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Geological methods are being increasingly used to
document past seismicity and to characterize earth-
quake zones. Advances in palaeoseismology, for exam-
ple, have resulted in the development of various
spatial and temporal models that are fundamental
to the understanding of earthquake recurrence.
Although palaeoseismological techniques are being
increasingly used to develop recurrence models for
interplate and active intraplate regions, questions do
remain on their applicability to the Stable Continental
Regions (SCRs). Recent palaeoseismological studies
indicate that seismic sources in the SCRs are charac-
terized by very short (hundreds of years) to long (tens
of thousands of years) recurrence periods. Whether a
seismic zone is rift related or not appears to be one
major factor that determines the recurrence pattern.
We propose two major groups of SCR earthquakes
based on their temporal characteristics.

Introduction

THE application of geological methods provides useful
constraints to understand the long-term behaviour of seis-
mogenic faults, and it marks an important deviation from
the traditional approaches in seismic hazard assessment. It
has been realized that an assessment based on conven-
tional methods may not be complete or sufficient for
understanding the long-term seismic activity. Even in
countries with longer historical records, useful informa-
tion on the seismic activities may not exist at all. Palaeo-
seismologic and geologic data provide useful inputs for
recurrence models in different tectonic environments'.
In regions characterized by lower strain rate, geologic
records as old as Pleistocene (1.6 Ma) are now being
used to understand the seismic behaviour of structures
(Figure 1).

Broadly speaking, the geologic studies aim to deter-
mine frequency of seismic events, interseismic intervals
and timing of the last event’. Figure 2 gives an illustration
of how geological inputs are used for seismic hazard
assessment. Over the last couple of decades, this branch
of investigation, known as ‘palaeoseismology’ or ‘earth-
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quake geology’, has contributed much to the understand-
ing of earthquake processes’ '. Although palaeoseismo-
logy has been effectively used in interplate regions®, its
application to stable continental regions (SCRs) has been
rather limited. Due to the low strain build-up and longer
recurrence periods typical of SCR’, evidence of past
earthquakes is poorly developed and preserved. These
constraints notwithstanding, palaeoseismological methods
have been used successfully to reveal seismic history of
many SCR sites.

Although the details may vary from one site to another,
the available data are suggestive of some discriminatory
characteristics of SCR earthquakes. Most importantly, we
note that recurrence periods may vary, even within an
SCR. We illustrate this point using recent observations
from locations of four earthquakes in India: Kutch (1819),
Killari (1993), Broach (1970) and Jabalpur (1997). These
examples show that maximum magnitude, style of defor-
mation and period of recurrence may vary from one site to
another, depending upon their tectonic domain.

Palaeoseismology in SCR: Scope and limitations

Palaeoseismology defines a unique methodology for the
interpretation of active tectonics by integrating inputs
from various disciplines — quaternary geology, geomor-
phology, structural geology, seismology, geodesy, geo-

THE SEISMIC CYCLE

10° DATA
10' - Stable .

| continerts) +—— GEOLOGICAL

10° - o - PALAEOSEISMIC

Duration of seismic cycle
=)
T

Active plate,
\interiors ey
~— +—— HISTORICAL
2 { Plate - ng 1o
- NSTRUMENT
10 ol +—— INSTRUMENTAL
10 -
! l \
10" 10 10"
Strain rate
Figure 1. Strain rate versus duration of characteristic seismic cycles

for different seismo-tectonic provinces and data input required to
determine the earthquake recurrence {after Giardinil)A

1251



SPECIAL SECTION: SEISMOLOGY 2000

physics, soil science and geochronology. Mainly, it uses
surface and subsurface expressions of seismically-induced
features to extract information on the time and size of
previous faulting episodes. For a detailed treatment of the
subject, the reader is referred to McCalpin’, Yeats et al.’
and Noller et al.”. In this paper, we confine our discus-
sions to the scope of this new tool for assessing the seis-
mic history in SCRs, using examples from India.

The primary aim of palaeoseismic analyses is to esti-
mate the size and timing of past events and if possible, to
constrain the geometry of faulting, using direct as well as
indirect evidence. Deformational features such as fault
scarps, fissures and folds provide direct evidence from
which details of past seismicity can be inferred. For
example, the size of past earthquakes is often estimated
based on their rupture length and coseismic offsets, as
illustrated in the pioneering studies on the Wasatch fault,
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Figure 2. Diagram showing relationship between geological data and
seismic hazard evaluation (modified after Schwartz and Coppersmith?).

Basin and Range Province, United States'’. Surface rup-
tures and other direct indicators of fault activity have been
found to be rarely associated with SCR seismicity; only
eleven such cases are known worldwide (ref. 11; Table 1).
In the absence of fault-specific data, secondary effects or
proxy indicators such as palaeoliquefaction features are
used, to constrain the magnitude, timing and number of
past earthquakes, as in the cases of Charleston, SC (south-
east United States), New Madrid, MO (central United
States) and Wabash Valley, southern Indiana and Illinois,
USA'>'"® Studies on the Meers fault (southern Oklahoma,
south central United States)'” and in Australian interiors'’
have also been useful in obtaining fault-specific infor-
mation.

Compared to the faults in interplate and active intra-
plate regions that are associated with larger slip rates,
those in stable continental interiors produce smaller slips,
which may not be evident at the surface. For example, a
moderate SCR earthquake that generates < 0.5 m vertical
deformation may not generally leave any clear evidence
of faulting at the surface. Further, in many compressional
settings, faults tend to develop as splays or blind thrusts
and not reach the surface’. The rupture that reaches the
surface tend to develop complex geometries, as in the
case of the 1989 rupture in Ungava, Quebec’’' and
Marryat Creek®* earthquakes. The rupture zone in Killari,
defined by two opposite verging thrusts, trending some-
what obliquely to the NW-trending fault, is another
example of complex surface rupture in SCR. A factor that
is common to most SCR earthquakes is their failure
through reverse or strike-slip faulting, suggestive of a
compressive stress regime™. This style of deformation
results in poor development of fault scarps, compared to

Table 1. Data on historical SCR earthquakes that produced documented surface rupture (modified after Machette ef al.'')

Earthquake Rupture length ~ Max. scarp height

Location of earthquake Date magnitude Dominant faulting style (km) (m)
Kutch, India 16 June 1819 M75 Thrust 90 4.3 (coseismic)
Accra, Ghana 22 June 1939 M6.5 Sinistral? 9-17 0.46
Central Sudan, Africa 9 October 1966 My5.1 Sinistral 6 0.00
Meckering, WA, Australia 14 October 1968 M; 6.8; Dextral > reverse 37 3.5

My, 6.0
Calingiri, WA, Australia 11 March 1970 M; 5.7, Sinistral > reverse 3 < 0.4

My 5.7
Cadoux, WA, Australia 6 June 1979 M; 6.4; Dextral > reverse 28 < 1.4

M, 6.3
Guinea, Africa 22 December 1983 M 6.2; Dextral 9.4 0.13

M, 6.4
Marryat Creek, SA, Australia 30 March 1986 M; 5.8 Reverse > dextral and sinistral 13 ~0.9

My 5.7
Tennant Creek, NT, Australia 22 January 1988 M;6.3,6.4,6.7;, Reverse 32 1.8

My 6.1,6.1,6.5
Ungava, Quebec, Canada 25 December 1989 M 6.3; Reverse > sinistral 10 1.8

My, 6.2
Killari (Latur), India 29 September 1993 M, 6.4; Reverse ~3 038

My, 6.3
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