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Abstract: The pre-collisional tectonic evolution of the north Indian continental margin is best recorded in
the few ophiolite complexes preserved, the largest of which occurs in the Spontang area of the Himalayas.
Structural, sedimentological, palaeontological and geochemical work on the ophiolite and associated
allochthonous thrust sheets has been carried out to constrain the timing and tectonic environment of
ophiolite obduction. A distinct thrust sheet of accretionary complex rocks has been identified immediately
underlying the ophiolite. Accreted units include thrust slices of tectonic melanges and alkaline basaltic
lavas capped by limestones ranging from late Permian to late Cretaceous in age, interpreted as remnants
of former seamounts. The accretionary complex formed above a north dipping intra-oceanic subduction
zone during the Cretaceous, the Spontang ophiolite located in the hanging wall. Beneath the Photang
thrust sheet, two further distinct, allochthonous thrust sheets of sedimentary melanges and continental
slope deposits have been recognized. The structural relations of the allochthonous thrust sheets with the
sediments of the north Indian margin have been mapped in detail and show clear evidence that obduction
occurred in the late Cretaceous. At this time the Dras-Kohistan intra-oceanic arc had already collided with
the southern Asian margin, over 1500 km to the north. Obduction of the Spontang ophiolite therefore
records a separate tectonic episode in the Ladakh Himalaya.
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The Spontang ophiolite complex in the Ladakh Himalaya lies
c. 30 km south of the Indus suture zone, which marks the
boundary between the Indian and Asian plates (Reuber 1986;
Searle 1986; Searle et al. 1988). The complex tectonically
overlies the passive margin sediments of the north Indian plate
margin and consists of Neo-Tethyan oceanic crust (Spontang
ophiolite) and associated Neo-Tethyan allochthonous thrust
sheets. The Spontang ophiolite complex is one of the few
preserved ophiolite complexes in the Himalayan orogenic belt
(Gansser 1964). Work on ophiolites complexes from the
western end of the orogen in western Pakistan indicates that
obduction occurred during the late Cretaceous to Paleocene,
prior to the collision of India with Asia (Allemann 1979;
Moores et al. 1980; Beck et al. 1995, 1996; Gnos et al. 1997).
An understanding of the tectonic evolution of the Spontang
ophiolite complex is very important in determining the
pre-Himalayan collision tectonics of Neo-Tethys east of the
Pakistan ophiolites.

The Spontang ophiolite has been the subject of several
reconnaissance studies within the broader context of the
Ladakh Himalaya (Fuchs 1977, 1979; Srikantia & Razdan
1981; Searle 1983; Searle 1986; Keleman & Sonnenfeld 1983).
More recently, detailed studies were published on the petrol-
ogy of the ophiolite (Reuber 1986), the associated melanges
(Reuber et al. 1992) and the regional structure (Searle et al.
1997), with an emphasis on constraining the timing of ophiolite
obduction. Fuchs (1979, 1982), Keleman & Sonnenfeld
(1983), Reuber (1986), Colchen & Reuber (1986), Colchen
et al. (1986, 1987), Garzanti et al. (1987), Keleman et al.
(1988), Fuchs & Willems (1990) and Reuber et al. (1992) all
suggested a post-early Eocene age of obduction because the
Spontang ophiolite has been thrust over Palaeocene–early

Eocene limestones. Searle (1983, 1986), Searle et al. (1988),
Searle et al. (1997) and Corfield & Searle (in press), proposed
that this thrust was a younger structure which re-stacked the
earlier thrust pile during the Himalayan collision and that
the obduction event occurred in the late Cretaceous–early
Palaeocene.

This paper deals primarily with the Photang thrust sheet, an
accretionary complex immediately beneath the Spontang
ophiolite. Other Neo-Tethyan allochthonous thrust sheets
belonging to the Spontang ophiolite complex, comprised of
continental slope deposits (Lamayuru Complex) and obduc-
tion related platform collapse deposits (Photok Unit) are also
described. We present here new mapping together with struc-
tural, sedimentological, palaeontological and geochemical
data. These data are used to discuss the probable timing
and tectonic setting of obduction of the Spontang ophiolite
complex.

Geological setting
The mountains of the Ladakh and Zanskar ranges in NW
India (Fig. 1), expose rocks of the southern Asian margin, the
Indus Suture Zone and the northern Indian continental margin
(Searle 1986; Searle et al. 1988, 1997; Gaetani & Garzanti
1991; Robertson & Degnan 1993). The suture zone consists of
four distinct tectonic units and has been described and inter-
preted by Thakur (1981), Brookfield & Andrews-Speed (1984),
Garzanti & Van Haver (1988) and Searle et al. (1990). Post-
collisional clastic rocks of the Indus molasse form the northern
edge of the Indus suture zone, unconformably overlying the
granitoids of the Ladakh batholith of the Asian plate. Late
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Tertiary back-thrusting has emplaced Jurassic to Cretaceous
island-arc volcanic rocks (Dras arc), northwards over the
Indus molasse. In the region north of the Spontang ophiolite
only the forearc volcaniclastic sediments (Nindam formation)

of the Dras arc are exposed (Robertson & Degnan 1994). Thin
zones of ophiolitic melanges mark the northern and southern
margins of the Dras island-arc. Deep water deposits of the
Lamayuru Complex, preserving slope to base of slope settings
of the north Indian passive margin (Robertson & Degnan
1993) are exposed along the southern margin of the Indus
suture zone. The structure of the whole Indus suture zone is
dominated by late Tertiary north or north-east vergent folds
and thrusts (Searle et al. 1990; Corfield & Searle in press), the
Main Zanskar back-thrust placing Mesozoic shelf carbonates
northwards over the Indus suture zone rocks along its
southern edge (Fig. 1). The stratigraphy of the Mesozoic and
early Tertiary sediments of the northern Indian continental
margin has been investigated in some detail (Fuchs 1982; Baud
et al. 1984; Garzanti et al. 1987; Gaetani & Garzanti 1991).
The whole sequence has been complexly deformed by folding
and thrusting, during both pre-collision obduction-related
thrusting and post-collision thrusting processes (Searle 1986;
Corfield & Searle in press). The late Tertiary Photoksar
break-back thrust (Figs 1 & 2) marks the northern extent of
exposure of the Spontang ophiolite complex, which is pre-
served in its hanging wall. The present position of the leading
edge of the Spontang ophiolite complex still exposed is
approximately 30 km south of the Indus Suture Zone. How-
ever, restoration of a balanced cross-section perpendicular
to the regional structure provides a minimum estimate of
85 km for the displacement of the ophiolite complex onto

Fig. 1. Map of the major structural features of the Ladakh–Zanskar
Himalaya of NW India after Searle (1983, 1986). Figure 2 is located
around the region of Photoksar village and Fig. 7 around Yulchung
village.

Fig. 2. (a) Map of the area surrounding Photoksar village on the northern edge of the Spontang Ophiolite complex. #–# marks the line of
section in Fig. 2b. (b) Cross-section through the northern edge of Photang thrust sheet.
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the north Indian continental margin (Corfield & Searle in
press).

Spontang ophiolite
The Spontang ophiolite contains all the components of a
classic ophiolite including upper mantle depleted harzburgites
and dunites, lower crustal cumulate gabbros and peridotites
(Reuber 1986) and upper crustal sheeted dykes, pillow lavas
and oceanic sediments. However, the sequence is tectonically
disturbed and much of the crustal section is deformed and
difficult to identify in the field. Pillow lavas are abundant and
sometimes seen in association with sheeted dykes. Sheeted
dykes have only been identified in a highly tectonized state,
disrupted by a pervasive network of small-scale faulting
and folding. Characteristic basalt–basalt and gabbro–basalt
intrusive relationships have been identified in some exposures.
Isotropic gabbros have been identified at the base of the
sheeted-dyke sequence associated with the basaltic dykes.
Massive gabbros and layered gabbros appear to be absent in
the preserved ophiolite. Highly serpentinized ultramafic
cumulates with poorly developed layering have been identified
in separate localities. Nowhere is a continuous section through
the Moho exposed and the original structure of the lower crust
of the ophiolite is poorly known. Harzburgites form the main
constituent of the preserved ophiolite, differentiated into upper
pyroxene-rich and lower pyroxene-depleted units (Reuber
1986). The full ophiolite sequence is significantly dismembered
by faulting, and the maximum exposed vertical thickness of the
deformed ophiolite is 1 km.

A U–Pb zircon date of 174&2 Ma from high level
plagiogranitic melt segregations within the sheeted dykes
provide the best estimate for the timing of formation of the
ophiolite (Pedersen, Corfield & Serle, in prep.). The other
existing age estimates for the Spontang ophiolite were derived
by K–Ar dating of amphiboles (Reuber et al. 1989). In this
work ages were determined from pegmatitic gabbro dykes
(124&75 to 156&11 Ma), ‘diabase’ dykes (133&10 to
231&23 Ma), a meta-chert (178&12 Ma) and an amphibolite
(135&4 Ma). Despite the considerable spread in ages and
uncertainties these data have been used to infer an intra-
oceanic thrusting event affecting the Spontang ophiolite at
125–135 Ma (Reuber et al. 1989).

South of Photoksar the ophiolitic rocks are thrust over
volcanic rocks and volcaniclastics that crop out all around the
northeastern side of the Spontang ophiolite. This sequence,
from which a U–Pb zircon date of 91&3 Ma has been
obtained for a dacite, is interpreted to have formed in an
island-arc setting (Spong arc) above the oceanic basement of
the Spontang ophiolite (Pedersen, Corfield & Serle, in prep.).

Metamorphic sole rocks characterized by an inverted
metamorphic gradient immediately beneath many well studied
ophiolites have provided vital evidence in understanding the
obduction history. Typically the highest grade rocks in this
metamorphic sole are amphibolites, which can be dated radio-
metrically. In addition the obtained pressure and temperature
conditions of metamorphism can provide an important con-
straint on possible obduction mechanisms. Rare blocks of
amphibolite have been reported from the tectonic melanges of
the Photang thrust sheet (Searle 1983; Reuber et al. 1989). The
latter published a K–Ar date on a green amphibole of
135&4 Ma from a metamorphic sole which was interpreted as
dating the metamorphic formation of amphibole related to

intra-oceanic thrusting. However, detailed re-mapping along
the base of the ophiolite did not identify any metamorphic sole
rocks.

Photang thrust sheet
Immediately beneath the rocks of the Spontang ophiolite and
Spong arc we have recognized a distinct thrust sheet consisting
of tectonic melanges and distinct volcanic units associated with
oceanic sediments. The Photang thrust sheet is continuous
beneath the whole of the western side of the ophiolite, its
thickness varying from 300 m in the lower Photang valley up
to 800 m in the mountain of Snuzi Kangri at its western edge.
The large-scale structure of the Photang thrust sheet and the
Spontang ophiolite above it, is that of a gentle NW–SE-
trending synform in the hanging wall of the SW-vergent
Photoksar break-back thrust (Figs 1 & 22).

Photang valley sections
The N–S ridge separating the Photang and Spong valleys,
approximately 5 km to the west of Photoksar, reaches over
5500 m and exposes an excellent structural section through
the Photang thrust sheet (Fig. 2a & b). The top of the thrust
sheet is marked by a fuchsite-bearing mylonite, separat-
ing serpentinized harzburgites above, from the lavas and
carbonates of the thrust sheet below. The thrust is almost
planar feature with an approximate dip of 25)SE in the
exposed section, the characteristic orange weathered colour of
the mylonites making it readily identifiable in the field. The
basal thrust is less exposed, but can be constrained to within
10 m or less where basaltic volcanic rocks of the Photang
thrust sheet crop out above shales of the continental slope
deposits of the underlying thrust sheet. Together these major
thrusts define a gently southeast-dipping, 300–500 m thick
thrust sheet in this region (Fig. 3). Exposures and accessibility
are best on the NW side of the Photang valley where two
detailed sections through the thrust sheet have been studied
(Figs 2, 4 & 5). The alkaline volcanic rocks and interbedded
exotic limestones which comprise the Photang thrust sheet
in this region have previously been interpreted as a massive
olistolith within a melange deposit (Bassoullet et al. 1978,
1980b; Colchen et al. 1987; Reuber et al. 1992). These pre-
viously published descriptions are re-interpreted in the context
of the Photang thrust sheet.

A basal thrust zone is recognizable at the foot of each
section. In Section A the outcrop has a brecciated appearance
with zones of intense deformation surrounding more intact
carbonate, sandstone and basaltic bodies. Several metres
upwards from the base, the intensity of deformation drops
off rapidly and a relatively intact succession of altered
basalts follow. Section B exhibits scattered exposures of
calc-mylonites below the cliff face within which less
deformed blocks of fine grained pelagic limestone dominated
by poorly preserved planktonic foramanifera are preserved.
We have recognized Globotruncanita stuartiformis (biconvex
test, no keel, with triangular chamber, Santonian–Upper
Maastrichtian), Globotruncanita subspinosa (no keel, crescent
shaped chamber, Campanian–Maastrichtian), Globotruncana
ventricosa (two well-developed keels, strongly inflated
umbilical side, Campanian–Maastrichtian), Globotruncana
arca (Plano-convex double keeled, triangular shaped chamber,
Santonian–Maastrichtian) and the upper Campanian zone
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fossil Globotruncanita calcarata (plano-convex test, spines on
the outer chambers, Fig. 6g). These foraminifera clearly date
the pelagic limestones as Campanian in age. This is consistent
with Reuber et al. (1992) who have dated ‘calc-schists’ from
this deformed unit as Senonian (late Cretaceous), on the
recognition of Globotruncana arca. We interpret this zone of

deformation as arising from thrusting of the accretionary
complex over the youngest continental slope sediments
deposited in advance of the deformation front. The bio-
stratigraphic results suggest that initial movement along the
Photang thrust, over the northern Indian continental slope,
took place in the late Cretaceous. In Section B, 25 m above the

Fig. 3. View of the Photang thrust sheet from the village of Photoksar looking west to the Photang valley. The major thrusts at the base of the
mantle sequence (Spontang thrust) and at the base of the accretionary complex (Photang thrust) are shown. Beneath the Photang thrust, the
youngest sediments exposed are late Cretaceous shales correlated with the Lamayuru Complex. The logged sections of Figs 4 & 5 are located at
the left hand edge of the view. Approximate field of view 2.5 km at thrust sheet, 1.5 km vertical relief.

Fig. 4. Logged sections, A and B,
through the thrust sheet south of
Photoksar, marked on Fig. 2a.
Correlated horizons between sections are
marked by dotted lines, thrust surfaces
are correlated by full, heavy lines. Views
of the sections are shown in Fig. 5.
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base, an imbricate thrust partially repeats the sequence, bring-
ing calc-mylonites from the basal thrust zone over alkaline
volcanic rocks (Figs 4 & 6e). These mylonites once again
contain intact blocks preserving a similar assemblage of poorly
preserved Campanian foraminifera.

Above the basal thrust zone in section B, a massive bedded
micritic limestone exhibiting many cross-cutting iron-rich
calcitic veins is encountered (Figs 4 & 6d). Although no fossils
were found within this unit, it may correlate with the lime-
stones found by Reuber et al. (1992) at the base of their section
within the alkaline volcanic rocks, dated as Upper Permian
by the presence of the larger benthic fusulinid foraminifer,
Colaniella parva (Fig. 4). The lavas overlying the basal lime-
stone show an intrusive contact possibly reflecting limited
consolidation in the sediments at the time of eruption. Within
these volcanic rocks, structureless limestone lenses are com-
mon which may once again correlate with similar occurrences
dated as Permian by Reuber et al. (1992). No such massive
limestone is found at the base of Section A, only a sequence of
deformed volcanic rocks, often brecciated, similar to those
above the limestone in Section B. The biotite and clino-
pyroxene phyric lavas are typically hydrothermally altered and
weathered to a brownish colour, the alkaline character clear
from their immobile element geochemistry, discussed later.

At approximately 50 m in each section a fine-grained lime-
stone overlies the volcanic rocks with an erosional contact,

infilling fractures in the underlying lavas. This limestone is
clearly seen as a light-coloured band across the outcrop
between each section on Fig. 4. The limestone shows a high
degree of deformation being cross-cut by numerous low angle
shear zones and suffering considerable calcite veining. The
matrix supports 10–15% of poorly preserved planktonic
foraminifera and small biserial and planispiral benthic forms,
with chambers reaching 0.1 mm in diameter. We have
identified double keeled Globotruncana sp. indicating a Late
Cretaceous age.

Unconformably overlying the late Cretaceous limestone is a
tectonic melange with a shaly matrix containing blocks of
‘Halstatt’ facies carbonate, volcanic rocks and mudstone
breccias. This unit is around 40 m thick in Section B but
pinches out rapidly to the north (Fig. 5) and is not encountered
in Section A. The limestone blocks contain crinoid stems,
bivalves, goniatites and fusulinid foraminifera (Fig. 6f ) which
have been dated as late Permian. A shaly bioclastic limestone
horizon from a block several metres in diameter produced a
mixed micro-vertebrate assemblage consistent with a near
shore environment. The assemblage includes fragments of
actinopterygii bony fish and a well preserved sharks tooth,
possibly of the genus Orodus. Of considerably more bio-
stratigraphic value is a small assemblage of euconodonts,
dominated by ramiform (blade and bar) elements (Fig. 6h).
Initial SEM morphological observations suggest these taxa are
of the genus Metapolygnathus spp. (Fig. 6h), ornamentation
showing similarities with M. nodosus or M. primitius and
an unsculptured form showing similarities with M.
polygnathiformis (identifications by M. Orchard and I.
Sansom). Although continued SEM observations are required
to support these preliminary identifications a Late Triassic age
is very likely (Upper Carnian to basal Norian). The elements
are pitted and granular in appearance and black in colour
(although translucent at the denticle tips) with a vitreous lustre
suggesting a colour alteration index of 5, >95% carbon in
composition (Epstein et al. 1977) and that the assemblage has
been subjected to temperatures in excess of 300)C.

A thick sequence of alkaline volcanic rocks is thrust over
this melange (at 55 m in Section A) reaches over 100 m thick
and consist predominantly of biotite and clinopyroxene phyric
basaltic lavas and pillow lavas. This section is capped by a
distinct 7 m thick structureless white limestone followed by
a sandy red ‘Halstatt’ facies limestone. Further to the south
the same horizon is more chaotic with blocks of limestone
scattered throughout the volcanic rocks, often containing
goniatite fragments (Fig. 6b & c). Commonly the goniatites are
preserved in tiny lenses of carbonate material between succes-
sive lava flows. In some cases a cast of the goniatites has been
left within the lava itself. These limestones are probably
Permo-Triassic in age and we tentatively correlate them with
the Permian limestone of Reuber et al. (1992).

These limestones are succeeded conformably by 25 m of very
well-developed alkaline pillow lavas (Fig. 6a) across the whole
exposure, with sandy Halstatt facies limestone commonly
found in the interstices of the pillow lavas. This succession
would also appear to correlate well with the Carnian limestone
of Bassoullet et al. (1980b), found further to the west where
they also report 100 m of pillow lavas. Above the pillow lavas
fine-grained siliceous siltstones grade into thinly bedded sandy
limestones varying in thickness from 7 m to 25 m across
sections. These possibly correlate with a unit dated by Reuber
et al. (1992) as Albian by the presence of radiolaria, and the
planktonic foraminifera identified as Hedbergella sp. We have

Fig. 5. Views of the alkaline volcanic sections of the Photang thrust
sheet (logged sections and major correlations from Fig. 4 are
located) (a) View north down the NW side of the Photang valley;
(b) view perpendicular to (a) showing the correlations between
logged sections.
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been unable to verify this age due to poor preservation of
fossils in our material.

In Section A (Figs 4 & 5) unconformably overlying the
sandy limestones on an erosional contact is a volcaniclastic
unit containing metric sized blocks of basaltic volcanic rocks.
This unit shows very variable thickness across the exposure
and is not encountered in Section B (Figs 4 & 5). The
volcaniclastics are highly sheared and altered, obliterating any
fossils and geochemical signatures that may have been present.
Reuber et al. (1992) report a similar volcanic layer at the top of
their sequence which would appear to correlate well with ours.

The top of the sequence is marked along most of its
length by a calc-mylonite, containing flakes of chromite and
serpentinite fragments from the over-thrusting harzburgites
and the Cr-bearing muscovite variety fuchsite, weathering to a
bright orange colour.

Bumiktse valley section
The Photang valley marks a major sub-vertical N–S-trending
fault downthrowing to the east and is truncated by and
consequently must predate the Photang thrust (Fig. 2). Upper
crustal sheeted dykes and pillow lavas on the eastern side of
the valley are juxtaposed against mantle harzburgites on the
western side. East of this fault a thin sequence of shales,
limestones, cherts and occasional volcanic rocks comprising
the Photang thrust sheet in the Bumiktse valley (Fig. 2). The
sequence is approximately 50–100 m thick and is repeated by
thrusting. These thrust slices are overthrust by the volcanic
rocks of the Spong arc and crustal parts of the ophiolite.
Within the sequence there is very poor lateral continuity of
units, which may reflect the original depositional conditions in
addition to the considerable deformation that has affected
these rocks. However the sequence shows many similarities
to those of the Photang valley, albeit with much reduced
thicknesses of volcanic rocks and greater thicknesses of
sediment.

Within one outcrop approximately 15 m of continuous
stratigraphic sequence was observed. At the base a contorted
unit consisting of limestone blocks, surrounded by lavas and
interbedded with grey shales is followed by a well bedded
(5–10 cm beds) grey limestone series. The limestone consists
of very finely banded micritic material with very little,
poorly preserved fossiliferous material (Fig. 6d). However
Marginotruncana sp., characteristic of the Coniacian–
Santonian of the mid–late Cretaceous, was been identified.
Over 3 m, bands of grey shales become intercalated with the
limestones in approximately equal proportions. These inter-
beds are overlain by 3–4 m of red siltstones containing
occasional radiolarian chert bands, although preservation of
these fossils is again very poor. Towards the top of the lower
thrust slice a large and distinctive block of fossiliferous red
limestone with sheared contacts is exposed. The limestone
contains abundant shell and crinoid fragments and broken
echinoderm plates although there is an absence of age
diagnostic material in this unit.

The most striking difference in this section to those of the
Photang valley are the thicker sedimentary units and the lack
of the massive alkaline volcanic rocks. However the sedimen-
tary succession and its structural character is also consistent
with a seamount tectonic facies, possibly representing a flank
location relative to the large volcanics thrust slices in the
Photang valley to the west.

Snuzi Kangri
West of the Photang–Spong watershed (Fig. 2) the massive
alkaline volcanic rocks and associated limestones south of
Photoksar pinch out across the Spong valley. The termination
cannot be seen as it is covered by the extensive moraine
deposits characteristic of the glacial U-shaped valley. The
Spong valley also coincides with a sub-vertical fault, down-
throwing to the southeast. However the west side of the Spong
valley in the region of Snuzi Kangri once again exposes the
Spontang thrust, which places mantle harzburgites over tec-
tonic melange, 600–800 m thick. No discrete thrust bound
slices have been identified in this region, although blocks of
alkaline volcanics associated with limestones are present. The
melange contains blocks of limestones, serpentinized peridot-
ites, cherts, dark pyritic shales, basaltic volcanic rocks and
composite blocks, ranging from metres to hundreds of metres
in size, within a serpentinitic matrix. These tectonic melanges
are a structurally continuous part of the Photang thrust sheet.

The base of the thrust sheet is also marked by a very distinct
green weathered band of serpentinite across the Snuzi Kangri
area reaching thicknesses of over 20 m. Ophicalcites are com-
monly associated with these serpentinites and in one locality a
ferruginous crust was observed on the top surface overlain by
dark serpentinitic shales. These serpentinites are considered to
be derived from oceanic crust underlying the tectonic melanges
of the Photang thrust sheet. A possible occurrence of Lower
Eocene radiolarian cherts have been reported from the Spong
valley region, although there is a lack of consensus on the exact
field relations, Colchen & Reuber (1986), Colchen et al. (1987)
and Reuber et al. (1987, 1992) offering different accounts of
the same data. This potentially important age was based on
the identification of the radiolaria Lamptonia pennata and
Lamptonia fabaeforma; however no evidence has been
presented from which this can be verified.

Middle–Upper Photang valley
Kilometre sized blocks of volcanic rocks are characteristic of
the Photang valley (Fig. 2). Geochemical analysis of samples
from these larger blocks indicate mid-ocean ridge and island-
arc affinities (see Fig. 9). Other smaller blocks of volcanics
commonly consist of highly vesicular pillow lavas of alkaline
chemistry, consistent with formation in an intra-plate setting
(see Fig. 9). Limestones are common as individual blocks as
well as associated with igneous rocks and range in age from
Permian to late Cretaceous (Colchen et al. 1987). No limestone

Fig. 6. Illustrations from the log sections (Fig. 4) through the Photang thrust sheet. (a) Well formed pillow lavas, 210 m, section A.
(b) Ammonite encased in basaltic lava, 155 m, section B. (c) Goniatite, 150 m section B. (d) White, unfossiliferous, massive bedded limestone,
5–10 m, Section B. (e) Imbricate thrust fault, 25 m, Section B. (f ) Fusulinid foraminifer, longitudinal section of juvenarium (Colaniella sp.
OUMNH FY.415), 70 m, section B. (g) Globotruncana calcarata, axial section OUMNH KY.2191, from continental slope deposits at the base of
section B. (h) Lateral SEM view of Metapolygnathus spp. OUMNH GY.233 (conodont), 92 m, Section B.
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blocks younger than late Cretaceous have been found
anywhere within the Photang thrust sheet.

Photok Unit
Well-stratified black and red slates passing upwards into
sedimentary melanges and olistostromes crop out all around
the southern and western edges of the Spontang ophiolite. At
the Photok La (Fig. 1) the base of the sequence has previously
been named the Photok La Slates and contains Hedbergella sp.
and Globotruncana sp. indicating a Campanian age (Reuber
et al. 1992). We interpret these deep water pelagic sediments
and calci-turbidites to have deposited in a base of continental
slope setting. Reuber et al. (1992) illustrated several sketch
sections from the Photok La region onto which palaeonto-
logical data from Colchen et al. (1987) was annotated. The
majority of age determinations indicated a late Cretaceous
age for the matrix of the rocks with the exception of two
lower Eocene ages (Colchen et al. 1987). The foraminifera
Nummulites globulus and Miscellanea globularis were identified
from a limestone lense within the matrix, and Assilina spinosa
and Assilina dandotica were identified from the matrix itself.
Re-mapping of this region showed that Late Cretaceous sedi-
mentary melanges of the Photok unit are thrust over Eocene
north Indian continental margin deposits in this region (Searle
et al. 1997; Corfield & Searle in press) previously interpreted
to be from a continuous sedimentary section through melanges
(Colchen et al. 1987; Reuber et al. 1992). We found
no evidence of sedimentary melanges younger than Late
Cretaceous in age.

Lamayuru Complex
Beneath the Photang thrust sheet and the Photok unit is a
further distinct allochthonous thrust sheet of Mesozoic north
Indian continental-margin slope deposits which overlies the
Mesozoic passive margin sequence. The Lamayuru Complex in
the Indus Suture zone has been described in some detail by
Robertson & Degnan (1993) and comprises remnants of the
Triassic to Late Cretaceous, north facing north Indian conti-
nental margin, preserving slope to base of slope facies associ-
ations. The Triassic–Jurassic sequence consists of quartzose
turbidites, calc-turbidites, shales and limestone ‘exotics’ related
to extensional collapse of the carbonate platform edge in the
mid-Jurassic. A period of extension-related alkaline volcanism
in the late Jurassic is also recorded in the west of the area
(Robertson & Degnan 1993). Mixed quartzose clastic, volcani-
clastic, radiolarian-bearing carbonates characterize the poorly
dated Cretaceous portion of the formation.

The youngest Lamayuru complex rocks underneath the
Photang thrust sheet are argillaceous largely dark grey to
black, beige weathering slates. The rocks are locally calcareous
and rustier weathering impure sandstones are commonly
found interbedded with the slates and form competent units
(e.g. along the ridge south of Sirsir La, Fig. 2). The rocks have
been variously interpreted as belonging to the upper parts of
the Lamayuru Complex (Bassoullet et al. 1978; Searle et al.
1988), the Campanian–Maastrichtian passive margin (Kangi
La Formation, Keleman & Sonnenfeld 1983) and as the
Campanian–Maastrichtian outer passive margin (Goma
Formation or Dumbur Formation, Cannat & Mascle 1990).
We favour a distal slope setting for these sediments, being
generally finer grained and more calcareous than the silty

arenaceous Kangi La formation. Discovery of an Oxfordian/
Callovian (Jurassic) ammonite from this formation immedi-
ately south of the Photoksar break-back thrust, to the west of
the Spong river (Brookfield & Westermann 1982) is only
consistent with interpretation of the slates as substantially
allochthonous Mesozoic slope deposits of the Lamayuru
Complex.

Sparse exposures around the village of Yulchung (Fig. 7)
consist of blocks and layers of fine-grained sandstones and
micritic pelagic limestones within the dominant dark shaly
facies. The unit as a whole is highly deformed and is thrust
over the passive margin shelf deposits. The thrust contact can
be clearly seen in the cliffs all along the north side of the
Stumpata valley (Fig. 8), and round into the cliffs of the
Zanskar gorge opposite Nerak (see Searle et al. 1997, Fig. 6).
This allochthonous unit consists of the upper portions of the
Lamayuru continental slope deposits and truncates structures
in the mid Cretaceous Fatu La pelagic limestones. The thrust
sheet is itself truncated by deposition of the latest Cretaceous
to early Eocene Spanboth formation (Fig. 7), clearly dating the
deformation phase as late Cretaceous or older. This deforma-
tion event was associated with obduction of the Spontang
ophiolite. West of Fig. 7, in the Marling valley the thrust
contact placing the Spontang ophiolite over the early Tertiary
limestones can be constrained to within 10 m. This thrust cuts
across the Tertiary limestones and is extrapolated onto the line
of section in Fig. 7. Restoration of this thrust requires that the
limestones in the hanging wall must have originally overlain
the ophiolite but have since been removed by erosion.

Geochemistry
Whole rock analyses of six samples from limestone capped
volcanic sequences of the Photang thrust sheet and 13 samples
from melange blocks within the Photang thrust sheet have
been carried out using X-ray fluorescence. All the rocks exhibit
significant alteration, consequently we have restricted any
chemical discrimination to those incompatible elements rela-
tively unaffected by alteration processes, following the method
of Pearce (1996). All samples were screened using a Ti/Zr–Ni
diagram (Winchester et al. 1980) to ensure no metasediments
were included. Element mobility was tested by plotting groups
of samples from related suites against their loss of ignition
values as an index of alteration. A Zr/Ti–Nb/Y discrimination
diagram (Winchester & Floyd 1977; Pearce 1996; Fig. 9a) was
used to separate the more evolved igneous rocks. Following
this screening procedure the basaltic samples were plotted on
various discrimination diagrams (Meschede 1986; Pearce &
Cann 1971, 1973; Wood et al. 1979; Shervais 1982; Fig. 9). To
use the ternary 3Hf–Th–Ta plot (Fig. 9e) we have assumed
Zr/Hf and Nb/Ta ratios of 39 and 16 respectively (Wood et al.
1979; Pearce 1996) since Hf and Ta concentrations are not
measured by XRF. When used in isolation these diagrams
have been shown by several authors to produce erroneous
results, particularly for continental tholeiites and Archean
rocks (e.g. Holm 1982). However when used in combination
the diagrams yield important constraints on tectonic setting
(Pearce 1996).

The chemistry of the limestone capped volcanic rocks of the
Photang thrust sheet is alkaline (Fig. 9). Three samples are
classified as phonolites (Fig. 9a) and have not been plotted on
the basalt discrimination diagrams. The other three sample are
classified as alkali basalts and consistently plot in, or very near
the within plate alkaline field (Fig. 9b–f ).
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The second set of rocks was sampled from blocks within the
tectonic melanges of the Photang thrust sheet. Several of the
samples are andesitic in composition (Fig. 9a) and have not
been plotted on the basalt discrimination diagrams. However,
the common occurrence of andesitic volcanic rocks in associ-
ation with carbonate sediments and volcaniclastic rocks
strongly suggests an arc setting for the origin of these rocks.

This group of samples as a whole shows considerable scatter
on all the diagrams. probably reflecting the fact that blocks
of varied affinities would have been incorporated into the
melange, including ophiolitic and arc related rocks from the
obducted thrust sheets and alkaline volcanic rocks from
accreted seamounts. The samples have been divided into two
clear groupings of within plate alkaline lavas and tholeiitic
mid-ocean ridge or island arc basalts on all the discrimination
diagrams (Fig. 9)

Discussion
In common with other similar sub-ophiolite thrust sheets such
as the Haybi complex beneath the Oman ophiolite (Searle et al.
1980), the Mamonia complex associated with the Troodos
ophiolite in Cyprus (Robertson & Woodcock 1979) and the
Coastal complex beneath the Bay of Islands ophiolite in
Newfoundland (Casey et al. 1983), it is the rocks underlying
the ophiolite which give an indication of its tectonic setting and
obduction history.

In the detailed sections studied through the Photang thrust
sheet two distinct thrust slices of volcanic rocks and associated
marine sediments, separated by tectonic melanges have been
identified. The highest thrust slice of the sequence described,
though showing considerable variability along strike, shows
a similar sequence to the section described by Reuber et al.

Fig. 7. Geological map and cross-section of the Yulchung-Lingshed region (located on Fig. 1). The Zanskar river gorges passes immediately east
of the Spontang ophiolite exposing a 2500 m section through the rocks immediately beneath the Spontang ophiolite. A major thrust places
Mesozoic distal continental slope deposits onto the intensely deformed Mesozoic sediments of the Indian passive margin in this region (Fig. 8).
This thrust is truncated by the deposition of latest Cretaceous to early Eocene shallow marine limestones in the cliffs west of Stumpata village.
Therefore movement on the thrust, which must have predated deposition of the limestones, was late Cretaceous or older. The position of the
ophiolite and Photang thrust sheet is extrapolated onto the line of cross-section from structures immediately west of the map area.

Fig. 8. View of the cliffs on the north side of the valley, downstream
from Stumpata village (Fig. 7). Thrusting of the continental slope
deposits onto the shelf sediments is associated with intense
deformation including isoclinal folding in the hanging wall.
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Fig. 9. Tectonic discrimination diagrams showing trace element geochemistry of basaltic samples from the Photang thrust sheet. (a) Zr/Ti–Nb/Y
rock classification diagram after Pearce (1996). (b) 2Nb–Zr–3Y after Meschede (1986), WPA, within plate alkaline; WPT, within plate tholeiite;
N-type MORB, oceanic basalt from a normal mid-ocean ridge; P-type MORB, basalt from plume influenced MOR; VAB, volcanic arc basalt.
(c) Ti/100–Zr–3Y after Pearce & Cann (1971, 1973), WPB, within plate basalt; OFB, ocean floor basalt; LKT, low potassium tholeiite; CAB,
calc-alkaline basalt. (d) Ti–Zr after Pearce & Cann (1971, 1973). (e) Hf/3–Th–Ta after Wood et al. (1979) E-MORB, oceanic basalt from an
anomalous MOR segment (e.g. high heat flow). (f ) V–Ti after Shervais (1982); IAB, Island-arc Basalt; MORB, Mid-ocean ridge basalt.



(1992). These thrust slices are interpreted to have arisen from
thrusting over a considerable period of time, such as might be
found in a subduction zone environment. Northwards sub-
duction of Indian plate oceanic crust would have been
expected to consume progressively older crust overlain by
progressively younger pelagic sediments. This sequence is
preserved in the thrust slices of the accretionary complex. The
lowest thrust slice (the last to accrete) consists of alkaline
volcanic rocks with Permian limestone lenses, capped by
Upper Cretaceous pelagic carbonates with an erosional con-
tact. The highest thrust slice of the sequence preserves a more
complete stratigraphy from the late Permian into the mid-
Cretaceous (Albian), the youngest sediments of which are
older than the youngest sediments in the lower thrust slice. The
temperature estimate of >300)C based on conodont colour is
consistent with an accretionary environment of formation for
the melange with subsequent over-thrusting by the ophiolitic
rocks in the hanging wall of the subduction zone.

The geochemistry of these volcanic rocks is clearly consist-
ent with the field interpretations that they originated as
intra-oceanic seamounts, onto which Permian to Cretaceous
carbonate sediments were deposited. An analogous facies
association has been described from the Indus Suture Zone by
Robertson (1998) interpreted as having formed as a shallow
water carbonate platform in the Permian open to the Neo-
Tethyan ocean to the north which subsequently subsided and
detached from the southern Tethyan margin to form a volcanic
seamount. The section through the Photang thrust sheet in the
Bumiktse valley is also consistent with this interpretation
preserving seamount flank facies associations laterally con-
nected to the thicker seamount thrust slices in the Photang
valley to the west.

A metamorphic sole is definitely absent along most and
possibly all of the basal contact of the ophiolite with the
Photang thrust sheet. The lack of a metamorphic sole could
reflect cold conditions at the time of obduction or could be an
artefact of poor preservation due to re-thrusting and erosion.
However the high K amphibolite, associated with meta-chert
described and dated by Reuber et al. (1989) is evidence that a
metamorphic sole may have existed. The Spontang ophiolite is
highly fragmented on a large scale, almost certainly due to its
origin from the leading edge of a subduction zone hanging
wall. This complexity extends to the structural relationship of
the ophiolite to the Photang thrust sheet, therefore the lack of
a clearly defined metamorphic sole is not surprising.

The Photok unit is a distinct thrust-bound unit exposed
beneath the Photang thrust sheet and is considered to represent
late Cretaceous base of slope deposits grading upwards into
sedimentary melanges associated with ophiolite obduction.
These calci-turbidites, pelagic carbonates and shales may
correlate with the upper Cretaceous parts of the Karamba
Complex exposed in the Indus Suture zone (Robertson &
Sharp 1998). These authors have pointed out that the end of
proven deposition on the continental slope and base of slope in
the late Cretaceous favours the model of late Cretaceous
ophiolite obduction.

The lowest allochthonous thrust sheet consists of Mesozoic
Lamayuru complex, north Indian continental-margin slope
deposits. Structural relationships in the Yulchung region
(Figs 7 & 8) indicate that this allochthonous thrust sheet was
emplaced in the late Cretaceous and subsequently overlain by
shallow marine, Maastrichtian to Early Eocene limestones.
The Spontang ophiolite, Photang thrust sheet and Photok unit
were also obducted onto the north Indian continental margin

at this time. However re-thrusting following India–Asia
collision in the early Eocene has placed them on top of the
early Tertiary neo-autochthonous cover (Corfield & Searle in
press).

Tectonic evolution
We now consider the constraints which can be placed on
the tectonic evolution of the Spontang ophiolite which are
summarized in a model of the tectonic evolution (Fig. 10).

The Photang thrust sheet has been described in detail as
an accretionary complex incorporating sediments ranging
from Permian to late Cretaceous in age. Consequently this
accretionary complex must have formed above a subduction
zone active at least into the late Cretaceous. Spong Arc
volcanic rocks formed on the basement of the Spontang
ophiolite dated as 91&3 Ma (Pedersen et al. in review) prob-
ably formed above this subduction zone providing a minimum
age of subduction initiation. There is no evidence for any
sediments younger than late Cretaceous within the Photang
thrust sheet, or in the allochthonous continental slope deposits
immediately beneath it. Qualitative restoration of the allo-
chthonous thrust sheets, assuming a foreland propagating
sequence of thrusting gives rise to a tectonic reconstruction of
the subduction zone in the late Cretaceous (Fig. 10a). The
Spontang ophiolite restores to the hanging wall of the sub-
duction zone at which the Photang thrust sheet was forming. A
subduction zone immediately north of the Indian passive
margin in the late Cretaceous has been suggested by several
authors (Burg 1983; Burg & Chen 1984; Moores et al. 1980;
Besse & Courtillot 1988; Beck et al. 1996; Gnos et al. 1997).
Our interpretation provides further evidence that this sub-
duction zone may have been a continuous feature north of the
Indian continent during the late Cretaceous from southern
Tibet to western Pakistan.

The allochthonous thrust sheet of continental slope deposits,
truncated by deposition of latest Cretaceous to early Eocene
limestones in the Yulchung region, clearly indicates that
obduction had taken place by the late Cretaceous (Fig. 10b).
Palaeomagnetic plate reconstructions indicate that the
northern margin of India was greater than 1000 km south of
the southern Asian margin at this time (Dewey et al. 1989). By
this time the Dras–Kohistan island-arc had also accreted to the
Asian plate (Schärer et al. 1984; Coward et al. 1987; Robertson
& Degnan 1994). Clearly there can be no association between
the Spontang ophiolite and the Dras volcanic arc, as has been
suggested by several authors (Reibel & Reuber 1982; Searle
et al. 1988).

Northwards motion of India towards Asia continued during
the early Tertiary, collision in the Ladakh region dated by final
marine sedimentation in the Indus Suture Zone at 54 Ma
(Garzanti & Van Haver 1988). This is also consistent with
palaeomagnetic data which indicates a slowing in the north-
wards motion of India relative to Asia from 18–19.5 cm/a"1

to 4.5 cm/a"1 at c. 55 Ma (Klootwijk et al. 1992). Magmatism
in the Ladakh batholith was also active into the early Tertiary
due to continued subduction beneath the southern Asian
margin (Schärer et al. 1984). Ophiolite melange zones formed
at the northern and southern margins of the Dras arc are
preserved in the Indus Suture Zone.

Following collision, compression of the northern Indian
continental margin resulted in reactivation of thrusting
beneath the Spontang ophiolite, Photang thrust sheet and
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Photok unit (Searle 1986; Corfield & Searle in press). This
re-thrusting cuts across the early Tertiary limestones which
were deposited over the allochthonous thrust sheets, placing
the hanging-wall units structurally above these limestones
(Searle et al. 1997, fig. 11). The lowest allochthon of
continental slope deposits escaped re-thrusting.

Continuing convergence between India and Asia caused
late Tertiary refolding and thrusting of the entire sequence
(Fig. 10d–e). The Photoksar break-back thrust placed lower
level Mesozoic shelf carbonates in the hanging wall over the
obducted thrust sheets in the footwall and was probably active
concomitantly with the NE-directed Main Zanskar backthrust
along the southern margin of the Indus Suture Zone (Searle
et al. 1988, 1997). The Photoksar thrust remains topographi-
cally significant and is responsible for the preservation of the
Spontang ophiolite, the rest of the obducted slab having been
removed by erosion.

Conclusions
The Spontang ophiolite is one of the few important remnants
of oceanic crust obducted onto the Mesozoic passive margin of
the northern Indian plate still preserved in the Himalaya.
Detailed mapping with structural, sedimentological, palaeon-

tological and geochemical analysis show that a distinct thrust
sheet (the Photang thrust sheet) structurally underlies the
ophiolite. The thrust sheet comprises distinct thrust slices of
alkaline volcanic rocks overlain by pelagic carbonates, ranging
from Permian to late Cretaceous in age. Tectonic melanges
within the thrust sheet contain blocks of volcanic rocks,
serpentinized harzburgites, deep-sea sediments and limestones,
also of Permian to Cretaceous age. Trace element geochemis-
try of the alkaline basalts suggest that they were erupted in a
within plate setting, possibly as off-axis oceanic islands. The
Photang thrust sheet is interpreted as a subduction accretion-
ary complex that formed through thrusting over a considerable
period of time up to the late Cretaceous.

Structures of the Yulchung region indicate that ophiolite
obduction must have taken place by the late Cretaceous, which
is consistent with the age of the youngest sediments in each of
the allochthonous thrust sheets underlying the Spontang
ophiolite. The Photang thrust sheet immediately underlies the
Spontang ophiolite and restores to a position immediately
south of the ophiolite prior to obduction. It follows that the
Spontang ophiolite and associated Spong arc must have
existed in the hanging wall of the subduction zone at which the
accretionary complex formed in the late Cretaceous. This
subduction zone was responsible for initial detachment of

Fig. 10. Model for the structural
evolution of the Photang thrust sheet in
the Ladakh Himalaya. PTS, Photang
thrust sheet; MFT, Main Frontal Thrust;
MBT, Main Boundary Thrust; MCT,
Main Central Thrust; MHT, Main
Himalayan Thrust; ZSZ, Zanskar Shear
Zone; KD, Karsha Detachment; ZD,
Zangla Detachment; PBT, Photoksar
break-back thrust; MZB, Main Zanskar
backthrust.
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oceanic lithosphere and evolved into a southwest directed
shallow level thrust system with time, emplacing the ophiolite
and Photang thrust sheet onto the north Indian passive margin
continental margin. Associated with ophiolite obduction dis-
tinct thrust slices of sedimentary melanges (Photok unit) and
continental slope deposits (Lamayuru Complex) were also
emplaced onto the north Indian continental margin beneath
the Spontang ophiolite and Photang thrust sheet. Post-
collisional thrusting and folding of the obducted thrust sheets
has resulted in the preservation of the Spontang ophiolite in
the hanging wall of a late-stage southwest directed break-back
thrust.
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