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                     Abstract 
 This article highlights the recent scientifi c fi ndings on the petrological and tectono-magmatic studies of ophiolites, blue-

schists, eclogites, volcanics, and granitoids of the Ladakh and Karakoram, Trans-Himalaya, northwest India. A wealth of 

mineralogical, petrological, geochemical, geochronological, and isotopic data became available on these diverse tectono-

magmatic units. All such studies provided an understanding of the geochemical and geodynamic aspects such as subduc-

tion-initiation and cessation, subducting slab-dehydration, mantle-wedge metasomatism and melting, nature of the sub-arc 

lithospheric mantle, complexity in the active margin magmatism, crust-mantle interaction, and continent–continent amal-

gamation in the context of the India–Eurasia continental plates. 
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      Introduction 

 During the last half a decade, signifi cant research output 

on petrology, high-quality mineral chemistry, precise geo-

chronology, and radiogenic isotope geochemistry contrib-

uted immensely to understand the nature and geodynamic 

evolution of the Ladakh and Karakoram Trans-Himalaya. 

The Late Cretaceous to Early Tertiary collision of the 

India–Eurasia continental plates initiated the Himalayas—

one of the youngest mountain belts. The intervening suture 

zones host the complex geological record that existed before 

the India–Eurasia continent–continent collision. Investigat-

ing Himalayan rocks may therefore provide valuable infor-

mation on the building blocks of the orogen and the over-

all history of the India–Eurasia convergent system. Along 

the suture zones remnants of subducted slabs, island arcs, 

accretionary prism complex, pelagic sediments, and ophi-

olitic slices are preserved, and formed in the context of the 

Neo-Tethys Ocean during the Jurassic to Cretaceous Period. 

The origin and evolution of these diverse tectono-magmatic 

units often remain unclear because of the knowledge gaps 

regarding their age, provenance, petrogenesis, and paleo-

tectonic settings. 

 In Ladakh, some of the ophiolitic complexes preserve 

crustal and/or mantle rocks, such as the Nidar-Karzog 

ophiolite complex, Spongtang ophiolite complex, Dras, 

Thasgam, Suru Valley, Shergol, and Khangral-Chiktan dis-

membered ophiolitic slices (Bhat et al.  2021 ,  2023a ). While 

others are highly dismembered and are present as melanges 

e.g., the Shergol Ophiolitic Melange (SOM) of western 

Ladakh, and the Zildat Ophiolitic Melange (ZOM) of eastern 

Ladakh (Bhat et al.  2023b ). During 2020–2024, a number 

of research fi ndings on the petrological, geochemical, and 

isotopic studies of ophiolites, blueschists, eclogites, volcan-

ics, and granitoids of the Ladakh and Karakoram, Trans-

Himalaya, northwest India have been deliberated. However, 

so far, a comprehensive report of these fi ndings has not been 

documented. Therefore, this report provides a picture of the 

research contribution on diff erent tectono-magmatic units 

of the Ladakh and Karakoram, Trans-Himalaya, which have 

been essentially published in peer-reviewed journals. Each 

tectono-magmatic unit is treated separately in the subsequent 

sections below. 
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    Geological setting 

 The geology of the Ladakh and Karakoram, Trans-Hima-

laya has been thoroughly discussed by previous workers 

(e.g., Bhat et al.  2021 ,  2023a ,  2023b ; Walsh et al.  2021 ; 

Andjic et al.  2022 ; Sivaprabha et al.  2022 ; Saktura et al. 

 2023  and references therein). From south to north, various 

tectono-magmatic units (Fig.  1 ) are the Indus Suture Zone 

(ISZ), Ladakh Batholith (LB), Shyok Suture Zone (SSZ), 

and Karakoram Batholith (KB).         

   Indus suture zone (ISZ) 

 In Ladakh (Fig.  1 a), the ISZ from south to north is rep-

resented by the Lamayuru Complex—a continental slope 

deposits, ophiolitic melange belt and associated ophiolitic 

slices, Dras Arc Complex (DAC), and Indus Group sedi-

ments (Bhat et al.  2019a ). According to previous work-

ers, the ophiolitic remnants (viz., Dras-Thasgam-Suru-

Shergol, Spongtang, and Nidar) along the ISZ developed 

along a north dipping intra-oceanic DAC within the Neo-

Tethys Ocean during the Late Jurassic to Early Creta-

ceous (Bhat et al.  2019b , and references therein). Parts 

of these ophiolitic remnants consist of mantle peridotites, 

mafic–ultramafic cumulates, gabbros, volcanics, and 

pelagic sediments. 

 Bhat et al. ( 2021 ) used an integrated approach of min-

eral, whole-rock, and isotope geochemistry to understand 

the origin, and petrogenesis of the Suru Valley and Shergol 

ophiolitic peridotites and mafi c rock types from the ISZ, 

western Ladakh (Fig.  1 b). The total platinum group ele-

ments (PGE) concentration of the Shergol and Suru Val-

ley ophiolitic peridotites (∑PGE = 96–180 ppb) is much 

higher than that of the primitive mantle (~ 23.5 ppb). The 

concave upward primitive mantle normalized PGE-pat-

terns of the Shergol and Suru Valley ophiolitic peridotites 

are distinct from the residual/refractory mantle peridotites, 

which have concave downward or fl at PGE-distribution 

patterns. Also, these ophiolitic peridotites have higher 

values of PGE-patterns than the Mesozoic Neo-Tethyan 

ophiolitic peridotites, but are lower than the Nidar ophi-

olitic chromitites, eastern Ladakh (Fig.  2 ). Relative enrich-

ment of palladium-group PGE, as well as other whole-rock 

incompatible elements such as large ion lithophile ele-

ments (LILE) and light rare earth elements (LREE) and 

higher Pd/Ir ratio (1.1–5.9), refl ects that these peridotites 

have experienced fl uid/melt-rock interaction in a subduc-

tion zone tectonic setting. The Au concentration ranges 

from 40 to 91 ppb comparable to tectonite peridotites from 

the Nagaland-Manipur ophiolite complex (i.e., 11–77 ppb; 

after Singh et al.  2017 ). Also, discrete sub-microscopic 

grains of Ni and Cr in the form of pentlandite and chro-

mite respectively were present in these peridotites. The 

presence of sub-economic levels of noble metals (particu-

larly PGE, Au, and Ni-sulphides) in Chromitites of Nidar 

ophiolite, eastern Ladakh (Siddaiah and Masuda  2001 ) 

advocates for the potentiality of such metallic deposits in 

other ophiolites along the ISZ.         

 The DAC is an island arc terrane located along the ISZ 

and is sandwiched between the LB towards the north and 

the Lamayuru Complex towards the south (Fig.  1 a). The 

DAC dominantly consists of mafi c-intermediate volcanics 

and associated sedimentary and volcaniclastic rocks with 

subordinate gabbros at the base of the complex exposed 

at the Kargil. Bhat et al. ( 2019a ) studied the whole-rock 

geochemistry of mafi c-intermediate volcanics and gabbros 

of DAC exposed along the Dras-Kargil National Highway. 

Geochemically, Dras volcanics and gabbros are classifi ed 

as sub-alkaline tholeiites and show enrichment in LILE 

and LREE while depletion in high fi eld strength elements 

(HFSE), analogous to island arc rocks. Walsh et al. ( 2021 ) 

reported the zircon U–Pb ages of the DAC. The interbed-

ded felsic tuff s (160 ± 3 Ma) and adakitic felsic volcanics 

(156 ± 1 Ma) are the oldest reported ages from the DAC. 

While the Kargil gabbros (also known as Kargil Intrusive 

Suite) at the base ranges in age from 102 ± 2 to 80 ± 1 Ma 

(zircon U–Pb age). 

 Bhat et al. ( 2019b ) suggested that the Shergol mafic 

intrusives coupled with the Shergol ophiolitic peridotites, 

emplaced within the SOM of ISZ (Fig.  1 b), represent a relic 

of the intra-oceanic substratum of the DAC. The Shergol 

mafi c intrusives show basalt to basaltic-andesite composi-

tional variation and exhibit nearly fl at to depleted LREE-

patterns [(La/Sm) N  = 0.66–1.05], with moderate deple-

tion of HFSE. These geochemical characteristics coupled 

with the presence of low-Ti clinopyroxene  (En 38-50   Fe 11-25  

 Wo 31-43 ), Ca-rich plagioclase  (An 2-36 ), and paragasitic 

amphibole refl ects their subduction-related depleted man-

tle origin. Also, the higher ratios of  143 Nd/ 144 Nd and posi-

tive ε Nd (t = 140 Ma) values in the Shergol mafi c intrusives 

(0.51291 to 0.51308 and + 5.3 to + 8.6, respectively) and 

Dras arc volcanics (0.51290 to 0.51298, and + 5.1 to + 6.6, 

respectively), indicating derivation from depleted mantle 

sources within an intra-oceanic arc setting, similar to Spong-

tang and Nidar ophiolites from other parts of Ladakh (Bhat 

et al.  2021 ). 

 Andjic et al. ( 2022 ) discusses the new and existing geo-

logical data from the DAC volcaniclastic rocks and sup-

port the existence of a single Dras-Kohistan-Ladakh arc 

built over a southward dipping subduction zone during the 

Mesozoic. The combination of detrital zircon U–Pb ages 

and whole-rock geochemistry of the volcaniclastics from the 

Upper Cretaceous Nindam Formation and Paleocene Jurutze 

Formation of DAC with the igneous zircons of the Dras and 
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  Fig. 1        a  Geological map of the Ladakh and Karakoram, Trans-Himalaya, northwest India showing various tectono-magmatic units (modifi ed 

after Maheo et al.  2004 ), and  b  geological map of western Ladakh (modifi ed after Reuber  1989 )  







290 Proceedings of the Indian National Science Academy (2024) 90:284–292

contemporaneous with the intra-oceanic Shyok volcanic-arc 

ophiolite magmatism located towards its south. The Shyok 

volcanic-arc ophiolite collided with the KB during the Late 

Cretaceous to form the SSZ thereby extinguishing magma-

tism in both the arc systems (Saktura et al.  2021b ). 

 Afterwards, the Nubra-Siachen leucogranite magma-

tism, exposed along the Nubra and upper Shyok valleys, 

took place during the Miocene, while, the Tirit granitoids 

intrude the SSZ during the Late Cretaceous-Paleocene 

(Chandra et al.  2023 ). The extinction of the KB magmatism 

approximately coincides with the initiation of the LB mag-

matism that developed along a north-dipping intra-oceanic 

subduction zone within the Neo-Tethys Ocean during the 

Late Cretaceous-Eocene (Lakhan et al.  2020 ; Saktura et al. 

 2021a ). The primitive mantle-normalized multi-element pat-

terns of the KB granites & volcanics are compared with the 

  Fig. 4        a  NMORB-normalized 

(after McDonough and Sun 

 1995 ) multi-element pat-

terns, and  b  present-day 

( 143 Nd/ 144 Nd) P  versus 

( 87 Sr/ 86 Sr) P  isotope correlation 

diagram of the Shyok-Nubra 

volcanics from the SSZ, in 

comparison to the Chalt bonin-

ites from the northern suture, 

Kohistan (data after Bignold 

et al.  2006 ), and Ladakh and 

Karakoram Batholith granites 

(our unpublished data)  

  Fig. 5       Primitive mantle-normalized (after McDonough and Sun 

 1995 ) multi-element patterns of the Karakoram Batholith (KB) grani-

toids viz., granites & volcanics, and Miocene leucogranites (data after 

Pundir et al.  2020a ,  2020b ), Trans-Himalaya  
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