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Abstract
The Kopili fault (KF) zone, one of the active faults in northeastern region (NER), has expe-
rienced large earthquakes in 1869 (Mw 7.4) and 1943 (Mw 7.2). In order to mitigate future 
occurrences of earthquakes in the KF, it is essential to understand its long-term seismic 
history and seismic hazard implications. Seismogenic liquefaction features were identified 
at three trench sites in the floodplain deposits of Kolong River, near KF. The liquefaction 
features include multiple sand dykes and sand sills and are direct response to liquefaction 
of saturated sediment induced during past seismic activity. A total of seven samples from 
marker horizons have been processed to constrain the chronology of liquefaction features 
using optically stimulated luminescence (OSL) dating technique. OSL age constraints from 
Trench 1 indicate two episodes of earthquake-induced liquefaction since perhaps AD 1692, 
one, possibly two episodes of liquefaction in Trench 2 since AD 1540 and Trench 3, sug-
gest one liquefaction event during the past 1000–2000 years. From the present study, given 
the limited results of the dating available we can conclude that two earthquakes induced 
liquefaction in the vicinity of the Kopili fault zone during the past ~ 480 years. Additional 
excavations and dating of earthquake-induced liquefaction features are required to pre-
cisely evaluate the frequency of major earthquakes in the KF zone.

Keywords  Active fault · Earthquake · Kopili fault · Liquefaction features · Sand dyke · 
Sand sill

1  Introduction

One of the most useful secondary evidences in the category of seismically generated struc-
tures in the field of paleoseismology is liquefaction (Tuttle et al. 2019a, b). Liquefaction of 
saturated cohesionless sediments is caused by an increase in the pore water pressure due to 
the propagation of the cyclic shear waves during seismic shaking (Youd 1973, 1977; Sims 
1973; Seed 1979; Obermeier 2009). Liquefaction is defined as transformation of a granular 
material from a solid to liquefied state due to increased pore water pressure. One of the 
main mechanisms, which produce liquefaction, is the cyclic shear stress/strain induced by 
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earthquakes. Liquefaction occurs mostly in soft sedimentary sequences especially interbed-
ded sand and silt or clay; pebbly sand is difficult to liquefy, but pebbles can be entrained in 
escaping or venting water (Tuttle et al. 2019a, b). The liquefaction structures include sand 
dykes, sand blows, sand veins, pseudonodules, convolute bedding, load structure, diapirs, 
etc. There are several well-known examples of earthquakes of M < 5 that have induced liq-
uefaction (e.g., October 2010, M 4.8, Christchurch, NZ earthquake). The current state of 
knowledge is that earthquakes as small as M 4.5 can trigger liquefaction in sediment that 
is very susceptible to liquefaction (e.g., Green and Bommar 2019) and the factors that con-
trol the liquefaction are lithology, depth to the water table, epicentral distance, magnitude, 
earthquake duration, ground acceleration and amplitude of cycles (Seed 1979; Obermeier 
1996; Moretti et  al. 1999). Several studies have used liquefaction features as proxies in 
various geological and tectonic settings to investigate the seismic history (e.g., Russ 1982; 
Talwani and Cox 1985; Sims and Garvin 1995; Obermeier 1998, 2009; Sukhija et al. 1999; 
Tuttle et al. 2002, 2006; Rajendran et al. 2004; Villamor et al. 2016; Tuttle et al. 2019a, b).

The northeastern region (NER) of India has experienced high-magnitude earthquakes 
due to the ongoing collision of the Indian plate with the Eurasian plate to the north and 
Burmese plate to the east (Ambraseys and Douglas 2004; Bilham 2004), and the con-
tinual tectonics can potentially lead to more seismic activity. Hence, comprehending the 
frequency of major earthquakes is an important issue that can be addressed by focusing 
on evidence of the paleoearthquakes in the tectonically active regions. In the Himalaya, 
paleoseismic investigations have been carried out by trenching across primary fault scarps 
(e.g., Anand and Jain 1987; Jayangondaperumal and Thakur 2008; Kumar et  al. 2010; 
Philip et al. 2011; Malik et al. 2015, 2017; Rajendran et al. 2015; Mishra et al. 2016; Jay-
angondaperumal et al. 2017; Priyanka et al. 2017; Pandey et al. 2021; Singh et al. 2021). 
Paleoseismic studies using liquefaction features (Sukhija et al. 1999; Singh and Jain 2007; 
Jayangondaperumal et al. 2008; Binita and Sharma 2009; Reddy et al. 2009; Morino et al. 
2011; Singh et al. 2020; Jayangondaperumal 2021; Rajendran 2021; Lakshmi and Gawali 
2022) and the historical earthquake catalogues (Bapat et  al. 1983; Iyengar et  al. 1999; 
Baro and Kumar 2017) suggested multiple seismic events to have occurred during the last 
millennium.

Where seismogenic faults are difficult to recognize, earthquake-induced liquefaction 
features have been the focus of a number of paleoseismological studies (e.g., Amick et al. 
1990; Obermeier 1998; Saucier 1989; Tuttle and Seeber 1991; Tuttle and Atkinson 2010). 
Several well-known earthquakes, including the 1897 Assam earthquake (Oldham 1899) 
and the 1950 Upper Assam earthquake (Poddar1950), 1988 Saguenay, Quebec (Tuttle 
et al. 1990) and 2011 Christchurch, New Zealand earthquakes (Tuttle et al. 2017), induced 
liquefaction, but were not associated with surface rupture. These earthquakes raised the 
awareness that certain types of prehistoric earthquakes could not be identified by studying 
surface faults. Therefore, liquefaction features are used increasingly in paleoseismological 
investigations around the world, wherever sediments susceptible to liquefaction are present. 
Criteria for recognizing earthquake-induced liquefaction features from other types of soft 
sediment deformation structures already have been described in several papers (e.g., Sims 
2012; Tuttle et  al. 2019a, b and reference therein). Paleoseismic investigations of Kopili 
fault (KF) and in the Dauki fault (DF) in the meizoseismal area of the 1897 Assam and 
1950 Upper Assam earthquakes revealed well-preserved liquefaction and deformed syn-
depositional features at selected sites in the alluvial deposits along the tributaries of the 
Brahmaputra River, Shillong plateau (SP), NER, India (Sukhija et  al. 1999; Rajendran 
et al. 2004; Reddy et al. 2009; Kumar et al. 2016; Morino et al. 2011, 2014; Lakshmi and 
Gawali 2022).
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Kumar et al. (2016) carried out paleoseismological studies using seismogenic liquefac-
tion in the floodplain deposits of Kopili and Kolong Rivers. They excavated trenches at two 
locations and observed several sand dykes. In addition, they suggest three intervals of liq-
uefaction formations using radiocarbon and OSL dating techniques. The paleoseismologi-
cal record, however, provides only part of the data necessary to fully understand seismic 
hazard in the region. Observations of liquefaction features in the NER (Sukhija et al. 1999; 
Rajendran et  al. 2004; Reddy et  al. 2009) and accounts of liquefaction during historical 
earthquakes suggest that a history of paleoliquefaction events can be gleaned from the geo-
logical record that would shed light on the long-term behavior of the KF.

Here we present new evidence of sand dykes and sand sills resulted from the paleoearth-
quakes centered at KF region. In this paper, we intend to study paleoearthquake history in 
KF area by documenting and dating liquefaction features revealed in trenches.

2 � Seismotectonics

The contiguous distribution and frequency of large intraplate earthquakes in India are 
poorly understood. The subduction of Indian plate under the Eurasian plate in the north 
brought Himalayan mountain ranges into picture while the eastern collision–subduction 
zone caused the existence of the Indo-Burma ranges (Fig.  1). As a result, the NER has 
a complex tectonic setting with a history of past large to great earthquakes (Ambraseys 
and Douglas 2004; Oldham 1899; Bilham 2004; Kayal 2008; Angelier and Baruah 2009). 
Four great earthquakes of magnitude (M) > 8.0 occurred in the last ca. hundred years: The 
1897-Assam earthquake, 1905 Kangra earthquake, 1934 Bihar–Nepal earthquake and 1950 
upper Assam earthquake occurred in NER (Fig. 1). The 300-km-long and 50-km-wide KF 
is seismically very active due to its transverse tectonics which places the region at risk 
for future large earthquakes (Kayal et al. 2012). The KF, which separates Shillong Plateau 
from the Mikir Hills, is one of the most important tectonic features of the NER. The KF is 
bounded by the Himalayan collisional zone in north, the Indo-Burmese subduction zone 
to the south, the syntaxis zone in the east and the SP in the west (Fig. 1). Many devastat-
ing earthquakes occurred in the past around the KF, viz. 1869 Cachar earthquake of Mw-
7.4 (Oldham 1883), 1943 Hojai earthquake of Mw-7.2 (Nandy and Dasgupta 1991; Nandy 
2001; Ambraseys and Douglas 2004), 1941 Tezpur earthquake of M-6.5 and 2009 Bhutan 
earthquake of M-6.9 (Kayal et al. 2012) (Figs. 1, 2).

3 � Methods and research approach

Sites that liquefied during large modern earthquakes and historic earthquakes furnish good 
target for paleoliquefaction studies because liquefaction often reoccur where susceptible 
sediments are present (Tuttle et al. 2019a, b). Therefore, we have carried out investigation 
for liquefaction features along Kolong River near Namgaon, Satargaon and Nampani near 
KF in the eastern part of SP where ground failure and sand vents were reported during 
1869 Cachar and 1943 Hojai earthquakes. Cut banks of the Kolong River were examined, 
during November and December 2016, for liquefaction and other soft sediment deforma-
tion structures, to assess spatiotemporal extent of strong shaking in KF (Figs. 3, 4, 5). We 
found, and have studied, many earthquake-induced liquefaction features along Kolong 
River. The information from sites is gathered from local knowledge by oral communication. 



2116	 Natural Hazards (2023) 119:2113–2131

1 3

We performed reconnaissance for liquefaction features in open fields and along river cut 
banks. We excavated features that appeared to be sand blows and cleaned cut banks to bet-
ter reveal liquefaction features. We documented liquefaction features by logging exposures 
and collected sediment samples for OSL dating.

The sedimentary conditions of fluvial sand overlain by clay promote the increase in 
the pore water pressure during ground shaking which can lead to liquefaction (Tuttle et al. 
2019a, b). Identification of liquefaction features in Brahmaputra flood plain is not always 
suitable due to monsoonal flooding and erosion by river during high flows. Consequently, 
during progressive excavation we observed liquefaction features, viz. several sand dykes 
(Figs. 3, 4, 5) as well as multiple dykes rising from the source layer of sand, mainly along 
and adjoining areas of the Kolong River, a tributary of Brahmaputra and in distal parts of 
the alluvial fans. Samples for optically stimulated luminescence (OSL) age determinations 
were collected from different stratigraphic levels to obtain maximum and minimum or con-
temporaneous ages of the liquefaction feature. The samples were collected in PVC tubes 
of 20 cm long and 2.5 cm diameter, and OSL dating was carried out by Wadia Institute 
of Himalayan Geology (WIHG), Dehradun (Table 1). Several studies have shown that at 

Fig. 1   Regional tectonic settings of northeast India and surrounding regions. CF Chedrang fault, OF Old-
ham fault, SF Samin fault, DdF: Dhudnoi fault, DT: Dapsi thrust, BS: Barapani shear zone, BL: Bom-
dila fault (Map sources: Murthy et  al.1969; Nandy 2001; Angelier and Baruah 2009). Non-instrumental  
(Source: Iyengar et al. 1999) and instrumental earthquakes (Eq.) of magnitude ≥ 6 are plotted on the map 
(Sources: USGS and NCS, India). The Himalaya region has experienced four great earthquakes (M > 8:0) in 
the last ca. hundred years: 1897 Assam earthquake, Shillong Plateau, 1905 Kangra earthquake, 1934 Bihar–
Nepal earthquake and 1950 Upper Assam earthquake. Black star depicts the two great earthquakes 1897 
Shillong Eq. (Mw-8.1) and 1950 Assam Eq. (Mw-8.3) that are occurred in the northeastern region
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a given site recurring liquefaction corresponds to multiple earthquakes occurring at dif-
ferent time intervals (Youd 1977; Saucier 1989; Tuttle and Seeber1991; Obermeier 1998; 
Sims and Garvin 1995). Recurrent liquefaction can occur during an earthquake sequence 
(e.g., the 2010–2011 Canterbury earthquake sequence; Tuttle et al. 2017) or during earth-
quakes or earthquake sequences separated by hundreds of years [e.g., the New Madrid seis-
mic zone (Tuttle et  al. 2019a, b, 2002)]. The method to differentiate subsequent events 

Fig. 2   Geological location map of the study trench sites along Kolong River, showing major structures 
(modified after Dasgupta 1977 and Nandy 2001). T1-Trench 1 at Namgaon site, T2-Trench 2 at Nampani 
site and T3-Trench 3 at Satargaon site. Epicenters of earthquakes that occurred in the Kopili fault region are 
plotted on the map
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Fig. 3   Namgaon site (Trench 1) (N 26°12′50.5′′; E 92°26′41.7′′). A Uninterpreted and B interpreted Photo-
graph of multiple sand dykes (D1, D2, D3, D4 and D5) in a ~ 1.8-m-long and ~ 2-m-deep Trench 1 section. 
B Two generation of main dykes D1 and D2 and D3 and D4 branched from D1 dyke. There is a second 
generation of sand dyke D2 that crosscuts D1, D3 and D4 dykes. The stratigraphic position and crosscutting 
relation of D3 dyke shows that it is older than D2 dyke and clearly indicates their formation in two distinct 
events which might have occurred within a short period of time. Another sand dyke D5 is terminated at 
98 cm and no source sand layer observed. OSL date of AD 1692–1770 denotes the maximum age for Dyke 
D1, AD 1782–1826 provides maximum age for Dyke D4 and AD 1848–1885 provides maximum age for 
D2 dyke. From its stratigraphic position and OSL age data within the section, the D2 dyke represents more 
recent episode of liquefaction. Lithology of trench section consists of Unit 1: massive clay, Unit 2: clay–silt 
of light brownish gray color and Unit 3: gray color silt/clay. C Sketch highlighting the features exposed in 
the section in Trench 1



2119Natural Hazards (2023) 119:2113–2131	

1 3

Fig. 4   Nampani site (Trench 2) 
(N 26°21′58′′; E 92°46′38.7′′). 
A Photograph of front view of 
Units 1–6 along with features 
in Trench 2 and B photograph 
of ~ 3-m-long and 2-m-deep 
Trench 2 showing two sand 
dykes. Age constraints were 
developed on the basis of OSL 
date within sand yielded age 
of AD 1889–1915 (115 ± 13). 
This age provides minimum age. 
Lithology of trench section con-
sists of Unit 1: clay, Unit 2: sand, 
Unit 3: brown silt, Unit 4: sticky 
clay, Unit 5: sand and Unit 6: 
sticky clay. C Mosaic photograph 
details showing close-up view of 
sand sill and related sand dyke 
1. D Photograph details showing 
sand sill and related sand dyke 
1. E Photograph showing sand 
dykes 1 and 2. OSL age AD 
1540–1626 (434 ± 43) of sample 
from this unit 5 provides maxi-
mum age. F Sketch highlighting 
the features exposed in the sec-
tion from Trench 2
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Fig. 5   Satargaon site (Trench 3) (N 26°23′12.5′′; E 92°47′43.1). A Uninterpreted and B interpreted photo-
graph of 2-m-long and 1.2-m-deep trench section showing sand sill and sand dyke. One main sand dyke, 
5 cm wide, fed the SB. The dyke composed of fine light yellow sand, crosscutting Unit 5. A sand dyke have 
been observed in this section crossing the floor of the trench and continuing to be a sand sill intruded below 
clayey Unit 4. Sample collected above the sand dyke yielded OSL date of AD 1057–1211 (883 ± 77) pro-
vides minimum age constraint for the event. Lithology of trench section consists of Unit 1: clay, Unit 2: silt, 
Unit 3: brown silt–sand, Unit 4: clay, Unit and Unit 5: silt–clay. C Sketch of the section showing features
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of liquefaction is typically based on the weathering characteristics, stratigraphic criteria, 
crosscutting and structural relationships, and dating of liquefaction features.

4 � Results of investigations

Results of the search for and dating of liquefaction features along Kolong River, near KF 
region, are summarized in Table 1 and illustrated in Figs. 3, 4 and 5. Along Kolong River, 
we found ten liquefaction features in three trenches at three sites Namgaon (NG; Trench 
1) Nampani (NP; Trench 2) and Satargaon (SG; Trench 3) (Fig. 2). Liquefaction features 
include sand dykes up to 23 cm wide and sand sills. The documented liquefaction features 
and their age constraints are discussed below.

4.1 � Namgaon site

A ~ 1.8-m-long and ~ 2-m-deep Trench 1 was excavated along Kolong River at Namgaon 
(N 26°12′50.5′′; E 92°26′41.7′′), which consists of three visually distinguishable clay, silty 
sand, fine to medium sand and silty clay beds of varying thickness and have been desig-
nated as Units 1, 2 and 3 from top to bottom (Fig. 3A, B). Unit 1 consists of thick massive 
clay and Unit 2 consists of clay–silt of light brownish gray color with dykes intruding into 
it and the underlying Unit 3 consists of gray silt/clay. In this section, five dykes are docu-
mented and labeled as D1, D2, D3, D4 and D5 (Fig. 3A). These dykes range from 25 to 
55 cm high and 5 to 20 cm wide. The two small dykes (D3 and D4) branch off of D1 dyke 
(Fig. 3B), D2 crosscuts D1, D3 and D4, and therefore, D2 represents a second episode of 
liquefaction. D3 and D4 branch off of D1 so apparently formed at the same time. They are 
composed predominately of fine to medium sand. D2 appears to have been truncated prior 
to deposition of Unit 1. So, dating of the base of Unit 1 provides a minimum constraining 
age for D2. The two dykes D3 and D4 terminate in the host deposit at 110 and 95 cm from 
the ground surface and younger D2 dyke at 80  cm, respectively. The stratigraphic posi-
tion and crosscutting relation of D1, D3 and D4 dykes shows that they are older than D2 
dyke and clearly indicates their formation in two distinct events which might have occurred 
within a short period of time. A small Dyke D5 25 cm high and 5 cm wide was observed 
only in Unit 2, where it terminates at ~ 98 cm below the top of the trench. D3, D4 and D5 
terminate approximately at the same depth. Age constraints were developed on the basis 
of three OSL dates: AD 1848–1885 (151 ± 18), AD 1782–1826 (213 ± 22 years) and AD 
1692–1770 (286 ± 39 years). Since the sand dikes were not exposed to the sun post-intru-
sion, the OSL dates of dike fill likely reflect the age of the source sand perhaps mixed with 
some of the host sediment. From the presented study, the data observations indicate two 
generations of liquefaction features that formed during two earthquakes. OSL dating of the 
sand dike lowest in the section might provide maximum age constraint of AD 1692 for the 
two generations of liquefaction features.

4.2 � Nampani site

Trench 2 near Nampani village (N 26°21′58′′; E 92°46′38.7′′) revealed a 3-m-long and 
2-m-deep sedimentary section consisting of white sand layers, brown sand and clay 
(Fig. 4A). Six distinct beds are identified in this trench walls. The 25–30-cm-thick Unit 1 
constituted of clay, and the underlying Unit 2 consists of 50-cm-thick white fine sand. Unit 
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3 is of 35-cm-thick brown silt. Units 4 is ~ 10 cm thick and consists of sticky clay, and Unit 
5 is up to ~ 5–15 cm thick and composed of fine brown sand. Unit 6 is 20–30 cm thick and 
consists of sticky clay. In this section, two sand dykes have been observed and labeled as 
Dyke 1 and Dyke 2, respectively. The two sand dykes Dyke 1 and Dyke 2 crosscut Units 4, 
5 and 6 (Fig. 4D, F). Dyke 1 ranges from 50 cm high and 5–10 cm wide and crosscuts units 
6, 5 and 4. Dyke 2, light yellow in color, also crosscuts units 6, 5 and 4 and attains a height 
of 60 and 5 cm width (Fig. 4D, F). The intruding slurry of water and entrained sand formed 
a sill of 10–30 cm thick along the contact between Units 3 and 5, and continued to intrude 
Unit 3 as a dike before it stopped. Age constraints were developed on the basis of three 
OSL dates, yielded ages of AD 1889–1915 (115 ± 13), AD 1640–1716 (339 ± 38) and AD 
1540–1626 (434 ± 43), respectively (Fig. 4; Table 1). Observations indicate one generation 
of liquefaction features that formed during one earthquake, though a second event cannot 
be ruled out. OSL dating of Unit 6 provides maximum age constraint of AD 1540 for the 
liquefaction features.

4.3 � Satargaon site

A 2-m-long and 1.2-m-deep trench was excavated at Satargaon site (N 26°23′12.5′′; E 
92°47′43.1). Six visually distinguishable layers of clay, silt and sand of varying thickness 
have been observed and designated as Units 1, 2, 3, 4 and 5 from top to bottom on the 
trench log (Fig. 5C). Unit 1 consists of 30-cm-thick clay, and Unit 2 composed of silt with 
thin interbedded clay. Unit 3 consists of 25-cm-thick irregular brown silty sand and thin-
ning toward right side. Units 4 and 5 consist of clay and silty clay, respectively. A sand 
dyke has been observed in this section crossing the floor of the trench and continuing to be 
a sand sill intruded below clayey Unit 4 (Fig. 5A). The dyke composed of fine light yellow 
color sand, crosscutting unit 5. Sample collected within Unit 3 yielded OSL date of AD 
1057–1211 (883 ± 77) (Table 1) and observations suggest they could have formed before 
or after AD 1057–1211. Given the age of the sediment exposed in the trench, the features 
probably formed during the late Holocene.

5 � Discussions

5.1 � Timing, sources and magnitude of paleoearthquakes

The stratigraphic criteria, geometry and crosscutting relations of deformational features 
provide evidence for repeated earthquake-induced liquefaction. The deformational features 
found in the present study, such as sand dikes and sand sills, are interpreted to earthquake-
induced mechanism because their morphology indicates sudden application of a large 
upward-directed hydraulic force of short duration (Tuttle et al. 2019a, b) and presence of 
clasts. Similar features were observed in different geological and tectonic regimes during 
strong historical earthquakes (Obermeier 1996; Tuttle and Atkinson 2010; Mugnier et al. 
2011; Cox et al. 2012, 2014; Tuttle et al. 2017) and have been reported earlier from dif-
ferent depositional environments in India including the Brahmaputra plains of NE India 
(Sukhija et al. 1999, 2002; Rajendran et al. 2004; Thomas et al. 2007; Jayangondaperumal 
and Thakur 2008; Reddy et al. 2009; Jayangondaperumal et al. 2011; Mugnier et al. 2011; 
Kumar et al. 2016; Lakshmi and Gawali 2022).
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In the present study along Kolong River basin, the structural, stratigraphic and age rela-
tions at sites suggest that the paleoliquefaction features probably formed as the result of 
two event since AD 1540 or 450 yr BP (Table 1). Previous studies demonstrate that using 
OSL, ‘direct dating’ of prehistoric earthquakes may be possible, if sand blows or ground 
surface they buried resulting from subsurface liquefaction are preserved (Thomas et  al. 
2007; Porat et al. 2007). In our study, the sand dykes did not reached the ground surface, 
so their luminescence clock was not reset. Therefore, their OSL ages reflect the timing 
of the deposition of source sand assuming the source sand was exposed to sunlight long 
enough to reset its clock. The ages obtained from the present study grouped into two seis-
mic events (Fig. 6). Observations from Namgaon Site, Trench 1, indicate two episodes of 
earthquake-induced liquefaction at Trench 1 since perhaps AD 1692. OSL dating of the 
sand dike lowest in the section might provide maximum age constraint of AD 1692 for 
the two generations of liquefaction features. Nampani Site, Trench 2 observations indicate 
one, possibly two episodes of liquefaction in Trench 2 since AD 1540. OSL dating of Unit 
6 provides maximum age constraint of AD 1540 for the liquefaction features. Observa-
tions from Satargaon site, Trench 3, suggest one liquefaction event. The timing of the event 
is poorly constrained, but probably occurred sometime during the past 1000–2000 years. 
From the present study, given the limited results of the dating available (Table 1) we can 
conclude that two earthquakes induced liquefaction in the vicinity of the Kopili fault zone 
during the past ~ 480 years.

Instrumental records over the last five decade suggest that Cachar earthquake of 1869 
(Mw-7.4) and Hojai earthquake of 1943 (Mw 7.2) occurred in the study area which was 
associated with the NW–SE trending KF (Figs. 1, 2) (Kayal et al. 2012). The only known 
historic earthquakes in this region capable of generating significant soil liquefaction are 
the 1869, the 1897, the 1941, the 1943, the 1950 and the 1697 earthquakes (Table  2). 
We first consider the 1697 Sadiya, 1897 and 1950 earthquakes which are 430, 210 and 
310 km, respectively, quite far from the liquefaction feature in question (Table 2). Although 
it is tempting to compare with the earthquakes of AD 1697 Sadiya and AD 1950 Assam, 
these events are unlikely to have generated liquefaction, due to the distance to the assumed 
source. The 1897 Shillong earthquake (Mw 8.04) occurred on the Oldham fault (Bilham 
and England 2001) about 210  km away from the present study sites. According to the 

Fig. 6   Diagram showing the 
luminescence dates and preferred 
ages of the liquefaction episodes 
obtained from the present study 
sites
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relation Mw = 2.44 Log (Re) + 1.95 (Castilla and Audemard 2007), the M 8.1, 1897 earth-
quake could induce liquefaction in very susceptible sediment up to a distance of ~ 331 km. 
Therefore, the 1897 earthquake could, but is not required, to have induced liquefaction at 
the three trench sites (Table 2). The 1869 event occurred in the southeastern end of the KF 
and has been well described by Oldham (1883) and about ~ 70 km away from the study 
sites. According to the relation Mw = 2.44 Log (Re) + 1.95 (Castilla and Audemard 2007), 
the 1869 Mw 7.4 earthquake could induce liquefaction in very susceptible sediment up to 
a distance of ~ 171 km. However, there is no large event in the KF since the 1943 Mw 7.2 
Hojai earthquake. A comparison of the felt effects of the 1943 earthquake may be instruc-
tive at this point because this earthquake with the source at distance of 54 km from far-
thest liquefaction feature from the present study. According to the relation Mw = 2.44 Log 
(Re) + 1.95 (Castilla and Audemard 2007), the 1943 Mw 7.2 Hojai earthquake could induce 
liquefaction in very susceptible sediment up to a distance of ~ 141 km. It would appear that 
several historical earthquakes including the 1943, 1941, 1897 and 1869 earthquakes might 
be capable of inducing liquefaction at the trench sites (Table 2). This will, however, remain 
a tentative conclusion until we develop more rigorous age constraints from future studies 
of paleoliquefaction features in this region. In addition, liquefaction potential studies of 
sediments at the sites would help to determine which of the historical earthquakes would 
be more likely to be responsible for liquefaction.

Kumar et al. (2016) dated the liquefaction feature that occurred about 900 yr BP at the 
Kakotigaon along Kolong River which is 30 km from the present study sites. These data 
suggest that the liquefaction event at Satargaon site might correspond to 900 yr BP, but 
only one observation supports this conclusion (Fig. 6). Dating of more paleoliquefaction 
features at additional sites in the KF would greatly improve our determination of the timing 
and the likely seismic source of the causative earthquakes.

In the past, the KF has experienced several earthquakes of magnitude 4.5–6.2, three of 
magnitude 6 to 7 and two earthquakes of magnitude greater than 7, viz. 1869 Cachar and 
1943 Hojai earthquakes. This region has been identified as a probable region for future 
large magnitude earthquakes (Kayal et al. 2006, 2010, 2012). Recently, it is argued that KF 
cuts across the Himalayas and caused displacement and curvilinear structure at the main 
boundary fault and main central thrust zones (Kayal et al. 2010, 2012). Paleoseismic inves-
tigation in the KF by Kumar et al. (2016) revealed seismogenic liquefaction features near 
Kopili and Kolong Rivers which correspond to the occurrence of three (250 ± 25 yr BP, 
between 400 and 700 yr BP and 900 ± 50 yr BP) causative seismic events (Fig. 6). How-
ever, both the studies, Kumar et al. (2016) and the present study, indicate that 1943 earth-
quake of comparable magnitude occurred in the Assam, which has generated liquefaction 
features of similar dimensions in the source zone nearby KF. But there is also a possibility 
that even a distant great earthquake could generate liquefaction in the KF. As it is restricted 
to only a few sites, the present study cannot resolve on the estimates of earthquakes sizes, 
nor can it resolve the source zones. In the present study, we made an attempt to provide a 
tentative time series of earthquakes that impacted a part of the Kopili alluvial plains. The 
limited dating constraints based on only a few liquefaction features are presented here and 
are less than sufficient to develop a timeline of earthquakes that impacted the KF. Scores 
of broadly distributed liquefaction sites should be studied in order to determine with confi-
dence the timing and source area(s) of the causative earthquakes.

The magnitude of the earthquake that induced the observed liquefaction features is 
estimated on the basis of relation, inferred epicenter to the farthest site where liquefac-
tion was observed. Comparison of shallow-focus events worldwide has shown that there 
is a well-defined upper limit of radius of liquefaction (Ambraseys 1988). Assuming an 
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epicenter near Kopili fault, the greatest epicentral distance is 37 km (site NG to site NP). 
Using Ambraseys (1988), an estimate of M 6.4 is indicated for the events that caused thee 
liquefaction. If the Kopili fault were the source, an earthquake as small as M 6.4 could 
be responsible for liquefaction at all three study sites. A much larger earthquake from the 
same source induces liquefaction at other sites at much greater distances as well as at the 
study sites. Our analysis suggests that historical earthquakes in the region could have been 
responsible for liquefaction at the sites. So the question becomes how you can distinguish 
liquefaction from a local earthquake produced by the Kopili fault and liquefaction from the 
historical earthquakes. It would be a big job, involving studying and dating many liquefac-
tion features across the region and mapping the liquefaction fields related to the different 
earthquakes.

As additional liquefaction features are found and dated, liquefaction fields and thus epi-
central distances to farthest liquefaction features are likely to increase, leading to greater 
magnitudes estimates.

6 � Conclusions

A wealth of information regarding paleoearthquakes is accessible in the form of seismi-
cally induced liquefaction features preserved in the alluvial deposits along Kolong River 
near KF region. During our paleoseismic investigation, we found liquefaction features and 
included sand dikes and sand sills at sites Namgaon (NG), Nampani (NP) and Satargaon 
(SG). The OSL ages correspond to two episodes of earthquake-induced liquefaction since 
perhaps AD 1692; one, possibly two episodes of liquefaction since AD 1540; and another 
episode of liquefaction sometime in the past 1000–2000 years. On the basis of OSL dat-
ing, we interpret that the two earthquakes that caused induced liquefaction in the vicinity 
of the Kopili fault zone during the past ~ 480 years. Several fault zones in the SP, includ-
ing the DF, Oldham fault, Dapsi thrust and KF are thought to be active on the basis of 
their apparent influence on local topography and hydrography. Additional investigations 
of liquefaction features are needed to provide better constrains on timing, magnitude and 
sources of paleoearthquakes in the KF. These details in turn will help in interpretation of 
long-term rupture history of faults and intraplate seismicity. Eventually, the present study 
demonstrates that the paleoseismic investigations can provide useful information on past 
earthquakes through recognition of liquefaction features in the absence of surface rupture. 
Paleoseismic approach also contributes data on unknown seismic events in seismically 
active region like SP.
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