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THE FORMATION OF THE HIMALAYA

Maurice Brunei *. Stephane Dominguez*. Georges Mascle'^*
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abstract

The gcologs ofthe Himalaya has been described keeping in view the relief, seismic tomography, structural units,
the rocks at depth and iheir exhumation. Attempt has also been made to sugge.st a possible model for the
'ormalion of the l limakn a.

introductionI 1 IUI>

The Himalaya is considred a case study mountain belt in understanding the
mechanisms oforogenesis. Switch over from the outcrop to the mountain beh and from the
mountain belt to the continent is easy. The strong and variable reliefallows the three dmiensional
Linderstanding of itsstructure.

The overa 11 kinematics can be described by the location of India-Europe rotation
pole at 19" 43'N 38"28'E (situated in the Red sea, about 200 km SSE of La Mecue), thePoie at ly 43 N, 3S 2»Hsiu 90» E fault) oriented N20>'E, and
irection of the trans orm au convergence was thus directed between NO"and

earthquake foca mechanism. The actual convergenc
N20" E,roughly perpendicular to the belt (Patna and Achache, 1984)

r . hv 51 rplativelv simple assemblage: to thenorth, theAsian1he Himalaya was 01 n ^ ^ ocean, similar to the Andes being
margin, built during the underneath the South America. To the south,
formed by the subduction of th ,:^,p„,orain is characterized by anearly continuous
the.ndian margin, and oW(oceamc p^^^

•ian to Eocene times ( Gansser,sedimentation during 500 Million Years rang , jndian Margin and, the tectono-
1964). Inherited structures are rare along whometamorpic structure is essentially ofthe im

Udue to the thickening of the NorthernThe Himalaya: The highest relief on ^arth sdue^
edge of Indian plate during its Co .s.on ^

The Himalaya is atype ° ,934, 1988). Results form palaeontological
plates: Indian and Asian (Le fort, 1975; Va - Himalayan rocks as well
studies, absolute dating oftectonic and me a



2 llimulayun Mounlciin (jcoIo^Y

as the palaeomagncic data obtained from oiisliorc and offshore of the Indian ocoan indicate
the collision of the two continents during the early Tertiar>', (around-53 Million years). By
this time, the large Tethys ocean, 6500 km wide existed during the Mesozoic, Belwecn Asian
and India Still sticking toAfrica and Australia, ( Patriat and Achache 1984). Theocean was
consumed by the subduction underneath the Tibet leading to the formation of large granitic
coastal masifs (of Andean type): the Lhasa or Ladakh granites. Remnants of this wide
ocean are preserved only in a few locations, along thesuture that was moreor less followed
by the large hidus and Tsang Po/Brahmaputra rivers.

The Himalaya in itself is amountain belt resulting from the collision between the two
continents; it is situated south of the disappearance line of the Tethys ocean (the Indus/
Tsang Po suture line). The highest mountain belt of the world thus resulted by the deformation
on the edge ofthe Indian continental plate squeezed against Asia. Its reliefallows the largest
differences in level on the planet: 8500m from the Terai lowlands in Nepal (with the banana
trees) to the top of Makalu (figure1)

VI n 2500km length the mountainous Himalayan arc is located between theNaga Parbatm the west and the Namche Bawa in the east and comprises often peaks
h.gher than SOOOm^The belt extends south ofthe Indus-Tsang Po suture to the Ganges plain
w,th an average w.dth ofabout 250 to 300 km. From the experiments ofGeorge Everest, we
know that the grav.tat.onal anomaly associated with the bulk of the mountain, can only be
explamed by the existence of aroot underneath the belt forming abulge of light material
balanc,ngtheoverwe,ghmgrehef{f,gure2). Gravity modelling,and also seismiclxperimentsare helpfu to calculate accurately the depth of root and to locale the NiOI IO (boundary
between the crust and the mantle ) at abouth 75 km deep under the Everest, fhis
measurement md.eates that the Indian crust was deformed by doubling or even sometimes

Zt t7th "molToTd r'""- ""7 «ives us areasonable

that the Himalayan relief was ouS bv1 !! ' '
some cm/yr. average convergence speed of the order of

(Framel) Seismic tomography : new data to be taken into account.

lithosphere atSl'pl'h (Vm de"r vretti 'l H
hidian lithosphere went down into^h Nepal presented here (figure3) shows that the
Moreover, on thl bis „f ^nn '^OOkm or possibly 2000 km ,
consider that the Indian contineU"h 'f" magnetic anomalies maps, we can
kilometers(Matte et al IQQVi i tr *^collision , was large for about a thousand
convergencrrargerthan;iec^^^^^^^ ®
lithosphere disappeared into ihp ® amount ofcontinental
large Lount Xdirn c^in the hypothesis of the subduction of a
disappeared either by erosion or due'toZ subdurtiT""'"'
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-0.5% +0.5%

„ .u» inHian slab diDDine in the mantle (after VanderFigure. 3: Tomography across Central Nepal showing the Ind
Voo et al.)
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The Formation ofthe Himalaya 7

(Frame 2) Buying ofthe 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 thatitcanbe linked withthephysics of rockdeformation
from crystalline to the mountain belt scale, and finally can characterise the evolution of the
physical variablessuch as pressureandtemperature.

We know that during tectonic deformation, and evolution of the belt, the rocks at
the surface are cairied 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) ortomore 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 theirhistory. Determination of theirage 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 fiom 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.

Atdepth, 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 offibrous minerals here, sillimanite fibers (figure 6).

Temperatum (iC)

50 too 160 200 250 300 350 400 450 500 560 600 650 700

depth (km)
(Pressun/}

P max

Figure.5: Models ofburying and exhumation
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I\ •./ • . ' :/] HIMALAYA-Geological Aspects
S ./ A ' 4 Prof. RS. Saklani
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The volumesemphasize on thegeological 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 ofsequence thrusting of rocks with the formation duplex structures. These volumes
would be useful to Earth Scientists, Academicians and Research Scholars.
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GEOLOGY OF THE LOWER HIMALAYA (GA RTTWA T.

Written by a leadinggeologist, this monograph presents a fascinating and incilsive, study of
HimalayanGeology inone oftheimportant regions ofLower Himalaya, It isa critical investigation and
product of sound scholarship on Garhwal Geology. In the last two decades, study of stratigraphy,
structure and metamorphism has constituted one ofthe most ground-breaking endeavours. Infact, it is
difficult to understand properly thegeology of the Himalaya without sufficient knowledge of these
aspects. This volume ofProfessor P.S. Saklani specifically aims tocontribute and extend this field of
inquiry by dealing with several interrelatedproblems.

Its contents sharea 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, inacomparative andcritical matrixofmodern works andofother distinguishedgeoscientists,
Infact, it helps to bridge the vacuum in regard to acceptance and transgression ofmodern thought
relevant togeothemes ajid problems ofthe rock structures. Equally important is the fact that the region
studied in great depth exists in. the belly of the highest mountain ofthe world, the Himalaya; a frontier
geological laboratory ofthe globe.

The book will be useful for geologists, academics, research scholars and also for those interested in
abundant complexproblemsoftheHimalayangeology.
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