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AL U H Geological and geochemical studies of the Neogene Siwalik Group, Khutia Khola
Section, Nepal Himalaya and comparison with the Middle Bengal Fan sediments:
implications for provenance, paleoclimate and Himalayan tectonics
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The Neogene fluvial sediments (Siwalik Group) forming the southernmost hills in the
Himalaya are one of the best archives of the climatic history and uplift of the Himalayas.
This study focuses on geological and geochemical studies of a small river system at the time
of Siwalik Group deposition, and compares the results with those from a large river system,
to decipher the differences between the fluvial systems, as well as the provenance, tectonic
setting and weathering regime of the sediments. The Siwalik Group in the Khutia Khola
section is the target of this study. The Khutia Khola section contains finer sediments and
thinner sandstone units than that of the neighboring Siwalik successions. These features
indicate the deposition from a small river system. Results are compared with equivalent
sediments in the adjacent Karnali River section, which are known to have been deposited by
the large paleo-Karnali River system. The river deposits in these two sections are important
records of tectonism and climatic change in the western part of the Nepal Himalaya, and the
local variation of these key processes during middle to late Miocene times. Furthermore, the
grain sizes of coeval turbidite beds from the Middle Bengal Fan were also analyzed. These

sediments were originally eroded from the Himalaya and deposited in the Bengal Fan. The



results from both studies are compared to decipher the effect on sedimentation and climatic
changes interlinked with Himalayan tectonics.

The newly established stratigraphy of the Khutia Khola area comprises the Jagati
Formation (~2110 m, equivalent to the Lower Siwalik) and the Kala Formation (~2050 m,
equivalent to the Middle Siwalik) in ascending order. The Jagati Formation consists of
bioturbated, reddish-brown, brown to variegated mudstones, interbedded with very fine- to
medium-grained, grey, reddish-grey to brown sandstones. The Kala Formation comprises
thinly- to thickly-bedded, medium- to very coarse-grained, light-grey and grey to
greenish-grey 'salt and pepper' sandstones and pebbly sandstones, interbedded with
greenish-grey and brown to reddish-brown mudstones.

Depositional facies description from the Khutia Khola section shows the same sequences of
facies associations that are recognized in other Siwalik sections in Nepal Himalaya. These
comprise a fine-grained meandering river system (FA1), a flood-flow dominated meandering
river system (FA2), and deep (FA3) and shallow (FA4) sandy braided river systems. FA1-FA2
corresponds to the Lower Siwalik, and FA3-FA4 to the Middle Siwalik. The timing of the
appearance of FA2 is crucial for determining the timing of increased precipitation due to
monsoon intensification, and accelerated sediment supply associated with tectonic uplift. FA2
appears at around 13.5 Ma in the Khutia Khola section, which corresponds with timing in the
adjacent Karnali River section.

Changes in geochemical indices including provenance, sorting effects, and intensity of
weathering are well synchronized with the changes in depositional facies. Petrographic study
shows that the compositions of the Khutia Khola sandstones are similar to other Siwalik
sandstones in the Nepal Himalaya. Comparable petrographic and geochemical provenance
indices suggest a common source for the Khutia Khola and Karnali River sediments.
Stratigraphic elemental ratio plots (e.g. Ga/Rb, K2O/Al20s, Na20/Al20s, Si02/Al203) identify
more Intense weathering, uniform source, and greater sorting fractionation in the
meandering river systems. Systematic upward changes in such elemental ratios reflect
change in fluvial style in the Lower to Middle Siwaliks, with shift from meandering to
braided river systems.

Collectively, the dominance of the finer sediments and thinner sandstone units compared to
neighboring Siwalik successions indicate that the Khutia Khola section was deposited by a
small river system. This system was located at the western margin of the paleo-Karnali River
system, or may represent the interfluve setting of major river systems. FA2 appears in the
Khutia Khola and the Karnali River sections at the same time, as noted above. This implies
increased discharge and accelrated erosion from the frontal part of the Himalaya at around
13.5 Ma in the far-western Nepal Himalaya, earlier than in the central and eastern Nepal
Himalaya (9.5 to 10.5 Ma). There is no significant variation in the record of monsoon

intensification between the small and large river systems in the Siwalik Group in this area.
Grain size analyses of the turbidite beds from the Middle Bengal Fan, IODP EXP 354 show



that inversely graded beds are dominant in the Hole U1450, and thicker massive beds
dominantes in the Hole U1451. Vertical variations in mean grain size show slight coarsening
upward, and this may be associated with shifting of levees. In this instance, the variation in
the grain size in the Middle Bengal Fan turbidites cannot be correlated with lithological
changes in the Khutia Khola section of the Siwalik Group, probably because the change
around 13.5 Ma was not strong enough to cause the sediment characteristics from the far
western Himalaya to be transmitted to the Ganges River mouth and the Bengal Fan.
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