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INTRODUCTION

Since hundred years it is known that the great mountain ranges of our globe
are formed by lateral compression within the earth’s crust. The cause was considered
as the gradual cooling of its interior. But now we know glacial formations already
in the oldest, pre-cambrian formations, and that since 1,000 million years the climatic
conditions have been about similar to those of our days.

Then, at the beginning of this century, the geologists recognized that the folds of
the Alps are like a secondary ornament, the main structure being represented by
huge thrust sheets piled upon each other (Deckentheorie). Such enormous horizontal
thrusting of the earth’s crust could also no more be explained by simple contraction.

Ten years later, the theory of continental drift was brought up by Taylor and
A. Wegener. It explains many facts, as for instance the distribution of Permo-
Carboniferous glaciations in South America and Africa. I never forget the aspect
in the Arctic of Nowaya Semlya of silurian coral reefs, or in Greenland the senonian
. plants of subtropical character. How can such facts be explained otherwise than
by gradual movement of the earth’s crust over its more or less stable axes? It
is true that other facts still remain unexplained, and that the primary force which
has caused such shifting is not yet found.

Regarding the great mountain ranges of Europe and Asia, the Alps and the
Himalaya, Argand and R. Staub thought to explain their structure as caused by
counteraction of the bordering continental blocks pushed against each other. Before
entering into such discussions, it is recommended first to study closer the structures
of these mountains, and what the knowledge of the Alps has brought to the
Himalaya.

A GLANCE ON ALPINE STRUCTURE

According te the ‘Deckentheorie’, which by continued studies since the dawn
of this century hasbespme a generally recognized fact, we distinguish from N to S:

The Helvetic sheets thrust over the tertiary boundary range (Molasse). They
overrun the autochthonous Aarmassiv. By its late higher erection it has been
pushed through the Helvetic thrust sheets, and now looks like a ‘fenster’ (window)
underneath and surrounded by them.

In the Central Alps follows the Gotthard massiv, which partly is in the place
of the Helvetic roots. Behind it lies the great Pemninic system of thrust folds.
They are made of old crystalline rocks enveloped by reduced triassic and the
immense formation of Biindnerschiefer made of schists of liassic to eocene age.

Then, above all, have been extended the Romanic thrust sheets. They form
the main part of the Préalpes romandes, but are weathered away in eastern Switzer-
land except in the Rhitikon and in the form of isolated peaks in central Switzerland
called Klippen.
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F1ae. 1. Three generalized sections through the Himalaya

The numbers mean:

(1) Autochthonous basement, Simla slates, unconformably covered by Low Tertiary.
(2) Old crystalline rocks, Garhwal thrust sheet and Tibet.

(3) Algonkian, schists and quartzite.

(4) Paleozoic and mesozoic of Tethys Himalaya and Tibet.

{5) Sedimentary series of Krol sheet.

(8) Basic eruptives, lavas of Cretaceous and Tertiary in Tibet.

(7) Tertiary of the Siwalik border range and of Kailas.

(8) Alluvial Ganges plain.
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The very highest and most extended thrust sheets are the Austro-Alpine, which
" cover a great part of the Edstern Alps. They are made of a crystalline basement
with paleozoic and mesozoic formations, characterized by largely developed Triassic.
Erosion has pierced them in the region of Lower Engadine and the Hohen Tauern,
where, through these ‘fensters’, appear the tectonically lower thrust systems.

TECTONICS OF THE HIMATAYA

Since long time, especially by Edward Suess, it is known that the Alpine zone
of mountain making can be followed eastward over the Carpathians, the Balkan
and Anatolia into Iran, where it forms the volcano-crowned Elburs in the north
and the Zagros ranges in the south. Eastward, they take a turn towards NE and
converge at the Indus to a narrower zone (Kashmir) wherefrom extends the large
arch of the Himalaya. Being thus connected with the Alps, a similar structure was
expected.

The first, though vague, conception of thrusting in the Himalaya was expressed
by Oldham as early as 1893. The first modern conception of thrust folding, however,
is due to the Hungarian professor L. von Loczy. Towards the end of his traverse
of Central Asia in 1887 he crossed the eastern Himalaya, but only in 1907 he published
a small paper, illustrated with 4 small sections in which Kangchendzénga is shown
as the root and the gneiss of Darjeeling as the reversed limb of an enormous thrust
Jold pushed towards south. Obviously, he came to this correct conclusion after
having followed the lectures of Albert Heim at Zurich. This paper, written in
Hungarian, was entirely forgotten and only rediscovered in 1938 in Heim’s private
library.

During the thirties of this century, the geologists Pilgrim, West and Auden
of the Geological Survey of India were mapping in the frontal region of Simla and
found vast regions of reversed stratification, the crystalline Archean forming the top
of the series. They correctly concluded that the cause is thrusting. Then J. B.
Auden discovered that the border range of gneiss east of the Ganges is swimming
upon Tertiary. He supposed that its root is in the high Himalaya. He called it
the Garhwal Nappe. The great outcrops of old Simla shale with their unconformous
tertiary cover in the Bhagirati valley and up to Simla he recognized as autochthonous
‘fensters’, upon which the thrust sheets have been removed by erosion.

At the same time, in 1936 Heim and Gansser of the first Swiss Himalaya expedi-
tion came to the conclusion that the crystalline zone of Almora belongs to the
same huge thrust mass, and they found the root at the basis of the high Himalaya.
It extends from Joshimath on the Alaknanda south-eastward till Dharchula on the
Kali river boundering Nepal. .

The crystalline basis of gneiss, mica schists and quartzites is about 10 km.
thick. It is normally overlain by an almost complete series ranging from the
Algonkian until the Cretaceous, and measuring another 20 kilometres. Being
about 30 km. thick in the root zone, and thrust towards SW over 100 km., this
Garhwal Nappe is the greatest directly observed tectonical thrust mass known on
our globe. The thrusting amplitude is about the same in Simla, Nepal and Sikkim.

Below the Garhwal thrust, directly superposing the conglomeratic Siwaliks in
the frontal region, appears the Krol sheet. 1t is mainly formed of a thick body of
unfossiliferous limestones and quartzites.

On the other side, behind the highest Himalaya peaks, extends the Tethys
Himalaya characterized by its wonderfully fossiliferous paleozoic and mesozoic forma-
tions. Teotonically, Heim and Gansser distinguished several thrust sheets piled upon
each other of lesser dimensions, also pushed from the Tibetan side towards SW.

Then we come to the most extraordinary occurrences at the Kiogar mountains
which border Tibet. They consist of basic igneous flows with serpentine, upon
which follow white and reddish limestones of mesozoic age (Calpionella). This
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geries is thrust upon cretaceous flysch schists which contain exotic blocks of different
sizes up to a kilometre, and of unknown origin. These blocks of fossiliferous
liassic, triassic, and permian limestones had already been discovered at the beginning
of this century by Diener and von Krafft. Not less than three different zones of
fac&ssb come here together. This proves that the thrusts come from regions far away
in Tibet.

Finally, we come to Kailas 6,700 metres, the ‘holiest mountain in the world’.
It forms the promontory of Transhimalaya and is formed of almost horizontal
tertiary conglomerate and sandstone upon autochthonous granite. Gansser has
found a counterthrust of flysch pushed towards north over these conglomerates.

RrcexT INVESTIGATIONS

Only after the Second World War, the geological observations in the high
Himalaya could be renewed, but apparently no geologist dared to cross again the
black curtain into Tibet.

It was first the Danish student Berthelsen who described his traverse from
Simla to the Indus. He confirms completely our observations and deductions.

In 1950, forbidden Nepal was finally opened. Extensive work was recently
made by the Swiss geologists Lombard in the Everest region and Hagen in western
Nepal. ‘

pBoth distingnish mainly two thrust masses: the Kathmandu Nappe, which
corresponds about to the Garhwal, and the Nawakot upon the Siwaliks, which is
in the position of the Krol sheet. Underneath this, Hagen distinguishes on his
map and the section through Annapurna the zone of Pokhara, which apparently is
an autochthonous ‘fenster’ similar to those of the Simla region. Several subdivisions
by intermediary thrusting are mentioned within both of the main thrust masses.

Proceeding farther east, we come to the huge Darjeeling thrust fold, which
again represents the Garhwal Nappe. In the Darjeeling section, the Krol sheet
seems to be squeezed away but to reappear in Assam with the Baxa limestone.

CoMPARISON OF HIMALAYA AND ALPS

What the Himalaya means to great Asia, the Alps are for small Europe.

A general comparison shows many geological analogies, but also several differ-
ences and peculiarities.

First, we have seen that the thrusting in the Himalaya has come from the
Tibetan side, thus from NE to SW, and from the high land to the subsiding low
land.

In the Alps, though also from the concave side of the arch, the thrust has come
from SE to NW. The roots, which once may have been on a high level, now are
low, while the surf zone of thrusting, at the northern border, is higher.

The Siwaliks form the southern border all along the Himalaya.

Made of folded and fractured tertiary conglomerates and sandstones, it is equi-
valent to the Molasse border zone of the Alps.

Along the Alpine front, the Helvetic thrust sheets are pushed over an eroded
surface of the Molasse conglomerate.

In the Himalaya, Heim and Gansser have found similar phenomena. The most
extraordinary occurrences are the gaps within the Siwaliks in Assam, through
which—like waves between cliffs—have been thrust the Himalayan Daling slates far
out into the plain.

In the Alps, the Helvetics are pushed and piled upon the molasse like the
Krol sheets over the Siwaliks. Underneath the Helvetic thrusts appears the auto-
chthonous hercynian Aar- and Aiguille Rougemassivs. They may be compared
with Auden’s ‘fensters’ in the Simla region and Hagen’s ‘fenster’ of Pokhara,
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PuoTo 1. The Sdntis Mountains from SW forming the front of the Helvetic thrust in
enstern Switzerland, It shows the beautifu? folding of the Cretaceous formations as a secondary
ornament of the thrust mass whieh is pushed over the oligocene molasse at the left (NW) side.
(Phota Swissair.)
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Puoro 2. The Badrinath group of the High Himalaya of Garhwal. It shows the central
crystalline zone of the great thrust mass, The abruptness of the walls with the saw-shaped
névé proves fresh erosion, accelerated by tectonical uplift. Thinking in geological time it is
but one phato of a ciné film. (Phoio A. Heim.)
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We do not yet know an equivalent in the Himalaya of the Gotthard massiv,
in the centre of the Alps, nor of the deep synclinorium of Biindnerschiefer behind it—
the ‘ Verschluckungszone’ of E. Kraus.

But the Penninic thrust folds as a whole are in a position similar to the deeply
rooted Garhwal and Kathmandu-Darjeeling thrust complexes. The Daling slates of
the Darjeeling-Assam region recall to a certain extent the tectonic position of the
Biindnerschiefer.

Nothing similar to the romanic thrust sheets with the ‘Klippen’, nor to the
enormous Austro-Alpine thrust masses is known in the frontal zones of the Himalaya.
But they might be compared with the far back-rooted thrust sheets of the Tethys
Himalaya and the Tibetan thrust sheet of the Kiogar. Nothing new since 1936 is
known of their farther extension in the Tibetan zone and nothing similar seems to
exist in the Everest- and Kangchendzinga-sections beyond the Tethys zone.

In the Alps, the problem of exotic blocks is discussed since hundred years. They
oceur in the cretaceous-eocene flysch of the Helvetic and ultrahelvetic zone, and
still are a puzzle. Those in the Himalaya are encountered in contrary on the back-
side of the main roots and present an even greater puzzle.

In the Helvetic Alps, a unique structural complication, unknown beyond, has
been discovered in 1911 by Arnold Heim, and been confirmed by Oberholzer,
Leupold and Triimpy. It may be called thrusting in the second power. The great
mass of exotic flysch, a series ranging from mesozoic to upper eocene with rags or
shreds of mesozoic and nummulitic limestones is found between the autochthonous
ground folds and the great permian thrust sheet of Glaris.

The facies is south to ultrahelvetic and Penninic. The root must be supposed
behind the Glaris root at the basis of the Penninic thrusts. The whole phenomena
may be explained by a first thrusting of oligocene age. Similar to a normal strati-
graphie cover the exotic flysch was involved by the younger and more externally
rooted thrust mass. Thus, over 35 km. width, the originally higher ultrahelvetic
thrust mass is found underneath the normal Helvetic Glaris thrust.

AgE

Obviously, all high and rough mountains of our globe are relatively young.
0Old mountains, if they have been left tectonically undisturbed for millions of years,
bave become weathered and washed down to low hills. The contrary is the case
in the Himalaya. It is considered as the youngest of the high ranges of our globe,
and for the following reasons:

The Himalaya presents enormous walls, sharp peaks and the deepest transverse
gorges. They can only be formed, remain or become remodelled by recent or conti-
nuous tectonical uplift. Indeed, the gorges show convex slopes. They point to
acceleration of the erosive power and thus to continuous uplift within the last geo-
logical period.

This uplift is drastically demonstrated in the western Himalaya, where D. N.
Wadia, B. Sahni and de Terra found that the pleistocene sediments of the former
great Karewa lake at Srinagar have been erected to as much as 40 degrees of inclina-
tion and lifted as much as 1,500 metres up to the top of Pir Panjal.

Also the catastrophic earthquakes on the Himalayan border prove that the
deformation of the earth’s crust is still active. These earthquakes, of which that
of Assam in 1950 was one of greatest known destruction, are the superficial effect of
plastic deformation in great depth.

An indication of continuing horizontal movements are thrusts of the Krol zone
upon the Siwaliks and upon their erosive surface, the uppermost Siwalik conglo-
merates passing upward into the pleistocene (de Terra). In Assam, Heim and
Gansser have demonstrated the advance of the Himalayan Dalings into the plain
through the gaps of the Siwaliks.
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Proroe 3. Detail of the great thrust of Glaris Alps in castern Switzerland, the Tschingel-
hérner at Segnes Pass, seen from NW. The top of the peaks consists of Verrucano (Permian),
The white walls underneath (with Martinsloch, the hole |} ) is Upper Jurassic limestone, con-
torted and squeezed. The entire walls are thrust over the senonian-eocene flysch (in foreground).
(Photo Schénwetter.)
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Finally, we may mention that, at the Ganges plain, the geophysical survey of
India has found a depth of the alluvial deposits washed down from the Himalaya
of over 6,000 metres. Such recent valley accumulation was only possible during
successive tectonical subsidence along the Himalayan border. This geosyneline in
formation may be regarded as a counterbalance to the Himalayan uplift.

The Alps, as a whole, although also mainly tectonized in Tertiary time, are
one period older than the Himalaya. The time of mountain-making earthquakes
has passed. Although slight forward motion of the front of the Bavarian Alps has
been geodetically measured, the Alpine thrusts have apparently stopped their
advance. Only the epeirogenetic, vertical, perhaps isostatic balancing up and down
of the quaternary period has apparently not yet reached definite stability.

* ¥ %

An enormous amount of geological work for hundreds of years is left in great
Himalaya, until it will be deciphered in the details, so that a complete review and
understanding will be reached like that of the Alps. Greatest strain and persever-
ance awaits the geologists. Many more puzzles will be encountered and possibly
may be solved.

ABSTRACT

The well-known investigator of high mountain structures Prof. Arnold Heim makes a first
attempt in comparing the Himalayan structure with that of the Alps, both being essentially
formed of huge thrust sheets piled upon each other, Many well-studied features of the Alps
have been similarly recognized in the Himalaya. The Siwalik border range corresponds
completely to that of the conglomeratic northern Alpine border. The Krol sheet recalls to a
certain extent the Helvetic thrusts. The Garhwal Nappe of Auden and the author discovered
in 1936 is the greatest thrust mass known on our globe. Most extraordinary, and unlike to the
Alps, are the shallow rooted thrust sheets of the Tethys Himalaya. FEntirely strange are the
vagt thrust sheets coming from Tibet and the senonian flysch with its fossiliferous exotie
bloecks. Regarding the tectonical age, the Himalaya is one period younger than the Alps and
represents a living body within the earth’s crust.
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