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Abstract

The Quchan fault is located in QuchaBhirvan area which is a part of ChenarBojnourd plain in Kopetbagh zone, NE Iran.
The Qucharactive fault with northwest southeast trending is one of the most important ssiigefaults in the area which its
activity led to the numerous historical and instrumental earthquakes. Thidleoic activities of this fault are investigated by the
drainage patterns, displacement of the waterways, the impact on the alluvial fan deposits and the Quaternary sedimef¢seuttin
we aim to employ instrumental seismicity along with satellite imagery data, thermal images, shuttle radar topography missi

(SRTM) data plus field observations to explain the mechanism and active tectonics of the southeast Quchan fault termination.

Processing Lands&image synchronous with the maximum misesmic occurrences reveals that thermal anomaly is positive and

corresponds to the major lineaments. Thermal anomaly images have also revealed three hidden faults which have not yet been

distinguished in the field surveys. The continuous strike slip activity of the Quchan fault over the time resulted mattienfaf

compression zone and new thrusts along the southeastern end.

By continuance of thrust activity, the anticline stéetard Hoere

older thrusts are covered with folding sedimentary rocks, thus thrust loader continues until now. This resedigt mutteessful
attempt in Iran to detect hidden active faults and investigate fault termination by employing satellite thermal surveys.

Keywords:Quchan fault, Kopelagh, drainage pattern, micro seismic, Land8athermal anomaly.

1. Introduction

The system of NNWSSE rightlateral strikeslip faults

in the BakhardaimQuchan fault zone between Bojnurd
and Quchan is one of the most prominent structural and
topographic features of the central Kopeh Dagime
(Fig. 1). Most of the fault segments were mapped on
regional scale geological maps (Huber 1977; Afshar
Harb 1979; Afshar Harb et al. 1987; Robert et al. 2014)
in which the Quchan fault is considered as one of the
most dominant structure. The Quchaulf is extended

to the QuchasShirvan area in the south east. The faults
within this zone are expressed clearly in the
geomorphological studies (Tchalenko 1975;
Hollingsworth et al. 2006; Hollingsworth et al. 2008;
Shabanian et al. 2009).

In the history of seismetectonic thermal infrared
research, it is undeniable that before and after strong
earthquakes and micseismic occurrences, there are
significant thermal infrared anomalies which have been
interpreted as preseismic precursor in earthquake
predidion and forecasting (Bhardwaj et al., 2017). The
methodology has been first aimed at understanding the
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mechanism of Qucharfault termination and the
relationship between the satellite thermal anomaly and
earthquake density and the active faulting and folding in
these earthquake# this paper, we use instrumental
seismicity along with observations from satellite
imagery datathermal images, SRTM topographic data
plus field observations of the landforms to explain the
mechanism and active tectonics of the southeast Quchan
fault termination. These different data types cover a
range of timescales of deformation, enabling us to
identify the most important features, and to reveal
patterns, which would otherwise be difficult to see. The
aim is to better understand the deformation occurring
along strikeslip fault termination and detect hidden
active fault. An important bproduct & this work is a
better understanding of the relationship between seismic
hazard and thermal anomaly when the earthquake
density is high in this region (Kim et al., 2004;
Cunningham & Mann, 2007).

We first describe the geomorphology of the faulting and
the mechanism of Quchan fault termination using
remote sensing data and finally detect the hidden faults
with thermal anomaly produced by high density of
micro seismic activity on the fault termination.
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Fig. 1. SRTM digitatopographic image of the Kopeh Dagh Zone in the Ar&hieasia collision framework that
showing the Bakharda@uchan location in the tectonic context of NE Iran. The Quchan fault trending is shown in
image. Abbreviation is QF, Quchan fault.

2. Remote sensing methodology - The visual anakis and filtering methods have been
Satellite images are widely used to identify different used to identify and distinguish the faults and
geological landforms and structures such as faults and landforms. In visual analysis, shifting rock units,
lineaments (Vrabel 1996). The enhanced thermal identification of the valleys and ridges in a straight line,
infrared (Tl R) e macs sfrieaved f thesharpgiaplacementsf riveis antd streams, vegetation
by satellites prior to eacovehigaparkcalay direcgon &nd faukisanddigeanfentsh e r
anomal yo (Freund et al . 2au®)dentifigdiaea certdie extent dua to changes inma |
anomalies may be associated with seismic activity was the tone of satellite images, but some of these
put into application in Russia, China and Japan. In 1980, complications should be identified with image
Russian scientists tieted thermal anomalies before an  processing methods such as filtering (Sabins 1998
earthquake occurs in Central Asia employing satellite - Directional filters used in this study to detect
images (Tronin 1996). Then, other researchers reported lineaments which generally have widespread and
more evidence on thermal anomalies before strong prevalent usage in geology. In this method, satellite
earthquakes (Choudhury et al., 2006). In several studies, imagery is filtered with Sun directional method in 4
obvious correlations of thermal anomalies in land directions (NS, NESW, EW and NWSE) to detec
surface temprature (LST) related to {seismic the linear traces and remove data with high error
activities have been observed (Saraf and Choudhury probability.

2005; Choudhury et al. 2006; Pulinets et al., 2006). The - Consequently, to discriminate major and minor faults,
methodologies for this research are divided into the the parameters such as the faults length, the
following steps: displacement along faults trend along with the literature
- The micreseismic data (about 600) from International ~data are used. Finally, we detined faults mechanism
Institute of Earthquake Engineering and Seismology considering their criteria in satellite imagery and field

(IIEES) were plotted on Satellite images. evidence.
- The OLI and TIR sensor images are used to detect
lineaments. In order to enhance thetigpaesolution of 3. Geological and structural framework

satellite image, band 8 of OLI sensor with spatial Many researchers estimated the convergence rate

resolution of 15 meters combined with other bands with between the Iranian and Turghates 2250 mm/year

30 meter spatial resolution using the pan sharpening (McKenzie 1972; Allen et al. 2004; Vernant et al.

method till the effects were detected with higher 2004). The shortening rate of KopBlagh along the

accuracy. north-south has also been reported about 16 mm/year
(Lyberis and Manby 1999). Tchalenko (1975) illustrated
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the KopehDagh tectonic ahits fault formations based = BakhardarQuchan fault zone in Kopebagh. This

on the movement of Iranian plate towards Turan plate fault extends from the city of Quchan in the southeast to
leading to the NNE compression. 24 km north of Garmab village in the northwest and
One of the major faults in Kopdbagh zone that have  turns obliquely into the main ¢pehdagh fault zone
impact on these displacement is the Quchan fault (MKDF). Moreover, it creates thrust fault system in the
(Hollingsworth et al. 2006). The Quchdault is the southeast termination in north of Quchan city (Fig. 2).
longest segment and the major stréhip fault in the

g ity
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Fig. 2. (a) SRTM digital topographic image of NE Iran with the main faults dB#tkdardarQuchan fault zone. The Quchan fault
trending is shown on image. The Quchan fault extends from southeast to 24 km north of Garmab village in the northwest. (b)
GTOPO30 topographic image of Quckahirvan area with the trending of main faults. iégind folding in southeast Quchan fault
termination can be seen in image. Abbreviations are MKDF, Main Kopeh Dagh Fault; QF, Quchan fault; BF, Baghan fault; SHF,
Shokranlou fault. QFT, Quchan fault termination; BFT, Baghan fault termination.

Remote sensing data indicate that the dominant activity termination in the Shaheohne village (Fig. 3) near the
of the fault is right lateral strikslip movement (Fig. 3). city of Quchan.

As characteristic trace, displaced geomorphological This fault obliquely cuts the landforms and topographic
markers such as alluvial fans, beheaded drainages andstructure of the KopeBagh zone and displaces the
offse active streambeds, indicate Quaternary activity rock units inclear rightlateral offsets (Fig. 3). In the
along much of its length (Fig. 3). In contrast to the north, it turns obliquely into the MKDF (Fig. 2). An
southern limit, the northern termination of Quchan fault illustration of remote sensing is shown in Fig. 3, where
was mapped clearly in previous studies (Hollingsworth the offset across the Quchan fault is measured.
et al.,, 2008). Geomorphological evidenaad subtle Excellent bedrock exposure, visible in the satellite
remote sensing results indicating its thrbehd imagery, allows a convincing reconstruction of 15 km

total rightlateral motion.
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Fig. 3. (a) LandsaB (531) imagery of Quchan fault trend. (b) Morgkotonic map of the Quchan fault zone based on (a). The offset
value in blded rock formation is expressed in kilometer. Numbers represent the Quchan fault Neotectonic effects. RF, Rock
Formation; N, Neogene Sediment; Q, Quaternary Alluvium.

4, Quchan fault termination Quchan anticline is an active structure, uplifting as a
Just in the north of Old QuchgB8hahreKohne village) result of a nortkdipping thrust fault. Its location at the

is an anticline known as the Quchan anticline (Afshar southern end of the clear morphological expression of
Harb et al. 1987) including uplited Neogene, the Quchan strikslip fault, and on its eastern side,
Quaternary alluvium and Cretaceous limestone (Fig. 4a suggests that it represents the structural termination of
and d). In the field, the southern side of the Quchan the strikeslip fault.

anticline displays uplied terraces of the Atrak River.  Landsai8 imagery thermalanomaly detected many
These evidence can be observed emerging from the hidden faults in the Quchan fault termination that have
current flood plain in the west, reaching a maximum not yet been distinguished in the field surveys. It is
height near old Quchan, and then dying away back to noticeable that a compression zone is formed in the
the active flood plain in the east. The higher terraces are north of Shahr&ohne village, near the Quchan city as
tiited mae than the lower, thus forming different levels a result of theright-lateral strikeslip activities of

of diverging fan in cross section (Fig. 4d) indicatingthat Quchan fault and redirect of fault trend in southeast
their uplift must have a local cause, rather than to be a termination (Fig. 5).

response to a regional change in base level. Along the

front of the anticline, one promémt terrace level is 5. Satellite thermal anomaly

capped by a cemented limestone conglomerate (Fig. 4e), One of the most important evidence testifying that the
which accentuates its morphology. Quchananticline is active and uplifting as a result of
It seems likely that a blind thrust fault runs along the north-dipping Quchan thrust fault termination is the
southern side of the Quchan anticline, causing the area operation of hidden faults which are evident in thermal
to uplift to the north. This imtrpretation is supported by = anomaly images. Most research on active tectonics and
the drainage pattern itself (Discussed in thermal earthquake, indicate that there are undspighermal
anomaly and drainage pattern sections; Fig. 7a). infrared anomalies before and after strong earthquakes
Evidence from the landforms strongly suggest that the which have been interpreted as-pggsmic precursor in



