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The Astaneh Fault is classically described as the source of the most
destructive seismic event in the history in Northeastern Iran, the 856 CE
Qumis earthquake with an estimated magnitude between 7.4 and 7.9. In this
article, based on the results obtained from paleoseismological researches
from trenches AT1, AT2, AT3, AT4 and ATS along the Astaneh Fault, we
will determine the magnitude of past earthquakes and their aftershocks. The
paleoseismological study along the fault in the two argillic sagpond of Playa
and Graben structures provides evidence of 5 to 8 earthquakes in the past,
which were determined by using the luminescence and radiocarbon age
dating. The youngest seismic rupture was observed in the AT5 trench in the
period of 700 + 20 years BP and 1370 + 140 years IRSL age, which can be
consistent with the historical rupture of the Qumes earthquake. Analysis and
measurement of morphological analysis along the fault zone estimates the
equivalent displacement of 3.9+0.3 meters for the penultimate earthquake.
The surface rupture indicates a moment magnitude between 7.3 and 7.5,
comparable to the magnitude estimated for the historical 856 Qumis event.
The distribution of past events over time shows a quasi-periodic seismic
pattern with a mean return period of 1800 £ 230 years.
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1. Introduction

Iran is one of the most earthquake-prone continental regions in the world, due to the
convergence of the Arabian and Eurasian plates at a rate of about 25 mm per year,
(Nilforoushan et al., 2003; Vernant et al., 2004a; Masson et al., 2007), (Figure 1). The Astaneh
left-lateral strike slip Fault, with a length of more than 80 km, is classically described as the
source of the most destructive seismic event in the history in North-Eastern Iran, the 856 Qumis
earthquake with an estimated magnitude between 7.4 and 7.9, (Figures 2 and 3).

The only contemporary evidence about the Qumis earthquake (Qomes, Ghomes in arabic;
the current city of Damghan) that occurred on the 2nd day of 235 AH (December 22nd, 856
AD) is mentioned by Tahman Al-Bayhaqi, (856 CE) (after Berberian, 2014) is: all the houses
were destroyed, many people were killed nearly 47 years after the earthquake, Ibn Roste
Esfahani 281-282 CE (903AD), (after Berberian, 2014) from the area he visited and wrote that,
from the city of Kumesh towards the village of Hadadeh (near present-day Deh Molla), the
houses and caravanserais that were destroyed by the earthquake are still visible. Ambraseys and
Melville (1982), Hollingsworth et al., (2010) and Mousavi et al., (2013) determined a magnified
magnitude of M~7.9 for this earthquake with 200,000 casualties for the Qumis earthquake.
There is no doubt that the report of such a high number of killings could be due to a mistake or
the accumulation of casualties caused by several nearby earthquakes in recent years.

In this article, based on the results obtained from paleoseismological research from trenches
ATI1, AT2, AT3, AT4 and ATS5 along the Astaneh Fault, (Figures 5 and 6) we will determine
the magnitude of past earthquakes and their return period. The paleoseismological study along
the fault in the two argillic sagpond of Playa and Graben structures provides evidence of 5 to 8
earthquakes in the past, which were determined by using the luminescence and radiocarbon age
dating, (Tables 1 and 2). The youngest seismic rupture was observed in the ATS5 trench in the
period of 700 + 20 years BP and 1370 + 140 years IRSL age, which can be consistent with the
historical rupture of the Qumis earthquake, (Figures 16 and 21).

Analysis and measurement of morphological analysis along the fault zone estimates the
equivalent displacement of 3.9+0.3 meters for the penultimate earthquake. The surface rupture
indicates a moment magnitude between 7.3 and 7.5, comparable to the magnitude estimated for
the historical 856 Qumis event. The distribution of past events over time shows a quasi-periodic
seismic pattern with a mean return period of 1800 + 230 years. From the catalogue of seismic

history, it is known that periods of activity alternate with periods of silence along the fault or a
group of fault segments (Grant and Sieh, 1994, Rubin and Sieh, 1997; Nicol et al., 2009).
Paleoseismological evidence along strike-slip faults shows that faults may move at a faster rate
in terms of kinematics over short time periods (500 years) than over long time periods (about 50
to 100,000 years), indicating the occurrence of cluster earthquakes, (Marco et al., 1996; Weldon
et al., 2004; Daeron et al., 2007; Nicol et al., 2009). To explain this instability of fault activity
(c. al. al., 2004; Dolan et al., 2007), since long-term slip rate analysis may not detect changes in
the seismic activity, it is important to study the timing and distribution of single-fault events
along active faults.

This article combines and compares the results obtained from paleoseismological studies on
5 trenches AT1, AT2, AT3, AT4, AT5 (part of the data and results obtained from trenches AT3
and AT4 have already been presented, Shokri et al. , 2009 & Hollingsworth et al., 2010) that
attempting to present a model of the event Earthquakes caused by the repeated movement of the
Astaneh fault system in central Alborz (northern Iran) as the source of the devastating Qumis
earthquake of magnitude M >7.4 in 856 AD in the eastern part of the Alborz Highlands
(Ambraseys and Melville, 1982; Berberian and Yeats, 1999). Here, in addition to the
geomorphological studies (telemetry, satellite imagery and ground surveys) necessary for the
selection of the site of the paleoseismological trenches in the two structures of graben and playa,
respectively west and east of the trace of fault, calculation and measurement of rick angle and
slip rate of Astaneh fault system was carried out using digitization of 1:50,000 scale topographic
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maps, large-scale three-dimensional mapping by kinematic GPS, field observations, and optical
luminescence and radiocarbon dating. Based on this, the average value of the left tilt angle on
the Astaneh fault plane along the Cheshme Ali - Astaneh valley is about 5 degrees (Figure 4)
and the slip rate of the faulting is estimated at about 2 mm per year. More information
previously in Hollingsworth et al., 2010; discussed in Rizza et al., 2011. The importance and
application of the fault cutting angle in the transfer of displacements measured in the vertical
section of the wall of paleoseismological trenches towards the fault plane and the application of
geometric corrections according to the kinematic mechanism of the fault on the vertical
displacements visible for each paleoseismic event in paleoseismological trench logging data
(Figures 8, 10, 13, 15 and 16), according to the method presented in Nazari 2006. For the use of
similar cases in the measurement geometric displacements on the fault plane, you can refer to:
Nazari et al., 2009, Nazari et al., 2014, and Nazari et al., 2021.

The history of past earthquakes in connection with the movements of the Astaneh fault
confirm that the fault is most likely the source of the historic Qumis earthquake in 856 CE,
which has devastated the area of Damghan today with a lot of killing. The occurrence of six
earthquakes in the last 12 thousand years with a regular return period of 1600 to 2100 years
indicates a seismic cycle along the Astaneh fault in a quasi-periodic model. The morphological
data of both playa and graben sites can be compared with a predictive sliding model. For the
historic Qumis earthquake, the seismic displacement is estimated to be 3.9 &+ 0.3 meters, and for
the previous 2 events, similar displacements (between 2.7 and 4.9 meters) are estimated. The
morphotectonic and paleoseismological analysis along the Astaneh fault allows us to estimate
the moment magnitude (Mw) of the last three earthquakes using the empirical relationship of
Wells and Coppersmith, 1994 for strike-slip faults with Taking the average displacement of 0.3
+ 3.9 meters for the Qumis earthquake, we estimate between 7.53 and 7.59. These estimated
magnitudes are consistent with previous estimated magnitudes of 7.4 to 7.9 for the historical
Qumis event (Ambraseys and Melville, 1982; Berberian and Yeats, 1999). In trench ATS5, for
three older observed events, with equivalent ruptures between 2.7 and 4.9 meters, moment
magnitude Mw of 7.43 provided up to 7/63 (Wells and Coppersmith, 1994). These results
indicate the magnitude of the moment Mw of the past earthquakes resulting from the movement
of the Astaneh fault in the range between 7.4 and 7.6. Although, it seems that the Astaneh Fault
today it is in its period of seismic quiescence with only little micro-seismic activity.

The results obtained from this research are an example of the path of historical earthquake
chronology, recognition of seismic sources (faults) and relevant seismicity, which underlines the
inevitable need to use paleoseismological and geoarchaeological methods, in reading and
investigating the ups and downs of ancient civilizations due to a natural disaster like this
earthquake.
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Figure 1: Seismotectonic map of the South Caspian Basin and its surrounding lands (Nazari 2006; Ritz et al., 2006),
showing active faults and mechanisms of large earthquakes in the Alborz Mountains in the south and the Absheron
Ridge in the North of the basin. From west to east, in the southern central part of the central Alborz, the active and
seismogenic left-lateral shear system, the Rudbar, Taleghan, Mesha, Firouzkoh and Astaneh faults are respectively

named with red letters R, T, M, F and As.
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Figure 4: A digital view of the Astaneh Valley, a: The digital topographic map, scale of 1:50,000 and
the stages of calculating the rick angle at site 2 with a cumulative horizontal displacement of 2.2 km,
b: a view of a 3D topographic ( DEM) with GPS kinematics from site 8, c: DEM from SRTM data in
the area of North Damghan, along the Astaneh valley with the locations of the rick angle
measurement.
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Figure 5: A view of the western part of the Astaneh fault system (red dashed lines) on the Quik Bird

satellite image, includes the graben structure and two dug trenches AT1 and AT2 (yellow rectangles)
with a field view of the trenches.
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Figure 6: A: The three excavated trenches AT3, AT4, ATS at the playa site in the mud plain in the
eastern part of the Astaneh fault system, B: the location of site of the playa and the trenches (blue

rectangles) on the aerial photo at scale 1: 55,000, the Astaneh fault is marked with a red dashed line

and the measured 50-meter horizontal displacement is marked with a yellow ellipse. A three-
dimensional model of this displacement (Hollingsworth et al., 2010) is assembled in the upper- left

corner of the aerial photo.
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Figure 7: A 3D schematic model of the playa basin and the covered paleorelif, with the approximate
location of the 3 trenches AT3, AT4, ATS relative to the lowlands and the subsurface Paleorelief
which is hidden by argillaceous young deposits.
Loy dy )b i g AL V-0

Wee glis)l )3 )5l oo = 68l Jlod (ool by V=0 65 5 yio OA (gljls b asly cul AT sl

il JuS ol Sl aluS 0l 93 2 3908 Gloy plody S (26 S5 ())S oSl Sy 5>y s g
(A J53) 8,5 )8 adlllae 5)90 (elido o adily ol sl (95 (g0 padt ) Sof a3l e g s8> Ve oF Jlo

3 PS5 xgltS B3 L lojy) 2hs) AV I gunleds ;SSlis ATL alil s Sol sloj)) gonyliw (il

1 xSl LB ml obols (& JS) sl SA 5 WA Ve AV AY OF A0 slojy) clagdl ey 4 F0

2 pye Sy (gl 0ad (£pS0jlul @B obele alda b je YU oY G 05 o) aiped Vsl slojy) ol

JuS el 0ai 3590y il S5y gl 4 a3g5 b g (Nazari, 2006) wdits Sloxsuas s ol & solg olols

G20 o AT asily Sl 5l adalcanda slaodly j (gjluwil BB oo Jime; )5 (F JS3) o y> & > il
Dy dalgs Mw v



550 3yl il (S dilobus puoliio; J adyly wolalllao 1 (5590 i mosS 856 AD (53U o)) )

ATI

Trench of Astanch Fault
(AT, 2006)

INRENNNEEREEER

0313 ytales Wbl (a8 wilobs 1 S o)ligd 003 K55 slaisls 255 5 oS b > AT atily o5l o)l J srdans Sol A S5

sl 08 S8 Ol pns 395 9 (B9 Caw  0)led Slo (iSu )3 gy s Y b oo 0y Alsly g g Jless 1 0 IS 40 ol
amio y 4l Syl 5l oSl B Jeils obols ol JE) awsis ,Slis Nazari 2000 jl b3 5 513 55 endasly) ol Sbs Sl

el (F S5 S gl b canlize) oS
Figure 8: The log prepared from the eastern wall of the AT1 in the site of graben and its relevant
description, two en-echelon segments of the Astaneh fault system shown in Figure 5 can be seen in
the north and south of the trench. In the middle part of the trench the lower layers are not separated in
detail due to uniformity and lack of stratigraphical changes. The block diagram presented in the
legend taken from Nazari 2006 shows the geometery and trajected amount of vertical displacement
that can be measured from the log to the fault plane (corresponding to the Rick angle, Figure 4).
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Figure 9: Reconstruction of the seismic scenario of the Astaneh fault based on the log prepared from
the AT1 and the § paleo seismic events.
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Figure 10: A view of the log prepared from the eastern wall of trench AT2 with the description of the
detected units. The radiocarbon C14 sampling identified in unit 16 (southern part of Lug) is caused by
the place of fire (ancient stoves) and accumulation of organic matter and charcoal pieces. The block
diagram presented in the legend taken from Nazari 2006 shows the transfer geometry of the amount of
vertical displacement that can be measured from the trench log on the fault plane (corresponding to
the Rick angle, Figure 4).
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Figure 11: Seismic scenario reconstruction of paleoearthquakes measured in the AT2, dug on the
northern branch of the fault in the graben site (shown in Figure 5) and the location of the five paleo-
seismic, Mw > 6.5.
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Figure 12: On the left side of the picture: a view of the Astaneh fault (red arrows) in the
paleoseismological studies of Playa basin and a view of the AT3 trench (before digging of the AT4
and the ATS) and on the right side of the figure, further west The surface rupture threshold fault left
over from the last historical earthquake (856 Qumis earthquake). The direction of the view on the mud
plain is north-east in the left picture and in south-west at right picture.
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Figure 13: A log prepared from the eastern wall of trench AT3 excavated in the mud plain of the Playa
site along with the legend of the units, localized in Figure 6. The block diagram presented in the
legend taken from Nazari 2006 showing the geometric measurable values of the displacement. The
measurable vertical displacement of the base of each separated unit on both sides of the fault line
which are mapped in the trench's log on the fault plane (proportional to the Rick angle, Figure 4).
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Figure 14: Reconstruction of the seismic scenario from the log of the eastern wall of the AT3 in the

Playa basin, eastern part of the Astaneh fault along with the location of the three paleo seismic events
detected. The devastating historical earthquake of 856 AD (Qumis) coincided with the first event.
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Figure 15: A view of the log prepared from the study of the eastern wall of the AT4 trench dug in the
playa basin (shown in Figure 6) in the eastern part of the Astaneh fault along with the description of
the separated units. The block diagram presented in the legend taken from Nazari 2006 shows
geometrical method for traject of the amount of vertical displacement that can be measured from the
trench log on the fault plane (corresponding to the Rick angle, Figure 4).
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Figure 16: A view of the log prepared from the study of the eastern wall of trench AT5 excavated in
the clay plain of the playa basin (placed in Figure 6) in the eastern part of the Astaneh fault along with
the guide and description of the separate units. The block diagram presented at the top of the image
taken from Nazari 2006 shows the geometry tranjection of the amount of vertical displacement
(corresponding to the Rick angle, Figure 4).
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Figure 17: A fault close up of the log (AT1) showing sample locations and the OSL age.
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Figure 18: A section of the AT2 trench with a close up at the shifted units by paleo earthquakes as

well as location of the only luminescence dating performed in seismic horizon 9.
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Figure 19: Close-up view of luminescence and carbon 14 dating locality performed on the AT3 trench
in the site of Playa, eastern part of the Astaneh fault system.
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Figure 20: A view of the log prepared from the eastern wall of trench AT4 from the series of trenches
of the eastern paleoseismological site along along Astana fault with the placement of dated samples
and significant results in comparison with the obtained data from the two eastern (AT5 ) and western
(AT3) trenches in the same site.
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AT1
Sample Unit Discription Event horizone| Age ka
AT1.084.06 14 Pre event 1(S) 14 6.14 £ 0.63
AT1.083.06 18 Post event 2(S) 28 13.41+£1.42
AT1.082.06 11 Post event 3(N) 11 13.72 +1.11
AT2
AT2.0S2.06 9 Pre event 3 9 29.97 +2.26
AT3
AT3.0S2.06 10 Pre event 3 10 11.62 £ 0.65
ATS
AS08-2 71 Pre event 5- Post event 6 7 5260 + 850
AS08-3 13 Pre event 2 13 9930 + 1150
AS08-4 71 Pre event 5 Il 8680 £ 270
AS08-5 64 Post event 5 64 7650 £+ 890
AS08-7 44 Post event 3 44 6150 + 940
AS08-8 52 Pre event 3 52 4700 + 220
AS08-10 41 Pre event 2 41 3760 + 320
AS08-11 31 Post event 2 41-42 2751+ 180
AS08-16 11(ww) Pre event 1 L1(ww) 1370 + 140
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Table 1: The results of luminescence dating, the paleo-seismic event horizons in both research sites of
the playa and the graben in the eastern and western parts of the Astaneh fault.

Sample Unit Discription Event horizone Age Cal BP
AT3
IR AT3-C2-06 12 Post event 2 11 2485 =30
IR AT3-C7-06 11 Pre event 2, Post event 3 11,10 5805 =40
IR AT3-C3-06 13 Pre event | 13 565 = 30
AT4
IR AT4-C7-07 5 Pre event 5 5 39700 = 1400
IR AT4-C13-07 17 Pre event 1 18 5340 = 40
IR AT4-C3-07 9 Pre event 4 9 18920 = 190
ATS
IR AT5-C3-08 64 Post event 5 71 12380 = 180
IR AT5-C5-08 62 Pre event 4 62 7780 = 90
IR AT5-C7-08 85 Pre event 6 81 7550 = 40
IR AT5-C8-08 26 Pre event | 21 860 = 60
IR ATS5-C9-08 51 Pre event 3 Sl 11105 =920
IR AT5-C10-08 42 Pre event 2 42 7350+ 70
IR AT5-C11-08 26 Pre event | 21 830 = 80
IR AT5-C12-08 64 Post event 5 71 9390 = 90
IR AT5-C13-08 22 Pre event 1 21 860 = 60
IR AT5-C18-08 44 Post event 3 51 5180 %130
IR AT5-C21-08 3(small Trench) Post event 1 3(Small Trench) 700+ 20
IR AT5-C22-08 52 Pre event 3 52 5810+ 90
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Table 2: The results of radiocarbon dating, the suggested paleo-seismic event horizons in the trenches
on the Playa site, the eastern part of the Astaneh fault.
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Figure 21: A log prepared from a small trench dug on the eastern side of the AT5 trench along with
the location and chronology determining the record of the historical earthquake of 856 AD. A: The
position of the small trench relative to the young shear effect of the Astaneh fault (black triangles) and
the main trench (ATY), and B: a view of the inside of the small trench.
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