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Paleomagnetic constraints on a two-stage Cenozoic tectonic framework of the South China Block and the

southeastern Tibetan Plateau

Abstract: [Objective] The kinematic history of the South China Block (SCB) following the breakup of Gondwana is
of critical significance for constraining the timing of the initial opening of the Ailao Shan—Song Ma Paleo-Tethys
Ocean basin. However, the understanding of this process has been limited by the scarcity of reliable paleomagnetic data.
[Methods] In this study, systematic paleomagnetic, rock magnetic, and petrographic analyses were conducted on red
beds and limestones of the Upper Silurian Kuanti Formation from the Qujing area, Yunnan Province. [Results] The
samples were, however, very likely remagnetized during the Cenozoic. Rock magnetic analyses indicate that the red
beds are predominated by hematite as the primary carrier of magnetization, with minor contributions possibly from
magnetite/titanomagnetite. Anisotropy of magnetic susceptibility (AMS) results reveal combined features of
sedimentary, incipient deformation and strong cleavage fabrics, suggesting that the sediments may have undergone
significant syn-depositional or post-depositional tectonic deformation. Lithological observations indicate that the
magnetic minerals within both the red beds and limestones are primarily authigenic. From 14 sites (85 red bed and
limestone specimens), a stable, high-temperature or high-field characteristic remanent magnetization (ChRM)
component, converging towards the origin, was isolated, yielding a mean direction of Declination (Dg) = 332.2°,

Inclination (/g) = 51.6°, precision parameter (kg) = 19.0, confidence cone half-angle of the mean direction (a9s) = 9.4°
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before and of Declination (Ds) = 342.5°, Inclination (/s) = 25.7°, precision parameter (k) = 15.8, confidence cone
half-angle of the mean direction (a9s) = 10.3° after the tilt-adjustment. Several fold tests indicate a negative result. The
corresponding paleomagnetic pole calculated from the in-situ ChRM direction is located at 64.9°N, 35.2°E (495=7.9°).
This paleomagnetic pole is consistent with reference poles for the SCB between 20~5 Ma, suggesting that the Kuanti
Formation underwent remagnetization at approximately 20 Ma. [Conclusion] Integrating these results with previously
reported reliable paleomagnetic data from small blocks within the southeastern Tibetan Plateau and the SCB since 50
Ma, as well as prior studies on the tectonic evolution of the southeastern Tibetan Plateau, a two-stage model of
co-evolution between the SCB and the southeastern Tibetan Plateau is proposed. During 50~20 Ma, collision between
the Indian and Eurasian plates resulted in the uplift and crustal shortening of the southeastern Tibetan Plateau. The fault
systems along the southeastern Tibetan Plateau exhibited left-lateral strike-slip motion, which induced clockwise
rotation of the SCB relative to stable Eurasia. The amount of clockwise rotation varied across different locations of the
SCB, with sites closer to the southeastern Tibetan Plateau fault systems experiencing larger rotations. Since 20 Ma,
continuous northward subduction of the Indian Plate beneath Eurasia, combined with multiple dynamic processes,
including lower to middle crustal flow, gravitational spreading, mantle convection inducing by the tearing of the Indian
Plate, and Pacific—Indian Ocean subduction, has driven clockwise rotation and extrusion of the southeastern Tibetan
Plateau. During this stage, the fault systems exhibit right-lateral strike-slip motion, while the SCB underwent
counterclockwise rotation relative to stable Eurasia. The magnitude of rotation is generally consistent across different
locations. [Significance] Therefore, the transition of the SCB from a “clockwise rotation” to a “counterclockwise
rotation” behavior essentially represents a direct manifestation of the shift in the geodynamic regime along the
southeastern Tibetan Plateau from vertical uplift to tectonic extrusion. The ~20 Ma paleomagnetic data in this study
provide robust evidence for a regional inversion of the tectonic framework along the southeastern Tibetan Plateau.

Keywords: South China Block; Upper Silurian Kuanti Formation; remagnetization; southeastern Tibetan Plateau;

Cenozoic regional tectonic inversion
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Fig. 1 Paleomagnetic field sampling data from the Silurian Kuanti Formation in Qujing, Yunnan

(a) Simplified geological map of the study area (according to the 1:200000 Qujing geological map); (b) Lithology of the sampling section;



(c) The measured Shangtielu-Dongpo section of the Silurian Kuanti Formation (modified after Cai et al., 2020)
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Fig. 2 Representative rock magnetic results of the sampling section

(a, b, ¢) Acquisition curves of isothermal remnant magnetization (/RM) and back-field demagnetization curves; (d, e, f) Hysteresis loops; (g,

h, i) Magnetic susceptibility variation of temperature (x-7) curves of representative samples; (j, k) Thermal demagnetization curves of
composite /RM; (1) The coercivity spectra analysis
F—applied magnetic field intensity; M/Mm.x—magnetization normalized to saturation magnetization; 7—temperature; /RM—isothermal
remanent magnetization; logB—Ilogarithm of the applied magnetic field; dM/dlogB—gradient of magnetization with respect to log(applied
field); B.——coercivity; DP—dispersion, width of the coercivity spectrum
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Fig. 3 Magnetic fabric results of samples from the Kuanti Formation red beds and limestones

(a) Magnetic fabric characteristics of red bed and limestone samples from the Kuanti Formation in Qujing, Yunnan; (b) the relationship
between the degree of magnetic susceptibility anisotropy (P) and the mean magnetic susceptibility (Kmean); (¢) the relationship between the
shape parameter T and the corrected degree of anisotropy Pj; (d) sedimentary fabrics preserved in red bed samples of the Kuanti Formation;
(e) strong cleavage fabrics developed in some red bed samples of the Kuanti Formation; (f) incipient deformation fabrics developed in

some limestone samples of the Kuanti Formation



P—the degree of magnetic susceptibility anisotropy; Pi—the corrected degree of anisotropy; 7—shape parameter; Ki—maximum
susceptibility principal axis, red squares; Kr—intermediate susceptibility principal axis, green triangles; K3—minimum susceptibility
principal axis, blue circles; N—the number of samples
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Fig. 4 Representative thermal and hybrid thermal/alternating field (AF) demagnetization results of specimens from the Kuanti Formation
Scale—scale of magnetization intensity vectors; NRM—natural remanent magnetization intensity; F—applied magnetic field intensity;
M/Mma—magnetization normalized to saturation magnetization; 7—temperature; TD—thermal demagnetization; AD—alternating field
demagnetization; TD+AD—combined thermal and alternating demagnetization; In orthogonal projection, solid (open) circles denote
horizontal (vertical) projections; N (North), W (West) and E (East) represent horizontal directions, while Up and Down denote vertical
directions; In stereographic projection, solid (open) circles represent lower (upper) hemisphere projections, with N (North), W (West) and E
(East) indicating declination directions; Vector directions connected by purple and blue circles represent the characteristic remanent

magnetization direction; those connected by non-purple or non-blue circles represent the present geomagnetic field direction
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Fig. 5 The directional data and fold test result from the Kuanti Formation in Qujing, Yunna

(a) Equal-area projections of the low-temperature component of the Upper Silurian Kuanti Formation in geographic coordinates; (b)
Equal-area projections of the low-temperature component of the Upper Silurian Kuanti Formation in stratigraphic coordinates, PGF
indicates the present geomagnetic field direction; (c) Equal-area projections of the characteristic remanent magnetization (ChRM) of the
Kuanti Formation are displayed in geographic coordinates; (d) Equal-area projections of the characteristic remanent magnetization (ChRM)
of the Kuanti Formation are displayed in stratigraphic coordinates; (¢) Stepwise fold test of the ChRM component

Dg/l; (kg)—Declination/Inclination of mean direction in geographic coordinate system (precision parameter); D/l
(ks)—Declination/Inclination of mean direction in stratigraphic coordinate system (precision parameter); ags—half apical angle of the 95%
confidence cone for the mean direction; n—number of samples; N—number of sampling sites; blue square frame/ellipse represents the
stereographic projection direction/ 95% confidence ellipse; red solid circle/ellipse represents the Fisher mean direction/ 95% confidence

ellipse
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Fig. 6 Optical microscopic features of red beds (sample QJ137-5A) and limestones (sample QJ139-5) from the Upper Silurian Kuanti

WREFER (QI139-5)

Formation in Qujing, Yunnan

(a) image of red-bed sample (QJ137-5A) under transmitted plane-polarized light; (b) image of red-bed sample (QJ137-5A)
under reflected plane-polarized light; (c) image of limestone sample (QJ139-5) under reflected plane-polarized light
Qtz—quartz; pHem—pigmentary hematite; Cal—calcite; Py—pyrite
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Fig. 7 Scanning electron microscopy (SEM) features of red beds (samples QJ126-10 and QJ133-3A) and limestone (sample QJ138-9) from

fiti EDS

the Upper Silurian Kuanti Formation in Qujing, Yunnan
(a—f) SEM backscattered electron (BSED) images of the red beds; (g—i) SEM backscattered electron (BSED) images of the limestones;
(j—1) Energy-dispersive spectroscopy (EDS) analyses of the red beds and limestone



Qtz—quartz; pHem—pigmentary hematite; Cal—calcite

3 ik

3.1 FHERIFLTS @ AR E M

FRAE TR 2 B VEAN A BT A A2 SE PR I6 245 S 401 . Watson and Enkin (1993) %5 J~F- R4k 6 55 F6 14 5 1)
TE 14.5% + 9.3% 3R i KEEH, BRI RS S S50 kR 215N 1911, TEJEFIERN 0% CRIFATHLER EAL) &
N 19.00, FEJETEEA 100%40 (HUZ 100%F8EAL) k7 15.82, Eid 3 4b k #HZEHAEZE (K Se). Tauxe etal.
(2016) 7E 7T HAXT FE A A B0 A 70 ) At - (Tauxe and Watson, 1994; Tauxe etal., 2010) 3T Python w22/
$2 1 bootstrap FEAATI, FRARKHIETRE T MIAE 95%[1 BAS DX 8] P9 Jig 7 Z22-50% ~ -30% [ SE R RE B fefit . 45
RIS SR, SCEA N RR AR ST MER R A e 45 RO B, TR AR HURHIE R T 1n) R AR A 2 S 3R A
IR A A Sy &5 FHRCHE, 14 AR 85 /NEE S I HRFAE IR 77 [m) % L o U REAR A BN 64.9°N. 35.2°E (dos=
7.9°),
3.2 EHLHIRTX R E R AHLE

BF AR R A ) B AR B T L) A Rt F )i i XA — 2P i it . Dt SCE S g b AR AR —
B AR ] O SR R 34T TG, BORWTSESE O { (Van der Voo, 19900 FIF[SEZ4L R fH (Meert et
al., 2020) ¥JRT 4 By BbRERAE ot I AR I 25 (3K 25 Linetal., 1985; #k4&:3%, 1989; Opdyke et al.,
1987; FEKEMFELET, 1989; FEE K45, 1991; Enkinetal., 1991, 1992; Huang and Opdyke, 1992; Gilder et
al., 1993; Zhaoetal., 1996; %X T%%, 1999; Huangetal, 2000, 2018; #IRT%%E, 2001; K204, 2001;
Yoshioka et al., 2003; Yang et al., 2004; Sun etal., 2006; %% %5, 2008; Tong etal., 2019; Xianetal., 2019),
W ORI A TE B R vl MR AR 5 A e M R S WA T LA, SR R IZ AL 7 1) 6f 7 (1 oty B AN A7 B 5 A e
i B/ R T b X AR T — 1t AR R AR A (8D, FRoR AT RE M E RGN (B 292 20~5 Ma.

AT O IE  0] 308 2 28 O 5 & Ay AR S S0 AH DG I WEYE R M) B ARG, T 7R AR A A R
(Elmore et al., 2012); @) HIAE X AT WM HEEIEH (Kent, 1985). EPREE-W KRR 5, &
P 1o DR 2R B A B B ARG T T AR SR R 70, 2 2 L — 23] 25 3 B T 5 R A 11 6l 25 WU e 2 Wi i) 17 4
FEdhER, BIAIEE AR RS Do M BRI X FE R T ~21.2 Ma F1 12.9 Ma B Z A CGRATHLEE, 2013). SRiM0, ST
TELZ ot o AP 9 T PR R L G A I ELBGUE S, SO S ) T EE A I R T B ORI . 01 (2007)
HIERES%E (2015 MRt Feda t, divg—F R 2 e shopr e e poRR (el b, SRBZ i e 48 17 1 46 7R iod 12,
SFHEHERWRERLU EHZ R EE . X—B TR B S & K R B 2R, R &
TR TARTE OBt R AR R EDIRCE B higts, 5EW R AR AR, 35| R ITEUA I E i
(McCabe and Elmore, 1989). 4555 WL 21 H A R REPER Pt X — SR HL B $E it 17 30 HF .



T ) R/ AR AR K o R 225 W/ 95 % B AR MR s 8 € R0 e /A A0 AR S 245 38 ) oy SR /9 5% B A5 MR I
B8 xEAEHMMN MM N EHAMCEEFEHREEFR LR
Fig. 8 Comparison of corresponding paleomagnetic pole of the Kuanti Formation remagnetization directions with reference poles of the
South China Block
Blue dots/ellipses represent previous paleomagnetic poles and their 95% confidence ellipses; black dots/ellipses represent paleomagnetic
poles obtained in this study and their 95% confidence ellipses
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Table 1 Statistical summary of the rotation of the SCB relative to the Eurasian during 50~20 Ma
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Fig. 9 Schematic diagram of the rotation of the South China Block relative to the Eurasian Continent from 50 to 5 Ma

(a) The rotation of the South China Block relative to the Eurasian Continent from 50 to 20 Ma; (b) The rotation of the South China Block
relative to the Eurasian Continent from 20 to 5 Ma

ALS-RRF—Ailaoshan-Red River Fault Zone; SMS—Songma Suture Zone; PF—Panzhihua Fault Zone; XXF—Xianshuihe-Xiaojiang Fault
Zone; LMSF—Longmenshan Fault Zone
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Table 2 Statistical summary of the rotation of the SCB relative to the Eurasian during 20~5 Ma
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Fig. 10 Tectonic Patterns of Fault in the southeastern Tibetan Plateau

(a) The faulting along the southeastern Tibetan Plateau predominantly exhibits a left-lateral strike-slip tectonic style (England and Molnar,
1990); (b) The faulting along the southeastern Tibetan Plateau predominantly exhibits a northward right-lateral strike-slip tectonic style
(England and Molnar, 1990); (c) Schematic diagram of the undeveloped deep large fault system that has not yet penetrated the lithosphere
along the southeastern Tibetan Plateau (Ron et al., 1984); (d) The large-scale deep faults along the southeastern Tibetan Plateau display a

"gear model" on either side of the shear zone (Ron et al., 1984)
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Fig. 11 A two-stage model for the collaborative tectonic evolution between the southeastern Tibetan Plateau and the South China Block

(a) The first stage model for the collaborative tectonic evolution; (b) The second stage model for the collaborative tectonic evolution
ALS-RRF—Ailaoshan-Red River Fault Zone; SMS—Songma Suture Zone; PF—Panzhihua Fault Zone; XXF—Xianshuihe-Xiaojiang Fault
Zone; LMSF—Longmenshan Fault Zone
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