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W E AMTARAINRTAR, OFEFREE Abstract A cast of east-west trending continental slivers,
. ¥ R e s which were composed of the Cimmerian Supercontinent,
PR R KRR o AR R R KR e R B R O including the Lhasa continental block, started to rift apart
FoE@BRERELR M. AT LR R, $4 from the northern margin of Gondwana in the late
Paleozoic. According to this comprehensive tectonic
AV A 3¢ F E o e AT B BAT AL A K KL 4 K b b 4 2L /% 3 scenario, several points of view have been proposed on
RAFRBIHBRRGEMALER S F . A LIS F RS when and from which continent the Lhasa block rifted away
) N from the northern margin of Gondwana over the past
RIEFEREHITARAZRE T T ST HECHE decades, however, the issue still remains controversial. To
2k L - . ) L b o b s this end, in this study, we aim to provide quantitative
KD BT R it m a4 8 U-Ph FRE BT ARE constraints on this topic by employing isotope-based
WBE AR, A AR At e a ko 2Bk T 272 %e}zlochr(;lnologic.al dating Fmd palgomaineﬁc | tg.chniq.ues.
. - R rough carrying out an integrated study including zircon
Ma( = & # Guadalupian ) . A5F 5 35 48 5 25 R U-Pb geochronology, paleomagnetism, petrography, and
BHMAFRNGECHEHERTT 555 EHHE K rock magnetism on the early Middle Permian Luobadui
e . o ) . ] ) Formation basalts and andesitic basalts developed in and
B TR M BB AR PSD Bk H Bk, 5 sh ) A around the northwest part of the Linzhou County of south
Mo E R BEARARET . 2 AR B Xizang (i. e., Tibet), it reveals that the Luobadui
Formation volcanics was formed at ca. 272 Ma (i. e.,
WA A AFAE R L & (ChRM) it 2 R A, R 2 T Guadalupian stage of Middle Permian). Based on rock
. . o N magnetic results carried out by previous scholars and
AR5 8 Fisher F3 77 @ R 83 S 2 Hy Ds + petrographic investigations performed in this study, it
AD =124.2° +8.8° Is + Al =34.5° £7.2° k_=20.3, shows that the Luobadui Formation volcanic samples
. e o 1s ax . . experienced low-grade metamorphism along margins of
Qgs, =7.2° W RAFAL BE M e o of = B P A some rock-forming minerals like plagioclase, quartz.
WAL T A, =16.8°N, @, =325.5°E, K =20.7, A, = Typ.i(:al accessory mi.nerals .like magnetite parti'(:les (is alsq
" a kind of iron-bearing oxides) distributed in Luobadui
7.2°. 23 K TR BEFRIHS%E272 Ma b 42 T Formation volcanic rock samples was also impacted by this
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low-grade metamorphism. Rock magnetic data sets also
suggest that the dominant remanence carriers in the
Luobadui Formation volcanic rocks are pseudo-single
domain (PSD) magnetite grains in this study. Statistical
analysis on filtered characteristic remanent magnetizations
from 21 paleomagnetic specimens of the Luobadui
Formation volcanic rocks reveals that the Fisherian mean
direction and associated parameters over the sampling unit
of the Luobadui Formation volcanic rocks are Ds = AD =
124.2° +8.8° Is £+ Al =34.5°+7.2° k =20.3, ay . =
7.2° after bedding correction. Thus, based on already
obtained statistical mean direction over the selected 21
samples of the Middle Permian Luobadui Formation
volcanics, the paleomagnetic pole can be computed as A
=16.8°N, ¢, =325.5°E, K=20.7, Ay; =7.2°. The
paleosecular variation has been adequately averaged out
according to paleosecular variation ( PSV ) evaluation
criteria in paleomagnetism for the sampled Luobadui
Formation volcanics. Therefore, in combination of positive
fold test results for the paleomagnetic data sets with rock
magnetic and petrographic results, we believe that our
obtained paleomagnetic results are primary origin. It can
be calculated ( reference site: 30.01°N, 90.99°E) that
the Lhasa block was at 19.7° = 7.2° S in southern
hemisphere at ca. 272 Ma. In other words, the Lhasa
block was still in middle-low latitude of southern
hemisphere then. Combined with previously published
results from the Lhasa block, we intend to think that the
Lhasa continental block along with the Cimmerian
supercontinent likely rifted away from northern periphery of
Gondwana and started its long-lasting northward travel
journey in early Permian or even much earlier period.
Combined with previously published paleomagnetic and
geological results, it shows that the total northward
convergence is estimated as 1776 + 700 km of the Lhasa
block travelling from low-middle latitude band of 19.7° %
7.2°S at ca. 272 Ma to the equatorial area of 3. 7° +3.4°
S at ca. 180 Ma. This further indicates that the average
motion rate of the Lhasa block was around 1.9 cm/a
during the time period of 272 ~ 180 Ma. In other words,
the Lhasa block likely rifted away from northern margin of
Gondwana in Early Permian and immediately started its
northward drift and motion journey.

Keywords Qinghai-Xizang Plateau; Lhasa

Middle Permian; Paleolatitude; Neo-Tethys Ocean
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0 51 &

T R S — R B S5 IR Gl B 2 L ¢ B
BT DNIE B AR AT 23 S A i B (5 R b
R P ) Sk R—E S e AT AT g L — A0
Femh Y  JE B )L K F7 BE ML B ( Yin and Harrison,,
2000; Metcalfe, 2013 ;Zhu et al., 2013 ; Ding et al.,
2022; Wang et al., 2025). #i kBl # W R R, X —
EY 7B i N L W O S R N P o P d e
AR v 2B AR 1 DA XD BL 499 K i b % A Uk 24 4% | 1)
JLiE 3y, I U AR 4K 3 A5 DR I 2 I R Bl 7 4%, i
J5i 52 B B B — WITE K Jili 4] 4 il 438 5 AS W7 78 B JE Uk R
Fili 1) BRIV A i Y1 28 44 P 52 e 1 DTG B T 50 ol B4
L3RR B 1 E i ( Yin and Harrison, 2000
Metcalfe, 2013 ;Zhu et al., 2013 ; Ding et al., 2022;
Wang et al., 2025) . P % Hi e VE b 2H 6 75 58 5 I B

B ORGP 2 — , FEAE R o DR R BT B AR
AR v A AR el 7 7 R A K 52 L) S i 2 ok
e ) R A X T AR AR R B0 A i A R R S A
AT % b B A5 At fo Bl e 22 1) 7 25 [ 56 &R B
LR

A A A — b R AR, 58 7 X FC 94 R Bt
6k B M e LA S ARl BT 45 A 2 DA X1 BL 94 R Il B 2%
LB R IFIT IR 1) JC ER RS, ik 26 LA 1Y Bl B 45 2 o)
677 55 WK Bl 3z 3 3 AR 4k 5 2 A= DRIV Al 48, AT
T X 2 il B 55 55 WK Rl 22 8] BV F Rl 2 1R 55
WRFE 2 E T (Sengor, 1979, 1987 ; Torsvik et al.,
2012, 2019; Stampfli et al., 2013 ; Torsvik and Cocks,
2016; Morley, 2018; J7{# 45,2019 ;Dan et al., 2021 ;
A ,2024 ), T8 IX S8R rh O TR R VE TR, B E A
Y B2 4 HE 8 7 ( Tethyan Oceans) . 3X B A 47 32 8 v
FARRRAE — A KTE, AR AT BE 2 % 2247 76 /Y W 4>
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=RV CRLAE R B2 30T 3 | P e B 30 v (L AR
HYEA— RIS $E 309 ) LA KR R $R W ) (Zhu et
al., 2013 Li et al., 2019; Wang et al., 2025).

It RGHEIE, BAK A AR G 3 4 Ry 42
Sl g 3 A B G < Ui B A XD RC 4 R Bl e 2 22 Ak
R AR 22 T i B %) 2 A R 1] 2% DL R sk S i oy B e
25 55 0 R Bl 5 DR I (Al 48 5 — 52 2 119 13 3l i
FE O Ry R 05 PR AR 4 27, 41 A BK Bl 5 | 3 2
ARF oot B9 EE A R TR AR B8 AR i T 1) B
SE T AR AT B Oy 1) (7 45 ,2019)  (H A 2E #
N, 3 A T P8 R P — R P ¥ (Tuzo ) FKF- ¥
(Jason ) 22T Y T /4> K R At 3 IG5 7 5 4 (LLSVPs)
Z IR S AEH BRI ARG E . ZE SR 2=
B0 W R A AR A TR I 0 A5 AR 2 T e A
W I IX] L 499 R il 228 1 1 O O AR 40N BTV 2R L B =
A BRI AR B, 1 10 7 BG4 B 21 BR DL v O 32,
Ae2FBR LRG3 09 3 Bl o> AR R i E 3 R
(Torsvik et al., 2010, 2014).

PLB® 6 I Hb R I 2 80T g i e ) M R
XA M B 5 7R R I b X B 52 il e (Indochina) | JH
20 % T 3y P (Sibumasu ) HR B 28I B 7R AR R AR T
Y& 35 () 8 i B ( Metcalfe , 2002, 2013) . X Hidr, it
PLBE IS X P A bl e Rty A A1 AR AR
K 32 Bl 2 AL 5 2R e 4R S A gk Y T AL % A
K. DNHE BT UE A T, T R D L 5% R A OE I Bk Y
KR LA b 3 e oty A AR — B rp A AU [ 0
PR & AR 16 IR E 12 SR 2 BT SRR MR R
(Zhu et al., 2011a, 2013 ; Metcalfe, 2013; Song et
al., 2015; Zhou et al., 2016; Cai et al., 2012) . 5
Z P AR ot A AR v A AU ] R SRS
FR Tty 43 B2 R E DL 32 gl 2 3 A xR i 1 B S
o) 38 1 Ak HLA R 52 e ( Allégre et al., 1984 ; Dewey
et al., 1988;Yin and Harrison, 2000) , S A< B 58 1)
WY E AN

L%l B Je T 4 A R e D A A 0 R B 2
— D\ H B E A BIE S R A, iz 5 B B3 9 1k B
L P L A o B D) T 7 R e i B &R DX A H At
T, RARI . (1) Hoe gk A B L H
At AU 900 Ma #9 KRl 24 TTARIC 3¢ (Hu et
al., 2018a;”Zeng et al., 2019) ; (2) fEFE R NT L F
METFER L — ARG Z T R EM 1.2 ~
L1 Ga BB JE 55 A1 4 I W R, JF FF B8 & & 7] i 399 4
B AR T 5% (Chen et al., 2019; Hu et al., 2023).
BT FaR M BT IC S, P b P B 5 4B

DX A ol il DR AN ] B 44 Jo .y 0, 44 90 Bt 5 i SR
FESE , AN 7] 27 35 1 0 B 5% Hl e iy e J50 T J& 17 A G
WEFE, HEE5E T hz B B i) R I 3 B4 AR LUR LR
M (E ).

S — UL R P B e I e B v 92 0
He P b B R E 40 28 H M B (Sibumasu Hb bR ) 45 &
i 85 HL R fili ( Cimmerian Continent) ()21 B 73, BT
TE DN IXIEC 94 K It A 2 2 fife i 40 A2 X0 B0 94 R it A
G It HIEAR— B L Z I IEE LR A
DA S B3 w3 e () #) B  oty R i 20 4 R R ik gl R
i34 ( Allégre et al., 1984 ; Golonka, 2000; Yin and
Harrison, 2000 ; Stampfli and Borel, 2002 ; Metcalfe,
2006, 2011, 2013 ; Gehrels et al., 2011). J5 ¥ & F
52 B RR ST e A R AR 1) ) BLAN KR AE 2 2
R )RR 6] B R ORF bV B R, AT S BOE A
He— B 28 UL SR A AROA () I S 7 o R A S Ve e
TR 5 Aol R A4 325 5 5. | T X0 RO 9 R B b 2% K 0 32
) X b 52 AL 3 VR T B 52w, DA T 2 — 20 {15 BE
NI BRI P A 22 R B 0T A LA SO e R 0T
KNI TT IR TR) o A5 75 6 58 I b B | JE E Bk
PR AE 5% 1l A U0 DK IX] B 94 K i b % 24 A i ok I F
A A AL AR 2 S TR 5 20K SE Rl B A
4k 5 WO Kl & A= 15 PEIG . H FX A s oy 2
Ber B FOe] (B La) . 55 R0 AN 337 5% 3t B 5
[EETE:R= e S S Rl Py o 21182 4 i K VA R S T DN i
At %k AH NI 5 IR 0 VG b % A it 45 I 2 [R] 44 1
TR S R T B BBl KRR & 25 A R —
B 20 UL SR A AR 205 R Ak AR RS X R 48 L 2
SRk s D DT 50 A5 5 4 412 307 0 4 A P — 1 = &
WIWIARFTIT I IF 55 1 A [7) Bl fili e A0 4 1w Ab 19 2245
12 3 14 #¢ ( Audley-Charles, 1983, 1984; Zhu et al.,
201 1a; RAFNAFE,2012) (& 1b)  (HAF A2, 5
— PSR G U8 1 5% Ml R DA DX B 4 DR i A 2 2R i
Hh K Z Hi 0 531 45 T I8 Y b B D) K 5 I R b e AH 4
AT A, 2% B RL 5% b B 55— 35 19 k2 U5 AH [] 5 mir — A A
U HR e T e — — B 40 vk i o 0 A, i A AR ) BE A
A1 VL it AR S ) e A 7 SE IR B — B8 2 7
TR B h7 7 PR AT BETE A ok — — & 40 LAHT 5 74 4
B B S Hb e L K B o S b B S R 47 T X)L 48 K
Rili At 2 , 12 Bli S AE 0 . — 2 AR B Tl R O
F18) T ¥ 5 s Rt 0 G O B AE A ik — & Al R
Az AR R . IX] B0 40 28 5 Ok, T8 BT iy £ 307 v
(Audley-Charles, 1983, 1984 ; Ferrari et al., 2008) ,
X 3 B B e AR T BE 5 R K 98 O M B 0 ok
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L A% R DA IX) B 94 D it 1t 5 e 90 sy Dl o 3 A5 A i
Ca) BT — 32000 5 A DA A7 5% 3 Bl U B0 J3E ) B 499 R , TSR T -5 O B E Dol 2R AH I 48 (2 B A Meert, 20035 2R3 %5, 20125 Hu et
al., 2015) 5 (b) B8 = 32 0L 3 DA g 0 5% 4t B AR AT B8 g A X FC 44 K i b 2% 4 A T -5 0 AR 32 K i 05 6 S5 AH ML 48 (AE B0 A Zha et al., 2011b;
KA AL ,2012; Hu et al., 2015) 5 (e) M AU M JEBLER b e ( DLV U HE—K R0 1L 07 24 (LMF) Dy ) 35 ke 50 A8 — B, i b g% b e e
F¢ T HE 98 I b M 55 DK B RE =2 ), A % st B U2 3 AR AR Ll AF L, 5 B AF AR B AH 4R ( Zhang et al., 20145 Hu et al., 2015) 5 (d) )5 —
ol 0L DA i 5 b B [ B 5 DK D R ity LA B 9 R R . K i G b Gk AR it 4E ( Metcalfe, 2002, 2013 ) . [&] i & 3045 5 43 55 A0 R A4 6 550 44 FR I
I : ANS( Arabian-Nubina Shield) , B fi7 {1 —%% [t W # )& ; EGB ( Eastern Ghats Belt) , % /& [k 1& 11177 ; YG ( Yilgarn Craton) , 8 K F| W Yilgarn g if
il ; AFB( Albany-Fraser Belt) fuf /R (2 J& — 38 35 ¥ 1 11147 ; TC ( Tanzanian Craton) , 3H Z& J& W 5 $7 3 .
Fig.1 Proposed four contrasting tectonic models which were used to explain origin of the Lhasa block
(a) Model 1, in this model, researchers intend to consider that the Lhasa block was originated from northern margin of Greater India of
Gondwanaland, in other words, the Lhasa block should have been adjacent to northern margin of Gondwanaland ( modified from Meert, 2003 ; Zhu et
al., 20125 Hu et al., 2015) ; (b) Model 2, in this model, researchers thought that the Lhasa block was likely rifted and originated from northwestern
margin of Australia (modified from Zhu et al., 2011b; Zhu et al., 2012; Hu et al., 2015) ; (c¢) Model 3, in this model, the north and south Lhasa
subblocks (both subblocks are divided by the LMF fault) were actually originated from different parts of Gondwanaland back to the geological past.
Among them, the south Lhasa subblock was sandwitched by South Qiangtang block and Greater India, whereas the north Lhasa subblock was in
northern part of the East Africa Orogen (EAO) and adjacent to Arabia block (Zhang et al., 2014 ; Hu et al., 2015); (d) Model 4, in this model,
eastern and western parts of the Lhasa block were actually adjacent to northern margin of Greater India and northwestern margin of Australia
(Metcalfe, 2002, 2013). Abbreviations are as follows: ANS, Arabian-Nubina Shield;EGB, Eastern Ghats Belt; YG, Yilgarn Craton; AFB,

Albany-Fraser Belt; TC, Tanzanian Craton.
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AN W78 1 r 5% b HRAR BT RE A IX] BL 49 K il b 2k 2
fife th K Z W5 MK A 7 S AH it 4B, X 2
Audley-Charles (1983) 15 K #2 Hi X —# &Y. 3 4y 2+ &
IR A B B b S5 s X R AT T Ot A B R
M RT REAT A SE O SR A n R IR HARA W RE R = &
A IR A 0 98 b 2 285 H oK (Zha et al., 2011,
20135 SRS BLAE,2012) . &7 = FhOUL S0 A O 7 B
Pt Bty A AL 2 B LR 40 (AT 9 2 e oo ol AU
okl ) I ARAE g — 1> 58 8 B SRl B T A AR AH B, G
I RL % b B 43y R AL B B R LB b BT BB
¥ I 3 b R LR R B B G S ( RIVRR 48 35 5 5 A b
B ) AT AT 5 b AL % B AT 7 F X FC 40 KBl 9 b 2%
B IRF A8 G 7 B% b B 6 T AR JE 3 1L 77 (East African
Orogen , EAO) 6 3f: e 425 36 A0 1% BT a7 A1 A ke LA B
BB KRG Pa 2% (0 B AR S5 IE 2 SENEE T B A
FRGAE M AN (B 1e) (FWr,2011; Hu et al.,
2018b; ¥ L 4 ,2024 ) . 1 (AL Lg% b U LA B4 7Y
T ELHE— K 1L B 280 B, 3% W 2R R B B S 40
FNN AR Z W R R IR 22 5. B JE — AW AIA
HPLEE A g — A 58 B A B R AR AT RE AR B
R A S K il 74 A 2 AR e <88, T e B 7Y B0 5 Ry 4
2 SHRLHE b H AR 4B, HL AL 05 7 IE b B AR 48
( Metcalfe, 2002, 2013) (& 1d). | 3& PO Fp 4 8 py 78
FHE IR AR B A EA AR b S M. U Ay st 3
SR AR ] ) A 43 b BT UE A 2 S B R
L R AR B AS a8 g P s T RS A
AN T 390 A0 i B 0 10 oy 85 4R AR B DA R T R oy
b P A AL T B L 0 A T i
AT TS SR MR T 1045 B, T R
SE M J5T 7 SR IR 40 R Bt Al e/ A I PR iy £ B, DT E
% 7 i IR T O il e B/ Bl i R A o b 5 P SR
K B0 00 H B A B (Torsvik et al., 2012 ; Meert et al.
, 2020) , 377 EE A A [) Rl A e/ I R 64 8 A P
S K 5 T 3 Rl B ) G AR BE S L #R. B 20 HHEZE 80 ~
90 AR, B N A1 27 2 B0 RLBY | 8 i e 57 1 i3
A BRI 1B 5T (RS 3C, 19855 M4
M2 508, 1987 5 FE v il 55, 1991) |, B 52 51 24 i) F
FEAAFBR A, M E RS B2 AR, ) i A 1R i o
TG 15 Xk 1l 1 37 AT AR R0 B i, e T B 2 kST E
Te] P oy LT o B 2, Tl 2 o S ) R R T A
56 (ARG 0 0 5 A 6 25 ) DA SRS A 1 ] 2 % AR K
E MRS e == 3 (R ER TG RO DN
SR PR MR EFCHOT IR 1O — A AT 5T A (i
F£4 2011,2015;Zhou et al., 20165 Li et al., 20165

Wk 55 45,2023 ; F 1% K55 ,2025; Xing et al., 2025) Ff
ARAT T R AT R

JUE iR — R FN I IT R X SL B R B B A
AT P A ALK B oty 26 B2 Sty s B 4R 1 T
R FRE (B4 H AT C A 3 R4 A7 28 T 12 %
I ML Bk 5 T ok B EE Kl IR R M) I K i O B
B0 F 3 2Z 08, S AR B A X] BG4 R B b 2k 24 A
H oA S ) o [ 2y MRS A FRE L #h T R IR RS )
TP VA (1] 227 R A8 Dy oF A R 30 A i S A 114 R B A
PR AL 7 52 AR A TR il B 11 vy B ARG SR 160 i PR
& BA T B o (6, DR AR 1 R AR LAY o
REAIT 5 11 25 3 A} 2 ] 7L

AWFIE B TERT 0 BR A8 hr B s e v — & il 4
JEE |, D SR A W vl A AR R B 0 i SRS A 110 ol
20 J8 AN b PR B R A E IR AR

1 HURT S SR AR

T SCRT IR, 7 0 AL B e AR R
F NI i B 2H 8, 25 M R 2 18] 73 AR i 4R Al K
BOEM—FR 4 A BE A W — VL4 A B0
T — i & 5 A VL 5% 5 4 BT 3 B (Yin and Harrison,
2000; Zhu et al., 2013; Ding et al., 2005, 2022)
(& 2) . Horb 5% 0 92 38 B gl o\ o 2 41 805 =
Ji 3 R dR B W A% R M B (ribbon-like
continental block ), — F Z&-VY |a] Z& ff & 8 13
1500 km.

L% b A7 75 9 v D R 9, 1 b o3 ) DAKE
JCAT VL% Gl FHE N 9 — I VL 8% Gl iy L. AE B ®
Hu N, LA SR T — 9 AR B TR A% 5 (SNMZ) Al
I B HE—K 47 1L B 2 (LMF) Sy 5, SR $r B 4 B
53 R ACRLEE B b B B DL K R LY b B ( Zha
et al., 2013, 2023 ). Fg $ir = b P F 2 LI L4 F
=g XV A B R BT 28 AR SR A S R A
Flide (36 & 2% % ,2003; Ji et al., 2009; Zhu et al.,
2011b, 2013). IAh, 1w hi B b Bk &k & 45 B R K
s A F& BRI DA ER o ko s I
VLA 35 )2 (2R 20 g %, 2008, 2013; Dong et al.,
2010; Wang et al., 2016) . Jb 7% Hb He 4% 584324 A
HBEARTFER DG AR, X RITRALLZIEN
WE B IEPE (Xu et al., 1985; Dewey et al., 1988;
Guynn et al., 2006). SR 5 , A 5L 5% e & & 1K
B HE—HEZRVRE M XA (Leeder et al., 1988
Zhang et al., 2004 ; 450 5, 2008).

Hh Lt e AU T B A A T R LA
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Fig.2 Tectonic framework and surrounding areas of Qinghai-Xizang Plateau and distributions of different outcropped rock units

(a) The Lhasa Block and several divided tectonic units which are composed of the Qinghai-Xizang Plateau; (b) Distributions of main

sedimentary rocks and magmatic rocks suites within the Lhasa Block ( modified from Wang et al., 2016). Location of the Middle

Permian Luobadui Formation volcano-sedimentary rock suites area and study area are enclosed by a black rectangle ( Please see Fig.3

for more details). Abbreviations are as follows: SNMZ, Shiquanhe-Nam Co mélange zone; LMF, Luobadui-Milashan Fault.

BRI IN AR R BN BRRL A AH) ZZ s xR E S A
BALTC I B S R b R 2 R 20 BRI 1 b R
A0 5 (Allégre et al., 1984 ; Pan et al., 2004 ).
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Fig.3 Geological map of study and surrounding areas ( modified from Geng. et al., 2007 )

Please note that the sampling sections and location of the Middle Permian Luobadui Formation volcano-sedimentary

rock suite in this study is enclosed by a blue-colored rectangle AA'.
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Fig. 4 Filed photos showing sampling sections in this study area for the Middle Permian Luobadui Formation volcanic rock suite

(a) Distant view photo for the sampling section 1 of the Luobadui Formation volcanic rock unit in this study; (b) Photo showing the different

volcanic lava flows of the Luobadui Formation volcanics; (¢) Sampling section 1 of the Luobadui Formation volcanic rock unit; (d) Sampling

section 2 of the Luobadui Formation volcanic rock unit in this study (it shows part of placomagnetic sampling sites). Please note that several

labelled white dashed lines represent bedding attitudes of the sampling section 2 in this study. Notes: yellow-filled pentagon ( Sample No. LO1)

represents the sampling location of the bulk rock sample for geochronological dating work ; yellow-filled dots represent paleomagnetic sampling sites.
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Fig.5 Dating result for the Leiqgingla section ( sampling sections) of the Middle Permian

Luobadui Formation volcanic rock unit in this study

(a) Weighted mean age; (b) Concordia plot of the U-Pb dating result as well as CLimage of a representative zircon grain.
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Fig. 6 Microphotos of the representative samples for the Middle Permian Luobadui Formation volcanic rock unit under microscope
(a-b, e-f) Microphotos taken under cross-polarized light; (c-d, g-h) Microphotos taken under reflected light.

Abbreviations of minerals are as follows: Mag, Magnetite; Pl, plagioclase; Qtz, quartz; Iron sulfide, iron sulfide; Ti-Hem, titanohematite.
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Fig. 7 Measurement results of energy dispersive spectroscopy (EDS) for representative thin section samples
(a-b, d-e, g-h) Microphotos of electron probe microanalysis results for representative thin section samples; (¢, f, i) Microphotographs of
measurement results of representative thin section samples. Please note that red dots are

spots upon which the EDS analysis work was performed.
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Fig. 8 Heating-cooling curves of the temperature-dependence of magnetic susceptibility (k-T) for

representative Luobadui Formation volcanic rock samples in this study
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Fig.9 Experimental results of hystereis loops for representative samples of the Luobadui Formation

volcanic rocks in Linzhou area of southern Xizang (Tibet) in this study
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Fig. 10 Experimental results of isothermal remanent magnetization acquisition curves and back-field demagnetization

curves for representative samples of the Luobadui Formation volcanic rocks in Linzhou area

of southern Xizang ( Tibet) in this study
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Fig. 11 Day plot of hysteresis parameters measured for representative samples of the Luobadui Formation

volcanic rocks in Linzhou area of southern Xizang ( Tibet) in this study

(see supporting information Table S2 for detailed data sets)
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Fig. 13 Equal-area projections of individual 21 ChRM directions ( before and after bedding correction)

and stepwise unfolding test ( Watson and Enkin, 1993) result

(a, b) Solid (open) circles represent lower (upper) hemisphere projections of isolated ChRMs; (¢) Stepwise unfolding test for the
21 individual filtered ChRM directions demonstrates that 21 individual ChRM directions are pre-folding origin.
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Fig. 14  Paleolatitude variations of the Lhasa block and North Qiangtang block (NQB) as a function
of geological time within the East Tethys tectonic realm
Note that red dots were derived from paleomagnetic data points of the Lhasa block, whereas the orange dots were from the NQB. Red,

orange, and green curves stand for paleolatitude variations as a function of geological time of the Lhasa block, the NQB, and the Tethys-Himalya

terrane since Late Paleozoic-Mesozoic times. Plaoelatitude history of Eurasian landmass and Indian craton were derived from

reference poles of established apparent polar wander path (APWP) (Torsvik et al., 2012).
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Fig. 15 Plaeogeographical reconstructions of the Lhasa block and NQB within the framework

of global reconstructions during time intervals of 290 ~ 180 Ma

Note that in Fig. (b) , precise paleogeographical reconstruction of the Lhasa block was based on obtained paleomagnetic data set from the

Middle Permian Luobadui Formation volcanics in this study. Data compilations of the global paleogeographical reconstructions were from

previously published data sets ( Miiller et al., 2019 ; Torsvik et al., 2019; Young et al., 2019; Cao et al., 2022).
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N IXI BT 24 A i A 2 SR8 fifp HE O {ELAS [) = 25 0 32 il B
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and Borel, 2002; Zeng et al., 2019) ; (3) F-th =&
)38 45,2023 ) 5 DL e (4) B = & i —FL 0k 2 il
( Golonka, 2007; Metcalfe, 2011; Metcalfe and
Aung, 2014; Pan et al., 2012; Zhu et al., 2011a,
2013 ; i 54 ,2023).
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2019; Fan et al., 2023 ; & P F5%,2023) . B4R F,
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FERY L oy 2 805 & Bk il (Dewey et al., 1988;
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Fig. 16  Paleogeographical reconstruction of eastern part of the Gondwana supercontinent and paleolatitude difference for the Lhasa
Block if assuming that the Lhasa Block was originated from different parts of northern margin of Gondwanaland
(a) Paleogeographical reconstruction of East Gondwanaland and precise location of the Lhasa block at ca. 350 Ma within the global reference frame
(Miiller et al., 2019; Cao et al., 2022) ;(b) If assuming that the Lhasa block was originated from northern margin of Greater India and northwestern
margin of Australia, respectively, then paleolatitude as well as the paleolatitude difference for the reference site (30.04°N,90.98°E) of the Lhasa
block during time interval of 350 ~260 Ma has shown that in any case, the predicted paleolatitude difference (3.5°~5.3°) of selected reference site

can be minor. Thus, the precise location of the Lhasa block could have been fixed in combination with geological evidence from other research subjects.
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