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Abstract: The Siwaliks (Miocene to Pleistocene) distributed along the southern side of the
Main Boundary Thrust in Nepal are composed of conglomerates, sandstones, mudstones and
lignites. The Lower and Middle Siwaliks show various kinds of cyclic repetition in their litho-
facies and sedimentary structures. A generalized unit of the cycles consists of sandstones,
mudstones and lignites from bottom to top. The sandstones are well-stratified and frequently
cross-bedded while the mudstones exhibit massive aspect occasionally with lenticular bedding.
In the unit, each lithofacies gradually change into overlying one whereas the boundaries
between units are mostly discontinuous and erosional. These cyclic sedimentation, sedimentary
structures and fossil evidence suggest the Siwaliks to have been deposited in coastal environ-
ments of a fresh water basin.

The conglomerates of the Middle and Upper Siwaliks of the investigated area do not
contain any High Himalayan rocks such as gneisses and granites. The composition of the con-
glomerates combined with the palacocurrent data reveals the sediments to be derived mainly
from the Lesser Himalayas just north of the Main Boundary Thrust. As in Pakistan, uranium
deposits are expected to occur in the Siwalik sandstones in Nepal. In most places, however, the
Siwaliks would have less possibility of uranium occurrence because the Lesser Himalayas do
not contain big granite bodies from which uranium minerals are supposed to be originated. In
the High Himalayas, granitic rocks are widely distributed, and three big rivers of Nepal have
percolated through them and transported the sediments into the Siwalik basin from the ancient
time. It seems to be more effective to concentrate our uranium prospecting to the area where
these rivers have descended into the Siwalik basin.

government of Nepal came to be concerned
about them.

The Department of Mines and Geology of
Nepal has started the uranium prospecting
project from fiscal year 1980-1981. The
author had a chance to participate in this
project and surveyed the Siwaliks of Western
Nepal in 1981. Uranium deposits in the

Introduction

Since 1950, when Nepal opened its country
to foreigners, the government has made effort
to search for natural resources to develop the
country. So far, no economic mineral resources
have been found except for an enormous

amount of carbonate rocks and crushed-stones
for construction. As people’s life is rapidly
modernized, the country is suffering from great-
er shortage of fuel. Recently, uranium deposits
were found in the Pakistan Siwaliks, and the

* This paper is published by permission of the Department
of Mines and Geology, Nepal.
#%  Mineral Deposits Department

Pakistan Siwaliks occur in the sandstone beds
and are supposed to be a Himalayan source
(MogHAr, 1974). If the Siwaliks represent
Molasse-like deposits, originating from the
uplifting Himalayas where gneisses and gran-
itic rocks with relatively high uranium content
came to be exposed on the surface, it is highly
possible that uranium in the Siwalik sediments
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was also derived from those rocks. In this point
of view, the author has carried out the sedi-
mentological investigation of the Siwaliks to
evaluate the possibility of the occurrence of
uranium deposits.

Stratigraphy

Along the foothills of the Himalayas, the
Siwaliks (Miocene to Pleistocene) are distribut-
ed on the southern side of the Main Boundary
Thrust (Fig. 1). They are generally thought as
the Molasse-like sediments associated with
the Himalayan Orogeny. The name, Siwaliks,
was derived from the Siwalik Hills near the
Dehra Dun north of Hardwar in Uttar Pradesh
of North India (Mebricorr, 1864). The
Siwaliks of the type area are subdivided into
the Lower, Middle and Upper Siwaliks. The
Lower Siwaliks which are called Nahans in
the Simla area, are wide-spread along the
Kumaon foothills. They show an alternation of
massive, soft green-brown sandstones with
chocolate to green, somewhat concretionary
clays (Gansser, 1964). The purple or red
aspect of the Lower Siwaliks is useful to distin-
guish it from the overlying Middle and Upper
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Siwaliks. The Middle Siwaliks consist of thick,
massive, rather soft micaceous sandstones with
subordinate clays, and the Upper Siwaliks
include mainly coarse clastic deposits such as
boulder conglomerates, ordinary conglomer-
ates, grits, sands and earthy clays.

These lithological features of the Lower,
Middle and Upper Siwaliks are persistent
from the type area to the Kali River at the
Nepalese frontier (Misra and Varprva, 1961).
In Western Nepal, the Siwaliks are widely
exposed around the Dang area west of Butwal.
The investigated area lies at the eastern end of
the Dang belt. The Siwaliks in this area, as a
whole, are composed of an alternation of sand-
stones and mudstones with intervening conglo-
merates, lignites and limestones, and can be
subdivided into the Lower, Middle and Upper
Siwaliks as in the type area (Table 1). The
Lower Siwaliks are characterized by quartzose
fine sandstones interbedded with reddish brown
and greenish grey mudstones while the Middle
Siwaliks consist of arkosic fine to coarse sand-
stones with intercalations of greenish grey to
dark grey mudstones. In contrast to these two
parts, the Upper Siwaliks contain mainly coar-
ser sediments represented by conglomerates
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Distribution of the Siwaliks in Nepal and investigated area.
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Table 1 Stratigraphy of the Siwaliks in the Sithdhara region west of Butwal.
Age Formation Thickness Lithology
5 . Pebble and cobble conglomerates, fine to very coarse sandstones,
g Upper Siwaliks 450 m+ subordinately pebbly mudstones and sandy mudstones
[
QL bedded fine to coarse arkosic sandstones, greenish grey and dark
g Middle Siwaliks 2700 m grey mudstones, lignites, pebble conglomerates, occasionally
.§ o limestones
25 , , ,
° g bedded fine to medium sandstones, reddish brown, purplish,
E .% Lower Siwaliks 2650m - greenish grey and dark grey mudstones, lignites, occasionally
= limestones

Main Boundary Thrust
Nawakot Group black carbonaceous shales, dark grey dolomites, purplish shales,
(undifferentiated) pinkish quartzites

and sandstones.
1) Lower Siwaliks

The formation is well exposed on both
flanks of the Kusum Khola Syncline in the
southern part of the project area (Figs. 2 and
3). Another narrower belt of the formation
occurs along a E-W fault from the Rapti River
to Sit Khola in the northern part of the area.

The Lower Siwaliks consist mainly of bedded
fine- to medium-grained sandstones of greenish
grey or brown color, sometimes mottled with
red, with intercalations of reddish brown,
purplish, greenish grey and dark grey mud-
stones. Occasionally, lignites or muddy lig-
nites overlie the mudstones or are intercalated
in them. Thin beds, lenses and pockets of
limestones are subordinately found.

The sandstones of the Lower Siwaliks are
generally very-fine- to fine-grained while
medium-grained sands are less frequent. They
have much quartz grains with minor micas
and small, red and black rock fragments, and
high carbonate contents in the matrix. Most of
the sandstones are well-bedded, and show cross-
bedding and various kinds of current ripple
lamination. Thickness of one unit is 10 to
200 cm.

The grain size of the mudstones ranges from
coarse silt, sometimes sandy silt, to clay.
Usually, the mudstones exhibit a gradation or
multiple gradation. The contact of the mud-

stones with the underlying sandstones is grada-
tional. The reddish coloration is characteristic
of the Lower Siwalik mudstones and a useful
criterion to distinguish them from the Middle
Siwalik mudstones. Calcareous concretions of
lmm to 10cm in diameter are frequently
found in the mudstones. In part the mudstones
are calcareous and contain thin beds or lenses
of limestones. Lenticular lamination, parallel
lamination and bioturbation are partly recog-
nized in the fresh outcrops of the mudstones.

The lignites are sometimes muddy and
sandy with well-preserved plant fossils. Fine
parallel lamination is predominant in them but
current ripple lamination is rare.

The thickness of the Lower Siwaliks is esti-
mated to be more than 2650 m.

2) Middle Siwaliks

The sediments of this formation are widely

- distributed in the project area. They are

repeated four times mainly by the strike faults.
In the southern area they occupy the axial
part of the Kusum Khola Syncline (Figs. 2
and 3). Three other Middle Siwalik belts of
the northern area show north-dipping mono-
clines with partly inverted strata along the
faults.

The formation is composed of bedded fine- to
coarse-grained arkosic sandstones intercalated
with greenish grey and dark grey mudstones
(Plate I-a). Lignites, pebble conglomerates
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Fig. 2 Geological map of the Sithdhara region west of Butwal.
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and limestones are also found in it.

The sandstones of the Middle Siwaliks have
a wide range of grain size from very fine sand to
very coarse sand. Occasionally pebbles of the
Lower Siwalik sandstones and the Nawakot
Group distributed in the Lesser Himalayas,
and intraformational mudstone clasts occur in
the coarse-grained sandstones. The sandstones
show more or less feldspathic and micaceous
character responsible for their arkosic aspect.
The concretionary bands are developed parallel
to the bedding plane in some places. The thick-
ness of one unit of the sandstone ranges from a
few centimeters to a few meters. Thin sandstone
lenses and pockets are also found in the mud-
stones. On the fresh outcrops in rivers, cross-
bedding, current ripple lamination and other
sedimentary structures are well visible (Plates
I-b and II). While on the exposures of hillsand
ridges, these sedimentary structures are not
recognizable because of weathering.

Color of the Middle Siwalik mudstones is
usually greenish grey and in more carbonaceous
parts, dark grey. The reddish or purplish
color is rare. Except for the difference in color,
the Middle Siwalik mudstones have almost the
same features as those of the Lower Siwaliks.

Thin lignite beds usually occur on the top of
the mudstones and less frequently in them
(Plates III-b and IV-a, and Figs. 4 to 7). In
the upper part of the Middle Siwaliks, pebble
conglomerates appear as thick beds in the sand-
stones or as thin lenses in the mudstones The
limestone beds have been seen at a few places.
The color is light grey in frésh outcrops but in
weathered state it has orange tint. They are
well banded and display current ripple lami-

Sub - Himalayas
(Siwalik Hills)

- —————><-| BSSer HimalayasA

Mahabharat Range
Jhimruk K. Solendhara

Siling K. Sit K. .
| Rammatil Bhargaon l AT T
R I L Tk
SR L LT
R AR \ RS
\ - H
MBT

== Lower Siwaliks
o= Nawakot Group

Fig. 3 Geological section across the Siwalik foothills between Solendhara and Khairbhat Naka.

nation in places (Fig. 7).

The contact between the Lower and Middle
Siwaliks is conformable and gradational with-
out any sharp change in lithology. The forma-
tion reachs a thickness of 2700 m.

3) Upper Siwaliks

In the northern part of the project area, the
Upper Siwaliks crop out along E-W-fault in
a narrow belt of about 0.6 km in width (Fig.
2). The formation consists mainly of pebble and
cobble conglomerates with fine- to very-coarse-
grained sandstone intercalations (Plate IV-b).
Subordinately pebbly mudstones and sandy
mudstones occur in the lower part. The con-
glomerates are well-bedded and a unit bed is
a few decimeters to a few meters in thickness.
In fresh outcrops they are compact and tinged
with pink color. The matrix contains calcare-
ous medium- to very-coarse-grained sands. The
pebbles and cobbles are subrounded to rounded
and Il cm to 1 m in diameter. They are com-
posed of fine-grained sandstones of the Lower
Siwaliks, grey dolomites, white quartzites and
purplish calcareous quartzites (Plate V-a). In
a outcrop at the Sit Khola distributary, the
ratio of the components is as follows.

Sandstones of the Lower Siwaliks
Grey dolomites
White quartzites................oooeennen. 139,
Purplish calcareous quartzites

Except for the Lower Siwalik sandstones,
these rocks are commonly distributed in the
Mahabharat Range of the Lesser Himalayas
north of the investigated area. '

The sandstones are 10 to 50 cm thick with
pale brown and grey color. They occur fre-

..509,
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quently in the conglomerates as thin lenses and
pockets. The average grain size is medium to
coarse sand. Cross-bedding and current ripple
lamination can be visible in the sandstone and
conglomerate also.

A pebbly mudstone bed of 3 to 4 m in thick-
ness was found in the Sit Khola distributary.
The pebbles embedded in the sandy mud
matrix are 1 to 10 cmi in diameter and consist
of the same rock types as the conglomerates.

The boundary between the Upper and
Middle Siwaliks is gradational, with the
mudstones of the higher part of the Middle
Siwaliks becoming coarser and sandy with thin
pebble conglomerate intercalations. The ac-
curate thickness of the Upper Siwaliks is
unknown in this area as the upper part is lost by
the strike fault, but at least 450 m are present.

Geologic Structure

As the result of folding, the Siwaliks are
exposed repeatedly across 40 to 50 km in the
Chitwan and Dang areas (Fig. 1). Between
these areas they form a narrow belt of only 5 km
in width near Butwal and the folds pinch out
into a system of thrust faults. In the investigated
area the folds in the Dang area are still trace~
able.

The Kusum Khola Syncline in the southern
part of the area is a direct extension of a big
syncline from the Dang area. The southern
flank of the syncline is somewhat gentle but the
northern flank has steep inclinations near
vertical or even inverted in some places. In the
Kusum Khola, a longitudinal fault exists along
the synclinal axis (Fig. 2). The northern margin
of the syncline is also faulted along the Siling
Khola but this longitudinal fault may represent
an anticlinal axis because the Middle Siwaliks
north of the fault are dipping north. The strata
in the northern part of the area are monoclinal
although they are steepened or inverted along
faults in places.

In the project area, five longitudinal faults
are found including the Main Boundary

Thrust (MBT). All of the longitudinal faults
may be genetically similar. In the Jhimruk
Khola, the MBT strikes in N 70°W which is
a general trend of the Himalayan front, and
dips with 80° toward north. Thus, the MBT
appears to be a reverse fault or steep upthrust,
but generally it is interpreted as a gently- .
dipping thrust which represents a deep crustal
fracture produced by underthrusting of the
Indian plate (Le Fort, 1975).

The northern side of the MBT is the Lesser
Himalayan black carbonaceous shale with
intercalations of dark grey dolomites, and the
southern part well-bedded very fine sandstones
of the Middle Siwaliks. Along the MBT the
black shale is sheared and becomes graphitic in
the 10 to 30 m-wide fault zone but the Siwalik
sandstones are not affected by the MBT.

Any big transverse fault is not noticed in this
area but in some outcrops, minor faults striking
oblique or perpendicular to the general trend
of the Siwaliks are found.

Sedimentology

There are few contributions to the sedimen-
tology of the Siwaliks. BorpET (1961) described
the Middle Siwaliks east of the Arun Gorge in
Eastern Nepal, and noted that one cyclic unit
begins with coarse sandstones, which grade
upwards into cross-bedded micaceous sand-
stones, and ends with greenish to blackish
clays. A similar cyclic development of sedimen-
tary beds was reported from the Lower and
Middle Siwaliks exposed between the Yamuna
and Gola Rivers, Uttar Pradesh, North India
(ParkaAsH ¢ al., 1974).

The depositional cycle described by BorpeT
(1961) is observed in the investigated area
together with many other incomplete or com-
plete cyclic depositional sequences. Although
GaNssER (1964) noted that regular cyclic sedi-
mentation seems restricted to certain horizons
within the molasse-like Siwaliks, the whole
sections of the Lower and Middle Siwaliks in
the project area show cyclic sedimentation. As
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will be mentioned below, cyclic sedimentation
in this area exhibits many variations from a
complete cyclic sequence. The cycles, there-
fore, look like irregular at a glance but after
recognition of the varieties, it can be noticed
that the succession built of the repetition of the
cycles formed under the similar sedimentary
environments.

1) Sedimentary cycles and facies

The Lower and Middle Siwaliks show similar
lithofacies in spite of some differences in color-
ation of the mudstones and in mineral compo-
sition of the sandstones. The upper contact of
the mudstone with the overlying sandstone in
these two formations is usually sharp, abrupt or
erosional while its lower contact is gradational
(Figs. 4 to 8). Also, in many cases lignite
layers overlie the mudstones with transitional
contacts (Plate I'V-a). These features can be
interpreted as a kind of the progradational
vertical sequence beginning with the sand-
stones grading upwards into the mudstones and
then into lignites. In this sequence other
sedimentary features also change regularly
from bottom to top. Based on the vertical
change of the sedimentary features, several
types of lithofacies units or cycles can be distin-

pebbly coarse sandstone =
medium mudstone

Szfine to medium sandstong)
v-Cross-bedding.

1 muddy lignite
Mymassive greenish grey
mudstone

T muddy lignite

greenish grey mudstone

calcareous concretions

calcareous concretions

very fine sandstone
with current ripple
lamination

laminated, bedded
fine to medium sandstone

purplish mudstone lenses
grey mudstone

8T muddy lignite

M%medium to coarse
mudstone

4 muddy lignite
grey coarse mudstone
fine sandstone
1Cross—bedding
} massive
pebbly coarse sandstone

muddy lignite
medium mudstone

guished as follows.

Unit §,

This unit is a complete sequence (Figs. 9 and
10). The lower part consists of well-bedded
fine- to coarse-grained sandstones which show
cross-bedding and current ripple lamination
(Figs. 4 to 7 and Plates I-b and II). Current
ripple lamination is predominant in fine sand-
stones and coarse siltstones; sometimes climb-
ing-ripple lamination is well developed in them
(Figs. 5 and 6). The sandstones grade upwards
into the siltstones at the top where current
ripple lamination, small scale cross-bedding
and fine parallel lamination are visible. Con-
cretionary calcareous bands also occur in them.
In parts the sandstones become coarser and
conglomeratic, occasionally containing mud-
stone fragments of 1 cm to 3 m in diameter
(Fig. 6). The coarse or conglomeratic sand-
stone usually occupies the bottom of the single
graded sandstone bed. The thickness of in-
dividual sandstone bedsis 5 cm to 5 m. As far as
the author observed in long outcrops along the
strike-trending rivers, the individual sandstone
beds can be traced over one hundred meters
(Plate V-b).

The middle part of the unit is mudstones

~10m’
grey coarse mudstone

XE 4 muddy lignite

greenish grey
sandy coarse mudstone

S
1fine sandstone
Tgraded

muddy medium sandstone

L . with pebbles
sandy siltstone

-~ finely laminated coarse silt-

stone
“muddy lignite

Fig. 4 Columnar sections of the Siwaliks.

1. Upper part of the Middle Siwaliks, Sit Khola.
9. Upper part of the Middle Siwaliks, Sit Khola.
3. Upper part of the Middle Siwaliks, Sit Khola.
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cross - bedding -5
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Fig. 5 Columnar sections of the Siwaliks.

4. Middle Siwaliks, Sit Khola.

5. Middle Siwaliks, Rapti River.

6. Upper part of the Middle Siwaliks, Distributary of the Sit Khola.

which grade upwards from coarse siltstones
or sandy siltstones to fine or medium siltstones,
sometimes up to claystones at the top. Len-
ticular bedding, bioturbation, well-preserved
molluscan shells and calcareous pellets of 5 mm
to 20 cm in diameter can be found in the mud-
stones (Plate I1I-a). Occasionally, the upper
part of the mudstones displays fine lamination
of carbonaceous fine silts, and the sun crack can
be found on the top surface. The upper part of
the Unit S, is occupied by lignites or muddy
lignites (Plate IV-a). This part is usually finely
laminated and between the laminae well-
preserved plant fossils occur.

The thickness of the lower sandstone part is
variable, ranging from a few centimeters to

about 20 m. The middle mudstones varies from
a few centimeters to 5 m in thickness and the
upper lignite thickness is in the order of cm to
dm, exceptionally reaching 1.5 m.

Unit S,

This is an incomplete sequence where the
upper lignite portion is missing (Fig. 10). Well-
bedded sandstones form the lower part of the
Unit S,, and graded massive mudstones rep-
resent the upper part. The character of the
Unit S, is almost the same as that of the Unit
S, except for the absence of the upper lignite
bed. The total thickness of the Unit S, varies
between a few meters and about 20 m.
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Fig. 6 Columnar sections of the Siwaliks.

7. Upper part of the Middle Siwaliks, Distributary of the Sit Khola.
8. Middle Siwaliks, Siling Khola.
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Fig. 7 Columnar sections of the Siwaliks.
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9, Middle part of the Middle Siwaliks, Nangal Khola.

10. Lower part of the Middle Siwaliks, Kusum Khola.
11. Lower Siwaliks, Distributary of the Agge Khola.

Unit S, Umnit M,

This type exhibits a thick sequence made up The Units S, and S; are truncated types
of bedded sandstones. It might be an extremely  while this type is a base-cut type which lacks
incomplete sequence in which the mudstone the lower sandstone part (Figs. 9 and10). A
portion is absent. The sandstones of the Unit pile of repetition of this unit looks like a simple
S; have the same sedimentary features as those  alternation of the mudstones and the lignites
of the Units S, and S,. (Fig. 5). In this case, the contact between the

lignites and the overlying mudstones of the
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massive coarse mudstone with plant fossils
-1Sygrey coarse mudstone | s{maiﬁivg cpt?lrse dsmstone > Sy
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M\reddish brown siltstone yellowish brown mudstone
coarse mudstone
massive muddy very fine
v sa_r\/dstone
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y sandstone
laminated mudstone l_
coarse mudstone 0

Fig. 8 Columnar sections of the Siwaliks.
12. Lower Siwaliks, Distributary of the Agge Khola.
13. Lower Siwaliks, Distributary of the Agge Khola.
14. Lower Siwaliks, Agge Khola.

next units is sharp or gradual but the contact
of the lignites with the underlying mudstones
is gradational. The thickness of the Unit M, is
50 cm to 3m.

Unit M,
This is a repetition of the graded mudstones.

Sometimes, it is closely associated with the
Unit M,.

Unit G,

Near the boundary between the Middle and
Upper Siwaliks the conglomerate layers appear
in the sandstone part of the Unit S, and S,. The
conglomerate layers sometimes produce chan-
nel shapes, and have eroded away the underly-
ing layers. In such a case, the upper and middle
parts of the Units S, and S, are missing so that
the succession is composed of an alternation of
conglomerates and sandstones. In the Upper
Siwaliks, thick bedded conglomerates with
intercalated sandstones are predominant. The
sandstones show the same features as those of
the sandstones in the Units S,, S, and S;. This
lithofacies may be regarded as a coarse-grained
type of the Unit S;. Here, it is named Unit C,
(Fig. 10).

Units §',, §';, M/, and M,

Although it is a general rule for the above-
mentioned units that the boundaries between
the units are sharp and abrupt, there also
exist exceptional examples, where the contacts
are more or less transitional through a thin
reverse graded zone. This reverse graded zone
can be find in the succession built of the Units
Si, Sy M; or M,. In the case of the Unit S,
the upper lignite layer is covered by claystones,
silistones or sandy siltstones with a gradual
contact. The clayey and silty layers are a few
decimeters in thickness and show fine parallel
lamination in many cases but massive layers
also occur (Figs. 5 to 8). This fine layers
change into the medium- to coarse-grained
sandstones of the next units through the very-
fine- to fine-grained sandstones with current
ripple lamination. The thickness of the reverse
graded transitional zone is much smaller than
that of the normal graded units. The Units
S,, My and M, can also be overlain by the
sandstones of the next units with the reverse
graded transitional zone. Here, the Units S,,
S,, M, and M, with the transitional zones are
named S'y, 8§, M’; and M’,, respectively.

2) Dispersal pattern of sediments

The Siwalik sandstones often show cross-
bedding and current ripple lamination which
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Fig. 9 Idealized complete sequence of the Siwalik deposits.

give us information on the palaecocurrent di-
rections. Imbrication of pebbles and cobbles in
the pebbly sandstones and the conglomerates
is also a good indicator of the depositional
current directions.

Figure 11 shows the current directions in the
Siwalik deposits. Although the collected
samples are not enough, the southward supply
of sediments is suggested as a whole. In regard
to each formation, the Lower Siwaliks have
a few data of transverse currents from north,
the Middle Siwaliks show the currents toward

south and east, and the uppermost Middle
Siwaliks and the Upper Siwaliks reveal west-
ward currents. No northward direction has
been observed in the project area. Considering
this together with the occurrence of the Lesser
Himalayan origin pebbles and cobbles in the
Middle and Upper Siwaliks, it may be safely
concluded that the hinterland which supplied
the sediments into the Siwalik basin existed to
the north of the basin.

3) Sedimentary enviromment
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transitional
zone

fine sandstone with current ripple famination
finely laminated coarse siltstone or
very fine sandstone
A lignite

mudstone with lenticular bedding and
calcareous concretion

EZZZ) bedded sandstone

Fig. 10 Classification of the cyclic units.

The Siwaliks cover the Sub-Himalayas from
Pakistan in the west to Assam in the east with
a stretch of more than 3000 km. The lithofacies
is not so different over most of the area. As fos-
sils of fresh water molluscs and mammals were
found from some places, the Siwaliks have been
regarded as fluviatile sediments deposited from
a big river or a network of rivers (PiLerim,
1919; GLENNIE and ZIEGLER, 1964; JoHNsON
and Vonpra, 1972; Parkasu e al., 1974).
However, the uniform lithofacies and the con-
tinuity of individual beds along outcrops sug-
gest the Siwaliks not to be fluviatile sediments.
Besides, the Siwaliks in the investigated area do
not contain any land indicators such as soils,
silts and clays with rootlets which are com-
monly associated with the sediments of rivers,
alluvial funs and deltas (REINEck and SiNGH,
1975; Reapbing, 1978). Thus, these facts
suggest that the Siwaliks are the sediments
deposited in a big fresh water basin lying be-
tween the Indian continent and the Himalayas.

The sedimentary cycles and facies of the
Siwaliks such as S;, S, S,;, M;, M, and C,; seem
to be varieties derived from the similar sedi-
mentary environments. The Unit S, represents

a typical series of sedimentary processes in the
Siwalik basin (Fig. 9), and the other units are
lacking in some of them.

Cross-bedding and current ripple lamination
occurring in the sandstones of the Units S,,
S,, Sg and C; can originate in several genetical-
ly different ways. In most cases they are a result
of the migration of small and megaripples,
dunes and micro-deltas. In other cases they are
the result of scour and channel-fill features and
deposition on the point bars of small mean-
dering channels or on the inclined surfaces of
beaches and bars (REINECK and Sinch, 1975).
Taking their areal extent into consideration,
the Siwalik sandstones may have been depo-
sited in the coastal environment of the basin. As
a whole, the complete sequence demonstrates
a progradational one and toward the top the
sediments become shallower facies.

The mudstones show upward-fining, and
are finally overlain by the lignites with well-
preserved.plant leaves. This fact does not mean
the basin deepened upwards, but means it
rather shallowed. The lenticular bedding and
the sun crack occurrence of the mudstones
suggest mud flats or lagoonal environments.
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Fig. 11 Currentdirections indicated by the primary sedimentary structures, mainly cross-bedding.

The sandstones of the Siwaliks must have
been deposited under the conditions of more
active currents or waves in the somewhat deep-
er part of the basin, compared with the mud-
stones and lignites which seem to have
accumulated over the shallower part of the basin

under the calm and stagnant conditions. The
progradational change of the sequence suggests
that the sandstones have been formed through
the progradational burying of the basin (Fig.
12). After the accumulation of the some sand-
stone beds, a flat and shallow platform emerged
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Fig. 12 Sedimentary environments and depositional
process.

Progradation
. rrogracation

along the coast. As fine materials cannot be
easily dispersed seawards in this condition, the
environments became suitable for the depo-
sition of muds. In the final stage, the water
condition became much more stagnant, de-
creasing the depositional rate of clastic mater-
ials, and the lignites settled over the mudstones.

In the case of the incomplete sequences,
some of the environments or processes involved
in the complete sequence are missing, but the
change in their depositional environments are
essentially the same as that of the complete
sequence. As already mentioned, the units are
usually covered by the sandstones of the next
units with sharp, erosional contacts. This
means transgressive overlying of the next cycles
took place discontinuously. In other words,
relatively rapid water level rising or subsidence
of the basin must have occurred. According to
Curray (1964), the progradation process re-
presents the stable water level stage (Fig. 13).
The succession of the Siwalik deposits, there-
fore, indicates episodic water level rising or
subsidence of the basin; in the Siwalik case the
latter might be the case.

On the other hand, the reverse graded tran-
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Fig. 13 Depositional processes of the cyclic units shown on the Curray’s diagram.
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sitional zone of the Units §’,, Sy, M’; and M/,
corresponds to on-lap or retro-gradation (Fig.
13). Such sequences are produced during a

slow and gradual subsidence (depositional

transgression in Curray’s terminology). Figure
13 shows the depositional process of each unit
in the Siwalik sediments on the Curray’s
diagram.

Contrasting with the Lower and Middle
Siwalik sediments, the Upper Siwaliks have the
coarser sediments such as conglomerates and
sandstones. These coarse sediments seem to be
a reflection of the beginning of the rapid
Himalayan uplift and denudation. The Siwalik
basin might have had adjoining mountainous
hinterlands which resemble the present Lesser
Himalayan view. The coarse detritus such as
pebbles and cobbles which are commonly seen
along the foothills of the Lesser Himalayas,
would have reached the coast of the Siwalik
basin. The landscape of the Upper Siwalik
hinterlands must have considerably differed
from those of the Lower and Middle Siwaliks
but the sediments of the Upper Siwaliks might
have been deposited in similar coastal environ-
ments.

Uranium Prospecting

1) Results

In this field survey, the author tried to search
for uranium deposits and to measure the radio-
activity of the Siwalik rocks. For detecting
uranium deposits, nine geiger counters and one
scintillation counter were used. Detailed geo-
logical route maps on a scale of 1 : 3,500 were
made to know the extent of the sediments and
describe radioactivity measurements of the
rocks in each outcrops. If more detailed mea-
surement was necessary, the author recorded
1 : 20 columnar sections and investigated the
difference of radioactivity between rock types.

The radioactivity measurements along the
main routes are shown in figure 14. Most of
the values indicate only a background one and

any abnormally high radioactivity could not be
found. The maximum radioactivity is three
times as much as the background value. Such
values were recognized in some lignites, coarse
sandstones and conglomerates. Usually, the
mudstones do not show any high radioactivity.
In the Sit Khola, wood fragments in the chan-
nelized pebbly sandstones of the Middle
Siwaliks showed twice to three times as much as
the background value.

2) Suggestions for target areas

Recently, uranium deposits were found in the
Siwaliks distributed along the Dera Ghazi
Khan District of Pakistan (Basmam and Rick,
1974 ; MocuAL, 1974). Uranium lenses occur in
the cross-bedded sandstones with the inter-
calations of siltstones, clay pebbles and quart-
zite conglomerates of the Middle Siwaliks. The
lenses contain uraninite and coffinite in the
non-oxidized zone, and tyuyamunite in the
oxidized zone. These uranium deposits can be
classified as the peneconcordant sandstone type
deposits (DarLramp, 1978). The lithofacies of
the Lower and Middle Siwaliks in Nepal are
essentially the same as the Pakistan Middle
Siwaliks, so that we can expect the same type
uranium deposits in the Nepalese Siwaliks.
The source area for the Pakistan Siwaliks lay to
the north, and a possible source of the uranium
is thought to exist in the Himalayas (Basmam
and Rice, 1974). Also in Nepal, the source of
uranium is supposed to be in the Himalayan
rocks, especially in granitic rocks which have
much higher uranium contents among com-
monly distributed rocks and are widespread in
the High Himalayas (Fig. 1).

The Siwalik sediments in the project area
were supplied mainly from the ILesser
Himalayas although the arkosic character of
the Middle Siwalik sandstones suggests some
inflow of clastic material from the High
Himalayas. The Lesser Himalayas north of the
area has no granitic rock occurrence, and any
pebbles of the granitic rocks are not contained
in the Siwalik sediments. These facts may be
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Fig. 14 Radioactivity of the Siwalik rocks. Background value, 0.02 to 0.05 mR /h.

the main reasons we could not find any indica-
tion of uranium occurrence.

Hence, we should pay greater attention to
the areas where the big rivers descend from the
High Himalayas. The big rivers such as the Sun
Kosi, Kali Gandaki and Karnali Rivers might

have been originated in the ancient time. If
they drained the big granitic bodies of the High
Himalayas, uranium may have transported
into the Siwalik basin, and precipitated in the
permeable sediments near the mouth of the
rivers. Thus, the areas where the big rivers
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cross the Siwalik hills have the greatest pro-
bability of uranium occurrence.
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a. Alternation of sandstones (light color part) and mudstones (grey part)with
thin intercalation of lignites (grey part). The Middle Siwaliks in the Kusum
Khola.

b. Cross-bedded sandstones of the Middle Siwaliks in the Siling Khola.
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Cross-bedding (left) and current ripple lamination (right) of the Middle
Siwalik sandstone in the Kusum Khola.

b. Climbing-ripple lamination of the Middle Siwalik sandstone in the Kusum
Khola.
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a. Calcareous pellets in the mudstone. The Middle Siwaliks in the Kusum
Khola.

b. Bedded sandstones (right) and a massive mudstone (left) with overlying
lignites. The Middle Siwaliks in the Kusum Khola.

Plate ITT




Bull. Geol. Surv. Japan, Vol. 33, No. 12

Plate IV

a. Lignite layer overlying the mudstone of the Middle Siwaliks in the Sit
Khola. Note the sharp boundary of the lignite with the overlying sand-
stone (right).

Shala e

b. Conglomerate of the Upper Siwaliks in the Sit Khola.
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a. Conglomerate of the Upper Siwaliks in a distributary of the Sit Khola. SK:
Lower Siwalik sandstone, Dm: grey dolomite, Qu: white quartzite, Pq:
purplish calcareous quartzite.

b. Bedded sandstones of the Middle Siwaliks distributed along the Kusum
Khola.




