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ABSTRACT

The geochemistry (major, trace element, O- and Sr-isotope ratios) and petrology of the Trans-
himalaya, North Himalaya, High Himalaya and 'Lesser Himalaya' plutonic belts are compared based
on the analyses of up to 492 samples.

The composite Transhimalaya batholith is subalkaline or monzonitic in character rather than
calc-alkaline. Its genesis was probably closely related to subduction processes associated with
strike-slip movement. It was emplaced on both sides of the boundary between an earlier metavolcanic
arc and a continental margin. Two principal periods of magmatic activity occurred: Upper Cretaceous
and, particularly in this region, Eocene at the time of the India-Eurasia collision when sediments may
have become involved in the subduction process. Magmatic differentiation, characterized by two
superimposed stages of evolution, and hybridization processes, involving both basic and acidic
magmas, can account for the genesis of the different plutonic units. Although a continental contribution
is implied, the isotopic data (6-8 < <518O < 9-2; 0-704 < 87Sr/86Sr, < 0-707) preclude a significant
contribution from either old crust or surface derived sediments.

The North, High and 'Lesser' Himalaya plutonic belts are fundamentally different and correspond to
aluminous associations of two groups of ages (Lower Palaeozoic for the 'Lesser Himalaya' and part of
the North Himalaya; Upper Cenozoic for the High Himalaya and part of the North Himalaya). They
are all high-<518O (9 < 5>eO < 14) granites and adamellites with high initial 87Sr/86Sr ratios (0-709 to
> 0-740). The Lower Palaeozoic group was generated within the Gondwana continental crust,
independent of any true orogenesis, with a probable but limited contribution from the mantle. High
Himalaya and North Himalaya Cenozoic plutons are directly linked to the activity of the Main Central
Thrust. They were derived by similar anatectic processes of the same continental source rocks. The
small but distinct chemical and mineralogical differences among the plutons are related to the increase
in the intensity of anatexis on going towards the north and the east.

I N T R O D U C T I O N

Four continental-scale plutonic belts occur in the Nepal-South Tibet region (Fig. 1). From
north to south the belts are: (1) the Transhimalaya or Kangdese, (2) the North Himalaya or
Lhagoi Kangri, (3) the High Himalaya, and (4) the 'Lesser Himalaya'. The Transhimalaya
belt lies just to the north of the Indus-Tsangpo suture zone (Fig. 2). It is characterized by a
huge quasi-continuous 2600 km long batholith with rocks ranging from gabbro to granite.
The three other belts are mainly composed of two-mica adamellites and granites. The North
Himalaya belt runs some 50 km to the south of the suture zone. It forms a series of oval
shaped domes up to a few tens of kilometres across. The High Himalaya belt is composed of a

[Journal of Pttrobgjt, VoL 27, Part I, pp. 2I9-2M, 1986] © Oxford Univcruly Preu 1986

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 19, 2016

http://petrology.oxfordjournals.org/
D

ow
nloaded from

 

http://petrology.oxfordjournals.org/


F. DEBON ET AL.

/
/

/

M
/(KABUL

/ /

_

ISLAMABAD

#DELHI

r *
Ct IOC

/ 11

\ ^^-

. . L_ . "

KATHMANOU*
\

\ 1

_ , • "* ^ '/.TMIMPU _ y

FIG. 1. The ten principal plutonic belts in the India-Eurasia suture zone. For I to VI see Debon el al. (1981); VII
Transhimalaya (or Kangdese), VIII North Himalaya (or Lhagoi Kangn); IX High Himalaya; X 'Lesser Himalaya'
The rectangular area corresponds to Fig. 2. The Indus-Tsangpo suture (ITS) lies south of the Transhimalaya (VII)

A A
A A A A

Transhirnalaya belt

v i y j Ophiohte

Tibetan sedimentary series

North Himalaya belt

High Himalaya belt

1- Tibetan crystalline slab

"Lesser Himalaya" belt

x x
x

>X>>1 Lesser Himalaya Midlands

90°E

M C T . MBT I Yangbaiain
^y LHASA

Gu Rong \

•Madian
• . ' , : : : : . . ' . & • •

. Dagzhuka^
® Ouxu

-4-2?

84" B

L 26 N

90" E

4-26 N

100 ?OOkn

FIG. 2. Sketch map of the main structural divisions of Himalaya-Transhimalaya and of the four plutonic belts
studied in the Nepal-Bhutan-Southern Tibet area (modified after Fig. 1 in LeFort, 1983). The northern boundary of
the Tibetan sedimentary series with the Indus-Tsangpo flyschoid and melange series is not well known and
tectonically complex. Letters for the metamorphic isograds (dotted lines) in Nepal are: b = biotite, g = garnet,
k = kyanite and s = sillimanite. Abbreviations MCT = Main Central Thrust, MBT = Main Boundary Thrust.
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number of irregularly spaced plutons of leucocratic rocks emplaced into the Tibetan
sedimentary series to the north and above the Main Central Thrust (MCT). The 'Lesser
Himalaya' is a discontinuous belt composed of both gneissic and non-gneissic granites which
in general appears a short distance north of the Main Boundary Thrust (MBT) in the
overthrust slab of the MCT.

This paper presents the petrology and geochemistry of 22 plutonic units from parts of these
four belts. The region studied (Fig. 2) covers some 180000 km2 and includes areas only
recently open to geological investigations. The study is based on the chemical, isotopic,
mineralogical, and petrological analysis of up to 492 samples. The rock types are precisely
defined and the petrochemical characteristics of the individual belts are determined using a
chemical-mineralogical analysis (Debon & Le Fort, 1982). The magmatic associations thus
characterized are then related to the evolution of the Gondwana or Indian plate, the
northward subduction of the Tethys floor, and the final collision between the Indian and
Eurasian plates.

ANALYTICAL METHODS

Major (SiO2, A12O3, total iron as Fe2O3, MnO, MgO, CaO, Na2O, K2O, TiO2, P2O5) and
some trace elements (Ba, Rb, Sr) of whole rock samples (Tables 1, 3, 5) were determined
at C.R.P.G. (Govindaraju et al., 1976). The acid-dissolved, lithium borate fusion melts
of the silicate samples were analysed using a direct-reading optical emission spectrometer
(ARL 31 000) equipped with a microwave plasma excitation source. The analysed solutions
are buffered with Sr in order to eliminate matrix influences. International geochemical
standards were used systematically for the construction of calibration curves. Loss on
ignition was measured before fusion on 1 g of sample ignited for some 15 hours at 1000 °C
using an electric muffle furnace.

The REE (La, Ce, Nd, Sm, Eu, Gd, Dy, Er, Yb, Lu) and Y contents of selected rock samples
(Table 4) were determined on an emission spectrometer (JY 48 P) equipped with an
inductively coupled plasma source (ICP) (Govindaraju & Mevelle, 1983). Before analysis
the REE were separated using a robotic system (Lab Rob JY 308). The lower limit of
determination is down to one or two times chondrite level(s) for most elements.

Oxygen isotopes on whole rock samples (Table 5) were analysed using a modification of
the BrF, technique (Clayton & Mayeda, 1963). The 1 8O/1 6O ratios are expressed as <518O
relative to SMOW in per mil with a reproducibility of better than +0-2 per mil on duplicate
analyses. The value for NBS-28 is 9-60.

Rb-Sr isotope analyses (Table 7) were determined by mass spectrometry. The relative
error for the 87Rb/86Sr ratios is less than 2 per cent. The 87Sr/86Sr ratios were determined
using one of the two mass spectrometers: (i) Thomson 206 S for units with an adequate
variation in 87Rb/86Sr ratio. The error (2a) for a duplicate run is less than 00001. The value
for NBS 987 is 0-71025±O0001. (ii) Cameca 206 SA new generation for units with a small
variation in 87Rb/86Sr ratio. The error (2a) for a duplicate run is less than 000005. Value for
NBS 987 is O-710199±00OOO25. The analytical error for each sample is given in Table 7.
; .8 7Rb= 1-42X10"11 a"1.

BULK CHEMICAL VARIATIONS

The major element chemical data from Table 3 are presented on an AFM diagram (Fig. 3).
The fields for the individual belts describe trends which are typical of very many other
intrusive provinces. Independent of the geological arguments, the overlapping of the fields for
the four belts does not imply that the different rocks are related to a common parent magma
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(Le Maitre, 1976). Despite the wide use of such diagrams to discuss plutonic provinces (e.g.
Atherton et al., 1979), the diagram is not very discriminating. For example many relatively
small differences in major element composition which are considered to reflect important
petrogenetic differences are not resolved in this diagram. Similarly the role of alumina in
granitoids which plot near the alkali pole, such as many of our samples, cannot be
appreciated. Other widely used diagrams such as Harker diagrams are equally unhelpful in
aiding the interpretation of such series of chemical data.

FIG. 3. Compositional characteristics (data from Table 3) of the four plutonic belts in the AFM diagram
(A = Na2O + K2O, F = total iron as FeO, M = MgO). The domains 1 and 2 correspond to pigeonitic (tholentic)
and hypcrsthenic (calc-alkaline) series of Kuno (1968) respectively. Although this diagram suggests that these
plutonic associations are calc-alkaline, most of Transhimalaya are subalkaline or monzonitic and the North, High

and 'Lesser' Himalaya are aluminous (see text for discussion).

More serious than these limitations however is the often misleading character of the
diagram. For example, the majority of our data plot within the general field of calc-alkali
rocks (Fig. 3) despite the fact that they are not actually calc-alkaline (see below). Recently
some methods have been developed to avoid such misinterpretations and to reveal more
clearly differences among individual associations (La Roche, 1964, 1980; Chappel & White,
1974; La Roche et al., 1980; Debon & Le Fort, 1982). In particular the chemical-mineralogical
method of analysis of Debon & Le Fort (1982) is applied here (Figs. 4, 5, 6) for a number of
reasons. The method is based on quantitative chemical analyses of major elements in
preference to modal microscopic data with their more limited reproducibility. The
relationships between variations in mineralogy and chemistry are emphasized and it gives
a rigorous definition of the typology both of igneous rock samples (nomenclature,
characteristics) and of their magmatic associations. The method is applicable to most of the
common igneous rocks from gabbros to syenites to leucocratic muscovite granites. It is
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FIG. 4 Distribution of the four plutonic belts in the 'nomenclature' diagram proposed by Debon & Le Fort (1982)
after La Roche (1964, 1966) and Streckeisen (1976). The two parameters are in gram-atoms x 103 in 100 g of rock or
mineral. Each field corresponds to a petrographic type: gr granite, ad adamellite, gd granodiorite, to tonalite, sq
quartz syenite, mzq quartz monzonite, mzdq quartz monzodiorite, dq quartz dionte, s syenite, mz monzonite, mzgo
monzogabbro, go gabbro. The reference system of mean compositions corresponding to each of these types is shown
by black stars. For comparison, typical trends of different subtypes of cafemic or alumino-cafemic associations
(Fig. 5) are shown: THOL tholeiitic, CALK calc-alkaline, SALKD, SALKL dark and light-coloured subalkaline
(i.e. monzonitic) respectively, ALKS, ALKOS alkaline saturated and oversaturated respectively. The plutonic units

included in each belt with number of analysed samples (n) are all those given in Table 3.

equally applicable to volcanic rocks (basalts, trachytes, etc.). The rock classification and
nomenclature used here is in general agreement with terminology based either on
mineralogical (e.g. Streckeisen, 1976) or chemical parameters.

THE TRANSHIMALAYA (OR KANGDESE) BATHOLITHIC BELT
The batholith in Southern Tibet (Fig. 2) is composed of a main composite body (or

batholith sensu stricto) associated with a swarm of isolated plutons along its northern edge.
Two transverse sections of the batholith s.st. (Quxu and Dagzhuka) were studied and four of
the northern plutons (Madian, Yangbajain, Gu Rong, Lhasa).

In our area, the batholith intrudes metasediments and metavolcanics of Palaeozoic and

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 19, 2016

http://petrology.oxfordjournals.org/
D

ow
nloaded from

 

http://petrology.oxfordjournals.org/


224 F. DEBON ET AL

T Cenozolc

-150

/lj~j\ H I 0 h Himalaya

'Lssstr Himalaya'[•'••/'.•'/•'.

- 100 -

FIG. 5. Distribution of the four plutonic belts in the 'characteristic minerals' diagram of Debon & Le Fort (1982).
The parameters are in gram-atoms x 103in lOOgof rock or mineral; A is the'aluminous index'and B is proportional
to the dark mineral content (La Roche, 1964). This diagram separates peraluminous rocks or minerals with positive
value of A, e.g. biotite (Bi), muscovite (Mu), from metaluminous ones, e.g. amphibole (Amph), clinopyroxene (Cpx).
Each of its six sectors, numbered from / to VI, corresponds to a specific mineralogical composition; to a first
approximation: / rocks with Mu > Bi (by volume), / / Bi > Mu, / / / Bi, / V Bi + Amph ± Cpx, V Cpx ± Amph ± Bi.
The trends of the three main types of magmatic associations (see the inset) are distinguished: ALUM aluminous,

ALCAF alumino-cafemic, CAFEM cafemic. See Fig 4 for other explanations.

Mesozoic ages (e.g. Academia Sinica, 1980; Jin, 1981; Burg, 1983). In the vicinity of Quxu
village (Fig. 7), it intrudes a thick metavolcanic (amphibolitic) formation of assumed
ophiolitic character (Proust et al., 1984) and Triassic age (e.g. Burg, 1983). This formation
includes rocks of basaltic, quartz andesitic and dacitic compositions (Table 1) and
corresponds to a cafemic tholeiitic association. The abundance of intermediate rocks (54-
60 per cent of SiO2 on average; Table 1) and the low TiO2 contents (0-7-0-8 per cent on
average) suggest that it formed in an island-arc environment. It can be compared with the
Upper Jurassic to Upper Cretaceous Dras Volcanic arc in Ladakh (Reibel & Juteau, 1981;
Honegger et al., 1982; Dietrich et al, 1983). Based on some forty whole rock chemical
analyses (unpublished data), there is probably no typical calc-alkaline volcanism in our area
in contrast to other opinions (e.g. Coulon & Wang Songchan, 1983). Most of the Cretaceous
and Paleogene volcanic associations are subalkaline (i.e. latitic).
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TABLE 1

Mean chemical compositions of Quxu metavolcanics
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Metabasalts 3 5O90 1614 810 017 8-23 8-99 402 041 076 016 1-68 99-56 65 3-10 303
Metaquartz 4 5414 16-42 8-64 017 519 9-09 2-71 098 072 024 1-33 99 63 215 15 516

andesites
Metadacites 5 6017 15-57 6-97 Oi l 3-45 6-67 3-49 073 O71 021 1-55 99-63 105 11-15 400

n number of analysed samples.
• total Fe as Fe2O3 .
L.I. loss on ignition.
Trace elements in p.p.m.
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FIG. 6. Distribution of the four plutonic belts in the triangular quartz-dark minerals-feldspar + muscovite diagram
('Q-B-P diagram). The parameters in weight percent are directly calculated from chemical analyses (La Roche,
1964; Debon & Le Fort, 1982). The different subtypes among the three main types (Fig. 5) of magmatic associations
are distinguished: THOL, CALK, SALKD, SALKL, ALKS, ALKOS among the cafemic or alumino-cafemic
associations (typical trends are shown for comparison); quartz-rich, quartz-normal and quartz-poor subtypes
among the aluminous associations (according to the positions of their plots above, on, or below the 'critical line').

Other explanations as in Fig. 4.

Petrographical and geochemical characteristics

Like most batholiths (e.g. Pitcher, 1978), the Transhimalaya is composite. It is made up of
numerous contiguous or isolated, but associated, plutonic bodies (Academia Sinica, 1980; Tu
et al., 1981,1982; Debon et al., 1982,1984; Brun et al., 1983; Zhou & Jin, 1983; Jin & Xu, 1984;
Liu, 1984). Along the Quxu section (Fig. 7), four major plutonic units, named A (divided into
Al and A2), B, C, and D, have been distinguished on the basis of both field and chemical
criteria (Debon et al., 1982,1984; Tables 2, 3; Figs. 10,11). The boundaries between adjacent
units are generally gradational, suggesting that the units were emplaced simultaneously.
However, the contacts of Al and D with the other units have not been observed. Along the
Dagzhuka section (Figs. 2, 11), two major units, named the South Tsangpo and the North
Tsangpo units (south and north bank of the river respectively), occur. The northern half of the
batholith is very heterogeneous here and rich in metasedimentary and metavolcanic septa.
The northern plutons are similarly composite, except Yangbajain; they are made up of two or
three chemically distinct zones (Debon et al, 1982, 1984; Tables 2, 3).

Plutonic units of the Quxu section display a well developed foliation with all stages
between a planar flow structure and, particularly in the D unit, a post-magmatic schistosity
with partial recrystallization (Fig. 7). In addition, except in A1, dark igneous 'microgranular'
rocks (Didier, 1973) are very abundant (up to some 20 per cent by volume). These rocks occur
either as pseudo-dykes or, more commonly, as isolated decimetric lenses lying along the
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FIG. 7. Sketch map of the Transhimalaya batholith s_sl. along the Quxu section (or Quxu super-unit), south-west of
Lhasa, with <518O values and initial strontium isotope ratios (Tables 5, 6, 7). The metavolcanics are amphibolites

foliation. In either form, they always appear to have been emplaced under magmatic
conditions.

The batholith is composed of a wide range of petrographic types (Fig. 4) including in
decreasing order of importance (Table 3), adamellites, quartz monzodiorites, granodiorites
and, to a lesser extent, gabbros, quartz diorites, granites, quartz monzonites and monzonites.
Their relative abundance, however, may vary greatly from one plutonic unit to another
(Tables 2, 3). Most rocks are metaluminous (Fig. 5, Table 3). Relative to the reference
compositions of Debon & Le Fort (1982), they are in general normal or rich in feldspars,
alkalis (sum Na + K) and Ba, normal or poor in quartz and dark minerals, Sr-rich but
Rb-poor; in addition, they have low loss on ignition and their Mg/Fe ratios are usually
normal or high (Table 3).

These rocks are principally composed of quartz; K-feldspar, fairly often with the
microcline twinning but usually without much perthite; concentrically-zoned plagioclase,
sometimes with patchy zoning but generally with a core of andesine and a rim of oligoclase or
andesine; biotite with Mg/(Fe + Mg) ratios from 045 to 0-61; amphibole, usually magnesio-
hornblende; orthopyroxene which is restricted to gabbros; clinopyroxene as isolated crystals
in gabbros and sometimes as relics elsewhere; often abundant very titanium-poor oxides
(magnetite or hematite); rare ilmenite; frequent sphene.

The REE contents and patterns (Table 4, Fig. 8) are quite comparable to those of both
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TRANSHI MALAYA
PLUTONS OF THE NORTHERN EDGE
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FIG. 9. SISO (Table 5) us. 'aluminous index' (Fig. 5) for selected samples from the four plutonic belts.

subalkaline (i.e. monzonitic) and calc-alkaline granitoids (e.g. Atherton et al., 1979; Fourcade,
1981; Fourcade & Allegre, 1981). For the Quxu section, the REE patterns display a
progressive enrichment in light-REE from Al to D through A2, B and C, confirming the
distinction based on major elements between (Al + A2), B, C and D, the relationship of Al
with A2, and the increase of the monzonitic character from (Al + A2) to D (e.g. Fig. 10).
Similarly, these patterns support a close relationship between the outer and the inner zones of
the Gu Rong pluton and distinguish these two zones from the intermediate one.

The oxygen isotope composition of the batholith is relatively homogeneous with <518O
values ranging from 6-8 to 85 per mil (one value at 9-2) (Sheppard et al., 1983 and new data;
Table 5). Based on hydrogen isotope analyses (unpublished data) there is no evidence that the
rocks may have been modified by convective circulation of meteoric waters during their
post-magmatic history. The <518O values are therefore considered to record their magmatic
signature. In each of the three studied areas (Quxu and Dagzhuka sections, northern plutons)
the <518O values increase slightly and regularly with increase in the 'aluminous index' (Fig. 9).
There is a slight negative correlation with increase in dark mineral content. These rocks are
thus in the I and Hj groups of Taylor (1968). They are therefore depleted in <518O relative to
most of the large batholithic masses previously analysed.

The northern plutons as well as the plutonic units of the batholith s.st. correspond to
distinct magmatic associations (Figs. 10, ll;Debon eta/., 1982,1984), the typology of which is
summarized in Table 2. They are cafemic or alumino-cafemic associations (Fig. 5) and most
of them are either typically subalkaline (i.e. monzonitic) or transitional between the
subalkaline and the calc-alkaline types (Figs. 4, 6, 10). Similar to the volcanics occurring in
this area and contrary to widely accepted opinion (e.g. Maluski et al, 1982; Scharer et al,
1984/?) there are no strictly calc-alkaline associations in this part of the Transhimalaya
batholith; subalkaline trends are dominant (Fig. 6). The presence of quartz monzodiorites,
quartz monzonites and monzonites, the complete lack of tonalites (Fig. 4), and the
mineralogical features such as the relatively low dark mineral content and high abundance of
feldspars and sphene support this conclusion.
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TABLE 2

Typology of the Transhimalaya plutonic bodies

1
z
&
p

Super-unit

Madian

Yangbajain

Unit {or
zone)

dark
light-c.

Main rock
type'

mzdq/IV
gr/II

ad/I II

Type & Subtype
of association

CAFEM

ALCAF

SALKC

SALKL

Remarks

Only studied from boulders/2 groups of
and maybe 2 zones/Chemical gap bctw
groups

Septa-rich heterogeneous areas in north.
Only one major unit.

rocks
the 2

pan/

z Gu Rong extern. mzdq/IV CAFEM Transit Maybe concentrically-zoned/Extern zone, < 06
S interm ad/IV betw. km thick, with sharp contacU/Chemical gap
^ inner ad/IV SALKC & betw. extern and other zones/Conspicuous
* CALK chemical en echelon ordenng/Most light-c

pD
_J
0. Lhasa north

south
mzdq/IV
gd/III

CAFEM Idem

zone = interm zone.

Sharp contact and chemical gap belw. the 2
zones/South, zone very predominant, locally
with septa/North, zone < 1 km thick

Quxu
Section

Al go/IV CAFEM Transit
belw
SALKD&
CALK

Two pyroxenes/Zoned plagioclase. An 58-44%

A2

B

C

dq, gd/lV

mzdq, gd/IV

Idem

CAFEM

CAFEM

CAFEM

Idem

SALKL

SALKL

B andC

Specific
tional

have similar

porphyritic
boundaries.

mean compositions

texture/Sharp or grada-

mzq, ad/IV CAFEM SALKL Schistosed

Dagzhuka
Section

North go, mzdq/IV
T»angpo

CAFEM Transit,
betw
ALKS &
SALKD

Biotite of cm size/Two pyroxenes in gabbros/
Includes a heterogeneous area of and and
basic plutonic rocks

South
Tsangpo

mzdq/IV CAFEM Transit
betw.
SALK&
CALK

The typology refers to the dauificaUon of Debon & Le Fort (1982).
1 Main rock type defined ai in Table 3.
Abbreviations: betw between; extern, external; interm intermediate; light-c light-coloured; north, northern; south, southern;

transit transitional; ALCAF aJumino-cafemic; CAFEM cafemic; ALKS alkaline taturated, SALK subalkaline (i.e monzonitic)
respectively dark (SALKD), light-coloured (SALKL), composite (SALKC); CALK cak-alkahne

According to several authors (Academia Sinica, 1980, Brun et al., 1983), the batholith
becomes more and more acidic on going from south to north. Our observations only partly
support such a trend. In general, on going from the batholith s.st. to the plutons of its
northern edge, there is a decrease of the dark microgranular inclusions, dark minerals and Sr
contents, and an increase of the quartz and Rb contents, and of the Sr isotope initial ratio
(Fig. 2; Tables 3,6, 7). Moreover, within the batholith s.st., the darkest rocks (gabbros) occur
in the southern part. However, along the Quxu section, judging from both the location and
the mean compositions of the plutonic units including the isotopic compositions (Fig. 7), the
major evolutionary trend within the batholith s.st. is not from south to north but centripetal,
being roughly symmetrical about the central D unit (Figs. 7, 10; Table 3).
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Chronological data

Based on recent chronological data (Tables 6,7), two groups of ages occur in this part of the
Transhimalaya batholith. The oldest group, from 82 to 113 Ma, has a mean value of about 93
Ma (Upper Cretaceous). It characterizes both the North and South Tsangpo units of the
Dagzhuka section. The youngest group varies from 40 to 60 Ma and averages about 50 Ma
(Eocene). It includes all the plutonic units occurring along the 90 km long transverse section
from Yangbajain to the South of Quxu (i.e. the Yangbajain, Gu Rong and Lhasa plutons, and
the Al, A2, B, C and D units in the batholith s.st.) (Figs. 2, 7). Being based on a variety of
dating methods (Tables 6, 7), these ages very likely correspond to emplacement ages.

The initial 87Sr/86Sr isotope ratios range from 0-7036 to 0-7071, with an average of 0-705
(Tables 6,7). As a whole, the northern plutons have higher initial ratios than the batholith s.st.

Genesis of the Transhimalaya batholith

The genesis of the batholith is generally considered to be related to the northward
subduction of the Tethys floor but its geodynamic location (island arc or active continental
margin) is more questionable. The batholith intrudes both metavolcanics (Quxu amphi-
bolites) of probable island-arc origin to the south and platform sedimentary series to the
north. These intrusive characteristics support an emplacement on both sides of the boundary
between an earlier island-arc and the southern edge of the continental 'Lhasa block'.
Trommsdorff et al. (1982) and Scharer et al. (1984a) have proposed a similar model for the
Ladakh area. Its chemical-mineralogical typology is quite compatible with a genesis related
to oceanic subduction. More precisely, its subalkaline (monzonitic) tendency is interpreted to
indicate that the subduction was not perpendicular to the axial direction of the batholith. A
strike-slip movement is proposed, comparable to that for the Arghandab plutonic belt
(number III in Fig. 1) in Afghanistan (Afzali et al., 1979). Such movement tends to generate
zones of tension in the overlying plate margin and thus to promote the genesis and/or the
emplacement of alkaline or subalkaline magmas. According to Brun et al. (1983), sinistral
wrenching occurred here during batholith emplacement (see also Burg, 1983; Mascle, 1985).

The numerous Cenozoic ages, close to 50 Ma, for the batholith and some of the associated
volcanics (48-5 ± 1-5 Ma for a Lingzizong formation, north of the batholith; Montigny in
Westphal et al., 1982) suggest that a major (?) part of the eastern Transhimalaya magma was
emplaced a short time before and during the beginning of the India-Eurasia collision.
Collision in this part of the suture zone occurred during Lower Eocene times, around 50 Ma,
based on a number of independent methods including paleomagnetism and magnetic
anomalies (Besse et al., 1984; Patriat & Achache, 1984). This magmatism, though directly
related to subduction processes, could therefore be a good indicator of the time of collision
(Xu et al., 1985). It suggests, as in the Adrar des Iforas area of Mali (Bertrand & Davison,
1981), that the culmination of the emplacement processes was determined by the beginning of
the collision event (Debon et al., 1985). This Eocene magmatic stage was preceded around
Dagzhuka by a Cretaceous magmatic emplacement, as in Ladakh (e.g. Brookfield &
Reynolds, 1981; Honegger et al., 1982). There is therefore no clear systematic migration of the
magmatism along the batholith. The duration of its emplacement may have lasted several
tens of millions of years in a relatively restricted area. Similarly, in the area studied, no
systematic migration is observed along transverse sections of the batholith.

The following discussion of the geochemical data is generally applicable to all of the
plutonic units. To aid the discussion, however, fields for only some of the plutons are
presented on the figures. The chemical-mineralogical (Figs. 10, 11) and isotopic (Fig. 9)
diagrams and the field data show that the individual plutonic units are distinct from each
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Quxu section

Dtrk mlnar«l« % Faldipars

FIG. 10. Distribution of the plutonic units (Al, A2, B, C, D) of the Transhimalayan Quxu section (viz. of the Quxu
super-unit; Fig. 7) in the triangular quartz-dark minerals-feldspar diagram. Other explanations as in Figs. 4 and 6.

other at their present level of emplacement. Nevertheless the form of the trends among the
plutons are directly comparable. For example, on going from the darkest to the lightest
members of each plutonic unit, the evolution follows classical trends of magmatic
differentiation (Fig. 10). Similarly there is a regular decrease of the Mg/(Fe + Mg) ratio
among the different units (Fig. 11). Figure 11 also shows that for a given value of
(Fe + Mg + Ti) the ratio Mg/(Fe + Mg) tends to increase systematically on going from the
darkest to the lightest coloured units of a group of associated plutons—in this case the Quxu
and the Dagzhuka sections. Comparable systematics are seen in other diagrams (Figs. 8 to
11). These chemical similarities and differences and the coherent organisation of the fields
among the different plutonic units implies that (1) plutonic units which are associated in the
field form part of a genetically related group—the 'super-units' of Pitcher (1978) (Table 2),
and (2) part of the evolution of each unit was more or less independent of other units. The
evolution of a super-unit appears to be controlled by two superimposed stages of differentia-
tion, well shown in chemical diagrams by the remarkable en echelon ordering of the different
units (Figs. 10, 11). The earlier process, responsible for the dissociation of a super-unit into
several units, could involve a common differentiation and/or hybridization event in a system
of rather uniform initial Sr isotope ratio (Table 7) and presumably at depth, followed by
individual and independent differentiation processes among each unit (Figs. 10, 11; Table 2).
The exact processes have yet to be elucidated. Such a two-stage development appears
particularly conspicuous in subalkaline or alkaline igneous complexes (e.g. Ballons massif in
the Vosges; Pagel & Leterrier, 1980).

The precise nature of the source material(s) remains uncertain. The predominantly
adamellitic, quartz monzodioritic and granodioritic composition of the batholith suggests
the involvement of sialic crust. This is supported by the negative eNd values (Gariepy et al.,
1983). The existence of gabbros (A 1 and North Tsangpo units) and the locally very abundant
dark microgranular inclusions suggest that there is a basic contribution which could possibly
be of mantle origin (e.g. Leterrier & Debon, 1978). Both <518O and initial 87Sr/86Sr values are
low (at about 7-6 + 0-8 per mil and 0-7050 ± 15 respectively) but higher than primary mantle
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Mg / (Fe + Mg) South Tsangpo

tO \ "

FIG. 11. Mg/(Fe + Mg)us. Fe+ Mg + Ti diagrams for the major plutonic units of the Transhimalayan Quxu(Al, A2,
B, C, D) and Dagzhuka (North and South Tsangpo) sections (viz. of the Quxu and Dagzhuka super-units). The
Fe + Mg + Ti sum is in gram-atoms x 103 in 100 g of rock; it is proportional to the dark mineral content in common

plutonic rocks (B parameter of La Roche, 1964). Other explanations as in Fig. 4.

values. Old continental crust or sediments dominated by minerals formed during weathering
of continental crust, however, are excluded by the combined isotope results (Sheppard et al,
1983). Comparable oxygen isotope data and conclusions have been presented for the Ladakh
intrusion of the Transhimalaya batholith, 1000 km or so to the northwest, by Blattner et al.
(1983).

All of these features suggest a mixed or hybrid origin. Such a hybrid origin is also
compatible with the cafemic or alumino-cafemic character of the plutonic units (Table 2) and
with the geodynamic location of the batholith. The proposed basic component, which is
more basic than any rock analysed here, could carry a dominantly mantle signature, both
chemically and isotopically. The acid component could be dominantly of crustal origin, such
as relatively young island-arc volcanic material, immature sediments of dominantly volcanic
origin, or subducted oceanic crust, hydrothermally altered by seawater, with associated
sediments that contain continental derived Nd among other things. According to the
differences observed from the batholith s.st. to the plutons of its northern edge, the basic
contribution tends to decrease from south to north, i.e. on moving off from the suture zone.
Finally, the relatively very homogeneous <518O values for the large variety of rock types
(Fig. 9) implies that the source region was also similarly homogeneous for these isotopic
compositions. In contrast, the presence of very abundant microgranular inclusions, which
could represent the basic component more or less modified by chemical exchange with the
acid component (Leterrier, 1972; Debon, 1975; Leterrier & Debon, 1978), suggests that the
mechanical and chemical homogenization of the two presumed source components was not
complete. The conspicuous lack of Sr isotope homogenization, both in Tibet (Wang et al,
1981; Jin & Xu, 1984) and Ladakh (Honegger et al, 1982; Scharer et al, 1984a), supports this
conclusion.
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TABLE 3

Mean chemical compositions of the different plutonic types
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1 Rock type refers to the classification of Debon & Le Fort (1982); lc leucocratic; ad adamellite; dq quartz dionte; gd granodiorite; go gabbro; gr granite, mz monzonite, mzdq quartz monzodiorite; mzq

quartz monzonite (Fig. 4); the roman numerals (I to IV here) respectively correspond to rocks with: I muscovite > biotite (by volume), II biolite > muscovitc III biotite, IV biotite + amphibolc±
pyroxenes (Fig. 5).
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TABLE 4

REE compositions of selected samples
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Plutonic

unit
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number

Rock
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1804
1098

3-60
2-52

087
063

2-68
216

-72
•58

096
096

077
076

O13
012

1030
9-94

24-6
15-2

Lhozhag

X
X

o
X

XR 189
XR 183
XR 191
XR 1911

lc/gd/1
lc/ad/1
lc/ad/I

5-29
7-91

12-35

1164
17-69
29-10
37-4

5-05
810

12-38
2O40

1-55
2-24
3-55
4-57

040
051
054
015

1-64
2-32
3-30
314

•30

•14
•57

094

061
O50
O50
022

O45
023
032
018

007
003
003

7-79
5-21
7-34

11-8
34-4
38-6

X

2
r-

•v
r
C
H
o
z
n
m
r

Manaslu DK 201
DK 46
DK 170
DK 195
average

lc/ad/I
lc/gd/I
lc/ad/I
lc/gr/I
lc/ad/I

027
1-02
8-19

13-71

1-79
096

12-28
2814

040
074
4-74

12-62

026
O52
1-46
3-67

002
001
028
078

036
065
1-58
3-94

061
115
1-92
4-62

025
043
O70
1-70

039
053
O64
1 25

005
007
O10
016

4-12
6-43

11-44
24-77

07
1-9

12-8
110

Simchar
<
<

X
QC

on
LLJ

KP 25
KP 170
KP428
SR 91

gr/III
gr/Il
gr/H
lc/gr/II

33-00
33-99
16-11
18-35

67-55
73-49
38-67
38-31

29-78
3096
14-58
17-91

6-67
7-09
3-74
4-29

1-07
1-10
050
061

6-26
6-31
316
4-07

614
6-12
4-60
5-23

3-05
311
2-87
2-80

3-43
3-42
3-47
3-12

049
047
051
041

4O17
41-18
33-74
36-77

9-6
99
4-6
5-9

I pa KP243
KP246

gr/11
lc/gr/I

3O10
12-29

6O94
25-56

28-04
11-02

618
2-93

110
O42

5-54
2-48

5-80
3-26

3-04
1-58

3-36
1-89

O48
026

38-93
21-08

90
6-5

Palung KP 136
KP 217
KP316

ad/I I
lc/gr/I
lc/gr/I

18-88
811
2-95

4O38
15-40
6-27

18-66
7-32
2-69

4-59
1-98
088

050
026
Oil

403
1-92
082

4-48
2-60
1-11

2-20
1-38
062

2-58
1-65
084

037
026
014

29-63
19-27
8-18

7-3
4-9
3-5

Values in p.p.m.
1 Muscovite XR 191 analysed by isotope dilution (C. Alibert).
The bulk chemistry of most of these samples is given in Table 5. Other explanations as in Table 3.
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TABLE 5

Chemical and oxygen compositions of selected samples

Bell
Plutonic

unit
Sample
number

Rock
type SiOj A12O3 MnO MgO CaO Na2O K 2O TiO2 Pfi, L.I. Total Ba Rb Sr

<5"O

Yangbajain XR 40
XR 53

ad/I I
Ic/gr/ll

69-37
75-34

15-22
12-99

2-99
1-06

009
006

084
013

2-32
066

3 55
3-36

4-36
507

042
O20

016
O00

057
0-44

99-89
99-31

745
284

167
213

South
Tsangpo

XR 370 ad/IV 65 95 14 75 4 30 007 1 53 3 29 3 50 4-36 063 016 062 99 16 548 157

303
114

351

7-6
8-5

Gu Rong.
outerzone XR 150 mzdq/IV 59-36 16 52 717 012 3-10 5-87 3-49 299 084 022 O31 99-99 380 128 312 7-4
mterzonc XR 121 ad/IV 66-88 15 37 3-90 006 105 3O2 3 70 4-31 060 O27 073 99 89 813 158 392 75
inner zone XR 129 ad/IV 69-23 14-75 3 87 006 099 2-81 318 4-44 046 019 048 100-46 501 192 209 7 6

2

ft

Z
H

U
K

A

Lhasa

A,

A :

B

C

D

North
Tsangpo

XR 89

XR465
XR 463

XR 457
XR 575
XR 529

XR 502
XR 453
XR 545

XR 537
XR 543

XR 525
XR 514

XR 383

ad/I 11

go/lV
go/IV

dq/lV
dq/lV
gd/lV

mzdq/IV
gd/IV
ad/IV

mzdq/IV
mzq/IV

mzq/IV
ad/111

go/IV

71 20

5O04
5203

58-36
57O5
64 43

62-45
64-24
69-78

6111
62-42

6191
67-66

53-27

14-71

19-00
1812

17-10
17-32
1569

16-08
1544
14-74

16-49
16-62

15-25
15 33

17-75

2-56

9-93
964

7-27
7O9
505

4-57
4-63
2-81

5-56
510

4-87
2-83

9-16

008

017
016

012
014
O09

009
009
005

Oil
O10

008
006

018

047

5-31
5 22

3-46
316
2 10

2 13
1-83
095

2-26
188

2-12
1-24

3-61

213

8 98
8-93

6-48
6-60
4-52

4-44
3-99
2-79

4 69
405

3-45
2 19

7 37

3 59

3-57
380

3 78
3-78
3-48

4O4
3-92
3-08

403
3 72

3-63
3-92

4 10

3 76

033
082

195
1 74
3-12

3-39
3-26
4 39

3-18
4-20

4-66
4-40

1-79

031

092
085

073
072
049

049
048
033

085
062

057
044

102

017

038
031

026
018
015

030
O20
015

030
021

187
026

044

040

009
057

095
1O0
052

074
071
055

069
086

106
081

034

99-38

98-72
10O45

10O46
98-78
99-64

98 72
98-79
99-62

99 27
99-78

99 47
99 14

9903

484

175
227

390
471
531

893
473
825

827
931

890
581

387

101

< 10
13

36
33

102

69
85
99

110
102

239
216

46

215

778
730

569
512
348

699
469
440

629
484

514
455

707

7-9

68

75

81
8O

77

92

68

7-5

D
rn
03

Oz
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L
A

Y
A

fH
 

H
IM

A
N

O
R

-
A 

L
A

Y
A

H
IM

Kangmar
o

J Gyaco La

u
3 Gyaco La
o

Lhozhag

Manaslu1

(core)

XR 250
XR 238
XR 243

XR 314
XR 327
XR 343

XR 316
XR 323
XR 319

XR 191
XR 183
XR 188

Average

lc/ad/11
lc/gr/II
lc/gr/1

Ic/gr/11
lc/gr/II
lc/gr/II

ad/II
ad/I
Ic/ad/l

lc/ad/I
lc/ad/1
lc/ad/1

Ic/ad,
(gr)/I

72-92
76-52
77 38

75-75
76-57
76-93

72-40
7160
72-76

73-07
73-72
73-99

73 69

14-24
12-78
12-78

1271
11-33
1213

14-81
15-79
1551

15-47
15-03
15-14

14 85

1 %
115
1-01

2-27
192
1-64

2-34
1 75
1-50

0-90
O69
0-74

0-84

(M)5
004
003

004
004
004

005
0-03
004

0O3
002
003

0O3

0-43
0O9
0O3

0-22
031
0-21

0-57
0-53
0-35

000
003
003

on

166
0-92
0-60

0-79
0-54
0-45

1 16
0-98
0-95

068
056
069

0-47

3-38
307
3 37

2-76
2-15
2-73

3-74
3-41
3-50

3-85
4O8
3-89

4O5

4-39
454
4-72

4-74
4-98
5O6

4O8
4 10
4-09

420
4-27
4 63

4-55

023
013
006

032
023
023

031
032
024

007
0O4
OOO

009

—

006
Oil
002

004
013
015

on
001
OOO

O13

042
040
015

O40
047
041

062
088
079

065
069
073

084

99 68
99 64

100-13

10O06
98-65
99-85

10O12
99-52
99-88

99-03
99-14
99-87

99 65

443
598
336

608
563
532

388
527
428

130
117
162

205

224
244
268

296
265
360

254
219
248

387
284
211

367

85
52
28

37
38
25

96
167
140

60
56
59

75

89
97

106

109

12O
13-3

140
13O
11-5

122

<
>•

5

Simchar KP 25
KP 170
KP428
SR 91

gr/III
gr/ll
gr/II
lc/gr/II

7083
7103
73-50
73 36

13O6
13-51
13-60
13-47

3-93
3-59
231
1-82

005
005
004
002

1 56
1-29
071
046

1 37
1O9
064
053

2-60
2 59
2-59
2-88

4O9
4-49
5-23
5-29

058
055
031
022

Oil
014
022
030

100
090
079
084

99-18
99-24
99-94
99 19

399
424
266
230

214
283
328
394

67
64
38
31

In each plutomc unit, Ihe samples are arranged according to decreasing dark mineral conlents.
1 Oxygen isotope composition for Manaslu after Vidal et al (1984)
Other explanations as in Table 3.

12 8

= R
 H

IM
'L

E
SS

!

Ipa

Palung

KP243
KP246

KP 136
KP 217
KP316

Ic/gr/I

ad/11
lc/gr/1
lc/gr/1

73O7
74-11

74-63
74 32
76-41

1294
13-33

13 13
13-95
1299

3-29
1 69

2-26
1 33
050

007
005

007
006
002

111
038

054
021
O03

115
050

078
035
012

271
314

3O5
3-52
3-40

4-21
4-78

4-12
4-75
4-89

048
018

029
012
006

017
019

023
021
023

092
086

073
037
052

10O12
99-21

99 83
9919
9917

398
127

182
119
35

266
396

336
371
555

67
28

44
31
27

-

123

z
X

2
r

X

2
r

•v
c*
C
H
O
z
n
CD
ro
r-
-1
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240 F. DEBON ET AL.

THE THREE HIMALAYA PLUTONIC BELTS
(NORTH, HIGH, AND 'LESSER' HIMALAYA)

Geological setting

South of both the Transhimalaya belt and of the Indus-Tsangpo suture zone, three
different belts of granitoids occur along the Himalaya. From north to south they are the
North Himalaya (or Lhagoi Kangri), the High Himalaya, and the 'Lesser Himalaya' belts
(Fig. 1).

The North Himalaya belt is composed of two groups of granitoids as domes within
metasedimentary rocks of dominantly Upper Palaeozoic to Mesozoic age (e.g. Academia
Sinica, 1980; Wang et al., 1981; Debon et al, 1982, 1983; Burg, 1983; Le Fort, 1985). This
study considers two domes of the Palaeozoic more or less gneissic porphyritic granite group
(Gyaco La, ICangmar) and two of the Cenozoic two-mica adamellite group (Gyaco La, Kari
La) (Fig. 2). The two groups may be associated (Gyaco La) or independent (e.g. Kangmar,
Kari La).

The Cenozoic plutons of the High Himalaya belt (Fig. 2) were emplaced into rocks of up to
Cretaceous age in the Tibetan sedimentary series (e.g. Le Fort, 1973,1981). The Lhozhag and
Manaslu plutons are considered here.

The discontinuous 'Lesser Himalaya' (Fig. 2) is a belt of Palaeozoic granitoids. They occur
only in the overthrust slab of the Main Central Thrust (MCT) (e.g. Le Fort et al., 1980,1983).
Five plutons of the Kathmandu nappe, Simchar, Palung, Ipa, Narayan Than, and Eastern
Sindhuli Garhi were studied.

Petrographical and geochemical characteristics

The Himalaya granitoids are fundamentally different from the Transhimalaya ones (e.g.
Le Fort, 1973, 1981, 1985; Tu et al, 1981, 1982; Debon et al, 1982; Blattner et al, 1983; Le
Fort et al, 1983; Sheppard et al, 1983; Jin & Xu, 1984; Figs. 4-6, 8,9, 12). Most of them are
granites or adamellites (Fig. 4, Table 3), always peraluminous with a variable amount of
biotite (with Mg/(Fe + Mg) ratios ranging from 010 to 0-45) and muscovite (Fig. 5), and
are commonly leucocratic (Fig. 6). Tourmaline, cordierite and, to a lesser extent, garnet,
sillimanite, and andalusite may occur in some of them (Table 8). Almost all these granitoids
are Rb-rich and Sr-poor (Table 3). They all belong to different types of aluminous magmatic
associations (Fig. 5, Table 8).

The Palaeozoic North and 'Lesser' Himalaya granitoids have remarkably similar REE
patterns (Fig. 8, Table 4) which compare well with granitoids with analogous chemistry and
mineralogy from other regions, in particular with Fourcade's (1981) 'type 3' two-mica
plutonic rocks. In each of these belts, the REE abundances systematically decrease from the
darkest to the most light-coloured rocks, suggesting that the content in REE is closely related
to the amount of accessory minerals. The High Himalaya granitoids have particularly low or
very low REE contents (Cocheric, 1977; Vidal et al, 1984; Fig. 8, Table 4). The lowest REE
contents correspond to two samples of the Manaslu pluton which are remarkably poor in Th
(c. 1 p.p.m.). This relationship suggests that monazite may be the main host-mineral for REE
(Cuney et al, 1984). Finally, the REE patterns of the Cenozoic North Himalaya granitoids
display similarities with those of both the Palaeozoic and High Himalaya ones (Fig. 8,
Table 4).

The oxygen isotope compositions of the North, High and 'Lesser' Himalaya (Table 5,
Fig. 9) fall into two groups both of which are enriched in 18O relative to the Transhima-
laya batholith. The Cenozoic North, High and Palaeozoic 'Lesser' Himalaya all have particu-
larly high <518O values (11-4 to 140 per mil) and, from an O-isotope point of view, are
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TABLE 6

Summary of post 1980 radiometric ages from the literature

Plutonic
unit or

super-unit Comments

5<
5
x
I

DC

O

Gyaco La

Gyaco La

Palung

H
A

L

IH
S

IS-
z

e
D
C
5

w

R

D
A

O

Yangbajain

Lhasa-Gu Rong

A1-A2

B

D

9 near Quxu

North
Tsangpo

South
Tsangpo

By Rb-Sr isochron on 6 whole rocks: 46 7 Ma±l, Sr, - O-7O7O±(l) (Debon et al, 1982)/By Rb-Sr on one whole
rock-btollte pair 490 Ma (Xu et al, 1985VBy U-Pb on zircons, c 50 Ma (Xu et aL, 1985).

By Rb-Sr isochron on 7 whole rocks. 55 J M o ± H , Sr, - 0-7057 (Jin & Xu, 1984)/By Rb-Sr uochron on minerals: 59-4
Ma ±0-5, Sr, - 0-7053 (Jin & Xu, 1984)/By U-Pb on zircons: c 53 Ma (Schirer et aL, 19846).

By K-Ar uochron on 3 whole rocks and 4 minerals: 49-4 Ma±0-7 (Debon el al, 1985).

By U-Pb on zircons: 411 Mo±0-4, 41 7 Ma±0-4 (Schirer et al, 19846).

By Rb-Sr 'errorchron' on 5 whole rocks. 44 3 Ma ± 14, Sr, - 0-7067 ±(4) (Debon el aL, 1982).

By Rb-Sr uochron on 6 whole rocks: 52 4 Ma ± US, Sr, - 0-7052 ±(6) (Jin & Xu, 1984).

By 3*Ar-*°Ar on minerals between 93 and 113 Ma (Maluski « al, 1982)/By Rb-Sr on one whole rock-bioute
pair 879 Ma (Debon et al, 1983)/By U-Pb on zircons from dionles: 934 Mu± 10 , 94 2 M a ± l - 0 (Scharer
et al, 1984b).

By Rb-Sr on one whole roclt-bioute pair 929 Ma (Debon et al, 1983).

Kangmar By Rb-Sr uochron on 6 whole rocki: 485 Ma±6, Sr, - 0-7186±(18) (Wang et at, 1981)/By Rb-Sr uochron on
5 whole rockl 4S4 Ma±14, Sr, = O-7140±(12) (Debon et a/, 1982)/By Rb-Sr itochron on 8 whole rocks:
434-7 Ma±37 3. Sr, - O-72O7±(9) (Jin & Xu, 1948)/By K-Ar on one brotitc 318 Ma (Zh«ng « el, 19811/
By K-Ar uochron on 5 bioutes 14-6 Ma±0i (Debon el ol, 1985)/By "Ar-*°Ar on 2 micas: 173 and 2/-7 Ma
(Maluski, 1984).

By K-Ar on one bioute- a ± l - 3 (Debon et ol, 1985).

By K-Ar isochron on 2 bioutes and 2 mmcovites: ; J 3 Ma±OA (Debon « a/, 1985).

Kan La By K-Ar isochron on 3 whole rocks and 3 biotiles. 10-8 Ma ±0-8 (Debon et al, 19851

Lhozhag By Rb-Sr on 2 whole rock-muscovite pairs: 15 I and 15 8 Ma, Sr, - 0-7285 and 0-7269 (Debon et al, 1983)/By K-Ar
on 2 muscovites. 13-3 Ma± 1-0 (Debon « al, 1985)

Manaslu By Rb-Sr on 6 whole roci-muscovite pairs: 15 3 to 20-5 Ma (Vidal et al, 1982)/By Rb-Sr uochron on 11 whole
rocks: 181 Ma±0-5, Sr, - 0-7470±(10) (Demd et al, 1983a, b)

Simch*r By Rb-Sr uochron on 7 whole rocks: 466 Ma ±40, Sr, - 0-7205 ±(46) (5 samples) and 511 Ma ±55, Sr, - 0-7085 ±(48)
(7 samples) (Lc Fort el aL, 1983).

Ipa By Rb-Sr on one whole rock-bioute pair 14 Ma (Lc Fort et al, 1983).

By whole rock Rb-Sr uochron. 486 Mo±10, Sr, - 0-720 (Beckinsale, in Mitchell, 1981)/By U-Pb on zircons and
morozites ¥70 M a ± 4 (Schirer k AUegre, 1983).

indistinguishable. Oxygen isotope data on other High Himalaya granites and potential
metasedimentary source rocks are equally 18O-rich (Blattner et al., 1983; Vidal et al., 1984).
The Palaeozoic North Himalaya defines a distinct group with <518O = 8-9 to 109. For all
these Himalaya granitoids, there is a good positive correlation between r518O and the
aluminous index (A; Fig. 9), the mica content or the muscovite/biotite ratio. There is no
general correlation with SiO2 content.

Although the Himalaya granitoids are similar in many respects there are also specific
differences (Table 8). Compared with the Cenozoic plutons, the Palaeozoic ones are por-
phyritic, often with gneissic textures, sometimes contain dark igneous microgranular in-
clusions (up to some 5 per cent by volume) and are dominantly granitic in composition
(Fig. 4, Table 3). The Palaeozoic plutons are typically quartz-rich but poor in feldspars
(Fig. 6) and alkalis (mainly in Na). Among the Palaeozoic granitoids themselves, those of the
'Lesser Himalaya' are usually richer in dark minerals, more aluminous (Fig. 5) and higher in
5' 8O than the North Himalaya, with their quartz content remaining conspicuously constant
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Kangmar XR 238 Ic/gr/II WR
Bi

250
1471

65
10

1112± 0-19
447-90 ±28-59

O-79OI± (1)
0-8342 ±(27)

71 0-7889

Gyaco La XR 314

XR 327
XR 343
XR 353

Ic/gr/II

gr/M

WR
Bi

WR
WR
WR

304
1604
258
351
362

38
4

38
29
37

23-32 ± 0-34
1162-40 ±79-39

19-65 ± 0-24
34-68 ± 0-46
28-57 ± 0-91

0-8691 ± (2)
0-9744±(23)
086IO±(15)
0 9331 ± (6)
0-8899 ± (2)

65 0-8669

H
73
>

z
GO

X
X
f-
O
Z

Gyaco La TC 74
TC 75
XR 316

XR 319
XR 323

XR 344
XR 348
XR 363

Ic/ad/I

ad/I I

lc/ad/I
ad/I

lc/gd/1
lc/gr/I
ad/1

WR
WR
WR

Bi
Mu
WR
WR

Bi
Mu
WR
WR
WR

223
229
242
1294
627
239
211
1124
430
306
232
180

91
166
117
9
16
173
204
9
64
24
57
214

7-O7± 0-17
3-98 ± 0-08
6-01 ± 0-17

416-48 ± 7-74
117-11± 113

402± 0-12
2-99± 013

356-28 ± 6-14
19 59± 078
37-02 ± 096
ll-80± 019
2-43 ± O03

0-7477 ±
0-7420 ±
0-7438 ±
O7835±
O-757O±
O-7410±
0-7422 ±
O7912±(37)
O-743O± (3)
0-7685 ± (2)
O-7370± (3)
0-7456 ± (1)

(1)
(1)
(1)
(8)
(6)
(1)
(1)

71
±1-2

8-4
±5-4

0-7432
±0-0004

0-7418
± 0 00025

X

i
r-

•<

C
H
O
Z
o
CO

m
r-
H

>-
<
<

X
o
X

Lhozhag XR 182
XR 183

XR 188
XR 189
XR 191

lc/ad/1

lc/gd/I
lc/ad/I

WR
WR
Mu
WR
WR
WR
Mu

398
405
1007
402
320
431

1447

92
69
10
69
64
69

12-48± 0-23
17-IO± 0-18

288-81 ± 6-72
16-82± 0-70
14-50± 0-47
17-99± 0-34

516-61 ± 6-74

0-7272 ±
0-7308 ±
0-7918±
0-7365 ±
0-7334±
07323 ±
0-8389 ±

15-8

151

07269

0 7285

1 Sam. mat., sampled material (cross, outcrop; point, boulder).
2 Rock type defined as in Table 3.
3 Anal, mat., analysed material (WR whole rock, Bi biotite, Mu muscovite).
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TABLE 8

Petrographic and chemical discrimination criteria between the Himalaya granitoids

Beit Aye Plutonir unit

Kungmar

<• -J Gyaco La

Main
rock Kl

Mu Hi Bl Feldtpar An %
> > Quartz { + Mu) in
Bl Mu content1 content1

type (Wu+K)1 (I) (II) (III) %

granilc/ O4S5 (X) X (X) -364
(adamellite) var high

granite O57 (X) 414
very
high

58-6
low

52 5
low

plagio-
clax2

23-16

Dark
mineral Mgf
content (Fe+ c518O

5-0 023 9-3
var low high

var.

frl f>17 10-8
low high
var

l7Sr/"Sr
initial1 Mixcellannrus

- 0-718 Iporphyntic)/
high very

gneisMlied

— porphyntic/
gnciisificd

Micro-
qranular

irtclu-
1)'pr of ALUMINOUS astociation*

very quartz nch/subleuco- to Icucocratic/
rare sodi-potassK to rxitasstc/low

aluminous

rare quartz nch/suWeuco- lo leucocratic/
potaiwic/moderately aluminous

Gyato La

: < 5

042 X |X) (X) 340
high

granodiontc 03H (X)

Lhozhag

Manaslu

Simchar. Ipu,
Narayan Than,
dark fociej

Simchar, Ipa,
Narayan Than,
hght-c Taciea

Palung main

adamellitc

adamcllllc

granite

granite

granite

0-41

var

042
vur

052

0-52

049

X

X

X

X

59 1
var

6*9
var

77
var

0-37
high
var

0-475
high
var

12 7
very
high

- 0743 (andulusitc,
very ullimanite)
high

n quartz nch (to quartz normaJI/meiocnilii:
lo tcuct^ralic/wdtc/rughly
aluminous (var I

very quarts normal/nuWcuct)- to leucocrnlii./
rare iodic/mt>derately aluminous

18
very
low

65 4
high

X 37 5 46-6
high very

low. var

37 5 56-7
high low var

368 582
high low var

very
low

15 9
hjgh
var

5 8

5-0
var

006
very

128
very
high

122
very
high

O42
high

0-31
var

II 4
very
high

128
very
high

123
very
high

-- 0728 very frequent
very tourmaline
high

0-750 very frequent
very tourmaline
high (iillimanite)

quart/ poor/very leucocratic/mainly vxlic/
highly aluminous (var)

quartz poor/very leucocruiic/mainly sodic/
highly aluminoui (var)

porphynlic/ very
tgnciwufrcd)/ Trequent

O70S5 cordiente

07205 (gnenLMiicd)/ rare
high tourmnline/

cordiente

bimodal aiMxnation/quart/ nch/
to leucocratic/sodi-potawjc lo
potassK/highly aluminous

0-720 (porphynlic)/ rare quartz nch (lo quartz normal)/(mcsocratic)
high (gneissified)/ lo leucocratic/sodi-potaSHC lo potatoic/

tourmaline highly aluminous

D
m
CO

O

Mu muscovite, Bi btotiic, var vanabtc, lighi-c lighi-ci>loure<i
1 Moit of these valuci arc avcrugo culculaled from data in Tab4« 3, 5, 6. 7
2 Anorlhitc content in plagiodase (An \) corresponds lo extreme values
( The typology refers to the classification of Debon & Lc Fort (1982)
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f "« . '

FIG. 12. 87Sr/86Sr vs 87Rb/86Sr diagram for some plutonic units (see Tables 6, 7).

(Fig. 6). Finally, among the Cenozoic granitoids, those of the North Himalaya are usually
richer in dark minerals, quartz (Fig. 6) and Ca (Table 3), but poorer in feldspars and alkalis
relative to the High Himalaya ones. The North Himalaya granitoids differ by the variability
of their dark minerals content and of their muscovite/biotite ratio (Fig. 5), their higher
Mg/Fe ratios, and their quartz-rich to quartz-normal associations (Fig. 6). Only the High
Himalaya plutons correspond to quartz-poor and very leucocratic associations. Most of
these Cenozoic granitoids, however, are typically adamellites, with similar sodic associa-
tions, aluminous index and <518O values, suggesting that they may be related by a common
genetic process. In the same way, the similarities among the different Palaeozoic granitoids
(Table 8) suggest that they all originated from another common process.

Chronological data

For the North Himalaya belt, recent chronological data (Tables 6, 7; Fig. 12) have defined
both a Lower Palaeozoic (^ 485 Ma) and Cenozoic (Eocene) group. The Gyaco La granitic
samples lie close to the Kangmar isochron (Fig. 12) and it is very likely that this Lower
Ordovician age can be extended to the whole of the 'porphyritic more or less gneissified
granite' group. Cenozoic (Eocene) ages refer to both 'two-mica adamellite' plutons and to
recrystallized micas of the Lower Ordovician group. No good Rb-Sr whole rock isochron
has yet been obtained on this adamellitic group of plutons; 8 samples of the Gyaco La yield
only an ill-defined Cenozoic age (Table 7, Fig. 12). Recent K-Ar dates (Debon et al., 1985) lie
around 12 Ma, while previous determinations have given ages ranging from 6-5 to 32 Ma
(Zhang et al., 1981; Maluski, 1984; Tables 6, 7).

The Rb-Sr isotopic composition of the High Himalaya leucocratic granitoids is very
heterogeneous and only recently (Deniel et al., 1983a, b) has a satisfactory whole rock
isochron (giving a Miocene age of 18-1 ±05 Ma) been obtained on 11 out of 17 samples from
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a hectometric outcrop of the Manaslu pluton (Fig. 12, Table 6). The 5 samples of the Lhozhag
pluton do not fall into line on the isochron diagram (Fig. 12, Table 7). Rb-Sr and K-Ar dates
on micas or mica-whole rock pairs of the Lhozhag and Manaslu plutons have yielded ages
ranging from 13 to 21 Ma (Tables 6,7). Le Fort (1985) has suggested that the emplacement of
the North Himalaya belt seems to be younger than the High Himalaya belt by a few million
years.

It is now well established that the age of the 'Lesser Himalaya' plutons is Lower Palaeozoic
(e.g. Le Fort et al., 1980, 1983). Several dates on the Simchar and Palung plutons (Table 6)
have given ages ranging from 466 to 511 Ma. These results are similar to the age of the
porphyritic granite group of the North Himalaya belt (~ 485 Ma).

The initial 87Sr/86Sr ratios are always high in the Palaeozoic plutons (between 0-708 and
more than 0-720) and very high in the Cenozoic ones (mainly between 0-727 and 0-760)
(Tables 6 to 8).

Genesis of the three Himalaya belts

South of the Indus-Tsangpo suture there are two groups of aluminous granitoids: a Lower
Palaeozoic porphyritic granite group and a Cenozoic equigranular adamellite group.

Lower Palaeozoic group

This group not only includes the 'Lesser Himalaya' belt and North Himalaya Palaeozoic
granitoids but also can be equated with the augen gneisses of Formation III in the Tibetan
crystalline Slab. In the studied region of the Central Himalaya, Formation III has been
followed for nearly 300 km at the base of the Tibetan sedimentary series (see Colchen et al.,
1980). It is composed of augen gneisses of high metamorphic grade, with similar geochemical
characteristics to the 'Lesser Himalaya' belt (Le Fort, in preparation), and has been dated at
517 ± 62 Ma (2a) with a high initial Sr isotope ratio of 0-7097 (Le Fort et al., 1982). Thus this
Upper Cambrian-Lower Ordovician magmatism occurred on a very large scale, some 105

km2 for the area covered by Fig. 2.
This widespread Lower Palaeozoic magmatism of aluminous character and high <5' 8O and

initial Sr isotope ratio developed in continental crust which was part of Gondwana at that
time. However, the occurrence of numerous microgranular inclusions (Didier, 1973),
particularly in 'Lesser Himalaya' plutons, indicates that there is a basic contribution (e.g.
Leterrier & Debon, 1978) of presumed mantle origin, despite the relatively high oxygen and
strontium isotope ratios of the granites. Being intrusive into sediments of similarly Lower
Palaeozoic age, this magmatism must have been emplaced at high crustal levels.

This magmatic event seems to be of epeirogenic rather than of true orogenic nature as no
clear evidence has yet been found for Lower Palaeozoic regional metamorphism and severe
deformation in the Himalaya. For this reason, it has been suggested by Le Fort et al. (1980,
1983) that extensive crustal thinning occurred with simultaneous arching of the crust and the
generation of extensive granitic magmas from the heated base of the crust.

The Palaeozoic granitoids have been affected by the Himalayan orogeny in various ways,
depending on their localization in the Himalayan belt.

To the south, the 'Lesser Himalaya' plutons belong to the frontal part of the overthrust
limb of the MCT. They have been involved in the north-dipping thrust movement, their
border zone being orthogneissified and affected by the mesozonal metamorphism (two-
micas + garnet) (Le Fort et al., 1983).

To the north, the Palaeozoic granitoids were probably dragged up as caps and xenoliths by
the diapirically rising Cenozoic anatectic magmas (Le Fort, 1985). They would thus be strict
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equivalents of Formation III, the underlying part of the Tibetan Slab being affected by a
higher grade of metamorphism and anatexis.

In between, Formation III of the Tibetan Slab has been completely reworked in the ductile
shear zone of the MCT and has been affected by the catazonal metamorphism (kyanite to
sillimanite) (e.g. Pecher, 1978). It has become a thin sheet close to the top of the Tibetan Slab.

Cenozoic group

Although a number of minor differences were mentioned above, both the High
Himalaya and North Himalaya Cenozoic granitoids have similar chemical and petrological
characteristics, ages, and oxygen and strontium isotope ratios. Le Fort (1985) has proposed
that they all resulted from a similar anatectic mechanism on comparable source rocks.
Thrusting on the Main Central Thrust of a hot Tibetan Slab over slightly metamorphosed
Midland formations released fluids that then induced anatexis in the overheated slab with the
subsequent generation of a leucocratic adamellite magma (Le Fort, 1975, 1981).

Differences in the characteristics of the Cenozoic North Himalaya and High Himalaya
granitoids may be explained by the different structural position of the two belts. In particular,
the North Himalaya belt was produced under higher P- T conditions and with a somewhat
smaller fluid release. This accounts for its composition being farther away from the eutectic
but closer to the composition of the gneissic migmatitic root (e.g. more quartz-rich and less
leucocratic).

CONCLUSION
The Transhimalaya belt differs both petrographically and geochemically from the three

Himalaya belts to the south. They correspond to two fundamentally distinct suites of cafemic
and aluminous types respectively (cf. I- and S-types granitoids, Tu et al., 1981). Three
principal periods of magma emplacement have been characterized and these can be related to
different geodynamic processes: the Lower Palaeozoic group, with a limited southern
extension, was reactivated during the Himalayan orogeny; reactivation of its southern edge
explains the localization of the MCT; the Transhimalaya group is linked to the northward
subduction of the Tethys ocean floor up to the collision of India and Eurasia; and the
Cenozoic Himalaya group is a direct consequence of major continental thrusting that
followed the collision.

In the Transhimalaya as a whole, there were two main stages of emplacement. The first one
was of Cretaceous age, around 100 Ma, and the second one was Palaeocene-Lower Eocene,
around 60 to 45 Ma, more or less marking the time of collision. Between these two phases,
there seems to be a gap or at least a more quiescent period with little magmatic activity. One
remaining question concerns the reason for reactivation of the system to give the second
phase of magmatism. Stratigraphically, Palaeocene-Eocene times mark the end of marine
sedimentation; tectonically, nappe emplacement starts after 45 Ma (Mascle, 1985). Thus, the
60-50 Ma period corresponds to the final stage of convergence at the time when flysch
sediments from the margins of the two plates could get involved with the subduction process.
If this is the case, the water-rich sediments which were dragged along may have enhanced the
production of the Transhimalaya magmatism until the movement stopped due to collision.

Unlike the Transhimalaya belt, the Cenozoic granitoid belts cannot be followed westward
all the way to northern Pakistan. The High Himalaya belt fades out in the Nanga Parbat
region; the North Himalaya reaches the Kailas region (Fig. 1). The western interruptions of
the two belts correspond to sharp bends of the frontal part of the Himalaya and of the
MCT-MBT trace. This situation may be linked to the former configuration of the two plates
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with an eastern promontory corresponding to the extension of the North Himalaya belt. For
the High Himalaya, the pole of rotation between the Indian and the Eurasian plates lay to the
west and therefore the rate of convergence between the two plates decreased from east to
west.
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