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ABSTRACT INTRODUCTION

The East Alborz mountains of NE Iran are actively deforming as a result of

Arabia-Eurasia collision. We examine the style of deformation across the i h Topographic map of Iran. Red dots Summary seismotectonic location & & . . . .

range using remote and field observations of fault-related geomorphology, 1 show earthquake locations (1962- . — : map for the East Alborz. Red boxes 1985 | © o 88 T2 \ We Comhbl?e remo(;ce an? field c??hservba;.’ucr)]ns(,j o(g’::r:g

historical and recent seismicity and published GPS velocities. Shortening . ) 2004). Yellow box shows the East X show regions of active faulting, as Mw 6.2 geomorphology and geology, with published Gl
P Y velocities and seismicity, to identify major active

discussed in Sections 2-4.

occurs on the Khazaar fault, which bounds the range to the north. Between 53- Alborz mountains (see Fig. I2).

57°E, shortening decreases from ~2 to 0.5 mm/yr, resulting in lower :
elevations. Deformation south of the range occurs on the predominantly left-
lateral Shahrud fault system, which may slip at ~3 mm/yr, and comprises
several range-bounding fault segments. A bend in the Astaneh fault segment,
north of Damghan, has formed a pull-apart basin, giving ~30 km total left-
lateral motion. Alarge earthquake in 856 AD, which killed over 200,000 people,

®* I[ran is actively deforming as a result of the i
collision of Arabia with Eurasia (see Fig. I1). 3857| .
The Alborz mountains of North Iran play a
major role in accommodating this motion.

ﬂﬁ 89@\— ________ — 100 km A faults in the East Alborz mountains.
3g- /— % * Despite minimal recent seismicity, we show the
that faults bounding the East Alborz to the south

are part of a major zone of left-lateral deformation,
known as the Shahrud fault system (Fig. 12).

probably ruptured this fault. Due to the long gap in seismicity along the eastern 30° 1 é)b

Shahrud fault system, the city of Jajarm (15,000 pop.) is considered at high * Previous studies have investigated 1998 | o |n Sections 2, 3 and 4, we give geomorphological
risk from future earthquakes. Between 25-35 km left-lateral motion has deformation in the Central and West Alborz. Mw 5.6 evidence for active left lateral motion on different
ocqurred on the_ Shahrud fault system, which, based on present—dqy slip-rate However, no studies have examined active 25| fault segments, which make up the 300 km-long
estimates (derived from GPS) would have taken ~10 Ma. This roughly faulting in the East Alborz (yellow box in Fig. [ 2 Shahrud fault system (see Fig. I2 for locations).
coincides with a pulse in Alborz exhumation at 12 Ma (Guest, et al., 2006) and I1,and Fig. I2). 45° 50° 55°

possibly the start of uplift in the Kopeh Dagh (Hollingsworth, et al., 2006).

DAMGHAN SHAHRUD JAJARM

Fault trace

\ * The North Shahrud fault segment overlaps the * Fig. J1 (below) shows a 30 km left-lateral offset

| | _ | ive Vi | Field photo of off |
2 Left-lateral stream offsets 4 Fault striations - slip vector 045° Left-lateral stream offsets ' Astaneh fault north of Shahrud. limestone ridge, between Shahrud and Jajarm. B?G?tigstgf;t't\gil\i’r'lzwétfggs’nv'sng leld photo of offset drainage
Deflected
y / / J + An earthquake in 1890 may have ruptured this fault. J1 =L S dramage
Offset Jurassic

* Examples limestone ridge > S /!

of recent S P f

left lateral / / (4 R

motion are

given in D3, D3 D4 D5 <:I % E:> . / 7

Js

DandBo. - Aeaut race 7 A A A ™ 0m = J3 - headed Abandonec
A drainage drainage
D1 * Fig. D2 (below) shows a series of north- N ‘
% O draining rivers which have been deflected left- Coftlateral offset 1 — Satellite image of the North Jajarm fault, with drainage 4
é) _ laterally, against the local drainage direction. cT-ateral Ofset 1opography _ * No major historical
045 Left-lateral offset streams and geology Fault bend uplift earthquakes are known from
O D2 Pull-apart basin § g / the Shahrud fault system north
S2 * Fig. S1 (above) Iis a Left-lateral stream offsets % of Jajarm.
% Dry valley Active river satellite view of the North v
| Shahrud fault segment, / * However, the clear
% which has left-laterally geomorphological expression
displaced geology and > of the North Jajarm fault
/ geomorphology. % iIndicates it is a major active
Astaneh pull-apart basin J5 O left-lateral strike slip fault.
* The region of Damghan (Fig. D1) was destroyed by a large earthquake in ﬁ / Ewitshlrpr::ﬁ;r 3;?5;??;2:2;3) v / el J2
. oTET
896AD, killing over 200,000 p.eople. d{f‘e'Qf}‘Sr? are seen in Quaternary * Fig. J2 (above) is a satellite view of the North Jajarm fault segment, which has left-laterally
* The Astaneh fault segment lies ~15 km north of Damghan. Movement on Left-lateral stream offsets| glluvial fan deposits and Ve displaced a number of streams andrivers (e.g. Figs. J3, J4 and J5).
this fault has formed a ~30 km left-lateral pull-apart basin. Smaller 8-10 m drainage systems (Fig. S2). Vo

Left-lateral river offsets * Abend in the fault has caused uplift of Quaternary river deposits south of the fault.

stream offsets along this fault may date from 856 AD earthquake.

DISCUSSION CONCLUSIONS

. . L. . . : o i ion in the East . . .
| *The active tectonics of the East Alborz mountains is characterised by predominantly left-lateral & . 6.4 mmly(!r') & R ! A A Qs:lzveisdegoarngzre] dm c;(nteo ;Se C3 StJmmary teCt?nIC map of I\OIE Iran, baseod on the reSlets of this Stljdy and chllmgsworth, oet al., 2006.
5 strike slip (~30 km total) to the south, on the range-bounding Shahrud fault system, and thrusting C2 v P 9 o D 3g- 0 6 Khazaar thrust (~2 mm/yr) and 50 52 54 56 58 60 62 64
) tothe north, on the Khazaar fault (as shown by recent seismicity, see Jackson, et al., 2003). w SOUTH CASPIAN \ ) Shahrud left-lateral (~3 mm/yr) fault : . . . | . | .| . |
a8 52° 54° 56° 58° 60° 62° 64° Hiah | | systems, north and south of the range '100 ) Kinematics date from
| } | | | | | | | | | | g 'Sg- respectively (see Fig. C3 for summary map). : m
South Caspian . 00 k' 36:| ~2500 m 38 - 1 0_1 2 Ma

Basin

®* Along gap in seismicity on the eastern end

of the Shahrud fault system puts Jajarm at
high risk from future earthquakes.

10 myr | ‘ > P— /065° ALBORZ] T— /0700

| ¥ N-vel > @ . |
° Stabl
C1 "': o Central Iran R KASH | ° 'E rasia

* Published GPS velocities for Iran (Vernant, et al., 2004) show an eastwards decrease In 8.8 mml/yr 7.6 mml/yr

®* Total slip on the Shahrud fault system

(~30 km) is in agreement with estimates for
the Mosha fault of the Central Alborz (Allen, et
al., 2003), and extrusion of the West Kopeh
Dagh (Hollingsworth, etal., 2006).
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northward velocity of Central Iran (south of the Alborz), relative to Eurasia (see Fig. C1). . . | i

. _ o o East Alborz deformation Partitioned fault slip-rates East Alborz deformation Partitioned fault slip-rates Shahrud fault system may date from ~10 Ma. selsmlc aseismic
* Near ~54°E, comparison of GPS velocities north and south of the Alborz indicate ~3-4 mm/yr This coincides with a pulse in exhumation of . .
NE-SW mOtIOn_ Is_partitioned onto the Khazaar (~2 mm/yr) and Shahrud (~3 mm/yr) fault East Alborz (Cl Astaneh fault East Alborz the Alborz at 12 Ma (Guest, et al., 2000). *OSL-derived shortening estimates from (S)abzevar (Fattahi, et al., 2006), and (N)eyshabur (in prep.)
systems (see Fig. C2). 3.4 mmly,/i 3.0 mmlyr g 25 mmlyr‘/;' North Jajarm fault

2.5 mm/yr _[Ci
. . SCB
* As the northward velocity of Central Iran decreases eastward, so too does the shortenin % < SCB ~ ACKNOWLEDGEMENTS SELECTED REFERENCES
. . " . 3 $ ([@)) CA
component accommodated across the Alborz. Assuming a linear decrease in northward velocity 2\ |3 & > 3 2.5 mmlyr
between SEMN and KASH, ShO.rtenin.g accommOdated In the EaSt.AIbOrZ, north OfJajarm, IS low % g Khazaar fault 33 % Khazaar fault? gcp This work was only possible with the generous support of the Geological Survey of Gue::w,dBc;Z)fw;’;,rgl.i,nléi‘r:étz:s%g;]s:;hnezrae?g(h{)‘,j53,5295926.. Deformation in the West-Central Alborz northern Iran: style, magnitude, distribution
(~O5 mm/yr), although Strlke—Sllp motion remains ~3 mm/yr (See F|gC1 and C2) < 1.7 mmlyr SCB Z 04 mmlyr Iran. In particu|ar, M. Talebian, M. Ghassemi, J. Taheri, H. Nazari, A. Bahroudi, and Hollingsworth, J., Jackson, J., Walker, R., Gheitanchi, M., & Bolourchi, M., 2006. Strike-slip faulting, rotation, and along strike
- . . ful t d rtin the field elongation i_n the Kopeh Dagh mountains,I\_lEIran,Geophysi_caI Journglinternational, 166, 1_161—11_77 _
EUR EUR M. Qorashl prowded useiu comr_nen S_an Syppo Inthetield. . Jackls:)n,J; Prl?itL%y,zlﬁZAéfg,M.,&Berberlan,M.,2002.Act|vetecton|csoftheSouth Caspian Basin, Geophysical Journal
nternational, 148, 214-245.
) The eastward decrease in Shortening on the Khazaar fault reSUItS in the Iower elevatiOnS (by We a.ISO thank Dan McKenZ|e, Keith PrleStleY’ Bob Engdahl’ ErlclBergrr_lan, Vernant, P., Nilforoushan, F., Hatzfeld, D., Abbassi, M., Vigny, C., Masson, F., Nankali, H., Martinod, J., Ashtiani, A., Bayer, R., Tavakoli,
Kerry S|eha Barry Parsons, AIeX Copley, and B”an Emmerson fOI’ dlSCUSSIOﬂS F., & Chery, J., 2004. Present-day crustal deformation and plate kinematics in the Middle East constrained by GPS measurements

~1 OOO m) Of the EaStAIborZ mou ntalns between 56_57°E (See Flg C2) which greaﬂy improved this Study_ in Iran and northern Oman, Geophysical Journal International, 157(1), 381-398.
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