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Geodynamic Analysis of Sedimentary-Hydrothermal Manganese Mineralization in the Kunlun-Altyn Tagh-

Tianshan-Junggar Region

Abstract: [Objective] To reveal the intrinsic link between manganese mineralization in the Kunlun-Altyn Tagh-
Tianshan-Junggar region surrounding the Tarim Basin and the coupling mechanism among the crust, mantle, and inner
core within the Earth's rotational system, and to elucidate the deep geodynamic mechanism responsible for manganese
ore formation in this region. [Methods] The metallogenic ages and ore-forming material sources of the major manganese
belts surrounding the Tarim Basin were compiled, and the paleogeographic positions of the Kunlun-Altyn Tagh-Tianshan
orogenic belt during each metallogenic epoch were reconstructed based on paleomagnetic and paleogeographic data. The
principles of rotational Earth dynamics were then applied to analyze angular momentum redistribution among the solid
inner core, mantle, and crust during poleward or equatorward crustal migration, and its effects on mantle convection,
magmatic activity, and geomagnetic field reversal. [Results] Manganese mineralization in the study area predominantly
occurred during the Early-Middle Ordovician, Early Devonian, Early-Late Carboniferous, and Early Permian, with ore-

forming materials primarily derived from manganese-bearing magmatic hydrothermal fluids or hot liquids. All identified

BE&WMA: HEEOPIR RIS (2022YFC2903404) ; £ % &0 Z 5 X RIBIH (DD2026021102) 5 1 [ i 2 RATGH (it
[2023]CMGBDZYJ003 )

This research was financially supported by the National Key R&D Program Project (Grant No.2022YFC2903404) , the National Routine Metallogenic Prospectivity
Zoning Project (Grant No.DD2026021102), and the Scientific Research Project of China Metallurgical Geology Bureau (Grant No.Zhongyedi [2023] CMGBDZYJ003).
e FEH 1987 , &, WHTEM, FENFMFTE SR WA . Email: huaqing522@163.com,15901537468

BIEE: M (1965—) , 5, HIFLR, EENGF A RO IE AT TAF . Email:13651041826@139.com, 13651041826


mailto:huaqing522@163.com

metallogenic events coincided with periods of geomagnetic field reversal. During the Early-Middle Ordovician, Early
Devonian, and Early-Late Carboniferous—Early Permian, the paleogeographic positions of the Kunlun-Altyn Tagh-
Tianshan orogenic belt were situated near the equator, between 20°N and 20°S. According to the principles of rotational
Earth dynamics, when the crust migrates poleward, angular momentum of the crust decreases while that of the mantle
and solid inner core increases; the mantle, due to its theological characteristics, undergoes extensional upwelling near the
equator, facilitating the upward migration of magmatic hydrothermal fluids and intensifying magmatic activity. The
positively charged solid inner core undergoes super-rotation, and when the velocity difference between the positively
charged inner core and the negatively charged liquid outer core exceeds a critical threshold—at which point the observed
surface geomagnetic field intensity drops to zero—a geomagnetic reversal is triggered. Conversely, when the crust
migrates equatorward, angular momentum of the crust increases while that of the mantle and solid inner core decreases;
the positively charged solid inner core decelerates, and the geomagnetic field recovers to its normal state, during which
extensional upwelling in the mantle occurs at mid-to-high latitudes. [Conclusions] The formation of manganese deposits
in the East-West Kunlun, East-West Tianshan, and Altyn Tagh regions is closely related to mantle extensional upwelling
near the equator during geomagnetic reversal periods. This mineralization is the product of crust-mantle-inner core
coupling within the Earth's rotational system, rather than a result of isolated shallow geological processes. [Significance]
This study establishes, for the first time, a linkage between regional manganese mineralization and the crust-mantle-inner
core angular momentum exchange mechanism within the framework of rotational Earth dynamics, providing a novel
geodynamic perspective for understanding deep-time metallogenic events. It reveals the genetic association between
geomagnetic reversal periods and mantle-derived mineralization, offering a theoretical basis for predicting concealed
manganese deposits using paleomagnetic and paleogeographic data, and provides a representative case for the scientific
proposition that deep Earth processes control shallow crustal mineralization, contributing significantly to the refinement

of the global manganese metallogenic theory.

Keywords: Manganese deposit; Metallogenesis; Rotational Geodynamics; Sedimentary-hydrothermal manganese

deposit; Geomagnetic polarity reversal

WE: LEAGHALELC-MRE-RL-EERHXZKEETT EZ7H. G7 k7 LERAEF—F R
t, FREH, F—BEAYME &Y, KTHREZERRT SEEXR/RIAK. &7 K7 EFHEAAE
WIS G, BO-FRe-RLUE—FREAY, FREMMA AL —F S EHECENC T FEM R
IR EHX ., HRRERR A FRE, EHRREERAT, BERARE. . T =FANETE, &
MREMHTEFARLHE, MW EATERD, HEMERNZ A EE W, HigEA ﬁm%%ﬁﬁ&
FEMAZAETIKER, ERPEZ W LEY, sXENR, TEETWEEN MR RERE, 47 EEFH
WHAZ G W fE R AR EZ BT e Al CeRWNEZEEAT) B, HBEIRE., HTmFEE
HHANERA, HEFMERARZANERD, FEERTWERARBRERE, BEZRETHE, BET
FTHHATESENRET AR EREER. ARREERET AT BHER T L5887 K45 A AW THE T
KEREERERR, TREXHRREARF T T-B- BB L EDH.

KR By KT A REHRRIAF; HRPRET; HERERE

0 %%

HEEY R EZE o T Tl Be. R BIZR<E. dERES/RRARE L EIX, ol AR T 7E o
Eﬁﬁﬁxﬁmﬁﬁ\%Eiﬁﬁi*iﬁoEiﬁmﬁﬁﬁ\%m\mmi\@%migﬁﬁﬁ,ﬁ@%%



RS NI PURALVERY, PFORIE T IR & s AR E K, & Bl S 7K R AR A8 JR A F It 45

il Ge R X ERH IR KRIE . B BREERITE ML, BTN TR E M, HBG T HEEd R, £
BB 12 T, AT 2 A g 1 R AR AR M X AR AR T R S G A . S kTR Bl . R At
AL ERMIE Y SAHECR, YOI RIER . TRER A 2K —FABE B J A it B — 7o B A 3 )il 77 4o = 4
T E AL X BN PO R I A AR (A I — DR SRR T B AR SR, B R AT R N E X
MRS 5t DURUAHAIA IR R B2 7 T, R 1 R 5 L BR 5 1 2R 7 2 18] 5 B ML IR IS 2R 11 2R 45 43 AT A v
AR, IR R AL BRI SR . AR B AR AT B AR Ak S R 5| 5k F IS A R R TR R Bl 1 2 1
WA Z

ARG RA . Rl PRGN RS Xl AR QAR Ho BRARFAE A AT B 70 28 Atk |, 22l e s it
BRh J1 5 0 BE TR A VEF 10 1 i BRI AT 0T . AT SRR, R X Ay AR DU B R A fE b
Wl I B, T B B A T I P A2 Bt X o 4% MR e i th 3R 3l /7 % R B (L1 Pengwu, 2025; 251K, 2025),
1E MR 37 e BRI, AT PR 5 b X b8 8 A= 5 3k B3, A R ks ik B s b B 2 i, IR IRBh R
KA Fig, WHCVAERUREG. s ApTiE fe A RISk ZR B 75 N ERS) /) 22 IR AR 1 b 7830
AIVERA. MRS B, N — PR 3G Ly K AR A X by A ARG S BB (T 1) 4
ML A o
1 S Y tRIFE

AR =B IR 4~ HEMS SRR IR, Bl IRHAREE R 78 AR AR (IR A 25, 2018; 5K 7t 2%, 2023;Gao et al.,
2024; 7ML GF, 2026 XIWERE, ERFH, 2023; 4ZEE) 5, 2024; EMEK S, 2024; AL, GRS, 2024;
AR %, 2021 FKIRAR 2, 2026) , DUAHDURUAD N . DL R EEEE T D2 R RINE XMEE . WK
PSR 2 S AL A S R ARSE R A Bk, AR 9 F T HER A ) 2 2 A ) B TR

70°E 75°E 80°E 85°E 90°E 95°E 100°E 105°E
T T T T

i e PR

g : % e - i iy
| e %
i "

A45°N - 45°N

YRN] ol By S : 3N

o MR o BE/X e Mn — Fault

Bl HBHAXET o4&
Fig.1 Distribution Map of Manganese Mines in Xinjiang
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Fig.2 Paleolatitude evolution curves of the Australian, Siberian, Himalayan, and North China blocks (adapted from Li

-90

Pengwu, 2025). The rectangular shaded areas indicate the durations of the KRS and CNS. Ma denotes million years.
Geomagnetic polarity data are sourced from the Geological Time Scale 2012 (Gradstein and Ogg, 2012). The

paleolatitude values of the Australian, North China, Siberian, and Himalayan blocks were uniformly referenced to (130°E,



25°S), (110°E, 35°N), (88°E, 69°N), and (90°E, 29°N), respectively. Paleomagnetic data for the Australian, North China,
Siberian, and Himalayan blocks can be found in Supplementary Tables 1, 2, 3, and 4, respectively.
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Fig. 2 Late Paleozoic Geological Time Scale (Derived from Geological Time Scale 2012. The right side of the figure shows the
geomagnetic polarity bar chart, where white represents reversed polarity, black represents normal polarity, and the gray with diagonal
stripes indicate missing data. Manganese mineralization occurred during Carboniferous-Early Permian and during Early Devoian reversed
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Fig. 3 Devonian Geological Time Scale (Derived from Geological Time Scale 2012. The right side of the figure shows the geomagnetic
polarity bar chart, where white represents reversed polarity, black represents normal polarity, and the gray with diagonal stripes indicate
missing data. Manganese mineralization occurred during Early-middle Ordovician reversed geomagnetic polarity period (Moyero Reversed

Polarity Superchron))
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RIS T R s, AR IR P A, RIS Hh e 585 BUR Bh b 1) B 28l i R AR = 2t (R,
2009) , AbF-IEdE RIS BRI 7E B O A R - T B HAE 21.0°N-14.5°S Z [RIFRAE, 70RO HIX A K
RSt T RIS, J7 KRB 55 (1996) 785 LR Bl [X 3R 45 5L B vy 49 )52 A= 3 142 77 1] (D=101.0,
[=-34.0, K=38.0, avs=13.0), H£H/E 18.6°S, & B LMK TAth 15 40 v i Ji7 A6 6 4 7 171 (D=87.9, 1=-30.4, K=74.6,
00s=8.1), WA 16.3°N, e 7t v JE /R B M 20 R AR L 7 171 (D=92.9, 1=33.9, K=127.2, a9s=5.6), H&hfE
18.6°N (J5 K44 %5, 1996) o - BFgt: (%) 467-453 Ma) JE A FIWE )5 [7(D=115.1, I=-51.4, K=31.3,
005=8.3), TI4iEL) 32°S, AR (£ 439-427 Ma) JFAEF L7 91(D=86.1, 1=22.9, K=13.4, 09s=10.1), &%
#)12°S (Huangetal.,2019) , Uil Hpg Bpg 2t & p B A, 5 BEAR AP RE T e . R4
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47 1A1(D=1.7, 1=43.1, K=403.0, 09s=1.5), &6E %) 25.1°N£1.2° (Xuetal., 2019) , JbiliFgEp e o 5
AN 131N R T 4 B 11.7°N+£3.1° (AR 55, 2019) o bl B [ - X rh B8 g e 5 A= 5 1 7
[1](D=269.2, 1=13.5, K=3072.8, aos=1.1), W AEZ] 6.8°N, /INeg 1l Hb X 558 g H: Ji7 AF 7 1m] (D=265.5, 1=23.5,
K=5745.6, 09s=0.5), H&EZ) 12.3°N (LEEF 25, 1993) , At ili 20 el H X b B8 17 24 1 4 B A R B 7 1
(D=326.8, 1=-8.1,a05=3.1), H£HEL) 5.4°N£3.1° GEFEHF &, 2002) , F R F (1996) RMEGHIIEE AR K
P t(D=101, I=-34, K=38, a0s=13), H£HJE 18.6°S. #¥ ik & (1995) fEAb1L B IPE Rt Hphh X 3R15 Hh B
R AR F G T7 7)(D=144.1, 1=-25.5, K=9.5,005=8.9), i £HiE4) 13.4°S, BRE A € (D=152.3, I=-31.2,
K=23.8,a05=7.7), HHEJEZ) 16.8°S (HZHk 25, 1995) , LEik Ak i gt )5 A= I f 5 [7](D=345.3, I=-14.5,
K=54.8,005=7.5), W45 7.4°N, WITEREMIE (HH 55, 202D . kAL, ZUE. SAARHBT t Hb
AR B 5 T BT /R it Ly AR 3 SR ) LAV -7 I SR s SRV 4 o i 1 - BB A3, T 705 18 PR IR 26 5
X, H R B AR R N ZEHR 5 s b A% M Bf (Moyero Reversed Polarity Superchron, 482-460 Ma) (B 3.
4. K5 .

TR AL N A R G R v vb v AR AT TR 2, SRS IR AR R 77 171 (D=180.2, 1=-40.9, K=469, ass=13.6), Ti4h
&2 9A6 4 20°N( Wang et al., 2007), &b TR, H O FAktE. #EES R 725 e v A AR AT 20 A0 XU 4 TR B
[N R R, KR — BB AT EEARZE T, $R15 T 305.4£1.5 Ma 1 307.1+1.7 Ma AN INBCFEEES . i
i 5 SR PR G VR MBS SR St B 7 JXUSBRZEL B U3 100 oy 4 B A 23.4°44°N, A ARTRIZELIS) 30 46 5 0N 25.4°+2.5°N (3%,
2023) . FRER 5 (1993) 7EAEM /R — G HLIX SRS 5L e 2 th ol i o SRR 7R iR AR R o BT 38 5 1R
Ds=224.0, Is=-38.9, ks=108.3, a95=5.0, AHM I HA N 21.9°43.5°N (FEEHR 4§, 1993)

WA AR DU IR S s R B T it R- N RS LA B SR 28 o A e s . B A =i
MEEFE CGRIRE 55, 2026) o 5.-r SRt b i AF A5 FE A 458 Ma & 485 Ma, i 482 Ma % 460 Ma &
HOREIHRER YRR, S Ir Ml 3R 822 22 Ma. BRI /R S £0MA I 2% 5 oA 1S 1 SHRIMP U-Pb F 4 K
4798 Ma (M&%% 45, 2008) , SH DT MestiRzxs ik, HRu s A B, 479 Ma % 460 Ma, f£ )%
HORER P IATE Bl o« WA R - Bt 320 Ma & 262 Ma bt et i I, $R4E T4 61 Ma, 343
Ma % 320 Ma 9 DU g il 14 o 32 . 10 ROFEES s BURFER N KBV IR . R PRI /R IR L
RUERAT IR, Bl A e Mo Rk - Bttt BURFEME IR b Ak G R B R 2H B S RIRIRERA A
Re-Os %5 26458 (£)320.3+6.6 Ma)  (Li et al.,2022; Gao et al., 2024), & & H NN 4 ) Re-Os &4 Eon
At B AN 30249 Ma (Gao et al.,2024) o [F—H PRAFMFEL HFFEE (302+£9Ma) 5 (3203+6.6
Ma) TEiRZJOHENIEATEE—E, XRS5 A VLTS . P16 Os R =A . B Re fl Os FTEERH
Ko FRWRIRERT MU 1870s/1880s fH (0.7959 + 0.0029) , FHAEE T B TV K A Fric sk F 4
BRIEZK I Os MIGHME (£90.6) , BTN BUR MR Os (0 EZRIE, MO SRRMAG K (Liet
al,2022) , FRERFRELH A VI4E 1870s/1880s fH MY my 2 (Ml 72 MUBKIRRA 41 Re-Os 5T 2L HE (£ 320.346.6
Ma) f K. Re-Os MAFER Re fl Os SR EH, A REPRIEMEREEE, Lietal. (2022) BT R AR BN

CE R (4518 1.380 F10.376 ppb) , 1] Gao et al. (2024) FH-T Re-Os MAEMIFE 5 T-15 Re Al Os & &5
514 8.701 1 0.592 ppb, &35 LT v, 17 HAE S ) Re/Os & LN 1.7-59.9, % TR A 0.18-13.3 (Gao et
al.,2024) . BURFERINT &5 )E 2 B R S BRI S g 4K LU IR SR B AKCE B A U-Pb IR 3447
%5292 +3 Ma (Gao etal.,2024) , 7 T4l K2 NS E GH XA WFRLA 313.6£1.6 Ma (TFCHL 45,
2018) , [AL, BUURFERMGNAH-ERAT B4R A A AT A1 B B A £E 313 48 292 Ma Z[8], BR-HRINBCF 3R 45 1)
BURFERE AT B R AR FH I 4E6S 30249 Ma 2 A EEN) . N =R A /R 3R A 28 L AR s (W L B M 2
Bt (B 5, 20260 , KA R ZSEAEYCA, WA TPIEEE A U-Pb WIS IR FIEE N
289 Ma. X USBEEIME IVR ARG A R - B — B i 320 Ma & 262 Ma M7 [ s i MRt Sa iy, RIS [F A7 &
MARFRAAAE LA B TR ZE, XK SZ 50 o 7 M0 JR X A e S5 A ™ i 58 7t e X L S 1 B
TR KIS IR RS, R T Mgt ZF (228 55,2024, 2R 55, 2018) . FEAHS
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Table 1 Comparison of Manganese ore formation geochronology, Paleolatitude, and geomagnetic Polarity
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Fig. 4 Map of the positions of major geological blocks in Xinjiang during the Early Paleozoic Era (Paleogeographic reconstructions relative
to Gondwana at approximately 470 million years ago and 310 million years ago for the Tarim (TM), North China (NC), South China (SC),
Kunlun (KL), Junggar (JG) , Qaidam (QM), Kazakhstan(KZ) and Dunhuang(DH) blocks, with all reconstructions presented in current
geographic coordinates. The paleolatitude positions are based on paleomagnetic data from the text, as well as studies by Sun Lisha and Huang
Baocun (2009), Li Yong'an et al. (1999), Huang Baocun et al. (2000), Li Yanping et al. (1987), Bazhenov et al. (2012), Wang et al. (2023),
Huang et al. (2019), Xu et al. (2019), and Torsvik et al. (2012)
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