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The alternating sequence of metapelites and metap-
sammites exposed in the central part of the Almora 
Nappe is part of the Saryu Formation of the Almora 
Group1. These metamorphic rocks have escaped per-
vasive mylonitization that characterizes the Higher 
Himalayan Metamorphic Belt2–4, considered to be root 
zone of the Almora Nappe. These metamorphics do 
not show field or petrographic evidence of mylonitiza-
tion. Lattice preferred orientation of quartz in these 
rocks suggests that they remained unaffected by shear-
ing during the southward tectonic transport of the 
nappe from Higher Himalaya to Lesser Himalaya dur-
ing the Himalayan orogeny. These unmylonitized rocks 
of Almora Nappe preserve Pre-Himalayan metamor-
phic signatures. 

ALMORA Nappe1,5–7, one of the largest nappes in Hima-
laya, is a consequence of tectonic transport of rocks of 
the Himalayan Metamorphic Belt (HMB) from the Higher 
Himalaya to the Lesser Himalaya during Eocene–Oligo-
cene8. It is flanked by the North Almora Shear Zone 
(NASZ) and the South Almora Shear Zone (SASZ), which 
represent the northern and southern exposures of the 
Basal Shear Zone separating its constituent metamorphic 
rocks from the underlying sedimentaries7. 
 The Almora Nappe comprises two distinct lithostrati-
graphic units, viz. the Ramgarh and Almora groups. The 
Ramgarh Thrust separates the mylonitized rocks of the 
Ramgarh Group from the underlying sedimentaries and is 
designated as North Ramgarh Thrust in the northern flank 
and South Ramgarh Thrust in the southern flank of the 
nappe7. The Ramgarh Group is tectonically separated from 
the overlying Almora Group by the North Almora Thrust 
(NAT) and the South Almora Thrust (SAT) in the northern 
and southern parts of the nappe respectively (Figure 1). 
The Ramgarh Group comprises mylonites after granite/ 
gneisses, schists and phyllites which are exposed in kilo-
metre scale all along the northern and southern margins 
of the nappe. The Almora Group, comprising the central 
part of the nappe, consists of mica schists, garnet-mica 
schists, gneisses and micaceous quartzites of the Saryu 
Formation. Thus the Almora Group largely comprises meta-
sediments and paragneisses but for its basal part, which is 

now seen as mylonites after the metasediments, whereas 
the Ramgarh Group granitic/gneissic rocks now occur as 
mylonites and phyllonites (Figure 2). 
 The whole of the Ramgarh Group and the basal part of 
the Almora Group of rocks exposed near the thrust mar-
gin are strongly mylonitized. Various asymmetric shear 
sense indicators (Figure 3 a) are common in these mylo-
nites. The intensity of mylonitization gradually decreases 
towards the central part of the nappe and the mylonites 
eventually grade into unmylonitized rocks of the Saryu 
Formation of the Almora Group. It is in central parts of 
the nappe that the rocks between Chaunsali and Hawal-
bagh have escaped the effects of mylonitization, as evi-
denced by the absence of shear sense indicators both on 
mesoscopic as well as microscopic scales and by the 
occurrence of idioblastic garnet that escaped shearing 
(Figure 3 c). Thus, the unmylonitized rocks of the Saryu 
Formation of the Almora Group preserve the structures 
which developed prior to the shearing associated with the 
southward tectonic transport of the nappe. The pre-shear 
structures include the lithological banding (S0) and the F1 
and F2 tight to isoclinal folds. The strike of S0 varies 
from E-W to WNW-ESE and the dips are generally sou-
therly in the northern half and northerly in the southern 
half of the central part of the nappe owing to the ‘syncli-
nal’ structure of the nappe (Figure 2). The F1 and F2 are 
tight to isoclinal folds and are developed in the quartzites 
of the Saryu Formation and plunge from sub-horizontal 
to about 25° in approximately NNE direction. The axial 
planes of these folds dip NNE at angles around 30°. 
 Megascopic structural analyses along with microscopic 
(petrofabric) analyses of the shear sense indicators, viz. 
shear bands, asymmetric porphyroclast systems (σa-, σb- 
and δ-type)9, mica fish10, pressure shadows and the Lattice 
Preferred Orientation (LPO) studies of quartz have been 
carried out to understand the evolution of basal shear 
zone of the Almora Nappe. Two thin sections (viz. XZ 
and XY sections) were prepared for each oriented sample 
of quartz-rich rock to understand the nature and behavi-
our of LPO of quartz during shearing associated with 
tectonic transport of the nappe. For each thin section at 
least 300 grains of quartz were measured on Leitz UT-5, 
five-axes universal stage. All the measured data for the 
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Figure 1. Schematic diagram showing geological setting across the 
Chhara–Someshwar section of the Almora Nappe. 1, Almora Group; 2, 
Almora Group mylonites; 3, Ramgarh Group mylonites; 4, Autochthonous 
sedimentaries of the Damtha and Jaunsar groups; USZB, Upper Shear 
Zone Boundary; LSZB, Lower Shear Zone Boundary.  
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two thin sections were fused in the XZ plane, by rotating 
the measured data from the XY plane by 90° to the XZ plane. 
 The penultimate stages of ductile shearing for all the 
rocks of the Ramgarh Group and the basal parts of the 
Almora Group, i.e. in the vicinity of NAT and SAT, have 
been deduced from the geometry of type-I crossed gird-

les11–13 of quartz C-axes. This penultimate shearing was 
directed from top-to-north for the mylonites of NASZ 
and from top-to-south for the mylonites of SASZ (Figure 
2). The possible mechanism for the reversal in the shear 
sense has been discussed by Joshi7. The last stage of 
shearing was characterized by brittle-ductile and finally 

 
Figure 2. a, Geological map of the area in Almora Nappe along Chhara–Someshwar transect. b, 
Kinematic section of Chhara–Someshwar transect along Y–Y ′ line (see Figure 1 a) showing quartz C-
axes orientations on equal area projections within the circles. The line drawn along the diameter 
shows the orientation of foliation in the XZ section and the bold dots at the two ends of the line 
represent the stretching lineation in mylonites. NASZ, North Almora Shear Zone; SASZ, South 
Almora Shear Zone; NAT, North Almora Thrust; SAT, South Almora Thrust; NRT, North Ramgarh 
Thrust; SRT, South Ramgarh Thrust; NAF, North Almora Fault. Contours at 2, 4, 6, 8, 10, and 12% 
interval. 
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by brittle shearing. However, it is important to note that 
the quartz C-axes orientation diagrams for the schists and 
gneisses of the Almora Group exposed in the central 
parts of the Almora Nappe (sample nos A83, A85, A98, 
A107, 94/45, 94/32, 94/33 and 94/34, Figure 2) have 
recorded plain strain to flattening strain conditions14 dur-
ing their last ductile deformation. It is clear that these 
rocks are totally unaffected by shearing and preserve the 
imprints of only pre-shear deformation. 
 Almora Nappe is a Lesser Himalayan representative of 
the HMB that was tectonically transported from Higher 
Himalaya. The Main Central Thrust is a consequence of 
this tectonic transport. As stated, the rocks exposed in the 
northern and southern extremes of the Almora Nappe are 
strongly mylonitized. However, in the central part of the 
nappe extending from Chaunsali to Hawalbagh, the un-
mylonitized schists and gneisses of the Almora Group are 
exposed. Comparing the LPO patterns of quartz C-axes 
with the flinn diagram of Lister and Hobbs14, it is infer-
red that the rocks exposed in the central part of the nappe 
were subjected to plain strain to flattening strain condi-

tions (Figure 2) during their last deformation. The strain 
conditions deduced for the central part of the nappe sug-
gest that these rocks have completely escaped the intense 
shear deformation which strongly affected the basal parts 
of the Almora Nappe during Eocene–Oligocene orogeny. 
Interestingly, the Almora Group of rocks document two 
metamorphic events, one related to the Himalayan oro-
geny (M2) and the other to the Pre-Himalayan event (M1). 
These two events have also been identified by many wor-
kers15–20 in different parts of the Himalaya. These include 
development of two generations of garnet; the garnet 
within garnet shows a clear hiatus in crystallization (Fig-
ure 3 b). Garnet within garnet was earlier reported by Das 
and Pandey21 in Chaukhutia area. Such an occurrence of 
two garnets with different internal schistosity (Si) has 
been designated as tectonometamorphic angular uncon-
formity by Rosenfeld22. An undisputed evidence of Pre-
Himalayan metamorphism is reported from Sutlej valley, 
Himachal Pradesh, where kyanite–sillimanite-bearing para-
gneisses are seen within the Lower Paleozoic Kinnaur 
Kailas granite23. Also, Pre-Himalayan metamorphism is 

 
 
Figure 3. Photomicrographs. a, ‘Mica-fish’ in mylonites after garnet mica schists of Saryu Formation of Almora Group. Loc: Chopra. MF, Mica 
fish; MS, Muscovite (bar denotes 0.08 mm). b, Two generations of garnet, i.e. garnet within garnet in garnet mica schist of Saryu Formation of 
Almora Group. Grt, Garnet; Qtz, Quartz; Bt, Biotite (bar denotes 0.2 mm). c, Pre-Himalayan post-kinematic idioblastic garnet in unmylonitized 
garnet kyanite schists of Saryu Formation of the Almora Group. Loc: Hawalbagh (bar denotes 0.08 mm). d, Tight microfolding of S1 plane in mica 
schist defined by muscovite, biotite and inequant quartz, while the S2 plane is a crenulation cleavage developed by the biotite and muscovite flakes 
(bar denotes 0.12 mm). 
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reported from Mount Everest by Ferrara et al.24, where 
garnet-bearing paragneisses yielded 449 ± 56 Ma (whole 
rock age by Rb–Sr). A critical evaluation of such occur-
rences has not been done for these Himalayan metamor-
phics, all of which have been assumed ‘monometamorphic’ 
and the inversion of metamorphic grade in Higher and 
Lesser Himalayan rocks have been variously interpreted. 
Evidence of multiple deformation in the central parts of 
the Almora Nappe that have escaped Tertiary shearing  
is quite common, e.g. in Dhunaghat region located east of 
the present area, mica schists of the Saryu Formation 
showing evidence of multiple deformation (D1 and D2) 
are observed. The older S1 schistosity planes, developed 
during D1 deformation defined by muscovite and biotite 
flakes along with inequant quartz, have been affected by 
tight to isoclinal folds (F2). The S2 schistosity planes 
parallel to the crenulation cleavages developed during D2 
deformation are defined by the mica flakes (Figure 3 d; 
B. N. Singh, unpublished Ph D thesis, 1990). The metap-
sammites of the Saryu Formation in Khatyari region near 
Almora town document well-developed F1 and F2 folds. 
The F1 are gently plunging (≤ 30°) reclined to recumbent-
type folds, while the F2 folds are coaxial with the F1 

folds, but are generally tight. These folds are characteri-
stically unaffected by mylonitization and are unrecogni-
zable in the mylonites of basal shear zone of the Almora 
Nappe due to a thorough reworking during the Eocene–
Oligocene tectonic transport8 of the nappe. Therefore, the 
F1 and F2 folds can be regarded as representatives of Pre-
Himalayan deformational structures. 
 The metamorphic rocks of Almora Group comprising 
schists and gneisses (1860 ± 50 Ma)25 have undergone 
greenschist to upper amphibolite facies metamorphism26, 
and the estimated peak P–T conditions are ≥ 700°C at 
7.4 ± 0.5 kbar. Four metamorphic zones, viz. chlorite–
biotite, garnet–biotite, kyanite–biotite and sillimanite–K-
feldspar, recognized27 (A. N. Tiwari, unpublished Ph D 
thesis, BHU, 2000) on the basis of specific reaction iso-
grads are exposed across the Chhara–Someshwar transect 
in the Almora Nappe. The sillimanite–K-feldspar-bearing 
gneisses dated25 at 1860 ± 50 Ma are the end-products of 
culmination of prograde regional metamorphism26. Although 
mineral dates from Almora Nappe are not available, many 
Pre-Himalayan 232Th/208Pb ages of monazite inclusions 
within garnet grains from kyanite–garnet–biotite schists are 
known from the crystalline thrust sheets and the Greater 
Himalaya in Nepal28. The whole rock ages of the Almora 
gneisses are Precambrian25 and it is highly likely that the 
mineral paragenesis remained unaffected either by their 
spatial position or by the prevalence of similar P–T con-
ditions also during the Himalayan orogeny, including 
thrusting. It is inferred in conjunction with the LPO ana-
lyses and mineralogical studies, that the present regional 
metamorphic assemblage in the Almora Nappe is Precam-
brian. The reaction isograds show repetition across the 
nappe due to post-metamorphic F2 folding. Again, well 

preserved contact metamorphic aureoles with randomly 
oriented contact metamorphic assemblages, viz. fresh chlo-
rites, chloritoids and andalusites occur around the Early 
Palaeozoic granitoids (560 ± 20 Ma)25, overprinting the 
regional schistosity (S1 ||

 S2)
29 of Saryu Formation of the 

Almora Group, which further substantiates the find that 
the unmylonitized rocks of the Almora Nappe are Pre-
Himalayan metamorphics, which have escaped shearing 
due to strain path partitioning during emplacement of the 
Almora Nappe. 

 
1. Valdiya, K. S., Geology of Kumaun Lesser Himalaya. WIHG, 

Dehradun, 1980, p. 291. 
2. Jain, A. K. and Manickavasagam, R. M., Inverted metamorphism 

in the intracontinental ductile shear zone during Himalayan colli-
sion tectonics. Geology, 1993, 21, 407–410. 

3. Hubbard, M. S., Ductile shear as a cause of inverted metamor-
phism: example from Nepal Himalaya. J. Geol., 1996, 194, 493–499. 

4. Grasemann, B. and Vannay, J. C., Flow controlled inverted meta-
morphism in shear zones. J. Struct. Geol., 1999, 21, 743–750. 

5. Heim, A. and Gansser, A., Central Himalaya – Geological observa-
tions of Swiss expedition 1936. Mem. Soc. Helv. Sci. Nat., 1939, 73, 
1–245. 

6. Gansser, A., Geology of the Himalayas, Interscience Publ., 
London, 1964, p. 273. 

7. Joshi, M., Evolution of the Basal Shear Zone of the Almora 
Nappe, Kumaun Himalaya. Mem. Gond. Res. Gr., 1999, 6, 69–80. 

8. DeCelles, P. G., Robinson, D. M., Quade, J., Ojha, T. P., Garzione, 
C. N., Copeland, P. and Upreti, B. N., Stratigraphy, structure and 
tectonic evolution of the Himalayan fold-thrust belt in western 
Nepal. Tectonics, 2001, 20, 487–509. 

9. Passchier, C. W. and Simpson, C., Porphyroclast systems as kine-
matic indicators. J. Struct. Geol., 1986, 8, 831–841. 

10. Lister, G. S. and Snoke, A. N., S-C mylonites. J. Struct. Geol., 1984, 
6, 617–638. 

11. Lister, G. S., Discussion: crossed girdle C-axes fabrics in quartzi-
tes plastically deformed by plane strain and progressive simple 
shear. Tectonophysics, 1977, 39, 51–54. 

12. Simpson, C., Determination of movements sense in mylonites. J. 
Geol. Educ., 1986, 34, 246–261. 

13. Passchier, C. W. and Trouw, R. A., Microtectonics, Springer-Verlag, 
Berlin, 1996, p. 289. 

14. Lister, G. S. and Hobbs, B. E., The simulation of fabric develop-
ment during plastic deformation and its application to quartzite: 
the influence of deformation history. J. Struct. Geol., 1980, 2, 355–
371. 

15. Thakur, V. C., Tectonics of the central crystallines of western 
Himalaya. Tectonophysics, 1980, 62, 131–154. 

16. Pognante, U., Genovese, G., Lombardo, B. and Rosetti, P., Preli-
minary data on the High Himalayan crystallines along the Padam–
Darcha traverse south eastern Zanskar, India. Rend. Soc. Ital. 
Mineral. Petrol., 1987, 42, 95–102. 

17. Williams, M. P., Treloar, P. J. and Coward, M. P., More evidence 
of Pre-Himalayan orogenesis in northern Pakistan. Geol. Mag., 
1988, 125, 651–652. 

18. Treloar, P. J., Broughten, R. D., Williams, M. P., Coward, M. P. 
and Windley, B. F., Deformation, metamorphism and imbrication 
of Indian plate, south of the main mantle thrust, north Pakistan. J. 
Metam. Geol., 1989, 7, 111–125. 

19. Patel, R. C. and Jain, A. K., Deformation and strain patterns of the 
Panjal Traps in the Tethian Sedimentary Zone, Zanskar, NW-Hima-
laya. In Geodynamic Domains in Alpine-Himalaya Tethys (eds 
Sinha, A. K., Sassi, F. P. and Papanikolaou, D.), Oxford & IBH 
Publ., New Delhi, 1997, pp. 69–99. 



RESEARCH COMMUNICATIONS 

CURRENT SCIENCE, VOL. 87, NO. 7, 10 OCTOBER 2004 999

20. Jain, A. K. and Patel, R. C., Structure of the Higher Himalayan 
crystalline along the Suru-Doda valleys (Zanskar), NW Himalaya. 
Gond. Res. Gr. Mem., 1999, 6, 91–110. 

21. Das, B. K. and Pandey, I. C., Metamorphic history of pelitic rocks 
of the Kumaun region with special reference to the pelites of 
Chaukhutia area, District Almora, U.P., J. Sci. Res. BHU, Varanasi, 
1964, 14, 23–33. 

22. Rosenfeld, J. L., Garnet rotations due to major Palaeozoic defor-
mations in Southeast Vermount, In Studies of Appalachian Geology 
(ed. Zen, E. A.), Wiley, New York, 1968, pp. 185–202. 

23. Marquer, D., Chawla, H. S. and Challandes, N., Pre-alpine high-
grade metamorphism in the High Himalaya crystalline sequences: 
Evidence form Lower Palaeozoic Kinnaur Kailas granite and sur-
rounding rocks in Sutlej Valley (Himachal Pradesh, India), Ecol. 
Geol. Helv., 2000, 93, 207–220. 

24. Ferrara, G., Lambardo, B. and Tonarini, S., Rb–Sr geochronology 
of granites and gneisses form Mount Everest region, Nepal Hima-
laya. Geol. Rolsch., 1983, 72, 119–136. 

25. Trivedi, J. R., Gopalan, K. and Valdiya, K. S., Rb–Sr ages of gra-
nites within the Lesser Himalayan Nappes, Kumaun Himalaya. J. 
Geol. Soc. India, 1984, 25, 641–654. 

26. Joshi, M. and Tiwari, A. N., Evidence of upper amphibolite facies 
metamorphism from Almora Nappe, Kumaun Himalaya. In ‘Granu-
lite Facies Metamorphism and Crustal Evolution’, Felicitation Volume 
of Prof. R. S. Sharma (ed. Thomas, H.), 2004, in press. 

27. Joshi, M. and Tiwari, A. N., Metamorphic evolution of the Almora 
Nappe along the Chhara–Someshwar transect, Kumaun Himalayan. 
In ‘Geology and Natural Environment of the Lesser Himalaya: 
Present Status and Strategy for the Next Two Decades’, Abstr. 
vol. Nainital, 2001, pp. 6–7. 

28. Gehrels, G. E., DeCelles, P. G., Martin, A., Ojha, T. P. and Pinhassi, 
G., Initiation of the Himalayan orogen as an Early Paleozoic thin-
skinned thrust belt. Geol. Soc. Am. Today, 2003, 13, 4–9. 

29. Joshi, M., Singh, B. N. and Goel, O. P., Metamorphic conditions 
of the aureole rock from Dhunaghat area, Kumaun Lesser Himalaya. 
Curr. Sci., 1994, 67, 185–188. 

 
ACKNOWLEDGEMENTS. We acknowledge DST, New Delhi for 
financial assistance and computer facilities. We thank the Head, 
Department of Geology, BHU for providing necessary facilities and 
Prof. R. S. Sharma, Department of Geology, Jaipur University for review-
ing the manuscript. A.N.T. thanks UGC for a Senior Research Fellowship. 
 
Received 25 February 2004; revised accepted 22 June 2004 
 
 
 
 
 
 

Origin of oceanic plagiogranite in the 
Nidar ophiolitic sequence of eastern 
Ladakh, India 
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Occurrence of high-SiO2, low K2O leucocratic rocks, 
the ‘oceanic plagiogranite’ of Coleman and Peterman, 
within the basic and ultrabasic rocks of the ophiolites 
and modern oceanic settings, is of particular interest 

because of their extreme composition and controver-
sial origin. Ophiolitic sequences are considered incom-
plete without these rocks. However, these rocks are 
not present in all the known ophiolite sequences in the 
world. The present study reports the occurrence of 
plagiogranite to the north of Kyun Tso, within the 
Nidar ophiolitic sequence of eastern Ladakh. Plagio-
granites occur as intrusives within the gabbro, in the 
northern part of the ophiolitic sequence. Chemically, 
they are classified into tonalite and trondhjemite. They 
show nearly flat REE pattern and fractionation rela-
tion that are comparable with the host gabbro. The 
origin of these rocks is explained by fractional crystal-
lization aided by filter-pressing processes of sub-alka-
line tholeiitic magmas. 

THE plagioclase-rich leucocratic rocks globally occur in 
the Precambrian as well as in the Phanerozoic terrains of 
the earth’s crust. These rocks are variously termed as 
plagiogranite, oceanic plagiogranite, trondhjemite, conti-
nental trondhjemite and keratophyre. Coleman and Donato1 
have emphasized the need to distinguish the oceanic 
plagiogranite from continental trondhjemite. The plagio-
granites, which form the most distinctive rock type of 
relatively small dimensions in most ophiolite complexes, 
provide an important contrast to continental trondhjemite 
and tonalite. Their origin is distinct from those of conti-
nental trondhjemites, formed at the margins or in the 
interior of the continents. Despite numerous studies, there 
is no general consensus about the nature of the genetic 
link between gabbroic rocks and plagiogranite1–7. 
 The Indus Suture Zone is characterized by ophiolite and 
ophiolitic mélange sequences with frequent breaks through-
out its length, which extend for about 2500 km, between 
Nanga Parbat in the west and Namcha Barwa in the east. 
The shape, size and composition of these bodies vary from 
place to place. In the Dras–Kargil area, volcanic rocks, 
with occasional ultrabasic and basic intrusions, dominate 
the suture zone. In the central zone, flyschoidal rocks 
dominate, while in eastern Ladakh, basic and ultrabasic 
rocks dominate. Nidar is one such area, where ophiolite 
complex is well developed between Nidar village and 
Kyun Tso. The Nidar Ophiolite Complex is constituted 
by serpentinite and ultrabasic rocks along with gabbro, 
lava flows and dykes of basic composition. The ophiolitic 
complex is sandwiched between the metamorphics of Tso 
Morari Complex in the south and sedimentaries of the 
Indus Formation to the north, with north and south had-
ing thrusts. The Liyan Molasse was deposited within this 
complex. To the north, the ophiolitic complex is covered 
by flyschoidal sequence with radiolarian chert of Lower 
Cretaceous age. Cherts gradually pass upward into fly-
schoidal sediments, which range up to Eocene. These sedi-
ments comprise lava flows and entrapped chert blocks. 
 The geology of the Nidar Ophiolite Complex has been 
described by some earlier workers8–13, but it is to be noted 
that plagiogranites are not reported from this zone. How-*For correspondence. (e-mail: drrao4@rediffmail.com) 


