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Preface by the author

Following the first volume of the Report on the Geological Survey of Nepal, which was dealing
with 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 (fig. 1). 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 further 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 of view, clear. In the course of a long expedition in 1954 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 dysenterie, 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-Kommisston of the Schweizerische Naturforschende Gesellschaft (Swiss National
Academy for Natural Sciences).

1 want to express my sincere thanks to both the mentioned organizations. Of the BTAO of the
United Nations | 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 BTAQ).

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.
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I Geography of the Thakkhola
and the Adjacent Areas

1. Physiography

1.1 General

This volume is dealing with the Geology of the Thakkhola arca and adjacent regions. namely the
Manangbhot in the east and the Chharkabhot in the west (sce fig. 3).

These three major valleys form natural compartments which are situated north of the main runge
of the Himalayas. In earlier publications (sce especiully volume 1), dealing with the Geography and
Geology of the whole of Nepal. this type of valleys has been called the fnner Himalayas. because they
are surrounded on all sides by high snowcovered mountain ranges with altitudes up to 6300 m. In the
south. the valleys of the Inner Himalayas are bordered by the main range of the Himalavas, or the
Great Himaluyas, as it is also called. In the north. their natural imit is formed by the Tiberan Marginal
Range with altitudes at some places up to 7000 m. In the area dealt with hercafter. the Manangbhot
lies behind the Annapurna range (8078 m), while the Chharkabhot has the Dhaulagiri range (8172 m)
as its natural southern barrier.

Phor. 1. View of the Thakhhola from the South
(acrial photo)

The whole valley 1s formed by a Graben structure. The major fault at the western
side (left side in the picture) can be recognized at the eastern flank of the Dan-
gartse. The major eastern transverse fault system strikes along the foot of the
mountain range of the Thorungtse- Deriatse. The down movement was much
stronger in the western fault systeny (Dangarjong fault) than in the eastern fault
system. On the other hand, the Mesozoic and Tertiary fillings of the Graben
show a strong dip towards the west (Jeft in the picture). —The soft-shaped low
mountain range in the far background is the watershed between the Kali Gan-
daki-Ganges system and the Tsangpo-Brahmaputra.

Dangartse Mustang Thorungtse Deriatse Thini Nup La
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Phot. 2. View of the Southern Part of the Thakkhola from the North

taerial photo)

The white plain in the foreground is the alluvial plain of Tukucha. Its bedrocks
form a basin originated both by tectonics and ice age glacial erosion. The
southern Iimit of the basin and thus of the alluvial plain is at Lete formed by
the topmost granitic formation of the Kathmandu nappes (see plate L, profile 3).
Behind this crystalline barrier, the Kali Gandaki river drops rom 2400 m at
Lete on a horizontal distance of only 12,5 km to 1200 m at Dana in the bottom
of the gorge.

The Thakkhola, fying between has both the Dhaulagiri and Annapurna range as southern limit.
(See fig. 3)

The Tibetan Marginal Range represents (from geological standpoint of view) the southern edge
ol the Tiberan Plateau. 1n the area in question the said edge doces not run parallel to the Great Hima-
laya, but under an angle. getting away from the main range towards northwest. 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 paralle! 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 Damodar 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 the Tibetan
Marginal Range is entirely interrupted through the Thakkhola transverse valley on a distance of about
55 km.

Thus, from the points of interruption of the Tibetan Marginal Range on either sides of the Thakkhola
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

30 km

Fig. 4. Topographic Map of the Thakkhola



A generalized topographic 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 ot_' 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
cast—west, several hundred meters lower than the neighbouring valleys of the Chharkabhot and the
Manangbhot. (See profiles I-VIII. plate 1V.) o

From geological standpoint of view the mentioned four areas cover three ghstmct zones: the
mainly crystalline roots of the great nappes. which build the main range of the H}malayas and their
southern flanks; the complicated sediment zone of the Tibetan marginal synclinortum (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 in 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 India (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-
plaints are not justified. The work done by the Survey of India in 1926/27 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 India has been drawn in the obsolete English scale in feet
and miles. India 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 whole 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 Janguage, 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 he promptly 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 L.ondon, has made some trips in this part
of Nepal. His findings have been adapted in this volume. As usual in survey work, | have tried hard,
to use the names of the local language spoken in the area, and | have adopted only those foreign names
introduced by mountaineers, which arc already in common use in publications (for example “Roc
Noir” of the French Annapurna Conquerers).

1.2 Thakkhola

Thakkhola is the name of the largest Nepalese valley lying entirely north of the main range of the
Himalayas (see fig. 1), at 84° east and 29° north. Its main direction is north-south, that means it is a
transverse valley. [ts southern border is well defined by the Annapurna and Dhaulagiri range, both
reaching 8000 m altitude.
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Fig. 5. Cross Section through the Kali Gandaki Gorge
(between Dhaulagiri and Annapurna)

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 the Thakkhola 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 cafion-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 VII fig. 2
and 3, and photos 1, 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 500 m as far as Chele (3000 m). 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
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enters the crystalline of the Main Himalaya Range and drops on a distance of only 12.5 km down to
1200 m at Dana, rushing down in what may be called the deepest gorge in the world (phot. 3 and 4),
Dhaulagiri (8172 m) and Annapurna (8078 m) on either sides are separated by_ only 30 km horizontal
distance. If we take the Nilgiri peaks of the Annapurna group (7000 m) the horizontal distance reduces
to mere 22 km (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 course.

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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Fig. 6. Longitudinal Profiles of the Barbung River, the Kali Gandaki River and the Marsvandi River
(heights five times exaggerated)

All the 3 profiles show the characteristic step in the gorges of the main range of the tHimalayas, i. e. Tarakot--Karkot;
Jagat; and Ghasa-Dumpu. - Also the flat basins above those steps are well-illustrated.
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Phot 4. The Kali Ganduhi Gorge
The ancient tral s cut into the
encsses above Ghasa It was a
safe route even during the mon-
soon, untib in 1954, whea a rock
shide  destroyed part of at Jt
his never been repaired  wince
then Consequently the river has
to be crossed twice un the detour
on  two  hazardous  makeshift
bridge devices During exceptio-
nal heavy rains the gorge is totally
maceessable.

Flowever. the Thakkholivalley consists af two physiographically and also otherwise distinet parts,
the respective boundary ving at Chele. The Nepalese people call the whole valley. from the Main
Himalava Range right up to the main watershed Thakkhola. though this name should in a strict
sense  be applied only (o the southern part. where the Nepalese word “Khola™ is used. and where the
tribe of the Thakkhalis is living. 1o this publication. as common in Nepal. the name “Thakkhola™ is
applied to the whole valley. right up to Mustang,

1.3 Manang

Different from the Thakkhola valley, the Manang valley is alined with the geological strike, and
thus a longitudinal valley extending from northwest to southeast. It forms a natural compartment.
with the Annapurna range as southern barrier. the Muktinath and Damodar Himal bordering in the



northwest. the Peri and Himlung Himal lying in the north and northeast and the Manaslu range in the
east. Lowest gap in the Muktinath Himal is the Thorung La (5300 m), while in tl_1e 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 south 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 the crystalline 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 (1100 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 Himal
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. | 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 Himalayas is known as one of the most distinct climate barriers in the world.
It 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 occasional]y 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 flank of the
Himalayas much more rainfall than the plains further south in India. Regular thunderstorms every

I8



o 28 Km

ANG ACIERS 1§
KYUGOMA SOUTHERN FLANK OF THE
M AYAR ANGE
Te =
o 9, I
® o, »
»
© R A THE
®
NORTHERN FLANK OF TH
z A NGPy a
¥ v N RANGE

Fig. 7. Sketch Map of the Drainage Pattern and the Glaciation
The main glaciers are situated at the southern flank of the mountain ranges.

afternoon start at 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 different. True, the monsoon shows
its effects far into the Tibetan Plateau; however not in form of heavy rains, but only in an occasionally
increased cloud cover with fine spray rain.

Local conditions play an important role in the Thakkhola valley. Due to distinct convectional
drafts the Thakkhola valley is a so-called dry valley. Strong insolation causes updrafts on 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 at all. This fact is clearly
reflected in the vegetation (see fig. 8). The valley itself (3000 m) is desert. while mountain pastures and light
(orests are found only on the flanks at altitudes around 4000 m. However, the forests decrease from
south to north. Apparently surprising, the snow limit lies at 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 litile more than 5000 m are glaciated,
while north of the Great Himalaya peaks of 6000 m are during summer completely free of snow.

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

lowever, | was most surprised. when moving lurther north and steadily ciimbing from Manang
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towards the Thorung pass. that the snow limit gradually raised with me from 4000 m at Manang 1o
5000 m on Thorung La. and at the same time also the snow cover above the snow limit became more
and more thin.

It is evident, that precipitation has greater influence on glaciation of the Himalayas than the
temperature. Also the exposure to sunshine appears to aflect the glaciation more than the real air
temperature. The area north of the main range gets much more exposure to sunshine than the southern
flank. though the air temperature is much lower. A look at the map of the drainage pattern and glaciation
(fig. 7) shows that all the big glaciers are situated on the southern flank of the main range. in zones,
where the main range is interrupted by deep transverse valleys we find the big glaciers at the southern
flank of the Tibetan Marginal Range. In those areas, like between Larkya La and Tangetse. the mon-
soonal winds are not stopped by the barrier of the Great Hlimalayan Range but get a free entrance
through the Marsyandi valley and the valleys of the Dudh Khola and the Naur Chu. They drop their
water content when drifting up to the further north situated Tibetan Marginal Range, where we con-
sequently find the big Bimtakothi glaciers, the Phu glacier and the Peri glacier (fig. 7). These are just
general remarks on the general glaciation related to the climatic barrier of the Himalayas. Details with
regard to both the present and the ancient glaciation will be given later on.

A trip from the Thakkhola down through the Kali Gandaki gorge brings the greatest possible
contrasts in any respect and in any secason. During summer monsoon. the northern limit of the mon-
soonal clouds form a tremendous barricr above the Himalavas (phot. 5). They scem to move northwards.
but they really remain more or less at the same place. with their northern front between Dumpu and
Tukucha. They turn like a big roller and remind one very much of the "Fohnmauer™ of the Alps. Except
the center of the valley itself, the air which has traversed the main range of 8000 m altitude. drops into
the northern valleys and is therefore locally dry like other downdrafts. When walking from the north
towards Tukucha. one enjoys the fine weather of the Tibetan highlands. However a storm-like southerly
wind can render crossing the narrow bridges sometimes dangerous.
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Tubucha and on the Annapurna range. seen from the north
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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 fine 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 diflferent
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 Damodar 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 far 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 beautiful temperate
mountain forests,



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 .thelr herds of
yaks, sheep and goats. However it has to be mentioned here, that the l?elt of arid light suba.lpine
forests and mountain pastures is not only caused by the special type of. cllma_te, but qlso by honz.ons
of increased humidity due to unpermeable morainic deposits from ancient tributary ice age glaciers,

under which many springs occur.
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Fig. 8. Map of the Natural Vegetation

(8000 m-5000 m) Arctic desert, including glaciated areas

(6000 m-5000 m) Arid mountain desert to the north of the Himalayas, included minor glaciated areas
(3600 m-2800 m) Dry desert valleys of the Inner Himalayas

(5000 m—4500 m) Dry alpine scrub and pastures (fir, juniper)

(4700 m—4000 m) Wet alpine scrub, pastures (rhododendron and juniper)

(4500 m—4000 m) Arid light subalpine forest (fir, juniper)

(4000 m-3500 m) Rainy subalpine forest (birch, rhododendron, juniper)

(4100 m-3000 m) Temperate mountain forest, conifers, (Inner Himalaya)

(3900 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)
11 (3000 m~2000 m) Tropical wet evergreen mountain forest (oak, bamboo)

L - N I W R P N

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 climates occur frequently.
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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 geological 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 plam of Pokhara. where the Pokhara zone, tectonically the lowest
zone of the Nepal Himalayas occurs in a tectonic window.

GEOLOGICAL MAP
OF THE
THAKKHOLA AREA
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Fig. 10. Index Map of the Transverse and Longitudinal Profiles
(given in plates 111 and IV)
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Fig. 11. Index Map for the Figures and Photographs in 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-VII.

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—eastsoutheast
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 map.)

1t is uncertain on this route where exactly we cross the boundary from the Pokhara zone into the
overthrust Nawakot nappes. The formations 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
middle of the distance between Khanwali and Atigar, in which dolomite slices are found interbedded
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Fig. 12 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, “Tipfelschiefer’ (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,
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, lectonized 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
sandstoneinlimestone ;alsocomponentsof
calcareous “granite” (of the type occuring
at the top of Kathmandu nappes 5 and 4
at Namun);

with much

26

17
18

20

21

22
23

24
25
26
27
28

29
30

33

34
35
36
37

Sikile

sericite-phyllites, tectonized, with micro-
folds:

conglomerates in sericite-phyllites;

series of 400 m 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 “Tipfelschiefer” (spotted shales);
limestone, 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
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 | cm;
granite-gneiss;

mica-schist, with layers of laminated and
porphyric migmatites;

biotite-gneiss scries of Siklis;

layers of granitic



with calcareous slates, conglomerates and sandstones (phot. 6). On the dolomite north of Atigar follows
another thrusplane, on which the overlying series are much tectonized and thrust under angle uncon-
formity. Those series also contain turmaline pegmatites and quarts veins, which by tectonics are con-
torted and torn into what we may call a “pegmatite breccia™ and “quarts breccia™ wherein the pegmatite
and quartz components are bedded in garncet schists and garnet phyllites. (11 in fig. 12, see also phot. 7.)

Between Thak and Taprang the formations change completely and we find vanious gneisses with
granitic intrusives and mica-schists. This has to be considered to be the overthrust of the Kathmandu
nappes (fig. 12, up from No. 25).

The whole series up to Siklis (2400 m) the highest village at the southern flank of the Annapurna
(settled by Gurungs). has to be considered to be once tectonic unitin spite of the great thickness of approx.
2.5 km. The northern dipping, flat slope north of Siklis consists of garnet mica-schists and muscovite-
schists, causing the soft soil suitable for the culuvaton of rice.

On the top of this mica-schist series we find laminated coarse-grained fimestone and marble
(Ag. 12).

The overlying series, consisting ol fine-grained biotite gneiss. porphyric granite with garnets and
porphyric granite-gneiss. are heavily folded and thrust. Undoubtedly the whole series have to be
considered to belong (o the Kathmandu nappe 2. overthrust upon the limestone on the top of the
crystalline Siklis series (see fig. 13).

Our further route from Sikhs to Rambrong (12278 ft. 3742 m) leads towards the east and con-
sequently in the direction of the geological strike. The whole western ridge, right down to the Madi river
consists of the formations of Siklis. the steep southern flunk being built of the granite-gneiss, while the
flat northerly dipping flank consists of the fine-grained biotite-gneiss and mica-schists.

Phot. 6. Torn and Folded Dolomite Lenses in Calcareous Sandstone

Clefts in the dolomite are fitled with idiomorph quartz crystals (top of Nawa-
kot nappe no. 1, south ol Atigar). Such tectonized zones are common along
thurstplanes.




Phot. 7. " Quuartz Brecela”

formed out ol quartz veins and guartz layers due to tectonization.

The cross section from Rambrong to Namun Bhanjvang shows the various crystalline formations
of the Kathmandu nappes (fig. 14). When approaching the Namun Bhanjyang, we found the map
greatly misleading: What in the map is given as Namun Bhanjvang (18976 ft, 5784 m) is not a pass but
rather a glaciated peak. There are two mountain ridges which extend from the Lamjung Himal
(22921 ft. 6985 m) towards the east (phot. §). Between the two ridges there is a great glacier (Namun
glacier) leeding the river flowing towards the east into the Marsyandi halfway between Naje and Jagat
(fig. 7). The pass itself. which leads from the southern flank of the Namun Himal to Thangja is situated
more 1o the east. That means there are two passes crossing the two mountain ranges mentioned above.

The geological details of the itinerary from Rambrong to Namun Himal are given in fig. 14.

S N
SIKLIS

Fig. 13. Profile Sketeh North of Siklis

| granite-gneiss

2 fine-grained biotite-gneiss, with few migmatitic
layers

3 garnet mica-schist

4 muscowite-schist

S laminated limestone and marble, calcareous
sandstone

6 finc-gramed biotite-gneiss, with lfew intrusions

7 granite-gneiss, porphyric

8 granite with garnets, porphyric
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Fig. 14. Geological Profile Sketch Rambrong-Namun (5788 )

i sandstone, interbedded with migmatites 12 porphyric and migmatitic granie
2 nucaccous sandstone 13 well-bedded gneiss, with migmatite fayvers
3 porphyric muscowite-granite, interbedded  with 14 granite (muscowite-biatite)
migmatites IS large series of migmatites: the latter showing
garnet-granite thicknesses between 2 cm and several meters.
5 fine-grained biotite-gneiss Various types ol dvkes cross each other
6 porphyric granitc-gneiss 16 slices of calcarcous sandstone
7 fine-grained micaccous sandstone 17 gneisses with migmatites, lavers of porphyric granite
8 fine-grained biotite-gneiss (several meters thick), frequently under angle to
9  granite-gneiss the bedding of the mother rock
10 micaceous sandstone and gneiss 18 similar as 17 above, however the percentage of
11 gramte with garnet and kyamite (the latter well- gnciss and granite approx. fifty-lifty.
idiomorph with crystal length up to 10 cm) 19 Calcsilicate rocks with various pegmatites.

There is a clear unconformity between (15) and (17) in the dip as well as -especially in the strike. The lower series
show a strike in southeast direction, while the overlying (or rather overthrust) series strike east -west. Also both
series show a great number of lolds and microfolds.

Phot, 8. The Southern Flank of Lamjune Himal 16985 m:
(compare also fig. 18, which gives the geological information)
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Fig. 15. The Namun Range Seen
S N from the Northeast

| Intrusive zone of Namun with various
mixed gneisses, including calcsilicate
gneisses and pegmatite layers and dykes

L silictous limestone

MG mixed gneisses, migmatites

M lateral morain of the Namun glacier

The limestone series belong to the top of Kathmandu nappe 3. The Namun scries are overthrust and thereby heavily

folded. (Compare also phot. 10.)

All through the whole section tectonics play an important role. Four Kathmandu nappes are
involved in the area. and besides. there is an anticline striking through in east-west direction 4 km
north of Singdi (see also plate 111, profile 12).

The Namun peak (5784 m) is a distinct geological boundary (see fig. 15).

North of it the crystalline series decrease. while more and more calcareous formations take place.
Various features of granitic, aplitic and pegmatitic intrusions are well exposed in the valley of the
Namun glacier (north and east of Namun (sec phot. 9--13 and fig. 16 and 17).

As everywhere in the transitonal zone between the Kathmandu nappes and the sediment zone of
the Tibetan marginal synclinorium, the dykes cross the beds at an angle directed towards the north,
Also two phases of dvkes can be recognized (phot. 15).

Phot. 9. Inclusion of Gneiss in Pegmatite
(mortheastern Mank of Namun range) [ tme-pramed brone gness
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Phot. 10. Oblique Pegmatite Dykes Crossing Granite and Gneisses
(northeastern ridge of Namun, view from 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 marginal zone between the Kathmandu nappes
and the sediments of the Tibetan marginal synclinorium.

Phot. 11. Two Phases of Intrusions (southern border of Namun glacier)

1 migmatitic gneiss, intensively microfolded
2 aplite

3 second phase, coarse-grained turmaline pegmatite (within 2)



Fig. 16, Aplite and Pegmatite with Margingg
Hornblemde Crystallisation
(northeast of Namun)

Compare also phot. no. 11, which shows th»
same aplite (the ice-axe may serve as scale),

P pegmatite

A aplite

pa second  phase pegmuatite within  the
aplite

MG migmatite

HB  hornblende

The rectangle marks the close-up of the photo-
graph no. 12 and the lollowing fig. 17.

The further route from Namun towards north and down into the Marsyandi valley to the sharp
bend of the Marsyvandi between Thangja and Bagarchhap follows the dip of the formations and does
therefore not show any interesting leatures. The mountain range north of the Namun glacier. which
is glaciated on both flanks (phot. 14) consists of gently northwestern dipping calesilicate rocks of the
Bagarchhap-Thonje series. The western component of the dip is caused by a strong axial pitching

Phot. 12. Close up of the Hornblende Crystals

(same arca as the rectangle in fig. 16,

The hornblende crystals are well idiomorph, with length up to 10 cm and 4 ¢cm
diameter. Their main axis is directed transverse to the pegmatite. (Compare
also figs. 16 and 17 which give the explanation to this photograph.)
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Phot. 13. Pegmatite Dyvke

filling a fracture in thickly-bedded calcareous sandstone. The dyke partly
extends also into the bed-joints of the sandstone.
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Fig. 17.

r Hornblende crystals in the marginal zone of
the aplite. (This fig. is a close-up ol the rec-
tangle in fig. 16 compare also phot. 12, which
shows the saume hornblende crystals.)

The hornblende crystals are well-idiomorph
' ¢ ‘:’-F \\41lh. lcngl‘hs up. lo. l()qn and diameters ol 4 ey
{ & R Their main axts is directed transverse 1o the
’ }4 ‘?‘ aplite and pegmatite.

towards west. which corresponds (o the western plunging of the Manang synclinorium, as we shall see
later on. The western pitching is accompanied by a number of steeply western dipping transverse faults,
which occur in the whole range from Lamjung Himal (6985 m) to the Marsyandi gorge in the east
(fig. 18; phot. &, southern flank of the Lamjung Himal, and phot. 14).

Phot. 14. The Mountain Range North of the Namun Glacier

(scen from southeast)

Calcsilicate rocks with granitic and pegmatitic layers.

The beds dip north. The dip towards south (lett side) is apparent only, caused
by the axial rise of the Manang synclinorium. Note the folds and thrustfolds in
the central portion ol the photograph, indicating the Himalayan Schuppen zone.

The range as mtersected by rransverse Loalis, morphologicalls expressed by

deep cuts, now filled by hanging elaoess These transyerse fanlis are also an
expression of the western prtchre ci the N iane synelnoramm



Phot. 15, Turmaline Pegmatite in Calesilicate Migmatite
(Namun glacier, 4500 m)

P turmaline pegmatite dyke
PL turmahne-pegmatite layer Gn connection with the dyvke P)

M Taminated silicious marble, shightly migmatized
A aplie layver, containing small pegmaltite lenses (PL)

I'he folding of the mother rocks along the pegmatite indicates slight movement and sliding within the formalions
during mmtrusion ol the pegmatite or, rather, the pegmatite intrusion followed previous zones ol Jatent weakness, like
fractures. Gaults and local micro-thrustplancs.

I the neht hand upper corner, a secondary pegmatite crosses the main pegmatite (P2)
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Phot. 16. Migmatized and Folded Calesilicate Gneisses
(Namun glacier, 4000 m)

White masses are pegmaltites (P)



Phot. 7. Dolomite Lavers in Migmarized Calesilicate Rock s
(Namun glacier)

C calesilicate rocks
1Y dolomite
1t appears that migmatization prefecred the calesilicate rocks

Instead of moving towards north following the dips. we turn now back to south and climb down
the ridge towards the southeast via Sundar (4356 m) to Tarpu Ghat. On this route we cross the cristal-
line series of the lower Kathmandu nappes, which are in this area showing a flat anticline and syncline
structure (see profile 1o plate [11). Above Puranagaon (Purana - old: Gaon - village) where the
mountain ridge between the Marsyandi and the Kudi Khola drops suddenly from 3000 m down to
900 m we mecet the overthrust of the Kathmandu nappes. At Tarpu occur mighty limestones and
marbles which belong (o the top of the Nawakot nappes (tig. 19 and phot. 23).

From Tarpu Ghat, we move again towards the Fliimalayas and follow the Marsyandi river. We
cnter now one ol the most tremendous gorges ol the Himalavas., the transverse valley of the Marsyandi
river where 1t breaks through the main range between the Annapurna range and the Manaslu range

R}

tsee prhot I 23 and 24).



ANNAPURNA I LAMJUUNG HIMAL
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Fig. 18. The Southern Flank of the Lamjung Himal (6985 m)

1 Silurian-Ordovician limestone 6 granite-gnciss
2 calcsilicate rocks with intrusions M morains
3 mainly paragneisses Due to distortion, looking steeply upwards
4 mixed gneisses and migmatites 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 marmorized, with in- about 4500 m.

trusions

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, paralle! 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 m). 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 1o guess that
this difficult portion of the trail is not manageable [or 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 overlving the calcareous formations
show a tremendous tectonization with intensive microfolds.

But before continueing our geological itinerary towards the north. we consider the geology of the
southern and the eastern flank of the Annapurna range.

RES



Fig. 19. Detail Profile North of Tarpu Ghat

white quartzite

soft sandstones, with quartz veins

Nawakot phyllites

blue phyllites and “ Tiipfelschiefer™ (spotted
slates)

laminated limestone, calcareous mica-schist,
marble; (fluidal texture; microfolds, suba-
quatic sliding)

17 graphitic quartzite slates
1 granite-gneiss series of Tagring 18 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
11 sericite-quartzite schist 29 sandstone
Fig. 20. Profile Sketch in the Marsvandi Gorge 1 limestone, with intrusive layers
2 gamet-mica-schist, phyllites
S 3 garnet-kyanite mica-schist
Jogat {840 m 4 fine-grained biotite-gneiss, interbedded
suspension | with migmatites
) bridge 5 biotite-granite (near Jagat)
Chhiju 6 granite with garnets, porphyric, with pegma-
tites
7 fine-grained biotite-gneiss with intrusivelayers
8 Dbiotite-muscowite mica-schist
9 dominantly granite-gneiss

39

This series form the barrierin 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.
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Phot. IN. The Suspension-Bridee in the Marsyandi Gorge
This hazardous device has since been replaced by a solid steel-rope suspension-
bridge, built by the Swiss Technical Assistance Programme.

BRIDGE OF THONJE

1840 m Marsyandi

Foe. 21 Detal Profile ot the Marsvandi Gorge below Thonge

1 pranite and gness, with pegmatites b laminated calcarcous nuca-schist with Lavers ol
2 lammated gneisses. migmatites, pegmatitic Lavers marble and quartsite

U course-graned gramite 9 calearcous schist (800 1)

4 sericne-sandstone with migmatites 10 coarse-graimed biotite-gneiss. Lomnited and platy
S guartz-sandstone and coarse-grained quartzite It hine-gramed biotite-gneisses with mizmatites, with
6 thickhv-bedded calcarcous quartz-sandstone mtensive foldimg and microtolds

T calcarcous guartzite, coarse-grinined. with sericite 12 mmematites wathowell-idonmarph orthoelase crsstals

(3 cm dhimcteny
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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
undoubtedly 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.

South Peck
720%

‘ Nilgiri Annapurna I

ao7e

) e -
v [ .
- KALI Ganpay, VALEVEV\Y" o
e o ——
S -

Fig. 22. The Annapurna Range Seen from Southwest
(according to an aerial photograph by the author)

The southwestern flank (from Annapurna | towards the right side) shows the northern dipping crystalline roots of the
Kathmandu nappes. The Nilgiri range consists of 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.

1 Devonian limestone 4 paragneisses

2 Silurian-Ordovician S calcsilicate rocks

3 granite-gneiss (in Annapuma 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 map and profiles plates 11 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 I) 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 I11 of the main range. (See map plate 1, or profiles 6 and 8 plate I11.)

The boundary between the crystalline of the topmost Kathmandu nappe (5) and the overlying
sediment formations does not follow the main crest of the Annapurna range. All three of the Nilgiri
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Phot, 19 Anaapurna 107937 0 and Annaporna 1V 78507

(seen rom south, acrial photo)

The lower part consists ol various gneisses and calestheate rocks. The uppa
part s built of the sediments which are folded ma reverse sense. The right half
ol the picture shows the western dip ol the well-bedded  Tormations due (o
the aval rise of the Manang synchinorium towards cast, Compare hg. 23, which
shows (he same mountain from the southwest tleftin the photogriph).

peaks are sitwated in the sediment zone, while the Annaporna sumnut Lis built of the topmosterystalline
formations (various gneisses with migmatites and graniie and pegmatitic layers). I'rom the Anna-
purna I towards the cast-southeast the highest summits of the main range are all built by the sediment
formatons. Only Machhapuchare consists of ernvstalhine (see plate TH. Typically tor the topmost
Kathmandu nappes. also the ervstalline is invaolved in the tectonies, Thiscan bewellseenin the Machha-
puchare lig. 24) and in the ridge between the Annapurna | and the south peak (he. 227 also profile 6
in plate TH). Tt seems as i at this place there would have been more space between the topmost Kath-
mandu nappes for plaving i tectonies: a transitional zone between the untformiy northern dipping
roots of the Kutmandu nappes and the Tibetan marginal ssnclmorium with its vanety of toldings
both v normal and reverse sense. This transitional zone has been called the Hianalavan Mareinal
Schuppenzone (see vol. Lol this publications series) and has been deseribed especially i the Eaerest
arca. (See fig. 220 the Annapurna range seen from the sonthwestr Tkm south of the peals 7100 m a
sedhment farmation (the top of Kathmandu nappe Noo ) has been folded e anderncath the thrust-
plane of Kathmandu nappe S
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Mochhopuchare I

6997 Annapurne I

T937
Annapurne I

7576

Anngpurna T
7507

Lomjung Himal

Fig. 23. The Annapurna Range Seen from the the reverse folded sediment caver of the Kath-
South mandu nappe 5. The gneisses have also been
(according to an aerial photograph by the involved in the folding.
author, compare also phot. 19) I Devonian
The Machhapuchare consists of the folded, but 2 Silurian-Ordovician-Cambrian
generally northern dipping granite-gneisses of 3 calcsilicate rocks
the Kathmandu nappe 4 (folding in this 4 paragneisses
picture is not visible due to the view onto the 5 mixed gneisses and migmatites
outcrops, see fig. 24). The western flank of An- 6 granite-gneisses
napurna 1V gives a good cross section through 7 quartzite and limestone
W Anngpurna I¥
Mochhepuchare ™7
Anncpurne south paak €99 Annopurna [ /D{-:;,

7208 3 -

N

Modi Khola = -

TIBETAN ZONE Fig. 24. The Annapurna Range Seen from

o [[""] Devonian Southeast
s| ___| Silurian-Cambrian (from the ridge between Rambrong and
¢ Calcsilicate rocks Namun)

KATHMANDU NAFRPES

L }” j‘, Limestones and quartzites
PG | Slates and line grained biotite gneiss
Mo | N Mixed gneisses
o6 ! Mainly orlhogneisses
Ms | Micaschists
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3. Geological Itinerary in the Dudh Valley

The Dudh Khola is the main eastern tributary of the Marsyandi. It drains the western flank of the
Manaslu range. and the southern flank of the heavily glaciated mountain range consisting of the Phy
Himal (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
K hola 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.

I migmatites with well-idiomorph orthoklas
crystals up to 3 cm diameter
2 calcsilicate-gneisses
SwW NE 3 calcsilicate-gneisses and migmatites
4 gneisses with granitic layers and peg-
matites
5 calcareous biotite-sericite sandstone, with
granitic and pegmatitic layers
6 granite
7 migmatite
8 fine-grained biotite-gneiss with augen-
gneisses
3km 9 granite and pegmatites, crumbled to grit

Fig. 25. Profile Sketch Thonje-Dudh Khola

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 pegmatites which are transposed through this
thrustplane. This zone also shows a strong clivage which dips towards the southwest. The dip of the formation 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 valley: At the eastern flank the strike is directed towards east,
while on the western flank the strike shows towards the north.

At Thonje itself, the beds are nearly horizontal. The zone 1 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 aults 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. Clivage in Folded Gneiss
(300 m above Thonje)
The clivage is dipping southwest.

20 cms




East of pcak 4692 m. where there is a remarkable steep step in the gradient of the valley. we find
granite with abundant pegmatite lavers and dykes, on the surface crumbled to grit.

The granite is thrust over migmatites. with fine-grained biotite-gneisses interbedded with lenti-
cular coarse-grained orthoclas porphyroblasts and pegmatites. Surprising enough. dykes in the lower
part of the overthrust granite are cut by minor thrustplanes. indicating that the upper part has locally
been gliding in a reverse sense, that means towards the northeast.

From this place, we gain a rapidly improving view on the surrounding high mountains. Peak
6398 m, matched by lew Himalayan mountains by its boldness, shows steeply dipping and folded
crystalline series, basically of syncline character (see phot. 20 and tig. 29).

On the opposite side of the valley, peak 4692, scen from the east, shows also a complicated structure
with two thrustplanes and folding of the central portion (fig. 27).

S

4692 m N Fig. 27. Peak 4692 m. Northwestern Flank of the

| » Dudh Valley

(seen from the east)
Threc thrustsheets can be recognized. The two
lower sheets consist ol granite-gneiss, while the
upper portion is built by mixed gneisses, in which
the oblique pegmatite dykes are intruded.

The topmost portion contains huge pegmatite dykes, directed at right angle to the beds and also
under angle towards the northeast. which is characteristic for the topmost crystalline series underlying
the sediments of the Tibetan marginal synclinorium.

2 km below Bimtakothi the beautiful coniferous mountain forests decrease and the view is getting
free on one of the most impressive sceneries of the Himalayas: The tremendous northwestern flank of

Manaslu
81‘25 7835 6398

Phot. 20. The Northwestern Flank of the Manastu Group
(seen from the Bimtakothi glacier)

(Compare the geology given i hig. 29.)
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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 w:_nll (ﬁg_ 29, phot. 20).
The Quarter-inch Map of the area is not quite correct: The B!mtakoth! glacier reaches much
further down. than shown in the map. Its end is 1.5 km south of Bimtakothi. The trail crosses the
glacier, which, however, is covered by a thick morain. o . .
The Bimtakothi glacier is an example for many other glaciers in the Hlmalgyas, 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. The Bimtakothi Glacier
Flowing elevated on its own morains 120 m
above the bottom of the valley.

4. Geology of the Upper Part of the Dudh Valley

The geology 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.

l Manaslu

Dudh Valley——

Fig. 29, The Northeastern Flank of the Manaslu Group

P pegmatites G granites MS Manang synclinorium

MG  mixed gneisses GG granite-gneisses

The granites of the Manaslu itself are thrusted upon the granite-gneisses of the basement of Peak 6398. The latier 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 synclinorium, in this area expressed in the crystalline basement due

to axial rise toward the southeast.
The granites at the summit of the Manaslu are interbedded with gneisses and limestones of probably Silurian age.
Thus we have there just the boundary between the crystalline basement and the Tibetan sediment scries.

(Compare also phot. 20.)
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Himiung Himal Cheo Himol
LT

7128 + Lorkys Lo —=

Fig. 30. The Mountain Range between Himlung Himal and the Larkyo La

(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 west-south-
western dip. The Himlung Himal is built by a flat 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 m) and the ridge which connects with the peak 6398 m
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 synclinorium, however in this area expressed in the
crystalline bottom of the said synclinorium. It proves that the Tibetan marginal synclinorium, 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 Western Side of
the Binutakothi Glacier

bourhood of the Manang synclinorium. Indeed
this synclinorium is illustrated by the synclinal

(view from the eastern morain towards the west ;
legend see fig.29) The mountain range stretching
from the needle towards south and southeast
showstwodiflerent secundary tectonic units, 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-

structure of the range of the needle.

This figure is the left hand (southwestern)
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.

MS

Oudh Valley

MANANG SYNCLINORIUM

Himlung Himol

'r'u:\"?\v‘ —

r=d 0 = i
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The Manaslu (8125) shows a regular northeastern dip of the huge granite masses. A strong clivage
dips steeply towards the southwest. The Manaslu peak itself is just on the margin between the crysta.
line and the Silurian sediment formations. (However. this can be observed only from the eastern Rank.)
Pegmatites within the granite cross at right angle to the hedding. i _

The catchment area of the Bimtakothi glacier is built entirely of granites and granite-gneisses,
Only the top of Cheo Himal has a sediment cover. These sediments of carbonilerous age (quartzites,
sandstones. limestones and Chlorite slates) were found in the middle morain of the glacier, while tje
lateral morains do not show any sediments. (However, the sediments of Cheo Himal are not yet the
base of the Tibetan sediment formations; they are just a wedge left in the intruded Manaslu granite,
as was observed [rom the castern side of the Larkya La.)

The Manaslu granite of the Larkya La is thrust upon granite-gneisses ol the Cheo Himal (see
fig. 30 and 32).

The ridge between the eastern and the western branch of the Bimtakothi glacier shows some
secondary thrust sheets with clivage that makes appear a northern dip. (See also fig. 31.)

The mountain range from the Needle towards the south shows a flat synclinal structure. This is
the eastern termination of the Manang synclinorium. The strong axial rise towards the east makes the
crystalline bottom of this synclinorium appear on the surface. The sediments occur only 2 km west of
the mountain ranges of the Needle and the Peak 4692 (sce geological map plate 11 and also fig. 31
and 32).

Some mixed gneisses can be observed in the mountain ridge west of the Bimtakothi glacier (fig. 31
and 32). whereby a layer of darker lormations occurs between two secondary thrustplanes.

Phot. 21. The Manasiu Granite Underiving the Permo-Carboniferous Formations
(13 km northeast of the Larkya La, view from the southeast)

48



The sediments of the Tibetan zone occur 10 km northeast of the Cheo Himal (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 II;
the geological profiles 1V-VI, plate IV; and the geological cross sections 11-13, plate Il.)

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--eastsoutheast. 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 Sketch Map of the Dudh Valley
(compare aiso fig. 33)
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. Geological Itinerary Thonje-Manang

About | km south of Naje we found in the crystalline formations a change into calcareous gneisses
and calcsilicate rocks. At the bridge of Thonje (sec fig. 21) again we find fine-gramed calcarcous gnetss,
with biotite. augit, amphibol, garnet and chlorite. The dips are very flat. more or less horizontal. North
of Bagarchhap occur great discordances in these culesilicate gneisses namely tolds. overthrusts and

N S

Tnonje
i taarsgord
; | 1900m

Fig. 340 The Ridge North of Thone (hetween Marsvandi and Dudh Khola)
I calestlicate rocks: calcarcous components doriiniant
2 calesilicate rocks: crystalline components dominant

(shows with its quartz, felspars and mica

macroscopic resemblance 1o granite)
The two senes are separated by w thrustplane, whereby the underiving series
are intensively folded.

displacements. One clear fold can be observed above Taje, north of Bagarchhap. The axis of this fold
strikes north-south with a dip towards the north (hig. 34). This is at right angle to the normal strike
and dip. In the wedge between Taje and Tilje also the general strike turns from the previous normal
westnorthwest-castsoutheast into a northeast and even into north direction. Since on the other hand
the ridge east of peak 3537 m shows a southeast strike. a clear anticlinal structure results in the valley
of the Dudh Khola. (See also phot. 25.)

Peak Manaslu Tarpu Ghat Himalchuh
6398 m 8128 m 7835 m 7864 m

Phot. 23, The Manastu Groap above Tarpu Ghat
(seen Irom southwest)

In the foreground are the northern dipping roots of the Nawakot nappes. The
Kathmandu nappes are overthrust where the main tributary from the eastern
side (right hand in the photographi joms the Marsyandi, above Tarpu Ghat
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AManaslu - Himalehuli Baudha Ganesh Himaj
7000 m 8128 m 7864 m 6672 m

Pampung Hhimal Lihe
HuRS m

Pl 24 Tive Annapurna and the Manasle Gronp

tseen rom the south, aeral photo)

This wide-angle photo s taken from a position abose Khuncha, in the Nepalese
AMidlands, Tt shows the Marssandin valley between the Annapurna group and
the Manaslu group. In the foreground, the system ol transyerse faults striking
out ol the Marsyandi gorge towards the south s visible, This transserse fault
sustem extends right through the whole Nepalese Madiands i southern direction
to the Mahabharat range and into the Siwaliks.

The clear terrace of Naje in the otherwise uninterrupted stopes ol the V-shaped valley is caused by
transyerse laults, which strike north south. These are a part of the transverse fault system which
possibly ongimated the transverse valley ol the Marssandi. (Sce also phot. 25, where the ridge in the
center foreground is completely cut by numerous vertical [ractures and faults, thus deceiving a vertical
dip of the horizontally bedded gneiss.)

PossibIv, there is an ancient river course of the Marsvandi burried in the terrace of Naje.

Undoubtedly there must be a transsyerse fault system i the Marsvandi valley. for. further south in
the gorge. also the strike is turned towards north south. and sull further south. where the Marsvandi
leaves the main range of the Himalavas, an extensive svstem of fractures was observed. striking through
the whole Nepalese Midlands right down 1o the Stwaliks. (Phot. 24))

The series from Bagarchhap up to o few hundred meters west of the junction of the Naur Khola
at Kupar are tormed predommantly out ol erystalline: first biotte-paragnersses with lenses and small
Lvers of pegmatites and granites. then lamimated mixed gneisses. granitic gneisses. thin ivers of
augengneisses and finally tenucularls banded mised gncisses. The latier are imterbedded with calesili-
cate rocks, Close south of Thangpa the dip s steep towards north. The valles of Kupar tlower part of
the Naur Chu valley ) shows w flat syneline parallel to the river course: However this structure 1s hidden
by the strong western aial pitch, which from here on inereases towards the swest (See phot. 36 and
fie. 37,

The ridge northeast trom Kupar towards the Tilje Peak shows o b Told, A e Told ol eranite-
snciss. embedded inocalsihicate rocks v directed towards the west the 35 The diteciion ol jectonie

prossure pomts clearly towards the west



Fig. 35. View from Thangja towards North

A western pitching crystalline fold within the
calcsilicate rocks

predominantly granite

granite-gneiss with abundant pegmalites
calcsilicate rocks with pegmatites
calcsilicate gneiss with pegmatites

W BN

The boundary between the gneisses and the calcsilicate rocks strikes through Chame (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—Chame-—Kupar
(Marsyandi)

1 Camp of Pisang

2 calcareous dolomite and sandstone, inter-
bedded with nets of shales (this series form
the tremendous fannel of the western flank
of the southern ridge of Naur Himal)
laminated sand-grained limestone
laminated limestone, slightly marmorized
(Devonian?)

S w

Chome Kupor S 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 of 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 metamorphisme towards the west) a coarse-grained quartzite,
calcareous slates, brown marl (well-bedded), dark limestones with small lenticular brown marls (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 the calcsilicate 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.
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Fig. 37, The Eastern Plank of the Nawr Himal

(seen from Thangja:

the main peak s not visible)

1 Silurian himestone

2 calesilicate rocks with abundant
pegmatites, especially in the lower part

3 mixed gneisses

4 calesilicate-gneisses

All the formations dip towards the west, ac-

cording to the axial pitch of the Manang

synclinorium. The lower part of the calesilicate

rocks is tremendously lolded.

(Sce also phot. 35)

Since in this sector the longitudinal forees. directed from east and west. are predominant. we now
better study the longitudinal profiles (plate 1V. profiles VI -VIII).

Profiles VI and VII show the lying. towards the west directed crystalline fold (of fig. 35), with its
cover of calesilicate rocks. Halfway between the Tilje peak and Naur Chu (profile VII) the crystalline
underlying of the said fold shows a distinct transverse saddle. This is the cross-point between the two
different tectonic ares of the Annapurna range and the Manaslu range. The Annapurna range strikes
in westnorthwest-eastsoutheast direction, while the Manaslu group is turned towards the northwest -
southeast direction. The geological strike corresponds in both mentioned mountain ranges to the
topographic outlay.

Phu Himal FHimlung Himal  Cheo Himal
7009 m 6454 m 11R25m 6812 m 6398 m

Phor. 25, Aerial View into the Dudh Vallev
(seen rom the southwest, acrial photo from 3600 m)

Ihe Manaslu group is at the right side, the mountaim ranees in the catchment
arca of the Bimtakothr glacier in the background.  Note ihe vertical Iracluring
and faulting, deceiving a vertical dip and south north strihe i the northern
dippimg crystalline formations i the foreeround
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Phot. 26, Lacustrine Deposits West of Thangpa - 2600 .
I river gravel
2 lacustrine clay

I'he ice-axe points 1o the boundary between the two formations.

However unsymmetric it may be, the western flank of this antichine is identic with the enormous
flexur-like axial rise out of the synclinorium of Manang,

The series on this flank (fig. 37) show an uneven bedding, with a large number of long, but flat-
pressed lolds. Large-scale recumbent folds do not exist in this zone. The axis of this anticline may be
located in the meridian of the Tilje peak (see profile VI plate 1V). Further south. in the longitudinal
profile through Bagarchhap the axis strikes along the Dudh Khola valley. However it cannot be con-
sidered to be the same axis, since it is transposed towards the east.

The description of the Dudh vallev was given in earlier chapters. We may-- in connection with the
above mentioned transverse anticlines-- point out. that the lower limit of the Tilje peak hhmestone for-
mations strikes through the valley north of Peak 4692 m towards northwest. (See phot. 25 and 28.)
This is the eastern termination of the Manang svnclinorium. which in the northeast is joined by the
Manaslu granite. respectively pressed to a narrow steeply northeastern dipping limestone series. (See
profile 10 plate [, near Peri Flimal.) The Peak 4692 m marks therefore the distinet eastern flank of the
Tilje transverse antichine. (See plate IV profile V1. in the valley between the Bimtakotht glacier and the
Peak 7009 m. and turther profile VI in the Dudh valley.)

Thus, in general there is an anticline structure between the Naur Chu and the Dudh valley, We
may call it the Marsvandi transverse structure, It shows anticline character north of the main ranges,
and continues towards the south. through the Marsyandi gorge and into the Nepalese Midlands as a
rone ol Taults and fractures,

Thus the transverse valley ol the Marsvandi between the Annapurna group and the Manaslu group
does not make any exception compared with other major transverse valleyvs between major mountain
croups in the Nepal Himalavas, namely it has also been caused by a transverse structure.
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The large terrace southeast of Thangja (2600 m) consists of moraipic 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.

S Annopurng T N
79IS7

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

Morsyond
|_Morsyond:

THSS

Before entering the narrow gorge of the Marsyandi west of Thangja, let us study the northeastern
flank of the Annapurna I1 (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 Sifurian and
Devonian formations of excessive thickness. However the thickness has been caused by tectonic piling.

Fig. 39. The Reverse Folds and Fractures and Thrustplanes in the lower part of
the Northeastern Flank of Annapurna II
The formations are Carboniferous and Permian.

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 I1). 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 km 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.
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Phot. 27 Devonian Fossdiforows Limestone wilt Coraly
at the Marsyandi river-bend. 3 km owest-northwest ol Chame

The wide valley of Manang is built entirely out of sediments with generally syncline structure and
the whole character. climatic. topographic and geologically contrasts very much to the crystalline
gorge further down. However. the present form and character of the Manang valley has dominantly
originated from glacial erosion. glacial and interglacial deposits and landshides.

The sharp bend of the Marsyandi 4 km southeast of Prisang originated by the extremely sharp axial
rise of the Devonian limestones towards the east. In the upper part of the valley. until east of Pisang,
the Marsyandi follows more or less the bottom of the main axis of the Manang synclinorium. At the
place. where the river bends first towards the south and then 1o the cast. it breaks through the Devonian
and Silurian formations and below Chame it breaks through the topmost crystalline. Thus the Mar-

Fig. 40. Profile Sketch in the Marsyvandi Valley opposite Pisang
Mo morain

N S 1 limestone, with net pattern of clavs and shales, also interbedded with
vellow and pink dolomite layers (Devonian)

3 gradually out of (1), more dark, interbedded with pink quartzites: the
quartzite s partly conglomeratic

3 graphute-phyllites, dotted slates, chlorite-slates, biack and red quartzites
interbedded with slates (Narebang quartzites), reddish coarse-grained
quartzites and quartz-sandstones (Carbomiferous)

4 clear quartzites («avellow-band series» ol the Carboniterous)

Marsyond:

The topmost pegmatites reach up to the Devonian Jimestone, Further west,
the pegmatites reach only to the Siturian formations.
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syandi has been deflected by the fannel - like bend of the strike of the series building the southern ridge
of the Naur Himal (6114 m). (See phot. 37 and also fig. 6, profile 2, at 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 formations 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

S N

Narsyondi

Fig. 41. Detail Sketch of the Northern Flank of Annapurna Il, opposite to Pisang.
y yellow-band series (Carboniferous).

The ovarlying series consist of tremendously 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 Naur Himal Seen from the West

1 Permo-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 thrustlaults which caused a stight folding (see also fig. 43 southern ridge of
Naur Himal and phot. 37).

N Himal
S OUGrIIIZIim(J N

58



Lamjung
Namun Himal  Annapurna Il Naur Himal
S7T84 m 6985 m 7937 m 6114 m

T

Phot. 28, View into the Marsyandi Valley between Kupar and Manang, seen from
the east
(acrial photo from 5700 m above Thonje)

The Manang synclinorium between Annapurna 11 and Naur Himal is well-
expressed.

Please note the “Gipfelllur™ at about 6000 m north (right side) ol the Annapurna
range. Also an ancient land surlace is well expressed through (at slopes and
terraces at about 4000 4500 m on both sides of the main range of the Himalaya.
Indecd, the Annapurna range is like a “lilted island™ (*"Hebungsinsel™ accord-
ing to Dhyrenfurth) compared with the surroundings.

The vellow-band series opposite Pisang show the topmost pegmatites. which are crossing the beds
under oblique angle towards the north.

The whole mountain range at the northern flank of the Manang valley. from Naur Himal (6114 m)
down to Ngawal is built by the well-bedded Devonian himestones, which show a general steep southerly
dip. (See phot. 30 and fig. 42 and 43. plate V. fig. 1.) Since this dip is parallel to the flank of the valley,

N S Fig. 43. The Southern Ridge of Nawr Himal (6114 m)

(seen Irom the west)

This ridge is built of huge Devonian formations, mostly limestones and slates,
which are tectonically accumulated by several thrustsheets.

The evenly dipping beds at the right side form the tremendous fannel round
the bend of the Marsyandi 4 km southeast ol Pisang.

only the ridges between the tributary vallevs have Carboniferous formations on their top, while the
Devonian formations are exposed in the valleys. (Sce fig. 42 compare also the geological map plate 11.)
The Naur Himal (6114 m) itsell shows a number of reverse thrustfaults. with increasing intensity of
tectonics towards north. Hereby the parcels between the thrustfaults have intensively been tolded
(e, 42 and 43).
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Fig. 44. Cross Section through the

Marsyandi Valley ar Braga

showing the interglacial landslide of Braga
(Compare also phot. 29, 30 and 31 and fig. 45))
rock bottom of the valley

ancient ice age ground morain

interglacial landslide

sub-recent ground morain

sub-recent lateral morains of the Marsyandi
glacier

I

[T =N

pof [ligeh

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 Ill (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
19207) lateral morains dam still today the valley (phot. 31 and 32). Large alluvial plains have filled
former glacial morain lakes, which formerly have been caused in the main valley by the lateral tributary

Phot. 29. The Interglacial Landslide of Braga

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

2 morain of former ice age.

The landslide material extends right to the opposite (southern side) of the

valley, and is in the bottom of the valley covered by younger morains (of a

late ice age stage: compare also phot. 30, 31, 32 and 37; and fig. 44 and 45).
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Nilgin Shartse
7148 m

Phot. 30. The Marsyvandi Valley near Pisang
(seen Irom the southeast)

The bottom of the valley consists of morams

The white series at the foot of either valley Aanks are landshde matenal, origi-
nated from the northern flunk (right side). The main ridge at the sight side
shows the southern dipping (paralle! to the slope) of the Triassic, the Permian
und the Carbonilerous formations. (See also phot. 31 and plate V, fig. | and 2:
and Ag. 44 and 45)

glaciers (fig. 57. phot. 31 and 32). In addition to the glaciation, landslides have also plaved an important
role in shaping the present valleys. Near Braga (fig. 44 and phot. 29 -31) we tind land shde materials,
which has originated [rom the northern slopes. In the landslide deposit. the bedding (with southern
dip) can still be recognized. though broken and recemented. The material consists predominantly of
limestones (Devonian). slates and quartzites (Carboniferous). hmestones and dolomites (Permian-
Triassic). Surprisingly enough. the landslide material i1s deposited on the top of morainic material
with huge boulders, whereby the contact between the landslide and the morains shows also southern
dipping. (See phot. 29 and 31.) The landshide has a tremendous dimension and also must have had a
tremendous intensity, since it reaches right to the opposite valley flank. thereby surfing by 200 m up
the opposite side. (See also sketchmap of fig. 45.)

Based on these facts. we have to consider this landslide of Braga as interglacial. The material has
been eroded away in the bottom of the valley later on, feaving the main masses at the flanks. Due to
this crosion. the underlying Quvioglacial deposits and the morains have partly been exposed.

The Quaternary history of the Manang valley may be reconstructed as follows: During recession
of the last ice age. the main glacier (Marsyandr glacier) left a thick cover of morains in the valley,
extending on cither Nanks by 200 m above the present alluvial bottom. Then the landslide from the
northern (lank covered the whole valley. reaching at the oppaosite side about 200 m above the present
bottom. Fluviatil crosion and a following diluvial phase Tevelled an alluvial plain on the top of the
landslide deposits,

61



Nilgirt Shartse Peak I Kangsarise
7148 m

Phor. 31, The Marsvandi Valley above Braga

(seen from the cast: Nilgiri (7148 m) in the background)

The bottom of the valley is now covered by an alluvial plain consisting of
morainic material: most probably an ancient lake. The plain is fanked by the
landslide material, which is eroded into sharp crests and gullies. The horizontal
top of the landslide masses shows a levelled ancient terrace. Lying on the terrace
at the southern side (left side in the picture) we find big lateral morains ol the
ancient valley glacier. (Compare also fig. 44, 45, 57: plate V, fig. | and 2 and
phot. 38 and 41.) The arrows indicates the detail photograph 29.

New fluviatil and glacial erosion cleaned a new valley into the landslide materials. leaving parts of
the former higher alluvial plains in front of the present terraces on either sides. New glaciation (of the
Marsyandi glacier) deposited lateral morains on the edges of the old terraces. A last phase of glacia-
tion deposited ground morains in the bottom of the valley.

In gencral there exist great similarities between the landslide of Braga. and the famous interglacial
landslide of Flims in the Swiss Alps. Both have originated from a valley lank. in which the dip of the
beds are parallel to the slope: in both the landslides the rocks have glided along bed joints, possibly
undercut by glacial erosion at the foot of the valley fanks: and finally. in both the landslides the forces
were so tremendous that the masses were surting up the opposite valley side. herchy damming the
main valley to a lake. (Undercutting of the dip slopes by glacial erosion 1s evident near Manang: see
phot. 30, 37 and fig. 50.)

We now devote again 1o the detail geology of the northern Hank of the Manang valley. The geo-
logical profile on the ridge north of Braga (fig. 46, 47) shows at the base Carboniferous formations with
dark Narebang quartzite. slates and clear quartzites (yellow-band series). clear dotted ~lates. dark blue-
green and red phyllites. dark slates. dark green slates with layvers of manganese iron ore (simidar to the
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Phot. 320 NManane Village with the Gangapurna Glacicr Reachmy into the Muin

Lalley

Lhe tongue of the glacier dammed o fake o the valley unul the Marsyandi

cut through.
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of the Landstide Area of Braga
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Phot. 33. Fossiliferous Nodular Limestone
(seen at the ridge 200 m north of Braga)

The nodules are originated from shells, of which the limestone contains a
large number.
The formations are Permian-Triassic.
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S asom N Fig. 46. Detail Profile Skerch
| of the Ridge North of Braga

1 sandy weathering grey limestones and
dolomites

2 nodular limestones (see phot. 33) with
brown sandy-marly intercalations

3 quartzites, sandy quartzites, iron quartzite
lumashell limestone, nodular marl inter-
calations

5 fine slates, light green, violet and deep
blue

6 red sandstones and sandy quartzites

7  polygene conglomerates (*‘verrucano”
type of the Swiss Alps), dolomites,
limestones and mostly quartzites as
components in red quartz-sandstone

8 limestone with rosty inclusions

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

10 dark slates, interbedded with dense red quartzites and manganese ore

11 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.

JBSE

Takbachhi series below Dhor Patan, see Volume | 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 mari 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).

Fig. 47. The Folds in the Eastern Flank of the Ridge North of Braga
(seen from the east; see lithologic detail profile fig. 48)

TD Triassic dolomite
YB yellow-band series (Carboniferous)
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Phot. 34. Dolomite Conglomerare in
Fossiliferous Brown Sandy Limestone
(at the ridge 500 m north of Braga)
The pencil indicates the scalc.

The overlving dolomitic series shows the profile as given in fig. 48. The top is [ormed by a typical
Triassic dolomite. of light brown dense character. The lower part shows on the surface sandy weathering.
A Rauhwacke with cellular structure i1s also present. underlying is a nodular dolomite with limestone.
Brick-red and clear red sandstones are lollowed by banded reddish brown sandy limestone. The follow-
ing dark and greenish blueish clays recall the “*Quartenschieler™ of the Helvetic Triassic in the Swiss

Fig. 48. Profile Sketch of the Ridge Northwest of Braga (Triassic profile)
S

light brown dolomite, surface sandy weathering

light dolomite, interbedded with cellular dolomite, net pattern of clay

nodular dolomite-limestone

bright red and pastell-red banded sandy limestone

reddish-brown laminated sandy limestone

dark slates, and grecnish-blueish slates

(similarity with the “Kossener™ and “*Quarten™ shales of the Alps)

7 reddish coral limestone, with layers of light vellow-green clays in nct pattern,
also with brown sandy clays

8 banded dolomite and limestone, with layers of dark limestone

9 coarse-grained red quartzite. iron quartzite

fo LV I SOV S
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Alps. These clays are in the lower part increasingly interbedded 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 North of Manang

1 dolomite (Triassic)
2 quartzites, sandstones and multi-coloured slates (Permian)

3 «ycllow-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 11 and plate 111 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 (fig. 50).

L Manang Himgl 663l NW
Nilgiri Shartse “ TR o
7148 ; 5

)

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 Himal. The dip slopes directed parallel to the flank
of the valley have encouraged sliding of whole large bed parcels. Probably
glacial erosion at the foot of the mountain flank 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.

Fig. 50. The Eastern Flank of Manang Himal (6631 m).
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6. Geology of the Mountain Ranges North of the Manang Valley
{Manang Himal--Naur Himal-Naur Chu Valley)

Fig. 51. Profile sketch of the Ridge North of Ghyaru
(seen lrom the cast)

1 Jurassic limestone

2 Lower Jurassic slates

3 Rbhetic slates and limestones, dark shales

4 Triassic dolomites

5 Permman quartzites and sandstones

6 Carbonilerous quartzites, slates and shales

The Mesozoic series have unconformly glided on the Permian formations.

We now go for an excursion from Ghyaru over the Naur La (5300 m) to the Naur village. When
climbing from Ghyaru we first move always in the same Devonian limestones, since the beds dip more
or less parallel to the slope. At 4500 m we leave these limestones and proceed into the overlying
Carboniferous and Mesozoic formations (see fig. 51, 52). With growing altitude, the so farevenly southern
dip is replaced by various folds. The Naur La (5300 m) is situated little north of an anticline. Northern
dipping Triassic dolomites occur in the gap (fig. 52). North of the Naur La we cross a narrow syncline
with Rhetic formations as filling. The syncline is slightly overturned towards the north. (See profile 9 in
plate 111, and fig. 53.) This syncline strikes towards the castsoutheast, along the northern flank of Naur
Himal (6114 m) and round this peak into the eastern flank of this mountain, where it terminates due

Phot. 35. View into the Nawr Valley from the South

(aerial photo from 5700 m above Kupar)

The eastern flank of Naur Himal shows the overturned syncline with Mesozoic
filling (right side flank). The ridge at the foreground is built by Devonian
limestones with a fannel-like shape (compare also phot. 37 in which F points
to the fannel).

Naur Himal Tangetse
6114 m 6723 m
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to the general axial rise ol the Manang synclinorium in this area. (Compare also fig. 54 and espe-
cially phot. 35. whqrc this Mesozoic wedge is well exposed.) On the ridge southeast of Naur lLa,
towards the Naur Himal, we find a secondary small overturned syncline with Triassic and Rhetic filling

N S Fig. 52. Detail Sketch of Nuur La {5300 m)
2‘:;:” 1 Permian quartzites and sandstones
] Comp Ghyary 2 Triassic sandy dolomites

sexom Mo morain

(see fig. 53 and geological map plate 11). Near the Naur village, in the valley striking west-east, 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-

Fig. 53. The Ridge East of the Naur La

(seen from the west)

1 sandy dolomite (Triassic)

2 muiti-coloured slates and red sandstone
(Permian)

3 sandy limestone (Permian)

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 Braga
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 normal direction 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 11I). 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 axis 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.
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Phu Himal Manasiu 8125
6454 Needle 09 :

Corboniferous Permian Triassic Rhetic Jurassic Lower Jurassic Upper Jurassic

Morains Granite Mixed Gneisses

Silurion Devonian

Fig. 54. Geological Panorama from Naur La

towards the North and East

The glaciated mountain range is built by The mountain range with Peak 7009 m east The village of Naur is situated in a morain
Mesozoic formations which are folded in a  of 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  mulated to an excessive thickness. (Compare  of the Naur Chu.

anticline. also fig. 55.)

Phu Himal Needle
6454 Phu Glacier

Manaslu
8125 Himalchuli
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Ordovician- rocks
Cambrian

Fig. 55. Geological Panoranig from the Naur La
(5300 mi rowards the £

The eastern Tt i~ - alley with the  synclinorium towards the east, the formations Manaslu granite) is thrust upon the northern
peak 7oow .. . how the ex-  show in general a westerly dip towards the flank of the Manang synclinorium. (Compare
tremcly i wiin for-  observer (see phot. 36). From the Tilje, the also figs. 29-31.)

mation:- .lated . Manang synclinorium  strikes through the  The foreground shows the anticline of Naur
A nure “© v .o Peak 6398 m ol the Manasly group, whereitis  village, whereby especially the Permian for-
piled v Jhown inits crvstalline bottom (see also Ag. 29).  mations are considerably folded (compare
700" “1 . he monntins north of the Phu glacier  also fig. 54, geological panorama from the
is Yoo e el rise towards the east. In the  Naur La towards the north and east).

ol af Phu glacier the crystalline (the



Piior. 36, Panovamic View from the Nawr La to the Ease | splanation see in fig. 55

f

The further continuation of the Manang synclinorium (however only in its crystalline bottom) is
further observed in the Manaslu group (see fig. 55). In the peak 6398 m. it i~ overturned towards the
southwest. as already described in fig. 29 and 31,

From Naur La we also ¢njoy a beautiful view into the whole northern lank of the Annapurna
range. (Plate V. fig. 2))

However the geological description will follow later on. after having explored the whole valley of

Manang. We therelore go now back to Manang. The cross section through Manang (lig. 56) shows
much more structural complications than the area further east. The main axis of the Manang synclino-
rium lollows more or less the valley (in the section ol Manang). However there are a number of compli-
cations. since the bottom of the synclinorium is warped up and forms an anticline. in which the Car-
boniferous formutions are exposed. Further, on cither sides ol this central anticline occur secondary
synclines both overturned and directed against cach other towards the center of the svnchinorium. Al
the southern flank there exists a lurther reverse (towards the north overturned) anticline and synceline,
on which the thick Devonian limestones of the Gangapurna are overthrust (fig. 56 and plate V lig. 3
and phot. 38, 37).

The general impression is of having a Graben (along the axis ol the Manang synchinorium) into
which the upper formations from the Horst of either sides have been folded in. We nuight call this
superficial tolding resulting from block-tectonices.

Ihe big town of Manang is beautifully sitwated opposite of the Annapurna. wiich sends the
Gangapurna glacier right down into the maim valles. building o barrier with s Tareral moraims
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(phot. 32. 38). The terminal morain is situated on the opposite side ol the valiey. l_‘ntll recently. there has
heen i lake in the main valley dammed by the tongue of the Gangapurna gla.mcr‘. The Murs_\vundl has
now cut through the morains. There are also ares of higher terminal morains from an c;lr]lcr stage.
when the tongue of the Gangapurna glacier reached nearly the altitude of the town of Manang
(fig. 45).

N Fig. 56. Geological Prople through Manung
s 1.J  Lower Jurassic
R Rhetic
* Manong T Trassic

P Permian

¢ Carbonilerous

D Devonian

The Manang synclinorium shows a number of
partial axis, whereby the structures north of
the valley are normally directed towards the
<outh. while the structures south of the valley
axes are reverse. that means directed towards
the north.
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Phot. 37 Photographic Panorama of the Manang Valley swith - Annapurng 1]
and 1V and Nawr Himal

(seen rom 4600 m on the ridge north of Manang, view towards the southeast)
(Compare geological panorama plate V, fig. 1 of the same view.) F indicates
the fannel-like shape of the Devonian limestone. marking the western pitch
of the Manang synclinornium.

Phot. 38 Gangapurna, Roc Noir and Nilgiri

(seen from the northeast)

The reverse fold in Silurian-Devonian formations on the northern ridge of
the Gangapurna s well visible. (Compare geological panoramas ol plate V)

Gangapurna Roc¢ Noir Nilgiri Shartse
7315 m 7255 m 7148 m
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Fig. 57. The Manang Valley with the Town of Manang 3 lake deposits of the lake dammed by the Ganga-
seen from the west, see also phot. 32) purna glacier
4 alluvial plain filled with morainic material
1 landslide material of the landslide of Braga 5 lateral morains of the ancient Marsyandi glacier
2 recent lateral morains of the Gangapurna glacier M  Manangtown

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 type as found on Chandragin
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 lurther 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 pegmatites were found, not to speak of any gneisses and granites, which however are not to be
expected in this area. Also the surrounding flanks of the Gangapurna glacier do not show any peg-
matites. though Carboniferous, Devonian and Silurian formations are exposed. We recall, that further
west, near Pisang, the topmost pegmatites were found right up into the Upper Carboniferous formations
(veHow-band serics).
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The tectonics at Manang are not only expressed by large folds and thrusts, but also by micro-
tectonics. whereby within a particular formation 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-Gliding within the Permian Limestones above Manang

(location above Manang in fig. 56).

Permian limestones are interbedded with marly clays, which have acted as
“lubrication” 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 Anticline in the Wedge between Kangsar Chu and
Jargeng Chu.

This is the western continuation of the anticline in the bottom of the valley
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 geological map 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 l.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 111, 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 Nilgiri anticline).
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7. Geology of the Northern Flank of the Annapurna 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.

Fig. 60. Block Diagram Showing the Structure
of the Manang Valley und the Annapurna, View
front the West.

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

Ffr‘:"-'x?.j MESOZOIC L Zeateozoic [+ 7+ < cRANITES, GNEISSES

[ZEE

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 Tibetan 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 peak 7009 m.

Thus, seen from the east, the Mesozoic formations commence north of Annapurna II (7937 m).

The main axis of the Manang synclinorium (as we may call the Tibetan marginal synclinorium 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 111, profile 9. further
plate V, fig. 3.) West of Manang, the main axis of the synclinorium follows the Kangsar Chu
(plate 111, profile 7) and into the high plateau of the Thini passes (plate 1[I, 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 plate V,
fig. 2and 3; and profiles 6, 4 of plate 111). 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 Silurian/Devonian formation is especially well exposed in the group of the Gangapurna and the Anna-
purna II1 (7576 m) (plate V, fig. 2, phot. 38 and profile 8 plate II1). 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 the lower one. (See plate V, fig. 2 and 3; and also phot. 38.)
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The tributary valley which drains the Seti gap(plateV, fig. 2) gives also an excellent view into the strue-
ture of the eastern flank of the Annapurna 111 (7576 m). The reverse fold in the Silurian/Devonian
formations is greatly developed. The underlying synclinc with Mesozoic filling is unsymmetric, the
upper flank tectonically squeezed out along a thrustfault, whereby the Devonian limestones are thrust
upon the Triassic dolomite (see plate V. fig. 2).

Annapurna I Gangapurna

Jurassic

Rhetic

Trigssic

Permian

Carbonifercus

Devonian

Silurian

Fig. 61. Annapurna 111 and Gangapurna Secn from Northwest

(from the Jargeng valley, approx. 4300 m)

The northern flank of this range shows the tremendous reverse fold in Silurian and Devonian formations, with a reverse
series in the lower part of the northern ridge of Gangapurna.

The ridge in front of Gangapurna contains a narrow towards the north overturned syncline with Jurassic filling.
(See also phot. 42)

The range of peak 5291 m, which is situated in front of Annapurna il and Annapurna 1V shows
the large Mesozoic filling (up to Jurassic limestones) in the overturned and reverse syncline (plate V,
fig. 1 and 2). At the western part of the said mountain range a dolomite anticline (Triassic) is exposed
(phot. 37).

The tremendous folding and faulting in Annapurna I1 (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 show the structure seen from the castern side.

Phot. 39. Zaphrentis Species
(location at 3980 m on the trail above Tengi to Thorung La,
2 km northwest ol Manang)

The scale is indicated by the penail.
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8. Geological Itinerary Manang-Thorung L.a

We now continue our route on the ridge northwest of Manang and Tengi. the highest and last vil-
lage on the trail to the Thorung La (5300 m). First we climb in Carboniferous formations represented
by quartzites, interbedded with limestones, red quartzites. Narebang wood-like chloritoid slates and
the lowest bed of the white quartzite of the yellow-band series. At 39%0 m we tind n the lower bed of
the yellow band series a zaphrentis species (phot. 39), which consequently proves the Carboniferous
age of the yellow-band series. Also slates with fucoides and other fossils were found al the same place
(phot. 40).

Phot. 4. Fucoide States with other
Fossil Shells

(on the ridge above Tengi)

These fossils occur near a clear-coloured
coarse-grained quartzite bed oserlying
“wood-like™ Narebang slates, red quart-
sles and  quartzite interbedded  with
limestones.

In the valley of the Jargeng Chu we move for a long time in more or less the same formations
of the Carboniferous and the Permian. The overlving Triassic dolomite occurs at the eastern flank of
the valley much higher due to an axial rise towards the east. (See fig. 62 and 63, Manang Himal.)

At the western side of the Jargeng valley, the Triassic dolomite comes to ly nearly into the bottom
of the valley, due to the axial pitch (see overturned dolomite syncline in fig. 64). In the valley. which
drains the southwestern Hank of the Manang Himal (6631 m) it is well visible, how the Triassic dolomite
(which dips at the northern flank of the Manang valley towards the south) is bent to form an anticline
and dips towards the north (fig. 62). Hereby. the dolomite is overthrust by Carboniferous formations
of a higher tectonic unit. The overthrust Schuppe (slice) dips generally towards north and shows a
complete stratigraphic profile from the Carboniferous through the Permian and the Triassic with the
typical Norian dolomite to the well-bedded limestones and slates of the Rhetic and Jurassic. The peak
ol Manang Himal consists of the thickly-bedded limestone of Upper Jurassic age (fig. 62 and 63).
However, also this upper Schuppe is still folded and thrustfaulted (fig. 63 and 70).

At the western side of the Jargeng valley (hg. 64) we see now the bent vertical fold of the Manang
anticline, which is formed by the Carboniferous formations with a cover ol Permian and Triassic series.
The extraordinary horizontal faults have been shown in fig. 59. North of the said vertical anticline
there is o syncline. overturned towards the north. filled with Rhetic formations (tig. 64).

The Kangsartse Peak. joining northwest of the ridge with the Manang antichine, is built by a
complicated syncline which is also overturned towards the north. The filling of the syncline consists
of turassic Timestones. which build the peak itself (see detail fig. 63).

I'he next big anticline towards the north (see geological map plate 11) is also rather complicated,
with a vertical fault, along which the northern part has been lifted (fig. 66 and detail fig. 67. seen trom
further northn
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Fig. 62. The Manang Himal Seen from the South-Southwest
UJ Upper Jurassic R Rhetic P Permian TP Trustplane
LJ Lower Jurassic T Tnassic C  Carboniferous

The standpoint is about 5000 m, thus, looking upwards, the series are slightly distorted.

It can be observed how through a thrustplane the Triassic dolomite is doubled. Possibly there exists a secondary thrust-
plane in the upper dolomite in the hanging glacier below the summit. The dolomite series in the left side loreground
belongs to the lower thrustsheet. The upper dolomite series (left side on the top) is folded into a overturned syncline.
The two series appear to be one and the same due to distortion viewing upwards. However there is a valley between

the two series at the left side.

N Manang Himal S
663l

West-Southwest

cally piled up.

Ul Upper Jurassic
L) Lower Jurassic
R Rhetic

T Triassic

P Permian

&0

Fig. 63. The Manang Himal Seen from the

The dolomite series are folded and tectoni-



We now consider the profile right up to the Thorung La (fig. 68 and 69). Where the trail crosses
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 difference 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

NW

Kangsartse
(Peak C)

"“.‘,i;'.. Upper Jurossic

Lower Jurassic

Rhetic

Triassic

Permian

Carboniferous
wilh yellow bond serias

Fig. 64. The Ridge between Jargeng Chu and Kangsar Chu
(seen from the east)

The Carbonilerous formation 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 (Kdssener 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).

S Peak F N

Fig. 65. The Reverse and Overturned Syncline of Peak F
(seen from the cast; compare the comprehensive view given in fig. 64 and fig. 71)

UJ Upper Jurassic
LJ Lower Jurassic

R Rhetic

T Triassic

P Permian

C Carboniferous
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Pha Himal Naur Fhimal  Flimalehuli Annapurna 11
0454 m TN9 M 6114 m TRO4 M 7937 i

Phot. 41 The Manang Valley Sceen from the W

tacril photo from S600 m abose the Jargeng valley)

Note the outstanding height ol the Annapurna range compared with the
Giplelflur of the mountains north (left side) of it which is about 6000 m only.
Note also the ancient land surface at about 5000 m at the northern Mank ol the
Annapurna range and on (he mountain ranges north of the Marsvandivalley,

Possibly, the overlying brown sandy quartzites and sandstones. interbedded with clear-coloured
thin quartzitic layers nught belong to the Lower Jurassic (Liassic especially). Overlying we lind. partly
under hight angle unconformity. clear coloured und brown quartzite. This series 1s mixed with “autumn-
coloured” (herbstlaubfarbene) limestones and pink lenticular coral limestones. [t appears, that we all
on u sudden are again in lower formations and that the Triassic series are sliced. tor. above and over-
Iving. we find again the mam dolomite series (Norian) ol partly very dense. partly line-grained conglom-
cratic character. The black series of the Rhetic appear to thin out towards the cast. (Phot. 42, below
Manang Himal shows very clear the slicing within the main dolomite series, caused by a number of
steep northern dipping thrustfaults.)

frr——— e e
| Kangsartse | Saak B

Upper duruss.g
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Fie. 66 The Weostern Hank of the Central Pact of the Jareeng Valley

(seen from southeast)

I here exists a doubled anucline, with a vertical Lol at the southern flank, wherebs i both partal axis €Carbomlerons
formations are cxposed i the lower anks of the valles. The antichne s shirhtls overturoed tow ands the south
(Compare detab of the sauthern Hank of this antichine given in g, 679



Fig. 67. Fauited Anticline at the Western Flank
of the Jargeng 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 been lifted while
at the same time Lhe southern block has made
its independent tectonics, which caused a con-
siderable discordance on the fault.

Lower Jurassic
Rhetic

; £,54] Norion Dolomite
~» 4| Muschelkolk

| Permion

‘| Carboniferous

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 we find again deep black shales (K&ssener facies). The
formations above those consist of quartzite layers, iron sandstone, iron odlites, deep black slates, brown
sandy limestones with shells, grey limestone with net pattern and o6lithic limestones.

On Thorung La (5300 m) occur clear-coloured coarse-grained quartzites embedded 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 the Alps). The whole series dip in the Thorung La
towards the north. In the lower part of the southern flank of Thorungise (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. in 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. Detail Profile at the Eastern Side of Thorung La  (along the trail from 4200 m up to 4850 m)

S N (camp 4260 m near Jargeng Chu) well-
4850 ____ bedded dark slates, interbedded with
: marly limestones and with quartzites

2 pgreen, 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

3 large dolomite, partly fine-conglomeratic
(200 m)

4 eds of quartzites

5 quartzites, interbededd with fine black
shales (‘K dssener® acies of the Alps) and

Cam dark limestones

426 lumashell limestone
Jargeng calcareous slates
Chu calcareous sandstones

beds of quartzite (10 m)
brown sandy quartzites and sandstones
marly limestone. brownish-yellowish
RS (**Herbstlaub™-coloured of the Rhetic of
the eastalpine facies of the Alps)

12 thrustplane

13 quartzite, clear-coloured, when fresh;
brown weathering

—_——\D W N

—_

The thrustplane (12) cuts the series (4)-(11) 14 pink lenticular-coloured coral limestone
under oblique angle, thus they lorm a wedge 15 lumashell limestone
between the underlying dolomite and the 16 Norian dolomite series, well-bedded,
overlying thrustplane. clear grey-coloured
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Fig. 69. Derail Prafile on the Eastern Side of the Thorung La

large dolomite series (Norian)

calcareous slates, make a sound like broken glass when walking over them

quartzites interbedded with dark slates

very black fine shales (very typical “Kdssener’ facies of the eastalpine

Rhetic of the Alps)

5 single beds of quartzites, iron sandstone, black shales, iron oélites, brown
sandy limestone with shells, grey limestone with net pattern of clays,
odlitic limestones

6 clear-coloured coarse-grained quartzites (in the pass 5300 m)
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9. Geology of the 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 Himal (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
slates 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 *‘cheese”-structured
(with holes) and extreme hard quarizites and sandy quartzites were found.

Fig. 70. The Eastern Flank of the Jargeng Valley from Jurgengtse to Manang Himal

(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 Himal and Annapurna 11). Compare
also phot. 42.

Fig. 63 gives the view behind the ridge leading from the right side to Manang Himal

" “Monang Himol I T T Amnoourna D)
6231 | Annapurno 1T I

S Thorung Himal

' Jar
gengise
€

Jargeng Lo
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Manang [ imal

Annapurna 1V Annapurna 11 Gangapurna
6631 m 7507 m 7576 m 7315 m

Phot. 42, Photographic Panorama from below the Thorung La towards the
Southeast

(Compare geological sketch fig. 70.)

The Thorungtse (6444 m) itself shows a very complicated structure with a number of thrustfaults

and folds. This features will be dealt with later on, since this mountain range can be studied much better
from the western and southwestern sidc.

While the western flank of the Jargeng valley. with the mountains of Jargengtse and Manang
Himal (6631 m) are now pretty clear. the mountain range forming the watershed between the Marsyandi

Fig. 71. Schematic and much Simplified Comprehensive Profile of the Mountain Range between the Nilgiri and the
Thorungtse

The triangles denote the various mountain peaks and their respective locations with regard to the formations and the
structures. The numbers indicate the location of the respective text figures.
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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 topo-
graphy, 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-Jargengtse. (Later on also the northern adjacent area towards the Damodar Himal was found
greatly wrong in the existing map.) It 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 com-
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, the comprehensive profile shows clearly the character
of the synclinorium, with a large number of partial synclines and anticlines and thrustfauits. 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 (64-69) 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 I11.

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 (opposite)
Stratigraphic-lithologic
Columnar section
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Il Geological Observations in the Northern Part
of the Thakkhola

(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 odlites 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. Detail Profile at the Western Flank of the Thorung La

NE SW

. ——5300m

1  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 (Maim)
porous quartzites (Cretaceous?)
light-coloured limestone

(8]

[« JRV

13
14
15
16
17

reddish-brown limestone and calcareous
slates

calcareous slates, sandy brown calcareous
slates (sound like glassware when walking
over them, Lype of the Lias slates of the
East-alpine facies of the Alps).
limestone (Lias?)

lumashell limestone

dotted limestone (fine-grained conglome-
rate, with pentacrinus, type of the Lias
formation of the eastalpine lacies of the
Alps).

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

lumashell limestone

white and green slates, calcareous slates
with pentacrinus

black slates, with fucoids (this series
forms a narrow anticline)

fine-grained polygene breccia with red
components of limestone

densc grey limestone

dotted limestone with crinoidal breccia
breccious limestone

Rauhwacke (cellular dolomite)

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
complications.)

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
Muktinath (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 ridge of the Thorung Himal.
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N Thorungtse S
6444

Upper Jurassic

Lower Jurassic

Rhetic

Triassic

“oe 0| Permian

Fie. 74. The Thorungrse (6444 mo. Seen from Mukitinath

This sketeh shows especially the Jower part of the western flank ol the Thorurgtse with the various folds in the Per-
mian and Triassic formations, The upper part of the mountain is distorted, due to looking steeply upwards, especially,
the Cretaccous top cannot be seen, The summit is better shown in fig. 79, 81 and X2,

S
e

R

Phot. 43, View on Muktinath

Deriatse (6150 my) feft side. Lupratse (3911 my right side.

(Compare lig. 78 and geological panorama plate VH fig. 2.)

The transverse Tault of Muktinath strikes along the foot ol the mountain range.
it can clearly be recognized especially on the leftern side, how the (olds in
the Norian dolomite are cut.

Ihe natural gas of Muktinath appears in this fault, where the Palcocene
Saligram series join the Triassic and Permian formations in the lault itself.
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It 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 the Triassic dolomite is just exposed over the
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. 81).

NNE Deriatse SSw

. 6150
Thorung La

~ = Muktinath

e

Permian Triassic Rhetic L.Jurassic U.Jurassic Saligrom Series

Fig. 75. The Western and Northwestern Flank of Thorung La and Deriatse (6150 m)

The large Muktinath anticline is eroded down to the Permian formations. The axis ol 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. | 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 111, 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, 81, 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 different names: Muktinath is the Nepalese name,
while Chumik Ghyatsa is the Tibetan name.
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Fig. 76. Camprehensive Profile at the Western Flank of Thorung La

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 with 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.

N /\F \ /A ~ s
Gémpa - ™
Muktinath s

1 Km
t ! TrRs?
Fig. 77. Detail Profile from the Muktinath Gémpa towards the South
1 Norian dolomite 7 sandstones and conglomerates (polvgenous, quartz-
2 quartzite, coarse-grained, blueish green itic; components in quartz-sandstone; type ol the
3 quartzitic breccias *verrucano’ of the Swiss Alps); echinoidal breccia,
4 red and dark slates with gastropods and nerinea species
5 quartzitic breccia, with thin layers of echinoidal 8 dolomite
breccia 9  shelly limestone
6 slales with pectus 10 transgression of black slates with saligrams
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Fig. 78. Detail Prafile on the Ridge 4 km South of Muktinath

(this profile continues from fig. 77 towards south, right side in the picture)

| Saligram series, black slates and argilla-
ceous slates with calcareous boulders
containing ammonites

2 shelly limestone, formed to an overturned
anticline; the contact between (1) and (2)is
partly unconform

3 black argillaceous slates with greensands
(glauconite)

4 marly limestone, odlitic, thin-bedded;
with extraordinary transverse clefts, inter-
bedded with silver-grey slates

5 black saligram slates interbedded in dark
red slates, also beds of very dense red
quartzite (radiolarite type)

6 glauconite greensand, fine-grained

7 glauconite greensand, coarse-grained

8 conglomerale ol quartzites
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The latter is represented by red sandstones and conglomerates. The echinoidal breccias also contain a
nerinea species and gastropods. Due 1o a change of strike we reach further south again into the over-
lving formations and the Triassic dolomite occurs again at the foot of the western ridge of the Deriatse
(see fig.75and 78). At this place, it is overlain by the lumashell limestones of the Rhetic. The Rhetic 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 a strong axial pitch towards
the southwest. That means the axis of the folds are nearly at right angle to the normal east-west strike.

w Thorungtse E

6444

Kali Gandaki +_
N

Chehang La

Y 7,1\- /)/“ o

- N :;) ‘f_%

- -
Gompa
Muktinath Thsy
. Cretaceous 7 T Thakmor series ( Tertiary-Pleistocene)
. Upper Jurossic K Kogbeni series {upper Paleocene -Eocene)
7 =] Lower Jurassic ===="=| Saligram series (lower -middle Paleocene)
Rhetic .
T 7] Triassic Fig. 79. The Thorungtse Himal and its Western Ridge Seen
1 Permi from the Southwest
ermian

All the formations show a strong axial pitch towards west. On Chehang La (left side) we find the transgression of the
Saligram series on the Lower Jurassic slates. The Gompa of Muktinath is situated just on the transgression contact
between the Saligram series und the Triassic dolomite. (See also plate VI, fig. 2.)

In addition to the strong axial pitch, also a number of south north faults strike through the zone of Muktinath, whereby
the western portions have been sunk. (Compare also fig. 81 and 136, phot. 46 and 70, profile V in plate IV.)
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Dark bituminous shales, partly of sulphuric smell overly the Rhetic formations at places under
unconformity. The dark shales contain large boulders of calcareous concretions, which are the famous
saligrams. Saligram is the Hindi name for the ammonites, which have caused the coneretions. The
saligrams are sacred for the Hindus. According to their belicve, they contain gold. and bring good luck
to the owner. They are sold in Calcutta for up 1o 100 USS$ each. The ammonites are (in this area) of
Jurassic and Cretaceous age. Undoubtedly, these series were deposited during the Upper Cretaccous-
Paleocene period under circumstances which were especially [avourable for calcification and thus
preserving the abundant ammonites. We shall from now on call these formations the Saligram series.
It is a key horizon, which has been transgressed over various Mesozoic formations, as we shall see
later on.

Fig. 80. Rhetic Marly Limesiones Interbedded in Slates

(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.

N S

Thorungtse
6444
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Fig. 81. Thorungtse Himal Seen from the West

This drawing is made from long distance, from the opposite side of the Thakkhola at a standpoint of 4600 m above
Dangarjong. It shows especially the complicated structure of the upper part 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
anticline, in which the Permian formations reach right up to the main ridge of the mountain. Also the Chehang anti-
cline is overturned towards the south.

Ali the structures of the Thorung Himal show a steep western pitching (towards the observer). Thus the Saligram
series which are more fAat are in unconform contact with various formations, from Permian to Lower Jurassic. It is
evident, that the Saligram series have been deposited on a previous erosional surface.
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The Saligram series are only about 100-200 m thick. They are overlain by greensands, which are
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 formatijons
along the ridge towards the west.

We find overlying quartzite conglomerates. There is little doubt that we are at this place in
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 thesc
series transgress over various Mesozoic formations: They overly Rhetic Lumashell limestones 2 km
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 1V, 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 10 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
transgresston 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.)

N Fig. 82. Comprehensive
Profile Sketch
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.57 .77 | Cretaceous P Rhetic

Upper Jurassic i 1 Triassic
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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 in 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. it is evident that also transverse faults in that area have helped the
natural gas to occur at the surface (see profile V in plate IV; phot. 43 and hig. 136). It appears as if
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the western flank of the Thorung Himal and the Deriatse were cut by such a transverse fault, whereby
the Thakkhola basin has sunk in (in form of a Graben). There are 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 appears. 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 fill 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 overlain 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. 1, 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
Gompa (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.
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2. Tetang-Narsing Chu

On our trip from Muktinath towards the north we have [irst to cross the Chehang La, that is the
pass a few hundred meters cast of peak 4191 m. On this route, just northeast of the Chhego village we
find again the black shales of the Saligram series with the large boulders which contain saligrams
(ammonites, fig. B1).

Fig. 83. Derail Profile from the Chehang La to the Peak 4191 m

1 lhimestone and calcareous slates  with W
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grey coarse-grained quartzite

white sandstonc

red dense quartzite

dark sandy slates

quartzite breccia

sandstone ('Ruchsandstein™)

brown and green sandstones, fine con-
glomeraltes, glauconite sandstone
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From the large number ol collected ammonites were some determined in the field as Hoplites
Berriasiella (Portlandian—Purbeckian). At this place. the Saligram series is much tectonized, with the
axes of the folds directed north-south. The exposure is close to the Norian dolomite, which covers the
northern flank of the Thorung valley (fig. 81). In general the Saligram series dips at this place towards
the west, while the mentioned dolomite shows a normal northnortheast dip. The unconformity of the
Eocene Saligram series upon the Triassic dolomite is thus practically under right angle.

Phor. 34, inding of Fossils on the
Frail from Chehang towards North

Cardmias embedded with belemnites




Phot. 45. Belemmnites near the
Salieram Transgression
of Peakh 4191 m East 1 Chehang {.a )

In the small brook northeast of Chhego we can also observe. how the above-mentioned dolomite
shows a synclinal closure and connects with the higher dolomite series. The Qlling consists of Rhetic
and Liassic slates and Iimestones (lig. 81 and 79).

The valley north of Chhego has an extraordinary thick cover of morains. A distinct terrace of
morainic material is found at 3800 m (hg. 79 and 75). But also further up. towards the Chehang La. we
find several lateral morains Iving upon the said terrace.

Fig. 84 View on the

w E Northern Flank of

the Muktinath Valley
Q Kali Gondaki |

© Kagbeni

I Thakmar series (clear-coloured sandstones, red shales, boulderbeds and lacustrine
chalk: Upper Tertiary  Quaternary)

K Kagbeni series (dark sandstones and slates, greensands. grey sandstones. JUUrLzites,
hreccias and glauconite sandstone; Paleocene -Focene).

S Saligram senes (Fower  Middle Paleocene)

b Jurassu

Fhe Thakmar series are folded-in into the Kagbeni series. whereby the structural axis are

derected vorth o <onth Compare phot. 16.
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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 bqlemni}es (fig. 83 and phot. 45). In the
same locality we also found a large ammonite, namely a Virgalne_s Virgatus (fig. 83). All these Meso-
zoic series dip towards the west. The transgressing Saligram series how;ver 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. Faults and Folding within the Eocene
Kagbeni Series
(west of Muktinath)

.
T

dark slates quartzite

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 and 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. Transgression within the Eocene
Kagbeni Series
-}| sandstone (northeast of Khingsar, 4 km east-southeast
“| quartzite of Kagbeni)
Quartzitic formations lying under unconfor-
mity upon black slates.

dork 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 1V, profile 1V.)

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 saligrams (fig. 83). The thickness of the Saligram
series is about 200 m. Above the Saligram series we find white cnarse-grained quartzites (fig. 83). then



new layers of black shales interbedded with dense red quartzite. A breccia of quartzite changes to
quartzite sandstone. The latter is in the lower portion brownish-grey, 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.

Fig. 87. The Eastern Flank of the Kali Gandaki
Vallev North of Kagbeni

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 series 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. 116.) 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 from Peak 4191 m towards the North

T Thakmar series in general (Tertiary—
Pleistocene)

RT Red Thakmar series

WT White Thakmar series

K Kagbeni series (Upper Paleocene—
Eocene)

S Saligram series (Lower—Middle Paleo-
cenc)

The Saligram series reaches from Chehang La
right down to Tangbe village near the Kali
Gandaki river. Also at the opposite side of
the valley Saligram series occur.

Note the western dip of the Thakmar series
at the eastern flank of the Kali Gandaki )
valley (right side in the sketch) and the nor- £ s
thern dip of the same serics at the western -
flank of the valley.,
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Fig. 89. View on the Trail berween Chehang La and Tetang 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.

Khegaise
6Il98

Fig. 90. Geological Sketch of the Tetang Valley

(view {rom the southeast)

The Thakmar series are transgressed under angle unconformity upon the Saligram series
(right side). Apparently the latter form 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 the picture)
and the predominant northern dip at the opposite side (in the background).
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Khegalse Mustangtse
HlYE m 6476 m

Phot. d6. The Thakkhola Graben Novth of Muk tinath
Cacrial photo Irom 800 m above Muktinath, view tosards the northy

Ihe main transyerse fault strikes along the castern foot of the mountain range
in the feft side ot the picture. (Compare plate VI, tig. 3 and 2)

The Tawlt of the opposite side of the Graben is of lesser magmtude. Instead, the
whole Cretaccous and Tertiary filhing of the Graben shows a considerable dip
1o the west (left side in the picture),

Over the series with the belemnites we tind dark limestones. with a net pattern of calcite veins.
then slates and thin-bedded limestones. interbedded with quartzite beds. then polygene breccias (type
of the Lias breccia ol the Eastalpine facies of the Alps). and finally yellow arenaceous quartzites
(Dogger?) (sec fig. 89).

In the first small valley (2 km northeast of the Chehang La) the above-mentioned series are lolded,
whereby their axis strike in north -south direction. That is a right angle 10 the normal strike.

Just south of the first pass (approximately 3 km northeast of peak 4191 m) we find Rhetic lime-
stones, whereby characteristically the limestones show transverse chivage and are interbedded with
slates (compare also fig. 80 of the area south of Chahar). A few meters of Javers and Ienses of quartzite
overly the Rhetic limestones. Further up we find blueish-grey coral limestone. overlain by breccias.
The Saligram series transgresses on the latter. The profile above the transgression is given in fig. 94
and 95 and phot. 49. Surprisingly. we find only a few meters above the Saligram series river gravels of
limestone and dolomite and also the first granite boulders of the Mustang granite {phot. S| and 52).

[n (he tributary valley of the Narsing Chu, into which the trai) descends for crossing the river we
lind thick morains. Proves ol former glaciation are also found in glacial thrust marks on Lias breccias
(phot. 50). Triassic dotomite occurs in the background of this tributary valley (fig. 95). This 1s anti-
clinally tolded.

Ihe tranl erosses on its Turther course Rhetic limestones. However, in the lower part of the valley
woe enter aean the Saligram series.
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Fig. V1. The Tertiary on Tetang La

(Fetang U is situated 3,75 km southeast of Tetang, see location in fig. 89)
1 transgression breccia of the Lower Jurassic (L iassic), 20 m (sce also phot.49)
2 quartzite with saligrams, 50 m

1 river gravels, (dolomite. limestone and granite)

4 marl breecia, ITom

S blue lacustrine shales, 2 m

6 marl breccia with beds of red iron quartzite

7 niver gravels, tm

8  white sandstone, 30 m

Y river gravels. 2 m

10 ved sandstone

For the first time we find in this valley between the Saligram series and the Mesozoic formations
a new series of violet and pink well-bedded sandstones and slates ol the flysch-type of the Alps
(fig. 92-94.97). Directly on the Saligram series occur sandstones with red boulders of breccias, overlain
by light-blue lacustrine shales and clear-coloured sandstones. Overlying to these series we find brown
sandstones (phot. 52) and river gravels. and finally thick formations of white lacustrine chalk. We shall
call these series from now on the Narsing series. All those formations show a strong dip towards west-
northwest. The violet flvsch-type series are folded under unconformity on the Jurassic formations, and

~
% Phor, 47 0 Salieraimn Bowlder
on the Trail 1o Chehang La
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Phot. 48. Belemnites on Chehang La

Fig. 92. View on the Northern Flank of the Narsing Valley

T Thakmar series (Middle Tertiary-—Quaternary)

S Saligram series (Lower—Middle Paleocene)

N Narsing Aysch (Upper Cretaceous—Lower Paleocene) | yellow 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 involved in separate tectonics.

NW
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Fie. Qf. The Tevtiary on Tetang La

(Tetang L is sstuated 3.75 km southeast of Tetang, see location in fig, 89)
| transgression breecia of the Lower Jurassic (Liassic), 20 m (see also phot.49)
2 quartzite with saligrams, S0 m

Ri river gravels, (dolomite. limestone and  granite)

4 marl breecia, |'m

S blue lacustrine shales, 2 m

6 marl breecia with beds of red iron guartzite

7 nver gravels, I m

8 white sandstone, 30 m

9 river gravels. 2 m

10 red sandstone

For the first time we find in this valley betwceen the Saligram series and the Mesozoic formations
a new series of violet and pink well-bedded sandstones and slates of the flysch-type of the Alps
(fig. 92-94.97). Directly on the Saligram series occur sandstones with red boulders of breccias. overlain
by light-blue lacustrine shales and clear-coloured sandstones. Overlying to these series we find brown
sandstones (phot. 52y and river gravels. and finally thick formations of white lacustrine chalk. We shall
call these series from now on the Narsing series. All those formations show a strong dip towards west-
northwest. The violet Aysch-tvpe series are lolded under unconformity on the Jurassic formations, and

Phor 471 Saligrain Boulder
on the Tratl (o Chehange 1T a
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Phot. 48. Belemnites on Chehang La

Fig. 92. View on the Northern Flank of the Narsing Valley
T Thakmar series (Middle Tertiary--Quaternary)
S Saligram series (Lower—Middle Paleocene)
N Narsing flysch (Upper Cretaceous—Lower Paleocene) 1 yellow 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 Rysch is involved in separate tectonics.
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NE

Narsing Chu

Fig. Y3. Sketch of the Lower Part of the

Narsing Valley

T  Thakmar series (Upper Tertiary -—-Quater-
nary)

S  Saligram series (Lower --Middle Paleo-
cene)

N Narsing flysch (Upper Cretaceous—-
Lower Paleocene)

greyish blue shales

red shales

violet shales

calcareous slates

The Narsing flysch is much tectonized. The

Saligram series overly the Narsing flysch under

unconformity.

(Compare also phot. 53.)

W -

Fig. 94. Profile Sketch Shawing the two Trans-

gressions in the Narsing Valley

Tm Thakmar series (Upper Tertiary)

S Saligram series (Lower-—Middle Paleo-
cene)

Q quartzite

NF Narsing series (Lower Paleocene—
Upper Cretaceous flysch)

The two transgressions prove a continued

orogenesis through the whole of the Tertiary.

Fig. 95. View into the Upper Part of the
Narsing Valley
Thakmar series
(Upper Tertiary -Lower Quaternary)
Sd  sandstone
RG  river gravel
LC  lacustrine chalk
S Saligram  series  (L.ower- Middle
Paleocene)
N Narsing ysch (Upper Cretaceous
Lower Paleocene)
R Rhetic
TD  Triassic dolomite



Phot. 49. Transgression Breceiu

of the Lower Jurassic

(between Chehang La and Narsing
valley)

The Saligram series has transgressed
on these breccias.

the Suligram series again transgressed under unconformity on the flvsch-type violet series. (See fig. 94.
96 and 97.)

Those two unconformities are still much more clear at the northern flank of the Narsing valley,
whencelimbing on the trail from the resthouse (fig. 92 and 97). The multi-coloured series(violet, red-brown
and ycllow sandstones. slates and marly hmestones) are folded on the west-southwestern dipping Jurassic
limestones (fig. 97). 150 m above the resthouse we find a number of fossils in the brown sandstones
and i the marly limestones, of which one was determined us a turritella (fig. 92). Consequently. we
may consider the lysch-type series as Upper Cretaccous- - Paleocene. The Saligram series come hereby
1o he Eawer to Middle Paleocene.



Phot. 50. Glacial Thrustmark s
on Lower Jurassie Breccia

(at the southern flank

of the Narsing valley)

Fig. 96. Detail Profile ar the Southern Flank of the Narsing La

Tm  Thakmar series (Middle Teruary  Quaternary)
S Saligram series (Lower  Middle Paleocene)

Narsing lysch (Uipper Cretaceous - Lower Paleocene)

1 marly limestones and slates

2 violet shales

3 thin-bedded marls, quartzites and shales.

transgression of the Narsing lysch upon the Mesozoic

L1 Lower Jurassic

Finding of an oppelia species of 13 entdicuncter in these series (see also phot_56).
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Phot. 51. River Gravels
Overlying the Saligram Series
(on the Tetang La [4100 m)
southeast of Tetang)

The gravels consist of
dolomite, limestone and the
most southern boulders

of the Mustang granite.

Phot. 52. The Fluviatil Gravels
and Lacustrine Shales
in the Narsing Vallex
1 brown sandstone
2 light blue lacustrine shale
3 large boulder bed
(components consisting
of breccia)
All the formations are tilted.
(See also fig. 97 and phot. 57.)

Phot. 53. Tectonics

in the Narsing Flysch

(at the northern flank of the
Narsing valley)

I violet shales

2 light sandstones

3 bluc marls
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Also at the northern flank of the Narsing valley. the Narsing series (the flysch-type of the violet
and pink sandstones) are intensively folded (fig. 95 and 97. phot. 53. 54, 55). Just norlh ofths_: resthouse,
in the Narsing Chu, the strike of the Narsing flysch is directed north-south, the dip vertical; higher
up. towards the Narsing La, the strike changes to southeast-northwest direction. The thin-bedded
flvsch contains in this zone a large number of small (olds and microfolds.

Phot. 54. The Northern Flank of the Narsing Valley with its Folded Series of
Narsing Flvsch
(Dhaulagiri in the left 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 lie under unconformity on the Narsing flysch. We have, surprisingly enough,
to conclude, that the Saligram series have been deposited in this valley, 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 flvsch the Tertiary sandstones, lacustrine shales and river gravels, with a gentle
western dipping (fig. 93 and 94). The Saligram series is missing between the Narsing flysch and the Tertiary
formations on the ridges. It appears again further down (fig. 97).

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

Fig. 97. Schematic Profile Sketeh of the two Ridges on cither Sides of the Valley
Leading to the Narsing La

Tm Thakmar series (Mid