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Fig.1

Zircon U-Pb Dating Harmony Line Diagram (A, B) of Manganese Tuff Layer Samples (A12085) of Maokou Formation in

Middle Permian and Clay Rock Samples (YDX-1) at the Bottom of Longtan Formation in Tuanxi Section, and frequency
histogram (C, D), Zunyi
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Fig.2 Prototype of the Permian Maokou Zunyi - Western Guizhou secondary rift basin
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Table 1 Prototype and structure of the Northern Guizhou Rift Basin
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Fig.3 Lithofacies palacogeography of late Permian Maokou in Zunyi-Western Guizhou
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Fig.4 Distribution of Permian manganese ore belt in northern Guizhou and Eastern Yunnan
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Table 2 Structure and division of Zunyi-Shuicheng manganese ore belt in Guizhou Province
R B G BEX S F5E X SR IR (5D RS
I I KRR IR . VRIE KB IR . 7k 22 KA
R H—R L \ o oh 7 e P
REAmg T RS DR T R
HFW—H i BRI R . UMK Be)E
- TR ‘
KFE—ARAL G PR IR RAT SR P R IR, &
oy wpgy MR gEMK SRR mMIETE
Y —E R KHE— A 3SR i .
A EE— i B . ?m%?ﬁkf%?%wi”éﬁ
X NYSUE— TR NG R A b AR R, Bk
iﬁﬁggxﬂg BRI R
" N JEZER A TN X ; S S N
BPHER X ARG HK J?Jfl?ﬁ’ﬁ*mﬁfﬁ\ ﬁﬂj@i%ﬁﬁfﬁ% U
R TS -
A TR e i / F
M E R R IX / B 5 T R IR
FHAIE A% T M A I8 SC— B DU BR AT R M M K I -

AR T8 SCIR AT TR, T8 S —E5 VE B
B R A Tk — B Ry NIRRT —
MBEL BIE—ME. BG4 MRT TR XA E A
OHIX E R .

(2) KI—E R AT

K — B BRI A BT 0 1 B AL R A M 7Y
P P (R K- B R R A A, A T K X
POR=RUIE: NGRS SN N S8 WIS B DNTIL:
o, T KRR AR AR AT, IR 2
220 km, {EARRI) 2 4 o0 A0 AT E UK R AR
WERH K. =T &R Lo OHE B
RN o AR K — IR AR A F R
ik, AR AIRI—INGE . B 2 DR R X

FEL, BB TN K I X R A R R AR
CEHKE) TERETE SO X RIREY . H
BT R B S X EE RS, AR A L K
I DX R PR AR E A 5 B M 2 R PR B, A K
Y — B R T A R 2 R R R T
SRS VERRRT BRI, R OR R EAES
FTALH], {E W A LR S —B5 DU BR A BT iy
AN, HRBETZ K ST RIZEER R, B TS )
HlgKRE R, ZEKITREGE, BT S
e BN SRR RS A, %IRRT
BRI S A, WS BB, MR AR
PR, AXAS Gt Bk TR E e 2 ALk
JEJE . TERGERTE Y AR RS R, 3SR

BRI, R R R SR R BT
5 4 i

(1) WFFEXERT R A LA R, A 7™
W B IR Fb R, TR R
OSSR TR R R A, R R
TR, EH 22 X TCERn 40 A o

(2) WHFEIX Z & 2050 DA [R] AR W 28 8%
ARSI, WEAEZRAR 75~80°07 [l A, HE
PRERA A2 18] e A 7 [l B2 b 2R 2R 75~80°, X5
RIZH NG TT 17, A7AE 40~ 500/ 4 1)
KA, RIARAT X H A MR “BUR S LT MG
FFIE

(3) 38 SCHB X B H™ 78 22 (8] b W [ 4h,
N R ES T o (b - AN T SR Rk T P iy
N=AEE A, B RaOM . RN %
M BB HoR TR R 8, SR T
Bl 52 A b P AR R R AT R

(4) BALR/ G EHIEK T — L™
SRR, IRt — Ryl R
PHERH™ BRA LA KR — B BT R,
e, B PR ER T T A 3k — B Rl g iR
B— /B e, BIE—ME. 250844
AR Z A BIX GhRED 5 K
Y — B R AT AT R — 2D Rl K S — a8
T IR 2 R R X



«70 - wEgEFIA 2024 4F
@%%iﬁ}[ House. 1989.
[11] BEi AR, B, Do — 8 15 11 0 B s P 155 A 4

(1145 58, ARG N, 36057, &5, o AR B UERAIER U], 3
JRZER, 2014, 88(12).2192-2207.

FU Y, XU Z G, PET H X, et al. Study on metallogenic
regularity of manganese ore deposits in China[J]. Acta
Geologica Sinica, 2014, 88(12):2192-2207.

[2] MAYNARD J B. Manganiferous sediments, rocks, and
ores. treatise on geochemistry. D. H. Editors-in-Chief: Heinrich
and K. T. Karl[J]. Oxford, Pergamon, 2003, 289-308.

[3] XIE J C, SUN W D, DU J G. Geochemical studies on
Permian manganese deposits in Guichi, Eastern China:
implications for their origin and formative environments[J].
Journal of Asian Earth Sciences, 2013, 74(25):155-166.

[4] Rk, ZEM S0, 5k B I, 25, SR R0 IR 2 R R hod
A5 oy bR B AREAE [T, B 3 K22 4R (8 AR IR,
2022, 49(2): 239-248.

CHEN J, DONG S Y, ZHANG Z X, et al. Characterization of
chemical compositional patterns of manganese-bearing
carbonate rocks in Gaoyan Mn deposit, Chongqing[J]. Journal
of Chengdu University of Technology (Natural Science
Edition)., 2022, 49(2):239-248.

[5] B ACE. b [EAR A M TR AE 5 B pRAN (00, DY )1 3 5 2
%, 2012, 32(s):14-19.

XUE Y Z. Exploration evaluation of manganese deposits in
China[J]. Journal of Sichuan Geology, 2012, 32(s):14-19.

(6] Bk, £, K HE, 55 . 97T G B G S AR X
BT (M. JE 5T v e ol B ARk 1995,

YAO J Q, WANG L M, SU C G, et al. Study on manganese
deposits in the southern margin of the Yangtze platform and its
adjacent areas[M]. Beijing: Metallurgical Industry Press. 1995.
(7] Bess bk, B AR, B 0K, &5 . i IR [(M]. 1k
E&@éiﬂﬁ%ﬁd%l

HOU Z L, XUE Y Z, HUANG J S, et al. Manganese ore
around Yangtze Platform[M]. Beijing: Metallurgical Industry
Press. 1997.

[8] X, BT, MR, &5 . Sl SR [E B e B &
DX Hb 5T PR 32 53 e S i D il (3. ST MM, 2017, 34(2):
63-70.

LIU Z C, YAN J X, CHEN D, et al. Main progress and
potential prediction of geological prospecting of manganese ore
in national fully equipped exploration area of Zunyi, Guizhou
Province[J], Guizhou Geology, 2017, 34(2): 63-70.

(91 XIE L, A B, BUERT, 55, — & a0 ot M SR R4 Gt
SR S FORHER AT A i A (O] o R 22 4R, 2019, 21(3):
517-526.

LIU Z C, ZHOU Q, YAN J X, et al. Structure of Zunyi rift
basin in Guizhou Province during the Permian and its
controlling on manganese  deposits[J],
Palacogeography, 2019, 21(3): 517-526.

[10] X 5& e, EPA, e, STMNERD BT (M]. 51 FH: St
N HiFBAL, 1989.

LIU X F, WANG Q S, GAO X J. Manganese ore geology of
Guizhou, China[M], Guiyang: Guizhou people's Publishing

Journal  of

B ST (1], BHNREE, 1993, 11(2):67-71.

YANG R D, YAN C X. Sedimentary environtary environment
manganese deposits during maokou and prospect of
manganese-bearing regions in Guizhou[J]. Guizhou Science,
1993, 11(2):67-71.

[12] 2Ea 2R, W e, BRMRHR, 5. D10 — & R A DIRURIE
BRI R 2 3 LT). 4 RS, 2014, 33(s):909-910.
YANG R D, GAO J B, WEI H R, et al. Analysis of
sedimentary characteristics and metallogenic controlling factors
of Permian Manganese[J]. Mineral Deposits, 2014, 33(s):909-
910.

[13] #Eii 7R, REFDH], e, 4. D10 =& 255 AT
W UURURRE SR PR S IR 72 (T, M3 2248, 2018, 92(4):804-
816.

YANG R D, CHEN M L, GAO J B, et al. The sedimentary
characteristics and origin of manganese deposit in the middle
Permian Maokou Formation in Guizhou, China[J]. Acta
Geologica Sinica, 2018, 92(4):804-816.

[14] Bg~F, kL Bz, B2, 5. ST AR X — 8 RN HUTURR
MU S 1 FIAR T (0], 521 5, 2005, 22(2): 103-109.
TAO P, DU C Q, MA R, et al. The research on geologic feature
and metallogenesis of the Permian manganese ore deposits in
Guizhou and the Vicinages[J]. Guizhou Geology, 2005, 22(2):
103-109.

[15] RS2k, 2258 38 AR Hh R AR AE S 3R 738 o0 [0
rhE %R, 2006, 24(3): 26-29.

LIN G S, LI Y. Geological characteristics and prospectives of
Zunyi Manganese Ores[J]. 2006, Zhongguo Menye, 24(3): 26-
29.

[16] XIS, BUACH:, w84, 5. 50 GRS d &V AR
JRURFE S 220 26 AR (1] SEJH BT, 2005, 22(1): 31-38.

LIU P, LIAO Y C, HAN Z H, et al. Geologic features and ore-
dominating terms on the manganese ores of the upper Maokou
Formation within platform and trench face in the central part of
Guizhou[J]. Guizhou Geology, 2008, 22(1): 31-38.

(17] X5 B, BREE, Bk, &, ST M I8 SCRR A B P 5 R i
BRIT [T, B F, 2013, a,56(s):307-308.

LIU Z C, CHEN D, TIE Y H, et al. Discussion on ore-fonming
msterial source of Zunyi manganese deposit in Guizhou
Province[J]. Geological Review, 2013, a,56(s):307-308.

(18] X FL, ko [, W, &5, ST SRR IX “H ez
T oL 25 IR A 2 AR A0 e HC 3 5 = (3] 0 22 i, 2013,
b,33(4):665-670.

LIU Z C, ZHANG Y G, CHEN D, et al. Geochemical
characteristics and geological significance of "Bainitangceng"
siliceous rocks in Zunyi manganese ore fields, Guizhou

Province, China[J]. Acta Mineralogica Sinica, 2013,
b,33(4):665-670.
[19] U B, 1, SR, 5. SO U R PR HLER 16 545

TE B R 534 LT]. 1054, 2015, 35(4):481-488.
LIU Z C, WANG C, ZHANG Y G, et al. 2015. Geochemistry



1

2024 % 2 H WNEES: BHi—EAZ

BRGH T BRI AL RH R X 5

71 o

and ore genesis of Zunyi Mn Deposit, Guizhou Province,
China[J]. Acta Mineralogica Sinica, 2015, 35(4):481-488.

[20] XU, RN, BEA A, 55 . CSAMT VATE 5t M ¥ LR
R A b g H U] MRS R, 2016a, 40(2): 342-
348.

LIU Z C, WU F G, LUO H X, et al. The application of
CSAMT method to monoblock exploration in the Zunyi
manganese deposit, Guizhou Province[J]. Geophysical and
Geochemical Exploration [J]. and Chemical
Exploration, 2016a, 40(2): 342-348.

[21] XE R, 5, R, & 50 — 242 5meLmy &
B PR M SRR AE RS L K R SCLTL BRI, 2018, 35(4):363-
368.

LIU Z C, ZHOU Q, ZHU L Y, et al. Geological characteristics
comparison and its significance of main deposits in Permian

Physical

and Nanhua Manganese Deposits of Guizhou[J]. Guizhou
Geology, 2018, 35(4):363-368.

[22] Bk, xIE R, TRz [E, 25 8 AR Hh FURFE K & 4
U (3. 5L DR K, 2013, 28(3):63-67.

TIE Y H, LIU Z C, ZHANG Y G, et al. Geological
characteristics and enrichment regularity of Zunyi manganese
ore[J]. Mineral Engineering Research, 2013, 28(3):63-67.

[23] ¥ B, WO AT SN & R S JE L 2 ls
ZRZII]. BHNHTE, 2007, 24(3):197-201.

HAN Z H, PAN J Z. Relationship analysis on Permian
manganese and Emeishan Basalt in Guizhou[J]. Guizhou
Geology, 2007, 24(3):197-201.

[24] ShAGAE, T 2%, 53 MR IR-GN G0 6 A - S AR ik A Al
WAERYITRI]. 5 7= 5HU%, 2010, 24(2):162-165.

HAN Z H, HE Y L. Discussion of geological feature and
mineralization process of Shuicheng-Narong manganese
deposit in Guizhou province[J]. Minerals and Geology, 2010,
24(2):162-165.

(25] FEFGH, BHPR T, X3, . 51 =& R DOBURHIE X
B AR B [0]. 5 MK 52 224 (F R B 22 i), 2011,
28(1):53-58.

CHEN M L, WEI H R, LIU K, et al. Discussion on the
sedimentary characteristics and mineralization age of Permian
manganese miner, Guizhou[J]. Journal of Guizhou University,
2011, 28(1):53-58.

[26] FRE, RIS, BT, 5. ST LKl X =& 204
B RAT DX R o S AR AT 7 00 B (00, SN T, 2018,
35(4):297-303.

CHEN D, LIU Z C, YAN J X,
metallogeniczones and analysis of prospecting potential of

et al. Division of
Permian manganese deposit in Zunyi-Shuicheng area of
Guizhou[J]. Guizhou Geology, 2018, 35(4):297-303.

[27] ¥, RIE R, BRE, 5. ST 8 R 5 DA M
B B SR KRR AT AR A R AE (], 3 M PR 4R, 2020,
22(5): 989-1000.

WANG Y, LIU Z C, CHEN D, et al. Characteristics of
metallogenic formation, basin prototype and manganese facies
belt of the Permian Maokou Formation in Zunyi Area, Guizhou

Province[J]. Journal of Palacogeography, 2020, 22(5): 989-
1000.

[28] LIU Z C, ZHOU Q, LIU K, et al. Sedimentary features and
paleogeographic evolution of the middle Permian trough basin
in Zunyi, Guizhou, South China[J]. Journal of Earth Science.
2021,doi: https: // doi.org/10.1007/s12583-021-1406-2.

[29] XU H, GAO J B, YANG R D. Metallogenic mechanism of
large manganese deposits from Permian manganese ore belt in
western South China Block: New mineralogical and
geochemical evidence[J].
132(5):103-193.

[30] 4R W, BRER )1, E8& L, 55, v [ e X iy %1 2 7

(M. db5T: s AR, 86-110. 2008.

XU Z G, CHEN Y C, WANG D H, et al. Zoning scheme of
metallogenic belt in China[M]. Beijing: Geological Publishing
House, 2008, 86-110.

(317 BRI o 32 2R X 7 B 5 pP A (M. b
L 5 R 1999.

CHEN Y C. Evaluation on mineral resources prospect of main

Ore Geology Reviews, 2021,

metallogenic belts in China[M]. Beijing: Geological Publishing
House. 1999.

[32] My, M, T ate, 4. 4 B 2 R0 7 5 Sk
B X A ) or 5B UR W 0 R AE (DD, M % 4R, 2016,
90(7):1369-1280.

XIAO K Y, XING S W, DING J H, et al. Division of major
mineralization belts of China's key solid mineral resources and
their mineral resource potential[J]. Acta Geologica Sinica,
2016, 90(7):1369-1280.

[33] ERLAE, MR, MRS €. S A - Rl o I
[(J]. SR M A, 2018, 35(3): 3-6.

WANG Y G, CHEN J S, CHEN Q F. Structure-formation
division and its significance of Guizhou[J]. Guizhou Geology,
2018, 35(3): 3-6.

[34] X7, B H, BRE, &
E-LASEN — B
1006.

LIU P, LIAO Y C, YIN K H, et al. Hydrothermal sedimentary
manganese deposits associated to volcanic activities-Permian

5K s = HROK TR
LR N [0]. FRE MR, 2008, 35(5):992-

manganese deposit in Guizhou[J]. Geology in China, 2008,
35(5):992-1006.

[35]HAO Y, DAO H P, SHAO 'Y, et al. New constraints on the
onset age of the Emeishan LIP volcanism and implications for
the Guadalupian mass extinction[J]. Lithos, 2020: 360-361.

[36] XU R St L — B R A S5 1 H
EWHMﬁVI¢Iﬂﬁﬁ%(@%JML

LIU Z C. Evolution of Permian rift basin and manganese
mineralization in Zunyi, Guizhou[D]. Wuhan: China University
of Geosciences, 2021.

[37] %38, R, Bh B 0%, FEPY — & R RS L Bl
WBRIR A ETAR: Ok B & L2 B A IR A [T]. KR
)3 5 R 2, 2014, 38(1):181-196.

HOU Y L, HE B, ZHONG Y T. Newperspective on
provenance of the Permian Karstic bauxite in the Western


https://doi.org/10.1007/s12583-021-1406-2
https://doi.org/10.1007/s12583-021-1406-2
https://doi.org/10.1007/s12583-021-1406-2
https://doi.org/10.1007/s12583-021-1406-2
https://doi.org/10.1007/s12583-021-1406-2
https://doi.org/10.1007/s12583-021-1406-2
https://doi.org/10.1007/s12583-021-1406-2

e 7D e

W GE

IR 2024 4

Guangxi: geochemical evidence of clastic rocks of the Heshan
Formation[J]. Geotectonica et Metallogenia, 2014, 38(1):181-
196.

[38] EAL5, HHE g, ZONRE, &, D1 B B i A A i
e . Elﬂll:ijiimbfi, 1983, 3: 23-38.

WANG L T, YEN Z, QIN D K, et al. An introduction to early
Permian lithofacies palaeogeography in Guizhou Province[J].
Regional Geology of China, 1983, 3: 23-28.

[39] Ja 5y, ka2, AR, 5. STMAABE R SOb X F 20
ISV SRR B2 M BB BR AL 27 R AE [T] . S ERRE 27 [ 1
K2R, 2007, 32(6): 845-852.

ZHOU Q, DU Y S, YAN J X, et al. Geological and
geochemical characteristics of cold spring carbonate rocks in
Nanhua period in Datangpo area, Songtao, Guizhou[J]. Earth
Science-Journal of China University of Geosciences, 2007.

[40] JA 335, ALiz A, RN BN S8R B - DABS 2R 3t (X g
Hezg R B 9 M. bt #BT H Rt 2012.
ZHOU Q, DU Y S. Ancient natural gas see page and
Manganese Mineralization-a case study of Nanhua Period

[41] A B, AL, B 5 RIR SIS IR EL G IR B &
g b5 AL - DLES AT 4T X R AR 20 R B BT
B (3], 5 PRI, 2013, 32(3): 457-466.

ZHOU Q, DU Y S, QIN Y. Ancient natural gas seepage
sedimentary-type manganese metallogenic system and ore-
forming model: a case study of 'Datangpo Type' manganese
deposits formed in rift basin of Nanhua Period along Guizhou-
Hunan-Chongqing border area[J]. Mineral Deposits, 2013,
32(3): 457-466.

[42] 3, A Ae, 3 A, S5 RS IR It 4% X pg A a0 e 2
A T L S A S FER AR T B 2 AR [T, HUER L 272, 2016,
41(2):177-188.

ZHOU Q, DU Y S, YUAN L J, et al. The structure of the
Wuling Rift Basin and its control on the manganese deposit
during the Nanhua Period in Guizhou-Hunan-Chonggqing
Border Area, South China[J]. Earth Science, 2016, 41(2):177-
188.

[43] ZHOU Q, WU C L, HU X Y, et al. A new metallogenic

model for the giant manganese deposits in northeastern
Guizhou, China[J]. Ore Geology Reviews, 2022, 149:105070.

"Datangpo Type" manganese deposit in Eastern Guizhou [M].
Beijing: Geological Publishing House. 2012.

Main Metallogenic Regularity and Metallogenic Zone Division of Permian
Manganese Deposits in Northern Guizhou-Eastern Yunnan Province

LIU Zhichen'*?, ZHOU Qi'**, YANG Ruidong', DU Yuansheng’, CHEN Deng*’, XIAO Lin**
(1.Faculty of Resources and Environmental Engineering, Guizhou University, Guiyang 550003, Guizhou,
China; 2.The 102 Geological Team, Guizhou Bureau of Exploration and Development of Geology and
Mineral Resources, Zunyi 563003, Guizhou, China; 3.Technical Innovation Center of Mineral Resources
Exploration Engineering in Bedrock Area of the Ministry of Natural Resources, Guiyang 563003, Guizhou,
China; 4.Guizhou Key Laboratory for Strategic Mineral Intelligent Exploration, Guiyang 563003, Guizhou,

China; 5.Faculty of Earth Sciences, China University of Geosciences, Wuhan 430074, Hubei, China)
Abstract: This is an article in the field of earth sciences. Manganese ore is one of the strategic minerals in
short supply in China. The area of Northern Guizhou-Eastern Yunnan is the most typical distribution area of
manganese ore in Permian, which is also rare in the Late Paleozoic in the world. It is rich in manganese ore
resources and has great prospecting potential, so it is called "Zunyi type manganese ore". The results show
that the manganese ore is produced in the late Permian Maokou, and its distribution is strictly controlled by
the northern Guizhou rift basin. The manganese ore is formed in the center of graben basin by exhalation
deposition, but no manganese ore is distributed in the barrier area, and the ore-body spatial distribution
direction is basically consistent with the basin distribution direction. Among them, manganese ore in Zunyi -
western Guizhou area is spatially distributed in the basin facies area, and can be divided into three
manganese ore facies belts, namely, the central phase, the transition phase and the edge, which further
indicates the specific metallogenic location of manganese ore and shows that the manganese ore is controlled
by the center of the basin. Based on the Zunyi-Xuanwei manganese ore belt, it can be divided into four
manganese ore concentration areas in the Zunyi-Qianxi manganese ore mineralization subzone: Shenxi-Bali,
Longping-Xinglong, Tuanxi-Shangji and Qianxi, and two manganese ore concentration areas in shuicheng -
Xuanwei manganese ore mineralization subzone: Shuicheng - Nayong and Gexue.The research results are of
great significance to search for Permian concealed manganese deposits in northern Guizhou and eastern
Yunnan and to carry out metallogenic prediction.

Keywords: Earth sciences; Permian manganese ore; Metallogenic regularity; Metallogenic zone; Northern
Guizhou Province to eastern Yunnan Province
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