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BRIEF OUTLINE OF THE THESIS

The Himalayan mountain range is one of the most
prominent geological features on the surface of the Earth.
This mountain range is a result of collision between the
Indian and FEurasian continental plates and offers an
excellent setup to examine the physical causes and mechanisms
of mountain building. Studies of igneous rocks which are the
principal units of the Himalaya play an important role Iin
revealing these mechanisms.

Granitoids of large dimensions occur in all the
/structural zones of the Himalaya except in the Sub Himalaya.

These granitoids are exposed in linear belts parallel to the

Himalayan trend. They are widely distributed in space and
time from Trans Himalaya to Lesser Himalaya and from
Early-Precambrian to as young as Late-Tertiary, revealing
atleést 2000 Ma old history of plutonism and granitizétion.
‘'The present geochronological studies are confined to
granitoids exposed in four of the five longitudinal zones.
This thesis describes an attempt to gain\ insight into
afew of the problems related with the correlation of Lesser
Himalayan metamorphic nappes and the tectonic significance of
granitoids of the Himalaya using the Rb-Sr (isochron) dating
method. Specifically, two problems have been addressed
1. Chronology and significance of the granitoids from

different zones of the Himalaya.



2. The correlation of the Kumaun Lesser Himalayan nappes and

their associated klippen.

About 100 analyses on whole‘rocks and about 25 analyses
on their constituent minerals have been carried out. A
detailed discussion of the presenti,work along with that
available in literature is presented. The implicatiqns are
discussed in the context of the evolution of the Himalaya.
The thesis is divided into seven chapters, a brief

summary of each is given below:

Chapter 1 : The geology of the Himalaya with emphasis on the
alssification of the rock sequences provided by Gansser

(1864), Valdiya (1980a, 1983)Aand others, is described.

Geblogically, the Himalaya are divided into‘ five
longitudinal structural zones which are delineated from one
another by boundary thrusts. In a north to socuth traverse
these zones are : (1) Trans Himalaya (2) Tethys Himalaya (3)

Great Himalaya (4) Lesser Himalaya and (5) Sub Himalaya.

Chapter 2 : A critical and detailed survey of the -existing
éeochronological data on the Himalaya, obtained bydifferent
isotopic techniques, is presented to provide the background
for the present investigation.

Chapter 3 : The outcrops of granites or granitic rocks
éssooiated with different tectonic zones that were sampled in
the present investigation are described in relation to their

appropriate field settings.

TI



Chapter 4 The ~ experimental methods used for sample
orushihg} mineral separation, sample dissolution, isotope

dilution and isotopic measurements by mass spectrometry are

described in this chapter. Mass.spectrometric analysis based
on manual peak jumping and recording with chart recorder have
. precision of about 2% for ° Rb/°°Sr and 0.1% for 875,885y

Blank analysis run in paraliel with samples show negligible
contamination at the levels of Rb and Sr normally handled.
An automated data acguisition system using an IBM-PC/XT
developed by the author during the course of this work has
enhanced the precision of analysis.

The data have been plotted on Sr evolution diagrams to
caloculate the age of isotopic eguilibration of a given set of
related samples and the Sr isotopic composition at

equilibration using a two-error least-squares regression

method. Criteria have been developed to distinguished
departure from perfect isochronism - other than due to
experimental errors. The whole rock ages fall into three age

groups at 1800-2000 Ma, 450-550 Ma and 30 Ma, whereas,
mineral ages vary from 16-470 Ma.

~ Chapter 6 : The implications of the age data to the
geological sequence, emphasizing the agreement or otherwise
between the traditional belief and the new findings regarding
Athe Himalayan tectogenesis are presented in this chapter.

The data asre discussed in terms of a general framework for

‘i‘the chronology of the Himalayan rock units.

111



The principal fiﬁdings of this research are

1 Three prominent phases of magmatism/metamorphism in the
Himalaya have been found, ‘one of them related to the
Himaléyan Orogeny (Tertiary) and the other two being Pre

Himalayan dated at 470-560 Ma and 1800-2000 Ma.

[3N]

Definitive evidence for the wide spread occurrence of 1800
Ma old components in much of the Kumaun Lesser Himalayan
material and their possible equivalents in the Peninsular
region of India is obtained.

3 The results enable identification of more than half a
dozen acidic igneous plutons intruded during Early
Palaeozoic time (~500 Ma) in different tectonic settings

all along the Himalayan range. It is 1likely that these

granitic activities represent a Pre Himalayan Orogeny.

4 At least some components of the Ladakh batholith‘ are of
Permo-Triassic age 1i.e. older than Himalayan Orogeny.
These are considered to be the probable remnants of older

continental material in the area north of the Suture Zone.

Anolog recording of mass spectrometer data followed by
manual reading of peak heights have limited the precision of
isotopic ratio measurements to not better than¢-1% . The
‘initial Sr ratios therefore, could not be determined to the
accuracy required for petrogenetic interpretations. However,

the following broad generalizations can be made.

IV



1. EarlybPrecambrian granites‘and gneisses with (8781*/8681')i
= 0.7080-0.7230 and Early Palaeoczoic granite with
(%7sr/%%sr). = 0.7088-0.7181"  originated in the upper
crust either due to fusion of the pre-existing sedimentary
material or regional metamorphism of their igneous
precursors. A

2. The Tertiary Sela granite with (87Sr/888r)i = 0.7850  was
formed from anatectic magmas generated by partial melting
of the crustal material during the Himalayan Orogeny and

3. A Permo-Triassic granite with (°'sr/%®sr). = 0.7081 (Gaik
granite which crystallized 230 Ma ago) which is a part of
Ladakh batholith in the Trans Himalaya was derived

probably from a Rb-poor source. Evolution of the Lesser

Himalayan nappes/ tectonostratigraphic units have been a

major subject of debate and many models have been
proposed. A comprehensive correlation between different
tectonie units of Kumaun Lesser Himalaya and a

chronological framework for the evolution of the Himalayan
region, especially in the respect of processes and time
scales for magmatic/metamorphic events, are provided by
the studies in this thesis.
The main conclusions of this study along with the
Suggested lines for future work in the region are presented

in the concluding Chapter 7.
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CHAPTER 1

INTRODUCTION

The Himalayan mountain range, extending over 2400 km from
Indus river in the west-northwest (elevation at Nanga Parabat
= 8125 m) to;the Brahmputra river in the east (elevation at
Namche Barwa‘: 7755 m) has an average width.of sabout 200-250
km. This very young and the highest mountain range in the
"world is considered to have'arisen as a result of subduction
of the oceanic lithosphere of the Indian plate under the
Tibetan plate followed by a collision between the two
continental blocks of India and Tibet, respectively (Dewey
‘and Bird, 1970; Powell and Conaghan, 1873; Le Fort, 1875).
This hypothesis of continent-continent collision for
Himalayan Orogeny is supported by the majority of workers.

The geology and structure of the Himalaya have been
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The geology and structure of the Himalaya have been



exploréd'for'more than a>Century dating back to the work of

Stoliczka (1865) and Lydekkef (1883). . Subsequent workers
have generally carried out numerous but isolated and
localized studies. An excellent regional synthesis on

Himalayan studies has been provided by Gansser (1964).

The geologic structure of the Himalaya can be
conveniently divided into a series of terrains separated from
each other by boundary thrusts approximately parallel to each
other (Fig 1.1). From north to south these zoneé are
(1) Trans Himalaya, (2) Tethys Himalaya, (3) Great Himalaya,
(4) Lesser Himalaya and (5) Sub Himalaya. Despite
variations along the strike, these terrains can be traced for
most of the length of the range. Therefore, cross sections
at different parts of the range are quite similar to one
another. The gross features of the geology of the Himalaya,
therefore, can be illustrated by one such cross-section
(Fig.1.2).

It is aléo customary and wuseful, for the purpose ‘of
description, to divide this range into séven geographic
transverse seétions viz. Kashmir, Himachal, Kumaun, Nepal,
‘Sikkim, Bhutan and Arunachal (Fig.1.3).

The Kumaun Himalaya, lying between the Kali and Tons
rivérs, has been the most intensely studied section. . It
~exhibits the full development of all the lithotectonic and
physiographic zones. The Kumaun Himalayan section therefore
Serves to illustrate the Himalayan geology and tectonic

structure (Gansser, 1964; Valdiya, 1980a).
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The Trans Himalaya 1lies to the north of the Indus
Tsangpo Suture Zone (iTSZ). A chéin of granodioritic
batholiths which intrude into Palaeozoic-Hesozoic sediments
and volcanics is known as the Ladakh-Kangdese (or Gangdese)
granites. This belt of granites is bifurcated at Karakorum
and Ladakh in the west and extends through Kailas to Lhasa

in the east. It has s width of about 50 km.

(2) Tethys Himalava :

The Tethys Himalaya is sandwiched between.ITSZ and the
Trans-Himadri thrust (Valdiya, 1987). This zone comprises of
a predominantly fossiliferous sedimentary sequence of the
Tethyan basin‘ranging in age from late Precambrian to Eocéne.
The sedimentary rocks are intruded by granites at several
places and are well exposed in Kashmir, Zanskar, Spiti and

Nepal.

(3) Great Himalava -

The Great Himalayan zone marks the region of the tallest
peaks of the Himalaya viz. Nun-Kun, Leoparagil, £Kedarnath,
Badrinath, Nandadevi, Nampa, Dhaulagiri, Api, Everest and
Kanchanjanga. This zone is delimited by Trans-Himadri thrust .
in the north and the Main Central Thrust (MCT) in the south.
There are various wviews about the location of the MCT
(Valdiya, 1980a and b, 1981). One of the most characteristic

geologic features in the Great Himalaya is the presence of



tourmaline bearing granites, besides older biotite granites,
intruding high grade katazonal metamorphics commonly termed
as the "Central Crystallines".  These central crystallines

form the basement for the Tethyan sediments.

' (4) Lesser Himalava :

Bounded by MCT in the north and MBT in the south, the
géomorphologically mature Lesser Himalayan =zone is largely
made up of Rippean sediments and allochthonous crystalline
nappes and Klippen. Several granitic plutons are exposed in

all the lithotectonic units.

(5) Sub Himalaya :

The Sub Himalayan zone, also kndwn as the Siwaliks, 1is
separated from the Ganga basin in the south by the Himalayan
Frontal Fault (HFF). The HBT separates it from the Lesser
Himalaya in the north. This zone is made up of Early to late
Tertiary and Quaternary sediments. These sediments ére
deposited in a basin formed in the foredeep of the rising
Himalaya. These mollasic 'sediments are derived from the
erosion of the Himalayan ranges. |

The fine structure and correlation of the various
sections have remained problematic, especially in the Lesser
Himalaya, mainly because of the unfossiliferous nature of
sediments and the lack of geochronological data on the
metamorphic nappes. Radiometric dating of the Himalayan

granites and metamorphics has been underway since the



pioneering work of Krummenacher ' (1861) to resolve these

problemé. However, the data, even today, are of a
reconnaissance nature iprimarily . because of the
inaccessibility of the terraiﬁ. Also, the available
geochronoiogical data are based on different isotopic

chronometers applied to a variety of rock types rendering
direct correlation and comparison of the data difficult or
ambiguous.

| This thesis describes an attempt to gain soﬁe insight
into a few of the problems related with the correlation and
. the tectonic significance of ‘granitoids* of. the Himalaya
using the Rb-Sr isochron method. Specifically, two problems
have been addressed:

1. The correlation of the Kumaun Lesser Himalayan nappes and
2. Chronology and significance of the granitoids from other

parts of the Himalaya.

Since Kumaun Himalaya, as stated earlier, is an epitome
of the entire Himalayan range, correlation of the tectonic
units could be extended to the other parts of the range. For
this purpose, granites and gneisses from different
lithotectonic units of the Kumaun Lesser Himalayan region

wWere systematically sampled and analysed.

¥ In this thesis, the ternm granitoid and granite are used in
their wider sense to include gneisses, granites, adamallites,

Eranodiorites, quartzodiorites.




As shown in Fig 1.4‘ granitoid bodies of varying
dimensions occur in most of the Himalayan regions.
Significantly, these oécur in long linéar belts along the
entire length of the range. Available geochronological data
indicate the presence of pre-Himalayan events in addition to
Tertiary magmatism. In this thesis, I have attempted to
evaluate the significance of some of the granitoid bodies

exposed in all the four structural zones of Himalaya.



Fig. 1.4 - SIMPLIFIED GEOLOGICAL MAP OF THE HIMALAYA
i | Showing Granitoid Belts | |
J ~ (After Gansser,1964 and Sharma, 1983)
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CHAPTER 2

CRITICAL REVIEW OF THE PREVIOUS GEOCHRONOLOGICAL DATA

The Himalayan region has been the focus of
geochronological studies over the last thirty years beginning
with the pioneering work of Krummenacher (1861). However, the
data, even today, are of a reconnaissance type except for.
some parts of Ladakh, Himachal, Nepal and the Lhasa block.
Age data have been reported on a variety of rock types by all
principal radiocactive decay schenes viz. Rb/Sr, U/Pb, K/Ar,
Sm/Nd and U/fission tracks, but analyses with relisble field
controls, especially in the Lesser and Great Himalaya for any
definitive interpretations, have been very few in number.

A comprehensive compilation of the available
geochronological data up to 1883 from the Himalays has. been

presented by Crawford (1881). A useful summary of the data

11



for the gfanitoids beits is provided by Sharma (1883). Both
'thése wdrks, however, have ndt evaluated the data critically
in the light of fact that data based on different isotopic
chronometers applied to a variety of rock types render direct
correlation and comparison difficult and/or ambiguous.

In the polyphasedly deformed and metamorphosed Himalayan
terrain, the K/Ar and fission track ages can be easily reset
by secondary events. In such cases the Rb/Sr and Sm/Nd data
based on the multi sample isochron method are more reliable
than the Rb/Sr and Sm/Nd model ages based on single samples.
The bulk of the ages reported for Himalaya are K/Ar and Rb/Sr
model ages and therefore need critical evaluation. The U/Pb
studies on zircons which could yield original ages despite
gain or loss of parent/daughter elements are very rare. With
strict criteria of data selection, only a small frsction of
the ages from Himalaya can be considered as definitive.
However, the more recent data on the Trans Himalayan granites
and the Himalayan leucogranites are of high quality.

The present discussion will be confined to the data on

only granites and gneisses from the different tectonic zones.

2.1 Trans Himalaya

The chain of granitic batholiths, in the southern Tibet
and Ladakh known as the Trans Himalayan granites are
generally ascribed to the subduction of oceanic lithosphere
beneath the southern margin of Eurasia around 100 Ma ago.

Most reported ages for these granites have been obtained by

12



ﬁhe K-Ar mefﬁod (Bally et al. 1980; Zhang et al. 1881;
Sharma et al. 1978; Zhou et al. 1881) a few by ar/4Var
(Brookfield and Reynolds, 1981, Maluski et al. 1982) and
Rb-Sr (Honegger et al 1982, Tu et'al 1981) and U-Pb (Honegger
et al. 1882) techniques. These ages are consistent with the
intrusions of granites from 110 to 40 Ma ago, although some
of the ages are as old as 120 Ha. A few yvounger ages in the
range of 40 to even 10 Ma (Sharma et al. 1978a and Tu et al.

1981) are also reported but the significance of these dates

is not clear.

2.2 Tethys Himalaya

The biotite-muscovite granites, south of the suture zone
known as Laghol Kangri belt are distinct from the tourmaline
granites, Makalu type of the Great Himalaya and_ the
Hornblende bearing Trans Himalayan granites in the north.
Not much geochronological data exist for this 1long belt of
granites. Frank et al (1877) reported a six point whole rock
(WR) Rb-Sr isochron age of 512*18 Ma for Jaspa granite from
Himachal. |

The Kangmar granite in the Lhasa block has been dated at
485+6 Ma (Wang et al 1981) and 484*7 Ma (Debon et al 1981) by
the Rb-Sr whole rock isochron method. However, a U-Pb age of
562+4 Ma for this pluton has been reported by Schirer et al
(1986). The age difference of about 80 Ha between U-Pb and
Rb-Sr ages (562 vs 485 Ma) has been attributed either to a

much later closure of Rb-Sr whole rock system or a subsequent
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re—equilibratianat whole rockvscale. Le Fort et al (1982)
reported'én age of.517162'Ma'_for the augen gneisses from
Nepal. From this limited information it can inferred that
the Tethyan granite§ and gneisses represent a

magmatic/metamorphic event around 500 Ma.

2.3 Great Himalaya

The granites and gneisses of the Great Himalaya belong
to two distinct generations - the tourmaline bearing
leucogranites which appear frequently at high elevations and
the biotite granites similar to those of Lesser and Tethys
Himalaya.

The significant isotopic wvariations in the Himalayan
leucogranites have rendered the whole rock (WR) Rb-Sr
isochron age determination difficult. The ages of intrusions
of different leucogranitic bodies have been roughly estimatea
by Dietrich and Gansser (1881) between 30 Ma and 1Z Ha. The
29*1 WR Rb-Sr isochron age of the Manaslu granite by Hamet
and Allegre (1976, 1978) was questioned by Vidal (1978) on
the basis of isotopic heterogeneity of the samples. However,
a reliable Rb-Sr WR isochron age of 18.1*x0.5 Ma has been
obtained by Deniel et al (1983). Deniel et al (1987)
reported U-Pb age of 25 Ma for this granite. The difference
of 7 Ma in the Rb-Sr and U-Pb ages led them to suggest that
this magmatic activity lasted at least 7 Ma.

Kai (198la,b) reported Rb-Sr WR isochron age of 82.7*8.4

Ha for the Makalu leucogranite including some two mica
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graniteé. This age seems to be.unrealisfic'and ~probably is
an arﬁifact of partial homogenization of the older granitic
.rocks. The Rb-Sr ages on muscovites and biotites from the
leucogranites and éegmatiteé have yielded vyounger ages
ranging 17-11 Ma similar to the K-Ar ages (Hamet and Allegre,
1978; Kai, 18981a,b).

The U-Pb ages on zircons and monazite have vielded ages
of 18.8*0.6 Ma for the Nialam migmatite granite, 15.1%0.5 Ma
for the Lhagoi Kangari granite, 14.3*0.6 Ma for the granite
from Mt. Everest and 9.8%0.7 Ma and 9.2+0.9 Ma Ffor two
varieties of the Maja granite (Schirer et al.»1988).

The available geochronological data for the
leucogranites indicate a period from 24 Ma to 8 Ma for these
plutonic activities. This is consistent with the view that
all these leucogranites are anatectic in origin and result
from intracrustal collision between India and Eurasisa.

The Great Himalayan rocks are also intruded by huge
bodies of biotite granites of older ages. The Kinnar Kailas
granite and the Karcham Sangla gneiss have been dated st
B75x70, 495+50 respectively by Bhanot ef al (quoted in
Sharma, 1983) but not much information is available to assess
these numbers.

A four point WR Rb-Sr isochron age of 467*468 for
Manikaran has been given by Bhanot et al (1979). Mehta
(1877) reported 581*3 Ma for central gneisses from Rohtang
Pass and 500*8 Ma for Kulu migmitite gneiss (using Rb of

1.47%107 yr) | These sges become 60049 Ma and 51848 Na
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gfanites.  This age éeems to be uprealistic and probably is
an artifact of partial‘homogénization of the oldér granitic
rocks. The Rb-Sr ages on mﬁsoovites and biotites from the
1eucogranites and pegmatites -have vyielded younger ages
ranging 17-11 Ma similar to the K-Ar ages (Hamet and Allegre,
1978; Kai, 198la,b).

The U-Pb ages on zircons and monazite have yielded ages
of 16.8*0.6 Ma for the Nialam migmatite granite, 15.120.5 Ma
- for the Lhagoi Kangari granite, 14.3*%0.6 Ma for the granite
from Mt. Everest and 8.8*0.7 Ma and 9.2*20.8 Ma. for two
varieties of the Maja granite (Schirer et a1.>1886).

The available geochronological data for the
leucogranites indicate a period from 24 Ma to 8 Ma for these
plutonic activities. This is consistent with the view that
all these leucogranites are anatectic in origin and result
from intracrustal collision between India and Eurasia.

The Great Himalayan rocks are also intruded by huge
bodies of biotite granites of older ages. The Kinnar Kailsas
granite and the Karcham Sangla gneiss have been dated at
875%x70, 495150 respectively by Bhanot et al (quoted in
Sharma, 1883) but not much information is available to assess
these numbers.

A four point WR Rb-Sr isochron age of 467%46 for
Manikaran has been given by Bhanot et al (1979). Mehta
(1877) reported 581*8 Ma for central gneisses from Rohtang
pass and 500*8 Ma for Kulu migmitite gneiss (using Rb of

1-47X10—llyr). These ages become 600*3 Ma and 518%8 Ma
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respectively when renormalized for A = 1.42 X 10—11 yr—l.

‘Thése Early Palaeozoic granites and gneisses have been
interpreted as due tovsynkinemétio high grade metamorphism
and migmitization during a last Precambrian-Cambrian event
probably the Assyntian (Cadomian) orogenic cycle by Mehta

(1877).

2.4 Lesser Himalaya

Granites and gneisses are exposed in nappes and
autochthonous sediments of the Lesser Himalaya. The
available geochronological data for this area are of variable
quality. Bulk of the Rb-Sr ages reported so far are either
model ages or isochrons based only on two or three points or
isochrons having very large scatter in the data points or
high analytical errors.

The reliable Early Palseozoic Rb-Sr age data are:
5002100 Ma and 545*12 for Mandi granite (Jdger et al. 1871
and Mehta, 1877), 516*16 Ma for Manserah granite, Pakistan
(Le Fort et al. 1980), 486*10 Ma for Palung.granite (Hitchell
et al. 1981) and 511+55 Ma for Simchar pluton (Le Fort et al
1883). Schirer et al (1886) confirmed the age of Palung
granite (470*4 Ma) by the U-Pb method. Mehta (1977) and
Frank et al (1877) relatg these Early Palaeozoic ages to Pre
Himalayan Orogeny whereas Le Fort et al(1880, 1883) attribute
these magmatic activities to some epi-orogenic events.

Besides the Early Palaeozoic event, indications based on
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tﬁe Rbme WR iéochron method, are also given for the presence
of‘Precémbrian basement by Frank et al (1877) and Raju et al
61982) in Himachal and Garhwal.

The data by Bhanof et al. (1881), Pande et al(1881la,b)
and Singh et al (1985, 1886) also fall within this age range.
However, these data are of variable quality due to large
analytical errors (1% errors on 8751*/8881‘ and &% errors on
87Rb/%85r). The Rb-Sr WR isochron age of 1620#30 HMa by
Powell (8789) is not acceptable because the regression of
isochron is performed on samples from different thrust
sheets. Similarly, Rb-Sr WR isochrons ages of 1275%*12 Ma and
1139*46 Ma by Bhattacharya et al (1882), 1080*28 Ma by Paul
et al. (1882) and 1020*28 Ma by Sinha Roy and Sen Gupta
(1888) are of questionable quality because the recalculation
of“the data does not reproduce the reported values.

The Rb~-Sr WR isochrons age of 311*16 Ma for the Mandi
leucogranite reported by Mehta (1877) is the only reliable
age falling within the Hercynian cycle. Though 322%10 Ma and
360%8.5 Ma Rb-Sr model ages for Mandi muscovites and several
K-Ar ages in the range of 280-360 reported 'by Krummenacher
(18966, 1971) and Saxena and Miller (1872) have been used to
support his contention for a Hercynian cycle in the
Himalaya, reliable ages within this time bracket from other
parts of the Himalaya have not been reported so far.

The foregoing discussions indicate that the vast
Himalayan region , the Tethys and the Lesser Himalaya in

particular, need better quality data in more focused areas in
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order to have meaningfdl geological significance.

'HéweVer, the published agé data indicate three major
gedlogical events in the Himalayan region as shown in the
form of two histograms (Fig.z.l).' The sources of data are
given in the figure caption. Fig 2.1a shows the histogram of
ages obtained by K-Ar and fission track (FT) methods whereas
Fig 2.1b shows these obtained by Rb-Sr and U-Pb methods. The
histograms reveal the strong imprint of the Himalayan Orogeny
showing prominent peaks at Tertiary. The wide range of ages
in Fig 2.1a as against Fig 2.1b can be attributed to
loss/gain of argon by rocks/minerals. Fig 2.1t shows peaks
at 450-600 Ma and 1800-2000 Ha period in addition to the
Tertiary indicating Precambrian nagmatic/metamorphic events.
Majority of the data in the age group 1400-1000 Ma are not
reliable as discussed earlier. Considerable debate exists
about the meaning of the Early Paleozoic event in the fegion
and also on its correlation with global tectonics. This

needs to be looked into from various angles.
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Fig 2.1 Histogram showing radiometric ages from the

Himalaya. Data compiled from following sources.

Acharya (1873),
Andrieux et al (1877),
Ashgierei et al (1975, 1977),
Bhalla and Gupta (1979),
Bhanot et al (1974, 1975, 1978a,b , 1877, 1878, 1879),
Bhattacharya et al (18982)
Brookfield and Reynolds (1981),
Desio et al. (1964)

Dietrich and Gansser (1881),
Dixit (1977),

Frank (1973, 1877),

Gariepy et al (1985)

Hamet and Allegre (1878, 1878)
Honegger et al (1982)

Jager et al (1971)

Kai (1881a,b,c)

Khan and Tater (1970)
Krummenacher (1961, 1966, 1871, 1978)
Le Fort et al (1980)

Mehta (1977),

Mehta and Rex (18977),

Mitchell (1981)

Nagpal et al (1873)

Pande and Kumar (1974)

Paul et al (1982)

Powell et al (1879)

Raju et al (1982)

Sarkar et al. (1964),

Saxena and Miller (1872),
Schidrer et al (18984a,b,c, 1886)
Seitz et al (1976)

Sharma et al (1978)

Singh et al (1985, 1886)

Singh R P et al (1988)

Sinha (1975),

Sinha and Bagdasarian (1977),
Sinha Roy and Sen Gupta (18886).
Talalov (1972)

Varadarajan (1977, 1878)

Vidal (1978)

Xu et al (1985)
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CHAPTER 3

DESCRIPTION OF THE GRANITIC BODIES

Granites and gneisses occur in all the tectonically
distinct =zones, except the Sub Himalaya, with diverse
lithostratigraphic settings. In the Lesser Himalaya, the
porphyritic granites of Precambrian age are highly sheared
and mylonitized, but occur paradoxically in the
epi-metamorphic thrust sheet. These granites seems to
represent the granitic basement on which the Lesser Himalayan
sediments were deposited. The tonalite-granodiorite bodies
with marginal augen gneisses of granitic composition, that
occur in the meso-metamorphic thrust sheet emplaced upon the
epi-metamorphic nappes, are compositionally different and
younger in age. Both the porphyritic granites within the

epi-metamorphics and the trondhjemitic suite of the
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meéo~metamorphics haVe been  intruded boncordantly by
leucécfatio adamellitéé ‘which are comparatively less
deformed.

The Kata-metamorphic assemblages of the Great Himalaya
are characterized by batholiths, stocks, dykes and veins of
granites and aplites of Tertiary age. These undeformed
granites are post tectonic. The pre-Himalayan %Fanites,
which are biotite rich and quite distinct fronm ﬁhe post
tectonic two-mica granites, are also present in the region.

Granitic plutons of different characteristics compared to
those of Trans Himalayan granites are exposed in Tethyan
sedimentary sequence which are well exposed and easily
accessible in the Kashmir region. In Zanskar region Jjust
south of ITSZ, this granite represents one of the northern
most parts of the Indian platforn. Their probable
equivalents in the eastern part are exposed in Kangmar
region.

The granodiorite-quartzdiorite bodies associated with
calc-alkaline volcanics occupy the Indus-Tsangpo Suture Zone.
This granitic association represents an Andean-type magmatic
arc that evolved as a consequence of <collision and under
thrusting of the Indian plate into the Eurasian plate at the
beginning of the Tertiary period.

Granitoid Samples have been collected from all these
four zones representing different sectors of the range. The
Ladakh batholith is known to be a complex of granitic rocks

of different composition. The Gaik granite exposed to the
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south of Leh is much different in composition and situated in
différent tectonic environment than moét of granites in the
Ladakh batholith. This granite is dated in order to 'decipher
its origin and correlate it with the rest of the batholith.
Cdrrelation of different tectonic units of the Kumaun
Lesser Himalaya using geochronological studies have been
attempted. Therefore, granitic rocks were sampled g;om all
the nappes and their representative Klippen of the region.
The Tethys and the Great Himalayan region were also sampled
to find granitic components in addition to that related to

the Himalayan orogeny.

3.1 The Trans Himalaya

A chain of granitic batholiths extend from one end of
the range to the other known as the Ladakh-Kangdese belt. In
the western part, this belt is bifurcated into the Ladakh and
Karakorum batholiths. The northern belt, called the
Karakorum axial batholith, lies to the North of the ITSZ and
intrudes_the_Upper Paleozoic metamorphics. The southern
belt, called the Ladakh-Deosai batholith, intrudes the Upper
Cretaceous-Eocene rocks of the Indus suture zone.

The Ladakh batholith which occurs as a linear body
measuring about 600 km in length, 25-75 km in width with an
exposed thickness of 3 km, occupies a major part of the
Ladakh range in the Trans Himalayan region. It is best
exposed in the north-western Himalaya but continues westward

into Astor-Deosai-Skardu area as reported by Auden (1935) and
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.Wadia‘(1§37), and eaétward into the.Tibetan region as shown
by Gansser (1877) and Tapponnier et al (1881). The Ladakh
batholith has an in£rusive felationship with the Dras
volcanics near Burzil (Wadia, 1937) and Kargil Batalik area
(Sharma, 1983) and a tectonic relationship with the rocks of
the Indus-flysch between Kiari and Chumathang. At other
places the southern contact of Ladakh batholith is covered by
a linear belt of the Indus Molasses. The northern margin of
Ladakh batholith is covered by the Shyok volcanics of the
early Cenozoic period, which. are acidic to intermediate
(calc-alkaline) in composition (Sharma and Gupta, 1878).

The Ladakh batholith is composed mainly of quartsz
bearing rocks that vary widely in composition from quartz
diorite, granodiorite, quarfz—monzodiorite, gquartz monzonite
to granite. Occasionally, bodies of diorite, gabbro,
pyroxenite and anorthosite are seen associated with the
batholith. Also present are dykes of aplite, pegmatite,
‘granophyre and lamprophyre. Though the bulk . composition of
the Ladakh granitoid is calc-alkaline, the 'batholith is &
complex body Acomposed of a 1large number of plutons. of
different compositions and character which can be readily
distinguished from one another in the field by differences in
texture and mineral composition as is evident in the

Gaik-Kiari and Hanuthang sections.

24



3.1.1 Gaik Granite |

| The Gaik granite is exposed 150 km south east of Leh and
is a part of the Ladakh batholith (Fig 3.1). The Gaik
granite is a pink porpﬁyritic grénite. This has been exposed
because of the uplifted section between Upshi and Kiari. The
pink porphyritic granite and the leucogranite exposed in this
section are either free from hornblende or very poor in it
and thus differ from the hornblende granites which are
extensively developed in other parts of the Ladakh batholith.

Samples were collected at the river bank near Gaik.

3.2 The Tethys Himalaya

On the structural map of the Himalaya and southern
Tibet, Gansser (1877), for the first time, delineated a
granitoid belt in the Tethys Himalaya. This region consists
of granitoid rocks intruded over a distance of 600 km, within
the Tethyan sedimentary cover. A few segments of these
granitoid rocks comprise of stocks and plutons of two mica
granites and leucogranites while at places  some -segments
expose winddws of gneissified granites 'and gneisses.

Tapponnier et al (1881) called Tethys Himalayan granitoid

belt as Lhagoi Kangari granitoids. Heron (1922) mentioned
the intrusions of massive, light gray and fine grained
biotite-muscovite-granites which are different from

tourmaline granite (Makalu type) and hornblende bearing
Kyi-chi granite. Wadia (1935) recognized that igneous

intrusions of granitic composition encircle the Paleozoic
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basin of Késhmir. Middlemiss (1811), and De Terra (1935)
also referred to biotite and hornblende granites in Kashmir.
Kangan and Kazing granités in the Kashmir wvalley and
Polokanka-La and Karzok graniteé in Zanskar valley have been
sampled’fbr the present investigation. These are described

in following section.

3.2.1. Kangan Granite and Kazinag Granite

The EKangan and Kazinag granites intrude into the
Cambrian sequence of the Kashmir valley. The Kashmir valley
lies in the tectonic depression between the Pir Panjal and
the Great Himalayan ranges and preserves almost a complete
sequence of rock formation.

The Kangan granite is a plutonic body which lies in the
eastern-most part of the Kashmir basin. It 1is exposed " on
either side of the Sind river around Kangan village situated
on the Srinagar - Leh road. The largest outcrop measures
about 50 sqg.km. and is exposed north of Kangan. Another
outcrop measuriné about 15 sq.km. 1s exposed on a ridge south
of Kangan. | | |

The Kazinag granite (Fig 3.1) 1is one of the largest
granite exposures in the Kashmir basin. This lenticular
body, measuring about 200 sq. km. is exposed 15 km. west of
Baramula and intrudes along the contact between Salkhalas and
Dogra slates. Samples representing different composition and

textural variations have been collected from both the suites.
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3.2;2 BﬁlékﬂﬂhaéLﬁ‘ﬁtaDiﬁﬁ and Karzok (Rupshu) Granite :
The’PolokankarLa'grahite,and the Karzok granites (Fig
3.1) are intruding into Tso-MHorrari crystalline rocks in the
Zanskar Range just sough of the ITSZ. The Tso-Morrari
crystallines constitute an important lithological entity in
the Ladakh Himalaya because of their location in the wedge
between the Indus Suture zone in north and the Tethyan rocks
of the Zanskar basin in the south. The geological sg%ting
in the Zanskar basin is different from the Kashmir basin.
The Precambrian and possibly the Lower Palaeozoic rocks are
exposed in two basement highs which lie on either side of the
Zanskar sedimentary zone. The Polokanka-La and Karzok
granites are coarse grained, prophyritic and foliated. They
contain quartz, feldspar, muscovite, biotite, hornblende and
tourmaline. A later phase of aplite is also present that

intrudes the coarse grained granite.

3.3 The Great Himalaya :

The Great‘ Himalayan belt comprises leucogranites
intruded during Himalayan Orogeny into the Precambrian
basement gneisses, migmatites and metasediments which are
known as crystalline rocks. These crystallines rocks
constitute the main range of the Great Himalaya (Dietrich and
Gansser, 1981; Vidal et al. 1982, Schéirer, 1884, Le Fort,
1981, 1988). The leucogranites occur as sill, stock or
batholithic bodies and are irregularly distributed along 2000

km of the Great Himalayan chain. These granites commonly
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éonfain accessory tourmaline‘ or . garnet and show S-type
éharacteristics (Chappel and White, 1874). Thimpu migmitite
gneiss exposed in Bhutan and tourmaline.being Sela granite,
Arunachal Pradesh have élso been sampled for the present

study . Geology of this region is not well known.

3.3.1 Sela Grapite :

In Arunachal Pradesh some of the lithostratig?aphic
units namely the Tenga formation, the Bomdila Group and the
Sela Group consist of granitic and gneissic rocks (Das et al.
1977; Tripathi et al. 1980). The Sela granite occurs within
the Sela group of rocks (Fig.3.2). This group comprises the
crystalline garnetiferrous augen gneiss, muscovite-biotite
and tourmalﬁne granite, ‘migmatites and pegmatites
corfelatable hith the Great Himalayan crystallines. The Sela
granite 1is unfoliated two mica tourmaline bearing
leucogranite which is well exposed in Dirang-Doimara area.
This granitic body is intruding into high grade metamorphics
(migmitite gneiss).of the Sela group. Samples were collected

between Jang and Sela.

3.3.2 Thimpu Gneiss :

The Thimpu gneiss of Thimpu formation (Fig.3.3) is
juxtaposed with Buxa Formation along thrust Fault (Jangpangi
(1878). Thimpu formation is overlying the Buxa formation
and only difference between these two structurally alike

formations is the sharp rise in grade of metamorphism. The
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Thimpu formation | comprises = of . garnetiferrous
quartsziotite—muscovite.schiéts, calcareous quartzite, calc
gneiss, granite , gneiss and tourmaline granite. The Thimpu
migmatite gneiss is regarded as -a product of anatexis of
metasedimentry group by Jangpangi (1978). Tungsten
mineralization occur in the skarn rocks near the contact of
Thimpu gneiss and Buxa Formation metasediments. Borehole
samples were obtained by the Geological Survey of India to
study occurrence of tungsten mineralization. Since the
expouser of the Thimpu gneiss is very small samples for Rb-Sr

study were collected from two such bore holes.

3.4 The Lesser Himalaya :

The Lesser Himalaya is composed of three nappes
o&erriding the autochthonous Precambrian sediments. The
crystalline rocks of these nappes are similar to thdse of
the Great Himalaya but the low metasediments of the Lesser
Himalaya do not correlate with the sedimentary sequence of
the Tethys Himalaya. The rarity of fossils in the Lesser

Himalayan sediments has created confusion regarding its age

and stratigraphic positions of its different .units. . .. . ... ..

The central sector these nappes are known as Krol
(=Berinag), Ramgarh (=Chail) and Almora (=Jutogh). The
lowermost sheet is madeup of mainly Palaeozoic sedimentaries.
It occurs in the southern belt and has been thrust over by
a thick pile of low grade metamorphics of greenschist facies,

constituting the Ramgarh Nappe. In the northern part, these
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épi—metamdrphics are tectonioally overlain by medium grade
metamorphics of lower émphibdlite facies constiﬁuting the
Almora Nappe. |

Granitic rocks are exposed in 'three lithotectonic
settings which are shown in simplified geological map of the
Kumaun Lesser Himalaya (Fig 3.4). They occur as rare and
minor intrusives showing almost no metamorphism in the
autochthonous sedimentary zone whereas in the Ramgarh» nappe
they occur as cataclastically deformed porphyritic granite
and quartz-porphyry. They are also exposed in the Almora
nappe, its klippen and root zone as lenses of
granodiorite-granite complex grading marginally in to augen
gneisses. Tourmaline rich leucocratic granites are intruding
into granites of the Almora (Middlemiss, 1887; Valdiya,

1962a,b and Gansser, 1964).

3.4.1 Ramgarh Granitic Gneiss

The Ramgarh quartz porphyry, a part of Ramgarh nappe, is
a relatively thin plate sandwiched between the Krol and
Almora nappe. Heim and Gansser (1839) and -Gansser (1964)
regard it as a part of the Almora Nappe while Valdiya (1976)
and Fuchs and Sinha (1978) distinguish it from the Almora
Nappe. This unit having thick quartz porphyry interbeded
wWith schists and micaceous quartzites has suffered strong
metamorphism, rendering it to gneissose or schistose. The
fine grained massive variety of quartz porphyry grades to

augen gneiss and 1is intruded 1locally by comagmatic
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porphyritic gneissose granite. Herh. (1968)- called it as
sheared granite while Pande {1958—57) recognized it as
migmétites. Valdiya (1980a) noticed that this mylonitized
quartz porphyry having granitoid bands; occur as porphyritic
Eranite and gneissose granite porphyry near Debguru mountain
where vary coarse grained biotite granite occurs within
gneissose quartz porphyry. The coarse grained granite is
nearly adamellitic in composition. According to Misra. . and
Sharma (1967), the granite of Debguru mountain represents
several phases of intrusions of acidic and basic magmas.
Valdiya (1862a) observed the extension of Debguru porphyroid

in Kall Valley (South of Champawat) .

3.4.2 Anritpur Granite

The Amritpur granite which is a part of the Ramgarh

nappe, occurs as a lensoid body measuring about 3 km long and

about 1 km wide. It has a unigue occurrence of being
located along the MBT. It is closely associated with
quartzite - metabasite sequence of the Bhimtal-Bowali ares.

Xenoliths of quartzite and metabasites have been reported by
Varadarajan and Rawat (1876). Nautiyal (1855) considered
Amritpur granite to be tectonically transported to its
Present position while Chatterjee (1876) believed it to be a
synkinematic emplacement along the MBT. Raina and
Dungrakoti (1975) related it with Ramgarh Porphyry and
according to Desai et al (1976), Amritpur granite and Ramgarh

Porphyry are Keratophyric 'in nature and are related to
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spilites of the Bhimtal-Bowali area. This granite is having
- phenocrysts of feldspar aﬁd it contains quartz, biotite,
orthoclase and oligoclase. At least two phases of granites

are present in the area.

3.4.3 'Almora Granite-Granodiorite and Almora Augen Gneiss
The Almora group of medium grade metamorphics intruded
by a massive granite granodiorite suite is exposed along ..the
belt extending from Dudatoli, Almora to Champawat. " This
batholithic body is bordered by augen gneisses formed
presumably as a result of metasomatic granitization during
the late tectonic phase of this magmatism; The Almora
granite grades into gquartzdiorite to quartzmonzodiorite and
is adamellitic in composition near Almora. It is coarse to

- medium grained in texture and is converted 1into augen

gneisses.

Almora nappe contains biotite quartz rich
granodiorite-granite rocks which are intruded by late
tourmaline rich leucocratic granite. The granite-
granodiorite of Almora, its Klippen and root grade
marginally into augen Eneisses. While the Champawat
granodiorite occurs as a batholithic-sized-body near

Champawat (Valdiya, 1862b) it thins down considerably near
Almora. Valdiya (1982a), Herh and Vashi (19658),Desai (1873)
and Das(1879) observed two different types of augen gneisses,
one which are gneissose variety of Champawat granodiorite and

the other which was formed due to metasomatism of the
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metasediments. The augen gneisses of the basal part exposed
in northern flank of Almora synform are comparable in texture

to that of augen gneisses exposed in Ramgarh nappe.

3.4.4 Askot Gneiss :

The coarse grained gneisses and crystalline schists of
Askot overlie the sericite quartzite of Berinag. The exact
boundary between Askot gﬁeisses and Berinag quartzitg_ is
difficult to distinguish due to the highly metamorphosed
nature of the quartzite,. Large masses of uniform gneiss
having biotite, muscovite and alkali feldspar similar to

those of Almora have been observed.

3.4.5 mmm—ahmmgm&mﬁ_eﬁmmmmm:
Tectonically this zone is similar to that of Askot. The
granite-gneisses and augen gneisses exposed south of Gwaldom
resemble those of Askot. The rocks are mainly dioretic and
the massive zone of diorites are rich in tourmaline. The
granite gneisses, mica schists and quartzites are interbeded
with basic sills. The schistose carbonaceous layer occurs
north of Baijnath. The basic sills consist of diorite
amphibolites with a zone of uncommon tourmaline - epidote
amphibolites. The granite gneiss and granite are bordered by

basic sills and overlain by more gneisses and schists.
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3.4.6 Munsiari Gneiss

This ;obe 1s a tectonic boundary betweeh sedimentary
rocks of péraQautochthén and the crystalline rocks of the
Munsiari Formation at ‘the base of the Great Himalaya.
Sandwiched between the MC(V)T (Valaiya, 1980b) above and the
Munsiari thrust below, the crystalline rocks of amphibolite
facies are intruded by the porphyritic granite. Cataclastic
deformation has converted these Munsiari rocks 7 into
mylonitized rocks including augen gneisses. Possibly, ghese
crystallines of Munsiari and of Askot, Baijnath, Almora
constitute the basement on which the sedimentary rocksvof the

Lesser Himalaya were deposited.
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CHAPTER 4

ANALYTICAL TECHNIQUES

The analytical procedures for the determination of Rb-Sr
isotopic abundances and composition in rocks and minerals are
presented in three parts: (i) sample crushing and wmineral
separation, (ii) chemical processing and (iii) 1isotopic
measurements on a home made solid source mass spectrometer.
The development of an automated data acquisition system using
an IBM-PC/XT in the later part of the study, 1is also

described.

4.1 Rock crushing and Mineral separation

Well documented samples, each weighing about 15-20 kg
were cleaned using wire brush and distilled water to remove

any surface contamination. They were broken into smaller
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pieces using a hammer. These pieces were checked for any
inclusioné and then crushed to <3-5 mnm siée using a Jjaw
crusher (Fritz pulverizér).' The crushing surfaces of the
pulverizer were cleaned using a high pressure air blast and
preconditioned using =a Small amount of the sample being
procéssed. Crushed samples were collected in a plastic
container and thoroughly homogenized. The samples were
poured into a conical mound on a clean paper and qagrtered
with a stainless steel spatula, and  opposite quartefs were
collected. They were further quartered to draw aboqt 5-7 kg
of the. representative coarse fragments. These were further
reduced to less than 1 mm size powder, using fhe jaw crusher
again. The procedure was repeated until a representative
sample quantity of about 300 gm was obtained.

About 1 kg of the coarse fraction from the remaining
part was saved in a polythene bag for mineral separation.
The 300 gm of representative coarse fraction was ground to

very fine powder (<200 mesh) using a TEMA swing mill for 20

minutes and stored in pre-cleaned and pre-conditioned
polythene bottle/vial. This fraction is a homogeneous
representative of the whole rock sample. Maximum care was

taken to prevent any cross-contamination and to prevent loss
of fines during these operations.

Special care was taken in mineral separations which were
carried out in a separate roon. A fraction of the sample
powder, kept separately for mineral separation, was sieved

using stainless steel sieves to obtain a size fraction
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between 120 to 150 mesh. All the sievesv were pre-cleaned
with AR gradé acetone and dry nitrogen gsas. A nylon brush
was used to remove any grains of the previous sample stuck in
the sieve. About 20 gm of the sieved sample powder was
spread on a glossy butter paper té remove strongly magnetic
particles with a hand magnet covered with polythene. The
sample was rinsed three to four times with AR grade acetone
to remove fine dust and finally dried in an oven at 110°C.
Usually only biotite and feldspar fractions were sepg;ated
fdr analyses using a Frantz isodynamic separator and heavy
liquids. All parts of the magnetic separator which céme in
contact with sample were pre-cleaned with acetone and/or dry
nitrogen gas and they were pre-conditioned with a small
amount of sample. The strongly magnetic particles were
removed first by running the sample in a low magnetic field.
Usually a forward tilt of 20° and side tilt of 15° were used
for biotite separation, and the magnetic field strength was
decided each time by trial. Each sample was run through
two-three times to achieve g pure biotite fraction. The
non-magnetic fraction meant for feldspar separation was run
through the magnetic separator at high magnetic field to
remove the remaining magnetic minerals present as well as to
remove any composite grains. This non-magnetic fraction was
used to separate K-feldspar and plagioclase using bromoform
with appropriate acetone dilutions. At every stage

Precaution were taken to prevent contamination.
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4.2 Chemir;al Procedures

Ahalytical procedﬁres' iike .dissolution, spiking, ion
exchanéé separation and mass spectrometric analysis are
identical for whole rocks and mineral separates.

All chemical operations were carried in a clean
laboratory equipped with a fume-hood flushed with filtered
air. All labware were either of teflon or quartz. The
procedure for sample dissolution, spike addition agd ion
exchange separation is as follows.

About 100 mg of representative sample powder or 30-50 mg
of mineral separate were weighed in a Mettler balance (H51
AR) on a weighing paper and then transferred to a 15ml teflon
vial (Savellex) for dissolution. About 1 mnl of HNO3 and § ml
of HF were added and allowed to stand at a low temperature
(”SOOC) for 3-4 hours with the vial covered with the lid.
Subsequently the 1id was removed and the temperature
increased to evaporate the sample to dryness. About 2 ml of
HCl was added and dried before adding about 5 ml of 2.5N HC1

to get a clear solution.

4.2.1 Isotope dilution

The 87Rb and 84Sr spikes of high isotopic purity were

used for isotopic dilution analysis. The isotopic abundances
of the Rb and Sr spikes are given in Table 4.1,
Concentrations of the spikes were calibrated against standard
solutions of normal Rb and Sr (NBS 984 and 987). Dilute Rb

and Sr spike solutions (concentrations about 17.59 ppm and
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"TABLE 4.1

:ISOTOPIC ABUNDANCES IN SPIKE

84Sr Spiltke

885,845 - 0 0009
805,84 _ g 0011
875: /845, - 0. 0002

87Rb Spitke

83rb,8"Rb = 0. 008
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1.58 ppm respectively) were prepared frOmv concentrate spike
solutions for use with rock and mineral sampleé. Though the
concentrations of the diiute-spikes were exactly known from
the dilution factor, they were calibrated and periodically
checked to guard against evaporaﬁion losses. All the spikes
and standafd solutions were stored in teflon bottles inside a
glass bell jar to minimize evaporation loss. Spikes were
added by weight to sample solution and evaporated to dfyness
after ensuring complete mixing. For optimal spiking, ﬁhe Rb
and Sr cbncentrations in samples were measured with an Atomic

Absorption Spectrophotometer.

4.2.2 JIon Exchange :

Ion exchange chromatography was used to separate Rb and
Sr not only from each other but also from other matrix
elements. The ion exchange columns were made fronm quartz

tubes ( ID=0.8 cm ) and filled with Dowex S0W X8 (200 to 400

mesh) cation exchange resin to a height of 18 cm. Elution
was done using 2.5N HC1. The columns were frequently
calibrated to ensure optimum collection of Rb  and Sr
fractions. Sample solutions were centrifuged for about 5

minutes in clean 3 ml quartz centrifuge tubes covered with
parafilm and then loaded gently onto the resin bed using a
pPipette. The Rb and Sr fractions were collected in separate
teflon beakers, evaporated to dryness and then stored for
mass spectrometric analysis. The columns were cleaned

between samples with at least 200 ml of BN HC1l and 10 ml of
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distilled water and conditioned using 25 ml of 2.5 N HCL.

4.3 Mass Spectrometry

The mass spectrometer used for isotope analysis is a 23
cm radius, 800 sector magnetic. field single focusing
instrument fabricated in ocur laboratory. A picture of the
mass spéctrometer is shown in Fig 4.1. It is fitted with a
thin lens ion source and a Faraday cup for collection of
ions; The filament holder with first source slit is
removable so that a new filament could be spot welded,
degassed and loaded with sample. Tantalum filaments
(0.030"X0.001") of more than 98.98% purity (obtained from H.
Cross) were outgassed in a separate vacuum system at a
temperature higher than that required for efficient
ionization of Sr. Samples were taken up in a precleaned
teflon pipette and evaporated directly on the center of a
precleaned filament. Pipettes were used only once. The mass
spectrometer is pumped by two vac-ion pumps - 30 lit/sec.
pump for the analyzer tube and 80 1lit/sec. pump for the
source region. The source was initially pumped down to a
pressure of 10_3 torr with a rotary and a sorption pump . It
was then isolated from these pumps and gradually opened to
the 80 lit/sec ion pump. A working pressure of 1X1O—7 torr
in the source chamber was obtaineq in about one hour after
introducing a new sample. The ion acceleration potential
used was usually 4500V, The filament was heated with a

highly stable DC current supply. The magnet current supply

45



h@u@EOhuU@Qm SSen 2dJanog P1

10S opeuw swoy T'9°814




is of hybrid design using power tubes énd solid state error
amplifiers. The electromagnet has high resistance coils

which require about 400 mA fqr a field of about 4000 gauss.

Ion currents were measured using a vibrating reed
electrometer, Cary Modelv31, with ‘an input resistance of
lOllohm and recorded in the analog mode with a strip chart
recorder. Rb data were taken at 100-300 mv signal level
whereas Sr data usually at 1000 to 3000 mv level for 88Sr.

By the time the Sr beam reached the measuring range,” any
small residual Rb was completely burnt out.

The magnet current can be switched cyclically through
discrete values using 4 preset potentiometers and a rotary
switch as shown in Fig.4.2. Each potentiometer was initially
tuned to a specific isotope. After a few cycles and
returning, the effect of hysteresis is reduced. Typical
analog recording of a few cycles of peak switching through a
Sr mass spectrum is shown in Fig.4.3. Baselines and Rb
: interference checks were made before anéd after each set of
10-15 cycles. Usually two good sets were recorded. The peak
heights were read from the chart using a high precision scale
and ratios calculated using 1linear interpolation of the
signal of the index isotope. Standard deviation of 87Sr/BSSr
ratio measurements was usually between 0.1 to 0.15% . Based
on replicate analyses of calibration mixtﬁres and a few rock
samples, the errors in the mass spectrometric determination
8'7R 86

of b and Sr are estimated to be *1.5% and *1%,

respectively, leading to a random error of not more than *2¥%
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Typical Sr spectrum showing peaks (manual peaks jumping)

Fig. 4.3




for their ratio.

Since the Sr spike is highly enriched in 9%sr (>a9 5%),
it iS'possible to éaléulate both 873r/868r ratio and 88Sr
concentration in a rock or mineral sample from the isotopic
composition of the mixture of épike and the sample Sr. The
method used, involves a simple iteration  procedure which
could be most conveniently done with a hand calculator. The

87Sr/888r ratios were corrected for mass fractionation

assuming 0.1194 for the value of 88Sr/888r in saggle Sr.

During the course of the present work, the total Rb  and
Sr contaminations from the reggents and chemical .procedures
were measured by running a series of blanks in parallel with
samples. About 25 blank determinations during the course of
this work are given in Table 4.2. Typical blanks were in the

range 0.1 to 0.3 nanogram for 87Rb and 1 to 5 nanogranm for

88Sr. The contamination correction was negligible for bulk
of the analyses reported.

The long—time—reproducibility of the mass spectrometric
measurements was checked by analyzing the NBS-987 standard.
The 87Sr/888r ratios obtained during the period of study are
shown in Table 4.3A. The bulk of the rafios varied from
0.710 to 0.711. Though the ion besans were steady, this
precision is poor by modern standards due to the limited

number of ratios collected and measured manually. The

intrinsic precision the machine should be much better.
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TOTAL BLANK CONTRIBUTION FROM REAGENTS AND OTHER PROCEDURES

TABLE 4.2

Date 87Rb 888r
x10" %% x10 %
17 March 1881 0.3 6.1 #
26 March 1881 0.9 13.0
24 August 1881 0.7 3.1
13 January 1982 0.358 4.1
18 April 1882 0.7 5.1
22 May 1982 0.8 5.4
2 July 1882 0.3 5.8
23 September 1882 0.6 5.7
18 December 1882 0.6 4.1
8 February 1983 0.3 2.5
8 July 1983 0.7 2.6
6 September 18983 0.3 3.4
7 January 1884 0.6 7.2
22 April 1984 0.2 1.2
10 October 18984 0.1 1.8
16 January 1885 0.16 2.3
20 April 1985 0.3 0.9
30 November 1885 0.11 4.0
16 April 1988 0.13 0.9
8 December 1986 0.1 1.0
10 February 1987 0.083 0.8
30 November 1887 0.11 1.6
16 April 1988 0.18 2.2
22 September: 1988 0.16 1.7
12 January 1988 0.13 1.2
18 July 1888 0.11 1.2
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¥sr%Cse VALUES oF NBS-987 MEASURED DURING THE COURSE OF

TABLE 4.3 .

THIS STUDY
Date . 87Sr/BBSr
A. Prior to automation :
22 April 1980 0.7120+38
24 May 1880 0.7120%48
8 July 1980 0.7123*18
27 November 1980 0.7117%11
1 April 1881 0.7088+08 i
24 September 1981 0.7112#10
16 April 1982 0.7112%07
29 October 1982 0.7088*20
25 November 1982 0.7105#*086
25 December 1982 0.7085+07
11 February 1983 0.7105*15
2 July 1883 0.7124*08
16 September 1983 0.7122*10
3 September 1983 0.7085*10
19 April 1984 0.7117*12
28 July 1984 0.7124%*10
7 December 13984 0.7118+*09
15 February 1985 0.7113*10
8 April 1985 0.7110%*18
13 September 1985 0.7121%12
1 December 1985 0.7117+*20
7 February 1988 0.71186%*18
23 August 1986 0.7108=*19
27 November 1988 0.7114%12
20 January 1887 0.7105+09
11 February 1987 0.7108%*086
17 April 1987 0.7108+04
B. After automation :
3 September 1988 0.7108*05
11 April. 1989 0.7101x089
15 May 1889 0.7108%02
13 July 1889 0.7107+086
31 August 1989 0.7108+086
1 September 1989 0.7110+04
4 September 1989 0.7105+02

All measurements are normalized to (BBSr/888r)

Reference NBS value is 0.71014 * 0.0002.

Errors (1l¢) quoted are on last two digits.
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4.3.1 Semi-automatic peak switching and digital data
" acquisition svstem :.

To overcome the inherent limitation of analog recording

of peak heights, a semi—automafic data collection system
using an IBM—PC/XT has been developed and used for some of
the more recent measurements. This system controls the mass
spectrometer in the peak switching mode (as described by
Stacey and Hope, 1975), measures the ion currents digitally
and computes isotopic ratios. A schematic diagram of the
system is shown in Fig.4.4.

The basic parts of the system are: (1) a programmable
magnetic field control, (2) digital voltmeter for 1ion bean
integration and (3) data storage and calculation of isotopic

ratios.

4.3.2 Magnet current control

Automatic peak switching requires that the magnetic
field settings are stable and reproducible well within the
flatness of the peak tops. Since the magnet supply is not
field-controlled, current switching was used ﬁsing 7 preset
potentiometers (Fig 4.5)to select different field positions
corresponding to peak tops or baselines.Initially,
potentiometers were adjusted manually for each isotope and
baseline. The potentiometers are switched cyclically to
minimize hysteresis offsets. Automatic switching of the

potentiometers was then carried out through a number of
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Mass Spectrometer

Mass Spectrometer , Faraday cup
Magnet coil

Magnet Current Vibrating Reed

Supply Electrometer
(Cary 31)
4
Peak Switching Digital Voltmeter
Unit :

4

— PC/XT Fﬁ

Fig.4.4 Semi-automatic peak switching and data acquisition system
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relays controlled via_the general purbdse'interface board in
én IBM—PC/XT computer.;vao potentiometers were added for
peak offéetting. The dwell time on each current position was
selected to allow at least 5 seconds so that the switching
transients die out béfore ion current integration is

initiated.

4.3.3 Digital measurement of ion currents

The analog output voltage of the Cary Model 31 vig}ating
reed electrometer (VRE) 1is fed into a 8% digit voltmeter
(Solartron Model 7060). The digital output of the voltmeter
is read by the computer via an IEE-488 interface. The
computer’s internal clock is used to record the time of each
measurement. Since the VRE and DVM are highly 1linear, sall
peaks were measured on one appropriate scale range only.

The BASIC 1language programme (flow chart- Fig 4.6)
developed for control and data acquisition and processing
consists of four subroutines, for peak switching, reading the
DVM and corresponding time, calculation of isotope ratios and
abundances.

Chart recordings are now made only for the initial
focusing of Ehe ion beam and to check for Rb interference.
The Sr isotope ratios of NBS-987 measured with this improved
system are listed in Table 4.3B. Both the internal and
external precisions are much better than those from analog

recording and manual data processing.
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Read

No. of Isofopes, L
No. of Sets, N
No. of Blocks, NS

f

Change relay for appropriate 1isotope and
measure amplitude with corresponding time
marker

/

Calculate Dbase-line for each 1isotope and
subtract from corresponding amplitude

[

Extrapolate/calculate value of index isotope

and calculate ratio, mean and standard

deviation for each ratio of all sets and
store and print values

Yes
NS>1
Y
No Calculate pooled
mean and sigma
for each ratio
of all blocks

—
3

y

Calculate Isotope concentrations

Fig.4.6 Flow chart for Computer programme




Since current switching requires frequent returning of

potentiometer, field control of the magnet. is to be

preferred. This improvement is in progress.
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CHAPTER 5

ANALYTICAL RESULTS

The Rb-Sr isotopic data for more than hundred whole rock
samples and about twenty five minerals separated from whole
rock samples are presented in this chapter. The whole rock
samples represent some of the granitoids associated with all
the four lithotectonic zones of the Himalaya described in
Chapter 1. The whole rock Rb-Sr data have been used to
obtain the time of primary crystallization or metamorpﬁism
and informatibn on the source from which a particular suite
of rocks were derived. The mineral data on the other hand
have been used to infer the effects of secondary thermal
events, if any.

The 87Rb/883r and 87Sr/BSSr ratios measured for a set of

whole rock samples conform to a straight 1line on a Sr
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evolution diagram provided all sampleé had identical initial

87 87Sr/BBSr remained chemically closed to

Sr/BSSr'ratios.and
Rb‘and'Sr, since time "t° (Nicolaysen 1961, Lanphere et al,
1864). Such a straight line, called an isochron, is defined

by the equation.

a7 87 a7
[ BG&L :I:[ aoSL J + [B(SRQ } x ( ekt~1) (D)
Sr Sr Sr )

i

where A is the decay constant of 87Rb.

The slope of this isochron gives the time since the

samples remained closed and the intercept on the ordinate

8

gives their common initial 7Sr/BBSr composition. In cases

where there is independent geological evidence that the

samples are cogenetic, t can be interpreted as a geologically
meaningful event in the history of the samples. It .can be
seen from the equation (1) that samples with poor radiogenic
Sr enrichment closely constrain the intercept, while those
~with large - radiogenic enrichment define the slope .very
precisely. Hence a good dispersion in the 'Rb/Sr ratio of
samples relative to the precision of measurement is
desirable.

The data points do not strictly conform to a straight
line if they are subject to analytical errors. This leads to
the problem of determination of the best slope and intercept
for a given set of experimental points. The best-fit-1line

obtained by simple regression techniques in which one of the
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co-~ordinates 1is assumed to be free of errors is not
satisfactorily valid. >Murthy and Compston (1865) and York
(1966 ) developed a procédure in which allowance isAmade for
errors in both the co—ordinaﬁes.' The procedure assumes that
the errors are uncorrelated and nérmally distributed.

Individual weighting factors are assigned to each point.

These are commonly the inverse square of fractional
experimental errors. In this model the regression line
y = a x +b cae (2)

is found by minimizing the expression
g 2 72
S = Zi [W(Xi) (x-X)% + W(Y) (v.-Y) ] | ...(3)

where (Xi, Yi) is the observed point
(xi, yi) is the adjusted point, and
W(Xi) and W(Yi) are the weights of (Xi, Yi)
To minimize expression (3), S 1is differentiated with
respect to a and b. The differential coefficients are

equated to zero. The equations obtained are combined to

vield a cubic equation in b.

C,b™ + C,b™ + C.b + C4 = 0 L. (4)
After substituting an approximate value of b in expression
(4), C’s are obtained and one of +the roots of b gives a

meaningful value of b. The newly obtained value of b can be

used to recalculate the C’s and hence a better value of b.
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This iteration 1is continued untilv a desired degree of
dccuracy for b is obtainedv However, they did not give any
oriterion to test the goodnéss of fit of the straight line to
the data. McIntyre et al.(lQSB) gave a slightly different
method and arrived at a least squares cubic equation similar
to equation 4. They also gave exact expressions for the
variance of slope and intercept and specify that the goodness
of fit can be judged by computing a quantity called the mean

i

square of weighted deviaﬁes (MS¥WD), given by

MSWD = —=— [ Wi (a + bXi - Yi)z] .. .(5)

HMZ

where Wi is a function of W(Xi), W(Yi) and b.

The quantity in the bracket has an expectation of (N-2)

MSWD, therefore must be close to unity. If MSHWD
significantly exceeds unity, it implies that either the
measurements are less accurate than assumed in the

calculation of weights or the various assumptions underlying
the expectation of a linear array have not been satisfied.
In other words, (a) some of the samples may have behaved as
open systems with respect to Rb and/or Sr, (b) the samples
may not have commenced with the same initial Sr composition,
and (c) the samples may not be of the same age. In such
cases, 1.e. where MSWD >1, the authors call the straight line
fit an “errorchron’ and suggest various models for weighting

the data in such a way as to make MSWD close to unity. The
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slope is recalculated with new weights; The scatter of data
in such ‘cases is attributed to geological processes over and
above_the analyfical‘érrors; Brooks et al (1868) recommended
vyet another weighting procédure. York (1969) gave g method
for correlated errors. The relative merits of all these
methods have been reviewed by Brooks et al (1872).
Williamson (18868), adopting a similar weighting technique as
York (1966), showed that the least squares cubic is redundant
and can be reduced to g linear equation. He also j}’éave‘ an
exact expression for variance in the slope and intercept and
criteria for testing the goodness of fit by performing xz
test on the expression within the parenthesis 1in equation
(5). Williamson’s method has been followed fdr regression of
the data presented in this study.

In the Present study, samples were collected from
out-crops for which the field relationships sre fairly known
(described in Chapter 3). Attempts were made to collect
samples with varying mineral composition in order to get
reasqnable spread in their Rb/Sr ratios. The analytical
uncertainty for weighting individual points 1is + 2% for
87Rb/888r and the standard deviation of 15 +to 20 ratio
measurements for 87Sr/BSSr. Allowing for some inhomogeneity
in the initial Sr composition possibly due to wide sampling,
the cut off value for MSWD has been fixed at 3.5 The
uncertainty in the slope and intercept has been quoted at 2e¢
level. The ages have been calculated using the dgcay

constant of 87Rb as 1.42){10_11 yr recommended by IUGC
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Subcommission on Geochronology (Steiger and Jager, 1977).
Mineral phases separated from whole rock sémples have

also.been‘analyséd to infer the thermal‘histdry (Faure, 1986)

of a fégion from which‘rock'samples have been collected. The

8 87Sr/BSSr ratios for mineral phases separated

"Rb/8®sr and
from a whole rock sample will plot on the whole rock isochron
if the minerals have also remained closed systems since their
crystallization from the parent magma. A later thermal event
of sufficient intensity can redistribute Sr isotope§ among
the mineral phases without significantly disturbing the
closed system evolution of the whole rock samples A(Compston
and Jeffrey, 1959). Then the minerals of each whole rock in
the suite will define a series of parallel 1isochrons whose
slopes represent the time elapsed since closure after the
internal strontium isotopic homogenization among the mineral
phases. This will lead to mineral ages vyounger than the
whole rock ages. These mineral ages can be related to the
time of secondary thermal event. Partial exchange of Sr
isotopes between minerals will lead to a scatter of the data
points (Gast et al 18984; Lanphere et al. 1964; Long,
1864), and no meaningful time information can be obtained in
such cases. Summary of all the whole rock and mineral
isochron data are given in Table 5.1 to 5.10. The FORTRAN
program for the regression treatment and the computation for
one (Sela whole rock) isochron is given in Appendix-1. In

the following sections individual isochrons are described in

detail.
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TABLE 5.1

ANALYTICAL RESULTS

87Rb edsr ' (B7Rb/BGSf) (3751’.‘/8681‘)
(ppm) (ppm) (atomie) (atomic)

GAIK GRANITE, LADAKH.

LKG-750 60.24 89.38 0.87 0.7107%08
LEG-752 - 70.786 50.98 1.37 0.7122%08

LKG-752 B-I 376.77 - 2.31 161.23 0.7791*10

LKG-752 B-II 331.32 7.12 46.00 0.7318%20

_ LKG-752 KF 113.09 59.46 1.88 0.7153*08
 LKG-752 PL 8.6 49.28 0.17 0.7084+15
. LEG-753 108.28 15.70 6.82 0.7307+14
‘ 110.22 16.03 6.80 0.7324+12
 LKG-753 B-I 518.8 1.264 405.72 0.8774%11
~ LKG-753 B-II 513.71 0.638 795.9 1.0563%20
LEG-753 KF 173.77  18.79 8.7 0.7315%16
 LKG-753 PL 8.54 g.22 0.92 0.7275%12
~ LKG-756 58.67 86.41 0.60 0.7102#10
 LKG-757 57.98 87.12 0.66 0.7104+09
 LKG-758 72.80 46.33 1.55 ‘ 0.7128%11
B - Biotite KF - K Feldspar

PL - Plagioclase
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TABLE 5.2

ANALYTICAL RESULTS

Sample  "Rb %5y (®"Rb/®%sr) (*"sr/%sr)
Number ’ (ppm) (ppm) - (atomic) (atomice)

KANGAN GRANITE, KASHMIR

156.88 1.32 117.48 1.4364*18
83.44 4.147 19.89 0.8759%*186
82.03 4.11 189.72 0.8747*186
374 .60 0.587 -630.83 4.33é6t13
118.20 12.998 8.9888 0.8366*19
166.83 1.461 112.88 0.9970t05
~ KG-108 PL 16.43 2.178 7.454 ‘ 0.8410*13
{gKG—lOQ 82.93 8.020 9.088 0.7731%14
| 86.07 6.388 14.870 0.8248*10
. 325.33 3.380 85.140 0.9588%30
KG-110 BI-II 241.11 1.318 180.83 1.2385+25
EKG-110 KF 145.50 11.240 12.800 0.8141*18
KG-110 MU 253.27 1.822 137.41 1.6491%30
- KG-111 ' 83.20 8.636 8.523 0.7868*10
79.88 8.17 g.686 0.7865+09
- KG-114 207.83 0.102 2024.0 _ 13.2700%40
_ DG-8 68.94 12.400 5.500 0.7528%*16
DG-10 74 .38 8.803 7.425 0.7665%10

B - Biotite KF - K Feldspar

PL - Plagioclase | Hu - Muscovite
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TABLE 5.3

ANALYTICAL RESULTS

*“Rb *%gr (*"Rb/*s1) (""sr/%%r)
(ppm) (ppm). (atomic) (atomic)
KAZINAG GRANITE, KASHMIR
100.55 7.23 13.75 .8085+10
70.48 11.82 5.89 . 752805
85.05 g.25 9.19 7772403
57.45 17.99 3.16 7362408
KARZOK CRUPSHU), KASHMIR
LKG-B80 113.84 2.93 38.40 .8798+07
 LKG-681 111.69 0.82 134.60 .6340+08
. LEG-885 66.25 8.07 8.12 . 7675+08
~ LKG-686 87.83 2.07 41.90 .0038+089
POLOKANKALA GRANITE, KASHMIR
- LKG-688 89.56 3.08 28.70 .9133+09
LKG-691 60.60 5.46 10.97 . 791608
 LEG-692 88.93 3.414 25.75 .8974+07
LKG-693 78.96 3.198 24.4 .8830+09
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TABLE 5.4

ANALYTICAL RESULTS

Sample ®Rb g (*'Rb/%%s1) (*"sr/%%sr)
 Number (ppm) (ppm) (atomice) (atomiec)

SELA GRANITE, ARUNACHAL

. AR-104 68. 24 8.355 8.07 0.7988+02
 AR-105 41.23 7.876 5.17 0.7975+03
. 4R-106 67.94 3.7 18.15 0.8027+02
. AR-109 76.62 7.2 10.52 0.7993+02
Lng~110 81.76 4.97 16.27 0.8022+03

THIMPU GNEISS, BHUTAN

:'JK/BH/ZS 168.44 0.7088 235.94 2.1516*28
:AJK/BH/27 121.98 3.93 30.68 0.8273+08
JK/BH/28 130.44 7.17 17.98 0.8358+07
JK/BH/33 87.73 15.886 6.1 0.7537*11
JK/BH/34 123.06 2.71 44 .93 1.0455+24
kJK/BH/35 121.01 Z2.698 44 .33 ‘ 1.0293+16

¥ Not included in age calculation.
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TABLE 5.5

ANALYTICAL RESULTS

®7Rb 8Sg (®"Rb/®*®s1) (®"sr/%51)
{(ppm) (ppm) . (atomic) (atomic)

' RAMGARH GRANITIC GNEISS, KUMAUN

88.23 0.71 122.8 1.9128+10 *
60.40 4.42 13.51 1.1129+14
58.75 3.73 15.57 1.5973*17 x
87.91 15.84 4.24 0.8§%z:13
66.32 15.70 4.18 0.8305+*12
73.79 14.36 5.04 0.8469+10
67.93 0.59 113.8 : 3.4554+£70
67.13 15.02 4.42 0.8401%12
70.00 15.03 4.60 0.8400%*18
72.8689 7.38 9.74 0.8528+*28
. 73.65 7.34 8.92 0.8546+*21
 K83-6 78.52 12.04 6.45 0.8647*12
79.13 12.14 6.44 0.8639+*18

¥ Not included in age calculation.
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TABLE 5.6

ANALYTICAL RESULTS

B7Rb Bdsr ‘(BTRb/Bdsr) (B?Sr/BGSr)
(ppm) (ppm) (atomic) (atomic)

AMRITPUR’GRANITE,‘KUMAUN

. AG-6  83.189 14.19 4.4 0.8367+05

| aG-14 88.01 0.94 92.55 3.1347+42
AG-35 68.11 13.01 5.175 0.8532%06

 AG-40 67.89 14.98 4.48 0.83768+08

 AG-46 77.62 1.83 41.93 1.9239+24

AM-1 84.97 14.16 5.93 0.8622+13
AN-3 101.76 1.24 81.12 | 2.0289+20 *
AN-4 78.40 0.741 104 .58 2.1779424
AN-5 87.12 0.698 123.08 3.8914+36

AN-7 86.07 1.25 68.06 2.2450%24 %

* Not included in age calculation.
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TABLE 5.7

ANALYTICAL RESULTS

87Rb ) ’ ﬂdsr <87Rb/865r) <87Sr/ﬂdsr)
“(ppm) (ppm) - (atomic) (atomic)

ALMORA GRANODIORITE AND GRANITE, KUMAUN

53.56 14.99 3.53 0.7363%13

55.81 14.29 3.86 0.7402+11

111.8 3.31 33.38 0.9697+13

7.78 2.29 3.36 0.7396%12

53.02 16.30 3.22 0.7358%08

8.60 3.82 2.22 0.7312%13

- AL-13 51.93 16.26 3.16 0.7358+08
ﬂ AL—14 53.48 14.96 3.53 | 0.7391+13
 AL-18 54.49 15.95 3.38 0.7386%20
. AL-18 70.79 10.19 6.87 0.7618+13
- AL-23 88.71 7.75 11.33 0.8080+11
AL-24 97.25 6.46 14.88 0.8265%11
. AL-24BI 407.4 0.74 544.21 0.9497+40
AL-24MU 236.5 1.11 210.61 1.7712+30
AL-24KF 46.37 9.94 4.61 0.7678%15
AU/B-2 81.56 9.2 8.76 ~ 0.7804%30
AU/S-2 81.46 9.64 8.35 0.7808+15
AU/S-3 61.37 11.29 5.37 0.7544%13
K83-7 77.74 13.35 5.76 0.7558%13
K83-18 75.53 9.27 8.05 0.7809%20
K83-21 76 .86 8.33 9.12 0.7879+15
K83-22 69.70 10.03 6.87 0.7642%19

|

71



TABLE 5.8

ANALYTICAL RESULTS

gy *°sr (*"Ro/"%8r) (*“sr/"%sr)
(ppm) (ppm) (atomic) (atomic)

ALMORA AUGEN GNEISS, KUMAUN

62.11 15.16 4.05 0.8235%30
82.40 8.23 9.80 0.8740%14
638.44 7.74 , 8.87 0.9%§Ot16
76.80 13.91 5.46 0.8555i11
84.35 12.01 5.30 0.8753%12
, 83.18 12.18 6.75 0.8762*11
7AU/S—11 83.03 14.07 5.83 | 0.86871x20
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TABLE 5.9

ANALYTICAL RESULTS

*“Rp ®sr  (*"Rb/%%sr) (*"sr/%sr)
(ppm) {ppm) . (atomice) (atomic)

ASKOT DHARAMGHAR KLIPPEN ZONE, KUMAUN

177.6 1.32 133.00 4.3345%170
189.4 1.11 168.70 4.9837280
181.1 1.70 111.1 3.8305%65
187.3 1.04 187.56 5.3%18%120
36.58 32.88 1.10 0.7371t07
40.37 36.34 1.10 0.7380*14
89.85 3.28 28.91 1.4441+*18
896.22 | 3.50 27.17 | 1.3651%17
46.48 26.28 1.75 0.7550%11

GWALDOM GRANITE, KUMAUN

73.94 4.17 17.53 1.1706+15
87.87 3.48 24.90 1.3479+*13
79.71 3.91 20.15 - 1:2084*186
85.27 3.89 21.67 1.2618+20
| 66.80 7.15 g.24 0.9638+14
As-19 67.43 8.22 8.11 0.9324*14
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TABLE 5.10

ANALYTICAL RESULTS

ﬂ?Rb ’ Bdsr ) (B'?Rb/BGSr) (B'?S-r/ﬁdsr)
(ppm) (ppm) (atomic) (atomic)

MUNSTARI GNEISS, KUMAUN

- g83-42 29.136 52.03 0.55 0.7176+10
. K83-51 73.64 32.39 2.247 0.7607+10
i“Ms—l 41.35 31.73 1.29 0.7387+07
 KS-2 77.72 122.29 0.63 0.7147%10
H5-3 59.17 28.99 2.02 0.7561+10
 Ms—4 45.29 18.69 2.39 , 0.7831+07
. 44.97 18.63 2.39 0.7823+05
st—s 58.40 39.60 1.46 0.7422+08

¥ Not included in ége calculation.
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5.1 Gaik Granite

_ The Rb-Sr isotopic data for six whdlé rock samples from
the Gaik grénite (Fig 3.1), a part of Ladakh gfanite in the
Trans Himélayan regioﬁ, are given in Table 5.1. The data are
plotted on a Rb-Sr evolutionv diagram as shown in Fig. 5.1,
with the straight line shown beiné the least sguares fit of
the data based on the two error weighted regression of
Williamson (1868). The dispersion in the ©7Rb/855r ratio
among the samples ranges from 0.6 to 1.5 with one samp}e at
about 7. As can be seen, all the samples conform to a ;inear
array withiq experimental error. The samples are poorly
radiogenic and are not evenly distributed along the 1linear
array, the slope. being controlled mainly by the lone
radiogenic point. This line corresponds to an age of 230%35
Ma and initial °'sr/®%sr ratio of 0.7081+0.0011. The MSHD
at 0.14 indicates that the samples have evolved as closed
systems after their crystallization. Replicate analysis of
LKG-753 shows that though the Rb and Sr concentrations differ
more than precision of measurements, their ratios are within
2% of each other. Biotite, plagioclase and K-feldspar
ffactions were separated from two of the whole rock samples
(LKG-752 and LKG-753) and analysed in the same way as whole
rocks. Biotite-I and Biotite-II are two separate fractions.
If these individual mineral phases of the whole rock samples
had also remained closed chemical systems since 230 Ma ago,

they should plot on the 230 Ma isochron of the whole rock

samples. Fig. 5.2 and Fig. 5.3 show the isochron diagram for
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the mineral fractions separated from LKG—752 andb LKG-753,
respectively. These points do not lie on a 230 Ha isochron
but rathér define 29*1.5 ﬁa and 28*1.0 Ma isochrons with
intercepts at 0.7127 and 0.7274. - From Figs. 5.2 and 5.3 it
is evident that minerals of the rock LKG-753 underwent more
complete isotopic equilibration at about 30 Ma ago as
compared to LKG-752, but have remaineq closed  systems ever
since. The growth of radiogenic Sr in these whole rocks from
230 Ma until 30 Ma ago is reflected in the higher intercepts,
a change from 0.7081 to 0.7127 for LKG-752 and from 0.7081 to
0.7274 for LKG-753.

The two distinct isochrons for minerals and whole rocks
respectively show that although complete or nearly completé
isotopic equilibration or exchange occurred between mineral
phases in each of the rock samples, the whole rock samples
themselves are evidently large enough that negligible net

gain or loss of Rb and Sr occurred in them since their

emplacement.

5.2 Kangan Granite

The Kangan granite shown in Fig.3.4 occurs within Tethys
Himalaya, near Srinagar in the Kashmir region. The Rb-Sr
isotopic analyses for eight whole rocks and mineral separates
are given in Table 5.2. In addition to biotite (Bi),
K-feldspar (KF) and plagioclase (Pl), a fourth minersl

nuscovite (Mu) have also been separated from two rocks KG-108
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and 110.>'Fig.5.4 shows the isochron diagram for whole rocks.
The °'Rb/®®sr ratio varies from 5.5 (DG-8) to 117.48
(KG-107). Though the whole rock >sample KG-114 1is highly
radiogenic (87Sr/888r = 13.27), it 1s only marginally away
from the least squares line. It is eﬁident from the inset of

the Fig.5.4, that the samples are evenly distributed along

8

the linear array. This line corresponds to an age of 4ébi15
Ma and an initial °'sr/%%sr ratio of 0.7181%0.0027.

The mineral isochron (Mu, KF and WR) of KG-110, sﬁown in
Fig.5.5 also defines an age of 470%21 Ma and initial ratio of
0.7264*0.0055 which agree with those of the whole rock
isochron within experimental errors. But the biotite of
KG-110 does not fall on the isochron and shows an open system
behaviour. The WR-biotite pair gives an age of 118 Ma whose
geological meaning is not clear. The minerals of KG-108 show
open system behaviour. In the case of KG-108 muscovite is
less disturbed as compared to biotite; The WR-muscovite pair
of KG-108 yields “400 Ma while WR-biotite, 82 Ma. Thus it is

evident that mineral phases of KG-108 appear to have been

disturbed more than those of KG-110. Since both KG-108 and
KEG~110 were collected within a distance of about 1.5 - 2
kilometers, this difference is difficult to explain.

However, it has been reported earlier that different whole
rock samples from the same outcrop may show a differential
response to thermal disturbance (Wetherill and Bickford,

1864). The MSWD for the regression of eight whole rock
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samples‘is gquite high at i8 indicating that the scatter is
mainly due to intrinsic.geologica; factors. However, the
true age of the Kangan granite is very probably close to 480
Ma. The examination of the mineral behaviour shows that'
biotite has been much more open than muscovite and
K-feldspar due to the subsequent thermal episode. Bzotite
is known to be most responsive to secondary equilibr;tion.
The discordance in the two biotite ages indicates that they
did not equilibrate completely precluding any geological

significance to these apparently young ages.

5.3 Kazinag Granite

Very fresh and large samples were collected from an
active quarry from this granite body 1is shown in Fig.3.1.
The four samples analysed show good radiogenic enrichment and
mutual spread in their Rb/Sr ratios. The 1line fitted (Fig
5.6) to these data points (Table 5.3) corresponds to an age
of 477%*24 Ma and initial Sr ratio of 0.7141+0.0021. The MSWD
is 1.57 which indicates that the fit of the straight line is

good. No mineral analysis was attempted for these rocks.

5.4 Karzok and Polokankala Granite

These two granite bodies shown in Fig.3.4 represent two
major intrusions within a relatively small area in the
Tethyan rocks in Zanskar range just south of ITSZ i.e. they
represent the northern most exposed part of the Indian plate.

The Rb-Sr data (Table 5.3) for four whole rock samples
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of Karzok gfanite is plﬁttéd in‘Fig.5.7. All the samples
were collected within a small area of 5-6 km2 which yield a
well defined isochron corresponding.to an age of 487*14 Ma
and initial Sr ratio of 0.7113*0.0036. The excellent
alignment of all the four samples is‘reflected in a low MSWD
of 0.31, which shows that the Karzok granite body formed 480
Ma ago with its initial Sr composition at 0.7113. B
Data given in Table 5.3 for four samples from the
Polokanka-La granite exposed ~100 km west . of Karzokv body
lying within the same Tethyan sediments, are plotted on an
isochron diagram shown in Fig.5.8. Regression of the four
points gives an age of 487#*25 and an initial Sr composition
of 0.715420.0067. The HMSWD at 0.58 indicates good fit of the
data. |
The pooled isochron for Karzok and Polokanka-La
granites gives an age of 480*12 Ma with initial Sr ratio of
0.7127*0.0031. MSWD = 1.08 indicates good fit of the data.
The Karzok and Polokanka-La granites can, therefore, be
assigned a common age close .to 490 Ma. It appears that the
Karzok granite may be the -eastern extension of the
Polokanka-La granite. The ages of these two intrusions in
the Zanskar valley are similar to those of the granites in
Kashmir valley viz. the Kangan granite and the Kazinag

granite near Srinagar.
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5.5 Sela Granite

Rb-Sr analyses have been made on five whole rock samples
of the Sela granite (Fig.3.5) a pért of the Great Himalaya in
Arunachal Pradesh. The data (Table 5.4) for all the five
samples are plotted on a Sr evolution diagram (Fig.5.9).

Regression of the data points give an age of 28.68*3.5 Ma and

e

an initial Sr composition of 0.7954*0.0006. The MSWD‘ at
'1.15 indicates that the fit of the points to a straight 1line
is véry good. Granites of similar ages are found to cccur in

most of the Great Himalayan ranges.

5.6 Thimpu Gneiss

The Thimpu gneiss exposed in the Great Himalaya of
Bhutan is a part of Thimpu Formation (Fig.3.8). Six samples
were collected and analysed and the data is given in Table
5.4, One sample, JK-BH-23 which is highly radiogenic
(%75r/%%sr=2.1516 and 87Rb/%05r=235.84) does not fit the
other data. The isochron defined by the other five samples
is shown in Fig.5.10. As can be seen, these five samples
align along a linear array and are evenly distributed. This
isochron corresponds to an age of 508*15 Ma and an initial Sr
ratio of 0.7088*0.0035. The fit of the data to a straight
line is very good with the MSWD = 1.87. Regression of all
the six samples reduces the isochron age to 483+*12 Ma and
increases the initial Sr ratio to 0.7130*0.0032. But the

later regression yields MSWD = 12.4 which is significantly
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higher. The reason for the deviation of JK-BH-23 méy be due
to the open system behaviour of this highly radiogenic

sample. No mineral analysis was .attempted for any of these

rocks.

5.7 Ramgarh Granitic Gneiss

The Rb-Sr data for 11 samples . of the porphyritie and
mylonitized granite gneiss of the Ramgarh Group (Fig.3.7) are
given in Table 5.5. and plotted in Fig.5.11. ’The‘ points
scatter considerably. However, except for R-1 and R-3, other
points fall close to a linear array corresponding to an age
of 1770%x56 Ma and an initial Sr ratio of 0.7230%0.0046.
These results have to be taken with considerable caution, as
the MSWD is high at 16.87. The scatter of the data points

to a significant departure from closed system evolution,

presumably due to post emplacement and thermo-tectonic
disturbances. The mylonitization of the rocks may have also
contributed to the isotopic disturbances. If the single

highly radiogenic point R-8 is omitted from the regression,

the age becomes 1875%30 Ma.

5.8 Amritpur Granite

The Amritpur granite (Fig.3.7) 1is the only large

granitic body occurring in the wvicinity of MBT. It 1is
truncated in the south by the HBT. The body represents a
complex assemblage of granites probably of different

generations cross cutting one another and making it difficult
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‘to collect samples belonging to one genetic suite. As many
as nine samples have been analysed andA data are given in
Table 5.6. These samples show good radiogenic enrichment and
mutual spread in their Rb/Sr ratios. A well defined isochron
(Fig.5.12) can be constructed from six of these points.
Samples for AM-3, AM-4, and AM-7 aré excluded. Regression
of the six points gives an age of 1888+46 with an init¥al Sr
ratio of 0.7117*0.0044. The MSWD is 6.88, which is somewhat
high aﬂd attributed to intrinsic geological ~ factors.
However, it can be concluded that the Amritpur granite formed
about 1880 Ma ago. The out-crop shows abundant intrusions of
leucocratic/aplitic granites at a number of places. AM-3,
AM-4, and AM-7 are samples from such coarse grained massive
leucogranites. Model ages for these four samples range from
1200 to 1600 Ma assuming an initial Sr ratio of 0.7118.
Since these samples are highly radiogenic, their model ages
are not sensitive to small differences in the value of

initial Sr ratio assumed.

5.9 Almora-Champawat Granodiorite

The Almora group of medium grade metamorphics is
intruded by a massive granite granodiorite suite known as
Almora-Champawat granodiorite. This batholithic body is now
exposed along a belt extending fronm Dudhatoli, Almora to
Champawat (Fig.3.7) and is bordered by augen gneisses formed
presumably as a result of metasomatic granitization during

the late tectonic phase of this magmatism. In all, eleven

93



4.0

3.5

3.0

[875r/ sesJ'

AMRITPUR GRANITE
1888146 Ma (20-)
0.717+0.0044 (20)

AG-14

Ao Sy [8 Rb/BGSr]
AG-40 | 1 | L

23 30 73 100 125

Fig.5.12 Whole Rock isochron for the Amritpur
Granite



samples from the Champawat'granodioriie were analysed. The
data for all these samples are given in Table 5.7. The best
fit line (Fig 5.13) to the eleven sampleé gives an age of
5065*Z22 Ma and initial Sr ratio of 0.7102#0.00168. The MSWD at
2.83 indicates that the fit of the data points is
satisfactory. AL-7 and AL-8 are leucogranites cross-cutting
the Champawat granife. AU/S-2 and AU/S-3 are samples from, a
narrow zone near the North Almora Thrust. Since all these
four samples also fall on the 565 Ma isochron within
experimental errors, they are not significantly different in
the age from the Champawat granodiorite. K83-7, K83-8, K83-21
and K83~22 are samples of augen gneiss at the border of the
Champawat granodiorite. These samples were not large and
fresh. Their model ages range from 550 to 700 Ma, which show
that they also formed or were isotopically equilibrated at
the same time as the Champawat granodiorite.

The Rb-Sr data of minerals separated from the Almora
granite AL-24 is shown in Fig.5.14. While the whole rock-
biotite pair gives an age of 16.4 Ma, whole rock—musco%ite
and potash feldspar form a three point isochron sat 352 Ha.
Powell et al (1879) also reported similar ages (18 and 18 Ha)
for the whole rock-biotite pair but much older sges of 345

and 287 Ma, respectively for whole rock-muscovite pairs.
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5.10 Almora augen Gneiss

Unlike the above samples from the wupper part of the
Almora Nappe, data in Table 5.8 for six samples of augen
gneiss from the narrow wedge of outcrops borderipg the

synclinal Almora crystallines in the north and correéponding
to the basal part of the Almora Nappe define an isochron
(Fig.5.15) corresponding to an age of 1820+127 Ma and initial
Sr ratio of 0.7148*0.0115. The relatively large error in the
initial ratio has resulted from the large extrapolation of
the data to the ordinate. The MSWD at 0.41 suggest good fit
- of the data points. The two points AU/S-8 and AU/S-10 are
not included in the regression as they scatter considerébly
away from the best-fit-line. These samples were collected
very near to the contact zone of the north Almora thrust.
The lone sample, AU/B-1 of augen gneiss collected from the
southern margin of the Almora synform cqnforms to this
isochron. We could not collect more fresh samples from the
southern border because of its occurrence as a very thin
band. This suggests the presence of a thin wedge of the
older augen gneisses in the southern border of the Almora

group which was attenuated presumably due to movement along

the south Almora Thrust.
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5.11 Askot-Dharamghar Gneiss

The Rb-Sr data for’nine samples of augen gneiss from
Askot and Dharamghar Klippen (six from Askot and 3 from
Dharamghar) are given in Table 5.9. 'The best fit line yields
an age of 1795%x30 Ma and an initial Sr ratio of
0.7080x0.0015. Some of the samples are highly radiogeric. A
slight departure of data points from a strictly linear array
is indicated by the high MSWD at 7.10. Rocks dafed'at 1620

Ma by Powell et al (1978) are alsc from the Askot Klippen.

5.12 The Gwaldom Granite

The Gwaldom granite occurs within the adjacent Baijnath
Klippe to the west of Askot Dharamghar Klippe. Table §.9
gives the Rb-Sr data for six whole rock samples of the
granite. The isochron is shown in Fig. 5.18. These samples
give a slightly younger age of 1880%65 Ma and a more evolved
initial Sr ratio of 0.7375%0.0127 and MSWD = 1.18. With the
present data, it is not possible to distinguish betweén the
ages of the three physically separate granitoids (Askot,
Dharamghar and Baijnath) in the Klippen =zone. Therefore, a
pooled isochron for all the three bodies (Askot, Dharamghar
and Gwaldom) is plotted on isochron (Fig.5.17) giving an age

of 1810%20 Ma and initial Sr ratio of 0.7080%x0015.
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5.13 Munsiari Gneiss (Root zone)

The Klippen zone discussed in fhe previous section are
almost connected with the Munsiari Formation at the base of
the Great Himalaya known as the root zone of /Ehe Almora
thrust sheet. This Munsiari Formation is sandwiched between
the MCT and the Munsiari Thrust below. Porphyritic graiite
intrudes the crystalline rocks of the Munsiari Formation.

Six samples of the Munsiari gneiss (Table 5.10). have
been analysed with the results shown in Fig.5.18. The samples
are evenly distributed but are not as highly radiogenic as
those in Amritpur, Ramgarh, Almors basal part and Klippen of
Almora. Excluding one sample (MS-2), others conform to a
linear array corresponding to an age of 1815+128 Ma with an
initial Sr ratio of 0.7032%0.0028. The fit of the data
points is very good as evident from the low MSWD of 0.47.
This age is similar to that of granitoids of Amritpur,
Ramgarh, Almora basal part and Almora Klippen. The initial
ratioc is significantly less evolved than in the érevious rock

bodies. The discrepancy of MS-2 may be due to the small

size of the sample and slight alteration.
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CHAPTER 6

DISCUSSTION

Based on the data presented in the previous chapter a
summary of Rb-Sr whole rock isochron ages for fifteen
granitoid suites along with two mineral isochrons of Ladakh
granite, one mineral isochron for Kangan granite and one
mineral isochron for Almora granite sre given in Table: 6.1
and 6.2. This chapter brings out the main findings and
discusses the data. The data from Lesser Himalaya are
discussed 1in terms of the possible correlation of different
tectonic units of the Kumaun Lesser Himalaya and a possible
scenario for pre-thrust prgvenances of these tectonic units
in the Peninsular platform of northern India and interprets
the results in terms of evolution of rock units studied in

the different structural zones.
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. TABLE 6.1

Rb-Sr WHOLE ROCK ISOCHRON RESULTS

SAMPLE NO. OF AGE 87Sr/868r MSWD
LOCALITY ' SAMPLES Ma Initial
A, Trans Himalaya
~ e
Gaik 6 230£35 .7081*0.0011 0.14
B. Tethys Himalaya .
Kangan 8 | 480%15 .7181*0.0027 18.7
Kazinag 4 477%24 .7141%0.0021 . 1.587
Polokanka-La 4 487%25 .7154*0.0087 0.58
Karzok 4 487+14 .7113%0.0036 0.31
Cc. Great Himalaya
Sela 5 28.68%3.5 .7954*0.00086 1.15
Thimpu 5 508%15 .7088%0.0035 1.87
D. Lesser Himalaya
1. Ramgarh (= Chail) Nappe
Ramgarh 9 1770%56 .7230£0.0046 16.867
Amritpur 7 1888*46 .7117%0.0044 | 6.88
2. Almora (= Jutogh Nappe)
Almora-Granite 11 585%22 .7102*0.0018 2.83
~Granodiorite
Almora Augen Gn. g 1820127 .7148*0.0115 0.41
Askot+Dharamghér 8 1781+30 .7090i0.d015 7.10
Gwaldom 6 169065 .7375%0.0127 1.18
Munsiari 6 1815%128 .7032*0.0028 0.32
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TABLE 6.2

Rb-Sr Mineral ages

107

SAMPLE AGE 87Sr/86Sr
NUMBER Ma Initial
Gaik Granite, Ladakh
LKG-752 Mineral isochron 28*1.5 Oj;12710%0011
' (WR, B, Mu, KF, P1)
-LKG~753 Mineral isochron 28+1.0 0.7274%0.00186
(WR, B, Mu, KF, Pl)
Kangan Granite, Kashmir
KG-110 Mineral isochron 470%21 0.72640.0056
(WR, Mu, KF)
KG-110 WR-B-I pair 117 -—
KG-110 WR-B-II pair 1786
KG-108 WR-B pair 92 ——
KG-108 WR-KF pair 253 -
KG-108 WR-Mu psair 398 ——
KG-108 WR-P1 pair 187 -
Almora Granite-Granodiorite, Kumaun
AL-24 Mineral isochron 352*14 0.7476%+0.0031
(WR, MU, KF)
AL-24 WR-B p;ir 16.4 ———
B - Biotite KF - K Feldspar
Mu - Muscovite Pl - Plagioclase



6.1 Trans Himalaya of Kashmir

The granites of the Ladakh Range are considered to be
the product of magma generated due to consumption of oceanic
lithosphere (Frank et al. 1877; Gansser, 1980; Alleégre and
Othman, 1980 and Honegger et al. 1982) of the Indiany\;L@te
under the Tibetan plate.

A granite body exposed between Gaik and Kiari (Sharma
and Choubey, 1983) which is mineralogically quite different
from the main granitoids of the Ladakh batholith is defining
a Rb-Sr isochron age at 230 % 35 Ma with a Sr composition of
0.7081 * 0.0011. In contrast to the main batholith, this
pink granite is biotite rich and is more or less devoid of
hornblende.

Though, at present, this suite appears as a part of the
Ladakh batholith, it is bounded by faults and does not seen
to be genetically related to the Ladakh granitoids of
Palaeogene age. \

The presence of NE-SW cross faults in addition to its
similarity with the two-mica porphyritic granites from
Pangong Range (Sharma, 1983), suggests that a part of
Karakorum batholith was probably shifted Southwards along
these cross faults. It became a part of the main Ladakh
batholith due to later intrusion of granitic magma generated
as result of subduction of the Indian plate during Early

Cenozoic. This is indicated by the mineral isochrons for the
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" two whole rock samples LKG;752 ahd LKG—753‘yielding an age of
29 * 1.5 Ma. Moreover, large scale plutonic activity during
Late Cretaceous to early Tértiary perioa played an important
role in the evolution of the Ladakh batholith. The present
data are not adequate to resolve the controversy about the
age of the Ladakh batholith as a whole. However, the data do
suggest that the Ladakh batholith is a complex body (ﬁ;;eéger
et al. 1882; Raz and Honegger, 1989) and some component of
this is a remnant of a continental crust as old as
Permo-Triassic in age which got shifted southward along cross
faults. Schirer et al (1984a) also obtained & model age of
579 Ma for a diorite sample collected from the eastern part
of the belt near Leh. They considered it either due to
heterogeneities in the initial strontium or chemical
fractionation during metamorphism. They alsoc obtained Sm-Nd
model age of 713 Ma attributing it to recycled crust and
favoured the presence of old crustal components even in the
basic member of the belt. '
The initial Sr ratio 0.7081 * 0.0004 of the Gaik graﬁite
indicates a Rb—poor precuréor for the §granite -magma.
This implies a deep crustal orﬁgin of the granite. Detailed
isotopic and chemical studies would 1lead to a better

understanding of the temporal evolution of the complex

Ladakh batholith.

6.2 Tethys Himalaya of Kashmir

Granites and gneisses of the Tethys Himalaya are
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clearly distinct from the Traﬁs Himalayan plutons and unlike
in Trans Himalaya these are exposed as smaller caps. These
are located between theAITSZ and the hiéh mountain chain of
the Great Himalaya and are distributed all along the
Himalayan Range (Fig 1.1). These granites/gneisses are
relativeI§ well documented in the western and central region
in particular (Hayden, 1804; Middlemiss, 1811; De ™erra,
1935; Wadia, 1935; Gansser, 1964, 1977; Stocklin,™877 and Le
Fort, 1981). Among them, the Kangan granite, the Kazinag
granite and the Hunt granite are exposed in the Kashmir
valley whereas the Polokanka-La granite, the Karzok granite
(also known as Rupshu granite) and Tso Morrari gneiss are
exposed in the Zanskar region.

The Kangan and Kazinag granites intrude the Lower
Cambrian shales of the Kashmir basin. The whole rock

isochron ages of these suits are 480%16 and 477*24 Ma,

respectively and hence indistinguishable. Although their
initial ©Sr ratios are  marginally different, the  poor
precision of measurement does not warrant a serious
assessment of this difference. The muscovite and K-feldspar

fractions from one of the whole rock samples (KG-110) vyield
an internal isochron age of 470 Ma which is concordant with
the whole rock age. The biotite fractions of this sample
have, however, been partially re-equilibrated vyielding an
apparent age of 120 Ma. 1In the case of another whole rock,
KG-108, even the K-feldspar shows evidence of open. systenm

behaviour subsequent to 470 Ha. The muscovite-whole rock
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pair yields an apparent age'of'400 ﬁa; K-feldspar whole rock
pair gives 250 Ma and the biofite—whole fock pair vields 92
Ma. It is clear that the granitic bodyA experienced a mild
thermal episode long after its emplacement which led to the
partial re-equilibration of Sr .isotopes between the
constityent mineral phases. But the 1lack of concordance
among the apparent mineral ages precludes even an approximate
estimation of the time of this secondary event. —

The Polokanka-La  granite which intrudes the
crystalline rocks (schists and gneisses) west of Puga and
occupies the core portion of the Tso Morrari dome gives s
whole rock isochron age of 487#25 Ma with an initial Sr ratio
of 0.7154%0.0087.

The Karzok granite which intrudes the low grade
metasedimentaries of Tso' Morrari crystallines along 1its
southern limb is dated at 487%X14 Ma (initial Sr ratio at
0.7113*0.0036).

Thus the Polokanka-La granite and the Karzok granite
which form the base of Tethyan seéuenoe of the Zanskafx were
emplaced 480 Ma ago. Thakur and Virdi (1879) and Thakur
(1983) assigned post-Permian age to these granites baséd ~on
stratigraphic considerations. This is not valid in the light
of the present result.

S0 all the four suites Kangan, Kazinag, Polokanka-La and
Karzok were emplaced at about the same time, 475-485 Ha ago.
Their initial Sr ratios (0.7113 to 0.7181) indicate a crustal

origin for their magma.
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6.3 Great Himalaya of Arunachal

In the Gregt Himalaya, sevéral Suiteé of leucogranite
are exposed along the ‘main range. - The Sela granite is
located in Arunachal Pradesh. This granite is believed to
have formed by large scale anatexis during the Himalayan
Orogeny. This granite postdates the ¢ollision of India with
Eurasia which occurred in Cretaceous or early Tertiasry.
Tripathi et al (1980) assigned a Precambrian age to this

"

granite whereas Das et al (1877) expected it to be Tertiar&
in origin.

The Rb-Sr whole rock isochron age of ‘this suite 1is
28.68+3.5 Ma with a very high initial Sr ratio of
0.7854*0.0006. The age corresponds to the time of Himalayan
Orogeny. The high initial ratio indicates that the granite
originated from the anatexis of Rb rich -crustal material,
most probably Palaeozoic and Precambrian rocks. A number of
tourmaline bearing Tertiary granites are reported from other
parts of the Himalaya (Dietrigh and Gansser, 1882; Gansser,

>,

1964 and others).
Le Fort (1873, 1875, 1981), Vidal et al (1882) and

Deniel et al (1887) confirmed the anatectic nature of Manaslu
leucogranite (in Nepal) of Tertiary age and considered
Tibetan slab as its parent material.

Extensive study by Dietrich and Gansser (1881) in
Bhutan, the experimental work by Ghosh and Singh (1877) and
the Sm-Nd and strontium isotopic studies by Allégre and

Othman (1980) have shown that the leucogranites of the Great
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- Himalaya were derived ffom' an aﬁatectic melt from the
1100-2300 Ma old Precambrian basement.

Based on l80 studies, Blattner. et al (1883) have shown a
clear distinction between leucogranites of the Great Himalaya
and the Trans Himalaya and compared the granites of Great
Himalaya with those of Upper Palaeozoic S-type batholiths
elsewhere (for example, in England). .

Gariepy et al. (18985) also reported that the granitoid
magma in the Great Himalayan belt was produced by partigk
melting of its basement rocks. Their inferences have been
based on Pb isotopic studies. |

The characteristics of the Tertiary granites of the
Great Himalaya are quite different from those of the Trans
Himalaya as noted by Le Fort (1875), Allegre and Othman
(1980), Dietrich and Gansser ”(1981), Deniel et al. (1987
andreferences therein). The heat sources for anatectic
melting in the Himalaya have been identified by Bird (1978),
Molnar et al (1883), Jaupart and Provost (18835) based on
seismic studies. They have shown (for Lhasa block) thaglthe
heat source is located in the «crust rather ‘than in the
mantle. In-situ radiocactive decay is considered to be a more
likely heat source than frictional heating along thrust
planes for large scale melting.

The present data show that the Sela granite 1is - also
anatectic in origin and crystallized from the magma produced

by melting of pre-existing Precambrian crustal material

during the Himalayan Orogeny.
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Great Himalaya of Bhutan :

| in the Great Himalayah granites another variety i.e..
biotite granites are also present. One of them is the
Thimpu granitic gneiss, a part of Thimpu Formation near
Bhurkhola which is considered to be syntectonic/post tectonic
(Jangpangi, 1978). Surface exposures of this gneiss are too
small to yield samples of reasonable size. Consequently, the
samples were collected from two bore holes (34 meter and 84
meter long) from the region. The Rb-Sr whole rock isochron
age for this rock 1is 508+*15 Ma with a initial Sr ratio of
0.7088%0.0035. The other reported ages for Lower Paleozoic
granites of the Great Himalaya are 581*3 Ma for the
Manali~Rohtang gneiss (Mehta, 1977), 500#8 Msa for Kulu
migmitite (Mehta, 1877), 545*45 Ma for Jaspa granite (Frank
et al. 1977) and 467*48 for the Manikaran granite (Bhanot et
al. 1878). These Lower Palaeozoic granites are coeval with
many other intrusions in different tectonic regimes in other
parts of the Himalaya. 1In the 1light of the present and
published data, a large scéle magmatic activity on both\éides

of the present day axial zone at "500 Ma ago is evident.

6.5 Lesser Himalaya of Himalaya

As mentioned earlier, according to plate tectonic
interpretation of the Himalayan Orogeny (Dewey and Bird,
1870, Powell and Conaghan, 1973; Le Fort, 1875), fhe Lesser
Himalayan rocks and much of the material in the basal part of

the Great Himalaya are modified parts of the peninsular
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platform. According to - Heim . and Gansser (1939), Gansser
(1984); Valdiya (18682a, 1980b) agd several others, the Kumaun
Lesser Himalaya contains different tectonic units (viz.
Krol, Ramgarh and Almora nappes éverriding the autochthonous
Precambrian sediments). The correlation of the different
tectonic units has been very difficult due to the almost
complete absence of fossils in most of the crucial formations
of the Lesser Himalayan region, repeated thrusting a;a the
problem of reversed metamorphism across the thrust plane.
The whole rock isotopic age data for a set of .granitic
components within the Ramgarh and Almora unité and associated

Klippen and root zone are discussed and interpreted in the

following.

6.5.1 Ramgarh Granitic Gneiss :

A whole rock isochron age of 1770 * 56 Ma and initial Sr
composition of 0.7230 * 0.0046 are obtained for the
porphyritic and mylonitized éranite _gneiss of the Ramgarh
Group. Due to the excessive scatter of the data points, the
validity of this age can be questioned. For example, the
age becomes 1875 * 80 Ma, if the 1lone highly radiogenic
sample R-8 is excluded. Bhanot et al (1880) reported a model
age of 1170*x120 Ma from a single foliated granite sample
collected from Koidal and correlated it with the Ramgafh
gneiss. In view of the considerable scatter of individual
analyses in our study, a model age from a single analysis is

not reliable. Through the definition of the isochron is poor
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in the present instance, it suggests that the most probable

age of ﬁhe Ramgarh granite gneiss is close to 1800 Ma.

6.5.2 Amritpur Granite :

A whole rock isochron age of 1888 * 46 Ma and an initial
Sr ratio of 0.7117 * 0.0044 are obtained for the Amritpur
granite. Pande (1866, 1975) and Saxena (1874) assigned an
age between Upper Cretaceocus and Lower Tertiary. Rai:a and
Dungrakoti (1875) considered this granite as intrusive and
related it with the Ramgarh quartz porphyry. While besai et
al.(1878) conéidered Amritpur granite and Ramgarh quartsz
porphyry as keratophyre and related them with spilites of the
Bhimtal Bowali area, Varadarajan (1877) reported a K-Ar age
of 228 * 10 Ma for metabasites from Bhimtal Bowali aresa.
According to him these metabasites are intruded by the
Amritpur granite. Later Varadarajan (1978) reported K-Ar
ages for muscovite and biotite from this granitic body as
1880 * 40 Ma and 1330 * 40 Ha respectively. He attributed
such discrepancy, viz. host dating yoﬁnger than the
intrusive granite, to the complex nature of the Amritpur
granite. It is well documented that K-Ar age is susceptible
to gain or loss of argon even during low grade metamorphism
subsequent to extrusion of the volcanics. Therefore the
reliability of K-Ar dates becomes gquestionable. Based on
Rb-Sr studies Singh et al (1886) reported an age of 1584 =+

182 Ma with a very high initial Sr composition of 0.9486 for s

white granite from the region. Since his isochron is based
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on only‘fdur highly radiogenic points with. no point near
origih; the validity of.such an unusually high initial Sr
ratio is ambiguous. Since there are three phases of granites
in the region, and only four samples analysed, even the age
reported by them cannot be directly compared with the present

study.

From the presen£ result based on careful igmpling
from a well studied region and one particular iﬂtrusive
phase, it is concluded that at least a major component of the
Anmritpur granite intruded as early as 1880 Ma agb. Its
initial Sr composition is much better constrained than in the
earlier work and suggests a crustal origin for the granite

magma. Whether thé other components of the Amritpur Granite

are distinetly younger than 1880 Ma remains to be

investigated.

6.5.3 Almora Granite-Granodiorite :

The principal granitoid suites exposed in the Almora
Nappe and its associated Klippen are Almpra - Dﬁdhatoli
granite, Champawat granite, Gwaldom granite, augen gneisses
of Askot, Dharamghar, Nandprayag, Chiplakot and Baijnath.

Four whole rock isochrons have been obtained for
granites/gneisses from this thrust sheet. Even allowing for
some bias in sampling, the present data =show a distinct
pattern of ages. Qur results show two distinct groups around
1800 Ma and 550 Ma respectively, which are discussed below.

The Rb-Sr isochron age of Almora granite and
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granodiorite is 565%¥22 Ma and its initial ratio  is
0.7102+0.00186. Pande et'al ('1981a) also reported a Rb-Sr age
(485%55 Ma) and initial ratio (0.735) for gneisses from
Ranikhet (100 km SW of Almora) énd a younger age (370x115
Ma, initial ratio 0.758) for gneisses near Masi (50 km SW of
Almorsa). Sinha and Bagdasarian (1877) reported K-Ar ages
between 300 and 400 Ma for =a variety of rocks in this region.
In Himachal Pradesh and Nepal, granitoids of this MEarly
Palaeozoic age are also known. They are Mandi granite
(500*100 Ma - Jiger et al. 1971), Dalhousie granite .(458150
Ma - Bhanot et al. 1975) and Palung granite (48610 Ma -
Mitchell, 1881). All these ages are based on the Rb-Sr
method.

A mineral isochron age 352*14 Ma for the Almora granite
has been obtained. The significance of this age is not clear
at present because we do not have enough database. However,
it is significant to note that a Rb-Sr WR isochron age of
311*6 Ma for Mandi leucogranite and 322-380 Ma for muscovites
from Mandi gfanite reported by Mehta (1977). These ages be

attributed to the Hercynian cyecle in the Himalaya. These

aspects need further investigation.

6.5.4 Almora augen Gneiss

This granite-granodiorite suite of Almora is bordered by

augen gneisses. The isochron age of augen gneiss, exposed in
“the northern boundary is 1820%127 Ma with an initial Sr
ratio of 0.7148+0.0115,. One radiogenic sample of augen
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gneiss collected from southern boundary also falls on this
isochron. Powell et al (1979).regressed one sample from the
northern boundary with the Rb-Sr data _of éugen gneiss from
Askot giving an age of 1820+80 Ma. The southern boundary of
Almora syncline is very small and the presence of highly
sheared gneisses makes it difficult to get good samples from
the region. But the definite presence of granitic intrusions
of two ages (550 Ma and 1800 Ma) are now established withii
this Almora syncline. Since the two physically separate
granite suites apparently occupy the same Stratigraéhic
horizon given by Gansser (1864), the question arises 1if the
younger granite of Almora syncline has been reconstituted
from the pre-existing older granites/gneisses. In the
absence of precisely known initial Sr composition for the
older granites/gneisses, a definitive assessment of this
suggestion is difficult. However Schirer and Allegre (1883)
attributed anatexis of Precambrian continental crust for the
magma of the Palung granite in Nepal and related the genesis
of the Palung granite to a regional high tempe;ature/high

pressure metamorphism which affected the Indian shield in

lower Palaeozolc times.
6.5.9 mem@mwmmw
Both the individual and pooled isochrons for three

Klippen (Askot, Dharamghar and Gwaldom-Baijnath) of the

Almora thrust sheet give the age of the augen gneiss/granite
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to be very‘close to 1800 Ma. Though Pandey et.al (1981b) and
Bhanot‘ét al (1981) gave‘the‘Rb—Sr isochron age as 1800-2000
Ma for Askot and Nandprayag, they gave a younger age of
1310480 Ma with a high initial Sr ratio of 0.793 for the
Gwaldom granite. The Munsiari Formation is considered to be
the root zone for the Almora thrust sheet. The Munsiari
Formation predominantly contains augen gneisses of gafnitic
to granodioritic composition. The Rb-8Sr isochron ége of
these augen gneisses is determined as 1815+128 Ma with an
initial Sr composition of 0.7032+0.0028. Bhanot et al (1880)
obtained a Rb-Sr isochron age of 1890%155 Ma for the Munsiari
augen gneiss

Thus in EKumaun Lesser Himalaya, granitoids of two
distinct generations, around 1800 Ma and 550 Ma, are
identified. This is in contrast to the wide range of ages
reported by earlier workers (Bhanot et al. 1880 and
references therein). The presence of rocks of other ages
cannot yet be ruled out. Despite much evidence on isotopic
disturbances due to thrusting and metamo:phism, ‘fairly
reliable Rb-Sr ages have been obtained. The degree of
coherence in the present data which is based on extensive
sampling and careful analyses does not appear to be
fortuitous.

Comparison of the data presented here with published
data for the region is difficult, because the published data
is based on model ages (Bhanot et al. 1876a) or isochron ages

on samples collected from different tectonic regimes (Powell
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et al. 1978)! For example, the reported ages Qary " widely,
viz. 1620+90 Ma by Powell ét al.1879, 1983480 Ma by Bhanot
et al (1880) and 1810%20 Ma (this work) even for apparently
the same Almora-Askot crystallines. In the case of Ramgarh
qQuartz porphyry the difference is even wider, as the ages are
1170*20 Ma (Bhanot et al. 1876a) aqd 176560 Ma in the
present study. N

It is clear from the foregoing discussion that‘ the
present results indicate that the ages of the granitic
gneisses in the Lesser Himalaya including the Munsiari root
zone at the base of the Great Himalaya are broadly the sanme
at about 1800 Ma. The concordance of the ages of many
granitic gneisses (Amritpur, Ramgarh, Almora basal part,
Askot, Dharamghar, Gwaldom and Munsiari) in the Lesser
Himalaya constitutes the first definitive evidence for
extensive magmatism or metamorphism in this region as far
back as 1800 Ma ago. Only the Almora system contains
Egranites-granodiorite of Early Palaeozoic age at about 500 Ma
(Table 6.1). In adjacent Himachal Pradesh and Nepal
Himalaya, intrusives of early Palaeozoic age are also known
in the root zone which are equivalent to the Almora Nappe in
these sectors (J&ger et al. 1871; Frank et al. 1877; Mehta,
1977; and Powell et al. 1879).

Like the ages, the reported initial Sr ratios also vary
widely even for apparently the same rock unit., viz.
0.748+0.007 (Pdwell et al. 1879), 0.727 (Bhanot et al 1877)

and 0.708%0.002 (present work). In the absence of precise

121



initial Sr ratios, a definitive assessment of the parent
‘sources is difficult. Neveftheleés, they indioate an. upper
crustal origin due to fusion of pre-existing sedimentary
material or regional metamoiphism of their igneous precursors
in the pre-Himalayan provenances of these rocks.

If the Precambrian rocks of Kumaun Lesser Himalaya are
largely a part of the Peninsular India, their nearest age
equivalents have to be found about 500 km to the southwest#®in
the Alwar basin just east of the Arsvalli Range, (Choudhary
et al. 1984). It is possible that the basement rocks near
Alwar are concealed under the intervening alluvium of the
Indo-Gangetic plain. A drill core through the alluvium will
greatly help in clarifying this Peninsular connection
(Crawford, 1881). The conceivable Peninsular equivalents of
early Palaeozoic granites of EKumaun Lesser Himalaya are
likely to occur on a southwestern prolongation into the
Peninsula, west of the Aravalli Range. Auden (1838) also
reported pre-Himalayan deformation, parallel to the Aravalli
trend, in the rocks of the Kumaun Lesser Himalaya. But ;he
Malani igneous suite of acid volecanics and 'peralkaline
granites including the Tusham igneous complex c¢lose to the
Himalayan foot hills are definitely older, at about 750 Ha
(Kochar et al. 1885; Crawford and Compston, 1870). It 1is
likely that the early Palaeozoic granites/gneisses of
Himalaya represent the later intruded part in the Trans
Aravalli terrain which is indicated by secondary thermal

imprint at about 550 Ma in granitic rocks exposed west of
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Aravalli Rénge (Choudhary et al. 1884). - Thié implies that
the thefmal field caused by ‘the intrusion of granites during
Early Palaeozoic period in the Trans-Aravalli region
penetrated as far as the Mt. Abﬁ granite (~ 750 km SW of
Delhi) at the south-western extreme of the Aravalli Range.
The thermal field which affected such widely separated
granites, should be regional in character. Fuchs (1867),
o
and Schérer and Allegre ‘(1983) correlated this Lower
Palaeozoic event with the Caledonian Orogeny. Mehta (1877)
related this period to the formation of the protoforﬁ of the
Great Himalayan "Central Crystalline axis"”, while Le Fort et
al (1881, 1883) considered this event to be epi-orogenic in
nature. The regional geology and the tectonic frame work of
the Kumaun Lesser Himalaya have been a subject of
controversy. The paucity of 'fossiliferrous sediments, the
complex nature of the structural belt and repeated
deformation/thrusting have led scientists to interpret the
structure and geology of this zone differently.

Heim and Gansser (1939) and Gansser (1864) proposed a
model based on the assumption that the various crystalline
masses overlying the sediment sequence of the Lesser Himalaya
were allochthonous and transported southward from their root
zone along thrust planes. Subsequent folding and erosion led
to synformal nappes and Klippen. They named this crystalline
synform as Almora nappe and proposed that it is bounded by
the North Almora Thrust (NAT) and the South Almora Thrust

(SAT). The NAT is very prominent whereas it is difficult to
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observe SAT'in the field, a fact which other workers have

also noted. Similarly, the ppéition of NAT is unanimously

agreed upon while the location and even the presence of SAT
have always been questidned (Pande, 1856-57; Valdiya, 18962b;

Merh and Vashi, 1965, 1966; Merh, 1986; Kumar et al. 1874 ;

Saxena, 1874; Raina énd Dungrakoti, 1875; Shah and Merh,

1976). Based on this interpretation af the position of SAT,

Pande (1856-57) gave Ramgarh porphyry the separate stafus of

a small synformal thrust sheet and named it as Ramgarh Nappe.

Valdiya (1878, 1979 and 1980b) proposed a comprehensive

tectpnic set up for the Kumaun Lesser Himalaya. He

suggested that, similar to the adjacent Himachal Pradesh,
there are three nappes namely the Krol, Ramgarh and Almora in
the region. He subdivided the single crystalline nappe of

Heim and Gansser into two constituents - the Ramgarh and

Almora Nappes.

The present geochronological data on the spatial
distribution of the two distinct age components within the
Ramgarh Group, the Almora Nappe and their associated K}ippen
provide new clues on the mutual relation between the top two
tectono-stratigraphic units of the Kumaun Lesser Himalaysa.
Three possibilities (Fig.6.1) can be put forward.

(a) The more or less similar age at about 1800 Ma for the
Ramgarh porphyritic granite gneiss, narrow belt of augen
gneisses at the northern flank of the Almora synform,
the crystalline rocks of the Askot - Dharamghar Klippen

and the augen gneissés of the Munsiari root zone suggest
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(b)

that all these are‘parts‘ of a once continuous sheet of
metasediments. If this interpretation is valid then the
NAT senso stricto ﬁust be the northern flank of the
Ramgarh thrust. The 550 Ma old Almora granodiorite
€ranite suite may be a younger intrusive at the upper
levels of the Ramgarh sequence, és originally proposed
by Gansser (1864). Egquivalents of the 550 Ma musg% have
been removed by erosion in the Klippen zones. In this
scheme, the Almo?a unit will lose its status as a
separate nappe and the observed discontinuities at its
base may be merely intraformational dislocations.

The second alternative is based on the earlier proposal
of Valdiya (1880b). In this case, the Almora Nappe
rests imbricately over the Ramgarh Nappe. Both these
thrust sheets contain 1800 Ma old porphyritic gneiss and
Eneissose quartz - porphyry at their base. But only the
Almora contains the additional 550 Ma old granodiorite -
Branite suite at its upper part. It is not . clear
whether this difference between the Almora and the
Ramgarh sequence is an original feature before
thrusting, or due to tectonic truncation of the younger
sequence ffom the Ramgarh during thrusting. The absence
of the 550 Ma old component in both the Klippen zone and
root zone can also be attributed to pronounced erosion
or tectonic slicing of this component from these

lithounits.
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(e)

The third alternétive is to assign the two magmatic
events té two 'di%tiﬁct’ units. thereby retaining the
separate identities of the Almorsa and Ramgarh sequences.
In this case the ?ounger component (550 Ma) is assigned
only to Almora sequence while the older component (1800
Ma) to the Ramgarh. Here it is assumed that the older
component does not exist at the éouthern border of the
Almora thrust plane, while the 1800 Ma old Saryu%'augen
gneisses at the northern border of the Almora
crystallines wiil represent the northern counter part of
the 1800 Ma old Ramgarh porphyry of the Ramgarh Nappe.
It also implies that the existing North Almora Thrust is
really the North Ramgarh Thrust, thereby shifting the
genuine North Almora Thrust further south to the
southern margin of the Saryu Formation. In this region
the epi-metamorphic Ramgarh thrust sheet having two
phases of deformation is overlain by meso-metamorphic
Almora thrust sheet having three phases of deformation
(Valdiya, 1980b). This problem of reversed meta@orphism
and the different deformational histories of these
nappes can also be understood under this
interpretation. In this scheme the 1800 Ma gneisses of

the Klippen and root zone will now represent the

remnants of the Ramgarh Thrust sheet and the Almorsa
sequence with the younger intrusive has perhaps been
eroded away everywhere except in the

Champawat—-Almora-Ranikhet synecline of the Almora
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sheet .More focused sampling at critical sectors and

search for 550 Ma old granites at the upper levels of
the Munsiari Formation (root zone) at the base of Great

Himalaya would help narrow down the above possibilities.

6.6 Significance of the Lower Palaeozoic granitgsz

lior] .

The seven principal granitic and gneissic suites viz.
Kangan granite (480*186 Ma), RKazinag granite (477*24 Ma),
Polokanka-La granite (48725 Ma), Karzok granite (48714 Ma),
Almora granite and Champawat granodiorite (585%22 Ma) and
Thimpu gneiss (508*15 Ma) dated in the present study come
from the Tethys Himalaya, the Great Himalaya and the Lesser
Himalaya. The ages of these granitic/gneissic massifs span a
fairly narrow range of 80 Ma between 480-560 Ma. Besides
these, many more Lower Palaeozoic Eranites/gneisses of
comparable age have been reported from the Tethys and Great
Himalaya. The present ages together with that reportéd
earlier for Lowér Palaeozoic granites/gneisses dated by
Rb-Sr and U-Pb methods are given in Table 68.3. The
significance of this wide spread magmatic activity is
discussed below.

It appears that the Lower Palaeoczoic granites exposed in
the lesser Himalayan region have moved southward along with
nappe and at places acquired foliation and lineation of
feldspar (augen gneiss of Almora, Jaspa migmatites etc.) as a

result of deformation during the Himalayan Orogeny.
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TABLE 6. 3

Rb-Sr AGES OF EARLY PALEOQZOIC GRANITOIDS IN THE HIMALAYA

Sr Location Age 87Sr/SSSr No. of Ref.

No. Ma Initial samples

1. Kangan Granite 480+15 0.7181+0.0027 8 1
Tethys Himalaya @

2. Kazinag Granite 4771*24 0.7141*0.0021 4 1
Tethys Himalaya

3. Polokanka-La Granite 487*25 0.7154*0.0067 4 1
Tethys Himalaya .

4. Karzok (Rupshu) Gn. 487*14 0.7113*0.00386" 4 1
Tethys Himalaya

5. Jaspa Granite 512*+16 * 0.720%£0.002 8 2
Tethys Himalaya

6. Manali-Rohtang 6009 x 0.7113*0.0007 5 3
Great Himalaya

7. Mandi Granite 517x£100 x 0.7189 4 4
Lesser MHimalaya

8. Dalhousie Granite 472+50 x - - 5
Lesser Himalaya

9. Manikaran Granite 467446 0.718 | 4 5
Great Himalaya

10. Kulu Migmitite Gn. 518#8 0.7190%0.0007 4 3
Great Mimalaya

11. Ranikhet Gneiss 485%*55 0.735%0.009 5 7
Lesser Himalaya

12. Almora Granite and ,

13. Champawat Granodi- 562*22 0.7102*x0.00186 17 8

diorite
Lesser Himalaya
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Table 6.3 Contd
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14. Kangmar Granite 485+6 0.7186+x0.0018 S
Tethys Himalaya 484 %7 0.7140%0.001 5
58214 %ok
15. Simchar Granite 51155 0.7085+0.0048 7
Lesser Himalaya
16. Palung Granite 486+10 0.720 -
Lesser Himalaya 4704 *xx
17. Augen Gneiss (Nepal) 517+62 + 0.7087+x0.0120 B
Tethys Himalaya
18. Thimpu Gneiss 50815 0.7088+0.0035 5
© Tethys Himalaya ' »
19. Manserah Granite 518%18 0.7189%0.0006 7
Lesser Himalaya .
(Pakistan)
- 20. Behsud Pluton 496+*11 0.7108 15
(Afghanistan)
. _ -11 -1
X Recalculated using A = 1.42 X 10 vr
K Uranium lead age
+ Pseudo Isochron
References ¢ 1 Present work
2. Frank et al (1977)
3. Mehta (1977)
4. Jéger et al (1871)
5. Bhanot et al (1974)
6. Bhanot et al (1979)
7. Pandey et al (1981a,b)
8. Trivedi et al (1984)
9. Wang et al (1981)
10. Debon et al (1881)
11. Sch&rer et al (19886)
12. Le Fort et al (1883)
13. Hitchell (1981)
14. Schirer and Allegre (1983)
15. Le Fort et al (1980)
16. Le Fort et al (1982)
17. Montenat et al (1981)
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bFuchs t1968, 1877), Mehts (1877, 1979)’and‘ Montenat et
al (1981)'considered this large scale activity as a strong
evidence for a Late Cambrian Orogeny in the Himalaya.
Schédrer and Allegre (1983) also indicatéd the possibility of
this magmatic activity being related to an orogeny.
Mitchell et al (1983) related the generation of these Lower
Palaeozoic granites to an orogeny and suggested their
emplacement either in a back-arc magmatic belt or a zonju of
crustal thickening due to thrusting. A Lower Palaeozoic
orogenic cycle is also known as the Indién OceanA Cycecle
(Balasubramanyan, 1878, and Sarkar, 1880) and a corresponding
orogeny referred to as the Pan African Orogeny (Kennedy,
1964) has been identified in the African continent. Le Fort
(1883) considered this wide spread magmatic activity observed
in the Himalayan region as epi-orogenic in nature and
attributed its origin either to crustal thinning with
simultaneous arcing or to thermal corridor due to crustal
strike-slip movements.

Associated with the granite magmatism the following
geological phenomena have also been observed iﬁ the Lesser
Himalaya and the Spiti basin of the Great Himalaya (Gansser,
1964; Valdiya, 1870; Jain and Thakur, 1978; Shah et al. 1878;
Shah, 1980).

1. The turbidite sequence of Late Precambrian - Early
Cambrian age and contemporaneous volcanic activity
(Bafliaz volcanics of Ordovician age) in the upper part.

2. Uplift marked by depositional breaks and unconformity in
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the Lesser Himalayan and the Tethyan.basih.

3. Occutrence of serpetinite mafid and ultramafic bodies at
least in the western Pir Panjal region, where telescoping
of the thrust sheet 'is less intense;

The forgoing discussion on isotopic data and geoclogical
observations points to the presence of atleast two dozen
granitoid plutons which were formed 450-500 Ma ago in a long
linear belt parallel to the Himalayan strike. This _large
scale activity must be related to some large scale tectonic
episode. One possibility is an episode of 'convergence of
continental masses about 500 Ma before the more recent
continent-continent collision 1leading to fhe Himalayan

uplift.
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CHAPTER 7

SUMMARY AND RECOMMENDATIONS

This work represents the first systematic
geochronological effort on Himalaya rocks from an Indian
laboratory. The sampling, sample processing and ‘chemistry
have been carried out according to modern ;tandard
procedures. But, the analog recording of mass spectral data
followed by manual reading of peak heights have limited the
precision of isotope ratio measurements to not better than
0.1% . The choice of fairly radiogenic acidic rocks has,
however, permitted determination of reliable ages. But the
initial Sr ratios could not be determined to the modern
standards. In view of this, interpretation of the data has
" been confined mainly to the ages of rocks rather than to

their initial Sr isotopic compositions.
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The data indicate three hajor geolﬁgical events in the
Himalayan region : an ‘imprint of thé Tertiary Himalayan
orogeny and two Precambrian magmatic/metamorphic events at
450~-600Ma and 1800-2000 Ma.

The seven principal granitic and - gneissic suites vigz.
Kangan granite (480%*186 Ma), Kazinag granite (477%224» Ma),
Polakanka-La granite (487%25 Ma), Karzok granite (487*14 Ma),
Almora granite and Champawat granodiorite (565%22 Ma) and
Thimpu gneiss (508*15 Ma) dated in the present study come
from the Tethys, the Great and the Lesser Himalaya. The
presence of atleast two dozen granitoid plutons which were
formed 450-500 Ma ago in a long linear belt parallel to the
Himalayan strike including these seven plutons suggest that
this large scale magmatic activity must be related to some
large scale tectonic episode. One possibility is an episode
of convergence of continental masses about 500 Ma before the
more recent continent-continent collision leading to the
Himalayan uplift took place. This aspect needs f&rther
investigation.

The presence of the Hercynian cycle in the Himalaya as
suggested by Mehta (1977) based on only one reliable Rb-Sr
whole rock isochron age of 311#6 Ma is very speculative. It
is significant to note that except for s mineral isochron age
of 352%14 Ma for Almora granite reported in the present work,
no other reliable age falls within this time period. Whether
such an event is wide spread in Himalaya or very 1local

(confined to small pockets) can be assessed only after
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detailed investigations.

The present geochronological data on the spatial
distribution of the two distinct age components 1800 and 500
Ma within the Ramgarh Group, the Almora Nappe and their
associated Klippen provide new clues on the mutual relation
between the top two tectono-stratigraphic units of the Rumaun
Lesser Himalaya. Three possibilities are suggested. More
focussed sampling at critical sectors and search for 550 Ma
old granites at the upper lvels of the Munsiari Formation
(root zone) at the base of Great Himalaya would help narrow
down these possibilities. Extension of geochronologic work
in the adjoining Himachal and Nepal Lesser Himalaya would
also help in tracing the areal extent of these tectonic
units.

The present results indicate that the ages of the
granitic gneisses in the Lesser Himalaya including the
Munsiari root zone at the base of the Great Himalaya are
broadly the same at about 1800 Ma. The concordance o% the
ages of many granitic gneisses in the Lesser Himalaya at 1800
Ma constitutes the first definitive evidence for extensive
magmatism or metamorphism in this region as far back as 1800
Ha ago. If the Precambrian rocks of Kumaun Lesser Himalaya
are a part of the Peninsular India, their nearest age
equivalents are to be found about 500 km to the southwest in
the Alwar basin just east of the Aravalli Range. It 1is
possible that the basement rocks near Alwar are concealed

under the intervening alluvium of the Indo-Gangetic plain. A
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drill core through the allu§ium will greatly help in
clarifying this Penisnular connection. It is conceivable the
Peninsular equivalents of early Palaeozoic granites of Kumaun
Lesser Himalaya are likely‘ to occur on a southwestern
prolongation into the Peninsula, west of the Aravalli Range.
Significantly, the 1800 Ma old rocks have been identified
only in Kumaun and Himachal Himalaya, the direct extention of
-the Aravalli. Their Presence in other parts of the Himalaya
need further investigation.

The present data show that the 29*1.5 Ma old Sela
granite is anatectic in origin similar to the many Tertiary
leucogranites of the Great Himalaya. It adds to the growing
number of magmatic bodies formed during Himalayan Orogeny.

The Ladakh batholith which is a granitoid complex
varying in composition from quartz diorite, quartzdiorite,
granodiorite, quartz monzodiorite to granite has some
components which are remnants of continental crust as old as
Permo-Triassic. A granitic component of this batholith~\has
been dated at 230#*35 Ma in contrast to the Tertiary ages
reported from different parts of fhis complex. Detailed
isotopic and chemical studies would 1lead to a better
understanding of the temporsl evolution of the Ladakh
batholith.

Geochronological studies to understand the crustal
evolution of the 1Indian sub-continent is the long term
programme of our laboratory and the data presented in this

thesis form an initial part. Improvement of the precision
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and abéﬁracy of the Si isotope measurements as well as
setting up of a facility for rapid and ~accurate measurement
of elemental (both major and trace) <concentrations are the
two requirements the development of which are being taken up
with the fervent hope that sone of the above mentioned
problems associated with the Himalayan Orogeny %gn be

addressed soon in the near future.
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APPENDIX I

TWO ERROR REGRESSION TO FIT AN ISOCHRON
USING WILLIAMSON (1968) HETHOD AND
COMPUTATION OF AGE AND INITIAL RATIO.

*x% NOTATIONS : (ARRAYS)

GRANIT
X,Y

NAME OF THE ROCK BODY.

EXPERIMENTAL DATA POINTS.

X = Rb/Sr , Y = Sr/Sr.

ERROR IN X (TAKEN AS 2% OF X VALUE).
ERROR IN Y. '

~-- SCALARS ---

NP

ACC
A,B
SIGHAA
SIGMAB
ALAMDA

NO. OF SAMPLES.

DESIRED ACCURACY IN SLOPE.

INTERCEPT AND SLOPE OF THE FITTED LINE.
STANDARD DEVIATION IN A.

STANDARD DEVIATION IN B.

DECAY CONSTANT OF RUBIDIUM.

IMPLICIT REAL*8(A-H,0-Z)

CHARACTER TIT *10(25)

DIMENSION X(25),Y(25),XE(25),YE(25),Q(25),
1GRANIT(10),P(25)

DIMENSION U(25),V(25),XP(25),YP(25),W(25),2(25),ZP(25)

IPT1:

DEVICE NUMBER FOR INPUT DATA

ACCEPT *x , IPT1

1000 CONTINUE

DATA INPUT
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Q

Q

READ (IPT1,3,END=500)(GRANIT(I),I=1,10)

READ (IPT1,%) NP

2 FORMAT (2I2)
3 FORMAT(10A8)

12

21

DO 9 I=1,NP |
READ (IPT1,%) X(I),Y(I),Q(I),TIT(I)
CONTINUE

ACC=1.D-06

VARIANCES OF X AND Y.

DO 1 I=1,NP
P(I)=2.0%X(I1)/100.0
UCI)=P(I)*P(I)
V{I)=Q(I)*Q(I)
IFLAG=0

B1=0.

CONTINUE

XN=0.

YN=0.

ZN=0.

D=0.

WEIGHTS OF INDIVIDUAL DATA POINTS.

DO 21 I=1,NP
W(I)=1./(V(I)+B1x*2%U(I))
D=D+W(I)

XN=XN+W(Iy*X(I)
YN=YN+W(I)*xY(I)

XB=XN/D

YB=YN/D
B2N=0.
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QO O o a

31

41

51

61

71

B2D=0.
SLOPE CALCULATION.

DO 31 J=1,NP

XP(J)=X(J)-XB

YP(J)=Y(J)-YB
Z(I)=W{IH)R(V(I)XKXP (I )+B1*U(JYXYP(J))
BZ2N=B2N+W(J Y*Z(J)*YP(J)
B2D=B2D+W(J)*Z(JY*XP(J)

BZ2=B2N/B2D

ERR=DABS(B2-B1)

IF(IFLAG.EQ.20)STOP"~ NO CONVERGENCE "
IF(ERR.LT.ACC)GO TO 41

B1=B2

IFLAG=IFLAG+1

GO TO 12

INTERCEPT AND VARIANCES IN SLOPE AND INTERCEPT
COMPUTATION.

B=B2

DO &1 I =1,KNP

ZN=ZN+W(I)*Z(I)

ZB=ZN/D

0=0 ~
DO 61 I=1,NP

ZP(I)=Z(I1)-ZB
O:O+W(I)*(XP(I)*YP(I)/B+4.*ZP(I)*(Z(I)—XP(I)))
0=1./0

VARB=0.

DO 71 I=1,NP
VARB =VARB+W (T )%k 2% (XP (I )**2kV(I)+YP (I )k*k2%U(T))
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Q

Q

Q

75

72

76

77
78

VARB=0%*2%VARB
VARA=1./D+2.%(XB+2.%ZB )KZB*O+(XB+2 . kZB )k 2% VARR
A=YB-B*XB '

SIGHAB=DSQRT(VARB)

SIGHAA=DSQRT(VARA)

SIGHAA=2%STGMAA

AGE CALCULATION. =

ALAMDA=1.42D-11
T1=DLOG(B+1.0)/ALAMDA
T=T1x1.0D-086
ERRT1=2.0%SIGMAB/(ALAMDAX(1.0+B))
ERRT=ERRT1%1.0D-08

IT=T

IERRT=ERRT

COMPUTATION OF MEAN SQUARE OF WEIGHTED DEVIATES.

51=0.

DO 75 I=1,NP

SI=SI+W(I)X(A+BXX(I)-Y(I))**2

5=51/(NP-2.0) |

PRINT RESULTS.

PRINT 72 -
FORMAT (1H2,2(/1HO),20X, "%k R E S U L T S %%’
1/24X, "(WILLIAMSON-1968)"///)

PRINT 4,(GRANIT(I),I=1,N1)
FORMAT( 15X, 10A8,////)

PRINT 76

FORMAT( * '21X,’Xi’,8X,’Yi’,BX,’Exi’,SX,’Eyi'//)
DO 77 I=1,NP

PRINT 78, TIT(I),X(I),Y(I),P(I),Q(I).

FORMAT (BX,A,2X,4F8.4/)
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PRINT 79 ,B ,SIGMAB
79 FORMAT (/15X, SLOPE = °,F9.5,1X, 4/-',1X,F12.4)
PRINT 80 ,(T,ERRT)
80 FORMAT (/1HO,/6X, ISOCHRON AGE IN MYR =',FQ.4,° +/-',F9.4,
1" (TWO SIGMA)'/6X, (DECAY CONST-1.42D-11/YR.)"/1HO)
PRINT 82 ,(A,SIGMAA)
82 FORMAT (/6X, INITIAL SR RATIO =',F8.5,  +/-°,FS.5,° (THO
1 SIGMA) /1HO) -

PRINT 73 ,S
73 FORMAT (28X, 'MSWD = ,FB.2)
PRINT 74
74 FORMAT (4(/1H0))
GO TO 1000
500 STOP
END
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RESULTS

(WILLIAMSON, 1968)

SELA GRANITE

X. Y. Ex.

i i i
AR-104A 8.0700 0.7988 0.1814
AR-105A 5.1700 0.7975 0.1034
AR-108A 10.5200 0.7993 0.2104
AR-110A 16.2700 0.8022 0.3254
AR-108BA 18.1500 0.8027 0.3830

SLOPE = 0.00041 * 0.000025

ISOCHRON AGE IN Ma = 28.5710 + 3.4802 (20)

(Decay Const. 1.42D -11/yr.)
TINITIAL SR RATIO = 0.79535 =+ 0.00060 (20)
MSWD = 1.15
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