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In the early morning of 21 July 2023, a few low to 
moderate magnitude earthquakes struck the city of 
Jaipur in Rajasthan, India. These tremors were strong 
enough to wake up the city residents and were felt even 
in other relatively distant cities such as Jaisalmer and 
Delhi. This study reports preliminary findings of the 
reconnaissance conducted in Jaipur following these 
earthquakes. Field observations indicate a maximum 
seismic intensity V (‘awakening’) on the MSK 1964 in-
tensity scale (IS 1893-1, 2016), which is consistent with 
the seismic zone (II) in which Jaipur city is located.  
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IN India, most of the destructive and frequent earthquakes 
occur along and close to the margins of the Indian tectonic 
plate in the Himalaya, where there is sudden release of the 
large strain energy accumulated in the crustal blocks due to 
the relative movement between the Indian plate and the 
Eurasian plate1. Though not frequent and usually of smaller 
magnitude, earthquakes also occur in other parts of the 
country, such as in the Indo-Gangetic Plains and Peninsular 
India2. Hence, no region in India can be considered com-
pletely free from the risk posed by earthquakes. 
 India is currently divided into four seismic zones, viz. 
II, III, IV and V, with zone II being seismically the least 
vulnerable region and zone V being most the vulnerable 
region3. Seismicity and intensity of ground shaking asso-
ciated with past seismic events in a given geographical  
region, together with the geological/geophysical site char-
acteristics and conditions of the built environment, are the 
typical inputs needed to arrive at the seismic zone desig-
nation for a given region. In other words, knowledge of 
seismic zone of a particular region can be used to improve 
its overall capacity for disaster preparedness and response. 
 In the early morning of 21 July 2023, many residents of 
Jaipur city, Rajasthan, India, woke up due to ground shaking 
caused by local earthquakes. According to the Indian 
seismic zonation map3, Jaipur city falls in seismic zone II, 
presumably because it is relatively far away from plate 
boundaries/active faults. It has historically not experienced 
frequent, strong earthquake-related ground shaking4. How-
ever, as indicated earlier, even in crustal blocks situated 

appreciably away from plate margins, the complicated geo-
logical history of the Indian subcontinent has led to the 
formation of faults and fractures, and therefore, occasional 
low to moderate magnitude earthquakes have been reported 
in the shield area2,5,6. 
 The tremors of the 21 July 2023 Jaipur earthquakes 
were reportedly felt even in relatively distant cities such as 
Jaisalmer and Delhi. This, together with the news reports of 
the alarm caused by the earthquakes among local city resi-
dents, seemed to cast doubts concerning the appropriate-
ness of the existing seismic zone (II) designated for Jaipur 
city and hence warranted an investigation. Therefore, on 22 
and 23 July 2023, a two-member team from the Depart-
ment of Earthquake Engineering, Indian Institute of Tech-
nology Roorkee (viz. B.K.M. and V.K.S. of this study) 
conducted a reconnaissance in the epicentral zone of the 
21 July 2023, Jaipur earthquake. This article presents a 
brief report on the preliminary findings obtained from the 
survey. 
 The diverse physiographic regions of Rajasthan have 
been shaped by geological activities during the Late Tertiary 
and Quaternary periods. The Aravalli Mountain Range, 
which stretches from northeast to southwest Rajasthan 
contains the oldest rocks (Archean and Proterozoic) and is 
a notable landmark. The Aravalli Range is a fold-thrust 
belt and a prominent tectonic feature in the state7,8. The 
western part of Rajasthan is occupied by the Thar Desert, 
an alluvial sandy region, and the Western Plains. Neopro-
terozoic volcanic and plutonic rocks of the Malani Igneous 
Suite rise above these lowlands. The rich Gangetic low-
lands and sedimentary hills constitute the eastern plains. 
The Aravalli and Delhi Supergroups are underlain by the 
3.3–2.5 Ga Banded Gneiss Complex. Major structures 
such as the Aravalli–Delhi Fold Belt and Marwar Block, 
which are divided by the Western Margin Fault, show a 
NE–SW tectonic alignment. Deformation, metamorphism 
and magmatism have all occurred in the geological past in 
this area, and lineaments have defined numerous strati-
graphic boundaries. 
 Figure 1 shows faults and lineaments in Rajasthan that 
were carefully recorded by Bakliwal and Ramasamy8, and 
the National Centre for Seismology (NCS), Ministry of 
Earth Sciences, Government of India9. These lineaments 
are examples of ancient fault systems that were created by 
several episodes of deformation. The lineaments in Raja-
sthan are divided into two groups in the Seismotectonic 
Atlas of India10: those that traverse all rock formations and 
those that were reactivated from the Precambrian tectonic 
grains. The Aravalli Fold Belt, Delhi Fold Belt, Jaisal-
mer–Barwani Lineament, Rajkot–Lathi Lineament, West 
Coast Lineament, Luni–Sukri Lineament, Rakhabdev Lin-
eament and Pisangan–Vadnagar Lineament are among the 
notable fold belts, lineaments and faults in the state8–10. 
 Figure 2 shows the seismic zonation map of Rajasthan 
according to IS: 1893, Part 1 (2016)3. It is clear that a 
large part of the state falls in seismic zones II and III, with
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Figure 1. Location of the main earthquake event of M 4.4 (red star) and its aftershocks (blue, green and violet stars) that occurred on 21 July 2023 
in Jaipur district, Rajasthan, India. 1, Aimer Sandia Lineament; 2, Delwara Lineament; 3, Pisangan Vadnagar Lineament; 4, Chambal Jamnagar Line-
ament/Great Boundary Fault; 5, Rakhabdev Lineament; 6, Luni–Sukri Linament; 7, Kishangarh–Chipri Lineament; 8, Tonk Lineament; 9, Jaisalmer–
Barwani Lineament; 10, Rajkot–Lathi Lineament; 11, Jaipur Uplift; 12, Jaipur Depression; 13, Mendha Stepped Graben Fault; 14, Sardar Shahar 
Fault; 15, Kalu Fault; 16, Khatu Fault; 17, Soniasar Fault; 18, Chau Fault; 19, Hathusar Fault; 20, Dhandu Fault; 21, Marginal Fault; 22, Konoi Fault. Note: 
The Jaipur earthquake of 21 July 2023 (magnitude 4.4) may be associated with the Delwara Lineament (2) or Tonk Lineament (8) in the northern part 
of Rajasthan. 
 
 

 
 

Figure 2. Seismic zonation map of Rajasthan, India. 
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Table 1. Details of seismic events that occurred in Jaipur district, Rajasthan, India on 21 July 2023 (ref. 11) 

 
Site 

Occurrence  
time (IST) 

 
Area 

 
Latitude 

 
Longitude 

Magnitude 
(Richter scale) 

Focal  
depth (km) 

 

1 04:09:38 Gulmohar Gardens, Bhankrota 26°88′N 75°70′E 4.4 10 
2 04:11:38 Bhootavali Road, Mukundpura, Bhankrota 26°89′N 75°66′E 2.5  5 
3 04:22:57 Near Manpur Balaji, Renwal Manjhi 26°67′N 75°70′E 3.1  5 
4 04:25:33 Behind Police Thana, Bhankrota 26°87′N 75°69′E 3.4 10 
5 04:31:46 Near Neta Seduram Baba’s Dhani, Bhankrota 26°86′N 75°65′E 2.5  9 

 
 

Table 2. Details of previous 15 months’ (May 2022 to July 2023) seismic events that occurred around Jaipur city11 

Date and occurrence 
time (IST) 

 
Latitude 

 
Longitude 

Focal depth 
(km) 

Magnitude 
(Richter scale) 

 
Location 

 

2023-07-21  
04:31:46 

26°86′N 75°65′E  9 2.5  14 km WSW of Jaipur 

2023-07-21  
04:25:33 

26°87′N 75°69′E 10 3.4  10 km WSW of Jaipur 

2023-07-21  
04:22:57 

26°67′N 75°70′E  5 3.1  28 km SSW of Jaipur 

2023-07-21  
04:11:38 

26°89′N 75°66′E  5 2.5  12 km WSW of Jaipur 

2023-07-21  
04:09:38 

26°88′N 75°70′E 10 4.4  9 km WSW of Jaipur 

2023-07-14  
19:54:45 

26°94′N 75°30′E  5 2.7  48 km W of Jaipur 

2023-03-28  
06:25:04 

27°52′N 75°85′E  5 2.3  67 km N of Jaipur 

2022-10-17  
00:36:49 

26°55′N 75°67′E 10 3.6  41 km SSW of Jaipur 

2022-09-12  
04:05:16 

27°60′N 76°21′E 10 2.9  87 km NNE of Jaipur 

2022-06-29  
09:59:27 

26°44′N 76°40′E 10 3.7  80 km SE of Jaipur 

2022-05-09  
21:07:50 

27°86′N 75°48′E 10 2.5  109 km NNW of Jaipur 

 
 
zone IV restricted to Barmer, Jalore, Alwar and Bharatpur 
districts. Much of the Jaipur district, Rajasthan and its sur-
rounding areas fall under seismic zone II, thereby indicat-
ing that a major part of this district, including the entire 
city of Jaipur, is in one of the seismically least vulnerable 
regions of India. 
 According to NCS11, the 21 July 2023 Jaipur earthquakes 
comprised (i) a magnitude 4.4 (Richter scale) main shock 
that occurred at 04:09:38 (IST) and had a shallow depth of 
focus of 10 km, and (ii) four aftershocks with magnitude 
in the range 2.5–3.4 that occurred within an interval of 
~22 min after the main shock and had focal depth in the 
range 5–10 km (Table 1). Figure 1 shows the locations of 
the epicentres of each of these five events. These locations 
may be associated with the Delwara Lineament (2, Figure 
1) and Tonk Lineament (8, Figure 1) in the northern part 
of the State. NCS has attributed to these seismic events a 
minimum intensity of II and a maximum intensity of V on 
the modified Mercalli intensity scale, in the region lying 
within 250 km from the epicentre of the main shock. Pre-
liminary fault-plane solution obtained from waveform in-
version suggests a dominant normal mechanism, with a 
minor strike–slip component for the event9. 

 As mentioned earlier, the ‘alarming’ experience that the 
Jaipur inhabitants purportedly had due to the 21 July 2023 
earthquakes called for an investigation and resulted in the 
earthquake reconnaissance of the city. The reconnaissance 
team investigated all the epicentral sites (all were in Jaipur 
city), except site # 3 (Table 1). The team interviewed several 
people residing in proximity to these sites one day after 
the earthquake and aftershocks. 
 The survey showed that the M 4.4 main shock was 
strong enough to wake up nearly all the residents who 
were asleep at the time of occurrence of the event. Further, 
many residents reported hearing a loud sound (similar to a 
blast), while some reported hearing a sound akin to colli-
sion of large boulders. However, none of the interviewees 
reported any damage to offices or residential buildings. 
The Rajasthan State Disaster Management Authority also 
did not receive any distress calls from the city residents 
immediately after the earthquake.  
 Even though some interviewees reported the Jaipur earth-
quakes as ‘frightening’, which comes under seismic inten-
sity VI on the MSK scale3, no damage in buildings of type 
B, i.e., ordinary brick buildings, was observed by the re-
connaissance team or reported by the interviewees; therefore, 
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these events do not qualify for intensity VI (on the MSK 
scale). On the contrary, all the three criteria of seismic in-
tensity V (on the MSK scale) were confirmed3. 
 Table 2 shows the data of 15 months (May 2022 to July 
2023) for the earthquakes that occurred in the vicinity of 
Jaipur city. It is interesting to note that the depths of each 
of these events is shallow and in the same range (5–10 km) 
as that of the 21 July 2023 earthquakes.  
 During the reconnaissance, no structural damage or 
ground failure was observed by the reconnaissance team 
or reported by the interviewees. Altogether, our observations 
of the 21 July 2023 Jaipur earthquakes area indicate a 
maximum seismic intensity V (characterized by ‘awaken-
ing’) on the MSK 1964 intensity scale3, which is consistent 
with seismic zone II in which Jaipur city is located. Further, 
the ground motions in the vicinity of the low-magnitude 
Jaipur earthquakes are expected to have appreciable con-
tribution of high frequencies12, and we speculate that this 
could have produced a blast-type or collision-of-boulders-
type sound audible to humans. Such a phenomenon, though 
not common, has been reported elsewhere in the world13, 
when the site of interest is close to the epicentre and the 
depth of the earthquake is shallow (as was the case for the 
Jaipur earthquakes).  
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