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Brief Itinerary  

Day 1 
Saturday 27 June 
 

Depart London Heathrow by direct British Airways flight for Delhi. 
 

Day 2 
Sunday 28 June 
 

Arrive Delhi 08.20.  Transfer to Hotel Shangrila-Eros.  Rest of the day 
free in Delhi. 

Day 3 
Monday 29 June 
 

Fly Delhi to Srinagar (altitude 1730 m).  Enjoy the ambience of life on a 
houseboat and take a late afternoon shikara ride on Nagin Lake.    

Day 4 
Tuesday 30 June 

Srinagar. Visit the Mughul gardens and historic old town and enjoy 
free time to explore.  Evening introduction to the main themes of the 
tour. 
 

Day 5 
Wednesday 1 July 

Srinagar. Day trip to Khunamuh (Guryul Ravine) to look at sedimentary 
rocks of the Permian /Triassic boundary and the basic volcanic rocks of 
the Panjal Traps.   
 

Day 6 
Thursday 2 July 

Srinagar to Sonamarg. Morning in Dachigam National Park and bear 
sanctuary to see a mix of familiar and more exotic plants and animals.  
Drive to Sonamarg  (altitude 2800 m) after lunch, noting the changing 
geology (Quaternary sediments, Panjal Traps, Triassic limestone etc.) 
and ecology.  
 

Day 7 
Friday 3 July 

Sonamarg.  Walk to Thajiwas glacier, observing typical glacial features 
and looking at lichens as a link between geology and ecology. Compare 
the ecology here with that seen in Srinagar. 
 

Day 8 
Saturday  4 July 

Sonamarg to Kargil (altitude 2676 m). Drive across the spectacular Zoji 
La pass (3528 m), looking at diverse geology and ecology en route. 
Geology includes highly deformed Triassic limestone, metamorphic 
rocks of the Zanskar Crystalline, basic volcanic rocks of Panjal and 
Drass, granitic rocks of Kargil igneous complex and Indus Molasse.   
 

Day 9 
Sunday  5 July 

Kargil to Nurla. Morning visit to the Museum of Central Asia, then 
drive to Nurla via  Shergol valley and the Namika La (3718 m) and Fatu 
La (4108m) passes, taking in the rocks of the Indus Suture Zone (ISZ).  
Visit Lamayuru monastery with panoramic views of the sediments of 
the now-empty Lamayuru lake (ΨMoonlandΩ).  Descend to Nurla 
(altitude 3040 m) for overnight stay in Apricot Tree Hotel.  
 

Day 10 
Monday  6 July 

Nurla to Leh. Morning relaxing at Nurla (optional walk along the Indus) 
then drive to Leh (altitude 3524 m) after lunch, looking at geology en 
route.  Evening visit to Leh market and Shankar Gompa. 
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Day 11 
Tuesday  7 July 

Leh. Visit Thiksey monastery and Shey palace, getting close up and 
bird's eye views of the rocks of the Ladakh Batholith on which they sit.   
Lunch at Shey, looking at the ecology of the Indus flood plain and the 
ancient lake bed. 
 

Day 12 
Wednesday  8 July 

Leh. Visit Hemis monastery, sitting on the Indus Molasse, in the 
morning.  Lunch and afternoon in Hemis National Park to look at high 
altitude vegetation and spectacular rock formations of the surrounding 
peaks. Visit Karu to see the contact between the Indus Molasse and 
Ladakh Batholith. Possible evening talk on Snow Leopard conservation. 
  

Day 13 
Thursday 9 July 

Leh to Pangong Tso. Leave after breakfast for Pangong Tso high 
altitude lake (4250 m) via Chang La pass (5360 m).  Observe how 
vegetation changes with altitude and other factors.  Observe the 
changing geology on descent to Pangong, as we leave behind the rocks 
of the Ladakh Batholith. Look at some of the microscopic life in the 
lake.  Overnight in tented camps. 
 

Day 14 
Friday 10 July 

Pangong Tso to Leh. Drive back to Leh, looking out for wildlife on the 
return trip.  Afternoon free in Leh. 
 

Day 15 
Saturday 11 July 

Fly from Leh to Delhi, leaving 08.20. Day free in Delhi with overnight 
stay in Hotel Shangrila-Eros. 
 

Day 16 
Sunday 12 July 
 

Depart Delhi for London, 10.25.  
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Introduction 

The unique geology and topography of the Himalayas, created by the ongoing collision of the Indian 

subcontinent and Eurasia, make it one of the most exciting places in the world for geologists.  

However the environmental conditions created by the collision also make the region fascinating for 

anyone interested in how plants, animals, and indeed people, adapt themselves to this most harsh 

and fragile of environments.   

In Rocks, Routes and Shoots we will travel through the spectacular landscape of one of the ǿƻǊƭŘΩǎ 

most rapidly growing mountain ranges, from Kashmir to Ladakh.   In Kashmir we will see many 

familiar plants but, as we gain height and the geology opens out, we will see how plants have had to 

adapt in extraordinary ways to the constraints imposed by cold, drought and intense solar radiation.  

We will look at how plants are used by the people of Kashmir and Ladakh, both for food and shelter, 

and will see evidence of the threats to traditional ways of life posed by global warming.  

The Himalayan mountain range, the worldΩs youngest orogenic belt, runs in a 2500 km arc in a north-

westerly to south-easterly direction along the north-east border of India.  It marks the region where, 

between 50 and 40 million years ago, the Indian continental plate finally collided with Eurasia, after 

breaking free from Pangaea and drifting northwards.   The Tethys Ocean between the continental 

plates gradually shrank whilst, at the same time, crustal rocks were compressed and thickened ς a 

process still continuing today.  The low density of the continental crust means that isostasy causes 

additional uplift, contributing to the Himalayas having the highest rates of uplift anywhere in the 

world ς up to 1 cm a year in the area around Nanga Parbat.   

The effect of the collision of two continents and the different organisms they carried, plus the 

continually changing environment of the Himalayas today, gives rise to a wide range of plants and 

animals.  We hope to show some of the geology of the Himalayan mountains and its ecological 

consequences on this trip.  
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Introduction to the Geology 

On IndiaΩs northward journey towards Eurasia, two subduction zones were active.  The most 

northerly one was an oceanic ςcontinental boundary at the edge of the Eurasian plate, akin to that 

producing the Andes today.  The other was an oceanic-oceanic boundary creating an island arc 

within the shrinking Tethys Ocean (Fig. 1).   

 

Fig. 1. The northward movement of the Indian continental plate after breaking from Pangaea (after 

Guillot et al., 2003) 

Many recent papers suggest that the island arc collided with Eurasia before India reached it but 

some of the most recent suggest that the opposite may be true ς India may have collided first with 

the island arc before the whole thing collided with Eurasia (Bouilhal et al., 2011; Jagoutz et al., 

2015).   

The Himalayan mountain range produced by this collision divides into five major tectonic zones, 

separated by a series of major thrusts. Our trip will take us mainly through the most northerly two of 

these ς the Tethys Himalaya and the Trans-Himalaya.  The Tethys Himalaya are a thick pile of marine 

sediments deposited on the northern, passive margin of the Indian continental plate, above Pre-

Cambrian basement rocks.  The older sediments predate the collision of India and Eurasia by many 

millions of years.  

The Indus Suture Zone (ISZ) forms the northern boundary of the Tethys Himalaya (the Indian plate) 

in Ladakh (Fig. 2).  North of this, the Trans-Himalaya comprise igneous and metamorphic rocks of the 

Shyok Suture Zone, produced as a result of vulcanism in the island arc which formed between the 
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Indian and Eurasian plates.  The Karakorum mountains to the north of this are a product of the 

collision. 

 

 

 

 

Introduction to the ecology 

The plant ecology on our trip will be based around two linked themes; plant diversity and 
adaptations of plants to the environment. Some of the plants we see will be very familiar as many 
Himalayan species have found their way to our gardens, collected by 19th Century plant hunters such 
as Joseph Hooker and adopted by horticulturalists here.   

CƻǊ ōƻǘŀƴƛǎǘǎΣ ǘƘŜ IƛƳŀƭŀȅŀǎ ƘŀǾŜ ƭƻƴƎ ōŜŜƴ ǊŜƎŀǊŘŜŘ ŀǎ ǎƻƳŜǘƘƛƴƎ ƻŦ ŀ ǇŀǊŀŘƛǎŜΦ hƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 
ΨōƛƻŘƛǾŜǊǎƛǘȅ ƘƻǘǎǇƻǘǎΩΣ ǘƘŜ ǊŜƎƛƻƴ ƛǎ ƘƻƳŜ ǘƻ ƻǾŜǊ оллл ŜƴŘŜƳƛŎ ǎǇŜŎƛŜǎ ƻŦ ǇƭŀƴǘΣ Ŧound naturally 
nowhere else on Earth. The range of climatic conditions on offer is one reason for this diversity ς the 
Himalayas lie close to the Tropic of Cancer but rise abruptly from near sea level to more than 8000 
m, so a wide range of ecosystems exist in close proximity to one another. Alluvial grasslands give 
way to subtropical and temperate broadleaved forests in the foothills and are replaced, in turn, by 
coniferous forest and finally alpine meadows.  A few cushion plants can survive even in the harsh 
permanent rock and ice zone at altitudes of 5500 to 6000 m. Aspect, topography and the diverse 
underlying geology are also significant. 

Where did all these plants come from?  200 million years ago (Ma), when the ancestors of flowering 
plants first appeared, India was still part of Pangaea.  When Pangaea started to break apart (165 
Ma), early angiosperms were already widespread and diverse and by the time the Indian and 
Eurasian plates started to collide, around 55 Ma, angiosperm trees dominated many environments.  



8 
 

The collision would have brought into proximity two quite different groups of species which had 
been evolving separately for millions of years.   

The Himalayan orogeny continues today and the uplift goes hand-in-hand with rapid erosion, both 

processes resulting in the production of new surfaces which organisms such as lichens are quick to 

exploit. Once a little organic matter has accumulated, plants can soon acquire a root-hold. 

Continued uplift means that plants have to adapt, gradually, to changes in altitude as well as in the 

topography of their surroundings, with all that means for temperature and availability of light, water 

and mineral nutrients. Some species are known to have evolved in response to the change in their 

habitat due to uplift (e.g. Himalayan mayapple).  The aridity of the highest land also means that 

populations of plants in adjacent valley bottoms are geographically isolated from one another, 

another factor which drives the emergence of new species.   

Plants found in the higher reaches of the Himalayas are well adapted to the conditions in which they 

ƭƛǾŜΣ ǇǊƻǘŜŎǘƛƴƎ ǘƘŜƳǎŜƭǾŜǎ ŦǊƻƳ ŎƻƭŘΣ ƘŜŀǘΣ ŘǊƻǳƎƘǘ ŀƴŘ ƛƴǘŜƴǎŜ ǎƻƭŀǊ ǊŀŘƛŀǘƛƻƴ ƛƴ ǘǳǊƴΦ  ²ŜΩƭƭ ƭƻƻƪ ŀǘ 

some of these adaptations at close quarters as we travel from the lush Kashmir valley to bone dry 

Ladakh, seeing the effects of altitude, moisture availability and light intensity, for example, on plants 

and how they reproduce.  We will also see something of the effect that the environment has on the 

diversity of both plants and lichens.  
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Time Line ς based on International Geological Time Scale (old names in brackets) 

Age 
(Ma) 

Eon Era Period Epoch Notes 

0 ς 
0.117 

Phanerozioc Cenozoic Quarternary  Holocene E.g. alluvium next to the 
Jhelum river at Pampore. 

0.0117 
ς 2.58 

Phanerozioc Cenozoic Quarternary  Pleistocene ¶ Karewa Group sediments 
lie unconformably above 
Panjal traps and Triassic 
limestone in Kashmir. 
Deposited on lake bottom 
from glacial meltwater - 
record of 
glacial/interglacial events.   

¶ ISZ particularly active  

¶ Modern humans appear 

2.58 - 
5.333 

Phanerozioc Cenozoic Neogene 
(Tertiary) 

Pleiocene ¶ Continued uplift of 
continents allows spread 
of grasslands 

5.333 - 
23.03 

Phanerozioc Cenozoic Neogene 
(Tertiary) 

Miocene ¶ Kargil Igneous Complex ς 
plutonic body intruded in 
the Indus collision zone 

¶ Uplift of Himalayas 
creates new, alpine 
habitats 

¶ Climatic cooling and uplift 
restricts broadleaved 
evergreens to lower 
latitudes 

23.03 - 
33.9 

Phanerozioc Cenozoic Palaeogene 
(Tertiary) 

Oligocene ¶ Mild temperate climates 

¶ Widespread occurrence of 
now-relic taxa e.g. 
Metasequoia 

33.9 - 
56.0 

Phanerozioc Cenozoic Palaeogene 
(Tertiary) 

Eocene ¶ Indian continental plate 
continues to collide with 
Eurasian plate. Speed of 
collision drops. 

¶  Subtropical climates with 
heavy rainfall support 
distinct angiosperm 
forests  

¶ Lamayuru Formation 
sediments laid down on 
passive margin of Indian 
plate as Tethys sea closes 

¶ Deposition of Indus 
Formation (marine and 
terrestrial sediments) 

¶ Ladakh Batholith intruded 
into Drass volcanics during 
collision.   

¶ Lamayuru lake formed 
around 40 Ma due to 
tectonic activity damming 
drainage route.   
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¶ Khardung acid volcanics 
en route to Pangong ς 
sub-aerial eruption 
associated with island 
volcanic arc 

56.0-
66.0 

Phanerozioc Cenozoic Palaeogene 
(Tertiary) 

Paleocene ¶ Continent-continent 
interaction between India 
and Eurasia starts about 
65 Ma in the Tethys 
Himalaya. Leads to 
development of Kohistan-
Ladakh volcanic arc on the 
Eurasian plate margin 

¶ Some modern groups of 
birds  

66.0 - 
100.5 

Phanerozioc Mesozoic Cretaceous Upper 
Cretaceous 

¶ India continues to drift 
north and rotates counter-
clockwise. 

¶ Oceanic-oceanic 
subduction continues until 
the oceanic basin closes 
and oceanic ophiolite is 
obducted onto the Indian 
plate ς includes Shergol 
ophiolitic mélange 

¶ Nindam formation 
sediments of 
volcanic/oceanic origin 
deposited in the forearc 
basin of the Kohistan-
Ladakh volcanic arc  

¶ Angiosperms rise to 
dominance ς diverse 
flower structures 

100.5 - 
145.0 

Phanerozioc Mesozoic Cretaceous Lower 
Cretaceous 

¶ East Gondwana further 
splits about 120 M and 
Indian ocean opens.  India 
drifts northwards. 

¶ Oceanic crust of Neotethys 
continues to be subducted 
along the Drass volcanic 
arc 

¶ Angiosperm pollen, leaves 
and flowers found ς 
monocots and dicots.  

145.0 - 
163.5 

Phanerozioc Mesozoic Jurassic Upper Jurassic Drass volcanics form ς a 
product of island arc volcanics 
at a subduction zone. 

163.5 - 
174.1 

Phanerozioc Mesozoic Jurassic Middle Jurassic ¶ Plant communities of 
ginkgos, conifers, ferns 
and cycads 

¶ Dinosaurs! 

174.1 -  
201.3 

Phanerozioc Mesozoic Jurassic Lower Jurassic East Gondwana separating 
from Africa about 184 Ma. 

201.3 - Phanerozioc Mesozoic Triassic Upper Triassic ¶ Gondwana starting to split 
in two. India part of East 
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237 Gondwana, along with 
Australia and Antarctica. 
Diversification of 
gymnosperms, ginkgos 
and cycads. 

¶ First flowering plants 
appear. 

237 - 
247.2 

Phanerozioc Mesozoic Triassic MiddleTriassic ¶ Triassic limestones lie 
above the Khunamah 
Formation.  Highly 
deformed around 
Sonamarg.   

¶ Decline of glossopterids. 

¶ Arid climate in continental 
interiors 

¶ Appearance of first 
mammals 

247.2 - 
252.17 

Phanerozioc Mesozoic Triassic Lower Triassic ¶ Khunamah Formation 
visible at Guryul Ravine 
marks P-T boundary.  No 
break between sediments. 

¶ Lamayuru Formation 
sediments laid down on 
passive margin of Indian 
plate as Tethys Ocean 
opens.   

252.17 -
259.8  

Phanerozioc Paleozoic Permian Lopingian At P-T boundary, India is still 
part of Gondwana/Pangaea.  

259.8 -
272.3 

Phanerozioc Paleozoic Permian Guadalupian ¶ Zewan formation (marine 
limestone and shales) 
overlieΧ 

¶ Gangamopteris beds (also 
contain Glossopteris 
fossils) 

272.3 - 
298.9 

Phanerozioc Paleozoic Permian Cisuralian ¶ India part of Gondwana. 
Separated from Eurasia by 
Paleo-Tethys Ocean. 

¶ Much further south than 
at present, so much 
colder. 

¶ North India affected by 
late phase of Pan-African 
orogeny. 

¶ Fine grained flood basalts 
of Panjal traps erupted 
onto volcanic ash during 
early-mid Permian. 

298.9 - 
307.0 

Phanerozioc Paleozoic Carboniferous Upper 
Pennsylvanian 

 

307.0 -
315.2 

Phanerozioc Paleozoic Carboniferous Middle 
Pennsylvanian 

¶ Warm, humid climates ς 
great Carboniferous 
swamps 

¶ Mosses, ferns and seed 
ferns  

¶ Appearance of conifers 
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and reptiles, 
diversification of 
amphibians and insects 

315.2 - 
323.2 

Phanerozioc Paleozoic Carboniferous Lower 
Pennsylvanian 

 

323.2 - 
330.9 

Phanerozioc Paleozoic Carboniferous Upper 
Mississippian 

Early stage of rifting between 
India, modern day Iran, 
Afghanistan, Tibet 

330.9 - 
346.7 

Phanerozioc Paleozoic Carboniferous Middle 
Mississippian 

¶ Ferns and seed ferns 
associated with extensive 
lowland swamps 

¶ Spread of amphibians and 
fish, insects with wings 

346.7 - 
358.9 

Phanerozioc Paleozoic Carboniferous Lower 
Mississippian 

 

358.9 - 
419.2 

Phanerozioc Paleozoic Devonian  ¶ Diversification of vascular 
plants apart from 
flowering plants 

¶ Diversification of fish, 
origin of amphibians 

419.2 - 
443.8 

Phanerozioc Paleozoic Silurian  ¶ First land plants and 
vascular plants 

¶ First air-breathing animals 

¶ Brachiopods and corals 

443.8 - 
485.4 

Phanerozioc Paleozoic Ordovician  ¶ Continental 
conglomerates laid down 
above unconformity 

¶ Abundant red and green 
algae 

¶ Variety of marine 
invertebrates (graptolites, 
nautiloids) and first 
vertebrates 

485.4 - 
541.0 

Phanerozioc Paleozoic Cambrian  ¶ Marine sediments of the 
Tethys Himalayas 
deposited on northern 
passive margin of Indian 
continental plate.  Granitic 
intrusions c. 500 Ma ( 
result of Pan-African 
orogeny) 

¶ Cyanobacteria, red and 
green algae 

¶ First trilobites and 
foraminifers 

541.0 - 
2500 

Precambrian 
(Cryptozoic) 

Proterozoic   Salkhala Series of the Pir Panjal 
range, visible all around the 
Kashmir valley.  Low grade 
metamorphic rocks.   

2500 - 
4600 

Precambrian 
(Cryptozoic) 

Archean & 
Hadean 
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Rocks, Routes and Shoots Geology and Ecology   

Day 5 (July 1):  Day trip from Srinagar  

We will visit Khunamuh (Guryul Ravine) to look at sedimentary rocks of the Permian /Triassic 

boundary and the basic volcanic rocks of the Panjal Traps. Possible stop at Pandrethan (the well 

preserved remains of a 10th C. Hindu temple) en route. 

The geological succession as seen at Guryul ravine includes the Panjal Volcanic rocks and the 

sedimentary Gangamopteris beds, Zewan Formation and Khunamah Formation (Figs 3 & 4). 

 

 

Fig. 4. The Guryul Ravine at Khunamah (from Geological Notes for Finnish Geologists Field Trip to NW 

Himalaya and Karakorum, 2012) 

Fig. 3. Map showing the Late Permian & Triassic sequence at Guryul Ravine, 

Khunamah after Bhat & Bhat (1977) 
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Panjal Traps 

These are basic, fine grained flood basalts extruded onto volcanic ash during the Lower to Middle 
Permian (300 ς 260 Ma).  Two basal flows produced a series of beds.  The basalt contains vesicles ς 
smaller rounded ones in the upper layers and larger elongated ones in lower parts.  Some are filled 
with secondary minerals.  Quartz veins fill joints and fractures.  
  
These are oǾŜǊƭŀƛƴ ōȅΧΦ 
 
Gangamopteris beds (Late Permian)  

Beds of chert, silicaceous and carbonaceous shales and thin bedded limestones.   Basal layer is white 

or cream chert, produced by silification of limestone.  Shales contain Gangamopteris and 

Glossopteris (fossil fern) remains.  Glossopteris fossils provide good evidence for India as part of 

Pangaea - also found in Antarctica, Australia and southern parts of Africa and S. America (Fig. 5). 

 

Fig. 5. Glossopteris fossil from the Antarctic collected by Captain Scott (Natural History Museum) 

The Gangamopteris beds are sometimes regarded as the basal layer of the overlying Zewan 

formationΧ 

Zewan formation (Permian) comprises sandy limestone and calcareous shales - fossiliferous. 

¶ Basal layers laid down in shallow seas, away from the coast (edge of the continental shelf, up to 

200 m deep), free from land-derived sediments ς likely to contain fossils of tube worms, 

molluscs etc.   

¶ Second stage of deposition in deeper water beyond the continental shelf (200-3000 m) ς fewer 

fossils.   

¶ Final stage is carbonate rocks, due to sea becoming shallower ς the middle part of this comprises 

alternating layers of calcareous sandstone and sandy shale.  Fossils here include early 

ammonites, foraminifera, bryozoans, molluscs and conodonts (extinct chordates) (Fig. 6).   

Upper part of the formation is thickly-bedded sandy limestone with some sandy shale, and 

sandstones cemented with clay minerals and calcite. Seismites have been produced here as a 

result of soft sediment deformation produced by seismic activity. 
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Fig. 6. Conodont fossils from West Pingdingshan sections of Chaohu, China (Zhao et al., 2008) 

 

An abrupt change in rock appearance (not an unconformity) ƭŜŀŘǎ ǘƻ ΧΦ 

 

Khunamuh Formation (Permo-Triassic to Triassic)  

This comprises alternating layers of limestone and flaggy shale.  Guryul Ravine is rare in being one of 

the places on Earth where there is no break between latest Permian and the youngest Triassic 

sediments.   

¶ Lower Permo-Triassic unit (2.6 m thick) is black shale with thin, discontinuous limestone 

intercalations.  Contains both Triassic (Claraia ς Fig.7) and Permian (Etheripecten haydeni and 

Paleolima middlemissi) bivalves plus same conodont fossils as upper part of Zewan Formation. 

 

 
 

Fig. 7. Claraia fossils from the Dolomite mountains, Italy (photo by Wolfgang Moroder, 

Wikimedia Commons) 

http://www.sciencedirect.com/science/article/pii/S1002007107000032#gr4
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¶ Middle (lower Triassic) unit (6.1 m deep) is flaggy shale with thin limestone beds.  Contains fossil 

ammonoids (e.g.  Otoceras woodwardi, Glyptophiceras himalayanum and Lytophiceras 

sakuntala) plus bivalves and condonts. 

 

¶ Upper unit (9.9 m) is alternating shale and limestone.  Seismites have been produced here too, 

as in Late Permian sediments. 

 

Triassic Limestone formation (found elsewhere in the area unconformably on Panjal Traps) 

 

Lies above the Khunamuh group sediments.  Lower, middle and upper parts. 

Lower part is 100 m thick and contains ammonoid fossils.  

Pampore  

Pampore lies on alluvial soil above the Karewa sediments, right next to the Jhelum river, and is the 

heart of the saffron growing industry.  

 

 

Day 6 ς Srinagar to Sonamarg 

Visit Dachigam National Park and bear sanctuary in morning, picnic lunch. 

At Dachigam we will look at some familiar and unfamiliar plants and start to consider plant diversity, 

plant adaptations to their environment and pollination syndromes.  We will make leaf epidermal 

peels which we can look at in the hotel in the evening. We will also estimate the abundance of 

lichens of different colours.  

Separate worksheets for this are at the back of the handbook, along with a glossary of plant 

terminology you might find helpful.   

Drive to Sonamarg  (altitude 2800 m) after lunch, noting the changing geology (Quaternary 

sediments, Panjal Traps, Triassic limestone etc.) and ecology.  

Fig. 8 shows some of the rocks seen Ŝƴ ǊƻǳǘŜΧ 
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Karewa Group sediments (Kashmir valley) 

These are Quarternary sediments (2000 m thick).  Lie on top of an unconformity above Panjal Traps 

and Triassic limestone ς provide record of Pleistocene glacial/interglacial events.  Nearly horizontal 

strata because these are sediments deposited at the base of a lake derived from glacial meltwater.   

¶ Lower Karewa/Hirpur Formation is 1675 m deep.  Comprises a basal conglomerate, and 

laminated beds of silt, clay, sands and lignite. 

¶ Middle Karewa/Nagum Formation is 610 m deep ς finely laminated clays, sands and silts. 

¶ Upper Karewa/Dilpur Formation is just 10-25 m thick and comprises windblown loessic 

sediments interbedded with fossil soils ς evidence of glacial and interglacial periods during the 

Holocene. Should be visible near Kangan/Karapora. 

 

Salkhala Series  

Basal layer of Precambrian rocks visible much of way between Kangan and Sonamarg.  Mainly low 

grade metamorphic rocks ςslates, phyllite, limestone, marble, schists and quartzite.  In places, 

granite and granitic gneiss intrusions have led to high grade metamorphism and vertical folds.   

 

Before Sonamarg the road also passes through Zewan Formation limestone and Panjal volcanics.  

Sonamarg itself is on Triassic-Jurassic limestone. 

 

 

 

Fig. 8. Map of lithographical units along the road between Srinagar and Sonamarg (after Thakur & Rawat, 

1992) 
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Day 7 ς Sonamarg and Thajiwas glacier 

Walk to Thajiwas glacier, observing typical glacial features and looking at lichens as a link 

between geology and ecology.  

Sonamarg lies at an altitude of 2800 m on the Triassic-Jurassic limestone. 

We will compare the ecology here with that seen in Srinagar in terms of plant diversity, adaptations 

to the environment and pollination.  We will also estimate the abundance of lichens of different 

colours and see whether this is different to that at Dachigam. 

 

Day 8 ς Sonamarg to Kargil via Drass 

Drive to Kargil (altitude 2676 m) via Zoji La pass (3528 m), looking at geology and ecology en 

route. The geology includes highly deformed Triassic limestone, basic volcanic rocks of Panjal and 

Drass and  granitic rocks of Kargil igneous complex. 

Today we climb up out of Triassic-Jurassic limestone, through shales onto the Salkahala Series (Zoji 

La).  Then into Drass volcanics, Ladakh batholith and finally Kargil Igneous Complex at Kargil  (Fig. 9). 

 

 

 

Fig. 9. Map showing lithographical units along the road between Sonamarg and Kargil (after 

Thakur & Rawat, 1992) 
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Drass Formation 

Exposed near Drass (S of Kargil) and as 15km wide outcrop in gorge between Pashkyum and Mulbek 

(NE of Kargil).   Intra-ocean arc sequence, 5000 m thick.  Succession of volcanic rocks, and rocks 

formed of pyroclasts and volcaniclastic sediments, cherts (fossil radiolarians) and limestone with 

serpentinized lenses.  Highly metamorphosed in western part.   

Product of island arc volcanoes at subduction zone in mid to late Mesozoic (150 Ma) when India was 

still part of Pangaea but the supercontinent was starting to break up.  The rocks are a product of 

two, separate, volcanic events. 

¶ First characterised by volcaniclastics with some slate and carbonates with rare basaltic lava 

flows.  Ultra-mafic rocks at base, increasingly felsic in higher layers.  Intruded by gabbro, diorite 

and granite.   

¶ Second (overlying this) characterised by rocks derived from volcanic ash and fragmental breccias 

ς volcanic-sedimentary sequence. 

Around Kargil, Ladakh batholiths intrude into the Drass volcanics. 

Ladakh batholith (45 ς 23 Ma) 

Make up large part of the Trans-Himalaya north of the ISZ.  Composite granitoid mass with a  wide 

range of composition and texture.   Intruded into the Drass volcanics during collision between Indian 

and Eurasian plates.  Mostly granodiorite and tonalite, with basalt xenoliths.   Pale in colour, coarse-

grained and quartz rich.  We will take a closer look at these rocks on Day 11. 

Kargil Igneous Complex 

Plutonic body (granite) in the Indus Collision Zone, Lower Miocene in age (20 Ma).  Three zones: 

¶ Central gabbroic zone ς intrusive version of basalt 

¶ Intermediate diorite zone ς more felsic version of gabbro due partial melting/fractional  

crystallization  

¶ Outer tonalite-granodiorite zone ς more felsic still ς approaching granite 

 

Day 9 - Kargil to Nurla 

Visit the Museum of Central Asia in Kargil, then drive to Nurla via Shergol valley and the Namika 

La (3718 m) and Fotu La (4108 m) passes. Visit Lamayuru monastery and view the sediments of the 

now-empty Lamayuru lake (ΨMoonlandΩ).  Descend to Nurla (altitude 3040 m) for overnight stay in 

Apricot Tree Hotel.  

Start off in Kargil Igneous complex, then travel through Drass formation with small exposures of 

Shergol ophiolitic mélange and into rocks of the Lamayuru formation (Fig. 10). 
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Limestone pillars line the river Wakka Chu near Mulbek (including ancient Buddha).  Sediments 

which line the basin of the drained lake bed are also derived from the Lamayuru formation rocks.  

We join the Indus (the Indus Suture Zone) and then cross into the Indus Molasse.   

Shergol ophiolitic mélange 

Incorporates Jurassic-Eocene (200 - 34 Ma) submarine volcanic rocks ς remnant of ocean floor as 

Tethyan Ocean closed.  Includes basaltic and ultra-mafic rocks of Drass volcanics plus carbonate 

blocks, all mixed up.   

Lamayuru Formation  (250-34 Ma) 

Long time span for deposition covers both opening and closing of Tethyan Ocean.  Marine sequence 

of dark slates and phyllites, alternating with sand and siltstones, marls and limestones.  Derived from 

sediments deposited on passive margin of Indian plate ς shelf carbonates integrated into deep 

marine succession.  Fossils include ammonites and forminifera from Triassic to Early Eocene. 

Indus Suture Zone 

During Quarternary period (2.6 Ma to present) ISZ was particularly active.  5 km2  lake at Lamayuru 

formed around 40 ka by tectonic activity damming an ancient drainage route.  Rocks here are 

Triassic to Jurassic marine sediments ς base layer and source material for much younger lake 

sediments.  Paleolake deposits (110 m thick) are tilted 5-10% as result of recent tectonic 

movements.   

Fig. 10. Geological map of the Indus Suture Zone between Kargil and Lamayuru after Frank et al. 

(1997) 
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Lower layers of sediment are mud rich in organic material, including well preserved plant remains ς 

leaves, stems, twigs and seeds. Overlain by alluvial deposits of silty mud and fine sands interbedded 

with marl, with deposits of poorly sorted debris on very top. 

Tectonic movement also produced terraces along the Lamayuru and Indus rivers. 

Indus Molasse 

2000 m thick succession Sedimentary rocks ς appear first just south of Kargil and form a linear belt 

as far east as Upshi  (east of Leh) (Fig. 11).  In eastern part rests on Indus Flysch and associated 

volcanic and ophiolitic mélange. 

Northern belt transgresses the Ladakh batholith in places. Southern belt, called the Hemis 

conglomerate is visible at Hemis monastery (see day 12 itinerary). Tectonic movement has thrust 

this over the northern belt in places. 

Sometimes separated into the  

¶ Kargil formation ς wide range of rodent and other mammalian fossils, as well as molluscs and 

fish 

¶ Indus Formation ς thickly interbedded conglomerate, siltstone and shale with some thinner 

layers of shale and limestone laid down in Late Eocene age (34 Ma).  Upper layers sandstone and 

shale with plant remains including Livistona wadiai (fossil palm).  Intermontane lake sediments. 

 

Nindam formation  

Sediments of volcanic origin, mostly from Late Cretaceous-Eocene (66 -56 Ma) Dras island arc which 

formed in the shrinking Tethyan Ocean before continental collision led to development of Kohistan-

Ladakh volcanic arc on the continental plate margin.  Also from the ophiolitic mélange formed during 

subduction and collision.  Visible at Nurla and to S of Indus river.  Red and green shales, siltstones, 

conglomerates, cherts and limestone.   

 

Day 10 ς Nurla to Leh 

Morning relaxing at Nurla (optional walk along the Indus) then drive to Leh (altitude 3524 m) after 

lunch, looking at geology en route.   Evening visit to Leh market and Shankar Gompa. 

We drive through the Indus Molasse all the way to Leh (Fig. 11).  Fig. 12 shows cross sections 

through the rocks in Fig. 11 at three different positions.   We will see the rocks exposed at C on Day 

12 at Hemis.  
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Fig. 11. Geological map showing the Ladakh Batholith and Indus suture zone (after Sinclair 

& Jaffey, 2001) 

Fig. 12. Cross sections A-C through Figure 11, after Sinclair & Jaffey (2001) 

 


