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Abstract 27 

How fast a plume can stitch two cratonic nuclei into a stable one remains under-investigated. The 28 

Tarim continental block in central Asia is recratonized by a Permian-aged plume and preserves a 29 

complete record before, during, and after the plume-driven recratonization. Here we conduct 30 

area-depth analysis on seismic reflection data from the central Tarim Basin to date the 31 

Phanerozoic deformation. All thrusts and strike-slip faults investigated underwent an early 32 

deformation stage (Earliest Ordovician-Middle Devonian), a hiatus stage (Late Devonian-Late 33 

Permian), and a newly-discovered deformation stage throughout the Mesozoic. Both deformation 34 

stages within Tarim are driven by the subduction and accretion surrounding the block. The 35 

Mesozoic finite strains highlight the continuous adjustment as the plume-welded continental 36 

lithosphere heals and strengthens. The Tarim plume-driven recratonization concludes not 37 

immediately, but ~200 Myr after the plume activity ceased, establishing a characteristic 38 

timescale for such events in Earth's history. 39 

 40 

 41 

Plain Language Summary 42 

Mantle plumes can either weaken or strengthen continental lithosphere. While the weakening 43 

effect is well-documented, the strengthening process is rare. In such a process called 44 

recratonization, a mantle plume feeds into a thin spot of stretched lithosphere and stitch it back 45 

together to form a stable craton. To better understand how fast such a stitch heals, we examine 46 

the Tarim block in Northwest China which is stitched by a Permian-aged plume and preserves a 47 

complete record before, during, and after the plume-driven recratonization. We apply area-depth 48 

method in seismic interpretation to study the structures and stratigraphy in the central Tarim 49 

Basin. All thrusts and strike-slip faults there undergo two deformation stages coevally: Earliest 50 

Ordovician–Middle Devonian, and the Mesozoic. They are caused by the plate convergence 51 

surrounding the Tarim in Paleo- and Mesozoic. Our finding refines the onset time and tectonic 52 

configuration of the Early-Paleozoic deformation. More importantly, the newly-discovered 53 

Mesozoic strains demonstrate protracted internal adjustment to far-field compression as the 54 

plume-welded lithosphere solidifies and strengthens. The cessation of intra-Tarim deformation 55 

by the end of Mesozoic marks the completion of plume-driven recratonization, not immediately, 56 

but ~200 Myr after the plume activity ceased.  57 

 58 

 59 

1 Introduction 60 

Continental lithosphere can be modified, either constructively or destructively, by 61 

subducting plates and rising plumes (Lee et al., 2011; Pearson et al., 2021). Among these 62 

tectonic processes, a less documented scenario is plume-driven recratonization, in which mantle 63 

plume-derived melt residues feed into a thin lithospheric trap between two cratonic nuclei and 64 

weld them together to form a stable craton (Liu et al., 2021a). While such processes have been 65 

studied via igneous records and numerical simulations (Liu et al., 2021; Xu et al., 2023), a 66 

fundamental aspect -- the timescale for a plume to fully unite two cratonic nuclei into one -- 67 

remains under-investigated in geological records. 68 
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The Tarim Basin in central Asia (Fig. 1) offers an opportunity to constrain the timescale 69 

of plume-driven recratonization. The Tarim block that underlies the basin behaves as a rigid, 70 

craton-like continent during the Cenozoic Himalaya-Tibetan orogeny (Avouac & Tapponnier, 71 

1993; Yin & Nie, 1996). Nevertheless, it did not obtain the cratonic nature in Precambrian like 72 

many other cratons did (Pearson et al., 2021). Instead, the two cratonic nuclei, i.e., North Tarim, 73 

and South Tarim, evolved individually in Archean, amalgamated in Proterozoic along the Central 74 

Tarim suture zone (Guo et al., 2005; Xu et al., 2013; Yang et al., 2018; Zhao et al., 2021), and 75 

accommodated significant shortening during the Paleozoic (Carroll et al., 1995; Qiu et al., 2019; 76 

Yin & Nie, 1996). The Tarim finally became a coherent, stable craton after the emplacement of 77 

the Permian (ca. 300-270 Ma) plume-derived large igneous province (LIP) (Xu et al., 2014; 78 

Zhang et al., 2010a; Xu et al., 2020). Its lithosphere is thick (>200 km) at present (Koulakov, 79 

2011), but was thinner (<150 km) in Permian (Xu et al., 2014). Therefore, regardless of the 80 

debates on whether and when the Tarim had cratonized in Precambrian (Yin & Nie, 1996; Zhao 81 

et al., 2021), for its Phanerozoic evolution, its lithosphere must have been thickened, 82 

strengthened, and recratonized by the Permian plume, making it the youngest known case of 83 

plume-driven recratonization (Xu et al., 2023).  84 

The Tarim basin preserves a relatively complete sedimentary record from Neoproterozoic 85 

to Cenozoic and hinders a direct sampling of basement rocks to study the recratonization. On the 86 

other hand, the cover sequences could carry information before, during, and after the 87 

recratonization. Previous studies suggest that the Early-Paleozoic deformation in central Tarim 88 

initiated in the latest Middle Ordovician, terminated in Devonian, and did not recur afterward; its 89 

tectonic origin is attributed to the progressive suturing of the Proto-Tethyan Oceans along the 90 

southern Tarim margin (Qiu et al., 2019). These insights are inferred from qualitative 91 

interpretation of seismic reflection profiles. Note, however, that it is naturally challenging to 92 

pinpoint the shortening strains at sub-seismic resolution, particularly at the beginning or waning 93 

stage of deformation (Schlische et al., 2014). Considering the complex tectonic history of Tarim 94 

and the surrounding regions in Asia (Cocks & Torsvik, 2013; Yin & Harrison, 2000), the 95 

lifespan and episode of the finite-strain deformation pre- and post-Permian plume event could be 96 

underestimated, or even overlooked.  97 

We hypothesize that the Tarim lithosphere did not recratonize immediately after the 98 

Permian plume event, and the interior Tarim lithosphere could still deform as the plume-derived 99 

melts were solidifying. Deformation, and the absence of it, in sedimentary sequences can be used 100 

to indicate lithospheric tectonics. We use two- (2-D) and three-dimensional (3-D) seismic 101 

reflection data to analyze the structures and stratigraphy in central Tarim Basin. We adopt fault-102 

related folding theory in seismic interpretation (Shaw et al., 2005; Suppe, 1983). Then, we 103 

perform area-depth analysis to quantify the timing of deformation and syn-kinematic deposition 104 

(Epard & Groshong, 1993; Gonzalez-Mieres & Suppe, 2011). Placing our results in a regional 105 

context allows us to better understand the Phanerozoic deformation and recratonization of Tarim. 106 

 107 
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 108 

Fig. 1. Location and geological background. (A) Tectonic map of Tarim block and surrounding 109 

regions. (B) Topography, major faults, and tectonic units in Tarim. (C) Fault systems in 110 

Tazhong-Shunbei. Base map shows the depth (in two-way traveltime) of top Middle Ordovician. 111 

White line denotes the 2-D seismic lines in Figs. 2A and S1. Red polygon marks the horizon 112 

slices in Figs. 2C and S3. Blue line marks the eight sections for area-depth analysis. 113 

 114 

 115 

2 Geological Setting 116 

The Tarim Block is an amalgamated craton (Fig. 1A) bounded by the Western Kunlun, 117 

Altyn Tagh, and Tian Shan orogenic belts due to the opening and consumption of the Paleo-118 

Asian and the Tethyan Oceans to the north and south, respectively (Xiao et al., 2002; Yin & 119 

Harrison, 2000). It shows rigid, craton-like behavior in Cenozoic (Avouac & Tapponnier, 1993; 120 

Xu et al., 2020). An east-trending high aerial magnetic anomaly lies across central Tarim, 121 

implying an ocean basin that once separated, and then sutured, the North and South Tarim blocks 122 

in Precambrian (Xu et al., 2013; Zhao et al., 2021). This suture is reactivated as an intra-123 

continental orogen in Early Paleozoic (Qiu et al., 2019; Yin & Nie, 1996). The Tarim LIP was 124 

emplaced episodically in Permian (~300-270 Ma) (Xu et al., 2014; Zhang et al., 2010), and 125 

strengthened the Tarim lithosphere (Xu et al., 2020, 2023).  126 

The Tarim Basin consists of twelve tectonostratigraphic units (uplifts, depressions, and 127 

slopes) (Fig. 1B). Our study area is the Tazhong Uplift and the Northern Shuntuoguole Low 128 

Uplift (a.k.a. “Shunbei”) in central Tarim. This area is ~200 km from the eruption center of the 129 

Tarim LIP (Fig. 1B), and flood basalts and sill intrusions are present here (Yao et al., 2018). 130 
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Thrust and strike-slip fault systems are found in the Paleozoic (Fig. 1C) (Deng et al., 2019; Liu et 131 

al., 2023). The Tazhong Uplift is bounded by NWW-striking thrust faults. They are cut by strike-132 

slip fault arrays, which extend northward to the Shuntuoguole and Tabei Uplifts (Deng et al., 133 

2019; Liu et al., 2023). The central Tarim Basin preserves a broadly complete strata from 134 

Neoproterozoic to Cenozoic, whose total thickness exceeds 10 km. Conventionally, twenty 135 

reflectors, named as “Ti
j
”, are used in seismic interpretation, representing key seismic 136 

stratigraphic boundaries (Fig. S1).  137 

 138 

 139 

3 Materials and Methods 140 

3.1 Data 141 

We use 2-D seismic lines from the Tazhong Uplift and horizontal and vertical slices from 142 

high-resolution 3-D seismic surveys in Shunbei for seismic interpretation (Fig. 1C) 143 

(Supplementary Materials). 144 

 145 

3.2 Seismic interpretation 146 

Seismic interpretation is conducted on two-way traveltime sections based on fault-related 147 

folding theory (Shaw et al., 2005; Suppe, 1983; Suppe & Medwedeff, 1990). We interpret key 148 

reflectors, unconformities, fault traces, fold axial surfaces, and growth strata (Suppe et al., 1992; 149 

Vergés et al., 2002).  150 

 151 

3.3 Area-depth analysis  152 

We adopt the area-depth method on depth sections to distinguish the syn-tectonic 153 

(growth) strata from the non-tectonic (pregrowth and no-growth) strata (Epard & Groshong, 154 

1993; Groshong & Epard, 1994; Gonzalez-Mieres & Suppe, 2006; 2011). This method is 155 

developed for fold-and-thrust structures; here we also apply it to strike-slip faulting (Fig. S2). On 156 

the obtained area-depth graphs, we identify the pregrowth and growth stages, infer the 157 

detachment's depth, and constrain the timing of deformation (refer to Supplementary Materials 158 

for details). 159 

 160 

 161 

4. Results 162 

4.1 Tazhong 163 

The Tazhong Uplift is cored by a large, broad anticline with thrust faults and is overlain 164 

by Paleozoic-Cenozoic strata (Fig. 1C). We interpret two southwest-verging thrusts within 165 

Lower Paleozoic (below T6
0
) (Figs. 2A, S3). The Tazhong-3 thrust exhibits ramp-flat geometry 166 

and develops fault-bend and fault-propagation folds. It soles into a detachment in or around the 167 

evaporite-bearing Middle Cambrian Awatage Formation (T8
1
). To the northeast, the Tazhong-2 168 
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thrust cuts Cambrian-Ordovician and soles into the same shallow detachment. Northeastward, 169 

this fault can be traced further down-dip (at or below T9
0
) based on the shear fault-bend fold 170 

geometry (Suppe et al., 2004) in T8
0
-T9

0
 reflectors. Both faults and their related folds show 171 

along-strike geometric variations.  172 

 173 

 174 

Fig. 2. Seismic interpretation results and area-depth analyses. (A) Interpreted 2-D seismic profile 175 

A-A' on Line Z40 across Tazhong Uplift. Horizontal axis is common-depth-point. Vertical axis 176 

is two-way traveltime. Vertical exaggeration: ~3 times. (B) Area-depth analysis on depth-domain 177 

section a-a' within profile A-A'. (C) Horizontal slice of reflectors T74 (top Middle Ordovician) in 178 

Shunbei. (D) Interpreted profile G-G' across SHB-5 fault in Shunbei. Vertical exaggeration: ~3.5 179 

times. (E) Area-depth analysis on depth-domain profile G-G'. See Fig. 1C for locations. 180 
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 181 

Cambrian to Middle Ordovician (T9
0
-T7

4
) strata possess a broadly constant thickness and 182 

continuous seismic reflectors. Unconformities are present at or near the top Ordovician (T7
0
), 183 

Silurian (T6
3
), and top Middle Devonian (T6

0
) (Figs. 2A, S3). We recognize two sets of growth 184 

strata: Middle Ordovician to Lower Carboniferous (T7
4
 to T6

0
 and above), and Mesozoic (above 185 

T5
0
 to ~T3

0
), based on limb rotation, onlapping deposition, and thickness variation (Shaw et al., 186 

2005). The former one has been documented (Qiu et al., 2019; Yin & Nie, 1996), whereas the 187 

latter is newly recognized and requires validation. 188 

Kink bands are found in Neoproterozoic-Ordovician outside the Tazhong-2 and Tazhong-189 

3 fold-and-thrust structures. Therefore, a deeper detachment fault must exist. These two 190 

detachments form a structural wedge under Tazhong Uplift. The overall structure can be depicted 191 

as an open-system detachment fold (Suppe, 2011) that consists of a basal detachment in 192 

Precambrian, a roof detachment in Cambrian, and two roof ramp thrusts.  193 

We select five sections across the Tazhong Uplift (blue lines in Fig. 1C and green boxes 194 

in Figs. 2A, S3) and apply the area-depth method. In section a-a', the basal detachment is at ~9 195 

km depth (Fig. 2B). Eastward, it gradually deepens to 9.5 km (b-b'), 10.0 km (c-c'), and 10.2 km 196 

(d-d', e-e') (Fig. S4).  197 

 198 

4.2 Shunbei  199 

Strike-slip faults dominate the Shunbei area. Their structures vary with depths (Figs. 2C, 200 

2D, S5). On horizon T7
4
 (top Middle Ordovician), the north-trending SHB-5 fault is dextral-slip 201 

and consists of left-step, en échelon segments (Fig. 2C). Small, elongated uplifts form in the 202 

overstepping zones between segments, indicating restraining bends. Upward, in Upper 203 

Ordovician (T7
0
), the SHB-5 fault continues to develop with wider, longer overstepping zones 204 

(Fig. S5A). Near top Middle Devonian (T6
0
), the SHB-5 fault turns to a discrete, right-step, en 205 

échelon pattern (Fig. S5B), and switches to sinistral-slip (Liu et al., 2023). They become 206 

unrecognizable above Upper Permian (T5
0
).  207 

Across SHB-5 fault, small fault offsets are present from Upper Neoproterozoic to Upper 208 

Permian (below T5
0
) (Fig. 2D). The fault contains a sub-vertical major fault below T8

0
 and two 209 

branches above T8
0
 (Liu et al., 2023). Two distinct domains exist within the flower structure: 210 

uplift in the lower half (e.g., T7
4
 and T7

0
), and subtle subsidence in the upper part (T6

0
). Small-211 

scale growth strata can be inferred around T7
0
 based on thickness changes; however, the exact 212 

boundary is difficult to determine by naked eyes.  213 

We interpret that these strike-slip faults sole into a regional detachment and apply the 214 

area-depth method here. The inferred detachment lies at ~10.5 km depth in the central section 215 

(G-G'), and shallows to ~10 km north- and southward (F-F', H-H').  216 

 217 
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5. Discussion  218 

5.1 Timing of deformation  219 

We plot the area-depth graphs for the five Tazhong sections and three Shunbei sections 220 

(Fig. 3). Strikingly, all graphs share a four-stage pattern:  221 

(I) The pregrowth stage is hosted in Cambrian (T9
0
-T8

0
) and Precambrian (below T9

0
), 222 

characterized by linear area-depth relationships. The total shortening accommodated in the 223 

pregrowth strata ranges from 897-1805 m across Tazhong-2 thrust and 48-339 m across SHB-5 224 

strike-slip fault (strike-slip component not considered), showing uneven distribution of finite 225 

strains. 226 

(II) This growth stage began at T8
0
 (Cambrian-Ordovician boundary, ~485 Ma), as 227 

marked by changes in slope on area-depth graphs. The ratios of shortening to sedimentation rates 228 

(dS̅/dH) varied with time. This stage ended in Late Devonian (shortly after T6
0
) across the 229 

Tazhong Uplift and northern SHB-5 faults, but in Early to Middle Devonian (before T6
0
) in 230 

central and southern SHB-5 fault. Despite local heterogeneities, the broadly coeval initiation and 231 

cessation of deformation in Tazhong-Shunbei indicate a common tectonic origin. 232 

(III) A hiatus stage in deformation followed. It lasted from Middle to Late Devonian 233 

(around T6
0
) to Late Permian (T5

0
). It is marked by another segment of positive linear relation on 234 

each graph. Four best-fit lines can be projected to the original point within errors (Figs. 3A, B, D, 235 

H), whereas others are projected to various depths in Lower Paleozoic (Figs. 3C, E, F, G), 236 

indicating multiple detachments co-contributed to the deformation. 237 

(IV) The second growth stage is characterized by a sharp descent of the area-depth curves 238 

throughout the entire Mesozoic (T5
0
 to T3

0
). This substantiates the aforementioned, newly, but 239 

vaguely interpreted, shallow set of growth strata. The shortening is minor, but non-zero. Despite 240 

local heterogeneities, the Mesozoic deformation is coeval, indicating, again, a common tectonic 241 

origin.  242 
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 243 
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Fig. 3. Area-depth graphs of thrusts and strike-slip faults in central Tarim Basin. (A)-(E) Fold-244 

and-thrust structures in Tazhong Uplift. (F)-(H) North (F-F'), central (G-G'), and south (H-H') 245 

profiles across the SHB-5 fault in Shunbei. Approximate ages are marked on top of the graphs. S 246 

denotes shortening; H, height above detachment; d/dH, ratios of shortening rate to sedimentation 247 

rate. 248 

 249 

 250 

5.2 Transpressional structural style  251 

The inferred detachment depths fall in a narrow range of ca. 9.0~10.5 km. Considering 252 

the deformation ages, post-kinematic deposition, and lithospheric flexure (Yang & Liu, 2002), 253 

the regional detachment must be shallower in Paleo- and Mesozoic. We suggest that the 254 

detachment linkage mechanism (Bergen & Shaw, 2010) governs the growth, coalescence, and 255 

interaction of these faults in Tazhong-Shunbei, and a low-taper Coulomb wedge (Davis et al., 256 

1983; Hubbard et al., 2010; Liu et al., 2020) characterizes the upper-crustal deformation that 257 

extends from the basin's margin to the interior. 258 

The simultaneous deformation stages in Tazhong-Shunbei indicate a basin-wide, 259 

transpressional regime. Because SHB-5 fault's slip direction switches from dextral below to 260 

sinistral above T6
0
 (Liu et al., 2023) and the tectonic hiatus spans T6

0
 to T5

0
 (Fig. 4), SHB-5 must 261 

be dextral-slip during the first deformation stage and reactivated as a sinistral-slip fault in the 262 

second deformation stage. Collectively, an intense, dextral-transpressional strain field dominated 263 

the Tarim from Ordovician–Devonian, and a minor, sinistral-transpressional strain field existed 264 

in the Mesozoic. 265 

 266 

5.3 Tectonics implications  267 

We place the central Tarim in regional context to investigate the tectonic mechanisms 268 

and implications. For simplicity, all orientations are depicted in modern-day coordinates. 269 

 270 

5.3.1 Early-Paleozoic deformation before Tarim recratonization 271 

Although the timing of North Tarim - South Tarim amalgamation remains controversial 272 

(~1.9 Ga, Wu et al., 2020; 1.0-0.82 Ga, Xu et al., 2013; or 0.87-0.82 Ga, Zhao et al., 2021), the 273 

Central Tarim suture zone was reactivated in Early Paleozoic, leading to intense intra-continental 274 

deformation (Carroll et al., 1995; Yin & Nie, 1996; Guo et al., 2005; Qiu et al., 2019). This 275 

disqualifies the Tarim as a typical "craton" by then (Hoffman, 1988; Pearson et al., 2021).  276 

The first stage of Phanerozoic deformation in central Tarim initiated by ~485 Ma 277 

(Cambrian-Ordovician boundary). This is ~25 Myr earlier than previously thought (Deng et al., 278 

2019). It persisted for almost 100 Myr and waned by ~383 Ma (Middle Devonian). Because 279 

intra-continental shortening is generally driven by far-field compressional forces (Avouac & 280 

Tapponnier, 1993; Craddock & Pluijm, 1989), shortening in central Tarim can be an indicator for 281 

active Tarim margins, in the form of either Andean-type subduction or continental collision.  282 

 283 
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 284 

Fig. 4. Reconstructed paleogeographic and tectonic map of Tarim and surrounding plate 285 

boundaries and terranes (not to scale). (A) Early Ordovician (~480 Ma), highlighting the active 286 

Tarim margins as the Proto-Tethys and the Paleo-Asian Oceans are subducting underneath the 287 

Tarim block. Ordovician-aged faults are marked in red. (B) Late Devonian (~380 Ma), 288 

highlighting the formation of passive Tarim margins and the cessation of interior deformation. 289 

Devonian-aged faults are marked in red. (C) Early to Late Permian (ca. 290-260 Ma), 290 

highlighting the closure of South Tianshan Ocean and the Tarim LIP. Permian-aged faults are 291 

marked in red. (D) Triassic (ca. 250-210 Ma), showing the minor deformation in central Tarim. 292 

Triassic-aged faults are shown in red. The plate tectonic configurations are adapted from (Han et 293 

al., 2016). Extent of the Tarim LIP from (Xu et al., 2020). 294 
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 295 

Both the northern and southern Tarim margins were passive in Late Neoproterozoic-296 

Early Cambrian (Cocks & Torsvik, 2013; Zhao et al., 2018). For Ordovician tectonics, it is 297 

debated whether the southern Tarim margin is passive (Matte et al., 1996) or active (Zhu et al., 298 

2018). Our results independently corroborate the establishment of Andean-type southern Tarim 299 

margin with northward-subducting Proto-Tethyan Oytag-Kudi Ocean by the end of Cambrian. 300 

This is compatible with the Cambrian-Silurian (502-428 Ma) subduction-derived granitoids in 301 

southwestern Tarim (Yuan et al., 2002; Cui et al., 2007; Wang et al., 2020; Xu et al., 2020) and 302 

the northward subduction of Proto-Tethys Ocean since 530-520 Ma further to the east (J. Yao et 303 

al., 2021; Fu et al., 2022) (Fig. 4A). 304 

The northern Tarim margin also played a critical role. Southward subduction of the 305 

Paleo-Asian Ocean initiated by ~500 Ma, inverting this passive margin to active (Carroll et al., 306 

1995; Han et al., 2016; Windley et al., 1990). An advancing accretionary orogenesis dominated 307 

during ~500-400 Ma, causing subduction erosion and thickened crust (Cawood et al., 2009; Ge 308 

et al., 2014; Han et al., 2016). This facilitated the protracted (~100 Myr) transpression across the 309 

Tarim.  310 

As the accretionary orogenesis switched from advancing to retreating at ~400 Ma (Early 311 

Devonian), crustal extension emerged in northern Tarim (Han et al., 2015, 2016; Wang et al., 312 

2018) (Fig. 4B). To the south, the Paleo-Tethys Ocean also formed in Early–Middle Devonian, 313 

detaching the Tarim from East Gondwana (Han et al., 2016; Metcalfe, 2021). Consequently, the 314 

Early-Paleozoic intra-continental deformation is terminated. 315 

 316 

5.3.2. Deformation hiatus (Late Devonian–Late Permian) and plume-lithosphere 317 

interactions  318 

While the beginning of the hiatus stage (Late Devonian) is consistent with the resumption 319 

of passive Tarim margins (Han & Zhao, 2018), why intra-continental deformation is absent 320 

during the Tarim-Central Tianshan collision needs to be explained.  321 

The key lies in plume-plate interactions (Fig. 4C). The long-lived Tarim plume generated 322 

a seamount chain in the South Tianshan Ocean during 425-330 Ma (Wan et al., 2020). As the the 323 

Tarim collided with the Central Tianshan–Yili block at ~325-310 Ma (Gao et al., 2011), the 324 

plume head may have been suppressed by the subducting slabs (Han & Zhao, 2018). It then 325 

penetrated the slab at ca. 300 Ma, interrupted the continental collision, and restricted surface 326 

uplift (Han & Zhao, 2018). Such a plume-modified collisional orogeny would not gain much 327 

gravitational potential energy and barely increase the compressive deviatoric stresses in the 328 

adjacent basin (Molnar & Lyon-Caen, 1988). Therefore, collision-induced deformation is absent 329 

in central Tarim. 330 

In the following plume-lithosphere interactions (e.g., Xu et al., 2014), intraplate 331 

magmatism migrated from the thicker interior to thinner zones in and around the Tarim block, 332 

indicating lateral flow and accumulation of the buoyant, depleted, plume-derived melt residues 333 

into the thin lithospheric trap (Sleep, 1997). This process further caused melt-depletion and 334 

increased the viscosity in the southwestern Tarim mantle lithosphere (Deng et al., 2017). Cooling 335 

of the plume-derived melt residues marks the beginning of Tarim plume-driven recratonization 336 

(Xu et al., 2023).  337 
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 338 

5.3.3 Mesozoic deformation during Tarim recratonization 339 

Mesozoic deformation, albeit small, exists in central Tarim. In contrast, this area 340 

experienced no internal, basement-involved deformation in Cenozoic. This demonstrates that 341 

Tarim did not become a stable craton in Permian. Instead, it continuously accommodated finite 342 

strains in Mesozoic while the plume-welded lithosphere cools and strengthens.  343 

The Tarim has been locked within the Asian continent since Mesozoic. Multiple oceans 344 

have been consumed, including the Paleo-, Meso-, and Neo-Tethys Oceans that accreted multiple 345 

terranes and raised the Tibetan Plateau (Kapp & DeCelles, 2019; Metcalfe, 2021; Murphy et al., 346 

1997; Yin & Harrison, 2000) (Fig. 4D). As a far-field response, the West Kunlun and Tianshan 347 

Mountains underwent rejuvenation and uplift from Late Permian to Cretaceous (Cowgill et al., 348 

2003; Dumitru et al., 2001; Hendrix et al., 1992; Robinson et al., 2004). The Mesozoic finite 349 

strain in central Tarim is stemmed from the continuous plate convergence.  350 

A similar scenario happened in North America, where a plume interacted with the 351 

Midcontinent Rift and produced the Keweenaw LIP at 1110-1083 Ma, followed by the inversion 352 

of the rift that lasted until ca. 980 Ma during the Grenville orogeny (Gunawardana et al., 2022; 353 

Hodgin et al., 2022; Stein et al., 2015). Hence, the southern Laurentia supercraton is finally 354 

welded together at least 100 Myr after the rift's failure and the plume's cessation. While the 355 

Midcontinent Rift example may give a minimum limit, our study from the Tarim basin offers an 356 

independent, and complete, constraint on the timescale of plume-driven recratonization process. 357 

Like Rome, a plume-welded craton was not built in a day; it could take ~200 Myr for such a 358 

process to fully achieve. 359 

 360 

6. Conclusions  361 

(1) Area-depth method in seismic interpretation is useful to unravel the timing and 362 

magnitude of deformation at sub-seismic resolution. It can be applied to strike-slip faults if a 363 

regional detachment and syn-kinematic deposition are present.   364 

(2) The thrust faults in Tazhong and strike-slip faults in Shunbei of central Tarim Basin 365 

share a highly similar history, including an early stage of intense, dextral-transpressional 366 

deformation in Earliest Ordovician-Middle Devonian, and a younger stage of minor, sinistral-367 

transpressional deformation throughout the Mesozoic. Both deformation stages are driven by 368 

plate convergence surrounding Tarim. 369 

(3) The newly-discovered Mesozoic deformation yields an unprecedented record of 370 

continental deformation during the plume-driven recratonization as the lithosphere was cooling 371 

and solidifying. The timescale of plume-driven recratonization is ~200 Myr. 372 

 373 
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 598 

Figure 1. Location and geological background. (A) Tectonic map of Tarim block and 599 

surrounding regions. (B) Topography, major faults, and tectonic units in Tarim. (C) Fault 600 

systems in Tazhong-Shunbei. Base map shows the depth (in two-way traveltime) of top Middle 601 

Ordovician. White line denotes the 2-D seismic lines in Figs. 2A and S1. Red polygon marks the 602 

horizon slices in Figs. 2C and S3. Blue line marks the eight sections for area-depth analysis. 603 

 604 

Figure 2. Seismic interpretation results and area-depth analyses. (A) Interpreted 2-D seismic 605 

profile A-A' on Line Z40 across Tazhong Uplift. Horizontal axis is common-depth-point. 606 

Vertical axis is two-way traveltime. Vertical exaggeration: ~3 times. (B) Area-depth analysis on 607 

depth-domain section a-a' within profile A-A'. (C) Horizontal slice of reflectors T7
4
 (top Middle 608 

Ordovician) in Shunbei. (D) Interpreted profile G-G' across SHB-5 fault in Shunbei. Vertical 609 

exaggeration: ~3.5 times. (E) Area-depth analysis on depth-domain profile G-G'. See Fig. 1C for 610 

locations. 611 

 612 

Figure  3. Area-depth graphs of thrusts and strike-slip faults in central Tarim Basin. (A)-(E) 613 

Fold-and-thrust structures in Tazhong Uplift. (F)-(H) North (F-F'), central (G-G'), and south (H-614 

H') profiles across the SHB-5 fault in Shunbei. Approximate ages are marked on top of the 615 

graphs. S denotes shortening; H, height above detachment; dS̅/dH, ratios of shortening rate to 616 

sedimentation rate. 617 

 618 

Figure  4. Reconstructed paleogeographic and tectonic map of Tarim and surrounding plate 619 

boundaries and terranes (not to scale). (A) Early Ordovician (~480 Ma), highlighting the active 620 

Tarim margins as the Proto-Tethys and the Paleo-Asian Oceans are subducting underneath the 621 

Tarim block. Ordovician-aged faults are marked in red. (B) Late Devonian (~380 Ma), 622 

highlighting the formation of passive Tarim margins and the cessation of interior deformation. 623 

Devonian-aged faults are marked in red. (C) Early to Late Permian (ca. 290-260 Ma), 624 

highlighting the closure of South Tianshan Ocean and the Tarim LIP. Permian-aged faults are 625 

marked in red. (D) Triassic (ca. 250-210 Ma), showing the minor deformation in central Tarim. 626 

Triassic-aged faults are shown in red. The plate tectonic configurations are adapted from (Han et 627 

al., 2016). Extent of the Tarim LIP from (Xu et al., 2020). 628 

 629 
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