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Tectonic map of the Arabian/Eurasian plate collision zone. Black arrows represent GPS velocity vectors after Khorrami et al., 2019 relative to Eurasia; beach ball plots 
show focal mechanism solutions and locations for earthquakes greater than Mw 3.5 between 1917 and 2017 (Wimpenny and Watson, 2020); blue lines show active 
faults in the region (Walker et al., 2021). Digital Elevation Model (DEM) from SRTM 90m. Main Kopeh Dagh Fault zone – MKDF; South Caspian Basin – SCB. 

An introduction to the regional tectonics – gap in seismicity

Red dots: Historical earthquake locations 
3000BC - 1952 (Ambraseys)



What do we know about 1948 
Ashgabat earthquake? 



Images: https://sites.google.com/a/pvlearners.net/the-1948-ashgabat-earthquake/

At least 38,000 people killed (could be as many as 120,000) and 
nearly all brick-built buildings collapsed



Previous studies debate the cause and mechanism

After A. A. Nikonov 1998 summay of the 
five different isoseismal maps (references 
therein). 
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We should also note the conclusion from the same
report that elongation of the isoseists can be explained
only by the linear extent of the source or by the pres-
ence of several sources along the major axis of elon-
gated isoseismal zones. We emphasize that these were
quite novel ideas for an earthquake source at the time.

GEOLOGIC MANIFESTATIONS 
OF THE EARTHQUAKE

Analyses of the geologic and tectonodynamic set-
tings of the 1948 Ashgabat earthquake were provided,
e.g., in (Bonchkovsky et al., 1949; Rastsvetaev, 1998).
This section discusses the earthquake’s impact on the
environment.

The Ashgabat earthquake was expressed in the
landscape as significant residual soil displacements.
Fractures and other dislocations (such as rock falls and
landslides) formed in the covering deposits.
E.A. Rogozhin (2012) identified a higher concentra-
tion of fractures mainly within the limits of three
zones. Two of them were located in the southeastern
part of the areas shown in Fig. 2. The first zone,
extending about 35 km, was a narrow sublatitudinal
band north of the Gyaursdag Fault, while the second
one was located south of the same fault; their locations
can be found from the distribution in Fig. 2. The third

zone was distinguished in surface clay loams north of
railroad segment between Geok-Tepe and Ashgabat.
Small groups of fractures also appeared in some other
places.

In the opinion of Rogozhin, dislocations of the
first zone should be considered as seismogravitational
and vibrational ones, whereas he interpreted fractures
in the third zone as the result of seismic vibrations on
soil with high-standing groundwater. Only fractures in
the second zone did he consider to be primary seismo-
tectonic dislocations from right-lateral strike slips and
reverse and normal faults caused by the earthquake.
Based on the distribution of seismic dislocations, he
unambiguously concluded that the earthquake source
ruptured the surface in the Kharvar fault zone with its
associated sublatitudinal fault.

The most considerable changes on surface were
observed near the settlement of Kuru-Gaudan, where
the vertical offset was up to 1 m and the horizontal
extent of displacement was hundreds of meters. Addi-
tionally, minor mud craters (gryphons) were found in
the same area. The dislocations documented in
this area were subdivided into eight groups (Bonch-
kovsky et al., 1949; Gorshkov, 1998); examples of dis-
locations produced by the earthquake are shown in
Figs. 3.1–3.6.

Fig. 2. Map of seismic dislocations produced by 1948 Ashgabat earthquake, simplified after (Sukacheva and Kazanli, 1949). (1–
2) Pliocene–Quaternary deposits: (2) deluvial–proluvial fans; (3–6) Cretaceous–Miocene carbonate deposits; (7) faults (Gd,
Gyaursdag; Kh, Kharvar; As, Aselma; dots mark hanging wall); (8) seismotectonic dislocations: (a) continuous, (b) interrupted;
(9) seismogravitational dislocations (including those formed by shaking); (10) rock falls; (11) landslides; (12) direction of seismic
shock (defined by direction of train derailment); (13) railroad; (14) Gaudan automobile road; (15) state border between USSR
and Iran (Rogozhin, 2012).
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Motivation: 

1. Determine the style and location of one of the 
most destructive earthquakes in the 20th Century.

2. What are the implications for seismic hazard 
assessment? 

3. What does this mean for other fault zones? 

4. What can this earthquake tell us about the regional 
tectonics?



Historic seismic records collected from around the world 



Digitising the paper seismograms
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Hypocentres for the 1948 earthquake (10 – 15km depth)  



Red: Compression
Blue: Dilation

: Nodal Plane
: Best Solution

Focal mechanism solutions from first motion – strike slip earthquake



What was the surface expression of the Ashgabat earthquake?
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shock (defined by direction of train derailment); (13) railroad; (14) Gaudan automobile road; (15) state border between USSR
and Iran (Rogozhin, 2012).

5 0 5 10 15 km

Q

Q

Q

Q

K2
K1

K1

K1

K1
K1

K1K1

K2

K2

1 2 3

4 5 6

7 8 9

10 11 12

13 14 15

P3–N1P1–2

P1–2

P3–N1

P3–N1

P3–N1

P3–N1

Geok-Tepe

Sekiz-Y
ab

Gd

Bezmein

C
hu

li

Firyuza

ASHGABAT

Annau
Kuru-

Gyaurs

Ch
or

lo
kh

Kh. Zira-Kev Range
As

Gaudan

K1–K2
P1

After Rogohzin 2012, adapted from Sukacheva & Kazanli 1949

SEISMIC INSTRUMENTS  Vol. 55  No. 3  2019

EFFECTS AND LESSONS OF THE 1948 275

It was the presence of a large amount of consider-
able displacements in the covering deposits that
formed the basis for the conclusion of the commis-

sion’s report about a shaking intensity of X at the epi-
center (Bonchkovsky et al., 1949). However,
D.N. Rustanovich (1967) explained the abundance of

Fig. 3. 3.1, Longitudinal fractures in deluvial cover of adyrs, running on watershed hills, in vicinity of Kuru-Gaudan. 3.2, Fracture
in loesslike clay loam on hill slope, vertical offset up to 1 m, in vicinity of Kuru-Gaudan. 3.3, Thin fractures in soil, 5 km east of
Geok-Tepe. Fractures are 3–5 cm wide, vertical offset about 5 cm. 3.4, Rock fall in outcrop of Paleogene sandstones, Kelty-Chi-
nar River valley. 3.5, Silt fans of seasonal springs in Kelty-Chinar River valley. 3.6, Car stopped in wet loose soil. Irrigation chan-
nels near mosque in Annau remained dry for many years, but appeared to be filled after earthquake. Soil moistened as well.
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After Sidorin, 2019
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After Nalivkin, https://books.google.co.uk/books?id=aVvZko6ISmAC

After Sidorin, 2019



Surface ruptures are concentrated in three zones

Possible multiple fault rupture in this earthquake? 



Offsets in river and stream channels indicate right-lateral motion 



Tectonic map of the Arabian/Eurasian plate collision zone. Black arrows represent GPS velocity vectors after Khorrami et al., 2019 relative to Eurasia; beach ball plots 
show focal mechanism solutions and locations for earthquakes greater than Mw 3.5 between 1917 and 2017 (Wimpenny and Watson, 2020); blue lines show active 
faults in the region (Walker et al., 2021). Digital Elevation Model (DEM) from SRTM 90m. Main Kopeh Dagh Fault zone – MKDF; South Caspian Basin – SCB. 

Regional tectonics – gap in seismicity on MKDF

Red dots: Historical earthquake locations 
3000BC - 1952 (Ambraseys)





Conclusions

1. 1948 Ashgabat earthquake was a right lateral 
strike-slip, not a reverse earthquake.

2. The fault that caused the earthquake was not the 
Main Kopeh Dagh Fault. 

3. Multiple secondary faults ruptured in this event.

4. Tectonically right-lateral strike-slip faulting is 
accommodating some of the shortening caused by 
the Arabian-Eurasian plate collision. 

5. Important to note what didn’t happen in this
earthquake



Further research

Parthian Empire capital hit by earthquake?

After Benjamin, C. 2018

Fault

Worldview 3 stereo imagery gives 50cm horizontal resolution 


