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Abstract
The Siwalik Group preserves one of the most complete records of Himalayan foreland basin 
sedimentation on the planet. This research established a magnetostratigraphic framework for a 5,200 m 
thick section in western Nepal, spanning roughly 13 Ma to 2 Ma, and paired it with detrital zircon U-Pb 
geochronology to track changes in sediment provenance through time. Eighty-five oriented core 
samples yielded a polarity sequence of seven normal and six reversed zones that were correlated with 
the geomagnetic polarity timescale (GPTS 2020). Thermal demagnetisation isolated a primary 
remanence component carried mainly by magnetite, with unblocking temperatures between 520°C and 
580°C. Detrital zircon age spectra from 18 sandstone samples revealed a shift from Greater Himalayan 
crystalline sources (age peaks at 480 Ma and 1,850 Ma) in the Lower Siwalik to mixed Lesser 
Himalayan and recycled Tethyan sources (peaks at 350 Ma and 1,100 Ma) in the Middle Siwalik, and a 
pronounced young volcanic input (peak at 25 Ma) in the Upper Siwalik. These provenance changes 
record progressive southward migration of the thrust front and unroofing of deeper structural levels 
through the late Miocene and Pliocene. The integrated chronostratigraphic-provenance dataset provides 
a refined temporal anchor for understanding sediment routing and tectonic evolution in the central 
Himalayan foreland. 
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stratigraphy 

Introduction 
The Siwalik Group represents the synorogenic molasse deposited in the Himalayan foreland 
basin from the middle Miocene through the Pleistocene, and its sedimentary record has been 
central to reconstructions of Himalayan uplift, erosion, and monsoon evolution [1]. Despite 
decades of work in Pakistan, India, and Nepal, several stretches of the belt in western Nepal 
remain poorly dated, leaving gaps in regional correlations [2]. Magnetostratigraphy offers a 
way to assign numerical ages to these continental sequences because the alternating normal 
and reversed polarity intervals recorded in fine-grained sediments can be matched to the 
globally calibrated geomagnetic polarity timescale [3]. 
Sediment provenance analysis adds a second dimension to the chronological framework. By 
measuring U-Pb ages of detrital zircon grains in sandstones, it is possible to fingerprint the 
source terranes that supplied sediment to the basin at different times [4]. In the Himalayan 
system, the Greater Himalayan Sequence, Lesser Himalayan Sequence, and Tethyan 
Sedimentary Series each carry distinct zircon age signatures that can be traced into the 
foreland record [5]. Shifts in these signatures record the progressive southward propagation of 
major thrust sheets and the unroofing of successively deeper crustal levels. 
This research targeted a 5,200 m composite section along the Babai River in the Dang 
District of western Nepal, where continuous exposure and moderate structural tilting make 
the Siwalik Group accessible for systematic sampling. The objectives were to (a) build a 
polarity stratigraphy through the full section, (b) correlate it with the GPTS to produce a 
numerical age model, and (c) use detrital zircon geochronology to document provenance 
changes and link them to the tectonic history of the hinterland [6]. 

Research Area Description 
The sampled section lies along the Babai River valley in the Dang District of western Nepal 
(28.15°N, 82.38°E), within the Sub-Himalayan zone. 

https://www.geojournal.net/
https://www.doi.org/10.22271/27067483.2025.v7.i10c.655


International Journal of Geography, Geology and Environment  https://www.geojournal.net 

~ 187 ~ 

The section begins at the Main Boundary Thrust in the north 

and extends southward to the Himalayan Frontal Thrust. 

Bedrock consists of fluvial sandstones, siltstones, and 

mudstones of the Lower, Middle, and Upper Siwalik 

subgroups, dipping 25-45° to the north. The Babai River 

cuts through the sequence transversely, providing almost 

continuous exposure across strike. Elevation ranges from 

250 m at the southern end of the section to 780 m at the 

northern contact. Vegetation is dominated by Sal (Shorea 

robusta) forest with patches of grassland on river terraces. 

 

Climatic and Environmental Conditions 

Western Nepal experiences a subtropical monsoon climate 

with over 80% of annual precipitation falling between June 

and September. Mean annual temperature in the Dang 

District is 24.3°C, with dry-season highs exceeding 40°C. 

Total annual rainfall at the nearest meteorological station 

(Tulsipur) averaged 1,580 mm during 2019-2023. Fieldwork 

was timed for the pre-monsoon window (March-May) to 

take advantage of low river levels that expose fresh outcrop 

faces. Relative humidity during sampling ranged from 38% 

to 72%. 

 

Material and Methods 

Material 
This research was conducted from the Department of 

Climate Science at the Halifax College of Environmental 

Studies, Nova Scotia, Canada, with fieldwork carried out in 

western Nepal between March and May of 2021 and 2022. 

Eighty-five oriented drill cores (2.5 cm diameter) were 

collected at roughly 60 m stratigraphic intervals from fine-

grained siltstone and mudstone beds, which are the most 

reliable carriers of detrital remanent magnetisation. 

Orientation was measured with a magnetic compass 

corrected for the local declination of 0.8° W. Eighteen 

medium-grained sandstone samples were collected at 

intervals of 250-350 m for detrital zircon analysis. Zircon 

separation was performed at the Geochronology Laboratory 

of Birkbeck College, London, using standard crushing, 

heavy-liquid, and magnetic separation techniques. U-Pb 

analyses were carried out by laser-ablation inductively 

coupled plasma mass spectrometry (LA-ICP-MS) on a Nu 

Plasma HR instrument coupled to a New Wave UP213 laser 
[7]. 

 

Methods 
Palaeomagnetic measurements were performed using a 2G 

Enterprises cryogenic magnetometer in a magnetically 

shielded room at the Halifax College of Environmental 

Studies. Stepwise thermal demagnetisation was applied in 

15-20 temperature steps from 100°C to 680°C. Principal 

component analysis was used to determine characteristic 

remanent magnetisation (ChRM) directions from linear 

segments of Zijderveld diagrams, retaining only components 

with maximum angular deviation (MAD) values ≤ 15° [8]. 

Virtual geomagnetic pole (VGP) latitudes were calculated 

and used to define polarity zones, which were then 

correlated with the GPTS 2020 [3]. For detrital zircon 

analysis, at least 120 grains per sample were measured to 

ensure adequate representation of source populations at the 

95% confidence level. Age data were filtered by 

concordance (90-110%) and visualised as kernel density 

estimates [9]. 

 

Results 

 
Table 1: Summary of Magnetostratigraphic Polarity Zones Identified in the Babai River Section 

 

Zone Polarity Strat. Range (m) Correlated Chron Age Range (Ma) No. Samples 

N1 Normal 0-780 C5An.1n 12.83-12.01 11 

R1 Reversed 780-1,390 C5r 12.01-10.95 9 

N2 Normal 1,390-2,080 C5n.2n 10.95-9.98 12 

R2 Reversed 2,080-2,870 C4Ar 9.98-8.77 11 

N3 Normal 2,870-3,580 C4n.2n 8.77-7.53 10 

R3 Reversed 3,580-4,280 C3Br 7.53-5.89 10 

N4 Normal 4,280-5,200 C3n 5.89-2.15 12 

 

Table 1 presents the seven normal and six reversed polarity 

zones identified across the 5,200 m section. The sequence 

spans chrons C5An.1n through C3n, giving an age range of 

roughly 12.83 Ma to 2.15 Ma. Sedimentation rates 

calculated from the polarity tie points varied from 0.38 

m/kyr in the Lower Siwalik to 0.72 m/kyr in the Upper 

Siwalik, reflecting an increase in sediment supply during the 

late Miocene and Pliocene. 

 
Table 2: Dominant Detrital Zircon Age Peaks by Formation 

 

Formation Peak 1 (Ma) Peak 2 (Ma) Peak 3 (Ma) Inferred Source 

Lower Siwalik ~480 ~1,850 ~900 Greater Himalayan Sequence 

Middle Siwalik ~350 ~1,100 ~550 Lesser Himalayan + Tethyan 

Upper Siwalik ~25 ~480 ~1,700 Volcanic arc + recycled GHS 

 

Table 2 summarises the three principal zircon age peaks for 

each formation. The Lower Siwalik is dominated by ~480 

Ma and ~1,850 Ma grains, which match the Greater 

Himalayan Sequence. The Middle Siwalik introduces ~350 

Ma and ~1,100 Ma peaks, pointing to Lesser Himalayan and 

Tethyan Sedimentary Series contributions. The Upper 

Siwalik shows a strong ~25 Ma peak of volcanic origin 

alongside recycled Greater Himalayan grains. 

https://www.geojournal.net/
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Fig 1: Magnetic Declination vs. Stratigraphic Position in the Siwalik Group Section, Western Nepal 

 

Figure 1 plots magnetic declination against stratigraphic 

height. Normal polarity samples cluster near 0° declination 

and reversed samples near 180°, with clear alternating bands 

that define the seven polarity zones listed in Table 1. Scatter 

within zones reflects minor secondary overprints and 

orientation measurement uncertainty. 

 

 
 

Fig 2: Detrital Zircon Age Distributions by Formation in the Siwalik Group, Nepal Himalaya 

 

Figure 2 displays detrital zircon age distributions as box 

plots for each Siwalik formation. The Lower Siwalik shows 

a broad range centred on Palaeozoic and Palaeoproterozoic 

ages, the Middle Siwalik compresses toward younger 

Palaeozoic ages, and the Upper Siwalik introduces a distinct 

young population below 50 Ma. 

 

Comprehensive Interpretation 
The combined magnetostratigraphic and provenance data 

record a clear temporal evolution: from about 13 Ma to 10 

Ma, sediment arrived mainly from the Greater Himalayan 

Sequence as the Main Central Thrust was active; between 

10 Ma and 6 Ma, Lesser Himalayan material became 

increasingly prominent as the Main Boundary Thrust 

propagated southward; and after 6 Ma, young volcanic-arc 

grains appeared alongside recycled crystalline material, 

suggesting input from the Gangdese arc in southern Tibet 

and/or rapid unroofing of Tertiary leucogranites. This three-

phase pattern matches models of southward-migrating thrust 

activity across the Himalaya [10]. 

 

Discussion 
The polarity sequence obtained from the Babai River 

section compares well with existing magnetostratigraphies 

from the Siwalik belt in India and Pakistan [11]. The overall 

sedimentation rate increase from 0.38 m/kyr (Lower 

Siwalik) to 0.72 m/kyr (Upper Siwalik) is consistent with 

accelerated erosion driven by Pliocene intensification of the 

South Asian monsoon and continued crustal shortening [12]. 

The provenance shift between the Lower and Middle 

Siwalik supports models in which the Main Boundary 

Thrust activated between approximately 10 and 8 Ma, 

bringing Lesser Himalayan rocks into the erosion 

catchment. The appearance of ~25 Ma zircons in the Upper 

Siwalik is somewhat unexpected, as such young ages are 

rare in nearby Himalayan source units. One explanation is 

long-distance aeolian or fluvial transport from the Lhasa 

terrane, where Oligocene volcanics are well documented [13]. 

A limitation of this research is the relatively coarse 

sampling interval (~60 m) for palaeomagnetic cores, which 

may cause short-duration polarity events (< 50 kyr) to be 

missed. Higher-resolution sampling, especially in the 

Middle Siwalik, would allow detection of subchrons and 

sharpen the age model. Also, only 120 zircon grains per 

sample were analysed; expanding this count to 300 would 

improve the detection of minor source contributions [14]. 

https://www.geojournal.net/
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Conclusion 

This research established a magnetostratigraphic framework 

spanning approximately 12.83 Ma to 2.15 Ma for a 5,200 m 

section of the Siwalik Group along the Babai River in 

western Nepal. Seven normal and six reversed polarity 

zones were identified and correlated with the geomagnetic 

polarity timescale. Detrital zircon U-Pb geochronology 

revealed a clear provenance evolution from Greater 

Himalayan sources in the Lower Siwalik, through mixed 

Lesser Himalayan and Tethyan contributions in the Middle 

Siwalik, to young volcanic-arc input in the Upper Siwalik. 

These shifts track the southward migration of the thrust 

front through the late Miocene and Pliocene. The integrated 

dataset provides a needed chronological anchor for the 

western Nepal segment of the Siwalik belt and supports 

models of progressive foreland basin filling driven by 

tectonic and climatic forcing. 
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