
PATRICK LE FORT, FRANCOIS DEBON and JACQUES SONET 

Abstract: The Manserah pluton is a very typical example of the discontinuous belt of two mica- 
cordierite granites of the "Lesser I-IimalayaY'. It is aluminous, quartz rich but feldspar and sodium 
deficient, and igneous "microgranular" inclusions are frequent. Severely deformed to the North, the 
Manserah pluton has been metamorphosed and gdeissified during the Himalayan orogeny. Rb-Sr whole 
rock isotopic data give a well defined seven point isochron with a Cambrian age of 516 $ 16 m.y. The high 
inirial ratio of 0.7189 + 6 implies derivation from a source containing a major and very old crustal con- 
tribution. The geodynamic framework for the genesis of this huge belt of similar plutons could be that of a 
simple thinning of a Precambrian shield or that of a late Pan African orogeny. 

1. The "]Lesser Himalayan" cordierite 
granite belt 

Along some 1600 km of the Himalava (between 
longitudes 73 and 87' East) and in general at a short:, 
distance North of the Main Boundary Fault (fig. I) ,  the. 
authors have described and studied a belt of cordierite,,. 
granites. This belt is made up of more than fifteent,. 
independant plutons with very typical and similai' 
characteristics (Le Fort et al., 1978). 

2. . The Manserah pluton 

The western most pluton recognized in this belt 
outcrops as a large body, North of Islamabad and West 
of the western syntaxis of the Himalaya. This pluton 
is readily accessible and clearly marked on every geolo- 
gical map of the region although with very variable 
limits and characters (for the most recent references: 
Bakr and Jackson, 1964; CaIlcins ed al., 1975; Desio, 
1976, 1977; Stocklin, 1977; Tahirkheli, 1979; Tahir- 
kheli e t  al., 1979). 

Fig. 1 Location map of the "Lesser Himalayan" granites i ~ e  Fort et al., 1978). 
1 - "Lesser Himalayan" granites. 2 - Main Central Thrust (M.C.T.) 3 - Main Boundary Thrust (M B.T.). 

The name of Manserah granite was first given to a Muzzaffarabad re-entrant and the left bank of the Indus. 
portion of this pluton by Shams (1961) and extended But similar granites appear to the East of the re-entrant 
to the totality by Calkins et al., (1975) who have (Calkins e t  al., 1975; fig. 2 )  as well as on the right 
published a detailed map covering most of it at a bank of the Indus (Bakt and Jackson, 1964), and there- 
125.000 scale. It covers some 1800 km2 between the fore the total sudace area may be substantially larger. 
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Fig. 2. Geological map of the Manserah pluton (after Calkins et al., 1975). 
1 - ~ ~ ~ t l ~  Cenozoic and reent. 2 - Manser& granite. 3 - Gngriali formation (Carboniferous to Triassic ?). 
4 - Fossiliferous Abbottabad formation (Cambrian). 5 - Tanawal formation. 6 - Hazara formation. 7 - 
Salkhala formation. 8 - Garnet-staurolite isograd. 9 - Biotite-garnet isograd. 10 - Chlorite-biotite isograd. 
11 - Locations of the geochemical samples, the double circle for the Rb/Sr samples analysed. B, G, St, K, Sil, W 
for isolated occurrences of biotite, garnet, staurolite, kyanite, sillimanite, tungsten respectively. 

AU. the authors that we know of have given an 
alpine (or Himalayan) age to this pluton. After two 
short geological trips that we made in this region in 
1977 (F.D., P.L.F. and J. Stebbins) and 1979 (F.D. 
and P.L.F.) we have revised the description of this 
pluton and questioned its age. 

According to the map of Calkins e t  al. (1975) the 
granite of Manserah intrudes three different formations : 

- first and principally the Tanawal formation 
(Ordovician ? to Devonian ?) that consists mainly of 
quartzose schist, quartzite and a t  places, layers and 
lenses of quartzose conglomerate; 

graphitic schist and quartzo-feldspathic gneiss; 

- third, South-East of Tarbela village a small 
outcrop of granite now covered by water intruded the 
Hazara Formation (Cambrian ??) that consists mainly 
of slate and phyllite with a few layers of limestone, 
carbonaceous shale and graywacke sandstone. 

The surrounding rocks where we visited them 
were always observed to be alternating schists and 
quartzites; the relative abundance of both lithologic 
types varying greatly from one outcrop to another. We 
also saw a thick mass of polygenic conglomerate North 
of the town of Oghi and a talc bearing zone in the 
East, on the road to Balakot. The surrounding forma- 
tions very often appear to be folded isoclinaly. 

- second, East of the syntaxial zone, a detached The grade of metamorphism increases regulgrly 
equivalent of the same granite intrudes the Precambrian toward the North from the chlorite to the sillimanite 
Salkhala formation according to Calkins et ul. (1975). zone (fig. 2). There is a discrepancy between the text 
This formation consists largely of quartz schist, marble, and the map in Calkins et al. (1975): only andalusite is 



mentioned in the text whereas only kyanite is shown 
on the map (7). As kyanite schists have been reported 
to occur at several places around Oghi as small lenses 
in the pluton (Ahmad, 1969, p. 97) we accordingly 
feel that the regional metamorphism is of Barrovian 
type* 

AGROSCOPIC FEATURES AND GEOLOGICA 

Exposures of the granite are relatively large and 
good, particularly along the roads and valleys. How- 
ever it has been strongly weathered. 

1. Macroscopic features 

a - Dominant type 

I t  is a porphyritic granite with euhedral tabular 
megacrysts of potassium feldspar. The matrix has a 
medium grain size. The rnegacrysts which generally have 
anhomogeneous size in one exposure (Manserah region) 
may measure from one to over fifteen centimeters from 
one outcrop to another. The grain size of the matrix 
also varies according to the size of the megacrysts. 
The cordierite often occurs as rectangular crystals up to 
three centimeters. 

The granite has quite abundant metasedimentary 
(metaquartzite, micaschist, biotite and igneous 
"microgranular" inclusions. In some reginns, in parti- 
cular close to the contacts, the metasedimentary inclu- 
sions predominate. In  other regions, "microgranular" 
inclusions become dominant and together with them 
the amount of cordierite seems to increase. 

The planar disposition of the rnegacmsts and the 
elongation of the inclusions define the foliation (flow 
structure) of the granite. 

b - Gneissic type 

In the southern regions, the foliation of the gra- 
nite is merely reflecting its flow structure. But towards 
the North or North-East first a fracture cleavage appears 
and farther away a flow cleavage that affects essentially 
the matrix, the megacrysts keeping their tabular shape. 
The flow cleavage almost always parallels the foliation; 
it is accompanied by a stretching lineation (around 
N 10" E) and the recrystallization of big flakes of bio- 
tite and muscovite in the schistosit~ plane. The inclu- 
sions are very elongated; they sometimes show small 
isoclinal folding. Exceptionally and in very limited 
zones the megacrysts of K feldspar have an eye-shape. 
On the contrary in the gneissic regions a crenulation 
cleavage with a steep axial plane often gets super- 
imposed; this crenulation affects the megacrysts as well 
as the matrix and the inclusions as well as the dykes. 

e pluton with the 
surrounding f ormath 

The pluton shows subconcordant to discordant 
contacts with the bedding of the surrounding forma- 
tions. Actually the discordant contacts are principally 
visible in the southern area and one can suggest that '' 

intense gneissification is responsible for the apparent 
concordant contacts in the northern area. 

Close to the contact the surrounding rocks are 
penetrated by numerous dykes of aplites/pegmatites 
and masses of granite. No contact metamorphism has 
been observed. The granite itself has xenoliths of the 
surrounding metasedirnentary rocks, the density and 
size of which diminish away from the contact. 

One can sometimes observe on the outcrops in the 
northern area that the contact has been folded. This 
fact is also quite clear at the scale of the map where 
the sheets of granite show crosier shapes (fig. 2). In 
fact both the granite and the country rocks seem to 
have undergone isoclinal folding; this folding would be 
responsible for the repetition of sheets of granitic mate- 

rial within the micaschists and quartzites. 

Later differential movements have sometimes taken 
place along the contact zone; they are responsible for 
intense but narrow schistification on both sides of the 
contact. 

3. Mafic dykes 

Numerous mafic dykes occur in the pluton as well 
as in the country rocks. They have a gabbroic (table 3) 
to dioritic composition; sometimes they show a typical 
ophitic texture. Orthogneissification of the granite 

to the dykes often takes place 
tance. However they have suffered the 
gential tectonics and we suggest that 
correspond to the Permo-Carboniferous 
of the Panjals. 

for a short dis- 
Himalayan tan- 
they could well 
volcanic activity 

4. Mineralization in the gluton 

A prospect of wolfram is shown by Calkins et 62. 

(1975) in the northern area of the granite (fig. 2). In 
the Raidhawari area, pegmatites have been mined for 
beryl, feldspar, mica and quartz (Khan, 1964; Ahmad, 
1969, p. 126). 

MICROSCOPIC FIEAWES OF THE 
MANSERAHE GRANLTO 

I. Dominant type 
The dominant type has the composition of a gra- 

nite (table 1)  or more strictly speaking of a monzo- 
granite (Streickeisen, 1974). 



Table 1. Mean mineralogical composition of the Man serah granitoid. Because of the porphyritic texture this 
composition has been calculated starting from the chemical analyses (table 3) and using the microscopic 
observations, and the chemical analyses of biotite (table 2) and K feldspar. _ - -  - 

cordierite 

Nature quartz K spar plagio. biotite muscovite andalusite apatite 
tourmahe opaques 

- - I _ _ _  -- - - 
granite type 33 26 22 9 ,5 7 2 0.5 

granodiorite type 29 17 42 5.5 6 
- 0.5 

.- -- 

In thin section : 

- the qua* (33%) has a globular tendency. 
However it has a euhedral shape at the contact with K 
feldspar; 

- the K feldspar (26%) megacrysts are more or 
less poikilitic, generally with microcline twinning and 
show numerous irregular perthitic veinlets. A chemical 
analysis of the K feldspar from sample M H 9 gave 
33% albite content. The triclinic index, measured by 
X Ray on the same sample, gave a A = 84 value; 

- the subhedral plagioclase (22%) is concentri- 
cally zoned with sometimes patchy zoning. Locally it 
forms aggregates with a synneusis texture. Its mean 
composition is oligoclase. Sericitization - or saussuriti- 
zation in the core of the crystals - is more or less 
developed; 

- the biotite (9.5%) is iron, titanium and alu- 

minum rich (table 2). The ~ 2 + / ~ e ~ + ~ e ~ +  ratio is 
high (0,936), close to 1. Chloritizstion is not frequent. 
I t  sometimes seems to have partially ;~crystallized; 

- the mzrscouite has a variable abundance 
(average 7%) .  The habit also is variable: sometimes 
subhpdral, sometimes dentilliform, sometimes made of 
an aggregate of crystals; 

- the anhedral to subhedral cordierite is in 
general totally altered to felty pinite. It  occurs mainly 
in the darkest varieties of granite. In the light coloured 
varieties andalusite appears instead. This andalusite 
has a euhedral acicular habit (sizes: 0.37 x 3.12 mm, 
for example). I t  is often zoned with a pinkish pleo- 
chroic core and a colourless margin. I t  is more or less 
altered to muscovite as well as to fibrolite sometimes; 

- the tourmaline is xenomorphic to subhedral 
with yellowish brown to blue-green colour; 

- apatite is frequent, zircon quite common and 
opaqzles infrequent. 

Table 2. Chemical analyses of two biotites of the Manserah 
ganite ("quantometric" analysis, C R.P:G., K. Govindarajuj. 
- - -- 

CaO 0.00 0.00 Zn 432 469 

TOTAL 99.62 99.09 

Si 

~ l = "  
8.00 8.00 

2.596 2.609 

Ca 0 

Na 0.028 0.026 

K O I x  1.65 1.63 

1 6 2 5  1.600 

MglFe c + Mg 0.329 0.321 

Fe2+/'?e r 0.937 0.935 

* FeO titrated by wet chemical analysis (C.R.P.G., Ma 
VernetT, E'403 recalculated, 
"* total iron as Fez03 

2. Gneissic type 

The metamorphism does not only affect the sur- 
rounding rocks but also the granite itself. In  thin sec- 
tion, the texture of the gneissic type is typically blasto- 
porphyritic. These orthogneisses although they mostly 
keep the granitic composition characteristically have no 
cordierite, andalusite or fibrolite, but muscovite is 
more abundant. However, to the North, kyanite and 
sillimanite have been reported in the granite itself 
( C a b s  e t  al., 1975; fig. 2). 



3. Granodioritic type ( 38) - the feldspar content is more or less deficient 
(fig. 3); I t  is a single block of gneissified granodiorite 

whose mineralogical composition differs from the other 
types (table 1). - it has a deficit in alkalis with a high and steady 

R/Na + K ratio. Therefore it is sodium deficient 
(table 3). 

- it belongs to the domain of aluminous granitoids 
with a conspicuous excess in alumina (not balanced in 
feldspar) (fig. 4); 

1. Chemical-mineralogical characteristics 
of the Manserah pluton 

Sixteen geochemical samples have been analysed 
on the C.R.P.G. "quantometer" (table 3). - the Mg/Fe ratio is rather high; 

- the Rb content is rather high, Sr rather low; 
a - Granite type 

Because of all these characteristics it falls entirely 
out of the domain of common igneous rocks (fig. 3, 4). - Considering the mineralogy and the chemistry, the 

Mansehra pluton is quite homogeneous. Most of the 
porphyritic as well as the gneissic types have the cherni- 
cal composition of a granite (table 3). 

Yet this granite is not common; it has a number 
of remarkable peculiarities: 

A few variations mainly concern the contents in 
dark minerals and feldspars (fig. 3) as well as the per- 
centage of alumina in excess than the muscovite/biotire 
ratio (fig. 4). 

- the quartz content is high and quite constant 
(fig. 3); 

b - Grunodioritic type (M H 38) 

The granodioritic sample is clearly different (fig. 
3, 4 and table 3). I t  is a leucocratic granodiorite rich in 
both alkalis and feldspar. It has also a high Sr content. 

Table 3. Chemical analyses of 16 samples of granitoid, 2 inclu. 
sions and 2 mafic dykes (Quantometer, C.R.P.G., K. Govin- 
daraju). 

2. Comparison with other "Lesser Mimalayan" 
plut ons 

Nature Granite type Cranodiorite Igneous Hafic dyken 
type inclusions 

From a chemico-mineralogical point of view, the 
Manserah samples are similar to those collected from 
other massifs of the Lesser Himalayan granitoids (fig. 1). 
Here we consider only four plutons from cetral Nepal: 
Simchar, Palung, Ipa and Narayan Tan (Debon and Le 
Fort, work in progress) (fig.3, 4). The Manerah granite 
is in an intermediate position but with a slight shift to- 
ward a less quartzitic, less magnesian and more alumi- 
nous domain for the same content in dark minerals. 

cao 
a 

Other granites from the Lesser Himalayan belt 
present the same remarkable chemical and mineralo- 
gical peculiarities as those listed for the Manserah gra- 
nite. I t  forms a broad group quite distinct from the 
domain of common igneous rocks but close t o  the do- 
mains of sedimentary and metamorphic rocks such as 
arkoses, shales, greywackes and gneisses (fig. 3, 4). 

P.F. 0.87 0.49 0.68 1.31 
o 0.13 0.07 1.11 

TOTAL 99.85 99.92 99.66 100,17 

Ba 289 
0 ?' I47 123 

52 75 8 

Furthermore the entire group shows a remarkable 
evolutionary trend. From the dark to the light coloured 
members, ;his evolution is characterized by an increase 
of the feldspar/dark minerals and muscovite/biotite 
ratios (fig. 3, 4) as well as an increase of the Na + K 
content. This evolution is original as the quartz content 
and the K/Na + K ratio are nearly constant (or slightly 
decreasing (fig. 3),  whilst the percentage of alumina in 
excess increases very slightly (fig. 4). I n  figure 4, this 
evolution extends from the zone I11 to I. The absence 
of any significant drift toward the zones IV and V, 

Total iron titrated as FezOl. a : standard deviation. Trace 
elements in p.p.m. 



Pig. 3. Triangular chemical and mineralogical diagram : quattz, feldspar + muscovite, dark minerals. 
I 

The three parameters are expressed in weight percentages. They are calculated according to La Roche (1964, 
1972, 1978). t i 
1 - Manserah Granite. 2 - Sample MH 38 of Manserah. 3 - "Lesser Himalayan" plutons of Nepal (work , 

in progress). 4 - Manaslu leucogranite (Le Fort, 1973, 1975). 5 - Calcalkaline series of the western 
Hindu-Kush and western Badakhshan (work in progress). 6 - Kosciusko batholith, S-type (Hine et al., 1978; : 
GR : granite, AD : adamellite, GD : granodiorite, S : syenite, TO : taaalite, MZ. : monzonitc, D : diorite. 
Mean chemical compositions as given in La Roche et al. (1980). , I 

The locations of. the sedimentary and metamorphic rock types correspond to average ranges of usual I 

composition .(from C.R.P.G. data files). , / 
I 



Characteristic minerals diagram. This diagram follows the same ~r inc i~les  as ado~ted bv Barriere (1972. 1980). 
Four lines and the two axes divide theu plane into six areas nubberid I to VI.  h he &iminous granitoids are 
located in the areas I, I1 and 111; the cafemic granitoids are located in the areas IV and V. This distinction has 
been established by La Roche (1979) although in a different diagram and with a different limit. This diagram is 
very efficient in recognizing the nature of mineral phases other than quartz and feldspars (these two phases being 
located at the origin). In particular, it gives a good idea of the muscovite/biotite ratio in micaceous granitoids. 

In this diagram, the location of the analyses and the trend of the series give good clues to the origin and affinities 
of the parental magma. 
Red and theoretical mineral cumpositions have been plotted on the diagram 4 A : And = andalusite, Ap = apatite, 
Bi = biotite (hatched domain), Cd = cordierite, Chl = chlorite, Ct = calcite, Di = diopside, Ep = epidote, 
Fk = K feldspar, Foid = leucite or/and nepheline, Gr  = pyrdspite, Hb = hornblende, Hy = hypersthene, 
Ilrn = ilmenite, Mt = magnetite, Mu = muscovite, 01 = olivine, PI = plagieclase, Q = quartz, Sil l  = sillimanite, 
Sph = sphene, Tr = tourmaline. Other symbols as in figure 3. 
Ad. parameters are expressed as millications-g in 100 g of rock or mineral. 

characteristic of igneous rocks with total or mantellic 
affinity, is very noteworthy for the Lesser Himalayan 
granitoids. These observations fevour a majority crustal 
contribution in their genesis. 

3. Relationship of the Lesser Himalayan 
plutons with the "S" type Series 
7he compositjon as well as the evolutionary trend 

of the Lesser Iiirna!ayan granitoids differ very obvious- 
ly from the Higher Himalayan Ieucogranites (Le Fort, 
1973, 1972) (fig. 3) and from the calc-alkaline series, 
the Hindu-Rush type for example (Debon et al., 1978, 
1980) (fig. 3, 4). On the contrary they resemble 
mrv closely the "S" type series (Chappell and White, 
1974; White and Chappell, 1977) of which the Kos- 

ciuslco batholith (Hine et al., 1978) gives s good 
example (fig.3, 4). The only significant difkrence 
appears in figure 4 wehere the Kosciusko trend has a 
positive slope that expresses the more or less constant 
value of the biotire/muscovite ratio; however w e  
know thnt other "S" type series (mainly unpublished 
data) may show an horizontal or even a slight nqa .  
tive slope. (We suggest that this slope depends partly 
on the nature of the source material). 

The genuine that may exist actually concerns the 
nature of the it~c!usions : numerous typical igneous 
"microgranular"(*) inclusions for the Lesser Himala- 
yan granites, but apparently essentially of metasedi- 
mentary type for the "S" series. 

( * ) Despite their name, their composition is in general verydifferent from the composition of common igneous rocks. 
Following the results of recent studies (Leterrier, 1972; Debon and Laterrier, 1974; Debon, 1975; Leterder and Debon, 1978; 
Orsini, 1979) we consider that their chemical composition is a secondary feature acquired duriag metasomatic exchange at the 
magmatic stage between them and the granitoid matrix. 



Table 4. Analytical results for Rb--Sr. - Rb-Sr I Y AND 

Prior to this study, knowledge of the age of the 
Manserah granite was extremely tentative : (1) there 
a r ~ n a j o r  uncerrainties concerning the lithostratigra- 
phic ages of the formations it intrudes (up to Ordo- 
vician(?) or Devonian(?), (2) it is supposed to be a 
precursor of the Himalayan tectonic and metamorphic 
events, and (3) an unpublished age determination by 
KG. Davies (in CalIcins et al., 1975) has suggested 
a late Cretaceous (80 m.y.) age. 

The Abbottabad fossiliferous limestones with a 
well defined Cambrian age (Rushton, 1973) (fig. 2) 
are never in direct contact with the granite although 
they outcrop nearby. Three samples from the Hazara 
slate formation collected along the road some 10 krn 
South of Manserah have been analysed as total-rock 
samples by the Rb-Sr method by Crawford and Davies 
(1375). The results suggest to these authors that the 
part of the formation sampled is Precambrian. 

1. Samples analysed 

Seven samples of the Manserah granite were 
selected, using the geochemical data and according to 
their representativeness, their small degree of altera- 
tion and to their dispersion of 87Rb/86Sr values. Five 
samples have been collected from the porphyritic gra- 
nite (MH 1, 9, 17, 19, 28), one from the gneissified 
granodiorite (MH 38) and one from an igneous 
"microgranular" inclusion (MH 2). Five samples have 
been collected in the biotite zone of metamorphism 
and two in the garnet zone (fig. 2). 

2, Analytical techniques and methods 

Rb and Sr concentrations were obtained by iso- 
tope dilution on two spiked fractions of the same 
solution and measured mass spectrometrically. 87Sr/ 

ratios were determined directly OD two non-spiked 
fractions. The errors (20) given in the Table 4 for the 
B7Rb/%r ratio have been calculated from the errors 
on each analysis. 

Rb ppm Sr ppm 

262.5 68 .8  

25 1 40.8 

297.2 6 7 . 9  

312.7 5 7 . 7  

271.6 68.6 

315.2 67.3 

195.2 492.4 

Samples MH - Manserah granite - Analyses  C.R.P.C. - 1979 
" PHs - Mandi granite - A n a l y s e s  E. Jager - 1971 

r Ratios norrnalised : 8 6 ~ r / 8 8 ~ r  = 0.1194 

lated age is considered to  correspond to the age of 
the isotopic homogenization on the scale of the massif 
and not a result of a mixing phenomenon (fig. 6 ) .  

Could this isotopic homogenization be related to  
the observed metamorphism and orthogneissification of 
the granite ? We do not believe so for the following 
reasons. 

First the metamorphism is regional, corresponds 
to the Himalayan structures and affects the Paleozoic 
and Mesozoic series. It thus seems to be essentially 
Himalayan. Second, the minerals should also have 
been rehomogenized by such a regional process; how- 
ever the two isotopic determinations made on biotites 
of samples MH 9 and M H  28 gave a biotite - whole 
rock age of 135 and 114 my. respectively. Therefore 
we consider the Cambrian age of 516 m.y. represents 
the formation age of the Manserah granite. 

A similar age has already been reported for the 
Mandi granite (Jager et at., 1971) that we consider t o  
be part of the Lesser Himalayan belt. This granite 
gives a poorly defined isochron of 518 * 100 m.y. 
with an initial ratio of 0.718. Also, Frank et  al. (1977) 
give another similar age for intrusive granites in the 
Lahul crystalline nappes (512 -F- 16 m.y. with: an initial 
ratio of 0.720 =t: 2). 

The mean value of 87Sr/86Sr obtained on NBS 
987 was 0.71024 -t- 25 (2a) compared to the recom- 

The data of Jagar et al. (1971) have been combined 

value of 0.71014 * 20. The isochrons were with Ours for in fig. 7. Because errors are 

calculated following the methods of York (1969). 
not quoted for the 87Rb/86Sr and 87Sr/86~r ratios in 
Jager et al. (1971) for the Mandi granite these have 

3, Results and interpretations , 

been estimated to be 2% for the 8ikb/~%r ratio and 
-+: 0.0001 (absolute error) for 87Sr/86Sr. The four points 

The analytical results are reported in Table 4. for the Mandi qranite plot, within analytical ;ricer- 
The seven analysed samples give a well defined iso- tainty, on the Mansehra granite isochron. The combined 
chron (MSW << 1) with *an age of 516. * 16 m.y. date for both granites define an isochron with age 
and an initial ratio of 0.7189 +. 6 (fig. 5). The calcu- 511 * 9 my. and initial ratio 0.7190 * 3, indistinguish- 



Fig. 5 Rb--Sr whole rock isochron for the Manserah pluton. 

Fig. 6 Plot of 87Sr/86Sr VS, 102/86Sr. The absence of an alignment implies that the data 
are not interrelated by a mixing process. 



Fig. 7. Rb-Sr whole rock isochron for the combined data from the Manserah and Mandi plutons. 

able from those values for the Mansehra granite alone, 
within the limits of experimental and estimated errors. 
The identical and high initial ratio for these two granites 
implies derivation from a common source containing 
a major and very old crustal contribution. 

CONCLUSIONS 

The Mansehra pluton clearly is very much older 
and therefore has no direct connection with the Hima- 
layan orogeny. I t  has been incorporated as a whole in 
the Himalayan edifice and strongly deformed. As a 
consequence of the Cambrian age of the pluton, the 
formations it intrudes, namely the Tanawal, Salkhal;~ 
and Hazara formations, are Pre-Cambrian. 

The Mansehra pluton is part of a belt of similar 
granites that outcrop for at least 1600 km along the 
Himalaya. In  Nepal as most likely in India and maybe 
in Pakistan, these plutons have intruded the formations 
in the Cambrian and then during the Himalayan oro- 
geny, the whole block was overthrusted along the Main 
Central Thrust (see fig. 1). The tight folding super- 
imposed upon the massifs implies that most of them 
were emplaced as sheets of magma. 

Is the emplacement of the plutons related to  an 

orogenic episode ? Some deformation is still recogniz* 
able but to a limited extent. No indication of a 
previous metamorphism has yet been observed. The 
presence of igneous "microgranular" inclusions sug 
gests to us some involvement of the mantle although 
the principal contribution should derive from an old 
crustal basement. Thus, for the moment, it is difficult 
to relate the generation of these granites either to a 
definite orogeny - say a late Pan African one for 
example - or to another phenomenon - l h e  ,an 
extended thinning of the crust. 

Finally let us emphasize the fundamental geo- 
chemical and age differences that exist between the 
Higher Himalayan belt of leucogranites of Manaslu 
type and the Lesser Himalayan belt of cordierite grani- 
tes. Only the leucogranites are genetically linked with 
the Himalayan orogeny. 
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