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Many thanks to Dr. Ambroseys and Dr. Tchelenko
for their reports on earthquakes which have been
occured in Iran in the last two years of 1969 and
1970, These reports have been gatherd by Hr. R.
Arian and are added as appendix III in this paper.
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Time

Pate for the month of Decs not completed

No. Date (auT) | Epiconter H(o «  Depth
H M 8 1 X

84y 1 Aug. 1970 11 W 39 372.5 N 55.6 B 4,9 33 USA
85  20hug. 1970 15 29 52 203 N 5.6 E ka4 33 usa
8. 30Aug. 1970 16 17 31 3724 N 56,0 E 5.1 33 UsA
87, 3 Septs1970 22 3B 09 4.0 N 53.6 E Ab 36 USA
88, BSepts1970 12 45 07 286 K 58,9 E 48 21  usA
B9s 3 0ct, 1970 02, 47 B3 - 34,1 N 473 E LS 24 USA
90, 3 Oct. 1‘970 06 57 o2 36 N 504 B ko 68 USA
91, 7 Oct, 1970‘ 02 20 37 27.8 N 56,5 ﬁ 5.0 43 m
92, 180ct, 1970 06 10 39 273 N 550 E 4B 30 UsA
§3. 20 Oct.1970 0 3% 19 27.6 N 56,72 E 4,9 LA usa.
94, 27 Oct 1970 20 11 05 26,5 N 55,3 B b4 16 USA
95 9 Nov, 1970 17 WM k2 29.5 N 56,9 E 5.5 106 © USA
9.  12Mov. 1§76 i3 10 . 06 3.3 F 572 E hé 63 UsA
97, 21 !'lov.‘;9?0 8 35 59 4.0 N 4.3 E 51 68 USA
98, 29 Nov.i9?0 17 37 6 39.6 K 5h6 E by 53 USA

12 Decs1970 1M1 16 13 32:2 N S5 B - bS5 46 USA

26 Dec.1570 19 52‘ o4 27.8 N .57.9 he8 7.4 IJSA

J S SRR
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1%

52

Time * uth
Noo Dale ' (GcT) Epicenter Moo
| M S X
30, 3 Nov. 1969, 21 53 16 26.70 N 53,70 E 5,0 8 USA
3. bMNov. 1969 20 17 W WOSON  50.30E 5.0 29 USA
32, k. Nov.1969 21 | 05 57 ‘Jho.éé N  50.20E - N Usa
B3.  5Nov. 1969 19 02 18 26,50 N 53.60E - N UsA
34, 6 Nov, 1969 o4 36 o1 26.30 N 53470 E 5;.0 N USA
35, 7 Nov. 1969 13 18 L1 26,70 N 53.30 E L,6 N USA
36. 7 Nov.'19%69 15 16 - Ok 2660 N S53,70E 5.0 N USA
37, 7 Nov. 1969 16 30 | 39 | 26;60 N '53,30 E 5.0 N ﬁSAV
38, ? Nov; 196§ _13 33-‘ 60 t 27,90 N 59,10 E 6.1 35 UsA
39, 8MNov. 1969 00 38 48 26,70 N ;3.70 E - N USA
K. 11 Mov.1969 00 30 35 340N 5500 E 5.0 N UsA
1, | 15_\Non?969’;. 23 58 2 7 26.80 N 53,50'1: ho k2 UsA
k2. 23Nov.i%69 11 Ko ks 38,30 N 55.50 E 49 38 USA
k3. 2k Novo1%69 15 | W 23 ‘;55'.@0,:4 55,30 E b8 49 USA
Wi, 25 Nov.1969 09 16 _. 0_7 ) 38;30 N 55.508 4.8 N USA
5. . 28 Nov,1969 '§1 20 28 ;5;20 N U5,20E L,7 16 USA
6. 1Dec. 1969 13 Ob B4 2650 N 53.50 E b7 14 USA
Y7, 2 Dec. 1969 2 2_ 46 16 330N  S8.60E 5.4 N usA
R L | YEAR 1970

48, 3 Jan. 1970 13 20 Ok -32.6 N 48,70 E b 33 USA
¥9. 3 Jan, 1970 6 35 48 32,60 N 48.8CE 5.0 32 UsA
50, 73881970 . 8 25 36 hou20N 500 E b 4o UsA
51, 9 Jan. 1970"‘ 09 23 05 38.50 N  S5,40E 4.8 23 UsA
2, 19 Jem.1970 17 19 | 26 6,90 N U8B0 E b 27 USA
53, 19 Jam.1970 19 31 59 25,50 N §130E bk N USA
Sk, 20 Jw?o T 00 13703070 N 51,40 E 49 25 UsA

55, 2p oo 05 36,80 ° S4,9OE 5.4 35 usA



D=

Koo Date . ?&3;; Epicenter M vepeh

N , H_ W 8 | K )
56, 22 Feb.1970 10 45 19 32.50N 48,60 E = N USA
57. 23 Feb.1970 M1 22 26 27.80 N 54,50 E 5.5 20 USA
53, 25 Feb.1970 15 07 51 37,40 N 55.70E 5.0 36 USA
59, 28 Feb.1970 | 19 58 48 27.8 N S6.%0FE 5.5 35 USA
60. 1 Mar, '|976 20 2 34.00 N S58,90E 5.2 39 USA
61. 6Mar. 1970 19 4 07 28,20N S7.50E k7 69 UsA
62,  1Mar, 1970 22 © 06 3k 28‘.40 N 5?.50 E k7 67 USA
63. 1k Mar,1970 01 51 & 38.60N MW E 5.3 23 usA
6k, 15 Mar,1970 15 10 39 32,20 N 49.40 - 65 USA
65, 17 Mar,1970 23 19 k2 33.90N 59, 70E 5.0 19 USA
66. 21 Mar,t970 13 23 W 27.80N Sh.60E 46 42 msA
67. 1hpr.1970 , 23 54 06  2B.OON 56,70 E 54 62 Y
65, 3Ar.1970 20 55 55 0K ShEE 5.2 A3 USA
69, b Apr, 1970 "T10 58 09 3':»;.00 N S9.4L0E 4,8 8 USA
7. i6Apr. 1970 01 26 52 380N  WB.6OE k9 78 usA
7t M Msy.1970 03 12 20  2B.50N 52.30F 5. 22 USA
72 .18 May,1970 06 55 26  27.60N 52,90 E 47 40 usA _
73. 7 June1970 17 48 34 33.00N 49,00 E b7 50 UsA
Zh. 16 Jwet®0 7 25 02 29.60N  S1.30E b3 38 UsA
75. 2?.June1970 07 57 55 35620 N 50470 & oo 14 UsA
726, 30 June1979 i 35 32  .3.M0N S53,70E 4.0 12 USA
27, 41 J0ulyis?0 22 W 16 3.60N L900E 5.4 65 USA
7. 120uylgl 01 16 09 040N 51.0E 6.0 - USA
. 2 Juiwgm 10 39 b 29.30/N", 52,20 E hs 20 USA
8, 30dulytgr0 00 52 20 37.80N 55,90 5.7 19 UsA
8:e 30 Julyt970 02 02 2 37.60 N 55.80 ﬁ k8 10 UsA
B2, 30 July1970 02 35 12 '37.56 N S5.80E 1:.9 N USA
3. 30 Julylogp0 13 26 09 350N - S5.80E . - A
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Time

A SLDIX TIT

MO, Date (seT) Epicentos . ertw
H | 8 KM
1, 10 Jan.1969 23 6 37 32,50 N .70 E h.sb 62 USA
2. 26 Jap,1969 02 25 56 36,80 N 54,50 E 4,8 48 UsA
Be 5 Feb.1969 20 23 5 38.10 N 4,5 N UsA
R 7 Feb.1969 0% 03 06 32,60 N ka7 51 USA.
5. 8 Feb.1969 23 23 35 29.90 ¥ 5.1 52 USA
6. 43 Feb.1969 M 11 26 25,00 N 62,90 E 5.2 N USA
7 b Kar.1969 7 33 9 20,0 N 57.80B 4.3 59 USA
8. 12 Mar.1969 19 43 3% 2B,30N 4.5 16 UsA
9. 9 Apr.1969 o1 Ok k9 37.00N SLS0E - 45 UsA
10. 1hApr.1969 13 13 22 27.80 K 54,720 E 5,0 4b USA
1.  294pr.1959 oh ¥ W 29.60 X 51,50 E 5.6 36 US4
12. 12 May.1969 22 22 b5 35,.50N 52,50 E - 29 UsA
13. 12 May.1969 19 09 09 27.80 N 4.9 50 UsA
14, 14 Kay.1969 00 4k 3h 39,30 N 45,00 E L,5 36 USA
15. 1 June 1969 12 3% 30 260N 60.60E k7 50 USh
46, & June 1969 % 21 35 25.60 8 €1.10E 4,7 N USA
17."  21June 1969 16 35 08 27,40 N 5.3 65 USA
18.  28June 1969 22 32 16 32,30 N 4,9 N USA
19, 1 July 1969 06 00 55  2B.20N 4,8 95 USA
20,  20July 1969 2 37 30 28.20 N .o 57 USA
21. dAug. 1969 23 22 35  3BW30ON 5,9 66 UsA
22, 23Aug. 1969 19 16 18 33.90 N 5.1 32 USA
23, 1 5ept.1969 23 16 10 . 30.9 W h,9 28 USA
2k, 2 Bept.1969 13 0 0 0,20 57.70E 5.3 20 USA
25. 3 ept.1963 23 39 O3 h30H 48 N s
26.  29Bept.1969 15 25 29 0 36.70N  S5.10EF 5. 32 vS:
27.  70ct. 1969 1 39 29  36.60H b kb s
28, 20 Oct.196% %6 27 25 32,10 N &7 52 ue




113

107

114

1M
104
108

103
110

115
100
116

~106~
IF (Xx) 107,107,108
EMI=0,5%R41
BM2=111
DO 104 K=1,NY

' YY=YCOR(1)-Y

IF(ABS{YY).LE, 0,005) GO 70 114
IF(YY) 110,114,111
Bi1=0,5*BM1
BZ=B11
Ri2=1i240.5
Bi4=Ri- 1 -BM2-EM3
GO TO 140

¥=Y+DY

- LeL+NX

CONTINUE
X=X+DX

L=1+1

CONTINUE
E(L)=E(L)+B1
L1=141

L2=I+NX
L3=14NX+1
B(L1)=E(L1)+RH2
E(L2)=E(12)+R
E{L3)=E(1.3)+E04
CONTINUE =~
CONTINUE
CONTINUE
NE=NX*NY
Y¥=YINT



w107

H=1
=MNK
DO 5 f=1,NY
WRITE (6,6)Y
WRITE (6,4) (E(J),J=M,K)
© 6 FORMAT {1HO,2HY=F6,2)
& FORMAT (110,5E13.4)
Y=Y+DY
M=K+1.
R=K+NX
5 CONTTNUE
RETURN
=D



w104~

SEXECUTE IRJOB
- B51IBJOB FIOCS
- BIBFTIC MAIN '

OCMKON YCOR{ 1500) ,XCOR(1500) , ZMAG( 1500 ,NFOD{1500) ,N{1500) , NADAYA
THIS TROGRAM 1S 70 GALCULATE THE RELEASED ENERGY OF EARTHQUAKES
WHICH OCCURRED IN IRAN BETVEEN YEAR 1900 TO YEAR 1969 '
CALL INPUT

8TOP

ERD

R T e Py Te————



-105-
SIBFIC DECKI
SUBROUTINE INFUT
DIHZSICH E(1300), SOURCE (&)
COMOK YCOR (1500), XCOR(1500), ZHAG(1500), NFOD (1500), N(1500), HDATA
XSCALE = 1700 |
YSCALE = 1.725
READ (5.3) XINT',XFIN,DX,YINT,YFIN,DY
3 FORFAT {6F10,2)
READ (5,2) KADATA
® FOREAT (16)
DO 100 1=1,NDATA .
READ (5,1) N (1), N.DAY,MON,NYEAR,NHOUR,YCOR (1), XCOR (1),ZMAG (1),
INFOD (1) ,SOURCE,NSAFE '
1 YORMAT (15,14,A4,15,17,2F6.2,F4.1.15,446,12)
IF (NSAFE ,EQ. 9) GO TO 116 |
IF (4G (1) .LT. 1.0) GO TO 415
102 Z= 12.24+1.44*Z8AG (1)
Bi= 10,0 **Z
BN I=EM
£2=0,0
B3=0,0
B44=0,0
I=1
X= XINT + DX
Y~ YINT + DY
KXz {XFIN-XINT)/DX+0.1
NY=(YFIN-YINT)/DY40.1
DO 103 J=1,NX
XX=XCOR (1)-X :
IF (ABS(XX).LE. 0,005) GO TO 113
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1

areas between Rudjeurd and Semnan, Amol-and I{émad_an. Khoi and Ker-
manshah, Hamadan and Golpaigan might be the scence of a future cat-

agtrophic earthquake.

Since apecific prediciion of the time and magnitude of futuze earth-
quakea is zt the present time tmpalisible, the past seismic history of
a region is of great impsriance ta the designer, and areas with a well
documentad ge’emic higtory could be a test pite for-prediction of future

earthquaker,
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'CONCLUSION

A rc‘wiew of ;hn earthqu:@c_e history of Iran shows that this country
is i.n a s:eism.ic region. Most of the seismic a.ctivity or}‘ginated along
the pre existing faults, or branches of these faults. Tl;e main seismic
activity in Iran during 'the last sixty-nine ye?rs v;vas along two bands,
one in thé north, and ancther ixf the southwest, The h.igh casualty rate

and damage is due,to the weak constfuction, poor workmanship and absence
of building regulation, Dangerous spots should be avoided for the site
of impcrtant constructions, It is better to build on firm ground although

close to a potential fault than some distance away from it on poor ground.

The numerous earthquakes which occurred in Iran during the last sixty-

nine years thould bring up the following three impoxrtant factors.

1) Cumulative effects of a sequence of shocks on any type of con-

‘, struction,

2} Necessity for proper code and regulations, nof only for the design,

but also for proper repair and strengthening of damaged structures.
3) Through study of the overall stability of a site:~ -

These are some of the imporiant {actors that should be. considered in
the design and canstruction of structures which are necessaxy to resist

éai‘i:hqﬁéke&.
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f the assumption of a ypiform stored enexgy is valid, the expectancy
of an earthquake occuring in the future between those areas where the
gradient of energy released is maximum is more than in other areas,
An earlief paper on Seismicity of Iran indicates that these areas that.
are now quiescent have been active in the past. The adopted {Fig. 10)
from reference No. 1l shows the active areas of the past-- The héa\?cy
shaded ayeas shown in (Fig. 10} are regions over which the eﬂ'qc‘tp of
earthquakes should have been felt most strongly. The following quo-

tation from. the same reference iz very appropriate at/this time,

"The recent earthquake of 1962 at Buyin south of Qazvin shows

a revival of activity after a pexiod of xrest of nearly 300 years.
This event belongs to the same zone of eeismic activity which,
according to historical data and to the tectonics of the region,
passes a few Kilometers north of Tehran, a modern city about half
a century old which so far experienced no earthqu#ke damage of
any consequence. The nearby old city of Rey has been destroyed

many times; the last time was 800 years ago',

It is possibie that these areas that aze quiescent now and have

been active in the past will be active again In the future, especially
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running along the Zagros fault, from Khoi through Kermanshah and Shiraz.

to Bandax-Abbas. There have been Boms earthquakes avound Kerman and
Bam along Kul;banqn and Naibadon faalts. For a clear picture of the first
band, a reference to (Fig. 9) shows a bigger scale of the area which has
been adopte«i {rom reierence No. B. The explanation of figures are as

follow.

(1) Regions devastated by earthquakes between 850 AD and 1872,

(2), (4), (6) {8) Microseismic epicenters of intensity group I, I3,
IV, and V recpectively. (9) Microseizmic epicenter of unknown intensity
group. (3), (5). (7)., (10) Maczoeeismic epicentexs of inteneity group
I, l'I.T.,_ IVand V Teepectively; small Iines point to corresponding micro-
sciemic epicenters. (11} Fault-plan: solution data. (12) Fault breaks
from field eveidence. (13) Major regional faalt trends. (14) Towns.
(15) Villagee, eettiements. {16) Maximal ;zoseismals for the period
1933-1963, (17} Unit enexgy values in ergs 1016 per year per 100 sq. kme.
Inten :les in (MM).

To aesociate the energy releazed map of ran (Fig. 5) with these maps

it ie clear that In some reylons the enc1gy that has been releared ¢ maximum,

|
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are impossible to predict, the above formula wiil merely give wie recurrence

interval of number of earthquake of specified magnitude in+ = :ov handred

equare kilometers.
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DISCUSSION Pl

Earthquake frequency study based on the data covering the o= few
centuries has failed to reveal any significant information, and could be
mislnading.. ' The purpose of this report is not to holp in the prodiciing
of future earthquakes, but rather to show where past earthquakes hiave
caused damage and may cause in the future, It seems that &L:ifu::n aCtivity
in Iran originates along the pre-existing faults or branches ¢f ihcee faulls,

To study the collected duta and frequency distribution curv e ¢, %) indicates
that most of these earthquakes fall on the class d 5. 9:,; M:\ or, and somne
shocks of class ¢ and b also cccur. The largést shock recordea after 1900
is in order of magnitude ¢f 7.5, All the earthqudk(zé aft=n e o sy present

are shallow earthquakes with a focal depth of between 20-40 Kilometers,

A reference to the map of cpicenters (Fig. 3} and tectosic saep of Iran
(Fig.4), shows that most of these earthquakes in a period of sixly-nine years
occurred in two main bands, the first band running along the Shahrud fault
in the southern part of the Elburz mountains, from Mashad through Shirvan,
Budjnurd, Shahrud, Damghan, Tehran and Buyin-Zahra t¢ Harude-. There
have been some earthquakes along the same band along the Dorunch {ault which

by-passes Torbut-Hydari. The second band is in the south~west of iran
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where N= number of earthquakes in sixty ninc years, and A and B are

constants. and M is magnitude,

dor M= 5,0 N=280 log N:= 2,447
M= 6.0 N=60 log N= 1.778
therefore A= ..0.67 and B =5 79

then the equation becomes:
log N = 5.79 .. 0. 67M

for a period of sixly-none years,

J
Assuming that Nl= 1\/69 where N, is number of carthquakes for one

year

lop Nyj= log N - log 69

log N;= 3.95 - 0. 67M

g 6
The above equation governs a total area of 2} 9X 10" kilometers square,

for every hundred square kilometers we have:
log ng 100= -3~ 0.67M

where Nl 100 is a probablc number of earthquakes of magnitude M or greate:

for cne year in 2very hundred square kilometers,

Since precive conditnns to which all the future pProjects are subjecied
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the potentiia} energy stored in the material is converted to mechanical work
n an ecarthquake, such as movement of the crustal block, or crushing of
materjal aldng.thc fault zone, and partly is dissipated in heat, Energy -

of an carthquake which is radiated in the form of elastic waves, is related.

to the magnftude of earthquake by the following formula;

(Bath 1958) : log E=12.24 +1.44 M

in which E is the energy in (ergs) and M is the magnitude in {MM)]) scale.

In these energy distribution maps (Figé 5, 6, 7), the cumulative energyx
-elease for every 2, 500 squave kilometers of area has been calculated and
qual energy xim.:s have becn plotted (all the ﬂgures have the coefficient of
07" ergs). The'pattern shows the energy released in Iran durir‘xg a period
1 69 years. To rclate this map with the tectonic‘ map of Iran, it is posaibl%%

¢ conclude the probable region of fufure carthquakes.

« FREQUENCY DISTR!BUT!ON LOGARITHM OF NUMBER OF EARTH-
QUAKES VERSUS MAGN:TUDE (log N - M)

.

From collection of data a curve of magnitude against aumber of earth-

sakes {or eixty-nine years has beep constructed {Fig. 8).

The governing equation for the curve of Figure 8 is;

log N= AM +B
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99, 000 square miles, Several new famet scarps were formed and a naxyrow
%ne extending east-west for over 60 miles was disrupted by fault movements.
j-.'.‘;N.’ear the fault zone, the shock was felt with an intensity IX (MM} to VILI |
'i:(near Rudok only 1X), and caused damage to 324 villages with a total population

oI 199, 500. It killed 12,225 and injured 2,776 persons. -

31 August 1968

Dasht Biaz Earthqugke: On August 31, 1968, an earthquake with a
magnitude of 7, 3 occurred at the east central part of Iran in Khorasan
. province. The earthquake happened in a rather irolated and thinly
' 'popﬁlated arca, and the focal depth was less than ‘15 kilometers. The shock
was associated with at least 80 km of east-west faulting. Maximum relative
displacement of 4. 5 m lateral and 1, 2 m vertical were measured on single
ruptures, but the cumulativg strike-slip movemens across the fault zone,

which in places is 300 m wide, was much larger,

The shock destroyed about 12, 000 houses and killed more than 16, 000 people
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CHAPTER :7:

APPLICATION.

The collected data has beeh‘uscd fo cohstruct a epiccntler map ior
Sran {l’i_g. 3, and also a df%’ributinn map cf enevgy (Figs. 5,6,7) and a
fre'qu.e;'ncy d‘s'ribvt{;on loga~ithm of number of earthquai:e versus magnitude
{Fig. §) The main purpose of these mpas is to show the time dependenze of
past earthqguakes and the pattern of their occurrence in the past. The enexgy
release map has becn plotted on three separate sheets for the periods of
19001969 (¥ig. 5). 1900 3950 (Fig. 6) and (Fig. 7} for the peviod 1950-1969 .
M the assumptonef a un!‘orm storced evergy is valid, the expectancy of an
earsthquake c<curing in the future betweesn thosz areas where the giadient of

energy ~eleased is maximum is more than in other azeas.

T associate energy flux map with map of ecpicenters and tecton!c of

Iran. it is pyssidble to surpect the location of future eartbquakes.

Riaiy £

1. DiSTR/BUT.ON OF SESM.C ENERGY (N iRAN

An eavhiguake is caused by a evdder reiease of the strain caergy storved
in the crusta’. After an earthquake at the surface almost all'the stored

- ene-gy is releasad; 1n dzcper shocks only part of it is released, Part of
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3 Qctober 1948

A vei?y strong ea;rthquake demolished five villages near Daregas, and
352 persons were killed and 540 injured. The earthquake was felt in
Meshhad, Shirvan, Bgjourd, Quchan and Miehebur:

5 October 1948

A strong earthquake of magnitude 7. 2 completely destroyed the City
of Ashkabad (USSR) and:idhe demags csteniiel dn Sex.

12 February 1953

A destructive ea'.rthquake demolished Torud and its meighbourhood,

causing an enormous death toll, About 9000 people were killed and 54

jnjured, 500 houses ke smis

31 October 1956

‘A destructive earthquake of magnitude 6. 4 occurred ip Lar near Bosto

. and some 225 persons were killed and more than 3, 000 were injured.

Z July 1957

A strong earthguake of magnitude 7.4 occurred in Masandaran. In Bal
amd its vicinity over 1, 000 people ;were killed and maﬁy villages were

&eatroyed.
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A destructive caxthquake of ‘nagnitude of 7.0 shook western part of
Iran and caused grcat damage to Farsinaz, Kangavar and many other villages.

Some 1, 500 pcople were killed and 20, 000 became homeless.

16 Aupgust 1952

An earthquake demolished many villages and caused great loss of life
and property in Nakavand and nearby villages. Over 100 villages were

completely ruined and some 200 persons killed.

24 April 1960

A destructive earthquake of magnitude 5.9 demolished the city of Lar,

All the buildings were complelely ruined and some 1, 500 persons killed.

11 June 1961

An earthquake with magnitude 6.9 occurred in Lar, causing some damage t

the old city and 60 people were killed.

1 September 1962

Buyin~Zahra Earthqualue. On september 1, 1962, at about 19 h, 20 m.-(G\&"I
north-west of lran was shaken by a strong earthqaake of magnitude 7, 1 The

shock was felt with an intensity greater than IIJ (MM) over an area of a‘boii_t
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the field right after the earthquake. The épicenters that can be -
assessed using macroseismic data are sometimes quite different from
thoge foynd instrun;entally. Assigning intensity to a particulay area |
is 2 .aalter of personal Judgement. Two isoreismal maps drawn by two
pecple are not the same. The accur;cy of the map and Information in
.dependent on the experience and judgement of the person assigning in-
.tgnnity to a particular area. Macroselemic information exists for only

few earthquakes in Iran. A ehort description of some important exrth.

quakes in Iran is given belwo,

23 Janqar_y 1909

A strong éarthquake with magnitude 7. 4 occurred in Lourestan with
probable epi-c-enter between Brojerd and Eafahan, After shocks continued
for several days, Damage extended from Brojerd towards Esfahan for
36 Km. Lavan was completely destroyed, A total of 128 villages were

damaged, and more than 1, 700 men killed, not including the women and

¢hildren.

1 May 1929
An earthquake with magnitude of 7, | occurred in the province of

. Khorasan with damage from Bandargaz to Kalat: The towns of Shirvan
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and Bnjourd were severely damaged and in Ashkabad i, 000 people were
killed, A cleft 3 yards wide was opened between the towns Khaki and Bagham,
This cleft extended to a distance of 18 miles, 'Casualties amounted to

3,253 killed, 1,121 injurcd, 88 villages destroyed and 6, 542 cattle killed,

& May 1930

An earthquake with magnitude 7.0 occurred in the Azarbaizan and Salmas

area and all the houses, mosques and bazaars were destroyed.

An carthquake of magnitude 6.7 occurred south-east of Sari. 27 villages

were destroyed and nearly 400 people killed.

11 May 1945

In Firuzkoh a severe ecarthquake occurred, and in Garmsar nearly every-
thing was demolished. Altogether some 2, 000 houses were ruined and 20 per-

sons were killed and 80 wounded,

23 September 1947

A destructivé earthquake demolished some villages near Ghain and cauvsed
a large dcath toll and great damage, In Dulat Abad, 170 were killed and 58
injured, and in Sarayan, Gharmeh and Hesarian some 12 persons were kzllcd

and 43 persons were injured
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registered. Whenever there is macrosecismic information avail-

able this is indicated in Appendix I by the letter PRS (PRESS),

1.  SQURCES OF INFORMATION

(standardised at Imperial College).

S I

5 © @

B

The source of information used in this report are as follows

Source
m.

Wil: Willson

Gr: Gutenberg and Richter
ERD; Erdbebetiwarte
KAR: Karnik

S5TH: Stahl

Hec: Heck

Ru: Rustanovic

CP: USSR station bulleting

- CCR: Atlas USSR earthquake

ISS: International Seismology
Summary,

~ PUL: Pulkovo

Period covered

1902, 1908, 1917-20
1903 1909-11, 1923-47
1905

1908-67

1909, 1917, 1922-60

1909

1912, 1917, 1923-50, 1962
1912-57

1912-13, 1917, 1923-62

1913, 1917-56

1917



12,

131
4.
15,

16.
17.
18.

19-

20,
Zl,
22.
23,
24,
25,
26,
21.
28,
29,
30.

ERG: Ergin

KS: Ksara
m.z P'e.rbnaci

USA: United States, Coast and
Geodetic Survey.

Gut; Gutenberg
OMO: Omori

REC: Revue pour l'etude des
Galamites.

BCl: Bureau Central Interna
- tional de Seismologic

MoS: Moskva
Que: Quetta

SHI: Shillong
SIiR: Shiraz
SRK: Shirokova
HAG: Hagiwara
FS; Fisher

Teh; Tehran
AFS; Afshar

Z4: Fizika Zemli

25: Fisika Zemli

VI

' 19'24, 1927,:.1'932, 1940-41, 1946-62

1925
1927, 1931, 1938

1931, 1933-40; 1949, 1953-69

1934
1935
1946-65

1952-64

1953-64
1956-63
1956-62
1957-64
1957
1958
1960

 1961-63
1962

1964
1965
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'CHAPTER IT

" ANALYSIS OF DATA

The data gathered for th‘s report has been uséd to construct a map
‘of epicenter for Iran (an 3). 'I'hu map is based axclus;,vely on in-
strumental data which is avaulable at the Engmeenng Seismology Section
of Imiperial College. Data has also been gathered from different sources
such as 18S, BCIS, USGGS, USSR stations, as well as from other sources.
For each earthquake the date, time, coordinate of the epicentre, magnitude,
focal depth and sources of information have been recorded on IBM Cards, a
print out of which is shown in Appendix I. ‘Epicenters have I;een genexally
recorded to the nearest hundredth of degree latitude and longitude but this
does not reflect a corresponding accuracy. The origin time is given in .
GMT in hours, minutes and seconds. There are many earthéuakes for
which different epicenters are given by different seismic networks. The
epicenter used in this map has been designated by a serial number, while
alternxtivepicenters are recorded by the same serial number but with an
additional letter such as A, B, ‘C, etc., showin‘g" the quality of the deter-
minants, The mngnimde used is the average of the f#?ﬁ&?miﬁf’ available
for the senie svent, :ﬁere is a discrepancy in focal depth determination
 hedtween mtioml. and thar.oﬁﬁ;;g. all the a*}anab-la focal depths have bem '



V-l‘criticail-y. .Existing data l‘lf‘a.s been influenced by past and peresent culture,
In tertain regions where there is a number of good stations nearby and ef-
Ieciive. news media, minor shocks can be recorded, whereas this is not

- the case in a desert area. Availability of iﬁ{ormation depends on population,
density of sta‘ticns and newspapers; a reg:on that has these factors haa

adequate mformatmn coverage.

4. DISTRIBUTION OF SEISMiC ACTIVITY AND CORRELATION BETWEEN
ACTIVITY AND TECTONICS FOR_THE PERIOD 1900-1969.

A glance at the location of epicentres on the map {Fig. 3) shows that
most of the activity for the period of 1903- 1969 is spread through northern
and western parts of iran. There are two main distinct bands, one .atarting
from the north-east and extending towards the north-west along the Elburz
mountain and the Caspian Sea coasts, The second band starts from the north-
west and extends towards the western and southern parts of Iran along the
Zagros range. These two bands of seismic activity align with pre-existing
faults, or with branches of these faults. Due to the fact that the qorthern
epicentres are very close to numerous U. S, S, R, seiémic stations and the
western epicentres are close to European stations, and als® because both
~ these areas of concentrated activity are densely populated, we have a good

co!lection of information. The rest of the countr*y, eswltlly the central
parts of Iran, being spareely populated and isolated from the redt ol the

- country by Kavir, we don't have adquate information for it.
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4} Quaternary alluvial.dépbsit.
5) Itncous xocks of diffexent periods.
6) Pre-Devonian Palezoic sehists and marbles,

7) is of compression caléulated from fault-plane solutions.

All the material related to geology of Iran has been adopted from
references Nos. 9,10, 28, 34 and 68.

2. COMPILATION &F INI'ORMATION

The collection of information of damage is not very accurate, since
the populatio:;:' in Iran is not uniformly distributed. The exiéting in_form-
ation up to the 1900 is mostly based on historical data and due to sparse
population in some regions it is impossible to collect uniform information.

There is some information to be found between the years 1900 to 1930

through newspapers and recording stations that existed at that time, From ;

1930 to the present, the improvement of technology, the increase in the
number of sc{umic stations and the advancement of newspaper and news

media results in more reliable and uniform information.

3. ASSESSMENT OF HOMOGENEITY OF DATA

The available information is not ho.inogenona and it must be considered

- o



emi of Palaazoic time is aubyectcd to a diﬂerent npheava!
3, Geaanticlmal zone - of the begmmag of Alpme cycle which m '
: Paiucene uuderwent a general upheaval in the north it tuﬁﬂ‘eﬁ L
: relatwe subsidence - | | R
¢ 4 Geoantaclma.l Lone of the begmning of Alpme cycle, Siﬁéii o
'Palocanc undergoes a sl;ght dlﬂ'erentaal sagging (for centrai Iran)
4 Geoamzclmal zone of hrst half cycle. Second half undergoes
depre-ssmn In Palocene sharp s_aggmg. .In _Niocene-Quarter§§ry, :
dcp.r-essic.m éﬁd upheavals (North of Elbu.rz. and Caspiaﬁ Sea Coasts),
5. T-el.ct.c.n.lilc thrust computed from fault plane.
a= epiéentre
b- Dip of fault plane in degree
c- Compression
d- Dip of compression in degree

e- Strike of fault plane

A reference to (Fig. 2) shows the geology of_diﬂ_grﬁt quio_:_:g:.. The
explanatiop of {iguree are as foliows: | | -
1). Devonian and Pre- Triaésic rocics

Z) Cretacecus and Jurrassic hmeatone.

3} Mio-Pliocene conglomerated sandstone,






: ‘t'.

| heavy ra&and snow, and not being repaireci propérly in the MI ﬂ
are now anedmgly weak. Distribution of the damage in diﬁcrcnt
localitiehﬁt due to facts such as proxumty to the epicentro. ”
conatru&h and workmanship and the absence of building w
’I‘here are many factors involved in designing in earthquake smplaws;
the design of all important sturctures should, therefore, include

earthquake forces.

Since specific prediction of the time and magnitude of future
earthquakes is at the present time impossible, the past seismic

l:nlstory of Iran is of great importance to the designer.

1. LOCATION AND GENERAL GEOLOGY OF IRAN

Iran comprises the region between 25%.40° 1atitude (N) and -
43°. 62° longitude (E}. To the north is the Caspian Sea and U, 5. S. R, ,
" to the east is Afghanistan and Pakistan, to the south is the Gulf of: ‘Oman

a;ld Persian Gulf, and to the west is Saudi Arabia, Iraq and Tarkey.

In the north are the Elburz mountains and in the south-webt is the
ragros range, at the cenire is the depression of Dacht-Kavi».‘ﬂ h the

west is Dasht-Lut. The Alpide belt that passes through Asia becowes
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- vider in Iran. _ 'I'he country cam be di\rind geologacally into three -
part?, the Elbdrz mountaina which run. east-west d:rech,on in the
north, the Zag:os range in the south west a.nd the Mobil zone which
is an intensely folded mountain cmtry at the centre. Most of Iraa,
hincludxng central Irau. ‘went tlr.rough all types of a fully developed
Alpina-typa orogency and tectnniza.tmn durmg Mesozoxc and Tartiary
time in spite of the prevaxlmg character in preorogemc t;me. A
typical geosynclinal development is recognized in the zagroc range
and east Iranian ranges. ln centra.l Iran geosynclinal depoainon
took place in late Mesozoic time. A reference to (Fig. 1) will show

the following characteristics: | .

1. Geoanticlinal zone of the first half of the Alpine cycl?in upper
Jurassic and lower Jurassic upheavals are born. . The growth of a
general upheaval took place in the "seedaﬂ half of lh'é-.cytle. In lower
Cretaceous upheaval begint and an interrupuon in the Iolded accumu-
| lation ‘which ceases with the Semoman trancgressmn. "At the end of
‘Cretaccous, the Elbury mountains emarge ‘and later on depont- |

accumulated only on the periphery af the upheaval.

2 Geﬁanticlim;l Mnst hﬁwt e beginnt: of the: iﬁlﬁhﬁ cycle. At

the end of Cretacaouc this sone is mvolvd in iutanu ugging Frm the




INTRODUGTION

There is very little printed material on the seismicity éf'h"im.
and the seismic history of the region is -+ very well known. The
population in Iran is not spread ur;iformly thoughout the country and
for some regions it is difficult to collect information about past
earthquakes. There is very little published information to suggest
that any known earthquake prior to 1900 was as large as any of the
shocks recorded after 1900. From the period of 1900.to the present,

however, we have more information, but this is scattered in the literature.

The purpose of this report is to collect the available seisamic inform-
ation for the period after 1900 and to construct for the whole country a
map of instrumental epicenters. Also, to associate fhe generalised
tectonic map.of Iran with this map and to identify critical areas where
earthquakes have caused great damage and may c.a\.me in the future again.
Earthquake history, however, does not always suffice to describe the
seismic potential of a region, but it may indicate regions which are of

low seismic periodicity, and for which seismo-tectonic studies may prove

them to be of laten activity. .



. CHAPTER I

 STATEMENTS OF THE PROBLEM

A strong earthquake always _'1eaves behind many collapsed buildiﬁgs
and causes belated structural da'n.mge. This damage may not show up
immediately. but it weakens the Strncture and a future earthquake
may cause additional damage or collapse. Poor construction in a
seismic area can be fatal, In ma:ny cases structures withstood the
first shock but became progressively damaged by the eartﬁquékes that
followed, The cumulative effect .f these earthquakes is considerable

and difficult to repair.

Iran is a coun'try. which is frequently effected by earthquakes, and
certain regions in the country are shaken more often than others, This
can be shown to be true by gathering'of data from past earthquakes., The
houses in the rnrachommunities in Iran are built close together in clusters,
as this was the traditional pattern of village development which is best

suited to the communities during uneasy years, With very few except:ons, _

all the housen in vallagea in Iran are one storey adobe brick or mud dome C

wnh & mud wall and very heavy roo.f constructmns. Most haasea are very

old and have suffered considerable damage inthe past throug_h ;_i_earthqnaku,_ S
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