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ABSTRACT

An evaluation of earthquake data in relation to the tectonic setup of
the area around Delhi has been carried out. Statistical analysis of the
instrunental data togetlior with studies regarding strain rebound increments
and tectonic flux revealed that the IB~SW trending minima zone interpreted
on the tectonic flux map possibly indicates a zone of fundamental fracture
in the basement having the pattern of regiomal tectonic lineaments which
is likely to have genetic relationslip with the majority of earthquakes
recorded in this area.

INTRODUCTION

Earthquakes could be one of the major seolozical hazards to the envir-
omments of the area around Delhi where urban and industrial developments
are progressing at fast rate. In the year 1963, there was considerable
inerease in the frequency of earthqualies in Sonepat arce witere quite often
thundering sounds accompanied by shaking of tlie ground were renorteds
Since then the seismological obserxvatories at Lodi Road and itidge in Delhij;
Sonepat; Rohtak and kecerut have recorded mmerous low ma;unitude earthquales
with epicentres located in all direction from Ridge observatory. The
available scismological data of minor carthquakes for the period June 1963
to December 1973 have been studied in relation to the geo-tectonic setup of
the area.

HISTCRICAL RRCORDS AND CONSIDERALICNS IR SEISMICITY STUDIRS

Historical records of past earthquakes are scanty. The 1720 Delhi
carthquake; 1956 Khurja earthqualke; and 1960 Gurgaon earthquake had
their epicentres located in the neighbourhood of Delbi. The two most impo~
rtant known earthquakes which affected Delhi region are (1) Delhi earth—
quake of 15th July 1720 and (2) Mathura earthquake of 1st September 1803.
The Matbura earthquake of 1803 reéportedly gave a violent shiock which was
felt upto Calcutta. This caused extensive fissures in the ground near
Mathura through which water rose with considerable force. There is mente
ion of a Kumaon carthquake of 1803 (8,9) which had intensity VIII in
Delhi area and had thrown down the cupola of Qutabminar, but the date of
occurrence of this earthquake is not givem. Whether this Kumaon carth-
quake of 1803 is the same carthquale which has been referred as the Mathura
carthquake of 1st September 1803, is not known. In the year 1342, again
there was an carthquake of lesser intensity having epicentre near Mathura.
Inteusity VIXI on M.M. Scale in Delhi arca had beenh recorded during 1960
Gurgaon earthquake but during 1956 Ihwrja carthquake it was moderately
affected. The intensity of known carthqgualkes in Delbi arca or its vicinity
possibly had not exceeded IX on M.l Scalt Slhich as per eupirical relation—
ship corrcsponds to Richter magnitude 6.7(5).

While utilising empirical method for determining the value of Richter
magnitude from M.l. intensity scale, caution is necessary because the inte—
neity of the earthquake in an area varies considerably depending upon the
local geological conditions and also its location with reference to the
epicentre. The damage to the civil structure is generally related to its

design, foundation condition, loeal and regional geological setup, the
distance of the structure from active tectonic lineaments and also the
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orientation of the structure in space with reference tc_z the direction of
the carthquake wavefront, Ience, detemination of (.leSIgn ea?thquake para—
peters for a site needs careful scientific/engineerlng apl.)ralsal and
seismo-tectonic evaluation of all the available quantitative data. The
study related to seismicity of an area, thercfore, need»‘:‘» proper expl}ora—
tion for identification of active tectonic lineaments, instrunientaticn
across their traces and collection of datz on long tema basis for. p{'oPerly
understanding the cause of earthquales, the place of origin and their true
behaviour.

According to the concept given by Beloussow (1954) in Ray (1964,(7)
tlip fundanontal dynamics of the crust is generated by vertical oscilla—
tory moveuent along the planes of tectonic lincaments whichi are deep.
regicnal dislocations bordering crustal Dloclks of gignificant dimensions.
The paper Ciscusses oune suchi tectonic lineament; deformations or sudden
dislocabions along which mijzht be causiug carthquake in Dellil region.

- GEGIRCTLHIC SEY

In tic area under considerction the rocks belonging to Delli super-
group of Iroterozoic age are exposed in snall discontiruous hillocks which
lic witbin wide expanse of flat terrain mainly comprised of acolian and
soze alluvial deposits of Guaternory age. The rocks exposed around Delhi
are quartsites with thin interbeds of nica-sclhists. An isolated rock
outcrop south of Nehtak is probably the extension of the rocks exposed
west of Rewari. These comprise slates, carbonaceous piyllites and minor
guartzites. In the arca southb-west of Farmaul, calc—schists, calc—gneiss,
marble, calc-silicates and guarizites are exposed in which iustrusive
granite bodies arc alsc present. Fepmatites intruding the country rock
are throushout present in the aren. The trends of faults and majer shear
zones fenrorally vary from INE-SSY to WMIT-VSY. The strilie of the formations
varies from HIF=E887 to IM-8¥, in general. Two axes of folding trending
1IB~S5Y an Hi-SE have been noted. MNIE-5SY trending structures are doubly
plunzing and tightly folded whereas thie folds with axial trend HV-ST are

“broad and open.

The structural features in these rocks having several near strilie
faults corresp ng with the Aravalli trend having IPE-SSY to 1M-Si direction.
Gureshy (1964326 has found NE-SV trends of tlie Bousuer frovity contours in
parallelism with the Aravelli and Bastern-ghat strilic and the 13-ST trends
in porallelism with the Dharwer awd lhenadi striikes. According to him
gravity meximas generally indicate horst structures whereas the sravity
minimas indicate a grabon. Between horst and graben differential movements
have been interpreted to oceur along Fundamental gones of woaknesses
indicated on gravity amemaly map (Qureshy 1964)%65- From this nmap it is
eyldcnt that in thie area lying west of Delhi, a gravity maxima passes
'burm};gh Ajuer, Zhetri and Fanipat whose trend is N3B5°E-S35%7. The IW-SE
trending gravity amomaly areas are not defined in Delhi roglon.

QUANTITATIVE MRASURES OF SEISMICITY '

India Meteorological Department has furnislhied seismolorical data as
regards main eharacters of tlie corthqualkes such as, their nr;.;;llitudc, tle
lo?atlon of eg;ic91xt13'es, dc;:-.th of focus, anl the freguency of cartliqualies,
?:2:2 ggzir;iiysﬁiizgti ;-EE zc:zo:ic ?eatu;‘es. Tue authors have utilised
oose elate rain rebound increments and tectonic

If elastic strain is Lmilt u
€ ¢ up along tie fault plabe, ulitimately it
results iunto displacement and the potefitial energy';s re;_eascd in '&'}Ze form
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of scismic waves. Denioff {1048 & 1955) (2,3} hos cstablished tliat the ela~
stic strain is directly proportional to the fuult displacement and also to
thne squars root of tlic podential energy releaased as sceiswic wave duriug an
eartiquake. Amand (1956) 1) thas proposed specific seisuicity and tectonic
flux as two measure of seismie activity. According to him, the tectonic
flux is proportiocnal to the rate of strain released in an areca wiereas the
specific scismicity is related to the rate of energy relecased. lience the
maps contoured in eithoer measure can express the seismic activity of a
regionzl .

Both the parameters mentioned auove are dependent upon the determin-
ation of the energy released by an carthouake. Riehter 1535(4) had desig-
ned a magnitude scale to ¢ pare tlhe eneries released by the earthiqualies.
Gutenberg and Ilichter(19422?j bave found an expression for calculating ‘the
energy released by an ecartbguake having known its majnitudee The formula
is given beglow:-

Log BT = 4.5 + 0.9M where E is the energy relcased in exgs and M is
the Richter Magnitude of an earthguele.

Utilising the above mentioned formula and tlie concepts of Denioff arnd
Amands, the strain rebound increments and tectomic fiux maps lave baen pre—
parcd {Fig.283). The strain rebound increnents is a graph showing the cum-
ulative strain factor 'B! in (ergs)Z given by Gutenberg and Richter's equa~
tion plotted agaiust period of June 1063 Lo Dec. 19T3 for thirtysix shallow
earthquakes of magin.tude 3 and above. Bach rod shown in the graph (Fig.2) '
represents one carthquake and tiie relation between red heipht and magnitude
nas also beon shown. Xor proparation of tectonic ilux map (Fig.3) the sade
30 earthquakes of magnitude 3 and abovs Lave been considered and five mind-
te8 latitude and longitude arca hias bonn taken as a unit. The results of
the above mentioned studies are outlined below:—

(a) Statistical studies: The carthquukes range in magnitude from 0.9 to

4.2, The zones of concontration of spicentres (I) 20 to 25lm, (II) 40 te

45lm, and (III) 60 to, 7Clm. are located towards VSW, NV & WWIW respectively
from Delhi MRidge observatory (Fig.3). It has been observed that depth of
focus of majority of ecarthquakes falling in zone-I range from 3lm. to Tlau.
Similarly the focus of sarthquakes falling in zone-II and III are ranging

from 7 to 12lm., and 12 to 1Tim. (Fig.l). ‘

(b) Strain rebound inerament studins:-~ The data available for study cov-
ers a short period. It is, therefore, inadequate for arriving at conclu-
sions regarding rate of strain ralaasa, Lowever, it reveals that the period
of quiescence is followed by a period of increpased seismic activity which
persists till the entiie accumulated strain is relcased ecitlhior by one shock
of greater magnitude or several shocks of lesser magnitude. The cycle is
repeated one after the other.

(¢) Tectonic flux studies:—_ The engrgy release contour map (Fig.3) having
a contour interval of 1 X 10° (ergs)%, has revealed three maxiza zones.
Between these maxima zones there are two minima zones of which one trending
NE-SW and lying south of Sonepat and Narnaul is more pronounced. The other
minima zone trends N30°W-S30°E and passes through lleccrut. It may be noted
that the zones of concentration of epicontres mentioned carlier are located
by the side of ME-SW minima zone whereas tlin epicentres located in the
vicinity of N30°%/-830°E trendi-ng minima zone are few and sparsely
- distributeds
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DISCUSSION .
The formational and structural trends varying from NNE-SSY to NB-SW

recorded in the outcrop area correspond fairly well with the Bougler grav—
ity contours (Qureshy 1964); the trends of the lincaments indicating grav—
ity maxira and minima (Qureshy 1964); the trend of the Delhi-Hardwar Ridge
and 2oradalad fault (Tectonic Map 0il & Mturel Gas Cormission 1068), and
the trond of the pronouneed depression in the top of Archimean~Proterozoie
baserient contours shown in the arca lying west of Delhi on the Tectonic

map of India by Geological Survey of India (1963). The ME-ST trending
pinima zone indicated onm the tectonic flux map falls in tiie central portion
of the bascuent depression nentioned above. The castern 1imit of the Delhi-
Iardvar ridge shown on the Tectonic map (0.N.G.C.—1968) also passes through
this basement depression though its trend is M35°E-S$35°7. No tectonic line-—
ament trending KN/-SSE is shown in this arca on the Tectonic Map of India
(G.S.I. 1963 and ONGC 1968), The N30W-S30E trending minima zone indicated
on the tectonic flux map corresnonds roughly with the trend of Archacan~
Proterozoic basement contours shown in the arca east of Delhi. Possibly

it is a much subdued feature. Thereforas, it is swrmised that the NE-SV
trending minima zone interpreted on tectonic flux map indicates the same
bascment lineament which has been marked on the tectonic map forming the
eastern linmit of Delhi-Hardwar ridge as tiie skewness of 10 degree in inter—
‘preted trend is insignificant specially when the feature is conccaled below
a thick cover of Quaternary deposits. This NE~SW trending; minima zone rep~-
resents a zone of fundamental fractures in tho basement having the pattern
of regioml tectonic lineaments and possibly has genetic relationship with
the majority of earthquakes recorded in this area.

The data studied represent only a siiort period of time. Precise feo—
Geltic surveys and instruuental record of minor shocks across this zone may
provide better understanding of the soismic status of this feature. Geo~
phiysical techniques, if utilised, may Lelp in delineation of the scismogenie
feature interpreted on the basis of seismological data because, if present,
it lies covered under thick Quaternar; deposits in tle areas
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DISCUSSION

V.P. Kamble (India)

A detailed study on the "Recent seismic activity associa-
ted with Tear faults in Delhi and neighbourhood” has been
carried out by us.

i) The distribution of averaged earthquake foci showed
that there are several dipping planesg particularly towards
North of Rohtak, NNE & E towards Najafgarh.

ii) There is also a very systematic localised migration
of seismic activity with a velocity between 2-11 km/year.

iii) The strain release patterns though showing NE trend
are associated with different faults.

iv) The geological structure is complex and there are
several parallel faults.

The question is that whether the authors have taken into
account these factors while evaluating the correlation bet-

ween fault planes and earthgquake distribution.

B. Ramachandran (India)

a) It is better to use the term tremor at many places as
earthquakes are a much larger phenomena.

b) According to the authors seismological data generally
indicate tectonic features. This is rather a vast
generalisation, which need further elucidation with
reference to this particular case.

c) The relation of concentration epicentres to the depth
of focug does not appear to be very wvalid.

d) In the tectonic flux map, the NW-SE fracture is not
expl ained nor correlated to any tectonic lineament.
It is said to correspond to "Archean proterozoic
contact” and is a subdued feature. This needs further
elucidation.
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Author's Closure

With regard to the question of Mr. Kamble, we wish to
state that the information furnished by Mr. Kamble requires
reconsideration particularly relating to his interpretation of
several different parallel faults. The bedrock geology is con-
cealed below a thick cover of guaternary deposits in the area,
hence the interpretations must be confirmed by proper explora-
tion. The authors have already taken into account all the
data.

With regard to the querries of Mr. Ramachandran, we wish
to state that

a) Once the magnitude of the earthquake is specified, there
should not be any confusion.

b) Everywhere in the world efforts are being made to deline-
ate tectonic features based on seismological data. Similar
effort has been made in this case also.

c) The validity of concentration of epicentres in relation
to the depth of focus has not been discussed. The data reg-
arding the depth of focus given in the paper is a reccrd of
fact brought out by the present studies.

d) It is evident from the tectonic flux map that the maxi-
ma zones by the side of NW-SE trending minima zone are not
so well pronounced as found by the side of NE-SW trending
minima zone, hence this feature has been considered as sub-
dued compared to the NE-SW trending minima zone. Since the
paper deals with the seismicity of Delhi area which mostly
falls in NE-SW trending minima zone, this feature has been
congidered more significant than the other minima zone for
- thisg area. The NW-SE trending minima zone might also be
indicating a tectonic lineament in parallelism with the
trend of contour of the Archaean-Proterozoic basement.
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