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K-Ar ages of ophiolites and arc volcanics of the Indus
suture zone:
clues on the early evolution of the Neo-Tethys

INnGrRID REUBER!, RaAYMOND MoNTIGNY?, ROBERT THUIZAT? and ANNIE HEITZ?)

ABSTRACT

K-Ar analyses on separated minerals are reported for different rocks from the Indus suture zone (Ladakh-Hi-
malaya), including the Spongtang ophiolite, thrust approximately 30 km south of the suture and the Dras volcanic
arc, which lies on an ophiolitic substratum.

Basic dikes intrusive into the ophiolitic assemblages yield two clusters of amphibole ages. The first, comprised
between 140 and 125 Ma, mirrors both, a metamorphic event of amphibolite grade induced probably by an oceanic
thrusting and intrusions of thin basic dikes. The second, at about 170 Ma, is tentatively interpreted as a minimufn age
of the ophiolite generation. Analytical uncertainties due to the low potassium content of the investigated minerals,
preclude to interpret the rare intermediate ages.

Amphiboles extracted from rocks of the Dras arc yield ages falling in the 105-95 Ma range, which is in good
agreement with the paleontological data. An age of 9513 Ma is given by a biotite from a dioritic pluton that intruded
the Dras volcanics. This result, given the size of the massif, is viewed in terms of cooling ages, which implies a pluton
emplacement immediately following the volcanic activity and sedimentation dated in this area. An amphibole age of
78.5%£2.9 Ma obtained on a small grain size fraction confirms the existence of a metamorphic episode at about 75
Ma in the arc terranes.

The data on ophiolites support previous suggestions concerning the evolution of the Neo-Tethys which called
for the formation of an oceanic crust as far back as the end of Triassic or the beginning of Jurassic. On the other
hand, our results on Dras volcanics and related rocks confirm earlier published age determinations on the arc series
of Kohistan and Tibet.

RESUME

Des analyses K/Ar sur minéraux séparés ont été effectués pour plusieurs roches provenant de la suture de L'In-
dus (Himalaya du Ladakh), notamment de I'ophiolite de Spongtang, qui se trouve charriée 30 km environ au sud de
cette suture, et de I'arc de Dras, qui superpose un substratum ophiolitique.

Les dikes basiques qui intrudent ces assemblages ophiolitiques indiquent deux regroupements d’ages d’amphi-
bole. Le premier, compris entre 140 et 125 Ma refléte a la fois un événement métamorphique en faciés amphibolite,
li€ probablement a un écaillage intra-océanique, et une intrusion de dikes basiques peu épaisses. Le deuxieme, aux
environs de 170 Ma, peut étre interprété comme un age minimal de la génération de l'ophiolite. Les incertitudes ana-
Iytiques, liées a la faible teneur en potassium de ces roches, ne permet pas une interprétation des ages intermédiaires.

Les amphiboles extraites des roches reliées a I'arc volcanique de Dras indiquent des ages de l'ordre de 105 a
95 Ma, qui correspondent bien aux données paléontologiques. Un pluton dioritique intrudant ces séries volcaniques
et sédimentaires indique un age sur biotite de 95+ 3 Ma. Compte tenu de la taille du pluton, cet age correspond cer-
tainement a un age de refroidissement, ce qui indique un emplacement du pluton immédiatement suivant I'activité

') GRECO Himalaya, CNRS, Laboratoire de géologie stratigraphique et structurale, 40, avenue du Recteur-
Pineau, 86022 Poitiers, France.
%) Ecole et observatoire de physique du Globe, 5, rue Descartes, 67084 Strasbourg, France.
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volcanique et la sédimentation de cette région. L'age de 78.512.9 Ma obtenu sur des amphiboles de taille plus pe-
tite, confirme I'existance d’un épisode métamorphique aux environs de 75 Ma dans les terrains d’arc.

Les données sur les ophiolites soutiennent des suggestions antérieures concernant la formation de la Néo-Té-
thys aussi tot qu’a la fin du Trias ou le début du Jurassique. D’autre part, nos données sur I'arc de Dras sont en ac-
cord avec celles publi€es sur le Kohistan et le Tibet.

Introduction

The indus suture zone, which constitutes one of the numerous sutures separating
India from Eurasia, is bordered in the north by the Dras volcanics and the Ladakh ba-
tholith. The ophiolites outcrop in different tectonic environments: either as basement
of arc volcanics or as thrust massifs south of the suture (Fig. 1).
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Fig. 1. Localisation of the two study areas on a simplified map of western Ladakh, located on a tectonic map of the
Himalayas, simplified after Girarbeau et al. 1986 (A), and cross-section of Zanskar showing the relation of the
Spongtang Klippe with the suture zone, from CoLcHEN 1987 (B).
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The various volcanic and plutonic rocks of the aforementioned area were subject to
petrologic and geochronologic investigations (HoNEGGER et al. 1982, ScHARER et al.
1984). In contrast, the ophiolite history still needs to be unravelled even though a
Jurassic to early Cretaceous age is usually assumed for the accretion of ophiolites in
this region (HoNEGGER et al. 1982, CHaNnG 1984).

The main objective of this K-Ar study was, therefore, to decipher the sequence of
events which affected the ophiolites in this area. Particularly crucial to a sound recon-
struction of the Neo-Tethyan ocean are the crystallization time of the gabbroic rocks
constituting the basic part of the sequence on one hand, and the time of intra-oceanic
slicing and obduction on the other hand. Clues to the latter process can be gained by
dating the metamorphic rocks associated with the ophiolites (Tnuizar et al. 1981,
MonTiGNy et al. 1988). In order to avoid, as far as possible, the drawbacks caused by
the low-K content and due to the complex tectonic history of ophiolites, we analysed
amphibole solely because of its usually good argon retentivity (DaLrymMPLE & LAN-
PHERE 1969) and a potassium content that can be measured with flame photometry. A
subsidiary aim was to establish the time relationships between the arc volcanics and
ophiolites. A short time span between the crystallization of the two series would imply
an origin in an arc environment for the ophiolites. Accordingly we completed the data
base concerning the arc series of the region by dating amphiboles and a biotite from
magmatic rocks spatially associated with the ophiolites.

Geological setting

The Ladakh area is located at the western end of the Indus-Tsangpo suture zone
(Fig.1). The Ladakh batholith and the volcanic series of Dras situated to the north of
the suture testify a subductionrelated magmatic activity that affected the North-Te-
thyan active margin (HoNEGGER et al. 1982, DieTricH et al. 1983, THAKUR & Misra
1984, Suarma 1987, REUBER, in press). The South-Tethyan passive margin is rep-
resented by the Zanskar Mesozoic-Cenozoic sediments which are situated immediatly
to the south of the suture. They overlie the High Himalayan crystalline (BAssouLLET et
al. 1978, 1980, Fucus 1977, 1979, 1982, Baup et al. 1982, KELEMEN & SONNENFELD
1983). Remnants of oceanic material are preserved in the melanges of the Indus suture
zone (Gansser 1980a & b, Sutre 1989), in the Spongtang Klippe (REuBer 1966) and
in the basement of the Dras and Nindam series (REUBER, in press, SUTRE 1989).

1. The Spongtang Ophiolite

The Spongtang Klippe is mainly composed of peridotites. They were discovered at
the end of the last century (Lypekker 1880, 1883, La ToucHE 1888, McManon 1901)
but mapped and studied in detail only during the last decade (BassouLLeT et al. 1980,
KELEMEN & SoNNENFELD 1983, REiBEL & REUBER 1982, REUBER et al. 1983, REUBER
1986). The ophiolite tectonically overlie a volcano-sedimentary melange of late Creta-
ceous to early Eocene age, which contains ophiolitic blocks, and a serpentinite base
(CoLcHEN & ReuBer 1986, CoLcHeN et al. 1987, REuBkr et al. 1987). The complete
assemblage was thrust over sedimentary series of the Zanskar unit (Figs. 1, 2), which
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Fig. 2. Localisation of the samples from the Spongtang ophiolite. h2 = harzburgites of the upper unit; lower unit:
dk = dike swarms, gb = gabbro dikes, cm = cumulates, du = dunites, h1 = harzburgites; am = amphibolites — meta-
morphic sole; V = massive volcanic rocks and pillow lavas, M = melange, Z = Zanskar series — “par-autochtonous”.

includes lower Eocene or even younger strata. Accordingly the thrusts should post-
date lower Eocene (CoLcHEN & ReEuBER 1987, KELEMEN et al. 1988).

The peridotites are harzburgitic tectonites affected by a high temperature plastic
flow typical of the asthenospheric uprise below an oceanic spreading center. They are
separated into two units by a flat mylonitic shear zone (Fig. 2). The upper unit is com-
posed of a lherzolitic harzburgite (O1=60%, opx=35%, cpx<4%, Cr+) and the lower
unit of a highly depleted harzburgite (O1=75%, opx=25%, Cr+). This superposition is
quite the reverse of what is found in a standard ophiolite. The near horizontal intra-
peridotitic shear is viewed as the result of an intra-oceanic thrust (REuBer 1986,
MEeveL & ReuBer 1987). In the western part, vertical shear zones are frequent. They
may be related to oceanic transform zones and consequently to the accretionary envi-
ronment. These vertical shear zones are, in some instances, intersected by the nearly
horizontal intra-peridotitic shear (Spong) whereas in other places (Photang) those two
types are a continuation of one another.

Scant cumulates are found in the eastern part of the lower unit. Ultramafic rocks, as
wehrlites with pyroxenite layers, predominate over gabbros (Reuer 1986). Dikes of
pyroxenite and pegmatitic gabbro intruded still hot harzburgites as no chilled margins
are observed. Their width is decimetric to plurimetric. They are frequently deformed
by shear zones of the two aforementioned types (MeveL & Reuser 1987). Their intru-
sion is thought to have taken place in the accretional environment and, at least in some
places, the deformation appears to be in continuation with the intrusion.
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Diabase dikes with chilled margins occur as swarms intruding the cumulates and as
isolated dikes intruding the harzburgites of the lower unit. The latter type, where situ-
ated within the intra-peridotitic shear, are transformed into foliated amphibolite.

Layered amphibolites interbedded with chert represent a typical facies of an intra-
peridotitic sole (ParroT & WHiTECHURCH 1978), derived from volcanics and sedimen-
tary deposits. They outcrop below the major harzburgite unit and are associated with
other harzburgites and the melange.

2. The Dras volcanic arc of the Kargil area

The Dras volcanics and related Kargil intrusives located to the west and south of
the Ladakh batholith (Fig. 1) have been extensively investigated (Wapia 1937, Frank
etal. 1977, HoNeGGER et al. 1982, DieTricH et al. 1983). Detailed mapping of the Kar-
gil area (REUBER, in press) reveals three lithostructural units (Fig. 3):

1) The Dras I unit. In Dras I, the important sedimentary part includes Orbitolina
limestones, similar to those of the facially equivalent Naktul nappe, dated Albian to
Cenomanian (Fucus 1979). Recently an ammonite has been found (by Paul Franck) in
black slates of Dras I formation, confirming a middle Albian age (TuieuLLoy et al.
1988). In many places, Dras I is sheared under greenschist facies conditions, grading
into amphibolite facies in the proximity of the plutons of gabbroic to granitic composi-
tion which intrude the Dras I series (HoNEGGER et al. 1982, Ra1 & Panpe 1982, Rel-
BEL 1984). HoNEGGER et al. (1982) and DietricH et al. (1983) propose the beginning
of arc activity as early as late Jurassic based on dates from radiolarian chert interca-
lated with pillow lava. These strata are viewed as part of the oceanic substratum by RE-
UBER (In press).

2) The Naktul nappe. The Naktul nappe (Fig. 3) is thrust over the Butum conglom-
erates (probable equivalent of the Miocene part of the Kargil formation), unconfor-
mably overlying Dras I and Dras II. It consists of several tectonic slices. Purely volcani-
clastic material in the southeast may represent an equivalent of the Nindam fore arc
facies. No penetrative deformation is observed in this formation with the exception of
the black slates located at the base of the nappe.

3) The Dras II unit. The Dras II formation consists of a volcaniclastic unit contain-
ing predominantly volcanics of explosive origin. Well stratified tuff unconformably
overlie the Dras I, grading into a coarser breccia in the central part of Stang and
Dandalung mountains where they are hydrothermally “welded”. Carbonates are absent
in this formation, which contains no fossil. Heretofore no radiometric data is available.

3. The Dras ophiolite

The three arc related units, described in the preceding chapter, stratigraphically
overlie serpentinized harzburgites and occasionally remarkably complete ophiolitic as-
semblages. Beside ultramafics, these include gabbros, diabase dikes and pillow lavas as
in the area of Dras, between Thasgam and Saliskote, at the base of Dandaldung moun-
tain, at Arju La and at the base of the southernmost slice of Naktul (REUBER, in press,
Fig. 3). Isolated diabase dikes in the serpentinites are commonly foliated. At their lar-
gest outcrop between Thasgam and Saliskote the serpentinized harzburgites gradually
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give way to dunites and wehrlites; diabase dikes more or less foliated are frequent at
the northern edge of this complex. In the south, the wehrlites are intruded by larger
amounts of coarse grained to pegmatitic gabbro and undeformed diabase dikes. The
ultramafics have previously been interpreted as intrusive into the arc series (Prasap et
al. 1980, 1982, ReiBeL 1984), but also proposed to be oceanic on the ground of geo-
chemical data (RapHAKRISHNA et al. 1987).

Analytical techniques

All of the K-Ar determinations were performed on separated minerals, amphibole
and exceptionally biotite. Both are known as reliable K-Ar clocks (Hart 1964, Han-
soN & Gast 1967). The closure temperature of amphibole is high, 530+40°C after
Harrison & McDoucatt 1980).

Unless otherwise stated, the 100—160 pum sieve fraction of the ground rock was se-
lected for magnetic separation. Whenever necessary, heavy liquids were used for fur-
ther refinement. The purity of the extracted minerals was usually better than 99%, al-
though a few hornblendes may contain up to 3% of epidote. The analytical procedure,
more extensively described elsewhere (WesTpHAL et al. 1979) is as follows: potassium
was measured by flame photometry with a lithium internal standard. Argon was ex-
tracted in a heat-resistant glass vacuum apparatus and determined by isotope dilution
(**Ar as a tracer) using a MS 105 mass spectrometer. All samples were measured using
the static method.

The set of constants recommended by SteiGER & JAGER (1977) was used for age
calculation. Quoted age uncertainties represent the effect of the estimated analytical
precision at one standard deviation on the calculated age. They were calculated using
the procedure given by Cox & DaLrympLE (1967).

Results and discussion

The analysed samples belong to six lithologies, four of which are related to oceanic
events (Table 1):

— gabbros clearly related to oceanic accretion; they are frequently deformed,;

— diabase dikes, possibly post-dating accretion;

— foliated diabase dikes, deformed within the intra-peridotitic shear zone;

— amphibolites from the metamorphic sole.

Two facies represent subduction-related magmatism (Table 1):
— pyroclastics and associated diabase dikes;
— dioritic plutons intrusive into the arc volcanics.

1. Spongtang

The difficulty in dating oceanic accretion with the conventional K-Ar method re-
sults from the low potassium content of most primary minerals of the crustal sequence.
Accordingly the investigation is restricted to compositionally rock types which do not
present clear genetic relationships with the cumulates.
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No Sample Mineral K,O rad Ar  %*°Ar  calculated  locality
weight 10713 age
Yo mole/g
81/60 leucogabbro dike brown hornblende 0.028 05172 10 (124 %75) Spong
81/117  leucogabbro dike brown hornblende 0.148 28146 52 127 £+ 9  Spong
81/182  leucogabbro dike green hornblende 0.158 3.2879 43 139 = 8 Photang
(non-magnetic)
81/182  leucogabbro dike green hornblende 0.148 34671 39 156 *11  Photang
(magnetic)
81/156  diabase dike green hornblende 0.133 2.6395 23 133 +10  Photang
81/103 foliated diabase green amphibolite 0.190 6.7402 7.2 231 +23  Spong
81/127 foliated diabase green amphibolite 0.155 3953 33 169 * 9.5 Spong
P 338 amphibolite green amphibolite 0.843 16.961 94 135 £+ 4 Photang
(+ epidote)
81/184 meta-chert green amphibolite 0.130 3497 24 178 +12  Photang
SD 419  hornblende wehrlite green hornblende 0.153 4072 70 176 +10  Thasgam
T23 hornblende gabbro  green hornblende 0.240 6.198 69 171 + 8  Thasgam
SD 422  hornblende gabbro  green hornblende 0.270 6.3895 78 157 £ 7  Thasgam
SD 233  hornblende gabbro  brown hornblende  0.151 3.1956 68 141 £ 8 Arnula
(+ epidote)
SD 137 foliated diabase green amphibolite 0.164 3.144 54 128.5t 7  Tringdo
SD 106 diabase dike green amphibolite 0.122 1.742 36 96.6t 6.5 Tringdo
SD9 porphyric tuff green hornblende 0.920 14.153 86 103.8t 2.8 Sanku
SD 410 porphyric tuff green hornblende 0.427 6.049 83 958t 2.8 N-Thasgam
(>1 mm)
SD 410 porphyric tuff green hornblende 0.379 4379 675 78.5+ 2.9 N-Thasgam
(0.1-0.16 mm)
SD 317  diorite biotite 6.296 87.834 90 94.4% 2.7 >Thasgam

Table 1: Analytic data, for sample locations see fig. 2 and 3.

The cumulates of the Spongtang ophiolite are essentially wehrlites with subordi-
nate amounts of gabbros, which do not contain amphibole. In contrast, well developed
fresh amphiboles are abundant in some of the pegmatitic gabbro dikes. Diabase dikes
from the dike swarms contain green interstitial amphibole along with primary clinopy-
roxene. The rare plagiogranites associated with the dike swarms have not delivered any
zircon yet.

— Gabbro dikes. Pegmatitic gabbro dikes intrude harzburgite and coarse grained
dunite. They contain fresh pyroxene and/or amphibole within a matrix of severely al-
tered plagioclase. These dikes evolve in composition from pegmatitic pyroxenite to
hornblende gabbro. The intensity of deformation increases parallel to that of magmatic
evolution with the exception of the most evolved facies. Secondary amphibole devel-
ops on pyroxene but also on primary amphibole, even in moderately deformed sam-
ples.

The investigated samples follow the aforementioned evolution: samples 81/60 con-
tains a brown hornblende with occasionally a core of clinopyroxene. Kink bands are
rather scant; sample 81/117 displays a brown hornblende occasionally rimmed by
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green hornblende and showing rare kink bands. Sample 81/182 presents a well-
developed green hornblende of magmatic origin with acicular crystals of about
7X25 mm. Occasional cores of brown hornblende and secondary green amphibole
can be observed.

The age of amphibole 81/60 cannot be taken into consideration because of the
large analytical uncertainity, 124+75 Ma. A similar date was determined for amphi-
bole 81/117, 12719 Ma (Fig. 4, Table 1) which is not at variance with the age yielded
by the less magnetic fraction of amphibole 81/182, 139+8 Ma. On the other hand, the
magnetic fraction of amphibole 81/182 indicates an older age of 156+11 Ma (Fig. 4
and Table 1). The dispersion of the results taken into consideration may be real or due
to analytical uncertainties.

— Diabases. The isolated diabase dikes intruded already cooled host rock as indi-
cated by their chilled margins. The intrusion can take place at any time in the oceanic
environment either right after the accretion or later, even subsequently to the intra-
oceanic thrusting, as observed in Turkish ophiolites by Cakir et al. (1978). The do-
leritic diabase dikes contain more or less altered plagioclase, primary clinopyroxene
and interstitial green hornblende. Sample 81/156 is located in the section of the gab-
bro dikes deformed in the amphibolite facies (MeveL & ReuBer 1987). The green
hornblende most probably is contemporaneous with the shear event that affected the
gabbros, though the diabase itself appears little deformed. The age obtained on the
green amphibole of sample 81/156 is 133+10 Ma, and thus coherent with those
yielded by amphibole 81/117 and by the less magnetic fraction of amphibole 81/182
(Fig. 4 and Table 1).

— foliated diabase dikes. The intra-peridotitic shear also affects basic dikes. Iso-
lated diabase dikes are then transformed into green amphibolite. Amphibole ages
were expected to reflect the time of metamorphism and accordingly that of the shear
event assumed to be caused by an intra-oceanic thrusting (ReuBer 1986). Actually
the two investigated samples yield amphibole dates higher than those of the gabbroic
dikes. Amphibole 81/103 and amphibole 81/127 indicate ages of 231+23 Ma and
169110 Ma respectively (Fig. 4 and Table 1).

— Amphibolites from the metamorphic sole. These layered and foliated amphibo-
lites are represented by sample P 338 which contains green hornblende, plagioclase
and epidote and 81/184 that is a green hornblende embedded in chert. They give ages
of 13544 Ma and 178+12 Ma respectively (Fig. 4 and Table 1).

In conclusion, the amphibole ages yielded by the various rocks of the Spongtang
ophiolite display a definite cluster between 130-140 Ma. Older dates spread from
156+11 Ma to 231+23 Ma.

The most significant age is given by amphibole P 338. Due to a higher potasium
content, the analytical uncertainty results in a moderate age error only, compared with
the other samples, and also the possible inherited argon may not affect the calculated
age considerably. Accordingly, the K-Ar age can approximately reflect the time of
metamorphism in these rocks which have recrystallized in amphibolite facies. We,
therefore, assign with confidence an age of 13514 Ma to the metamorphism related to
an important shear event which affected the Spongtang ophiolite. REuBer (1986)
views the shearing as the consequence of an intra-oceanic thrusting similar to the one
described by Parror & WHiTECHURCH (1978) in Turkish-Syrian ophiolites.
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In contrast to amphibole P 338, the comparable results yielded by amphibole 81/
117, 81/182 and 81/156 cannot be so straightforwardly interpreted, as all of those
samples are moderately deformed, but the amphiboles appear to be essentially of mag-
matic origin. Accordingly, on one hand, it seems reasonable to envisage a magmatic
event coeval with the deformation and metamorphism that affected P 338. As shown
by relation of the horizontal shear zones with the vertical, transform-related ones,
intra-oceanic thrusting should take place immediately following the magmatic activity
of the accretionary ridge.

On the other hand, the observed ages may represent a complete or partial resetting
of the K-Ar clocks linked to the metamorphism. The main argument for such a conten-
tion is the dispersion of ages yielded by two fractions of amphibole 81/182. The higher
date might correspond to a partial resetting and the lower to a complete resetting of the
K-Ar clock during the intra-oceanic metamorphism. The large analytical uncertainties
preclude, however, to regard the two ages as significantly different.

The dispersed older ages of the metamorphic amphiboles 81/184, 81/127 and 81/
103 are not easily interpretable (Fig. 4, Table 1). The ages of amphiboles 81/184 and
81/127 (17812 Ma and 16910 Ma respectively) may point to an older magmatic
origin of these dikes, of which the amphiboles preserved memory due to very reduced
resetting of the K/Ar clock in a possibly confined environment during metamorphism,
though even the idea of an ancient metamorphic event cannot be ruled out. The simi-
larities with ages obtained for the Dras ophiolite in Thasgam area support the idea of
initial accretion as old as Middle Jurassic.

The isolated age data of the deformed dike 81/103 only (231123 Ma), appears
poorly documented and geologically meaningless. It possibly has to be explained by
excess argon due to incomplete degassing already during magmatic dike injection. In
fact, the problem of excess argon (Ropbick & Farar 1983) becomes significant for the
age calculation where radiogenic argon is extremely low, due to low potassium content,
as in many ophiolitic samples. Incorporation of excess argon into the amphibole lattice
during magmatic or metamorphic (re)crystallization requires an elevated gas pressure
due to a “sealed” environment, such that the gas cannot “escape”. Such conditions are
observed for example in the glassy rims of oceanic pillow lavas, but no more in their
microcrystalline central part, or in highly silicious metamorphic cherts (cf. sample 81/
184) etc. No data is available to discuss whether such special conditions could equally
be attained in isolated diabase dikes injected into peridotites at deeper levels. The data
presented here might be interpreted in that direction, i.e. that the relatively small vol-
umes of basic magma within the ultramafic mantle cannot degas completely and thus
juvenile argon was trapped already during magmatic crystallization and was main-
tained during metamorphic recrystallization. Consequently the calculated age may be
even older than the true age of magmatic injection of the basic magma.

2. Dras

In this area oceanic events similar to those of the Spongtang domain are followed
by volcanic and plutonic activity typical of arc volcanism. The ophiolite pile is rep-
resented by gabbros and deformed diabases associated with serpentinized harzburgite
and wehrlite.
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1. Ophiolites

— Gabbros. Two sites of gabbro were investigated: a pegmatitic hornblende gabbro,
located around Thasgam (Dras I unit), which intrudes wehrlites and displays cumulate
textures and a deformed gabbro of probable cumulate origin, contained in the harzbur-
gite-wehrlite-gabbro assemblage of Aryu La at the base of a slice in the Naktul nappe.

— The gabbros of the Thasgam area are featured by a large grain size and show an
intrusive contact into the wehrlites including transformation of pyroxenes within
wehrlites into amphiboles in the vicinity of the contact. The absence of pyroxene and
the pegmatitic texture are not typical of ophiolitic gabbros. As intrusives, their age rep-
resents a minimum age for the peridotite.

The ages are older than those obtained for the Spongtang area and those of the arc re-
lated rocks, which clearly indicates that the peridotites cannot be intrusive into the arc
volcanics: amphibole SD 419 of secondary origin in a wehrlite and amphibole T 23 ex-
tracted from a gabbro yield similar age values, 176+10 Ma and 17118 Ma respectively.
Amphibole SD 422 from a gabbro of the same area yields a slightly lower age, 15717 Ma.

— The gabbros of Arju La, by contrast, are quite typical of an ophiolite sequence.
Occurrence of amphibole is restricted to deformed samples. Amphibole SD 233 gives
an age of 14118 Ma, definitely younger than those indicated by the Thasgam gabbros,
and reflects the age of the deformation event.

— Diabases. Isolated diabase dikes intrude serpentinized harzburgite. They also
occur in the volcanic and volcaniclastic series. Occasionally they intersect the contact
between ultramafics and volcanics, and therefore many of them are related to the arc
system and not of oceanic origin. For this reason, only a foliated diabase dike, similar
to those observed in Spongtang was investigated concerning the oceanic events.

— Foliated diabase dikes. Isolated diabase dikes transformed into foliated amphib-
olites like those of Spongtang are common in the serpentinites above Tringdo. Green
amphiboles are well orientated within the foliation, together with altered plagioclase
and rare quartz. Amphibole SD 137 indicates an age of 128.5+7 Ma, which is well
comparable to the cluster of ages yielded by the Spongtang ophiolite.

— Amphibolites from the metamorphic sole. No amphibolite which might be at-
tributed to an ophiolitic metamorphic sole has been found in the Dras area.

In conclusion, the Dras ophiolite displays the same age pattern as the Spongtang
ophiolite. Strongly to moderately deformed amphiboles yield ages comprised between
130 and 140 Ma while undeformed samples indicate dates at about 170-180 Ma. One
amphibole gives an intermediate age of 15717 Ma.

The similarity of age patterns for the Spongtang and Dras massifs leads us to pro-
pose the following scheme for the evolution of the ophiolites in this region:

— Ages comprised between 130 and 140 Ma reflect both a time of metamorphism
as in amphibolite P 338 and a time of deformation accompanied by dike intrusion.
Particularly in the Spongtang ophiolite, part of the amphiboles giving 140-130 Ma
ages are essentially magmatic. If the ages corresponded to a resetting event induced by
the metamorphism affecting the infra ophiolitic soles, the mineralogy of the gabbro
would probably not have kept its pristine magmatic features, considering the tempera-
ture of the order of 530140 °C necessary to reset the K-Ar clock of hornblende (Har-
RISON & McDoucaLrL 1980).
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— Ages at 170-180 Ma reflect a possible time of intrusion of a previous dike
generation in Spongtang. The same range of ages is obtained for doubtlessly magmatic
hornblende of gabbros intrusive into the ultramafics of Thasgam. Since in both cases
the 170-180 Ma dates pertain to facies intrusive into wehrlites and peridotites, they
represent minimum estimates for the ophiolite formation.

2. Volcanics and arc related rocks

— Volcanics of Dras I. Porphyric lavas and tuffs contain phenocrystals of green
hornblende, SD 9, SD 410, embedded in a microcrystalline matrix, often rich in epi-
dote. Doleritic dikes intersecting the volcanics and occasionally the serpentinitic sub-
stratum as SD 106 represent the feeder dikes of the overlying volcanics. Ages cluster
between 105 and 95 Ma with the exception of fine grained amphibole SD 410, which
indicates a date of 78.51£2.9 Ma (Fig. 4, Table 1). This fine grained amphibole is con-
sidered secondary and related to the deformation affecting the northern part of Dras I
(REUBER, in press) dated by SHarMaA et al. (1978) at 77.51 Ma. Sample SD 410 was
indeed taken near to a shear zone and shows a tenuous schistosity.

— Diorite plutons intrusive into the Dras I volcanics. Sample SD 317 was sampled
in a pluton south of Somau in the same antiformal zone as the gabbros of Thasgam. It
is a diorite containing biotite and green hornblende with occasional relic pyroxenes
(ScruLTHEss 1986). The biotite yields an age of 94.4+2.7 Ma, definitely distinct from
that of the Thasgam gabbros with which it is in close spacial relation. Given the size of
the pluton, the age must be viewed as a cooling age, which means that the crystalliza-
tion age is probably a few million years older, similar to those determined by HoNEG-
GER et al. (1982) and ScHARER et al. (1984) elsewhere in the same area: 10313 and
101+2 Ma with U/Pb zircon method on the dark grey diorites of the northern Kargil
intrusives and the diorites near to Kunoore respectively.

The diorite, represented by SD 317, intrudes Orbitolina and Rudist bearing lime-
stones of Dras I exposed in the Suru-Dras ridge which corresponds to an Aptian/Al-
bian age, a situation similar to the one of the Kunoore diorite dated by ScHARER et al.
(1984). This implies a short time span between deposition of the volcano-sedimentary
series and the emplacement of the pluton.

Geodynamic implications

As already underlined, our data on arc related rocks of the Ladakh area concorde
with those obtained in Kohistan and Tibet by previous studies (Table 2) and confirms
the mid-Cretaceous age of the Dras I series and their intrusives (HoNEGGER et al. 1982,
REUBER, in press). Middle Jurassic radiolarites (HoNEGGER et al. 1982, Frank et al.
1977, DieTricH et al. 1983) are viewed as normal oceanic cover of the Dras ophiolite
dated here as middle Jurassic. This interpretation is in concordance with the repeated
observation of mid-Cretaceous strata at the base of the fore-arc series, overlying or not
serpentinites in primary contact (SUTRE & REuBER 1988, SuTRE 1989).

We view our results on ophiolites of a particular interest concerning the early evol-
ution of the Neo-Tethys. The two investigated ophiolites display two salient features:
(1) the volume of basic rocks, prominently represented by gabbro and diabase dikes,
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unit documented ages (Ma)

Kohistan 105-90 77-65 55-25
Dras 107-90 80-60 Dras I1?
Ladakh - 70-60 55-25
Shyok — - 45-35
Tibet 110-90 60 (40), 15-10
Karakorum 120-95 85-10

blueschists  105-95 (Dras oceanic volcanics)
90-80 (Kohistan)

Table 2: Summary of the data from the arc related series according to HoNEGGER et al. (1982), REynoLDs et al.
(1983), PeTTERSON et al. (1985), ScHARER et al. (1984), SuarMa et al. (1978), Maruski et al. (1983), GoreL et al.
(1984), HoNEGGER et al. (in press), Rex et al. (1987), CouLon et al. (1986).

are extremely subordinate with respect to ultramafics; (2) they are polygenetic; 40 Ma,
at least, separate two generations of basic magma. A similar hypothesis was proposed
for the Xigaze ophiolite (Tibet) which outcrops in the vicinity of the Yarlung Tsang-po
suture zone (GoPeL et al. 1984, GirarDEAU et al. 1984, 1985) They envisage an epi-
sode of basic dike intrusions at 120+10 Ma preceded by an earlier event of late Paleo-
zoic to early Mesozoic age.

The first characteristic is suggestive of an accretion at a slow spreading ridge. The
second can indicate that either the spreading in the Neo-Tethys was discontinuous or
an early compressive event was accompanied by magma generation. A ridge jump does
not appear necessary to explain the small volumes of magma observed associated with
the tectonometamorphic event.

Slow and intermittent spreading is frequently taken as indicative of a back arc loca-
tion. In the studied area, however no remnants of a Jurassic arc, located south of the
well documented Cretaceous Dras arc/Ladakh batholite are known.

The Dras ophiolite doubtlessly is found actually as substratum of the arc and fore-
arc, whereas the Spongtang Klippe may never have seen any arc environment. Both ap-
pear to have been generated in the Neotethyan oceanic realm of yet disputed size.

Conclusions

The data obtained on ophiolitic rocks display two clusters of ages, 180-170 Ma
and 140-125 Ma. The arc related rocks show dates comprised between 104 and
95 Ma with the exception of one fine grained amphibole (77 Ma).

The well documented group of data between 140 and 125 Ma for oceanic rocks
corresponds to deformed ones. These ages probably reflect episodes of oceanic mag-
matism which preceded or accompanied an intra-oceanic thrusting event. The latter
occurs prior to the marginal reopening observed in the ophiolites of southern Tibet
(Marcoux et al. 1982, GirarDEAU et al. 1985). The interpretation of the first group of
ages, at 180—-170 Ma, is more tentative. In our opinion, they represent an ancient
oceanic episode, featured by dike intrusions, possibly reflecting the age of the early
Neotethyan crust.
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The ages yielded by the Dras arc magmatics correspond to an early volcano-plu-
tonic event comprised between 105 and 90 Ma, absent in the Ladakh pluton but evi-
denced in Kohistan and Tibet (references cited Table 2). Additional investigations are
necessary to document the recent thermal history of this area.
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