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Plate VI, Fig. 2 View of the eastern flank of the Thakkhola, southern part, seen from Dangarjong Chang La. 

Plate VI, Fig. 3 View of the Lupra Valley, seen from Dangarjong. 

Plate VI, Fig. 4 View of the Thakkhola, southern part, seen from the south. 

Plate VII, Fig. I View on Dangarjong and Dangartse, with the Dangarjong-fault. 

Plate V11, Fig. 2 The western flank of the Thakkhola, northern part, seen from Damodar Nup La. 

Plate V11, Fig. 3 The western flank of the Thakkhola, central part, seen from Thorung La. 

Plate VII, Fig. 4 View on the western flank of the Thakkhola, southern part, seen from the Jomosom Peak. 



Preface by the au thor  

Following the first volume of the Report on the Geological Survey of Nepal, which was dealing 
wirh the geological features of the entire country in a brief comprehensive way, this second volume 
gives the detailed geology of the Thakkhola area in northern Nepal (lig. I) .  The choice of this remote 
area, which is at present of minor importance regarding economic geology was made due to the fact 
that the Thakkhola takes a key position for the understanding of the whole geology of Nepal and even 
beyond the country for the understanding of the structure and evolution of the Himalayas in general. 
It might be mentioned here, that volume 3, covering the western third of Nepal is under prepara- 
tion at  present, and it is intended to cover the rest of the country in two rurther volumes. 

The first short trip to the Thakkhola was made in spring 1952. Rich findings of fossils in the sedi- 
ment zone north of the main range of the Himalayas made the importance of the Thakkhola from 
geological standpoint or  view. clear. In the course of a long expedition in 19-54 to the remote, hitherto 
completely unknown areas of the Dolpo and Mugu the Thakkhola was again visited. However this 
campaign turned out disastrous, which severe dysenteric, malnutrition and Beri-Beri sickness, and a 
monsoon which was by the local people considered to be the most severe they were able to recall. 
Finally I had tried again in autumn 1957, this time successfully. 

The Manang valley, neighbouring the Thakkhola in the east. was investigated in 1952, 1953, 1954 
and 1957, the main work being done in 1954 (see fig. 2). 

Preparation of this volume was made possible through the Bureau of Technical Operations of the 
United Nations (BTAO) which enabled me to work on the manuscripts and geological maps and pro- 
files from October 1962 through to the end of January 1963. However, completion of the work took 
considerable more time in 1963 and 1964, during my United Nations Technical Assistance assignment 
to Bolivia. In fact I spent all my free time on this volume. 

Printing of the volume and the costly multicoloured maps and cross sections is financed through 
the Denkschriften-Kommission of the Schweizerische Naturforschende Gesellschaft (Swiss National 
Academy for Natural Sciences). 

I want to express my sincere thanks to both the mentioned organizations. Of the BTAO of the 
United Nations I should like to mention Mr. Chi-Yuen Wu (Deputy Director of the BTAO) and Mr. 
Ricardo Luna (Chief, Section for Asia and the Far East BTAO). 

Considerable difficulties arose for printing. reading of proofs, etc., due to the transport and com- 
munication problems between Switzerland and my various duty stations and missions to which the 
proofs had to be sent back and forth: La Paz, New York, Khartoum, Addis Ababa, Niamey. Due to the 
excellent cooperation from the printer, Fretz Bros. Ltd., we eventually succeeded in this difficult task. 
It was very fortunate that during 1967 and 1968. due to my various missions to Africa, 1 was able to 
visit Switzerland several times and discuss all the problems with the printers personally. In this con- 
nection 1 should like to express my gratitude to Mr. Myer Cohen, Assistant Administrator and Director, 
Bureau of Operations and Programming, United Nations Development Programme, who enabled me 
twice to stay a few days in Switzerland for that purpose. 

Regarding the financing I owe most thanks to the Denkschriften-Kommission ofthe Schweizerische 
Naturforschende Gesellschaft, and especially to its President. Prof. Dr. Max Geiger-Huber. 

Prof. Dr. L. Vonderschmitt was kind enough to read my manuscript on behalf of the Denk- 
schriften-Kommission. 

His valuable suggestions were most appreciated and I should like to express my sincere thanks 
to him. 

Finally I owe great thanks to Prof. Dr. H. Gutersohn, who, in his capacity as President of the Swiss 
Federal Coordination Commission for development aid has taken much efforts to bring this publication 
to a good end. 



Fig. I .  Index Map of Nepal 
showing the area of the geological map of the 
Thakkhola 

Fig. 2. Index Map of the Thakkhola and the 
Adjacent Areas 
showing the years and the respective cover of 
fieldwork by the author. 

Fig. 3. Phj.siographir Skc~trh Map of the 
Thakkhola 

I Great Hin~alayan Range 
2 Tibetan Marginal Range 
3 Horst ranges along the Thakkhola Graben 
4 watershed Tsangpo - Ganges 



I Gc~ogrcipli - .  r7 01' rlie Tl~crkklroku 
mid t l t ~  Adjucmt A r l ~ r s  

I. Physiography 

1.1 General 

This vulutne is dealing wi th  the (;cology o l ' the Thakkhola area ;ind adj;iccnt regloti\. namely the 
Manangbhot i r i  t l ie east and the Chharkahhot i n  the nest (\ee fig. 3). 

Tliche thr rc  major  \alleys fo rm natural coniyxirtmetlts which are situ;~red nor th 01' the main ranpc 
o f  the tlirn;rlay:~s. I n  earlier public:~tions (see c5pcci:tlly valunio 1) .  dealing \ v ~ t l i  the (ieogrnpli> and 
Geology o f  the u l io le  o r  Nepal. this type ol'\.;illeys has been called thc I r l r~c~r  Hir~ra1nj1r.v. because they 
are surrounded on a l l  sides by high snn\\covered mounta in rangcs u i t h  altitudes up t o  6300 rn. Ir i  the 
south. the valley5 o f  tl ic Inner Him:ilaqa\ arc bordered by thc main r;lnge o f  the I limalayas, o r  the 
GI.PCI/ I f i r~~ t / l~ l j . (~ . r .  3\  i t is also called. I n  the north. their 11atur;ll l i m i t  i 4  furnicd hq the Tih(*rtrr~ ,Z I~ ry i t i c~ I  
R r l t i ~ i ,  u i t h  altitudes at somc place5 i ~ p  to  7000 m. In 1111. ;lrc;l dealt n i t h  hereafter. the Mariangbhot 
lies behind the Annapurna range (K07X ni), \\bile the C'hharhahhot has the I>haulag~r i  range (8172 n i )  
as its natural southern harrier. 
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(acrial ~ i l io to l  

Thc \vliols \alley IS lorrncd b! a ( ivahc~~ .;truclure. Tlie mirjor fault a t  tile uestern 
side (left side ~n the picture) c;ln he rccogn~ted at the eastern flank of the Dan- 
gartse. The major eastern Irans\ersc l l~u l t  \!srsnl \tr~hes along the foot 01- the 
mcjuntaln mngc ol' the Thorunglse Ilcr~atse. Tlie do\rn mobemcnt Has much 
strongcr In the western f:~ult \\sten) (I>angarjo~ig fault) than in thceastern fault 
system. 011 the other hand. the 4lesozoic and Tertiary tillrngs of rhe Graben 
shou a SII-ong dip t o ~ ; ~ ~ - d s  thc nest (lcrt in the picture). T h e  soft-shaped low 
mountain rangc ~n the far background I\ t l i e  uatershsd bct\rccn the Kali <;an- 
dnhi Ganges sbsrcln and the Tsangpo-Hrahm;lputvn. 
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\OLII~ICIII 111i11t 0 1  tlie hLl\lli .111d tIiu\ 01 Llic ,1llu\1.1I p1.11n I\ . ~ t  L ete folnicd h) 
thctopnio\t gl. inlt l~ I~>rll idllon oftlie h~thn iandu n~ppc.;(\ec pl.~te 1 1  I. prolilc 3 )  
Uelllnil t h ~ \  c~\s ta l l~nc b.11rlc1. the k.111 G,~nd,l!-.l I l \c r  drop\ rrolii 2400 m at 
Lctc on .I horlronl,~l dlht,~~ic.c cofonl) 12.5 hm ro 1200 ni ,I( L).i11,1 111 (lie hottom 
or the 

Thc Thahhhol,~. I!tns betueeri has  both rhe Dhaulag~r~ and Ann'lpurna range as wuthcrn l~nitt.  
(See l ig 3 ) 

The T~hetan Margrnal Range reprejents (from geologtcnl 5tandpotnt of v ~ e u )  the southcrn edge 
or  thc 7 i l ) ~ ~ r i 1 1 1  Plcitc-cili. I n  thc area In  que5t1on the s a ~ d  edge doe\ not run parallel to thc Grcat Ii~m,i- 
laya. hut under .in a~iplc, pett~ng ;t~iay from the nialn r.inge tomards nnrthue\t. In the case of the 
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Manangbhot, the Tibetan Marginal Range continues via the Larkya pass (5212 m) into the Manaslu 
Range (8125 m), which belongs to the Great Himalaya. In spite of the angle between the Great Hima- 
laya Range and the Tibetan Marginal Range, the valleys and mountain chains in both the Chharkabhot 
and the Manangbhot run parallel to the strike of the geological structure. As shown in fig. 3, the 
Thakkhola and the surrounding mountain range (Sangdak Himal and Mustang Himal in the west, 
Muktinath Himal and Darnodar Himal in the east) take a different position: They run south-north, 
that is transverse to the general geological strike. 

The Great Himalaya is intersected by the narrow gorge of the Kali Gandaki river, while theTibetan 
Marginal Range is entirely interrupted through the Thakkhola transverse valley on a distance of about 
55 km. 

Thus,from the pointsof interruption oftheTibetan Marginal Range on either sides oftheThakkhola 
valley the mountain ranges run north, right into the Tibetan Plateau. This is quite an exception in the 
whole of the Himalayas. 

While the Kali Gandaki river draining the Thakkhola, cuts through the Great Himalaya between 
Annapurna and Dhaulagiri, the drainage pattern of the Chharkabhot and the Manangbhot show a 
surprising symmetry with regard to the Thakkhola axis: The Barbung river turns towards west behind 
the Dhaulagiri range and breaks through the main range at the western end of the said mountains. The 
Marsyandi, draining the Manangbhot, turns towards east just north of the Annapurna range and breaks 
through the main range at the eastern termination of the Annapurna range. (See fig. 3.) 

TOPOGRAPHIC MAP 
OF THE 

THAKKHOLA 

Fig. 4. Topographic Map of the Thakkhola 
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A generalized topgraphic cross section through our area dealt with shows three distinctly different 
levels: The Nepalese Midlands have altitudes between 400 m and 2000 m. The valleys of the Inner 
Himalaya are between 3000 and 3700, while the Tibetan Plateau, north of the Tibetan Marginal Range 
has an average altitude of  4000 m and more. However, the Thakkhola valley lies. in a given section 
east-west, several hundred meters lower than the neighbouring valleys of the Chharkabhot and the 
Mananghhot. (See profiles I-VIII. plate IV.) 

From geological standpoint of view the mentioned four areas cover three distinct zones: the 
mainly crystalline roots of the great nappes. which build the main range of the Himalayas and their 
southern flanks; the complicated sediment zone of the Tibetan marginal synclinorium (southern part 
of Thakkhola, Manang and Chharka) and the simple structured sediments of the Tibetan Plateau 
(northern part of Thakkhola beyond Chele, see map fig. 3). In this report detailed geological descrip- 
tion will be given on the Main Himalaya Range and the areas north of it. However, the geological map 
and the cross sections include also the southern flank of the Annapurna and the Dhaulagiri range as 
well as the Chharka area i n  order to render a better comprehensive understanding of the whole region 
and especially of the evolution of the Himalayas of that area. 

Geological fieldmapping was based on the Quarter-inch map of the Survey of lndia (1 :250000). 
Mountain climbers, used to the modern large scale photogrammetric maps of the Alps, have repeatedly 
complained about the inaccuracy of the Quarter-inch map of Nepal. However in my view those com- 
plaintsare notjustified. The work done by the Survey of lndia in 1926127 has to be considered as a master- 
piece of triangulation and survey work. regarding the most difficult conditions which were met within 
the Nepal Himalayas, lacking all the modern facilities, like any kind of transport, modern communica- 
tions, aerial survey and computers. 

There are very few areas, all of them on and beyond the main range of the Himalayas, which show 
inaccurate mapping or  gaps. In the enclosed topographic map, those gaps and errors have been cor- 
rected mostly as a result of own fieldwork. Those areas and the respective corrections are dealt within 
the regional geological descriptions here after. 

The Quarter-inch map of the Survey of lndia has been drawn in the obsolete English scale in feet 
and miles. lndia is right now changing to the metric system. However it will last some time until new 
maps in the metric system will be edited by the Survey of India. Besides, the whole territory of Nepal has 
been declared as "restricted area" from map standpoint, due to the political struggles in that area. Thus, 
the reader will have to rely for many years to come on the present editions of maps in the English system. 

Nepal herself has no Survey Department, which is in the position of carrying out any survey work 
of this kind. The Nepal Government still sticks to the old English system. However they will have to 
change in the future, if they are not willing to run the risk of being bypassed in modern topographic 
surveys. (Also China has adopted the metric system.) 

All the data in this publication are given in the metric system. In order to help the reader, an 
index map is given with all the data in both the English and in the metric system. (Fig. 9.) A major 
difficulty was found in the lack of names of mountains. valleys, passes and other localities. Where 
names are given in the Quarter-inch map of the Survey of India, they proved correct within the area 
where the Nepalese language is spoken. However, the region north of the main range of the Himalayas 
is populated by assimilated Tibetan people, speaking the Tibetan language. In addition there are zones 
especially in the Thakkhola, where the tribe of the Thakkhali is living. There, both the Nepalese and 
the Tibetan languages are in use. The tremendous trade through the Thakkhola route brought different 
tribes and people together, and with the well known ability of the Nepalese people to pick up other 
languages very fast, most of the people in the wliole of the Thakkhola and the adjacent areas are bilin- 
gual. Thus it must not surprise us that also the names of the localities show a bewildering complexity, 
depending from the standpoint of view of the Survey or  who covered the area. Several mountains have 
got two names, depending on whether one asks a Tibetan living on one side or  a Nepali living on the 
opposite side of it. As a result of this complexity, many names are crippled and the original sense dif- 
ficult to recognize. For example ((Mohala Bhanjyang)) of the Quarter-inch Map (10 km northwest of 
Chharka) is a faulty mixture of Tibetan and Nepali language. The correct name would be "Moha La". 
"La" means pass in Tibetan language. thus "Moha La" means "Moha pass". "Bhanjyang" is the Nepali 
and Hindi word for pass. Apparently, when the Indian surveyor asked local people (Tibetans in that 
area) for the name of the important pass he got as reply "Moha La" which hc proniplly understood as 
"Mohala" to which he added the word Bhanjyang in his own language. thus resulting "Mohala 
Bhanjyang". 



Unfortunately, only very few language experts have carried out investigations in the area. David 
L. Snellgrove, well known Tibetologist of the University of 1-ondon, has made some trips in this part 
of Nepal. His findings have been adapted in this volume. As usual in survey work. I have tried hard. 
to use the names of the local language spoken in the area, and I havc adopted only those foreign names 
introduced by mountaineers, which are already in common use in publications (for example "Roc 
Noir" of the French Annapurna Conquerers). 

1.2 Thakkholn 

Thakkhola is the name of the largest Nepalese valley lying entirely north or the main range of the 
Himalayas (see fig. I ) ,  at 84" east and 29" north. Its niain direction is north-south, that means it is a 
transverse valley. Its southern border is well defined by the Annapurna and Dhaulagiri range, both 
reaching 8000 m altitude. 
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Fig. 5. Cross Sectiorr through the Kali Garrdaki Gorge 
(between Dhaulagiri and Annapuma) 
With a comparative section through the Rhone valley (Swiss Alps) between Dents-du-Midi and the Diablerets, in the 
same scale. 

The northern end of the Thakkhola is formed by the relatively low (4400 m) main watershed 
between the Ganges river system of India and the Tsangpo river in Tibet. From Dumpu at the 
northern foot of the Main Himalaya Range theThakkhola extends for about 78 km to the Mustang 
Himal, which forms the said watershed. The width varies between 15 km in the south (near Tukucha) 
and a maximum of 55 km in the central part (near Chele). In the northern part. near Mustang the width 
decreases again to about 38 km. 

The name Thakkhola is derived from the Nepalese words: Thak =- red; Khola = river. Thus 
Thakkhola means the valley of the red river, or  brief, the "red valley". Indeed, in the canon-like inter- 
section in the huge Tertiary and Quaternary formations and also on the dry and deserted higher pla- 
teaus the red colours are far prevailing. The mountain ranges on either flanks (east and west) of the 
Thakkhola, reach between 6000 and 6500 m altitude. They show a surprisingly even level, which we 
may call "Gipfelflur" (phot. 46). There is a sharp drop from the main range in the south (Dhaulagiri 
8172 m. Annapurna 8078 m) to the "Gipfelflur" of the northern mountain ranges (see plate VI1 fig. 2 
and 3, and photos I ,  41, 46 and 70). 

The Kali Gandaki (Kali - Hindu Goddess; Gandaki - river in Sanscrit) drains the Thakkhola 
valley. However, this big river maintains this name only from the entrance into the Ganges plain up 
to Chele, in the central part of the Thakkhola. The upper course (north of the village) is called Mustang 
Chu (Mustang :-- districts capital in the north; Chu - river in Tibetan language). 

The gradient of the Mustang-Kali river shows the various steps and flat basins, which are char- 
acteristic for all the transverse rivers of the Nepal Himalayas: a steep gradient from the place of origin 
on the main watershed; a flat portion north of the main range and a tremendous drop within the 
gorge of the main range (fig. 6). From its origin on the Kore La (La == pass in Tibetan language) it 
drops within 25 km from 4400 m to 3600 m near Mustang. From Mustang the gradient is flattening; it 
drops only 500m as far as Chele (3000m). From Chele to Dumpu (2600 m) it flows in an alluvial 
plain which has on 35 km horizontal distance a drop of only 400 m. At Dumpu the Kali Gandaki 



enters the crystalline of the Main Himalaya Range and drops on a distance of only 12.5 km down to 
1200 rn at  Dana, rushing down in what may be called the deepest gorge in the world (phot. 3 and 4). 
Dhaulagiri (81 72 m) and Annapurna (8078 rn) on either sides are separated by only 30 krn horizontal 
distance. If we take the Nilgiri peaks of the Annapurna group (7000 m) the horizontal distance reduces 
to mere 22 hm (fig. 5 and photo 3). Unique for a drainage pattern in a major mountain range, but 
ordinary for the Himalayas the Mustang-Kali river originates on a comparatively low mountain range 
and cuts through a much higher mountain range after 80  km river coursc. 

The Thakkhola is well known to the Nepalese people of the central Midlands, since the most 
important trade route from Nepal to Tibet follows this valley. Indeed, the only 4400 m high pass (Kore 
La) represents the only pass between the Nepalese lowlands and the Tibetan highland which is practi- 
cally accessable the whole year round. 
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northwest. the Peri and tiimlung Himal lying in  the north and northeast and the Manaslu range in the 
east. Lowest gap in the Muktinath Himal is thcThorung La (5300m), while in the northeast the Larkya 
La (5212 m) leads to Nubri, the neighboured main valley of the Buri Gandaki. The Marsyandi river 
drains the Manang valley and breaks through towards soutll in the tremendous transverse gorge 
between the Annapurna range and the Manaslu range. 

By geological and especially structural reasons, the Manang valley is divided into several natural 
compartments. The wide basin in the upper course is dense populated, with the big town Manang as 
center. Between Pisang (3000 m) and Chame (2600 m). the river enters thecrystalline roots of the nappes, 
in which he has cut the first V-shaped deep gorge. From Chame to Thonje (1900 m) the gradient is 
relatively flat. with a step just below Thangja. Between Thonje (1900 m) and Mipra (1 100 m) the 
Marsyandi thunders through the deep gorge cut through the main range to reach the Nepalese Mid- 
lands at Tharpu. (See fig. 6 and photo 18 and 23.) 

The Marsyandi river has two important tributaries, namely the Naur Chu, draining the Peri Hima] 
and the Naur Himal, and the Dudh Kosi (Dudh = milk; Kosi --= river, in Nepalese language) 
draining the much glaciated mountain groups of the Manaslu range, the Cheo Himal, and the Himlung 
Himal. 

1.4 Chharka 

The Chharka area is situated to the west of the Thakkhola. It comprises the upper course of the 
Barbung Khola, which has several tributaries as origin. Those are joining near the small village of 
Chharka. In contrast to the Thakkhola and to the Manang area, Chharka is very thin populated. The 
upper part of the valley (above Chharka) would provide sufficient space for mountain pastures and 
settlements, however, it is to high, since Chharka village itself is already 4000 m. In addition, there is 
no important trade route through this valley. The access from the south through the Barbung valley is 
difficult and dangerous. 

The best connection is with the Thakkhola over the 5500 m high Sangdak La. But also this route is 
feasible only from May to November. However, there are good trails towards northwest into the Dolpo 
area. the most remote corner of Nepal, and from there on into Tibet. (See fig. I and 3.) 

The Barbung Khola enters the first gorge 3 km below Chharka village. flowing in southern 
direction (see fig. 6). From Tareng it changes towards western direction, following the northern foot 
of the mighty Dhaulagiri range. This portion is symmetric to the course of the Marsyandi valley and 
also from geological standpoint it corresponds to the Manang basin. The break through the Himalaya 
at the western end of the Dhaulagiri range is as much a spectacular gorge as the Marsyandi gorge be- 
tween Annapurna and Manaslu range (see fig. 1). From here towards the south the river is called Bheri. 
However. this area is beyond the subject of this volume. 

The Chharka area has been included in the enclosed geological map. However, detailed descrip- 
tion will be given in volume 3, dealing with western Nepal, which includes the Dolpo area. 

2. Climate 

The main range of the Himalayasis known as one of the most distinct climate barriersin the world. 
I t  separates two entirely different climatic zones: the monsoonal subtropical zone of India and Nepal 
in the south and the arid highland of Tibet in  the north. 

The Nepalese Midlands enjoy the monsoonal rains between June and October. while the rest of 
the year is more or less dry. However, there are the so-called "western disturbancies" in winter, which 
bring occasionally rain in the Midlands and snow at the southern flank of the Himalayas down to 
approx. 2,900 m in central Nepal. In addition the southern flank of the Himalayas show extensive 
deviations from the strict monsoonal climate. Local influences, like the strong insolation in combina- 
tion with convectional and ordinary updrafts at the mountain barrier, caused by the prevailing southerly 
winds (southwesterly in dry season; southeasterly during monsoon) bring the southern Hank of the 
Himalayas much more rainfall than the plains further south in India. Kegi~lar thuriderstorms every 



Fig. 7 .  SLrrcli M t ~ p  uf !Ire Dririnagr. Patlrrn and rhr Gloriu~toe 
The maln glac~ers are siiuated at the southern flank of the mountain ranges. 

afternoon start a t  the southern flank of Annapurna and Dhaulagiri already in April. This is reflected 
in the extreme dense tropical evergreen jungles in those areas. and also in the rich rice production. 

The climate of the areas north of the main range is entirely dimerent. True, the monsoon shows 
its effects Far into the Tibetan Plateau; however not in form of heavy rains, but only in a n  occasionally 
increased cloud cover with fine spray rain. 

Local conditions play an important role in the Thakkhola valley. Due to distinct convectional 
drarts the Thakkhola valley is a so-called dry valley. Strong insolation causes updrafts o n  the flanks of  
the valley. while downdrafts prevail above the center. As usual. downdrafts are  extremely dry and 
consequently, the bottom of  the valley practically does not get any rainfall a t  all. This fact is clearly 
reflected in thevegetation (see fig. X).Thevalley itself (3000m) is desert. while mountain pasturesand light 
forests are  found only on the flanks at altitudes around 4000 m. I-lowever. the forests decrease from 
south to  north. Apparently surprising. the snow limit lies a t  the northern flank of the Annapurna range 
higher than at the southern flank (5000 m compared with 4600 m). 

At the southern tlanks of the main range. single peaks of a little more than 5000 m are glaciated, 
while north o r  the Great Himalaya peaks of 6000 m are during summer completely free of snow. 

When I made my trip in October 1957 1 was not able to  cross the 4500 m high Namun La at  the 
caster11 end of the Annapurna range (see fig. 4) due t o  a snow cover of more than I meter. I was 
concerned about  the feasibility of my further programme. since I planned t o  cross the Thorung La 
(5300 m )  50 km further t o  the northwest. in order to  get from the Manang valley into the Thakkhola 
(see l ip. 3 and 4). 

I Ioncvcr. I wah 11iost surprised. when niovilig further north and steadily climbing from Manang 



tolsards the Thorung pash. that the snow limit gradu;~ll> raised ~ i t h  me from 4000 ni at  Man;illg to 
(M30 In on Thorung 1.~1. and at the sanic time ; I I S O  the \no\\ cover ahove the snow limit hccanic more 
and more thin. 

It is c\ident.  thal precipit;rtion h;rs grcatcr inllucncc or1 glaciation 01' the Hi~nnlayas than t l lc  

teriiperalurr. .Also tlie e\l>osurc to sunsliinc ;rppears to atl'cct tlic glaci:ttion niorc than the real :lir 

tcmpcraturc. Tlic area north o f  the m;~in  range gets niucli more exposure 10 sunshi~ic  tli:tn the southern 
ilank. though the airtemperature is much lo~ver .  A look at the niap of l l ie  drainage p;rlrern and gl;lciation 
(fig. 7)  shows that ;ill [he big glaciers :ire biti~ated (111 tlie soulliern Iliink 01' the main range. In zones, 
whcre the main range is interrupted by deep tr;rnsvcrsc \;llleys \ve lind thc hig gl:~cicrs at the southern 
fli~nk of t l i e  Tihetan hlnrginal Range. In those areas. l ~ k c  het\\ccn Larhy:~ La and Tangelse. tlie Inon- 
soo~ia l  u,inds are not stopped b) the barrier of  the Great I-limalayan Range hut get a free e1itr:ince 
through the Marsyandi valley and thc \ . a l lqs  o f r h c  Iludh Khola and  the Naur ('11~1. They d r o p  their 
\ratc.r conlent \\hen drifting up to the further north S I I L I : I ( C ~  Tibetan h1:lrginal I<:~ngc. whcre \ \e  ccln- 
secluently f n d  the big Birn~;tkotlii gl:lcicr\. tlic Phu gI:rcicr and the Pcri glacier (lig. 7). These are  just 
general remarks on the general glaciation related to  tlic clim:rtic harrier of t l ie  tiirn:rlay:~s. Details with 
regard to  both the present and the ancic~i t  glaciatio~i  ill he @\en  later o n .  

A trip from the Thahkhola d o \ \ ~ i  through the Kali G:rndnLi gorge brings the greatest 1)ossihle 
contrasts in an). respect and in an! season. Iluring summer monsoon.  the northern limit of  the man- 
soon31 clouds form a trerncndous barrier :~bo\;c tlic Hiniala!,L~s(pliot. 5 ) .  They seem to move nortli\v:lrds. 
but the!- really remain more or  less a1 the same placc. ~ v ~ l l i  Ilieir norlliern I'ront between Dunipu and 
Tukucha. Thcy turn like a hip roller and remincl one very much o f t h e  "Fohnnlauer" of thc Alps. Except 
the center o f  the \.alley itself, the :~ i r  which has tra\.erscd the main range oI'SOOO In altit~rdc. drops inlo 
the northern ~alle!,s and is therefore locally dry like otlicr doundr :~f t \ .  \I'lien u,alking from tlic north 
totvards Tukuc113. one enjo!s tlic tine weather of tlie Tibetan highlands. t lo\ \ .e \er  a slorm-like southerly 
uirid can render crossing the narrow hridgcs sonletirnes da~igerou\ .  



The climate is dry: barley grows in the fields with irrigation only. At Tukucha either flanks of the 
valleys show increasing coniferous forests. At Larjung, one enters the cloud barrier, which, for the 
time being, greets the traveler with a tine spray of rain. It is getting darker, when moving towards the 
south. At Lete, one enters the real monsoon with heavy rains. Moist mountain forests with rhododen- 
dron, ferns and bamboo, over and over covered by fungus and lichen indicate the humid climate. For 
the three months of the monsoon the valley is veiled by thick clouds and fogs. The southerly wind has 
ceased in the gorge itself. During exceptional heavy monsoon rains, the walk down the Kali Gandaki 
gorge to Dana can be dangerous. Rockfalls, landslides, washed off bridges threat the people; a 
tremendous noise of all the thundering water fills the whole valley and sometimes for days and weeks 
the whole valley is not accessable. Then down towards Dana, there IS again a surprising change, when 
one finds temperatures up to 40 centigrades, rich ricefields and banana trees. And these entirely different 
areas are separated only by a one day's walk! 

In winter, the change of climate is not less impressive. At Lete, there is snow and ice. the ground 
and the waterfalls on the steep mountain flanks frozen, while only after a few hours walk down the 
gorge one can pick delicious oranges from the trees. 

Of course, the two completely different types of climate on either sides of the main range have a 
great influence on the erosion of the mountains. The southern flanks of the Dhaulagiri and Annapurna 
range are exposed to extreme erosion forces. All the weathered material is washed down and deposed 
in the valleys of the Midlands and further south in the Ganges plain. Tremendous steep, even perpen- 
dicular slopes, intersected by deep gorges drop down from the snowcovered mountains of 7000 m and 
8000 m altitude down to the steaming hot subtropical valleys. The Annapurna range for example builds 
up from the valley of Pokhara (800 m) to 8000 m on a horizontal distance of only 30 km, and without 
any intermediate mountain ranges, but just in one single flank. The drop of the Dhaulagiri range down 
into the Mayangdi and Gurja valleys is not less impressive. Undoubtedly, these areas represent the 
world's greatest differences of altitudes compared with the short horizontal distances. 

3. The Natural Vegetation 

Fig. 8 gives a map on the natural vegetation of the area concerned. There are three main factors 
which affect the natural vegetation. At the southern flank of the main range, the influence of the altitude 
is dominant. The boundary between different types of vegetation corresponds approximately to contour 
lines. Thus we find up to 2000 m tropical evergreen forests; between 2000 m and 3000 m tropical wet 
evergreen mountain forests; between 3200 and 3900 m temperate wet mountain forests of rhododendron 
and conifers; up to 4000 m rainy subalpine forests and up to 5000 m wet alpine scrub and meadows. 

Different from this division according to altitudes we find in the Manang valley and in the 
Thakkhola a different pattern of natural vegetation. The northern flank of the Annapurna in the 
Manang valley shows the most beautiful temperate mountain forests, with tremendous conifer trces 
between 3000 and 4100 m. This zone, though belonging to the Inner Himalayas, gets humidity from 
clouds entering the Marsyandi valley from the south. Often, a solid cloud cover can be seen at thisaltitude 
sweeping along the northern flank of Annapurna, while the opposite side of the valley, at  Pisang and 
Manang. enjoys full sunshine. Consequently, the mentioned temperate mountain forests can be found 
only at  the southern flank of the valley while the northern flank is bare of forests, but covered by dry 
scrubs and the land is used for cultivation of potatoes. 

In the Thakkhola, especially in the northern part, a similar feature can be observed. Frequently a 
cloud cover between 3600 m and 4400 m is entering from south through the Kali Gandaki gorge and 
hanging around on either flanks of the Thakkhola, while the bottom of the valley, caused by con- 
vectional downdrafts, enjoys full sunshine. Consequently the bottom of the valley is a pure desert, while 
on the flanks at altitudes around 4100 m we find thin forests. scrubs and extensive mountain pastures 
(for example on the Daniodar La west). 

The boundary between this arid light subalpine forest and the temperate mountain forest is 
extremely sharp on the eastern flank of the valley. The latter reaches as Tar as Lupra (see fig. 8). 

In the Barbung valley we find a similar pattern. The bottom of the valley (west and beyond our 
map) is  a desert, while the southern flank (towards the Dhaulagiri range) shows beautirul temperate 
mount;iin fores~s. 



The extensive mountain pastures on either flanks of the Thakkhola, in the Barbung and Dolpo are 
well known to the Tibetan salt traders. There they find excellent grazing grounds for their herds of 
yaks, sheep and goats. However it has to be mentioned here, that the belt of arid light subalpine 
forests and mountain pastures is not only caused by the special type of climate. but also by horizons 
of increased humidity due to unpermeable morainic deposits from ancient tributary ice age glaciers, 
under which many springs occur. 

Fig. 8. Map of the Narural Vegetation 

1 (8000 m-5000 m) Arctic desert, including glaciated areas 
2 (6000 nl-5000 m) Arid mountain desert to the north of the Himalayas, included minor glaciated areas 
3 (3600 m-2800 m) Dry desert valleys of the Inner Himalayas 
4 (5000 m4500  m) Dry alpine scrub and pastures (fir, junipcr) 
5 (4700 mA000 m) Wet alpine scrub, pastures (rhododendron and juniper) 
6 (4500 m) Arid light subalpine forest (fir, juniper) 
7 (4000 m-3500 m) Rainy subalpine forest (birch, rhododendron, juniper) 
8 (4100 m-3000 rn) Temperate mountain forest, conifers, (Inner Himalaya) 
9 (3m m-3200 m) Temperate wet forest of rhododendron and conifers 
10 (3200 m-2900 m) Temperate wet forest of oaks and conifers (with bamboo and fern) 
I 1 (3000 m-2000 m) Tropical wet evergreen mountain forest (oak, bamboo) 
12 (2000 m-1000 m) Tropical evergreen forest of medium altitude (pine or fir, chestnut. walnut, oak. Pipal = Ficus 

religiosa 
The figures on altitudes are of course only average values. Deviations due to local specific climales occur frequently. 



/ I  Geological Observations 
in the Catchment Area of the Marsyandi 

The reconnaissance survey carried out by the author in Nepal is based on geological descriptions 
of the itineraries followed. The character of this survey, not to speak of the inaccessibility of wide areas. 
made it impossible, to cover the whole area, as it is used to do with normal gwlogical survey work. 
Only few areas, which appeared to be key areas were studied in details, and got repeated visits. OF 
course, many gaps are left by such a survey. Thus the description of the geological itineraries is the 
backbone of this work. 

In this volume, a detailed description will be given on the areas north of the main range of the 
Himalayas. For the area south of the main range, just the geological description of some of the 
approaches will follow. 
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1. Geological Itinerary at the Southern and Eastern Flank 
of the Annapurna Range 

We start our expedition in the plain of Pokhara. where the Pokhara zone, tectonically the lowest 
zone of the Nepal Himalayas occurs in a tectonic window. 
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Fig. 11. Index rZIapfor t l i ~  Figurer atid Phofogrophs it1 the Texts 

Thin numbers denote figures in the texts, while bold numbers indicate photographs. 
The combined Roman-Arabic numbers mark the geological panoramic views of plates V - V I I .  

The author considers it as parautochthonous formations of uncertain age, possibly ranging from 
Devonian to Permian, with sericite schists. shales and coarse-grained boulderbeds and conglomerates. 
The Pokhara zone forms an anticline with the axial strike in the normal westnorthwest*astsoutheast 
direction. We meet the axis on our route in the small topographic saddle of Khanwali. 6 km northeast 
of Pokhara. The axis follows from here in  eastsoutheast direction into the river course of the Madi 
Khola between Thulosonwara and Chisankhu. (Quarter-inch mop.) 

I L  is uncertain on this route where exactly we cross the boundary from the Pokhara zone into the 
overthrust Nawakot nappes. The ror~nations are not much different (see fig. 12), but the basic over- 
thrust must be somewhere between Khanwali and Atigar. A much tectonized zone is found in the 
~niddle of the distiince between Khanwali and Atigar, in which dolomite slices are found interbedded 



Fig. I2 Profile Sketch Pokhara-Siklis 

Nawakot slates with quartz veins in the 
anticline axis; the quartz veins originated 
possibly in connection with pegmatites; 
conglomerate, quartzite boulders in phyl- 
lites, diameter of the components 1.5 cm; 
sandstone; 
tectonized zone, with white weathered 
quartzites, "Tupfelschiefer" (spotted 
shales), schistose slates with biotite and 
amphibol porphyroblasts; the latter up 
to 4 mm long and parallel positioned; 
conglomerates and sandstones: 
series of alternating quartzites, "Tiipfel- 
schiefer" and quartz veins; 
chlorite sandstone, soft, with much 
sericite ; 
large series of slates, sericite-phyllites. 
and sandstones, with interbedded fine- 
grained and course-grained conglomera- 
tes. Ripple marks on sandstones; 
white dense platy quartzite, well-bedded, 
at the top reddish and greenish laminated; 
dolomite slices; 
thrustplane, series of slates and phyllites 
thrust under angel-unconformity over 
the quartzites and dolomites. Turmaline 
pegmatites, tectonized and torn into 
breccia-like formations. Garnet-phyllites 
in neighbourhood of the pegmatites (see 
also phot. 7) 
coarse-grained biotite-sandstone; 
sericite-phyllites with pegmatite layers 
and lenses; 
well-bedded clear-coloured quartzite; 
series of breccias, components of dolomite 
and coarse-grained laminated calcareous 
sandstone in limes~one;alsocomponentsof 
calcareous "granite" (of the type occuring 
at the top of Kathmandu nappes 5 and 4 

sericite-phyllites, tectonized, with micro- 
folds: 
conglomerates in sericite-phyllites; 
series of 400 rn of Rauhwacke. dolomite. 
quartzitic dolomite, laminated calcareous 
sandstones and calcareous conglomerates; 
black shales with quartz veins, micro- 
folds, apparently thrust upon the series of 
18 above; 
clear-coloured sericite-garnet-phyllite 
with "Tiipfelschiefer" (spotted shales); 
linlestone, coarse-grained; marble, dolo- 
mite; 
sericite-schist ; 
sandstone with mica (muscowite with 
biotite); 
laminated limestone, calcareous breccias; 
granitic intrusiva; 
black shales; 
sericite-phyllites; 
biotite-gneiss, with layers of granitic 
intrusivas; 
biotite-muscowite sandstone; 
garnet-kyanite schist, diameter of the 
garnets up to 2 cm; 
length of the kyanite crystals 15 cm; 
porphyric granite-gneiss; 
coarse-grained biotite-muscowite mica- 
schist; 
well-bedded fine-grained biotite-gneiss, 
with a few intrusive layers; 
laminated porphyric granite-gneiss; 
granite-porphyr with garnets up to I cm; 
granite-gneiss; 
mica-schist, with layers of laminated and 
porphyric migmatites; 
biotite-gneiss series of Siklis; 

at Namun); 



will1 c;ilc:ireous slate\. co~~glonicratc.;  irrid sand\torics ( p h o ~ .  0 )  0 1 1  thc dolorn~tc rlorth of Allgar l'ollow\ 
:inother thr~rsl3ln1ie. o n  ~\ l i ic . l i  [lie overlying \cric\ arc rnucli Iccionrrcd arid thru\t under angle uncon- 
I,rn~ity. Thaw scric\ also conl:lrn turni:ilrnc ~,cgrnatite\ arld quart/  vcln\. \\tlich hy tcctonrcs are corl- 
(orled arid torri into wIi;11 may call a "pcp~nat~tc .  hreccia"antl "quart/  brccc~a" \\I~crcin the pcgrnlititc 
and quar1Lcomponents are bedded i l l  giirricl \clii\t\ ; in~ l  garnet 13h!ll1tes. ( I I 111 liy. 12, see ;rlso ptiot. 7 ) 

Uctwccn 1-liak and Triprarlg the formations chring; completely irnd \\e tind \;lrrous gnci\ze\ \r.~th 
granitic intrusives and niica-sch~hts. This has t o  I7c considcrcd to he thc ovcrtliruct of the Kilthmandu 
nilppes (tig. 12. up from N o .  2 5 ) .  

The whole series up to Sihlis (2400 ni) the hrglicst \~ll;igc at the ~ u t h c r n  fl;~nk o f  ~ l i c  Ann;ipurna 
(settlcd by Ciurungs). ha\ tu  beconsidercd to hconc Icetonic u n i ~  iri bpitc oftlic gre:rt thichries~ ofapprox.  
2.5 kni. The northern dippirlg, flat >lope norlh of Siklis con\ist\ of parnct mica-\chi\(\ and niuscclritc- 
schists, cauhing the soft soil suitable for thc culti\.atior~ ol' rice. 

On the top of this mica-sch~st series ice lind laminated ctur\e-grained I~rnc\tonc ;lnJ marble 
(fig. 12). 

The overlying wries. con5isting (~I'linc-pr:riried biotite pnciss. porpll!ric grarilte with garnets and 
porphyric granite-griciss. ;Ire he:r\il  folded and tliru\t. I;ndoubtedl) the uholc wries h ; i ~ e  to be 
considered to belong Lo Ole K:rtliniandu nappe 2. o\crtlirust upon the I~nie\tone on thc top of the 
crystalline Sihlis s:.ric\ (\ee tip. 1 . 7 ) .  

Our  further route from S i k l ~ s  to Kambrony (12278 ft. 3742 rn) lead\ toirards the east and con- 
sequently in the direction of tlic gcolog~cal strike. l'hc \+hole nestern ridgc. right down to the Madi river 
consist5 of the formations of Siklis. tlic steep bouttiern tlank being h i l t  of the  granite-gneiss, while the 
flat northerly dipping f a n k  consists of the tine-grained blotits-gneis and mica-schists. 

Plrot. 6 .  Tot-11 criril I;)l:lc,~l I111b~trrrtc. l.c,rr\t,.\ irr C<rl~~rrr~vorr.\ Strrrrl\fo~rr 

C ' l e f ~ b  i n  rlic dolom~rc are lillcil \\ i i h  idiomol-ph quar tz  cr)stals (top N a ~ a -  
Lot nappc n o  I .  sourll uf 4t1_ca1-). Such tcc~onizcd zones :lrc comnion along 
thurstplanes. 



Plrut 7 "Ql~trrfz I#! c.c c icr ' 

Tc31nied out CIS qud~t /  \clll'r .~nd ~U;III/ la\crj duc l o  [c~tonlcdllon. 

The cross section from Rarnbrong to Namun Bhanjyang shows the v:~rious crystalline formations 
of the Kathmandu nappes (fig. 14). Whcn approaching the Nalnun Bhanjyang, we I'ound the lnap 
greatly misleading: What in the map is given ;is Namun Bhanjyang (18976ft. 5784 ni) is not a pass but 
rather a glaciated peak. There are two mountain ridges which extend from the l.am,jung Hinial 
(12921 ft. 6985 m) towards the ea\t (phot. 8). Between the two ridges there is a greal glacier (Namun 
glacier) feeding the river flowing towards the east into the Marsyandi halfway between Na-ie and Jagat 
(fig. 7). The pass itself. which leads from the southern flank of the Namun Himal to Thangja is situated 
more to the cast. That means there are two passes crossing the two mountain ranges mentioned above. 

The peological details of the i~inerary from Rambrong to Namun Himal are given in tig. 14. 
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F1~1. 14. G'c,r~lr~gir.trl Pvr~filr .YAcrc.h R [ r ~ ~ r h r o n ~ - i l u t ~ ~ r o ,  i 57,YX 111 I 

1 sand\tone. ~n lc rhcddcd  1 ~ 1 t h  nilgrnarltcs I 2  pol  pIi! I.IC i l l id n ~ l ~ r n ; ~ t l t l c  gr;inltc 
2 m~caccous sandstone I 3  \tell-hcdclerl gnc1s4. t\ I I ~  Il?lgniatllc I,~ycrs 
3 porph!rlc rnuscow~tc-gr;ln~lc. ~nterhcddcd \ r l th  14 gr,~nitc (rnu5cou I~C-~ IOI I~C)  

m lgma l~ lcs  I 5  I:~l-gc writ\ of Inlgn~;l t l t r \ :  ~ h c  latter s l iou iny 
4 garnet-g~- ;~n~tc th~chne\scs hst\rceri 2 cn i  and .;c\cr;tl mctcrs. 
5 fine-grained h ~ o t ~ r c - g ~ i c ~ s s  V ; I I - I ~ ~ \  t !ps  o f  dyke5 cr(r\s each other 
6 p o r p h y r ~ c  granltc-gnelss I h \lice$ or calcareous sandstone 
7 fine-grained ni~c:~ccous sandhtonc 17 gnelsws \r,ith ni igrnat~le\.  In!crs of  porph>r lc  granitc 
8 t ine-gra~ncd h ~ o t i l c - g ~ i c ~ s s  fse\eral meter\ t h ~ c k ) ,  rrcqucntl) under ;jngle t o  
9 gr'lnite-gneiss the hcdding of the ~ n o t l i e r  rock 
10 mlcaceous sandstone ; ~ n d  gnclss I X  s~mi la r  as 17 aho\e. h o u c t e r  tlic percentage o f  
I1 granltc \ r l t l i  garner and k y a n ~ t e  (the latter \ \el l -  gncls\ and gl-anlrc approu, 1ii1)-lil't!. 

ld iomorph t r l th  crystal length LIP to I 0  cn i )  I 9  C.~lcs~licatc rocks u l t h  tarlous pegmatltes. 

There 1s a clear unconlhrmity her\\cen (151 and (17)  In  Ihe d ~ p  as \vcll as cspeciall) In the s t r~he.  The Io\\er series 
she\\ a strike i n  southeast d~rcct ion.  whilc the overl !~ng (or  rather overthrust) scrles s t r ~ k c  eal t  \ r o t .  .4l \o ho th  
scrics shon ;I great nurnbcr o f  folds and microfolds 

1'110r ,Y 1.111, . S I I I I ~ / I < , I I I  t l(1t11, I I / ~ ~ . [ I ~ ~ J / I I ~ I , ~  I ~ I I I I ( I /  , 6Yc?5 I I I !  

(ct>lnp,tl-c .II\II 11s I X .  \\ 111~11 g~ \c%\  tlic gco1oglc;rl ~nl 'orm.lt ionl 
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I Intrus~be zone 01' Nunlun uith \arloua 
mixed ynclsses, including c;llcsllicatc 
gneisses and pegmatllc layers and dykes 

1. silicious liniestonc 
hl(; mixcd gncisscs. rnigrnar~res 
21 I;~leral morain or Ihc harnun gl;tclcr 

I lic I~mzslonc scrles belong to rhe 1013 of Karliniandu n;lppe 3. The I\i;~mun scrlcs are o\.c~-tlirusl and Illel-cb) hca\ily 
folded. (('onip;irc also  pliol. 10.) 

,411 through the \vhole scctlon tectonics play a n  important role. Four  Kathmandu nappes are 
in\,ol\ed in the area. and besides. there is an anticline striking through in east- west direction 4 km 
north of Singdi (see also plale I I I .  profile 11). 

The Nanlun peak (5784 m )  11, 3 distinct geological boundary (see fig. 15). 
North o l  i t  the crystalline series decrease. while Inore and more calcareous formation:, take place. 

\lariou\ features o r  granitic. aplitic and pegmatitic intrusions are  well exposed in the valley of the 
Naniun glacier (norlli and ea\t of Namun (see phot. 9 1 3  and fig. 16 and 17). 

As e\,cryuliere in the tran5itional /one between the Kathmandu nappes and the s e d ~ m e n t  zone o f  
the Tibetan marginal synclinoriuni, the dkkes c r w s  the beds at an angle directed touards  the north. 
Also t \ \o  phases or dykes can be recogniled (phot .  15). 



Phot. 10. Oblique Pegmatite Dyk, rossing Granite and Gneisses 
(northeastern ridge of Namun, vi 'rorn the east) 
Gneisses (lower part) are interbedded with granite layers. The upper part 
consists of nearly plain granite. The angle under which the dykes cross are 
very characteristic for the margioal zone between the Kathmandu nappes 
and the sediments of the Tibetan marginal synclinorium. 

* ,  

5 ,. E"4 _.'. i.' . 

Phor. I ] .  Two Phases of Intrwions (southern border of Namun glacier) 
1 rnigrnatitic gneiss, intensively microfolded 
2 aplite 
3 second phase, coarse-grained tutmaliDt pegmatitito (\Pithin 2) 



C'o~nl~:~rc.  a l w  pho l .  no. I I. \\ h ich sho\vs [h: 
s;llnc . ~ p l i l c  (the ice-auc ma) sel.\'c a\ sc;llc.). 

P pcgm:lli le 
,Z ;~p l i l c  
P2 second ph:lzc ~):gm;~ritc \r ~ l l i i n  the  

;~p l i t e  
h l ( i  rn igrnal~tc  
FIR hornblende 

Tl ic  rcct.~ngle  narks Ihc close-up or thc photo- 
graph 110. 12 and Ihc ro l l o i r i ng  tig. 17. 

The further route from Namun towards north and do\v~i into the Marsyandi valley to the sharp 
bend o f t h e  Marsy~~ndi bct\vcen Tliangja and Bagarchhap follo\\s the dip or the fcmnations and does 
~hcreforc not slio\v an!, interesting features. The mountain range north of the Nnniun gl;icier. \\.liich 
is glaciated on both Hanhs (phot. 14) consisth of gently norlhi~estern dipping calcsilicate rocks of the 
Bagarchhap-Tlionjc scrics. The \bestern component of thc dip is caubed by a strong a ~ i a l  pitching 

Plrol. 12, Clo.~c r ~ p  01 111~ / i o r ~ r l ~ / ~ ~ t ~ ~ / ~ ~  C ~ I . \ I O / . !  
(.\nt,rc, 111.1~11 {rs rllc, rc,r.rcrtr~~lr, I r r  fi~q. I 6  I 

The hornblende crystals arc \ \e l l  i t l iomorpl i .  \ril l1 Icngth to  10 cnl  and 3 cm 
diameter. Thci r  main a \ ~ s  13 d~rected lr;lns\crsc ro 1lic pcgmnll tc. (Co~nllcrl-c 
;~lso figs. I h  and 17 which give the esplanation 10 r l i is photogra;,h.) 



Pbt. 13. Pegmatite Dyke 

- , .  



1 . i ~ .  17. 

l i o r ~ i h l e ~ ~ d c  cr~.;lill\ I n  Ihc 1na1-ginill /one of 
t l ic i ~ p l i l c .  ( I l l i s  lia is ;I close-up 01' 11ic I - ~ ~ .  

t;~nglc In  tig. 16: coliipal-c also phot. I? .  ~ l 1 ~ ~ h  
sI i(1~1s tlic S;IIIIC I ~ o ~ I ~ ~ ~ c I ~ c ~ c  CI.)S~.I~S.) 
1-lie Iinrnhlcndt. crqslals ;II-~ \vt.ll-iclionlol.ph 
\r 1111 Icngth.; u l i  l o  IOcm i ~ n r l  tl ianiclcrs 01'4 
l ' hs l r  m;lln ;I\I\ I$ 1111-ccted Ir:lns\,cl-sc t o  lllc 
:~ l i l i l c  :111cl pcgn1.1titc. 

toi\sl.ds west. which corresponds to  the western plunging ol'the M a n a ~ i g  synclinorium. as  u.c sli:~ll see 
Iilter on .  T h e  western pitcliing i h  accompanied by ;I number of stceply w s l e r n  dipping tr;lnsversc frlults. 
uhicli occur in the wholc range f r o ~ n  I.;~nijung tlirnal (6985 m) to thc Marsyandi gorge in the eaht 
( f ~ .  18; phot. 8 ,  southern llrlnk o r  the Lanijung tiinial. and phot. 14). 

Plror. 14. 7 7 1 ~  ,\lororroi~r h'o~r,~~c , l '~rr Ir  0/ r l r ~  2Vtrrrrrrrr Gloc,irr 
(seen I l .om southeilst ) 

C;~lcs~l icutc rocks WIIII grani l lc i111d p c g ~ i i ; ~ I ~ t ~ c  I~IVCI-s 
The beds d i p  no r lh .  T'hc d ip  towilrds so(11l1 (let'[ sldc) I ilppilri'nt 0111). C;IIISC~ 

11) ti le . ~ \ i a l  rlsc ol' the blr ini lng syncl ir lor l l l ln. N o l c  the folds :lnd thrusrl;)ld\ i n  
thccentr;~l pol- l ion oT the pholvgr-;lph. i n c l ~ c a l i ~ l g  Ihc I 1inlaIi1);ln Schu~ lpcn  lone.  



P l ~ o / .  IS. 71/,-rrrirl111c P(TIIIO;I~O 111 ( ~ ~ ~ l t . \ i l r i . ~ i t c  .\II~JIIJII~J/C' 
( U ; I ~ L I ~  gl;lclc~-, 4.500 n i l  

I' l u r m ; ~ l ~ n c  pcgni;llltc <I\ he 
1'1 t u r n i a l l ~ i c - l > c g ~ i i ; ~ t c  l a j c r  (111 conl lcct lon n ~ t h  [lie d!Lc 1') 
M I ; ~ ~ n ~ n ; ~ t c d  \ I ~ I ~ I O L I S  marhlc, >llghtl! ~ i i~pm; l t l / eJ  
A :I~'~IIC I;iycr. con ta in~ng  small pcgrn;~l~le ICIISC\ (1'1.) 

I lie l o l l l ~ l l g  <>I' ~ l i c  mother rocks ;llcing rhc pcgl i iat l lc ~nJ lc ,~tcs \ l ~ g l i t  ~ r iove~ i ien t  and sl iding & ] th in  the formations 
d u ~  111g I1i!I.Ll\l(in 01' the ~ )cpn i ;~ t~ tc  or. r i ~ t l i c ~ .  ~ h c  pcgl i i ;~ t~tc  lli[l.Ll\lon ro l loned p r e ~ i o u s  zoncs of Iatcnt \renkness, l i ke 
I.I~IL,~LIILY. l'.11111> <11i(t loci11 1i1icro-thri1\tl>l;111c\. 
1 1 1  tlic ~ c l i l  lr.111~l I I ~ ~ C I .  L.OII~CI. .I \CCOII~I;II.! ~1~~g111.1I11c L.I(I\\C\ l l ic III;III~ ~ w g ~ i i ~ ~ t i t e  (1'2) 



White masses are pcgmatites ( P )  



Inhteaci ul 'moving to\rards ~ i o r t l i  follo\\inp the d~ps. \\e turn now back to south and climb down 
thc ridpt. (o\+ard\ the soutlica~t VI;I Sundar (3356 m) to 7'arpu Ghat. On (his route u e  cross the cristal- 
line scrieh o f  tlic I o \ \ t r  K;~th~ii;~ncIu nappeb. \\l i ich are in this area sliowing a Hat anticline and hynclinc 
structure (we ~)l.olile I .  171;1te I I I ) .  A b o ~ e  Puranagaon (Purana old: Gaori \,illage) where the 
1nounr:tin ndgc hcr\iecli ~ l i c  Mar\yandl and the Kucli Kho l ;~  dropa huddenly from 3CHX) rn dotrn to 
900 ni \re ~i icct  ~ h c  o\ert l i rus~ o f  tlie Kar1irn;indu nappeh. A t  Tarpu occur mighty lilnchtones and 
I~I;II hlcs \\ I i ~ch  helong to the top 01' rlic Y;~\rakut Iiappeh fig. 19 and phot. 23). 

t ronl 1 arlxl Ciliat. \ \e nio\c. again to\r ;~rd\  the I limalay;rs and I ~ l l o \ v  ttic %liirsyandi river. W c  
clitcl. n o \ \  one ol'tl ic moht t~cniendou\ sc)~-gc.\ ol'tl ic 1 lini;~l;i!.as. the transverse. vallc! oCthe h,larsyandi 
I - I \ ~ I .  \ \ h ~ , r c  11 hrc;~h\ tlirough the main range I~ct\\ecri rhc Annapi~rnn range and the M;~nuhlu range 
1 1 ~ 1 1 0 1  I h ,  ?.> ;111d 14). 



Fig. 18. T ~ P  Sourhcrtr Flarrk of t11c Lun~j~org Hirtml (6985 rn) 
I Silurian-Ordovician liniestone 
2 calcsilicate rocks with intrusions 

6 granite-gnciss 
M rnorains 

3 mainly paragneisses Due to  distortion, looking steeply upwards 
4 mixed gneisses and rnigrnatites the Silurian limestone appears to be less 
X overthrust of the Kathmandu nappe 5 thick than it really is. Our standpoint is 
5 limestone, partly rnarrnorized. with in- about 4500 m. 

t~usions 

We take our geological profile again near Chhiju (fig. 20) where we met a limestone series with 
intrusive layers. overlying the lowest (most southern) series of granite-gneiss (series of Tagring). At 
Jagat, we enter the first step in the gorge. Clivage is tremendous, making the formations appear to 
dip south. 

In the narrow gorge, where the trail crosses over the suspension bridge (phot. 18). we are amidst 
the crystalline series with granites and gneisses and various intrusions. Near the suspension bridge, 
the strike is exceptionally turned towards the north-south, parallel to the river course. This seems to 
be caused by a transverse structure along the gorge. After the suspension bridge we climb the steep 
step in the valley. The western tributary (Namun Khola) joins the Marsyandi in a thunderous water- 
fall. with tremendous kolks washed out of the coarse-grained granite (1700 rn). The upper part of the 
gorge. the last 5 km before Thonje shows a flat bottom with however vertical rockwalls on either sides. 
The trail follows hair-raising suspension devices on these perpendicular rocks. It is easy to guess that 
this difficult portion of the trail is not manageable for pack animals. Traders with pack animals use to 
come down from the north (Manang and Bimtakothi) just as far as Thonje. Further down the valley, 
all the trade has to be performed on porters back. 

Towards Thonje (1980 m) the dip is decreasing. and the formations contain more and more 
calcareous components (fig. 21). 

Also two thrustplanes can be recognized and the whole series overlying the calcareous formations 
show a tremerldous tectonization with intensive microfolds. 

But before continueing our geological itinerary towards the north. we consider thc geology of the 
southern and the eastern flank of the Annapurna 1.;1ny2. 



1950 m 

I2 white quartzite 
13 soft sandstones, with quartz veins 
14 Nawakot phyllites 
I5 blue phyllites and "Tupfelschiefer" (spotted 

slates) 
I 4 16 laminated limestone, calcareous niica-schist, 

marble; (fluidal texture; microfolds. s u b -  
Fig. 19. Detail Profile North of Tarpu Glrat quatic sliding) 

17 graphitic quartzite slates 
I granite-gneiss series of Tagring I8 blue limestone 
2 muscowite mica-schist, with pegmatites 19 black slates, graphitic 
3 sandstone. (Kokani sandstone) with mig- 20 limestone 

matites interbedded with pegmatitic layers 21 hematite, interbedded in quartzite and phyl- 
and dykes lites 

4 muscowite mica-schists 22 quartzite 
5 garnet mica-schists, coarse-grained 23 coarse-grained sandstone, partly slightly 
6 red quartz-sandstone metamorphosed towards gneiss 
7 white quartzite with thrustmarks 24 dark phyllites 
8 white quartzite with slices of coarse- 25 sericite-sandstone 

grained marble 26 dense white and reddish quartzites 
9 calcareous mica-schist 27 garnet-phyllites 

10 marble, coarse-grained, fluidal texture 28 sericite-sandstone with garnets 
I I sericite-quartzite schist 29 sandstone 

Fig. 20. Profik Sh-etch in the Marsyandi Gorge 

Jogat 
( suspension 

I limestone, with intrusive layers 
2 garnet-mica-schist, phyllites 
3 garnet-kyanite mica-schist 
4 fine-grained biotite-gneiss, interbedded 

with migmatites 
5 biotite-granite (near Jagat) 
6 granite with garnets, porphyric, with pegma- 

tites 
7 fine-grained biotite-gneisswith intrusivelayers 
8 biotite-muscowite mica-schist 
9 dominantly granite-gneiss 

This seriesfor~n the barrier in the Marsyandi gorge. 
above which the alluvial plain reaches for 4 km 
towards north. The strike of the barrier series (9) 
is excessively turned toward southsoutheast. 



BRIDGE OF THONJE 



2. Geology of the Southern Flank of the Annapurna Range 

The Annapurna range is not only one of the most beautiful mountain ranges of the Himalayas but 
ulidoubtedly from the geological standpoint far the most interesting one. First of all, not like the 
mountains of the Everest group or Kangchendzonga or K 2 group, the Annapurna is built not only of 
crystalline rocks, but at its northern flank also of the sediments of the Tibetan marginal synclinorium 
with their great varieties of rocks and tectonics. But the most interesting mountain would be useless 
with regard to scientific research, if it were not accessable, both from technical or political standpoint. 
The Annapurna is relatively easily accessable, main trade routes passes round Annapurna and big 
villages are situated on all sides, and, important in politically delicate areas, also from this standpoint 
of view accessable from all sides, since it lies far away from any border. 

Fig. 22. The Alrnapurna Range Seetr from Sourhwest 
(according to an aerial photograph by the author) 

The southwestern flank (from Annapurna I towards the right side) shows the northern dipping crystalline roots of the 
Kathmandu nappes. The Nilgiri range consists oT the very thick sedimentary formations on the top of the Kathmandu 
nappe 5, with the folds of the marginal Schuppen zone (reverse folds at the northern flank of peak 7031 m). 
Compare also phot. 70 and 71. 

I Devonian limestone 4 paragneisses 
2 Silurian-Ordovician 5 calcsilicate rocks 
3 granite-gneiss (in Annapurna I interbedded with 6 paragneisses 

paragneisses and limestones) 7 migmatites 

There is also no other mountain range in the Himalayas which is so diversified with regard to 
topography, the variety of peaks and vegetation, because, nowhere else the peaks of 8000 m are so 
close to tropical lowlands. 

The southern flank of the Annapurna range consists mostly of the northerly dipping crystalline 
formations of the roots of the Kathmandu nappes. However, at altitudes below approx. 2500 m also 
the underlying Nawakot nappes participate in mountain building (see mapand profiles plates I1 and 111). 

Not like most any other ranges in the Himalayas, the Annapurna does not consist of one crest 
only, but has also outlyers with a considerable extention in transverse (north-south) direction. This is 
especially the case in the western part, where the Nilgiri has two summits connected by a south-north 
ridge; or the main summit (Annapurna 1) which sends a ridge towards the south peak (7205 m). 
Also the bold summit of the Machhapuchare (6997 m) IS situated by about 7.5 km south of Anna- 
purna I l l  or the main range. (See map plate 11. or profiles 6 and 8 plate 111.) 

Thc boundary hetween the crystalline of the topmost Kathmandu nappe (5) and the overlying 
\ ed~mc~i t  Ii)r~natio~i\ does not follow the main crest of the Annapurna range. All three of the Nilgiri 
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Mochhopuchora 
6997 

Annopurno m 

Fig. 23. The Anrtaptrrtra Range Sem from the 
South 
(according to an aerial photograph by the 
author. compare also phot. 19) 
The Machhapuchare consists of thefolded, but 
generally northern dipping granite-gneisses of 
the Kathmandu nappe 4 (folding in this 
picture is not visible due to the view onto the 
outcrops, see fig. 24). The western flank of An- 
napurna IV gives a good cross section through 

the reverse folded sediment cover of the Kath- 
mandu nappe 5. The gneisses have also been 
involved in the folding. 

I Devonian 
2 Silurian-Ordovician-Cambrian 
3 calcsilicate rocks 
4 paragneisses 
5 mixed gneisscs and migrnatites 
6 granite-gneisses 
7 quartzite and limestone 

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

W 

I Mochhopuchora 
Anmpurm wulh p o k  6997 Annopurno 1 nos 

T I ~ E T A N  Z O N E  Fig. 24. The Arulapurna Rartge Seen front 

Sor~rhc.ost 
s~~urian-Cambrian (from the ridge between Rambrong and 
Calcsilicate rocks Namun) 

KATHMANDU NDPPES 



3. Geological Itinerary in the Dudh Valley 

The Dudh Khola is the main eastern tributary of the Marsyandi. It drains the western flank ofthe 
Manaslu rang. and the southern flank of the heavily glaciated mountain range consisting of the  phu 
Hima1 (6454 m). the Himlung Himal (7125 m) and the Cheo Himal (6812 m). The big glaciers at the 
eastern flank of the nameless peak 7009 m send their water also into the Dudh Khola. Thus, the Dudh 
Khola receives its waters mainly from glaciers, and this explains its name: Dudh - -  milk. Khola - river. 

As seen in previous chapters, an important trade route leads through the Dudh valley, crossing 
over the Larkya La (5212 m) into Nubri, the big transverse valley of the Buri Gandaki neighboured 
to the east. The whole route over the glaciated Larkya La right down to Thonje is manageable for 
pack animals. 

Fig. 25. Pro* Skerch Thonje-Dudh Khola I rnig~natites with well-idiornorph orthoklas 
crystals up to 3 cni diameter 

SW 
NE 2 calcsilicate-gneisses 

3 calcsilicate-gneisses and rnigniatites 
4 gneisses with granitic layers and peg- 

niatites . , . 5 calcareous biotite-sericite sandstone, with 
granitic and pegmatitic layers 

\' .' 9 
e 7 rnigmatite 

5 8 fine-grained biotite-gneiss with augen- 
'\' ' "  7 gneisses 

3 km 9 granite and pegrnatites, crurnhled to grit 

These latter series are overlying by a thrustplaneover formations of (8). However, the upper complex has in the last 
phase been gliding reverse towards the northeast. This is indicated by pegrnatites which are transposed through this 
thrustplane. This zone also shows a strong clivage which dips towards the southwest. The dip of the lbrrnation is 
strongly turned toward the north, indicating the anticlinal structure in the Dudh valley. 

When starting our journey at Thonje through the narrow valley of the Dudh Khola one would 
not expect to be so close to the boldest mountains of the Himalayas, for one cannot see any snow- 
covered mountains until halfway up to Bimtakothi. 

The formations of Thonje consisting of mainly fine-grained biotite-paragneisses interbedded with 
migmatitic zones with large felspars (fig. 25) reach about 1 km further up from Thonje. There seems 
to be a minor anticlinal structure in the vallev: At the eastern flank the strike is directed towards east. 
while on the western flank the strike shows tbwards the north. 

At Thonje itself, the beds are nearly horizontal. The zone I km above Thonje shows tectonization 
in form of folds and thrusts. Clivage is dipping south, at places misleading to interpret the dip of the 
beds in the same direction (fig. 26). 

Near the bridge between Thonje and Tilje a number of transverse faults cross the valley in north- 
south direction. These are the same faults and clefts, which caused the terrace of Naje, 1.5 km south- 
east of Thonje. (See also phot. 25.) 

At Tilje village we are in the series of calcsilicate gneisses, containing plenty of granitic and peg- 
matitic layers. The further profile sketch is given in fig. 25. 

Fig. 26. Clivuge irr F01clc.d G'treirs 
(300 rn above Thonje) 

The clivi~ge is dipping southwest. 

20 cms 
I I 



Fast of' pcah 4692 111. where there i s  a relnarkahlc steep step in ll ie gradient o f  the vallev. we find 
gr;~nitc with itbundant ~>egriiatitc lavcrs and dykcs, on thc surface cru~nbled to grrt. 

The granite i s  thrust over rnipniatltes. with line-grained biotite-gncirses in~erhcdded brilh lenti- 
cular coarse-grained orthoclas porphyrclblasts and pegmatite\. Surprihing enough. dyke\ in the louer 
part o f  the overthrubt granite arc cut by minor thrustplancs. indicating that the upper part has locally 
been glidilig in a reverse sense. that means towards the northeast. 

From this place. we gain ;i rapidly improving view on the s~~rroundi t ip high mouritain. Peak 
6398 m, matched by 1i.w Himalayan mountains by i t s  boldness. \ho\r,s steeply d~pp ing and folded 
crystalline series, basically o f  syncline character (see phot. 20 and fg. 29). 

On the opposite side of the valley. peak 4692, scen from thceast. shou.;also ;I complicated 5tructurc 
with two thrustplanes and folding o f  the central portion ( f g .  27). 

S 
4692 m 

N 
1 . i ~ .  27. Prrrh 4692 111, Nor/h~'c,\/c.r~r FlrrrrX o/-/hc, 
DIILIII l~'~r/It,j. 
lsecn rrom the r ; is l )  

Three thrus~sliectz can be rccogni~ed. l h c  two 
lower shccts consist o l  granite-gneiss, while thc 
upper port iol~ is bulk by rn~xed gnclsses. in which 
the oblique peyrnatltc dykcs are intruded. 

The topmost portion contains huge pegmatite dykcs. directed at right angle to the beds arid also 
under angle towards the riortheast. which is characteristic for the topmost crystalline series underlying 
the sediments o f  the Tibetan marginal synclinorium. 

2 km below Bimtnkothi the beautiful coniferous mountain forests decrease and the view is getting 
free on one o f  the most impressive sceneries o f  the Himalayas: The tremendous north\vestern flank o f  



the Manaslu (8125 m). which drops from 8000 m right down to 4000 m echoing the ever thundering 
avalanches of snow and ice which nourrish the big glaciers at the foot of the wall (fig. 29, phot. 20). 

The Quarter-inch Map of the area is not quite correct: The Bimtakothi glacier reaches mucl, 
further down, than shown in the map. Its end is 1.5 km south of Birntakothi. The trail crosses the 
glacier. which, however, is covered by a thick morain. 

The Bimtakothi glacier is an example for many other glaciers in  the Himalayas. which have at 
present not sufficient force to do away with the morains, and thus flow on a thick morainic under- 
cover, high elevated above the valley bottom (fig. 28). 

Fig. 28. T11r Bitrrlakol/ri Glac~er 

Flowing elevated on  its own morains 120 m 
above the hottom of the valley. 

4. Geology of the Upper Part of the Dudh Valley 

The g e o l o ~  of the whole catchment area of the Dudh Khola is relatively monotonous, since 
granite-gneisses and granites are predominant. However the tectonics are not so simple as the first 
glance may make appear. 

Fig. 29. The Norrheasrertr Flank of the Marroslrr Group 

P pegmatites G granites MS Manang synclinoriu~n 
M G  mixed gneisses GG granite-gneisses 

The granites of the Manaslu itself are thrusted upon the granite-gneisses o r  the basement of Peak 6398. The laller shows 
a narrow-pressed and slightly towards southwest overturned synclinal structure. The syncline is filled with mixed 
gneisses. 
This is the western continuation of the Manang sy~lclinoriunl, in this area expressed in t h l  crystalline b;~semcnt due 
to  axial rise toward the southeast. 
The granites at the summit of the Manaslu a re  interbedded with gneisscs and limestones of proh;~hly Silurian age. 
Thus we have there just the boundary between the crystalline basement and the Tihctan setlirncnt scrlcs. 
(Compare also phot. 20.) 



Fig. 30. The Morrtrroin Range herwen Hittrlung Hrtnal oncl rht- Lorkyo LP 
(seen from the south) 
The range is built by granites and granite-gneisses. The Larkya series (Manaslu granite) is thrust under angle un- 
conformity upon the series of the Cheo Himal. The latter shows slight folding. with general western and wat-south- 
western dip. The Himlung Hi~nal is built by a Rat anticline. A dark series of mixed gneisses can be recognized in the 
middle of the eastern flank of the Himlung Himal, and also west of the eastern branch of the Bimtakothi glacier. Sedi- 
ments occur on the top of Cheo Himal. These were also found in the middle morain of the Bimtakothi glacier. As 
it was observed from the eastern side, this is not yet the contact with the Tibetan sediment zone, but just an isolated 
layer left within the intruded granite. 
(Compare also fig. 32 and 33 and the geological map plate 11.) 

The tremendous flank of the Manaslu (8125 rn) and the ridge which connects with the peak 6398 rn 
show tremendous folding, especially in the latter part (see fig. 29). 

The Manaslu granite is thrust along a steeply northeastern dipping thrustplane on the granite- 
gneisses. 

In general we can see a huge narrow-pressed syncline in Peak 6398 m which is overturned towards 
the southwest (compare also plate 111, profile 13). The filling of the syncline consists of mixed gneisses 
(see fig. 29 and 31). 

This is the eastern termination of the Manang synclinoriurn. however in this area expressed in the 
crystalline bottom of the said synclinorium. It proves that the Tibetan marginal synclinoriurn, filled 
with Mesozoic sediments is not just a superficial tectonic feature, but reaches deep into the crystalline 
basement. Due to the strong axial rise towards east, this interpretation is made evident. 

Fig. 31. The Mountains at the Wesrern Side of 
rhe Bimtokothi Glacier 

(view from the eastern morain towards thewest ; 
legendseefig.29)Themountain rangestretching 
from the needle towards south and southeast 
shows twodifferent secundary tectonicunits, se- 
parated by two thrustplanes from each other. 
The lower portion has northeastern dip while 
the upper, overthrust part shows northwestern 
dipping. The latter indicates the close neigh- 

bourhood of the Manang synclinorium. Indeed 
this synclinorium is illustrated by the synclinal 
structure of the range of the needle. 
This figure is the left hand (southwesterni 
continuation of fig. 30; compare also the 
geological map plate 11. 
The western branch of the Bimtakothi glacier 
(right hand foreground) is sunk in between his 
lateral morains, indicating the recession of 
this glacier. 



The Manaslu (81 15) slioi\s a regular nortlicasler~l dip ofthc Iiuge gr;lnilc r1i;lbses. A strorlg cli\.;ll.'e 
dips slwply tou-ards the sc,uthwesr. The h1an;ldu peak itself i s  just on the margin bct\cecn thc crystal. 
line and the Silurian sedinicrit fc)rmations. (Ho\\,cver. this can bc obscrved only from the eastern liank.) 
[ ' e~n t i tes  within the granitc cross at right ;111glc to t l i e  bedding. 

l-lle ciltchment arca of thc Birntakothi glacier i s  built entirely of granites and grilnitc-gncisscs, 
Only the lop of C'heo Himal has a scdinient cover. Thcse sediments of carbonil'erous age (quartritcs, 
sandstones. limestones and Chlorite slates) were round in the middle morain o f  the glacier. h'hilc tile 
lateral mclrains do not show any sediments. (However. tlie scdinic~lts o f  Cheo Himal are not yet the 
base of the Tibetan sedinlcnt klrrnations; they are just a wedge left in the intruded Manaslu granite, 
as was obser\,ed fro111 the eastern side o f  the Larkya La.) 

The Manaslu granite o f  the Larkya La i s  thrust upon granite-gncisscs 01' the Cheo Hima1 (see 

fig. 30 and 2 2 ) .  
The ridge between the eastern and the western branch o f  the Birntakothi glacier shows some 

secondary thrust sheets with clivage that makes appear a northern dip. (Sec also tig. 31 .) 
The mountain range from the Needle towards the south shows a flat synclinal structure. This is 

the eastern termination o f  the Manang synclinorium. The strong axial rise towards the east nlakes the 
crystalline bottonl of this synclinoriurn appear on the surface. The sediments occur only 2 km west of 
the mountain ranges o f  the Necdle and the Peak 4692 (see geological map plate 1 1  and also fig, 31 
and 31). 

Some mixed gneisscs can be observed in the mountain ridge west o f  the Bimtakothi glacier (fig. 31 
and 32). whereby a layer of darker limnations occurs between two seco~idary thrustplanes. 

Phor. .?/. hlf>trn%kr Ci.alrrt<~ U I I ( ~ E I I  I I I ~  I/lf PB~EIIo-C~I!  h o / i i / ( ' r o ~ ~ ~  F ~ J ~ I I I N ~ I ~ I I ~ F  
(13 krn northeast of the Larhya La, vletr from the southeast) 



The sediments of the Tibetan zone occur 10 km nodheast of the Cheo tlimal (see phot. 21). 
Granites have intruded Permo-Carboniferous formations. However the boundary between the granite 
and the sediments is irregular. Towards the northwest. the granites join higher formations (Jurassic 
and Cretaceous north of Phu Himal) while towards the southeast gradually lower formations occur 
on the contact with the granite. Thus we find north of Peak 7361 Silurian limestones lying by means 
of mixed gneisses on the Manaslu granite. (Compare also fig. 32, and the geological map, plate 11; 
the geological profiles 1V-VI, plate IV; and the geological cross sections 11--13, plate 111.) 

From the fig. 29, 30, 31 and 32 may well be seen. that the Manang synclinorium is also in its 
crystalline bottom by no means a simple syncline. The granites and granite-gneisses of the Manaslu 
arc strike in northwest-southeast direction, while the general strike of the Annapurna range and the 
adjoining Manang synclinorium is directed westnorthwest--eastsouthcast. The Manaslu granites have 
been thrust under angle against the Annapurna arc and the Manang synclinorium and during this 
thrust from the northeast the mass of the Manaslu granite has been broken up into several thrust 
sheets. 

Fig. 32. Geological Skerch Map of the Dudh Va1le.v 
(compare also fig. 33) 
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5. Genlogical Itinerary Thnnjc-Manang 

About I krn soutli of NaJc \ve fou~ i t l  in tllc cry\1:1ll1111: I ' c~r rn i~ t~on i  a change Into c;~lc.~rco~r\ p~ic~s\cs 
and calcsilicirte rock\. At  the bridge 01'1 hoyc  (see lip. 'I ) again t r c  I ~ n d  I~~lc-pr-.r~~:ct l  c;~lc~~rc.clu\ gnc.l,\. 
with biotite. ;lugit. :~mpliil>ol. garnel and c h l ( ~ r ~ t c .  '1-lie dip, ;lrc ic.1.) H i l t .  111o1.c III Its\ l~or1/0111;11 Zorth 
of Hag;~rclihal> occur great d~\cortlancc\ in these calc\ilic:~tc g~ic i \ \c \  n ;~~ i i c l y  IoId\. o\cr t I -~r~r\ r \  ;~ntl  

displacements. One clear fold car) he ohscr\crl abo\c Tajc. ~ i o r t h  of Hagarcllliap. 7he asi\ of thi\ lo ld 
strikes north south \ \ i th a dip to\v:rrd\ tlic north ( l ig  3 3 ) .  This i s  ;it right angle to tlie normal strike 
and dip. I n  thc ucdge bc.t\\ecn Taic and Tillc also the pene~-:~l >trike turn\ l'roln the previou\ ncirrnnl 
weslnorthuest castsoutliea\t into :I nortlieaht ancl e\en into north direction. Sincc o n  thc other hand 
tlie ridge e:ist o f  peak 3537 In s l i o \ ~ ~  A \outhc:rrt strihc. ;I clc:rr : ~ n t ~ c l ~ n n l  \tructure rcs~rlts in  the valle!, 
o f  the Dudh Khnla. (See also pliot. 2 5 . )  



T h c  c,lcar r c r ~ - : ~ c c  01' 2;11c in  ~ h c  o ~ I i c l - \ \ i \ c  ~ r ~ i i n r e r r u p t c d  I o p c  o1'1Iic \ - \ l i a p c d  \ a I l q  I\ caused li! 



Fig. 35. View from nangja towardc North 
A western pitching crystalline rold within the 

calcsilicate rocks 
I predominantly granite 
2 granite-gneiss with abundant pegmatiles 
3 calcsilicate rocks with pegmatites 
4 calcsilicate gneiss with pegrnatites 

The boundary between the gneisses and the calcsilicate rocks strikes through Charne (fig. 36). 
The latter overlies mixed gneisses and granite-gneisses. Above Chame, a number of folds can be 
observed in these calcsilicate rocks, especially at the western flank of the Kupar valley (fig. 37). The 
relative flat dips shown in the figure 37 are only apparent, since there exists a steep western pitching. 

w E Fig. 36. Profile Sketch Pisang-Chamc-- Klcpar 
(Marsyandi) 
1 Camp of Pisang 
2 calcareous dolomite and sandstone, inter- 

bedded with nets of shales (this series form 
the tremendous funnel of the western flank 
of the southern ridge of Naur Himal) 

3 laminated sand-grained limestone 

t 
3 l tm 4 laminated limestone, slightly marmorized 

(Devonian?) 
Chome Kupor 5 white folded quartzites in shales 

6 topmost pegmatites 
7 calcsilicate rocks 

The dip changes gradually from northwestern direction near Ku- 8 fine-grained biotite-gneiss, interbedded 
par to west at the Pisang camp. This is effected by the strong with granite-gneisses, mixed gneisses and 
axial rise o i  the Manang synclinorium towards the east. augengneisses 

The same calcsilicate rocks contain a large number of pegmatites. These are partly developed as 
layers, partly as dykes, whereby the latter cross the beds under an oblique angle towards the north. 
Different from the folds at the eastern side of Kupar, here. above Chame they are directed towards the 
east. Apparently we are at this place at the crosspoint or joint between the two different tectonic arcs 
of the Annapurna range and the Manaslu group. 

2 km west of Chame, towards the sharp river bend of the Marsyandi, we find above the calc- 
silicate rocks (which show a decreasing metarnorphisme towards the west) a coarse-grained quartzite, 
calcareous slates, brown marl (well-bedded), dark limestones with small lenticular brown rnarls (con- 
taining shells), brown and reddish limestones with a net pattern of clays. The whole series above the 
quartzite probably belongs to the Devonian. It is the transitional zone between the epi-metamor- 
phosed sediments of the Lower Paleozoic and the non-metamorphic sediment filling in the basin of 
Manang (fig. 36). 

In general, the zone between Naje and Chame shows two distinct units: The large main crystalline 
series of the Marsyandi gorge, south of Naje is the base for thecalcsilicate rocks and marbles of Thonje- 
Bagarchhap. The latter are overthrust (visible on the thrustplanes with unconformities and the inten- 
sive folding) by the crystalline series of Thangja-Kupar. The latter is considered to be the topmost 
tectonic unit, which forms the base of the Tibetan marginal synclinorium of Manang. 



Slncc i r l  t l l i s  bector the Iong i t~~J i l l ;~ l  force\. directed from east and Lieht. arc predoniinant. \\c rlc,\i 
better s t ~ r d  the longitudinal proliles ( ~ ~ l i r t c  IV. prolilcs VI VI I I ) .  

I'rcitiles L'I and V I I  she\\ the I>ing, toivards the \\e>t directed crjst:illine fold (or fig. 35). \ v i t l l  i t5 
coier ofcalcsilicate rc,c.ks. I i ; ~ l l l a !  het\\c.cn the T'ilJc peak and Naur C'hu (pl.of le V I I )  the cryst:rIIjnc 
underl!.ing of the said Ihld 5 1 1 0 ~ s  ;I Ji\tinct transverse haddle. This is tlic cross-point between tlie two 
d~lTerent tectonic arcs nl'thc Annapurna rungc and the Manaslu rangc. The Annapurna range \trikes 
i n  \\c~tnnrt l i \ \est eastsoutheast direction. hilc the hlannslu group i s  turned towards the nortll\icst - 
>outlieast directicin. The peolopical strike corresponds in both rncnt~oncd mountain ranges to the 



P/i'/la!l 3 1 r / t c c l M l f ~ ~ *  [)t { w r i t r  C I  ( $1 $4 Thnt~</*/rr 2600 8 ) ~  

I 1 I \ C t  glel%cl 
2 I,ic'u*tr~nc LIJ) 

I lrc r~c.-,~zy pc\lnt\ 111 the hn1r11d,lt k t \ tcc~r  I I ~ C  ruo IOT [ni,)rinn\ 

Iicntever Llns!,mnietrlc 11 ma! be. the western t h n k  of' t h ~ \  ant icl~ne is identic ui th  the enormous 
flcxur-like axial ~riw out of the 3yncl1noriurii of' M;tnang. 

Tlie zerieh on this Hank (tig. 37) slio\\ an  une\en bedding. \\it11 a large number of long. hut flat- 
pressed Told\. 1-argc-scale recumbent rolds d o  not e ~ ~ \ t  in this zone. Tlie ; ~ i i s  of this anticline may he 
located in the rneridi;~n of tlie Tiljc peak (see protile VI plate IL'). Further hnuth. 111 tlie longitudinal 
profile through Bagarchhap tlic  xi\ strikes along the Dudh Kliola \all?. Hotvever it cannot be con- 
sidered to be the same axis. since i t  is transposed to\ \ard\  tlie east. 

Tlie description of  the Dudh valle! \ \as  given in earlier chapters. We ma)-  in connection ~ i t h  the 
aho\,e ~ n e n t i o ~ i e d  trans\,crse anticlines point out.  that rhe lo\\er limit of the Tiljc peak limestone for- 
malions \trikes through tlic valley north of Peak 4692 m towards nortIi\+.est. (See phot. 2 5  and 2s.) 
Thi\ i \  the ca\tern terrni~i:~tio~i of tlie blanang s! nclinorium. \\,tiich i l l  rhe northeast is Joined by the 
Man:t\lu gr;tnitc. rcspcctivcl! 17rescccl to  a narro\\ btecply nortlleaster~i dipping limestone serieh. (See 
protile I0 pl ;~tc  Ill. nc;lr Peri t Iim;~l.) Tlie Pe;th 4692 nl marks therefore the distinct eastern flank o f t h c  
7-11.jc tr;tn\\crsc ;~nticlinc. (See plate IV prcltilc \'I .  in tlie \;~lley bet\tc.cn tlle Himtakotlii glac~cr  arid the 
I'eah 7009 m.  ;tlld further prolile VII in the [Iudli \:illc!.) 

I l i ~ r \ .  in 9encr;tl Ihere is a n  anticline structure l>ct\\ccn the Naur C'liu : ~ n d  the Dudh \al le>.  Li'e 
ni;i! call ~t tlic k1;trsyandi triIns\erw structure. I t  >lie\\\ ; t ~ l t ~ c l ~ n c  character north of tllc main ranges. 
; I I I ~  contrliuc\ to\ \ard\  the wutli .  through the blar\!;~~idi forge and into tlie hepaleie  htidland\ as  a 
/one 01' I ' : I I I I ~ \  ;111d I'~-;~cturc\. 

I I i ~ i \  ~ l i c  rrali\\cr\c \allc! ol'tlic 'Ll;~rs!ancli hct \ \cc~i  the Z~in:tpurr~a ~ r o u p  and the hlani~slu group 
tloc.\ 1101 111;1k(. ;11i! cuc.cllt~c)~l conip;t~-cd \r i t l i  otlier m;~.jor tran\ver\e \;tile!\ hcti\ecn rn;t-jar rnounta~n 
~1.,111;3\  1 1 1  I I I C  \ c lx~ l  I I I I~~; I~ ; I ! ; I \ .  namcl! I t  ha\ also hccn cau\c.d h! :I trans\.cr\c \tructurc.. 



The large terrace southeast of Thangja (2600 m) consists of morainic material. The same terrace 
can also be observed at the opposite side of the valley. In the small tributary west of Thangja occur 
lacustrine deposits in form of fine clays (see phot. 26). 

Apparently the lacustrine deposits are in connection with the huge morain deposits, which form 
quite a wall dropping down by 250 m from the big terrace of Thangja towards the east into the lower 
part of the Marsyandi valley. Apparently, during a recession stage of a late ice age, a terminal morain 
dammed a big lake in this area. 

Fig. 38. The Northeastern Flank of Annapurna 11 (7937 m) 
The Palaeozoic sediments (dominantly limestones) show tremendous reverse 
folding. (See phot. 28.) 

Before entering the narrow gorge of the Marsyandi west of Thangja, let us study the northeastern 
flank of the Annapurna 11 (7937 m), which drops in a tremendous wall from nearly 8000 m down to 
3000 m 3 km northwest of Thangja (see phot. 28). This wall exposes very clear the intensive tectonics, 
which played their role in this area. A large number of reverse folds (directed towards the north) can 
be observed in the upper part (fig. 38). The lower part shows also reverse thrustfaults and normal 
(northern dipping) faults (fig. 39). All these structures show up in rather monotoneous Silurian and 
Devonian formations of excessive thickness. However the thickness has been caused by tectonic piling. 

Fig. 39. The Reverse Folds and Fractures and Thrustplanes 
the Northeastern Flank of Annapurna I1 
The formations are Carboniferous and Permian. 

the lower par/ 

3 km west of Chame, where the trail changes from the (orographic) left river bank towards the 
right side, we find the first fossils, however only in the debris. According to the lithological character 
and the corals, the formations (limestones) may be considered to be Devonian. (See phot. 27.) 

The part of the Marsyandi river, which flows in north-south direction follows tremendous 
dip slopes. These dip slopes form a huge fannel in a semi circle with steep western dip around the 
distinct river bend 4 km eastsoutheast of Pisang (see geological map plate 11). The dip slopes consist of 
evenly bedded uninterrupted Devonian limestone which drops from 5500 m on the southern ridge 
of Naur Himal(6114 m) down to 2800 m on the Marsyandi. (See phot. 35 left side, 37 and fig. 60.) 

At the above mentioned river bend 4 krn southeast of Pisang we enter the wide valley of Manang. 
(At 3200 m, see also fig. 6.) The distinct steep step at this place is caused not only by the solid rock 
bottom of the valley. but also by a huge lateral morain of the ancient Marsyandi glacier. The edge 
of the western edge of the flat valley shows morains, and behind the morains (west of) there is a 
number of morain lakes. 



T l ~ c  \\idc' \alle! of Xla~iang i\ built cntl~-t.l! out o f \ c d ~ n i c n t \  \\ i t l i  gentrally shncline structure and 
the \\hole cliar;~cter. cli~iiatic. topograpli~c and y c a l o i c a l l  contrast5 \er! much to  lie cry5talline 
gorge further dolbn. I ione \e r .  the prewnt form and chari1ctc1- of thc' "La~iang vi~llek has dominantlb 
o r i g i n ; ~ ~ r d  f ro~i i  glacial eroslon. glacial and interplacial depn5its and land\lides. 

The xliarp bend oftlie hlarsyandi 4 km .;outIieast of P ~ w n g  originated by rhc eitrernely >harp axial 
rise of tlie I)c\,onian liniestnne> to\lrirds tlie eazt. In the upper part of the \.i~llek. u n t ~ l  eaht of Piurig. 
the Mars).a~idi folio\\> lnorc o r  Icss the bottoni of the main axis of 111s hlanang sbnclinoriu~n. At rhs 
place. \r here the ri\,er bends lirht to\\ ard5 tlie 50~1th and then to the east. i t  breaks through the Devonian 
and Silurian ~OI-mations and belo\\ Cliarne it brcaha through [tie topmost crystalline. Thus the hlar- 

510 n i ~ j r ~ ~ t i  
I I t n l c ~ ; ~ ~ n e .  \ \ 1 1 1 i  nel parlcrn o f  cl,1!5 and shales. :llsu ~ntcrhedded \ r ~ r h  

?el lo\\  and p111h ~ i o I o t ~ i ~ [ c  layer\ ( I)c\i)rii:111) 
2 ~ r a d u ; ~ I I ?  OUI 0r I 1 ) .  l i iorc dark. 1111~1.hedded n i t h  p ~ n h  quartzites; the 

q~l.irl71rc I\ 1i.11-11 conaglorncrar~c 
3 g r , t l ~ h t r c - p l ~ ~ I l ~ t c ~ .  c lo~ lcd  il.irc\. c l i l o t~~c - \ l a te< .  hl.~ch and red qu;irlzites 

t r~~e lhc t ldcd  \<tr l i  \ l ,~ le \  ( \ . i rch:~i ip qcl;1rt/llcsl, rcdci~sh coarse-gr~ ined 
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4 cle;~l- qil.lrrllrc.s ( - \ c l l c ~ \ \ - l ~ a r i J  \c11e5-. 0 1  I l i c  ('&~rhonili.rouz~ 

I h c  Iol>nl(fir pcgn i .~ r~ rc \  reach 1113 10 l l ic  Ik \crn l . in  I~me\ lone .  t'i11-lhc1- \rest. 
~IIC l ~ c ~ ~ i ~ . ~ ~ ~ ~ c ~  ~ c ~ c l i  OI~I! ( 1 1  11ie SI~LII.I.LI~ I ~ ~ r r i ~ ~ ~ l ~ o n < .  



syandi has been deflected by the rannel -like bend of the strike of the series building the southern ridge 
of the Naur Hirnal (61 14 m). (See phot. 37 and also fig. 6. profile 2, a1 3200 m, further fig. 60 and 
plate V, fig. 1 .) 

The ridge south-southeast of Pisang. at the opposite flank of the valley. shows the first rock expo- 
sure with the Carboniferous and younger formations over the Devonian (fig. 40). The Carboniferous is 
typical with its yellow-band series. All the fornlations of this valley flank, especially overlying the Meso- 
zoic. are tremendously faulted and folded, much of it in a reverse sense (directed towards the north, 
fig. 41). The Devonian (all dipping south) is represented by the typical limestones with a net pattern of 
clays. and interbedded with yellow and reddish dolomite layers. Towards above, the net pattern of clays 

hlorsyondl 

Frg. 41. Dernrl Skerc.11 of f/re Nort/rrrtr Flatrk of Annnpurna 11, OPPOJIIC to Prsang 

y yellow-band serles (Cnrbonlferous). 
Tlie ovzrlyrng serles conslst oltrernendo~rsly reverse folded Mesozoic formations 
(Compare also plate 111, profile 10.) 

increases. whereby the limestone itself is getting darker, with sandy blending. The quartzite changes 
partly into a conglomeratic facies. On these conglomerates, as first bed of the Carboniferous, we find 
graphite slates. dotted slates (very typical for Carboniferous) and chlorite slates. Further up follow 
quartzites. of partly reddish sandy character, broken Narebang quartzite slates and then a pair of 
clear-coloured, dense quartzites, interbedded in the dark Narebang slates. These latter series have 
been called "yellow-band" series. and are very typical for the (Upper) Carboniferous (fig. 41 and 
plate V, fig. 1 .) We shall see later on that this yellow-band series has been proved to be Upper Car- 
boniferous by the finding of a Zaphrentis species northwest of Manang (see phot. 39). 

Fig. 42 The Narrr ffir~ral Sect1 froni the Wrsr 

I Perlno-Carboniferous (red sandstones) 
2 Carboniferous (slates, quartzites and sandstones) 
3 Devonian (limestone with net pattern of clay) 
Though the dip is generally directed towards the southwest, there are a number 
of thrustraults which caused a slight folding (see also fig. 43 southern ridge of 
Naur Himal and phot. 37). 



Phot ?h' I * ' I ~ . I ~  t f r fc r  flit, 11ir1'ii c{&/cft l 'irt1c.1 htl/ I I . ~ , ~ ' ~ I  h ril~trr 1tt111 \ll~tr<~tiy. w1.11  /r~!tt 
rkc ctt\t 
(aul~,~l  ~di t t~n I~om 5700 m aho\c T honjc, 
Ths \l,\narrg s>nc l rnn~~u~i~  hcl\sccn Ann,~purti,~ I I  ,lntl Y ~ u r  Illm,rl 1s ucll- 
ekprcsscrl. 
I'ledw note 11ie ' ~ ( J I I I T ~ I J ~ U I " . I I  <rbo~rl hO(XI m n(~ri1i ( I  ~ghl udeI ol (he >Il~n;tpurna 
r.lngc. Ilso d n  'rnctent I,lnd surl,lce 11, \sell c\prc.zsecl Lhro~~gh fl31 slope% and 
Icr1,~ccs 3( : I ~ C I I I L  IMX) 3500111 nn ho~h clderofthr: man range ofrlic fi~rnala),~. 
Inrlced. I he 4nn.~purna r,lrtLq LS 11lc 4 "i~l'lcd ~~l,irjli" ("Hchringvmcl" ucord- 
Ing 10 Dli>renfur~h~ cn~pp;lrc.J x ~ t h  Lhc wrrountllngs 

The yellow-hand series opposite Pisang show. the tc>plnost pepmatircs. \\hicIi are crossing the beds 
under oblique angle towards the north. 

The whole mountain range at the nortlicrli Rank of the blanang valley. from Naur Hinial(61 14 m )  
down to Ngatval is built by the well-bedded De\.onian linicstones, \vhich show :I general sleepsoutherly 
dip. (Sec pliot. 30 and fig. 42 and 43. plate V. tiy. I . )  Since this dip is parallel to  the flank of the valley. 

S f=1<<1. 43,  TIIC .So~r/I~c,rtt R1dgc. of .V( I I I~  HIIII(I/ (6114 111 J 

(seen I'rorn the ~ e s t )  
This ridge is hull1 of huge I)e\uni.~n iorniallons. mostl! lin~cstones and slates. 
\\li~cli are tcctu~iicall! accumulated h! se\ernl Ihrustshcets. 
The eisnl. d ~ p p ~ ~ i g  bcds i l l  the right side iorni llic tlmmndous binncl round 
the hznd ol' Ihr \lars!ancli 4 Lm sciuthci~st 01' Pisang. 

only the ridyca b e t ~ . c e ~ i  the tributar) valleys Ii~ivc Carbonll'erc>us I'ormations on their top, while the 
I > c \ o n i ; ~ ~ l  formarions are cspohcd in the \n I le~ , s .  (See tig. 42: compare also the geological map plate 11.) 
1-he N;rur I linlal (61 14 m )  i~sclf >ho\\s  ;I number oC reverse thrustl;~ult>. u i t h  increasing intensity of 
tcctor~i~.\ t o \ \ ; ~ r J \  n o r t l ~ .  tlcreby the p;rrccl.s bet\\et.n thc thru~tf:iults have inte~~si \ .e l> been folded 
( l i p .  - I7 ;111cI 43) .  



S N Fig. 44. ( ' ro.~.~ Sc3clii)~r Ihrolrglr tlrc~ 

Braga 
Mur.~ynrrili l'ullc,j. nr Broga 
showing the interglacial landslide of Braga 
(Compare also phot. 79, 30 and 31 and fig. 45.) 

I rock hottoni of the valley 
Z ancient ice age ground morain 
3 interglacial landslide 
4 sub-recent ground niorain 
5 sub-recent lateral morains of the Marsyandi 

glacier 

In the valley bottom of Braga, the exposures are rare. since the whole area is covered by immense 
masses of glacial and fluvioglacial deposits and landslide materials (fig. 44 and 45; plate V;  phot. 30-32 
and 38 and 37). One can imagine how intensive the former glaciation must have been, when considering 
how still today the Gangapurna glacier, fed by the Annapurna 111 (7576 m) and by the Gangapurna 
(7315 m) reaches right down to the bottom of the valley at Manang. Its recent or subrecent (stage of 
1920?) lateral morains dam still today the valley (phot. 31 and 32). Large alluvial plains have filled 
rormer glacial morain lakes. which formerly have been caused in the maill valley by the lateral tributary 

Phor. 29. Tlir Inrc~rglucial Lo~iclsliiie of Brago 

1 Landslide deposit; bedding is still visible even with its crossing quartz 
veins; the formations are partly re-cemented, the rocks consist predominantly 
of Carboniferous slates, Permian sandstones and Triassic limestones and 
dolomites. 

2 niorain of former ice age. 

The landslide material exlends right to the opposite (southern side) of the 
valley, and is in the bottom oT the valley covered by younger niorains (of a 
late ice age stage; compare also phot. 30. 31. 32 and 37; and fig. 44 and 45). 
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(wen 110ni ~ h c  \ou~hc;~\r I 

1 he h l ~ t t ~ ~ i i  01. Ilie \ c~llc! con\lil\  liior~il11\ 

1 lie \ \ I~ I Ic  \erlcs . I [  11ic ioot o l ' c ~ ~ l ~ e ~  \nllc> R.lnLs ~1l-c I , l ~ i ~ l ~ l ~ d c  ~ i i . ~ r e r ~ ; ~ l .  origl- 
niitcd froni the no~rhcrn H,lnL. Ir~glir \~ t l c l  The nii1ln 1-111gc d t  ~ I i e  1r1gl1r SIJC 
sho\r.; Ilie \cjurlicrn d ~ p p ~ n g  Ipar.~llcl I C )  the \lope, oi the ~ I - I . I \ \ I C ,  rhc ['erlii~an 
2nd the C',~rhonil;-ro~r\ formal~ori\. tScc ;tI\o ~~l io t .  ? I  a n d  pl;~tc L .  Ilg. I and Z :  
;tnd fig. 44 ; ~ n d  45.1 

glaciers (fig. 57. phot.  31 and 32). In addition to the glaciation. landslides h a w  also played an important 
role in shaping the present valleqs. Near Brapa (fig. 43 and pliot. 3 $ 3 1 )  \ \c  find land s l ~ d c  material>. 
uliicli has originated l'rorn the northern slopes. In the landslide deposit. the bedding ( \ r  it11 southern 
dip) can still be recognized. though broken and rcccmcnted. Tlie material consists predominantly of 
lirncstones (Devonian). slates and quartzites (Carho~iifcrous). limestones and dolomites (Perniian- 
Triassic). Surprisingly enough. the landhlide material is deposited on tlie top of morainic material 
with huge boulders. whereby the contact bet\r.eeli the landdidc and the rnorairis sho\\s illso southern 
dipping. (Set: phot.  29 and 31 . )  Tlie landsl~de has a tremendous diniens~on and illso niust hn\c had a 
treriiendou~ intensit>. since it reaches right to tlie oppo>itc \~alle! tlarih. tlierehy sur t i r i  by 2tX) m up 
the opposite bide. (See also 5ketchniap of fig. 45.) 

Ijased on these frlcts. u e  have to consrder t h ~ s  landslide of Brags ah ~n te rg lac~a l .  The rnatcrial has 
heen eroded :i\r.;~y In the bottom of the \:rile! later on. Ica\lns the maln ni:lsscs ;it the Ilnnhs. Due to 
this erosion. the underl!~ng H u \ ~ o g l i ~ c ~ a l  depobits and rlic moralns h ; ~ \ e  part]! hccn cxpo\ed. 

Ttie Qui~ternar! histor! of the M a n a n g  \all? ma! be rt.~.anstructcd a \  fc)llo\\s: [ > u r ~ n g  rece\\ic>n 
01' the I ; I \ ~  ice age. the main slacier (h.lal.\a~idi plac~cr)  Icl'~ ;I t h ~ c h  co\er  ol' morairis In the \,;~lley. 
cutcnd~lip 0 1 1  cithcr Ilanhs b! 200 ni a b o \ e  the present ;~llu\liil  b<ittoni. Tlicn the I:~ridslide from the 
~iortlicrn I1:11ih c.o\,crcd the \\hole \allc!. reachins at tlie opposite slde ahout 200 m i tho\e the present 
hol to~i i  I - l u \ ~ a l ~ l  cro\ion and a I,l lo\ring d ~ l u \ i a l  ~>liasc Ic\.cllcd a11 allu\ial p l a ~ n  or1 the top of'the 
l ; l l l ~ i \ l i ~ ~ L ~  ~ ~ t ~ l ~ , l \ l l \  



Pltor, 31. TI!,, \111rs I ' I I !JI  I (111i.1 ~ I / > O I ~ C  BI (!,<,[I 

(sccn l-rt>m tlic caht: h l l g ~ r ~  (7148  rn) In (lie h ; ~ c k g r t l ~ ~ ~ l d )  

r h c  hc>~toni of the \,~llc.!  I S  no\\ co\ereii h! an a l lu \ l ;~ l  p l d ~ n  cc)n\lbtlng of 
mol-;lllllc rnalc~-l;~l: most p~-(ihi~hl! a11 i~nc~elit I ;~ke.  TIic p l i ~ ~ n  is flanked h! tlic 
I;~n~lslidc mi~rcr~al. \ \h ich  IS cl.oded into sl i ;~rp crests . ~ n d  gullies. The 1101-izonral 
lop of llic landslide masjcs slio\\.sa le\ellc~l anclcnt tc1.1.a~~. L.) ing on !lie ~erl-acc 
a1 rhc sclu~hcrn s~dc (left s~de in the p~crure) \\c find b ~ g  Iiitcral morains ofthr 
anclcnt \ ; ~ l l ey  ~ I L I ~ I ~ I - .  (Compare alsn fig. 44, 45. 57: plate \', fig. I a n d  7 a n d  
pliot. 38 and  41.) The arrons ~ndicnlcs !lie d e t a ~ l  pI1otog1-apli 19. 

New fluviatil and glacial erosion cleaned a new valley into the landslide materials. lealing parts of 
the former higher allu\iial plains in front of the present terraces o n  either sides. Neu glaciation (of the 
hlarsyandi glacier) deposited lateral morains on tlie edges of the old terraces. A last phase of glacia- 
t ~ o n  deposited ground morains in the bottom of the valley. 

In general there exist great similarities between the landslide of Braga. ; ~ n d  the f ; ~ ~ i i o u s  interglacial 
landslide nl' F l i ~ n s  in the Swiss A1p.s. Both have origin;~tcd f r o ~ n  ;I \alley Ilank. iri nliich the dip of the 
beds arc  parallel to   he slope; in  both the landslides the rocks Ii;~\,e glided  long bed Joints. possibly 
undercut by clacial ero5ion at the l'oot of the valley Ranks; and ti nally. in both tlie landslides the forces 
ucre  so tremendous that tlie masses \ \ere  surtinp up the opposite lallcy side. licrcby damming the 
main \a l le l  to  a lake. (Lindercutting of the dip slopes by glacial erosion is c\,ldent near M a n i ~ n g ;  see 
pha t .  30. 37 ;ind lig. 50.) 

\I'e dc\,cile again t o  the detail geology ot ' the northern Hank of tlic h lananc  \;~llc!. T'lie gco- 
I~3gical prolile on the r ~ d g c  north of' Hrnga (fig. 46. 47) \lio\r s at the 1 x 1 s ~  ( ' ;~l-ho~i~l 'croi l \  I .o~-m;~r~ons wilh 
dill-k Xarebarip quartrite.  slates and clcr~r quartzites (j ,cllo\r-hand X I - ~ c \ ) .  c l c ; ~ ~  tlor~ccl \ I :~tc\ .  tla1.k blue- 
preen and red pli~~llites. dark sl;ttcs. dark green .;late\ nit11 I;t!cr\ oI'm;lrip;lllc.c iroli o r - , .  ( \ l rni l ;~r  lo the 
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,, , N Fix. 44. Derail Profile Skerch 
of the Ri&e North of Bra~a  

sandy weathering grey limestones and 
dolomites 
nodular limestones (see phot. 33) with 
hrown sandy-marly intercalations 
quartzites, sandy quartzite, iron quartzite 
lumashell limestone, nodular marl inter- 
calations 
fine slates, light green, violet and deep 
blue 
red sandstones and sandy quartzites 
polygene conglo~nerates ("vermcano" 
t y p  of the Swiss Alps), dolomita, 
limestones and mostly quartzites as 
components in red quartz-sandstone 
limestone with rosty inclusions 

9 dark green slates, interbedded with radiolarite quartzites and rnanpncv 
ore layers 

10 dark slates, interbedded with dense red quartzites and manganese ore 
I I slates, dark blue, green and violet 

(similiar to the type of the sernifite of the Swiss Alps) 
12 quartzite layers interbedded in dark violet shales and spotted red sand- 

stones ("Narebang quartzites") 
These series are to be considered of Lower Triassic-Permian and Upper 
Carboniferous. 

Takbachhi series below Dhor Patan. see Volume I of this publication series), red dense radiolarite-like 
quartzite series (similar to the Rukumkot series in the Bheri valley). A limestone with rosty inclusions 
is found further up (Permian?). After this we find a polygene conglomerate (of the Verrucano type of 
the Swiss Alps), red sandstones and sandy quartzites. These are undoubtedly Permian formations. 
Bleach-greenish, steel-blue and violet slates, partly looking like "wood-slates", lead to a series of lime- 
stones with numerous lumashells. Lenticularly banded layers of marl divide the limestone in thick beds. 
Above the lumashell limestone we find a quartzitic zone, with sandy quartzites and iron quartzite. 
Again follows a series of limestones overlying the quartzites. consisting of nodular limestones (shells and 
silicious concretions) with brown sandy marly interbeddings (phot. 33). Grey sandy limestones change 
gradually over to dolomite (at 4500 m altitude). This dolomite was also found as component in breccias 
whereby the components are cemented by grey sandy limestone (phot. 34). The latter series dip to- 
wards the southwest, while the underlying Carboniferous series are intensively folded (fig. 47). 

Brogo 
Fig. 47. The Folds in the fistern Flank of the Ridge North of bngu  

I (seen from the east; see lithologic detail profile fig. 48) 
I f-',: ' I TD Triassic dolomite 

I Y B yellow-band series (Carboniferous) 



Phr11. 34.  Dok~trrirc Cb/r~~lott~c,rcr(~, in 
p . . '  . .  o.r.srlrlc torts Broi~vr Satrrlj* L i r ~ r c . i ~ ~ , ~ ~  
(at the ridge 500 m north o f  Braga) 
'The pencil indicates the scale. 

The overlying dolomitic series s1iou.s ~ h c  protile a s  given in fig. 48. The  top  is formed by a typical 
Triassic dolomite. o f ' l igh~  broir.11 denhe character. The Io\ier part showson the surfacesandy weathering. 
A Kauhwacke with cellular htructure is ;rim present. underlying is a nodular dolomite with limestone. 
Brick-red and clear red sandstones are  Sollo\ved by banded reddish brown sandy limestone. The  follow- 
ing dark and greenish blueish clays recall the "Quartenschiekr" of the Helvetic Triassic in the Swiss 

FIR. 49. Profilt, Sh c,rclr (?/ /he Ridge h'or.tA II,~,.\I (?I' Bl.ttgo (Triassic profile) 

I light brown dolomite. surlacc sandy wealhering 
2 light dolo~nite. interhedded with cellular doloniire, net pattern or clay 
3 nodular dolomite-limestone 
4 blight red and pnstell-red handed sand) limestone 
5 reddish-hl.own larninatcd sandy limeslone 
6 dark slates, and greenish-blueish 5l;ltes 

-. - -.. -- (siniil;~rily with the "Ktjssene~-" and "Quarlcn" shilles of the Alps) 
, t -  -. 7 reddish coral li~ncstone, with layers ul'light yrllow-green clays in  net p;lttcrn, 

also \r.~th brow11 si111d) CI;I~S 
,tii, 8 h;~ndcd dolonlite and I~nies~onc. \ r i t l i  I;I)~I..; of tl;~rL I l rnc<~o~ic  

. . 9 coarse-gl-:~lned red q~l;ll.tlite. Iron L]II,II.I(IIC' 



Alps. These clays are in the lower part increasingly interhcdded with pink coral limestones, whereby 
the clays themselves change their colour to light yellowish-green. These clays form a net pattern in the 
pink coral limestone together with layers of brown sandy marly limestones. Banded dolomite and lime- 
stone, interbedded with dark limestones are followed by a red, coarse-grained iron quartzite. 

Fig. 49. The Ridge Ncrrrh of Monor~g 

I dolomite (Triassic) 
2 quartzites. sandstones and multicoloured slates (Permian) 
3 ((yellow-band,) series; quartzites and slates, (Carboniferous) 

In general the above mentioned profile is typical for the Triassic. (Later on. in the Thakkhola itself. 
this was proved by finding of fossils.) 

The lower limestones and dolomites correspond to the Muschelkalk level. while the upper thick 
dolomite is the aequivalent of the Norian Hauptdolomite of the Alps. This main dolomite builds further 
west the big wall above Manang (fig. 49), and also covers wide areas of the surface from Manang 
towards the Manang Himal (6631 m). since it strikes and dips more or less parallel to the surface. 
(Compare also geological map plate I 1  and plate Ill profile 8, further fig. 50 and phot. 42, the Manang 
Himal seen from the west.) At the eastern flank of the southern ridge of the Manang Himal (6631 m) 
the whole Triassic and Permian profile is well exposed right down to the yellow-band series of the 
Carboniferous and the well bedded Devonian limestones (tig. 50). 

1w Monono Himol 6631 

Fig. 50. The Easter11 Flarik of M o r ~ a t i ~  Hitiwl (6631 In). 
The southern ridge (left side) shows a narrow reverse (directed toward north) 
anticline formed of Devonian, Carboniferous, Permian and Triassic formations. 
The Rhetic and Jurassic formations of the upper part of the Manang Himal 
have a (normal) northern dip. Several thrustsheets indicate the forces in this 
zone directed towards the south. 
The interglacial landslide of Braga has its origin in the huge Kar situated at 
this flank of the Manang Hirnal. The dip slopes directed parallel to the flank 
of the valley have encouraged sliding of whole large bed parcels. Probibly 
glacial erosion at the foot of the mountain Rank has undercut the beds and 
thus give reason for the sliding. 
The topographic and tectonic similarities with the large interglacial landslide 
of Flims in the Swiss Alps are evident. 



6. Gcology of the Mountain Ranges North of the Manang Valley 
(Manang Iiirnal--Naur Himal Naur Chu Valley) 

F;g. 51. P r o w  srC c,rc,l~ of' !lrc, Rirlgc, .Vorrlr ol' (;lr,~.trrrr 

(seen from the cast) 

I Jurass~c liniestonc 
2 1-ower Jurassic slntes 

... , 3 Rhctic slates and limestones, dark shales 
1 ..,, ;' 4 Triass~c dolomites 

, 7 , 5 Permian quartzites and sandstones 
6 C'arhonikrous quarlzites. sl;~tcs iuid sli;llcs 

? h-n 
I The Mesozoic series have unconfclrnlly glided on lhc Permian t'orm;ctions. 

We no\+! go for an excursion f'rom Ghyaru over the Naur La (5300 ~ n )  to the Naur village. When 
clinihinp from Cihyaru we first move always in the same Devonian limestones. sirlce the beds dip more 
or less parallel to the slope. At 4500 n i  we leave these linlestones and proceed into the overlying 
Carhoniferousand Mesoz.oic I.c)rrnations (see fig. 5 1.52). With growing altitude. thc so far evenly snutllern 
dip is replaced by various folds. The Naur La (5300 ni) is situated little north of an anticline. Northern 
dipping Triassic dolo~nites occur in the gap (tig. 52). North of the Naur La we cross a narrow syncline 
with Rhetic formations as filling. The sytlcline is slightly overturned to\+~r~rds Lhe north. (See profile 9 in 
plate 111. and fig. 53.) This syncline strikes tolvards the eastsoutheast. along the northern flank of Naur 
Himal (61 14 m )  and round this peak into thc eastern f lunk  of this mountain, where it terminates due 

Plroi. -75. V'I~J~I' i~rro rlrl, .h;crrrr. V'ollc,~. fiutrr 1111, Sorrrlr 
(aerial photo from 5700 n i  above Kupar) 

The eastern flank o f  Naur t i imi t l  shows the overturned syncline \r i th hlesozoic 
filling (right side l l ;~nk). 'The ridgc at the foreground is built by Ikconian 
limcsloncs with a fannel-like shape (comp;~re also phot. 37 i n  M'IIIC~ F points 
to the fannel). 

Kaur Himal 
61 13 n~ 



to the general axial rise of the Manang synclinorium in this area. (Compare also fig. 54 anci espc- 
cially phot. 35. where this Mesozoic wedge is well exposed.) On the ridge southeast of Naur 1-a, 
towards the Naur Himal, we find a secondary small overturned syncline with Triassic and Rhetic filling 

N s Fi#. 52. L)eruil Skcrch of Nuur La (5300 nt) 
Naur 1.0 

5 3 0 0  m 
I Permian quartzites and sandstones 

camp Ghyoru 2 Triassic sandy dolomites 
Mo morain 

,: $.. '..',. " '  ' n\, . . .  . L , .  

I X m  
--k ::: 

- 

(see fig. 53 and geological map plate 11). Near the Naur village. in the valley striking west-rast. Car- 
boniferous formations occur on the top of an anticline, which is exposed in this valley (see fig. 54). 

From the Naur La and the ridge east of it we obtain a commanding view on the geological situa- 
tion of the glaciated mountain range which extends from the Manang Himal (6631 m). (See geological 
panorama fig. 54). The top of the mountain ridge north of Naur La is built by Jurassic and Rhetie 
formations in a syncline structure (see profile 9 plate 111). The underlying Triassic dolomites are folded 
and form an anticline, the axis of which strikes from the bottom of the valley near Naur village (where 
Carboniferous occurs) into the northern flank of the same valley. (See panoramic view fig. 54 from 
Naur La.) The southeastern flank of Manang Himal (6631 m) shows a quite interesting geological 
structure (fig. 50). The lower and southern part is built by a large, towards the north overturned anti- 

N S Fig. 53. The R~dge Eusr of rlte Nulrr Lu 
(seen from the west) 
1 sandy dolom~te (Tr~ass~c)  
2 ~nult~coloured slates and red sandstone 

(Perm~an) 
3 sandy l~mestone (Permian) 

I Km 
b 1 

cline, followed by an also overturned syncline towards the north. These structures are built of formations 
from Devonian to Triassic. The valley in the foreground of fig. 50 is the origin of the landslide of B r a g  
as mentioned earlier. The upper part of the Manang Himal shows a number of thrustfaults, which are 
directed towards the south, that means in the normaldirection of the Himalayan Orogen. Thus, the limit 
between the normal thrust and the counter thrust is about 3 km south of Manang Himal (compare also 
profile 8 in plate 111). The top of Manang Himal consists of Jurassic limestones. (However this was 
proved on investigations from the other, western flank.) (See also the geological panorama from 
Thorung La fig. 70, further fig. 62 and 63 and phot. 41 and 42.) 

The view from the ridge east of Naur La also provides an excellent view into the Naur Chu valley 
and the mountain ranges from Phu Himal (6454 m) via the Peak 7009 m to the Tilje (fig. 55). 
Due to the axial rise of the Manang synclinorium the lower formations (Silurian and Devonian) occur 
at altitudes up to 7000 m. These formations are extraordinary thick due to piling up in form of 
thrust sheets and numerous folds. However the thickness is not so large as it may seem. since there is a 
general dip towards the west (towards the observer) due to the axial pitching. 

In the Phu Himal and in the Needle, the Manaslu granite is thrust against the Manang synclino- 
rium. (See also fig. 31 and 33.) 

The asis of the Manang synclinorium strikes through the gap between Peak 7009 m and the Tilje, 
The Silurian limestones in the latter show a dip towards the northwest. 



Phu Himal Needle 

Phu Glacier 

~ j g .  53. Grolo,qic~trl Pa~tora~~rrr fro111 Nurrr Lo 
~ ~ ~ ~ r d , y  ~ h c  N O ~ I I I  U I I ~  Lu(191 

The glaciated mountain range is built by The mountain range with Peak 7009 m east The village of Naur is situated in a rnorain 
Mesozoic [ormations which are folded in a o f  the Naur valley is built of Silurian and valley. formed behind the lateral morain of 
great variety. In the valley of  Naur village Devonian series, which are tectonically accu- the ancient Naur glacier. flowing in the valley 
(right side) Carboniferous series occur in an mulared to  an excessive thickness. (Compare of the Nnur Chu. 
anticline. also fig. 5 5 . )  

R hetic Triassic Permian Carboniferous Devonian Silurian- Calcsilicate 
Ordovician- rocks 
Cambrian 

Fi,r, 55. (;,Y>/,PL,I,  < , I  POIIOI ( I I I I ~ I  / I  11111 / I IV Ncr~~r 1-(I 
(5300 I l l  1 / , I ! $  < I , , / $  / / l C ,  1 , ! 

Tlic C ; I \ I C I . I I  I1 i > L  > '  : : ,  - - . , , ! I !  ,III,:\ \411h lhc 
peak :IIIKI , . . . , I , , > . \  1hc cx- 
trenicl~ 1 ; .  ! , , , , ,  l'nr- 
matitt~: - ~ I ~ : I , ~ ~ I  

A nlil , 
, , 

' L' 

pileci 
70cV' 

Mixed gneisses Orthogneiss Granite 

synclinoriu~n towards the east, the formations 
show in general a wcsterly dip towards the 
ohcel-ver (we  phot. 36). From the Tilje, the 
hl ;~n;~rlg synclinorium strikes through the 
1'c;)A 639s n1 of thc hlanurly group. where it is 
1 1 0 ~  1 0  ~~\ ,s t ; t l l ine b o t ~ o m  (see also tip. 29). 
. , . .:,:, .1>0'1'11;1111$ nort11 of tlic Phu glacier 
, . ' .  . . ' \ . , . I I  ~ i s c  :c!\vnrd.: the east. In the 

1.I . , f  I'h:! gl:~cicr  he crystalline (the 

Manaslu granite) is thrust upon the northern 
flank o l  the Manang synclinorium. (Compare 
also figs. 29-31.) 
The foreground shows the anticline of Naur 
\~l lagc.  whereby especially the Permian for- 
mutions arc considerably folded (compare 
also tig. 54, geological panorama from the 
Naur La towards the north and east). 



The ful-tlicr cc>~it~nuatic)n ol ' t l ie hla~i;r~igs>ricl inorium ( l io \ \c \c r  o n 1  in  I t \  cr!\ t ;~l l i~ic b(1tto11i) I< 

I'urtlicr ob\cr\ed in  the \laria\lu group (see tig. 55). I n  the peah 6398 m. ~t I\ o \ c~ . l i ~ rnc t l  to\\ard\ the 
\outh\\cst. as ;~lrc;~d> de'rcrihcd in  lig. 79 and 31. 

1-1-om Z ; ~ u r  I ;I \\e ;~Iso ellJoy ;I beautil'ul \ ic\ i .  in to rhc \\hole norllicl-n I l i ~nh  (>I' tlic ! \ ~ ina l> i~ r~ ia  
range. (Pl:~te \'. lig. 2 . )  

I l o \ \ e \ c r  tlic gcologic:~l description wil l  fol lo\ i  I a ~ e r  on. ;~ f tc r  I ia\r l ig cxplorcd l l ic \ \ l iolc \allc! 01' 
\ lanans M'c ~licrcl'orc go no\+ bach to Mrrnirnp. The crws section 1111-ougli Mal i ;~np (l ig. 5 6 )  slio\is 
much more structural compliccirions tlirrn the area Curilier easl. The main  xi\ ol ' t l ic I \ l :~n;~ng \!~lclino- 
r iuln I'c~lIc)\\\ Ii iorc or  less the valley ( i n  tlic section 01' Mananp). t Iouc \c r  r l i rrc arc a number o l ' compl~-  
i~1tlorls. ,lnce the h o t t o ~ n  ol'the snc l inor ium i s  uarpcd up and form\ ;In a~ i~ i c l i r i c .  111 \\ Iiich rlic (':II.- 
bon~lerous 1'orrnaric)ns are exposed. Further. on ciil ier bides o f  this cc~ i t r ;~ l  a l i t~cl inc oc.cirr \ccc,lidar! 
s ! ~ i c l ~ ~ l c \  holh o\crturned and dirccted against each other to\~arcls the c e n t e r - o I ' t I i c \ ! ~ i c l ~ ~ i o r ~ u m .  !Zt 
the w u t l i e r ~ i  I l a~ ih  there cxi4ts ;I I'urther reverse (to\\,ards the north o\cr~i~r .nccl)  ; ~ r i r ~ c l ~ ~ i c  ;11ic1 \! ~ i c l i ~ i c .  
I>II \<l i ich the tliicl\ I)evoliian lirne'rtorieb o f  the (;;rngapurn:l arc ovcrtliru\r ( l ig .  56 i l l id I>I;I(c I' lis. 3 
;t11ci ]>IlOt. 3s.  37) .  

I hc gcncrdl iriil>rcssion i s  or I ia \ ing a (~rabel i  (along tlic ; ~ \ i \  01 '  11ic I l a ~ i a ~ l g  \ \  I ~ L . ~ I I ~ O I ~ I ~ I I ~ ~ )  11110 

\ \ l i ~ c l i  the upper form;r t io~~\ from tlie tlorsr ol'citl ier side\ ha\c I>ccn I i>lclc~l In \\ c 1111sIi1 c,;~ll 011s 
\ u l ~ c r l ~ ~ . i a l  I o l d ~ n p  rc \u l t~ng from block-lcctoriic.4. 

I IIL. 1 2 1 ~  1o\\11 01. \1;111;11ic 1) b c :~~~ t~ l ' u l l !  s ~ ~ u i ~ l e c l  O ~ I > ~ > \ I I C  ( 1 1 .  1 1 1 ~ .  IIIII:II>LIII~ I \ \ I I I L I ~  \c11(1\ ~ l i c  
( I . I ! ~C , I I >L I~ I~ ; I  g l a c ~ e ~  r ~ ~ l i t  d o \ r ~ i  IIII~ tlic 1 i i ; 111 i  \;IIIc!. ht111~111ig .I IJ,IIIIL,I \ \ I I ! I  1 1 ,  1 . 1 1 ~ ~ 1 , 1 1  1 1 1 0 1 ~ 1 1 1 1 \  

( ~ > l i o ~ .  32. 3 s ) .  Thc 
been I;~ht In thc 
n o \ \  cut tl irougli 
\\ hen the tongue 

terminal moraln i s  situated on the opposi~c hide ol'the villle!. I nti l  rccentl!. there Iiay 
main \;~lley dammed b l  the tongue of the <;a~lg:~purna glacier. The blar.;\andi ha\ 

the niorains. There are also arcs of higher termi11;il ~norainh i rom a n  c:~rlier stage. 
o f  tlic Gangapurna glacier reached ~iearl! the altitude o f  the t0v.n ot' Vlilanang 

(l ip. 45). 

Monong 

1' I'crmlan 
C' C':II-honil'crou\ 
1) I)c\onlLin 
.I.l~c \lanang 5 )  ncl1nor1~1111 sho\\i LI number <,I 
~:I~II%II :!,IS. \ ~ l i c ~ - c l > ~  t11e \tructul-c\ liorlli <>I' 
the \;~l lc!  arc norn>:~ll) cilrccrc.J IOU.II.~F 111~ 

cc>ulh. u l i~ lc 1l1e s(~.uciures \our11 of the \alle! 
.IWS ;Ire rc\crsc. 1l1;11 rnc.ins d~~-c.ctc\l lonar~ls 
rhc 11{1rth. 



(('o11ip.11-c gco log~c ;~ l  p.lriol.illiia pl.11~ \,. fig. I n l ' the same \ ~ c \ r . )  t- 1 1 1 d l c a r ~ ~  
I l ic  f :~nnel - l~hc sli;cl7c of  the I )c \  ol l lan Irme.;lone. ma1 h ~ n g  t l ic \+cslcrn [>itch 
of the hlanan_r s) n c l ~ n o r ~ ~ ~ n i  



Fig. 57. Tlre Alutrorr~ Vcillc,~' 1r i111 /he T01c7rr of .W~irrcrrrg 3 lake deposits of the lake dammed by the Ganga- 
secn rrom the west. see also phot. 32) purna glacier 

4 alluvial plain tilled with morainic material 
I landslide material of the landslide of Braga 5 lateral morains of the ancient Marsyandi glacier 
3 recent lateral lnorains of  the Gangapurna glacier M Manang town 

It might also be worthwhile to have a view on the morainic material of the Gangapurna glacier, 
since the higher parts of the Gangapurna are not accessible for a solo-geologist, but only for a major 
expedition. 

We find the red crinoid-limestone with large pentacrinus, of the same typeas found on Chandragiri 
pass and at  Godavari south of and near Kathmandu, where they have been proved to be of Ordovician 
age. This red Godavari limestone is also found as component in a conglomerate, embedded in red sand- 
stone (Permian?). We rurther find the blue limestones, black and red quartzites with layers of hematite. 
multi-coloured slates (Chitlang slates). well bedded limestone, with a net pattern of clays and marl which 
are all familiar from Phulchok south of Kathmandu. where finding of a Trilobite enabled to determine 
those series to Devonian. 

No pepmatites were found, not to speak of any gneisses and granites, which however are not to be 
expected i n  this area. Also the surrounding flanks of the Gangapurna glacier do  not show any peg- 
matite~. ~hough Carboniferous. Devonian and Silurian formations are exposed. We recall. that further 
west, near I'isanp, the topmost pegmatites were found right up into the Upper Carboniferous formations 
(>ello\\ -1xi1i~i \eric\). 



The tectonics at Manang are not only expressed by large folds and thrusts, but also by micro. 
tectonics. whereby within a particular for~nation certain beds of low resistance have been glided against 
harder beds (fig. 58). This again speaks in favour of partly gravitational gliding and folding as ex- 
plained above. This bed gliding might also have helped causing landslides. 

Fig. 58. Bed-Glicling within the Prrnrian Limestones above Marrang 
(location above Manang in fig. 56). 
Permian linlestones are interbedded with niarly clays, which have acted as 
"lubr~cation" in the bed-by-bed gliding. 
Possibly this type of gliding has initiated the landslide of Braga, since in that 
area the geological conditions are similar. 

From Manang towards the west, the Carboniferous anticline of the valley bottom develops to a 
narrow, but high and perpendicular structure in the ridge between the Kangsar Chu and the Jargeng 
Chu (see fig. 59 and 64; compare also plate 111, profile 7). 

This upstanding high anticline is intersected by a number of horizontal faults, which have broken 
and transposed the so well visible yellow-band series of the Upper Carboniferous (fig. 59). 

Fig. 59. The Vertical Manang Anricline in the Wedge between Kangsar Chrc atrcl 
Jargeng Chrc. 

This is the western continuation of the anticline in the bottom or the vallcy 
near Manang (see fig. 56). The lithological key horizon of the yellow-band 
series (Carboniferous) makes the various horizontal (unusual) faults very clear. 
R Rhetic 
T Triassic 
P Permian 
C Carboniferous 
YB yellow-band series of the Carboniferous 
This sketch gives a detail of fig. 64 

The Manang synclinorium seems to continue pitching from Manang towards the west since more 
and more younger formations are involved in the mountain building. The above mentioned high 
Carboniferous anticline shows a complete cover right up to Upper Jurassic limestones(see fig. 64,65 and 
67).The latter build the Peak F (see geologicalmap plate 11)  inform of a narrow synclinal wedge (fig.65). 

The extraordinary large and high glaciated plateau which extends between the Nilgiri range of the 
Annapurna and the Peak G on one hand, and between the Thini Shar La (Shar La -:- east pass) and 
'Thini Nup 1.a (Nup La - -  west pass) on the other hand is built by the soft slates of Rhetic and Lower 
Jurassic formations. (See plate V, fig. 3 and also plate Ill, profile 6.) At the foot of the northern flank 
of Nilgiri, there is a reverse series reaching from the Lower Jurassic right to Devonian. The reverse 
series form the southern flank of an anticline, which is overturned towards the north (later on called 
the Nilpiri an~icline). 



7. Geology of the Northern Flank of the Armnpurna Range 

The northern flank of the Annapurna range is certainly one of the most interesting areas from 
geological standpoint. In contrast to the southern flank, the whole area is built exclusively by sedi- 
ments. Those show a great variety, since they reach from Ordovician right through to Upper Jurassic. 

Tectonically, the northern flank of the Annapurna range belongs to the Himalayan Marginal 
Schuppen zone and to the southern flank of the Tibetan marginal synclinorium. 

The Himalayan Marginal Schuppen zone is the transitional zone between the crystalline roots of 
the great nappes and the sediments of the Tibetan marginal synclinorium. While some of the marginal 
Schuppen are thrust towards south, in  the normal sense of the Himalayan Orogenesis, other marginal 
Schuppen are thrust and folded reverse, that means towards the north. 

FIR. 60. Block Diagrom .$howin# the Strurrrtre 
of the Manong Vo l l r~ .  und the Annaprtrrta, View 
,front the Wesr. 

(Compare phot. 41, in which the anticline of 
the Manang Hirnal is well shown, as  well as  
the reverse folds of  the northern flank of  the 
Annapurna.) 

rp,!$:q MESOZOIC 5 - - -  -! PPLEOZOIC plf-'--f t l A N I T E 5 , G N E I S S E S  

The southern flank of the Tibetan marginal synclinorium shows predominantly reverse folding 
and faulting. Besides the longitudinal structures. the Annapurna range shows--especially in  its western 
part--also transverse structures. This is caused by the tremendous axial rise of the ~ ibe t an  marginal 
synclinorium of Manang towards the east, and the termination of their respective sediments at the 
eastern termination of the Annapurna range, a little eastwards of the line Lamjung Himal (6985 m) 
and the ~ e a k  7009 m. 

~hu ' s ,  seen from the east, the Mesozoic formations commence north of Annapurna 11 (7937 m). 
The main axis of the Manang synclinorium (as we may call the Tibetan marginal synclinoriurn in 

this area) strikes at Manang through the Marsyandi valley (see fig. 56, and plate 111. profile 8). while 
from here on towards the east the main axis turns into the northern flank of the Annapurna itself and 
especially through the peak 5291 m (north of Annapurna IV). (See also plate Ill. profile 9. further 
plate V, fig. 3.) West of Manang, the main axis of the synclinorium follows the Kangsar Chu 
(plate I 1  l.profile 7) and into the high plateau of the Thini passes (plate 111, profile 5, also plate V, fig. 3). 
However in this area the marginal synclinorium widens up tremendously between the Nilgiri range 
and the Thorung La and is also getting more complicated. with a large number of deep-reaching folds 
and thrustfaults. We can therefore from the Thini La towards the west no longer speak of a main 
axis (see fig. 71 ). 

The Nilgiri group shows a tremendous soft reverse fold in the Devonian limestones (see plateV. 
tig. 2 and 3; and profiles 6.4 of plate Ill). At the northern foot of the Nilgiri Shartse (Shartse means east 
peak) we find a reverse, steeply southern dipping Mesozoic series. In the long ridge between Nilgiri 
and Roc Noir we find the same reverse fold in Silurian (?) formations (plate V, fig. 2). The reverse fold in 
the SilurianIDevonian formation isespecially wellexposed in thegroupoftheGangapurna and the Anna- 
purna 1 I 1  (7576 m) (plate V, fig. 2. phot. 38 and profile 8 plate Ill). The ridge which flanks the big glacier 
flowing from the flank between Roc Noir and Gangapurna (see geological map) shows two overturned 
reverse synclines. with Triassic dolomite as filling in the upper one and Jurassic formations as filling 
in thc lowcr one. (See plate V. fig. 2 and 3; and also phot. 38.) 



Thetributaryvalley which drains the Seti gap(plateV.fp.2)givcsalsuan excellent view into the5truc- 
ture of the eastern flank of' the Annapurna I 1 1  (7576 nl). The reverse fold in the SilurianiDcvonian 
formations ic greatly developed. The underlying synclinc with Mesozoic filling is ullsyn~melri~,  the  
u p p r  flank tectonicalI!; squeezed out along a thrustfault. whereby the Devonian li~nestones are tllrus, 
upon the Tril~ssic doloniite (see plate V. fig. 2). 

Annapurna II Gangapurna 
7576 7315 

Tr~oss~c 

Permlon 

Carboniferous 

Devon~an 

S~lurlan 

61.  .,l~l~rc~prirno 111 c i ~ r d  Garr,ycrl,ro.rra Si,c.tr /I.~III Norrh!r,t,.\r 
(from the Jargeng valle?.. appro\. 4300 m )  

The northern flank or  this I-angc shows the tremendous rcccrsc [old In Silurian and I>c\,oninn rol-matiorls, with ;I revcrsc 
series in  the lower part or the northern ridge or Gangapurna. 
The ridge in front o f  Gangi~purna contains a narrow towards the north ovcr t~~rned synclinc \ \ ~ t h  Jur;~ssic lilling. 
(See also phot. 42) 

The range of' peak 5291 111. which is situated in front of Annapurna I I  and Annapurna IV shows 
the large Mesozoic filling (up to Jurassic limestones) in the overturned and reverse syncline(plateV, 
fig. I and 2). At the western part or  the said mountain range a dolomite anticline (Triassic) is exposed 
(phot. 37). 

l'lle tremendous folding arid faulting in Annapurna 1 1  (7937 m) is not well visible from this side, 
since we look straight into the folds (from the front side). It is referred to the fig. 38,39 and phot. 28. 
which sliow the structure seen from the eastern side. 

Plrol. 3'4. % o p / r ~ ~ c ~ ~ r ~ i ~ ~  .)j~c,c.ic.\ 

(loc;lllnn at 3980 m o n  l l ie r l - ;~~ l  ; I ~ O L C  I c n g  ro T'I Ic~I-LI~~ 1-;I. 
2 kn i  northbbc~r o l  51;lnilng) 

7 hc sc;~lc I\ irirlic;llcil I>! Ilic ITL,I~CII. 



X. (;cological Itinerary h-lanang-'l'horun~ 1.1 

We now continue our route o n  the ridge northwe\t of b l ;~r l : ln~  ilntl .l.cngr. the Ii~phc\t a ~ ~ d  last \ i l -  
1af.c on the trail to  the Thururig La (53CK) In). t-irst \be clirnh in ( :~rhoriil'erou\ l'orm;i~i~rns rcprcscntcd 

quartlitcs, intcrheddcd with limestones. red q~1ar17ites. ; \ ; ;~rel>i~~lg U O O ~ - l i k e  cliloritoid >lirte\ arid 
tile lowest hcil ol' Ihc \vhite quartzite o f  tlie ycllo\~~-h:~ricl wries. At 39x0 In we t ~ n d  In the lower hed of 
the yellow band series a laphrcntis species (pliol.  39). \rli~ch co~i\cque~itly proLc\ the (.L~rhoniferous 
ape o f t h e  yellow-band series. Also slates with fucoidc\ and othcr I'o\\il\ \ \ere t'ountl ;I[ thc \;inie pl:~cc 
(phot .  40). 

1'110r. 40. \~II(~o;,/,~ .S/,IIC\ I~,II/I o~/I,,I 
1 l l \ \ l /  . ~ / l ~ / / \  
(1111 l l ~ c  r~dgc :~ho\c Tcny~) 
l'Iic\e I'ossll'i OSCUI- licilr i~ i.lc;~r-~~Ioured 
io:~r\c-:l.a~ncd qu.~rt?t(c. lvd orcrlying 
"\~ood-I~Le" U;lrchang \lu~ec. red quar l -  
/ I I C \  a nd  q u ~ r t l i r c  ~ntcrhcddcd t r ~ t h  
I I I I ~ C \ I O ~ ~ ~ .  

In tlie \alle! of the .larpeng C'lii~ u c  move for a lorig time in niore or less the same hrmat ions  
of the ( 'arbonili .ro~~s and the Pcrm~an.  The n\crl!,ing Tri;~ssic dolomite occurs at the eastern flank of 
the v;~llcq much Iiiglicr due to a n  asial rise to\ \ ;~rds the ea\l .  (See big. 61  and 63. hlanang tiirn;~l.) 

At the \\c\tcrri s ~ d e  ol'tlic Sargeng \rille>, the Trii~h\ic dolomite comes to I! nearlb into the bottom 
of tlic ~ ; ~ l l e j .  due to the akin1 pitch (see cnerturned dolomite sjnclinc in tip, 64). In the vallej. ~ h i c h  
drain\ tlie aouthwe\tern l1i1nk ol'the Mnnanp 1iirn;tl (6631 rn) i t  i \  \\ell ~ i s ih le .  hou the Triassic dolomite 
(\\liicli dips at the northern Ilank o f t h e  M;~nang \alle! touards the south) is bent to Ihrrn url anticline 
and dip\ towards the north (tig. 02) .  tiereh!.. the dolomite i b  o \er thru\ t  by Carboniferous formations 
of a higher tectonic unit. The o\,erthruat Schuppe (slice) dips gerierally tcnbards north and ~ l i a w ~  a 
cuniplcrc btr;~tigraphic protile from tlic Carboniferous tlirouph tlie f'ermian ;ind tlie Triassic Lvith the 
typ1ci11 Norian dolomite to tlie \\ell-bedded li~ne,tonec :~nd  blatcs of tlic Khctic and Jurashic. The peak 
0 1 '  Mananp tiirni~l consist.; of the tliickl>-bedded litnestone 01' I!pper .lur;is5ic ape (lig. 62 and 63). 
t lo\\ .c\cr.  al\o this upper ScIi~117~e i \  still folded 2nd ~lirustfaultcd (tig. 63 and 70). 

;It the \\estern side of the Sargeng \alley (fig. 64)  \ \ c  see ncnv the hen1 ~ e r t i c a l  Fold o f t h e  Manang 
anticline. \\Iiicli 15 I-ormcd bq the Carhonikrous formarinns \\,it11 3 co\er  I'ermian and Triassic serie5. 
-l-lic c\lri~ordirlary I i o r ~ l o ~ i t a l  f;~ult\  Ii;~\,e heen >lio\\n in tig. 59. North or the a i d  wrtical anticline 
tlicrc is ;I s!,nclinc. o\cr turncd to\rar& the north. tilled ui th  Rhetic furmations (fig. 64). 

r l i c  Kan~sar thc  I'c:tk. , join~ng ~iorth\\ .cst ol' the ridge \\;it11 tlie b l~ lnang  anticline. is built by a 
co~iilllic.;~tccl \! 11c.linc \\ hich is also o\ crt i~rncd to\{ards the riorth. The tilling of the syncline consists 
01'  . l u r ; ~ \ \ ~ c  I~r i i~~\ tonc \ .  \\hicli build tlie peak it\clf(scc detail ti!. 64). 

1 Ilc I I C \ [  Irig ; ~ n l ~ c l ~ n c  ~ o \ \ : ~ r d s  tlie nortli ( \ cc  geological map plate I I )  is also riltlier complic;tted. 
\\111i ;I \ L . I - I I C . ; I I  f.lult. ; ~ l o n p  \\Iiicli the no~.rher~i  13:rrt ha\ been lifted (jig. 66 and dct;iil fig. 67. seen from 
I' l l !  1 1 1 1 ~ 1  ! 1 1 > . . 1 I l I  



Fix. 62.  Tlrr ;\latrutr~ tfir~ral Srvrr /iorrr rlrt, Sorrfh-Sortrhn~rsr 

UJ Upper Jurassic R Rhetic P Permian T P  Trustplane 
LJ Lower Jurassic T Triassic C Carbo~liferous 

The standpoint is about 5000 111, thus, looking upwards. the series arc slightly distorted. 
It can be observed how through a thrustplane the Triassic dolomite is doubled. Possibly therc exists a secondary thrust- 
plane in the upper dolomite in the hanging glacier below the summit. The dolomite series in the left side foreground 
belongs to the lower thrustsheet. The upper dolomite series (left side on  the top) is folded Into a overturned syncline. 
The tu.o series appear to be one and the same due to distortion viewing upwards. I-lowever there is a valley between 
the two series at the left side. 

Manang Himal 
6631 

I 

l - ' ; ~ .  6.1. T/rr .4ltrrrcrrr~~ Hit~rcl/ .%c,c,rr frorrr rke 
M;,.rr-Sotrflr u.c8.\r 

Thc dololnitc scries ; I I Y  roldcd a r ~ d  tectoni- 
cally piled up. 



We now consider the profile right up to the Thorung La (fig. 68 and 69). Where the trail c rosm 
the Jargeng Chu (4200 m) and begins to climb steeply on the western flank of the valley, we find our- 
selves still in the Permo-Carboniferous formations. They consists of well bedded dark slates, inter- 
bedded with marly limestones and with quartzites. Overlying is a series of green, blcach-green and dark 
blue slates. These contain fucoides. The same series also are interbedded with beds of green and red 
sandy quartzites, partly also coarse-grained green chlorite quartzite of the Ramche type (Trisuli valley 
above Nawakot). In general, these slaty and quartzitic series recall the Nawakot series of the Nawakot 
nappes, with the only diRerence that here in the Tibetan marginal synclinorium they do not show any 
sign of metamorphism. Quartzites increase towards upwards and finally we arrive at the large dolomite 

Upper Jurosslc 

Lower Jurassic 

Fix. 64. Tile Ridge hrtweetr Jorgrrtg Clrrc orrrl Katrgsnr Chit 
(seen from the east) 
The Carboniferous rormation of the Manang anticline is bent and faulted in a complicated way. Peak Kangsartse 
shows a reverse overturned syncline with Upper Jurassic limestones as filling. (This syncline corresponds to the Jomosom 
syncline in the Thakkhola; while the Manang anticline is identic with the Syang anticline.) (Compare also plate V, 
fig. 3, which gives further details of the peak C, Kangsartse.) Peak F is also formed by the Upper Jurassic filling of a 
northerly overturned syncline. (See also fig. 71 .) 

series, which forms a distinct barrier through the valley and along either flanks of the valley into the 
Manang Himal and into the western flank of the Jargeng valley (phot. 42, fig. 70). 

Above the main dolomite series we find deep black shales (Kossener facies) with thin beds of 
quartzites, limestones and lumashell limestones. The whole facies recalls the Rhetic of the East- 
alpine formations of the Alps. The age-prove by the lumashell limestones is evident (fig. 68). 

Fig. 65. The Rel~erw otrd O~~errirrned Syticlinu of Peak F 
(seen from the east; compare the comprehensive view given in fig.64 and fig. 71) 

CIJ Upper Jurassic 
LJ Lower Jurassic 
R Rhetic 
T Triassic 
P Permian 

, C C;lrboniferous 



I ' l r t r ~  41. 7711, \I,III~~I(~, I ~ r l h , ~  \'I,I,I~ /IOIII //I,, I I  c $ 1  

~.lCll,ll ~pllor~l l l ~ > l l l  !(loo Ill .i110\c 1I1c .lLllgcllg \ . l l l C >  1 

Ytllc I l ~c  11~11\1%1iidi11s IICI~III 0 1  l l l c  ,AI~I~LI~LIVII:I I ; I I ?~C ~01ii1>.11cil \<ill> 1 1 1 ~  

Ci~picl l l~~r ~11. 1I1c I I IO~II~I :~I I~~ n(i11Ii 1 1 ~ 1 ' 1  \ I ~ ~ C I  0 1 '  11 \!Ii~cll I\ .IIXILI~ OIIOO 111 llll l>. 
horc . ~ l s r i  ~ l i c  an~.lcnr I;~ncl 5u1 I,~cc a1 .thour 5000 111 :I( r l~i,  11\11 ll1c1.11 l1'1116 01'111c 

~ l l l 1 l ~ l ~ > u l  ll<l 1r.Illgc ;111cl 011 lllc l l l ~ > L l l l ~ . l l l l  1; I l lgc~ 1101 111 (11' lllc ~ l < 1 1 \ \ , 1 1 1 ~ l 1  \:lllc) 

Poss~hl!. tlic o\crl! lng hron n s;~nd> c lu ;~r t l i~c \  2nd s~lidstcrncs. i~iterhedded \\it11 c lc ;~~- -co lo~~rcd 
t l i ~ n  quart/itic. I;~ycrh 111ight hclon: 10 rhe L.o\\c~- .luras\~c.(l.iahs~c. c\lleci;~lly). O\c~- l ! , i~ ig lilid. partl! 
under light ;r~igle unconf'or~iiit!. clear colo~1rc.d and h~.o\\ n clu:rrt/itc. .l-lii\ \cric\ i s  1111.ted it11 ";iutunin-- 
coloured" ( I icrh~t lauhf;~rhe~ic)  limcstorics and pink lenticular coral l i~i ic\toncs. 1 1  alrl>e;lrs. that \\e all 
n l i  II \uddcn ;ire again ill lo\\,cr Ibr~nat ion\  and that tlie rriassic seric\ ;rrc sliced. I'or. ahobc and n \c r -  
I! In!. \\t. l ind ;)gain the 11i;lin dololnite wries (Nor i i in)  ol'pnrtl! verb, dc~l \c.  partl! line-gr;~inctl conplolii- 
eratic character. 7~l ic  black scric5 ol ' t l ic  l l l ict ic appc;Ir 10 t l i i ~ i  out t ~ \ \ i ~ l . d \  (lie c~ist. (1'1101. 42. hcIo\\. 
\,1;11i:ing tiim;rl hho\\s \.cr> clear the slicing \ r~ t I i i l i  the rn;~i l i  dolomite \cric\. C ~ I L I \ C C ~  h) ;I ~ i i ~ ~ i i h c r  01' 
steep ~iorrl icrr i  dipping thrustf;iult\.) 



f i ~ .  67. Foulred Anticline uf the Western Flank 
of the Jargrrrg Valley 
This sketch shows a detail of the anticline 
given in fig. 66 (seen from northeast), which is 
however not visible in fig. 67. Along a vertical 
fault the northern block has k e n  lifted while 
at the same time the southern block has made 
ils independent tectonics, which caused a con- 
siderable discordance on the fault. 
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Norion Morn l t r  
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Overlying the second main dolomite series (at 4850 m) follow slaty limestones (fig. 69). which make 
a noise like glassware when walking over it.  The limestones are siliceous. partly slaty. partly in clear 
beds between the slates. Over quartzite layers wc find again deep black shales (Kossener facies). The 
formations above those consist of quartzite layers, iron sandstone, iron oolites, deep black slates, brown 
sandy limestones with shells, grey limestone with net pattern and odlithic limestones. 

On Thorung La (5300 m) occur clear-coloured coarse-grained quartzites ernbcdded in the slates 
mentioned above. Also echinodermic breccias can be found. In general these series might belong to 
the Lower Jurassic (Liassic and Dogger facies of thc Alps). The whole series dip in the Thorutig La 
towards the north. In the lower part of the southern flank of Thorungtse (6444 m) occur the same 
series, but tectonically sliced. Towards above follow thickbedded and mighty. clear-coloured lime- 
stones, which recall the Malmkalk of the Alps (Upper Jurassic). On Peak Deriatse (6150 m) south of 
the Thorung La, those limestones occur too. i n  still greater thickness, dipping steeply north. They 
are overlying the well-bedded limestones and slates of the Lower Jurassic (Liassic and Dogger). (See 
also fig. 73 and 74.) 

Fig. 68. Derail Profile of the Eosfertr Side of Thorung L a  (along the trail from 4200 m up to 4850 m) 

(camp 4260 m near Jargeng Chu) well- 
bedded dark slates, interbedded with 
marly limestones and with quartzites 
green, bleach-green and dark blue slates 
with fucoides. Interbedded with red and 
green sandy quartzites, partly also coarse- 
grained chlorite quartzites, slates similar 
to the Nawakot slates. Quartzites in- 
crease upwards 
large dolomite, partly fine-conglomeratic 
(ZOO m) 
beds of quartzites 
quartzites, interbededd with fine black 
sliales ("Kossener" facies of the Alps) and 
dark limestones 
lumashell limestone 
calcareous slates 
calcareous sandstones 
beds or quartzite (10 m) 
brown sandy quartzites and sandstones 
marly limestone. brownish-yellowish 
("Herbst1aub"-coloured of the Rhetic of 
the eastalpine facies of the Alps) 

I2 thrustplane 
13 quartzite, clear-coloured, when fresh ; 

brown weathering 
The thrustplane (12) cuts the series (4)-(11) 14 pink lenticular-coloured coral limestone 
under oblique angle, thus they form a wedge 15 lumashell limestone 
Iwtwecn the underlying dolomite and the 16 Norian dolomite series, well-bedded, 
ovcl.lying thrustplane. clear grey-colourcd 



Fig. 69. lkfni l  Profile on the Eastern Side of rhe l71orung La 

SE NW 1 large dolonl~te serles (Norran) 
2 calcareous slates, niake a sound lrke broken glass when walk~ng over them #) 4 3 quartzites very Rhctrc black of the rnterbedded fine Alps) shales w ~ t h  (very dark typical slates "Kdssener" fac~es of the eastalplne 

+.. .p - 5 single beds of quartzrtes, Iron sandstone, black shales, iron ool~tes, brown 
sandy l~mestone w ~ t h  shells, grey limestone w ~ t h  net pattern or clays, 

4850 
"- -5.1. 

odlit~c limestones 
6 cleartoloured coarse-gra~ned quartzites (rn the pass 5300 m) 

9. Geology of tbe Catchment Area of the Jargeng Chu 

The eye-catching main dolomite series below the Thorung La at the eastern side is a very good 
key horizon for the analysis of the structure of the surrounding mountains (see phot. 42). This same 
dolomite was by fossils proved to be of Norian age. 

The dolomite forms in the Jargeng valley at the southeastern side of the Thorung La a distinct 
barrier (see phot. 42). From this barrier (in which the dolomite however is faulted, see phot. 42), the 
hard series strike in southsoutheast direction towards the southern ridge of the Manang Himal(6631 m), 
where it is identic with the overthrust dolomite Schuppe described in fig. 70 and 63. A number of 
thrustfaults cut the dolomite series in the flank of the Manang Hirnal (see phot. 42). However the dip 
is generally directed towards the north. The clear limestone (Upper Jurassic) which builds the summit 
of Manang Himal (6631 m) is slightly bent in the northern ridge of the said mountain and also thrust 
within itself under unconformity (fig. 70). In the pass, which leads to the east and over into the Naur 
valley (south of Jargeng La fig. 70) the same Upper Jurassic limestone dips steeper towards the north. 
We find an overturned anticline, which is thrust from north. The anticline contains Lower Jurassic 
dates in the core. 

Another thrustplane strikes through the Jargeng La (fig. 70) with Permian formations (sand- 
stones and conglomerates, Muschelkalk) on the thrustplane. 

In the mountain range, which extends from Jargeng La towards the Thorungtse (6444 m) we find 
increasing tectonic complications from east to west (fig. 70). The magnitude of the anticline of Jargeng 
La increases, while at the same time, due to an axial pitch towards the west, the Permian formations 
disappear underneath the Triassic, Rhetic and Jurassic formations. Great dip slopes are formed by 
the Norian dolomite. Upon the Jurassic limestone there occur still younger formations, predominantly 
quartzites and dark slates (possibly Cretaceous?). Already in the Thorung La those "cheesev-structured 
(with holes) and extreme hard quartzites and sandy quartzites were found. 

Fig. 70. Thc Eastertt Flank of the Jargetrg Valley front Jurgolgfse lo Manatrg Hi111al 
(seen from the Thorung La [5300 m]) 

The whole range shows many Schuppen, whereby all the tectonics are directed towards the south. The key horizon 
of the Norian dolomite crosses at the right side (in the picture below Manang Hinial and Annapurna 11). Compare 
also phot. 42. 
Fig. 63 gives the view behind the ridge leading from the right side to Manang Hinial 
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and the Kali Gandaki. that means the range from the Nilgiri up to the Thorungtse (6444 m) represents 
still many problems. These are not only caused by the geology, but far more by the bewildering t o p  
paphy, with a large number of peaks. but none of them outstanding, and also by erronous reproduc- 
tion and gaps in the Quarter-inch map ( 1  : 250000). The greatest errors were found northeast of Manang 
Himal-Jargngtse. (Later on also the northern adjacent area towards the Damodar Himal was found 
greatly wrong in the existing map.) I t  has been tried to identify the numerous peaks around 6000 m, 
but with the total lack of local names (the area is completely uninhabited) we named the peaks with 
letters to begin with (A-G). Later on we were able to give local names according to the nearest villages 
in some places. 

In order to fit the geological structures into the topographic outlay a much simplified and corn- 
prehensive schematic cross section has been constructed from the Nilgiri to the Thorungtse (fig. 71). 
All the peaks have been entered into this schematic profile and reference is given to the text figures with 
their respective numbers in the profile. 

As we may see, all the peaks between Thorungtse and Thini Shar La are situated either in the 
Upper Jurassic or in the Lower Jurassic. In general, thecomprehensive profileshowsclearly thecharacter 
of the synclinorium, with a large number of partial synclines and anticlines and thrustfaults. From both 
edges of the synclinorium the structures are directed towards the center, consequently the southern 
portion of the structures are reverse. The present structures indicate clearly the former Graben 
structure of the synclinorium. From the edges of the horsts (flanking the Graben) the formations have 
been folded into the Graben. 

At present we do not go into the details of the particular partial structures. For a better under- 
standing, names given in the Thakkhola (at the other side of the mountain range), have been introduced 
already now. The numbers in fig. 71 ( 6 6 9 )  give the location of the respective text figures in the geo- 
logical profile. Further reference is also given to profiles 7 and 8 in plate Ill. 

Since we have so far on our itinerary covered pretty complete stratigraphic profiles, we shall give 
the stratigraphic-lithologic columnar section at this place (fig. 72). 

Fig. 72 (oppo.sirc~) 
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111 Geological Observations in the Northern Part 
o f  the Tllakkhola 

(between Muktinath and the Tibetan border) 

1. Geology of the Muktinath Area 

We have seen already from the eastern side that the Thorung Himal shows a very complicated 
structure. However, the western side gives still a much better exposure (fig. 74, 75, 76, 79, 81 and 
82). Let us first descend on the western flank of the Thorung La (5300 m) down to Muktinath. (See 
detail profile fig. 73.) First we meet again the same calcareous slates and oolites of the Lower Jurassic 
as we have seen at the eastern side of the pass. At the place, where the trail leaves the screes and climbs 

Fig. 73. Defail Profile or rhe Western Flank of rhr Thorung L a  

I on the pass 5300 m itself were found, 
however not sure whether not as debris 
from the Thorungtse: dotted limestones 
(Lias?), red sandy limestones with shells 
(Dogger?), sandstones and fine-grained 
conglomerates (Dogger?), clear-coloured 
limestones with Karst weathering (Malm) 
porous quartzites (Cretaceous?) 

2 light-coloured limestonc 

3 reddish-brown limestonc and calcareous 
slates 

4 calcareous slates, sandy brown calcareous 
slates (sound like glassware when walking 
over them, lype of the Lias slates of the 
East-alpine lacies of the Alps). 

5 limestone (Lias?) 
6 lumashell limestone 
7 dotted limestone (fine-grained conglonie- 

rate, with pentacrinus, type of the Lias 
formation of the eastalpine racies of the 
Alps). 

8 red slates, with fucoids. (this series forms 
a narrow anticline) 

9 lumashell limestone 
10 white and green slates, calcareous slates 

with pentacrinus 
I I black slates, with fucoids (this series 

forms a narrow anticline) 
I2 fine-grained polygenc breccia with red 

components of limestone 
13 densc grey limestone 
14 dotted limestone with crinoidal breccia 
15 breccious limestone 
16 Rauhwacke (cellular dolomite) 
17 black slates, red quartzites with ripple 

marks 

However, this profile cannot be considered as 
a normal succession, since there are a number 
of repetitions caused by folding. (Compare 
also fig. 76 and 82. which show the tectonic 
coniplications.) 

the ridge in the saddle of the pass, we find lumashell limestones of the Rhetic. The slates of the Lower 
Jurassic and of the Rhetic reach in the saddle of the pass very deep towards the west, nearly down to 
Muktinalh (fig. 76, 81 and 82). The underlying Triassic dolomite appears at the northern flank of the 
pass-valley leading from the pass down to Muktinath, and in the western ridgc of  the Thorung t limal. 
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I t  forms a narrow anticline which is overturned towards the south. The southern (lower) flank of the 
anticline is almost squeezed out (fig.81 and 82). North of it, a new very narrow syncline adjoins to the 
north of this dolomite anticline. Also this syncline closure of theTriassicdolomite is just exposed overthe 
screes filling above Chhego (fig. 81). This same dolomite forms again a folded anticline in the western 
ridge of the Thorungtse, from where it can be observed in the upper part of the Thorungtse striking 
towards the north (fig. H I ) .  

Permian Triassic Rhetic L .  Jurassic U. Jurassic Saligrarn S e r i e s  

Fig. 75. The Wesrcrn and Norfl~wcsrertt Flank of TI~or~i t~g  LA and Deriarse (6150 ni) 
The large Muktinath anticline is eroded down to the Permian formations. The axis of the anticline pitches steeply 
from the Deriatse (6150 m) down to the west. The Saligram series (right side) join the Rhetic formations under angle 
unconformity. The major transverse fault strikes in north-south direction along the foot of the mountain, through 
the Gompa of Muktinath. In this fault occur the springs and the natural gas, nourrishing the sacred eternal flame. 
Compare also phot. 43. 

In the valley which drains the northwestern flank of the Thorungtse the Permian formations are 
exposed, underlying the Triassic dolomite (fig. 79,81 and 114, and plate VI, fig. I and 2). The Permian 
formations are the core of a big anticline, which shows a strong western axial pitch (fig. 79. 81, 
and 82). This is the Chehang anticline (see fig. 82. and plate Ill, profile 6). On the ridge north of this 
valley (fig. 79 and 81) the dolomites occur again, folded in itself. but steeply dipping towards the west. 
Overlying to these dolomites we find limestones of the Rhetic and Lower Jurassic. proved by fossils 
(fig. 79. 80. 8 I .  phot. 43). 

At Muktinath itself of course we are interested in the sacred permanent flame. which is a pilgrim- 
age place for both the Buddhists from Tibet, Nepal, India and Ceylon as well as for the Hindus from 
Nepal and India. 

For this reason, the sacred place has got two direrent names: Muktinath i s  the Ncpalcse name, 
while Chumik Ghyatsa is the Tibetan name. 



1\1 Thorung L a  trail 
Lower J" ,a,, . 
Rhetic 

Fig. 76. Co~~rprc*hensive Profile ur Ihr Wes~ern FIUIIX of Thorrmng 1-u 

The complicated Thorung syncline strikes through the Thorung valley. The Muktinath anticline (right side. south) 
is relatively simple, while the Chehang anticline (northern side] is again complicated uith a number of overturned folds. 

The detail profile along the rock exposures above the screes, from the temple towards the south 
(fig. 77) shows first the steeply western dipping Triassic dolomite (fig. 75,79 and phot.43). This dolomite is 
of coarse-grained blueish-grey type. Some layers of polygene breccias are found in the upper part. 
Towards the south, the strike, which, north of the temple was west-east. changes to a northeast- 
southwest strike. The dip changes likewise from northern direction to a western dip. By moving south. 
lower formations occur (fig. 77 and 78). namely red and dark slates with small layers of echinoidal 
breccias. Findings of pectus allow a safe determination of these formations to Lower Triassic-Permian. 

Muktinath / 

\ 

I 1 Krn 
4 

F ~ R .  77. Deriril Profile fro111 the M~t l r inuth  Gd~trpu lon,orils the Solr!h 

I Noriiin doloniite 7 sandstones and conglomerates (polygcnous, quartz- 
1 quartzite, coarse-grained, blueish green itic; components in quartz-sandstone; type of the 
3 quartzitic hreccias "verrucano" of the Swiss Alps); echinoidal breccia, 
4 red and dark slates with gastropods and nerinea species 
5 quartzitic hreccia. with thin layers of echinoidal 8 dolomite 

hrecci;~ 9 shelly limestone 
6 SI;IICS \ v ~ t h  pectus 10 transgression of black slates with saligrams 



rip. 78. I)c.ruil Profile orr r h ~  Ric lg~ 4 X t r r  So:tt/r of A.llrk~inof/l 
(this prof i le  continues f r o m  fig. 77 towards south. r ight  side i n  the picture) 

I Sal igram series, black sl i~tes and  argilla- 
ceous slates w i t h  calcareous boulders 
cont ;~ in ing ammonites 

2 shelly limestone. formed t o  a n  overturned 

ENE WSW anticline; thecontact between (I j a n d  ( 2 )  is 
part ly  unconform 

3 black argillaceous slates w i t h  greensands 
(glauconite) 

4 mar l y  limestone. oolitic, thin-bedded; 
w i t h  extraordinary lralisverse clefts. inter- 
bedded w i t h  silver-grey slates 

5 black saligram slates interbedded in dark 
red slates, also beds o f  very dense red 
quartzi te (radiolari te type) 

6 glauconite greensand, fine-grained 

1 Km 
I 

7 glauconite greensand. coarse-grained 
I .,-& - 8 conglomerate o r  quartzites 

The latter is represented by red sandstones and conglomerates. The echinoidal breccias also contain a 
nerinea species and gastropods. Due to a change of strike we reach further south again into the over- 
lying formations and the Triassic dolomite occurs again at  the foot of the western ridge of the Deriatse 
(seefig.75and 78).At this place, it isoverlain by thelumashell limestonesof the Rhetic. TheRhetic forma- 
tions show also marly limestones. interbedded with slates (fig. 80). The limestones show a characteristic 
transverse clivage which was found also at  other places in the same formations. The folds in the marly 
limestones have their axis in northnortheast-southsouthwest direction, with astrong axial pitch towards 
the southwest. That means the axis of the folds are nearly at  right angle to the normal east-west strike. 

Cretaceous ? Thakmor series ( Te r t~o ry  -Pleisiocene) 
Upper Jurossic Kogbeni series (upper Paleocene-Eocene) 
Lower Jurassic Saligram series (lower -middle Paleocene) 
Rhetlc 

Triosslc Fig. 79. Tlre Thorrtrrgt~c~ Hi~trcrl rr~rtl irs W'vsterrr Ricl~c, Svcvr 
. . . . . . . . . . . . . . . , Permian frotit the Sorrthwc,sr 

A l l  the formations show a st rong ax ia l  p i t ch  towards west. O n  Chehang 1.a (Icft  side) u c  f ind the transgression o f  the 
Saligrarn series o n  the Lower  Jurassic slates. The  Gornpn  oi' I l l uk t i na th  is situated just o n  the tr:~nsgression contact 
between the Sal igraln series u n d  the Triassic do lomi te.  (See also platc VI .  tig. 2 . )  
I n  addi t ion t o  the strong irxial pitch, also a nulnhcr  of soutlr n o r t h  I ' n ~ ~ l t s  strihc t l i r n ~ ~ g h  t h e z o ~ ~ c o f  b luht inath.  whereby 
the uestern por t ions have h e n  sunk. (C'ornparc ;rlso lig. HI and 130. p1101. 46 and  70. 13roflc L' i n  l l latc I V . )  



Dark bituminous shales, partly of sulphuric smell overly the Rhctic formations at placcs under 
unconformity. The dark shales contain large boulders of calcareous cancrelions. which are the famous 
~ ~ l i g r a m s .  Saligram is the Hindi name for the ammonites, which have caused the concretions. The 
~aligrams are sacred for the Hindus. According to their belicve, they contain gold. and bring good luck 
to the owner. They are soltl in Calcutta for up lo 100 IJS8 each. Thc ammonites are (in this area) of 
Jurassic and Cretaceous age. Undoubtedly, these series were deposited during the lJpper Cretaceous- 
Paleocene period under circumstances which were especially favourable for calcification and thus 
 reserving the abundant ammonites. We shall from now on call these formations the Saligram series. 
~t is a key horizon, which has been transgressed over various Mesozoic formations, as we shall see 
later on. 

Fig. 80. Rlretir Mcrrly L~IJIPSIOIICJ Interh~dded ill S1arr.s 
(2  km south of Chahar) 

The limestones show the characteristic transverse clivage. The axis of the 
folds is directed towards the Thorungtse, that means in west --east  direction. 
with a strong pitch towards the west. 

At the said ridge 2 km south of Chahar, the Saligram series are directly transgressed on the Rhetic 
formations. Though their age has to be considered as upper Cretaceous or even post Cretaceous. The 
Saligram series are however also folded into the folds of the Rhetic formations, which indicates that 
mountain building forces continued to work after their deposition. 

Upper Jurorsic 

Lower Jurosr~c 

F ~ R .  81. Tlrorrmngtse Hinrcrl SECIJ f ron~  the West 

This drawing is made from long distance. from the opposite side of the Thakkhola at a standpoint of 4600 m above 
Dangarjong. I t  shows especially the complicated structure of the upper p;~rt  of this mountain, which in general consists 
of a syncline which is overturned towards the south (the Thorung syncline). Adjoining to  the north we find the Chehang 
a~iticline. in which the Pernlian formations reach right up to the main ridge of the niountain. Also the Chehang anti- 
cline is overturned towards the south. 
All the stnlctures of the Thorung Himal show a steep western pitching (towards the observer). Thus the Saligranl 
series w h ~ c h  arc niorc flat are in unconform contact with various fornlations, from Permian to  Lower Jurassic. It is 
c \ ~ d e n l .  that thc S;~ligram series have been depos~ted on a previous erosional surface. 



The Saligam series are only about 100-200 m thick. They are overlain by greensands, which arc 
interbedded in red and dark slates. Also beds of dense and deep red quartzites (radiolarite type) are - .  , - 

found in these formations. Since all these beds dip towards the west. we move into higher formations 
along the ridge towards the west. 

We find overlying quartzite conglomerates. There is little doubt that we are at this place i n  
Paleocene or  even Eocene formations. 

On our way back from Chahar to the Muktinath Gompa (Gompa -= temple) we take a route a 
little bit further west. Thus we follow the Saligram series, and find to our astonishment, that these 
series transgress over various Mesozoic formations: They overly Rhetic Lumashell limestones 2 knl 
south of Chahar. then Norian dolomite southwest of Chahar. then Permian slates and sandstones 
weast of Chahar and finally again Norian dolomites near the temple of Muktinath (see plate VI, 
fig. 2). Further north, the Saligram series reach far up into the valley of the Thorung La, where they 
are again in direct contact with Rhetic lumashell limestones (fig. 74. 79, 81 and plate IV, profile V). 

The transgression of the Saligram series is not only a stratigraphic one, but at this place also (or 
rather) a tectonic one: It cuts the Muktinath anticline at its western flank (fig. 75 and 79). This anticline 
was to a large degree eroded and opened from the Upper Jurassic formations at the summit of Deriatse 
(6150 m) right down to the Permian formations between Muktinath and Chahar. The Saligram series 
were deposited on the eroded flank of this anticline, coming into contact with Rhetic formations on the 
southern and northern flank of the anticline. while covering Permian formations in the center. We may 
also conclude. that the tremendous western axial pitch of this anticline was effected not only before the 
transgression of the Saligram series. but also during and even after the Saligram stage: True. the Sali- 
gram series also dip towards the west, but much less than the axis of the Muktinath anticline. (See also 
plate VI, fig. 2, and plate IV, profile V.)  

Fig. 82. Cor~rpreherisive 
Profik Sketch 
of the Thorungrsr 

Cretaceous 

Upper Jurassic 

Lower Jurassic 

Rhetic 

Triassic 

Permian 

Coming back to the sacred flame of Muktinath. we now find the explanation easily. The natural 
gas appears exactly in the transgression contact between the Norian dolomite and the Saligram series. 
The Saligram series are pretty bituminous. they contain even possibly Petroleum i n  the basin of the 
Thakkhola. The gas climbs in the western dipping Saligram series out of the Thakkhola basin and 
appears on the surface where the Saligram series has its eastern margin, namely at the contact with 
the Triassic formations. However. i t  is evident that also transverse faults i n  that ;irw have  helpcd Ihc 
n;~tural gas to occur at the surface (see profile V in plate IV; phot. 43 and fig. 136). I t  ;Ippeal.s :I.; it' 



the western flank of the Thorung Himal and the Deriatse were cut by such a transverse fault, whereby 
the ~ h a k k h o l a  basin has sunk in (in form of a Graben). There arc a number of such faults also further 
west (see phot. 46 and fig. 85 and 136). 

At the same place, where the natural gas occurs in the shrine of the temple of Muktinath, also a 
spring appcars. It is the people's beliel; that God has made the water burning at this place, to show 
his almight. Also in the close surroundings of the temple. therc occur a great number of other springs, 
the water of which is used for water plays and according to the people's belief--is supposed to 
have miraculous effect on the pilgrims when drunk. 

The dark bituminous Saligram series. the red slates and the greensands f i l l  up the whole valley of 
Muktinath (fig. 79. 81 and panorama from Dangarjong plate VI, fig. 2). Surprisingly, the structure in 
these young formations coincide by no means with the tectonics of the surrounding mountains built of 
Mesozoic formations. The structures of these Upper Cretaceous and Tertiary formations are totally 
discordant to those of the Mesozoic mountains. In general the structural axis of the Tertiary formations 
are directed north--south, whereby the pressure of the orogenesis originated from the east (fig. 79, 84 
and 85, see also profiles IV and V of plate IV). We shall see later on. that also within the Tertiary forma- 
tions we find different structures. Thus for example the ridge which extends from the peak 4191 m 
towards the south (fig. 84) shows transverse faults and folding. which is directed towards the west, all 
the strikes and the axis of the folds being north-south. This structure in the said ridge is especially well 
exposed, since the dark greensands (Kagbeni series) are over lair^ by clear-coloured sandstones (Thak- 
mar series) (fig. 84). 

Also transgressions within the Tertiary formations can be observed, whereby younger formations 
transgress in a straight line over ancient folds (fig. 86, northeast of Khingsar). Also south of Chahar. 
the Tertiary formations show separate structures, whereby a narrow anticline is erected steeply towards 
the east. (See the panorama seen from Dangarjong, plate VI, fig. 2, and phot. 69, 70 and 46.) In 
this ridge, which is situated between the Muktinath Chu and the Lupra Chu, general northwestern 
dipping prevails (see phot. I, 69, 70 and 46). Though some structures can be observed. The strike is 
here at right angle to the normal west-east strike of the Mesozoic formations. 

Little south of Kagbeni there is an anticline in the Tertiary formations the axis of which is directed 
in north-south direction. (See panorama from Dangarjong, plate VI, fig. 2.) The same abnormal 
strike we find also in the ridge of peak 4191 m north of the Muktinath Chu (see phot. 46, and fig. 79, 
84 and 85). However, the western flank of this ridge, east of Kagbeni, shows again different struc- 
tures (fig. 87). 

Besides the Tertiary formations, also the Quaternary deposits play an important role in the shaping 
of the landscape of Muktinath. Huge morains are prove of the ancient ice ages, in which large glaciers 
were flowing down the tributary valleys. This is especially true in the valley of the Thorung La and in 
the Chehang valley, which drains the northwestern flank of the Thorungtse (fig. 79 and 81). Large river 
terraces further down as well as terraced morains resulted from important interglacial stages. Further, 
a landslide originated from the eroded Permian core of the Muktinath anticline, just south of the 
Giimpa (fig. 75 and phot. 43 and 46). However. we shall try later on to give a classification of the 
Quaternary events in the Thakkhola basin, when we shall have covered the whole area and collected 
more data. 



2. Tctang-Naming Chu 

On our trip from Muktinath towards thc north we have lirst to cross the Chchang La, that is the 
prisc a k \ v  hundred meters cast of peak 4191 In. On this route. just northeast of the Chhego village we 
tind again the black shales of the S a l i p a n ~  series with the large boulders which contain saligrams 
(ammonites. tip. 81). 

I~~nestonc and c;tlcal-cous slates \lit11 
cardlnlc~ w 
l~rncslone H it11 bclernn~tcs 
Snl1gr;im serics 
Ere? coarse-grained quilrtzlte 
H liltc s;~ntlslo~ic 
red iicnsc qu;~rtzile 
dark sand! slnlcs 
quc~rrzite brecc~a 
sandstone ("Ruchs;~ndsteln") 
bronn and yrccn sandstones. fine con- 
glonicralcs. glauconitc snndsronc 

Chehonp Lo 

Frn~n  the large number of collected arn~nonites were some determined in the field as Hoplites 
l3erriasirlla (Pcrrtlandian--Purbccki:in). At this place. the Saligram series is much tectonized, with the 
axes o f the  rolds directed north -south. The exposure is close to the Norian dolomite. which covers the 
northern flank of the Thorung \alley ( fg .  81). In general the Saligrarn series dips at  this place towards 
the nest. while the mentioned dolomite shows a nornial northnortheast dip. The unconforrnity of the 
Eocene Saligram series upon the Triassic dolornite is thus practically under right angle. 



In t h e  a m i ~ l l  b r o o k  n o r t h e a s t  oc C' l ihego \ i c  c a n  a l \ o  c ih \e r \ c .  ho \+  t h e  a h o \ c - n l e n t ~ c r n c d  d o l o m ~ t t :  
s h o n h  :i j y n c l i n a l  c l o h u r e  a n d  c o n n e c t \  i r i t l l  t h e  h i g h e r  d o l o m ~ t e  \e r le \ .  T h e  l i l l i n g  c o n \ l - t s  o f  R h e t ~ c  
a n d  L i a s s i c  slate5 a n d  l i m c > ~ c > r l r \  ( l i g .  S I  a n d  79). 

T h e  \ a l l e y  n o r t h  of C h h e g n  h a s  a n  e x t r a o r d i r i ; ~ r \  t h i c k  c o w r  01' m o r a i n b .  A d i s t i n c t  te r race  of 
~ n c l r r ~ i n i c  m a t e r i a l  i s  f o u n d  a1 3800 n i  ( l i p .  79 a n d  7 5 ) .  B u t  a l s o  f u r t h e r  up. t o ~ r a r d s  t h e  C h e h a n g  1-3. \LC 

t i n d  s w e r a l  l a l e r a l  m o r a i n s  l > i r i p  u p o n  t h e  s a d  te r race .  

r I h . ~ h n i . ~ r  \ ~ , r ~ c \  (slc.~r-colourcd .;andstone\. red slialc.;. boulderbed.; and I~cus r r lnc  
~II,IIA 1 lppci l . e r r ~ ~ ~ r >  Q ~ ~ ~ i t c i ~ i : ~ r )  J 

h: h : ~ s l > c n ~  \el IC\ ( c l . l r A  \.~nd.;rollc> and il,~tcs. greensand\. gl-c! s~ndstoncs. yu.lit/ltc\. 
hrccc~,l\ 2nd $ l , ~ u s o ~ ~ ~ t c  \;IIIJ\I~~II~; P:iIcocenc - 1  OCCII~). 

5 S I I I I I ~  I I I o r  \ l ldd lc  i ' ~ ~ I e ~ c c ~ l e )  
I , I I I~ , I \ \ I (  

I l ic I lial.1>?.1: k.I,~~,.., . \ v r .  I,~lclccl-ln lr l to rllc K a g b e n ~  \crle\. \ i l ic rch.  the >trucrur.~l 3 \15  dre 
, i l r , . , .~c..~ m . , l l ~ ~ ,  . , , , , 1 1 ,  Compc~rc phor. 16 



The trail towards the Chehang La follows more or less the transgression of the Saligram series upon 
the Mesozoic. Close southeast of the pass the black shales of the Saligram series join the lumashell 
limestones of the Rhetic. Preliminarily we were able to determine Cardinias Hybridia (phot. 44). Just 
north of the pass we find beds with abundant. well preserved beleninites (fig. 83 and phot. 45). In the 
same locality we also found a large ammonite, namely a Virgalites Virgalus (fig. 83). All these Meso- 
zoic wries dip towards the west. The transgressing Saligra~n series however seems not to overly the 
Mesozoic formations concordantly, since the Saligram series join in a straight prolongation to the dip 
of the Jurassic limestone. 

Fig. 85. Farrlts atrd Folditr~ within the Eoc 
Kugberri Serie.~ 
(west of Muktinath) 

- .- - 
dark s l a t e s  quartzi te 

Already south of Muktinath we have made the observation, that the Saligram series are in contact 
with Permian, Triassic, Rhetic, Lower Jurassic and Upper Jurassic formations. While near Muktinath 
and Chhego, the transgression shows right-angle unconformity (Triassic dolomite dips north, Saligram 
series dip west), we find at the Chehang La a western dip in both the Mesozoic aid Saligram series. 
However, there is also at  this place an unconformity, since the plane of transgression dips steeper 
towards the west than the Mesozoic formations (see fig. 79 and 83). 

Fig. 86. Tratrsgressiorr wirhirr the Eocerre 
Kagbeni Serie.~ 

sandstone (northeast of  Khingsar. 4 k n ~  east-southeast 
quartzite of Kagbeni) 

dark slates Quartzitic formations lying under unconfor- 
mity upon black slates. 

From this we may conclude that further down in the underground (towards the west and towards 
the Kali Gandaki river, covered by the screes) the transgression again covers lower formations 
(Triassic). Also, we have to keep in mind the possibility of a transverse fault. similar to the Muktinath 
fault. (See plate IV, profile IV.) 

Let us first study the section of the transgression on the Malm (Upper Jurassic limestone). The 
black shales of the Saligram series contain large size sitligrams (tip. X 3 ) .  The thickness of the Saligram 
series is about 200 m. Above the Saligram series we find \vhiie cl>:lrsc-gr;lincd c1~;1117itc's (tip. 83). then 



new layers of black shales interbedded with dense red quartzite. A breccia 01- quartzite changes to 
quartzite sandstone. The latter is in the lower portion brownish-grcy, but changes the colour to green 
in the upper part. The whole sandstone series recall the Ruchbergsandstone of the Alps. In the peak 
4191 m we find predominant the green sandstone. which resembles much the Assiline greensand of the 
Helvetic Tertiary of the Alps. However, no nummulites were found at this place. 

~ i g .  87. The Eusrerrr Flunh of the kbli Gunrluhi 
Vullqv Norrh of Kugbeni 

The Kagbeni series are intensively folded and 
faulted 
1 black slates, partly calcareous 
2 sandstone 
3 quartzite 
4 river terrace 
Kagbeni is at  the lower right corner 

In the valley east of Tangbe, the black shales of the Saligram wries extend right down to the Kali 
Gandaki river (fig. 88). There they form an anticline structure with axial strike in north-northwest- 
south-southwest direction. The eastern flank of the said anticline is flat, while the western flank is steep. 
(Compare also profile sketch Tangbe-Kagbeni, fig. 1 16.) Brown and clear grey sandstones, interbedded 
with lacustrine shales transgress with flat west-northwestern dipping over the Saligram series (fig. 89). 
At the western side of the Kali Gandaki the northern component of the dip is predominant (compare 
also fig. 88). That means a rise of these 400 m thick sandstone series towards the south, that is towards 
the main range of the Himalaya (see phot. 57). 

The trail from the Chehang La towards the northeast keeps more or less the same altitude and 
follows always more or less the transgression of the Saligram series on the Mesozoic formations 
(fig. 89). We can observe, how the transgression covers higher formations. 

D Devonian Fig. 88. View frutrr Pruh 4191 trr towords rhe Norrlr 
T Thakmar series in general (Tertiary- 

Pleistocene) 
R T  Red Thakmar series 
WT White Thakmar series 
K Kagbeni series (Upper Paleocene- 

Eocene) 
S Saligram series (Lower-Middle Paleo- 

cenc) 

The Saligrani series reaches from Chehang La 
right down to Tanghe village near the Kali 
Gandaki river. Also at the opposite side of 
the valley Saligram series occur. 
Note the western dip or  the Thakrnar series 
at the eastern flank of the Kali Gandaki 
vallcy (right side in the sketch) and the nor- 
thern dip of the s;lrne serics at the western 
l l ;~nh o f  t l ~ c  c . ~ l l c \ .  



Thakmar series 
Saligram series 
Liassic(LowerJurassic) 
Rhetic 
Triassic 

Fig. 89. View on rl~e Trail ~ Y I H ' F C ~ I  Chehang La atrd Tcrortg La 

The trail follows the boundary between the Mesozoic and the Saligram series and the 
Thakmar series respectively. Below Tetang La the Saligram series are locally bent up with 
eastern dip. The Thakmar series join both the Mesozoic as well as  the Saligram series under 
angle unconformity. The Thakmar series themselves show a strong western dip. For details 
on the Tetang La see fig. 91. 

R T  river terraces 
T Thakrnar series 

(Tertiary-Quaternary) 
w white sandstones 

and gravels 
r red sandstones 

and gravels 
b brown sandstones 

and shales 
S Saligrani series 
R Rhetic 

Fig. 90. Geological Sketch of rhe Terutrg Vallc,~ 
(view from the southeast) 

The Thakmar series are transgressed under angle unconformity upon the Sa11gr;lrn series 
(right side). Apparently the latter lorm an anticline in this valley. Note the western dipping 
of the Thakmar series at  the eastern side of the Kali Gandaki valley (right side in  Ihc picture) 
and the predominant northern dip at  the opposite side (in the b;~clrground). 
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Over tllc series \l ith the bclcmnites \\c tind darh lime>tonc\. v.itll ir net patterri of calcite \rein>. 
then slates and thin-bedded litnestones. interbedded \\ith qu;rrrrite beds. then pol!_cene breccia> (type 
of the Lias breccia ol' the Lfastalpine fr~cies of the .Alps). and lirlall) yellnu arellirceous qui~rtrites 
( [ logger '?)  (see fig. 89). 

In the lirst small valley ( 2  ktn northeast of the Chchang 1.a) the :~bove-mentioned \e~-ie\  arc li~lded, 
\\herchy t l ic~r  :r\is strike in north south direction. T1i;rt iz  a right angle to the norrnal \trike. 

.lu\t south of thc lirst pass (:rpl?rcninlatcly 3 kt11 ~lortheast of peak 4191 m )  l ie tind Khctic lime- 
stones. \\Iiel.cby ch;rracteristic:rlly the limestones sho\r tr;rnsvcrsc clibagc and ;Ire interbedded \\ith 
slates (coniparc i ~ l \ o  lie. X O  ol'11ic area south ol'Cllah;~r). 11 I t . \ \  tnetsrs ofIa>crh : ~ n d  Icn\es of quartrite 
o\,crl! the Khetic limestones. 1-urthcr up u e  tind blucish-grey coral lirne5tone. olcrlain h) breccia\. 

lie S;~liyratil scrics Ir;rnsgrcs\c\ or1 the latter. 7-he protile sbcne the tr;~nhgre\\ion i \  pi\cn 111 t i€ .  9.1 
ant1 0 and phor. 40. S~~rlirisinylb. \ r e  lind onl!. a l.e\\ niclcr\ :rbovc the Saligram scric\ ri\cr gravels of 
limC\tonc i ~ n d  dolomile   rid ; t l ~  the lint granite boulders of the \,lustang grunlte ( p h o ~ .  51 and 53) .  

I t 1  tllc t~ -~bul ; r r \  balle! ol ' thc Narstng Chit. into \\hich the t r ~ i ~ l  dchccnds Ihr croming the rikcr \r,c 
1ini.l t 1 i i c . k  ~ n o ~ a i ~ i \ .  I'ro\c\ ol 'formcr gI:~ciation :Lrc also Ic~und in glacial thrust rn:~rkh OII  L ia\ brcccias 
i t  1 )  I I . I C I \ \ I C .  d o l o r i ~ ~ ~ c  occurs i n  1I1c b : ~ ~ ~ h g r o ~ ~ t i d  oI'thi5 [sibutar! \allc> (ti?. 95). I-tii\ 1 5  ;Inti- 
~ ~ l l l l ' l l l \  1~ol:lc~l. 

1 I I L .  I I . ; I I I  t .ro\\c\ on I [ \  I'urtller courw Iiliet~c linicstclncb. Ho\\e\-er.  in the lo\rt.r part crf iht. \irllc.! 
\ I i I?.!!n lllc \:llryrarn \cric\. 



I-rp. 91. 7hr. 7i.r-/i,rr1, o r r  T('/[IIIs 1.u 
( Ict.inp I ; I  1s si luatsci  3.75 Lm sourhe;~sl v f  Icr:~ng, see Icicarin~l in fig. 80) 

I ~l-.~risgrcs.;~on hrcczia c~flllc LLoircr .lur-ars~c ( I  i;~ssic). 2 0  nl  (see nlsopliol.4Y) 
qtlart/~lt' \ \ ~ t l i  s a l~g~ .a~~ i . \ .  50 m 

3 rl\el. gl..~\cls. ( do lc~~n~ tc .  limcstnnc 2nd granite) 
4 11i;irl lirccc~a. I m 
5 bluc l a c u ~ t c ~ ~ i c  .;l~nlcs. 2 ni  
6 rn.lsl hsccci;~ \ r ~ l h  hcds of I-cd droll quilrtzitc 
7 rI\,cl- g~a\cIs.  I 111 

ti irhitc \al~dstollc. 30 111 

9 rl\cr gl-cl\cls. 2 nl  

1 0  scd .;;~ntlsco~ic. 

the  fir51 lilne \ve find ill this \~;illey het\\,een the  Siiligram series a n d  the  Mesozo ic  format ions  
;1 ne\t series 01' violct a n d  pink \\ell-hedried sandstones  a n d  hlatcs o f  t he  Rysch-type o f  t he  Alps  
(fig. 9 2  94.97). I)il-cctly on the  Saligranl scrics occur  sarldstones with red boulders  o f  breccias, overlain 
bj  I~ght-b lue  Incustri~ie shales arid clc:~r-colourcd s;indbtollcs. Overlying t o  these series we t ind brown 
s 3 n d ~ t o i i r ~  ( p h o t .  2 )  a n d  ri\.er s r a \ c l i .  a n d  lin:~lly thick f o r ~ n a t i o n s  of white lacuslrine chjtlk. W e  shall 
call these scrieh r rom nou  on the  h ' r / r . . t i t i , ~  . r ~ ~ i c . ~ .  All those  fo rma t ions  show a s t rong  d i p  towards  west- 
nor th \ \e \ t .  T h e  \ iolet tlysch-tj pe zerics a r e  Ihlded u ~ i d c r  unconforrnity on t he  Jurass ic  I'orrnalions. a n d  



Fig. 92.  view^ OII the Norther11 Flunk of r11c Nur.~itrg I'ullt*j. 

T Thakmar series (Middle Tertiary--Quaternan) 
S Saligrarn series (Lower-Middle Paleocene) 
N Narsing flysch (Upper Cretaceous--Lower Paleocene) I yellow i ~ n d  red marly sandstone 

2 blue shalcs 
LJ Lower Jurassic (thin-bedded dark and spotted limestones and slalcsl 
F Fossil finding (turritella) on the trail 

The Mesozoic formations show general north\\eslern dip, while the Narsing flysch is involved in separate tectonics. 



f .~,~,  0 1 771,. f l f l r  1' <)!I 7 ~ l ' f ~ l l l ~ ~  i.11 

(Tc1.1ng I . I  1'; s ~ l u ; ~ t c J  3 75 hm s i ~ u t l l ~ n r ~  or Tctang, scc Ioc;lrlon In fig, Hv) 

For the first time we find 111 this \,alley bet\rcen the Saligraln series 31id the Mesozoic formations 
a ne\\ series or biolet and pink \\ell-hetlded sa~ldstoneh and slates of the Nysch-type of the Alps 
(lip. 92-94.97). Directly on the S3lig1.:11ii ~eric'h O C C L I ~  s;~ndstoncs with rcd boulders of brcccias. overlain 
by light-blue 1;lcustrinc slialeh and clcnr-colourcd sand\tones. Overlying to thesc series we find hro\vn 
>nnd>tones (phot .  5 2 )  ;111d rivcr gra\.cls. 2nd f 11;llly thick k~rmnt ions  of white Incustritie chalk. We shall 
call these series from no\\ con the hrlt..vitl,y .\.c~rlc>.v. All those forn~:~t ions show a strong dip twvards west- 
north\\et.sl. l-llr \iolet H~sch-1\pc aerie5 ;ire hided undcr unconli)rnlity on the Jurassic rcor~nations, and 



Fig. 92. View on the Norrherrr Flnnk of //re ;Vur,irq I'ollc~j, 

T Thakmar series (Middle Tertiary--Quaternary) 
S Saligram series (Lower-Middle Paleocene) 
N Narsing flysch (Upper Cretaceous-Lower Paleocene) 1 yellou and red marly sandstone 

2 blue shales 
LJ Lower Jurassic (thin-bedded dark and spotted limestones and slates) 
F Fossil finding (turritella) on the trail 

The Mesozoic formations show general northwestern dip. while the Narsing flysch is involvd in separate tectonics 



T Thakmar serles (Upper Tcrtiary -- Quater- 
nark) 

S Sal~gram serles (Lowcr Mlddle Paleo- 
cene) 

N Narslng flysch (Upper Cretaceous-. 
Lower Paleocene) 
I greyish blue shales 
7 red shales 
3 violet shales 
4 cnlcnreous slates 

The Narsing flysch is ~i iuch tectonized. The 
Saligraln series overly the Narsing flysch under 
unconformily. 
(Colnpare also phot. 53.) 

Fig. 94. Profile Sher~lr Slrowittg Ihc two Tro~is- 
aressions itt rhr Norsing Vnlle; 

T'm Thakmar series (Upper Tcrtiary) 
S Saligrani series (Lower--Middle Paleo- 

cene) 
Q quartzite 
N F  Narsing series (Lower Paleocene- 

Upper Cretaceous flysch) 

The two transgressions prove a continued 
orogenesis through the whole o r  the Tertiary. 

Fix. 95. L ' IP I I J  it110 the L;ppc,r Port of lhr 
~Vur.\ it i .~ Vo1Ir.1, 

rhakmar series 
(Upper Tertiary - Lower Quaternary) 

Sd sandstone 
RC; river gravcl 
LC' lacustrinc chalk 

S Saligram series (L.owcr Middle 
I'aleocene) 



49 / # l 1 ~ l ~ ~ f < ~ \ \ l ~ l ~ l  !#I lPi ( IU 

1 on cr J I I ~ U $ \ J L  
ccn C heh.lng 1.8 ;lntt N.II ~ r t g  

I 
al1yr.1111 scrlcr hds tr  dn%gre\>pd 
:bC hl'~X!~ld\ 

the S;~ligr;rln c r i e s  ; p i n  transgrehscd under ~~ncori l 'orni~t> or1 thc H)\cli-t>pc \ , i c ) l i . t  wr1r.h. (Se t  lig, 94. 
96 61llld 97.) 

f l iosc  t \ \o  unconl'or~nities are still niucli morc clc;~r at the northern flank of thc N~lrsrr~g \;illeq. 
uhcn  clinihingon the trail from thc resthouse (fig. Yland 97). The multi-coloured ~crics(violct.  red-hro\r n 
and !cllo\\ \:rr~dhtoneh. slales:~rid m a r l y I ~ n i e ~ t o ~ i e s ) ~ l r c  roldcd on theu.c>t-.;outhi~~ca~erndil~pinp.lurassic 
lirnc\loric\ ( t i ? .  97) .  1.50 111 ;thove the res thou~e  u e  tind a ~ iumhcr  of foshils in the hrou,ri sandatclnes 
itrid 111 rlic riii~rly limehtoneh, o f  which one \\.as determined as a turrilella ( f g .  92). Cnnsecluc~itl\.. ire 
111:1! c.ollci,lr.r- 1 1 1 ~  fl>.\~ll-[ylje series as  Ilpper Cretaceous - Paleocene. The Saligra~n 3erieh cnnic hcrebv 
( ( 1  IV  1 ( , I -  I 0  ~ l l ~ l ~ l l c  ~':lle(~cclle. 



Plrot. 50. G/l~c.rcrl Tlrrrl! 
otr I.ol~.c,r Jrrrcl.ric Brc-c 

(;I[ l l l c  southern t1;lnI-i 
l ~ f  the Nars ing valley) 

Tm 7 Ii;~knicr~- scrlc\ ( \ l ~ l i d l c  r c ~  ~I,II-y <)u;~tern;~ry) 

S Sal~gr :~nl  scrlcs ( L ~ I \ \ ~ I  J11cIdlc I',rleoccne) 

Kara lng Ilyscli (I: P P C I  C'I.~~;ICCOLI\ I.o\\'cr I':~lci~ccne) 

1 niarl)  l in lcs~oncs ;111cl sl.l(cs 

2 violet s h ~ l c h  
... . . 3 thin-hcddcd ~ n ; ~ ~ - l s ,  qunr t l l ( c \  ; ~ n d  sli;ile\. 

. . . . tr;~~lsg~.e.;\ion <)I' rhc W ; ~ r \ ~ n p  Hy>cli u l x l ~ l  r l ic \ l e \ o / ~ ~ ~ c .  

1L.1 L.o\vc~- .lur;lssic 



/'/,of. 51. K t t o  G~rric,l\ 
(~~cr l j~r r rg  lhc Str/rgrru~r Si.rrc,$ 
(on thc Tct ,~ng La [4 lOO m] 
southcilsl o f  Telang) 

'I he gravels con%~rl  of 
dolomltc, Irrnc.;tonc and Ihe 
mo\t southern houldcr\ 
of the Muctang gr.lnllc 

Plror. 52. Tlrc I111tiuttl Gr(11c1i 
rrrtrl Lut~trrfr~rrc~ Shulrt 
la the h'mratrrg Vallr~ 

I hro*n sandstone 
2 light hluc lact~btr~nc shale 
3 large houldcr hed 

(components consrrrtny 
or breccia) 

All thc forruat~ons ,\re hlted. 
(See also fig. 97 and phol. 57 i 

P!wi. 53. T~~clot~rcc 
rrr the Norrrry Fl~srlr  

(a1 thc northern flank 
Narsing valley) 

I v~olct  shales 
2 light sandstones 
3 hluc n~dr l s  

thc 



Also at the northern flank of thc Narsing vallcy. the Narsing series (the flysch-type or the violet 
and pink sandstones) :ire intensively folded (fig. 95 and 97. phol. 53.54, 55). Just north of the resthouse, 
in the Narsing Chu. the strike of the Narsing flysch i s  directed north-south. the dip vertical; higher 
up. to\r.ards the N;lrsing La, the strike changes to southeast -northwest direction. The thin-bedded 
fl!,sch contains in this lone a large number of small folds and microrolds. 

P/lo/.  $4. T/tc, ,Vort/tvnt FlrirrX 01 //re Ntrrwzg I'fl//c-, i!.rl/l 4t \  h?~/r/c.l/ Sraj-it,& pf 

. l ior~rny Fli ~ c l i  
(Dh'hulagrri In the lert hand background) 

3. Narsing La 

In the valley. which leads to the Narsing La, we find Saligram series which dip towards the south- 
west. The Saligram series l ie  under unconfc)rmity on the Narsing flysch. We have, surprisingly enough. 
to conclude. that thesaligram series have beendeposited in thisvalley, which was eroded in the Narsing 
flysch. On the ridges on either side of this valley we find---again under unconformity-on the vertically 
bedded Narsing flysch the Tertiary sandstones. lacustrine shales and river gravels, with a gentle 
nestern dipping (fig. 93 and 94). The Saligram series i s  missing between the Narsing flysch and theTertiary 
formation5 on the ridges. I t  appears again further down (fig. 97). 

These data hint on the evolution of the present complicated structures and of the correlation of 
the various rormations: Arter deposition of the Paleocene Narsing flysch. thrust from the northeast 
lifted the flysch out of the sea. folded the flysch formation (apparently through gravity gliding towards 
the ~.est)  and erected the same to steep and vertical position (see fig. 97 and phot. 54). 

Fig. 97. S c . / i ~ ~ t t u t ~ c  P r o f i l ~  Sht,lc/t o f ' f / t c  Info R i ( [~y . \  O I I  [,it/tor .Si(/o.v o/ ' t / t f ,  b'o//01~ 
Leotli~tp to tlrc, N n r s i ~ r ~ ~  /.(I 

Tm Thakmar series (Middle Tertiary Quaternary) 
S Saligram series (Loner - Middlc Paleocene) 

N Narsing Hysch (Upper Cret;~ccous I.owcl- IJ;~lcoccnc) 
LJ Lower Jurassic 
R Rhetic 
TI. .r,.l. .: 'IhSlC 



p/1, ,1 ,  5.5, 1 ~ 1 1 1 ~  1'111 O l l / ~ ~ l  I l l  7 ; ~ ~ 1 1 1 \  

$ I ~ . \ . ) I O I I \  / ~ I . I I I . L , ( ' I I  111'. 5 1 1 1  \ I I I ~  1 1 1  \ (  11 
1/11, . s , l l l , ~ l ~ , l l l l  . S , ~ l ~ l , , \  

,ll ,'/  111,. 7 ~ / 1 , l / , l l l ~ l r  . s l ~ r l f ~ \  

( c ' o ~ i i p ~ ~ r c  ;~l\ii fig. 97.1 

I m 1Ii;lhniar s c r ~ c \  

?; s,lllg1.llll \c1-1c\ 

h I Y,lr\lllg 11) \(I1 

I'hc c rwion I'ornied and 5tial>ed \alle!,s. \ c ~ i  ~nunda t~un  dcposirtd the Saligran~ herits or1 the 
eroded s~~rl ' :~cc. ~ ~ n d c r  angle ull~.onl;,~.n~it. The co\er h! the sea \\.as ho\re\,tr not cornplctc. since the 
r ~ d p  01' rllc I~~OUIII;IIII\ \ \ t r c  ;~bo\e tlic 4C;I Ic\cl.espcc.ially in the eastern part. In thi5 zone. the Lipper 
I'crtiar! \,r1icl41onc\. r l \er  gr;~\cls ;111d I ; ~ c u \ t r i ~ ~ c  sh;~le> (Thahmar series) \\.ere deposited directly on the 
Il>\c.h I 2;11.\111? \c~.ie\). 111 ~ l i c  \ \c \ (c r~ i  p:lrt. the ridst.\ covered by the tlysch, \+ere also inundated. In 
( 1 i 1 \  pal I t . . o~ i~c .~ lu~~~ i t l \  ~ h c  Saligrani >cI-~c'\ \\;I+ depohited not only in the valleys. b u ~  also on the ridges 
I l is  O7 ,11111 11!101 54) .  



In  the upper part of the valley. which leads from tlie resthouse to tlie Tetang La 4100 m we find 
lateral niorains of an ancient glacier. (At this place i4.e found also the only water. in the otherwise 
completely dry area.) The morains contain mainly Khetic and Liassic limestones. The same formations 
\vere also found in the rock exposures just west of tlie Tetan_r La. A finding of a big oppelia species at 
the same place has to be mentioned (phot. 56). 

The last pass before descending to Tange may be culled Tange La (4300 m). I t  i s  according to the 
Quarter-inch map situated 2 km north of tlie peak 4825 m. which erronously i s  named in the said map 
with Damodar Kund (Damodar - Goddess; Kund lake). The real Damodar Kund i s  a sacred place 

2 

NE 
Thorungtse 

SW 
Narslng tse 6444 

F i r .  58. L'ieu. fronr rlre To~r~pc L a  ro14.clrcl.s rlrc Soittheatr i11/0 rhe N o r ~ i ~ r ~  k"l lc:~~. 

T Q  T e r t i a r y  Quaternary (Thakniar series, Saligrani series, Narsing series) R R l i e ~ ~ c  
LiJ Upper Jurassic T Triassic 
LJ Lower Jurassic P P e r ~ n i i ~ n  

The southern flank o l  the upper part o f  the Nars~ng valley is built b) a large anticlinc. in tlic core or \\hich Pcrniii~n 
formations appear. (See also geologic:iI map. plate 11.) 

and is said to he a famous pilgrimage place, and i s  situated approximately 20 km more northeast than 
indicated in the Quarter-inch map. namely in the valley o f  the Llamodar C'hu. (Sce miip plate I.) 

We enjoy an excellent view from the Tange La into the rnountirin range> riorth ot' tlic Thorungtsc 
(fig. 98). The Mesozoic forms in general a flat anticline. tlie axisof \vhich htrikcs i r i  south-southeast 
north-northeast direction. ~ . i t h  an asial pitch in the latter direction. We c;rn eirsily recognile. ho\v the 
l'crtiary I'ormatioris are also involved in the anticlinc structure. C'onscq~~c~itly. tlic al~t~clinc. ~ I I  Icasl 
its l a s l  phase i s  later than Eocene. For the time hei~rg Iiou.c\c~. it i \  all u~isol\cd 111-olilcm. \ill! nol  



more lower formations are exposed from the Chehang La towards the east. For, the Triassic dolumites 
of the said anticline seem to strike out into the air towards the north-northeast (see fig. 89 and 95 and 
d a t e  VI, fig. 1). ' 

On the-~ange La ( 4 3 0  m) itself we find Rhetic limestones with a gentle local dip towards the east. 
Narsing flysch is with western dip transgressed upon the Rhetic formations. The black Saligram series 
is missing at the altitude of the pass, since the light-coloured sandstones. the blue lacustrine shales and 
the river gravels of the Thakmar series are deposited directly on the Narsing flysch. whereby they dip 
more gently towards the west than the underlying Narsing flysch. On the top we find large boulders. 

of Mustang granite. 

Fig. 99. vie61 itrro 
the Tatrge Lho Vallqrp 
U J  Upper Jurassic 
LJ Lower Jurassic 
R Rhetic 
T Triassic 
p Permian 

The Mesozoic formations show intensive tectonics. The anticline rollowing the Tange Lho valley is eroded right 
down to the Permian formations. The unnamed peak in the background of the valley contains granitic layers and 
pegmntites in the Lower Jurassic rormations (indicated by crosses). 
An old river terrace surprises through its huge dimensions. 

The considerable western dipping of the whole Tertiary formations in the Thakkhola north of the 
Tange La is extraordinary (see fig. 89, 90,93, 94 and plate VII. fig. 3). 

Triassic dolomite occurs north of the Tange La. This forms the whole southern flank of the Tange 
valley, with a general west-southwestern dip. The same dolomite appears to form a flat anticline in the 
upper course of the Tange Chu. the axis of which follows the river course (fig. 99). Narsingtse (in the 
main ridge between Thorungtse and Damodar Himal) shows above the dolomite the well-bedded 
Jurassic limestones. The Peak itself might consist of the Upper Jurassic limestones (Malm) according 
to the thickly-bedded clear-coloured limestones (fig. 98. plate VI, fig. 1). 

The eastern flank of the Tange valley, especially in the lower part, shows tectonic complications 
(fig. 99). The peak 5744 m is built by a syncline. which is opened towards the south and apparently 
formed by Lower Jurassic limestones and slates. At the flank just east of the Tange La an anticline with 
a normal west-east axial strike occurs. The northern flank of thisanticline is very steep. Steeply northern 
dipping dolomites are pushed along a thrustfault to this anticline (fig. 99). 

In the valley of  Tange the black Saligram series are predominant (plate V1, fig. I). In the tributary 
northeast of  Tange they are again bedded between the underlying violet Narsing flysch and the over- 
lying clear-coloured and multi-coloured sandstones of the Tertiary (Thakmar series). It  can clearly be 
observed how the Saligrim series are deposited only in the valleys. Consequently at the time of their 
deposition the relief must have been shaped generally in the present form. This can be recognized 
especially well in the east where the Saligram series are lying in valleys like glaciers, and in the lower 
part of these valleys has flown downwards in form of blockstreams and screestreams. Apparently the 
soft black bituminous shales were predestinated for causing blockstreams (fig. 100). 

In the valley northeast of Tange we find in the Saligram series a fault with north-northeast-south- 
s o u t h u ~ e ~ ~  \trike. Evidently this fault must be of young age (see fig. 136). 



4. Damodar Kund 

We have seen above that the Damodar Kund is erronously located in the Quarter-inch map. ~t 
Tange village we got finally the information about the mysterious Damodar Kund. It's a two-days 
trip to the lake. whereby there must be two Jocalities with the same name, thc farther being about a 
fivedays trip from Tange. Villagers at Tange confirmed the rich saligrams at the nearer lake Damodar 
Kund. 

However the information was not too clear, thus we took a local guide with us from Tange, 
The approach from Tange village has to cross two passes, whereby the first one is 4250 m and the 
second one 5200 m (plate VI. fig. I). The Damodar Kund is situated in the valley, which originates 
northwest of the Damodartse (6539 m) and the river of which-the Damodar Chu-joins the Tange 
Chu near Tange village. There is no direct approach from the Tange village to the Daniodar Kund, 
since the Damodar valley has in  the lower part canon-like gorges. which are unpassable. Measured in 
a straight line, the Damodar Kund is situated 13 km east-southeast from Tange. 

The climb from Tange to the first pass (we may call it Damodar Nup La; that is Damodar west 
pass) passes first in the black Saligram series (plate VI ,  fig. I). Abundant fossils are found, especially 
ammonites (berriasiella) and belemnites. More important however are the finding of fossils in the 
Mesozoic rocks northwest of the pass, where we found ammonites and especially rhynchonellas in 
abundant quantities. Thus, as expected, these series are determined as Rhetic-Lower Jurassic (Liassic). 
(See plate V1, fig. I .) 

On the Damodar Nup La (4250 m) we obtain an excellent geological view towards the east into the 
Damodar Shar La (Damodar east pass) (fig. 100). The dolomite underlying the Rhetic series of the 
Damodar Nup La appears again in the western flank of Damodar Shar La at 4100 m. I t  forms there an 
anticline. A large number of fossils again prove the Rhetic and Liassic age of the series, which overly 
the dolomite anticline (fig. 100). From this place, the dolomite strikes with rising anticline axis into the 
upper part of the Tange valley, towards the Tangetse (6723 m) (fig. 100). 

The valley which descends from the Damodar Shar La towards the west corresponds to an anti- 
cline with western pitching. 

Fig. 100. View frorn Damodor Nup La towords East to the Dutrtodar Shar Lo 

The valley at the western side of the Damodar Shar La is in principle an anticlinal valley. However the northern 
flank of this anticline shows some complications, since the Upper Jurassic lin~estones made their own tectonics in 
form of a fold. thrust over the Lower Jurassic formation. There is a considerable axial pitch towards the west in the 
whole valley. The Saligra~n series (lying unconform on the Mesozoic basement) fill the upper part of the valley. Pro- 
blematic is the Tert~ary conglomerate on the ridge north of the Damodar Shar La. 

M morain UJ Upper Jurass~c Tr Trrass~c 
T Tert~ary conglomerates LJ Lower Jurass~c R Rhet~c 
S Sal~gram series 

, 
NNW SSE , 

Domodor Shor Lo 



Overlying the dolomite, which forms the core of the anticline, wc find Rhetic limestones. 
bedded ~ i a s s i c  limestones and slates, oolitic limestones, quartz undstones and quartzites. Also breccias 
of the ~ i a s s i c  type were found, further, red coral limestones of the Rhetic type. At the western flank of 
the valley, massive limestone overly the above-mentioned series. These might belong to the Maim 
(Upper ~urassic). The said massive limestone as wcll as the underlying Liassic slates are folded. whereby 
the fold is directed towards the south (fig. 100). In the peak 5248 m just northwest of the Damodar 
Shar La wc find conglomerates (type of the Nagelfluh of thc Molasse In the Alps). The conglomerate 
lies directly upon the Maim limestone. Thus this is the most complete profile found so far, reaching 
from the Triassic dolomite right through to the Tertiary. It is lithologically well defined and all the 
Mesozoic formations proved by finding of fossils (fig. 100). 

The Saligram series occurs in the valley at the western flank of the Damodar Shar l,a. whereby it 
covers from top (in the pass) to bottom all the Mesozoic formations, from Lower Jurassic right down 
to the Triassic. However, as seen already in the Narsing valley, the Saligram series does not cover the 
ridges on either sides of the valley. And with the finding of the Tertiary conglomerate on peak 5248 m 
we may also say, that it has never deposited on the ridge, but instead we have to consider a primary 
stratigraphic gap on those ridges. Similarly as in the Narsing valley. also here the saligram sea 
apparently covered only the valleys, while the mountain ridges were above the sea level. 

In the Damodar valley, east of the Damodar Shar La we find predominant the well-bedded slates 
and limestones of the Liassic formations as well as oolitic limestones and quartzites of the Dogger. The 
dip is directed more or  less towards the north. The Damodartse (6539 m) consists of the massive lime- 
stones of the Upper Jurassic (Malm). which strike towards north into the flat mountain ranges north 
of the Damodar valley (fig. 101). 

Fig. 101. The Molo~fain Range Northeasf of 
Danrodar Kund 

I Cretaceous flysch (black slates and shales) 
2 Upper Jurassic limestone 
3 Lower Jurassic slates, oolitic limestones, 

quartzites 
4 Lower Jurassic limestones and calcareous 

slates 
5 Rhetic pink and greyish-green limestones, 

breccias 
6 pegmatite layers and dykes reach up to the 

Middle Jurassic 
Steeply eastern dipping iaults strike north- 
south; western portions are sunk 

The position of the strata is practically undisturbed; we find ourselves at the margin of the 
Tibetan Plateau s.str. Accordingly, stratigraphically the profile is here pretty complete. While the 
western more peak north of the Damodar valley consists of the massive Upper Jurassic limestones, the 
eastern peak shows dark slates overlying the massive limestones. These are undoubtedly of Upper 
Cretaceous-Eocene age, and, different from the equivalent Saligram series further south. Con- 
sequently we call them Thakkhola series. They are deposited normally, that means without any uncon- 
formity upon the Upper Jurassic limestones. Thus, this is the most southern spot, where the Upper 
Cretaceous-Eocene Thakkhola series was found overlying normally the Upper Jurassic formations. (See 
plate V1, fig. I .) 

In the same zone we also find the lowest pegmatites, namely in the Lower Liassic and Rhetic. 
Thc whole llank of this mountain range (north of the Damodar valley) is cut by faults which strike 

norlh-south. Microl'olds on those faults indicate clearly the thrust from east to west (fig. 101). 
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arc ~ . c ~ r l ~ l d e ~ - c J  ;IS rcrt~;lr! or. c\c l i  ;I> I ippcr Tertiary (or  I'lcistvcene'?). 

I ~ h e  Sa l i~ ran l  \cries <>cCurs ill Il ic I);~nlodar valley ho~ re \c r  in  the upper part ol ' l l ie valley onlv, 
.\5 nlclltiolleci  hove. tlie sidpe hourhcahr 01' pe i~h 5238 m (lig. 100) i a  c o ~ c r c d  hy the ~ e r t i ; ~ &  

~c,l1glomcr:ltc (N~lgcl l luh) .  I'cah 5744 ni zllo\ih \omc l'olds i r i  Ihc Liassic l imcsln~le. '1-lie I ) a m ~ , d ; ~ ~  
\;lllc! i z  in gcllcritl \ituated ill the laucr Ix1rt o l 'an anticline structure. \r.hcrchy tlie 'Tl-i;~hhic tl(,I<)nlite 
nz Io\rczt f;)rm;~~ion accurx I'c~r tc>\\;lrds the \jest in  tlie h o l t o ~ n  o f  the v;~lle). l 'hc ,:rid ;~ r l t i c l i r l ~  rlluh 
\ho\ \> ;I \\c. lcr l i  p i~c l l .  

-1 he realit! o f  I);tll~oclar Ku l id  ;15 z;~cred pilgrim;~gc place did not meet tlic exl>cc~t;~tiolls. 1.11~ I.c,t- 

house i> Ju\r a ruin. can Ilardly hecn uzcd for zri~yillp over ntgllt,  rid ;11so rhc "ahundil~lt  s:1lifranlz". 
\ \ l i lc l i  \\ere csl~cctcd 10 bc. I.ound i ~ r c  niizhing. Thus, there ih more legend than 1.ealily ill  lie xtc~rics 
goirig ;~ ro~ rnd  i r i  Nelxil o f  the miracnlou5 I);~nindsr lake. 

P l t o t .  .57. [ ' I ( , I ~ .  ~ ~ . O ? I I  / / I ( ,  , \ ' l lr. \ i /~,g 1-11 t o i ~ , i ~ r l / . \  t11c . S O I I ~ / I ~ I ~ ~ , . ~ I  

The I)i~ngarjonp I'i~ult strikes along the fool oT thc mountctln I.,III~C. 

Kore rhc north\~eslern Jipp~ng Thahmilr series. (Comparcpl;~te L ' I I  fig. 2 .~ntl 7 ) 

Sangclah 1 ;I Khegs1sc 
61qX m 



5. I'hc 'l'crtiar! iind QuaIrrn;lr\ o f  'I angr-Kcl~;~ l~ l i  



Fir. 102. Dt-rail S h  cv6.h 1 j' rhe Tt)rric~r~- 
(right river lunk  or  the Tange Chu, ? LIII west W 
of Tangc) 

0 c 
(Compare also phot. 9 .  ~ h l c h  shows the 
same exposure and phor 60. whlch shows Ihe 
niarl? coal of 3 below ) 

10 9 8 7 6 5 4 3 2  1 

I Conglomerate 5 grey niarly sandstones 9 light blue lacustrine shale 
2 arenaccous marl 6 conglomerate 10 large conglomerate series. 
3 marly coal (within the marl) 7 red and brown sandstones interhedded with marls and blue 
4 co~iglo~nerate 8 red conglorneratcs lacustrine shales. 

Plrr~r 5 9  C'I cltc S~rlrnrr~rrcrlrr~rr 
111 !/IC T L ~ ~ ~ I C I I  I 

(norl1i:rn rlber hank ol' the Tangc 
C'hu. 2 kn1 ~ c s l  ol' T.1ngc1 

Tlic l o r n , ~ t ~ o n \  1l1rl \lronelb \rc\l 



the southerrl river bank of the l'angc: C'hu. I km cast of i t3 confl~~cnce wtth thc Kali (jandaki 
we can observe in the Tertiary an intensive tectonic>, likc thrustraults, folds, overthrust\ and faults. 

the axis of those structures strike north south, that is at rlght angle to the normal cast -wcsts~rikc. 
The tectonics are well visible in thickbcddcd marly sandstones wittr irlterbedded dark carhonous 
shales (phot. 61). The red sandstones are directly transgressed upon those formation,, horizontally 
under unconformity. 

Pl~or. 
Trrti~ 
(as de 

Marly C 

bed of' fig. 

r r r  t h ~  

and p 

A further unconform transgression can be observed at the western river bank  ofthe Kali Gandaki. 
opposite of the confluence of the Tange Chu (fig. 103). Flat south-southwestern dipping conglomerates 
(Nagelfluh) transgress over steeper dipping blue and black shales and marly sandstones. The red series 
of sandstones appears to change gradually into the conglomerates. On the top occur horizontally 
bedded light-blue lacustrine shales and marly sandstones (fig. 103). 

At the eastern river bank of the Kali Gandaki and north of the confluence or  the Tange Chu we 
again find thrustfaults in the Tertiary formations. Those strike 94'cast and have disposed the series of 
marly sandstonch and marly coal (phot. 60) so that thesoutheastern part appears to have sunk. Recent 
river pr;~vcls Ir;~nsgress across the thrustfault (fig. 104). 

Near the confluence or the Kehami Chu with the Kali Gandaki we meet large morains. originated 
from thc ancient glacier of the tributary valley of Kyugoma, which enters the Thakkhola at Keharni 
(tip. I()$ : ~ n t l  phot. 62). 



Fig. 103. The Tertiary-Qvatortar~~ at the Jrrncrion of tlrr Tarrge Chrr ~virli rlrr Kali Gandaki 
I lacustrine shales 3 red sandstones 
2 red and white sandstones and marls 4 conglomerate 

5 blue-black shales 
6 clear-coloured sandstones and marls 
F faults 

( I )  lacustrine shales and (2) sandstones might belong to the Pleistocene. The underlying are Middle-Upper Tertiary. 
The Tertiary shows a flat anticline with western pitching. The faults F strike north-south with steep western dip. They 
apparently belong to the system of the Thakkhola Graben. It appears to be a transgression unconformity between 
(3) and (4). 

The rock exposures with the multi-coloured, light-blue, yellow and (at the base) red Tertiary 
formations show still west of the Kali Gandaki the same west-southwestern dipping as it is general at the 
eastern side. 

However, locally, we find at this place at the eastern river bank an eastern dipping (fig. 105). It 
appears that there is a flat transverse anticline striking through the Kali Gandaki river course, with 
axis in north-south direction (and possibly a transverse fault in its axis). The age of this anticline has 
to be considered as upper Tertiary or even Pleistocene. 

Fig. 104. Fau1t.r irr tlte Trrr iur,~ or the Jrorc 
Tarrgr Chlr-Kuli Gutidaki 

I river gravel 
2 white sandstones 
3 dark marls, with marly coal 
4 clear-coloured rnarls 

The morains lie in a horizontal position in the Kyugoma valley. There are two distinct layers of 
morains each of them a few meters thick, and separated rrom each other by 60 rn river gravels (fig. 105 
and phot. 62). The boulders in the morains have diameters up to 2 meters. They consist predominantly 
of Devonian limestones and quartzites of the Upper Cretaceous. The latter shows partly interesting 
metamorphism like biotite-schists, staurolite and garnet-schists. Undoubtedly this ~nctamorphism 
was caused by the near Mustang granite. boulders of which were al\o f'ouncl in the rnomins. 



/ ' / I I I ~ ,  62 ,  T I , r t l [ l r j  I I I I ( /  Q t t o l t , r t t [ ~ t  I ' 1 1  1 / 1 1 .  C ' , I I I / / ~ ~ I , I I I ' [ '  ( 1 1  t / t t '  kl'l11.,111tl(1 (. /Ill  l t ' f l / f  
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(Sce  ;ilso shctch l ig 105  ) 

I \1 u p p e r  tnoraln 
L \I Irn\er  nur rain 



Possibly, these two morains in the Kehami valley, as described above. belong to the last two ice 
ages. The 60 m river gravels might indicate the separating interglacial stage. (?) 

At the place. where the Kyugoma Chu leaves the tributary Kyugoma valley and enters the maill 
valley of the Thakkhola, we find a number of lateral and terminal morains (fig. 108 and plate VII. fig. 2). 
Two terminal morains are especially distinct. We might--according to their altitude of 3700 m--assign 
them to the Biihl stage. (Last recession stage of the last ice age.) The present glaciers on the Kehamitse 
(6004 m) are not lower than 5600 m. 

Fig. 105. The Terfiorv arid Quafertinrj. (11 flie Jurrcriot~ of the Kj~rr~otriu Clirr ~virh the Knli Gondnki 
(Compare also phol. 62 . )  

I upper ground moraln 4 light blue msrls and sandstones 7 yellow conglomerates and sandstones 
2 river gravels (60 n ~ )  5 light blue and dark mark 8 white sandstone 
3 lower morain 6 coaly marl 

The two morainic layers originate from the ice age Kyugoma glacier. They were deposited in a valley previously 
cut into the Upper Tertiary formations. The series under (4) might be of Pleistocene age, since they also contain lacus- 
trine chalk in the upper part. 

6. The Thakmartse 6171 m 

Let us now climb a mountain, which is situated at the eastern flank of the Thakmartse (6171 m), 
west-northwest of Kehami. In the small tributary valley, which extends 2 km west-northwest of Kehami 
towards the northwest, we find the black Saligram series again. They contain a number of fossils 
similar to the Muktinath area. Contrary to Muktinath, the beds dip here towards the east, that means 
towards the Kali Gandaki river (fig. 106, 107 and 108). It is rioted that the dip increases with gaining 
altitude (climbing west). 

The Saligram series are in the said tributary valley transgressed on typical Rhetic formations 
(fig. 110) namely doloniitic limestones, thin-bedded marly limestoneb. interbedded with slates (whereby 
the marly limestones show the characteristic transverse clivage). multi-coloured and pink-hrown and 
yellowish limestones and slates ("herbstlaubfarbene Kalke" 01' the Rhetic oF the Easralpine hcies of 
the Alps). Lenses and layers of quartz. accompanied by slight nieta~norphism o f  thc adjoining rocks 
(spotted slates) indicate the neighbourhood O F  the Mustang grsnitc. Thcse Rhetic I.c~rmatinris dip in 
the same way as the overlying Saligram series. namely lowards rhc cast. 



f i ~ .  106. View fror?r the Eusterrr Ridge of 
Ky"gornatse 5200 m towards the North 

Th Thilkmar series (1Jpper Tertiary--Quater- 
nary) 

S Saligrarn series (Paleocene) 
F Thakkhola series (Upper Cretaceous-- 

Paleocene flysch) 
R Rhetic 
Tr Triassic 
D Devonian 
Si Silurian 
G Mustang granite 

In thc ridge in the foreground the Palaeozoic formations have been lifted in a staircase fault system, so that the Saligrarn 
series now are situated at the same level as the Devonian. In the eastern ridge of Thakmartse the Saligrarn series 
connects with the Thakkhola series. (Compare also geological map plate 11.) 

Further up, at  3700 m at the foot of the rock wall (fig. 109) we find fine-grained conglomerates. 
These are overlain by coarse-grained limestones, which towards above gradually change into arena- 
ceous limestones. The latter, of brown colour, are interbedded with layers of breccious quartzites, 
polygenous breccias. fluidal arenaceous limestones and quartzites. The breccias contain partly com- 
ponents of quartzite. The whole series is about 600 m thick and contains turmaline pegmatites. 
originated from the Mustang granite. 

At 4600 m, the described series is overlain by about 400 m of thickly-bedded limestones. In the 
lower part it is marmorized to a coarse-grained marble. In the upper part, an arenaceous facies is 
predominant. The latter contains large (up to 10 cm) Encrinus Liliformis. The whole upper part is full 
of fossil remnants, which, however could not be determined in the field. The whole series recall the 
Phulchok limestone and marble south of Kathmandu, which has been proved to be of Ordovician age. 

Fig. 107. Derail Profile Wesr of Thakmar 

I Pleistocene (sandstones and lacustrine shales) Thakrnar series 
2 Upper Tertiary (brown conglomerate, "rnolasse") Thakrnar series 
3 flysch (arenaceous slates) 

E S Saligrarn series 
A black slates 
B quartzite 
C quartzitic slates 
D quartzite, with transgression breccia 

R Rhetic (marly limestones and calcareous 
slates) 

Tr Triassic (dolomite) 
The sketch shows the staircase fault system, 
along which the eastern part has sunk in. The 
Saligrarn series transgresses over various 
horizons of the Mesozoic. with a transgression 
breccia at its base (indicated by black tri- 

,..Loop m- angles). 



Fig. 108. The .%forr~rtains on Eirhrr Sides of rhe K)~rcgonra Vallej~ West of Krlrutr~i 
Tm Thakmar series (Middle Tertiary-Quaternary) R Rhetic 
Tk Thakkhola series (Upper Cretaceous-Paleocene) Tr Triassic 
S Saligram series (Upper-Middle Paleocene) P Permian 
UJ Upper Jurassic C Carboniferous 
LJ Lower Jurassic D Devonian-Silurian 
On the right side ridge the Devonian appears to overlie the Lower Jurassic forrnations. This is however not the fact, 
since the main transverse fault strikes through the boundary between the two formations, whereby the Lower Jurassic 
formations have sunk, thus coming apparently to underly the Palaeozoic series. (Compare also plate VII, fig. 2 and 3.) 
The mountain range south of the Kyugoma Chu is built by a syncline which is overturned towards the north. The 
filling of the syncline consists of Jurassic series. North of Kyugoma valley we see the transgression or the Upper Creta- 
ceous-Paleocene Thakkhola flysch upon the Palaeozoic. (Compare also fig. 1 1  1 and profiles I and 2 plate 111.) 

Fig. 109. Derail Profile 3 knr Northwest of Kehami 

E W I Thakkhola series: large black flysch series of sandstones, slates, shales 
and quartzites; much tectonized (see phot. 63). 
(at 5000 m) spotted slates. spotted sandstones 
sandstones, arenaceous quartzite, breccias 
quartzite, dense white and brown 
thickly-bedded limestone, organogenic 
arenaceous limestone, coarse-grained. crinoidal 
white marble 
brown arenaceous limestone, breccious quartzite, quartzite layers. layers 
of polygenous breccias, layers or fluidal brown arenaceous limestones, 
("Dagger"?), pegniatites 
arenaceous limestone 
coarse-grained limestone, with layers or fine-grained conglomerates 
dolomitic limestones, marly limestone with transverse clivage (Khetic). 
calcareous slates, multi-coloured marly limestone. 

Between (7)and(8) strikesthe main transverse hult ,  uhich brings the Palaeozoic 
formations of ( 5 ) .  (6) and (7) side by side lo thc R4iddlc Jur;~s\ic series of ( 8 ) .  



,A, totally difl'crent \cries of *hitc and  b rou  I )  qu;~rt/,itc zand\tc,ncz ant1 :)rcn;lccou-, qu:lrt/itc\, ; ~ n d  
~ ~ ~ ~ ~ c i k ~ ~ \  yu;ll.tr.itc\ transgre\sc\  upon thc l ir i ic~toncs.  Ar 5OMl m occur \poltc(] \l:ilc\ ("'T'iipfcl\chiefer" 
illid "Stiibclie~ischicfer") illid spotled sandzfo~ics.  Tlio\c arc  ovcrlain by bl;lcL \lialcs ~ i c h  reach r ~ g h l  
u p  ~ h c  sunimit of  t l icThakniartsc (61 71 m ) .  Tlie largc seric\ of hl:tcL shi~lc  is intcrl,cddcd hy \cell-hclded 
quurl/.itcs a n d  ;Ircn;lccous quart7itcs.  The  wholc writs recall the H)\ch o f  the .Alps ;\rid ;~ l zo  to  \omc 

the  Saligrarii series. 10 which Ihc) ~ n ~ g l i l  correspond rcgard~rig ~ l i c  : I ~ c .  1-\idcncc for [hi\  con- 
clusion u 3 s  foulid further north.  where a continued connection between the Saligranl wrlcs a t  the 
foot 01' tlic mounta in  ~ v i t h  the black flysch at  the lop  \+a\  ohscrvcci (lig. I07 ;ind I I ? ;  ;tl>o pl:~tc VII. 
lig. 2) .  

The series of  b r c c c i ; ~ ~ ,  conplomcratcs ;ind quart~i1t.s  underlying the ro\sil~rcrou, I ~ m e s t ~ I ~ i e  ~iiiglit 
belong t o  the I'crmian. t l o u e \ e r .  for the tiriie being rhc cx~stencc  of  Rlic~ic  Sormationz helokc the ~ h o v c -  
mentiorled Purrni;~n format ions  creatc j  sonic p rob le~ns .  We  shall dc ;~l  \ + ~ t h  it 011  thc fv l lou~r ig  Ilagcb. 

Pi~o!. 63. Fi)1(1111g orld fu1111 1 1 1  f/it, T/I(IAAII~/~I Si.r~u% 1111 T / I U ! I I I I [ I ~ I ~  
(seen from the eas t )  

The [old ( a n  cl\enurncd s)licl~nc) has  k e n  cut h! tllr fault. \ \hcrchy the  nor th-  
ern portlon hns hcen I~Tted. ( N o r t h  15 rlghl sidc. south  I S  left s1de.l 



7. Tbe Kehami Peak 

The view from our standpoint at 5000 m towards the north reveils a large number of transverse 
faults. striking north-south. Hereby the western series are lifted, while the eastern block has sunk 
(fig. 106, 107 and 110). Due to these transverse faults. the Saligram series, which at the foot of the 
mountain flank transgresses on Rhetic, gradually overlies lower formations. Thus, only I km further 
north. the Saligram serieslies directly on the Ordovician limestones (fig. 1 13). But also this one Ordovician 
series are in themselves tremendously cut and faulted and rises towards the west step-wise in form of a 
"staircase". The Saligram series overlies all those different faults and steps and connects indeed with 
the large black flysch series in the upper part of the peak 6582 m. the Thakmartse (6171 m) and the 
Kyugomatse (6131 m). (See also geological map plate Il and profile 11 and I1 I plate IV. further plate VII, 
fig. 2. panorama from Damodar Nup La.) 

Fig. 110. Tire Maitr Trarrsi~erse Far~ l t  West of 
Thak trrar 
Thaknrar series (Quaternary-Upper Tertiary) 

1 clear-coloured sandstones 
2 red conglomerate 
ni morainic material 

S Saligram series (Upper Paleocene) 
R Rhetic 
Tr Triassic 
Si Silurian 
F main transverse faults 

In general we may speak of a "Grabentreppe" (a term also applied i n  the Jordan Graben in  
Israel). That means there is not just one main rault at the margin of a Graben but a number of faults, 
which caused the Graben to sink in step-wise in form of a "staircase". 

But also the southern flank of the Kyugoma valley at the Kehamitse (6004m) is still faulted by the 
same north-south striking transverse faults. Lumashell limestones (Rhetic) have been discovered east 
of the foot of the eastern flank, which are bedded more or less horizontally (fig. 108, profile I 1  in 
date  1V). 

South of this locality, in the wall, we find coarse-grained limestones, intersected by pegmatites and 
dykes. These belong to the Silurian-Devonian formations, which form the southern flank of the over- 
turned northern flank of the Kyugoma syncline. 

An anticline axis strikes through the Kyugoma valley. This structure is however unsymmetrically 
heavily faulted, overturned towards the south and with a deep syncline (Kyugoma syncline) just south 
of the fault. Thus, the same Silurian-Devonian series strike south of Kehamitse (6004 m) steeply up and 
forms between the said peak and the Khegatse that flat anticline, the excessive height of which sur- 
prised since we observed it for the first time. (See profile 2, plate 111, and plate VII, fig. 2 arid 3.) The 
core of the said anticline consists of Devonian limestone(in the Keha Lungpa valley). Consequently, the 
Kehamitse 6004 m is built as a syncline. This syncline. however, is not of normal character, since the 
southern flank is overturned towards the north. while its northern flank is overturned towards the 
south. The zone of this syncline therefore forms the boundary between two different mountain-building 
forces, which acted from the north and from the south. The area south of the Keha Lungpa valley 
belongs to the zone of the reverse folding, which covers the whole range between ~ukuchatse (69 15 m) 
and the Keha Lungpa valley (see fig. 137). The zone of reverse folding (direclcd towards the north) 
joins the roots of the Katmandu nappes. The area north of the Kyugoma valley belongs lo the southern 
edge of the Tibetan Plateau, which has been thrust towards tlie sou~li. Thc syncli~ic lillinp in  the 
Kehamitse (6004 m) consists of Jurassic series (well-bedded  limestone^. s l ; i~c~ .  iind qu ;~ r~ / i~cs ) .  



I n  ; ~ ~ d ~ t i o n .  the  \{;lllcy ()I ' thc K y u g o m a  ( ' h u  f o r m \  \t1II ; ~ r l o ~ I i c r  irr~~,c)rt:~rlt horcler I lnc. houll1 (,I. I[. 
lllc l ~ ~ ~ - ~ i i ; ~ t ~ t ~ l l ~  c~) l l1p lc lc  rrol11 ~ i ~ u r i ~ 1 1 1  r ig l i t  t l i r o ~ ~ p t i  10 Jur;l\\lc, L~lllle llOrll, ,,I, thL. ~vtly,,l,-,~l 
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i n  the  prc l i l l l inar!  l,h;{\c 01' l l i c  (~r(q!cnc\ i \ .  : I l l  t l ~ c  ~ r i c ~ u n t ; ~ i ~ i \  ;il t l ic  \ r c t l c~ .n  Il;lnh the 
'l~l;l!..l\liol~~. I'roln thc  I)h;lul;lglri r lg l l t  1 h r ~ ) ~ l g l i  10 thc X lu \ tans  IIIIII;II. \l ioir ;III a s ~ o r l l \ l i l n ~ .  c\.erll? 
;InJ g c i l t l ~  to\r;~l'tJ\ l l l c  n o r t h  d i l l p i n g  pla l lc  ( ( i ip l .c l l l t~ r .  1>li01. 40) .  '1 Ill\ 1 5  ~ ~ ~ l ~ i ~ ~ ~ ~ h r c ~ l l !  LIII ; \ns\cnt c r o -  
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10 ;1p171y t h i \  i n t c rp r c ta t i o l l .  r- l ic I)li;rul.l;!lri s u r ~ n o u r l t \  \ r  ~ t h  II\ X I  7 2  n l  c\cr!tI i inF. I IIC norther11 I t ) ln l l ig  
. T u k ~ ~ c h ; ~ t \ ~  (6915 1\11 i\ m o r e  t han  I(HK) 111 Icn\cr 01, f r o m  l1cl.c the I c i c l  0 1  ~ l l c  I,c:th\ ( (  ~ ~ p l ' c l t l u r )  ~ l ~ p \  
p rL l~ l~~ :~ l l !  ;111d p c ~ i t l >  10 h l ( ) ( )  111 l i o r t l l  (11. the K>ugo111;1 ('IIu. hu t  111~11 I I \C \  ; I~ : I I~ I  ~o\\;IIO 11orth fn r  
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irldicalc> t l i c  real  sou l l i c rn  edge 01 the -1 ihc1;111 ~'I;I~C;ILI. 
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. - 

t o  1 ippcr. ILIT;I~\IC (coI i i~>; l rc geological  m;ry). 
111 t l i c  upper  pa r t  01' t l i i s  f l >  \el l  \ \ c  l i nd  ~ > c p n a t i t c \ .  I7o \ \a l -d \  r l lc  ~ i o r t l i  tho \c  ~ l cgn ia t l t e \  inc re :~rc  

I n  n u m b e r  and j17C ;ind change gradu:~ll!. 111to the ~\.ILI\~~II~ ~I -~ I I I IC  ( l ig .  I 13 ;111d pro f i le  I. pl;ctc Ill. 
furlhcr. p l s t c  V I  I, l ig .  2 ) .  .At  the  \ o u t l i c r ~ i  1131i!, 11ic b1;111;1ra1ip LJII~! t l lc  yr ;~r i l tc \  h u ~ l i l  thc  u ho le  
b;l\emcnt o f  the  r n o u n t ; ~ i ~ ~  ral lgc.  F \ lo rcc~\c r .  ; \ I40 pcah 6102 n i  i n  the iii;r1n ridge c o n \ ~ \ l \  ol' gr:~ri i te 
( compare  gcologic;l l  ~ > r o t i l e  I. pl;lte I l l  and  gco lopca l  m;lp plate II ar id ~ ~ l u t c  V I I .  fig. 2 )  Again .  the 
\ \ h o l i  flanl\ o f ~ h i \  range i h  cut hh a 11ulnht.r o f  n o r t h  south \ t r i h i ~ i s  t rans ic l - \c  f;rult\. 

p11,,/ h4 //1c //f~,~,l,,l~ 5',111 \ < / I  l / l , i ~ l ~ l i i l  I !I/IIYL 

1 Jlc I{,\\CI pt\ i t lon ~ o n \ ~ \ t \  ol rcc .\gc Iriorcllnlc rn.llc~r.~l 1 hc krppcl p.11 l I\ hull[ 
,,I lckl cl,rlglc)~ne~.lrc\, \clltn\ AIIJ l~ght  hluc \<ln~l\ loner . i~ id  IACII\IIIIIC' ~~ I~ I IL '~  



Fig. 111. The Saligrant Tronsgrcsriort atti/ the Alnirr Tra~~.v~~rr .vc Fo~ i l / ,  irr /ltr Uppclr Port of fhr Thokntar Vallc~,.  

Tm Thahmar series (Quaternary-- Upper Tertiary) F l~~nnsverse faults 
S Saligran~ series (Upper Paleocene) B blochst~.om of morainic material 
Tr Triassic-- R hetic P denotes the position or phot. 65 and 66 
Si Silurian 
The Saligram series right side are tre~nendously folded, and contain p r g ~ ~ r o ~ i ~ e s .  
Note how the Saligram series and especially the underlying Mesozoic rise towal.ds the west, upon the tcGrabentreppe)) 
(Graben staircase). 

8. Thakmar 

Thakmar means red rock (Thak :I- red, mar -.:- rock). Indeed. the formations near the village or 
Thakmar surprise by its dense redand yellowcolours. They consist in thelower part of fluviati1 deposited 
morainic material, which contains much limestone (phot. 64 and plate VI ,  fig. I). All the Thakmar 
series dip in the area of Thak towards the east (fig. I 11). Just west o r  the village we find eastern dipping 
violet flysch series (of the Narsing type) and overlying in the black Saligram series. Northwest of 
Tllakmar village we find Mesozoic formations underlying the violet flysch. The Mesozoic consists of 
Triassic dolomites, dark limestones and cellular dolomite (Rauhwackc) and thin-bedded Rhetic marly 
limestones (with the characteristic transverse clivage). The transgression breccia of the Mesozoic (phot. 
65). on which,with a small Saligram series or flysch, the Thakrnar morain is deposited, occurs especially 
well. While at the eastern exposure the Mesozoic is bedded horizontally i t  rises towards the west, cut 
by a number of transverse faults in form of a staircase (phot. 66). By this step-wise rise we find further west 
quartzites which might belong to the LowerTriassic or evcn to the Permian underlying the dolomites. 

The latter are intensively folded. In addition, also breccias consisting of siliceous dolomite com- 
ponents embedded in dolomite and limestones were found (phot. 67). The transgression breccia rcaches 
over and across the staircase originated by the transverse faults and rises towards the west. 

Underneath the said quartzite and dolomite we find thin-bedded light-blue and yellow mi~rls with 
dolomite lenses. The whole series recalls the Keuper li)rrnation of the Alps. The strike is directed 
north--south. the dip steeply towards the east. If thc said scries were not clearly situated underneath 
the Triassic dolomite. one might be tempted to asbign it to [he loirer Nar5inp Ily~ch. lindcr this 
assumption they would have been liftcd by a transvcrw l i ~ ~ l t  to thc prc\ent pohition relative to thc 



ciolomitc. T'lir: c~o~n l~ r~ l i i ' ns i \ c  i n t c ~ - p r c ~ ~ ~ t ~ o ~ i .  houc\cr. count\ r ~ ~ t l i c r  for 3 Tr~asbic I'acies (corresponding 
to l l ic KCLIPU. ill the iZlps). for. I'urthcr \\cst c lu;~r t~ i tc \  and  i l l.~ch hlntc.5 o f  the Saligrilm herlcs Join the 
~ i o l c t  \l ialc\ i ~~ i c l c r  riplit-angle unconli)r~iiit! (lif. 1 I I ) .  l- ' i~rtlit.r \acs~, climbing in Llic small v ;~ l l c~ .  we 
tinci a scr~c\  0 1 '  I>l;~c.l\ \I;~tc\. intsrhcctcd h! pcgn1atiti.s. dipping in general to\$:~rds the east. This scries 
i\ i n ~ c ~ l \ i \ c l !  Ir~ultccl arid t h r u t  (ti:. I I I ) .  I'oldcd c l u ; ~ r ~ / ~ t c  wries over1it.a thebe hlatcs and along 
a tl-an\\cl.w ( ~ i o r t t i  \ou(h)  L111lt. the \\lloli. 5l;11c I'or~n;~tic)~i i b  \itu;~tc'd side by side to the cnrlicr-rnen- 
t ionc~ l  I':~laL~o/clic. I i n i c \ ~ o ~ i c  -1.llc upper I'ortlon of the >late\ :ilso re.lchc5 into thc top ufthosc Palatozuic 
l i ~ i i c \ ~ o ~ ~ ~ . ~ .  ( ' o ; i ~ . l ~ ~ d i ~ i p  \ \c  \t.c that tlic hlach hlatcc originating I'luni thr' Saligri~m wries at the eastern 
1'00t ol' 1 1 1 ~ .  111011111~1111 L ~ O I I I I ~ C ~ ~ \  COI~~I I~I IOLI \~!  i l lto the I;~rgc C r t . t i ~ c e ~ u ~ - t . o ~ ~ n c '  (Thakkhola wit.,) 
L.O\  c~.ili:: I llC 111,111111,1111 I.:III~C l ior l l i  01' tlic K! upoma v;~llr'!. C'o~i \cquc~~tIy.  tlie uppermost Crstnccouh 
( i l i ~ . I~ i , :  : ! I .  I ~ , I ! ~ * ,~L~L~ I I c )  : I W  11-:1115~sc~,e~l ~iircctl! ulion tlic r':~I:~co~oic. 



9. liarr Compa 

I t  seems. [hiit f'roni Iicrc on t cn~ards  the north. tlie str;ttigraphic profles get more co~nplc te  ag;lin. 
On the fiat saddle near the Karr Giinipa we were able to dctermi~lc in Ihe exposed rocks: tloplites 
(Berriasiellit). Callisto (Pnrt1andi;in); Esogyr;~ virgula (Kimmcridgc); Pseudo virgatites spec. (Port- 
landian): C'osmoceras Theobaldi (Maestrichti;in): Pcrisphinctes Bononsiensi~ (Port la~idian) .  

Northrr,est ol ' the Karr tiiimp;i (Giimpa Huddhist monastery) \\.c tilid again "staircase" tr:rns- 
\erst hu l t s .  They ;Ire espcci;illy well-visible in the Triassic dolomite. The latter contains here larger 
masses or the intruded Mustang granite (tig. I 1  2). 

The Karr Chu Iiss cut an extraordinary gorge into the mountain range [ 5  k ~ n  south o f  K;lrrtse 
(6297 m)]. The huscment of the Karrtse consists o f  ~n;issive granite (tig. 1 13). The upper part is built o f  
the dark Cretaceous Hysch serisb. intersected by numerous ~wgmatites. However, underneath thegranite 
occur again sediments. These are  Jurassic limesloncs and slates and s l r ~ k e  towards the north like fingers 
us far as the middle between peak 6261 m and Mustangtse (6476 111). 

The slructures north of the Karr gully are  flatly w r p e d  with a syncline I krn south of  peak 
6297 111. tlie axis of which strikes west-north\\.est (fig. 113). A Hat anticline appears 4 km south of  
Mustangtse (6476 ni) and a last anticline just north of the same peak (plate VII, fig. 2). 

All the mentioned structures s h o n  a considerable axial pitch towards the u-est-northwest. The 
pitch increases further north. as can be recognized in the most distant peaks. lying in Tibet (fig. 1 13). 

l ' R  transgression breccia 
R Rhctic (marly linicstone) 
Td Triassic dolom~te 

The Mesozoic formations are generally hor i~ontal .  The strong castcrn dip (in 
the picture to the left side) is ilpparcnt only. This IS just cli\;ige causctl b~ thc 
steeply eastern dipping main transverse rault system. Sonic pilrcels h>t\rccn 
partial fnul~s lia\,e turned tlie dip strongly wcst at I )  and steeply cast at 2).  



on the: most dislant peah northwest ~ f ~ T ' ~ n ~ l ~ b h o t o  thc gr;1liltc I \  co\crcd ;Ig;iln h!. \crilr,lcnl\. Tho\ r  
thick-heddcd lin~cstnnes which might cor rcq~ond  to thc Ijppcr Jul.a\.ilc. 
Thc t ransverx gully o l  Karr h i ~ s  \ t i l l  a SUI-~hcr \~gnilicancc: r h c  mil\sitc Il~nc\toric occurring 

llorlh of the trench is like cu t ;  in v;iin we ceiirch for the \outlicr~i continu;~tiun. In,~e;ld. \rc lind oppo- 
o f  them granites.  tho^ correspond ;~pparerltly to thc ovcrly~ng granite\ north of rhc Knrr (.hu. 

On the granites south of the Karr C'hu *c find the hl;ich c'rcl;~ceoui-lcrtiar! lly+ch hcrlc, directly 
deposited on the granite. (Compare hg. 113 further geological map plate I I  and gcologic:~l protilc I 



plate 111.) I t  appears that the gully of the Karr Chu is an ancient trench, which was originated as an 
longitudinal fault already before transgression. South of it there was a swell, on which the flysch was 
deposited directly on Lower Jurassic and Rhetic, while north of it, also the Upper Jurassic formations 
were deposited. 

The last stage of the Karr longitudinal fault has slightly sunk the southern block. However, this 
should not mislead to a wrong conclusion: In the main ancient phase the southern block has been 
lined. For, how otherwise could it be explained that the Paleozoic is now at the same level as the 

Fig. 112. The Moin Trans~rrse Fault Syslenr 
Norrhwesr of Korr Gonrpa 

S Saligram series (Upper Paleocene) 
J Jurassic 
Tr Triassic 
MG Mustang granite 
Some of the dolomite formations contain peg- 
matite~. The transverse fault system forms a 
trench staircase (Grahentreppe). 

Mesozoic. Undoubtedly, the Dangarjong transverse fault also played an important role, since in the 
Karr longitudinal fault the Dangarjong fault, which south of it shows a vertical movement of nearly 
3000 m, looses at once its magnitude north of the Karr fault. This break of magnitude has also the 
equivalent in the south, where near Dangarjong also the Dangarjong fault ends suddenly. 

In the valley between Karr Chu and Mustang Chu occur the northern most Saligram series, at 
the foot of the eastern flank of the mountain range. Further north, the Quaternary formations (Thak- 
mar series) join directly the granite. This will not mean, that the Saligram series are not existing under- 
neath the (probably Pleistocene) lacustrine formations. This coincides also with the eastern flank of 
the Kali Gandaki valley. where north of the meridian of Mustang they were also not found. 

Tm Thakmar series (Quaternary-Upper Tertiary) LJ Lower Jurassic 
S Saligram series (1-ower-Middle Paleocene) Tr Triassic 
Tk Thakkhola series (Lower Tertiary-Upper Cretaceous) Pa Palacozoic 

Fig. 113. View of rhe 
Mortrrraitr Ratrge Wesr of 
Karr Gontpa-Musrang 

The main transverse fault system strikes along the foot of this mountain range. Therehy the 
Palaeozoic formations come to lie above the Lower Jurassic (left sidc of the sketch). 
Just soutlr of Karr Gompa. the Saligram series connects directly with the Thakkhola series 
on the top of the mountains due to the trench staircase slructure, in combination with a 
strong eastern dip of the said series. (Compare also plate VI I ,  fig. 1.)  



10. The Quaternary and Upper Tertlary 

w e  now study the huge~hakmarformations. (See plate VI, fig. I and plate Vll. fig. 2and 3, and phot. 
46, 57.58 and 64). In the whole area of the northern Thakkhola we find the thick forlnations of clear- 
~ ~ l o u r e d ,  light-bluesandstones (which resemble lithologically the MiddleSiwalik sandstones), red sand- 
stones and conglomerates similar lo the Upper Siwaliks and on the top the granitic gravels. As mentioned 
earlier. the most southern granite boulders occur on the Narsing La (phot. 51) at the western flank of 
the Thakkhola. At the eastern flank, we found the most southern granitic gravels on the pass south 
of  hil ling along the main trail from Mustang to Kagbeni. At Mustang we found in the upper portion 
of the Thakmar series lacustrine chalk. It appears that this upper portion belongs to the Pleistocene. 

All the valleys at the western part of the Thakkhola, which drain the range west of the Thakkhola, 
show surprising large morainic deposits. All the confluences of the tributary valleys with the main 
valley of the Kali Gandaki show well-preserved lateral and terminal morains (Kyugoma, Thakmar. 
Karr, Charang, and Mustang) (see fig. 1011 and plate Vl1,fig. 2). These belong to the various recession 
stages of the last ice age. Some of the big lateral morains continue far down into the Kali Gandaki 
valley. to the areas where we find today the settlements (that means down to 3600 m). In addition, we 
find in those valleys also more ancient morain layers, which partly are covered by interglacial fluviatil 
gravels. (See fig. 105 and phot. 62, 64.) 

Those morains only enabled the settlements of Mustang, Maharang Thakmar, Karr, Kehami. 
Ghiling and Samar, since only on these impermeable morainic layers water occurs on the surface. The 
sandstones of the Thakmar series are so dry and permeable that no water at all can be found on the 
surface. 

The Tertiary and the Quaternary with the lacustrine deposits wver also the pass of Tinglibhoto. 
which leads from Mustang over to Tibet (catchment area of the Tsangpo). The watershed between the 
Kali Gandaki and the Tsangpo is situated little further north. However, the fact, that Upper Tertiary 
and Quaternary deposits are found in a saddle of only 4500 m above sea level is surprising, while the 
Cretaceous flysch covers the top of the neighboured mountain ranges which reaches altitudes of 6000 m 
and more. (See fig. 113 and plate V11, fig. 2.) 

11. The Mountah North of Mustang 

As far as can be recognized from the rock exposures on both sides of the Tinglibhoto pass, the 
saddle of the pass is situated in a local partial transverse anticline. We have seen above how the 
mountain range west of Mustang shows a western axial pitch. (See fig. 106and 113, and plate VII, fig. 2.) 
Similarly, the mountain ranges at the northeastern flank of the Thakkhola have also a strong dip towards 
the east (plate V1, fig. I). The real axis of the Tinglibhoto transverse anticline strikes in northeast- 
southwest direction through the upper course of the Chudidi Chu, east of peak 5196 m (fig. 135). Thus, 
the axis does not strike exactly through the Tinglibhoto pass, but is situated a little bit further east. Also 
east of the pass the dip of the rocks which are interbedded with granites and pegmatites is directed to- 
wards the west. (See plate VI, fig. I .) From theseexposureswemay conclude with a fair certainty that the 
granites on either sides of the Tinglibhoto transverse anticlineconnect underneath the Quaternary filling. 
(See profiles I and I I, plate IV.) At the eastern side of the pass we find higher formations towards the east 
and more sediments (plate VI, fig. I). Especially, two larger granite masses occur. Further east appears 
the well-bedded Devonian limestones, the dark slates with the yellow-band series (Carboniferous) and 
the clear-coloured. well-bedded quartzites of the Permian (at the northern flank of the valley, which 
joins the Kali Gandaki from the east opposite Mustang (plate Vl, fig. I). I n  the area of the Meridian 
of Mustang the main range (Samjung Kang-Chudiditse) shows southern dipping in the Devonian 
formations. Consequently, we find towards the south gradually youngerformations. Southoftheabove- 
mentioned tributary valley (Chudidi Chu) a west-east striking range east of Dih is built of the Triassic 
dolomite (platc I I and V I ,  fig. 1). Adjoining to the south occur Jurassic formations. which are folded. 
The Upper .lurassic limestone is well recognizable; it shows a strong southern dip in its northern most 
outcrop hut i\ I,lded in  the lower part (plate VI, fig. 1). From this place the Upper Jurassic limestone 



connects through a flat syncline with the basement of the Tehatse (6010 m) which carries the northern- 
most glacier of this range (fig. 101, which shows the same mountain group from the Damodar valley). 
The above-mentioned syncline is filled with the dark flysch series of the Upper Cretaceous-Lower 
Tertiary (Thakkhola series). 

While. as mentioned above, the northernmost part of this mountain range northeast of Mustang 
shows an eastern dip of its formations (caused by the Tinglibhoto transverse anticline) we find a 
change with this regard south of the range, which is built by the Triassic dolomite. All the Mesozoic 
formations dip west, that means towards the Kali Gandaki valley (see fig. 98.99 and 100 and plate VI, 
fig. I). The same feature was already observed further south, for example near Muktinath (fig. 75.79, 
81 and plate VI, fig. 2) or in the Narsing valley (fig. 92 and 93). The Triassic and Jurassic formations 
occur surprisingly far down into the Kali Gandaki valley, especially in the Damodar valley. The Damo- 
dar valley. is by the way, (as it can be observed from Mustang), built by a flat anticline (theTetang anti- 
cline. fig. 135). This has to be considered as a transverse structure. Further evidence of transverse 
structures are found west of the Chudiditse (5835 m), which area is cut by a number of north-south 
striking faults (see map of faults, fig. 136 and geological map plate 11). Some of those transverse faults 
strike through south as far as Tange, where they occur in the Saligram series. 

If we try to connect the structures of the mountain ranges flanking the eastern side of the Thak- 
khola with those at the western side. we meet considerable difficulties. They generally do not coincide. 
One must not be especially surprised about this fact, since the various transverse structures and faults 
lying in between might have disturbed and hidden the direct connections. Also, of course, there is a lack 
of exposures due to the Quaternary filling of the Thakkhola. The anticline through the Mustangtse 
(6476 m) at the western flank appears to correspond with the large anticline in the eastern mountain 
range (fig. 135). However, while in the west the range consists predominantly of granite, with few and 
minor layers of Jurassic formations, we find the eastern mountain range (Samjung Kang-Chudiditse) 
built of predominantly sediments of lower formations, from the Carboniferous downwards. 

(seen from the west, from Ghiling La) 

N s Thorungtse 
e44e  

S Saligram series R Rhetic 
C Cretaceous Tr Triassic 
UJ Upper Jurassic P Permian 
LJ Lower Jurassic 

Fig. 114. Schemaric 
Sketch of  the 

A system of northeast-southwest striking Fiults intersects this mountain range, whereby the 
northwestern portions have sunk. The same fornlations, involved in this transverse fault 
system, show in addition a strong western dip, rorniing the eastern tlank of the Th;~kkhol;~ 
trench. In addition, there is a transverse anticline, striking through the upper part of the 
Tetang valley and the western flank of Thorungtse. Compare also platc VI, lig. I and 2,  and 
text figure 136.) 



[ ' l ie \ ync l i na l  / one  01' the Tcl iatsc I h O l O m )  ;I[ the eastern ~l ; l r ih (pl; l tc VII. rip. 1) appc;lr\ tc, corrc-  
xl,olld 10 the  K;1r1.5)ncllnc(fig. 135). T l l c  an l i c l i no r l um 01 the I ) ; tmod;~r t l ~ m ; r l  .I';tngc \ i ~ l l c \  c c~ r r cspc~nd \  
t o  the  large a t i t i c l inc  / one  hc twccn K y u g o t n a  vallc) ancl K c h ; ~  I.ungpa vallc.! ~ l t l l  ~ h e ~ ; l l s c  ;{nd h:ell;\- 
nli(sc ( compare  p la te  V I .  j ig .  7 a n d  3 ) .  1 lowever .  ~ h c  rcspccllvc ; i x ~ \  docs not  q u ~ t c  colnci t lc  ( I I ~ .  I 3 5 ) .  

t l o w e v c r ,  a lso  i n  t h i \  cent ra l  pa r t  0 1 '  the l ~ h ; t k L h o l ; ~  [ l ie d l f i rc t icc I n  t l ic t c c (~ l i l c ,  hc twccn the 
\ \ c \ t c rn  Hank r ind  the  c:~stcrt i  I l ; ~ n h  1s s t r lh ing .  h l i ~ l e  at ~ h c  uchtc rn  tnoullt: l ln range, h c ~ \ ~ c e r i  the 
K k u g o n i a  \ a l l ey  a n d  the  K c h : ~  I - u n g ( ~ a  v;ille!, wc h;rve one s ~ n g l e  regular a n t i c l l ~ l c  01 grc;lt  n iapn i ludc  
(plate V I .  jig. 7 and 3 )  there is a number  c> f i ~n l i c l i nc  h(ructurcxa1 the oppc,\ltc slclc ot' the i; i l lcy. c o r r c v  
pundit lp t o  the la rge  Mcslern at i t ic l inc.  name ly  the  Tangc a n f ~ c l ~ n c  ( l i p  lo()). t l ic  N ; ~ r s ~ r i ~  ; ~ n t ~ c l ~ r l e  
( l ig,  99) a n d   he Tct;rng ; ~ n t ~ c l i n e  ( t ig .  O X  i i n d  114). I -u r thcrn io rc .  u h i l c  the ;I.~I\ o l t l i c  ucs t c rn  ; i n t ~ c l ~ n c  
( w e  m;t> ca l l  i t  t hu  Si tmar an l ic l i r i c )  4tr1kcs due \ ~ c s t - ~ ~ u t l i ~ e s ~ .  t l i c  ; ~ b o ~ c - t i i c ~ i t ~ o ~ ~ c c i  e ; ~ ~ t c r t i  ;III~ICIIIIC\ 
>tri l \e ~ ; i r t - s o u t h c a ~ t  w e s t - n o r t h ~ e s l  ( l i g .  135). I - u r t hc r~ i i o re .  the  three m c n t ~ o n c d  ; ~ r i t ~ c l i n c \  i t rc no t  so 
51m l~ l c  c o m p a r c d  \+,it11 the  \vc\ tcrn onc.  I t  appeilrs tha t  the M a n ; ~ j l u  arc. wh lc l i  s ~ r i h c s  111 north\bcst 
5(,utlicaht d i r ec t i on  a n d  ha5 pushed l o u a r d s  the s u u t l i ~ c s t  shous  ~ t s  ~n l l uence  r ~ g l i t  I n t o  ~ h c  h;thhliola. 
((.onlp;rre ;tlbo rn:tp o f  [ l ie  \ t ructures a n d  faul t<.  g lvcn  i n  l ip.  135 a n d  176.) 

P~IOI. IFI~SII fro111 I/IC, I~(I)I IIIIO 111t. .$(IIII[II I ~ I / / ~ ~ I  
I he h ~ g  rcr-l-.~cr. cons~ctb o l  moralnlc rn.llelnal It ha, k e n  dcpt~\lrcd In a \.~lle) 

cut intc~ ~ h c  I ' p p e ~  Icl.~i:u.) c ~ ~ n g l t ~ ~ i l e ~ - . ~ ~ c ~  I n  thc gull! a t  r ~gh t  \idc occur.; 
rhc I I - ~ I ~ S ~ I . L ' ~ S I ~ I I  01. 11ic l.o\\cr r c r t ~ ~ i r >  upon thc P,~Iacozoic r~r lnat lons.  ( C ' L ) ~ -  
pare tig I I5  ) 

Thc lnaln tran\\er.;e l d ~ ~ l t  \ tr~hcs along the foot of the high \ \al l .  wh~ch  con- 
+;r\ <>I' Palaco~o~c I'ormal~on\ rcach~ng i rom proh;ihl! Pre-('anlhr1.111 gnclshes 



12. Mustang-Kehami 

We now continue our trip from Mustang towards the south along the main trade route. The 
Quaternary formations are of monotoneous character on this route, quite dimerent from our approach 
route to Mustang, where we moved along the margin of the Quaternary. On the Kehami L.a we found 
a number of turritellas, the exact species we were, however, unable to determine. 

In the Kehami Chu and especially in the morainic deposits occur metamorphic slates whit large 
turmaline and rutil crystals, as well as biotite-slates and biotite-schists and garnet schists. A dense 
greenish quartzite of extraordinary hardness was also found. 

On the pass south of Ghiling we find on the Quaternary formations large boulders and gravels of 
the Mustang granite. The formations in the lower parts, possibly Upper Tertiary, consist of fine 
lacustrine shales and clear-coloured sandstones. 

West of Ghiling, at 3800 m occur Devonian limestones, flat-bedded, however much tectonized, 
with a large number of flat-lying narrow folds and also thrusts (plate VI, fig. 2 and 3). A detail profile 
of this mountain flank shows typical Devonian formations, with brown fluidal limestones. banded 
limestones with a net pattern of clay and marl, arenaceous limestones, slight metamorphic limestones 
with sericite and calcsilicate rocks. The Carboniferous is represented by quartzite breccias and layers 
of iron ore. In general. this zone is so much tectonized, that the real structure is recognizable only with 
difficulties. 

On the trail north of the Samar pass we find spotted slates and barred slates ("Stabchenschiefer"). 
These same formations occur also in the brook 2 km north-northeast of Samar, with a dip towards 

the east-northeast. At the same locality we find also Chitlang quartzites (pink quartzites interbedded 
with violet and blue shales), which towards above gradually change into arenaceous limestone (the 
latter being similar to the Ratomata limestone north of Gurkha). Undoubtedly, these series belong to 
lower formations, probably Silurian or even Cambrian. Further, we find also pegmatites and even 
migmatites, thus being undoubtedly in the Cambrian formations, comparable with the migmatites of 
the Kathmandu nappes. A little further up in the same brook (Samar Chu) occur fine-grained arena- 
ceous biotite-gneisses, quartzite-gneisses with quartz veins as marginal remnants of the pegmatites and 
arenaceous augengneisses. Pegmatites cross these formations at right angle right up to the (probably 
Silurian) arenaceous limestones. 

From Samargaon we enjoy an excellent view into the mountain group east of the Kali Gandaki 
valley (fig. 114) between Damodar Himal and Thorungtse. Narsingtse has on its top, as mentioned 
earlier (see fig. 99) the thickly-bedded Upper Jurassic limestone. The same series appear again in the 
long ridge north of the Thorungtse, especially in its northern part. The dip shows towards the north, 
however, it would not explain the rise from the valley north of peak 5744 m to the peak north of it. 
We can see from here now quite clear that this zone is intersected by a number of faults, which strike 
in southwest-northeast direction (fig. 114). The northwestern parts are sunk along these faults, 
resulting in a staircase-like rise of the formations towards the southeast. This solves also the problem 
which occurred on our trip from Muktinath via the Chehang La towards the north, where theTriassic 
dolomite alway appeared to strike out towards the north and east into the air, while along the 20 km 
long more or less horizontal trail we always met the same dolomite again and again. These dolomites 
have by the staircase of the faults repeatedly been sunk (fig. 114). 

A flat anticline (Tetang anticline) strikes in northwest-southeast direction with axial pitch to the 
northwest through the ridge north of Thorungtse (6444 m) (fig. 1 14). At the same time we find west of 
it the Chehang anticline which strikes in west-east direction with axial pitch to the west. Thus the area 
3 km northwest of the Thorungtse is a dome-like structure, formed by the cross point of the two 
different anticlines. This explains the occurrence of the Permian in an altitude of more than 5000 m. 
and the apparent outcrop of the Triassic dolomite along the trail at 4000 rn into the air. (See also 
plate VI, fig. 2.) 



In the brook jusl north of Samar (fig. I 15) occur Ordovician limestones. Homver. by a system of 
n o r t h - - ~ ~ ~ ~ h  striking faults, the series is lolally broken and partly weathered to grit. The dip show8 flat 
east. This is the same fault system which was found earlier on Kehami peak, which marks the western 
margin of the Thakkhola Graben. 

~ i ~ .  115. sketch on rho Terriarjl Trunsgression upon rhr Pala~ozorr near Sclnror 

I morains (probably of Ice age glaciatron) 
2 sandstones and conglomerates (Thakrnar serles, Upper Terttary) 
3 Saligrarn serres (Upper Paleocene) 
4 sandstones (comparable wrth the Paleocene Narstng sertes) 
5 transgressron breccta (cons~sitng of Srlurian malertal) 
6 Stlurtan llrnestone 
The two faults are marginal faults of the maln transverse fault. 

m o m  ._ 

But we find still another fault system which is directed west-east and with steeply southern dipping 
faults. The southern parts have been lifted which is well visible by small hook-folding. This fault 
system continues to the west, where the corresponding fault-folding can be seen in the northern flank 
of the Keha Lungpa valley (plate VII, fig. 3). 

The material of the morains around Samar consists of fluidal limestones with quartz veins and 
pegmatites. The peak west of Samar (Khegatse 6198 m) appears to consist of Triassic formations. also 
recognizable through the well-exposed Carboniferous yellow-band series, below the top. 

At the base of the wall (phot. 68) occur banded calcsilicate rocks and marbles. which are inter- 
sected by quartzites and pegmatites. These series appear to belong to the Silurian. Further down in the 
same brook we also observe the transgression of the Paleocene upon the Silurian (fig. 115). Lying on 
the flat western dipping Silurian banded limestones and marbles occur a typical transgression breccia 
of the same material. Overlying we find a Paleocene sandstone, as well disposed by the transverse faults 
as the underlying Silurian series; finally the Saligram series is represented by the typical black shales. 
Directly on the latter a morain has been deposited (fig. 115). 

In the valley of Samar we find the same type of huge red morains as at Thakmar. The whole big 
terrace is built of it (phot. 68). It contains a lot of Triassic dolomites and Rhetic limestones. Possibly 
not the whole of the huge deposit can be considered as pure genuine morain. A portion of it may be 
alluvially deposited morainic material. The valley of Samar is cut into conglomerates ("Nagelfluh"). 
The red morain is situated within this valley (phot. 68). 

Descending from Samar to Chele one traverses the huge conglomerates and sandstones of the 
Upper Tertiary, which are interbedded with lacustrine shales and also with calcareous marls. The clear- 
coloured sandstone recalls the Tertiary Middle Siwalik sandstones. 

The peak west of Samar (Khegatse 6198 m) consists of Triassic dolomites, recognizable on the 
yellow-band series of the Carboniferous in the lower part. These are some folded in the southeastern 
ridge of the said mountain (plate VII, fig. 2 and 4). 

West of Khega occur Silurian limestones, dipping towards the east and slightly folded. In the 
valley of Khega also an isolated tower of the red Thakmar morain is left over from erosion. The same 
red morsin occurs again in the wall near Chele where the Kali Gandaki leaves its caiion and enters the 
alluvi:~l plain ullich stretches down right to Dumpu. 



South of Chhuk occur lacustrine shales and marls, clear-coloured sandstones (of the type of the 
Middle Siwaliks) under unconformity upon black slates. The latter dip southwest. 

South of Tangbe occur the clear-coloured Upper Tertiary sandstones and lacustrine shales. Its dip 
towards the north has been mentioned earlier (fig. 88 and phot. 57). These series (Thakmar series) 
overly under unconformity the Upper Paleocene Saligram series, which at this place dip south, with a 
strike of east-west. Underlying the Saligram series we find here Narsing flysch, consisting of multi- 
coloured, well-bedded marly limestones, which contain plenty of nummulites. Thus the Paleocene age 
of the Narsing flysch appears to be pretty safe. The marly limestones gradually change upwards into 
black shales. interbedded with quartzites and sandstones (fig. 116). Besides the dark and red quartzite 
layers within the black shales we find also arenaceous, light-brown quartzites. with a strong clivage at 
right angle to the strata. Overlying the Saligram series (we have to consider the black shales with quartz- 
ites as saligram series, though no real Saligrams are found here) occur the Greensand series with a 
number of fossils. 

Fig. 116. Derail Profile Tange- Kaghrtri 

lacustrine shales, marls and chalk (Thakmar series). 
multi-coloured marly limestones with plenty of nummulites 
hlack shales with beds of quartzite and sandstones, the latter showing trans- 
verse clivage (similar to the Saligram series) 
Greensand series with shells and nummulites (assilina) 
black slates with calcareous concretions 
sandstone series of brown, grey and green colour, arenaceous quartzite and 
greensand (glauconite greensand), partly marly sandstones. 
Saligram series (Upper Paleocene) 
Rhetic-Triassic dolomites and dolonlitic limestones 

The series (4H6) belong to the Kagbeni series, which is considered to be o i  Eocene age (overlying the Saligram series). 
A number of fossils have bben found in these Kagbeni series. (See text below) 
This detail profile has been taken at the eastern river bank of the Kali Gandaki river. However, at  the western side the 
I x d q  show quite a different dip and strike. (Compare the complicated tectonics of this zone in fig. 118 and 119.) 

Of those the following were preliminarily determined in the field: 

Unio trucatosus Michaud (Paleocene, Londinian) 
Pectus 
Ostrea spec. (in the greensand) 
Paludina Suesonensis (Londinian) 
Limnea Longiscata (Eocene, Ledian) 

Strange enough, above this greensand series occurs the Saligram series with very large saligrams. 
(Normally, as found near Muktinath and in the Narsing valley, the greensands overly the Saligram 
series.) Apparently there might be a disturbance at this place, possibly a transverse fault. bringing the 
Saligram series above the greensands. Over the Saligram series occur brown, grey and green sandstones. 
interbedded with layers of arenaceous quartzites and minor marly shales. Towards Tangbe, that means 
towards the south, the strike of these formations turns to north-south direction, the dip into western 
direction. At the opposite riverbank of the Kali Gandaki we find a transverse fault. along which the 
western portion has been transposed to the south (fig. 136). Further south we find such a transverse 
fault also on the eastern river bank. thus explaining the overlying of the Saligram series over the 
greensands as mentioned above. The greensands. which steeply dip east. are cut bv a staircawlike 



system of vertical faults, which strike in north-south direction, whereby the western portions have sunk 
in. On the ancient erosional surface we find a transgression breccia (fig. 117). Also the overlying molasse 
(Upper Tertiary conglomerates) is transgressed over the greensand transvssion breccia. By means of 
the greensands the age of the transverse faull system can be considered as llpper Palewene. 

Ftg. 117. Sfarrru.tr Faulr S ~ s f e m  Surtrh of Tangr 

1 Upper Tertiary conglomerute ("niolassc". Thakmar serles) 
2 Grecnund xrles (Kagbcn~ ser~es) 
3 transgression brecc~e 
The molasse has transgressed over the staircase faults 

20 m , 

In the same series at the eastern river bank of the Kali Gandaki between Tangbe and Kagbeni 
occurs also the (topographically seen) lowest Mesozoic: Triassic dolomites and dolomitic limestones 
and than bedded marly limestones of the Rhetic. The dip is directed tow-ards the north-northeast. 
while the overlying greensands dip east. Faults within there series dip steeply southwest. 

A general view on the upper part of the flank between Tangbe and Kagheni can better be obtained 
from the opposite flank of the valley (fig. 118). We can observe the succession of the formations which 
overly the profile as given in fig. 83 and 84. at the eastern flank of the peak 4191 m. The clear-coloured 
sandstones, which build the peak, are folded in at the southern flank (fig. 84). The greensands are clearly 
above the Saligram series (as found already on Chehang La, fig. 83). 

NNE SSW 

Fig. 118. Tecfonics in the Norrhn~esrert~ Flank of Peak 4191 m. 
Nor111 of Kagbeni 

I clear-coloured sandstone 
2 Greensand series 
3 black slates, interbedded with sandstones and quartzites 
All the formations belong to the Kagbeni series 

In general the formations at  the western flank of peak 4191 m dip towards the north. Only near 
Kagbeni, that means further south we find vertical beds (fig. 119). The whole area is intersected by 
faults, which strike in general southwest-northeast. However. a general and regular movement along 
these transverse faults could not be found, nor have the western or eastern part generally sunk in. 
Rather, the transverse faults caused a variety of up and down movements (fig. 118). 

Fig. 119. The Wesfrrtr Flnrrk of Peak 4191 nr 
(seen from the west) 
I sandstone. clear-coloured 
2 calcareous marls 
3 black slates 
4 quartzite 
5 slates, interbcdded with quartzites and 

sandstones 
0 multi-colourcd slates 
All thc formations excepted the top one, 
belong lo rhc l i i ~ ~ h e n i  series. (Compare also 
platc V!. lig ' ) 



The Tertiary profile is very well-exposed at the western river bank of the Kali Gandaki, opposite 
Kagbeni (fig. 120 and 121). We find a narrow steeply erected anticline (see also plateVII, fig. 3). The core 
of the anticline consists of greensands. which contain large layers of breccias. Glauconite sandstones are 
found too. A number of findings gave preliminarily nummulites, ostreas and pectus. The latter show 
extraordinary large dimensions. namely up to 7 cm. Also a fossiliferous tree trunk was found. The 
breccias occur predominantly in the lower part and underlying the greensands. The strike is generally 
west-east. that means at right angle to the Kali Gandaki river course. However. further down the 
strike changes into south-north direction at the western river bank. On the opposite river bank 
(eastern side) the strike of the Tertiary for~nations remains at west-east. Undoubtedly also in this 
section a transverse fault strikes through the river course of the Kali Gandaki (as it was found also 
further north. (See fig. 136.) 

Fig. 120. The N'estertr Flarrk of the Kali Gontlaki Va l l e~~  opposite to Kagbeni (seen from the east) 

sandstone 
marly limestone 
black slates, interbedded with sandstones 
(greensands) and quartzites 
white quartzite 
calcareous slates, multi-coloured 
calcareous niarls 
carbonaceous marl, with fossiliferous trees 

All the formations belong to the Kagbeni series. The tectonics on either sides of the Kali Gandaki river do correspond 
only partially (compare fig. 119 of the opposite side). It seems that a transverse fault strikes through the Kali Gan- 
daki river. (See fig. 136 and plate VI, fig. 2.) 

The hill 2 km northeast of Dangarjong, which is separated from the mountain flank by the pass 
(Dangarjong Chang La), over which the trail leads to Sangdak, consists of Tertiary formations 
(quartzites, sandstones, greensands, rich in fossils at its southern flank), clear-coloured quartzites on 
the top. The strike is in the whole area of the said hill directed to the east-northeast, the dip steeply 
towards north-northwest (plate VII, fig. 3 and 4). 

Dealing once more with the age of all those formations we can now conclude with a fair certainty 
that the greensands have to be considered as Upper Paleocene-Eocene, while the Saligram series 
necessarily have to belong to the LoweriMiddle Paleocene. 

The area of Dangarjong and the eastern flank of the Dangartse (5721 m) take such a key position 

Fig. 121. Derail Profile on the Trail from Kagbeni to Dangarjorrg (western river bank of the Kali Gandaki) 

I greensands, interbedded with layers of 
quarlzite 

2 black slates with silicious concretions 

SE 
3 black slatcs containing two layers of white 

quartzite 
4 coarse-grained assilina greensand, inter- 

bedded with breccias 
5 Greensand series. with deep green glau- 

conite greensand 
6 greensands with nummulites and large size 

pects (6 c n ~ )  and oslrea species 

All the rorrnations belong to the Kapbeni 
series (this tigure joins fig. 120 lo the south). 



from standpoint of view of geology. that we now study this section with fig. 1,2 and 3 in plate VI1: The 
main transverse fault strikes through the Dangarjong Lho La (Lho La means south pass) and through 
the ~ a n ~ a r j o n g  Chang La (Chang La means north pass). That is at  the foot of the eastern flank of thc 
Dangartse mountain. On Dangarjong Lho 1-a the Triassic dolomites on either sides of the Dangarjong 
fault nearly connect. But from there on towards the north the said series separate rapidly. The dolomites 
on the eastern side of the fault show a northern dip, while the same formation at the opposite side rises 
steeply, exposing the underlying Permian and Carboniferous formations. The latter form the narrow 
and steeply erected Dangarjong anticline in the core of which even Devonian limestones are exposed, 
just west of the fault. The Triassic dolomite and higher series appear again in the summit of the Dangartse 
(5721 m). Thus, while the vertical movement along the Dangarjong fault on Dangarjong Lho La is only 
about 100 meters. it reaches 4 km further north about 2500 m. 

Just west of Dangarjong village the dolomite which occurs in a small exposure at the eastern side 
of the fault is situated side by side with the Devonian formations at the other side of the fault. The 
dolomite a t  the eastern side of the fault is bent up along the fault, thus dipping steeply east. It is over- 
lain by the Saligram series. which occur along the whole fault from 300 rn north of Dangarjong Lho La 
right into the Keha Lungpa valley. Also the Saligram series dip east; that means they are also bent up 
along the fault. It is also noted that the Saligram series overly at its most southern exposure Rhetic and 
Jurassic formations. 

The Saligram series are overlain in the central part (fig. I, plate VII) by the Eocene Kagbeni series, 
which consists predominantly of greensands and quartzites, all complicated folded. The Thakmar 
series (here mostly of Pleistocene formations) are the topmost formations, overlying the Kagbeni 
series in the valley of Tiri village. In the valley of Dangarjong village the Thakmar series overly directly 
the Saligram series. 

Concluding we may say that the main transverse fault at the western margin of the Thakkhola 
Graben, from Mustang to Dangarjong, ends just south of Dangarjong. However the transverse structure 

further south in a different way, as we shall see later. 



/ V Geological Observations 
in the Southern Part of tile Thakkhola 

(between Muktinath and Dumpu) 

The main transverse fault forming the western border of the Thakkhola Graben strikes through the 
said saddle 2 km northwest of Dangarjong. (Dangarjong Chang La. see fig. 123 and plate V11, fig. 3 
and 4.) In this fault, the Tertiary greensands join under right angle western dipping Carboniferous 
formations, consisting of dark spotted slates, knotted slates. graphitic dotted slates, quartzites, breccias, 
quartzites, and iron slates and iron quartzites. Just south of the said pass Dangarjong Chang La 
(Chang means north in Tibetan language). we find underlying the Carboniferous, the Devonian 
arenaceous limestones. fluidal limestones and the limestones with a net pattern of shales and clays 
(plate V. fig. 3). All these formations dip west. However. the western dip cannot be considered as the 
normal one, since i t  corresponds rather to a western axial pitch. If we consider the transverse section, 
we find the beds more or less horizontal. with an increasing southern dip more south. 

Fig. 122. Sctle~liotic Profile Skerch of the Litpro 
Vul1e1, 
S Saligram series (Paleocene) 
R Rhetic 
T Triassic 
P Permian 
Lu A Lupra anticline 
S,, A Syang antic l ine  

The Lupra anticline is the boundary between the normal folding (directed towards the south) and the reverse folding 
(directed towards the north). 
(Compare also plate VI, fig. 3, showing the farther surrounding or the Lupra valley.) 

The main vertical transverse fault strikes 100 m west of the Dangarjongvillage in south-southwest 
direction, then a few hundred meters west of the Dangarjong Lho La (Dangarjong south pass) in the 
same direction (plate V11, fig. 1 and 3). Just west of Dangarjong village occur some beds of Triassic 
dolomite, which dip steeply to the east. This is the basement of the transgression of the Saligram series. 
which here, at Dangarjong has been rised along the main transverse Fault in the same way as Further 
north, in the area of Kyugoma (see plate V I I ,  fig. 2 and 3). 

(Compare also geological map plate I 1  and geological profile V, platc IV.)  
Further south. the same dolomite builds the barrier through the Kali Gandaki valley (plate VII, 

fig. 3 and 4, also text figure 122). 11 forms a narrow-pressed anticline, which is in  itself heavily folded. 
At the northern flank occur Rhetic lumashell limestones with the largest lumashells round so far 
(6 cm). Belemnites indicated also Jurassic formations. At the southern flank of the Dangarjong L.ho La 
(and at the southern flank of the said anticline) occur iron oolites ([logger or Middle Jurassic). South of 
the Dangarjong Lho La no Saligrams series occur. Also the overlying Tertiary is missing co~npletely. 
Quaternary gravels and morains are deposited directly upon the Mebo/oic Ihrrnations (fig. 122 and 
plate V11. fig. 3 and 4). 



At the eastern flank o f  the Kali Ga11d;tki valley the Saligrani serie, ha \e  their \outhern hoi~ndarq 
also in the same section (fig. 122 and plate VI. fig. 3) .  Thc last rc\pective occurrence was found 5 krn 
southivest of Muktinath. dipping \vest in the same sense ;IS the under l~ ing  Rhctic limestone\ (tig. 78). 
From this locality they continue on the edge of the terrace north o f thc  Lupra \alley up to a point I hm 
northwest of the Lupra village (fig. 122 and plate \ ' I .  fig. 1 and 3). Greensands. quartrite\ and black 
slates are  overlying the Saligram series at this locality as \\:IS seen also in fig. 7 X .  The dip of these 
Tertiary formation is generally north. holvever \ ~ i t h  a narroiv anticlinal btructurc. which i h  o\erturncd 
to\vards the south. The strike is generally southwest -northeabt. Tlie structure> of the Tertiary d o  
not coincide with those in the underlying Mesozoic. \vliich conqibts of Triahsic a ~ i d  Rhetic formiltion\. 
The latter are  intensively folded. wit11 predominant steepl! e r e c t d  and narron-pressed anticlines. 
Especially just north of tlie L-upra valley. 1.5 km south of Kagbe~ii \ \e  found alread! in 1952 heavily 
folded Rhetic marly limestones with tlie characteristic transverse cli\.age. In general the Tertiary at 
tlie eastern Ilank of tlie Kali Gandaki  and north of Lupra dips \vest with axial pitch tonards the west. 
Concluding we see that this is the fact at the whole ea5tern tlank of the Thahkliola. right through to 
Tinglibhote (plate V11. fig. I ) .  South of the LLupra Chu no Tertiary  formation^ occur (plate VII. fig. 
3 and 4). 

Thus. arri\,ed at the southern border ol'tlie Tertiary formations. we are nou ;~h le  to recognize the 
whole sire of tlic T e r t i ~ ~ r y  filling o f t h e  Thakkhola Graben:  Its southern liniit is hituatsd in the 4ectiori 
of I l a ~ i g a r ~ i o n g I . u p r : ~  (pliot.  46 and 69. and plate VII. fig. 2 and 3). From here tn\rards thc north the 
Tertiary Thakkholri basill extends ;IS f:ir as little north o f  Mustanp. thi~t  i \  a length of 40 Lni (plate VII. 
lig. 1 ).  l'lie m:~\;imurn \ \ iJ th  o f  the Tretiriry hasi~i  can he ~neasured in the section of Tanpe, \\ here it has 
I? Lni. Near hluLtin;~tli tlie bvidth extends lo I I kni only. 

.l.lic d ~ m c ~ i \ i o n s  of tlic Tert~ar!; Th;rhhhola basin are of some i~npurtunce for the econo~nis  peo- 
lop!,: I-lie 1i;llur.;1l y:l\ a1 \luktillatli. nourrislling the permanent sacred Ilame mag h:r\.e i t b  origin In 
l ' c ~ ~ - , i l ~ ~ ~ l i i .  \\lllcll miyllt occur in the [,!pper C'retaceous arid l.o\\er P;tleocene in and underneath the 
hl iddl~.  I':IICO~,L.II~, \;lli?r;irn series. ('oncidering the longitudinal section given in protile V pl:~te I V  \ \ e  
m:l\ i l  : \ :  I 1'.1ul1 tr:ll> ~>c,\.;ibl! 111 connectio~i with a stratigraphic trap. 



2. The Main Transverse Fault Dangarjong-Mustang 

West of Dangarjong we have found the Devonian limestones dipping to the south into the under- 
ground (plate VII, fig. I and 3). From here towards the north (in the Keha Lungpa valley) the Devonian 
climbs high up and builds the basement of the whole mountain rangc west of the Kali Gandaki valley. 
from the Keha Lungpa nearly as far as the Kyugoma valley (plate VI1, fig. I). In general, it is a 
huge anticline (Samar anticline in fig. 135). with ;I steeply dropping southern flank, a flat culmination 
north of the Keha Lungpa valley (with minor thrustfaults with hook folds) and a northern overturned 
structural flank in the Kyugoma valley (Kehami synclint: in fig. 135). (Compare profiles 2 and 1 
plate Ill. and text fig. 108.) The said huge anticline is towards the Kali Gandaki valley abruptly cut by 
the Dangarjong transverse fault (fig. 123 and 136). This main transverse fault has its origin in the north 
near Mustang, that means on the watershed between the Kali Gandaki and the Tsangpo (fig. 136). 

W E 

Donporjong Chong Lo 

Fig. 123. The Staircnse Fuirrtlr Sysrem West of 
Saniar 
(seen from Dangarjong Lho La) 

Tm Thakmar series (Tertiary) 
P Permian 
C Carboniferous 
Pa Middle Palaeozoic 

The eastern portions have sunk in form of a 
staircase. The main transverse fault strikes 
alongthe foot of theeastern mountain flank into 
the Dangarjong Chang La in the foreground. 
(Compare also plate VII1, fig. 2 and 3 . )  

From this watershed to the south as far as the Karr fault and the Kyugoma valley the magnitude of 
the fault is of no extraordinary character. Besides. instead of one single main fault, we have a number 
of partial faults, or what we may call a "Grabentreppe" (fault-staircase); in the section of Thakmar 
the lift of the western portion amounts to the thickness of the Triassic formations. which is several 
hundred meters. Just north of the Kyugoma tributary valley the Silurian formations are situated at  the 
same level as the Saligram series. The amount of sinking of the eastern part thus amounts to the 
thickness of the whole Mesozoic formations, including the upper part of the Palaeozoic, which might be 
approx. 1000 meters in the main fault and 3000 meters including the whole staircase system (see 
profile 111. plate IV). The vertical movement of the Dangarjong fault near Samar, where the Tertiary 
is situated at  the same level as the Cambrian gneisses corresponds to the whole thickness of the series 
from Cambrian right up to Lower Jurassic, which is approx. 2600 meters. (Compare plate VII, fig. 2 
and 3, and phot. 68.) The summit of the Khegatse (6198 ni) is built by Triassic dolomites, while near 
Samar separated by the Dangarjong fault the same Triassic dolomite is at 3800 m. We see also, that 
the main transverse fault changes its character from north to south, from a staircase-like fault system 
(north of Thakmar) to a clear single fault (at Dangarjong; see also fig. 136). 

3. Lupra-Jomosom 

The barrier south of Dangarjong-Lupra is built by a narrow-pressed dolornite anticline. The 
northern flank of it is intensively folded and thrusted (fig. 122 and plate VII, fig. 1.3 and4).  The same 
flank also contains belemnites, which prove existence of Jurassic formations. At the eastern side of the 
valley, south of Lupra the same anticline is still more conlplicated by a thrustfault, through which its 
axial zone is broken. The said thrustfault dips steeply south, whereby the direction of thrust is directed 
towards the north. A number of folds and hook-folds occur along the thrustfault. especially furthcr 



f ix. 124. Deriatse und Lupratse Seen Jronr rhe 
Wvst 
UJ Upper Jurassic 
LJ Lower Jurassic 
R Rhetic 
Td Triassic 
p Rrnlian 
(Compare also plate V1, fig. 2 and 3.)  

west (plate VI, fig. 3). The anticline (we call it the Lupra anticline. compare fig. 135) is neighboured to 
the northern situated Muktinath anticline. The latter does not continue across the Kali Gandaki valley 
towards the west since the axis of the flat Samar anticline (fig. 135) is far more north. This does not 
surprise. since the Muktinath anticline shows near Muktinath such a strong western axial pitch 
(fig. 75) that, under assumption of continuation of the same pitch. it must be burried deep under the Kali 

Fig. 125. The Mouniait~s in the Background of 
the Ltrpra Vallev Seen fronr the West 

UJ Upper Jurassic 
LJ Lower Jurassic 
R Rheiic 
Td Triassic 
P Permian 

Gandaki (plate VI, fig. 2). While near Muktinath the structure shows direction of pressure towards the 
south, the Lupra anticline shows reverse forces. Especially further east the Lupra anticline appears 
gradually to be overturned towards the north (fig. 122 and plate VI, fig. 2and 3). The Muktinath anti- 
cline builds the valley between Deriatse and the Lupratse(5911 m) (fig. 124). The Triassic dolomite of 
the Muktinath anticline dips just east of the temple steeply towards the north (fig. 75, phot. 43). From 
here towards the south we find the Permian exposed. From the culmination, the dolomite (Triassic) 
strikes under some gentle folds steeply towards the south into the Lupra valley (fig. 124). The summit 
01. Lupratse (591 1 m) is built by the banded limestones of the Lower Jurassic (fig. 124 and plate VI, 
fig. 2). Upper Jurilssic massive limestone seems to be folded in. As mentioned earlier, the Saligram 
series lr;~n.spresses near the Muktinath Gompa upon Triassic dolomite, then. further south. on Permian 
and covers on the ridge 5 km south of Muktinath again Triassic dolomite and Rhetic limestones. The 
latter dip\ in this ridge lo the west (fig. 75). We find the transgression again at the eastern bankof the 
K : ! l i  ~ ' ; . t s ~ : ~ : \ l , i .  ~ i l~crc.  i t  i s  intensively folded (plate VI,  fig. 2, 3 and 4). 



Similar as the Muktinath anticline, the Lupra anticline does not continue across the Kali Gandaki 
valley. At the eastern flank of the valley. in  the area of Lupra i t  does also not continue very far. but 
joins the southern, neighboured Syang anticline (fig. 135). The latter shows a strong axial rise, towards 
theeast. whereby it increases in magnitude (fig. 122 and plate Vl, fig. 2,3 and 4). Thus. Permian formations 
occur in the core. The anticline is also intensively folded in itself. I n  the unnamed peak south of Lupratse 
(591 1 m) the anticline is narrow-pressed. thrust-faulted and folded and heavily reversely overturned to 
the north (fig. 125). 

South of the Syang anticline, we find the Jon~osonr S ) . I I C / ~ I ~ P  (fig. 135). This structure is at the eastern 
flank of the valley, near Jomosom narrow-pressed and overturned towards the north (fig. 126 and 128, 
compare also profile 3. plate Ill). Furthermore. the southern flank of the Jomosom syncline shows a 
thrustfault. which strikes through the main ridge between the Kangsartse and the Thinitse (plate VI,  
fig. 2 4 ) .  

- . . - -. . -- - _ .__ - -.  . -- - -- - - ~ - > \ - i K o l i  Gondoki - 
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F k .  126. The Jornosoni Syncline 
(seen from the west) 
R Rhetic 
Td Triassic 
The syncline consists of Triassic dolomite 
with Rhetic core and is reversely overturned. 
The Jomosom village is situated at the foot 
of the mountain. 

Let us now study the geological situation at the western flank of the KaliGandakivalley (plate VII, 
fig. 3 and 4). The Jomosom syncline opens and contains Rhetic and Liassic limestones as filling. 
However, I km west of Dangarjong just west of the said transverse fault the Jomosom syncline 
is-lifted and shows a flat, however complicated bottom. in  which Triassic dolomite occurs. We do 
not see a direct connection of the Jomosom svncline across the Kali Gandaki river. This svncline 
on the ridge between Syang and Marpha (fig. 1i7) has to be considered as identic with the ~ o k o s o m  
syncline though it is transposed 2.5 km to the southwest and also lifted (fig. 135). The dolomite of the 
northern flank of the Jomosom syncline strikes far up to the north into the upper part of the Syang 
valley. appears to cross out into the air and occurs only again north of the Dangarjong anticline below 
the Dangartse (5712 m). By this means, the Dangarjong anticline develops west of the Dangarjong fault 
suddenly to a large dome-like anticline, by connecting under angle with the Syang anticline, which 
strikes through the Syang valley. This is well visible especially through the well exposed yellow-band 
series of the Carboniferous. which also strikes far up to the north. thereby intensively folded (plate V11. 
fig. I ,  3 and 4). 

Fig. 127. T11r Ridge bernrerr Morphn and Syung 

Td Triassic 
P Permian 
C Carboniferous 
D Devonian 
M A  Marpha anticline 
SA Syang anticline 
The syncline lying between (Jomosorn syn- 
cline) is cut as a fault. 
(Compare also plate VII, lig. 3 and 4.) 



The Dangartse (5712 m). is built by a syncline of Triassic dolomite, which contains Rhetic and 
~ i a s s i c  limestones as filling. The whole synclinc is intensively folded and thrust-faulted (plate Vll, fig. I). 
From Dangartse towards the west. the syncline opens gradually and builds the Sangdaktse (6528 m) and 
the Syangtse (plate VII, tig. 2 and 3). On the Sangdaktse occur on the top quartzites, overlying the well- 
bedded and banded Triassic limestones. The quartzite might be of D o s e r  (Middle Jurassic). The under- 
lying Triassic dolomite strikes into the eastern flank of the said mountain ridge. from here to the south 
under folds. In thesyangtse occurs a local fold, which is overturned towards the north. Just south of 
this fold we see a thrustfault (plate VII, fig. 3 and 4). 

From the Syangtse, the Triassic dolomite reaches far down to the Syang valley into thc Jomosom 
syncline (plate V11, fig. 4). Underlying, north of Syang we find the familiar yellow-band series of the 
Carboniferous, which forms an anticline, the Sj*arig anficlint~ (fig. 135 and 127). The Syang anticline 
joins north to the Jomosom syncline. The dolomite wedge south of Syang is intensively folded 
(fig. 127). Thrustfaults which dip steeply south, intersect the dolomite wedgc. Also the underlying 
Carboniferous is intensively folded (fig. 127). The Carboniferous forms an other anticline south of the 
Triassic dolomite wedge; this is the Marplra unticlirre (fig. 135). The dolomite wedge of the Jomosom 
syncline itself opens upwards to a narrow syncline (the Syangtse-Jomosom syncline). From the southern 
ridge of Syangtse the Triassic dolomite follows the ridge again far down to Marpha, forming a narrow- 
pressed, deep, northerly overturned syncline. This one appears to correspond to the Thini syncline 
at  the eastern flank of the Kali Gandaki valley (fig. 135, plate VI. fig. 2 and 4). From here, the dolomite 
strikes into the southern flank of the tributary valley of the Dapa Chu and forms two further narrow- 
pressed, towards the north overturned synclines, which however do not reach so deep as the northern 
structures. Also these two ones have to be consideredas partial structuresof theThini syncline(fig. 135). 
South of the Marphatse, the Triassic dolomite strikes (under southern dip) finally into the air (plate VII. 
fig. 4). From here on towards the south, we find only lower formations. 

The Carboniferous of Marpha was proved by a finding of a zaphrentis species of the same type 
as given in phot. 39 from Tengi in the Manang valley. 

The Marpha anticline is in the lower part doubled, with two cores of Devonian limestones. The 
main transverse fault of Dangarjong ends as such between Syang and Marpha, just west of the Kali 
Gandaki river. At this place, no vertical movement can be observed; the formations and also partly the 
structures correspond pretty well on either sides of the river. This fact is surprising. after having seen 
the fault east of the Dangartse with its tremendous relative movement of 2500 m and still on Dangar- 
jong Lho La of a few hundred meters. However, the missing vertical movement south of Dangarjong 
is substituted by a tremendous axial pitch of all the formations towards the east. (See plate VII, fig. 3 
and 4.) 

However, the fault system continues towards the south in a different way. At least 3 partial faults, 
which are situated west of the main Dangarjong fault can be observed. The most weslern one shows 
on the ridge north of Syang even a vertical movement, whereby the eastern portion has sunk by 
about 50 meters. 

Before moving further south into the Palaeozoic, let us study the geology at the eastern flank of the 
Kali Gandaki valley. The dolomite of the southern flank of the Jomosom syncline strikes uphill towards 
northeast (plate VI, fig. 2 4 ) .  When climbing the ridge east of Jomosom, one enters from the Norian 
dolomite gradually Lower Triassic formations. These are proved by finding of numerous fossils (phot. 
69). A preliminary determination in the field resulted as follows. 

Ammonite spec. 
Terebratula Gregaria (Rhetic) 
Rhynchonella (Rhetic) 
Loxonema obsoletum (Muschelkalk) 
Myophoria Goldfussi (Lower Keuper) 
Encrinus Liliformis (Muschelkalk) 

However. we have right here to point out a problem: The localities of the fossils (all on solid 
rock exposures t h c ~ g h  heavy snow cover) do  not allow to say whether there is a normal single series 
01- u 11. 1 l l 1 . 1  1 l1r .  Tor i n a t i o i ~ \  a r e  sliced. Heavy snow did not allow to study a gapless profile. 



I lie c;i\tcrli I l anh  o l ' t l i c  K a l i  ( ; ; i l idah~ \a l ley .  opl>osi lc 01' S b ~ n g .  s l i o \ \ \  a l l  c \ t r ; rordina~.\ .  c o m -  
pl icarcd s t ruc ture  ( l i g .  1 3 ) .  T l i c  ; r b n ~ e - ~ i i e n t ~ o r I c d  Tr iassic d o l o m i ~ e s  of  the . I omo \on i  \!ncline are 
f o l l o \ red  ta \ \ a rds  (he ~ o u l l i  i n  ;I n o r n i : ~ l  \ucccssion h the P c r m i ; ~ n  qu;lrr/ltcs. conp lomcrarc \  ;11icI  

\larch. rhc11 the C ' a r h o n i l ~ c r o u ~  I 'ormarions \\it11 rhc >c l l n \ \ - hand  \er ic\ .  T l i c  IatLcl- \lie\\ ;In i n c . r c a \ ~ ~ i g  
sout11cl.n d i p  \r l i i c l i  g r a d u a l l ~  ch;lligc\ t o  \ c r t i ca l  pos i t i on  ;rlid l in ;~ l l>  t u r n \  IO n o r m ; ~ l  \ ~ c c l >  ~ i o r t l i c r ~ i  
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\ \h~ ' I i  \ l ic)\r\ \ t i l l  11ic d i r c c t ~ o n  o l ' t l i c  I i ) rcc\  t o \ \ ; ~ rds  t l l c  n o ~ - t I i .  1-lie ~ ' ; i rhe)~i i l 'croua \c r ic \  co l i ta i l i  peg- 
n i ;~ t~ tch .  \ \ I i ~c ' l i  partl!, a rc  i n \ o l \ c d  i n  the  ro ld ing.  p ;~ r l l y  cr-os\ the  heds under  o h l ~ c l ~ ~ c  ;~ l i y l c  ~ ~ p \ \ a r d \ .  
.I 111.. ; l ~ i t i c l i ~ i e  e o r r e ~ l > o ~ i d s  t o  t l i c  V l a r p l i ; ~  anticline ol '  the \ \cs(cr l i  I l i ~ n h  01' ~ l i c  KLIII ( i i ~ n c l a l i  \allc!.. 
Sou111 (11' t l i c  -1-tiini ('11~1 occul-  I l c \ o ~ i i ; ~ n  l i r i i c \ t o~ i cs  ( l i g .  12s). \ r l i ~ c l i  ; ~ l s o  sliciu, f o l d i ng  ;111ci \ l ic111g 
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>crlc> rc\er>cl! o \ c r t ~ r r ~ i c d  to\ i ; r rd\  t l ic  no r th .  - T l i ~ \  I\ cau\ct l  h> ;I huge I.e\cr\c l.oI~i I n  t l ic  110r -~ l~ern  
H:lnh o f  t l i c  N i l g ~ r i  (14. 125 ;IIIC~ 1iI101. 70 2 n d  ~ l l ; ~ r c  \ ; I .  l i .  2 : l n ~ i  4) .  I ~ h c  I ) c \ o r l ~ ; ~ n  and  C ~ l u l - ~ ~ ~ ~  
Iimcstclnc'\ a rc  I n  rhc h ~ l g ~ r ~  g roup  t cc to~ i i ca l l >  accumul ;~ tcd  10 a l lugc ~ l i ~ c L n c \ \  01 7 Cm. 1111, I \  IJ\LI;II 
ill t l i c  Schu l lpcn / o ~ i c  jukt ~ l o r t h  01'  t l i e c r ! ~ ~ a l l l ~ i c  I ia l lpc roots .  I h c >  h u l l ~ l  ill t l lc  \ I ~ ~ I I - I  ;I I ;~rgc rc\cr,c 
:~n t i c l i ne  111 [ l ie  no r the rn  I lanh o l ' t h c  ni i l rn r idgc \ \ I i i c l i  c \ tcnds I'rom U I I~ I I . I  SII;I~I\C (7115 1111 t o  \ ~ l g i r ~  
Y u p t \ c  (7031 111) ( p h o t .  70 ;  p la te  Ill. pro l i le  4 ;  1il;11c V I .  tig. 2 ~ n d - l ) .  l ' h ~ \  an~1cl111c i , ~ . , ~ l l ~ t l  t l ic  .\I/~I,-I 
o1111(.1itrc,(lig. 1.35). ~ ' u r t l l e r ~ o u t h  ill the r idge bet\iec.li N ~ I g i r i  N u p t \ e  (7031 111) a n d  \ ~ l c i ~ - i  I . l l o ~ \ c  (6776 111) 

the  I>cvon i ;~n formar ions fo rm ;r I l a l  sylicl ir ic (p la te  \'I. lig. 4 :~ricl p l i o t .  7 0  and 71 ). I ' l l 1 5  shnclinc I \  

cal led the  T u k ~ ~ c l i a  \!.nclinc (see fig. 135). 
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South of  Nilgiri 1,hotse (6778 m )  rhc l>evoniari limestones dip north and overlie tlie Silurian lime- 
stones, s l a ~ e s  and quartzites w~t l i  t h e  undcrl>irig cr).slalline (tip. 131 arid phot. 71). 

In the north\rest r~ciye of Nilgil-i Sh;irtse (714X In) tlie Tri~issic dolonlitc \+.liicli joins to the aouth 
111 thc Thini syncli~ic continues riglit do \v~i  the Thini valley ;I:, I*ar as  4000 nl (plate VI .  lig. 3 and 4). 

C C;~rhonilkrous 
ycllo\+-hand series (uilliin rlic I.'pper 
C:t~-hon~Terous) 

I) 0evnni;tn 
Thc lccronics is \\,ell eupl-cssed by lhc yellow- 
band serics. Thcsc fol-mations conlain peg- 
malitcs, \\liicli pn~ . t l y  cross the fnlds and partly 
are ~nvolved in  the rolding. 

The Silurian liriiesto~ics build the barrier south\rest of Tukucha (opposite to  Larjung). This shobvs 
3 transverse structure in form of a transverse ;rnticline. u i th  axis n o r t h s o u t h  (plate VI, fig. 4 and 
phot. 2 ) .  In addition we lind in this zone cspeciall! u,cll to see from airplane---a number of transverse 
I;~ulrs and frnctilres (see phot. 2)  \vhicli all strike north south. The transverse anticline does not sur- 
prihe. since \ \ e  h s \ c  sucll structures in all the main Iiilnalayan transverse gorges. The faults and 
htructures are the southern continuation ol ' the Thakkhola Graben hu l t s .  They extend still further 
south. as  \ \ c  shall see later on. 

I! llcri pass 



Fig. 130. TIIP Herersi, Folding itr rhr C'orhoni- 
ferous--Devonintr ~ornruriotrs or the Errstern 
Flank of the Koli Gatr(luki I'allqv tieur Clroiro 
Villugi~ 
C Carboniferous 
D Devonian 

We now study the western flank of the Kali Gandaki below Marpha. While further north, the 
two sides of the valley do geologically not coincide. we can from now on easily find the corresponding 
formations and structures on both sides of the valley. The Devonian limestones build a frst doubled 
reverse fold in the Marpha anticline (fig. 127). The whole mountain range of Dapa Chu and Tukucha 
Chu is built by Devonian limestones, which form at ils southern flank towards Tukucha huge dip- 
slopes. South of Marpha we find a slrong axial pitch towards the west. I n  the wedge west of ~ u k u c h a  
which descends from Tukuchatse (691 5 m) (fig. 132) we find also folds with axial striking north-south. 
This transverse folding belongs to the transverse structure which strikes through the-lower part of 
the Thakkhola into the Kali Gandaki gorge. It might be considered to be the southern continuation 
of the Dangarjong transverse fault. It appears that this transverse fault was temporarily "swallowed" 
in the main phasis of the orogenic during overthrust of the large nappes and the pressing out of the 
crystalline roots, but than afterwards reactivated in a late phase of the orogenesis (Tertiary-Lower 
Quaternary). We find this transverse structure to continue still further south. in the southeastern ridge 
of Dhaulagiri (plate VII, fig. 4 and phot. 2), here again as transverse fault. I t  appears to turn from here 
into south-southwest direction towards the Dhor Patan valley. 

Fig. 131. The Nilgiri Lhorse 6728 111 Seetr fro111 
rhe West 
S Silurian 
MG mixed gneisses with granitic layers 
PC predominant paragneisses 
G predominant granites and orthogneisses 
M migmatites, with granitic layers and 

pegmatites 

(Compare phot. 70 and 71 .) 

Arenaceous biotite-gneiss occurs in the Dapa Chu. It is a reverse fold and Schuppe, which brings 
these old formations (Cambrian) so high up amidst the Tibetan sediments (fig. 132) and corresponds to 
the Nilpiri anticline (fig. 135). The same Schuppe builds (with southerly dipping formations) the 
Tukuchatse (691 5 m) (fig. 132 and phot. 73, right side). The upper part of the peak seems to consist of 
Carboniferous series. since it appears that the yellow-band series could be recognized. The structure of 
I he Tukucha range is well-visible by the well-bedded Devonian limestones and Carboniferous slates and 
quart~itch. Especially in the southern Rank of the Tukuchatse the beds are tremendously folded and 
tcc(c3nilcd (lig. 132 and phot. 73). Pegmatites reach up to the Upper Devonian. 



1 1 1  genc.r,~l. ~ c .  l ind a huge sy~lcline bcr\teen the 7'uhuch;1tw and the IlI~;~ulagiri.  the L)lrt~l~ll~giri  
. \ ~ I I ( / I I I C ~  (fig. 135). I'or ~a\\.drdh 111c 13haula<ir1 tlic dip cli:~ngrs tu nnrn1;ll northern direction (phot .  73). 
TIic r r d p .  Just north ol ' thc I)liaulagiri glacier ( t r  hicll t ls \ \s  d n n n  into the  Tukucha basin) sho\vs the 
most sourhertl rcvrrsc Ihld. I t  ilppears to he C;~rbonilProus. hich i \  interscctcd b!- sttarnis of  granites 
and pegrnarites (fig. 132. ~ d i o t .  73). 

[I.?. I.{?, T/tc f?o.\~t,r~t FItjttL of 1 1 1 ~  D / J ~ I I ~ / ~ I , ~ I ~ I  G I . O I I ~  ~ I , I I / I  I I IP T~ILI(C./ICI Bo~i11 

The Silurian and I ) e \ o n i , ~ ~ i  ror~nat~on.; 21-r. tcctonlcall? p ~ l e d  u p  IO ;In c\ccs.;i\c thickness. The T u k u ~ l i 3 t s c  (6915 n i )  
is h u ~ l t  h) ;I o \ c r ~ u r ~ i c d  s ~ n c l ~ n e  Irc\c.rsc) ~ i t h  C'; i r l ion~fe~-ous l i l l lnc .  
The I1li:rulapiri Scliuplic IS separ:~~etl  11) ;I thrustpl,~nc f rom ihc hascmcnt, \\it11 a n  angle unconrorlnit)  a long the 
thrustplane. 
For  the structure of the DIinul; ig~ri  upper part conip:irc nisc> p l io t .  73. 

P Pcrnii;ln 1) I)etonian 
C Carboniferous ( o n  11haulagiri s u ~ i i n i ~ t  poss ih l~ '  S S ~ l u r i a n  

Perrna - C'al-honiferous) I'C; par,~gncis.c ( i n  the I)np;l \ a l l c> )  
G granite-gneiss o r  the lolimos1 Ka tmandu  nappe. pcgln;~titcs ~rcacli u p  o n  D h n u l ; ~ g ~ r i  to 53(K) 111 
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1 . 1 1 ~  i \ . ) ld ~icah  o f  Dhaulagiri ( X I  72 111) 115ell' t n i ~ h l  c01151sts of Per~no-Carho111fer0~5 formution>. 
1 I ,. Ill<lctl I'rntii the tectonic\ ; I >  \\ell a3 I'rcjm a roc!is;~mplc. \\ hich kindly was handed iwer to 

, ,  , i~r~ihcr.\  of  ~ l i c  \ u c c e ~ d u l  S\\-ias 1311;1ulu~iri expedition ( 1960). 



We recognize. that the huge masses of Silurian-Devonian limestones. which form the Tukucha 
basin. are tectonically accumulated. We also can separate a Dhaulagiri Schuppe (fig. 132 and phot. 
73). The separating thrustplanestrikesinto the air in the southeastern ridge of the Dhaulagiri at approx. 
4500 m (see fig. 132 and phot. 73). The overthrust series dip northeast and more flat than the series 
underneath the thrustplane. The latter thus is a clear tectonic unconformity. 

The Dhaulagiri Schuppe shows intensive reverse folds in its northern part. while the series under- 
lying the thrustplane show an even northern dipping into the depth and form the root of the topmost 
crystalline nappe. (See phot. 74.) 

The Dhaulagiri Schuppe is partly a fold, since also the reverse angle of the Schuppe is developed, 
and the crystalline of the Schuppe is not in direct contact with the Silurian-Devonian limestones of the 
underlying nappe root. 

The crystalline of the topmost nappe root occurs at Dumpu (fig. 134). I t  strikes exactly through 
the riverbend of the Kali Gandaki, and from this place towards southwest up to the southeastern ridge 
of the Dhaulagiri. It appears that there is a bend in the strike. originated from the above-mentioned 
transverse anticline. East o f the  Kali Gandaki river the strike is directed towards the southeast, while 
west of it it shows western direction. This can be observed especially well from airplane (see phot. 2 
and 72). Especially phot. 72 shows how a number of transverse faults strike through the western flank 
of the Annapurna range in southeast direction. The same photograph also shows the general north- 
eastern dip of the said mountain flank. which is not normal. 

The topmost crystalline consists of granite-gneiss near Dumpu. The Silurian limestone is overlying 
partly directly the granite-gneiss at Dumpu, only at places occur intermediate micaceous sandstones 
(fig. 134). This is different from most other places on the back of the crystalline roots. The Silurian 
limestone is marmorized. partly changes to calcsilicate rocks (fig. 134). 

The equivalent of the Dhaulagiri Schuppe is uncertain to be recognized on the Annapurna, at the 
opposite side of the valley. The well-bedded Devonian limestones show in the Nilgiri Lhotse (6728 m) a 
sligt reverse fold (fig. 13 1). Underneath we find layers of dark paragneisses. granites and mixed gneisses. 
The contents of granites increase downwards, but always intersected by layers of dark paragneisses. 
The latter show also structures. namely a syncline which is overturned to the south on the southern 
ridge of Nilgiri Lhotse (6728 m) (fig. 131). This is the lowest structure, for, further down, all the for- 
mations dip evenly to the north-northeast (at least in the Nilgiri range). A separation of a Schuppe equi- 
valent to the Dhaulagiri Schuppe could be only justified (if any) between the evenly northeastern dipping 
gneisses and the overlying syncline structure. 

5. The Quaternary between Jomosom and Lete 

One of the most interesting phenomena of the Thakkhola is probably the large plain north of 
Dumpu or  the flat river course of the Kali Gandaki north of Dumpu in general (phot. I and 2). The 
main break in the gradient at Dumpu is at 2400 m, and it corresponds exactly with the upper margin 
of the crystalline, that means with the upper boundary of the topmost nappe (fig. 6, 134). The Kali 
Gandaki river flows at Dumpu over the granite-gneiss, just before i t  begins to drop into the Kali Gan- 
daki gorge. Indeed a very impressive picture, when standing on that bridge and looking north into the 
large plain of Tukucha, which is completely flat with meandering rivers and which extends 8 km right 
up to Tukucha and 40 km as far as Chele-where the Kali Gandaki leaves the last cation -like gorge cut 
into the Thakmar series. When turning around and viewing south. the waters of the Kali Gandaki. 
which from the north down to here have been meandering in several river branches. are pressed into 
the gorge and with tremendous power are dropping all on a sudden into its gorge. 

Regarding the big river terraces, we found them only north of Marpha (plate VI, fig. 4, plate VI I ,  
fig.4 and phot. I and 69). They are missing further south. Instead, we found a number of large ice 
age lateral and terminal   no rains. 

At Jomosom a terminal morain consisting of predominantly Devonian limestones. barriers the 
valley (plate Vll, fig. 4, phot. I ). Concluding from the material, i t  must be a morain of the ancient main 
valley glacier, since Devonian rorrnations occur only further north, in the Keha 1-ungpa valley, the 
Kyugoma valley and the Chudidi Chu. No Devonian rormations occur in the tributary valleys near 
Jomosom. 



Further south near Thini village we find large morains which were deposited by the ancient ice 
age glacier originating in the Thini valley. Still today the limit o f  permanent snow and glaciation is 
relatively low, namely at 3500 m only. However, this cannot be considered the normal limit ofdaciation, 
since the respective glacier i s  nourrished by the avalanches from the northern flank o f  the Nilgiri, 
which is still i n  the reach of the monsoon. With its altilude of 7000 m the Nilgiri range gets all precipita- 
tion in  form of snow. 

Further large morain deposits occur at the confluence o f  the Tukucha Khola from the ancient 
tributary Tukucha glacier, and near Larjung from the ice age Dhaulagiri glacier form the eastern flank 
of Dhaulagiri. The latter must have filled a large portion o f  the Tukucha basin, since lateral morains 
have been found even at the opposite valley flank. I t  is possible, that the Tukucha basin i s  not only o f  
tectonic origin (as we shall see later) but has also been eroded to a reverse gradient by ice age glacial 
erosion. 

+\ 
Kathmandu 

\., nappes  

Miristi Khola 

Fig. 133. Geological Derail Profile irr the Kali Gandaki Gorge 
The whole series from (I )  to (26) are typical formations of the Nawakot nappes. Muri zone and lajarkot zone. (See the 
continuation to the north in fig. 134.) 

1 hard dark green, chlorite-quartz sandstone 12 phyllites. with quartz veins and lenses, strong 
2 white, dense, banded and platy quartzite clivage dipping south 
3 very hard chlorite-quartz sandstone (forms the high 13 white quartzite 

wall north of the Ghar Khola junction), however 14 conglomerate (similar to those near Nawakot). 
the flanks on either sides of the river do not cor- develop gradually out of (13) above 
respond, it seems that the western flank is trans- 15 sericite-phyllite 
posed towards the south by a transverse fault 16 phyllites, interbedded with conglomerates 
through the river 17 hard blueish grey fine-grained quartzite 

4 gradual change out of (3) above, getting, slaty and 18 arenaceous phyllites 
calcareous 19 calc mica-schist 

5 arenaceous chlorite-calc mica-schist 20 graphitic phyllites, heavily tectonized 
6 tectonized zone with limestone 21 conglomerates and coriglomeratic quartzite 
7 white marble (200 m), containing microfolds 22 white dense quartzite, with layers of sericitc- 
8 white platy quartziles, with pyrites quartzite 
9 phyllites, with quartz lenses, tectonized (abundant 23 calcareous sandstone, spotted with quartz grains 

microiolds) 24 massive hard coarse-grained sandstone, with layers 
10 tine hlack slates of mica-schists 
I I hlack-hluc arenacToils slates, interbedded with 25 white dense platy quartzite, with sericite 

handed coarse-grained sandstones (in the upper 26 multi-coloured rnicaceous quartz sandstone, slight- 
part): tectonized; strike is parallel to the Kali ly calcareous in the bed joints, biotite 
G;lndaki river at Ihc Miristi confluenm, apparently 27 mica-schists 
c . : ~ ~ ~ s c d  hy ;I lransverse Isult. 28 biotite-granite, with pegmatiles 



6. The Thakkhola Gorge 

As we have seen above we enter the crystalline of the Kathmandu nappes, respectively their roots 
at Dumpu. The Kathmandu nappes reach as far down as Dana (see fig. 133 and 134). The various 
crystalline masses are interbedded by sediments, which are tectonized and form the boundaries between 
the various nappes (fig. 134). The strike IS generally west-east, the dip north. However. at some places 
this normal strike is disturbed (for example near the confluence of the M~risti Khola) where it is di- 
rected north-south. Undoubtedly somc transverse faults and fractures strike through the gorge. 

Below Dana we find quite different formations, mostly sediments with low and only partial 
metamorphism (fig. 133). These belong to the Jajarkot and Muri Zone and to the Nawakot nappes. 

The lower part of the gorge, bclow Kabre shows huge ancient river terraces. Different from the 
Thakkhola further north they show a dip to the south. It seems that they have been tilted in a late 
phase of the orogenesis, originated by the rise of the crystalline roots. 

In general, there is flat anticline structure striking through the Thakkhola gorge. At the eastern 
flank the strike is directed northwest-southeast (see phot. 72), while the western flank of the valley 
shows a west*ast strike. 

~ a b r e '  1660 m - 9 Km 
d I 

5 Krn 

Fig. 134. Geological Derail Profile of  rhe Northerrr Part of the Knli Garidaki Gorge 
The section between Lete and Tukucha is not to scale; i t  is compressed with regard to the intensive folding and repe- 
tition of the series. This profile continues froni fig. 133 to the north; ( I )  in this figure corresponds to (27) in fig. 133. 
1 biotite-mica-schists 13 biotite-sandstone 
2 biotite-granite, in the upper part containing iron 14 calcareous sandstone, with fluidal arenaceous 

ore and red slates limestone 
3 granite-gnciss. with inclusions of migmatites 15 white and greenish coarse-grained micaceous marble 
4 arenaceous biotite-gneiss (at Khabre, forming the 16 series of granites and porphyric granites 

wall with the tributary waterfall) 17 micaceous sandstone 
5 calcareous breccia IS quartzite 
6 arenaceous biotite-gneiss 19 series of limestone, in the lower part yellow and 
7 garnet-biotite-gneiss pink arenaceous, in the upper part blue-banded. 
S banded arenaceous gneiss, with layers of migmatite this series shows the big folds at the western flank 

(this series forms the gorge as given in phot. 4) o l  the basin between Lete and Tukucha 
9 clear-wloured very acid gneiss 30 platy, dark blue arenaceous quartzite 
10 tectonized zone of slices of arenaceous gneisses and 21 coarse-grained marble, banded. with layers of 

marble, the latter in small layers and lenses sandstone, weathering yellow, niuch tectonized 
I I thickly-bedded biotite-sandstone and arenaceous 33 limestones and marble, banded with silicious 

coarse-grained biotite-gneiss layers, in the upper part slaty and greenish will1 
12 calcareous biotite-sandstone sericite 



V The Structural Patterit o f  the Thakkhola 

After having studied the details of the geology of the Thakkhola we now try to obtain a general 
understanding of the geology and the possible evolution of the respective area. The bewildering number 
of structures and faults in all directions are possible to put in some order. For this purpose we have 
given one special simplified map showing the structures only (fig. 135) and one mapcontaining the faults 
only (fig. 136). However, we want to make clear right now, that also most of our structures have mostly 
originated out of faults. 

Basing on these special maps, we can pretty well divide the Thakkhola in different geological and 
tectonic zones, namely (fig. 137) 

a) the plateau zone 
b) the zone of flat warping 
c) the zone of moderate anticlinal folding 
d) the zone of intensive normal (southerly directed) fault-folding 
e) the zone of intensive reverse (northerly directed) fault-folding 
f )  the Schuppen zone 
g) the crystalline roots zone of the Katmandu nappes. 

The plateau zone belongs (geologically spoken) to the Tibetan Plateau. It gradually changes 
towards the south into the zone of flat warping, that means into flat anticlines and synclines. Thus 
there is no distinct boundary between the plateau zone and the zone of flat warping. 

The zone of the normal southerly directed intensive folding ends in the west on the Kali Gandaki 
river (fig. 137). At Lupra it shows a width of only a few kilometers. But to the east it widens and this 
still more beyond the area of fig. 137, and reaches a maximum width of 12 km between the Naur village 
and the Manaslu granite of Peri Himal (see geological map plate 11). 

The zone of intensive reverse fault-folding crosses through the Thakkhola and extends beyond 
the investigated area along the whole main range of the Himalaya in Nepal. 

However the tectonic picture may be complicated, it is more understandable when we consider 
the pattern of the various fault systems, which are superimposed on the structural pattern. Thus, 
west of the Kali Gandaki river the boundary between the zone of flat warping and the zone of moderate 
folding is divided by the longitudinal thrustfault of the Kyugoma valley. In general, the eastern flank 
of the Thakkhola is geologically much more complicated than the western flank. This is explained 
by the all dominating transverse trench of the Thakkhola, which separates two distinct zones seen from 
a more general standpoint of view (fig. 136). 

The Thakkhola Graben shows an unsymmetric lay-out with regard to its axis. The western marpin 
is formed by a main fault system, along which the trench has sunk in, with a maximum vertical 
movement of 3000 m east of the Thakmartse. While there is between the Kyugoma valley and Dangar- 
jong one clear cut, we find further north a staircase fault. that means the main fault is accompanied by 
a number of partial faults (fig. 136). However, these partial faults are not much separated from the 
main fault. 

The eastern mar-gin of the Thakkhola trench is quite different. A clear main fault of the magnitude 
of  that one of the ucstcrn flank is missing. There are a number of transverse faults (fig. 136), especially 
in the southern part south o1'1he Narsing valley. However, their respective movement is minor corn- 
pared with the Dangarjonp rault. O n  the other hand. corresponding formations and structures on 
eithcr sidcb of the Thakkhola trench are at about the same altitude [or slightly higher at the eastern 
rnount;~i~l i,lngc from Thorungtsc (6444 rn) to the Damodartse (6539 m)]. 

The ;()Chi nielcrs movement in the Dangarjong fault is balanced by a general strong axial dip from 
I!IC tnstcrn mountain range to the west. The bottom of the transverse Thakkhola Graben forms a 



Fig. 135. Skrrrh Mop 
of rhe Tltnh kholu. 
Showitrg the Slrrrcrrtrcs 

The arrows indicatc 
the axial pitch 
A = anticline 
S = syncline 

syncline. since also at the western margin the underlying Mesozoic series are bent upalong the Dangar- 
jong fault. Due to theunsymmetric character of the trench as outlined above. the "synclinal" axis of the 
Thakkhola Graben is shifted to the west. close to the Dangarjong fault (fig. 135). 

The general western pitch of the eastern mountain range (phot. 46) continues further west. beyond 
the Dangarjong fault, however more flat (fig. 135). The western pitch of the western mountain flank 
ends in the south with the Dangarjong fault: South of Dangarjong all the reverse structures show a 
strong axial pitch towards the east (fig. 135). Thus. this southern part of the Thakkhola is a distinct 
syncline valley. This however changes again further south, in the Schuppen zone and in the Main 
Himalaya Range. where the structures pitch away from the axis of the Kali Gandaki valley (tip. 1.75). 
that means He have a transverse anticline in lhis part. 



Fig. 136. Sketch M a p  
of the Thakkholu, 
Showing the Faults 

If we want to understand (geologically spoken) the difference between the western side of the 
Thakkhola trench and its eastern side, we have to evaluate the geological conditions of a larger area. 
Already in tig. 135 and 136 we can see that there are more structures and more complicated structures 
at Ihe eastern flank. Also. the number of longitudinal faults increase towards the east. Thereby a 
distlnct change of the general strike from the normal west-northwest-east-southeast direction to north- 
west \outhr*ast takes place. 

r h i \  is the lnfluencc of the tectonic Manaslu arc, which joins with its northwest-southeast strike 
Illr \\it.\: - I \ I ~ I  11 \triking Annapurna arc under angle (see geological map plate 11). 



VI On tlie Evolirrion o f  tlie Ttlnklillolu 
utid the AJjace~~t Arens 

In the fir51 volume of these publication5 i t  was lined out.  how the great tlimalnyan range by 
no means form one single range, but is by the large tralisverse valleys cut into several segments o r  
rather tectonic arcs. Thereby the transverse valleys show in general anticline structure. while the arcs of 
the high range in between havesynclinecharacteraccompnnied~~ith t re~nendousancient  transvel-scfaults. 
In addition. we have different phases of  mountain building. otherwise i t  can not be explained how the 
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main transverse rivers have their origin in the north on a much lower mountain ranpe ~ i b ~ ~ ~  
Marginal Ran.!?) with altitudes of not more than 6500 meters, and break throuRh the gre;lt ~ i ~ ~ l ~ ~ ~  
range, which is much higher (more than ROO0 melers). 

It is evident. that the crystalline Kathmandu nappes, which build the backbone of the 
Himalaya Range. are very Young, while the Tibetan Marginal Range originated much earlier, thereby 
forming right from the beginning the main watershed between the C;anges system and the Tsangpo 
system. 

The Thakkhola illustrates those different phases very well. Thc first phase has heen called the 
Thorung phase*. The Tibetan Marginal Range has been built during this phase (Upper Mesozoic), 
due to horizontal pressure of the Tibetan bloc (later the Tibetan Plateau). The Tibetan Marginal Range 
builds the Thorungtse--Jargengtse.-Damodartse and at the western flank the r;lnges south of the 
Kyugoma valley. This includes the zone of  the moderate folding and parts of the zone of intensive 
normal folding as given in fig. 137. The zone between this primary mountain range and the later root 
zone of the Kathmandu nappes in the south sank in and formed a longitudinal Graben, the Tibelan 
marginal synclinorium in which the co~nplete Mesozoic formations were deposited (now including 
the zones of intensive normal folding and the zone of intensive rcversc folding shown in fig. 137). rhis 
convergent folding (forming a synclinorium) was caused by continuous pressure of the Tibetan 
Plateau from the north. which found in the south a rigid counterbloc in the nucleous crystalline zone 
of the Kathmandu nappes. The Proto Kali Gandaki valley, that means the Proto Thakkhola was exist- 
ing during that time, probably with a primary outlay through the ancient Thakkhola transverse fault, 
which caused a zone of  weakeness right from the beginning. Upper Cretacious and Tertiary formations 
were deposited in this growing trench, formations which are elsewhere totally missing in the sur- 
roundings. 

Much later (Lower-Middle Tertiary). the Kathmandu nappes began to build the main range of 
the Himalayas, with overthrusting of huge crystalline masses far to the south. During the first stage of 
this phase the Kali Gandaki was able to erode his bed gradually into the rising Main Himalaya Range. 
But in the last phase of the Himalayan orogenesis, the roots of the nappes (due to continuous horizontal 
pressure from the north) rose so rapidly, so that the Kali Gandaki could not cope with the erosion. A 
huge tectonic lake was formed in the Thakkhola. Apparently, the rise of the nappe roots in the south 
continues still today. since also the Pleistocene lacustrine deposits, and the Quaternary gravels show a 
clear dip away from the Main Himalayan Range to the north (phot. 57). Also the southern limit of the 
present alluvial plain in the Thakkhola is at Dumpu, exactly on the topmost granite-gneiss of the 
Kathmandu roots. 

In the Thakkhola trench itself the tectonics were active throughout the whole Tertiary: The 
respective formations show tremendous tectonics, which partly do not at all coincide with the ancient 
Mesozoic structures of the Tibetan Marginal Range and the Mesozoic filling of the former longitudinal 
trench. 

The forming of the Manaslu arc, whereby the Manaslu granite has pressed under angle to the 
Annapurna arc. has narrowed the in-between lying Manang synclinorum. thereby complicating it and 
lifting its crystalline bottom in the east. 

The intrusion of the Mustang granite has also to be dated very late. Upper Tertiaryoreven Pleisto- 
cene (granitic debris and river gravels are found on top of the Pleistocene lacustrine deposits). Though 
there is no direct visible connection between the Manaslu granite and the Mustang granite, both appear 
to belong to the same succession. Also in between occur granites on the Samjung Kang, east of 
Tinglibhoto. However, there is a difference between the granites on either side of the Thakkhola 
trench: West of it, they have intruded (as far as can be observed) Mesozoic, Cretaceous and ~ e n i a r y  
formations, while east of the Thakkhola trench they occur in Palaeozoic formations. North of the 
Manaslu. the granite is found with irregular boundary from Palaeozoic to the Mesozoic. It must also 
be mentioned that west of the Thakkhola trench the Mustang granite does not extend further south 
than the longitudinal Kyugoma fault. Instead it extends far to the west, forming the northern limit of 
the 1-angu basin and finally connecting with the crystalline of the Katmandu nappes, similarly as the 
Manaslu granite also connects with the Katmandu nappes in the east. 

I I . !~,~~: \i.l.ln~! I \ , . IC \ I ,  o \ l ' o r~ i  C1niversity I'ress, London. 1963 



Ofcourse many problems are left and are still to be solved. It must be pointed out, that this survey 
is only a reconnaissance survey, not leaving the author much time for detailed studies of certain areas 
or for repeated visits of key areas. 

This note on the evolution of the mountains in the Thakkhola area is just a brief one. The reader 
who wants to learn more about the evolution of the Nepal Himalayas is invited to read the first volume 
of this publication series. 
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