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Introduction

Present research is focused on lithofacies and architectural analysis of the lower Permian
Warchha Sandstone Formation from the Salt Range of Pakistan. The Salt Range is part of
the Sub-Himalayan Mountains, which stretch for more than 180 km east-west from the
Jehlum River to the Indus River, along the southern margin of the Potwar Basin (Fig.1).
Thick sedimentary cover consisting of Precambrian to recent deposits unconformably
overlies low-grade metamorphic and igneous basement rocks (Gee, 1989). The Early
Permian Warchha Sandstone, which belongs to the Nilawahan Group, is well exposed
throughout both the Salt Range and the Trans-Indus Range. It represents a fluvial
succession that is considered to have been accumulated along the northern part of the
Gondwanan continental margin and which represents the sedimentary record of a palaeo-
drainage system that carried clastic detritus from the continental interior in the south to the
coastline of the marine Tethyan realm which lay to the north (Valdiya, 1997).

The Warchha Sandstone is underlain by the marginal marine Dandot Formation of Early
Permian age and is overlain by the Shallow marine Sardahi Formation of Early Permian
age. For the purposes of lithostratigraphic subdivision, the Warchha Sandstone can be
informally divided into several conglomerate, sandstone and claystone units, with roughly
equal proportions of sand and clay and rather less conglomerate. Conglomerate units are
composed of rounded, sub-rounded and sub-angular clasts of igneous, metamorphic and
sedimentary origin, which are dark-pink, dark-brown, maroon, white and green in colour.
Clasts within the conglomerates mostly range from 0.5 cm to 2 cm, though large, rounded

to sub-rounded, pink granite boulders up to 20 cm are also present. The clasts lie in poorly



sorted sand-, silt- and clay-grade matrix of varied composition. In places, intraformational
clasts of claystone are also present. Arkose sandstone units are medium- to thick-bedded,
mainly light-brown to pinkish-white in colour, fine- to coarse-grained, poorly- to moderately-
sorted, with grains that are sub-angular to sub-rounded. The sandstones commonly
contain 1-3 cm-thick, dark-brown, grey and green coloured claystone layers. Additionally,
granule and pebble lags composed of pink granite are common. The sandstone units are
locally speckled in appearance and, in places, contain carbonaceous material.
Argillaceous claystone units are red, maroon, dark-brown, grey and light-green in colour.
They are commonly massive-bedded, blocky and splintery, though in places are
interlaminated with thin, red, maroon, dark grey and dark green siltstone layers to form

shales.

Seven lithofacies, arranged into a series of discrete separate fining-upward cycles, are
recognised in the Warchha Sandstone (Figs. 2, 3 and 4) and are here described based on
the classification scheme of Miall (1985). The Warchha Sandstone in the Salt Range is
characterised by various facies types arranged into seven distinct architectural elements

( Miall, 1985; 1990), which themselves occur in a predictable order.

The 2007 IAS-funded fieldwork focused on sedimentological and sequence stratigraphic
analysis of an ancient, large-scale lower fluvial plain system and its terminus with adjoining
marginal marine systems. The field-collected data-set will facilitate publications regarding:
1) the overall regional sedimentology and stratigraphy of the Early Permian in the Salt
Range region; 2) the preservation and identification of a fluvial environment and its
interaction with surrounding marginal marine environments; 3) a lithofacies scheme,
together with palaeocurrent and petrographic clast provenance analyses which together
will form the basis for a depositional model that accounts for the Permian
palaeoenvironmental and palaeogeographic setting of the region.

Preliminary results

The Early Permian Warchha Sandstone of the Salt Range, Pakistan comprises a
succession of conglomerate, sandstone and claystone (shale) within which seven
lithofacies types are recognised to occur in a predictable, repeating order that forms up to
ten fining-upward cycles. Common sedimentary structures in the conglomerates and

sandstones include planar and trough cross-bedding, planar lamination, soft sediment



deformed bedding, compound cosets of strata with low angle-inclined bounding surfaces
and lags of imbricated pebbles. Structures in the finer-grained facies include desiccation
cracks, raindrop imprints, caliche nodules and bioturbation. Associated facies are arranged
into seven distinct architectural elements (channels, gravel bars, sandy bedforms,
downstream and laterally accreting barforms, sand sheets, levee and floodplain), which is
consistent with a fluvial origin for the succession. Palaeocurrent analysis indicates an
overall northerly flow pattern but with a high spread of flow directions within each cycle and
with significant changes in mean flow direction between successive depositional cycles.
This, together with a dominance of fine-grained (floodplain) facies over gravel-grade
(channel base) facies supports the interpretation of a high-sinuosity, meandering fluvial
system, in which channel bodies accumulated via the lateral accretion of point bars but in
which the active channels covered only a small part of a broad floodplain at any time
instant. Coarser-grained facies are arkoses and sub-arkoses with a significant detrital
mineral component that was principally derived from igneous sources, though with
additional minor metamorphic and sedimentary sources. The northerly palaeo-transport
direction, indicates the likely provenance of the Warchha Sandstone to have been the
Aravalli Range in the southeast and the Malani Range in the south. Drainage of the fluvial
system was therefore from the interior of the stable Indian Craton towards a Tethyan

coastline, which lay to the north.
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Fig.1. Location map of the Pakistan and the Salt Range.
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Fig. 2. Representative sedimentary log of the Warchha Sandstone from the Milawahan
Garge. Mote the presence of eight well developed, erosively-based fining-upward cycles, 5
to 18 m in thickness. Palagocurrent analysis of cycles 1-6 (rose diagrams with sector
intervals of 30 degrees) reveals a broad spread within each cycle and significant changes in
mean azimuth between cycles.
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Fig. 3. Outcrop sketch illustrating the facies assodation in Karuli area. Heavy lines denote facies boundaries and arrows denote
palaeoflow direction.







