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Cc (0.75 to 0.92) of the samples indicate that the soil is 
poorly graded and falls under cohesion-less category. 
Therefore, shear strength becomes less; angle of friction 
($) becomes more due to which inter-granular attraction 
is less and ultimately, bank erosion takes place. There­
fore, bank erosion hazard at these sites need proper atten­
tion for providing effective policy decision and execution 
of appropriate protection measures.
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Studies on the magmatic enclaves, pelitic xenoliths 
and host Jaspa granite pluton outcropped in the 
Lahaul area, NW Himalaya, India illustrate that the 
rocks have undergone garnet-grade metamorphism. 
The P -T  pseudosection modelling shows that the met­
amorphic mineral assemblage is stable in the P -T  
range ~4.5-7.3 kbar and ~440-500°C, matching quite 
well with the results obtained from the conventional 
geothermobarometers (5.7-8.6 kbar and 409-531°C). 
The observed garnet-grade metamorphism in and 
around the Jaspa pluton is proposed to be due to lo­
calized perturbation of high-temperature isotherms in 
the Tethys Himalaya, as a consequence of the Cenozoic 
tectono-thermal event during Himalayan orogeny. Fur­
ther, the Haimanta group of Tethys Himalayan rocks 
in the Lahaul area has been interpreted to have 
attained right-way-up metamorphic field gradient.

Keywords: Garnet-grade metamorphism, granite plu- 
ton, magmatic enclaves, pelitic xenoliths.

THE Tethys Himalaya Sequence (THS) forms an impor­
tant lithotectonic unit of the Himalayan orogenic belt. It 
got transformed into an extensive fold-thrust belt as a re­
sult of the continental collision between Indian and Asian 
plate during the Cenozoic Himalayan orogeny1-5. The ba­
sal part of the Tethys Himalaya is commonly known as 
the Haimanta Group of rocks, whereas the upper part of 
the THS remains unmetamorphosed, and is commonly 
designated as Tethys Sedimentary Sequence (TSS). Studies 
show that the Haimanta Group of rocks has attained 
Cenozoic greenschist- to amphibolite-facies metamor­
phism3,4,6-11. The THS has also witnessed two major 
tectonic events: (i) the intrusion of Lower Palaeozoic 
granites of ~480-520 Ma often correlated with 
Pan-African orogeny and (ii) the tourmaline-bearing leu- 
cogranite emplacement during the Himalayan orogenic 
event at ~20-22 Ma.

Despite the occurrence of low-grade nature of meta­
morphic rocks in the Lahaul area, the chlorite-biotite 
grade Haimanta Group of rocks of the THS is important 
to understand the tectono-metamorphic evolution of the
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Himalayan orogeny46711. Here we discuss the metamor- 
phic evolution of garnet-grade rocks from in and around 
the Jaspa granite pluton. The P -T  estimates are integrated 
to interpret the metamorphic evolution of the Tethys 
Himalaya of the Lahaul region in NW Himalaya, India 
and also throw light on the Himalayan versus pre-Hima- 
layan nature of metamorphism, and the distribution of 
metamorphic geothermal gradient in the Tethys Hima­
laya.

Figure 1 shows the geological map of the Lahaul area, 
Himachal Pradesh (HP), India. The map is dominantly 
comprised of Haimanta Group of rocks, grouped into 
three formations -  the older Batal Formation, the inter­
mediate Kunjam La Formation and the younger Thange 
Formation (Figure 1 b). These rocks have been reported 
to have attained a low-grade chlorite-biotite zone of

Figure 1. a, Geological map of NW Himalaya (after Robyr et a l.4 and 
references therein) showing a generalized garnet and biotite isograd 
pattern in the study area (after Steck et a l.3, Webb et a l 1  and the pre­
sent study). (Inset) Generalized map of the Himalaya; b, Geological 
map of Lahaul area, Himachal Pradesh (after Srikantia and Bhargava26).

metamorphism4,7,11, whereas the TSS remains unmet­
amorphosed3. On the other hand, the exposed sequence of 
rocks along the Keylong-Darcha transect has undergone 
biotite-grade of metamorphism7, while the high-grade 
metamorphic rocks of the Higher Himalayan Crystalline 
Sequence (HHCS) are outcropped in the southeastern part 
of the Khoksar-Rohtang transect4,10. Figure 1 a shows the 
Zanskar HHCS that is exposed far northwest of the Jaspa 
granite pluton4,6.

The Jaspa granite pluton is exposed in the Keylong- 
Darcha route along the Bhaga River, which is a tributary 
of the Chandra-Bhaga River in Lahaul area (Figure 1 b). 
The granite is outcropped as a sheet-like kilometre-scale 
plutonic body characterized by its coarse- to medium- 
grained porphyritic texture. The granite has intruded the 
Proterozoic rocks of Tethys Himalaya belonging to the 
Batal Formation of Haimanta Group during the Ordovi­
cian period (Figure 1 b). Pognante et al.12 studied the 
rocks exposed to the northwest of Darcha and called them 
as the orthogneiss of Kade unit, and reported an age of 
~549 + 79 Ma. According to Thakur13, the lithology of 
Kade unit partly corresponds to ‘Chail-Haimanta’ cover.

The Jaspa pluton encloses genetically related magmatic 
enclaves ranging in size from a few centimetres to tens of 
centimetres sporadically distributed in the Jaspa granite 
(Figure 2 a), and readily differentiated from the host 
granite pluton by its melanocratic appeal and relatively 
high amount of biotite. The boundary between magmatic 
enclaves and host granite is, however, defused. The Jaspa 
pluton also encloses the rare pelitic xenoliths of THS 
rocks. Pelitic xenoliths (i.e. metasedimentary rocks) show 
bedding, and have a sharp contact with the host granite 
pluton (Figure 2 b). The pelitic xenoliths belong to the 
Batal Formation of Haimanta Group, the dimension of 
which ranges between a few centimetres and tens of 
centimetres.

The magmatic enclaves and pelitic xenoliths are observed 
to possess the mineral assemblage that includes: b t-m s- 
p l-qz-tur + grt + kfs + chl + ep + spn + ilm + ap. Table 1 
shows the mineral assemblages observed in magmatic 
enclaves, pelitic xenolith and adjacent host granite. 
Anhedral to euhedral-shaped garnets are observed in two 
samples; one each from magmatic enclave (Figure 2 c; 
sample no. X-2) and pelitic xenolith (Figure 2 d ; sample 
no. X-4). Among these, relatively larger garnets are 
commonly anhedral in shape, whereas small garnets are 
euhedral. The garnets are mostly inclusion-free, and if 
present are randomly oriented quartz with minor opaques. 
The chemical composition of garnet shows that it is rich 
in spessartine and grossular content (Table 2). Garnet of 
pelitic xenolith (sample X-4) is chemically homogenous, 
and the garnet of magmatic enclave (sample X-2) is 
chemically zoned, in which the spessartine and grossular 
contents increase, whereas almandine and pyrope con­
tents decrease from core to rim (Table 2).
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Table 1. Mineral assemblage of magmatic enclaves, pelitic xenoliths and host granite samples. Quartz is present in all samples 
(* indicates presence of minerals and blank indicates their absence). Mineral abbreviations used in the table and text are after

Whitney and Evans27

Sample no. Grt Bt Ms Pl Kfs Chl Ep Spn Ilm Ap Tur

Magmatic enclave samples 
X-1 
X-2 
X-3 
X-5

Pelitic xenolith sample 
X-4

Host granite samples 
H-1 
H-2 
H-3 
H-4 
H-5

* *
* * *

* *

* * * * * * * *

* *
*

* * *

* *

The pelitic xenolith and host granite samples essential­
ly contain both plagioclase and K-feldspar, whereas the 
magmatic enclaves possess plagioclase and are devoid of 
K-feldspar. Most of the plagioclases have undergone al­
teration and have a dusty appearance under the micro­
scope. Some of them show intense alteration to sericite.

The magmatic enclaves, pelitic xenoliths and host 
granite show evidence of deformation as exhibited by few 
folded primary biotite flakes. The biotite is also seen 
altering into secondary biotite with no cleavage (Figure 
2 c), contrary to one set of cleavage shown by the pri­
mary biotite. Muscovite is mostly secondary and it grows 
ubiquitously, commonly cross cutting the secondary bio- 
tite; however, a few of them are deformed and show 
prominent cleavage, suggesting their primary nature. The 
biotite and muscovite of pelitic xenolith are broadly 
aligned parallel to the schistosity (Figure 2 e). In general, 
the chemical composition of plagioclase, K-feldspar, 
muscovite, epidote, ilmenite and tourmaline is broadly 
similar both in magmatic enclaves and pelitic xenolith 
(Table 2), as well as in the host granite samples.

Further, the magmatic enclaves, pelitic xenolith and 
host granite samples have sphene (titanite). This occurs 
either as equidimensional individual grain or in the form 
of aggregates, or sometimes it occurs in the form of nee­
dles within biotite (Figure 2 f ). The composition of 
sphene occurring in the matrix and in biotite (as inclu­
sion) is more or less similar. Corona of sphene is also 
observed around ilmenite within the biotite (Figure 2 g). 
The occurrence of such textures indicates that the rocks 
have attained the low-grade metamorphic condition.

Epidote, another common accessory mineral after 
sphene, occurs as aggregates or as solitary grains scat­
tered in the matrix; this also grows over the biotite. The 
magmatic enclaves, pelitic xenoliths and host granite 
samples are tourmaline-bearing (Figure 2 c and d). In one 
of the pelitic xenolith samples, tourmaline occurs in con­
tact with garnet (Figure 2 h), indicating the coeval devel­
opment of both minerals. Small chlorite grain is observed

in one of the granite samples, indicating that the granite 
pluton has undergone a small degree of retrogression.

To understand the metamorphic conditions of rocks, 
the core and rim compositions of the garnet-bearing sam­
ples, X-2 (magmatic enclave) and X-4 (pelitic xenolith) 
were considered for P -T  estimation using geothermoba­
rometers. Table 3 lists the garnet, biotite and plagioclase 
solution models used in different calibrations. The 
garnet-biotite pair of sample X-2 yields metamorphic 
temperatures in the 409-531°C range, whereas for sample 
X-4 it is 376-451°C. Garnet core composition for both 
samples (i.e. X-2 and X-4) yields higher metamorphic 
temperature compared to rim composition, except for the 
calibration of Dasgupta et al.14 for the magmatic enclave 
sample, which gave similar temperature values for core 
and rim compositions of the garnet (Table 3). The pressure 
estimates show that the rocks have attained metamorphic 
pressure in a range 5.7-8.6 kbar. The metamorphic pre­
ssure estimated considering the core composition of the 
garnet is relatively high compared to the rim composition 
for both the samples, which indicates that rocks under­
went burial with cooling during their metamorphic evolu­
tion. The P -T  estimates thus obtained from various 
geothermobarometry calibrations show that the Tethys 
Himalayan rocks in and around the Jaspa granite have 
attained peak metamorphic temperature in a range ~400- 
531°C and pressure in the range ~5.7-8.6 kbar (Table 3).

The P -T  pseudosection (Figure 3) has also been con­
structed for bulk rock composition (XRF data) of one of 
the magmatic enclave samples (X-2) considering the 
model chemical system -  MnNCKFMASHT using the 
PERPLEX_6.7.2 software15,16 and end-member thermo­
dynamic dataset of Holland and Powell17 (updated in 
2004). For the pseudosection modelling, quartz is chosen 
as an excess phase. A correction in CaO to the bulk rock 
is made assuming total P 2O5 to be present only in apatite. 
All iron has been considered as ferrous assuming that the 
ferric iron has the least influence on the P -T  stability 
field of different phase assemblages. The grt-b t-m s-ep-
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Table 2. Representative electron microprobe analyses o f  garnet-bearing magmatic enclave (X-2) and pelitic xenolith sample (X-4)

Magmatic enclave sample X-2 Pelitic xenolith sample X-4

Grt core Grt rim Bt Ms Ep PI Spn Tur Grt core Grt rim Bt Ms Ep PI Kfs Spn Tur

S i0 2 36.80 37.40 36.56 47.98 37.04 62.76 30.57 36.85 37.95 37.73 36.59 47.66 38.35 65.28 64.49 30.82 35.80
T i0 2 0.08 0.09 1.64 0.05 0.10 b.d. 34.43 b.d. 0.14 0.02 1.09 0.29 0.09 b.d. 0.03 31.57 0.99
AI2O3 20.66 20.80 16.78 29.92 24.04 21.43 3.49 33.37 20.99 20.95 17.25 28.91 27.31 21.48 18.24 5.21 33.44
FeO 32.80 14.65 19.55 3.48 9.61 1.49 0.66 6.71 14.50 16.01 21.41 4.05 6.59 0.14 0.02 0.40 7.78
MnO 5.64 11.81 0.49 0.05 0.36 0.02 0.13 0.08 10.38 11.43 0.46 0.16 0.28 b.d. 0.01 0.10 0.09
MgO 1.90 0.37 8.73 2.01 0.03 0.66 0.03 6.67 0.31 0.31 8.16 2.23 0.03 b.d. 0.01 b.d. 4.56
CaO 1.37 14.53 0.01 0.02 22.74 1.81 28.57 0.67 15.46 13.42 0.04 b.d. 23.22 2.88 0.00 28.47 0.52
Na20 0.04 0.01 0.15 0.31 0.04 9.40 0.03 2.06 0.01 0.01 0.14 0.16 0.01 10.05 0.70 0.04 1.94
k 2o b.d. b.d. 9.96 11.20 0.06 1.64 0.07 0.02 b.d. 0.02 8.74 10.52 0.03 0.11 14.93 0.03 0.01
Total 99.29 99.66 93.87 95.02 94.02 99.21 97.98 86.43 99.74 99.90 93.88 93.98 95.91 99.94 98.43 96.64 85.13

Oxygen basis 12 12 22 22 13 8 20 31 12 12 22 22 13 8 8 20 31
Si 3.008 2.989 5.672 6.495 3.216 2.821 4.059 7.562 3.012 3.009 5.682 6.521 3.200 2.875 3.004 4.124 7.494
Ti 0.005 0.005 0.191 0.005 0.007 0.000 3.438 0.000 0.008 0.001 0.127 0.030 0.006 0.000 0.001 3.177 0.156
Al 1.991 1.959 3.068 4.774 2.460 1.135 0.546 8.071 1.964 1.969 3.157 4.662 2.685 1.115 1.002 0.822 8.250
Fe 2.242 0.979 2.537 0.394 0.698 0.056 0.073 1.152 0.963 1.068 2.780 0.463 0.460 0.005 0.001 0.045 1.362
Mn 0.391 0.799 0.064 0.006 0.026 0.001 0.015 0.014 0.698 0.772 0.061 0.019 0.020 0.000 0.000 0.011 0.016
Mg 0.232 0.044 2.019 0.406 0.004 0.044 0.006 2.040 0.037 0.037 1.889 0.455 0.004 0.000 0.001 0.000 1.423
Ca 0.120 1.244 0.002 0.003 2.116 0.087 4.064 0.147 1.315 1.147 0.007 0.000 2.076 0.136 0.000 4.082 0.117
Na 0.006 0.002 0.045 0.081 0.007 0.819 0.008 0.820 0.002 0.002 0.042 0.042 0.002 0.858 0.063 0.010 0.787
K 0.000 0.000 1.971 1.934 0.007 0.094 0.012 0.005 0.000 0.002 1.731 1.836 0.003 0.006 0.887 0.005 0.003
Total 7.995 8.022 15.570 14.098 8.540 5.057 12.221 19.812 7.998 8.007 15.475 14.029 8.454 4.996 4.959 12.276 19.607

X F e 0.91 0.96 0.56 0.49 0.99 0.93 0.36 0.96 0.97 0.60 0.50 0.99 1.00 0.49
X a lm 0.75 0.32 0.32 0.35
X p r p 0.08 0.01 0.01 0.01
X g r s 0.04 0.41 0.44 0.38
X s p s 0.13 0.26 0.23 0.26
xan 0.09 0.14 0.00
xab 0.82 0.86 0.07
x„r 0.09 0.01 0.93

XFe = Fe/(Fe + Mg); Xaim= Fe/(Fe + Mg + Ca + Mn); Xprp = Mg/(Fe + Mg + Ca + Mn); X sps = Mn/(Fe + Mg + Ca + Mn); Xgrs = Ca/(Fe + Mg + Ca + Mn); xan =Ca/(Ca + Na + K); X ab = Na/
(Ca + Na + K); X or = K/(Ca + Na + K).
b.d. = below the detection limit; Detection limit for elemental oxides is <0.01 wt% (except FeO = <0.02 wt%).
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Figure 2. Photographs of hand specimens and photomicrographs of selected samples from the study area. a, Photograph showing magmatic 
enclave associated with the host Jaspa granite (sample X-2 and H-2). b, Photograph of pelitic xenolith showing sharp contact with the host Jaspa 
granite (sample X-4 and H-4); one can also observe pelitic xenolith at the top showing primary bedding feature with quartz-rich bands. c, Photo­
micrograph of magmatic enclave sample X-2 showing mineral assemblage: m s-b t-g rt-p l-qz-tu r, and a large altered biotite at the centre (under 
plane polarized light). d, Photomicrograph of pelitic xenolith sample X-4 showing mineral assemblage: m s-b t-grt-p l-qz-ep-tu r, and a high relief 
prismatic epidote at the centre (under plane polarized light). e, Photomicrograph showing biotite flakes aligned parallel to the bedding plane; the 
light-coloured minerals are mostly quartz (sample X-4). f  Photomicrograph showing high-relief, needle-shaped grains o f sphene (titanite) as inclu­
sion in biotite (sample H-1). g, Photomicrograph showing sphene coronae around ilmenite within biotite (sample X-5). h, Photomicrograph show­
ing coexisting garnet and tourmaline grains (sample X-4).

pl-spn-qz-kfs is the characteristic mineral assemblage in 
this sample (X-2). The pseudosection shows that this as­
semblage is stable in a narrow P -T  stability field range of 
~4.5-7.3 kbar and ~440-500°C. The P -T  pseudosection 
modelling shows that the assemblage was developed from 
the chl-kfs-spn-ep bearing low P -T  assemblages with 
increasing metamorphic grade, with a Barrovian trend of 
metamorphic field gradient of 25-35°C/km. Garnet and 
epidote appear in the rock at ~3.5 kbar and ~350°C, while 
chlorite gets exhausted with increasing P and T, and dis­

appears from the rock at ~4.0 kbar and ~390°C along the 
predetermined metamorphic field gradient.

There are reports of the occurrence of pre-Himalayan 
metamorphism in the Himalayan Orogenic belt13,18-21. In 
Lahaul area, the lower Palaeozoic magmatic activity 
resulted in the formation of Jaspa granite pluton22, which 
is being correlated with the Pan-African orogeny. How­
ever, the present study shows that the garnet was formed 
during the Cenozoic metamorphism, during or after the 
emplacement of tourmaline-bearing leucogranite. A clear
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Table 3. P -T  estimates for garnet-bearing magmatic enclave sample X-2 and pelitic xenoliths sample X-4

X-2 X-2- X-4 X-4
Grt solution model Bt/Pl solution model (grt core) (grt rim) (grt core) (grt rm)

Fe-M g-C a-M n, non-ideal mixing Fe-M g-A l-T i, ideal mixing in bt 
Fe-M g-M n, ideal mixing Fe-M g-M n, ideal mixing in bt
Fe-M g-C a-M n, non-ideal mixing Fe-Mg, ideal mixing in bt 
Fe-M g-C a-M n, non-ideal mixing Fe-M g-A l-T i non-ideal mixing

in bt

G rt-B t geothermometer* (°C) 
Calibration

Hodges and Spear28 
Perchuk and Lavrent’eva29 
Ganguly and Saxena30 
Dasgupta et al.14

Geobarometer (GPBMQ)** (kbar) 
Calibration

Ghent and Stout31-Fe

Ghent and Stout31-M g 

Hodges and Crowley32-Fe

Fe-M g-Ca-M n, ideal mixing 

Fe-M g-Ca-M n, ideal mixing 

Fe-M g-Ca-M n, ideal mixing

N a-C a-K  ideal mixing in 
Pl, Fe-M g-M n-Ti-A lVI ideal 
mixing in bt 

N a-C a-K  ideal mixing in 
Pl, Fe-M g-M n-Ti-A lVI ideal 
mixing in bt 

Na-Ca ideal mixing in Pl, 
Fe-M g-T i-A lVI ideal mixing in bt

501 444 451 417
531 410 409 398
528 445 446 425
409 410 409 376

5.8 8.6 8.4 7.8

5.7 7.6 6.8 6.4

5.7 7.9 7.7 6.8

*Temperature calculated at 8 kbar pressure.
**Pressure calculated at temperature value obtained from Hodges and Spear28.

evidence of Himalayan metamorphism in the Tethys 
Himalayan rocks of Lahaul region is thus observed. For 
example, garnet has been seen growing in the pelitic 
xenolith characterized by the presence of sedimentary 
bedding plane structure (Figure 2 b), the occurrence of 
tourmaline in xenoliths (Figure 2 c, d  and h) as well as in 
host rocks, indicating that they have undergone Himala­
yan metamorphism during the Cenozoic; and the pres­
ence of coexisting garnet and tourmaline (Figure 2 h) fur­
ther suggests that the garnet-grade metamorphism in the 
Jaspa area is the result of Himalayan Cenozoic metamor­
phism.

Moreover, if one considers the metamorphic field gra­
dient and from the tectonics point of view, it is seen that 
there are mainly two high-grade metamorphic domains 
exposed around the study area: the first one is the Zan- 
skar HHCS exposed in the northwest of the Jaspa granite 
pluton4,6 and other is the HHCS of Khoksar-Rohtang 
crystallines in the south-southeast of the Jaspa pluton10,11 
(Figure 1 a). Comparison of the P -T  conditions of meta­
morphism of the Jaspa granite with those of the HHCS 
crystallines shows that the Jaspa granite has reached peak 
metamorphic P -T  condition of ~400-531°C and 5.7­
8.6 kbar, whereas the HHCS rocks have attained the 
metamorphic P -T  condition of ~500-635°C and 4.7 to
6.8 kbar in Kullu-Rohtang23; ~650-780°C in the Roh- 
tang-Khoksar area10,11 and around ~750-850°C in the 
Zanskar Himalaya4,6. The presence of garnet-grade meta- 
morphic rocks in and around the Jaspa pluton located 
between the Zanskar crystalline and Khoksar-Rohtang 
crystalline suggests that, during Cenozoic Himalayan 
tectono-thermal event, the isotherm probably perturbed 
slightly upward causing localized garnet-grade metamor­

phism in the area. The P -T  results considering the core 
and rim compositions of garnet further suggest that the 
terrain underwent burial with cooling metamorphic history 
after reaching the peak P -T  conditions of metamorphism. 
Presence of intrusive Miocene leucogranite within the 
Jaspa granite in the study area suggests that such burial 
and cooling metamorphism is due to cooling of the terrain 
with the burial of Tethys Himalayan rocks after the leu- 
cogranite emplacement. This is well supported by several 
studies that advocate the anticlockwise P -T  path in the 
orogenic belt associated with igneous intrusion24,25. The 
metamorphism shows a gradual decrease from the sil/ky 
grade to the chlorite-biotite grade outward from the crys­
talline core of the Zanskar shear zone in Zanskar area6. 
This suggests that the Zanskar crystalline shows a gradual 
decrease of metamorphic grade from sillimanite grade at 
the crystalline core to biotite grade towards the east, prior 
to reaching the Jaspa granite10, and then increases to gar­
net grade in and around the Jaspa granite (Figure 1 a). 
The metamorphic grade gradually decreases further from 
the Jaspa pluton to the Tandi syncline towards the south 
where it reaches the chlorite-biotite grade3 and then 
gradually increases toward Khoksar-Rohtang Higher 
Himalayan crystalline (Figure 1 a). Such a metamorphic 
trend indicates that the Tethys Himalaya in the study re­
gion shows right-way-up metamorphic field gradient, an 
inference which is consistent with the observation made 
by Leger et al. 11 in the Beas River Valley, NW Himalaya, 
south of the study area.

The P -T  pseudosection modelling and the P -T  esti­
mates obtained from conventional geothermobarometry 
method show that the Tethys Himalayan rocks exposed in 
and around the Jaspa granite have undergone peak
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Figure 3. P -T  pseudosection in the MnNCKFMASHT system (+quartz + H2O) at a HjO = 1 considering fixed 
bulk rock composition for sample X-2. The stability field o f mineral assemblage is shown in bold. An arrow is 
drawn considering the metamorphic field gradient o f 30°/km, indicating that the assemblage o f sample X-2: grt- 
b t-m s-ep-p l-sph-qz-kfs has formed from the chl-kfs-spn-ep-bearing low P -T  assemblages. Details o f  solid so­
lutions, phases and end-members used in P -T  pseudosection modelling are given in the supplementary m aterial.

metamorphic temperature conditions in the range 400- 
531°C and pressure in the range 5.7-8.6 kbar. The meta- 
morphic study of magmatic enclaves and pelitic xenolith 
embedded in the Jaspa granite further shows that they 
have undergone garnet-grade Cenozoic metamorphism 
due to localized perturbation of high-temperature iso­
therms in the Tethys Himalaya, and that the Tethys 
Himalaya in the study area shows right way-up metamor- 
phic field gradient, consistent with observations in the 
Beas River valley lying south of the study area.
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