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The M 4.9 Delhi earthquake of
5 March 2012
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The occurrence of an M 4.9 event on 5 March 2012 at
Delhi-Haryana border is a reminder about the active
nature of different tectonic sources in and around
Delhi. The earthquake was well recorded by local and
regional networks of seismic stations and has gener-
ated good instrumentally recorded data. The epicentre
of the earthquake falls near the surface expression of
the Mahendragarh-Dehradun Fault (MDF), located to
the northwest of Delhi. Peak ground acceleration
recorded in the Delhi region varied from a minimum
of 2.50 cm/s? to a maximum of 39.4 cm/s? on the trans-
verse component at the Ridge Observatory and Jaf-
farpur stations respectively, located about 60 and
34 km away from the epicentre. The maximum velo-
city computed from acceleration time histories was
1.11 cm/s. According to the preliminary reports, a
maximum intensity of VI, on the modified Mercalli in-
tensity scale, was observed near the epicentral zone.
Ground motion site amplification was not uniform; it
varied between 3 and 6 at different sites. The recent
earthquake is not just reminder that Delhi is vulner-
able to local earthquakes; it also demonstrates site-
dependent amplification, calling for further studies.

Keywords: Earthquake, peak ground acceleration, seis-
mic stations, tectonic sources.

BEING the capital city, happenings around Delhi attract
much attention. Its proximity to the Himalaya, an active
plate boundary, makes it more vulnerable to earthquakes.
Local tectonic features, known to have caused earthquakes
in the past, exist in the vicinity of Delhi. The seismic
zoning map of India (Bureau of Indian Standards, IS:
1893 Part-I)! places Delhi in seismic zone IV, which is
broadly associated with seismic intensity VIII on the
modified Mercalli intensity (MMI) scale. The M 4.9
earthquake on 5 March 2012 at the Delhi-Haryana border
is a reminder of the potentially active tectonic sources in
the vicinity of Delhi. It was just about six months ago,
on 9 September 2011 that Delhi experienced another
earthquake of magnitude 4.3, which was sourced near
Sonipat.

Delhi has a well-known history of felt earthquakes,
both from regional and local sources®. The M, 4.1 25
November 2007), M, 2.6 (18 March 2004) and M,, 3.8
(28 April 2001) earthquakes are some of the recent events
felt here. While occurrence of these events cautions us
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about the possible hazard scenario in Delhi due to local
and regional tectonic sources on one hand, they also pro-
vide useful data to validate our models on ground
motion and site dependence of amplification™*. The data
generated by the 5 March 2012 earthquake also serves
this purpose.

An earthquake that caused no damage to the built envi-
ronment, the 5 March event was felt widely in Haryana,
Delhi and neighbouring states. Intensity on the MMI
scale equivalent of VI was experienced in the epicentral
region close to the Delhi-Haryana border (Figure 1). This
communication discusses the source parameters of this
earthquake in the background of the tectonic framework
and presents data useful for future studies, especially for
site amplification.

Lying on an extension of the peninsular shield, the
region comprising Delhi forms part of a complex tectonic
regime. Geological and geophysical studies have indi-
cated the presence of several faults and lineaments in this
region — the Sohna Fault, Delhi Fold Belt, Rajasthan
Great Boundary Fault, Moradabad Fault and the Delhi—
Hardwar Ridge being prominent among them. Besides
these small-scale structures, the major Himalayan bound-
ary faults — Main Boundary Thrust (MBT) and Main Cen-
tral Thrust (MCT) — form the structural barriers to the
north. It is generally believed that earthquakes originating
on these thrust major faults pose a threat to Delhi. Apart
from these, two of the important tectonic features that
need to be considered in the context of seismicity around
Delhi are the Mahendragarh—Dehradun Fault (MDF) and
Aravalli-Delhi fold axes. Following a NE-SW trend and
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Figure 1. Map showing the position of Delhi with prominent struc-
tural features of the region. The locations of some notable earthquakes
in the region, including the 5 March 2012 earthquake (red star) are
shown.
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Figure 2.

Seismicity in and around Delhi within a window of 76—78°E long. and 28-30°N lat. for a period

2001-11 (source IMD; for locations of the seismic stations, see www.imd.gov.in).
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Figure 3. Geological map of Delhi showing the sites of accelero-
graphs and seismographs, which recorded the earthquake event; for
details on the strong motion network and data, see www.pesmos.in
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located between 76°E and 79°E long., the Delhi—Haridwar
ridge is an active structure believed to have generated
moderate seismicity in the past. The structure appears to
be an extension of the Aravalli mountain belt beneath the
alluvial plains of the Ganga on the subducting Indian
plate’. The N-S-oriented Sohna Fault that runs from
Sohna to the west of Delhi and the NE-SW-oriented
Moradabad faults are other structures of importance. Fol-
lowing a roughly conjugate direction, the Mathura Fault
follows a NNW-SSE direction from Mathura in the south
to Panipat in the north. The Rajasthan Great Boundary
Fault (RGBF) zone is another well-defined fault, which
runs for about 400 km NNE-SSW to NE-SW as a major
dislocation zone in Rajasthan (Figure 1). Seismicity in
this region is quite scattered and a spatial correlation with
specific structures is difficult. An updated spatial pattern
of earthquakes in the region around Delhi is shown in
Figure 2.

The important rock formation exposed in Delhi is
mainly the quartzite of the Alwar series of the Delhi
Super group, unconformably overlain by unconsolidated
Quaternary to Recent sediments. Major geological forma-
tions of Delhi are shown in Figure 3. The older alluvium
comprises of silt and clay with minor lenticular fine sand
and kankar beds. The newer alluvium consists mainly of
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Table 1. Source parameters of the earthquake on 5 March 2012
Date/ Latitude Longitude Depth Mo
Origin time (°N) (°E) Magnitude (km) Dipl Rake S2 Dip2 Rake (dyne-cm)
5/03/2012 28.7 76.7 4.9 (M) 9 34793  47.85 131.34 115.26 56.18 53.88 1.180E24
7:41:04.7 (UTC) 5.0 (My)
13:11 (IST)
(Revised)
5/03/2012 28.748 76.603 4.9 (My) 14
7:41:04.7 (UTC) 5.0 (My)

13:11:04.7 (IST)

sand, silt and clay occurring in the older and active flood
plains of the Yamuna River. Thickness of the alluvium,
both on the eastern and western sides of the ridge, is vari-
able and understanding such variations is important in
quantifying site amplification.

Although no large earthquakes are known to have
occurred in the Delhi region, smaller events are quite fre-
quent (Figure 2). India Meteorological Department (IMD)
has been operating and maintaining different local and
regional networks consisting of a 16-station digital
telemetry system around Delhi, which had recorded
5 March 2012 earthquake. It has been well recorded by
other stations of the national network as well as the
strong motion network. The location of the seismic sta-
tions, those triggered in Delhi during the event are shown
in Figure 3. Located about 34 km from the epicentre, the
Bahadurgarh and Jaffarpur stations, nearest to the source
recorded the earthquake. The former is equipped with an
accelerograph, and the latter has a short-period seismo-
graph. Source parameters of the earthquake recorded at
these stations are given in Table 1. Table 2 provides
details of the strong motion array with recorded PGA and
computed velocity of three components (L, T and V) at
various stations.

Soon after the occurrence of the earthquake, IMD
brought out a preliminary report with hypocentral para-
meters that were later updated (Table 1, row 1).

The above parameters were computed using auto-
location software making use of all the datasets (about 60
station records) from local and regional seismic networks,
including Delhi Telemetry System, RTSMN System and
National Seismic Network, maintained by IMD. CMT
solution was obtained from Response Hydra software
used by IMD on an operational basis, that utilizes the en-
tire waveform from the beginning of the P-wave arrival
until just before the arrival of the first surface waves for
distant stations. The CMT solution generated by the soft-
ware considering the stations in the distance range 20—
180° is shown as an inset in Figure 1.

The focal mechanism shows predominantly strike—slip
motion with a component of reverse faulting. Given the
fact that the software used regional and distant stations,
the method is not reliable and the solution may not be
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unique. To have better control on the hypocentral
parameters, we used data from the local stations and the
revised parameters are based on data from 29 stations
(14 strong-motion accelerographs, 11 broadband seismo-
graphs and four short-period seismographs), located
within an epicentral distance of ~300 km. The revised
parameters are given in Table 1 (second row).

Thus we can make the following conclusions from the
present study.

e The epicentre of the earthquake falls near the surface
expression of MDF located to the northwest of Delhi.

e The recorded Peak Ground Acceleration (PGA) in
Delhi region ranges from a minimum of 2.5 to a
maximum of 39.4 cm/s® on the transverse component
as observed at the Ridge Observatory and Jaffarpur
stations respectively. The Ridge Observatory is
located on hard rock (quartzite with schist bands)
60 km away from the source, whereas the Jaffarpur
station is located 34 km away from the epicentre on
alluvial sediments (sand, silt and clay with kankar).
The maximum velocity computed from acceleration
time-histories is 1.11 cm/s.

e Observations suggest that stations located on soft sedi-
ments/soil recorded high PGA values, whereas for sta-
tions sitting on hard rock, the PGA values were low.

e An amplification of ground motion of the order 3—6
has been observed at sites located on soft soils. Am-
plification of the order of 5 was observed at IIT Delhi,
when compared to the Ridge Observatory. Similarly,
amplification of the order of 3 was observed at Zakir
Husain College site in comparison to the Karol Bagh
site, although both are equidistant from the epicentre.
Contrary to the above observations, it was also noted
that two sites, viz. Gurgaon and Kaithal, which
are about 53 and 118 km away from the epicentre
recorded almost the same acceleration ~6-8 cm/s* on
all the three components. These observations clearly
highlight the site dependence of amplification and call
for proper soil characterization.

e The CMT solution shows a predominance of strike—
slip motion with a component of reverse faulting. For
the 28 April 2001 (M, 3.4) and 18 March 2004

CURRENT SCIENCE, VOL. 102, NO. 12, 25 JUNE 2012



RESEARCH COMMUNICATIONS

67C°0— 1S2°0 LIEO SI'8 €5°01-  TS'SI 1108 3jos Y0E'LL 805°'8T 9°€L indrepeq ‘LLAN
LY1°0- SSTO- 9610 68°L €6 76'8— T10s 1J0S 1Y0°LL 809°8C 9°6H eremd ‘LISN
861°0 TITO0-  L91°0—  LO'8 'L~  S88 001 prey 99T°LL ¥$'8T T6S NNT
701°0 681°0 9zT0 €TL S0°01 80'T1- 1108 3308 €TLL ¥9°8C €96 980[[0D) uressny IyeZ
169°0 788°0—  OII'L L8'SE—  9€6€ 9°6e- [10s Jos $16'9L $65°8¢C laz3 indreggef ‘089100 SunosUISuY JUSWUISAOD)
LLOO- L90°0 1800~  ¥0T- ST 86— 001 preq SITLL 8987 ¥'09 I A1018A198qQ) 23pry
¥8T°0 0Er0 78€0 SI'TI-  $OTI—  €8°€l 1108 3308 161°LL 9$8T L19 g LI
TSTO~ Y970~  S0S0— 16— LO'TT P8I [10s oS YI'LL S6L°8C 9¥S R ‘mdiy
I¥S°0— 0S80~  TL80-  6STT 9697 91°2T 1108 1308 700°LL 100°62 08t yedruog
820°0~ $90°0 1900~ 680 S9'1— 18°1 T10S 3JoS 106°'LL 998°6C 0°LLY aay100y
8ST°0— 181°0 1ST°0 63'8 €0'8— 81’8 [108 Jos €TI'LL $59°8C uapIeD efey “939[10D tfeays
I€T°0 0920 887°0 yE'S— 97’8~  ¥8L- 1108 3308 6LY'LL LOS"8T 868 BpION
TLT0~ 6vT0 6£7°0 969 €8-  TL9- 1108 3308 8IY°9L 10867 0811 eyey
IST°0- I€€°0-  TITO- 209 £8- L9 [10s oS 620°LL 6¥°8C €€S uoeSmn
1500 0LT'0- €610 86— 66'8 $S'6 1108 3308 €ETLL $99'87 €79 918D QIoWYSEY ANSIOAIU[) d] YSUIS PUIQOD NIno
801°0~ SST0 LOTO- €69 W €01 [10s preq TITLL 169°'8C 6'6S Anszoatun) e
$S0°0— 090'0— €900 SL'T L9T- 89°¢— 3001 prey 88T°LL 769°8¢ T'8S ySeg [o1ey ‘paeog [ef MPQ
7910~ 120 ¥ST 0~ 96— T€01 9L 1108 3308 SIT°LL S6L'8T T0S peoy euemeq H0A
601°0 9T0 T€T0 9L'6~ €06 vI'6 1108 3308 Y9T'LL 6£5°8C L'89 undpuraon 989110 A9 BIPUSIEN BAIRYDY

A I 1 A I 1 £3010a3 (o) (No)  (wry) doueysip uonels

[ed007] o—usu_wﬂOA pmne] _ﬁbﬂoo_mm

(S/urd ®WAY) £)I00TOA

(S/wd 3*UY) UOTIRIS[0Y

SOJRUIPIO0D UOTIE)S

SQ)IS SnOLIRA Je (**4 ) £)10070A pajnduwrod pue (**Uy) uoneId[edoe punors yead popiodsy T dqeL

1707

CURRENT SCIENCE, VOL. 102, NO. 12, 25 JUNE 2012



RESEARCH COMMUNICATIONS

(M, 2.6) Delhi earthquakes, Bansal et al.” generated
focal mechanism solutions based on the first motion
and waveform modelling. Based on these solutions the
authors suggested that these earthquakes involved
normal faulting with a large strike—slip component.
The focal mechanism of the Delhi earthquake of 25
November 2007 (M,, 4.1) computed by Singh et al.?,
shows strike—slip faulting with some normal compo-
nent similar to the above-mentioned two small events
in the area. On the contrary, Shukla et al.’ reported
thrust faulting with minor strike—slip component for
small and regional earthquakes in and around Delhi.
Since the focal mechanism reported by them is
not well constrained, a comparison may not be appro-
priate.

e The strong ground-motion histories recorded by the
local array of accelerographs will be of immense help
in developing hazard scenarios due to future earth-
quakes in the region. This is an important step in the
preparation of specific modules for mitigating the risk
due to such events.

e Although there is general awareness of the seismic
hazard that Delhi is exposed to, the current scientific
knowledge and data need to be improved.
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Impact of population density on the
surface temperature and micro-climate
of Delhi
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Increasing urban surface temperature due to change
of natural surfaces is one of the growing environ-
mental problems in urban areas, especially in cities
like Delhi. The present work is an attempt to assess
the urban surface temperature in Delhi using remote
sensing and GIS techniques. ASTER datasets of ther-
mal bands were used to assess the land surface
temperature (LST) using temperature emissivity sepa-
ration technique. Ward-wise population density was
calculated from the Census of India 2001 data to cor-
relate the population density with LST. The study
shows that surface temperature changes with the
increase in the impervious surface area, which is
related to the increase in the population density.

Keywords: Micro-climate thermal bands, population
density, surface temperature, thermal bands.

IN today’s world of globalization and industrialization,
urban environmental studies have become an important
area of research. Land surface temperature (LST) is a
critical parameter in urban climatology'. Remote sensing
satellite data have been utilized to assess urban land sur-
face thermal characteristics through mapping and assess-
ing surface temperature from thermal infrared images®. In
the urbanization process (demographic pressure), removal
of natural land-cover types and their replacement with
common urban materials such as concrete, asphalt, stone,
brick and metal has significant effect on the environment,
including reduction in evapotranspiration, promotion of
more rapid surface run-off, increased storage and transfer
of heat that can be sensed, and deterioration of air and
water quality. The result of this change can have signifi-
cant effects on local weather and climate’. Substantial
amount of the variance of temperature rise in cities is
explained as a function of population growth*. The holi-
stic impacts of land surface cover, water and vegetation
discussed above have climatological and meteorological
implications on the urban atmosphere at various scales
and all of these factors are linked with population growth.
There is little doubt that population growth impacts local
climate® 2. Micro-climate change intensity [as change in
urban heat island (UHI) intensity] tends to increase with
increasing city size and/or population'*?°, and as cities
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