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• The Khardung volcanic rocks are outcropped near the Khardung village, which sit on 

the northern edge of the Ladakh batholith, northwestern Himalaya. The Khardung 

volcanic rocks are comprise of basalt, andesite, dacite and most predominantly of 

rhyolite. Most of the outcrops of the Khardung volcanic rocks are located along the 

section between the Khardung village and the Khalsar village, northern margin of the 

Ladakh batholith. Outcrops of the Khardung volcanic rocks are also found in between 

the Tangtse and Hunder valley.  Earlier workers reported unreliable ages of the Khardung 

volcanic rocks ranging from 38 Ma to 56 Ma; however, a recent study reported U-Pb 

zircon ages 60 Ma – 67 Ma for andesitic porphyritic sill and basal rhyolite derived from 

the limited number of Khardung volcanic samples.  The current issues of these volcanics 

are inclined to the variable ages including both Ar-Ar and zircon U-Pb ages and the 

m a g m a  s o u r c e ( s )  f o r  t h e s e  v o l c a n i c s . 

Fig. 1. (a) The regional geological map of the Himalaya and Tibetan plateau 

showing the major litho-units (after St-Onge et al., 2010). BS: Bangong Suture; 

ISZ: Indus Suture Zone; MBT: Main Boundary Thrust; MCT: Main Central Thrust; 

SS: Shyok Suture Zone; STD: South Tibet Detachment; ZS: Zanskar Shear Zone. 

(b) Geological map of the western Ladakh Himalaya highlighting various formations 

of the Shyok suture zone wedged between the Ladakh batholith in the south and the 

Karakoram batholith in the north (after Upadhyay et al., 1999 and Bhutani et. al., 2009). 

The present study area is shown in the rectangular box (b).

Fig.2. (a) Classi�ication diagram of volcanic rocks based on Total Alkalis 

vs. Silica (TAS) (Le Maitre, 1989). (b) Geochemical classi�ication using 

Nb/Y ratio and SiO  (Winchester and Floyd, 1977). (c) AFM diagram 2

of Irvine and Baragar (1971) for the Khardung volcanic rocks. The curved 

solid line separates the �ield of tholeitic from calc-alkaline lavas. 

(d) K O vs SiO  diagram with �ields after Peccerillo and Taylor (1976).2 2

Fig.3. (a) Chondrite-normalized REE patterns for the Khardung felsic,

and (b) intermediate volcanics. Fig. 4. Primitive mantle (PM)-

normalized trace element spider diagram for (a) Khardung felsic 

volcanics, and (b) intermediate volcanics from western Himalaya. 

The normalized values for REE and multi-element are from 

Sun and McDonough (1989).

Fig.5. The cathodoluminescence (CL) images showing the ages of selected zircon crystals 
separated from the Khardung volcanics, western Himalaya. The circles show the spot
location of LA-MC-ICP-MS U-Pb zircon analyses  and ages are in Ma with 2σ  error. 
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Fig.6. Diagrams of U/ Pb weighted average, concordia, and inset kernel density plot of 

U-Pb zircon for the Khardung volcanics (LKH-1: a, b, and c); (LKH-2: d, e,and f); (LKH-12: g, h, and i). 

Fig.7. (a) SiO wt.% vs. Y/Nb diagram shows the discrimination between crustal source and mantle source. 2  

The discriminant value of Y/Nb=1.2 is after Eby (1990). (b) Rb/Y vs. Nb/Y diagram after Chazot and Bertrand (1995).

Fig.8. (a) Al O /TiO wt.% vs. TiO wt.% diagram showing distribution of the Khardung volcanics with a 2 3 2 2  

curvilinear trend typical of magmatic differentiation. (b) Rb/Sr vs SiO diagram displaying the dominant role 2 

of plagioclase fractionation during differentiation. (c) Th/Nb vs. Zr. (d) Tb/Yb vs. Yb diagrams of the Khardung (N) 

volcanics. The representation trends, Bulk Assimilation (BA), Assimilation and Fractional Crystallization (AFC), 

and Fractional Crystallization (FC) shown in (c) are after Nicolae and Saccani (2003), and the classifying trends 

used in (d) are  after Fan et al. (2004).

Fig.9. Tectonic discrimination diagrams (a) Nb vs. Y in ppm and (b) Rb vs. Y+Nb in ppm (Pearce et al., 1984), 

c) Th/Yb vs. Nb/Yb (Pearce and Peate, 1995) for the Khardung volcanics, western Himalaya. Fig.10. Cartoon illustrating the tectonic model for the evolution of the Khardung volcanics in context 
with the western Himalaya during the Late Cretaceous-Early Palaeogene.

1.  The investigated Khardung volcanics of Ladakh Himalaya show chemical af�inity to medium to high-K calc-alkaline series and shared a common evolutionary 

     history with the neighbouring Ladakh batholith. 

2.  These volcanics were derived from a single parental magma source through fractional crystallization combined with some extent of crustal contamination from 
    
    the pre-existed older crust.

3.  The new U-Pb zircon ages for andesite (69.71 Ma) and more evolved rhyolites (62.49-66.55 Ma) have revised the magmatic ages of the Khardung volcanics 
    
    indicating the probable span of magmatism from Late Cretaceous to Early Palaeogene. 

4.  Comprehensive study of mineral chemistry, whole rock geochemistry and geochronology infer that the Khardung volcanics and Ladakh batholith could be 
     
    considered as a product of the mature stage arc magmatism generated during the process of subducting Neo-Tethyan oceanic crust prior to the main collision 

    between Indian and Eurasian continents. 
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