
1.  Introduction
Located in the central part of the Alpine-Himalayan orogenic belt, the Anatolian plate is typically on the termi-
nal stage of the Wilson cycle, which marks the onset of continental collision as oceanic subduction terminates 
(Burke, 2011). Multiple plate-mantle interactions, for example, slab roll-back, tear and break-off, lithospheric 
delamination, and local convective instabilities, can be triggered by a significant change in subduction environ-
ment, such as the transition from oceanic to continental subductions (van Hunen & Miller, 2015). These geody-
namic processes control the evolution of the entire Anatolian Plateau. Typically, slab tears can be interpreted 
beneath southwestern Anatolia down to depths 150–180 km from various tomography models and deep earth-
quake activities (Bocchini et al., 2018; Hayes et al., 2018; Kounoudis et al., 2020). Driven by the Arabia-Eurasia 
collision in the east and oceanic subduction along the Hellenic Trench and Cyprus Arc in the southwest, the 
Anatolian Plateau is undergoing tectonic escape, including westward translation and counterclockwise rotation 
(Reilinger et al., 2006). Receiver function and other studies across the Anatolian plateau have suggested that there 
is no rapid change in the crust thickness within eastern and central Anatolia (Figure S1 in Supporting Informa-
tion S1, e.g., Laske et al., 2013; Vanacore et al., 2013). The east Anatolian fault zone and north Anatolian fault 
zone accommodate the tectonic escape and divide the Anatolian plate into four distinct Neotectonic provinces, 
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including the East, North, Central, and West Anatolian Provinces (EAP, NAP, CAP, and WAP), respectively 
(Bozkurt, 2001). The widespread late Cenozoic magmatism migrated from east to west Anatolia, forming the 
eastern Anatolian volcanic province, Cappadocia volcanic province, and Galatian volcanic province in central 
Anatolia (Figure 1, inset). This magmatism indicates the westward progression of oceanic slab rupture and the 
upwelling of hot asthenospheric mantle material (Rabayrol et al., 2019). However, due to the complex mutual 
relationship between the evolution of the slab and the deformation of the overriding plate, it remains unclear 
regarding the details of plateau uplift and related magmatism rise (Schildgen et al., 2014). To solve these puzzles, 
more constraints from geophysical observations are required.

The unique landform and magmatism distributions in Anatolia are regarded as the consequence of the subduction 
and lithospheric foundering process, which often change the thermal status and rheological properties of the crust 
(Delph et al., 2017; Fernández-Blanco et al., 2020; Göğüş et al., 2017). A single delamination event has been 
proposed to account for the uplift of both central and eastern Anatolia (Bartol & Govers, 2014). The inflow of 
the hot asthenospheric material in this model can provide the required buoyancy and heat for the uplift. However, 
Göğüş et al. (2017) argued that the break-off process is generally constrained in the plate convergence zone and 
suggested that the development of the lithospheric instability as a diversity of “drip tectonics” to account for the 
Central Anatolia Plateau (CAP) uplift and massive volcanisms along the plateau margins since ∼10 Ma. Geody-
namic processes, for example, the lithospheric dripping, slab roll-back, and break-off, are often accompanied 
by exchanges of heat and materials, partial melting in the crust and upper mantle, and diversified magmatic 
expressions (van Hunen & Miller, 2015; Wang & Currie, 2015). Therefore, identifying existing crustal thermal 
anomalies or partial melting can help distinguish the geodynamic processes beneath central and eastern Anatolia 
(Kounoudis et al., 2020).

Seismic attenuation is very sensitive to high-temperature anomalies and partial melting in the crust and upper 
mantle (e.g., Artemieva et al., 2004; He et al., 2021; Takei, 2017). Studies on regional seismic attenuation using 
the Pn, Pg, Sn, and Lg phases have been conducted in Anatolia and the entire Middle East (e.g., Al-Damegh 
et al., 2004; Bao et al., 2011; Gök et al., 2003; Zor et al., 2007). As the most prominent seismic phase on regional 
seismograms, the Lg-wave can be considered as multiply reflected S-waves trapped in the crust waveguide (e.g., 
Bouchon, 1982; Zhang & Lay, 1995). Therefore, the Lg-wave can provide a unique measurement on the attenuation 
in the crust and thus has been widely used in crustal attenuation studies (Bao et al., 2012; Baumont et al., 1999; 
Chen et al., 2021; He et al., 2021; Zhao & Xie, 2016). However, due to the sparse data coverage, existing Lg 
attenuation results around Anatolia were mostly in low resolution (Kaviani et al., 2015; Pasyanos  et al., 2009; 
Zor et  al.,  2007). To investigate the geodynamic problem and accompanied thermal structures related to the 
plateau uplift, plate extrusion, and magmatism in Anatolia, high-resolution crust attenuation imaging is highly 
demanded. In this study, benefitted from the high-density seismic network and accumulated broadband data, 
we combine both single-station and two-station Lg-wave spectral data to develop a high-resolution broadband 
(0.05–10.0 Hz) Lg attenuation tomography image for the Anatolian region. Along with regional tectonic defor-
mation, seismicity, and other geophysical and geology observations, we explore crustal attenuation structures and 
their implications to the geodynamics in the Anatolian region.

2.  Data and Methods
Thank the International Federation of Digital Seismograph Networks (FDSN) webservices and the Mass Down-
loader module of Obspy (Krischer et al., 2015), we can now readily collect most of the available regional wave-
form data from a variety of networks and data centers. The data set consists of 56,341 seismograms recorded at 
650 stations from 521 regional crustal earthquakes between January 2000 and December 2020. The Moho depth 
data are from the Crust1.0 model. Figure S2 in Supporting Information S1 shows the distribution of seismic 
stations and their affiliated networks and earthquakes used in this study. The information on seismic stations, 
their affiliated networks, earthquakes, and data resources are listed in Tables S1, S2, and S3, respectively in 
Supporting Information  S1. To improve the signal-to-noise ratio (SNR) and avoid the influence of complex 
rupture processes of large earthquakes, only earthquakes with magnitudes between 𝐴𝐴 𝐴𝐴𝑏𝑏 4.0 and 6.5 were used.

We used a 3.0–3.6 km/s group velocity window to sample the Lg-wave signal. An equal-length time window was 
also used to extract the pre-Pn and pre-Lg noises, respectively (Figure S3 in Supporting Information S1). Then, 
we calculated Fourier spectra for Lg-waves and noise series, and the Lg spectra were corrected for the noise 
effects (Text S1 and Figure S4 in Supporting Information S1). A two-step inversion method was adopted. First, 
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joint inversions were performed to the observed Lg wave spectra to obtain the Lg-wave Q and source term (Zhao, 
Xie, Wang, et al., 2013). Next, at each frequency, the Least Squares QR factorization algorithm (LSQR) with 
regularization, damping, and smoothing was used to solve the linear inversion system (Figure S5 in Supporting 
Information S1, e.g., Paige & Saunders, 1982), which converts the path Lg Q into a Q distribution map. After 
the inversion, the data residuals were largely reduced and tend to be a zero-mean Gaussian function with a 
smaller standard deviation (Figure S6 in Supporting Information S1). This inversion was independently repeated 
for individual frequencies to obtain a broadband Q model. The similar Lg-wave tomography method has been 
successfully applied in Northeast China (Zhao et al., 2010), North China (Zhao, Xie, Wang, et al., 2013), the 
Tibetan Plateau (He et al., 2021; Zhao, Xie, He, et al., 2013), Mongolia (L. Zhang et al., 2022), Southeast Asia 
(Luo et al., 2021), the Middle East (Zhao & Xie, 2016), the Australian continent (Wei et al., 2017) and eastern 
North America (Zhao & Mousavi, 2018).

A checkerboard method was used to examine the resolution of the Lg-wave attenuation model at individual 
frequencies (e.g., Zhao et al., 2010). A theoretical model can be constructed by adding ±7% checkerboard-shaped 
logarithmic attenuation perturbations to a background 𝐴𝐴 𝐴𝐴 , from which we obtained a synthetic data set (e.g., He 
et al., 2021). Then, 5% root mean square random noise was added to the synthetic amplitude to simulate the real 
data. Finally, this synthetic data set was used as the input of the tomographic system, and the inversion result was 
compared to the original checkerboard model to estimate the resolution (Figure 2e). The resolution is dependent 
on ray coverage and is frequency dependent, but usually can reach 1.0° × 1.0° in the study area (Figure S7 in 
Supporting Information S1).

3.  Results
A high-resolution broadband Lg-wave attenuation model composed of 58 individual frequencies between 0.05 
and 10.0 Hz is obtained for the Anatolian Plateau and its surrounding regions. The Lg signal is usually dominated 
between frequencies 0.2 and 2.0 Hz, within which the obtained attenuation model is most robust (Figure S8 in 
Supporting Information S1). The 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 images at individual frequencies show strong lateral variations, with distinct 
features in different geo-blocks, and correlate well with regional tectonics (Figures 2a–2c). We compared their 
frequency dependencies for eight main geo-blocks (Figure S9a in Supporting Information S1). The 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 values 

Figure 1.  Map showing the topography and major tectonic and geological features in the Anatolian Plateau and surrounding regions. The green volcano symbols 
show volcano locations and red arrows with numbers represent plate movement velocities (mm/yr) with respect to a stable Eurasian plate (Reilinger et al., 2006). The 
black dashed line denotes the transition from OC (oceanic crust) to CC (continental crust) (Granot, 2016). BZS: Bitlis-Zagros suture; EAFZ: East Anatolian fault zone; 
NAFZ: North Anatolian fault zone; CAFZ: Central Anatolian fault zone; ESM: Eratosthenes Seamount; IA: Isparta Angle; KTJ: Karliova Triple Junction. The inset 
map illustrates simplified geological units in the Anatolian region (Pawlewicz et al., 1997). CVP: Cappadocia Volcanic Province; GVP: Galatian Volcanic Province.

 19448007, 2023, 6, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2023G

L
103470 by Institution O

f G
eology, W

iley O
nline L

ibrary on [28/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Geophysical Research Letters

ZHU ET AL.

10.1029/2023GL103470

4 of 11

generally increase with the increasing frequency and characterize the geo-blocks better within the 0.2–2.0 Hz 
band than those outside this band (Figure S9b in Supporting Information S1). Therefore, the 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 in this band is 
selected (Figure 3) to distinguish different tectonic provinces.

The previous Lg attenuation studies revealed an overall strong attenuation pattern in and around the Anatolian 
Plateau (Kaviani et al., 2015; Pasyanos et al., 2009; Zhao & Xie, 2016; Zor et al., 2007). Our new broadband 
Lg-wave attenuation model correlates well with previous results but has a higher resolution of approximately 
1.0° × 1.0° (Figure 2e). Therefore, it exhibits more attenuation details and permits us to discuss the related geody-
namic processes and tectonic phenomena up to a whole new level.

The most prominent feature in our broadband attenuation model is the great contrast between the Arabian plate 
and the Anatolian region. The Bitlis-Zagros suture marks the front edge of the colliding Arabian plate, and the 

Figure 2.  Lateral variations of 𝐴𝐴 Q𝐿𝐿𝐿𝐿 in the Anatolian Plateau and surrounding regions at 0.5 Hz (a), 1.0 Hz (b), and 2.0 Hz (c). Note that different color scales are used 
for each 𝐴𝐴 Q𝐿𝐿𝐿𝐿 map. (d) Ray path density at 1.0 Hz, where single- and two-station data are represented by blue and yellow lines. (e) 1.0° × 1.0° checkerboard resolution 
test at 1.0 Hz. (f) Seismicity over the past two decades around Anatolia. Hypocenters and magnitudes are obtained from the International Seismological Centre (ISC) 
catalog.
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Dead Sea fault zone linked with the eastern Anatolian fault zone marks the plate boundary between the Arabian 
plate and the eastern Mediterranean. The abrupt attenuation boundaries coincide well with these sharp plate 
boundaries. Overall, the Anatolian Plateau exhibits much stronger Lg-wave attenuation in comparison to the 
weak attenuation in the Arabian plate, but internally, the attenuation still varies from east to west. Almost the 
entire eastern Anatolia, separated by the north Anatolian fault zone and east Anatolian fault zone, is characterized 
by low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 , while central and western Anatolia exhibit unevenly distributed low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 values. Strong attenuation 
was observed in the Aegean Sea block, where the crust thickness sharply decreases to ∼25 km (Figure S1 in 
Supporting Information S1), which affects Lg propagation and its amplitude decay (Kennett, 1989; Zhang & 
Lay, 1995). Some researchers reported inefficient Lg wave propagation in the Anatolian Plateau and even Lg-wave 
blockage for ray paths across the southern Black Sea and the Bitlis-Zagros thrust (Al-Damegh et al., 2004; Zor 
et  al.,  2007). However, when relatively larger earthquakes were used, weak Lg signals can still be observed 
in seismograms passing through a short distance in the relatively thin crust, which is similar to the situation 
found in Southeast Asia (Luo et al., 2021). Few or no deep (>60 km) earthquakes are observed beneath eastern 
Anatolia (Figure 2f). The Bitlis slab may have completely broken off and induced extensive mantle upwelling, 
leading to strong attenuation in the current crust (Figure 3). In contrast, segmented Aegean and Cyprus slabs 
still exist, which can be reflected by the extensive deep earthquake activity in southeastern Anatolia (Figure 2f, 
e.g., Bocchini et al., 2018). The piecemeal low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 values in the crust indicate the linkage between deep thermal 
transport and surface magmatism in the central Anatolian plate.

4.  Discussion
4.1.  Weak Crust and Intact Lithospheric Delamination in Eastern Anatolia

The combination of the Arabia-Anatolian collision and Bitlis slab delamination, together with subsequent break-
off, deformed the landscape of eastern Anatolia (Barazangi et al., 2006; Göğüş & Pysklywec, 2008; Göğüş & 
Ueda, 2018; Keskin, 2003, 2007; Lei & Zhao, 2007; Memiş et al., 2020; Şengör et al., 2008). As a result, these 
dynamic processes generated deep mantle upwelling and intrusion into the crust, causing intraplate magma-
tism and ultimately forming the eastern Anatolian volcanic province (Nikogosian et  al.,  2018). We observed 
widespread low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 values across the entire EAP and they correspond well with the low S-wave velocities in 
the crust, which implies extensive crustal partial melting in this region (Angus et al., 2006; Delph et al., 2015). 
High conductivity zones obtained based on magnetotelluric data revealed the locally fluid-rich EAP (Hacıoğlu 
et al., 2018; Türkoğlu et al., 2008). Additionally, low S-wave velocities in the uppermost mantle (Gök et al., 2007), 
low Pn-wave velocities (Lü et  al.,  2017; Mutlu & Karabulut,  2011), and strong Sn attenuation (Al-Damegh 

Figure 3.  Broadband 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 map between 0.2 and 2.0 Hz in the Anatolian Plateau and surrounding regions. Also shown in the 
map are depth contours of Aegean and Cyprus slabs (white lines) obtained from the Slab2 model (Hayes et al., 2018), and the 
locations of two longitudinal profiles a and b in Figure 4 (two straight black lines).
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et al., 2004; Gök et al., 2003; Kaviani et al., 2022) reflect an anomalously hot and partially molten uppermost 
mantle in the EAP. Upwelling of the sublithospheric mantle may have significantly reworked the EAP, causing 
thermal weakening and partial melting in the crust, thus strongly attenuating the wave propagation. According 
to the low S-wave velocity in the lower crust of the EAP, the melt percentage is roughly between 5% and 8% 
(Delph et al., 2015), which is close to the melt percentage of 3%–10% from low-resistivity observations (Türkoğlu 
et al., 2008). The degree of crustal melting of ∼7% suggests that the crustal strength is significantly reduced 
(Rosenberg & Handy,  2005), and weak areas may permit the localized flow of crustal materials (Hacıoğlu 
et al., 2018). Therefore, it is suspected that slab break-off leads to widespread partial melting in the EAP crust, 
which exhibits substantially low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 values across that region (Figure 4a). Considering these observations, we 
suggested that a weak and fluid-rich crust allowed for late Cenozoic uplift and magmatism, which were induced 
by slab delamination and subsequent break-off processes in eastern Anatolia (Göğüş & Pysklywec, 2008; Kaviani 
et al., 2020; Schleiffarth et al., 2018).

On the southeastern margin of the Tibetan Plateau, strong crustal attenuation revealed low strength and 
partial melting in the crust, indicating a weak crust, and possible crustal flow (He et al., 2021; Zhao, Xie, He, 

Figure 4.  Comparisons of two longitudinal cross sections in (a) the east and (b) central Anatolian region, with their locations are marked in Figure 3. From top 
to bottom are ① topography and seismicity, ② 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 versus frequency, ③ lithospheric S-wave velocity (Kaviani et al., 2020), ④ mantle S-wave velocity perturbation 
(Kounoudis et al., 2020), and ⑤ sketches showing dynamic models for the collision/subduction shifted from east to central Anatolia.
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et al., 2013). Similarly, Anatolia also experienced continental collision, strong crustal deformation, and westward 
tectonic escape. While the average 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 increases generally from the EAP to the CAP, then to the WAP (Figure 
S10 in Supporting Information S1), their detailed distributions are different. The widespread low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 values in 
the EAP transferred to patchy and discontinuous 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 distribution in the CAP. Different attenuation values and 
patterns may correspond to their changing rheological properties, that is, the strongest Arabia, the relatively 
weaker CAP and WAP, and the weakest EAP. This may indicate the feasibility of the tectonic escape of CAP and 
WAP from the EAP (Figure 3). In addition to the northward push from the strong Arabian plate which exhibits 
extremely weak attenuation, the slab rollback and the underlying mantle return flow also apply forces to the 
relatively weaker CAP and WAP (Faccenna et al., 2013; Le Pichon & Kreemer, 2010). Since the CAP and WAP 
are west wards escaping from the fluid-rich and weaker EAP, which is accommodated by the east Anatolian fault 
zone and north Anatolian fault zone, it's rather difficult for the push force from Arabian plate to make it. However, 
it's more likely the pull force facilitated the CAP and WAP escaping from EAP. In summary, the westward pull 
from slab rollback and mantle flow may play a more significant role than the northward push in the kinematic 
movement of the Anatolian plate.

4.2.  Circular Patterned Attenuation Anomaly Linking to the Slab Tearing and Lithospheric Dripping in 
Central Anatolia

The tectonic environment rapidly changes from oceanic subduction in central Anatolia to post-collision in east-
ern Anatolia (Şengör et al., 2008). The segmented African oceanic lithosphere was subducted into the asthe-
nosphere at different depths and caused various deformations in the overlying Anatolian lithosphere (Berk 
Biryol et al., 2011). High-velocity anomalies from the tomography revealed that the African oceanic lithosphere 
subducted beneath the eastern Mediterranean, whereas the Aegean and Cyprus slabs are separated by a slab 
window and ongoing subduction. The Bitlis slab is more fragmented and is strongly deformed beneath the north-
eastern Cyprus Arc (Hayes et al., 2018; Portner et al., 2018). Geochemical analysis showed that the westward 
migrated Cenozoic magmatism is concomitant with slab tears and break-offs (Rabayrol et al., 2019). The slab 
tearing and lithosphere evolution is tightly linked to the uplift and interior magmatism in the CAP (Figure 4, e.g., 
Schildgen et al., 2014).

A circular-shaped low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 pattern can be observed around a relatively high 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 anomaly centered at 37.0°N 
33.5°E in the CAP (Figure 3). This is likely the response to the slab tearing and lithospheric foundering in this 
region. It is different from eastern Anatolia and has been suggested by previous studies from different aspects, 
for example, volcano geochemistry (Şen et al., 2004), the high-temperature mantle (Reid et al., 2017), and melt 
equilibration depths (Reid et al., 2019). Both the lithospheric foundering and volcanism at the CAP margins can 
be explained by convective removal or Rayleigh-Taylor/gravitational instability (Göğüş et al., 2017). Geodynamic 
simulations also indicated that gravitational lithosphere removal may lead to a symmetric magmatic expression at 
the surface, a significantly thinned lithosphere, and a melting crust (Wang & Currie, 2015). It can be accepted that 
the lithospheric dripping process can result in uneven crustal melting and a unique distribution of late Cenozoic 
magmatism in the CAP (Göğüş et al., 2017).

The totally broken Bitlis slab and the slab tear or window between Cyprus and the Aegean have been imaged 
beneath the CAP (Hayes et al., 2018). This window may provide a route for subduction-related hydration and 
asthenospheric upwelling that weakens the overriding CAP lithosphere and effectively promotes lithospheric 
instability and subsequent dripping (Kounoudis et  al.,  2020). From the lithosphere to the asthenosphere, the 
lithospheric replacement with hot sublithospheric mantle beneath the CAP (Figure 4b③ and ④) can be reflected 
by both the slow shear wave velocity anomalies around the “V”-shaped fast velocity body (Fichtner et al., 2013; 
Kaviani et  al.,  2020) and the negative S-wave velocity perturbations (Kounoudis et  al.,  2020). Lateral varia-
tions in 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 anomalies suggest high temperatures and/or partial melting within the crust, which can be strongly 
affected by the dripping and slab tearing process (Figures 3 and 4b). Low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 zones in the CAP correspond well 
to Neogene-Quaternary volcanisms, including the Galatian volcanic province and Cappadocia volcanic province, 
which are localized along the northern and southern margins. These volcanic rocks are coeval and are partially 
derived from asthenospheric mantle sources (Kürkcüoglu et al., 2004; Toprak et al., 1996; Varol et al., 2014). The 
slow Vs and high Vp/Vs ratio in the crust and uppermost mantle beneath central Anatolia may indicate partial 
crustal melt (2%–6%) and uppermost mantle partial melting (<1%), that is, underlying massive magma originat-
ing from the asthenosphere for these volcanic rocks (Zhu, 2018). Moreover, sediment accretion in the Cyprus 
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subduction zone raises the crustal temperature and leads to thermally activated viscous flow in the lower crust, 
thus causing the high forearc uplift of the southern CAP margin (Fernández-Blanco et al., 2020). This thermal 
effect on the crust may enhance the observed low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 values there. The circular thermal anomaly and other piece-
meal anomalies revealed by strong Lg attenuation are consistent with the fact that the asthenospheric material 
was facilitated by not only the slab tearing but also the lithospheric mantle viscous dripping, and subsequently 
upwelled and intruded into the crust.

The 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 changes rapidly from the eastern Mediterranean in the west to the Arabian plate in the east (Figure 3). 
Through the Pliny-Strabo transform faults, Cyprus Arc, and Dead Sea fault zone successively, a high-to-low-to-
high 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 pattern reflects a significant transition of the crustal property, which is related to the stalled subduction 
across the Cyprus Arc due to the incipient collision of the Eratosthenes seamount (Aksu et al., 2021; Wdowinski 
et al., 2006). The crustal transition occurred between the relatively strong oceanic crust and the weak and stretched 
continental crust in the eastern Mediterranean (Granot, 2016). The Dead Sea fault zone accommodates the sinis-
tral displacement between the Arabian plate and the African plate (Smit et  al.,  2010), where the attenuation 
changes from low-𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 in the eastern Mediterranean to high-𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 in the Arabian plate. This marks a sharp change 
in the subduction environment and crustal properties. Overall, the high-to-low-to-high 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 variation reveals a 
strong-to-weak-to-strong crustal transition, from the ongoing subducting Mediterranean block to the stretched 
and thinned Cyprus Arc and then to the relatively strong Arabian continent (Figure 4⑤). This process may have 
facilitated asthenospheric mantle entrainment under the Anatolian plate, and triggered the initiation of the litho-
spheric dripping (Göğüş et al., 2017).

5.  Conclusions
A broadband Lg attenuation model was obtained in the Anatolian Plateau and its surrounding regions by utilizing 
a two-step inversion method. The resolution can approach to 1.0° or higher. In line with previous geological and 
geophysical observations, our crustal Lg attenuation model suggests that low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 regions indicate widespread 
crustal partial melting in the EAP where the Bitlis slab delaminated and finally broke off. This process contrib-
utes to the surface uplift and melts production of the EAP. As the Cyprus slab rollback progresses, hot asthe-
nospheric mantle material flows through the slab window between Cyprus and the Aegean slab, and intrudes 
and reworks the lithosphere, leading to crustal melting and uplift of the CAP.  Crustal melting, revealed by 
circular-shaped low 𝐴𝐴 𝐴𝐴𝐿𝐿𝐿𝐿 anomalies, is possibly caused by the slab tearing and lithospheric dripping processes in 
the CAP, which are highly associated with widespread volcanism and the cryptic uplift of the entire CAP. The 
difference among rheological properties of the EAP, CAP, and WAP revealed by their attenuation structures are 
likely related to the kinematic movement of the Anatolian plate, that is, the pull from slab rollback and mantle 
flow dominating the escape of relatively strong CAP and WAP from the weakest EAP rather than the push from 
the Arabian plate. The high-to-low-to-high pattern of the Lg wave Q along the subducting Mediterranean block, 
Cyprus Arc and the Arabian plate is consistent with the crust properties in these regions. They contribute to 
not only plate kinematics but also, more importantly, the geodynamic evolution of the subduction environment 
transition regions.

Data Availability Statement
Waveform and station metadata were downloaded using the Obspy (Krischer et  al.,  2015) through the Inter-
national Federation of Digital Seismograph Networks (FDSN) webservices and obtained from the GEOFON 
Data Management Center (https://geofon.gfz-potsdam.de/waveform/archive/) and Incorporated Research Insti-
tutions for Seismology Data Management Center (IRISDMC; http://www.iris.edu/ds/nodes/dmc/) and the 
associated networks operators were listed in the Table S3 in Supporting Information S1. The S-wave velocity 
data (Kaviani et  al.,  2020) were collected from IRIS Earth Model Collaboration (IRISEMC) data product at 
http://ds.iris.edu/ds/products/emc-midd_east_crust_1/ (last accessed August 2022). The single- and two-station 
Lg amplitude data used in this study can be accessed at the World Data Centre for Geophysics, Beijing at 
https://doi.org/10.12197/2022GA025 (last accessed August 2022). Figures were generated using Generic 
Mapping Tools (Wessel et al., 2019).
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