 = The peridotite region 
on the weet eide of Shib Chu; 4 = T h e  exotic blocks of the Kiogar region; 5 = Flysch with igneous rocks; 

6 = Pleistocene gravels of the Shib Chu. 



exotic blocks dips everywhere below the mighty Pleistocene conglomerate. Only in the far 
NW the flysch is partly exposed aud overlain by the peridotite sheet of the weutern Shib C;I,U. 

The north-western extension, seen from the northern slope of Ghatamernin, is shown 
in Fig. 148. 

The exotic blocks are usually separated by flysch and igneous rocks apparently older 
than the flysch. The igneous rocks caunot be separated on account of the decay of the tuf- 
fogene parts into flysch-like scree material. 

Uioqer 5 K io gar * Krbgar 6 

S E  .WOOm 

I I 

Fig. 149. The Nor th -Eas tern  Face  of  t h e  Kiogars  s e e n  f rom t h e  Grave l  P la in  of t h e  Upper 
S h i b Ch u (wild Kiangs = horse-donkies in the lore-ground). 

1 = While Kiogar limestone: 2 = Red Triassic limestone, probably Lower Triassic; 3 = Flysch with basic 
igneous rocks. The latter are not separated; s = Gravel, chiefly Pleietocene. 

The upper row of exotic blocks on the north-eastern foot of the Kiogars is merely 
formed of white Kiogar limestone. The lower blocks north and north-east of the Kiogars Nr. 5 
and 6 are red and white, similar to those of Arnlang-La. (Fig. 149) 

The above sketch shows the whole Kiogar region dipping N or NE and disappearing be- 
fore the gravel plain. Seen from the north, the Kiogars (4, 5, 6, and Ghatamemin) do not form 
a continuous mass, but appear like immense blocks intersected with flysch and igneous. The 
serpentine found in the gap between Kiogars Nr. 4 and 5 (Fig. 127) has the shape of a 
mighty trunk involved in the flysch, and is possibly younger than it, whereas the more por- 
phyritic igneous rocks are in the shape of blocks in the flysch, and are probably older than 
the latter. The serpentine of Balchdhura may also be younger than the porphyrite, as indi- 
cated by the following petrologic research. 

b) T h e  I g n e o u s  R o c k s  of t h e  K i o g a r  R e g i o u  

The most striking rock is the s e r p e n t i n e .  A specimen from the Balchdhura Pass (fore- 
ground of Phot. 46 PI., XVII) is macroscopically dark green, glittering like glass and of an 
intensely slickensided surface. On the fracture relics of augite are recognized. Under the mi- 
croscope the rock proves to be completely serpentinized. Only the mesh-like arraugement of 
the an  ti gori  t e  reveals its ol ivine origin without being tectonically much altered. The only 
persisting relics are large o r t  h -augi t  e which may be regarded as e n s  t a ti  t e .  Besides fine- 
grained streaks and patches of magne t i t e ,  brown sp ine l l  (p ico t i te )  also occur. The whole 
composition of this rock recalls the peridotite south of Jungbwa and of the Shib Chu. The 
serpentine of Balchdhura too must have been an ens t a t i t e -pe r ido t i t e .  It is therefore sup- 



posed that in the Kiogar region too the ultrabasic rocks are intrusives y o u n g e r  t h a n  the 
f lysch;  while the extrusive porphyrite and the adjacent tuff seem to be o lde r  t h a n  the  
f l y  s ch ,  but youuger than the Kiogar limestones. 

Another.rock specimeu from the Balchdhurn is greenish, very fine-grained. Under the nlicro- 
scope an acid lamellar plagioclase is striking. It is an o l igoc l a se -audes ine  giving the rock 
an ophitic appearance. Between its laths small colourles augite appears. Because of the small 
axial angle it is best placed amongst the p igeoni te .  Chlorite formed of biotite is accumu- 
lated between the plagioclase. The chlorite is of ink-blue interference. It is probably a pen -  
nine.  Titaniferous magne t i t e  with l eucoxene  border is frequent. Also a lka l i f e ld spa r  oc- 
curs, and here and there a rather large q u a r t z  grain. T i ton i t e  and secondary ca l c i t e ,  the 
latter derived from plagioclase, are subordinate accessories. The whole mineral composition 
recalls somewhat the finest-grained pigeonite-biotite-syeno-diorite of Amlang-La. There, these 
rocks are certainly younger than the flysch. Perhaps this is the case also at Balchdhura, 
although the outcrops are not decisive. 

Coarser dioritic rocks of Balchdhura, however, are so much altered that almost nothing 
can be said of the original mineral contents. Only the very fine lamellae of I lmen i t e  must 
be mentioned ; they probably derive from bio t i te .  This rock resembles the s y e no-d iori t e 
of Amlang-La with its sparkling biotite in the fine-grained greenish-white groundmass. It is 
true that the biotite is here completely altered. 

Near this diorite is a dark greenish sandstone which at first sight might be taken for 
a diabase (Fig. 119). Under the lnicroscope it proves to be an a r k o s e - s a n d s t o n e  with 
i gneous  mater ia l .  The single minerals are qua r t z ,  plagioclase,  ch lor i te  and calci te .  
Amongst the rock components are some of fine p o r p h y r i t e  with lath-shaped acid plagio- 
clase, just like those of the dark sandstone of Amlang-La. The abundant contents of this 
porphyritic material recalls again the rocks of the Taveyaunaz type in the Alps. Their occur- 
rence as parts of flysch sandstone points also at Balchdhura to a pre-flysch age of the por- 
phyritic tuff and porphyrite (amygdaloid porphyrite) frequently enclosed in the exotic lime- 
stones as well as in the flysch. The porphyrite is thus younger than the Kiogar series (Jurassic), 
but older than the flysch (Upper Cretaceous). 

A coarse glauconite sandstone from the lower flysch of Kungribingri was also examined 
and found to contain, besides quartz and glauconite, large rounded grains of porphyritic rocks 
with laths of acid plagioclase. Thus the lower Cretaceous (Giumal sandstone) too contains basic 
igneous material. 

Another specimen of a massive green am ygdalo id  p o r p h y r i t e  from Balchdhura crest 
above Sangcha Malla is again of different aspect, although the mineral composition of the 
porphyrite is almost uniform: 

The ophitic groundmass is made of a n d e s i n e  laths with intermixed chlorite and calcite, 
the latter including magnetite as an altered product of the dark miuerals which are no longer 
recognizable. 

The block Nr. 2 of GRIESBACH'S map, with its abundant Carnic ammonites, is of special 
interest because of its igneous contact (see p. 150). The small vesicles occur only near the 
contact and are filled with calcite, while the groundmass is impreguated with hematitic iron 
as it occurs also in the red limestone. 

A specimen from Chirchun Nr. 1 of a green amygda lo id  p o r p h y r i t e  again shows the 
ophitic groundmass of o 1 i g o  c 1 a s e - a n  d e s  i n e ,  and abundant l e u c o x  e n e . The globular 
vesicles are usually filled with one uniform calcite individual. 

The porphyritic rocks of the Kiogars thus are of the same andssitic type as those of 
Amlang-La. They are e x l r u s i v e  a n d  o lde r  t h a n  t h e  f lysch ,  while the Inore basic peri- 
dotitic rocks are youliger  t h a n  t h e  f l  ysch ,  though not younger t h ~ n  the thrusting. 



c )  T h e  E x o t i c  B l o c k s  of t h e  S h i b  Chu  G o r g e  

We have seen that the Kiogar series aud the underlying flysch with its exotic blocke 
are bordered towards NE by the Pleistocene gravels. Ouly north of Balchdhura the flysch 
continues, but it is covered 8-10 kilometers north of the pass by the young peridotitic 
igneous rocks. 'I'he only place where flysch (dark brown-gray sandy calcareous shale) was 
again found uncovered is about 20 kilometers south of the Sutlej. North of this place the 
Shib Chu water disappears at once in a cave and is no more visible. The prolongation of the 
channel points to a recent change. The flysch too is again replaced by the gravel terracee. 
These completely horizontal Pleistocene couglo~nerates are 100-200 meters thick above the 
river, but may reach far below the river bed. The flyech appears underneath these level ter- 
races, and also the peridotite.overlyiug the flysch in direct contact (Fig. 150). 

The peridotite overlies the more or 
less folded flysch with a distinct uncon- 
formity. The igneous contact, however, has 
also undergoue some tectonical disturbance. 

Sonie kilometers farther south, be- 
tween the flysch and the peridotite, some 
lenticular, bright li rnesl one  blocks sud- 
denly appear against the dark back ground. 

The long-sought continuation of the 
exotic blocks of Malla Johar was thus 
found. But the mighty series of the Kio- 
gar region is here reduced to a few me- 
ters. (Fig 151). 

Fig.160. The West -S ide  of the  Lower S h i b  Chu Gorge. 
P e r i d o t i l e  Reg ion  i n  t h e  Background.  The whole flysch of the Shib Chu 

1 = Dark, sandy Flysch ehal'ee; 2 = Enstatite-peridotite; dips abnormally 30-40' towards west. 
3 = Pleistocene gravel-conglomerale. The dark brown slates with some comple- 

tely black layers are sandy and calcareous. 
Under the microscope a fine-grained groundmass with finely spread graphitoid grains appears, 
containing sporadic quartz grains. No micro-fossils were found. 

The flysch is strongly folded towards the exotic blocks, the disturbance being connected 
with the blocks. Some smaller blocks are "wrapped up" in crumpled shales. Most of the other 
blocks and all the big ones rest ou the flysch and are covered by the peridotite. Both bor- 
ders are tectonically disturbed. Between the exotic limestone and the serpentine a zone of 
1-2 meters of ophicalcite was observed; it is partly of tectonical origin. 

The exo t i c  b locks  consist of a gray massive crystalline limestone, with reddish colour 
here and there. It contains interbedded red slates. No fossils were fouud, but a correlation with 
the lower red and white blocks of the Kiogars is probable. Some white blocks also occur, 
similar to those of Kiogar limestone. 

The lower part of the flysch in the Shib Chu is devoid of blocks, and the upper block- 
bearing flysch is locally nbseut on account of the unconformous peridotite transgression. This 
contact, after the consolid~tion of the peridotite, has become a sliding plane, by which locally 
ophicalcite was formed at the contact with the blocks, and with the flysch. 

The ophica lc i te  is formed of augular fragments of s e r p e n t i n e ,  embedded in a calci- 
tic matrix with large calcite crystals. The serpentine is made of greenish scales of antigorite 
with veins of calcite. Although the ophicalcite contains components of the overlying, less 
serpentinized peridotite. no more relictic minerals are found in these components. 
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The p e r  id o t i t e has the same mineral contents as that of Jungbwa. It is an e n  s t  a -  
t i t e - p e r i d o t i t e  w i t h  m o r e  o r  l e s s  d i a l l a g u e .  The o l i v i n e  is always bordered by 
a n t  i g o r i  t e .  No entirely fresh rocks were found. The interesting la~nellae of the olvine do 
not appear distinctly on account of the advanced serpentinisation. The later tectonical distur- 
bance is not deducted from the mineral aspect, but from the well-exposed contacts. 

Fig. 151. The Northern-most  E x o t i c  B locks  in t h e  S h i b  Chu Gorge ,  
S o u t h  o f  t h e  S u t l e j .  

1 = Diallague- and enstatite- peridotite; 2 -- Tectonic ophicalcite; 
3 = Exotic blocks of gray limestone and red shales; 4 =. Flysch sand- 

stone and shale; n = Pleistocene -conglomerale. 

The exotic blocks are found over a d 
kilometer along the Shib Chu. They disappear further ~ o u t h ,  where 
the unconformable contact with the peridotite is nicely 
exposed (Fig. 152). 

The e n s t a t i t e  is the same as at 
Jungbwa. The d i a 1 l a g u e is distinctly 
lamellar, partly uralized and of a greenish- 
brown pleochroism. The finely dietributed 
magnetfie is confined to the antigorite 
formed of olivine. The brown s pi n e l  l 
( p i c o t i t e )  also occurs again. All along 
the Shib Chu the peridotite is covered by 
the horizontal Pleistocene conglomerate. Fig. 152. The Unconformable  Contact  of F l y s c h  and 

Per idot i t e  in  the  S h i b  Chti Gorge.  
Ite basis is an irregular surface of former 1 = derk slaty ilysch; 2=ophlcelclle; 3 = enstntite-peridotite; 
erosion on different levels. Towards the 4 = Pleistocene conglomerate. 



south, as  well as towards the north, the flysch is completely covered, so that all chances to find 
a connection with the Kiogars were lost. In spite of the conglomerate interruption, the con- 
nection of the Shib Chu peridotite with the extended peridotite hills west of the Shib Chu is 
out of question. 

The Kallae Reglon 

1. The Metamorphic Flysch 

From the Raksas Lake towards north an alluvial plain with sandstones of about 20 km 
width is interrupting a11 exposures. Not only the northern limb of the Raksas anticline is hid- 
den, but also the flysch with its exotic blocks which we expected to find. 

100 m 
Fig. 153. The Sec t ion  of F l y s c h  East  of DarchBn. 

1 = limestone layers, about 20 meters thick; 2 =sandy, yellow-brown slates, slightly sericitic; 3 = red 
sandstone and red slates including red radiolarian chert; 4 = yellow-white to gray more or less dolo- 

mitic massive limestone (exotic blocks?); 5 =massive serpentine. 

North of the plain, the horizontal conglomerate layers of the Kailas appear at a long 
distance. West of Darchen they come down to the plain. At Darchen itself and east of it, 
however, the foothills are formed of a sedimentary series, which strikingly resembles the 
f 1 y s c h of Amlang-La. This flysch of Darchen borders towards south on a reddish polygen- 
ous conglomerate. More towards south, the conglomerate reaches the gravel plain. Only east 
of it, and more southerly, flysch constituents of eastern strike are met. 

The best outcrops are encountered in the lowest (southern) valley, in which, further up, 
is situated the Tsumtulphu Gompa, on the east side of the Kailas (Fig. 153). 

The southern-most exposures are formed of reddish to red flysch sandstones, passing 
to red shales with radiolarite-like chert. The latter as well as the occurrence of serpentine- 
trunks (5) with its enclosed blocks of massive dolomite and dolomitic limestone (4), strongly 
recall the flysch of Amlang-La and that of the Kiogar region. The dolomite is rarely in direct 
contact with the flysch; if so, with a sharp boundary. 

Somewhat more to the north, the red sandstones and slates pass into gray-brown phyl- 
lite, fine calcareous schists and brown sandy slates, which contain further serpentine rocks. 
Farther towards north, the serpentine intercalations gradually disappear. 

Within the slates follows a bed of limestone of 20 meters with a steep local dip towards 
north, where there are again crumpled slates with a g e n e r a  l s o u t h  e r n  d i p . South of Tsum- 
tulphu Gompa, the m e t a m o r p h i c  f l y s c h  s e r i e s  i s  t h r u s t  o v e r  t h e  n e a r l y  h o r i z o n -  
t a l  c o n g l o m e r a t e s  a n d  s a n d s t o n e s  of t h e  K a i l a s .  (See following chapter.) 

The massive, dark green serpentine permits to recognize, even macroscopically, small 
reflecting planes. They are determined under the microscope as o r  t h a u g i t e l  probably e n - 
8 t a t  i t e altered to b a s t i t  e (very low birefringence). The rock was composed mainly of o l i - 
v i n e , which has been completely transformed to a n t i g o  r i t e . However, the typical network 
is still preserved. Inside of the olivine-frame, the orthaugite forms large phenocrysts. Some 
c a l c i t e  has been eegregated. The rock also contains streaks of ore, mainly m a g n e t i t e .  



The yellowish d o  l om i t  e enclosed in the serpentine is somewhat contact-metamorphous. 
Under the microscope, besides d o  l o m i t e ,  are recognized layers of partly chalcedony-like 
q u a r t z .  The following minerals seem to derive from the basic intrusion, and are enriched 
on the contact : m a g n e t  i t e ,  colourless c h l o r  i t e ,  and relics of an altered orthaugite. 

The serpentine is y o u  n g e r  than the flysch, which it crosses. There is no stratigraphic 
connection of the flysch with the massive dolomitic limest~ne, which is of a foreign facies. 
These facts point to the possibility of the lenticular dolomitic bodies being e x  o t i c b l o c k s  . 
The analogies to the real flysch, as already mentioned, are in favour of regarding the flysch 
series on the southern border of the Transhimalaya as  part of the r o o t  of t h e  p r o  b l e -  
m a t i c e x  o t i c t h r u s t s h e e t s .  This is only a supposition .as  long as no bridge of outcrops 
is found across the 20 kilometer plain. This might be possible by studying the western and 
eastern prolongations. 

The flysch series farther on, outside the serpentine intrusives, is thicker north of Darchen 
than in the above described more easteru section. The strongly folded calcareous schists and 
sandy slates are exposed as far as the Gyantak-Gompa, showing a thickness of 4 kilometers 
(Fig. 154), 

Fig. 154. T h e  F l y s c h  b e t w e e n  D a r c h 6 n  a n d  G y a n t a k  G o n ~ p a .  
1 =conglomerates and sandstones of Kailas; 2 = red conglomerates and slates; 3 = lime- 
stones and calcareous schist; 4 = reddish conglomerates; 5 = red sandstone and slate (more 
in Ihe east); 6 ~ e x o t i c  blocks; 7 =serpentine; x=Himalaya-Tr;inshirnaIiiyii counter-thrust. 

The f lysch  s a n d s t o n e  shows under the microscope q u a r t z  grains parallel to the 
schistosity between layers of sericite. Together with the quartz occurs an acid p l  a g i o c l  a s e 
rarely showing twiu lamellas. Limonitized carbonate is regularly distributed. Also g r a p h  i t o i  d 
substance, some t i t  a n i  t e and e p i  d o t e  are present. C h l o r  i t e scales are subordinate, and 
sky-blue to greenish yellow pleochroitic scales of c h l o r  i t o  id  are rare. The schistosity is 
caused by the sericite. 

The strata are partly vertical, locally repeated, and appear to be of a great thickness. The 
northern boundary of the flysch coincides with the counterthrust. 

2. The  Great  Counterthrust (PI. V) 

At the Gyantak Gompa and also some kilometers south of Tsumtulphu Gompa in the 
easteru Kailas valley, a great thrust contact is exposed, at which the metamorphic flysch 
series overlies the almost non-metamorphic and nearly horizontal Kailas conglomerate. This 
thrust-fault is tremendously impressive. Descending from the north, it passes the Tsumtulphu 
Gompa (monastery). After having .walked several kilometers along the undisturbed conglome- 
rates, the first crushing is noticed in the thin sandstone layers a little above the Gompa 
(Fig. 155). 

South of the Gompa, the conglomerate appears at once r e v e r s e d  in the shape of a 
narrow syncline opening towlirds north, s h a r p 1  y c t ~  t o f f  by the overlying flysch which is 



thrust to north. At the basis of the thrust plane, 
some layers of conglomerate are recognized, which 
have been detached and shifted over the reversed 
conglomerate (Phot. 61, PI. XXII). The thrust plane 
dips 30-40" towards south. 

From E to W, with the increasing thickness 
of the flysch, the dislocation of the conglomerate 
layers diminishes. On the left side of the valley, 
only a sharp turn of the conglomerate underlying 
the thrust plane is visible (Pilot. 65, Pi. XXIII). At Fig. 155. T h e  c r u s h e d  s a n d s t o n e s  
some places, there is not only oue thrust plane, but b e t w e e n  t h i c k  c o n g l o n l e r a t e  l a y e r s  

the thrusting has resulted in several superposed a b o v e  T s u r n t u ~ p h u  Gornpa. 
1 = conglomerate; 2 -- sandstone; 3 = gravel. thrust planes. In the region of Gyantak, the thrust 

plane hardly reaches the little disturbed horizontal conglomerate (Fig. 154). 
The thrust is recognizable just north of Gyantak Gompa and west of it. More to the 

west, no more good outcrops were found, and in the western Kailas Valley in which is 
situated the Nyandi Gompa, only the conglomerate series is exposed, the flysch being already 
covered by the alluvial plain. 

The thrust line and the flysch, which is parallel to it, show of a western strike, and thus 
are at au angle to the Himalayan and Transhimalayan ranges, which strike NW. A similar 
western strike was found of the exotic flysch south of Amlang-La, above the Spiti-like series. 
This interesting fact gives an important hint to the problem of the origin of the exotic regions 
and again points to the flysch zoue south of the counter-thrust.. 

The farther western continuation of the flysch is almost unknown. My advance towards 
the Sutlej was not far enough to the north to reach the northern flysch zone. Also the Kai- 
las conglomerate seems not to extend that far westward. However, the far western prolongation 
of the ChiIamkurkur series with its southern dip also points to a m o v e m e n t  t o  w a r d s  
n o r t h .  

:I. T l ~ c  Kailas C'onglom~l.ate 

Already at a distance of a hundred kilometers from the south, the horizontal stratification 
of the conglomerates display the characteristic feature to the Kailas region including the 
mysterious summit of 6700 meters. The unrivaled position of this unique rnountain of the 
shape of Shiva's lingam has made it the holiest throne of the gods of the great Asiatic reli- 
gions (Phot. 59, PI. XXII). 

The conglomeratic series reaches fro111 4700 to 6700 meters, and thus is 2000 meters 
thick. The basis may be 1000--1500 meters lower at the western Kailas Valley, while the sum- 
mit of the Kailas as an erosive remnant may have been at least 1000 meters higher, so that the 
primary thickuess may be estimated at 4000 meters. The main constituents of this enormous 
body are the conglomerates. Sandstones are less abundant. 

a )  T h e  C o n g l o m e r a t e s  

The compact single layers, especially in the northern region, may reach a thickness of 
over 500 meters, and constitute fantastic erosive forms. Usually, the conglomerate in this 
northern region only contains thin saudstone intercalations of some centimeters. They increase 
towards south, where the stratification is nearly horizontal. In the northern part, the southern 
dip is hardly more than 5". Only along .the northern erosive border, the inclination is up to 10". 



190 [I, 190 

Looking along the western Kailas Valley towards noisth, a typical crystalline landscape 
is noticed in the back ground. Already on the western foot of the Kailas, the massive gra- 
nite appears below the conglomerate, which farther north forms all the lower mountains (Phot.59, 
PI. mr). 

Fig. 166. The Normal  Contac t  o f  the  Kailae 
Cong lomerate  o n  t h e  Gran l te .  

1 = hornblende-blotlte-granite; 2 = coarse ba~al  
conglomerate with granlte 
boulders up to 6 cubic metere, 
3 = fine conglomerate rich in 
granite pebbles; 4 = coarse 
conglomerate with boulders 
of typical extrusive igneous 
rocks ; 5 = normal conglome- 
rate with boulders of typical 
extrusive igneous rocks. 

Fig. 157. The superposition 
of t h e  K a i l a s  Cong lome-  
rate  u p o n  Grani te ,  s e e n  

f rom Diripu Gompa 
(numbers like Fig. 156). 

At the c o n t a c t ,  large rounded blocks of granite 11p to 5 cubic meters are found on 
the unequally eroded surface of the granite. They are embedded in a matrix of smaller 
mainly granitic pebbles. Upwards, the pebbles diminish in size. Farther up, extrusive igneous 
pebbles of all colours appear. Then follows another coarse conglomerate of more than 100 
meters thickness of variegated eruptive rocks and quartzite, including red chert. The pebbles 
of this zone may be larger than one cubic meter. Those of the overlying conglomerates are 
of normal size, usually below that of a head. Granite amongst them has become very rare. 
The pebbles are described in a following chapter. 

Only here and there is found white to gray-blue quartzite and hornstone like the radio- 
larian chert. No carbonate pebbles were noticed, with the exception of one specimen of 
two centimeters of a yellowish weathered limestone, embedded in a non-calcareous layer. The 
groundmass of the conglomerates is usually coarse grained, sandy to siliceous. It leads an to 
the sandstones, which are scarce in the north, but develop towards south, especially in the 
upper part of the Kailas conglomerate series. Also the size of the pebbles diminishes towards 
south. 

b )  T h e  S a n d s t o n e s  

The conglomerates lead on to the sandstones by passages in a vertical and horizontal way. 
They also are mainly formed of relics of igneous rocks. Especially the upper coarser sand- 



stones are true . a r k  o s e s .  The specimens examined under the microscope derive from the 
lower and southern layers. The size of the grain and the colour (usually greenish grey) are 
variable. Reddish to whitish sandstones are subordinate. 

A c o a r s e  g r e e n i s h  a r k o s e - s a n d s t o n e  showed under the microscope subordinate 
c h l o r  i t e (probably derived from biotite), and ore. Besides relics of q u a r t  z i t e , the a 1 k a l i - 
f e l d s p a r s  are striking: m i c r c c l i n e  and o r t h o c l a s e .  Frequent too are rounded frag- 
~ i ~ e n t s  of extrusive rocks with ophitic lath-shaped plagioclase. Frequently, they are associa- 
ted to fine o r e  grains. Here and there are yellow pleochroitic e p i  d o t  e grains. Components 
of carbonate and metamorphic rocks are wanting, as well as in the conglomerates. 

A f i n e  a r k o s e - s a n d s  t o n e  has a similar composition, except that the quartz is 
concentrated' in longitudinal grains. A 1 k a l i f e  1 d s p a r  s are still abundant, and the single myr- 
mekitic feldspars are striking (derivation probably from granophyres). 

Other specimens from the south of Tsumtulphu Gompa near the flysch thrust are wh i t e  
c o a r s e  a r k o s e  s a n d s t o n e s .  They are characterized by large q u a r t z  grains recalling 
those of a quartz porphyry, and by zonar p l a g  i o c l a  s e .  The fairly large rounded grains 
are embedded in a very fine-grained groundmass mainly of quartz and sericite. Alkalifeldspars 
are subordinate or may be wanting. The alteration of plagioclase produced subordinate 
xenomorphic c a l c i t e  . The b i o t i t e  is relictic and transformed to c h l o r  i t e with some o r e  . 

The f i u e s t  g r a i n e d  g r e e n i s h  s a n d s t o n e s  carry more c h l o r i t e .  Besides the p la -  
g i o c l  a s e  and the pavement-like q u a r t z  are single ep ido  te grains and subordinate z i rcon .  
Calcite forms isolated grains, but also here it may derive from plagioclase. 

Quite different is the origin of lime in the following sandstones, which belong to the 
reddish sandstones and conglomerates a b o v e  the counterthrust : 

A specimen from the thrust zone itself (Nr. 4 in Phot. 61, PI. XXII) may be called a 
w h i t e  m y l o n i t i c  a r k o s e  s a n d s t o n e .  It differs even macroscopically by its grain from 
the other Kailas-sandstones. Under the microscope the q u a r t z  grains embedded in a fine 
mylonitic matrix are angular and broken. The irregularity of the fragments in size and form 
is the main distinction from the other types of sandstone. 

The two specimens of r e d  d i s h s a n d s t o n e a b o v e the counterthrust are distinguished 
by their abundance of carbonate. The abundant l i m o n i t e  causes the red colour. The calcite 
is fine-grained and usually forms the border of the limonite grains. 

A coarser type of sandstone is still richer in carbonate, and contains abundant compo- 
nents of red hornstone aud red shale. Under the microscope are determined roundish grains 
of q u a r t z ,  p l a g i o c l a s e  and of e r u p t i v e  r o c k s  with an abundance of fine ophitic laths 
of plagioclase and rounded grains of c a l c i t e .  The composition recalls certain flysch types 
at Amlang-La. Similar to this composition are the red conglomerates, which are frequent 
above the counterthrust, and belong to the flysch series. They are distinguished from the 
Kailas series by their carbonate content. 

c )  S u m m a r y  

We observed a general decrease in the amount of the conglo~nerate and Ihe size of its 
pebbles towards south. The northern region including the Kailas itself is almost exclusively 
formed of conglomerate. Towards south, and especially SE, the sandstone layers become more 
frequent. On the other hand, the large pebbles of Kailas granite diminish upwards in size and 
frequency until they entirely disappear. In their place follow pebbles of acid to medium-basic 
extrusive rocks, which were not found in the southern regions. The carbonate pebbles too are 
very rare or lacking. North of the Transhimalaya bowever, SVEN HEDIN collected rocks of andesitic 
flows (HENNIO, 33), which partly correspond to the Kailas pebbles. 
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All these observations point to a n o r t h e r n  o r i g i n  of t h e  K a i l a s  c o n g l o m e r a t e .  
Towards west, the original gravel fan seems to pinch out, while. nothing is known towards 
east. 

4. Tllc Kailas Granite 

The normal basis of the conglomerate is a h o r n b l e n d e - b i o t i t e  g r a n i t e .  It forms 
bright crests and peaks, very different from the stratified, partly flat-topped conglomerate 
mountains. The Diripu Gompa and Dolma-La (Pass 5700 meters), north and north-east of the 
Kailas, are situated amidst a wild landscape devoid of vegetation, characterized by large 
block fields and sharp, ueedle-like peaks. The finest view of holy Kailas is that from the 
north, framed by granite peaks (Phot. 59, PI. XXII). 

In the Tsurntulphu Valley, the corresponding overlap of the conglomerate to that of the 
western "Kailas Valley" is exposed. The background of it, however, is even beyond the gra- 
nite, as recognized by the change to softer forms and an indistiuct stratification, like that 
of crystalline schists. Certainly there are no more conglomerates. 

The g r a n i t e  is completely massive and contains basic streaks. More northward it may 
become gneiss-like. Similar macroscopic types have a varied mineral content. The following 
types were found : 

H o r n b l e n d e - b i o t i t e - g r a n i t e  rich in o r e .  The alkalifeldspar forms large individuals 
and is mainly m i c r o  c 1 i n e , of distinct perthitic crosshatching. It is tarnished by fine limoni- 
tic dust, which cannot be optically apprehended, even with the biggest enlargement. The slightly 
basic o l i g o  cl a s  e (An. 28 O / O )  usually is distinctly twin-lamelled. The lath-shaped individuals 
are zonar, with a somewhat acid rim. The single individuals are partly sericitized. The q u a r t z  
is less abundant and only of slightly undulatory extinction. The dark minerals are some- 
what altered. The h o r  n b 1 e n d e is slightly olive-green and usually associated with b i o t i t e .  
A u g i t e  is found in relics inside the horublende, in a way that suggests an augitic origin of 
the hornblende. The biotite is intensely chloritized and forms ex-solutions of o r e  and t i t  a - 
n i t e .  The ore is also bound to the dark minerals and usually shows a wreath of t i  t a n i  t e .  
It thus is a titaniferous m a g n e t i t e .  The Yitanite also may form larger isolated grains. 

Macroscopically, the granite is slightly reddish, on account of its reddish alkalifeldspars. 
A more yellowish type of h o r n  b l e n d e - b i o t i t e - g r a n i t e  with abundant basic streaks 

is of the following composition : 
The a1 k a l i f  e l d s p  a r forms grains (macroscopically gray), which are partly microc l ine ,  

with distinct cross-hatching, partly perthitic o r t h o c l a s e . Microcline and orthoclase are equally 
frequent. The plagioclase is similar to the above mentioned feldspars. Also present is a basic 
o 1 i g o  cl a s  e . Quartz is more subordinate, and dark minerals more frequent and fresher. 
The b i o t i t e  shows an intensely olive-brown pleochroism and marginal chloritisation. Chlor i te  
also forms individual blue-green though slightly pleochroitic scales. The small, positive angle 
of the axes and the lack of anomalous interference-colours point to c 1 i n o  c h 1 o r . The h o r  n - 
b l e n d  e is distinctly pleochroitic and not very homogenous: X =- pale yellow ; Y = olive 
green; Z = bluish-green; Z, c = about 18'. Very beautiful are the sieve-like r e l i c s  of aug i t e  
enclosed in the hornblende. (Phot. 81-82, PI. XXVI). Z/c of the augite is 46". It is colourless. 
The sieve-like enclosures extinguish unanimously and may be the mother-mineral of the horn- 
blende. Together with the latter, there occurs also a large yellowish t i t  a n  i t e . A p a t i t e  and 
rn a g n e t i t e are accessories. 

The b a s i c  s t r e a k s  in the granite, of different size, are h o r n b l e n d e - d i o r i t e ,  al- 
though of complex mineral contents. The preponderant mineral is a lath-shaped a n  d e s i  n e 
with distinct twin-lamellas. It is partly zonar with a more acid border. The core is more 
sericitised than the rim. A l k a 1 if e 1 d s p a  r s occur subordinately. Some small grains show an 



indistinct cross-hatched texture. In large isolated a n d e s i n e is enclosed small, very clear 
xnicrocl i n e ,  which draws attention by its distinct cross-hatching and the low refringence. 
The general appearance points to new formations within the andesine. The abundant h o r n  - 
b l e n d e  corresponds to that described above. The typical sieve-like cores of a u g i  t e are also 
present. The originally abundant b i o t i t e  is alrnost entirely transformed to a distinctly green 
pleochroitic c h l o r  i t e . Thereby, fine t i t a n i t e hag been segregated. Inside the chlorite, the 
biotite only remains in the shape of slightly pleochroitic lamellae. It is striking, however, that 
just those parts which carry the clearest relics of biotite are characterizend by the presence 
of long clear stalks of a high refringence and birefringence. This mineral is mono-axial, and 
seems to be a kind of a n t  o p  h y l  l i t e .  Every biotite of the slice shows these peculiar en- 
closures. The t i t  a n i  t e is usually abounding in fine grains. Also m a g n e t i t e is frequent. The 
less important accessories are a p a t  i t  e and a strongly pleochroitic yellow e p i  d o t e .  Quartz 
seems not to be present. The fine-grained rock is completely massive and shows a somewhat 
ophitic texture on account of the preseuce of .the lath-shaped plagioclase. 

A brighter type of granite with less dark milierals reveals under the microscope specially 
well-formed feldspars. It is a h o r n b l e n d e - b i o t i t e  b e a r i n g  g r a n i t e .  The abundant 
alkalifeldspar is a large m i c r o  c li  n e with distinct cross-hatching, and a perthitic o r thoc l a se .  
The formation of microcline lamellae within a .homogenous alkalifelspar can be followed. The 
orthoclase is partly full of segregated a1 b i t e (albitisation). The large zonar a n d e s i n e (An. 
32-35), shows distinct twin-lamellae, which disappear towards the more acid edge. Frequently, 
the plagioclase is bordered by a slightly perthitic a1 k a l if e l d s p  a r of 2 V = about 70". 

A further type of granite with few dark minerals which are now mainly composed of 
chloritised biotite, is of interest because of its large phenocrysts of a 1 k a l if e l d s p a r  with in- 
distinct cross-hatching in a more or less homogenous groundmass. The optical axial angle is 
so small that it may be a n  o r t h o c l a s e .  The other minerals are the same as those described. 
This granite is of such an extension that it seemed to be desirable to submit it to chemical 
analyses : 

H o r n b l e n d e - a n d  c h l o r i t i z e d  B i o t i t e - b e a r i n g  Gran i t e  o f  K a i l a s - N o r t h  
(Analyst Prof. J. Jncon) 

NIQGLI values Type of engadinite-granitic Magma 

SiOm 7 1,28 si 374 380 
AIO, 14,96 
FepOa 0,66 al 46 43 
FeO 1,02 

MgO 0,49 frn 10.5 13 
MnO 0,02 
CaO 1,11 c 6 5  8 
NarO 4,37 
Kz 0 4,32 alk 37 36 
Ti01 0,57 
Pros 0,05 k 0,39 0,s 
HPO+ 1,26 
Hz0 - - rng 0,36 0,25 
- 
100.01 

The type is thus e n g a d i n i t e - g r a n i t i c .  
The granite of the Kailas also may be r a t h e r  p o o r  i n  m i c a ,  so thnt the dark 

minerals are only accessories. Macroscopically, pink coloured o r  t h o c 1 a s  e phenocrysts of 
1-2 centimeters are recognized in the white groundmass of quartz and plagioclase. The red- 
dish colour derives from the alkalifeldspars. Under the microscope the large alkalifeldspar 
proves to be a p e r t h i t i c  t o  a n t i p e r t h i t i c  o r t h o c l a s e .  The p l a g i o c l a s e  is a normal* 



so~l~ewhat  basic ol i  g o c l  a s e  of partly zonar development, similar to that of the other granitic 
varieties. 

Whithin these massive granites, aplitic dykes are found subordinately, of not more than 
one meter in thickness. They draw attention because of their macroscopic densily and uniform 
pink colour. although only deriving from the alkalifeldspar. 

Compared with the granite, the aplites are rich iu q u a r t z  and almost devoid of dark minerals. 
The only dark rniueral recognized macroscopically is a black t o  u r m a l i n e ,  which appears 
in thin needles of 2-3 centimeters' length. Under the microscope, the feldspars reveal them- 
selves mainly as o I i g o  c I a s  e in the shape of elongated twinned individuals. M i c r o  c l  i n e and 
o r t h o c l a s e  are subordinate. Q u a r t z  is abundant as compared with the granite, and forms 
roundish inclusions in the feldspars. The dark minerals are missing. In their place a blue-gray 
pleochroitic t o  u r rn a l in  e is observed. 

A g e  of the K a i l a s  G r a n i t e ,  a n d  C o m p a r i s o n  w i t h  t h e  H i m a l a y a n  G r a n i t e s  

No precise age-determination can be given. In any case, the granite is older than the con- 
glomerate which contains the basal granite in boulders. The upper chronological limit thus 
depends on the age of the conglomerate. The latter contains abundant pebbles from the 
regions north of the Transhimalaya. The eruptive rocks therefrom are andesite, basalt, dacite 
and liparite (HESNIG, 32, p. 187). 

Thus, the Kailas granite seems to be not youuger than Eocene. The lower limit is un- 
known as long as no contacts with older rocks are found. They have to be looked for in the 
north. If no tectoniral disturbance has occurred for a long period, the massive structure does 
not necessarily suggest a Tertiary age. 

Cornpared wilh the younger Himalayan Granites (Api glacier and Bhagat Kharak), the 
Kailas granite is less fresh. But there is no difference in weathering between its former sur- 
face and the lower part. Like a guide fossil, the younger Himalaya11 granites carry to~~rrnaline 
in abundance, while Ihis mineral seems to be lacking in the Kailas granite, aud only was found 
in an aplilic dyke. 7'he lourmaline granites of the Himalaya are highly micaceous. The Kailas 
granite on the other hand bears hornblende derived from augile, which is an indicatio~i of a 
secondary mineralogical generation. The hiotite, furthermore is alnlost entirely chloritized. 

Possibly, the granite passes on to a gneiss towards north. The tourmaline granite of the 
Himalaya, on the other hand, breaks across the stratified or schisty rocks. All these conside- 
rations point to a higher age of the Kailas granite. The corresponding granite of the Himalaya 
may have been already metamorphosed, while the Kailas granite remained undisturbed. 

An interesting comparison is afforded by HAYDEN'S description of the Kyi-Chu-Granite (21) 
of the Lhasa region. It is also a hornblende-granite with hiotite. HAYDEN insists 011 the differeuce 
with the Himalaya granite. The Kyi-Chu granite is regarded as Upper C r e t a c e o u s ,  although 
no proofs are given. 

We thank the following petrological and mineralogical research to Professor Dr. C. BURHI. 

Petrology of the Volcanlc Components of Kallas Conglomerate 

The igneous components composing the bulk of Kailas conglomerate have been sampled 
systematically by A. GANS~ER during his trip in the Kailas region. Therefore his collection, 
although comprising only 25 specimens, may be taken as fairly representative. For micro- 



scopic examination 19 specimens have been sectioned. Acid rocks predominale by far amongrt 
the pebbles. 

For the purpose of petrographic description the rocks rnay be arranged as follows: 
A. Volcanic rocks 

1. 1,iparites 
2. Granophyres 
3. Dacites 
4. Andesites 

B. Volcanic tuffs 
5. Liparitic and dacitic tuffs 

C. Holocrystalline rocks of aplitic character 

This arrangement is based on the inineralogical composition as  shown under the microscope. 
As most of the rocks are hemicrystalline and contain much glass, it is quite possible that 
chemical analyses would show certain of the rocks described here as liparites, dacites or even 
andesites to belong to the same magmatypes. 

The plagioclases have all been determined on the universal stage, making use of the 
diagrams published by M. REINHARD for the interpretation of the measurements. 

A. V o l c a n i c  r o c k s  

1. Liparites 

Nr. 240. Biotite-Liparite. The rock is grey-black with numerous small phenocryets. 
The microscope shows the rock to be hemicrystalline-porphyric with phenocrysts of quartz, ortho- 
clase, plagioclase and biotite. The quartz ie mostly rounded and corroded with inlets of the 
groundmass. The orthoclase is turbid from beginning of alteration and shows signs of secondary 
albitizatlon. Some Carlsbad-twins have been recognized. The plagioclase with lamellar twinning 
i s  basic oligoclase about An%. Biotite is scarce, there are only a few individuals which are 
almost entirely transfornied to chlorite and opaque ore. There are also nests of optically negative 
secondary epidote. The groundmass shows different types of structure. Cryptocrystalline bands 
alternate with patches of finely rnicrocrystalline character. There is prououuced flow-banding. 

Nr. 230 is annother specimen of biotite-liparite of similar aspect. There is a somewhat great 
amount of pheuocrysts. They are of the same general character but some of them show pro- 
toclastic influence. The plagioclase is more basic, being andesiue Anso. In addition to the 
chlorite and opaque ore there is one single grain of brown pleochroic hornbleude, marginally 
transformed into ilmenite and titanite. Some individual ilmenite grains might be of similar 
origin. There are also some stout apatite prisms. Another specimen (Nr. 234) is dense, violet 
and shows no phenocrysts in the section. It is entirely made up of a partly cryptocrystalline, 
partly microcrystalline quartz-rich groundmass with flakes of secondary muscowite and chlo- 
rite and grains of opaque ore. Being an acid rock without .femic minerals, it has been clas- 
sified with the liparites. 

2. Qranophyres 

The two identical specimens Nr. 222 and 232 are almost entirely made up of quartz and 
alkaline feldspar in granophyric (micropegmatitic) intergrowth. The slightly perthitic alkaline 
feldspar forms rectangular nuclei framed by the granophyric fabric, the elements of which 
vary somewhat in size, being in some places finer, in others corser. In addition there are 
some individual grains of quartz, some well-developed albite of composition Anlo, as well 
as chlorite, apatite, zircon and opaque ore. 



[I, 196 

3. Dacites 

Nr. 227 is a typical biotite-dacite. The struclure is hemicrystalline-porphyric with pheno- 
crysts of plagioclase, biotite, pyroxene and quartz. The plagioclase is idiomorphic, of tabular 
habit and somewhat turbid from incipient alteration. The lamellar twinning is still well per- 
ceptible. The composition is andesine Ansh 40. The biotite is lath-shaped and only slightly 
pleochroitic due to some bleaching. There. is also some alteration to muscovite. The pyroxene 
is monoclinic and slightly altered. Quartz forms some coarse grained mosaics in the crypto- 
crystalline groundmass. 

Other types of dncites are representend by the Nrs. 223, 225, 226 and 238 which are 
all very similar. They all contain phenocrysts of plagioclase, decomposed femic constituents, 
and in some cases quartz in a holocrystalline groundmass. The plagioclases are idiomorphic 
with tabular habit, and twinning is well developed. The composition is andesine varying from 
Anm-M in the different specimens. There is no perceptible zonal structure. The femic con- 
stituents have wholly disappeared by alteration to chlorite. epldote and opaque ore. The 
former presence of biotitie and hornblende phenocrysts is indicated by the shapes of swarms 
of opaque ores aud nests of epidote. Quartz, if present as phenocryst, shows rounded forms. 
The ground~nass is holocrystalline and made up of well idiomorphic lath-shaped oligoclase 
with xenomorphic ortholase and quartz. The femic minerals of the groundmass have been 
wholly lransfor~ned to opaque ores, chlorlte and epidote. 

4 .  Andesites 
The three specimens of andesite available for study (Nrs. 235, 237, 241) are all badly 

altered. They are of hemicrystalline-porphyritic structure with phenocrysts of plagioclase. The 
femic constituerits which must have been formerly present have all disappeared as a con- 
sequence of alteration. The groundmass seems to have been hyalopililic in some cases and 
is also r~iuch decomposed. The plagioclase is idiomorphic, tabular and twinned. The composi- 
tion is andesine varying from Anao .JS. There is much secondary epidote. The femic pheno- 
crysts which seem to have formed ylomerophyric aggregations with the plagioclases are all 
entirely transformed into chlorite and calcite. The chloritic patches contain skeletons of opaque 
ores with leucoxene. In Nr. 241 there are also very interesting octahedrorls of titanomagne- 
tite in which the lamellas of ilmenite have been replaced by titanite or infiltrated epidote. 
Epidote is present everywhere in the slide and forms nests together with quartz. The ground- 
mass of the andesitic rocks is also very much decotnposed. Laths of lwinned oligoclase with 
almost straight extinction, aucl chlorite as well as epidote and opaque ores are the chief corn- 
ponents. There is a slight fluidal arrangement of the feldspar laths. 

B.  V o l c a n i c  t u f f s  

5. Liparitic and dacitic tuffs 

Nr. 231 is a typical example of a liparitic tuff. A very inhomogeneous, partly devitrified 
groundmass contains more or less irregularly shaped fragments of corroded quartz, perthitic 
orthoclase, andesine An:%, apatile, as well as lapilli which are identical with the groundmass 
of the different liparitic, dacitic and andesitic rocks which have been described in full detail. 
They contain also phenocrysts of plagioclnse and opaque ores probably resulting from the 
resorption of femic minerals. Parts of the groundmass are a very fine example of arc-struc- 
ture ("Bogenstruktur") as formed by shreds of partly devitrified glass with concave outlines, 
origiualing from the breaking down of highly vesicular glassy lava. 

Nr.223 is similar to the preceeding one, except that in addition to the components men- 
tioned above. there are also fragments of pumice. Vesicles are filled with quartz and chlorite. 
Chlorite is also present in the groundmass; arc-structure is well developed. 



Nr. 236 is similar to the two tuffs already described. As it does not show any orthoclase 
it may be rather called a dacitic tuff. There is much secondary chlorite and calcite. 

C. H o l o c r y s t a l l i n e  r o c k s  of a p l i t i c  c h a r a c t e r  

I .  Porphyric aplitic granite 

Nr. 224 shows phenocrysts of perthitic orthoclase and finely twinned oligoclase Anw-%, 
as well as  of xenomorphic quartz, embedded in a groundmass consisting of a panxenomorphic 
aggregate of quartz, orthoclase and some oligoclase. There are also a few flakes of biotite 
altered to chlorite and some opaque ore. 

2. Porphyric quartz-dioriteaplite 

This rock (Nr. 229) shows phenocrysts of idiolnorphic basic oligoclase (An%-.) finely 
twinned, and of some biotite, slightly bleached. The groundmass is made up of quartz, oligo- 
clase and some microcline-microperthite, the two latter beeing intergrown with the quartz. 

3. Inclusions of alkaligranite-aplite in (?) andesite 

Specimen Nr. 239 is very important as it shows how aplitic rocks of the types represented 
by Nrs. 224 and 229 just described, occur as accidental xenoliths in volcanic rocks as described 
in the foregoing paragraphs. 

The inclusion is an aplitic rock made up of quartz, perthitic alkaline feldspar, partly 
albitized, together with some biotite. At the margin against the including lava, the inclusion 
is somewhat crushed and the constituents are broken. 

The lava (or tuff?) shows phenocrysts of basic oligoclase Anee with much epidote and 
pseudomorphs after ? augite, also with much epidote and chlorite in a dense cryptocrystalline 
groundmass. A more coarse-crystalline patch in the groundmass shows lath-shaped oligoclase 
and could also be taken as a lapillo. In this case the rock should be classified as a volcanic, 
andesitic tuff. The strongly decomposed state does not permit to decide between the two pos- 
sibilities. The rock is transversed by veins of quartz and epidote. 

D .  O r i g i n  of i g n e o u s  c o m p o n e n t s  of K a i l a s  C o n g l o m e r a t e  

The source of the material which builds up the Kailas Conglomerate seems to be situa- 
ted in the North of the Transhimalaya as pointed out by GANSSER. Great masses of probably 
Eocene liparites, dacites, andesites and basalts, with corresponding tuffs, have been recorded 
from there. It is therefore of great interest to compare the Kailas rocks with those of the 
Transhimalaya collected by SVEN HEDIN and examined petrographically by A. HENNIG'. 

As a whole and as far as correlations of volcanic rock series are permissible from thin 
section studies alone without chemical analyses, the resemblance of the rock types seems to 
be quite satisftlclory ~ n d  it is rather reasonable to regard the provenance of the Kailas pebbles 
studied here as situated in these regions, especially in the Bongthol Transhimalaya. 

' SVEN HEWN. Southern Tibet, discoveries in former times compared with my own researches in 1906-1808. 
Vol. V. Petrographie und Geologie von Prof. ANDRES HENNIG. Stockholm 1916. 



REVIEW A N D  CONCLUSIONS 

Atter the local descriptions of what we have found on our traverses regarding structure, 
stratigraphy, petrology, morphology nnd glaciation, we shall now try to review our observations 
in a more general way, the geological rnap at hand. 

Stratigraphy 

The Lower Himalaya 

The sedimentary formations of the Lower Himalaya are situated south of the Main Central 
Thrust, and below the thrusted exterior outliers of crystalline rocks. They have been deposited 
in a zone between the main crystalline root and the autochthonous region. 

In other words, the geosynclinal zone now forming the Lower Himalaya was situated on the 
northern border of Gondwanaland. 

The striking fact of an almost u n i f o r m s t e r i l i t  y of these formations is yet unexplained. 
Our search of microscopic fossils in the limestone was in vain, in spite of the fact that in places 
it has conserved the original structure as far as 90-100 kilometers behind the main boundary 
thrust (Pipalkoti-Gona). If shells had ever been present, they would at least have left sorne traces. 

The fundamental question of the o r3 g i n a l s u p  e r p o s i t  i o n  is mainly attached to the 
grade of metamorphism. In the front region of Simla and SE of it, called Krol Belt', the geo- 
logist~ of the Survey of India like PILGRIM, WEST and AUDEN, have lately made great progress 
in establishing differeut thrust sheets, which permitted also to determine the normal sequence. 
It is from above: 

Tal (quartzite of great thickness) Blaini (boulder bed, tillite) 
Upper Krol limestone I Nagthat and Chandpur 
Krol red shales B a ~ s a  limestone 
Lower Krol limestone I Krol Mandhali 
Krol eandstone 
Infra-Krol (shales) 

The Simla slates, which are regarded as  still older, belong to another. autochthonnus to 
parautochthonous region, and thus cannot be directly coordinated. 

Of the above series, the Blaini boulder bed is regarded as a tillite of Carboniferous age. 
This results from a comparison with the T~lchi r  tillite in the Salt Range, which, by its strati- 
graphical position is determined as Upper Carboniferous (8, p. 205). If the coordination with 
the Himalaya is correct, this tillite has the value of. a guide horizon. Under the kind guid- 
ance of Mr. J. B. AUDEN, we have seen the Blaini in Tehri State NW of the Ganges, where we 
C O U ~ ~  collect some striated pebbles of glacial origin. The apparently normal succession there 
according to AUDEN begins with the thrust upon the Eocene Subathu quartzite. 

' J. B. AUDEN, The Geology of the Krol Belt. Red. Geol. Survey of India, vol. IXVII, 1934. 
' After the Krol mountain 7393' on the road to Simla. 



1. C h a n d p u r (purple and green siliceous slates), 
2. N a g  t h a t (purple and green quartzite),. 
3. B l a i n  i (tillite and dolomite), 
4. I n f r n k r o 1 (black pyritic slates) passing to 
5. K r o I ,  limestone and dolomite of great thickness, 
6. T a l ,  huge series of quartzite with slates at the basis. 
On top of the latter, Mr. AUDEN has found a calcareous sandstone with poorly preeerved 

shells'. Their determinalion if possible will throw a light into the darkness of our chronological 
knowledge. 

If the Blaini is Upper Carboniferous, the Krol would naturally have to be regarded a s  
P e r m i a n . The Krol of Tehri, as well as the supposed Krol of Kumaon (Kanari China) resembles 
strikingly indeed the mighty limestone series of northern S i a m. There, in 1935, the writer has 
seeked for a long time in vain for fossils in the limestone, which partly also has preserved its 
original dense structure or darkness, until finally and very locally, some beautifully conserved 
Fusulinidae of Middle Permian age were found.e This limestone in Siam borders with a eur- 
face of erosion to an overlying series of minutely stratified siliceous shale, banded in black, 
green and white, in which T r  i a s s i c Daonella were found. Near the basis, large blocks of tbe 
Permian limestone are embedded. Similar to this, at Masrana on the road east of Mussmrie 
we came, under the guidance of Mr. AUDEN, to an exposure, where the Krol limestone, with a 
basal conglomerate is overlain by about 100 meters of minutely stratified siliceous shale and 
chert, banded in black, green and white, containing some p h o s p  h a t  i c  nodules. This series, 
which also may be Triassic, passes via micaceous slate to the Tal quartzite, which t e n t a -  
t i v e l  y is regarded by AUDEN as Juraesic or Cretaceous. 

In Kumaon, we have only traversed the corresponding border region at Naini Tal, where 
we think to have established a n~ainly normal series from the China-Peak to the Lariakanta 
(Fig. 20). T e n t  a t  i v e l  y we have correlated the great series of limestone of Naini Tal (1000 
meters or more) with the Krol (following MEDLICOTT), the mighty series of grey and purple slates 
below China-Peak (400 meters or more), with Lower Krol, and the underlying variegated quartzite 
(500 met.) with shales or slates with Nagthat-Manddi. In Naini Tal nothing above Krol was found, 
and the Blaiai Tillile below it was seeked in vain. 

If now we compare the border region from Simla to Naini Tal with that 800 km further 
east in eastern Nepal and the region of Darjeeling, we find a striking difference stratigraphi- 
cally as  well as tectonically: There, above the Siwaliks, the Himalayan border formations are 
reversed. The carboniferous not only is represented by a reversed basal conglomerate (after 
Fox), but also by an anthracitic series with prints of Glossopteris leaves. Already  MA^, in 1874, 
considered this Damuda-series as equivalent to the coal bearing Gondwana formation. In its 
place the Krol is missing. But about 60 kilometers further east, a mighty limestone and dolo- 
mite series reappears. It is the Baxa of MALLET, situated above the Damudas, and below the 
Dalings. At once the question arises, whether the Baxa are equivalent to the Krol. If so, the 
reversed basal conglomerate of the Darjeeling section could not be correlated with the Blaini, 
but would be a younger conglomerate above the Krol. 

The correlations of the border region of Naini Tal, with the region NW of the Ganges 
having already been difficult, we come to the still more difficult stratigraphical problem eon- 
cerning the sedimentarj? series of the interior Lower Himalaya. 

The small outcrop of Bhowali excepted, the next important sedimentary series was met 
north of Ramgarh (PI. 111, Sect. 6a). The limestone and dolomite of several hundred meters in 

' The facie8 resembles the Niesen sandstone of the Alps. 
a A paper on northern Siam, which will give detailed informations, is in preparation in colhbomtlon with 

Dr. H. HIRSCHI. 



the shape of marble are interbedded in quartzite. But north of the "North Almora Thrust", we 
colne again to partly non-metamorphic thick limestones which strikingly recall the Krol NW of 
the Ganges. But whether the quartzites overlying this "Krol" belong to the Tal or not, is an 
even more delicate question. Actually we have found almost everywhere a mighty sequence of 
quartzite overlying the limestone series in the Lower Himalaya of Kumaon. 

If we step further to the interior, we come to the largest limestone zone of the lower 
Himalaya. It forms from SE to NW the zone of Balwakot-Tejarn-Kapkot, 10-20 km wide, ending 
a t  Wan, but reappearing below the quartzite in the shape of (stratigraphic) windows on the 
Nandakini and Alaknanda Rivers. This series is partly argillaceous, the limestone and dolo- 
mites being interbedded with dark slates. The carbonates are usually crystallized, but in places 
(Gona Lake) almost non-metamorphic. North of Teja~n the succession dips so regularly north- 
ward that the thickness can be estimated over 5 kilometers ! In Section 6 C, PI. 111, the visible 
part of the carbonatic series is over 3 kilometers. Of course, the question arises again, whether 
there are secondary thrusts concealed, for which no positive data were found. At Pipalkoti, 
where the series is folded, and cannot be repeated, the thickness is about 1500 meters although 
the greater part may remain below the surface. Below Balwakot on the Kali, the vertical or 
nearly vertical series is about 5 kilometers wide (PI. 11, Sect. 4a). 

Some particularities shall yet be mentioned which may give hints to future correlations: 
At the iron bridge of Kapkot over the Sarju, and in Ramganga Valley, 3 km NW of Tejam, 

apeculiar intercalationof conglomerate was found,containinglarge quartzitepebbles(pp.40andp.41). 
At Badolisera @. 31) and on the Kali (p. 36) B a r y t e  s connected with the limestone were 

found in large deposits. 
At Berinag (p. 33), on the Gona Lake (p. 50), and in other places, the facies of the car- 

bonates is characterized by uncountable primary repetitions of limestone and siliceous dolo- 
mitic layers (analysis p. 49). Whether or not the limestones indicated on the geological map 
belong to the Krol series (and the overlying quartzites to the Tal), we cannot judge. We only 
are positively of the opinion that they are much younger than the crystalline series thrust 
upon them. 

Not only the c a r b o  n a  t i c  sediments, but also the quartzites are of an amazing thick- 
ness. At Bageshwar, for instance, they are so regularly folded that they cannot be repeated. 
The thickness is more than two kilometers, perhaps up to 3 km (PI. 111, Sect. 6b). The quartzite series 
between the quartzporphyry and the limestone of the Ramgad is about 2 km thick (PI. 111, 
Sect. 6a). It may be recalled that the Tal series NW of the Ganges has a normal thickness of 
about 2 kilometers. 

Besides the carbonatic series with slates and the quartzite, another rock is an im- 
portant member of these sedimentary regions, although of igneous origin. Indeed, the chloritic 
amphibol i te  sills form in some places like the Alaknanda at Karnaprayag an important member 
of the stratified complex. Some greenish schists, like those of Ata Gad might perhaps have 
been originally tuffaceous clays, or marls, although all the slices made of green rocks have 
been ~nicroscopically determined as of basic igneous origin. In no place did we find the 
green basic rocks cutting across the adjacent sediments. They are thus regarded as under- 
flows or sills, contemporaneous, or rather somewhat younger than the sedimentaries between 
which they occur. Considering the mighty deposition of carbonate and sandstones of the In- 
terior Lower Himalaya, the dioritic intrusion appears to be connected with the geosynclinal 
down-warp of those remote periods, and the absence of acid intrusions to be in connection 
with the proximity of the "Tachylitic layer" of the earth's crust underneath. 

The youngest of the basic sills may be that of Naini Tal, in the Krol series. Whether or 
not these basic igneous rocks are in connection with the famous Carboniferous and *younger 
traps of Kashmir, is still an open question. 



The Tethys Himalaya 

I n t r o d u c t i o n  

When the isopic lines of geosynclinal sedinienlation are not at a right augle to the lines of 
folding and thrusting, but more or less parallel to them, as is the case in the Alps, any major 
thrust niust show a d i f f e r e n c e  in f a c i e s  from the uuderlyiug and overlying series. 

Our tectonic interpretation of the Main Ceutrel Thrust is indeed strikingly confirmed by 
the differences in facies. Corresponding to the greatest Himalayan thrust mass from Sikkim 
to the Sutlej over more than 1000 k ~ n ,  there is also the greatest cout r~s t  in the Himalayan 
facies development : Below the thrust are the u n f o s s i l i f  e r o u s formatio~rs of undetermined 
age. Above the thrust, forming its normal superposition, is the facies of the Te  111 y s Himalaya, 
a chiefly marine geosynclinal sequence from the pre-Cambriao up to the Cretaceous, which 
partly abounds in well-preserved fossils. No wonder that the first observer of the Central 
Himalaya, STRACHEY in 1848, was fascinated of these regions, where he f o u ~ ~ d  ~nariae fossils of 
Silurian age. A great progress in science was made at the erid of the last century by the 
Austro-Germans of the Geological Survey of India: I)IEKEH, GHIESBACH aud v. KRAFI--T and by the 
additional work of HAYDEN. It is surprising though, that during this century n o  more atteution 
has been paid to these most beautiful regions,-perhaps because the maps and sedioos of 
GRIESBACH were considered as conclusive. Within this iuterval of nearly fourtg years, the 
tectouical views in the Alps have made striking progress and furnished a new basis also for the 
stratigraphical research in the Himalaya. 

T h e  C r y s t a l l i n e  B a s i s  ( V a i k r i t a ,  A r c h e a n )  

The tectonical and petrographical research have both resulted in the recognition of an 
originally sedimentary basis of the great crystalline central series, as already known. The mag- 
matic injections, intrusions and dykes indeed are all youuger than the original sedimeutary 
deposition. The garnet schists owe their origin to clay, the psamrnite-gneisses, which are of 
wide distribution, have been argillaceous sandstones and the lime silicates and biotitic marbles 
were limestones and dolomites. AUDEN has photographed even the original diagoual bedding 
of the psammite gneiss (4, 1935). 

The crystalline series has a thickness of 10 (Kali) to 20 kilometers (Naudakna), and 15 km 
where it is most regular (Gori Ganga). The original sediments have partly been fused-and 
replaced by magmatic processes at the depth (intrusion and migmatisation). The enormous thick- 
ness of the original deposits already results from the psamrnitic series of the Alakuanda at 
Pandttkeshwar, where the regularly bedded quartzites of over 9 kilometers thickness are at once 
recognized as former sandstones. 

These former sediments must be older thau the overlyi~ig Martoli series and generally 
are regarded as Archean. During an interval of about a milliard years they have been covered 
by younger sediments in periods of subsidence, until they reached the depth of about 
30 kilometers, where they not only became regionally metarnorphosed by heat and pressure, 
but also granitized (migmatized) or completely fused. At the end of this long period followed 
the paroxis~n which by thrusting brought these oldest metamorphic sediments up to the sur- 
face again within a relatively short time. 

T h e  M a r t o l i  S e r i e s  ( A l g o n k i a n )  

In 1891, C. GRIESBACH has introduced the pretty name of H a i  rn a n t  a ' System, applied to 
"all the thickness of strata lying between the crystallines (gneiss and Vaikritas), and the lower 

-- -~ -~ 

' Haimanta means in sanscrit "snow-covered". 

Mem. dr In  Sor. licit.. dl..; Sr. h'at. Yo1. I ,SSIII .  A L . L L O I ~  1iei111 and .&uL[uL;~ Oann~er :  Centrnl Himalaya. 26 
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Silurians" (20, p. 20). Unfortunately, this name could not be maintained, although it was gene- 
rally accepted until now. Indeed, in the maps and sections GRIESRACH has drawn an almost 
straight line or fault, which does not exist, as the lower boundary, passing arbitrarily through 
the middle part of the great phyllitic quartzite series, for which we propose the name of Martoli 
Series. This important village Martoli on the Gori Ganga below Milam lies in the central part 
of this huge sedimentary series, which, in GRIESBACH'S map, is included in the "Metamorphic and 
Granite". 

Accordingly, also the highest summit of the Central Himalaya, Nanda Devi, 7820 meters, 
a s  well as Nanda Kot, were always regarded as made of granite and gneiss, although they 
belong already to tfie sedimeutary Martoli series (PI. 111, Sect. 6c). 

The Martoli series is chiefly formed of little metamorphic calcareous and non-calcareous 
phyllites, with quartzite layers, and is joined to the underlying crystalline series not only by 
a passage in decreasing metamorphism upwards, but also by some of the last pegmatite dykes 
(Rilkot, Pindari glacier, eastern summit of Nanda Devi). 

After discounting the repetitions by folding and contortion, the thickness is roughly esti- 
mated to attain 5 kilometers'.Towards east, the Martoli series almost disappears, and is represented at 
the Kali only by the Budhi schists with their characteristic biotite porphyroblasts. Whether this 
reduction is due to igneous activity or to stratigraphic changes, we cannot judge. 

The a g e ,  as compared with HAYDEN'S description of the Spiti region, must be pre-Cam- 
brian, and is regarded as Algonkian. The distribution is shown on our map aud sections. 

The facies of the MartDli series is that of f l y  s c h ,  au unfossiliferous geosyncliual accu- 
mulation of clay, marl and sand ,on a sinking ground. 

T h e  R a l a m  S e r i e s  ( B a s a l  C a m b r i a n ? )  

Under this  name the important series of basal conglomerate with quartzite and dolomite 
was described, which is exposed on both sides of the dangerous Ralam Pass (5500 meters, 
between the Lissar- and the Gori Valley). 

Entirely new conditions of sedimentation are introduced. The conglomerate, mainly forrned 
of quartzite pebbles, up to the size of a head, in a black or red quartzitic ground mass, similar 
to greywacke, is of varied thickness, and may reach 100 meters (Ralam-N). In the two places 
where we found the basis exposed (Ralam-N and Gori Ganga above Milam, Fig. 104 and 107), 
it seemed to rest u n c o  n f o rm  a b l y upou the Martoli phyllites. The primary unconfor~nity, 
furthermore, was tectonically deformed and partly became a sliding plane. The best place to 
study the lithology of the conglomerate is Samgong on the Gori above Milam, where huge 
blocks have fallen down from the walls (Phot 38, PI. XVI). 

The conglomerate passes gradually into a gray to purple aud green, very hard and massive 
quartzite. The thickness in the Lissar Valley and on the Nipchungkang glacier is estimated at 
500-800 meters. 

The top of the Ralam Series on the Ralam Pass, as  well as  on the upper Gori, is made 
of yellow to orange weathered massive dolomite of 50-100 meters. 

The Ralam Series is completely wanting in the Kali section. It was followed up from the 
mouth of the Dhauli into the Lissar until the upper Gori, which is 55 kilometers. 

Forming the conformable basis of the Garbyang series, which is considered as Cambrian, 
we tentatively regard the Ralam series as the basal Cambrian. The conglomerate shows that 
there was a great interruption of normal marine sedimentation at the end of Algonkian time. 
-- -- 

' Captain STRACHEY (59, 1851), considered the thickness of hie "azoic elates" as 4000 feet. GRIESBACH (20, 
1891, p.M)), coneldered thin figure to be "very greatly over-estimated" and gives it 4000 nt the most. 



T h e  G a r b y a n g  S e r i e s  ( C a m b r i a n )  

This name is taken from the important village of the Kali Valley, where this series or 
system is excellently exposed. It forrns the upper part of GR~ESBACH'S Haimanta system. The 
facies, as a whole, seems to he constant as far as we could observe, fromTinkar or the Nampa 
valley in Nepal to the Gori valley above Milam, which represents a distance of 100 kilometers 
in a WNW direction. 

The characteristic rock is a more or less slaty and slightly sericitic (phyllitic), very fiue- 
grained calcareous sandstone, or a sandy to argillaceous, partly dolomitic limestone of brownish 
weathering, with green chloritic banding especially in the lower part. The chloritic part seems 
to be the altered product of a basic tuff blown into the sea. 

The thickness, in the Kali sectiou, is 4,5 kilometers. The dip, with the exception of the bnsal 
part, is so regular that this thickness seems to correspond about to the original thickness. A 
similar figure was found at the Dhauli section, while in the uppermost Gori valley above Milarl~ 
the sequence is reduced to about 1,5 kilometers. It is not known how much of this decrease 
is due to tectonical influence. 

According to the Trilobites found by HAYDEN (1904) in the uppermost part of the Hai- 
mantas in Spiti, the age is considered as Cambriau. Certainly, the Garbyang series is not pre- 
Cambrian, as demonstrated by several large, though badly preserved flat Gastropods, which we 
found in the typical, slightly sericitic calcareous Garbyang phyllite on the Shiala glacier. This 
is also confirmed by the Crinoid limestone of the middle Garbyang on the Dhauli. Finally, the 
first calcareous sandstone above the Garbyang slates has furnished an Ordovician Fauna. We 
thus can hardly fail in regarding the Garbyang series as Ca  m b r i a n .  

The facies again is similar to flysch, though distinguished from the Martoli series by 
a high content of lime, which for the whole sequence, amounts to 20-40 percent. 

T h e  S h i a l a  S e r i e s  ( O r d o v i c i a n )  

We crossed several times the zone between the Garbyang series and the red Siluriau 
crinoid shales (Kali, Shiala pass, Dhauli Ganga, Gori Ganga), but only on the Shiala pass acces- 
sible outcrops of this series were found. though eveu there the greater part is covered by 
glaciers, whilst the rest is partly inacccessible. The best aud almost continuous outcrops were 
seen on the right side of the Dhauli Gorge, where a study in situ, if at all possible, would need 
exceedingly difficult climbing. 

Summarizi~g our description of the Shiala pass, we may state that above the typical 
Garbyang division follows a series of about 400-500 meters of variegated shales with in te r  
cslations of sandy limestones or crinoid breccia of brown weathering. The Ordovician trilobite 
and the brachiopods mentioned on page 121 were gathered in situ from the calcareous sand- 
stooe of about 60 meters thickness on top of the division which we have proposed to call the 
Shiala series. A similar bed in the lower part also proved to contain brachiopods, but on account 
of avalanches, the place was too dangerous for collecting. 

Probably STRACHEY'S discovery in 1848, of "Lower Silurian" fossils corresponds to what 
would now be called Ordovician. Unfortunately STRAGHEY did not mention the localities. 

On the trail along the uppermost Gori valley near Dung, loose moraine blocks of simil- 
arly fossiliferous calcareous sandstone were met, though the series is only partly exposed. 

The brachiopods and the trilobite collected from the top-layer of the Shiala series at the 
mouth of the glaciated Tsherpedang valley, leave, according to Professor JEANNET'S determination, 
no doubt about the 0 r d o v i c i a n .  The question, whether the overlying variegated series, or how 
much of it, should still be regarded as Ordovician, remains unsettled. 
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T h e  V a r i e g a t e d  S i l u r i a n  

This subdivision was called "Red Crinoid Limestone" by  GRIESBACH, and regarded as Car- 
boniferous in one place, and as basal Silurian (Quartz shales of Kali) iu another. The first of 
these mistakes was ren~oved by HAYDEN (22, 1904, p. 29), who "ascertained that  the  Spiti repre- 
sentative of the 'red crinoid limestone' is certainly not younger than upper Silurian". This was 
the result of correlation of the  Spiti sequence with that one  of Kumaon. The coral limestone, 
which in Spiti underlies the red crinoid limestone, figured by GRIESHACH also in the  Kali section, 
has not been encountered by the writers in Kumaon, although there seems to be  no break of 
deposition above the Shiala series. 

No other formation of the Tethys- Himalaya presented us so  many stratigraphical diffi- 
culties. Not only is there a primary repetition of limestones and marly to siliceous shales of 
varied colour from top to bottom, but the  streaky shales a re  usually intensely folded or crumpled. 
In addition, no characteristic fossils were found. The small white fragments of crinoids are 
only a lithological characteristic. W e  can thus only give a general idea of this formation. 

A subdivision was clearly observed on the  Shiala pass only:  

a) 200- 300 meters of red to green and grey shales with layers of while limestone,characterized hy smaller 
blood-red shale layers, and a rusly weathered dolomite in tllr upper part: 

b) 500-600meters of shaly lenticular limestone with Crinoid fmgmcnls. 

On the  Kali near Gunji, violet siliceous and sandy shales reduced to less than 50 meters, 
seem to overlie directly the Garbyang series with a discontinuity. The lower part of the varie- 
gated Silurian is not present, although we a re  only 20 kilometers ESE of the  upper Shiala 
section, and tectonically in the  same zone. In Nepal, east of the Kali, the violet shales too are 
reduced to 100 meters and less. 

A dense gray, somewhat nodular limestone of about 100 meters thickness which may be 
a special facies of the  variegated Silurian sequence, was found on top of the Mangshilng pass 
forming the  Tibetan horder (PI. V, sect. I)), and at Dong (Fig. 107). This seems to have heen 
known already by  GRIESBACH, who regarded it tentatively a s  Devonian. It is, more probably, a 
special northern facies of Silurian. 

The variegated Silurian is distributed f a r  beyond the  region we traversed in Kumaon. A 
great  part of the  so-called Zaskar range is formed of intensely folded iind thrust variegated 
Silurian, which is found even a s  far  a s  20 kilometers northeast of the  Tibetan boundary, where 
the  glacial water is reddish from the  triturated shales. Yet it is impossible to correlate our 
sections with those of Spiti according to HAYDEN. W e  have not met his basal Silurian conglomerate, 
nor does HAYDEN mention the  conglomerate which we called after the Ralarn pass,  laced tenta- 
tively a t  the  basis of the Cambrian. 

The facies, in Kumaon, is that  of a rather deep sea. 

T h e  M u t h  S e r i e s  

In the region of Kuti, this series is over 1000 meters thick, and may he  HOO metrrs a s  
a n  average. It is mainly composed of brownish weathered qaartzile with dolon~itic Ii~yc.rs, and 
capped by  white massive quartzite. The name has  been introduced by GI~IESHA( :~I  and is accepted, 
since there is hardly a doubt of the  correspondance with the  Mulh quartzite of the Spiti region. 
A special facies is the  crinoid limestone of Lipu Lek. 

The  details were given in the local descriptions. The white top-quartzite not only varies 
in thickness from zero to nearly 200 meters, but is locally also replaced by dolornite (Kuti,'rinkar 
Lipu). The differences in thickness may be partly of primary origin. Partly, they are  cerlainly 
caused by posterior denudation. The unconformity has been recognized long ago in Spiti, and 
is found again in a smaller degree on the Nabi peak in the Kuti valley (Fig. 82). This, how- 



ever, was an exception, as far as we could judge. Usually, the upper edge of the Muth quartzite 
is confor~nable to the Kuling shale, in spite of lhe great gap of sedimentation. 

The age of the Muth quartzite was regarded by GRIESMACH as C a r b o n i f e r o u s ,  but 
accordiug to HAYDEN'S correction, it is u p  p e r S i l u r i a u. It could, however, also be D e v o n i a q . 
The latter age is accepted i l l  the table of BunnAnn and HAYDEN 1934 (8,  p. 300). 

The quartzites are devoid of fossils. Only in the limestoue intercalation of Lipu Lek, 
Criuoids occur, and olher fossils may be found (Fig. 71). 

'L'he K u l i n g -  o r  P r o d u c t u s  S h a l e  ( P e r m i a n )  

The white Mulh quarlzite (Dravidiau group) is usually conformably overlain with a sharp boun- 
dary by the well-known black Kuling shales (Aryan group). The basal conglon~erate mentioned 
by HAYDEN from Spiti, has not bee11 encountered iu Ku~naon. The great gap in Kumaoa, thus 
may have chiefly been caused through absence of sedinientation during Devonian. Carboni- 
ferous and earlier Perrnian time. Withiu this great iuterval falls the volcauic activity in Kashmir, 
with the production of 2 - 3000 meters of trap. 

The thickness of Ihe Kuliog shales is usually about 30-50 meters, but may be reduced 
to a few meters (Tinkar Lipu), or illcrease to about 100 meters (Lebong pass). In the eastern 
region (Lipu Lek, Kalapani), the lower part contains ferruginous (ankeritic to limonitic) limestone 
layers, rich in small brachiopods. A layer of 10 centimeters on Lipu Lek, lwo meters above the 
Muth series, may be called a lu~nilchelle. Besides this rather shallow-water-type, the Kuling 
shale is but poor in fossils, and seems to be a rather deep rnarine deposit. This is coufirmed by 
the appearance of the solitary beautiful ammollites of Leboug pass: CycloloOus Oldhami 
WAA(;EN and Cyclolohus Wa1ller.i I ~ E N E R .  which both are Up p e r P e r 111 i a 11 species (Phot. 21). 

Kalapani is the only place where a lower stratigraphic horizon of the Permian was found 
(Fig. 69). The platy limestone may corresponcl to the "calcareous sandstooe" of Spiti where it 
overlies the basal conglomerate and uuderlies the black shale. 

T h e  T r i a s s i c  

Introduction 

No division of the Tethys Himalaya has beeu stratigraphically worked out so much in 
detail as the Triassic. Its richness of fossils and its resemblance to the Alps was a special attraction 
to the Auslro-German geologists, who partly were engaged by the Geological Survey of India, 
and have presented in their Me~noirs the frlndamental works on theTriassic of Kumaoo: GRIESBACH 
1891 (I!), 20). v o ~  KRAYI:T 1900 (in DIENER), and DIESEH 1912 (18). 

V. KRAFI'T, after having made special studies on the Triassic in Kurnaou in 1900, unfortunately 
died in 1901, and left on118 some i~lco~nplete field noles. His ~naterial, inrludiug some ~nauuscript 
sketches, together with the collectio~l made by F. H. S ~ ~ I T H  in 1899, \\,as worked out by DIENER, 
who, through his former Hin1al;)yiln experience, was the proper authority to treat this subject. 

In spite OF the long lists and careful tleter~iliuation of nni~nonites, however, it is, in the field. 
difficult to verify lhe paleontologic srlbdivisio~is. The sketches, thorlgh valuable, are without a 
scale; the fossils From diffcreilt localities are partly mixed. and the exact locatious are not 
mentioned. 

To obtain a practical subdivision easily recognized, we propose the following main litho- 
logical divisions from below, in introducing two uew names: 

1. Kalapani linlestone (afler the famous place on the Kali) 
2. Chocolale series (= Chocolate li~iiestone of GRIESBACH and DIENER), 
3. Kuti shales (after the village which is situated on them) 
4. Kioto limestone (name from Spiti, introduced in 8, 1931). 
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1. The Chocolate Series (Lower Triassic) 

Independently of former writers, we called this formation the "chocolate" on account 
of its characteristic brown weathering. It is, however, partly more a shale than a limestone. 
An analysis of a typical hard layer of chocolate weathering surface, together with a 
microscopic test, showed that the dark blue, fine-grained dolomitic "limestone" contains 50°/'0 
or more of unsoluble substance (silica with clay), and 50°/o or less of carbouates (Ca Mg Fe). 
The black shaly parts deserve even less to be called limestone. 

The localities where the basal contact is exposed are rare, or difficult of access. The best 
place we found is the "Castle-Hill" of Kuti (Fig. 88), where the lower coutact could be opened 
with the ice-axe, and is sharp and conformous. 

The total thickness of the chocolate series in Byaus (Kali-Kuti-region) is usually 30-50 meters. 
The subdivisions from below are: 

a) "Castle Hillw-horizon, 3-5 meters, of streaky or nodulous impure ferruginous limestone with shaly layers, 
forming a light brownish projecling band on the cliffs, and rich of imperfectly preserved ammonites of the Ophiceras- 
horizon (see lisls on page 117). 

b) Middle division, 30 - 50 meters, a repetition of impure limestone, clay-iron-stone and shale with rare and 
badly preserved fossils. 

c) Upper division, 3-6 meters, usually well defined, of chiefly shaly layers, forming a black band below 
the wall of the Kalapani limestone. 

As already known, the chocolate series is of lower Triassic or Scythian age. However, the 
delicate question whether there is a slight omission of sedimentation between the Kuling shale 
of upper Permian and the Castle-Hill-horizon, remains unsettled. Also the exact age of the 
upper chocolate series has yet to be determined. 

DIENER (1912) has already drawn the attention to the differences in thickness of the Lower 
Triassic from SE to NW. Whilst middle and upperTriassic are increasing, the Lower Triassic decreases 
towards Spiti from 150 to 40 feet. Perhaps it even sets out completely in NW Johar (Utta Dhura). 

2. The Kalapani Limestone 

Although lithologically appearing as a uniform division between the underlying and over- 
lying shales, the Kalapani limestone represents the three great periods : A n i s i  c, L a d  i n  i c and 
C a r  n i c,  as already recognized by DLENER. Ammonites are found throughout the limestone, 
though abundantly only in certain horizons. Even in the latter there are few localities permitting 
satisfactory collecting. 

The top-layer excepted, the sections Fig. 70 and 89 show the thickness and lithologic sub- 
division. 

Lithologically, the rock is characterized by its rusty to orange-coloured patches, made of 
a n k e  r i t e ,  or ankeritic Calcite in tiny rhom bohedrons. This facies strikingly resembles the 
Schiltkalk (Argovian) of the Helvetic Alps. 

The thickness, usually 30-50 meters, varies from 15 to 60 meters. Not only is the Kalapani 
limestone a constant lithological member of NW-Nepal and Kumaon all along the Tethys-Himalaya, 
but according to DIENER it seems to continue over Painkhanda to Spiti. 

Besides the ankeritic facies of dense non-zoogene ammonitic limestone of a bathyal 
character, the lower part of the Kalapani limestone has, iu some parts, the aspect of a massive 
lumachelle. The broken shells, however, ,are fine and practically indeterminable. 

At Kalapani, the middle part has been found in the shape of a hematitic layer rich of 
ammonites (Nr. 4 b in Fig. 70). The only good one that could be extracted from the wall (Ptychites 



rugifer) is a leading Anisic species (Muschelkalk)'. The upper part must be Ladinic and Carnic, 
although "iu Byans there is no evidence whatever of a representation of the ladinic stage" 
(DIENER p. 76). This already results from the occurrence of Tropites subbulatus in the top-layers 
of Kalapani, although in the section of Fig. 70 it is not a very rich fossiliferous horizon. 

Abundant collectious of a 3 foot horizon called T r o p  i t e s l i m e s t o n e forming the top 
of the Kalapani limestone, were gathered in 1899 by SMITH and in 1900 by v. KRAFFT. 

DIENER (13 p. 121--125) gives a list of not less than 155 species of ammonites of the 
Tropites limestone from Kalapani, Tera Gad, Lilinthi, Nihal and Kuti. The exact situations at 
these localities are not indicated, and the writer was not fortunate enough to find them on 
his traverses. Special time is needed first to find the rare, accessible places, where the contact 
of the Kalapani limestone with the overlying Kuti shales is exposed. On the SE side of Kuti, 
where this is the case, the Tropites horizon is lacking. 

According to DIENEH, the Tropites limestone contains 102 ammonite species peculier to 
this horizon. Amongst the remaining 53, "many important types point to the Carnic slage, and 
are indicative of a homotaxis with the Alpine zone of Tropites siibbulatus. But a second faunistic 
element pointing to the Noric stage, is almost equally distributed in the Tropites limestone. 
Not less than 49 species of ammonites are either identical, or very closely allied with species 
from the Noric Hallstadt limestone or from the Halorites beds. A. v. KRAFFT was the first author 
to notice this strange assemblage of Carnic and Noric types in one single bed of limestone 
only three feet thick" (13 p. 126). 

A further surprise is that, according to DIENER, the ammonites are not passage forms, but 
types of true Carnic and true Noric age. 

In the same stratigraphic horizon, on Tinkar Lipu in Nepal (5200 meters), the rich fauna 
mentioned on page 111 was gathered. It is a gray sandy linlestone connected with the under- 
lying dark blue dense Kalapani limestone by a passage. While no indication in literature is 
found regarding the important question of stratigraphical relation of the "Tropites limestone" 
with the under- and overlying strata, we have here a positive indication that the Ladinic and 
Carnic stages must be represented by the upper part of the Kalapani limestone. 

The fauna at the upper boundary of the Kalapani limestone of Tinkar Lipu in light gray 
sandy limestone is characterized by the abuudance of very thick ammonites (Arcestidae) as 
well as by flat and sharp-edged forms attaining a large size. 

Curiously enough, the genus Tropites is almost absent on Tinkar Lipu. According to 
Prof. JEANNET, the majority of the characteristic ammonites are N o r i c  species. But there are 
also such characterizing the Carnic. 

The Tropites limestone of Kumaon as well as the above mentioned one of Nepal are at the 
lithological boundary between the Kalapani limestone and the frankly Noric shales with slaty 
sandstoues. The extraordinary abundance of individuals, aud the variety of Carnic and Noric 
ammonites together in the same bed, strongly recalls the famous horizon of Timor Island, dis- 
covered in 1904 by H. HIRSCHI, and described by J. WANNER and 0. A. WELTER.' It is a pink 
limestone bed of 2 meters thickness, almost entirely made of well-preserved mixed fossils, of 
which 462 species of Carnic and Noric ammonites were determined l 

A comparison of these two extraordinary horizous was already made by DIENER and is 
discussed again by WELTER. The p r o b l e m  of c o n d e n s a t i o n  indeed is the same, aud is still 
wanting a solution. 

I DIENER also determined 20 Muschelkalk-species collected by S ~ n t !  and V. KRAPFT from Kalapani and Jolinka 
(z Joling Kong?). The exact localities and stratigraphic horizons nre not indicaled. 

J. WANNER: Triaspetrefaklen der Molukken und des Timor-Archipels. Neues Jahrb. fllr Mia., Geol. u. Pnl. 
Beil. Bd. XXIV, 1915, containing the monograph on the condensed ammonite l ~ y e r  by 

0. A. WELTER: Die Obertriadiechen Ammoniten und Nautiliden von Timor, 1914. 
J. WANNER, Mesozoikum von Niederl. Indien, Leid'eche geol. Mededeelingen 1931. 



Departing from the observations of condensed deposits of middle Cretaceous age in the 
Helvetic Alps, this problem was discussed by the writer in a general way'. There, not only 
a mixture of ammouites of otherwise different paleontological horizons was found, but d ' 1  SO a 
chauge in the faunal composition from one place to another within the same stratigraphic layer. This 
is what also results in the Himalaya by comparison of the Tropites bed with that of Tinkar Lipu. 
To explain such differences by different life conditions or provinces is as ~~nsatisfactory as to 
accept that all these hundreds of ammouites which normally are encountered far apart in the 
stratigraphic sequences lived together. For the Gault, in which the fossil moulds are phosphatic, 
the idea prevailing a~nongst the geologists is that of a "remaniernent", i. e. of pseudo-condensation 
by redeposit of older horizons. But the above nienlioned cases of condensation in the Himalaya 
and Timor are not related to hard phosphatic moulds, but to ordinary fossilisation in the 
limestones. Also, the fossils show no signs of re-deposition. 

Besides the condensed Carnic-Noric layers, similar cases of other formations are known. 
WELTER (I. c.) compares with it the horizon of Balin, which furnished 66 ammonite species of 
mixed Callovian-Oxford types. 

On Novaya Semlya (Archangelski Bay) the members of the XVII Intern. Geol. Congress 
were guided by A.A.PETRENKO' to a limestone layer of 0,5 meter thickness crowded with Goniatites 
and other ammonites O F  VisCan and Namurean types. Recalling the younger occurrence of 
Tinkar Lipu, the extremely thick and the extremely flat and sharp-edged types are lying there 
together. 

Yet there remtlius the explanation teutatively mentioned already by DIENEH, of extremely 
slow sedimentation. But even if so, the mixture of the fossils is not explained. 

In consequence of the above observations, the Kalapani limestone is to be regarded as 
comprising not only the Muschelkalk, but all the three Triassic stages : An i s  i c ,  L a d  i n i c and 
C a r n i c .  DIENER (L C. p. 129) has shown the rapid increase of the Carnic stage towards NW 
from Bpans (Kali section) to Paiukhanda (800') and Spiti, where it is given a thickness of 
1550' = 470 meters, whilst in Kumaon it is supposed to be represented by the upper part of 
the Kalapani limestone of 30 meters at the most. In this sense the Kalapani limestoue even 
as a whole is a somewhat condensed deposit. 

3. The Kuti Shales (Noric) 

Throughout the Tethys-Himalaya of Kumaon, the Kalapani limestone is sharply overlain 
with a series of more or less micaceous shales, 300-500 meters thick (Phot. 27, 28, PI. XIII). 
In the NW, where it forms the Utta Dhura- (5300 met.) and Jayanti Pass (5600 met.), the upper 
part is characterized by regular layers of gray limestone, and the whole seems to exceed 
500 meters. 

The upper boundary towards the Kioto limestone is characterized by a passage zone with 
quartzite and oolite layers (Kuti, Chidamu). 

Usually, fossils are rare. But on Tinkar Lipu, the magnificent fossils in black limestone 
flags mentioned on p. 111, and partly figured on PI. XL were found. On account of complicated 
structure, the exact lithological horizon (Phot. 19, PI. XI) could not be determined. It may 
originally have been 20-30 meters or so above the Kalapani limestone. 

After a careful study by Prof. JEANNET, the fauna is frankly Nor i c .  It contains numerous 
new forms, which shall be described in a special memoir of the Geological Survey of India. 
The facies is of a deep sea character. 

' ARN. HEIM und OTTO SEITZ: Die mittlere Kreide in den Helvetischen Alpen vo111 Hheintal und Vorarlberg 
und das Problem der Kondensalion. Denkschr. d. Schweiz. Naturf. Ges. Bd. LXIX, 1934. - Stratigraphiscl~e Konden- 
sation. Eclogae geol. Helv, vol. 27, 1934. 

The Novaya Zemlya Excursion. Guide book of the XVIl Intern. Geol. Congress, MOSCOW 1937. 



The alnmonites confirm the former view of DIENER, who placed the "black shales with 
Arcestes, about 1000 feet" in the Noric. 

4 .  The Kioto Limestone (Rhaeticj 

This limestone series, which grows up from the Kuti shales by a passage zone with quartz- 
ite, is of wide extension in the synclines from NW-Nepal (Tinkar Lipu) to Garhwal. It is usually 
a dark blue, well-bedded limestone. Pretty oolites occur in the lower part. Ripplemarks were 
observed in the uppermost layers. Some bivalves excepted, fossils are rare in Kumaon, as 
compared with Spiti. The thickness increases from Kuti (150-200 meters) to the Gnrhwal boundary 
(600 meters), which is a distance from SE to NW of 75 kilometers. After HAYDEN and DIENER 
it is even 2600 feet = 800 meters thick in Spiti. 

Only one distinct horizon within the limestone series was found, which may serve for 
subdivision: the problematics in the NW, 150-200 met. below the top (Phot. 39. PI. XVI). 

The age of the "gray limestone" (= Kioto) was regarded in a different way according to 
the various authors. HAYDEN (22, p. 73) took it as R h a e t i c  throughout. DIENER (13 p. 128), who 
had discovered the'ferruginous oolite called "sulcacutus beds" erroneously speaks of a passage 
of the grey limestone "through beds of doubtful age into limestones of middle Jurassic age", 
having overlooked the discontinuity at the base of the oolite. The same view is maintained 
in Lit. 8 1934 p. 308. 

According to our observatious, there is uo doubt that HAYDEN is right (although possibly 
the uppermost beds may reach into the lower-most Liassic). The lowest part is regarded by 
DIENER as upper Noric. New data are lacking to judge on this point. 

T h e  L a p t a l  S e r i e s  ( L i a s s i c )  

This calcareous mariue division is only known in the NW of Kumaon, from Kungribingri 
to Laptal, but seems to extend therefrom over Painkhanda to Spiti, according to HAYDEN and DIENER. 

From the Kioto limestone to the Laptal series, the sediments were deposited without in te r  
ruption, but wherever the Laptal series is wanting, there is a sharp discontinuity (Kuti valley, 
Chidamu-north). 

The thickness at Laptal and surroundings is 60-80 meters. The facies characterized by 
repeated layers of lumachelle (agglomerate of shells) with small oysters, is of n shallow-water 
type in proximity of the former coast. 

Besides Cardiurn nequarn HEALEY (a species from the rhaetic Napeng series of Burma), 
the preservation of the fossils did not permit more than a generic determination: Ostrea, Arca, 
Pecten, Lima, Astarte, Trigonia, Belemnites. The presence of Trigonia excepted, which points 
to Liassic, our collection is not quite decisive for the determination of the age, but we may rely 
on the Liassic ammonites found by STOLICZKA farther northwest. 

T h e  F e r r u g i n o u s  O o l i t e  ( C a l l o v i a n )  

This minute, though most important index-horizon was discovered in 1895 by Drmm in 
the Chirchun area, and is usually referred to after its abundant Belernnites as the Sulcacutus 
beds. Iu the southeastern part of Kumaon it was found in 1899 by F. H. S M ~ H  also in Byans 
(DIENER 13, p. 119) as  a "constant and well-marked horizon on the top of the limestone series". 
The latter remark is an exaggeration. It was re-discovered by us on the Chaga pass east of 
Kuti, but is generally lacking in this region. 

The maximum thickness of the ferruginous oolite described on p. 141 seems to be 3 metem. 
The ammonites collected from Laptal leave no doubt of the C a l l  o v i a n age. The upper and 
lower limits are microscopically 811arp conformable discontinuilies. Thus, the lower Doggar 
Mem. do In 80c. Hrlv. dcn Ec. Nnt. Vol. LXXIII. Arnold Helm and Augnat Oaasler: Central Hlmalayn. a? 



(perhaps inclutling the upper Liassic), is lacking. Where the ferruginous oolite is absent, the Kuti 
shales overlie lhe 1,aptal series or  the Kiolo limestone with a sharp  conformable discontinuity. 

The mitldle Jurnssic, represented ill Ku~naon  by 3 meters a t  the most, forms a great conlrast 
to the Tibetan region east of Nepal, where HAYDEN (23, 1907) has established a great  sequence 
of "highly fossiliferous limestones of middle Jurassic age". 

T h e  S p i t i  S h a l e s  ( P o r t l a n d i a n )  

This most fanlous fossiliferous horizon exploited since hundreds of years by the  religious 
Tibetans, has been the  object of the fine Paleontologic rno~~ogrriph of V. UHLIG (1903). The fossils, 
having however been collected from the concretions washed down into the ravines, do not 
permit any straligraphical subdivision. Furlhermore, continuous outcrops of these soft black 
shales a re  scarce. A good region for further stratigraphic research may be the Kungribingri 
on the  Tibetan boundary (Fig. 113). 

The thickness of the soft black carbonaceous clay-shales varies greatly, apparently by 
stratigraphical and tectonical causcs. On lhe eastern limb of Lahur anticline, the Spiti shales 
are  only 80--100 meters thick, but arci~rnulated in olher regions (Kuti, north of Laptal) to many 
hundred meters. The Spili shales were known from Spiti lo NW-Kurnaon,where lhey are  the  youngest 
series of the synclines, and have now been fo l~nd  again in the Kuti-Kali region. 

The age is mainly uppermost Jurassic (Portlandian), though some ammonites a re  closely 
related to Berrias-forms. W e  thus have to consider the basal discontinuily upon the  ferruginous 
oolite a s  represenling the  lower part  of Upper Jurassic (Oxford to Kimn~eridge incl.). 

The detail-slratigraphy of the Spiti shales is still wanting. Nothing is known of the  south- 
eastern contillualion of the  Spiti shales along Nepal. Rut on the north side of Kangchcndjunga 
(Kampa Dzong), HAYDEN has  identified the  Spiti shales again in a tectonically similar position 
as that  of northern Kumnon. 

The  fossil^ of our collection determined by Prof. JEANNET a re :  

C e p h n l o p o d s  
Relernniles (Hrlemnopsis) Gerardi OI'PEI.. Cliaga I'ass, Kuti, C h i d i ~ n ~ u  and  Laplal, frequent. 
Oppelia (Slrehlilcs) suhslriata OPI~EI., I.apl:~l 
Oppelia (Slrchliles) c f .  Grieshachi U~I. I I ; .  C h i d : ~ m u  
Oppelia (Slrebliles) spltenodorna UHLIO and SUESS. Chidam11 
Oppelia (Slrebliles) indopicla UHLIO. 
Hopliles (Hlanfordiceras) subrluadratus UHI.IO, Chidamu 
Hoplites (Hlanfordiceras) Wallichi UHI.IO, K u l i  
Hoplites (Hlanfordiceras) sp. c f .  cerebrans UHLIG, K u l i  
Hopliles fHlanfordicera8) c f ,  curualus IJnl.ln, K r ~ l i  
Hopliles (Rlanfordiceras) (sf. lalirlomus UHLIG, K u t i  
Hoplites (Aconthoplites) cf. suhradirl~rs ( JHI . IG .  I<uli  
Hopliles (Acanlltopliles) oclogonus STIIA(:I~EY-BI.ANFORD (upper Spit1 ahale of Kuli) 
Hopliles (Acanthodiscus) c f .  subradialus UHl.10, Kungribingri 
Hopliles (Kossrnalia) desrnidopt!jchcis UHLIO, K u l i  
Hopliles (Neocomiles) Walkeri IJHl.l(i. K u l i  
Hopliles (Neocomiles) indicus (IHI.I(I, (:I~i~ga PASS, K u l i  
'? Hoplites (Herriasolla) c f .  Priosscnais FICTET sp., Chuga Pam. 
Perisphincles (C'ir~galoaphinctes) similis UHLIO, Chidamu, Chaga Pass 
Perisphincles (If irgalo.~phincfes)  cf. biplicalus UHLlO, Chidemu 
Perisphincles (Virgalos/~hinctes)  cl. Pornpeckji UHLIO, Kuti, Laptal 
Perisphincles (Virgalosphinclea) denaepllcalus UHLIO 
Perispl~inctes (~ ' i rga losp l~ incfes )  cf. denseplicalus UHLIO, Laptal 
Perisphinctes (j'irgatosphincles) aub/requens UHLlo. Laptal 
Perispltinctes (Virgatosphincles) kufianus UHLI~, Laplal 
Perispltinctes (virgatosphinctes) cf. serpentinus UHLIO, Lepta1 



Perispl~incles (Virgalos/~l~incle.s) cf. biplicalus UHI.I(;, I.;~ptal 
Perisphinctcs (Aulacos/)ltinclcs) cf. libelanus UHLIG. I,ar,Ial 
Perispl~incles (Aulacosphinclrs) al l .  irrfundibulue U'HLI;, Laptal 
Perisphincles (Aulacosl~l~incles)  linopl!ycl~uu UHLIC, C l ~ i d n n ~ u  
Perispltincles (Aulacospl~incles) c f .  Cllidantensis UHLIG, C l ~ i d a ~ n u  
Perisphincles (Aulacosphincles) cf. Willisi UHLIO, C'llidnmu 
Haploph~Iloceras s l ~ ~ i g i l e  (BLANK.) UHLIG, Kuti 
Himalayiles Seideli OI'PEL sp., upper Spiti ellales of Kuti, Chaga Pave 
Hlmalayiles 1ryl)hasis I ~ L A N P .  sp., Kuti, Chagr Puss 
Himalayiles Hollandei UHLIG, Kuti 

P e l e c y p o d s  
Auicula spiliertsis OPPEL, Kuti 
Aslarle sp., Lima?, Aucella?, Nucula sp. Laptal 

G a s t r o p o d s  : some indeterminable moulds 

T h e  G i u m a l  S a n d s t o n e  ( L o w e r  C r e t a c e o u s )  

This partly glauconitic series of sandstones with shaly layers gradually develops from the 
Spiti shales. Being found within Kurnaon only in the northwest ou the Kiogad, we refer to the 
description on p. 146. The thickness is estimated as 500-600 meters. This series also was called 
Lower Flysch by VON KRAFFT, and it is of Neocomian to Gault age, according to SPITZ. 

T h e  U p p e r  F l y s c h  ( U p p e r  C r e t a c e o o s )  

As already described by VON KRAFFT (36, 1902), the Upper Flysch begins with red and 
green shales. 

The main division is formed of black slates with sandstone layers and linlestone flags 
with fucoids of the same facies and age as the ultrahelvelic FIysch of the Alps. 

The highest and youngest folded series of the Tethys Himalaya in Kumaon are siliceous 
shales and chert with radiolariaus (radiolarite).erroueously called tuff by vos KRAFFT.T~~S  occurrence 
points to a gradual deepening of the sea, apart from the Giu~nal sandstone, tolvards the end 
of the Cretaceous period (see description on p. 147). 

The total thickuess of the Upper Flysch is estimated at 1000 meters or more. 
No Tertiary deposits have been found in the Tethgs Himalaya of Kuluaon. The Quaternary 

will be described in a later chapter. 
To the above review is added the table page 215 (see also the general section Fig. 116). 

T h e  G a p s  of S e d i m e n t a t i o n  

Reviewing the stratigraphic sequence above the Main Central Thrust, we ri~ust emphasize 
the fact that this enormous succession of 30 kilometers thickuess. 011 the whole, is r o n f o r rn a b l e ,  
and tha; in consequence the g r e a t  t e c t o n i c a l  m o v e m e n t  i s  y o u n g e r  t h a n  C r e t a -  
c e o u s ;  this inspite of the great yap between the Dravidian and the Aryan groups comprisil~g 
at least the whole Carboniferous and the earlier part of the Permian period. 

The general conformity is the more surprising as in the NW Himalaya a distiuct unconformily 
is known and considerable erosion had takeu place in the iuterval, while iu other districts 
(Kashrnir) the huge Kanawas system of Carboniferous age has been deposited. followed by the 
P a n  j a l  v o l  c a  n i c s  (traps) of 5000-10000 feet thickuess. The Dravidian-Aryan (= Muth-Kuling) 
gap also correspolids to the time of Gondwana glacialion (upper Carboniferous Blaini tillite), of 
which no more traces were fouud in the Tethys Himalaya. The distance from the ice sheet, 
after stretching the folds and thrusts, was 250-300 kilometers. It is true that distinct warm 
water deposits in the Tethys of the northern ranges only followed towards middle Triassic time. 
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The unconformitg between the Dravidian aud the Aryan group indeed \vas also recognized 
in Kumaon, although only locally (Nabi). 

We have also drawn attention to an older apparent unconformity which we have tentatively 
placed at the basis of tlie Cambrian. In the two localities where the upper boundary of the 
Martoli series was exposed (Ralam pass and Gori above Milam), an unconformity below the 
Ralam conglomerate was observed, though part of it may be of posterior tectonical origin. 

The above two gaps excepted, the entire series is completely conformable. 
This however does not mean that the sedimentation was continous throughout. Frequently, 

small conformable discontinuities were observed, and among them are such ones that only could be 
traced by digging. 

Such conformable discontinuities (disconformities) are : 

1. The top of the Garbyang series on the Kali (Cambro-Silurian boundary) 
2. The boundary of the Kuling shales to the chocolate series, which may represent n sliglit g;r11 
3. Possibly, there is a slight gap between the Chocolate shale and Hle Kalapani limestone 
4. The boundary between the Kalapani limestone (Tropites horizon) and the Kuti sh:~les, in some places at 

leasl, is a sharp discontinuity. 
5 .  A gnp comprising part or the whole Lower Jurassic is exlended throughout the region of out- resenrch 

in theTelhys-Himalaya. Where the Lnptal series 2nd the ferruginous oolite are present, the gap is doubled: 
a) Discontinuity between Ihe 1,apial series (Lias) and Ihe oolite (Callovian) 
b) Disconlinuity belween Ihe Callovian oolite and the Spiti shales (Portlandian) 

6. Disconlinuily belween Ihe red and Ihe black Flysch at Malla Sangcha (possibly only local). 

The nature of these small discontinuities, in contrast to the large ones caused by emersion, 
seems to be mainly, i f  eot exclusively, caused by interruption of marine sedimentation (oniission), 
number 1 perhaps excepted. The finest case of a s u b m a r i n e d i s  c o n t i n  u i t y is that re!ated 
to the Callovian-a minute deposit of bathyal character, widely distributed though frequently 
lacking, aud covered with another bathynl deposit, with a microscopically traced parallel boundary. 

F a c i e s  a n d  T e n t a t i v e  H i s t o r y  of S e d i m e n t a t i o n  

Regarding the Tethys sediments iu relation to their facies, we must first draw attention 
to the e n  o r m o  11 s t h i c k n e s s  of the Dravidiau group, while the Aryan group is rather thiu 
as compared wilh the Alps. The Archean excluded, the Dravidian group is over 10 kilometers thick. 

The Archean basis was a huge series of sandstones, clays and subordillate limestoue 
layers. We recall the 9,4 kilometers of metamorphic sandstone of Pandukeshwar. 

The Martoli series is a geosyuclinal flysch facies. It was compressed, lifted and eroded. 
The Cambrian for1ns.a new cycle beginning with the coarse terrestrial Ralam-conglomerate, 

sandstone and dolon~ite, followed by the mighty second flysch-like series of Garbyang. The 
difference to the first cycle of Flysch facies is the more abundant lime and the green tuffa- 
ceous layers, the whole again forming a marine geosynclinal deposit of several thousand meters. 

The "Lower Silurian" (Ordovician?) in Spiti, according. to HAYDEN, begins with another 
basal conglomerate. This third cycle of sedimentation is again followed by suhsidence. The 
conditions changed from variegated clay to calcareoiis sandstones with brachiopods until the 
marl and dense lime was precipitated under rather deep sea conditions. But then followed an 
intense importation 6f fine quartz sand from the coast (Muth series). 

In Carboniferous time the Muth quartzites were erected to a land-surface of little incli- 
nation, sufficient only to be locally eroded (Basal Permian conglomerate in Spiti). 

During the later part of the Permian, the Dravidian rocks were again drowned, and 
black carbonaceous clay was washed into the sea. A rapid deepening is indicated by the dis- 



appearance of the t~asal PI-oductus lulnache!ie aud the solitary appearance of the beautifully 
preserved Cyclolobus in the upper part. 

The rnarine conditions persisled into Triassic time, though during short intervals the 
sedimentation ceased. 

The chocolate series must have been deposited under an iucrease of ~ilica and iron which 
points to rather cold bottom currents. 

In Muschelkalk time follows the interesting facies of the Kalapani limestone. Although 
being partly made of broken shells, it is mainly a dense non-organic precipitate. The ankerite 
patches of the concretionary deposit were formed by diagnesis. The fossils, almost exclusively 
ammonites, are of a bathyal type and prove that the limestone of 20-50 meters thickness 
must represent the total deposit of the Anisic, Ladinic and Carnic periods, which in Spiti 
and in the Alps are largely developed. The s l o w n e s s  of d e p o s i t  i on  is even more accentu- 
ated by the 1-2 meters top-horizon, the Tropiles limestone and the equivalent of Tinkar 
Lipu, which are a c o n d e n s  e d p r o d  u c t of Carnic a n  d Noric nge. The problem is discussed 
on page 208. This top-horizon is locally represented by a discontinuity (Kuti SE) caused by 
a complete interruption of sedimentation. 

Meanwhile the mariue conditions have changed, and the new argillaceous sediment be- 
came more rapidly deposited (Kuti shale). Sandy material was washed into the Tethys sea 
until a new phase of calcareous precipitation began with beautiful non-organic oolites. The 
lime was accumulated on a rather s h a l l o w  sea bottom under slow subsidence. This is shown 
by the fauna: thick-shelled bivalves (Megalodon) and corals (Lithodendron). The occurrence 
of ripplemarks in the upper layers is a rare case in pure limestone. 

The passage to the Laptal-lumachelle not only confirms the above view, but proves by 
its myriads of shells the shallow-water conditions near the shore. 

But the lulnachelle was not regularly distributed. Even within a few kilometers it does 
uot occur. In its place is the discontinuity already described. 

The lack of erosion shows that there was but a short and local emersion, if any at all 
had taken place. 

After and during the interval of omission followed a new uniform subsidence and the 
slow c a l c a r e  o u s  deposit of the ferruginous oolite, with its Belemnite- "battlefield". It is 
regarded as a mainly chemical sediment. 

After another period of non-depositiou on the deep sea bottom followed a third invasion 
of carbonaceous clay with silica. The numerous ammonites lived on the deep muddy ground 
of the sea, some attaining great age and huge size, though they are not as  numerous as  might 
be suggested from the collections. They are indeed collected from ravines where they are 
concentrated, but rarely found in situ. 

The marine conditions prevailed when on the eve of the Cretaceous period more sand 
was washed into the sea, and g l  a u c o  n i t  e was formed in the cold waters. Particles of basic 
igneous rocks where then washed into the sea from the Tibetan side. By change of current 
which warmed up the water, the variegated mnrls and limestones of the upper flysch were 
deposited. Then followed a rapid geosynclinal deepening as a harbinger of the great tectonical 
movements. The black flysch was deposited, followed by red and green silica deposit of 
g r e a t d e p t h as real r a d i o l a r i a n  o o z e s . The thickness of this limeless chemical deposit 
of 200 meters and more suggests a rather long calm period towards the end of the Cretaceous, 
and a depth of the ocean bottom of at least 5000 meters. 

What happened then is not yet clear, because no younger sediments are known 
foliowing the radiolarian deposits, except that younger basic igneous rocks (peridotite) were 
injected into these deposits below the deep sea ground. During this late Cretaceous time when 
the Tibetan trough of negative gravity anomaly in the northern part of the Tethys became 
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injected, the greatest igneous flows known on our globe were extruded in Gondwana land: 
the Decan trap, in a counterbalanced zone of positive gravity anornaly I .  

Then followed in post-Cretaceous time the great tectonical movements in the Tethys 
region, ending with the uplift of the deep sea bottom to 5000 meters and more, which is a 
vertical movement of more than 10 kilometers. 

The Tibetan-, Raksrts-, and Transhimalayan Facies 

It is DIENER'S and VON KRAFFT'S merit to have drawn attention to the complete difference 
in facies of the normal Himalayan folds of north Kumaon to that of the exotic region of the 
Kiogar- and Chirchun region, to which the term of T i b e t  a n  f a c i e  s was applied. This clear 
distinction is not followed in BURRARD and HAYDEN'S Geology of the Himalaya (8, 1934) in which 
the "Tibetan Zone" comprises mainly the Himalayan facies and corresponds to the Tethys 
Himalaya of AUDEN'S and our uuderstanding. 

Since the Kiogars are not exotic blocks thrown over by volcanic eruption, the co rnp le  t e 
d i f f e r e n c e  of f a c i e s  a l o n e  w o u l d  b e  su f f i c i en t  proof  of t h r u s t i n g  o n  a l o n g  
d i s t a n c e .  We refer to the sun~maries after the detailed descriptions. 

Beyond the Kiogars, however, follows the Chilamkurkur range of a facies which, passing 
underneath the exotics, seems to be in direct relation to that of the Tethys Himalaya. More 
eastward, the change of facies, connected with short distance thrusting, is met before reaching 
the overlying flysch with its exotic blocks: the thrust sheet following towards northeast upon 
the typical zone of the Tethys Himalaya shows a change in facies, the Silurian being over- 
lain by a Mesozoic series with middle Jurassic Belemnites and a thick series of Spiti shales 
(GANSSER, PI. V). The main difference between the Chilamkurkur-Raksas facies and the typical 
Himalayan facies seems to be the large development of shaly Jurassic sediments, similar to 
the region north of Kangchenjunga in the east, described by HAYDEN (23). 

A total difference in facies is found again in the Transhimalaya, where the whole sedi- 
meutary series from Pre-Cambrian to Cretaceous incl. is suddenly lacking, and the Tertiary 
Kailas conglomerate transgresses over granite2. 

Petrologic Revlew 
(by Avo. GANBSER) 

Only the crystalline rocks are here reviewed. 

I .  M e t a m o r p h i c  s e d i m e n t s  ( P a r a - R o c k s )  

The original sediments of this class have been maiuly sand and clay with frequent inter- 
mediates, partly also calcareous deposits. 

The most uniform rock is the quartzite, even within the highly metamorphic zone. Only when 
the sand was argillaceous, the typical minerals of the crystalline schists were formed, according 
to the grade of metamorphism. Examples of meso-metamorphic rocks derived from impure 

' In the Charts I and IV of GLENNIE'~ valuable publicalion (18) the main Trough line or "Boltom of Trough" 
is drawn along the upper Indus and Sutlej, just where we consider the root of the Exolics. This line, allhough 
corresponding lo our geological research seems to be merely hypothetic, as  well as the peculiar "3rd Crest", which 
crosses obliquely the total.widlh of the Himalaya over a distance of 800 miles within which no observations are 
indicated. 

' The Kailas conglomerate is regarded as Later Eocene by HENNIG (32), and is certainly younger than 
Cretaceous. The sandstone contains fragments of radiolarian chert of Ihe flysch (H). 
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sands are the kyanile-bearing quartzite of the Kali and the kyanite-staurolite bearing quartzite 
below the gneiss of Darjeeling. More argillaceous sands have produced sericite- and garnet- 
quartzite. The latter, frequently associated to gueiss (Alrnora), however, are usually of the 
epi-type. 

Frequently, the quartzites are interbedded with sericite-garnet schists and appear by their 
uniform mineral content to be less metamorphic. Also different rock types may be formed 
by s e l e c t i v e  m e t a m o r p h i s m  under similar physical condilions. 

Under higher pressure, the mixed sediments were transformed to gneiss (paragneiss). 
These rocks with feldspars frequently pass iuto the common mica scllists and usually cannot 
be separated at once in the field (Almora-Binsar). The usual paragneiss is a s e r  i c i t e 
g n e i s s  of epi-type. Less frequent is a real m u s c o v i t e - b i o t i t e  g u e i s s .  As meso-kata- 
gneiss are regarded the mighty biotite-psammite gneisses of the Kali, Gori, Pindar and Alak- 
nanda gorges. Then follows the complex k a t a -g  n e i s s connected with the limesilicate marbles 
which may be called c a 1 c s i 1 i c a t e g n e i s s (Kali, Pindar, Alaknanda). 

11. Mixed  R o c k s  ( M i g m a t i t e s )  

To this category belong the complex and varied i n j e c t i o n  g n e i s s e s  which were 
frequently found in the Central thrust mass together with biotite-psamrnite gneiss. All possible 
types of passage occur, from the slightly injected paragneiss to the granite gneiss, which only 
contains little remaining material of sedimentary origin. 

While in the Darjeeling region the injection gneisses develop gradually out of the sedi- 
mentary or para-rocks, they occur more frequently in the Central Himalaya (Kurnaon) in the shape 
of layers or zones between other gueisses. They were encountered at the basis of the calc- 
silicate zones. 

As a basic para-rock, although very subordinate, may be mentioned tlie para-amphibo- 
lite (Khela). 

111. 1g.neous R o c k s  

A. Acid Igneous 

O l d e r  a c i d  I g n e o u s  R o c k s  are mainly o r t h o g n e i s s e s  in the shape of augengneiss, 
rich in muscovite, biotite or both, but rarely with biotite alone. They are usually easily dis- 
tinguished from the true para-rocks, but not so of the injection gneiss. 

The augengneiss forms well-defined layers within the southern crystalline part of the 
great thrust sheet, where they are usually couformable to the paragneiss and mica schists. 
(Bari Chhina, Binsar, Ranikhet.) 

The true g r a n i t e  of Almora also, as  a whole, is interbedded in the schists without 
cutting across them. At the contact of the granite as well as of the orthcgneiss with the 
schists, n o  d i s t i n c t  c o n t a c t  m e t a m o r p h i s m  could be observed. It must have been 
obliterated together with the primary unconformities by repeated tectouical influences. Inspite 
of this, the ortho-rocks must be regarded as i n  t r u s i o n s in the para-rocks, and thus are 
younger than the latter. This is confirmed by a finer grain along the border of the ortho-rock, 
observed at Almora and Ranikhet. In no place a transgression of para-rocks over ortho-rocks 
was observed. 

Similar conditions to the great masses of ortho-gneiss are found in the crystalline Pen- 
ninic thrust folds of the Alps. 

The age of the massive h o r  n b 1 e n d  e g r a n i t  e of the Kailas is not yet determined, except 
that it is regarded as pre-Tertiary. According to its minerals, it is rather older than the younger 
himalayan tourmaline granite. 



Y o u n g e r  a c i d  I g n e o u s  R o c k s .  To this category belong the white t o u r m a l i n e  
g r  a n i t  e ,  and the accompanying p e g  m a t  i t e s and a p l i t e s which are unknown of the older 
intrusions (augengueiss). In contrast to the older acid igneous rocks, these younger rocks break 
across the stratified and folded schistose rocks and are of completely directionlese struclure. 
Inspite of this, they are considered to be older than the main thrusting movement. Forming 
part of the great root zone, they seem to have been transported passively. 

The younger granite has been found in the Nampa- and the Badrinath-group. The corre- 
sponding dykes of pegmatite and aplite were met with on all our traverses of the central crystalline 
zone (Kali, Gori, Pindar, Alaknanda), always in connection with calcsilicate marbles and para- 
gneiss, the strata and folds of whlch are crossed. The last or uppernlost dyke (aplite) was 
found in the Garbyang series (Cambrian) of the Nampa Valley. 

B. Basic Igneous 

Old  b a s i c  I g n e o u s .  Most of these rocks are altered d i a h a s e  in the shape of a m p h i -  
b o 1 i t  e or only c h 1 o r  i t e s c h i s  t . They are conformably intercalated in the sedimentary rocks 
or between these and gneiss, and tectonically behaved like ordinary stratigraphic layers, though 
originally intruded in sills. No transverse dykes were found. These sills are younger than 
the limestone and quartzite (Krol-Tal) but older than the main folding and thrusting. 

Aswas the case with the old acid intrusions,no distinct contact metamorphism was found. Unlya 
diminution in the size of the grain towards the border was observed in several cases. A striking 
fact is the frequent occurrence of the green basic rocks at the contact of gneiss and quartzite 
below the thrust plane (PI. 11, Sect. 4 b and 111, Sect. 6c), and between limestone and quartzite. 
By their conformous intercalation they recall somewhat the ophiolites of the Penninic Alps. 

You n g e r b a s  i c I g n e o u s .  This category of Cretaceous to post-Cretaceous rocks was 
only encountered in T i b e t  and its borders. 

Besides the porphyritic extrusives in connection with the Kiogars and the exotic blocks, 
which are older than the flysch and have been described in detail, the y o u n g e s t  i g n e o u s  
r o c k s  encountered must be mentioned. They are younger than the upper Cretaceous flysch and 
of vast extension in Tibet. The main type is a p e  r i d o  t i t  e (enstatite-peridotite of Jungbwa 
and Shib Chu) which is partly transformed to s e r p e n t  i n  e ,  especially at the smaller occur- 
rences (Balchdhura, Kiogar 5). Less abundant is the s y e n  o - d i o r  i t e of Amlang La, which breaks 
across the upper Cretaceous flysch limestone. Although the peridotite may be younger than 
part of the main tectonical displacement, it still shows signs of tectonical influences. 

Tectonics 

(see map and generalized section) 

T h e  G a n g e s  P l a i n  

Flying at an elevation of 3000 meters from Allahabad towards south-east, the structure of the 
Aravalli Range is beautifully visible, especially on account of the hard quartzites which pro- 
ject in the shape of sharp crests. The whole folded, then truncated old range is directed north- 
east, at a right angle towards the Himalaya. But 200-300 kilometers before reaching the Siwalik 
border, the rejuvenated old range disappears below the Gangetic alluvial plain. It has been 
known for a long time that its gravels and sands are not merely a superficial deposit. 
Deep borings have shown it to exceed many hundred meters, and after the geodetic survey 
of India, OLDHAM (53) calculated the depth of the "Gangetic trough" along the outer edge of 
the Himalaya to be 15000-20000 feet deep, the maximum depth being 10-30 miles away 
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from the mouutiiin border. It is in this still downwarping g e o s y  n c l i n a  1 f o r e - d e e p  (Vor- 
tiefe) that the earthquake of Bihar, of January 15"' 1934 caused the greatest destruction (over 
10000 1)eol)le killed). The epi-centre, accordiug to GRAAF HuN'rERL and A u I ) ~ ' ,  corresponds 
approxim;rtely to the zone of greatest underload. From this extra-Himalayan centre. however, 
the Siwalik region and the Lower Himalayan ranges of Nepal were sh:rken too. Rut 110 dis- 
placement could be observed along the Main Boundary Thrust where it is exposed near Uclaipur 
Garhi. This earthquake was preceded by a similar shock in an  approximately coincident area. 
Although the moven~ents  on the surface were not decidedly in one direction, these earthquakes 
must be regarded a s  the result of a sudden expression within the persisting subsideuce duriug 
geological length of time. This is already seen from the actual topographic depression with swamps. 
Indeed, the subsidence must be fasler than the accumulation, despite of the enormous quantities 
of material brought down by the yearly monsoon floods from the ascending Himirli~y;~. 

Besides this fore-deep type of earthquakes, there seems to have been i~nother  one in a more 
north-westerly region. Mlnn~~arlss (Records XXXII, 1905) described the e;rrthquilke of Kilngrit 
which killed 20000 people on April 4"' 1905. According to his stirtements, this eilrth~luiike ori- 
ginated from ;i geotectonic movement along a line of 60 niiles,from Kangrir to Dehrir Ilun-Mrrs- 
soorie, and was L b a ~ ) ~ a r e n t l y  connected with ;I reversed fault intimiitely bound up with the 
structural history of the Himalirya". 

l ' h e  S i w a l i k  B o r d e r  

The resemblance of the- Siwalik facies to that of the Gangetic Alluvium hirs been recog- 
nized already by M E ~ L ~ C O T T  in 1868 (40). Sirnilirr conditions of deposition irre thus assumed 
for the  southern border of the Himalaya during the earlier I'leistocene i ~ n d  Iirter Tertiiiry 
period, when the fore-deep was situated north of the iictuirl trough. 'l'he thickness of the 
Siwaliks in the region of the Ganges, according to M~r)r,~co-IT, is 15000 '  io 16500 ,figures which 
correspond to those of the Subalpine Molilsse. DE T E H I ~ A  (1931) gives a figure of 20000'  for 
the Upper Siwaliks only in the north-western region. 

Such accumulations obviously did not ciruse iln isostatic ecluilibrium of the earth's 
crust; on the contrary they h a v e  b e e n  m a d e  p o s s i b l e  b y  t e c t o n i c ; i l  d o w n - w a r p  
balirnced by up-warp of the adjacent regions. This is in complete agreement wilh GI.ENNIE 
(18, p. 20). 

GHABAU, HUANG, DE I'ERRA i ~ n d  ' I ' E I L H A I ~ : '  drew ilttention to the generirl j)henomenit of 
Central Asiatic tectonics regarding the rnigrittion of fore-deeps: erection of ;I rnountain nrnge, 
deposit of its talus on the border, followed by ii new tectonicirl advance which envolves the 
former detritirl accumulation into the mountain range until the consolidirted, folded and over- 
thrusted former Piedmont gravels are  again eroded, and a new fore-deep is developed (as is 
actually the citse in the Himal;lyir). 

The young age of defornlntion of the Siwilliks in the NW is well-known from the fact 
that Pliocene to Middle Pleistocene conglomerates are  slrougly dislocirled and even 
overthrusted (for instance Miocene over Pleistocene a t  Kirlka, Simlir railway). The Middle 
Pleistocene "I{;II-ewiis" of Kitshmir V;llley, with its modern plant contents irnd human imple- 
ments, WRS lifted 111) to the Pir Pi~njal  range, a s  alreiidy recognized by GODWIN AUSTIN (SAIINI, 55)'. 
-- 

' Na t 11 r e ,  Vnl. l:I3, 1). ?:If;, 1!334, 
.J. B. A u n e n  and A. 11. N. t i ~ o s l i ,  I'rclinlin:~ry Acc:ou~~t of t l ~ e  F::~rll~clu:~ke nf January 18111 1931 in I5ehar and 

Nepal. Rerords of the Cienl. Survey of India. Vol. fiH. 
1'. TEILHARD L)E C H A R D I N ;  The Signific:lnce ol  t'icclmonl (;ravels in Continel~lal Geology. I{ep. of llle SVI 

Intern. Geol. Congress, Washington 1933, l'reprint 19:j.i. 
' Dr. HELLNUT DE TERRA who is preparing ;I uew volume on Ihe Pleislocer~e of l l ~ e  Ilirnalaye, kindly infornls 

rile that the boulder conglomerates of ihe Chenab-fan (second glacialion) ;Ire lifted Inorc thi~n 1500 fect, and lhnl 
even the lerraces of the third and last glaciation are dislocalcd, e ~ p e c i ; ~ l l y  nl  J ; I ~ I I I U .  



The time-interval between the age of the advanced Anthropoids (Plioceoe) and lhe alrl)r;lrance 
of tool-making man (such as  Pithecanthropus and SinantAlupus of Middle Pleistocene, great 
Interglacial), is tectonically characterized by the main Himalayan uplift ( 1 )~  T E H ~ A ,  63). 

What seems to be a new conception derived from our observations of the border zone, 
is concerned with the Main Boundary Thrust. This border line was found to be ao old surface 
of erosion, over which the older Himalayan formations were tlin~st, aud through the girps of 
which they advanced over the plane in huge arch-shaped waves. I t  is the FillTle ~)heuo~nenon 
discovered thirty years before on the northern border of the Alps (see Fig. 6 and 13). This 
erosion and the advance of the thrust masses are younger than the Upper Siwalik conglome- 
rates and must thus have occurred mainly in the Plio-Pleistocene period. 

It would be a fascinating task to make a comparalive study of the contact all along the 
interior Siwalik-border. (The older publications are insufficient to judge on such rnodern questions.) 

T h e  L o w e r  H i m a l a y a  NW of K u m a o u  

The huge thrustfold-the greatest that is known on our globe-encountered in the regiou 
of Darjeeling and Sikkim and comprising also the section of Mount Everest (PI. I and Fig. 4, 15) 
changes its frontal shape in the region of Nepal and farther uorthwest. The amplitude of 
thrusting is, however, not diminished. 

Already AUDEN'S sketch of Katmandu (4, p. 142) shows no loilger the reversed series with 
Darjeeling gneiss on the top. Even more complicated is the structure of Kun~aoi~.  North-west 
of the Ganges almost nothing is known of the interior thrust zone for a large distance, while 
the border region is beiug worked out by the Geological Survey of India and is in parts already 
mapped in detail. Special attention was naturally paid to the region of Simla. After P I L G R I ~ ~  
and WEST (Memoirs Vol. LIIl 19'28), the existence of at least 4 superimposed thrust sheets can 
hardly be questioned any longer, the whole overlying the parautochthonous folds of Simla slates 
and Numrnulitic. 

The continuatioll of the Krol Belt towards the Ganges is worked out by AUIIES whose 
fine observations are of first importance for a comparison with Kumaon (3, 1931 and .5, 1936.) 
According to A U ~ E N  the border region between Mussoorie and Silnla also cotlsists of several 
thrust-sheets piled upon each other; but the most important tectonic observation is the establish- 
ment of an a u t o c h t h o n o u s  win d o  w at the basis of these thrust-sheets, 6-8 kilometers 
north-east of the Main Boundary Thrust. It was followed from Mussoorie to the Ganges Mr. 
J.B.AuDEN was kind enough to guide us through this region where we completely confirmed 
his views. 

T h e  L o w e r  H i m a l a y a  of  K u r n a o u  

South-east of the Ganges, the crystalline rocks form a great doubled syncl i~e,  thrust over 
Krol and Tal, the latter being thrust over the Siwaliks. This at least lr~ust be deducted from 
the map of MIDDLEMISS (42, 1887). No laler survey was made of this most interesting region 
where the crystalline rocks project nearest to the plain. The preservatiou of such a rather 
high crystalline thrust mass must be caused by an axial pitch towards SE on the Ganges. The 
autochthonous window of Tehri, with Sirnla slates covered by Eocene, seems to disappear defi- 
nitely east of the Ganges below the thrust-sheets. The syncline may be the continuation of 
the one south-east of the Malkot window inTehri,where the higher thrust sheets are weatheredaway. 

We shall now review the different tectonical zones from the "Main Boundary Fault" towards 
the interior, in the region which we traversed, with our tectonical iuterpretations of Plate 1 
at hand. 



1. At Naini Tal the Krol Belt is encountered as a continuation of that in the border region 
of Si~nla. From the China Pe.ak, 2600 meters, the rounded limestone n~ountains can be seen 
for a long distance towards NW. The thrusted syncliue of Naini Tal recalls the border syncline 
of Mussoorie. The north-eastern lirnb, however, is stratigraphically different because of its enormous 
thickness of Infrakrol (?) shales. The contact to the next zone at Bhowali is not well exposed 
and needs further study. 

2. The quartzite of Bhowali, with diabase and limestone forms a peculiar anticline with 
vertical layers on the axis. Underneath an autochthonous anticline is supposed. The Bhowali 
zoue is thrust by gneiss and schistose quartz porphyry (Ramgarh), upon which again follows 
the sedimentary serles of uniform north-eastern dip. 

3. After crossing a series of phyllites aud quartzites which might be reversed, the wide 
crystalline zone of Almora is reached. There, a huge mass of well stratified mica schists with 
quartzites, injected orthogneiss and granite, forms a vast syncline. The axis strikes normally 
WNW from north of Almora to north of Ranikhet. The wide crystalline sync1in.e of the Dudatoli 
massive, mapped by MIDDLEMISS in 1887, is the continuation of it towards north-west. At Almora 
the syncliual axis pitches gently towards WNW. The Almora zone, with a width of 25-50 
kilometers, is bordered on both sides by thrust contacts. The one in the north, regarded by 
MIDDLEMISS as a straight fault,is well defined at Dwarahat and Diwali Khal (PI. I, Sect. 3 and Fig.39). 

Obviously the lower boundary at Kanari China is the same as that one of Dwarahat, whence 
it was followed beyond the Diwali Pass, thus altogether over 70 kilometers. All along, where 
the crystalline stratification was visible, the dip is towards SW. 

4. North of the crystalline Almora-zone and underneath it appears a complex sedimentary 
zone of complicated folding and minute warping, with quartzite and subordinate phyllite, 
connected with limestone and dolomite. The first zone of Radolisera-Barichhiua-Someshwar (Ba) 
seems to continue at Chaukhutia (C). The limestone is partly non-metamorphic and resembles 
Krol. IF it is Krol, the large overlying quartzites must be Tal. The greatest complications are 
met with between Kauary Chhina and Askot in the East, and along the Alaknanda in the NW. The 
details are shown in the descriptive text and in the sections. Frequently the strata are vertically 
erected. Along the Alaknanda green, metamorphic, igneous rocks are most conspicuous within 
the sedimentary sequence. Though the series seems td be several times repeated, nicely traceable 
folds are an exception, while obscured.scaly minor thrusts seem to be the rule. The section 
Karnaprayag-Chamoli is one of the most intricate and disappointing one on account of 
discontinued outcrops and chaoges of strike. 

5. Within the folded and twisted sedimentaries, two subordinate crystalline outliers are 
distinguished, the one of Askot-Thal (A) and that of Baijnath (B). Both are of u synclinal 
position. The north-easterly dipping of gneiss over quartzite with chlorite schists is nicely 
exposed on the road to Kausani (Fig. 34). 

The outlier of Bnijuath begins at Bageshwar in the form of a narrow filling of a normalquartzite- 
syncline. The pitch of the syncline to WNW explains the broadening towards the valley of 
Baijnath, while the extreme northern deviation from Dewali to Wan is the expression of a 
regionally twisted strike. The connecting tectouical bridge at the pass between Wan and Kanaul 
with the Main Ceutriil Thrust is somewhat hypothetical. 

Towards the Almora zone, no crystalline bridge is found as far as we could observe, but there 
may exist one beyond our field of research. The former connection is indubitable. The gneiss 
at Kausani is of the same type as that of the basal zone from Binsar to the Kosi river, where 
the sedimentary zone between is uakrowest. 

We must also mention other small crystalline zones intercalated in quartzite in the shape 
of minor thrust sheets, one on the Kuari Pass (Fig. 37) and two on the Alaknanda, below and 
above Chamoli. The latter locality is the ouly one where sediments were foudd superposed on gneiss 



and mica schist. Since they consist of quartzite, not much can be deducted regarding the origin 
of this syncliual Chamoli thrust sheet. It seems, however, safe to say that it can only he of 
secondary importance and may derive from underneath the Great Central Thrust (PI. IV). 

6. The great calcareous zone of Tejam is the largest and the most interior tectonical zone 
of the Lower Himalaya. Obviously it continues towards NW underneath the quartzite frame in 
the shape of pseudo-windows at the Nandakini river and again at Pipalkoti ou the Alaknanda. 

The structure, on the whole, may be called an anticlinorium consisting of several anticlines 
of normal and of fan-shaped type. The strike is so much twisted in places that it is not yet 
possible to coordinate the single folds from one transverse river section to the next. The 
limestones and quartzites could be followed with some interruptions over a distance of nearly 
150 kilometers. They are of an enormous thickness. Thus the river north of Tejam 
exposes over 5 kilometers of limestones and dolomites, interbedded with slates of astonishing 
regularitiy (Fig. 33). The corresponding, regularly dipping, mainly dolomitic series of the Upper 
Sarju, according to A. GANSSER (PI. 111) is about 3 kilometers thick. The main quartzite,of great 
thickness again, seems to overlie the limestone normally, so that once more the question arises 
whether we have the Krol-Tal series before us, although the carbonates on the whole are 
more transformed to marble than in the outer zones. At the mouth of the Birehi north-east 
of Chamoli, the anticlinal lir~~estone is sheared off (PI. lV, Sect. 7a). The sheets of gneiss between 
the sedime~~taries are difficult to explain. They might be lower offshoots of the main thrust, 
coming down from the NE. The definite understanding of such tectonical problems would 
require thorough mapping, based on improved topography of large scale. 

The autochthonous window NW of the Ganges. with Simla slates and transgressive Eocene, 
is so totally different from the sedimentaries of the Lower Himalaya of Ku~naon that the latter 
cannot be regarded as  autochthouous, but must be part of lower thrust sheets, similar to the 
great crystalline Silvretta sheet of the Alps which covers the lower sedimentary thrust sheets 
(Fenster of Engadine, Pratigau). 

T h e  C r y s t a l l i n e  C e n t r a l  Z o n e  

On all our traverses, on the Kali (PI. II), on the Gori Ganga (PI. HI), at Girgaon (Fig. 33), 
north of Loharket (Pl. III), on the Kuari pass (Fig. 37) and on the Alaknanda (PI. IV), the 
crystalli~le central zone overlies the sediments of the Tejam zone with quartzite as  its 
uppermost division. Only on the Kali the quartzite sets out locally and seems to be sheared 
off. Apart from subordinate intermediate layers which might be regarded as reversed sediments, 
the contact is a uicely traced thrust, of a gentle dip (20-35") towards north (Gori Ganga), 
north-east (Kali, Joshimath) and nearly east (Nandakna). The basis of the huge crystalline body 
is formed by mica schists with ortho-gneiss. 

On the whole, the stratification of this crystallibe body is remarkably uniform, some changes 
in the strike froin W to NW excepted. 

On the Kali, the central zone is subdivided by the sedimentary zone of Sirdang (PI. II), 
upou which gneiss of the Darjeeliug type is thrust at an angle of 45-50'. As seen from an 
elevation of 3000 meters (Fig. 60-61), the mountains towards NW show such a regular stratifi- 
cation that this zone must continue to the Dhauli Valley. The further continuation is unknown. No 
indication of the zone of Sirdang is left on the Gori Ganga. It is possible that this zone is 
connected with the sedimentary regiou of Mathkot (Mansiari), a region we did not visit. In that 
case, the lower crystalline thrust mass of the Kali (Khela) would be a separate thrust mass 
ending towards west on the Gori Ganga, and our tectonical interpretation of plate I would have 
to be altered accordingly. 

The passage of the Archean crystalline mass of 10 - 20kilometers thickness iuto the normally 



overlying phyllites and quartzites of the Martoli series hiis been described locally and petro- 
logically. The dykes are "dying out'' in the Martoli series. The last dyke was seen by A. G ~ ~ s s r s ~  
on the eastern peak of Nanda Devi. In this region, the Martoli series is folded. The top of 
Nauda Devi 7820 meters, the highest peak of the Central Himalaya, is synclinal, while its north- 
eastern slope is formed of a11 anticline. 

Much strouger folding is found on the Alaknanda, not ollly in the sedimentary cover, but 
in the crystalline body itself. The syncline of Badrinath with its vertical axis forms a real 
f a n ,  of nn abnormal WSW strike, while the anticline on its north side is normal and upright 
(PI. IV). Such changes in the strike over more than a right angle are thus characteristic not 
only of the Lower Himalaya, but also of the Crystalline Central zoue of deepest tectonical 
origin. It may he the last reminiscence of the old Aravalli-substructure. 

The widening of the Crystalline Central zone in the region of Badriuath and the divergences 
of the strike are in connection with the almost sudden exteilsiou of the intrusive tourmaline-granite 
which dominates the magnificent lnountains of the Badrinath-Kedarnath-Gangotri-Group, including 
the marvellous peak of Sonero Parbat (AUDEN). 

T h e  T h r u s t  Z o n e  of t h e  T e t h y s  H i m a l a y a  

Obviously, the great thrusting movement only was possible at the depth before the 
thrust sheet was dissected by erosiou. It thus must have been f o l l o w e d  by ii r e g i o n a  1 
v e r t i c a 1 ( r a d i a l )  m o v e  m e n t .  While thrusting may still continue in the border zones, we 
have found no indications of continuing horizontal displacements in the interior zones, while 
the erection certainly has not yet come to an end. 

The greater part of this zone was mapped in about 1 : 250000 and published with a detailed 
description by GR~ESBACH in 1891. This work, though remarkable for his time, proved to need 
ample corrections. There is not only the one thrustfold found by GHIESBACH above Kalapani. 
The characteristic feature is r e p  e a t  e d t h r u s t  i u g from 'l'itret towards SW, while vertical 
faults hardly exist. 

Departing from the Central Crystalline Zone, Ihe huge succession of the Martoli-, Ralam- 
and Garbyang series seems to form a normal cover. At least, no indications of major repe- 
titions were found. Only on the upper Gori Ganga, the Ralam conglomerate and the Garbyar~g 
series are doubled, the upper series with the basal conglomerate apparently being thrust over 
the lower one. 

The upper Garbyang zone of the Gori is l~ormally overlain by the Ordovician-Silurian 
series, which seems to be doubled again by a secondary thrust at Dung. 

In the south-east, the lower divisions seem to be normal up to the Silurian, where folding 
occurs. In the NW, the lowest divisions are more thrusted, while the upper ones are more 
normally folded, both being the result of the same push from the Tibetan side. 

Beginning on the Kali, the first thrust zone is found SW of lcalapani. The complications 
are shown in P1.11 and Figs. 67, 71. The thrust mass above was called the Nihal thrust, after 
the village situated where the first thrust (I) obliquely crosses the Kuti river. The Nihal thrust 
was again found with similar co~nplications on the Shiala glacier (Figs. 90-93) and on the norlh- 
east side of Lebong Pass (PI. IV,Sect. 8 ;  P1.V Sect. 9a). Already there, the underlying fornlations 
begin to show thrusting movements, though connected with folding of no large amplitude. 
The first black band of Kuling shales thus appears on the Dhauli in a more interior zone, 
about 4kilometers SW of the Nihal thrust. Nothing is yet known of the north-western prolongation. 

The second thrust which we called after the Thumka Gad is the one already recognized 
by GRIESBACH in Tera Gad above Kalapani. It is a thrust-fold on the south side of Tinkar Lipu 
on the Nepal-Tibetan boundary (Fig. 74). Towards WNW the thrust line passes over Lilinthi 



camping ground i~nd  'I'era Gad. I t  was seeu i ~ t  a disti~nce, crossing the wild mountain-crest 
north of Nihal i ~ n d  is wonderfully exposed on the Chage Pass, east of Kuti. The Silurian quartzites 
are partly thrust directly over the Spiti shales, while in other pli~ces there are Triassic limestone 
sheets crushed hetween, which miry be regarded ;IS the relics of a reversed limb (Fig. 85-87). 

North~.estward of Kuti this 'rhumka thrust is not only sharply defined, but the underlying 
Kioto limestones are piled above each other iu narrow folds with Spiti shales in the squeezed 
synclini~l zones (Fig. 95). These narrow Triilssic folds iire transformed to n normal upright shape 
in the uppermost KutiValley (Wilsha),where thel'humka thrust sheet overrides them independently. 
The thrust is seen thence up to the Darma Pass, where it covers a beautiful upright anticline 
of Kioto limestone (SW dipping fault of GR~ESDACH). The distance along this thrust Nr. 11, from 
Lipu Lek to parmil Pass, is 00 kilometers. 

Nothing more is k o o ~ ~ n  up to tlie uppermost Gori Valley where the tectonics have already 
greirtly changed. A peculiar thrust is indicated above Dung (Fig. 107), but this north-western 
region is niore i ~ n d  niore transformed to normal folding of a north-western pitch, while the 
;ixes trend towards NNW nod nei~rlg north. The thrusts hi~ve disappeared or are represented 
by the older sediolent;rry forni* ,I t' ions. 

At the region ol' the M;lngsh;lng Pi~ss, we fouud a third thrust of Silurian above Permo Trias- 
sic. The folds of red Silurian on the Tibetan side of the Zaskar range, which are overlying 
towi~rds SW, are covered nor~nally by the Triilssic sequence and then thrust twice or three 
times rnore by the Lower Silurian (PI. V). 

All these zones seen1 to pass towi~rds NW to normal folds, pitching below the Flysch and 
the Exotics (Fig. 110, 131, 132). 

T h e  E x o l i c  ' I 'hrust  S h e e t s  of T i b e t a n  F a c i e s  

'I'he ~)roblem of the Kiogars on the north-western Tibetau border has been discussed. and 
VON KI~AFI:T'S peculiilr idea of volc;~uic esplosions definitely rejected. But even the conception 
of thrustiug from the far north-east leilves rniltly problems unsolved. One point, more important 
tht111 id1 loc;rl tectonicill observiitioos, \\.as i~lreildy fully realized by DIEKER and vox KRAFFT, 
viz. the cornl)lete difference between tlie Tibetan facies and that of the 'Fethys Himalaya. But there 
is Illore thiln one 'l'lbetnn fi~cies Besides the Kiogars. where a normal succession of Kiogar 
limestone (Dirchsteinki~lk) to Jurassic oolite and Cretaceous (?) limestones aud shales was found, 
there is the Chirchun facies, only known so fa r  in the shape of isolated blocks upon and in 
the Flysch, together with the iissot :i~ted basic igneous rocks. This Chirchun facies is characterized 
hy blocks of Crinoid li~nestone (Permian), ammonitic red limestones of Lower and Middle Triassic, 
unfossililerons "Di~chsteinkillk" irnd red and white 1,ia~sic limestone with radiolarian chert. 
01 this series of exotic blocks, only the Kiogi~r limestone, called "Dachsteinkalk" is of the same 
type in both series, though perh;~l)s uot present amongst the Chirchun blocks. 

'I'hrse difrercnces of fi~cies ;Ire not only cogent respectiug an origin in the NE at a long 
disti~nce, but wc must conceive two distiuct sub types of facies of Tibetan origin, and of a 
very deep mirrine trol~gh. 

'I'hirnlts to GANSSEH'S ~ I I I ~ ~ ~ C ~ O U S  excursions iuto forbidden Hundes (Tibet), the conjectured 
conti~~ui~tion of' the Flysch with exotic blocks and basic igneous has actually bee11 demonstrated. 
l'hoogh covered over wide ilreils with terraced gravel aud rather young basic sheets, the Flysch 
with the silrne rxolir blocks w ;~s  again found on the Shib Chu in a zone 25-30 kilometers 
north-ellst of the Kiogilrs, at Alnlang-La, ciud at Jungbwa on the western shore of Raksas Lake, 
thus over ri region of 100 kilonleters from NW to SE. These occurrences apparently represent 
the prolongation of the Chirchun zone. 

Of the Kiogar series no more trace was encountered farther in Tibet. As seen from 
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the top of the Kiogars, the Kiogar formations extend over 20 or more square kilometers north 
and east beyond the Tibetan boundary. Farther north they seem to dip below the gravel, 
while they open out to the sky on the South-East. The only plausible explanation that can be 
given with our present knowledge is that they were mainly weathered away in Hundes and then 
covered. 

The Chilamkurkur-Raksas series covering a large zone north of Jungbwa, the only space 
for the origin of the Tibetan facies and the root of the exotic thrust sheets seems to be the zone 
between Raksas Lake and the Kailas, 60---80 kilometers behind the frontal region. 

F. KOSSMAT (35, p. 288) considers the zone of Leh on the Indus with its trap to be the 
north-western continuation of the Kiogar Klippen. Although no exotic blocks are known to 
exist in that region, it is about the only one which may correspond to the Exotics of Huudes 
(see also the instructive section of R. WYSS, Die Alpen VII, Nr. 8, 1931, p. 290). 

T h e  C h i l a m k u r k u r - R a k s a s - Z o n e  

Looking from Balchdhnra towards north-east, low calcareous mountain ranges of a normal 
minor folding are recognized. They seem to be formed of Triassic limestone and to represent the 
coutinuation towards north of the Tethys Himalaya which reappears below the gravel platform 
or below the exotics. The flat anticline of schists on the Raksas Lake may be the main anticlinal core. 

Another, still larger anticlinal core rises south of this lake in the shape of the crystalline 
Gurla Maudhata. 

T h e  T r a n s h i m a l a y a  

South of the Kailas, GANSSER again found the Flysch with its characteristic basic igneous 
rocks and limestone blocks, so that this zone of Darchan may be regarded as  forming part 
of the root of the Exotics. 

However it may be, the back part of this Flysch is thrust towards NE over the Kailas 
conglomerate. It is the c o u n t e r t h r u s t  of the Himalayan Tethys against the frame of the 
old Angara continent. The conglomerate and sandstone of Kailas must be Tertiary, judged by 
their contents of radiolarian chert of the Flysch type in the sandstone, while the older granite 
forms its normal basis (Pl. V). 

The Kailas, 6700 meters, not only is the holiest mountain for several hundred million Buddhists 
and Hindus, but is also geologically an unique feature. It seems to present the highest Tertiary 
conglomeratic series of our globe still in the position of deposition. The accumulation must 
have been made possible during subsidence at low levels, after which followed a v e r  t i c a  1 
e r e c t  i o n  of 7000 meters at least. 

T y p e s  a n d  S i z e  of T h r u s t i n g  

Regarding the thrust zones of Kumaon, we may distinguish types of different size and 
depth. Coming from the South, we notice 

1. Marginal thrusts, of the type of imbricated scales or tiles, their roots being partly 
squeezed or cut off by the main thrust plane. They occur in the zone from Simla to Kurnaon, 
and may be compared to the frontal Helvetic and Ultrahelvetic thrust sheets of Switzerland 
(Wageten, Aubrig, Mt. Bif6, Voirons etc). 

2. Secondary thrust sheets of the interior Lower Himalaya. Indications of such were found 
in the shape of gneiss at Chamoli, above Birehi valley and on Kuari pass. Their extensions 
and connections with the main thrust are still problematic. A definite result could only be 
obtained by detailed mapping. 



3. The Main Central Thrust mass represents an enormous d e e p -  r o o t  e d body of injected 
crystalline rocks, 10-20 km thick, covered with 10-15 kilometers of Algonkian, Paleozoic and Meso- 
zoic sediments. It is apparently the same mass to which Mount Everest and Kangchenjunga belong 
The s y n c l i n a l  c r y s t a l l i n e  z o n e s  o r  o u t l i e r s  of t h e  L o w e r  H i m a l a y a  a r e  a p p a r -  
e n t l y  t h e  p r o l o n g a t i o n  t o w a r d s  S W  o f  t h i s  M a i n  C e n t r a l  T h r u s t  m a s s ,  which 
have undergone secondary folding after the main horizontal displacement. The width of thrusting 
of the crystalline masses above the sedimentaries, visible on the surface, is 95 (Bhowali-Girgaon) 
to 110 kilometers (Garhwal) and thus of the same order as the great Thrust Fold of Darjeeling 
(Mt. Everest). 

Including the frontal part which is weathered away and that of the root below the surface, 
the total horizontal movement must have been over 120 kilometers. 

The thrusting having happened after the deposition of the Cretaceous flysch, the crystalline 
basal part of the Main Central Thrust mass must have been at a depth of 30 kilometers below 
the surface. There, within (not below) the Sial, at  temperatures of 700' centigrade and more, 
the injection and migrnatisation occurred, partly before and partly during the thrusting movement. 
Fine fluidal folding was observed in the Darjeeling region (Phot. 7, PI. VIII) and to a lesser 
degree in the Central Himalaya of Kumaon. 

The basis of the 30 kilometer thick crust, pushed from the North-East, s l i p p e d  e a s i l y  
f o r w a r d  o n  t h e  f l u i d  s u b s t r a t u m .  

Obviously the sliding did not take place on the actual level of the Main thrust plane, but 
i n  t h e  d e p t h .  A g e n e r a l  u p l i f t  m u s t  h a v e  o c c u r r e d  a f t e r  t h e  ho r i zon ta l  s l id ing ,  
followed by erosion. Ever since the crystalline thrust sheet has been dissected by erosion into 
separate synclinal zones or outliers, they can only have undergone passive displacements on 
the top of the lower thrusts and on the autochthonous basis. This is what we learn from the 
earthquakes and the dislocations of Quaternary deposits in the marginal zones. 

4. Over the back part of the main root, the fossiliferous Paleozoic and Mesozoic sediments 
of the T e t h y s  - H i m a 1 a y  a were piled upon each other. The thrusts are partly more of the 
fault type and partly recumbent folds with great complications of minor folding along the thrust 
lines, one type passing on to the other, as  it is the case in the Alps. It is difficult to estimate 
the total amount of shortening compared with the original zone of sedimentation. It niay be 
30-50 kilometers in the middle part (Mangshang), but it diminishes towards NW, where normal 
folding is taking place. The slight changing of facies from one thrust sheet to the other alao 
shows that the roots are not deep-seated. 

5. The last great thrust from the Tibetan side is that of the exo t i c  r eg ion  of T i b e t a n  
fac ies .  The root, according to GANSSER, must be supposed to be on the south side of the 
Transhimalaya where it is partly buried under the Sutlej-plain. If so, the thrusted widtb is 
60-80 kilometers. 

6. The Flysch zone on the south side of Transhimalaya which may be part of the exotic 
root, according to GANSSER, shows a c o u n t  e r - t h r u s t  towards north, though probably of a 
small amplitude. 

A comparison of these different thrust sheets at once shows the capital difference of the 
d e e p - r o o t e d  Main Central Thrust mass @li de fond) and the s u p e r f  i c i a  1 exotic sheets. 
If it is difficult to our minds to comprehend the mechanics and the causes of such enormous 
horizontal movements of the first order, loug distance movements of the shallow thrust sheets 
are still more puzzling. The row of exotic blocks, embedded in the Flysch and torn into isolated 
pieces, give the impression of R pull from the SW rather than of a push from the NE. 

In the Alps the great thrust sheets are known to exist since the dawn of this century. 
All thoee who cried out "nonsense, impossible" had to capitulate before the facts which have 
been established since. Now we have got accustomed to deal with such thrusting, but we 
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rnllz( nc)lllllelesl; ;~dllli(, \\.e ;Ire cilndid, t l l ; i I  \ve (10 1101 underslilnd Ilie rnechi~nics any 1)ellt.r. 
Sonle of  115, tlowevel., hirve leilrnt L I O ~  ilg;lin 10 cry ollt " i l l l ~ ) O ~ ~ i ~ ) l t ! " .  'I'llel'~: 110 reilSOI1 1'01' 

rejecling [he enorlllous thrusli t~g ol' Lhe H i ~ n i ~ l i ~ y ; ~ .  'I'here a re  ~)lelity ol' other I'iI(:ts i l l  riature 
that c;lllrloL f;l(llolll. I:\.itlenlly, Lhe ide;r 01' sliding over iII I  illclineti suI'I'iI(:C' (I!:~AI{!~.\NN, 
I\\IPFEI{ER) \ \ . ( 1 ~ 1 1 ( 1  he ;~l)sur(l for the blain t h r ~ ~ s l  irl;lss ;IS well its Tor the ExoLics'. 

S l i o ~ ~ l d  o r ~ r  conc.lusions he looked r~l )or~ ;is phi~nt ;~s t ic  constructions, Lhe words of At<(i,\s~) 
1 9 2 u 1 ,  1). 2 5 )  III;~!. he reci~lled: 

(<l)e torts les i'~.onls 1);lrtiels qui s'irllougent du Pircifique i I'Eurol)e, celui-Id ( t I i r~~ ; r l i~y i~ )  rst 
le 1)lus dotc tl'bnergitt t i ~ ~ ~ g e ~ i t i e l l e :  i~uss i  les chi~iues  de  la Tklhys, bienti,! iiss6chi.es, r s i~l tenl  
l e~ r r  bo~nl~etnent  i ~ s i i i l ,  tlilns le 'l'ibet et daus  I'Himalaya, ;~u-dessus  de  tout ce qui i~rr ive  ililleurh),. 

7';t r l  jr 6 e t 
C h d n  5 P. ,) , y e  X o u e n  - L u n  

Fig. 15H. 'rec.tonic:~l in tcr l ) r r l ;~ t ion of  t l i c  F l i l n ; ~ l ; ~ y : ~  
1)). Id:. Anc;.~sl). 1922. 

O r i g i n a l  O r d e r  of F i r c i e s  a n d  ( : o ~ i t r i ~ c t i o r ~  

I f  the iibove tectonicill concep t io~~s  ;Ire irc.cel)ted, we ciln now try lo o t ) L i ~ i ~ ~  a gli~nl)sc~ ol' 

the originill order of facies, illthough our considerillions will be l~yl)olht:Iic.;~l. 'I'his order, i ~ g ; ~ i ~ l  
beginning in the SW, is sul)l)osed to have been ; IS  follows (Fig. IT,!)). 

1. Crystalline i ~ n d  old sedirnenli~ries of the (;ondwirni~-Continent; Ar;~v;~ll i  rallges burirtl 
under Ihe Gi~ngetic alluvial plain. 

2. Arrtochthono~~s region of Sitnla slates and Eocene (Subi~lhr~) ,  pi~rt ly covc>reri t)y Siwir- 
liks. 'l'he original width mity have been 100 kilometers. 

' .4 1111ssiI)le e x p I : ~ n : ~ t i o ~ l  for t he  origine OF s u p e r f i ( ~ i : ~ l  long ( l i$l ;~~i( ,e tIlr11sl3 is, to I I I I ~  way 1 1 1 '  I I I ~ I I I ( I I I ~ ,  l l~r  ( , I I : I I ~ C ~ ~  
i n  l l ~ e  velr~(.ily I I V  t l ~ e  c>:11,111's rotalic~n a n d  of tlic position c ~ f  the ; I X W  a3  related 1 0  t11c S I I ~ ~ ; I ( X ~ ,  l )o l l~  ~ - : I I I W ~  l )y  co+111il, 

i ~ l ~ l i ~ ~ l ~ ~ s  w l ~ i c . l ~  1 1 1 1 1 ~ 1  esisl, hint.? by gravit;~tior~ alunc (lie celestial hodies ~ ' o u l d  lcntl  11, ; ~ r ~ n i I i i l : ~ t c ~  c~:icli 11l11c.r's 
rot:ltic~n. Seca .\I(SOLI) t 1 E l \ l :  Energy Sources of the E;lrtli's ( ' r u e l : ~ l  M~I\-ernenls, SVI In t e rn .  (;c.ol. ('i,ngr(..;.~, l V : ~ s l ~ i n g l u r ~  
1993. prc-PI i n 1  . I l ~ n e  19:14. 



3. Sedimeutary zone of Lower Himalaya. Exlerior zone, of which the n o ~ w ~ i ~ l  successior~ 
is lrlore or less established by Iht: Anglo-lndian geologists: Mandhali-Sagthat-Hlaini- 
Krol-Tal-Subathu. Original width 20 ~ I T I  or niore. 

4. Interior zone,characterized by a huge unfossiliferous series of limestones,dolo~nites,shales 
(schists) aud quarlzite, possibly corresponding to I{rol-Tal ('rejam-Pipalkoti I ) .  This series 
underlying the crystalline sheet is to be regarded as being thrust upon the autochtho~ious 
zone. The original width was 100 kilometers or niore. 

5. Nothiug is left of the normal sedimentary cover of the crystalliuq Lower Himi~lnya zones 
withiu which a passage must have existed fro111 the unfossiliferous Gondwnna border 
to the fossiliferous Tethys-facies. The width is estimated at 120-150 krn. 

6. 'I'he Tethys zone of Hinlalayan facies, 110-130km. Northern Hirnalaya Rauges o''2'J -60km. 
7. Zone of Chila~nkurkur, considered as the normal uortheru extension of' zor r ,i. 
8. The supposed passage zone to the Tibetan facies (Exotics) is entirely unk ?wn. 
9. The Tibetau facies (Exotic blocks and Kiogar series) resulted t;rorii ;I very dr channel 

of unknown width. 
10. 'Hie zone of passage to the totally different 'I'ranshimiilayi1 is eve11 more hy1)othetic. 
11. The ~ r a n s ~ i m a l a y a  representing the continental facies of the old Angara Coutiuent 

opposite to Gondwana. 

1 3 2 
2 E.C I \ -  

Fig. 1.59. S c h e m e  of Supposed  Order of F a c i e s .  

Finally we arrive at the most delicate question, which can only be solved after a complete 
geological survey of the whole Himalaya and Transhirnalaya, viz. to that of the amount of 
contraction or r e d u c t i o n  of t h e  e a r t h ' s  c i rcu tnference , involved  in these Asiatic thrust- 
foldiugs. The Himalaya east of Nepal, with its more simple type of recumbent foldiug, raises 
fewer difficulties in connection with this study. We may estimate it at 150 kilometers, without 
counting the compression and possible thrustiug of the Dalings over the buried autochthonous zone. 

In Kumaon, we attain larger figures. The width of the Himalaya proper, from the border 
(Simla slates, Siwaliks) to the Exotics now being 170 kilometers on the average, was estimated 
above -as at least 100 + 20 + 100 + 120 -I- 100 + 20 = 460 kilo~iieters as a minimum. The shortening 
of the earth's surface would thus be roughly 300 kilometers. 

C o m p a r i s o n s  w i t h  t h e  A l p s  

The Alps seem to be that mountain range of our globe which, with regard to surface and 
structure, is most closely connected with the Himalaya. In some respects. there are striking 
resemblances, on the other hand characteristic differences. 

First, of course, the Himalaya is a younger range. It is thrust from the higher north down 
over the subsiding Iudiau plain, while the Alps are thrust up towards north, their back part 
being the lower oue. This, however, is only due to the greater age of the Alps, the main 
diastrophism having been followed by a subsiding of the hinterland and countermovement. 

The border zones of the Siwaliks and Molasse, and their eroded contact to the thrusted 
' If the border sedimentaries belong to the front of the Main Central Thrust and are not scratched off from 

the basal region, the order 9-4 is to be revereed. 
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older forn~ations are strikingly similar (see p. 10). Already in 1867, MEDLICOTT compared the 
"fault" along the southern boundary of the Himalaya with the boundary of the calcareom 
Alps to the Molasse. But whereas the Alpine border zone (Voralpen) is formed of fossiliferous 
and nicely subdivided marine formations, the Lower Himalaya is unfossiliferous. This difference 
of facies excepted, the Krol thrust sheet or sheets recall the Helvetic thrust sheets. 

The windows of Simla slate, with transgressive Nummulitic, correspond to the autochthonous 
Aar-massive with its crystalli~ie schists unconformably overlain by transgressive Mesozoic and 
Nurnmulitic '. 

Nothing of the importance of the Main Central Thrust sheet is known in the Alps. In its 
place are the numerous Penninic thrust folds and the Austro-alpine Sheets like Silvretta, of 
lesser thickness, but reaching nearly the game amplitude. The huge thrust fold of Darjeeling 
comprises a unification of the Penninic recumbent folds. It is an 8 times exaggerated Antigorio 
fold or a duplicated and simplified Dent Blanche thrust fold. Take the frontal thrust sheets 
of the Krol Belt as Helvetic, the Garhwal windows as  the Aar massive and tlie great crystal- 
line thrustmass as  Penninic, then the analogy is striking. In both ranges also the piedmont 
deposits from the primordial ranges (Siwalik-Molasse) have been erected before being reached 
by the thrust sheets which later locally overwhelmed the barrier and advanced towirrds the 
plain through the erosive gaps. Here, also the analogies of the crystalline rocks mentioned in 
the petrologic chapters with those of the Penninic Alps are recalled. 

The Tethys Himalaya of Kumaon has some striking facies resemblances to the Austro- 
alpine Thrust-Sheets (Paleozoic,Triassic), but tectonically it is only formed of minor thrustfolds. 

In a former chapter we already pointed out the similarity of the e x o t i c  regions to those 
of the Alps, especially of the Kiogars to the Klippen of Central Switzerland. Hut they emerge 
far behind the main deep-rooted thrust zone, while the roots of the Klippen- and Simmen- 
decke of the Alps are supposed to be situated immediately behind the I'enninic ones2. Many 
of the still unsettled questions regarding the exotic blocks are similar in both countries, 
although the stratigraphic phenomenon of acid crystalline rocks in Wildflysch does not occur 
in the Tibetan zone. Regarding the Tibetan facies, its analogies in character and age to 
the Austro-alpine Region (Hallstatt, Adneth) already puzzled the first investigators (DIENEH, 
VON KRAPFT). 

Another analogy of the counterthr~ist towards the Transhimalaya (and that of Kuen Lun) 
is found in the Alps, where behind the Penninic and Austride roots follow the Diuaric counter- 
thrusts. The difference remains that the Asiatic hinterland of the Himalaya has not yet been 
eubeided like the Mediterranean hinterland of the Alps. 

As to the shortening, the figures we obtained are not far off from those of ALBERT HEIM' 
of 200-300 kilometers as  given for the Alps. The greater thickness of the formations and the 
magnitude of the main root of the Himalaya is contrasted with the greater number of thrust 
sheets and their enormous complication in the Alps. 

According to the conception of ARQAND and STAUB', the Himalayan thrust and upheave1 
are the result of a contest between the old continents of Laurasia (Angara) and Gondwana. 
The battle was won by Angara which overwhelmed the deeper-seated Gondwana. The original 
boundary between the two is marked by the Main Central Thrust, above which must have 
been the passage of facies of the unfossiliferous, though already geosynclinal border region 
of Gondwana to the Tethys. 

' 'lhe Nanga Parbat, 8100 meter#, might be called the Himalayan Mont Blanc, but it seems to be behind 
the main crystalline roots. 

' or in Glo~oux'e oplnion even north of them. 
' ALBERT HEIM, Geologie der Schweiz, Bd. 11 1919, p. 60-61. 
' H. STAUB, Der Bewegungsmechaniemue der Erde (1028). coneldere the countermovement of Gondwana and 

Lauraela (Angara) nt 9800--MOO kllometere 1 



Morphology and Cflaclatlon 

1. M o r p h o l o g i c a l  F e a t u r e s  of t h e  H i m a l a y a  i n  Kumi ion  

The first impression received wheu coming from the Indian plain is the sudden rise of the 
Siwaliks and their facing towards the plain. This is caused by the general young movement towards 
south and a normal dip of the sandstones towards the Himalaya. The Maiu Boundary Thrust is usually 
not defined morphologically, the forested front ranges of the Siwaliks passing on to those of 
the Lower Himalaya. The same ie the case between the border ranges of limestone and the 
crystalline regions. Only the geologist distinguishes the limestone mountains a t  a distance from 
those of other formations. 

The traveller first reaching the Himalaya, either at Darjeeling or Kumaon, is surprised 
at the vast extension of the wooded ranges in the Lower Himalaya. Apart from the frontal 
region, the elevation of the undulated country does not increase. Even the contrary is the 
case. From the famous top of Tiger Hill at Darjeeling, the view towards north gives even the 
impression of a general depression before the great rise to the snow mountaius of Kangchenjungit 
begins. The same is the case in Kurnaon. Behind the rounded tops of the mountains of Naini Tal 
and its surroundings, which reach 2500-2600 meters, follows a region of undulated ridges of 
lesser elevation before they increase again to nearly 3000 meters (see panoramic view of 
A. GANSSER in 30, 1937). The elevations are more or less independent of the structure. While 
the crystalline syncline of the Almora zone corresponds in general to the surface depression, 
the contrary is the case with the crystalline synclinal Dudatoli outlier. Thus, considered as a 
whole, the a p p e a r a n c e  of t h e  L o w e r  H i m a l a y a  i s  t h a t  of a p e n e p l a i n  with ridges 
of 2500-3000 meters, dissected by deep erosive valleys (Phot. 5, PI. VII). 

When coming to the Central Crystalline Zone, the elevations rapidly increase, the slopes become 
steep and climb above the forested zone which reaches 3700-4000 meters. The transversal 
rivers have formed t r e m e n d o  u s g o r g e s  with their characteristic c o n v e x s l o p e s which 
demonstrate the accentuation of erosive power, caused by recent uplift (Phot. 13, PI. IX; Phot. 22, 
PI. XI1 and Text Fig. 31, 56). The Kali has cut its bed 4300 meters below the adjacent Nampa 
and even the widened, nearly lougitudinal valley of the Gori Ganga below Milam is 4400 meters 
below Nanda Devi. This, in truth, is little compared with the "prohibited" gorge of the Arun 
in Nepal which is cut 5000-6000 meters below the top of Mount Everest. 

The water current and erosive power is enormous. The Gori Gorge below Rilkot is an 
almost continuous cataract. A similar gorge is that of the Alaknanda below Badrinath. 

The flat ice top of Nampa excepted, most mountains of the Central Himalaya form sharp 
peaks and crests. An enormous wall of over 3000 meters height is that on the east side of the 
smaller Nanda Devi peak. In the Badrinath group, the Satopanth and its western neighbour, 
Sonero Parbat, both granite peaks of 7000 meters, are the boldest summits. 

The altitude of the prominent mountains of the Central Himalaya is not much dependent 
on the rock of which they are formed. Thus, Nampa is formed of the transitional zone from 
the crystalline series with dykes to the phyllite. The head of the Godess Nanda, 7820 meters, 
is a syncline of phyllite with quartzite, while the Badriuath group is dominted by intrusive granite. 

DYHRENFURTH explained the exceptional elevation of Chomo Lungma (Mt. Everest) a s  caused 
by locally increased uplift (Hebungsinseln). We see no reasons for this view. Certainly Nanda 
Devi has nothing to do with an increased local uplift. If on the other hand the structure and 
quality of rock were of decisive importance, this synclinal peak of phyllite would not exist. 
It seems more likely that the position between the river systems of the Kali and the Ganges 
exempted this region from farther destruction. 

A kind of "Qipfelflur" thus resulted in the Himalaya, as well as in the Alps, independently 
of the geological foundations (ALBERT HEIM, A. PENCK). In the Himalaya it is controlled by the 



general erosive basis of the Indian plain. If the highest mountains: Kangchenjunga, Everest 
and Dhaulagiri are opposite the greatest fore-deep of the Gangetic plniu, this may be the 
expression of a balance movement: The highest mountains are in regions of greatest dirninr~lion 
of weight caused by the greatest erosion, similar to an ice-berg which, breaking up into pieces, 
forms peaks of increasing height before being completely destroyed. 

The morphologic;~l appearance of the Siwalik border, approached from the plain, is repeated 
on a giant scale by the view of the great Central Range. Indeed, already at a distance of 100 
kilometers the inclination of the crystalliue rocks and quartz-phyllite towards N E  is recognized. 
It caused the great precipices facing the fore land (Phot. PI. I). It is a sirnilar appearance to 
that of the Alps seen frorn the North. 

In the T e t h y s Hi m a 1 a y a the morphology is distinctly connected with the stratigraphy 
and tectonics, on  account of the great differences in resistance of the Paleozoic quartzite and 
the soft Mesozoic shales. The highest peaks of 6000-7000 meters are usually formed of north- 
easterly dipping Muth quartzite, while the general north-eastern inclination of the strata 
caused the steeper slopes facing the Iudian plain. 

The usual relief-maps with their stupid conventional light from NW that does not exist 
in nature gives a wrong impression of the morphological features, in the Himalaya as well 
as in the Alps and of all other mountainous countries of the northern hemisphere, the region 
beyond the polar circle excepted. This is the reason for having worked out a map with natural 
evening light from the South-West, which has been added to our book recording the 
expedition (30). 

The boundary range and watershed to Tibet are called the Zaskar range on the official 
maps, though locally this name is not known. Its highest summit was found to be the Shangtang 
6480 meters above Kuti, probably composed of Muth quartzite. Though made of different 
stratigraphical horizons, from the Silurian to the Triassic, and having different tectonical positions, 
the peaks from Lipu Lek to Balchdhura, over 100 kilometers, are all 6000 + 400 meters, and 
the passes 5100-5600 meters. 

M o r p h o l o g i c a l  F e a t u r e s  a n d  D r a i n a g e  of t h e  T i b e t a n  H i g h l a n d  

The aspect of the Zaskar range from a distance, and the observations of GANSSER permit 
to give a short summary of the morphological properties of this Highland belonging to the Tibetan 
Province of Hundes. The main features are the plain of the great lakes Manasarovar and Raksas, 
at 4550 meters, and their former outlet of the Sutlej. It is formed for the most part of Pleistocene 
gravel and young basic igneous rocks. The relatively low Chilamkurkur ranges even included, 
it is a plateau-like country, greatly contrasting with the Himalaya. The snow-clad mountain 
ranges of the Transhimalaya, with the outstanding Kailas (God Shiva's lingam) in front of them 
only follow beyond this depression. 

Out of this great plateau rises, towards east, Gurla Mandhata, the crystalline dome-shaped 
anticline, which may correspond to the crystalline mountain of Shipki 22210' (= 6750 meters) 
on the north side of the Sutlej, 280 kilometers farther NW. 

The region around the Gurla massive is one of the most peculiar and most interesting 
of the whole Himalaya, with regard to the drainage. On the south-east side of Lake Manasarovar 
is the flat pass which forn~s the watershed between the Brahmaputra (= Tsangpo) and the 
Sutlej. The recent stoppage of the outlet from the great lakes to the Sutlej, already ohserved 
by SVEN HEDIN, is explained by GANSSER as having a tectonical cause which permitted a sub- 
surface outlet towards south into the great Kosi of Nepal. The water of lake Manasarovar 
(4500 meters) flows into lake Raksas. The connecting channel however is frequently dry, and 
the Raksas lake (4530 meters) has no superficial outlet. A vast muddy plain extends in the 



region of the former northern issue of Raksas lake designed a s  the "old bed of the Sutlej" on 
the Indian map  Nr. 62 F. The meandering waters now flow t o w  a r d s  the lake. The rivers e;rsf 
and west of the Ktlilas change their course a few kilometers after  reirching the ~ ) l i ~ i ~ i .  Irrstr:~d 
of flowing. low;lrds SW ; ~ n d  W lo Ihe Sutlej, they are  bri~ncliing irnd flow into the 1iiiks:is Iakc. 
'I'hese I';rcts ;Ire exl~l i~ined by il recent srtbsidence (GANSSER). The valley w ; ~ s  of ;I f l ; i t  h;rsin 
shirl~e and did 1101 follow the border of the Transhimalayir its shown by the  suhsecluenl grirvel 
terrilces of Ihe Sutlej which rather point lo repeated erection in that wesfel-11 region. 

'I'he Kosi i ~ n d  the  Sutlej irre the only Iwo rivers which drain Ihe M;rn;rs;~rov;~r ~)l;rin by 
chiinnels crossing the Himiiliiya ranges. All other rivers of Kurnaon ;ire Iributnries to the Gilnges 
i ~ n d  the Kali i ~ u d  h i ~ v e  their sources in the Zaskiir range, thus carrying exclusi\?ely Kumiron- ;ind 
some north-western Nel)irlese Himalayan water. 

M o r r n t a i n  S l i d e s  a u d  1 , a k e s  

DYHHENFIIRTH (15) already drew attention to the great  difference between the Alps and 
the Himalilyir with regard to the occurrence of Iakes,and explained it with AI .~ERT H~131'6 inter- 
])retiltion t h i ~ t  the  beautiful border lakes of the Alps a r e  due  to a general subsidence, whereas 
;I s i o ~ i l ; ~ ~ .  tectonici~l movement did not occur in the  Himalaya. The Himalaya is iu a youuger 
st;rge of 111ounti1in forming, within which the range is still rising. In a later periode, after the 
cessation of the  crust;rl pressure, a similirr subsidence may cause the  n~arginal  vi~lleys to be 
drow~led lo fjord-like lirkes. 

In the regions of K U I I ~ ~ I O I ~  i ~ n d  NW Nepal, we found only a few smiill lakes \vhich 
;Ire either dir~nnied by lnoraines (Joling Kong, Phot. 31, PI. XIV) o r  by mountain slides (Gon;~ 
1,irke). I11 ;~ddition, the  officii~l topogrirl)hic sheets 1" == 4 miles show numerous Iirkes in the 
upper Kuti virlley . ~ n d  ir Iirrge fjord-like one i ~ t  Chirchrin, on  the Tibetan side. They ;Ire gravel 
f l i r ts  only, bul 111;ry once have been glircial hikes. 

'I'he origin of the  srnirll Iiikes in the border region of Naini Tal was  ;rlre;~dy the subjecl 
of ;I lively disc.ussion in the last century i ~ n d  is still pendiug. All these hikes a re  so  smiill 
thi11 they tlo not irl)l)eirr on our Inirl) 1 : 650.000. 'I'lle absence of larger ones is strikiug. 

I<egirrding the m o u n t  ;I i t i  s l i d e s ,  i t  wirs not surprising to find them in great nunlber 
in such ;I high regiou of young dislorirtion. But they ;\re llblli1113. small con~pirred with the 
prehistoric ~ l ~ o u n t ; ~ i n  slides of the Alps'. The reirson for this 1n;ry pirrlly be due  to the strong erosio~l 
which wi~shed i~wiry mirny old slides, and ~)irrtly to tlie s~na l l  estent  of the 1;rst gl;rcintion i i~ld 
the rorresl)ondingly slight gliicii~l protection, ; ~ f t e r  which, in the Alps, numerous large inter- 
gli~cii~l  rock fi~lls occurred, including the I;rrgest, of Flims, with a co r~ te~ i t  of 12 cubic kilometers, 
covering 40 squirre kilometers. In the Hin~i~liryir there w;is no such long prepi~ration follo\ved 
by ;In utriforn~ collirl)se of Iitrge w;rlls, brrt ;I Inore gri~duiil break-down in smaller quantities. 

The I;~rgest irnd ~)robirbly ])re-Wiirrn slide we encounlered seelns to he t h i ~ t  one 011 the Koari 
I';~ss, of 8- 10 kilo~neters leugth irnd ;I \~olume of about 2 cubic kilometers. 

'I'he youngesl, steepest i ~ n d  finest is the rock f;r l l  of Gon;r \vhich occurred in September 
1893 and formed ;I Iirke of 3.5 kilometers in length. We  refer to the lociil descriptions after 
eac.11 cIi;ll)ter. i ~ n d  lo Phot. 216 in 30. 

R e c e n t  G l i ~ c i a t i o n  

As li111e wils pressing, we cotrld only study en  route tlie ;rctuill glaciers. Some indications 
of the Iyljes illid ~ h i i l ) e ~  with ~neasurement  of the elevation of the tongue iire found in the 
descril)tive lext. 'Fhe 1;rrgest glaciers of NW Nepal and Ku~naon  eucountered on our traverses a re  
~ - - . - - . . . 

' r \ r . ~ t n r t ~  H E I M .  Uergnturz und  Meneclienleben, Vierteljahrsschr. d. h'alurf. Ges., Zuricll, 77, 193'2. 
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a) The Shunkalpa as the joint end of Kala Baland and Thercher glaciers. 
b) The Milam glacier of 19km length, being the one that reaches thelowest level: 3500meter8, 
c) The Bhagat Karak (above Badrinath), also of about 19 km. 'Larger than all these is the 

Gangotri NW of the Badrinath (26 km). 
The snow line, in 1936, was found approximately at the following elevations: 

Bhagat Kharak, 5300, Balchdhura on the Tibetan front 5500-5600, Kungribingri 56501, 
Gurla Mandhata and Kailas 5800-6000. The rising towards Tibet is natural because of 
lesser snow fall and a more continental climate. Accordingly, no glaciers can exist where 
the mountains are below 5500 meters, though firn fields may occur on the northern slopes, 
down to about 5100 meters (Lipu Lek). 

Regarding the formation of h o a r  i c e  found above 6000 meters, and of the different 
types of ice- and firn furrows, we refer to p. 77. 

Special attention was paid to the thrusting of one glacier over another, a phenomenon 
which was described in a striking way by PH. C. VISSER from the Karakoruma. Similar cases 
were observed by GANSSER at the junctions of the Nampa glaciers (Fig. 46, 49). On Bhagat 
Kharak and Satopanth, glacier thrusting also seems to exist, but the ice being covered with 
blocks, no clear distinction was possible. 

Folding by lateral compression was found on the Shunkalpa (Phot. 36, PI. XV). 
The glaciers of the main valleys on the Indian side differ considerably from those of 

the Tibetan side. The Tibetan glaciers are relatively clean and form smooth streams with little cracks 
(Mangshang, Chirchun), while those south of the Tibetan watershed are widely covered with 
blocks. Thus, on the glaciers of Milam, Satopanth and Bhagat Kharak, the lower part looks 
like a mud-stream. The sarne thing was observed on the Zemu glacier, a t  the east side of 
Kangchendjunga by the BAUER-expedition. The ice is only seen in local crevasses and hollows, 
as far as  5-10 kilometers apart from the snout. 

Only on the Kala Baland were seen remparts of a middle moraine. 
The question thus arises wherefrom the enormous amount of upper moraine blocks may 

derive. Obviously they cannot come from the walls on the side Of the glacier where they are 
dammed by the subrecent lateral moraine. The only possibility of origin, thus, is the border 
of the collecting snow fields (Firnrand), where they become covered by the annual snow fall 
and disappear at the depth, until they re-appear in the region of progressive ablation. We recall 
the observation of the Nampa glaciers by A. GANSSER (p. 65). 

This result corresponds with the valuable observations of STREIFF-BECKER' made in the 
Alps of eastern Switzerland, according to whom glacial excavation is confined to the uppermost 
part of the glacier (Firnmulde). 

In numerous places the ice tongue was observed thrusting over the thick ground moraine 
(Milam, Lebong, Satopanth), being incapable of removing the super-abundance of blocks and 
mud. The lazy stream not only has no more power to scratch the rock-ground, but accumulates, 
similarly to a muddy stream which fills up its beed. This g l a  c ia1  p r o t e c t i o n  of the pre- or 
interglacial erosive rock-forms is the g r  e a t  e s t c o  n t r a s t  to the furious erosive power of the 
running water. The contrast illustrates the young age of these high mountains. Only in lower 
countries of lesser water power tne ice, with its enclosed stones, touches the rock-ground and 
is capable of glacial erosion. 

In accordance with these observations are the rare cases of glacial striation on the rock, 
on the side and below the glaciers. Such were described as  exceptions from the Shiala glacier 
and of the Alaknanda, the first of subrecent, the second of Pleistocene age. 

' These figures correspond to those of DIENER (11): Uhadhura Pass 6400-5500 m. On the S W  side of the 
High Ranges which nre more attacked by the monsoon, the snow line deecende to below 6000 meters. 

' TH. C. VIBBER, Gletscherbeobachtungen irn Karakorum. Zeitschr. f i r  Gletscherkunde, Bd. XXII, 1835. 
R. STREIFF-BECKER, in: Zeitechr. fur Gletscherk~rnde 1938 (in the press). 



The i n c a p a c i t y  o f  g l a c i a l  e r o s i o n ,  at present and in the past, is also illustrated 
by the 1 a t  e r a  1 mo  r a i  n e s .  Along all the larger glaciers we found sharp crests, 15 to over 
50 metcrs above the present ice and still higher above the litterill valleys, between this moraine 
crest and the rock wall. This illustrates with unparallel lucidity the incapacity of the glacier 
during that former and more powerful stage in lateral expausion. The glacier even then did 
not touch the side walls of the valley, but was riding on the top of a rampart of ground 
moraine. The amount of blocks is so large that the glacier looks as if it were suffocatlngl 

These glaciers are a disa?pointment to the tourist who thinks of the magnificence of blue 
ice streanls as  such are found in the polar regions. He has to climb high up to the steep 
tributaries to get any satisfaction in glacial scenery. 

The above ideas are in complete accordance with those expressed by GARWOOD in 1903 
(17, p. 298') and by DYHRENFURTH in 1930 (15, Phot. No 14). The Yamatri glacier of the Nepalese 
side of Kangchenjunga is perhaps the most striking example ever figured of a glacier which 
flows h i g h  u p o n  a d a m  o f  m o r  a i n e .  The lateral channels, exactly of the type of those of 
Bhagat Kharak and Satopanth? are relatively so low that it takes an hour to climb 300m high 
over the lateral moraine to reach the ice-stream. Imagine a railway dam with the rails on the 
edge, and the muddy ice between, and one has the Himalayan type of a main glacier in ite 
lower part. 

In the Alps, the Macugnaga glacier on the 
great eastern slope of Monte Rosa is of a similar 
type. It is also in a region of a deep erosive 
basis, showing an increased contrast of water 
erosion and glacial protection. 

Regarding the a g e of the sharp subrecent 
lateral moraine which is a constant feature of 
all main glaciers, not only of Ku~naon but also Fig.160. Transverse Sect ion  of Yamatri Glacier 
of Sikkim, the information given in 9, 1907 for after Photograph by G .  DYHRENFURTH. 

the Milam glacier is of primary importance. If the rn = moraine r = crystalline rock. 

old native was correct, then this subrecent stage was that of about 100 years ago which corre- 
sponds to the period of great extension of the glaciers in the Alps. 

P l e i s t o c e n e  G l a c i a t i o n  

Older Glaciations 
The problem of pleistocene glaciation in the Himalaya is as  yet unsofved. Much research 

work has been done since about 1870 in the NW (Kashmir to Karakorum). Four periods of 
pleistocene glaciation have been distinguished corresponding to those of the Alps (DE TERRA, 
63, 1937). THEOBALD (64, 1880) found and described large erratic blocks on the Jhelum and the 
lower Indus which are scattered down to the alluvial plain, a few hundred meters only above 
sea level. The same author (65) described the lakes of Kumaon, such as  Naini Tal, as being 
of glacial origin, dammed by moraines which have partly disappeared. 

If these occurrences may be questioned, moraines exist in the Kashmir valley above and 
below the Karewa lake deposits, at  altitudes of 1500 meters (WADIA, SAANI, DE TERRA). OESTREICH 
found moraines down to 1200 meters. NORIN, in a very careful study on the Chenal river (48,1926) 
in the Punjab has determined the end of the glaciers a t  950 meters (Kishtwar stage) and that 
of the recession stage (Shigar) a t  1350. The whole region was found to have undergone recent 

' "These glaciers, by protecting the valleys they occupied from river erosion, would thus prevent the ajuatment 
which we should otherwise expect to have taken place. That this proteclion by glaciers is a very potent factor Is 
further illustrated by the raised floor preserved under the glacier, at the head 01 Lhe Rathony valley iteell, not 
to invoke numberless instances horn other glaciated districte of the world." (GARWOOD) 

MBm. de la Soc. Helv. dcs Sc. Net. Vol. LXXIII. Aruold Heim and August Gausser: Central Himalaya. 90 



uplift. p;lrtly oloug f;~ults or flexures, of 22.5 400 ~ne le r s  and above. "These epeirogenic. move- 
ments lowered the base-level of the river system i ~ n d  iucre;rsed the grl~dieut ot' the river courses, 
Thus, the erosive I)ower of the stre;lms wits highly ;~ugrnenled and the dissection of the ;~oc-ien( 
valley-bottom went on rilpidly." 

On our excursions we encountered in some plilces deposils resembling ground n1or;rine 
(Gori G ; I I I ~ N ,  i ~ t  i ~ b o ~ t  1500 meters) but we looked iu v;lin for scr;~tched pebbles. Only ;~bove 
2000 meters indisputable moraines were found. This rect~lls the wriler's result on Minytl Gongkar 
in Chinese Tibet'. We mag explain this discrepancy by admitting that the morphological features 
and mori~ines have djsappeared by continous erosion. Or is the difference with Ki~shmir partly 
explained by tectonical movements since the first glacial periods, the Central Himalaya rising 
and the plain of the Indus subsiding? V. W l s s h r ~ ~ ~  (71,1937) decidedly pleads for the first explanation 
regarding southern and eastern Asia in general. 

Moraines 

Following the great transversal rivers upwards, we encountered the first indisputable moraines: 
1. On the Kali ; ~ t  Malpa, 2150 meters above sea level 
2. 011 the Gori G;~ngir at about 2200 meters 
3. On the A l ; ~ k ~ ~ a n d ; t  i ~ t  2030 meters. 
On the Knli, we rei~lly seem to be at the former glacier tongue. On the Gori, the former 

end is unrert i~in,  the moraihes being indistinct or washed away. But on the Alaknanda, the 
1ater;ll rnor;rine \v;~lls arc  nicely preserved, so that the f o r ~ l ~ e r  end of the glacier-of the Wiirn~ 
period l)roh;~hly must really have been a t  about 2000 meters. The glacier then had a length 
of 55  kilometer,^, ; ~ r ) i ~ r t  from the Tibetan wiitershed. The milin valleys, Kali and  Alaknanda- 
Sirr;rs\v;~ti, c i~ r ry  IIO more glaciers, and the snouts of their tributaries a re  a t  3700-4000 
meters i ~ n d  higher. 'l'he difference is considerable, though nothing alike to that of Europe and 
Norlh Arncric.ir. V o s  WISS~IANN considers that when going east over Eurasia, the  difference 
hetween thr  older l'leistocene stages of glaciation to the last one (Wtirm) is increasing, so that 
the connec t io~~s  seem to he missing. This must be the case on the Yi~ngtse, where J. S.LEE'S 
surprising rc ,s~~l ls  of glirciirtion down to the alluvial plain seem to be confirmed also by other in- 
vestigators' Iirlest ohserv. ,I t '  ions. 

Above the 2000 meters level, several stages of recession have been founcl, alniost in 
every glirrii~ tetl v;illey (Fig. 46). 

On the Kali, the first rampart of recession is that below Budhi, with its top a t  nearly 
2700 meters (Hutlhi sli~ge). It may correspond to that of the Alaknanda at Kalian Koti 2550 meters. 

'I'he nest hi~rrier is that of Garbyang, at about 3250 meters, but the real moraine seems 
to reach not much above 3100 meters (Garbyang stage). It may correspond to Badrinath on 
the same level. 

In Ihe Api-, Ni1111l)i1- i~ntl  Tinkar valleys (Nepal) the  next stages are  well preserved and 
of 300-400 ~ne le r s  thickness from their lower end to their shoulder. W e  thus consider only 
the upl)er cdges. 'l'Ii(~y ;Ire: 

'l'he '\pi s t ; ~ g r  at 3700 meters, corresponding to that of the Nampa valley at 3600 meters, 
and p roh i~ l , l~  to those of Tinkiir at 3750 meters. 

Whereas thr  nest  stage in the Api valley, at about 4050 meters, is already near the actual 
ice tong~le  (4150 meters) and may be subrecent, there a re  further receding stages in the Nampa- 
and Tinkar v;~lleys, at 4000-4150 meters (Tharadhunga stage), 3 kilometers SW of Tiukar IAir)u, 
at 4600 meters (Tinkar Lipu stage). This last rampart yet may be older than the subrecent stage 
of 100 years ngo. 

' An~o1.1) H~lhf, The Glaciation and Solifluction of Minya Gongkar. Geogr. Journal, Vol. 87, May 1936. 



Yet the great moraine at about 4300 meters of the Lilinthi valley, at the junction with 
the uppermost Kali, has to be recalled? behind which extends the flat bottom of 4250 meters, 
 r rob ably a lake filling (Phot. 20, PI. XI). 

Pleistocene Lake Deposits 

The occurrence of sandy lot~m and varves, between or above moraine in 4 different places, 
is a striking fact. They are:  

1. Kali above Malpa 
2. Lake of Garbyang. 
3. Lake deposit of Narnpa vtllley 
4. Lake deposit of the Alaknanda. 

Referring to the local descriptions, the results only need to be discussed. 
The lake of Garbyang, of 10-11 kilometers length, is by far the 111ost important, also 

on account of its filling of 200 meters or more of sandy loam, with gravel layers and varves. 
Moraine with scratched pebbles is found on the slope and at the bottom. 

Even clearer than here is the occurrence of moraine above the lake-loam in the Nampa 
valley and on the Alaknanda. The only question that remains is wether these lakes were 
interglacial or inter-Wiirm. On the Alaknanda, it seems to be the upper moraine which continues 
to the former glacier end at 2000 meters. On the Kali, the lake deposit must be oldel. thau the 
Budhi stage whence the gravels have been washed down which cover the varves. Although 
they may not represeut the same interval, all four lakes are of later pleistocene age. and recall the 
famous Karewas of the Kashmir valley. While the latter have been strongly folded and 
raised, no similar fact was observed on the Garbyang lake deposit where the upheaval must 
Iit~ve been more uniform. 

Post Scripturn 

A U D E N ' S  T e c t o n i c a l  R e s u l t s  

The fore-going manuscript was written, when in February 1938 the author received the 
new paper by J. B. AUDEN: The Structure of the Himalaya in Garhwal, in Records of the Geological 
Survey of India, Vol. 71, accompanied by 3 Plates of tectonical sketch-maps and sections. 

Bidhalna Wndow 

Fig. 161. S e c t i o n  a c r o s s  t h e  B i d h a l n a  w i n d o w  a n d  t h e  B a n a l i  o u t l i e r  i n  T e h r i  S t a t e  
after -1. R. AUDEN 1937. 

A u t o c h t h o n : S = Simla slate (Pre-Cambrian ?); n = Nummulitic, calcareous shale and quartzite; erosive surface 
on the Simla slates; IS = lower Siwalik; US = upper Siwalik; D = Dun gravel. 

K ro 1 - N a p p e , normal series: C -- Chandpur (green and purple slates); N = Nagthat (variegated quartzite); 
B = Blaini; K = Krol; IT = lower Tal (~nicaceous slates) passing to uT = upper Tal (quartzite). 

G a r  h w a 1 - Nap p e (Amri-N.) : Chnndpur (sericite schists). 
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The paper has been expected for some time, and the reading of it was exciting, ill 

as  much as it completely confirms our "impossible" thrusting conceptions of im~neuse size and 
:xtension. A U D E ~  wit11 his wide field-knowledge of Sikkim, Nepal, Garhwal, Tehri-Simla and 
Kashmir-Karakorum has made a great advance towards the tectonic uuderstauding of the 
Himalaya. His studies of Garhwal are of special value for a comparison, as  they join our region 
towards NW. In the Ganges region, AUDEN distinguishes the following tectonical elements from 
below: 

1, The A u t o c h t h o n  o us ,  Siwaliks and anticlinal windows of Simla-slates (Pre-Cambrian) 
with transgressive Nummulitic. 

2. K r  01 -N a p p a  I ,  of a complete and normal series from Chandpur to Upper Tal, of 4-5 
kilometers thickness. 

3. G a r h w a 1 - N a p p  e (or Nappes), to which are counted the synclinal outliers of Satengal 
and Banali (Chandpur), NW of the Gauges. The two subdivisions are, from below: 
a) The Bijni-Nappe (Satengal, lower part NW, and Bijni SE). 
b) The Amri-Nappe (Satengal upper part, and Banali; A~nri  SE). 

In the "preliminary attempt" section 3, PI. 37, the non-subdivided Garhwal-Nappe is-- 
apparently with some hesitation-connected with the thrust of the central crystalline range 
of Kedarnath-Gangotri: "It would seem possible, that the main Garhwal-Nappe joins up with 
the rocks at the base of the Main Himalayan Range and that the minimum distance of translation 

Fig. 162. T e c t o n i c a l  S k e t c h - M a p  o f  t h e  C e n t r a l  H i m a l a y a  a f t e r  A U D E N  a n d  t h e  
p r e s e n t  a u t h o r s ,  a p r e l i m i n a r y  a t t e n i p t .  

' The French word "nappe" mbane exactly the same ae sheet and seems to be as unnecessary ae the German 
'Fanrter" for window. 



of this tectonic unit may be about 50 miles (80 kilometers)." The sedimentariev underlying the 
crystalline thrust of the Central Range are indicated as  ? Krol-Nappe. 

On the Alaknanda, visited by both parties, we meet on delicate ground, though princi- 
pally in complete agreement. It may be added that beyond the Dudatoli outlier we traced the 
"Baijnath-outlier" which leaves little spiice for a crystalline bridge from the Amri-Nappe to the 
root of the Main Central Thrust mass, which we regard as the root of the great "Oarhwal 
Nappe" with its tectonical subdivisions. In the region of the Sutlej or north of it west of 
Rampur, a complete bridge to the great crystalline region may still exist. 

According to the enormous thickness of the main root (crystalline i- normal sedimentary 
series) of 30 kilometers or more, a great exleusion of the thrust mass as a whole is a priori 
probable. There are more than 300 kilometers from the Kali to the. Sutlej, where the root may 
be followed, and whence it is supposed to co~~t inue  yet far beyond. Possibly, even Mt. Everest 
and Kangchendjunga, 800 kilometers east of the Kali, are the continuation of the same Main 
Central Thrust mass which forms the root of the "Garhwal-Nappe". 

The section Fig. 161 and the sketch-map Fig. 162 show the joint result of J. B. AUDEN and 
our tectonical conceptions. 
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1 Tele-view of the Central High Range from Naini Tal (photogr. by courlesy of Kinsey Rroe.) Note the 
backward inclination of the great scarp face of gneiss-mica schist-phyllite series above the Main Central 
Thrust, which corresponds nbo~lt  to the prescnt snow line above the wooded lower ranges . . . .  
The Kiogrrs seen from SU' at  4800 meters. 1 = lower, 2 = middle, R - upper Gilr~nal aeries (Low.Cret.), 
4 = red  and green calcareou~ shale, 5  = hlack flysch with fucoids, b = basic. Igneous wilh S -- serpen- 
tine. Compare fig. 118 in text. Aug. 8, 19.76 (H) . . . . . . . . . . . . . . . . . . .  
The geological Survey of India, Ca lc~~ t t a ,  honle of the geology of Ihe Hilnelaya (ti) . . . . . .  
Synclinitl fold of qnitrtzite in mira scllisls at  Kursenng below the Darjeeling road, Marc11 1936 (G) . . 
Type of 1andsc;lpe'N of Altnora, slloning the somewhat penepl;~ined r e g i o ~ ~  of thrusted mica schists (H) 
Granite intrusions in the cl.ystalline series. Background of Api Glacier, looking lo SE (H) . . . . .  
Fluid;ll folding of Darjeeling gneiss, Samsing. gn =: gneiss; np = aplitic vein: ps = psarnn~itr gneiss (11) 
Aloclc of Darjeeling gneiss at  Satnsing with: ra = ralcsilicate inclusions (H) . . . . . . . .  
Garnetiferous calcsilicate (ca) in the  Darjeelilig gneiss. Hlock a t  San~sing (H) . . . . . . .  
Details of fluidal thrust-folding of the Darjeeling gneiss. Block in the Murti River, Sa~nsing (H) . . .  
Pegmatite vein of the Darjeeling gneiss, quarry at  Ghurn. gn = gueiss inclusion; t :- Tourmaline needles; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ca = ci~lcsilicate i nc l~~s ion  (H) 
. . .  Synclinal fold of mica schist and psamn~ite-gneiss between Malpa and Budhi, Kali Valley (H) 

The Kali Gorge across the gneiss of the main Central thrust, showing the conves slopes. 1,ooking 
. . . . . . . . . . . . . . . . . . . . . . . . .  down-stream from Shaukuli~ (H) 

Moraine at 2200 meters in the Kali Gorge, of late Pleistocene (H) . . . . . . . . . . . . . .  
The Imrrier of niountnin alide and moraine of Garbyang, with c u l t ~ ~ r e d  lake deposit in lore-ground (H) 
Sandy loam with varves, dcposited in the Pleistocene lake of Garhyang, at 3150 melers. (Circus behind 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  bung:llow (H) 
The Tinliar Valley in Garbyang phyllile, NW Nepal, looking low:lrds NE. To the right, old moraine of 
left side vi~lley a1 about 3750 meters (H) . . . . . . . . . . . . . . . . . . . . . . .  
The pitching crystalline anticline of Gurla Mandhata 7730 meters in Tibet. On left background the Trans- 
hinlalaya (Kiiilas), in fore-ground the Pleistocene gravel terrace of Taklakot. May 26. 1936 (H) . . .  
The fossil discovery of Norirn on Tinkar Lipu, 5 2 0  meters, looking SW, May 21, 1936 (H). . . . .  
Lilinthi camping ground with moraine dam of recession in fore-ground a t  4300 meters, looking south 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  from Lipu Lek trail (H) 
Typea of ammonites of the Tetliys-Hilnalaya: 1 == Cyclolobus Oldllami Waagen, upper Permian; 
2 = Parajuvavites sp. nov.; 3 = Paratibelites Adolphi Mojs: 4 = Placiles Sakuntala v. Mojs; 5 = Stein- 
mannites sp. nov.; 2-5 = Norian of Tinkar Lipu; 6 = Perisphinrtes cf. biplicatus IJhlig, in siliceous 
concretion of Spiti shale, Laptal, Portlandinn . . . . . . . . . . . . . . . . . . . . .  
The Rala~n valley looking ENE, showing recently accenlualed erosion of former fa11 deposits. July 2.5,1936(H) 
The thrusl I b on the Slliala Glacier (Sg) looking NW. S - Silurian; b =  brow^^: n. = white qunrlzite; 
M = Muth Q.;  P = Productus sllale; K = Kalapani Is.: Sg = Shial:~ Glacier; Kg = Kundekang GI. with 
its left lat. lnoraine = In (H) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dykes of Pegmatite and Aplite diagonally traversing the gneissic biotite schists of the Gori Ganga 
below Rilkot, looking enst (H) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Detail of the  thrust I b on the SW side of Slliala Glacier. 2 = white Quartzite (Muth); 6 =  Kuti sh. (H) . . .  
Kuti, 3750 meters, seen from SW, showing from below 4 = low. T r i a ~ :  6 = Kuti h a l e s :  ? = Kioto lime- 
stone; 8 -= Spili shnles; S = thrusted Paleozoic (Siluriau). In left background the Shangtang. 6480 metera (H) 
Structure of Kuti, looking to SE. In foreground the  Castle hill. 1 = Silurian; 2 = Muth quartzite; 3 = Kuling 
shales (Perm.); 4 =  Chocolate eeries; 5 -- Kalapani Is. (Muechelkalk); 6 = Kuti shnlr8 (Norian); 7-Klofo In. 
(Rhaetic): w = wedge ayncline; f = fan deposits, recent (H) . . . . . . . . . . . . . . . .  
Kuti Valley W of Kuti, looking NW. 2 - Muth Q.: 3 = Kuling ah.; 4 = chocolate sh.; 5 - Kalapani 18.; 
ti = Kuti 811.; 7 = Kioto la. (H) . . . . . . . .  . . . . . . . . . . . . . . . .  
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28 Structure NW of Kuli (Tbumka Gad), looking NW. S = Silurian (thrust 11); 7 =  Kioto limeslone (Rhaetic); 
8 = Spiti shale. Compare text fig. 95 . . . . . . . . . . . . . . . . . . . . . . . . .  Xlll 

-90 Shisln Pass (gap in middle) and Tsherpedang Glitcier (right). All Ga~byang series except 4- rock on 
. . . .  . right = fossiliferous Ordovician sandstone. View from 4900 melers to SW. .luly 1, 1936 (H) XIV 

31 The moraine lake of .loling Kong, 4400 meters, Kuti Valley, looking to NW. o - : red Crinoid shale 
(low. Sil); I -- brown quartzites; 2 -- while Mulh quartzite; 3 -- Kuling- and Chocolate shales; 5 = Ka- 

. . . . . . . . . . . . . . . . . .  lapani Is.: 6 -- Kuti st).; 7 == Kiolo Is. July 15, 1936 (H) XIV 
32 The Milam Glacier looking lo NW. See subrecent lateral moraine on left side. Aug. 25, 1936 (H) . . XIV 
$9 View to SW across Milam glacier on the Shakral side glacier. Note Ihe stralified ice under liglil block 

cover on the foreground. Aug. 25, 1936 . . . . . . . . . . . . . . . . . . . . . . . .  XV 
94 Folding of upper Kioto limestone covered with Spili shale a t  Wilsha, upper Kuti river, looking west (H) XV 

. . . . . . . . . . . . . . . . .  35 Fountain at the end of Lebong glacier, July 16, 1936 (H) XV 
. . . . . . . . .  36 Stratified ice of Shankitlpa glacier folded by lateral pressure. July 24, 1936 (H) XV 

37 The gale of Ihe NipchungkangGlncier, looking down from Ihe left subrecent lateral moraine. July 21,1936 (H) XV 
39 Ralam Conglon~erate of quartz pehbles in red  ands stone (Basal Cambrian?). Upper Gori Valley above 

Milam (H) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XVI 
39 Prdblernatica in the Kioto.lirnestoue, Chidarnu Gorge (H) . . . . . . . . . . . . . . . . . .  XVI 
40 I,aplal at the issue of the upper Kiagad-Gorge, look in^ norlh. Pilchinp Lahur anlicline wilh Kioto- and 

I.aptal Is., covered with Spili sh.; top of mountains - - Giulnnl sdst.; f Flysch; b - basic Igneous with 
erolic blocks of Ualchdhura Heights ( H )  . . . . . . . . . . . . . . . . . . . . . .  XVI 

41 Synclinal Utt:~dl~ura (Anti~dhura) Paas 5360 meters, of black Spili shale on Kiotu l ime~tone,  looking 
SSE from Chidamu (H) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XVI 

42 Thc Chidamu-Gorge across the 1.al111r anticline niade of Kioto limestone, looking eastwilrd (H) . . XVll 
43 The lun~achelle of Lnplnl series (I.i:~s), Lnl~tal (13) . . . . . . . . . . . . . . . . . . .  XVII 
44 Exotic Blocka 1 and 2 in basic igneous, W of point 18110', Nr. 1 full of Carnic amn~onites (H) . . .  XVll 
45 Iktlchdhura I'ass ( :-), 5360 m. and Heights 5800 m., looking to NW. Crest of basic Igneous with 

exot. blocks. In foreground serpentine. x :-: opl~icalcite (H) . . .  : . . . . . . . . . . . . . .  XVlI 
46 The exotic Kiogar reginn from Kiogar Nr. 2 towards NIL Mainly Kiogar Is. (Dachsleinkalk); 4- red. 

Juritssic of Kiogi~r Nr.  3, Aug. 14, 1936 (H) . . . . . . . . . . . . . . . . . . . . .  XVIII 
47 SoliFlr~clion on flysch of talus froni Kiog;~r Nr. 2, cl~ieYly of dolomitic Kiogar limestone (K). f - -  flysch, 

upper ( l e t . ;  i .. basic: Igneous with exot. blocks; .I  -: reddish sh. -6 le., Jurassic (H) . . . . . . .  XVIII 
48 'l'hc f l s*~-h  region coulli or thc Kiogad, seen f rou~  Kiogar Nr. 2 at  5700 met.; g .- Giu~nal sdnt.; r - red  

f l s s~ : l~ ;  t '--- hlnc-k flyscl~; i - I~;isic: Igneous sheet wit11 exotic blocks above, -1- = Pern~iun; ;< = Lins; 
.i Pi~nch C1111lhi 6910 nlet.: I. . = (or) or I,ahur anticline (H) . . . . . . . . . . . . . . . . .  XVIII 

49 Tile Parno~~s "(:hirchun h'r. I " ,  17740' from SW, showing 3 exotic blocks of I'ermian in i ~ n d  upon sili- 
reouu flyscl~ (with Hadir~li~rii t~~s) under solifluclion. - ,  - small hlock of "Hallsl!itterkalk". Righl backgro~~ud:  
i~nticlinc of Kiolo Is. will1 I'leistocene gravel terrace i~bove (H) . . . . . . . . . . . . . . .  XVIII 

50 Nanlpil 7140 ~nelers  nnd Api.Valley seen from G;~rby;tlig. On left hackground is the peak 19919' (br~sal 
Garhs;lllg aeries). m -: Api rnoraine of recession ('roll at 3670 3 7 0 0  meters) (H) . . . . . . . . .  XIX 

51 Crystalline series wilh granite injeclion north or I%hagi~t Kharak glacsier. The wl~i te  crest is the left 
s ~ ~ h r e y e ~ ~ t  lateral mori~ine (tl) . . . . . . . . . . . . . . . . . . . .  . . XIX 

52 The end of the eastern Mengsli:~ng Gli~cier in Tibet r ~ t  50.50-5100 ~r~eleru  (H) . . . . . . . . .  XIX 
53 The I)h;l~rli Vitlley of Garh\\,;~l. Cultivated terri~res on Kuari mountnin slide. In bac:kground 1)un:lgiri 

7060 met.: R - Hishi vi~lley. The walls are of rni4.a schists wit11 c1u;trtzile and gneiss (H) . . .  XX 
54 Nilkilnla 6 6 0  m. and the source of the Ganges ((;ate of Sntopanth Glncier) from N ( H )  . . XX 
5s Saw-furrows ("Siigerillen") of ice, Si~lol):tnlh-group, i ~ h o ~ l t  6500 meters, seen from NE (H) . . . .  XX 
56 Nanda Devi 78'20 rnelers f ron~ the crest abovc I.ata, looking ESF:. Nole Ihe synrlir~i~l position of cl~~;trtz- 

ite with phyllite. (Marloli wries) (H) . . . . . . . . . . . . . . . . . . . . . . . .  XXI 
57 Nalnp~side glacier Nr. 2 tligilsling in reaching the main vnlley, wilh 2-3 uubrecent moraine crests, 

seen horn 5000 meters towi~rds SSE (G) . . . . . . . . . . . . . . . . . . . . . . . .  XXI 
58 Megalodon (?) limestone in the lower part of Ihe Chila~nk~rrkur series, Chi lamkurk~~r ,  'ribel (6) . . .  XXI 
59 The sacred Kailits 6iOO meters from Norlh. g -2 hasnl hornblende granile; K conglolnerate will1 super- 

posed sandstone; m - moraine. The river issues Prom the shaded glnc.icr (ti) . . . . . . . . . .  XXlI 
60 The basis of the Kailas will1 ils conglon~erate ( K )  on hornblende-Riolite-granite (g) from we81 (G) . . XXII 
61 Delail oP the counterlhruat (right uide of vidley, looking towards west). 1 :- red to yellowish conglo- 

merate; 2 = greenish sandy shales partly wit11 carbonaceous scales; :+ 2 variegated conglomerate; 
4 =white arkoae-sa~~dalone: 5 = reddish sandstone: 6 = yellotr-ish arltose-sandstone: 7 = red argillaceous 
sandstone; 8 = red and green flyscll-couglomerate . . . . . . . . . . . . . . . . . .  XXll 
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62 The Pleistocene conglomerates of the upper Shib Chu, Tibet, looking North, from the northern part of 

Ghatamemin. ex = exotic blocks; ch = Chilamkurkur series: p =; perldotlte; t = Tranahimalaya; 
gr = Pleietocene gravels (G) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XXIII 

63 The Pleistocene conglomerates of the Shib Chu, Tibet, with the abandoned cave dwellings (0)  . . .  XXIII 
84 The exolic blocks soutli of Amlang-l,n, Tibet (G). f = flysch sendstone; ex = exotic blocks of lower 

Trias; c = upper Cretaceous flysch.limestone; sd =young Syenodiorite cutting the  limestone onconformably XXllI 
&5 The counterthrust soutli of the Kailas, Tibet (G), left side of valley. K - Kailas conglomerate with 

sandstone layers; ok -thrust  Kailas conglomerate; r -- red shales and sandstonc'(flysch); x =thrust  plane XXIIl 

66 Sieve-like Biotite Porphyroblast f r ~ ~ r n  Biotite Porybyroblast schist of Budhi, zone g of Kali river. Inclusions 
in Biotite and Quartz. Matrix consisting of Qui~rtz and Sericile. Ni // slice 128 (G). Enlargement 35 timea XXIV 

67 Actinolite sheaves and sieve-like Garnet I'oryl~yroblasts from Garnet-Actinolite-Q~~artzite, Nampa Valley, 
Nepal. Matrix of Qui~rtz. The dark parts are Titmite. Ni ; slice 122 (G). Enlnrgen~ent 15 times. 

18 Reaction border of Quartz between Kynnite and Biotite. from Kyanite-Riolite schist, Api Glacier, Nepal 
(G) Ni X slice 118. The bright zone is Quartz; b = Biotite; q = Quarlz with poikiloblnstic inclueione; 
K = Kyanile (see petrogr. chapter, Kali - Api). Enlargement 25 times (G). 

69 Myr~r~ekitic replacement of Ortl~oclase by Spodumene, from Spodumene-Pegmatite. Bhagat Kharak. 
Ni x , slice 180 (G). s = Spodu~nene (polyxynthetic twin lan~ellae); o = Orlhoclase; p = Plagioclase. The 
dark parts in the ~ ~ ~ y r r n e k i t i c  Spoduniene are  Quartz. Enlargement 67 times. 

70 Myrmekitic replacelllent of Orthocl;~se hy Plagioclase along ti crack in the Orthoclase. Ni X Augengneiss 
of Soso (G) slice 79. o = pertl~il ic Orthoclase; 111 = Muscovite. Enl~rgenlent  38 times. 

71 Olivine wit11 atress-lan~ellae, from En~tatite-Peridotite, Jungbwa, Tibet (G). Ni X slice 205; e = Ensta- 
tile. Enlargement 17 times. 

72 Enstatite with drop-like seg~'egation of ordinary Augite, from Enstalite-Peridotite, Jungbwa, Tibet (G). 
NiXslice20.5. ol = 01ivine.The clear drops on the uniformEnstntite areordinary Augite. Enlargement 16timee. 

73 Enstrltite with lamella-shaped segregation of ordinary Augite. Slice about parallel to  the c-axis. From 
Enstatite-Peridotlte, Jungbwa, Tibel (G) .  Ni \. slice 202, 01 -- Olivine. The clear scales are ordinary 
Augite. Enlargement 35 times. 

74 Enstatite with segregation of ordinary Aogite, which presents two differently directed individuals 1 
and 2 ( G ) .  Ni Y slice 205, ol - - Olivine. Enlargement 30 times. 

76 Kalapani limestone with ankeritic patc:hes sl~owing the ankerilic rhombohedrons. Tinkar Lipu, Nepal (H), 
ordinary light, slice 264. Enlargemenl 20 times . . . . . . . . . . . . . . . . . . . . .  XXV 

76 Cretaceous siliceous limestone of Kiogar Nr. 2, with sponge spiculae and Radiolarians (H), ordinary 
light, slice 2). Enlargement 50 times. 

77 Ferruginous Oolite. Callovian,, from I.aptnl. In the  dense, impure cnlcareous matrix nre calcite ovoiden 
with varied, partly fragri~entary cores (HI, slice 251. Enlargement 20 times. 

78 Reliculnr relic of Garnet. Sericite Quartzite east of Darjeeling (G). Ni !;' slice 18. Enlargement g5 times 
79 Twisted Gnrnet from Biotite-Paanimile Gneiss, east of Darjeeling IG). Ni ! slice 26. On the photo: Garnet, 

Biotite and Muscovite. Enlargeme~it 40 times. 
80 Large Garnet with Quartz-inclusions from Staurolite-Garnet-Biotite Phyllile NE of Snmkola, Kali Gorge (G). 

Ni / I  slice 92. 1 .= border free of (211arlz with "drops" of ore; z = zone of large Quartz inclusione; 
3 = centrnl pnrt with sn~a l l  Quarlz inclusions and ore. Enlnrge~~ient 30 times. 

81 Hornblende-Biotite Granite, norlh side of Kailas, Tibet (G). Ni .c slice 208; ~ n i  = Microcline; h = Horn- 
blendo with reliclic Augite (dark inclusions); p - l'lagioclase; b = Biotite; I = Titanile; y = Quartz. 
Enlargement 17 t i~nes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XXVI 

82 Hornblende with relictic Augite from Knilas granite north of Kailas. Tibet (G). Ni \sl ice 208. Horn- 
blende forming twins; Augite recognizable as  dark patches in the hornblende; Plagioclase beside the 
Hornblende. Enlarge~nent 35 times. 

83 Plgeonite o l  Syeno-Diorite, Amlang-Lu, Tibet (GI. Ni slice 200, Pigeonite i n ~ i d e  of Perthite. Enlarge- 
ment 35 times 

84 Pigeonite with idiomorphic Andesine laths, fro111 Sieno-Diorite, Amlang.La. The Pigeonite is dark, the 
Andesine clear ((3). Ni x elice 198. Enlargement 50 t i~~ ie s .  

86 Andesine with horder of Perthite, frolll Syeno-Diorite, Amlang-La, Tibet (Q). Ni \c slice 200. Enlarge- 
ment 63 times. 

86 Ilmenite-lamellne fro111 altered Biotite. Syeno-Diorite. A~nlnng-La, 'Tibet (G). Ni , slice 198, black - 
Ilmenite; b -- Biotite; between the black lamellae is Leucoxene. Enlargement 80 times. 



S I G N A T U H E S  O F  T H E  SE:CTIONS FL. 11--V 

1. Lower and High Himalaya, unfossiliferous (in ;~Iph;lbetic order): 

;I arnpllibolite, diabase and chloritir schists derived fro111 basic sills 
I )  "Hergsture", land slip 
c carbon;ltes, ni;linly limestone, incl. marble 
cs carbonate wilh slates 
cg graphitoid layers 

d dolomite and dolomilic limestone 

g ortho (augen-) gneiss, injection gneiss 
gr granite 
Is lime-silicate (calcnilicale) 
m moraine 
rng mica schist with garnet 
ms mica schist (biotite and muscovite) 
p pegmatite and aplite dykes 
pg psammite gneiss, paragneiss 
ph phyllite 
q quartzite 
qp quartz porphyry, partly gneissic 
qs  quartzite with schist, sericile-quartzite 
s sandstone 
sh shale; v variegated shale 
s l  slate 
ss sericite schist, partly chloritic 
t talus, scree 
Ig terrace gravel 

2. Tethys Himalaya (in chronologic order): 

Ma Marloli series 
G Garbgang series 
H Ralam series 
0 Ordovician (Shiala series) 
Cr red and variegated Crinoid shales (Low. Silurian) 
M Muth quartzite (with dolomite) 
P Permian, Productus (= Kuling-) ahale and Eolrias (black) 
Ch Chocolate series, LOW. Trias 
K Kalapani limestone, Middle Trias 
Ks Kuti shales, Noric 
Ki Kioto limestone, Rhaelic 
L 1,aptal series, Lias 
S Spiti shales, Portl. 
J Jurassic 
C Cretaceous 
F Flysch, Cret. 
E Eocene 

3. Tibetan region (in addition to 1 and 2): 

ox exotic blocks 
i igneous, mail~ly porphyritic 
id igneoue, dioritic 
pt  peridotite and eerpentine 
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containiug coloured plate with geological maps and a generalized section, 

5 plates of detailed scctious, 18 plates wilh 

65 photo-views and 3 plates with 21 micro-photograplis 
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