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Evidence for the occurrence of Permian Panjal Trap
Basalts in the Lesser- and Higher-Himalayas of the Western
Syntaxis Area, NE Pakistan

By Kaspar Papritz and RoGer Rey')

ABSTRACT

The rocks of the Western Syntaxis area can be divided into the tectonic elements of Sub-, Lesser- and Higher-
Himalayas. The Subhimalaya contains mainly molasse sediments of the late Paleocene to middle Eocene Murree
Formation. The Lesser-Himalaya consists of the Panjal- and the Salkhala Unit, whereas the Higher-Himalaya is built
up by a basement- and a cover sequence.

The regional metamorphism increases in grade from lower greenschist facies at the base of the Lesser-Himalaya
to upper amphibolite facies in the Higher-Himalaya.

Basic rocks occur throughout the Lesser- and Higher-Himalayas. Field relations, petrography and geochemistry
of these rocks are discussed.

In the Salkhala Unit, there are strongly deformed dolerite and amphibolite bodies. In the Panjal Unit, metaba-
saltic flows, which correlate with the Permian Panjal Trap are found. Deformed dolerite and amphibolite dykes
occur in the Higher-Himalayan basement. Well developed amphibolite sheets mark the base of the Higher-Hima-
layan cover. They probably represent metamorphic lava flows.

Petrographic indices for an intrusive magmatic origin of the basic rocks are documented in the dolerites and
amphibolites of the Salkhala Unit, in the metabasalts of the Panjal Unit as well as in the dolerites and amphibolites of
the Higher-Himalayan basement.

Amphibolites of the Higher-Himalayan cover have metamorphic mineral assemblages and textures. All pre-
existing magmatic fabrics are overprinted.

The tholeiitic to mildly alkalic chemical composition in major- and trace elements of all basic rocks can be com-
pared with Panjal Trap basalts of Suru and Kashmir.

From similarities in stratigraphic position, petrography and geochemistry, we conclude that the basic rocks of
the Western Syntaxis area can be correlated with the Permian Panjal Trap basalts and that their volcanic emplace-
ment is associated to the same magmatic event. The basic rocks of the Higher-Himalayan cover and of the Panjal
Unit are interpreted as metamorphosed basaltic surface flows, whereas the basic rocks of the Salkhala Unit and the
Higher-Himalayan basement represent their subsurface equivalents.

A Permian age of the amphibolites in the Higher-Himalayan cover allows us to bracket the age of the associated
metasediments in the cover and the underlying granitic gneisses and metasediments of the basement.

ZUSAMMENFASSUNG

Das Gebiet der westlichen Syntaxis kann in die tektonischen Elemente des Sub-, Lesser- und Higher-Himalayas
aufgeteilt werden. Der Subhimalaya besteht hauptsichlich aus den spitpaliozinen bis mitteleozdnen Molassesedi-
menten der Murree Formation. Der Lesser-Himalaya wird in die Panjal- und die Salkhala Unit aufgeteilt, wiahrend-
dem sich der Higher-Himalaya aus einer Basement- und einer Cover-Abfolge zusammensetzt. Von der Basis des
Lesser-Himalayas steigt der regionale Metamorphosegrad von der unteren Griinschieferfazies bis zu hcherer Am-
phibolitfazies im Higher-Himalaya.

1}y Geological Institute, ETH Zentrum, CH-8092 Ziirich
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Feldbeobachtungen, Petrographie und Geochemie der basischen Gesteine, die im Lesser- und Higher-Hima-
laya recht verbreitet sind, werden diskutiert.

In der Salkhala Unit finden sich stark deformierte Dolerit- und Amphibolitkérper. Metamorph iiberprigte Ba-
saltflows in der Panjal Unit werden mit den permischen Panjal Trap Basalten korreliert. Im Higher-Himalaya Base-
ment sind es deformierte Dolerit- und Amphibolitginge. Sehr markante, machtige, tiber weite Strecken verfolgbare
Amphibolitlagen charakterisieren die Basis des Higher-Himalaya Cover. Petrographische Anzeichen fiir eine intru-
siv magmatische Herkunft sind sowohl in den basischen Gesteinen der Salkhala Unit als auch der Panjal Unit und
des Higher-Himalaya Basement bekannt. Einzig in den Amphiboliten des Higher-Himalaya Cover wurden alle pra-
existierenden magmatischen Gefiige metamorph iiberpragt.

Die Basica wurden auf Haupt- und Spurenelemente analysiert. Alle untersuchten Gesteine zeigen eine tholeiiti-
sche bis schwach alkalische Zusammensetzung. Aufgrund des Chemismus konnen sie mit den Panjal Trap Basalten
von Suru und Kashmir verglichen werden.

Aus den Ahnlichkeiten beziiglich der stratigraphischen Position, der Petrographie und der Geochemie schlies-
sen wir, dass die Basica aus dem Gebiet der Westlichen Syntaxis mit den permischen Panjal Trap Basalten korreliert
werden konnen, und dass ihre Intrusion respektive Extrusion zum selben magmatischen Ereignis gehort. Die Basica
des Higher-Himalaya Cover und der Panjal Unit entsprechen metamorphen, basaltischen Oberflachenergiissen,
wihrenddem die basischen Gesteine der Salkhala Unit und des Higher-Himalaya Basement ihre hypabyssischen
Aquivalente darstellen.

Das permische Alter der Amphibolite des Higher-Himalaya Covers erlaubt uns, das Alter der mit den Basica
assoziierten Metasedimente des Covers und der darunterliegenden granitischen Gneisse und Metasedimente des
Basements einzugrenzen.

1. Introduction

In the Western Syntaxis area (Fig.1), which comprises the Hazara Kashmir Syn-
taxis and its northern continuation, the Himalayas can be divided from south to north
into three main tectonic elements (Greco et al. 1989), in accordance with the division
put forward by Gansser (1964) into Sub-, Lesser- and Higher-Himalaya. Mostly crys-
talline metamorphic and magmatic rocks build up the Lesser- and Higher-Himalayas.
Their extent to the north is limited by the Indus suture, which separates them from the
Kohistan sequence.

In the Lesser-Himalaya, the Panjal- and the Salkhala tectonic units can be distin-
guished. The Higher-Himalaya can be subdivided into a basement-cover sequence
(Greco et al. 1989). The regional metamorphism increases in grade from lower green-
schist facies at the base of the Lesser-Himalaya to higher amphibolite facies in the
Higher-Himalaya.

Basic rocks form a considerable amount to the Lesser- and Higher-Himalayan
rocks in the area. Especially the base of the Higher-Himalayan cover sequence in the
Western Syntaxis area is characterized by an easily identifiable tectonostratigraphic
“marker bed”: Dark garnet-amphibolite sheets interbedded with light coloured mar-
bles can be traced over several tens of kilometers. In their exposure and lithostratigra-
phic position, the amphibolite sheets can be compared with metamorphosed Permian
basalts (Panjal Trap basalts) from Suru (Ladakh) (HoneGGer 1983). This leads to the
speculation that the amphibolites in the Western Syntaxis area can be correlated with
the Panjal Trap.

It is widely accepted that the Panjal Trap represent continental flood basalts. Un-
like them, the Tertiary Columbia River basalts of NW-USA are a thoroughly studied
and well understood flood basalt province. It could be shown there, that flood basalts
can spread over distances of hundred kilometers away from their center of eruption
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(Scumincke 1967). Typical for flood basalts is their lateral uniformity in chemical com-
position, a fact which can be used for correlations of individual lava flows between dif-
ferent profiles (e.g. REipEL 1983).

The purpose of this work is to characterize the amphibolite sheets of the Higher-
Himalayan cover together with basic rocks from the Higher-Himalayan basement and
the Lesser-Himalaya, in order to discuss their age and its implications on the regional
geology. Their field relations, petrography and geochemistry are discussed and com-
pared with Permian Panjal Trap basalts. Petrographic and geochemical descriptions of
Panjal Trap basalts are given by SingH et al. (1976) from Zanskar in Ladakh, HoNEG-
GER et al. (1982) from the Suru area in Ladakh, NW-India and Buat & ZAINUDDIN
(1978, 1979) from Lidderwat, NE of Srinagar in Kashmir.

2. Geological Setting

In the Western Syntaxis area, the Sub-Himalaya consists mainly of molasse like
sediments (Murree formation) of late Paleocene to middle Eocene age (Bossart &
Orricer 1989). These sediments form a wide zone along the southern foothills of the
Himalayan mountain range. Their northernmost occurrence lies in the Western Syn-
taxis area, where they form a domal structure (Bossarr et al. 1988), the Hazara Kash-
mir Syntaxis. The metamorphic grade is very low.

Two different tectonic units can be distinguished in the Lesser-Himalaya (Fig. 2): a
tectonically lower Panjal imbricate zone or Panjal Unit, which tectonically can be com-
pared with the Parautochtonous Zone in NW-India (Fucus 1975 and Taakur &
Gueta 1983), and a higher Salkhala Unit (Greco et al. 1989).

The Salkhala Unit is composed of strongly deformed metasediments of a great va-
riety, possibly of Precambrian age (Salkhala formation in the sense of CaLkiNs et al.
1975). They comprise micaschists, marbles, graphitic phyllites, and quartzites and are
intruded by a porphyritic granite, subsequently transformed into granitic gneiss, which
probably can be correlated with the Cambrian Mansehra granite (Greco et al. 1989).
Acid intrusives are found throughout the Salkhala Unit. At the base, near the Panjal
thrust occur pegmatitic, weakly deformed dykes, whereas in the upper parts granitic to
alkali granitic concordant sheets were intruded into the country rock. Within both, the
metasedimentary and the granitic parts, deformed amphibolite and dolerite dykes can
be found. The metamorphic grade in the Salkhala Unit reaches upper greenschist
facies conditions.

Late Paleozoic to Triassic rocks occur in the Panjal Unit. They are stacked in three
imbricate slices. Only one of the three slices contains a complete stratigraphic section:
graphitic schists and clastic rocks lie at the base (tilloides of Bossarr et al. 1988) and
can be compared with the upper Carboniferous Agglomeratic Slates (Bion &
MippLemiss 1928) from Kashmir. They are overlain by the Permian to Triassic Panjal
Trap volcanics and Triassic carbonates (Bossarr et al. 1988). The metamorphism is of
lower to middle greenschist facies.

According to Wabia (1934) and Tuakur & Gueta (1983) the Kashmir Nappe
Zone in NW-India contains a stratigraphic section from the Precambrian Salkhala
metasediments to lower Mesozoic rocks, including the Panjal volcanics.
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It can be assumed that the higher grade metamorphic Precambrian metasediments
and early Paleozoic gneisses of the Salkhala Unit formed a deeper crustal rock sequence,
whereas the late Paleozoic to Triassic sediments and volcanics of the Panjal Unit formed
a higher part in the stratigraphic section. This stratigraphic configuration must have per-
sisted in the Western Syntaxis area up to the Himalayan orogeny which produced the
syndeformational metamorphism throughout the Lesser-Himalaya (Greco et al. 1989)
and carried the upper greenschist metamorphic rocks of the Salkhala Unit over the
lower grade Panjal Unit along a major thrust plane (Panjal thrust) Bossarr et al. 1988).

The shear zone which separates the Lesser- from the Higher-Himalaya is charac-
terized by the occurrence of granite derived mylonites. It can be correlated with the
Main Central thrust (MCT) (Greco et al. 1989).

A crystalline nappe with a basement-cover sequence builds up the Higher-Hima-
laya in the Western Syntaxis area (Greco et al. 1989). Metamorphic mineral assem-
blages in both parts indicate higher amphibolite facies.

The basement comprises a laterally rather inhomogeneous rock association with
porphyroblastic granitic gneiss intruded into metasedimentary rocks. These are over-
lain by feldspathic micaschists (metagreywacke rocks) with relics of sedimentary bed-
ding structures. A Cambro-Ordovician intrusion age is attributed to the granitoides
(GrEco et al. 1989), the metagreywacke rocks can be compared to the lower- to middle
Paleozoic sediments of the Suru and Padam regions of Ladakh (Baup et al. 1984,
GaeTan et al. 1985, GarzanTi et al. 1986 and Frank et al. 1987). Both metasedimen-
tary rocks and granitoides are cut discordantly by acid and basic dykes. The latter
reveal a transitional range of rocks between well preserved dolerites and completely
recrystallized and foliated amphibolites. Regional metamorphism overprinted all
direct evidence which could document the age, either of the sediments or the granites
of the basement (Greco et al. 1989).

The cover is laterally more uniform. The base is composed of a distinct association
of dark garnet amphibolite sheets, interbedded with pale yellow marbles. Above follow
calcareous garnet-staurolite micaschists with isolated bands and beds of marbles and
garnet amphibolites.

3. The Panjal Trap

The Panjal Trap (Lypekker 1878) in the NW Himalayas comprise large, mainly
basaltic volcanic extrusions of Permian to Triassic age (Wap1a 1957). They belong to
the Panjal volcanic series (MippLEMiss 1910) together with the underlying agglomer-
atic slates. The whole volcanic suite reaches a maximum thickness up to 2500 m in the
Kashmir valley (Wap1a 1957) (Fig. 3).

The agglomeratic slates comprise intermediate to acid pyroclastic rocks (PAREEK
1976), interfingered with tilloides and alluvial deposits. Their thickness and lateral ex-
tent is highly variable and in some areas they may be missing completely as it is the
case in the Western Syntaxis area (OTTIGER 1986).

The Panjal Trap basalts consist mainly of massive, aphyric, basaltic flows of a tho-
leiitic to mildly alkalic chemical affinity (HoNEGGER et al. 1982). Associated intermedi-
ate and acid differentiation products are reported from various authors, but they form
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a minor fraction of the extruded rock volume. (For a review see Pareex 1976.) East
and west from the Kashmir valley, the thickness of the Panjal Trap decreases.

In the Kashmir valley, the Panjal Trap indicate a metamorphic degree of zeolite to
upper greenschist facies. Towards northeast the metamorphic grade increases and
reaches upper amphibolite facies conditions in the Suru area (HoNEGGER et al. 1982).
The same metamorphic grade is reached in the Upper Kaghan valley in the Western
Syntaxis area (Greco et al. 1989).

Environmental conditions during the eruption of the Panjal Trap were coastal sub-
aquaceous to subaerial as indicated by the under- and overlying sedimentary rocks
(Nakazawa et al. 1975). The eruption of Panjal Trap has been dated by plant bearing
interlayers at the lower and upper contact of the basalt flows. The underlying plant
beds in the Vihi area in India are dated as Artinskian (Kapoor 1977) and the overlying
sedimentary rocks as Kungurian to Kazanian (Nakazawa et al. 1975). (For time ref-
erences see Haq et al. 1987))

Panjal Trap eruption can be related to a late Paleozoic rifting phase along the
northern Indian margin on the following reasons: Extensional tectonic activity in the
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Suture zone at the Permian — Triassic break is documented by the marked change from
neritic to pelagic sedimentary environment (BassouLET et al. 1978). Development of a
shelf in the Tibetan zone of the Himalayas in Triassic to early Eocene times after the
Panjal volcanic event characterizes the evolution of a passive continental margin
(Baup et al. 1984, Gaetani et al. 1985 and GarzanTi et al. 1987).

4. Field Relations and Petrography of Basic Rocks

Basic rocks are found in the Lesser- and Higher-Himalayas of the Western Syntaxis
area. Field relations and petrography of the basic rocks of the Western Syntaxis area
are discussed. For reasons of clearness, only prograde Alpine regional metamorphism
more or less synkinematic to the main deformational phases, which produced the
penetrative foliations in the different tectonic units, is considered in the following dis-
cussion. Products of metamorphic alterations predating the main Alpine deformation
will not be discussed, neither will retrograde metamorphic alteration related to later —
phase deformations (for this see Greco et al. 1989). The magmatic provenance of the
protolith of the basic rocks can be established mainly by mineralogical and textural
relics, which have not been completely obliterated by syndeformational metamorphic
recrystallisation.

4.1 Salkhala Unit

The basic rocks are widespread in the Salkhala Unit. No angular discordances be-
tween the rather thin basic rock bodies and the surrounding wall rock were observed,
partly because of the bad exposure of the rocks in the Salkhala Unit and because of the
strong deformation and isoclinal folds prevalent throughout the Salkhala Unit (Greco
et al. 1989), bringing all observable planar structures (lithologic boundaries, bedding
planes of the metasediments and penetrative foliation) into subparallel arrangement.

Foliated amphibolites are the dominant basic rock type in the Salkhala Unit. Their
mineral assemblages accord with the regional metamorphic grade. Syndeformational
metamorphic alteration is almost complete and leaves hardly any trace of preexisting
minerals or textures apart from few augitic clinopyroxene relics in the cores of amphi-
bole porphyroblasts.

In a few cases isolated dolerite bodies within metasedimentary rocks with a nearly
unaltered magmatic mineralogy and well preserved igneous intergranular texture have
been observed. In unaltered rocks, anhedral augitic clinopyroxene crystals occupy the
spaces between randomly orientated, lath-shaped, calcic plagioclase crystals. Partly
altered dolerites are characterized by epidotized plagioclases, arranged in a relict
intergranular texture, and amphiboles at the rims of clinopyroxene crystals.

4.2 Panjal Unit

The Permian age and the correlation of the basic rocks of the Panjal Unit with Pan-
jal Trap basalts from Kashmir is broadly accepted (Bion & MippLEMiss 1928; Wabia
1931; CaLkins et al. 1975; GuazanrFar & CHAUDRHY 1985; Bossart et al. 1988;
Greco et al. 1989). Two types of basic rocks are found: Massive, light green metaba-
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TECTONIC ROCK TYPE FIELD MINERALOGY TEXTURE REGIONAL META-
UNIT RELATIONS MORPHIC GRADE
primary secondary
(magmatic) (metamorphic)

Lesser Himalaya light green flow banding of pheno-X:  ab,chlep,act, I.-g. intergranular lower greenschist

Panjal Unit metabasalt massive and plag(ep), czo(bi,stil, aphyric, partly facies
partly schistose varie- cpx wm,cc,ctd)  phyric or
vesiculous ties matrix: glomeroporphyritic
plag(ep),
dark green FTox chl,ab,czo, foliated - schistose
metatuffite ep,bi,wm
(stil)
Lesser Himalaya massive dykes concordant plag,cpx f.-g. to m.-g. upper greenschist
Salkhala Unit dolerite to main foliation  FTox intergranular facies
in country rock
(transitions)
amphibolite cpx relics am,ab,chl, f.-g. to m.-g.
bi,ep,czo, foliated,
sph porphyroblastic
(qtz,FTox,)
Higher Himalaya massive dykes discordant plag,cpx, f.-g. to m.-g. amphibolite facies
basement dolerite to main foliation  FTox(+ol) intergranular
in country rock
(transitions) hbl
massive hbl,olig,ga, m.-g. to c.-g.
amphiboiite sph,FTox foliated,
porphyroblastic
Higher Himalaya massive boudinaged hbl,olig.9ga, m.-g. to c.-g.
cover amphibolite  sheets concor- sph,FTox foliated,
dant to foliation (cc,ep,zo, porphyroblastic
and bedding bi, +di)
: o
ab . albite czo . clinozoisite plag : calcic plagioclase
act . actinolite di . diopsidic clinopyro- plag(ep): epidotized plagio-
am : amphibole xene clase
bi . biotite ep : epidote sph :sphene
cc . calcite FTox : Fe-Ti oxide stil : stilpnomelane
chl . chlorite ga . garnet wm : white mica
cpx . augitic clinopyro- hbl : green hornblende z0 . Zoisite
xene ol : olivine
ctd . chloritoid olig : oligoclase
f.-g. : fine-grained m.-g. : medium-grained c.-g. . coarse-grained

Table 1: Description of basic rocks from the Western Syntaxis area.

salts are interbedded at decimeter scale with well foliated, dark green epidote-chlorite-
schists. This intercalation can best be ascribed by a flow banding of massive lava flows
and schistose tuffites (Bossart 1986). The tuffites are completely recrystallized due to
syndeformational metamorphic growth of phyllosilicates, entirely loosing their protoli-
thic mineralogy and texture.

In the massive metabasalts, rare clinopyroxene relics and epidotized plagioclase
porphyroclasts form the mineralogical record of the magmatic provenance as well as
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intergranular and glomeroporphyritic texture. Typical characteristics of the metaba-
salts of the Panjal Unit are subspherical vesicles, filled with epidote and quartz.

4.3 Higher-Himalayan Basement

Basic dykes with crosscutting relationships to the lithologic boundaries are abun-
dant in the basement part of the Higher-Himalaya. They were affected by the main Al-
pine synmetamorphic deformational event which produced the penetrative foliation in
the Higher-Himalaya. A low angle discordance between the foliation and the dykes is
prevalent (Fig. 4). The intrusion of the basic dykes clearly predates the Alpine defor-
mation. Regional metamorphism affected the basic rocks to a variable degree. A transi-
tional range of rocks between well preserved dolerites and completely recrystallized,
foliated garnet — amphibolites is found. Dolerites with a magmatic intergranular tex-
ture are only found in the granitoid gneisses, a fact which probably can be explained by
the absence of a fluid phase during Alpine metamorphism in these rocks (Greco et al.
1989).

Fresh dolerites contain augitic clinopyroxene, Fe-Ti oxides and calcic plagioclase.
In slightly altered rocks, fine-grained pseudomorphs of hornblende after clinopy-
roxene and some small, disseminated garnets are present. With progressive metamor-
phic alteration the size of amphibole and garnet increases and the metamorphic fabric
overprints the relict magmatic texture. Completely altered amphibolites are medium -
to coarse — grained and well foliated.

4.4 Higher-Himalayan Cover

The base of the metasedimentary succession of the Higher-Himalayan cover is
defined by an association of thick garnet-amphibolite sheets and marbles (Fig. 5). Also
higher in the stratigraphic pile, subordinate, isolated amphibolite bodies can be found.
The amphibolites are strongly deformed. Rare pillow — like structures and unconfor-
mable contacts to overlying sediments (Fig. 7 in Greco et al. 1989) indicate extrusive
emplacement of lava for the amphibolites. Their stratigraphic relationships with the
amphibolites and dolerites of the basement are not clear.

Petrographic relics of the magmatic protoliths are missing completely in the am-
phibolites. They are well foliated and their mineralogy is entirely metamorphic.

4.5 Conclusions from Field Relations and Petrography

The formation of the basic rocks predates the Himalayan orogeny. Deformation
and simultaneous metamorphic overprint variably affected the basic rocks in all tec-
tonic units.

A magmatic origin can be established from field relations and petrography for do-
lerites and amphibolites of the Higher-Himalayan basement and metabasalts in the
Panjal Unit. Field relations suggest an extrusive nature for the amphibolite sheets in the
Higher-Himalayan cover, but petrographic relics are missing completely. An intrusive
origin is indicated for the dolerites in the Salkhala Unit. Only some of the amphibolites
of the Salkhala Unit lack direct mineralogical evidence for an intrusive origin.
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Fig. 5. Boudinaged, dark amphibolites of the Higher-Himalayan cover from a sidevalley west of Naran. They are em-
bedded in yellowish marbles. Above (to the NW) follow calcareous metapelitic rocks of amphibolite facies metamor-
phic grade. Below (to the SE) lies the mylonite zone (MCT), which cuts the lithologies discordantly at a low angle.
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In the possibly Precambrian to early Paleozoic rocks (Greco et al. 1989) of the
Higher-Himalayan basement, the amphibolites and dolerites are of intrusive, hypabys-
sal nature. For the sharp contact relationships of amphibolites and dolerites in the
Salkhala Unit, it is suggested that they also were intruded as hypabyssal dykes into the
Precambrian to Cambro-Ordovician country rock, although no crosscutting discord-
ances were observed in the strongly deformed rocks. A post-lower Paleozoic age can
be deduced from the intrusive character of the basic dykes in the Salkhala Unit and the
Higher-Himalayan basement. Metabasalts in the Panjal Unit and amphibolite sheets in
the Higher-Himalayan cover represent basaltic surface flows.

5. Sampling and Geochemical Analytical Techniques

The chemical analyses were made on small rock specimens which had been col-
lected for the general description of the regional geology. No systematic profiles of the
basic rock bodies were sampled. The samples to be analyzed were chosen from a col-
lection of rock specimens from both limbs of the Hazara Kashmir Syntaxis and its
northern continuation of the apex area (Fig. 1) after the following criteria:

— Samples from the center of the basic bodies in order to minimize the effects of
chemical reequilibration between the intruding rock body and the surrounding wall
rock.

— Homogenous and representative mineralogy of the rock body.

— No signs of weathering or hydrothermal alteration.

— Minimum content of phyllosilicates of metamorphic origin.

— Well identifiable relics of magmatic origin of the rock (relics of primary texture and
mineralogy).

Major and trace elements were analyzed by X-ray fluorescence (XRF) on a Philips
sequential spectrometer PW 1450 at the EMPA, Duibendorf (Switzerland). USGS rock
samples were used for calibration. For details of analytical techniques and computer
corrections see NisBer et al. (1979).

The accuracies of trace element measurements range around +2-3% at 1000 ppm,
+5-10% at 100 ppm and £10-20% at 10 ppm.

6. Geochemistry of Basic Rocks

For the discussion of the geochemical analyses, we group the data after the tectonic
units:
— PJ (Tab. 2a): massive, light green metabasalts from the Panjal Unit.
— SA (Tab. 2b): amphibolites and dolerites from the Salkhala Unit.
— HHC (Tab. 2¢): amphibolites from the Higher-Himalayan cover.
— HHB (Tab. 2d): amphibolites and dolerites from the Higher Himalayan basement.
Geochemical analyses were made mainly for basalt type discrimination and com-
parison with Panjal Trap basalts from Kashmir and Suru. Effects of secondary alter-
ation as well as magma differentation are only discussed here as far as they could
influence basalt type discrimination.
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DATA SUBGROUP PJalk DATA SUBGROUP PJtnhol
ELEMENTS (wt %) PJ557 PJ076 PJ192 PJ315 PJK1 PJGS1 PJ197 PJ415
Si0, 46.00 45.84 47,38 50.22 47.06 50.71 49.50 50.73
TiO; 3.03 2.42  2.26 1.16 1.63 1.32 1.47 1.21
Al,0; 18.41 16.68 16.45 14.36  16.34 17.28 16.65 13.63
Fe,03 o 11-85 14.75 15.68 11.14 14.07 10.54 9.93 12.94
Mno  0.04 0.25 0.11 0.21 0.14 0.09 0.11 0.12
Mgo .53 6.81  4.32 7.26 7.09 6.52 5,51 5.04
Ccao 4.67 3.99  6.47 7.41  10.06 6.43 7.63 9.32
Na;0 5,07 4.23  5.33 4.00 1.21 4.84 3.74 4.57
K0 0.03 0.78  0.14 0.09 0.82 s 3 1.80 0.06
P,0s 0.45 0.27 0.23 0.11 0.16 0.14 0.18 0.12
SUM 97.09 96.02 98.58 95.96 98.58  98.24 96.52 97.74
ELEMENTS (ppm)
F 973 <250 <250 311 701 <250 <250 <250
Ba <10 279 68 37 244 82 319 26
Rb <8 10 <8 <8 <8 <8 54 <8
Sr 168 50 86 61 184 255 181 50
Nb 27 15 5 <4 <4 <4 <4 <4
La 39 g5 <20 <20 <20 <20 <20 <20
Ce 63 59 66 27 32 22 # 27
Nd 29 30 31 <25 <25 <25 <25 <25
Y 20 37 32 13 21 15 17 14
2r 197 250 206 92 122 103 119 75
% 231 287 293 257 274 239 203 267
Cr 206 49 29 493 338 281 152 600
Ni 83 47 69 18 98 84 76 140
Co 40 75 83 48 72 30 32 50
Cu <3 <3 <3 196 28 77 83 456
Zn 108 226 119 85 110 77 75 59
Sc 43 24 27 40 33 29 26 38
S <50 <50 <50 <50 <50 <50 <50 <50
Y/No  0.74 2.47  6.40 >3.25 >5.25 >3.75 >4.25 >3.50
Na20/Ca®0  1.09 1.06 0.82 0.54 .12 0.75 0.49 0.49
subgroup in fig.6 P1 P1 P1 P2 p2 P2 P2 P2

Table 2a: Geochemical analyses of metabasalts from the Panjal Unit (PJ data group) of the Western Syntaxis area.
Data subgroups are discussed in the text. Sample localities are shown in Fig. 1.
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DATA SUBGROUP SAjalk DATA SUBGROUP SAthol
ELEMENTS (wt %) SA223 SA224 SA106A SA212 SA220C SA171 SA136* SA137* SA138*
Si0, 45.77 46.29 44.56 49.66  49.35 46.09 49.25 47.99  4B.66
Tio, 3.06 2.49 4,23 2,93 3.19 1.38 1.41 1.74 1.79
Al,03 13.93 13.81 14.29 13.83 12.31 13.96 15.05 13.65 13.82
Fe;03 tor 15-66 14.75 15,08 13,79  16.85 12.25 12.67 13.56 13.62
Mno 0.23 0.24 0.23 0.18 0.22 0.18 0.19 0.19 0.20
Mgo 6.22 6.18 5.26 5.17 5.17 7.27 7.01 6.89 6.67
Ca0 10.31 9.97 9,24 7.37 9,14 13.15 12.23 11.00 10.70
Naz0 2,79 2.89 2.84 4.32 2,23 1.87 2.41 2.26 2.28
K20 o0.58 0.41 1.58 1.16 0.47 0.28 0.39 0.73 0.48
P05 0.36 0.32 0.85 0.34 0.37 0.13 0.15 0.18 0.19
SUM 98.91 97.35 98.16 98.75 99.30 96.56 100.76 98.19  98.41
ELEMENTS (ppm)
F 1348 896 1549 1208 607 1102 787 624 629
Ba 92 87 1227 284 57 93 57 115 113
Rb 31 17 54 40 13 <8 12 3 10
Sr 408 348 752 167 264 304 1m 180 181
Nb 19 13 13 26 18 <4 <4 <4 <4
la 20 <20 111 53 32 <20 <20 <20 <20
Ce 59 57 84 80 59 26 <15 21 17
Nd 28 <25 50 33 39 <25 <25 <25 <25
Y 24 21 15 25 36 11 26 22 21
Zr 146 135 129 192 233 70 85 104 105
\ 328 272 383 357 360 310 349 395 315
Cr 75 66 47 34 12 136 126 135 119
Ni 53 73 33 37 59 103 81 79 82
Co 93 86 83 70 87 80 72 71 52
Cu 36 115 <3 <3 317 141 171 171 178
Zn 120 137 100 82 142 81 87 95 92
sc 30 28 28 27 38 46 49 44 39
S 739 3523 <50 <50 3160 <50 79 <50 338
Y/Nb 1.26 1.62 1.15 0.96 2.00 >2.75 >6.50 >5.50 >5.25
Na20/Ca0 0.27 0.29 0.30 0.59 0.24 0.14 0.20 0.21 0.21
subgroup in fig.6 sl S1 S1 S2 S1 S2 S2 52 S2

Table 2b: Geochemical analyses of amphibolites and dolerites from the Salkhala Unit of the Western Syntaxis area.
Data subgroups are discussed in the text. Sample localities are shown in Fig. 1. Samples with an asterisk are dolerites.
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DATA SUBGROUP HHCalk

DATA SUBGROUP HHCghol

617

ELEMENTS (wt %) BHCK139 HHCK125 HHCK146 HHCK116 HHCK62 HHCK95 HECK128 HHCK127 EECK126 HHCK135
Si0; 47.68 45.78 47.20 46.86 48.89 48.23 47.43 47.76 47.20 48.07
Ti0; 3:85 4.36 4.03 4.43 3.28 1.55 2.42 2.94 2.61 2.76
Al,03 13.13 12.09 11.88 11.44 13.56 14.81 14.56 13.68 14.15 16.57

Fe;03 tot 14.60 17,57 16.93 17.84 15.10 1225 12.65 14.36 13.28 11.65

MnoO 0.20 0.21 0.20 0.20 0..19 0.16 0.18 0.19 0.19 0.16

MgO 5.78 5.23 5.12 4,96 4.64 7.22 6.62 6.56 6.36 4.15

Cao 10.43 9.98 9.72 8.58 6.74 8.84 11.49 9.86 9,85 9.84

Na0 2.78 2.68 2.23 3.03 5.31 3,33 2.24 2.72 2.89 3.77

K0 0.66 0.47 0.32 0.14 0.19 0.65 0.42 0.41 0.26 0.78

P,0g 027 0.34 0.43 0.42 0.47 0.18 0.:23 0.28 0.25 0.25

SUM 99,38 98.71 98.06 97.90 98.37 97.22 98,24 98.76 97.14 98.00
ELEMENTS (ppm)

F 1126 888 826 754 311 560 914 728 463 671

Ba 21N 65 60 <10 <10 123 95 68 <10 234

Rb 23 <8 <8 <8 <8 <8 <8 <8 <8 22

Sr 333 258 208 170 75 219 397 480 457 860

Nb 13 24 19 19 23 <4 6 11 8 8

La 47 70 68 73 39 <20 <20 <20 <20 <20

Ce 53 81 68 78 8 25 36 44 35 31

Nd <25 33 36 43 39 <25 <25 <25 <25 <25

Y 25 33 38 44 39 18 19 24 22 19

Zr 163 229 257 279 293 104 139 164 146 141

\% 405 485 47 409 408 333 375 333 286 353

Er 80 87 69 55 <6 121 118 116 107 67

Ni 66 58 51 57 24 62 87 87 83 46

Co 96 85 79 73 43 56 83 73 59 54

Cu 138 424 355 352 113 172 155 165 177 150

Zn 123 165 153 172 104 94 99 111 107 99

Sc 47 43 39 42 31 47 38 41 38 31

S <50 <50 167 <50 1791 <50 <50 <50 <50 <50

Y/Nb 1.92 1..:38 2.24 2.32 1.8 >4.50 Faodd 2.18 275 2.38

Na20/CaC 0.27 0.27 0.22 0.35 0.79 0.38 0.19 0.28 0.29 0.38

subgroup in fig.s6 c2 c2 c2 c2 Cl cl c2 c2 c2 c1

Table 2c: Geochemical analyses of amphibolites from the Higher-Himalayan cover of the Western Syntaxis area.
Data subgroups are discussed in the text. Sample localities are shown in Fig. 1.
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DATA SUBGROUP HHBa]x

ELEMENTS (wt %) HHBK45* HHBK17* EHB278%*

K. Papritz and R. Rey

DATA SUBGROUP HHBthol

HHBK26 HEBK25* EHBK27* HHBK29 HHB284* HHBK34 HHB283*

$i0; 49,91 50.00 52.47
TiO; 1.95 225 3.25
Al,03 14.03 14.24 13.00
Fez03 tor 13.51 14.51 16.76

MnoO 0.20 0.21 0.23
Mgo 5.61 5.03 3.01
Ca0 9.86 9.89 741

Naz0 2.60 2.78 2.27
K20 1.14 1.25 171
P20s 0.29 0.31 0.25

SUM 99.10 100.47  100.06

ELEMENTS (ppm)

F 810 913 <250

Ba 264 289 364
Rb 29 38 68
Sr 217 221 166
No 13 18 13
La <20 32 62
Ce 63 64 59
Nd <25 26 28

Y 30 36 41

2r 186 203 216

\ 358 421 406

Cr 65 37 11
Ni 58 45 <3
Co 61 69 31
Cu 170 253 0
Zn 111 111 126
Sc 38 38 40

S 364 <50 186
Y/Nb 2.31 2.00 3.15
Na20/Ca0 0.26 0.28 0.32
subgroup in fig.6 Bl Bl Bl

47.04 47,25 47.95 47.72 48.67 48.16 48.70
1.17 1.16 1.38 1.64 175 1.81 1.86
16.47 16.51 14.07 15,97 12.77 14.57 13.91
11.40 11.25 12.1 13.08 14.21 13.18 14.39

0.17 0.16 0.19 0.19 0.24 0.19 0.24
9.31 9.00 7.53 7.09 6.77 6.34 5.17
11.02 11.03 12.12 9.67 10.94 11.04 10.65
1.1 2.19 2.24 2.07 2.23 2.53 2.35
0.25 0.26 0.34 0.73 0.57 0.42 0.63
0.12 0512 0.15 0.18 0.18 0.23 0.23

98.66 98.93 98.74 98.34 98.33 98.47 98.73

657 171 439 553 597 642 543
55 54 76 209 150 97 imn
<8 <8 <8 15 18 <8 19

162 161 148 192 150 200 166
<4 <4 <4 <4 <4 <4 <4

<20 <20 <20 <20 <20 <20 <20

<15 <15 16 37 <15 27 31

<25 <25 <25 <25 <25 <25 <25
15 16 20 24 29 24 as
48 46 4 115 110 118 133

244 252 365 285 377 378 347

317 309 214 100 56 133 as

127 117 98 82 60 65 50
61 59 56 69 56 65 60
26 44 181 54 211 198 299
76 74 80 105 118 95 114
39 39 42 39 47 45 40

304 1309 1950 1290 <50 <50 <50

>3.75 >4.00 >5.00 >6.00 >7.25 >6.00 >8.75
0.16 0.20 0.18 0.21 0.20 0.23 0.22
B2 B2 B2 B2 B2 B2 B2

Table 2d: Geochemical analyses of amphibolites and dolerites from the Higher-Himalayan basement of the Western
Syntaxis area. Data subgroups are discussed in the text. Sample localities are shown in Fig. 1. Samples with an aste-

risk are dolerites.
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6.1 Major Element Characteristics

The (Na,O+K.,0) vs. SiO, variation diagram (Fig. 6) illustrates a considerable va-
riability in composition for all datagroups. PJ-, SA- and HHC-samples lie in both the
alkalic and subalkalic compositional fields, the HHB-samples plot in the subalkalic
field only. Datapoints in Fig.6 can be classified in two groups for each tectonic unit
(Groups P1 and P2 for PJ-samples, S1 and S2 for SA-samples, C1 and C2 for HHC-
samples and B1 and B2 for HHB-samples, see also Fig. 6 and Tabs. 2a-d).

Na and to a lesser extent also Si are likely to vary due to secondary alteration pro-
cess like postmagmatic metasomatism and spilitisation (Best 1982). The influence of
spilitisation can be illustrated by the Na,O/CaO ratio (see Tabs.2a-d). This ratio is
high (> 0.66 according to BEarTH & STERN 1971) for spilitic rocks. The rock samples
of the P1 datagroup (Fig. 6) from the Panjal Unit and one sample from the Higher-Hi-
malayan cover (HHCK®62) have a Na,O/CaO ratio of more than 0.66. Amphibolite
and dolerite samples from the SA and the HHC datagroups have a more variable ratio
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Fig.6. (Na,0+K,0) vs. SiO, variation diagram. Alkalic-subalkalic boundary after MacDonaLD & Katsura (1964),
tholeiitic boundary after Kuno (1968). Analyses are plotted anhydrous and calcite free. Data grouped after tectonic
units from the Western Syntaxis area: PJ: Panjal Unit; SA: Salkhala Unit; HHC: Higher-Himalayan cover; HHB:
Higher-Himalayan basement.
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than the dolerites and amphibolites of the HHB datagroups, but they all lie well below
0.66.

The classification of the analyzed basic rocks into alkalic, subalkalic and tholeiitic
rocks only by the (Na,O + K,O) vs. SiO, variation diagram is problematic and has to
be compared with the distribution of other elements which are less likely subject to
secondary alteration.

The P,O; vs. TiO, variation diagram (Fig. 7) is more reliable for discrimination of
primary, magmatic geochemical character of basic rocks, because P and Ti are im-
mobile during secondary alteration of the rocks (Cann 1970). Alkalic basalts generally
have a higher content in Ti and P than tholeiites (Hawkins 1980). In Fig. 7 the data-
points of each tectonic unit can be classified in two subgroups, one with a tholeiitic
character (low Ti and P content) (subgroups Pl ., SA,., HHC,;, and HHB, ), the
other with a slightly alkalic character (subgroups PJ,,, SA,,, HHC,,, and HHB,;,). In
Tabs. 2a-d the analyses are grouped after these subgroups.

This classification in Fig. 7 into tholeiitic and slightly alkalic samples matches with
the classification in Fig. 6 for metabasalts of the Panjal Unit (PJ) and for dolerites of
the Higher-Himalayan basement (HHB). For rocks of the Salkhala Unit (SA) and the
Higher-Himalayan cover (HHC) the two classifications differ. (See also Tabs. 2a-d.)
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Fig. 7. P,O; vs. TiO, variation diagram. Island Arc Tholeiite (IAT) discrimination field and alkalic basalt field from
Hawkins (1980); Panjal Trap distribution field from HonNecGer et al. (1982). Data grouped after tectonic units from
the Western Syntaxis area: PJ: Panjal Unit; SA: Salkhala Unit; HHC: Higher-Himalayan cover; HHB: Higher-Hima-
layan basement.
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6.2 Trace Element Characteristics

Not only Ti and P but also Y, Nb and Zr are commonly regarded to be intensive to
metasomatic alteration processes (Cann 1970).

In the Ti/100-Zr-3xY discrimination diagram (Fig.8), the bulk of PJ-, SA- and
HHC-samples clearly lie in the same compositional field which was designed by
PeEarce & Cann (1973) for within plate basalts. Only the HHB-samples seem to show
a slightly higher relative content in Y. Panjal Trap basalts from Suru lie in the same
discrimination field as do the samples from the Western Syntaxis area.

The alkalic-tholeiitic character of basic rocks can be illustrated by the Y/Nb ratio
(PEarce & Cann 1973). Alkalic basalts usually have a Y/Nb ratio, which is less than 1
whereas for tholeiitic basalts, the ratio typically is higher than 1. The Y/Nb of the ana-
lyzed samples range from tholeiitic (subgroups PJ, ., SA,,,, HHC,, and HHB,,) to
transitionally alkalic (subgroups PJ ., SA,,, HHC,, and HHB,,) (Tabs. 2a-d). 17 of
the samples from the Western Syntaxis area have a Nb content of less than 4 ppm,
which is the lower detection limit for this element. This low Nb content indicates rather
a tholeiitic composition. High content in Nb and the light rare earth elements (LRrEE)
La, Ce and Nd is indicative for alkalic basic rocks (WEpEPoHL 1985).

A Ti/ 100 B

Basalts
/ / Low - K Tholelites

Calcalkali
Basalts

Zr Yx3

Fig. 8. Ti/100-Zr-3xY variation diagram with discrimination fields for basalts from different tectonic settings after
Pearce & Cann (1973).

A: Panjal Trap basalts from Suru (HoNEGGER et al. 1982). B: Samples from the Western Syntaxis area (PJ, SA, HHB
and HHC data groups).
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In the normalized trace element spidergram (Fig. 9), the mean values of the various
data groups (PJ, SA, HHC, HHB) show a similar trend of enrichment/depletion
relative to an average tholeiitic MORB. The relative amount of enrichment between
the different mean values is not consistent for all elements, but the overall trend is the
similar for the PJ, SA and HHB datagroups. This overall trend is best outlined by the
HHB datagroup (see Fig. 9). These samples are enriched in Rb, Ba and K by a factor of
3 to 10.5. Nb, Sr, P, Zr and Ti are slightly enriched by a factor of 1 to 2.5. Y and Ni en-
richment is close to 1 and Cr is depleted for all datagroups apart from the PJ data-
group which lies close to 1 for this element. The HHC datagroup is less enriched in Rb,
Ba and K than the other datagroups (only by a factor of 2 to 4) and has a slightly higher
content in Nb, Sr, P, Zr and Y. Apart from the Ti content in the HHC datagroup all
data lie well in the range of Panjal Trap basalts from Lidderwat and Suru (Buar &
ZaINuDDIN 1979) and HoNEGGER et al. 1982).

The pattern of enrichment of all data groups is similar to the enrichment pattern for
tholeiitic to transitionally alkalic within plate basalts of PEarce (1982).

6.3 Discussion of Data

A slightly alkalic affinty of basic rocks is mainly outlined by enrichment of Rb, Ba,
K and Sr as well as of Nb, P, Zr and Ti.

100

Range of Panjal Trap Basalts

SA .

0.1

I 1 I | | I I I L 1 |

Rb Ba K Nb Sr P Zr Ti Y Ni Cr

Fig.9. Tholeiitic Mid Ocean Ridge Basalt (MORB) normalized trace element patterns of mean values of data
groups. Standard values of tholeiitic MORB from Pearcke (1982). Data groups: PJ: samples from Panjal Unit; SA:
samples from Salkhala Unit; HHC: samples from Higher-Himalayan cover; HHB: samples from Higher-Himalayan
basement. Range of Panjal Trap from Buar & ZamNupbin (1979) and HoNEGGER et al. (1982).
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Fig.10. V vs. (Ti/1000) variation diagram after Suervais (1982). Continental flood basalts range in Ti/V ratio
between 20 and 50, alkalic basalts between 50 and 100.

Differentiation due to fractional crystallisation of olivine and plagioclase leads to a
successive enrichment of the incompatible elements Nb, P, Zr, V and Ti (PEArce
1982). An alkalic character defined by higher content in Nb, P, Zr and Ti therefore can
be explained as an effect of differentiation. With increasing differentiation, the data-
points in the P,O5 vs. TiO, variation diagram (Fig.7) progressively move towards
higher P and Ti contents and therefore towards the compositional field of alkalic ba-
salts. In the V vs. Ti/1000 variation diagram (Fig. 10), the differentiation trend for oli-
vine and plagioclase fractionation parallels lines of constant Ti/V ratios. Datapoints in
Fig. 10 with high content of Ti and V belong to datasubgroups with a slightly alkalic
composition (subgroups PJ,,, SA,,, HHC,, and HHB,,). The higher Ti/V ratio of
some of these samples rather indicates a primary magmatic alkalic character (SHERvAIS
1982) than a higher state of differentiation. However the high content in incompatible
elements Nb, P, Zr and Ti in the samples of the alkalic subgroups goes together with
low content in the compatible elements Mg, Cr and Ni (see Tabs. 2a-d), a fact which
documents the effect also of differentiation. The lower content in the compatible ele-
ments Rb, Ba, K, Ni and Cr (WepeponL 1985) and the enrichement of incompatible
elements in the samples of the HHC datagroup indicates a higher state of differentia-
tion at least for the amphibolites of the Higher-Himalayan cover.
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6.4 Conclusions from Geochemistry

The basic rocks from the Western Syntaxis area all have an overall similar chemical
composition. Variable content in incompatible elements allows to group the analyses
from all tectonic units in tholeiitic and slightly alkalic subgroups. Major elements
(mainly Si, Na and Ca) have been subject to metasomatic alteration. The similar dis-
tribution patterns of trace elements in basic rocks from all tectonic units allows us to
rule out major secondary alterations which would cause strong local variations.

The amphibolites of the Salkhala Unit and the amphibolites of the Higher-Hima-
layan cover are chemically similar to the dolerites. Therefore their common proven-
ance becomes evident.

The trace element enrichment patterns relative to a tholeiitic MORB of PJ, SA,
HHB and HHC data groups are similar to.an enrichment pattern which is typical for
tholeiitic to slightly alkalic within plate basalts. Trace element distributions indicate an
overall similarity in chemical composition between all basic rocks of the Western Syn-
taxis area and Permian Panjal Trap basalts.

Samples from the Higher-Himalayan cover have a higher content in the elements
Nb, Sr, P, Zr and Ti. This can be explained either by a primarily more alkalic character
or by a higher degree of differentiation. The first possibility seems to be less likely, be-
cause trace elements distributions in alkalic basalts would cause a much higher positive
peak of enrichment for Nb relative to P, Zr and Ti as well as a stronger enrichment of
Rb, Ba, K and Sr than is the case in Fig. 9.

7. Summary and Conclusions

— In the Western Syntaxis area basic rocks occur in different tectonic units and
their emplacement predates regional metamorphism, which increases in grade from
south to north.

— In the Panjal Unit metabasalts occur. In the Salkhala Unit few observed dolerites
still reveal their magmatic origin, whereas the majority of the basic rocks are com-
pletely recrystallized to amphibolites and have only few mineralogical relics of mag-
matic origin. In the Higher-Himalayan basement, dolerite dykes are found, which are
progressively transformed into garnet-amphibolites. Field relations of the amphibolites
from the Higher-Himalayan cover indicate their magmatic origin but petrographic
relics are missing.

— The basic rocks of the Western Syntaxis area all have a similar geochemistry.
They are suggested to be of the same provenance and can be geochemically correlated
with the Permian Panjal Trap basalts from Kashmir and Suru. They have a tholeiitic to
mildly alkalic basaltic composition. The amphibolites from the Higher-Himalayan
cover are more differentiated than the metabasalts from the Panjal Unit and the do-
lerites and amphibolites from the Salkhala Unit Higher-Himalayan basement.

— The metabasalts of the Panjal Unit and the amphibolites of the Higher-Hima-
layan cover are metamorphosed basalt flows, extruded at the surface in Permian times.
Hypabyssal dolerite — and amphibolite dykes are restricted to the Salkhala Unit and
the Higher-Himalayan basement. They have a post-lower Paleozoic age. Their relation-
ships with the surface flows of the Panjal Unit and the Higher-Himalayan cover are not
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fully clear. However the dykes can be found only below the thick amphibolite sheets at
the base of the Higher-Himalayan cover.

— Stutz (1988) describes early Paleozoic basic dykes related to the Cambro-Or-
dovician magmatic episode in SE-Ladakh. An early Paleozoic age for the basic dykes
in the Western Syntaxis area cannot completely be ruled out from their field relations,
however petrographic and geochemical analogies to Permian Panjal Trap basalts
rather indicate a Permian age.

— The correlation of the amphibolites of the Higher-Himalayan cover with the
Panjal Trap allows us to date the overlying metasediments in the cover as latest Paleo-
zoic to Mesozoic. A pre-Permian age of the underlying metagreywacke rocks of the
basement confirms the suggested analogies of these rocks to lower to middle Paleozoic
sedimentary rocks at the base of the Tibetan series in NW-India.

— The basic rocks believed to be of Permian age underwent only Alpine metamor-
phism together with the late Paleozoic to Mesozoic metasediments in the Higher-Hi-
malayan cover. This is not the case for the metasedimentary rocks and granitic gneiss in
the Higher-Himalayan basement and the Salkhala Unit, for which relict pre-Alpine
metamorphic records (PogNanTE & LomBarpo 1989) cannot competely be ruled out.
No positive evidence for relics of distinctly pre-Alpine metamorphism in the Western
Syntaxis area has been reported up to now (Greco 1989).

— The eruption of basalts with a “within plate basalt geochemistry” in some cases is
associated with rifting activities. The Panjal Trap eruption could be related with a rift-
ing phase preparing the opening of the Mesozoic Himalayan Tethys but the question
whether or not the Panjal Trap basalts formed in a rifting environment in Permian
times cannot be answered on the basis of geochemistry only. Structural evidence of
Permian extension tectonics in the NW Himalaya is lacking so far. In Zanskar, it was
shown that the eruption of the Panjal Trap during Permian was followed by the evol-
ution of a passive continental margin between Triassic and early Eocene times (Baup
et al. 1984; Gaetani et al. 1985; Frank et al. 1987; GarzanTi et al. 1987 and Nicora
etal. 1987).

Acknowledgements

The authors wish to express their warm thanks to Dr. P. Bossart, Dr. A. Greco, Dr. K. Honegger and Prof. Dr. V.
Dietrich for their critical and inspiring discussions about earlier versions of the manuscript. The reviewers Dr. A.
Baud and Dr. R. Oberhinsli have contributed with detailed comments about Panjal Trap stratigraphy and basalt geo-
chemistry. Prof. Dr. J.G. Ramsay kindly helped with some geological interpretations and in improving the language.
Fieldwork, which was carried out with the help of local organisations like the Pakistan Tourist Development Corpor-
ation and the forest departement, was supported by ETH research grant No. 0.330.060.22/9.

REFERENCES

BassouLerT, J.-P, Corcuen, M., Guex, J., Lys, M., Marcoux, J., & MascLg, G. 1978: Permien terminal néritique,
Scythien pelagique et volcanisme sous-marin, indices de processus tectono — sedimentaires distensifs a la limite
Permien — Trias dans un bloc exotique de la suture de I'Indus (Himalaya du Ladakh). C.R. Acad. Sci., Paris
Serie D 287,675-678.

Baub, A., Gaetani, M., GarzanTi, E., Fois, E., Nicora, A., & Tintor1, A. 1984: Geological observations in
southeastern Zanskar and adjacent Lahul area (northwestern Himalaya). Eclogae geol. Helv. 77/1, 171-197.



626 K. Papritz and R. Rey

BeartH, P, & Stern, W, 1971: Zum Chemismus der Eklogite und Glaukophanite von Zermatt. Schweiz. mineral.
petrogr. Mitt. 51, 349-359.

Best, M.G. 1982: Igneous and metamorphic petrology. W.H. Freeman, New York.

BHat, M1, & Zainuppin, S.M. 1978: Environment of Eruption of the Panjal Traps. Himalayan Geology, Dehra
Dun 8/2, 727-738.

— 1979: Origin and Evolution of Panjal Volcanics. Himalayan Geology, Dehra Dun 9/2, 421-461.

Bion, H.S., & MippLemiss, C.S. 1928: The Fauna of the Agglomeratic Slate Series of Kashmir. Mem. geol. Surv.
India, New Series 12, 1-55.

Bossarr, P. 1986: Eine Neuinterpretation der Tektonik der Hazara-Kashmir Syntaxis (Pakistan). Dissertation ETH-
Ziirich Nr. 8082.

Bessarr, P, Dietric, D., Greco, A., OTTiGER, R., & Ramsay, J.G. 1988: The tectonic structure of the Hazara-
Kashmir Syntaxis, Southern Himalayas, Pakistan. Tectonics 7/2, 273-297.

Bossarr, P, & Otriger, R. 1989: Rocks of the Murree formation: indicators of a descending foreland basin of late
Paleocene to middle Eocene age. Eclogae geol. Helv. 82/1.

Cackins, J.A., OfrieLp, T.W.,, AspuLLan, S K.M., & TarvaB ALl S. 1975: Geology of the Southern Himalaya in
Hazara, Pakistan, and adjacent areas. Prof. Pap. U.S. geol. Surv. 716 C.

Cann, J.R. 1970: Rb, Sr, Y, Zr and Nb in some basaltic rocks. Earth and planet. Sci. Lett. 10, 7-11.

Frank, W, Baup, A., HoneGGER, K., & TromMsDorFF, V. 1987: Comparative studies on profiles across the North-
western Himalayas. In: ScHaEr, J.P, & Robgcers, J. (Eds.): The anatomy of Mountain Ranges, 261-275.
Princeton Univ. Press, Princeton New Jersey.

Fucus, G. 1975: Contributions to the Geology of the North-Western Himalayas. Abh. geol. Bundesanst. (Wien) 32.

Gaerani, M., Casnepl, R, Fois, E., GarzanTi, E., Jabout, F, Nicora, A., & TinTor1, A. 1985: Stratigraphy on
the Tethys Himalaya in Zanskar, Ladakh. Initial report. Riv. ital. Paleont. (Stratigr.)) 91/4, 443-478.

GANsSER, A. 1964: Geology of the Himalayas. Wiley Interscience, London.

GarzanT, E., Casnepl, R., & Jaboul, F. 1986: Sedimentary evidence of a Cambro -Ordovician orogentic event in
the northwestern Himalaya. Sedim. Geol. 48, 237-265.

GarzanTi, E., Baup, A., & MascLe, G. 1987: Sedimentary record of the northward flight of India and its collision
with Eurasia (Ladakh Himalaya, India). Geodin. Acta 1, 297-312.

GHAZANFAR, M., & CHaubHrY, M.N. 1985: Geology of Bhunja — Battakundi area, Kaghan Valley, District of Man-
sehra, Pakistan. Geol. Bull. Punjab Univ. Lahore 20, 76—105.

Greco, A. 1989: Tectonics and Metamorphism in the Western Himalaya Syntaxis area (Azad Kashmir, NE Pakis-
tan). Dissertation ETH-Ziirich, Nr. 8779, Ziirich.

Greco, A., MarTINOTTI, G., PaPriTz K., RaMsay, J.G., & Rey, R. 1989: The Himalayan Crystalline Rocks of the
Kaghan Valley (NE-Pakistan). Eclogae geol. Helv. 82/2, 00—00.

Haq, B.U., & Van Evsinga, FW.B. 1987: Geologic time scale, Fourth revised enlarged and updated edition.
Elsevier, Amsterdam.

Hawkins, J.W. 1980: Petrology of back — arc basins and island arcs: Their possible role in the origin of ophiolites. In:
Proceedings of the International Ophiolite Symposium. Nicosia 1979. Cyprus Geological Survey Departement,
244-254.

HonEeGGER, K. 1983: Strukturen und Metamorphose im Zanskar Kristallin. Dissertation ETH-Ziirich, Nr. 7456.

HonecGGer, K., DietricH, V., Frank, W., Gansser, A., Taoeni, M., & TrommspDorrr, V. 1982: Magmatism and
metamorphism in the Ladakh Himalayas (The Indus — Tsangpo Suture Zone). Earth and planet. Sci. Lett. 60,
253-292.

Karoor, H.M. 1977: Lower Gondwana of Nishatbagh, Kashmir and its significance. Geophytology 7/2, 188-196.

Kuno, H. 1968: Differentiation of Basalt Magmas. In: Hess, H., & PoLberwaarr, A. (Eds.): Basalts. v.2, 623-688.
Interscience, New York.

Lypekker, R. 1878: Geology of Kashmir, Kisthwar and Panghi. Rec. geol. Surv. India 11, 31-64.

MacDonaLp, G.A., & Katsura, T. 1964: Chemical Composition of Hawaiian Lavas. J. Petrol. 5, 82-133.

MipbLewmiss, C.S. 1910: A Revision of the Silurian-Trias sequence in Kashmir. Rec. geol. Surv. India 40/3, 206-260.

Naxkazawa, K., Karoor, H.M,, Isun, K., Banpo, Y., OkiMURA, Y., & Tukuoka, T. 1975: The Upper Permian and
the Lower Triassic in Kashmir, India. Mem. Fac. Sci. Kyoto Univ., Series fo Geol. and Mineral. 42/1, 1-106.

NisBer, E.G., DietricH, VJ., & EsenweIN, A. 1979: Routine trace element determination in silicate minerals and
rocks by X-ray fluorescence. Fortschr. Mineral. 57, 264-279.

OTTIGER, R. 1986: Einige Aspekte der Geologie der Hazara-Kashmir Syntaxis (Pakistan). Dissertation ETH-Ziirich
Nr. 8033.



Permian Panjal Trap Basalts in NE Pakistan 627

Pareex, H.S. 1976: On Studies of the Agglometatic Slate and Panjal Trap in the Jhelum, Liddar and Sind Valleys,
Kashmir. Rec. geol. Surv. India 107/2, 12-37.

Pearce, J.A. 1982: Trace Element Characteristics of Lavas from Destructive Plate Boundaries. In: Thorrg, R.S.
(Ed.): Andesites (p. 525-548). John Wiley and Sons, New York.

Pearce, JLA., & Cann, J.R. 1973: Tectonic Setting of Basic Volcanic Rocks Determine Using Trace Element Ana-
lyses. Earth and planet. Sci. Lett. 19, 290-300.

Pognante, U, & Lomsarpo, B. 1989: Metamorphic evolution of the High Himalayan Crystallines in SE Zanskar,
India. J. metam. Geol. 7,9-17.

RemeL, S.P. 1983: Stratigraphy and petrogenesis of the Grande Ronde Basalt from the deep canyon country of
Washington, Oregon and Idaho. Bull. Geol. Soc. Amer. 94, 519-542.

Scuminke, H.U. 1967: Flow directions in Colombia River Basalt flows and paleocurrents fo interbedded sedimen-
tary rocks, South-Central Washington. Geol. Rdsch. 56, 992-1020.

Suervars, J.W. 1982: Ti - V plots and the petrogenesis of modern and ophiolitic lavas. Earth and planet. Sci. Lett.
59, 101-118.

SinGH, M.P,, Nanpa, MM, & Sinua, PK. 1976: The Ralakung Volcanics of the Zanskar Valley, Ladakh - Its Geo-
logical Settings Petrography, Petrochemistry and a Comparative Study with the Panjal Volcanics of the North-
Western Himalayas. Geol. Surv. India misc. Publ. 41, 218-228.

Sturz, E. 1988: Géologie de la chaine de Nyimaling aux confins du Ladakh et du Rupshu (NW-Himalaya, Inde) -
¢volution paléogéographique et tectonique d’un segment de la marge nord-indienne. Mém. Geol. Lausanne 3.

Thakur, V.C., & Gupta, V.J. 1983: Regional Stratigraphy, Paleontology and Structure of Kashmir and Ladakh
Himalayas. In Gupera, V.J. (Ed.): Contributions to Himalayan Geology 2, 1-32.

Wabia, D.N. 1931: The Syntaxis of the North-West Himalaya: Its Rocks, Tectonics and Orogeny. Rec. geol. Surv.
India 65/2, 189-220.

— 1934: The Cambrian-Trias Sequence of North-Western Kashmir (Parts of Muzaffarabad and Bramula Dis-
tricts). Rec. geol. Surv. India 68, 121-176.

—  Geology of India. (3rd revised edition) Macmilland & Co, London.

Webpeponr, H.K. 1985: Origin of the Tertiary basaltic volcanism in the northern Hessian Depression. Conrt.
Mineral. Petrol. 89, 122-143.

Manuscript received: 21 December 1988
Revision accepted: 10 May 1989






	Evidence for the occurrence of Permian Panjal trap basalts in the Lesser- and Higher-Himalayas of the Western Syntaxis Area, NE Pakistan

