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more or less equivalent to the Lower Midlands Formation of Pecher (1977), overlain by
the sequence Fagfog Quartzite - Dandagaon Phyllites — Nourpul Formation - Dhading
Dolomite (Fig. 2), broadly equivalent to the Lower Midland Group of French geolo-
gists. This succession was recognized as being of late Proterozoic age, with the probable
exception of the Dhading Dolomite which was tentatively assigned to the Cambrian.
Stocklin also recognized an overlying Upper Nawakot Group comprising the Benighat
Slates, Malekhu Limestone and Robang Formation, considered to be of probable
Permo-Carboniferous age and to rest unconformably on the Lower Nawakot Group

Recent geological mapping carried out during reconnaissance geochemical ex-
ploration north in the region of the Main Central Thrust has shown that the lowest ex-
posed unit of the Lower Nawakot Group, the Kuncha Formation, is overlain to the north
by a unit resembling the Fagfog Quartzite, but that the overlying units of the Group
are absent (Fig. 2). Instead, the Fagfog Quartzite is overlain directly by a succession of
graphitic phyllites, carbonates and minor amphibolites and local quartzite resembling
the Benighat Slates of the Upper Nawakot Group. Northwest of Kathmandu this
succession can be traced round the base of the gneisses which link the Central Gneisses
or Tibetan Slab with the base of the Kathmandu Nappe (Fig. 1), and is physically conti-
nuous with the Benighat Slates mapped by Stocklin beneath the Kathmandu Napps.

The contact between the Fagfog Quartzite overlying Benighat Slates beneath
the Main Central Thrust is not well exposed. While Hashimoto et al. (1973) recognized
a thrust more or less at the base of the Benighat Slates equivalent in this region, the absence
of the upper part of the Lower Nawakot Group could alternatively be explained by ero-
sion beneath the unconformity postulated by Stocklin (1980) at the base of the Benighat
Slates. However, the lithology of the Benighat Slates and their equivalent to the north
is closely comparable to that of the Jutogh Group in Himachal Pradesh in the western
Himalayas. Moreover, the Benighat Slates also resemble the Lower Crystalline Nappe
of Fuchs (1980) described from western Nepal, which underlies his Upper Crystalline
Nappe or Central Gneisses. It therefore apears that the equivalent of the Benighat
Slates beneath the Main Central Thrustand the Benighat Slates-and cverlying units ou
the Upper Nawakot Group beneath the Kathmandu Nappe comprise a single major
nappe, hete termed the Benighat Nappe, with the Benighat Thrust at its base.

STRATIGRAPHIC AND EMPLACEMENT AGES OF THE BENIGHAT NAPPE

There is little direct evidence for the age of the rocks comprising the Benighat
Nappe. The Jutogh Group in Himachal Pradesh is intruded by the Chaur Granite which
has yielded an 1000 my K/A1 age (Bhergava, 1980), suggesting a mid-Proterozoic or
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older age for the Group and hence tor the Benighat Slates. In central Nepal par. of the
Ulleri Augen Gneiss of Le Fort & Pecher (1974) and the probably equivalent Melung
Augen Gneiss of Hashimoto et al. (1973) lie within and at the base of the gently dip-
ping Benighat Slates equivalent south of the Main Central Thrust, and were interpreted
by Le Fort & Pecher, (1974) Pecher & Le Fort (1977) as meta-volcanic rocks of pro-
bable Palacozoicage. However, recent mapping suggests that the Gneiss, which is locelly
more than 1000m thick, may be a metamorphosed granitic sheet intruding the Benighat
succession, perhaps equivalent to the Chaur Granite; Rb/Sr whole rock isochrons pre-
sently being determined on this Gneiss by the Institute of Geological Sciences, London,
should yield a minimum age for the Benighat Slates.

The more or less parallel nature of the bases of the Benighat and Kathmandu
Nappes suggests that the Benighat Nappe was also emplaced during the Himalayan
orogeny. However, beneath the Main Central Thrust metamorphic grades increase
upwards and northwards (Le Fort, 1975), from muscovite in the central part of the Kun-
cha Formation through biotite into garnet in the top of the formation and in the Fagfog
Quartzite and lower part of the Benighat Slates equivalent. The grade continues to in-
crease upwards without apparent break into local kyanite in the upper part of the Beni-
ghat Slates, immediately beneath the kyanite-bearing gneisses above the Main Central
Thrust. This suggests that the Benighat Nappe was emplaced before the advance of the
Kathmandu Nappe and Tibetan Slab and that the reverse metamorphic isograds resulted
from subsequent downward conductive heating from the overriding Tibetan Slab.
Emplacement of the Benighat Nappe presumably post-dated early Eocene collission of
Indian with Asia, and probably took place in the Oligocene shortly before the Oligo-
cene or early Micocene emplacement of the Kathmandu Nappe.

The original stratigraphic position of the Upper Nawakot Group comprising
the Benighat Nappe is uncertain, as similar rocks are absent in both the Tethyan succession
of the Higher Himalayas and the Lower Himalayas successions. It is tentatively consi-
dered here to have formed a part of the Lower Himalayas succession, possibly above the
Dhading Dolomite in a stratigraphic position similar to that of its present structural
position in the Mahabharat Range. However, since the Benighat Nappe liesina structu-
rally lower position towards its root zone in the north, it is equally possible that the
Benighat Slates originated from a stratigraphic position beneath the Kuncha Formation.

THE LOWER NAWAKOT NAPPE

Support for Hagen’s suggestion that the succession,now known as the Lower
Nawakot Group is allochthonous depends on identification of basement rocks of the



ted ultrabasic rocks lying some 80 km west of Kathmandu. The syenite is a

trending gneissic body about 8 km in length, exposed at the base of the Kuncha Fo
tion within the core of an anticline.

The nature of the contact between the syenite gneiss aad Kuncha Formati
obscure. The body has been interpreted as a dyke or possibly sill intruded into the
cha metagreywackes in the Tertiary (Lasserre, 1977). However, there is no eviden
contact metamorphism or alteration of the immediately adjacent ‘host’ rocks, an
strongly gneissic texture of the syenite suggests that it is more highly metamorp
than the adjacent biotite-grade phyllites at its southern end. The contact cannot
unconformity because the syenite truncates the bedding of the Kuncha Forma
especially towards the north.

The possibility of a thrust between the Kuncha Formation and Am
syenite was suggested considering the similarity of structural position of the syeni
that of the Permo-Carboniferous Gondwana Formation in Sikkim (D.
Dhoundial, pers. comm. 1981). The Gondwana in Sikkim occupy a tectonic wi
surrounded largely by the Daling Formation, the equivalent of the Kuncha Forma
and locally (Raina & Srivastava, 1980) by the Buxa Formation, equivalent to theNi
puls and Dhading Dolomite of the Lower Nawakots; the Dalings in turn are al
surrounded by overthrust Central Crystallines. Since the Gondwanas to the sou
northern Peninsular India lie on Precambrian rocks, it may be inferred that roc
the Precambrian Shield also underlie the Gondwanas (in Sikkim. By analogy,
nepheline syenite of Ampipal can be interpreted as Indian Shield rocks from which
overlying Gondwanas have been removed either tectonically or by pre-thrus
erosion.

NORTH-DIRECTED THRUSTS IN THE TSANGPO SUTURE ZONE

North of the Higher Himalayas, the granodioritic rocks of the Transhimala
magmatic arc on the former overriding plate lie within a few kilometres of the ophio
rocks of the ‘syture’, and the 100 to 150 km wide belt comprising the precollision
trenchgap characteristic of all arc systems is absent. By analogy with the Taiwan
Timor collision belts, the loss of this belt can be explained by overriding of the u
crustal rocks of the Tibetan plate by the Indian plate, in a manner analogous to, but
volving a thinner crustal layer than, that suggested bX Audley-Charles et al., (1980).
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placement of this northward-directed thrust sheet or nappe can explain the northward-
facing folds found in parts of the Higher Himalays, and the southward dip of the
‘suture zone’ rocks in Ladakh and elsewhere, as well as the juxtaposition of the India
‘Tethyan’ sequence with the Transhimalayan magmatic arc. Depending on the position
of the south-dipping thrust when it was initiated, the upper crust of the arc-trench
gap may have been either overthrust southwards onto the Tethyan succession and
eroded, or more probably, under-thrust beneath the Tethyan succession (Fig. 3).

CRUSTAL SHORTENING AND UNDERTHRUSTING BENEATH TIBET

The displacement on the Main Central Thrust is 80 km, and the measured dis-
placement on the Benighat Thrust, assuming the Benighat Nappe to have originated
from beneath the Kuncha Formation, is also about 80 km. If the Lower Nawakot
Group is allochthonous with respect to the Ampipal Syenite, displacement of the Group
is at least 50 km. These are all minimum displacements, since the gentle dip of the
Main Central Thrust and Benighat Thrust indicate that the Benighat and Lower Nawa-
kot Nappes extend at depth well to the north of the Main Central Thrust outcrop.
Moreover, seismic activity in Nepal can best be explained by movement on a detach-
ment plane (Pandey, 1981 pers. comm.) similar to that inferred by Seeber et al (1980)
in the Pakistan Himalayas; this detachment plane extends from far to the south of the
Siwaliks to the Tethyan Himalayas, a distance of more than 300 km, and itis unlikely
that displacement is less than a few tens of kilometres. The total crustal shortening in
the Himalayas isthus at least 210 km and very probably more than 300 km. As the
Main Boundary Fault lies only 220 kmsouth of the Tsangpo Suture zone, the Indian
continental crust must have underthrust the Transihimalayas and could extend north-
wards many hundreds of kilometres beneath the Tibetan Plateau, as suggested by
Powell and Conaghan (1973) and in contrast to the crustal thickening model of Dewey
& Burke (1973).

CONCLUSION

The Lower Himalayas of Central Nepal consistof atleast two and very prob-
ably three major nappes with a total southward displacement of at least 300 km, imply-
ing that continental crust of the Indian plate has underthrust the Transhimalayas north
of the suture. South of the Transhimalayan magmatic arc, rocks of the arc-trench gap
are probably thrust southwards at least 100 km beneath the overlying Tethyan sequence
of the Indian plate.









