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Abstract 18 

The late Paleozoic to recent Alpine-Himalayan orogen contains the geological remnants of subducted 19 

lithosphere of the Paleotethys and Neotethys oceans and of microcontinents within these. This orogenic belt 20 

is segmented by abrupt along-strike changes that according to plate reconstructions coincide with paleo-21 

transform faults across which oceanic opening and subduction histories changed. Here, we test whether 22 

seismic tomography identifying these segments in the mantle below the Tethyan realm in the form of slab 23 

remnants that may be correlated to Paleo- and Neotethyan subduction zones. We focus on the Anatolian 24 

segment, and the neighboring Aegean and Iranian segments, using a recent, detailed plate tectonic 25 

reconstructions placed in a mantle reference frame, to predict where and when slabs would have subducted. 26 

We compare these predictions with seismic tomographic images of the mantle below the Eastern 27 

Mediterranean. We use previously interpreted slabs of the Aegean and Iranian region to identify anomalies of 28 

the Anatolian segment and identify a sub-horizontal slab between 2200 and 1500 km depth as the remnant 29 

of the Paleotethys oceanic lithosphere that subducted between ~240 and 180 Ma. Subsequent Neotethys 30 

subduction formed three major slabs, two of which (Pontides and Egypt slabs) broke off in the late 31 

Cretaceous and are present in the upper lower mantle. The final one (Cyprus slab) is present mostly in the 32 

upper mantle and overturned in the top of the lower mantle and is still subducting, or may be detaching, 33 

today. The present positions of these slabs likely reflect their past slab detachment locations, and their 34 

shapes reflect absolute motions (advancing, stationary, or retreating) of their associated paleo-trenches 35 

through time. We identify that slabs associated with Aegean, Anatolian, Iranian, and previously identified 36 

Tibetan segments make mantle provinces whose transitions still closely align the transform-related orogenic 37 

segmentation boundaries, implying minimal paleo-longitudinal mantle flow in the mantle reference frame 38 

since the Early Mesozoic. This suggests that upper and lower mantle structure is well explained by near-39 

vertical sinking of slabs after their detachment since the Triassic without significant disturbance by bottom-40 

up driven, or lateral, mantle convective flow. 41 

 42 

1. Introduction 43 

 The detection of negative and positive seismic wave speed anomalies imaged through global seismic 44 

mantle tomography revolutionized Earth sciences by providing a first ‘geological’, or geophysical, map of 45 

Earth's heterogenous mantle (Becker and Boschi, 2002, Bijwaard et al., 1998, Fukao et al., 2001, Grand et al., 46 

1997, Van der Hilst et al., 2007, Van der Voo et al., 1999a, b). Seismically slower and likely hotter, columnar 47 

features have been correlated to mantle plumes (Goes et al., 1999, Nolet et al., 2007, Bijwaard and Spakman, 48 

1999, French and Romanowicz, 2015), whereas seismically faster regions are thought to be colder than the 49 

ambient mantle and were shown to correlate with subducting slabs in the upper as well as the lower mantle 50 
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(Grand et al., 1997, Van der Voo et al., 1999a, b, Hafkenscheid et al., 2006, van der Meer et al., 2010, 51 

2018Parsons et al., 2020, Qayyum et al., 2022, Wu et al., 2016, Sigloch and Mihalynuk, 2013). Such slabs 52 

provide unique features to reconstruct part of the evolution of the mantle, and place constraints on motions 53 

(i.e. kinematics) that occur on geological timescales within Earth's interior.  54 

 Subducted slabs leave distinct geological records at the surface in the form of accretionary orogens 55 

and associated arcs (e.g., Cawood et al., 2009, van Hinsbergen and Schouten, 2021). Systematic correlations 56 

between such orogenic records and slabs under the assumption that deeper slabs tend to be older (van 57 

Hinsbergen et al., 2005, Hafkenscheid et al., 2006, van der Meer et al., 2010, 2018, Butterworth et al., 2014), 58 

revealed depth-dependent first-order slab sinking rates of 0.5-1.5 cm/yr, varying with depth in the lower 59 

mantle (van der Meer et al., 2018). The deepest tomographic anomalies, near the core-mantle boundary, 60 

correlate to lithosphere that subducted around ~250 Ma. Those correlations were largely based on relatively 61 

isolated subduction systems, because for complexly stacked slabs the tectonic evolution and spatial extents 62 

in seismic wave tomographic models are more ambiguous to unravel. However, linking the subduction 63 

history of the Tethyan oceans, which culminated in the formation of the Alpine-Himalayan orogenic belt, is 64 

less straightforward. There, opening and subduction of oceanic basins and collisions of microcontinents 65 

occurred throughout this time span, and the arrest of one subduction systems often formed the prelude of 66 

formation of the next (Wan et al., 2019, Ma et al., 2025) - even multiple subduction systems may have been 67 

active at the same time (Jagoutz et al., 2015, Gürer et al., 2022). Moreover, Tethyan trenches were often 68 

mobile, advancing, retreating, or even moving trench-parallel (Jagoutz et al., 2015, Jolivet et al., 2015, 69 

Parsons et al., 2021) which must have deformed slabs and dragged them through the mantle (Spakman et 70 

al., 2018, Sigloch and Mihalynuk, 2013, Qayyum et al., 2022, Chen et al., 2024, Fuston et al., 2025). 71 

Interpreting such stacked and deformed Tethyan slab systems, as attempted for instance for the opening and 72 

closure histories of Tethyan ocean basins that led to the formation of the Tibetan Plateau and Himalaya since 73 

the Triassic (Parsons et al., 2020, Qayyum et al., 2022) is thus challenging, and requires integration of surface 74 

kinematic history of trenches with modern, complex mantle structure.  75 

 The Alpine-Himalayan mountain belt is segmented by abrupt along-strike changes, which, according 76 

to plate tectonic reconstructions, coincide with paleo-transform faults across which oceanic opening and 77 

subduction histories changed (Stampfli and Borel, 2002, Lom and van Hinsbergen, 2026, van Hinsbergen et 78 

al., 2026) (Figure 1). Seismic tomographic images below the Tethyan realm also show abrupt changes in 79 

upper and lower mantle structure which have previously been correlated to these segments (e.g., 80 

(Hafkenscheid et al., 2006, van der Meer et al., 2010), and detailed interpretations of Tethyan subducted 81 

slabs have been proposed for the Tibetan (Parsons et al., 2020, Qayyum et al., 2022, Replumaz et al., 2004), 82 

Iranian (van der Meer et al., 2010, 2018, Agard et al., 2011), and Balkan segments (Maffione and van 83 

Hinsbergen, 2018). However, for the Anatolian segment, which kinematically may be the most complex of 84 

the four regions 85 
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 86 
Figure 1. Plate tectonic reconstruction of the Tethyan oceans at 190 Ma, illustrating the transform-bounded 87 

plate tectonic segmentation of the system. Based on the Utrecht Paleogeographic Model (van Hinsbergen et 88 

al., 2026) with plate tectonic interpretations as in Lom and van Hinsbergen (2026). EMO = Eastern 89 

Mediterranean Ocean. 90 

 91 

(Figure 1), only few of the mantle tomographic anomalies have been interpreted (van der Meer et al., 2010), 92 

mostly limited to upper mantle structure (Berk Biryol et al., 2011, Confal et al., 2025). Recent detailed 93 

restorations of eastern Mediterranean tectonic evolution since the Triassic (van Hinsbergen et al., 2020, 94 

2024) now invites an attempt at interpreting upper and lower mantle structure below this region in terms of 95 

Paleo- and Neotethyan slabs. 96 

 In this paper, we first summarize the first-order plate tectonic evolution of Paleo- and Neotethys 97 

closure, and especially the subduction zones and their motions that is relevant for interpreting mantle 98 

structure. Next, we provide an overview of modern mantle structure in map and cross-section view and 99 

identify anomalies and their interpretations as slabs. Next, we interpret the tomography from top to bottom, 100 

and geologically from young to old, to assess which of the identified positive wave speed tomographic 101 

anomalies may represent subducted Neotethyan and Paleotethyan lithosphere. From this analysis, we 102 

evaluate whether the Tethyan segments from west to east in plate reconstructions are identifiable in modern 103 

mantle structure and discuss the implications of our findings for mantle kinematics and dynamics. 104 
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 105 

2. Tectonic evolution of the Tethyan oceans 106 

2.1 Synopsis of Tethys-wide evolution 107 

The history of the Tethyan oceans is an interpretation that came from tectonic reconstruction of the Alpine-108 

Himalayan mountain belt (Stöcklin, 1974, Şengör, 1979), the W-E striking orogenic belt that extends from the 109 

Mediterranean region to SE Asia. Its geology comprises continent-derived accreted crustal units 110 

incorporated in fold-thrust belts, separated from the major Eurasian and African, Arabian, or Indian 111 

continents by suture zones that become younger from north to south. These suture zones contain the 112 

remnants of oceanic lithosphere and sediments, providing evidence of past ocean basins, collectively 113 

referred to as the Tethyan oceans, that once separated Gondwana (Africa, Arabia, India, Australia) and proto-114 

Eurasia during the late Paleozoic to Triassic supercontinent Pangea (e.g., Şengör, 1984)). Plate 115 

reconstructions that restore the opening of the Atlantic and Indian oceans show that the Tethys ocean was 116 

triangular-shaped and became wider eastwards (Figure 1). Since the break-up of Pangea and the opening of 117 

the Atlantic and Indian Oceans since the Jurassic, the Tethyan oceans closed resulting in the modern 118 

orogenic belt. 119 

 The Tethyan oceans must have been plate tectonically complex. First, the series of mostly E-W 120 

trending suture zones and intervening continental fragments in the Tethys-derived orogens show an across-121 

strike segmentation within the Tethyan domain. This reflects the opening and closure of multiple Tethyan 122 

ocean basins. The Paleozoic 'Paleotethys' ocean closed in Triassic to Jurassic time (age varying along-strike), 123 

well before the final Cenozoic collisions of the major Tethys-bounding continents (Şengör, 1984, Stampfli 124 

and Borel, 2002). These early collisions were facilitated by the opening of new oceans along the northern 125 

Gondwana margin, separating 'Cimmerian' continental fragments from Gondwana and transporting these 126 

towards the Eurasian margin (Şengör, 1984, Şengör et al., 2023) (Figure 1). 127 

 The opening and closure of these oceans was not uniform along the strike of the Tethys but was 128 

instead along-strike segmented by major transform faults (Lom and van Hinsbergen, 2026, van Hinsbergen 129 

et al., 2020) into what we here call the Balkan, Anatolian, Iranian, and Tibetan segments (Figure 1). The 130 

Tibetan segment was most complex, with multiple post-Paleotethyan continental fragments and oceans 131 

opening, closing, and colliding (Yin and Harrison, 2000, Wan et al., 2019, Kapp and DeCelles, 2019). In the 132 

Iranian segment, closure of the Paleotethys in late Permian and Triassic time was associated with opening of 133 

a single Neotethys Ocean that closed until the late Oligocene (Lom and van Hinsbergen, 2026, Stampfli and 134 

Borel, 2002, Muttoni et al., 2009). In the Anatolian and Balkan sections, Paleotethys closure and Neotethys 135 

opening occurred later, in late Triassic to middle Jurassic time (Şengör and Yilmaz, 1981, van Hinsbergen et 136 

al., 2020, Dokuz et al., 2017). Moreover, the southern margin of the Neotethys was formed by an extended 137 
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microcontinental region, Greater Adria, that itself became separated in Triassic to Jurassic time from Africa 138 

by the Eastern Mediterranean Ocean (Speranza et al., 2012) (Figure 1). 139 

 In addition to the along-strike and across-strike segmentation, closure of the ocean basins was not 140 

always accommodated at only 'Andean' style subduction zones along continental margins, but also at intra-141 

oceanic subduction zones. Intra-oceanic subduction zones formed at extinct mid-ocean ridges, parallel to 142 

passive margins, but also along the segment-bounding transforms (van Hinsbergen et al., 2021, Maffione and 143 

van Hinsbergen, 2018). This led to widespread ophiolite emplacement upon arrival of Tethyan continental 144 

margins in these intra-oceanic subduction zones (e.g., Robertson, 2002). Collectively, the along- and across-145 

strike segmentation of ocean basins and the closure of these oceans at multiple, sometimes parallel 146 

subduction systems with segments that underwent separate histories of trench motion explains the complex 147 

and laterally discontinuous collection of tomographic positive wavespeed anomalies interpreted as slabs in 148 

the mantle below the former Tethyan region (Van der Voo et al., 1999b, Parsons et al., 2020, Qayyum et al., 149 

2022, van der Meer et al., 2010, 2018, Hafkenscheid et al., 2006, Replumaz et al., 2004). Below, we zoom in 150 

on the Anatolian segment and attempt to identify where the various slabs predicted by plate reconstructions 151 

may currently reside. 152 

 153 

2.2 Tethyan subduction history in the Anatolian segment 154 

The Anatolian segment of the Alpine-Himalayan mountain belt (Figure 1) is mostly concentrated in Turkey. A 155 

former transform boundary with the Balkan segment has been reconstructed around the border with the 156 

Aegean region, to the west of which a double band of Jurassic ophiolites (the West and East Vardar 157 

Ophiolites, Figure 2) reveal a markedly different intra Neotethyan subduction history than to the east (Schmid 158 

et al., 2020, Maffione and van Hinsbergen, 2018). To the east, the Anatolian segment is bounded from the 159 

Iranian segment by a NNE-SSW trending fault (Figure 2) that almost coincides with the Turkey-Iran border 160 

(Barrier et al., 2008, Lom and van Hinsbergen, 2026, van Hinsbergen et al., 2020). The Anatolian orogen is 161 

presently separated from Eurasia in the north by the Black Sea that forms a Cretaceous back-arc basin 162 

system (Okay et al., 1994, Munteanu et al., 2011). To the southwest of Cyprus, it is still separated by the 163 

Herodotus Basin ocean floor of the African plate (Granot, 2016), and from Cyprus east-wards, Anatolia has 164 

undergone collision with African and Arabian plates since the late Miocene (Okay et al., 2010, McPhee and 165 

van Hinsbergen, 2019, Cavazza et al., 2018, Hüsing et al., 2009) (Figure 2). 166 

 167 
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 168 
Figure 2. Simplified tectonic map of the eastern Mediterranean region, outlining the major continents, 169 

sutures, ophiolite belts, and fold-thrust belts derived from the Arabian continental margin and Greater Adria 170 

microcontinental realm. Modified after van Hinsbergen et al. (2020).  171 

 172 

 The Paleotethys suture has mostly been overprinted by the Cretaceous-Paleocene Black Sea rifting 173 

and opening, but Paleozoic oceanic relics accreted in Triassic to early Jurassic time below continental rocks 174 

of the Pontides are thought to be Paleotethys remnants (e.g., Şengör and Yilmaz, 1981, Dokuz et al., 2017, 175 

Ustaömer and Robertson, 1999, 2010). Subduction of the Paleotethys was likely southward below the 176 

Pontides (i.e., the Cimmerian fold-thrust belt in Figure 3) (Şengör and Yilmaz, 1981), but also northward 177 

subduction likely occurred, as suggested by accretionary prism on Crimea and arc rocks in southern Russia 178 

(Okay and Nikishin, 2015) (Figure 3). Paleotethys closure is thought to have occurred in the mid-Jurassic, 179 

followed by switch in subduction and the onset of long-lived northward subduction along the southern 180 

Pontides that lasted until the Paleogene (Robertson et al., 2012, Dokuz et al., 2017, Okay et al., 2013) (Figure 181 

3). The accretionary record of this subduction zone are found in the Izmir-Ankara-Erzincan suture zone 182 

(Şengör and Yilmaz, 1981) (Figure 2), in which the oldest radiolarian date back to the Triassic, which is 183 

generally interpreted as the time of onset of opening of the Neotethys ocean (Tekin and Göncüoglu, 2007, 184 

Tekin et al., 2002). Subduction below the Pontides terminated in latest Cretaceous time in west (Mueller et 185 

al., 2019, 2022), Paleocene time in the center (Kaymakci et al., 2009), and likely early Miocene in the east, 186 

where the Neotethys was wider (Gürer and van Hinsbergen, 2019) (Figure 3).  187 
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 188 
Figure 3. Tectonic reconstruction and plate boundary evolution of the eastern Mediterranean region and 189 

Middle East used in this paper as basis for tomographic interpretation. Based on van Hinsbergen et al. 190 

(2020), with additions for Iran (beyond the scope of the interpretation in this paper) from Lom and van 191 

Hinsbergen (2026), placed in the minimum-continent-motion mantle reference frame of Wagenaar et al. 192 

(2025). AP = Anatolian Paleotethys subduction zone; Bi = Bitlis Subduction Zone; BP = Balkan Paleotethys 193 

subduction zone; Cy = Cyprus subduction zone; EV = East Vardar subduction zone; FTB = Fold-thrust belt; 194 

He = Hellenic subduction zone; IASZ = Izmir-Ankara Suture Zone; IN = Intra-Neotethys subduction zone; IP = 195 

Iranian Paleotethys subduction zone; ISO = Inner Zagros-Sabsevar back-arc basin; IzS = Inner Zagros-196 

Sabsevar subduction zone; Me = Mesopotamia subduction zone; SAB = South Armenian Block; SAS = 197 

Sevan-Akera Suture; Po = Pontides subduction zone; TS = Trojan Suture (Paleotethys Suture); VS = Vardar 198 

Suture; WA = West Anatolian subduction zone; WV = West Vardar subduction zone; Za = Zagros subduction 199 

zone. 200 
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 To the south of the Izmir-Ankara-Erzincan suture are the accreted remains of the Greater Adria 201 

continental realm, which in Anatolia are known as the Anatolide-Tauride units. These continental units are 202 

overlain by upper Cretaceous supra-subduction zone ophiolites that form widespread klippen (Figure 2). 203 

These formed in the forearc of an intra-oceanic subduction zone that initiated within the Neotethys ocean in 204 

the late Cretaceous (Dilek et al., 1999, Robertson, 2002, 2004, Çelik et al., 2006), from a triple junction around 205 

the Greece-Turkey border, in stepped fashion of segments that followed the Greater Adriatic and Arabian 206 

passive margin and perpendicular segments along former transform faults/fracture zones, towards the west 207 

Indian Ocean (Gürer et al., 2016, Maffione et al., 2017, van Hinsbergen et al., 2021) (Figure 3).  208 

 Although the parts of this stepped intra-oceanic subduction zone together made one coherent plate 209 

boundary, its shape evolved over time because of roll-back of some parts. One such parts formed along the 210 

transform fault system that separated the Anatolian and Iranian segments, rolled back westwards and 211 

invaded the eastern Mediterranean ocean (Maffione et al., 2017, Moix et al., 2008) (Figure 3). This culminated 212 

in emplacement of ophiolites over the northwest Arabian margin of Turkey and Syria, over the extended north 213 

African margin emplacing the Troodos Ophiolite of Cyprus, as well as over the southern Greater Adrian 214 

margin (Maffione et al., 2017, Inwood et al., 2009, Morris and Anderson, 2002) (Figure 2). This emplacement, 215 

and likely associated slab detachment, occurred in the latest Cretaceous (Robertson and Woodcock, 1984, 216 

Al-Riyami et al., 2002, McPhee and van Hinsbergen, 2019). 217 

The Greater Adria microcontinental realm, now found in western and central Anatolia, entered the intra-218 

Neotethyan subduction zone within a few million years after subduction initiation (at ~90 Ma), and within ~20 219 

Myr in eastern Anatolia, as shown by the oldest metamorphosed accreted continental margin rocks (van 220 

Hinsbergen et al., 2016, Topuz et al., 2017, Pourteau et al., 2019). Subsequently, the entire microcontinent 221 

subducted, leaving only its upper crust, or in part perhaps its entire crust, accreted to the orogen (van 222 

Hinsbergen et al., 2025). Continued microcontinental subduction is reflected by stepwise accretion of 223 

continent-derived thrust slices in the Taurides orogen that occurred from the late Cretaceous until the late 224 

Eocene (McPhee et al., 2018, Özgül, 1984, Andrew and Robertson, 2002). Subsequently, the eastern 225 

Mediterranean oceanic lithosphere started subducting. An exception occurred in the Central Taurides that 226 

formed in response to the westward retreat of a N-S striking subduction segment (Koç et al., 2016, McPhee 227 

et al., 2018). There is still a Benioff zone below the Central Taurides and Antalya Basin (Kalyoncuoğlu et al., 228 

2011), and a gradually westward moving uplift and subsidence pattern throughout the Neogene may indicate 229 

that a portion of the pre-Eocene slab is still attached and is slowly delaminating the foreland (Koç et al., 2016, 230 

McPhee and van Hinsbergen, 2019). 231 

 Eastern Mediterranean oceanic crust that subducted to the south of Anatolia after the late Eocene 232 

consistent mostly of late Cretaceous back-arc basin rocks that formed in the upper plate of earlier westward 233 

invading subduction system that emplaced ophiolites over north Africa and NW Arabia. Eastern 234 

Mediterranean oceanic lithosphere subduction occurred until the arrival of the Arabian continental margin in 235 
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the trench, in the Early Miocene in eastern Anatolia south of the Bitlis Massif (Cavazza et al., 2018, Okay et 236 

al., 2010), in the middle Miocene at the NW Arabian margin (Hüsing et al., 2009), and in the late Miocene at 237 

the longitude of Cyprus (McPhee and van Hinsbergen, 2019). This accreted some of the Arabian and north 238 

African margin rocks including previously obducted ophiolites to the Anatolian overriding plate, such as in 239 

Cyprus (McPhee and van Hinsbergen, 2019). Subduction along the Arabian margin ceased, likely in the 240 

Miocene (Faccenna et al., 2006, Şengör et al., 2003). Ongoing convergence from Cyprus to the west is still 241 

accommodated by African plate subduction, but to the east, post-mid-Miocene convergence was 242 

accommodated in the upper plate by shortening (van Hinsbergen et al., 2024) and extrusion (Şengör et al., 243 

2003, Whitney et al., 2023), as well as subduction of a narrow back-arc basin north of the Pontides and its 244 

eastern continuation, the Lesser Caucasus, forming the Greater Caucasus in the process (Cowgill et al., 245 

2016). 246 

 The subduction history of the west and east of the Anatolian segment was markedly different. To the 247 

west, in the Balkan Segment, Paleotethys closure was probably simultaneous with the Anatolian segment, 248 

also ending in the middle Jurassic (van Hinsbergen et al., 2020), but associated convergence was less, and 249 

the difference was accommodated by the transform fault separating the segments (Maffione and van 250 

Hinsbergen, 2018). A particular difference is that in Jurassic time, two, oppositely dipping intra-oceanic 251 

subduction zones formed close to the mid-Neotethyan ridge bounded in the east by the transform with the 252 

Anatolian segment (Maffione and van Hinsbergen, 2018). This led to ophiolite emplacement onto both 253 

Greater Adria (West Vardar Ophiolites) and Eurasia (East Vardar Ophiolites) in late Jurassic to early 254 

Cretaceous time (Schmid et al., 2020, Tremblay et al., 2015), after which the associated slabs likely broke 255 

off. The Cretaceous intra-oceanic subduction zone that emplaced ophiolites over Greater Adria in the 256 

Anatolian segment ended against the Balkan-Anatolian transform fault and never continued much farther 257 

west (van Hinsbergen et al., 2020). Instead, since the middle Cretaceous, Africa-Europe convergence was 258 

accommodated by a single, north-dipping subduction zone that formed the Sava Suture in the late 259 

Cretaceous and accommodated continental subduction of Greater Adria after that until the Miocene, after 260 

which eastern Mediterranean oceanic lithosphere subducted. This is the Hellenic subduction zone that is 261 

still active today (van Hinsbergen et al., 2005, Jolivet and Brun, 2010) (Figure 2). To the east, in Iran, 262 

Paleotethys subduction ended already in late Triassic time with the collision of the Cimmerian continent 263 

with Eurasia (Şengör, 1990, Muttoni et al., 2009, Wilmsen et al., 2009, Zanchi et al., 2009). Subsequently, 264 

Neotethys subduction started in late Jurassic time along the southern margin of the Cimmerian continent 265 

and continued until the arrival of the Arabian margin in the trench in the Oligocene (Agard et al., 2011, 266 

Mohajjel and Fergusson, 2014). The Cretaceous intra-Neotethyan subduction zone also existed in the 267 

Iranian segment and ceased in the late Cretaceous with emplacement of ophiolites along the Arabian 268 

margin (Al-Riyami et al., 2002). Finally, the Cimmerian continent of Iran became extended in late Jurassic 269 

and Cretaceous time, opening a partly oceanic back-arc basin, which subducted when it became invaded 270 
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by continental blocks that were extruded from the Tibetan orogen in the late Cretaceous to Eocene, forming 271 

suture zones within the Cimmerian fold-thrust belt of Iran (Bagheri and Gol, 2020, Lom and van Hinsbergen, 272 

2026).  273 

3. Mantle structure below the Eastern Mediterranean region 274 

The mantle structure of the Eastern Mediterranean region, mostly focused on the upper mantle, has 275 

previously been imaged at a variety of scales with different tomographic methods (Auer et al., 2014, Piromallo 276 

and Morelli, 2003, Li et al., 2008, Zhu et al., 2012, van der Meer et al., 2010, van Hinsbergen et al., 2010, 277 

Portner et al., 2018, Mumladze et al., 2015, Berk Biryol et al., 2011, Govers and Fichtner, 2016, Abdelwahed, 278 

2025, Toyokuni and Zhao, 2025, Wortel and Spakman, 2000; see review by Faccenna et al., 2014). Geological 279 

interpretation of lower mantle structure has so far only been carried out in detail for western Turkey (van 280 

Hinsbergen et al., 2010) or as part of Tethys-wide interpretation of the mantle (van der Meer et al., 2010, Wang 281 

et al., 2023) and no attempt has been made to connect all of the geologically reconstructed Tethyan 282 

subduction systems with mantle structure.  283 

 As basis for our interpretation of mantle structure, we use the global P wave tomography model (UU-284 

P07 (Amaru, 2007, Hall and Spakman, 2015)). This tomographic model was previously shown to resolve slab-285 

like features in the upper and lower mantle below the eastern Mediterranean region (van der Meer et al., 2018; 286 

see https://www.atlas-of-the-underwold.org/download for sensitivity tests). Moreover, this model has been 287 

used for the global slab-geology correlations that underpin the estimation of global slab kinematics in the 288 

mantle (van der Meer et al., 2018). 289 

 We placed our reconstruction in a mantle reference frame (Figure 3) based on the assumption of 290 

minimum-continent-motion, a model that predicts hotspot motions well (Wagenaar et al., 2025). Significant 291 

mispredictions of slab locations by this model may be interpreted as evidence for significant post-breakoff 292 

horizontal slab motion. The paleo-subduction zones of the Anatolian Tethys Ocean segment traversed the 293 

present-day region of the Aegean, Anatolia, the Ionian-Herodotus Basin, NW Arabia, and North Africa. If slabs 294 

following their detachment did not substantially move laterally, the record of Anatolian Tethyan subduction 295 

is expected to be found in N(E)-S(W) transects in the mantle below, from the Black Sea to north Africa. Slabs 296 

that formed in the Iranian segment are then expected to the east as previously described (van der Meer et al., 297 

2018, van der Meer et al., 2010, Agard et al., 2011), and of the Balkan segment to the west (Maffione and van 298 

Hinsbergen, 2018). From those adjacent segments, we only indicate where previously described prominent 299 

anomalies reside as reference for our further interpretation. We therefore study anomalies in a series of N-S 300 

cross-sections, from west to east (Figure 4), in addition to horizontal cross sections at 200 km depth intervals. 301 

These N-S sections are sub-parallel to the overall long-lived convergence direction in the eastern 302 

Mediterranean region but may cut obliquely through slabs that formed at westward retreating, east-dipping 303 

trenches in the reconstruction. We catalogue upper and lower mantle anomalies and indicate whether these 304 
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were identified before. We use the nomenclature convention of van der Meer et al. (2018), naming anomalies 305 

using their modern geographic location, rather than the lithosphere that we interpret it may represent. In a 306 

following section, we interpret how these anomalies may be linked to the reconstructed subduction history. 307 

 308 

 309 

 310 
Figure 4. Tomographic cross sections of the upper and lower mantle below the Eastern Mediterranean region, 311 

from seismic tomographic models UU-P07 (Amaru, 2007, Hall and Spakman, 2015), GAP_P4 (Obayashi et al., 312 

2013) and S40RTS (lower mantle) (Ritsema et al., 2011). Interpretated anomalies are based on the UU-P07 313 

images. A) Aegean section; B) Cyprus section; C) Bitlis section; D) Western Iran section. 314 

 315 
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The Aegean anomaly (Figure 4a) is the most prominent anomaly of the southeastern Balkan section. Its upper 316 

mantle part was first imaged by Spakman (1986) and Spakman et al. (1988) and was later shown to penetrate 317 

the lower mantle, reach a depth of ~1500 km below northern Greece (Bijwaard et al., 1998, van Hinsbergen 318 

et al., 2005, Spakman et al., 1993). It is still connected to the subducting African plate and is thus commonly 319 

interpreted as subducted African plate lithosphere (Berk Biryol et al., 2011, Chang et al., 2010, van 320 

Hinsbergen et al., 2005, 2010, Spakman et al., 1988, Piromallo and Morelli, 1997, Hafkenscheid et al., 2006, 321 

Faccenna et al., 2003, De Boorder et al., 1998). Below 660 km, the slab is about twice as thick as in the upper 322 

mantle, likely due to slab shortening upon deceleration when entering the lower mantle (van Hinsbergen et 323 

al., 2005). Towards the east, the Aegean slab continues below western Turkey, where it has broken off from 324 

the African plate as shown by an upper mantle slab gap (Figure 4b) (Berk Biryol et al., 2011, van Hinsbergen 325 

et al., 2010, Portner et al., 2018). 326 

 Below and south of the southern tip of the Aegean anomaly lies the Emporios anomaly (Figure 4a). 327 

This anomaly is in the lower mantle, between ~1500-2000 km and seems to dip to the south (van der Meer et 328 

al., 2018). Faccenna et al. (2003) interpreted this anomaly as contiguous with the Aegean anomaly, perhaps 329 

linked to deep folding of the slab, whereas van Hinsbergen et al. (2005) interpreted it as a separate anomaly. 330 

 The Cyprus anomaly (Figure 4b) was identified by Faccenna et al. (2006), Berk Biryol et al. (2011), 331 

Portner et al. (2018), van der Meer et al. (2018), and McPhee et al. (2022). It is still connected to African plate 332 

lithosphere that is subducting at the trench south of Cyprus and is thus commonly inferred to represent 333 

subducted African plate lithosphere. This lithosphere may be in the process of breaking off north of Cyprus 334 

(Portner et al., 2018). To the east, the upper mantle portion of the Cyprus anomaly abruptly ends around 335 

~35.5° longitude, coinciding with the western Arabian margin. The Cyprus anomaly has a northward dip in the 336 

upper mantle. Previous analyses of the Cyprus anomaly only focused on the upper mantle, but the anomaly 337 

appears to continue into the lower mantle down to ~1000 km (van der Meer et al. 2018), where it becomes 338 

overturned and south dipping, (Figure 4b).  339 

 To the south of the Cyprus anomaly, in the upper part of the lower mantle between ~900 and 1300 km, 340 

lies the Egypt anomaly (Figure 4b, c). It was first identified by Hafkenscheid et al. (2006) and included under 341 

that name in the compilation of van der Meer et al. (2010). The anomaly was included as the westernmost 342 

part of a WNW-ESE trending set of anomalies that extends across below southeast Arabia, and was included 343 

in the Arabian anomalies of van der Meer et al. (2018). This Egypt anomaly is sub-horizontal below a wide 344 

region spanning present day Egypt and northern Sudan (Figure 4b, c). 345 

 To the east of the Cyprus anomaly, below the northernmost Arabia just south of the Bitlis suture zone, 346 

lies the Bitlis anomaly. This anomaly, also identified by e.g., Hafkenscheid et al. (2006), Faccenna et al. 347 

(2006), Lei and Zhao (2007), Zor (2008), and van der Meer et al. (2018), is found from a depth of up to ~900 km 348 

up to the mantle transition zone, ~500 km depth and is not connected to continental crustal lithosphere. 349 
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 All N-S sections across Anatolia reveal a thick, sub-vertical high-velocity body below central and 350 

northern Turkey and the southern Black Sea, from the top of the lower mantle around 600-700 km down to 351 

~2000 below western Turkey, increasing to 2200 km and thickening towards the east (Figure 4b, c): this 352 

Pontides anomaly (Gürer, 2017). It is consisderably thicker and reaches greater depth than the upper mantle 353 

portions of the Cyprus and Aegean slabs. It is similar in N-S lateral width as the lower mantle portion of the 354 

Aegean anomaly, suggesting it may represent equally thickened lithosphere.  355 

 A distinct anomaly is in the lower mantle to the south of the Pontides anomaly and below the Egypt 356 

anomaly, between ~1500 or perhaps even a few hundred kilometers shallower, and 2200 km depth and 357 

between ~15 and 30°N (Figure 4b, c). This feature is identified as the Herodotus anomaly (Gürer, 2017) based 358 

on its present-day location below the Herodotus Basin (Figure 4b, c). The anomaly has a sub-horizontal base. 359 

Westwards, the anomaly may be connected with the Emporios anomaly. 360 

 To the east, below Iran, van der Meer et al. (2010, 2018) identified the prominent, thick Mesopotamia 361 

anomaly (anomaly II in Van der Voo et al. (1999b)). This anomaly is located between ~1100 and 2200 km depth 362 

(Figure 4d). Above it and shallower, the Zagros anomaly is a northward dipping anomaly in the upper mantle 363 

(Hafkenscheid et al., 2006, Zor, 2008, Chang et al., 2010, Agard et al., 2011, Koulakov, 2011) that reaches 364 

lower mantle depths of ~1000 km (Figure 4d). The Zagros slab is disconnected from the deeper Mesopotamia 365 

slab, and it also displays a gap at the top, suggesting it has lost its connection to the lithospheric plates at 366 

surface. To the south (Hafkenscheid et al., 2006) identified the Arabia anomalies (anomaly I in Van der Voo et 367 

al. (1999b) in the upper part of the lower mantle. They continue to the SE from the Egypt anomaly, in the mid-368 

mantle below ~1100 km.  369 

 On the core-mantle boundary below Arabia lies the Al Jawf anomaly (van der Meer et al., 2018) 370 

reaching up to ~2500 km depth. This anomaly disappears westward below Anatolia and is detectable until 371 

the Bitlis segment (Figure 4c, d) in the UUP07 model. 372 

 Finally, there are two smaller anomalies in the upper mantle below the eastern Mediterranean region 373 

that we do not specifically show here, and that have been interpreted to play a role in the Cenozoic history of 374 

the region. First, to the northwest of the Cyprus anomaly, below the Central Taurides and currently isolated 375 

from active plate boundaries, is the Antalya anomaly. This anomaly was identified by De Boorder et al. (1998), 376 

Berk Biryol et al. (2011), van der Meer et al. (2018), and McPhee et al. (2022) and is a NNW-SSE striking, 377 

eastward dipping high-velocity anomaly, associated with a diffuse Benioff zone (Kalyoncuoğlu et al., 2011), 378 

below the western Central Taurides. At depths exceeding ~300-400 km, the Antalya anomaly becomes 379 

tomographically indistinguishable from the Cyprus anomaly. Finally, to the northeast of the Pontides 380 

anomaly, the north-dipping East Caucasus anomaly is connected to the lithosphere and reaches a depth of 381 

~300 km (Maggi and Priestley, 2005, Mumladze et al., 2015). Below the west-Caucasus, there is no such 382 

anomaly connected to the surface, but instead, the West Caucasus anomaly is imaged in the mantle 383 

transition zone, decoupled from the lithosphere (Hafkenscheid et al., 2006, Zor, 2008, Koulakov et al., 2012, 384 
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van der Meer et al., 2018). We refer to reader to the cited sources for detailed images of these anomalies, 385 

resulting from late Cenozoic-present subduction, which play only a subordinate role in our interpretation 386 

here of the older Tethyan ocean. 387 

4. Correlating reconstruction and tomography 388 

4.1 Concepts and assumptions 389 

 To interpret which anomalies in the mantle below the eastern Mediterranean region may correspond 390 

to subducted lithosphere reconstructed from surface geology, we first introduce a few previously developed 391 

concepts and assumptions that consider slab shape and depth (Figure 5). First, we interpret shallower 392 

anomalies as younger, and deeper anomalies as older slabs. Second, we assume that after slab detachment, 393 

slabs did not change lateral position relative to each other. In other words, anomalies that are currently 394 

located north and south from each other in the mantle are interpreted as slabs that subducted north and 395 

south from each other, respectively. Third, as a guide, we use previously reconstructed global subduction 396 

rates that suggested that all upper mantle slabs represent Cenozoic subduction and older slabs have sunken 397 

into the lower mantle, and that it takes ~250 million years for slabs to sink down to the core-mantle boundary 398 

(van der Meer et al., 2010, 2018, Butterworth et al., 2014) to hypothesize that the anomalies we identified 399 

above represent all subducted Paleotethyan and Neotethyan lithosphere of the Anatolian segment and 400 

adjacent segments. Fourth, slabs that subduct at upper mantle rates that exceed lower mantle sinking rates 401 

thicken by buckling at in the mantle transition zone and in the upper part of the lower mantle (Sigloch and 402 

Mihalynuk, 2013, Wu et al., 2016, Pokorný et al., 2021, van der Wiel et al., 2024a, Chen et al., 2019, Fuston 403 

and Wu, 2021, Pownall et al., 2017, van der Meer et al., 2018). Lower mantle slabs therefore are typically 404 

much thicker than upper mantle slabs and may contain considerably more subducted lithosphere than 405 

suggested by their vertical length. 406 

 In addition, previous analyses have shown that modern slab shapes may reveal past motions of their 407 

associated trenches during subduction (Sigloch and Mihalynuk, 2013, Qayyum et al., 2022, Parsons et al., 408 

2020, Wu et al., 2016, Schellart, 2005). Slabs that subducted at mantle-stationary trenches tend to be 409 

vertical, and slabs that subducted in Cenozoic time at retreating tend to drape the 660 km discontinuity 410 

(Wortel and Spakman, 2000, Piromallo and Morelli, 2003, Čížková and Bina, 2015, Schellart, 2005). Such sub-411 

horizontal slab shapes are maintained by pre-Cenozoic slabs as they sank further through the lower mantle 412 

(Sigloch and Mihalynuk, 2013, Boschman et al., 2018, Parsons et al., 2020, Qayyum et al., 2022). Moreover, 413 

slabs that subduct at advancing trenches may become overturned (Sharples et al., 2014) and this shape may 414 

be preserved after detachment (e.g., the Himalaya slab (Replumaz et al., 2010, van Hinsbergen et al., 2019, 415 

Qayyum et al., 2022)). Finally, there may be subtle differences in sinking rate between slabs that sink at 416 

mantle stationary versus moving trenches. This is exemplified by the mantle-stationary Mariana slab, that 417 
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subducted to ~1200 km since the inception of subduction around 50-60 Ma, and the adjacent Izu-Bonin slab 418 

that subducted at the same trench but retreated and still lies sub-horizontally above the 660 km discontinuity 419 

(Miller et al., 2005, Zhang et al., 2019). The global analysis of slabs of van der Meer et al. (2018); their Figure 420 

100) showed that the lower mantle sinking rate of detached slab is uniform, regardless of their shape. The 421 

upper mantle history of a subducting slab determines whether the slab entry in the lower mantle is delayed 422 

(sub-horizontal slabs) with respect to slabs subducting at a stationary trench. This causes a lateral spread in 423 

the age-depth inference of sinking slabs in the lower mantle and makes that sub-horizontal slabs on average 424 

sank slower. 425 

 426 

 427 
Figure 5. Conceptual relationship between slab shape and sinking behavior of mantle stationary versus 428 

mobile trenches. Modified after Parsons et al. (2020) and Qayyum et al. (2022). 429 

 430 

4.2 Interpreting eastern Mediterranean tomography 431 

 As a first guide in our correlation between tectonic reconstructions and mantle tomography of the 432 

eastern Mediterranean region, the actively subducting Aegean slab (Figure 4a) provides a tie point in the west, 433 

and the Zagros and Mesopotamia slabs provide a tie point in the east (Figure 4d). The architecture and 434 

reconstruction of the Aegean orogen show that the Aegean slab has been subducting for the last ~100 Ma, 435 

and with a slab thickening factor of ~1.5-2 reasonably accounts for the volume of lithosphere - both oceanic 436 

and microcontinental - that was consumed since this time (van Hinsbergen et al., 2005, 2020, Jolivet and 437 

Brun, 2010). Subduction zone reconstructions in absolute plate motion context suggest that the Aegean 438 

trench has been mostly mantle-stationary throughout this history, providing a tie to the mantle frame, and 439 

only in the Neogene the trench moved significantly, due to slab roll back of a few hundred kilometers in the 440 

upper mantle. This is reflected by a sub-horizontal portion of the slab in the mantle transition zone (van 441 

Hinsbergen et al., 2005, 2020, van Hinsbergen and Schmid, 2012).  442 

 The Emporios slab (Figure 4a) that is located below the Aegean slab was first interpreted as an 443 

overturned, deeply subducted portion of the Aegean slab (Faccenna et al., 2003). However, taking slab 444 
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thickening into account, this would require much more subduction than the ~2000 km of convergence 445 

accommodated by the Aegean subduction zone, and it would suggest that the pre-100 Ma subduction that 446 

occurred in the Balkan segment (Figure 3) would be unaccounted for in seismic tomography. Van Hinsbergen 447 

et al. (2005) interpreted the Emporios slab as oceanic lithosphere that was subducted below the West Vardar 448 

Ophiolites in the Jurassic. However, reconstructions show that this slab likely broke off at a location below 449 

modern northern Africa, where it may correspond to the Algeria slab (van der Meer et al., 2010), not shown in 450 

our cross sections of Figure 4. Van der Meer et al. (2018) therefore suggested that the Emporios slab 451 

corresponds to the lithosphere subducted below the East Vardar ophiolites. However, it is questionable 452 

whether sufficient lithosphere subducted in this subduction zone (see also Schmid et al. (2020), and this 453 

lithosphere may instead be in the deeper part of the Aegean anomaly, undiscernible from the Hellenic slab. 454 

We follow the latest interpretation, of Maffione and van Hinsbergen (2018), that the Emporios slab represents 455 

Paleotethyan lithosphere that was consumed during the Triassic to middle Jurassic opening of the Neotethys 456 

Ocean in the Balkan segment. 457 

 To the east, the Zagros slab (Figure 4d) is widely interpreted to reflect Arabian plate lithosphere that 458 

subducted below the Iranian Cimmerian terranes (e.g., Agard et al., 2011, Rahmani et al., 2019, Veisi et al., 459 

2021). Below much of the Zagros belt (but not below the Makran (Qayyum et al., 2022)), this slab is detached 460 

from the Arabian plate, and slab detachment is thought to have occurred ~10 Myr ago based on high-silica 461 

adakites above the imaged slab gap (Omrani et al., 2008, Chiu et al., 2013, Agard et al., 2011). The East 462 

Caucasus anomaly (not indicated in Figure 4, see van der Meer et al. (2018)) is interpreted as the back-arc 463 

basin lithosphere that reconstructions show subducted below the Greater Caucasus since the late Eocene 464 

(Cowgill et al., 2016), whereby the West Caucasus anomaly is thought to reflect a portion of that slab that 465 

detached, likely 5 Ma ago (Forte et al., 2014, Avdeev and Niemi, 2011). 466 

 Geological reconstructions suggest that there has been continuous subduction along the Zagros 467 

subduction zone since the Late Jurassic, consuming far more lithosphere than the ~1000 km accounted for 468 

by the Zagros slab. The Mesopotamia slab (Figure 4d) is thus interpreted to also reflect subduction of 469 

Neotethys lithosphere (van der Meer et al., 2010, 2018). The cause of the decoupling of the Zagros and 470 

Mesopotamia slab is not known. Agard suggested that it may have coincided with latest Cretaceous to 471 

Paleogene rapid exhumation of HP-LT metamorphic rocks in the Zagros suture zone (Agard et al., 2011). 472 

Alternatively, it may coincide with the arrival of the Neotethyan ridge in the trench, in which case it likely 473 

occurred in the early Cretaceous (Stampfli and Borel, 2002). Either way, kinematic reconstruction of the 474 

tectonic evolution of the Iranian segment (Lom and van Hinsbergen, 2026) placed in the minimum-continent-475 

motion mantle reference frame (Wagenaar et al., 2025) suggest that the Mesopotamia and Zagros slabs 476 

subducted at a mostly mantle-stationary trench. To the south, the Arabia anomalies are the candidate to be 477 

the slab remnants of the intra-Neotethyan subduction zone that formed in the late Cretaceous and 478 

culminated with ophiolite emplacement onto the Arabian margin in latest Cretaceous time (Agard et al., 479 
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2011, van der Meer et al., 2018). We note, that this requires that the Arabia slabs sank quicker than the 480 

Mesopotamia slab - in fact, it is among the few fastest sinking slabs in the global documentation of van der 481 

Meer et al. (2018), at rates of ~2 cm/yr, but in absence of any other known Mesozoic subduction to the south 482 

of the Zagros subduction zone, the late Cretaceous Intra-Neotethyan subduction zone is the only candidate 483 

to explain this slab. Van der Meer et al. (2018) speculated that elevated mantle temperatures close to the 484 

edge of the African LLSVP may locally cause lowered mantle viscosity and enhanced slab sinking. Finally, the 485 

Al Jawf slab, draping the core-mantle boundary to the south of the Mesopotamia slab, was previously 486 

interpreted to account for the Paleotethys ocean of the Anatolian segment (van der Meer et al., 2018). 487 

However, both its greater depth, and the longitudinal separation from the Emporios slab makes it more likely 488 

that the Al Jawf slab (Figure 4d) represents lithosphere of the Iranian Paleotethys ocean, that closed between 489 

late Permian and late Triassic time. 490 

 These correlations of the Aegean and Emporios, and Zagros-Mesopotamia and Al Jawf slabs thus 491 

suggest that the Cyprus, Egypt, Antalya, Pontides, and Herodotus anomalies (Figure 4b, c) account for the 492 

Tethyan lithosphere that subducted in the Anatolian segment. If the Aegean and Mesopotamia-Zagros slabs 493 

subducted at more or less mantle-stationary trenches, their maximum depth and age (~1400 km in ~100 Ma 494 

for the Aegean slab, ~2200 km in ~150 Ma for the Mesopotamia slab) may be used as guide to interpret the 495 

slabs of the Anatolian segment, bearing in mind that slabs that subducted at moving trenches likely were 496 

delayed in entering the lower mantle which may amount to a delay of 50-60 Myrs as compared to the slabs 497 

subducting at stationary trenches (see discussion concerning Figure 100 in (van der Meer et al., 2018)). 498 

 Our plate tectonic reconstruction shows that subduction along the Pontides was also mostly mantle-499 

stationary and occurred between ~180-170 and ~60 Ma (or younger, early Miocene in the east). Based on 500 

global correlations (van der Meer et al., 2018) and the correlations in the Aegean and Iranian segments (van 501 

der Meer et al., 2010, Maffione and van Hinsbergen, 2018), the associated slab (Figure 4b, c) is thus expected 502 

to be vertical, thickened, and located between the deep mantle and the mantle transition zone. This 503 

prediction fits well with the location and depth of the Pontides slab between ~2000-2200 and ~600 km (1400-504 

1600km vertical length). The tectonic reconstruction shows that from west to east, ~1500-3000 km of 505 

lithosphere subducted northward below the Pontides (or more if spreading in the Neotethys ocean continued 506 

during subduction), requiring a thickening factor of up to 2 for the Pontides slab, which we consider 507 

reasonable considering the outlined shapes in Figure 4b and c. 508 

 Lithosphere that subducted in the subduction zone that formed within the Neotethys Ocean since the 509 

late Cretaceous has likely sunken into the lower mantle (van der Meer et al., 2018). Moreover, our 510 

reconstruction in an absolute plate motion frame suggests that the trench at which this lithosphere 511 

subducted has advanced northwards over ~1000 km since its late Cretaceous initiation, while consuming 512 

~1300 km of lithosphere (cf. Figure 5). Because this trench currently coincides with the Cyprus trench (van 513 

Hinsbergen et al., 2020), we may thus expect a slab of this length, or shorter if thickened, to extend from the 514 
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Cyprus subduction zone downwards, and to be overturned because of the trench advance. The Cyprus 515 

anomaly (Figure 4b, c) fits this prediction well. Its base around 1000 km is located ~300-400 km below the 516 

top of the Pontide slab, consistent with the reconstruction that these slabs underwent a period of 517 

simultaneous, double subduction in the late Cretaceous. Moreover, the Cyprus slab is overturned in the 518 

lower mantle and has a length that corresponds well to the reconstructed amount of subducted lithosphere.  519 

 Following earlier interpretations, we infer that the Antalya anomaly (see (van der Meer et al., 2018, 520 

Berk Biryol et al., 2011) for images), which becomes indiscernible from the Cyprus anomaly in the mantle 521 

transition zone, represents lithosphere that subducted at a N-S trending segment of the subduction zone that 522 

formed in the Cretaceous Neotethys, and that became isolated from the African plate in the late Eocene 523 

when lithosphere of the Menderes-Bey Daglari foreland delaminated and the trench jumped to the south of 524 

Greater Adria (van Hinsbergen et al., 2010, 2025). The Antalya slab has been slowly delaminating and 525 

detaching since then (McPhee et al., 2019, Koç et al., 2016). Similarly, we follow previous interpretations that 526 

link the Bitlis anomaly below northernmost Arabia to the lithosphere that broke off northern Arabia following 527 

the arrival of the Arabian margin in the trench in the middle to late Miocene (e.g., Faccenna et al., 2006, 528 

Keskin, 2003, Şengör et al., 2003, Lei and Zhao, 2007). 529 

 Slab remnants that formed due to the westward roll-back of an east-dipping segment of the late 530 

Cretaceous intra-Neotethyan subduction zone into the Eastern Mediterranean Ocean that culminated in 531 

~70-65 Ma ophiolite emplacement onto the NW Arabian, NE African, and south Greater Adrian margin are 532 

expected to be located south of the Cyprus subduction zone. Given the roll-back history, this slab is expected 533 

to be of sub-horizontal shape located in the upper part of the lower mantle. The sub-horizontal Egypt slab 534 

(Figure 4c) fits well with this prediction and is in the region where our plate reconstruction would predict the 535 

remnants. 536 

 The analysis above suggests that the Egypt, Cyprus, and Pontides slabs, together with the smaller 537 

bodies of the Bitlis and Antalya slabs, account for the Neotethyan subduction history that occurred since the 538 

middle Jurassic in the Anatolian segment. From this it follows that the Herodotus anomaly (Figure 4b, c) is 539 

unlikely to represent Neotethyan lithosphere and, is thus a logical candidate to represent the slab remnant 540 

of Paleotethys lithosphere that subducted between ~240 and ~180 Ma Ma. The Herodotus slab is found over 541 

a N-S distance of ~1500 km when projected to the surface, and its thickness is consistent with a factor of 2-542 

2.5 thickening to account for the ~3000-4000 km wide Paleotethys ocean. Moreover, our tectonic 543 

reconstruction in the mantle reference frame predicts a latitude for Pontides-Eurasia collision of ~35°N, i.e. 544 

coinciding with the northern end of the Herodotus slab. The base of the Herodotus slab is located only slightly 545 

deeper in the mantle than the Pontides anomaly suggesting it sank slower. This is consistent with the 546 

inference that (most of) the Paleotethys ocean subducted southward below the Pontides, and rolled back 547 

northward (Şengör and Yilmaz, 1981), such that it likely sub-horizontally draped the mantle transition zone, 548 

had a longer upper mantle transit time, and as a result a lower net sinking rate than the Pontide slab.  549 
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  550 

5. Discussion 551 

Our analysis of tomographic images of the upper and lower mantle below the eastern Mediterranean 552 

region reveals that these anomalies account for the amount and location of subducted lithosphere predicted 553 

by detailed kinematic reconstructions of subduction evolution based on plate kinematics and orogenic 554 

architecture. Parts of these interpretations were provided previously, but mostly for the upper mantle (e.g., 555 

(Berk Biryol et al., 2011, Confal et al., 2025) or for only part of the Tethys Oceans system (Hafkenscheid et al., 556 

2006, van Hinsbergen et al., 2010, Faccenna et al., 2006). Upper mantle studies only account for a fraction 557 

of the subducted lithosphere, mostly linked to the Cenozoic subduction evolution, but in absence of the 558 

lower mantle portions it is not possible to identify what part of the subduction history is accounted for by 559 

upper mantle anomalies. Our analysis here suggests that almost all the lithosphere that subducted below 560 

the Pontides now resides in the lower mantle. The upper mantle portion is restricted to the Cyprus and 561 

Antalya slabs. Smaller remnants that have been proposed to reside in the upper mantle to the north of these 562 

(e.g., Confal et al., 2025) may represent small lithospheric drips that delaminated in the late Cenozoic (e.g., 563 

Göğüş et al., 2017). 564 

The successful correlation between reconstructed subduction history, placed in a mantle reference 565 

frame, and seismic tomography shows that the Tethyan slabs of the Aegean and Anatolian segments sank 566 

vertically after breakoff, mostly maintaining the shape that they acquired while they were still connected to 567 

the surface plates (Figure 6). The Herodotus slab mainly subducted southwards, rolling back northwards, 568 

and likely draped the 660 km discontinuity temporarily like modern western Mediterranean slabs do 569 

(Spakman and Wortel, 2004). Following Herodotus' detachment, the Pontides slab started to subduct 570 

northwards at a mantle-stationary trench and formed a 'slab-wall' (cf. Sigloch and Mihalynuk, 2013) just to 571 

the north of the detached Paleotethys-related Herodotus slab. Around 105 Ma, when the intra-Neotethyan 572 

subduction zone initiated (Pourteau et al., 2019, van Hinsbergen et al., 2021), the Cyprus slab started to 573 

subduct, in tandem with the Pontides slab. Several hundreds of kilometers of the Cyprus slab must consist 574 

of continental lithosphere and formed the original lithospheric underpinnings of the nappes of the Anatolide-575 

Tauride belt. Between ~85 and 65 Ma, and during subduction of the Cyprus slab, the Egypt slab formed to the 576 

south by westward roll-back into the eastern Mediterranean ocean, leading to a sub-horizontal slab which 577 

was followed by latest Cretaceous slab detachment. Until the arrival of the Anatolide-Tauride orogen in the 578 

trench along the southern Pontides, the Cyprus slab converged with the Pontides slab and overturned in the 579 

process. From 60 Ma onwards, and later in the east, the Pontides slab detached and Africa-Eurasia plate 580 

convergence was mostly accommodated by the Cyprus slab alone which is at present in the process of 581 

breaking off the north African margin (Figure 6). 582 
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 583 
Figure 6. Interpreted evolution of eastern Mediterranean mantle structure parallel to the section shown 584 

in Figure 4B, resulting from subduction evolution of the Paleotethys and Neotethys oceans. AC = Anatolian 585 

Cimmeria; Af = Africa; Cy = Cyprus slab; Eg = Egypt slab; EMO = Eastern Mediterranean Ocean; GA = Greater 586 

Adria; GAO = Greater Adria-derived accretionary orogen; He = Herodotus slab; NTO = Neotethys Ocean; Po = 587 

Pontides slab; PTO = Paleotethys Ocean 588 

 589 

The average slab sinking rates of Tethyan slabs reconstructed here, which penetrated the lower mantle, 590 

vary between ~1.0 and 1.5 cm/yr. These rates are on par within the range of sinking slabs globally (van der 591 

Meer et al., 2010, 2018), as well as with sinking rates for the Tibetan segment (Parsons et al., 2020, Qayyum 592 

et al., 2022). We note that these rates are significantly slower than the plate motion convergence rates 593 

reconstructed for Africa, Arabia, or India, or the plates within the Neotethys, during their approach to Eurasia, 594 
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which varied from ~2-3 cm/yr for western Arabia to up to ~20 cm/yr for India. This difference between plate 595 

convergence and slab sinking rates was accommodated by either bulk deformation or buckling, resulting in 596 

thickening of the tomographically imaged slabs (i.e. Hafkenscheid et al., (2006), also discussed in van der 597 

Meer et al. (2018)). The sinking of the Tethyan slabs has been suggested to stir a whole mantle convection 598 

that would contribute to driving these plate motions (Becker and Faccenna, 2011). However, the 599 

reconstructed lower mantle slab sinking rates rather suggest that ambient lower mantle sinking when 600 

induced by slab sinking must be even slower (van der Wiel et al., 2024b) and therefore may only have provided 601 

a subordinate contribution to the plate motions that closed the Tethyan oceans. 602 

Finally, the recent minimum-continent-motion mantle reference frame of Wagenaar et al. (2025) was 603 

developed as a reference to reconstruct mantle convective motions. This frame was developed under the 604 

explicit assumption that the ambient mantle does not undergo any motions that were not induced by plate 605 

motion, i.e. that without plate motions, it would have been stagnant. Deviations of predicted and observed 606 

locations of e.g. slabs in the mantle may thus be used to infer non-plate tectonic induced ambient mantle 607 

flow (Wagenaar et al., 2025). However, the slabs of the Anatolian Tethyan segment reconstructed here are at 608 

first order straightforwardly explained by vertical, post-detachment sinking, and for now do not require 609 

significant systematic horizontal convective currents in the ambient mantle. Moreover, adjacent to our 610 

studied region, no major mantle flow is needed to connect the slabs of the Tibetan segment to their respective 611 

trenches for slabs since the Jurassic (Parsons et al., 2020, Qayyum et al., 2022), and the transform fault zones 612 

that bounded the Tethyan segments appear to still be reflected in mantle structure (Figure 7). This suggests 613 

that the predicted longitudinal stability of the Neotethyan realm predicted by the minimum-continent-motion 614 

reference frame explains mantle structure well, and at this moment, no major lateral mantle 'winds' may be 615 

inferred - as previously inferred on global scale (Domeier et al., 2016). An exception may be the absolute 616 

position of the Tethyan subduction system for the Triassic, corresponding to the slab graveyard in the 617 

lowermost few hundred kilometers on top of the core-mantle boundary. The first-order subdivision of the 618 

main Tethyan segments (Figure 1) appears to be well-reflected by deepest-mantle structure, but the 619 

Wagenaar et al. (2025) frame may be offset eastwards by ~10°. This may indicate that for Pangea times, the 620 

minimum-continent-motion frame, which fixes Pangea relative to the mantle because it contains almost all 621 

continental lithosphere, is oversimplified for this time interval. Alternatively, short-lived lateral mantle flow 622 

may have occurred in either the Triassic during the descent of subducted Paleotethyan slabs, or since arrival 623 

of the slabs at CMB (see e.g., Fritzell et al., 2016), have been offset by lateral mantle flow in the deepest 624 

mantle in the past ~50 Myr. However, to advance the use of seismic tomography to kinematically reconstruct 625 

motions in the mantle, a more quantitative analysis needs to be developed, with a thorough definition of slab 626 

versus ambient mantle, and quantification of uncertainties in slab location, edge, and shape. 627 

 628 
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 629 
Figure 7: First-order correlation between tomography (from UU-P07 (Amaru, 2007, Hall and Spakman, 2015)) 630 

and reconstructions of continents and trenches (van Hinsbergen et al., 2026, Lom and van Hinsbergen, 2026), 631 

bearing in mind that slab sinking rates may vary as a function of the absolute trench motion during subduction 632 

(Figure 5). The predicted slabs of the Neotethyan subduction segments by the minimum-continent-motion 633 

mantle reference frame of Wagenaar et al. (2025) generally agree well with the slab patterns imaged in the 634 

lower mantle and suggest minimal horizontal mantle flow in the Tethyan realm since the Mesozoic. For 635 

detailed interpretations of slabs in the Tibetan segment and below east Asia, see van der Meer et al. (2018), 636 

Parsons et al. (2020), and Qayyum et al. (2022). The Triassic (220 Ma) prediction appears offset eastward 637 

relative to mantle structure by ~10°. See text for more explanation. Aeg = Aegean slab; AJ = Al Jawf slab; Ar = 638 

Arabia slabs; Bi = Bitlis Slab; Cy = Cyprus slab; Eg = Egypt slab; Em = Emporios slab; He = Herodotus slab; Me 639 

= Mesopotamia slab; Po = Pontides slab; Za = Zagros slab.  640 

 641 

6. Conclusion 642 

The tectonic history of the Eastern Mediterranean region has long been recognized to have formed due to 643 

closure of ocean basins, collectively known as the Tethyan oceans, from the early Triassic until the present. 644 

Global correlations between plate tectonic reconstructions of subduction history, and subducted slab 645 
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remnants imaged by seismic tomography have shown that slabs that formed during the closure of the 646 

Anatolian segment of the Tethyan oceans are likely still visible by tomographic imaging in the upper and 647 

especially lower mantle. In this paper, we provide the first comprehensive interpretation of lower mantle 648 

structure below the eastern Mediterranean region, and identify, in addition to re-assessing previously 649 

described slabs, two (Herodotus, Pontides) new major slabs in the Anatolian segment.  650 

 The Cyprus slab is still actively subducting - or in the process of breaking off. Its upper mantle 651 

portion is well-known, but we show that it continues into the lower mantle where it is overturned, and 652 

reaches a depth of ~1000 km, consistent with the ~1300 km of plate convergence that it accommodated 653 

since the early late Cretaceous. This serves as calibration point to identify, to the north, for the first time 654 

identify the Pontides slab, which is vertical and ranges from 2200 km to the top of the lower mantle ~660 655 

km, which we identify as the remains of up to 3000 km of lithosphere that subducted below the Pontides 656 

between ~180 and ~60 Ma, or later in eastern Turkey. To the south of the Cyprus slab, we re-assess the sub-657 

horizontal Egypt slab in the top of the lower mantle, which corresponds to lithosphere that subducted when 658 

a slab rolled back into the eastern Mediterranean ocean in the late Cretaceous. Finally, the sub-horizontal 659 

Herodotus slab, between 1500 and 2200 km in the deep mantle corresponds to Paleotethys lithosphere 660 

that subducted southward below the Pontides and rolled back between ~240 and 180 Ma, opening the 661 

Neotethys ocean in its wake. 662 

 The eastern Mediterranean slabs are well explained by their position of slab detachment inferred 663 

from a plate kinematic reconstruction placed in a recent minimum-continent-motion mantle reference 664 

frame, assuming only vertical sinking. Similar previous conclusions from the Tibetan segment of the 665 

Tethyan system corroborates the suggestion by this reference frame for minimal paleolongitudinal plate 666 

motion of the Tethyan realm since the Triassic. Moreover, these correlations suggest that any ambient, 667 

bottom-up driven mantle convective flow did not lead to identifiable lateral displacements of Tethyan slabs 668 

since the Triassic relative to Eurasia, suggesting that lower mantle flow is subordinate compared to plate 669 

motion. 670 
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