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Abstract

Globally, the Tien Shan belt is one of the most active seismic zones. The crustal

structure beneath this belt was evaluated using teleseismic waveforms from 20 broadband
stations covering the entire belt, as well as gravity modeling. The crustal thickness varies
from 36 km to 68 km where the crust thickens due north and the southwest of Tien Shan,
while the central part has a thin crust. The area of interest has V,/Vsratio of 1.81+0.025,
indicatinﬁ mafic crust, detached by Moho from the mantle. Additionally, collision zone
between Tien Shan and the Tarim Basin has the thickest crust and highest ® values. The
average Moho sharpness, R (0.17). is comparable to that of the typical crust and
decreases due northwest. Stations near the Naryn Basin thin crust of about 42 km,

probably due to delamination of the lower crust.
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1. Introduction

The Tien Shan mountains belt is located in Central Asia and oriented E-W. It is
2500 km long, 300-500 km width, with elevation of 7000 m (Molnar and Tapponnier,
1975). Recently., Tien Shan belt have a considerable earthquake activity where
earthquakes with magnitudes greater than 8 have been recorded in this century (Molnar
and Deng, 1984; Deng et al., 2000). Bump and Sheehan (1998) observed that earthquakes

that take place in southern Tien Shan are mainly shallow (10-20 km), whereas those




occurring on the northern side originate at depths of 40 km or deeper. Most earthquakes
occur near the border fault zones and in the active faults within the mountain belt
(Avouac et al. 1993). Therefore, it is a great example and provides significant
information concerning the deformation of mountain building. Tien Shan has always
been a subject of debate among scholars. Although several researchers investigate mantle
S*Bcture. they have not studied the composition and structure of the crust underneath
(Tapponnier and Molnar, 1979; Vinnik et al., 1984 Vinnik and Saipbekova, 1984; Lukk
et al., 1995; Bumb and Sheehan, 1998, Zhiwei et al., 2009).

Vinnik and Saipbekova (1984) used arrival times to calculate P wave travel-time
residuals and concluded that there is a low wave speed in the uppermost mantle
underneath Tien Shan. Assuming that the thickness of the crust varies linearly with mean
clevation. They found a crustal thickness ranging from 55-60 km, by using daafrom 14
seismometers in central and western Tien Shan. Vinnik et al. (2006) stated that the crustal
thickness is greatest (about 60 km) in the intersection of Tarim Basin and Tien Shan.
They also detected that the crust-mantle boundary in IJE region changes rapidly because
of an increasing thickness of lower crust. They applied the receiver functions inversion of
P- and S-waves with teleseismic travel-time data. Yu et al. 64007) propose that the
absence of a clear mountain root beneath Tien Shan, which implies that the material
differentiation between the crust and mantle has not yet been accomplished and the
orogenic development continues. By applying the arrival time tomography techniques,
Zhiwet at al. (2009) declared the presence of thin lithosphere (less than 100 km depth)
underneath the central part of Tien Shan and proposed the high wave-speed regions
broaden from the surface to a depth of 400 km, or even deeper. Omuralieva et al. (2009)

noticed a low-velocity zone due to the flow of mantle upwelling.

According to Gao et al. (2013), the crustal structure under Tien Shan and Tarim
Basin was imaged on N-S—direction. Khan et al., (2017) studied the crustal structure of
the Tien Shan orogenic belt and its neighboring provinces and suggested reverse-faulting

earthquakes control the area of interest.




Chen et al. (1997) have proposed that the Tien Shan may be characterized by

lithosphere activity. They came to this conclusion based on the delay times of the Ps
converted phases beneath the region. Bump and Sheehan (1998) revealed the crustal
thickness ranges between 37 km to 60 km in north-central Tien Shan using receiver
function analysis. They used telescismic events between 30° and 90° with magnitudes
greater than 6.0. They also observed that in general, the crust thickens with increasing
elevation. Deyuan et al. (2000) revealed a two-layer crustal structure, namely the lower

and upper crusts, based on deep seismic sounding profiling.
2. Regional Tectonics

Tectonically, the Tien Shan is situated between the active Tarim Basin from the
south and from north by stable Kazakh Shield (Fig. 1). Tien Shan is dominated by an E-
W trending structure with 10-15 mm/yr and 2-6 mm/yr reducing rate of southern and
northern Tien Shan respectively (Buslov et al., 2004). The current topographyﬁnainly a
result of uplift in Cenozoic time in response to the India-Eurasia collision (Peltzer and
Trapponnier. 1988: Burchfiel and Royden, 1991: Yin et al.. 1998). Strike-slip and normal
fault types (Omuralieva et al., 2008) characterize most of the Tien Shan areca. Geological
studies related to timing and sequences have proposed the distortion of Tien Shan
initiated 20 Ma after Indo-Asian collision (Alﬁlkhmatov et al., 2002). Furthermore,
geologists stated that the Tien Shan has stayed tectonically inactive for most of the Late

Cretaceous and Cenozoic (Burtman et al., 1996).

3. Data

The used dataset through this study include teleseismic waveforms recorded by 20
broadband stations belonging to the networks of XW (16 stations), KN (AML and
ULHL), IT (AAK), and G (WUS). They were requested from data management center at
IRIS and were recorded from August 1997 to August 2010 with epicentral distances
ranging from 30° to 180° (Fig. 2). These data consist of three-component seismograms
with a clear P-wave arrival. The seismograms were filtered between the frequency range

of 0.05 Hz and 1.5 Hz. Finally, more than 1424 radial receiver functions were chosen.
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4. Receiver Function Analysis

Receiver function analysis is a robust method used to determine the Eﬁlh*s
crustal structure (Langston, 1977; Vinnik, 1977; Clouser and Langston, 1995; Liu et al.,
2003; Gao et al, 2004;: Liu and Gao, 2006 and 2010). It utilizes the teleseismic
earthquakes waveforms, recorded by three components seismometer, to image the crustal
structures beneath isolated seismic stations. The processing sequence detects the
crustal/mantle boundary through recognizing P-to-S converted waves and their multiples
from the Moho. Primary conversion (PmS or Ps) and multiple phases (PPmS, also called
PpPs and PSmS, also referred as PpSs) often be recognized. Multiples phases are weaker
than lhﬁs wave and consequently they are sometimes hard to recognize (Yuan et al.,
2002). Crustal thickness and the average V,/Vs ratio can be estimated through the
identification of the crustal multiples (Zhu and Kanamori, 2000). Whereas, the Vp/Vs
ratio is a valuable measure of crustal composition (using its relation to Poisson’s ratio)
(Zandt et al., 2004; Behn and Kelemen, 2006).

The procedure of Zhu and Kanamori (2000) H-k stacking technique was applied
through this study, where H denotes the Moho depth and @ is V,/V; ratio. A series of
depths, Hi, varies between 15 and 55 km for Afar and 35-75 km for Tien Shan with 0.1
km, and @;from 1.70 to 2.10 for Afar and 1.65 to 1.95 for Tien Shan, increases of 0.0025
were used. The moveouts of PmS, PPmS, and PSmS were estimated for each (Hi, @;)
following Nair et al. (2006) method. The following equations (1-4) were used for PmS,

t1%9) estimation;

)
0= 0,167 - p* =V, ()7 = p*1de (1)

Where p represents P-wave ray, Hi refers the depth discontinuity, @j denotes Vp/Vs, and

Vp(z) is the velocity of P wave at depth z.

moveouts, 2% of PPmS assessed by:

8 = 0,)16)7 =0+ 1,207 - 1 2)
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and those of PSmS, %, were:

W= 2J0,(218)7 - p d= (3)

For each station, the receiver functions were stacked as:

AH,3) =3 WS (10D) 4wy, (1) =, S, (1) @)
k=1

The weighting factors wi. w2, and w3 in this study were set for both areas to 0.5, 0.3, and
0.2, respectively. A reference crustal velocity Vpe of 6.3 km/s was chosen for the Afar
Depression and Tien Shan. Position's ratio (o) was calculated following Christensen,
(1996) formula. To estimate the standard deviations of the resulting parameters, the
bootstrap method (Efron and Tibshirani. 1986: Press et al.. 1992) has been applied in this
study. The abovementioned procedures were attaina using the computer programs
developed aby Geophysical group at Missouri S&T (Gao et al., 2002; Liu et al., 2003;
Gao et al., 2004 Liu and Gao. 2006: Liu and Gao. 2008).

5. Results

The results were categorized into category A displaying stations with strong
single peak and consequently H and k are identified. The crustal thickness (Hn) has been
estimated with @ of 1.80, which is approximately the mean © of Category A stations in
the study area. Most receiver functions display a comprehensible peak of H-k plot.
Category A stations include (ARA, KAZ, DGE, KARL, TERE, KASH, HARA, WUS,
KSA. and AKSU) where most of stations of this groups presents precise crustal
thickness. The crustal thickness underneath these stations ranges from 36.1 km (KAZ) to
68 km (HARA). The values of @ ranges from 1.724 at DGE to 1.85 at HARA. The R-
value range from 0.098 (AKSU) to 0.336 (KASH). While category B stations include
(AML, AAK, KAI, ULHL, ANA, AHQIL KENS, KOPG, KAR, and POGR). The stations




are described by crustal thickness in the range of 46 km (KAI and KOPG) to 65.7 km
(ANA) and R values between 0.084 (ULHL) and 0.267 (KOPG).

The crustal thickness varies in a range from 36 km (east of the Talas Fergana
fault) to about 68 km (northwestern corner of the Tarim Basin). The crust thickens in the
north and the southwest side of Tien Shan, while the central part has a thin crust. The
crustal thickness beneath KAZ is among the smallest in the region (36.1 km), ®=1.84 and
R =0.281. The northwestern corner of the Tarim Basin, beneath HARA. shows the
thickest crust, highest ®, and average R-values. In most cases, the crustal thickness
values increase from north to south with increasing elevation. ARA, DGE, KARL,
HARA, and KSA show a well-defined crustal thickness and normal Moho amplitude. The
Moho can be clearly noticeable even on individual receiver functions. Most of the

stations in this study show well pronounced PmS.

6. Discussions

The crustal thickness determined from the method of receiver function analysis in
this study shows an average of 53 km. The crustal thickness varies from 36 km easting of
Talas Fergana Fault to 68 km in the northwestern corner of Tarim Basin. We observed
that the crust is much thicker in the north and the southwest; however, it is quite thin in
the central part of Tien Shan. Our calculated values are consistent with earlier
geophysical determinations, which suggested a similar crustal thickness from P- and S-
receiver functions (Oreshin, 2002). Bump and Shechan (1998) used receiver functions
analysis and obtained measurements of crustal thickness at AAK and AML. They
observed large variations with back azimuth at AAK and minimal changes in depth with
back azimuth at AML. In general, there are increasing in the crustal thickness southward
with increasing elevation. Northwestern corner of the Tarim Basin (HARA) shows the
thickest crust, highest @, and average R-values. The crustal thickness beneath KAZ is
among the smallest (36.1 km), ® (1.84) and R (0.281). ARA, DGE, KARL, HARA, and

KSA stations show a well-defined crustal thickness.




The results of the crustal thickness for AAK and AML are close to the results of
Bump and Sheehan (1998). They found that the crustal thicknesses beneath these two
stations are 51 km and 60 km respectively (Table 1). The H measurements, from this
study, are correlated well with those obtained by Bump and Sheechan (1998), with a
difference of a few kilometers. We observed that the crustal thickness values increase to
the south towards TERE, HARA, and KASH, with increasing station elevation. The
largest crustal thickness (68 km) is found in the Tarim-Tien Shan junction zone and is
possibly under-thrusting. These explanations are in agreement with those mentioned by
Scharer et al. (2004).

The H-k method offers an estimation of average crustal V,/Vs that can be
converted directly into the Poisson's ratio. Our interpretation based on V; of 6.3 km/s.
Lying on the foundation of 76 universal examples, Zandt and Ammon (1995) proposed
that the Vp/V; ratio generally rises with the age of the crust. They found that Mesozoic-
Cenozoic belts are regularly still tectonically active, with extensive surface relief and
crustal thickness variations. The Vp/Vs distribution in this study is, in fact, rational all
over the study area. Stations TERE, HARA, and KASH at the northwestern corner of the
Tarim Basin have high values of Vp/Vs up to 1.85, with the highest in the entire study
arca at HARA (1.85). It seems that the observed @ values in this area, to some extent, are
related to crustal thickness. For example, the crust bencath HARA has the highest values
of @ and H. Most of the category A stations have high values of Poisson’s ratio ranging

from (0.24-0.29), indicating the presence of intermediate mafic components in the crust.

The results of this study suggest variations in the stacking amplitude (R) beneath
the stations. The average resulting R (0.17) is similar to that of typical crust and
decreases towards the northwest. The depths of Moho at AML, ARA, and KAI relatively
with constant depth. From TERE through KASH, the Moho depth increases towards the
junction zone between Tarim Basin and southern Tien Shan, indicating that the Moho is
deepening and agreeing with a previous study by Vinnik et al. (2004), which showed

crustal thickening beneath this region.




7. Conclusions

Tien Shan belt presents higher Vp/Vs ratios and higher amplitude stacking below
almost stations indicating isolated mafic crust. Central Tien Shan is mostly different from
southern and the northern parts in terms of crustal thickness and Moho sharpness.
Additionally, the collision zone between Tien Shan and Tarim Basin leading to the
thickest crust and highest @ values. The thickest crust of 68 km recorded below Tarim
Basin. In most cases, crustal thickness increases from north to south, with increasing
elevation. The average resulting R (0.17) is similar to the typical crust and decreases
towards the northwest. Stations near the Naryn Basin present thin crust of about 42 km.
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Figure captions

Figure 1: Surface topography of the Tien Shan including: the distribution of seismic
stations [blue triangles]. carthquakes [red stars]. and existing faults [green
lines].

Figure 2: Locations of the events used in the Tien Shan
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Figure 3: Resulting crustal thickness (H) and Bouguer gravity anomalies (background)
for the Tien Shan. Circles represent stations with a smaller thickness and pluses
represent stations with a larger thickness. Solid symbols are category A stations

and dotted ones are the category B stations.

Table Captions

Table 1: Table of comparison with previous crustal thickness results for the Tien Shan,

12




Crustal characteristics beneath the Tien Shan belt, Central
Asia, using seismic receiver function and potential field
iInvestigations

ORIGINALITY REPORT

2

SIMILARITY INDEX

PRIMARY SOURCES
- o
mdpi.com
lmemEt 28 words — 1 /0
o
m/vm\é\t/.coursehero.com 22 words — 1 A)
: : 40
Ilrl]tr;rlﬁﬁprlnger.com 22 words — /0
: 40
fﬂeg”%'org 21 words — /0
- o
eaton.math.rpi.edu “
Internet P 16 words — /0
n Yu Li, QiYuan Liu, JiuHui Chen, ShunCheng Li, Biao g 0/
’ ’ ’ ’ 15 words — 0

Guo, YuanGen Lai. "Shear wave velocity structure of
the crust and upper mantle underneath the tianshan orogenic belt",
Science in China Series D: Earth Sciences, 2007

Crossref

=

www.tandfonline.com y 0/
Internet 14 WOI‘dS — 0

Alzoman, Nourah, Maha Sultan, Hadir Maher, Mona < %
) : . : 12 words —

Alshehri, Tanveer Wani, and Ibrahim Darwish.

"Analytical Study for the Charge-Transfer Complexes of

Rosuvastatin Calcium with 1T-Acceptors”, Molecules, 2013.

Crossref



Buslov, M.M.. "Cenozoic tectonic and geodynamic eyaluii ftheg 10
Kyrgyz Tien Shan Mountains: A review of 1 LWSPG% 1 A)
geological, thermochronological and geophysical

data", Journal of Asian Earth Sciences, 20070201

Crossref

. 0
llya V. Sychev, Ivan Koulakov, Nailia A. Sycheva, 11 words — < 1 /0
Alexander Koptev, Irina Medved, Sami El Khrepy,
Nasir Al-Arifi. "Collisional Processes in the Crust of the Northern
Tien Shan Inferred From Velocity and Attenuation Tomography
Studies", Journal of Geophysical Research: Solid Earth, 2018

Crossref

H n H 0
De!ore.s M. Robinson. "The Tula uplift, northwestern 10 words — < 1 A)
China: Evidence for regional tectonism of the
northern Tibetan Plateau during late Mesozoic—early Cenozoic
time", Geological Society of America Bulletin, 01/2003

Crossref

: : : e o
Llanghw Gl:o, Rui Gap, Lei Shi, Zhar?grong Hugng, 9 words — < 1 /0
Yawei Ma. "Crustal thickness and Poisson's ratios of

South China revealed from joint inversion of receiver function and

gravity data", Earth and Planetary Science Letters, 2019

Crossref

" H H H 0
M.E. Bullen. "Late Ceno_20|c tectonic evolution of the g \\ 4o < 1 /0
northwestern Tien Shan: New age estimates for the
initiation of mountain building", Geological Society of America
Bulletin, 12/2001

Crossref

Zhiwei, L.. "Tomographic image of the crust and 9 words — < 1 %
upper mantle beneath the western Tien Shan from

the MANAS broadband deployment: Possible evidence for

lithospheric delamination", Tectonophysics, 20091101

Crossref

Huang, B.. "Paleomagnetism of Miocene sediments 9 words — < 1 %
from the Turfan Basin, Northwest China: no

significant vertical-axis rotation during Neotectonic compression

within the Tian Shan Range, Central Asia", Tectonophysics,

20040616



Crossref

Jianshe Lei. "Seismic tomographic imaging of the 9 words — < 1 %
crust and upper mantle under the central and

western Tien Shan orogenic belt", Journal of Geophysical

Research, 09/16/2011

Crossref

. . . 11] H 0
Mikhail K. Kaban, T. Reiza Yuanda. "Density 9 words — < 1 /0
Structure, Isostatic Balance and Tectonic Models of
the Central Tien Shan", Surveys in Geophysics, 2014

Crossref

ON <5 WORDS
ON



	Crustal characteristics beneath the Tien Shan belt, Central Asia, using seismic receiver function and potential field investigations
	By Sattam Almadani

	Crustal characteristics beneath the Tien Shan belt, Central Asia, using seismic receiver function and potential field investigations
	ORIGINALITY REPORT
	PRIMARY SOURCES


