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A. Mohajer-Ashjai Atomic Energy Organization ofIran, Tehran, Iran 

Accepted 1985 January 11. Received 1985 January 11; in original form 1984 July 1 

Summary. From 1977 March 21 to 1981 July 28, about 15 earthquakes with 
M,26.0 and many earthquakes with M,34.5 have occurred in Iran. The upsurge 
of seismic activity started following the Khorqu earthquake of 1977 March 21, 
M,=7.0, south-east of the Fars folded series of Zagros. This shock had a thrust 
focal mechanism solution indicating the general northward movement of the 
Arabian plate with respect to  the Iranian landmass. It was followed by six major 
damaging earthquakes in eastern Iran. The earthquakes are associated with 
extensive faulting which surrounds the Lut plate. (1) The Zarand earthquake of 
1977 December, M,=5.8, was associated with about 20 km of fault trace, severe 
mass wasting and about 20cm of right lateral movement. (2) The Tabas 
earthquake of 1978 September, M,=7.7, with about 75 km of multiple thrust 
faulting and a maximum vertical displacement of 35cm. (3) The Kurizan 
earthquake of 1979 November, M,=6.0, with more than 17 km of strike-slip fault 
trace and a maximum right-lateral displacement of 90cm and a vertical 
displacement of 60cm. (4) The Koli earthquake of 1979 November, M,=7.1, with 
at  least 65 km of fault trace and a maximum left-lateral displacement of 255 cm 
and a vertical displacement of 380cm. (5) Golbaf earthquakes of 1981 June, 
M,=6.0 with at least 16 km of observed fault trace and a maximum vertical 
displacement of 15 cm. (6) The Chaharfarsang-Sirch earthquake of 1981 July, 
M,=7.1, with about 70 km of discontinuous fault trace and 20cm of right-lateral 
motion and 15 cm of vertical motion. Portable networks of seismographic stations 
were deployed following each event. Results of aftershock studies are compared 
with field observations. The observed faults and aftershock zones appear to  mark 
the broad deformational boundaries of the Lut plate. 

Key words: eastern Iranian tectonics, fault movements, Lut plate. 

Introduction 

Iran is one of the most seismically active countries in the world. The seismicity of Iran is discussed 
by Nowroozi (1971, 1976), Nabavi (1977), Berberian (1976), Shoja-Taheri & Niazi (1981), and 
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6 FAULT, THRUST 
>;< CRATERS OF VOLCANOES 
A SALT DOMES 
0 CITIES 

QATAR KAZERUN, line ---- 
Figure 1. Locations of earthquakes discussed in thls work. 1 - the Khorgu earthquake of 1977 March 21. M,=7.0, 
secms 10 havc started a period of intense seismicity. This event has a thrust focal mechanism indicating relative 
northward motion of the Arabian plate with respect to the Iranian land mass. Following this event, six earthquakes 
numbered 2 to 7 have occurred which are associated with extensive faulting. The faults mark part of the Lut plate. 

Ambraseys & Melville (1982). Detailed field investigation after earthquakes for the purpose of 
mapping the fault traces and recording the aftershock activities are reported by a number of 
authors. A summary on these works prior to 1976 can be found in Berberian (1976). In this paper 
we will discuss the results of field investigations and aftershocks recording following occurrences 
of seven destructive earthquakes from 1977 to 1981 in eastern Iran. In contrast to the Zagros 
regions where, as a rule no apparent surface fault trace is observable following even a large 
earthquake, in eastern Iran earthquakes are often associated with well recognizable surface 
faulting. The locations of these events are numbered in Fig. 1, and their parameters are given in 
Table 1. 

Portable networks of seismographic stations were deployed following each earthquake, and 
the HYPOELLIPSE computer program (Lahr & Ward 1973) was used for locating the seismic events. 
The regional crustal structures are not well known in this area, thus various models are considered 
and a model which produced the least time residual and scatter in epicentral position was used. 
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Tectonics of eastern Iran 217 

Table 1 .  Source parameters of earthquakes. 

Event no. Date Origin time Latitude, "N 

1 1977 Mar. 21 21:18:54.6 27.69 

2 1977 Dec. 19 23:34:26.6 30.90 

3 1978 Sept. 16 15:35:52 33.40 

4 1979 Nov. 10 01:21:22.1 33.92 
5 1979 Nov. 27 17:10:32.9 33.96 
6 1981 June 11 07:24:25.2 29.91 
7 1981 July 28 17:22:24.6 30.01 

Longitude, "E 

56.49 

56.66 

57.34 

59.74 
59.73 
57.72 
57.79 

Depth. km Ms 

33 7.0 

10 5.8 

10 7.7 

35 6.6 
I 0 7. I 
33 6.8 
10 7. I 

Source name 

Khorgu, Zagros 
folded belt 

Zarand. Kuh- 
Banan fault 

Tabas: 
Tabas fault 

Kurizan fault 
Koli fault 
Gowk fault 
Gowk Lakar-Kuh 

fault 

Based on azimuthal distribution of stations and travel-time residual, locations were graded. The 
reported events in this paper have a grade of A to D, and their positions may be off from 2 to 7 km. 

The seismic data and faultings are interpreted in terms of a smaller Lut plate surrounded by 
several broad zones of deformations. The inner limit of this plate and the outer deformational 
zones are discussed. 

The Khorgu Earthquake of 1977 March 21 

The Khorgu earthquake occurred in the Fars folded series of Zagros (Nowroozi 1976), about 
60 km north of the Bandar-e-Abbas. Berberian & Papastamatiou (1978) reported on damage 

5! 
28' 

27'L5' 

27O30' 

27O15' 

27 0 

>' 56* 56O15' 56*30' 56OL5' 
2 0 0  

27OL5' 

27O30' 

27015'  

27. 
550L5, 56' 56*15' 56O30' 56OL5' 5 70 

Figure 2. Location of aftershocks and isoseismal map following the Khorgu earthquake of 1977 March 21. This event 
did not produce observable surface displacement. The area of aftershock activities covers a broad zone of 
2 0 k m x 5 0 k m ;  the longer side has a trend of N50"E. 
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N 
00 

W 290° 

2 N15'E. Dip=23NW 

Composite Foult Plone Solution + Compression [up) 
North Bondor Abbas Region - Dilatation (down) 
Apr 5. 1977 To Apr 30,1977 ? Tensional Axes 

8 Compressional Axes 
6x slip Vector 

Figure 3. Composite fault plane solution of the Khorgu earthquake. The slip vector, OX, is nearly perpendicular to 
the fold axis in the epicentral area. The compression axis is shallow and 35" east of south, indicating the general 
northward motion of the Arabian plate with respect to the Iranian land mass. 

distribution following this event. As a result of this earthquake about 150 people were killed, over 
550 suffered injuries, and more than 1500 houses were totally damaged. 

Five seismographic stations were deployed following the shock. A seven-layer crustal model 
was used for locating the events; the details are given in a technical report by Nowroozi et al. 
(1977). The locations of over 160 relatively well-recorded aftershocks as well as the iso-seismal 
map for the main shock are given in Fig. 2. The majority of reported events have less than 7 km of 
errors in their positions. The area of the aftershock activities covers a broad area of about 
20x50 km trending N50"E. 

20 r 

FOCAL DEPTH IN KM 

Depth Frequency Histogram O f  Khorgu Aftershocks 

Figure 4. Distribution of focal depths following the Khorgu earthquake. Note that the majority of events have focal 
depths less than 20 km. 
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LEGEND A.A. Nowroozi 

- Major Fault 

- Minor Fault 

0 10 20 30 40 50 krn - -  
Scale 

Figure 5 .  Background seismicity of the Kerman region. The Kuhbanan. Lakar-Kuh and Gowk faults arc seismogcnic 
with crustal seismicity. hut in the vicinity of Raycn there arc suhcrustal earthquakes. 

The composite fault plane solution for a number of aftershocks is given in Fig. 3 which shows 
nearly pure thrust faulting. The first nodal plane strikes N60"E and dips 67"SE, while the second 
nodal plane strikes N45"E and dips 23"NW. The compression axis strikes N145"E and dips 20"SE. 
Focal mechanism solutions of the Khorgu main shock and a few aftershocks are also reported by 
Jackson & Fitch (1981). They reported pure thrust faulting as well. 

Jackson & Fitch (1981) used modelling techniques and long-period teleseismic body waves of 
the main shocks and a few aftershocks to determine focal depths, and concluded that the focal 
depths vary between 8 and 15 km. In Fig. 4. the focal depth of the aftershock series is presented. 
Seventy-seven per cent of the events have a depth of 8-20 km, and only about 10 per cent of the 
aftershocks have depths greater than 20 km; considering the uncertainties in focal depths which 
vary from 2 to 7 km our results are in agreement with those reported by Jackson & Fitch (1981). 

D
ow

nloaded from
 https://academ

ic.oup.com
/gji/article-abstract/83/1/215/569649 by O

ld D
om

inion U
niversity user on 30 N

ovem
ber 2018



A .  A. Nowrooziand A. Mohajer-Ashjai 

+ I  D
ow

nloaded from
 https://academ

ic.oup.com
/gji/article-abstract/83/1/215/569649 by O

ld D
om

inion U
niversity user on 30 N

ovem
ber 2018



Tectonics of eastern irun 22 1 

The shallower aftershocks have a depth of about 2 km, thus it is not surprising that although the 
area was thoroughly searched for surface faulting, the causative fault was not found, but extensive 
mass wasting and areas with heavy rock falls were observed north of Bandar-e-Abbas. 

The strike lines of the folded series in the vicinity of the Khorgu epicentre are N6Oo-N70"E, the 
direction of the slip vector, N30"W, obtained from the fault plane solution is nearly perpendicular 
to the direction of fold axis. The thrusting mechanism of this event and the direction of the slip 
vector indicate the northward motion of the Arabian plate relative to the Iranian land mass. This 
event appears to have started the increase in seismic activity in eastern Iran where six destructive 
earthquakes occurred which are associated with extensive faulting around the Lut plate. 

The Zarand earthquake of 1977 December 19 

The Zarand earthquake, M,=5.8, occurred at 03:34:26 local time, about 70 km NW of Kerman 
on the Kuhbanan faults. Fig. 5 indicates major faults and prior seismicity of this region. The area 
between Kerman and Shahdad is very complicated structurally, as several faults meet in this 
locality. The background seismicity indicates that since 1900, the Kuhbanan, Lakar-Kuh, and 
Gowk faults have been seismically active. However, there are five events which are not readily 
associated with a particular fault; one event is north-west of Kerman, and four events are in the 
vicinity of the Rayen village. This area has a few subcrustal earthquakes as well. The event of 1979 
November 9 ,  had a depth of 119 km, when 86 stations were used for its relocation (Nowroozi 
1976). Jackson & McKenzie (1984) gave a focal depth of 106 km for this earthquake while Jackson 
(1980) reported a depth of 1 1 4 f 3 k m  for the same event. However, the majority of the 
earthquakes are indeed shallow as indicated by surface faulting following the Behabad 
earthquakes of 1933 November 28, and the focal depths of the aftershock series following the 
Zarad earthquake. 

Zohoorian et al. (1981) stated that this event killed over 500 people and injured more than 200. 
The damaged area is about 45x70 km. The maximum observed intensity of VIII occurred near 
and along the Kuhbanan fault. Fig. 6 gives the distribution of aftershocks, the isoseismal map, 
and the composite fault plane solutions for four segments of the Kuhbanan fault. The aftershock 
locations cover a triangular area on both sides of the fault, where intensity is about VI on the MM 
scale. The composite focal mechanism solutions indicate nearly a pure strike-slip motion. The 
nodal planes which are parallel to the trend of the Kuhbanan fault are taken as fault planes, thus 
the motions associated with the fault segments are right-lateral. The focal mechanism solutions of 
the main shock were deduced from teleseismic P-waves by Jackson & McKenzie (1984) and 
Berberian, Asudeh & Arshadi (1979). Their solution is in agreement with solutions presented in 
Fig. 6. 

Berberian et af. (1979) reported 19.5 km of fault break at the surface with a maximum of 0.2 m 
right-lateral strike-slip movement along an Early Quaternary fault following this event, while 
Ambraseys & Melville (1982) reported a fault break of 5 km and a right lateral displacement of 
S0cm following the Bahabad earthquake of 1933 November 28, M,=6 1/4 on the same fault. The 
sense of movement obtained from composite solutions, as well as the main shock, are in 
agreement with the field evidence. The focal depths of the aftershock series indicate that more 
than SO per cent of them are shallower than 16 km. The deepest aftershock had a depth of up to 
26 f7  km. 

The Tabas earthquake of 1978 September 16 

The Tabas earthquake, M,=7.7, is the largest shock which has yet occurred within the Iranian 
land mass. It is located on the western border of the Lut plate. More than 19000 persons were 
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killed and the entire city of Tabas was destroyed during the earthquake. Due to its size, this 
earthquake was studied by several different groups of workers, e.g. Mohajer-Ashjai & Nowroozi 
(1979). Nowroozi, Payman & Taghi-Zadeh (1980), Berberian (1979), Berberian (1982a) and 
Niazi & Kanamori (1981). Some disagreement exists about the extent of the faulting and 
displacement associated with this event (Berberian 1982b and Mohajer-Ashjai & Nowroozi 
19x3). Our field observation (Nowroozi et al. 1980) indicates that at least 75km of fresh 
discontinuous thrust surface faulting, together with several branches of secondary faulting and 
fractures, are associated with this earthquake while the maximum vertical displacement is about 
0.35 m. Berberian (19759, however. has reported 85 km of fault trace with a throw of 1.5 m and a 
slip of 3 m. 

Focal mechanical solutions from teleseismic P-waves were reported by Berberian (1979) and 
from surface waves by Niazi & Kanamori (1981). In  addition, Berberian (1982b) has given focal 
mechanism solutions for a number of aftershocks. The various mechanism solutions indicate a 
NW, SE-trending fault plane dipping towards the east. Our composite fault plane solution 
(Nowroozi et al. 1980) also indicates similar feature and is in agreement with field observations 
of shallow angle thrust fault (Fig. 10). 

The Kurizan earthquake of 1979 November 14 and the Koli earthquake of 1979 November 27 

These two destructive earthquakes occurred on the north-eastern edges of the Lut plate (Fig. 1) 
and produced extensive surface faulting which was mapped: a network of seismographic stations 
was set up for measurements of aftershock activities following the first event. Some preliminary 
results of field investigation were presented by Haghipour & Amidi (IYXO),  and Nowroozi & 
Mohajer-Ashjai (1980) and in a report published by the AEOI (Mohajar-Ashjai etal.  1981). The 
Kurizan earthquake. M,=6.6, produced a maximum intensity of VII on the MM scale in the 
vicinity of the village of Kurizan; as a result of this event about 200 people were killed and more 
than 50 were injured. The surface faulting following both earthquakes is given in Fig. 7. The 
Kurizan earthquake is associated with 17 km of fresh fault trace, a maximum dextral displacement 
of 0.9m. and a maximum vertical displacement of 0.6m (Fig. 11). From field investigation a 
macroseismic position, where maximum displacement was seen, can be adopted. This position is: 
lat.=33,87"N, long.=59.83"E. The fault break started south of the village of Kurizan and 
extended north to about 5 km east of the village of Amir Abad. Fig. 12 is a vertical view of the 
Kurizan fault in a valley about 5 km south of Kurizan where displacements were measured on the 
edges of river deposits and on the boundary of land parcels. It appears that this earthquake did 
not produce high ground acceleration, as the sun-dried brick adobe structures seen in Fig. 11, 
about 100m from the fault trace, maintained their integrity, and their roofs did not collapse. 

The Koli earthquake, M,=7.1, produced a maximum intensity of at least X near the village of 
Koli where the maximum left-lateral horizontal displacement of 2.55 m was observed (Fig. 13). 
The vertical displacement at this location is 1.90 m, however, the maximum vertical displacement 
of 3.90m was observed about I .5 km west of Koli along an auxiliary branch of this fault (Fig. 14). 
The mapped extent of the fault is given in Fig. 7. The length of its break is at least 65 km, and it 
strikes nearly E-W. The 'V' shape segment of the fault trace in Fig. 7 was produced entirely after 
the occurrence of the Koli earthquake. The westward extension of this fault was broken following 
the Dast-e-Bayaz earthquake of 1968 August 31 where a maximum horizontal displacement of 
5.10m was reported by Ambraseys & Melville (1982). The new fault breakage overlaps the one 
associated with the 1968 earthquakes by about 20 km and extends eastward to  the vicinity of Buni 
Aban (Fig. 8). The vertical and horizontal displacements along the fault break east of the village 
of Koli are given in Fig. 9. The vertical displacement appears to behave as a damped cosine 
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Tectonics of eastern Iran 223 

5 

Figure7. Earthquake faults following the Kurizan earthquakes of 1979 November 14, and the Koli carthquake of 
1979 November 27. The nearly N-S fault trace from south of Amir Abad is associated with the Kurizan event; the 
fault length is about 17km. Its sense of motion is right-lateral. The nearly E-W-trending fault trace from Sour to 
Buni Abad with several associated branches is associated with the Koli earthquake; the fault length is about 65 km. 
The sense of motion is left-lateral with a considerable component of complex vertical movements. 

3 C 2 0 '  1 Dasht-e-Bayaz Earthquake 
31 Auq 1968 A +  A 

Koli Earthquake- 

Kurizon Earthquake UR 

1-1 1L Nov 1979 

A A 

Oyen 
. - Eorthquoke Faul t  m A  
0 Mocr05e15mi~ Epicenter 
0 Tele~eismic  Epicenter 

d Seismic Stot,ons 
A A Scale 1 1.000.000 8 Vllloges 

5P20' 5 8"LO' 59'00' 59'20' 59'40' 6O"OO' 

Figure 8. The fault breaks associated with the Dasht-e-Bayaz earthquake, the Koli earthquakes and the Kurizan 
earthquake. together with the macroseismic and instrumental epicentres. The fault associated with the Koli 
earthquake starts about 20 km east of the most westward end of the fault break associated with the Dasht-e-Bayaz 
earthquakes. 
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Figure 9. The variation of vertical components, upper section and horizontal component, lower section, of ground 
displacement along the fault trace east of Koli. 

wave. Mostly, the northern block has gone up relative to  the southern block. About 50 km east of 
Koli, vertical and horizontal displacements have damped out and are negligible. 

The earthquake has produced extensive sand blows in dried river banks, where the water-table 
is relatively high and sands are fine and clay-free (Fig. 15). Extensive cracks and fissures 
accompanied by pressure ridges were observed in the vicinity of the fault breakage, thus 
indicating a continuous left lateral motion (Fig. 16). The striations on fault surface at Koli where 
maximum horizontal displacement was observed indicate that the southern block has moved 
down and eastward. The slip vector dips 40"-45" toward the east on a near vertical plane. 

Aftershocks of the Kurizan and the Koli earthquakes 

Four days after the occurrence of the Kurizan earthquake, a network of seven seismographic 
stations was deployed in the area. When the Koli earthquake occurred, this network was 
upgraded to 11 stations. Fig. 8 indicates the positions of various stations and the fault breakage. 
In about a month more than 2000 aftershocks were recorded. The locations of about 1000 events 
are given in Report 122 of the A E O I  (Mohajer-Ashjai et al. 1981). Locations of aftershocks 
following the Kurizan earthquake, top section, and locations of aftershocks following the Koli 
earthquake, middle section, and locations of the aftershocks following both events, bottom 
section,are presented in Fig. 19. The locations are distributed on both sides of the fault breakage. 
The teleseismic location of the Kurizan event is very close to the fault breakage following this 
event and lies nearly a t  the middle of the aftershock zone. 
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Figure 10. The nearly N-S-trending Quaternary Tabas thrust fault about 5km SE of Tabas; fault plane dips 
about 35" toward west. The surface fault trace leading to this locality had a maximum vertical displacement of about 
0.35111. 

Figure 11. A 0.9 m right-lateral displacement following the Kurizan earthquake. The displacement is measured from 
boundaries of land parcels. Note that the adobe building about 100 m from the fault trace which is nearly parallel to 
the wall did not collapse. This indicates that ground acceleration produced by this event is not very high. 

[facing page 224) 
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Figure 12. The N-S-trending Kurizan fault trace on the surface leads to a nearly E-W-trending valley about 15 km 
south of Kurizan village where a vertical cross-section of the fault can bk seen. The fault plane is dipping toward the 
west near the surface, but it becomes vertical then bends toward the east in a vertical distance of less than 10m. The 
fault plane is the contact between a conglomerate unit and volcanic rocks of probably Eocene age. 

Figure 13. Left-lateral displacement following the Koli earthquake about 0.25 km north of Koli. The displacement is 
between two men standing on the hanging wall. This is about 2.55 m, while the vertical displacement in this locality is 
about 1.8cm. 
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Figure 14. Maximum vertical displacement west of Koli where the displacement of 3.9m was seen. The fault trace 
starts from the lower right corner and extends eastward to the upper left corner. 

Figure 15. Sand blows near dried Rud-E-Shur. Many such features were seen in locations that had relatively high 
water-tables and well-sorted sands. 
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Figure 16. En echelon shear fracture about 20m from the fault trace near Chah-Zeghan indicating right-lateral 
displacement, the direction of the hammer is E-W. 

Figui 
movt 

re 17. Vertical ground displacement on the Gowk fault. The trend of fault trace is NW/SE, the eastern side has 
:d upward with respect to the western side about 0.1 m. 
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Figure 18. Twenty ccntimetres right-lateral displacerncnt on the Lakar-Kuh fault following the Chaharfarsang-Sirch 
earthquake. 
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Figure 19.Aftershocks following the Kurizan earthquakes, upper section; the Koli earthquakes. middle section; and 
both earthquakes, lower section. 
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Figure 20. Composite fault plane solutions for 10 groups of well-recorded aftershocks. Solutions 1 and 2 are related to 
the two groups associated with the Kurizan fault. They show a right-lateral motion. The remainingeight solutions are 
related to groups associated with the Koli fault. 
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Tectonics of eastern Iran 227 

The teleseimic location of the Koli event is about 10 km south of the village of Bar-e-Kah near 
the eastern end of the Koli fault. The macroseismic location where the maximum horizontal and 
vertical displacements were observed is given as lat. =34.02"N. long. =59.33"E. This position is 
about 32 km NW of the teleseismic locations. Focal depths of the aftershock sequences of  both 
events are shallow. Most of the events have focal depths of less than 6 km, and less than 1 per cent 
of the aftershocks have depths of up to  30 km. Concentration of the aftershock activities are near 
Buni-Abad where the N-S-trending, right-lateral Kurizan fault approaches the E-W-trending 
left-lateral Koli fault. This is an area where a concentration of stress is anticipated, because the 
rupture propagation of both faults terminated at this point, thus the aftershock activities are 
pronounced. 

Composite fault plane solutions of a number of well-determined aftershocks following the 
Kurizan earthquake are given in Fig. 20. The Kurizan fault is divided into two segments. The 
composite solutions for each segment are given in Fig. 21 next to each fault segments. Both 
solutions indicate a right-lateral motion as expected from the field observation. Jackson & 
McKenzie (1984) have given the teleseismic fault plane solution of the main shock. Their solution 
is in agreement with our composite solutions of the first segment where the fault plane is rather 
steep and its trend is nearly N-S. Field observation (Fig. 12), indicates that the fault plane dips 
west near the surface; however, in a vertical distance of about 5 m down, the fault plane changes 
to near vertical and then bends over towards the east. Variation of the dip angle with depth may 
be the cause of dispersion of the aftershock locations as indicated in Fig. 20. 

The Koli faults are broken into eight segments. The composite solutions for each segments are 
given individually in Fig. 20 and next to  the fault segments in Fig. 21. Segment number 3 has a 'V' 
shape. The right edge of the V appears to be a continuation of the Kurizan fault. and the left edge 
of the V is nearly perpendicular to the Koli fault trace. These segments were carefully checked in 
the field; both parts have occurred after the Koli earthquakes. The sense of motion for the V 
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Figure 21. Composite fault plane solutions corresponding to aftershocks associated with each fault scgnieni. 
Solutions 1 and 2 are related to the Kurizan fault and indicate right-lateral motion. Solution 2. S and 6 are related to 
branches of the Koli fault and indicate a normal component: solutions 8 and 10 indicate a thrust component; and 
solutions 4. 5.  7 and 9 indicate left-lateral motion. The Koli fault is a multiple event with very complex faulting. 
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228 A.  A .  NowrooziundA. Mohajer-Ashjui 

shape branches of this fault are both right-lateral and in agreement with the sense of motion of the 
Kurizan fault. However. a substantial amount of vertical motion was observed where the middle 
part of the 'V'-shaped block had moved down relative to  its right edge. The mechanism solution 
indicates a small right-lateral component of movement along the N-S-trending nodal plane, but 
predominant motion on this segment is normal faulting which is in agreement with field 
observation. We believe this segment. which appears as a continuation of the Kurizan fault. is 
activated by the occurrence of the Koli earthquake. 

Segment number 4 tends nearly E-W. The mechanism solution indicates a left-lateral motion 
as expected. The fault plane dips about 60" toward the north, segment numbers 4,s. 7 and 9 also 
show left-lateral motion along an E-W trending nodal plane. Segment number 6, near the village 
of Bar-e-Kah, has a substantial amount of normal component. At this area a small N-S trending 
fault was detected on the ground and the northern block has moved down relative to the southern 
block. Segment number 7 indicates almost a pure left-lateral strike-slip on a steep, nearly E-W 
nodal plane. Segments 8 and 10 indicate large components of thrust mechanism on an E-W 
trending nodal plane. These two segments of the Koli fault are extremely complex as indicated in 
Fig. 21. The fault segments are not rectilinear, but splay out into several branches, thus a simple 
left-lateral motion on the straight segment may change into thrust motions on the splays. Some of 
the aftershocks of the Dasht-e-Bayaz earthquakes of 1968 August 31 also indicated a thrust 
mechanism (Nowroozi 1972 and Jackson & McKenzie 1984). The focal mechanisms of the main 
shocks for both the Kurizan and Koli earthquakes are reported by Jackson & McKenzie (1984). 
Their solution for the Kurizan earthquakes is in agreement with our two composite solutions for 
segments 1 and 2 of the Kurizan fault, and their solution for the Koli earthquake is in agreement 
with our composite solutions on segment numbers 4, 7 and 9. The fault breakage appears, 
however, to be more complicated than a simple left-lateral fault. The Koli earthquake is 
definitely a multiple event with complex surface faulting pattern as is indicated by its ground 
displacements given in Fig. 9. Field observations indicate that the vertical component of ground 
displacement along the western 55 km of the fault trace appears to have the form of damped 
oscillations, while the horizontal component dies out along the fault trace. 

The Golbaf earthquake of 1981 June 11 and the Chaharfarsang-Sirch earthquake of 1981 July 28 

These two destructive earthquakes occurred less than two months apart in the south-western edge 
of the Lut plate. Both earthquakes are on previously recognized faults; however, ground 
displacements were not of substantial magnitudes as is usually expected for the earthquakes in 
eastern Iran. Some preliminary results following these events were discussed by Mohajer-Ashjai 
& Nowroozi (1984), Zohoorian, Kabiri & Ghamsari (1985) and Adeli (1982), while Berberian et 
al. (1984) discussed results from their teleseismic and field data. 

The Golbaf earthquake, M,=6.8, occurred at 10:56 local time about 80 km S E  of Kerman. It 
killed nearly 1100 persons and more than 4000 were injured. The maximum intensity was about 
VII on the MM scale and covers an area of more than 80 square km. This event occurred in the 
previously recognized Gowk fault which is Quaternary in age, and it cuts through recent alluvium 
in the Golbaf Valley (Fig. 22), where 16 km of discontinuous surface fracture was mapped. The 
maximum vertical displacement was about 10 cm SE of Golbaf and east of Tirgan (Fig. 17). In this 
locality the fault trends N 25" W ,  and the eastern side has moved up relative to the western side. 
The movement is associated with a small right-lateral component; however, due to local slumping 
and rock falls, no accurate horizontal displacement was measureable. The movements on the 
Gowk fault have probably been the cause of earthquakes in 1946, 1948, 1969 and 1975 as well. 
The Gowk fault extends southwards to 29.4"N latitude and disappears in recent alluvium 
deposits. 
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Tectonics of eastern Irrin 229 

I 
Figure 22. Earthquakc fault following the Golhaf earthquake: scvcral branches of the Gowk fault were moved aftcr 
this cvcnt. 

The Chaharfarsang-Sirch earthquake, M,=7.1, occurred 47 days later. Its epicentre is about 
30 km north of the Golbaf epicentre. Many people lost their homes: however, as they had moved 
into tents following the first earthquake, only about 400 people were killed after this event. The 
maximum intensity was about VII on the MM scale. The earthquake was associated with over 
65 km of discontinuous surface faulting. fracture and severe mass wasting, and landslides. The 
fault trace associated with this earthquake is the northward continuation of the Gowk fault where 
a series of discontinuous branches and fractures was observed and mapped. At least two NNE 
branches were seen from Fandogha to the north of Sirch. These branches have the trend of the 
Gowk fault and the field observations indicate that the eastern block has moved up relative to the 
western block. Several small N-S branches which have a trend similar to the trend of the Nayband 
fault were also detected. Careful examination of these branches indicates that north of 
Chaharfarsang the trend of faulting has changed from nearly N-S to NW/SW and movement has 
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occurred on the previously recognized Lakar-Kuh fault. Again, the eastern block has moved 
upwards with respect to  the western block. In the vicinity of Chaharfarsang several faults meet. 
These faults are Bam, Nayband, Lakar-Kuh, and Gowk. But the Chaharfarsang-Sirch 
earthquake is associated only with movement along the northern portion of the Gowk fault and 
the south-eastern end of the Lakar-Kuh fault where about 20 cm of horizontal right-lateral 
displacement was detected (Fig. 18). The vertical motion on this fault is about 15 cm. 

The observations can be interpreted as reverse faulting with a small component of right-lateral 
motion. Distribution of the aftershock locations following the Golbaf earthquake is given in Fig. 
23. The main fractures of the fault are well covered by the aftershocks although there are unusual 
number of events NE of the observed main fractures. 

Zohoorian et al. (1085) have made an attempt to determine the fault mechanism from 
composite fault plane solutions. Based on their interpretation, various groups of aftershocks 
indicate mainly normal faulting with small components of right-lateral motion. An examination 
of their solutions indicate that there are many abnormal readings which may be due to 
complicated fault behaviour in this region as discussed by Berberian er al. (1984). Jackson & 
McKenzie (1984) gave fault plane solution for the main shock; assuming their N172"E nodal plane 
as the fault plane, the solution indicates thrust faulting with a right-lateral component of motion; 
the fault plane dips 40" toward the west. This is in agreement with the distribution of the 
aftershock location which indicates a NW/SE trend and its dispersion around the observed 
fractures. The focal depths of the events are shallow, and the majority of them have a depth of less 
than 15 km. 

The distribution of aftershock locations following the Chaharfarsang-Sirch earthquake is given 
in Fig. 24. The aftershock zone is mainly west of the observed fractures with a concentration near 
the village of Chaharfarsang where the Lakar-Kuh, Nayband, Gowk and Barn faults meet; focal 
depths for these aftershocks also are mostly less than 15 km. Again. attempts to find composite 
fault plane solutions for various groups of earthquakes failed because of many inconsistencies due 
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Figure 24. Aftershock locations following the Chaharfarsang-Sirch earthquake. The epicentre of the main shock 
given by USCGS is given by open hexagonals. 

to the multiple nature of the fracture pattern as discussed by Berberian et al. (1984). Jackson & 
McKenzie (1984) and Dziewonski & Woodhouse (1981) reported the source mechanism for the 
main shock. Both solutions indicate thrust faulting with a small component of horizontal motion. 
The trends of both nodal planes given by Jackson & McKenzie are similar to the trend of the 
Lakar-Kuh fault. In addition, the majority of the aftershocks are SW of the observed motion on 
this fault; thus, we interpet the N127"E nodal plane of Jackson & McKenzie as the fault plane 
which dips 52" toward the SW. This interpretation would indicate a small component of 
right-lateral motion and is in agreement with the field observation of 0.2m right-lateral 
displacement on the Lakar-Kuh fault, north of Chaharfarsang (Fig. 18). 

Deformation of the Lut plate boundaries 

As was indicated before, except for the Khorgu earthquake which occurred in the Fars folded 
series of Zagros, the remaining six events occurred on the greater deformational boundaries of 
the Lut plate. The detailed geology of this region is not available. The result of a reconnaissance 
survey is discussed by Stocklin (1968). A more recent map of this region is published by Huber 
(1977). The major faults, volcanoes, and structural trends of south-eastern Iran, including the 
Lut, is proposed on Fig. 25, and the seismicity of all Iran up to 1982 is given in Fig. 26. The 
boundaries of Lut are relatively broad and not well established in the southern and northern 
portions. However, on the eastern and western regions there is more agreement among 
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232 A .  A .  Nowroozi and A .  Mohajer-Ashjai 

Figure 25. Proposed deformational boundary of the Lut plate. 

numerous authors, and the boundaries are narrower. According to Stocklin (1968), the Lut block 
is irregular in shape, essentially N-S-trending, rigid mass, smoothly surrounded by the ranges of 
central and eastern Iran. The N-S trends in the Tabas block and the eastern Iranian ranges as well 
as the arcuate shape of the Dorouneh fault to the north of it are probably enforced by the shape 
and rigidity of the Lut block. Gansser (1969) asserted that the Lut block is a leftover of a once 
widely propagating median mass of Iran. The Lut itself is mostly covered by sand dunes on the 
east, wind-eroded loesses on the west, and flat lying Palaeogene volcanoes on the north. 
Seismicity within the oval shape which is the new'proposed Lut plate is minor (Fig. 26). Most of 
the major earthquakes, as were discussed before, occur on a broad zone surrounding this median 
plate. Stocklin (1968) reported an extensive sub-horizontal Mesozoic sedimentary cover in the 
Tabas block on the western boundary of Lut, the largest earthquakes inside Iran, M=7.7, 

Figure 26. Seismicity of Iran from 1900 to 1982. The data bases are from Nowroozi (1971,1976), Nabavi (1977), ISS, 
PDE, and locations reported by the Atomic Energy Organization of Iran (AEOI) and the Institute of Geophysics of 
Tehran University. The faults are taken from Huber (1977), Berberian (1976), and Stocklin & Nabavi (1972). Note 
the effect of the Zagros thrust fault on the seismic pattern. South-west of the thrust seismicity is sheet-like and more 
continuous, maximum magnitude is about 7.1. There is no observed faulting associated with an earthquake in the SW 
seismic zone. North-west of the thrust seismicity is more sporadic, and the maximum magnitude is about 7.7. In east 
Iran, often earthquakes are associated with well-observed surface faulting 
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occurred not too far from these sedimentary units. H e  also reported relatively undeformed 
sedimentary units in isolated places in the central Lut near 31"N, 57"E. Gansser (1969) defined 
the boundary of the Lut block by the Nayband fault on the west, the Dorouneh fault on the north, 
and a series of complicated faults and steep thrust on the east. Nowroozi (1972) used plate 
tectonic concepts and, influenced by the extensive displacement and faulting following the 
Dasht-e-Bayaz earthquake of 1968, assumed the causative Ferdows or  Dasht-e-Bayaz fault as the 
northern boundary of the Lut plate. The same fault broke about 65 km eastward during the Koli 
earthquake of 1979, the total length of this fault now is about 145 km. Mohajer-Ashjai, Behzadi & 
Berberian (1975) used satellite imagery of eastern Iran and evaluated the recent tectonics of the 
Lut block. They discovered several units of arcuate structures, lineaments, and volcanic cones 
within the northern part of it; thus, they argued against its rigidity as proposed by Stocklin (1968). 
Jackson & McKenzie (1984) interpreted the entire eastern part of Iran, including the Lut block as 
a zone of deformation. Fig. 25 gives a new interpetation of the boundary of the Lut plate. The 
immediate inner boundary of Lut is clearly indicated by the seismogenic Bam and Nayband faults 
on the west, and the west Neh-Kahurak faults on the east. The width of these zones where 
deformations take place varies from a few tens to over 100 km as indicated on Fig. 25. O n  the west 
side most of the deformation takes place between the Kuhbanan and Nayband fault N E  of 
Kerman and the Gowk and the Bam fault SE of Kerman. The Kuhbanan fault is active up to  about 
32"N, 56"E where the Kalmard fault starts, the latter has not shown signs of recent or historic 
seismicity as indicated in Fig. 26. Thus the north-western boundary of this deformation zone and 
its connection to  the deformation zone near Tabas is questionable as indicated in the figure. The 
eastern deformation zone extends from the west Neh-Kahurak fault to  the Zahedan fault. 
Stocklin (1974) extends this fault northward into the Turan platform. The width of this zone is 
composed of flych-type deposits and patches of coloured melanges. The northern deformation 
zone of the Lut is of extensive extent where most volcanic cones and arcuate structures occur 
(Mohajer-Ashjai et al. 1975). As most seismic activity is at present associated with the 
Dasht-e-Bayaz-Koli fault which has been broken following the 1968 and 1979 earthquakes (Fig. 
26), we interpret this fault as the northern boundary of the deformation zone, although part of 
Doruneh may also be another candidate. The southern extension of the Lut merges into a series 
of volcanic rocks and several recent to subrecent volcanic cones. Relocated epicentres indicate a 
few subcrustal earthquakes within this deformational zone south of the Lut plate. Jackson & 
McKenzie (1984) adopted depths of the 1969 November 7 and 1968 August 2 earthquakes as 74 
and 62 km respectively. The relocated depths, however, are 41 km for the 1969 event and 74 km 
for the 1958 event (Nowroozi et ul. 1977). The southern extension of the deformational zone 
includes an E-W-trending ophiolite zone along the southern limit of the Jazmurian depression 
which is marked by the south Jazrnurian fault. However, Makran units have gone through 
considerable crustal shortening as displayed by progressivly younger and less deformed 
sedimentary units southward (Farhoudi & Karig 1977). The E-W-trending Makran ranges are 
composed of Palaeogene flysch type sedimentary units and patches of coloured melanges. The 
Makran ranges are delineated on the west by the N-S-trending seismically active Minab fault. 
This active fault connects the Zagros thrust to  the Sea of Oman thrust fault which is 
E-W-trending and occurs about 150 km south of the Makran coast (Stoneley 1974). Therefore, 
the Minah fault is a transform fault which connects two concave type thrusts (Wilson 1965). The 
convergence characteristic along the Arabian-Iranian plate boundary (see Nowroozi 1972 and 
Jackson & McKenzie 1984) changes severely eastward of the Minab Transform fault. To the west 
lies the collision and subduction of the continental crust of the Arabian plate against central Iran 
and t o  the east lies subduction of the oceanic crust under the Makran ranges. Thus, crustal 
shortening and thickening occurs in the sedimentary units of Zagros which is supported by many 
thrust-type focal mechanism solutions reported for the earthquakes in the Zagros region 
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OCEAN ACCRETIONARY OUTER FORE ARC VOLCANIC BACK ARC 

CONTINENTAL 
LITHOSPHERE 

1. Sea of Oman 4. Jazmurian Depression 

2. Makran Coastal Ranges 5. Bazman-Taftan Volcanoes 

3. Bashekerd Mountains 6. Deformation Boundary of Lut Plate 
- 

Figure 27. A hypothctical N-S cross-section across castern Iran from the Makran coastal ranges to the southern 
limits ot the Lut plate. The six characteristics sequence of geological features discussed by Burchfiel (1983) are 
identified for this activc convergent plate boundary. 

(Nowroozi 1972, McKenzie 1972 and Jackson & McKenzie 1984). The crustal consumption under 
the Makran ranges is supported by the E-W-trending uplifts along the coast, the recent to  
subrecent volcanic cones of the Bazman Taftan series, and a few subcrustal earthquakes 
(Nowroozi 1976 and Jackson & McKenzie 1984). Furthermore, many focal mechanism solutions 
for earthquakes in the Makran region show thrust motion along a nearly E-W-trending nodal 
plane, thus indicating subduction of the Arabian Sea under the Iranian coast ranges of Makran. 
Therefore, the Makran sedimentary unit may be another outer belt of deformational zone 
surrounding the southern boundary of the Lut plate. 

An active arc and convergent plate boundary appears to exist from the Makran coast of Iran to 
the southern boundary of the Lut plate where the oceanic crust of the Arabian Sea and the Sea of 
Oman underthrust eastern Iran. This type of oceanic-continental collision is often marked by a 
characteristic sequence of geological features as recently discussed by Burchfiel (1983). The 
sequence consists of six units. These six distinct geological features are recognized in Fig. 27. 
From south to  north the units are: The Sea of Oman followed by the E-W-trending Makran 
coastal ranges which are composed of flysch-type sediments and patches of coloured melanges 
and ophiolite suites. The entire coastal ranges act as an accretionary sedimentary wedge. This is 
followed by the outer arc high or Bashekerd mountain chains. The Jazmurian depression forms 
the forearc basins where alluvium deposits are accumulated at present. Then starts the active 
andesitic Taftan-Bazman chain of volcanoes. The backarc region is the southern deformational 
boundary of the Lut plate where active faulting is in progress a t  present. 
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