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INTRODUCTION

The majestic Himalaya would always remain an aftraction to the geoscientists.
tourists. artists and a common man. I first ventured my publication activity about the Geology
of the Himalaya in 1978. The combined wisdom of my fellow geoscientists is reflected in my
edited volumes and due to overwhelming support and cooperation. [ could publish many of
them. Meanwhile, I got some academic/administrative assignments and after completing
them. I noticed that still there is a need to continue with publication activity and the resultis
in vour hands. In my opinion. Geology of the Himalaya is continuously being updated. Though
the Himalaya would remain where it is, during my life time, yet interpretations would vary
due to advancement of science and technology. This volume is being published under the
acais of the Geoscience Foundation. India.

In this volume. the formation of the Himalaya has been discussed by M. Brunel et
«al. They are of the view that the collision of Indian and Asian Plates took pl’acc around 33
m.y. ago (within sedimentary sequence-60 m.y.). The Tethys measured 6500 km in width.
The MOHO is located at about 75 km beneath the Everest. Tomographic results indicate
that Indian lithosphere went down for about 2000 km, associated with anatexis. The
Precambrian Lesser Himalayan rocks occur in the form of an imbricate stack. The exhumation
of the rocks to get exposed on the surface was for about 40 km. The ophiolites and associated
Mysch are also characterized by imbrications. The Main Central Thrust (movement for about
200 km) is a flat shear zone and the rocks were subjected to ductile deformation. Metamorphic
minerals were formed around 36 m.y. ago but this formation activity was more intense
between 25 to 10 m.y. and continued to be thermally active for about 2 m.y. Analogue
modelling suggests that prior to collision the regime was marked by sedimentation. The
neotethys was opened up in Late Permian and on the fore arc series of Tibetan margin. lavas
and batholiths were emplaced.

A brief account of the history of Himalayan geology is given by R. Sorkhabi. The
geographic explorations, geological maps and botanical catalogues of the Himalaya were
made from 1175 to 1800. Colebrooke (1765-1837) was the first person to opine that the
orld’s highest mountain than the Andes. W. Webb (1816-1820) determined the
ada Devi (25669 feet. just 24 feet higher than today’s measurement). Himalayan
geology became an independent and systematic field pf science between 1850-1900. The
Geological Survey of India was established in Calcuttain 1851. T. Oldham (1816-1878) was
the lch architect of the Geological Survey of India. J.D. Hooker (1817-1911) explored
Sikkim and Bengal during 1848-1852. A. Waugh (18 10-187§) who succe‘eded G. Everest.
2k XV and named it as the Mount Everest (height 29002 feet which is less
he 1955 measurement). World [ (1914-1918) and World War [l
malaya. After the World War II. India became
i : inc vances were made in Himalayan geology. Presently
et R 1:112'}:;2 i\:;nc:rics (India. Pakistan, Bangladesh. China, Nepal and
da. Europe. Australia. Japan etc. are actively engaged
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. s the alluuikig. T inec
Northwestern Himalaya. Two layers of Siwalik sediments underlie the d:lll.\l\ ium. The lﬂ::{;”u]
whe : i i i er Siwaliks measure 3000-
iwali 1 ness while Middle and Lower Siwali _ _
aliks are 700-1000 m in thickness w ‘ ' g
i(l)\(\)gi:]l\ The vertical conductive zone is delineated at shallow depth in ?’hnhmni__: profile o
the L'\Ciakh which is characterized by a deep-rooted fault at a depth of about 12 km.

Sedimentological studies of the Jammu rcgion.ha\'e been dl.:&l][ W i'll?. his Bi’ :mq;'rl::
al. The Palaeogene succession represents a regressive phasc .01 u' mtm-d-} tLI):.I;.,:',u_.,w
Murrees are estuarine. The overlying sandstones belong to ‘mtcru.du] ‘/.unc._ l. uj ld. ¢ — s
sediments were derived from the Himalayan arc ‘and their derivation was subsequently
followed from the Indus Suture Zone towards the foreland.

The biotite in granite gneiss, granites and leucogranites o!'l.(ir?nzu.n'. Himachal l’l';}sltfsl:l
have been studied by S. Kumar and B. Singh. The Rakcham gramlmds II'Ill’Llf.lC the .gn'c I1 ’ss“nn
the Vaikrita group. The tourmaline granite is leucocratic and is a‘prf)dL.lcl of ll‘n: l_lll]_]-ll ay it .
collision. The biotite from Rakcham ganitoids and granite gneiss s Ie rich while it. from the

i : i ' i ane fi sheelite mineralisation is
leucogranite. cor respoqu to siderophylite and lepidomelane field. Sheelite ahisi
found in Rakcham granitoids.

S.C. Bhait and R. Kumar have discussed about the mine :
aggregates of gneiss, quartizites, schists etc. The strained quartz caused alkali-silica reaction
in concrete. The rock aggregates of hard rounded quartz and fe

Idspar produced high slrcnglh.-
The excess of strained quartz showed adverse effects on strength and chemical stability ol
aggregates of concrete.

ralogical properties of the

A.K. Biyani has described the
of Uttarkashi district. He is of the vie
mylonitised in ductile conditions duris
under ductile-brittle conditions. Seve

structure and tectonics of the Yamuna mylonite zone
w that the Higher Himalayan granites were initially
1g the Middle Tertiary and were again later deformed
ral microstructures in minerals suggest a southward
displacement of the Main Central Thrust Sheet. The rocks of the hinterland experienced
flattening type of strain where as in

the toe region it was constrictional. The deformation
continued after.the thrusting and caused the formation of strike slip, reverse and normal

faults. The river terraces, gorges etc. exhibit effects of Neotectonics.
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contributed by M. Joshi and A.N. Tiwari. The structural history of this nappe is characterised
by the structures of pre-. syn- and post-shear zones. The F , F, and I, folds are pre-shear
zone while shear bands, asymmetric porphyroclasts. pressure shadows and quartz-c-axes
were oriented in syn-shear zones. The post-shear zone structures are represented by steep
brittle faults which were affected by Neotectonics.

Based on field and experimental studies A.K. Dubey and R. Jayangondaperiumal
have discussed the structural evolution of the Mussoorie syncline with reference to Satengal
and Banali klippen. Their model explains the occurrence of older lesser Himalayan rocks
over the younger ones due to combination of fault bifurcation. foreland propagation of thrust
and superposed folding.

A.K. Shandilya has attempted on the sequence of thrusts (roof and floor) and
imbrications. The compression caused by the northward movement of the Indian plate
formed the Krol thrust. The Almora thrust was folded during the later phase of deformation.
The Amri and Bijni thrusts are extensions of the North Almora Thrust.

Metamorphism and deformation of the Central Crystallines of the Alaknanda Valley
have been described by S.P. Singh et al. The Barrovian type of metamorphism was I\;l!
which began at D, deformation and culminated at D, deformation. This was followed by
granitisation. The M, metamorphism was mainly retrograde and was localized along the
shear zones in the late stages of D, deformation. The inverted metamorphism nmiceclbncm'
the Main Central Thrust is the result of polyphase metamorphism.

¥ K. Singh has dealt with the structural and metamorphic aspects of the Chails and
the Main Central Thrusting. The structural and metamorphic studies reveal that the M -
metamorphism took place at 600 °C to 700 °C (6-7kbar) during D - and D, deformation
while the temperatures were at 350 °C-400 °C (4-5 kbar) during the M- metamorphism.

B.C. Joshi has contributed on the metamorphic history of Chamoli- Garhwal arca

which consists of repeatedly metamorphosed. folded and faulted rocks. The migmatites and
gneisses were produced by load/regional metamorphism. The crystalline nappe of Chamoli-
Garhwal constitutes a Duplex structure.

R Bali has given an account of the neotectonic and morphotectonic evolution of the
a- Tawaglkl-at sector of the Kumaun Himalaya. Many microhydel schemes as well
as the Dhauliganga hydroelectric project are adversely affected b?-' the insta:bilil}' nl.' hill-
slopes. The area is characterized by unconsolidated a_nd non-(?,oheswe weak ?ans resting at
about 45° (repose angle) and are instable. Neotectonics reactivated the debris cones.

A. Kumar and M. Sanoujam have carried out the Seismotectonic studies of Manipur
region. The complex focal mechanismn is due to strike-slip-movements. The NNW-SSE to
NNE-éSW dragging of the Indian plate is confirmed by Harvard Centroid Moment Tensor
Analysis. The focal depth in the strike slip mechanism varies from 62 to 140 km (Indian

isi _45 km towards the Burmese arc.
dFk: hereas this 1s located at 40-45 km ‘ _ _ -
e ; tural pattermns and geokinematics of the Mediterranean - Central Asian Orogenic
truc

T contributed by M. Kopp.who attempted the structural analysis of the fold belt.
elt has been .
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THE FORMATION OF THE HIMALAYA

Maurice Brunel *. Stephane Dominguez*. Georges Mascle**
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ABSTRACT
The geology of the Himalaya has been described keeping in view the relief, seismic tomography. structural units,

the rocks at depth and their exhumation. Attempl has also been made to suggest a possible model for the

formation of the Himalaya.

INTRODUCTION

considred a case study mountain belt in understanding the
he outcrop to the mountain belt and from the
d variable relief allows the three dimensional

The Himalaya is
Mechanisms of orogenesis. Switch over from
mountain bell to the continent is easy. The strong an

understanding of its structure.
| ibed by the location of India-Europe rotation

The overall kinematics can be descr
pole at 19° 43'N, 38°28'E (situated in the Red sea, about 200 km SSE of La Mecue), the
’ fault, 90° E fault) oriented N20"E, and

direction of the transform faults (Owen-Murray it ]
carthquake focal mechanism. The actual convergence Was thus directed between N0 and
N20°E , roughly perpendicular to the belt (Patria and Achache, 1984)

yarelatively simple assemblage: to the north, the Asian

margin, built during the subduction of the large Tethys Ocleans, SI;T}III,I;“ to .the /Txndles being
formed by the subduction of the Pacific ocean und_erpeath Fwt ou -y mae[rllec:r.[ 'o t]isOL[tIL
the Indian margin, and old (oceanic) passive margin :s(c:halgc..;?tz;EOZel]e timyes?rémuou.s
sedimentation during 500 Million Years ranging from ﬁ;“dl_! s a.nd - tef;lssef,
1964). Inherited structures are rare along the whole Indiar g ] e

The Himalaya was formed b

hest relief on carth is :
its Collision with Asia.
1 belt formed by two colliding continental

g4.1988). Results form palacontological
nts within Himalayan rocks as well

The Himalaya: The hig
edge of Indian plate during
xample of mountal

1975: Valdiya, 19
phic eve

The Himalaya is atype €
plates: Indian and Asian (Le fort. "
studies, absolute dating of tectonic and metam
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fshore of the Indian ocean indicate
as the palaecomagneic data sbtained from onshore and offshore of the Indian ocean e
ki i Tertiary, (: -53 Million years). 13y
the collision of the two continents during the carly Tertiary, (around-53 MI|:3IOll i
' i > Mesozoic. Between Asi
is ti 6500 km wide existed during the Mesozoic. "
this time, the large Tethys ocean, : . s o o
and India Still sticking to Africa and Australia, ( Patriat and Achache 1984). l‘ he ¢ LI ren
; B —
consumed by the subduction underneath the Tibet leading to the formation of ldl’:gt.l i
: . 3 . 5 . . S W
coastal masifs (of Andean type): the Lhasa or Ladakh granites. Remnants of l?irl r
i at was > or less followe
ocean are preserved only in a few locations, along the suture that was more or less follc
by the large Indus and Tsang Po/Brahmaputra rivers.

The Himalaya in itself is a mountain belt resulting from thc’c‘ollision lact\\'c‘(i|1‘l|[1:1:(ll::;
continents; it is situated south of the disappearance line of the lethys occa|‘1 ;(-I[‘]antio-n
Tsang Po suture line). The highest mountain belt of the \\'f)l‘]d lhl}S rcsultc_d 1?3' tl.m ,(.LHO\ ]-;rucsl
on the edge of the Indian continental plate squeezed against Asia. Its relief allows the Iz g

differences in level on the planet: 8500m from the Terai lowlands in

Nepal (with the banana
trees) to the top of Makalu (figure1)

Along its 2500km length the mountainous Himalayan arc is
Naga Parbat in the west and the Namche Bawa in th'e‘ cast ; P
higher than 8000m. The belt extends south of the Indus-T sang Po suture to the (Jz}ngﬁi-‘:-P e
with an average width of about 250 to 300 km. From the experiments of(u:orgc Everest, =
know that the gravitational anomaly associated with the bulk of the mountain, can o'nl?’ i
explained by the existence of a root underneath the belt forming a bulgc. of_hght lﬁfilbj‘nfﬁ
balancing the overweighing relief ( figure 2). Gravity modelling , and also seismic exper un; r-’
are helpful to calculate accurately the depth of root and to locate the M()}_[(_) ( boun'c‘d .)
between the crust and the mantle ) at abouth 75 km deep under the Everest. .I his
measurement indicates that the Indian crust was deformed by doubling or even somel;mcsz
may be tripling its original thickness, This estimate is fundamental and gives us a r_casonabllt‘
limit to the amount of displacement of India towards the north for the formation of the
Himalaya. On this basis it is generally admitted that the actual relief of the Himalaya cannot

explain more than 500 km of convergence between India and Asia since 50 Ma . This means
that the Himalayan relief was outlined b

Y an average convergence speed of the order of
some cm/yr.

located between the
4 2 aks
and comprises of ten peak

(Framel) Seismic lomography : new data to pe taken into account,

Recently, the new techniques of seismic
lithosphere at great d

gnetic anomalies maps, we can
» before the collision ,» was large for about a thousand
> 1997). In this case the Himalaya would represent the result of a

xpected between India and Asia and a large amount of continental

nto the mantle . Following the hypothesis of the subduction of a

ontinental lithosphere, an important part of the crust should have
osion or due to the subduction.

Indian continent
kilometers(Matte et al ;

lithosphere disappeared i
large amount of Indian ¢
disappeared either by er
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Figure. 1: Large differences in levels on the planet: 8500m from the Terai lowlands in Nepal (having banana
trees) towards the top of the Makalu.
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Himalavan Mountain Geology

s Himalayan thickening Zone
Suture km

Figure. 2: Sketch section of the Himalayan accretionary thickened zone.

" » 4)
sy re
The Himalayan Structure: The Structural Units of the Everest Traverse (Figu

s 1

Since about fifty years international teams have been working within the | hm.dlfal)lmllo

belt to understand its functional processes and its construction. These wor‘ks are use lwrc

understand better the complexity of the palacogeographic domains from which the strlllcoscn

and major mechanisms of crustal thickening have been reported. Though we ha\‘fc‘ Cjnain

the Everest section yet , in fact, all along the transverse sections. the struclural. umts‘rt‘.l o
relatively constant throughout the belt. These units resulted due 1o the superimpositiof

; . roing faults
portions of the Indian continental crust, one on top of the other along the north verging f¢
or thrusts, from south to north:

The Siwaliks, formed by detrital material of the molasse type were deposited on lh::
old Indian shield and corresponded to the destruction of the Himalayan relicf from Ncogff‘r

to Quaternary times .These deposits are structured in a group of sheets thrusted southwa "
along the Main Frontal Thrust or MFT on to the Quaternary sediments in the Ganga basif:

The Lesser Himalaya is thrusted on top of the Siwaliks along the Main BO“"rdarz
Thrust or MBT. 1t is composed of series of mainly Precambrian rocks forming a napp

stack. This group of monotonous rocks is characterised by a slate like foliation or SChlStOSrl‘ti;
Onaregional scalejthe schistosity planes tend to become parallel to the large faults and"- -
display a gentle northward dip. This foliation of the rocks usually displays a sub-meridi
mineral lineation (

27 b N es
Figure 6) indicating the direction of flow and transport of the rock mass

towards the south , parallel to the direction of movement of India ( Brunel, 1986, Pecher:
1989) . The Lesser Himala

: ; : ; . |
ya is buried under the High Himalaya along the Main Centrd
Thrust or the MCT.
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-0.5% [ T +0.5%

b dipping in the mantle (after Vander

Figure. 3: Tomography across Central Nepal showing the Indian sla
Voo et al.)



+——Higher Himalayap———s

i i |
Tibetan Slab |' Tibetan or Tethian Zone :Zangbo Suture Zon.:
I

i 1
1
! Zangbo Kengdess Batholith

I
Sub-Himalayas : Lesser Himalayas

Everest (Cholmoilungma)

Figure. 4: Sketch section of the Everest traverse.
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The Formation of the Himalaya v

(Frame 2) Buying of the rocks at depth and their exhumation toward the surface.

To understand the evolution of the architecture of the belt through time and the
kinematics of the continental deformation, it was necessary to describe and measure
deformation at all possible scale, so that it can be linked with the physics of rock deformation
from crystalline to the mountain belt scale, and finally can characterise the evolution of the
physical variables such as pressure and temperature.

We know that during tectonic deformation, and evolution of the belt, the rocks at
the surface are carried towards the depth where they are subjected to metamorphic
modifications and even to anatectite melting to generate granitic magmas (burying process).
Due to the effects of erosion and to the classical process of isostatic rebound (progressive
uprising of the crustal root induced during erosion of the relief) or to more complex tectonic
processes, the rocks which were at great depth, i.e., 20-30 or even 40km could be brought
back towards the surface (exhumation process). The analysis of mineralogical assemblages
contained within these metamorphic rocks define the pressure and temperature conditions
experienced by rocks during their history. Determination of their age using absolute dating
methods helps to find the path of the rock throughout the continental crust. We will thus be
able to draw the PTt path (Pressure / Temperature / time path) followed by a particular
rock or several rocks from the belt during its history (figure 5). This, in turn controls the
burying and exhumation tectonic models.

(Frame 3) Figure 6 : picture of mineral transport lineation, Figure 7 : picture of fault
zone.

At depth, the increase of temperature and pressure causes the rock to melt forming
magmas that can migrate upward and infiltrate into the fault ones forming dykes (figure 7)
(Pecher, 1988: Hodges et al., 1988, Guillot et al., 1994). Movement along those faults is

shown by crystallization of fibrous minerals here, sillimanite fibers (figure 6).
Temperature (;C)
50100150200250303350400450500550500650700 i

FUS'ON

39

DEPTH (km)
(Pressure/ )

Figure.5: Models of burying and exhumation .



Himalayan Mountain Geolog)

Within the MCT fault zone , the rocks were strongly dcforn.]c_d und.c.:lr lqt‘:?:?:::llb”?l
9/10 Mpa and temperature from 45°to 650° C . On‘thc crus'lal sc?]c- Itis pt?sslllv_ Lm:: :1{\'cr\‘
physical conditions of the deformation associateq with sh.earm'g wat!nn t'hv.:- au ;;:L di'rcc[io;l
mineral displays the characteristics which determine the direction of shearing or

i " " oarnets (figure 8)
of transportation, for example , the rotation of the so called " snow ball " garnets (figt
that can roll (Brunel, 1986) .

The High Himalaya overrides the Lesser Himalaya along !hc Main Ccmr_ul l::]r:::;
(MCT) (Le fort, 1975) . It is composed of a Precambrian cryslallm‘c'huscmcnt. 510 e
than 10 km thick, of the Higher Himalayan Crystalline or HHC . This hasqncm mfu L-ui1
gneisses slides slightly dipping towards the north like the schistose strucullrc w.hu.‘h u.nc!’t. m‘c‘orl
is characterised by well - marked mineral lineation parallel to the dll'CCll‘('){l of lm::f;)pkm
("Tibet Slide") . Above the HHC a sedimentary unit (the Tibetan Sericslor SST) abn.u} i
thick, ranging in age from Cambrian to Eocene, with a subsiding continental shelf facies If

exposed. The Himalayan metamorphism (45 to Ma) is observed within the gneisses (upte
700°C,1200 Mpa) which rapidly decreases in the sedimentary cover.

(Cross section of the Anapurna, Figure 9)

Within the Anapurna cross-section, the sediment
and south-dipping folds (Bordet et al.
folds. The nappes were mainly fori

ned by the sedimentary cover of the various parts of the
Indian Tethys margin; two types were distinguished; some fror

m the upper part of the margl“.
(the shelf), some from the deeper part (slope) and, towards the West. Their basement was
formed by the Inner Crystalline Massif (Tso Morari).

ary cover is structured by Sl'('i‘*'"
3 {7
; 1972, 1975), which were reworked by the north dipping

The Indus- Tsangpo suture zone corres
disappeared due to subduction towards the no
displays nappes and slides of f]
by deformed continental cong]

g .a which
ponds to the old Tethyan oceanic area whic

R {
rth and then was deformed by the collision. 1d
ysch , ophiolites and radiolarites, and of blue schists covere
omerates (Gansser,1964).

The Tectonic History.

The main stages are (Figure 10) :
ks The di

in Lower Paleocene times). The Tran
belts) was typical of an active margi
arc was docked by the Tibetan mar

sHimalayan magmatism (Ladakh and Kaﬂgdcsfc
n. To the West, the Dras-Kohistan intra-oceanic
gin during the Cretaceous,

Collision of the two continental margins: collision between the active *I‘ibe!aﬂ
margin to the North and the passive Indian margin to the South occurred during
the Eocene (53 Ma). It was characterised by: a sharp decrease of the expandlpg
rate of the Indian ocean (from10 to 5 cm/yr); end of the marine hiatus with



Figure 6: Sillimanite fibers in the Tibetan slab indicative of the stretching towards the transport direction.

o YL

O HOLIDUILIO

1 241 J

pAvjDU.



11

The Formation of the Himalayva

'SPIEMI[INOS 2SUJS TBAYS BUIMOYS QR[S UBIIQLL AU} JO JaLLIE

3 |[eq-moug [eordA ] :g aanSiy




L s S Nilgins 7032 N 1

Muktunah Takkhola

-

Permien
Cabomface

Craace
Devomien Jurass sup Spiu -
G Ginaass, l " lerrasses
INCISS 1 Dogger
Amphibolites 21
Marwo : .
()1:111‘:[ Gnass valks | Sduricn l
&7 AES : = nas
Gness ocilles Gnass alaque Cambro-
M Ordoviacn
M casch sties N
‘d . ’ : Pl lakk hk ola
(nsallindu Haut Himalayva Haut Himalaya Sy '
Moven Himalava Haut Himalava Palé amique M ésomique
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The volumes emphasize on the geological importance of the Himalaya amongst
its surrounding mountain ranges. Peninsular and the Himalayan Precambrian belts cover the
evolution of the Himalaya in its wider perspective. Magmatism and the crustal growth; different kinds
of thrusting, tectonic significence of the active faults and formation of listric faults during the
Himalayan orogenesis are some important aspects of the volumes. The Himalayan and Indian-Asian
plate interactions resulted into large suture zones characterised by ophiolites and they also heralded
sequential and out of sequence thrusting of rocks with the formation duplex structures. These volumes
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Written by a leading geologist, this monograph presents a fascinating and incilsive, study of
Himalayan Geology in one of the important regions of Lower Himalaya, It is a critical investigation and

product of sound scholarship on Garhwal Geology. In the last two decades, study of stratigraphy,

structure and metamorphism has constituled one of the most ground-breaking endeavours. Infact, it is
difficult to understand properly the geology of the Himalaya without sufficient knowledge of these
aspects. This volume of Professor P.S. Saklani specifically aims to contribute and extend this field of
inquiry by dealing with several interrelated problems.

Its contents share a conviction that geology of Garhwal must be probed to resolve the mystery of its
geological arena.

This volume possesses material, data and resources based principally on the author's own
research, in a comparative and critical matrix of modern works qnd of other distinguished geoscientists,
Infact, it helps to bridge the vacuum in regard to acceptance and transgression of modern thought
relevant to geothemes and problems of the rock structures. Equally important is the fact that the region

studied in great depth exists in the belly of the highest mountain of the world, the Himalaya; a frontier
geological laboratory of the globe.

The book will be useful for geologists, academics, research scholars and also for those interested in
abundant complex problems of the Himalayan geology.
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