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Abstract: There has long been controversy over the stratigraphic age of the ore-bearing formations in the
Xiaotianjing manganese mine in Heging County. We collected gondolella fossils from both the roof and floor of
the main orebody in the Xiaotianjing manganese deposit. In the roof, four species of Clarkina-bearing fossils were
identified: Clarkina leveni leveni, Clarkina liangshanensis, Clarkina bitteri, and Xaniognathus elongatus Sweet,
belonging to the Clarkina leveni leveni zone of the middle Wujiapingian age of the Late Permian. From the floor,
Diplognathodus sp. A was obtained, which dates to the Middle—Late Permian (P2-3). This fossil is mainly found in
the upper part of the Maokou Formation of the Middle Permian in China and also occurs in corresponding
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formations of the Upper Permian. Based on the characteristics of these gondolella fossils, the stratigraphic age of

the ore-bearing formations in the Xiaotianjing manganese deposit was determined to be the Late Permian and
should be attributed to the Upper Permian Wujiaping Formation. Meanwhile, both the rock cores obtained from
deep drilling and surface observations confirmed that the “klippe” limestone (T2b) originally located above the

manganese-bearing formations is in conformable contact with the underlying manganese-bearing formations,
indicating that there is no tectonic nappe forming the “klippe” in this area. With the stratigraphic age of the
manganese-bearing formations in this area now clarified, further manganese ore prospecting has shifted to the

Late Permian Wujiaping Formation. It is noteworthy that there is cerussite in the Xiaotianjing manganese ore,

which is a type of manganese ore related to volcanism. Attention should be paid to prospecting for manganese ore

in small volcanic sedimentary basins located on the volcanic sedimentary margins far from the eruption zones

within volcanic sedimentary basins.

Key words: Xiaotianjing Mn deposit; klippe; gondolella; Late Permian
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Fig. 1 Geological schematic map of the Xiaotianjing Mn deposit in Heging county

2 INKRHEH ZKT-1 RESREEMT
Fig. 2 ZKT7-1 zone of contact between limestone and mudstone in the Xiaotianjing Mn deposit
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Fig. 3 Sketch of the contact boundary between the Upper Permian Heinishao Formation and Changxing Formation,
Machangdongshan, Heqing (from YANG, 2022)



92 Bk

EHI R A

KB, HASKER S BAEEE A MR, D Kl AR
DURYSRA™ . BT SRR L ST VD LR AR A PR b A7 W A
RN QTR AT a7 SR e b R{DR5 SR ERTIPUE S
PR A bt B W RERR AT, XPER A A 4 B ik B
SRR R E, RS SO DIRE HIREA C

BR 1S DX Ll TR i 5 17 2% oA 44 o
AT IO 7 IR AL TURR 2 3 4 s 1
TAEM NN, XSRS KA SRR T
W25 T RIE; e B B P (9 — S5 ikl o fE A
BT

SR m WA — R (AR
RS AR T), (B 8 FR T 74 R b DX A B
o o AR o B (033 U ™) o JOBE, RV Ml X 4
T — BB ERIR AL, R BT AT AR A R
B

B Me R E=de R tsRke TE,
KPP EH, RERH, TMet kBB, £, 4k
Br. RFEEELFRER, LA TEREAF T2
ey N Em bR 485 TAE, ARSHE @ LR
BRI, AT BT TAENEE, AR L
BIESFINRERTRE. ALETERRAAFRS
JE R R PT B LA R B 6 S Fe AT TR
AR 4548, RY X EEE S IR IE, fEsb R
WIBRSHERA “PEF ZRELE” FE HAE
HFTOET. AT ERFHELLEEF SR
BALR Z R A AA, BEREF ST ES LI
¥, AE—IF R

Acknowledgements:

This study was supported by China Geological
Survey (Nos. DD20221695, DD20190379, and
DD20230034), and Investigation of Technological
Basic Resources (No. 2022FY101702).

S5

L, £ R, 2000, FE M2 B R [M]. dbat HEH
Rt 24.

BiZ s, 1988, #8 K. WH YL —HF MR T & 1 AT AT S 3 R R [R].
KB = HUB R 28 = b K A

BLEEE, 1992, 8 PR & 0 b 2 i AC R 3 5797 1 B9 38 [9).
= RHLR, 11(4): 355-361

Bk, FHIF, 1989. = B A I BN K AR A R
A [R]. KHL: PR A @A R = — OB\

AR, BROR, XS0, 4, 2016, A ARG R M &
PEUETE I [M]. L BT HbJT S i 64-73

WAL, AR, F, %5, 2009. Z FE S DEAR A R B
W HZEHNRI]. s F LT, 28(4): 415-419

T AR, TR, 2016, E A4 Y2 [M]. B #iTR
2FH AL 113-116

FHE, TTHEA, T, & 1995, Z=FE AT H b R 4L [R].
W =4 M 7 e b B R 2 0F 5%

2 T 48 b SR B — DX S b 0 2 R BA, 1966, Hr A A R AL AN
[X 3ok b J5 R A5 1:200000 #85 BR I UL BH A5 [R]. BH3E: =4
5 SR 45— IX el 5 0 A BA

Wi, dbehe, WKL, 4, 2024 ERIEEKEHE D
I AN IR [R]. B & MED =
k3K, 1993, mRE XIEH =R R]. BY: sHAME R,
IRFK, A, ZO6M, &, 1996, hET R AN - =R &M

bt s R AR 69-71.
PRIk, 2008. REFE AAMUZ[M]. LT R HUT R A R
r ] b o R 2 (R0 ) b 5T 9 A B 5% 5, 2014, 1:50000 £)1] EL 1
PR | ) R L AR I X R R A R [R]. B
r ] R (U ) b R R A IS I

References:

CHENG Yuqi, JIN Yuxuan, 2000. Chinese Stratigraphic Code:
Permian System[M]. Beijing: Geological Publishing House:
24(in Chinese).

DUAN Yanxue, 1988. Brief Report of Late Permian Manganese
Exploration in Heqging and Lijiang[R]. Dali: Yunnan Bureau
of Geology and Mineral Resources Team No. 3(in Chinese).

DUAN Yanxue, 1992. Discussion on ore-bearing strata age and
prospecting direction of Heging Manganese Deposit[J].
Geology of Yunnan, 11(4): 355-361(in Chinese).

Institute of Geological Survey, China University of Geosciences
(Wuhan), 2014. 1:50000 Regional Geological Survey Report
of Jianchuan County, Heqing County, Dianwei County and
Songgui County[R]. Wuhan: Institute of Geological Survey,
China University of Geosciences (Wuhan)(in Chinese).

PENG Zhangxiang, WANG Jisheng, 1989. Detailed Geological
Report of Xiaotianjing Manganese Mine in Heging County,
Yunnan Province[R]. Dali: Southwest Bureau of Nonferrous
Geological Survey Team No. 310(in Chinese).

LI Zhiqun, LIANG Qiuyuan, LIU Wenjia, et al., 2016. The
Mineralization Law and Resource Potential of Manganese
Deposits in Yunnan Province[M]. Beijing: Geological
Publishing House: 64-73(in Chinese with English abstract).

The First Regional Geological Survey Brigade of Yunnan
Geological Bureau, 1966. Description of Regional Geological
Survey of the People's Republic of China 1:200000 Heqing[R].
Qujing: The First Regional Geological Survey Brigade of
Yunnan Geological Bureau(in Chinese).

WEI Ronghua, YANG Zhibin, LEI Yang’ai, et al., 2009. The new
knowledge of metallogenetic relues and ore- controlling
factors of Heqging Mn deposit, Yunnan[J]. Geology of Yunnan,
28(4): 415-419(in Chinese with English abstract).

WANG Chengyuan, WANG Zhihao, 2016. Conodont
Biostratigraphy in China[M]. Hangzhou: Zhejiang University
Press: 113-116(in Chinese).

WANG Zuguan, JIANG Nengren, TAN Xuechun, et al., 1995.
Lithofacies Paleogeographic Atlas of Yunnan Province[R].
Kunming: Institute of Geological Science, Yunnan Bureau of
Geology and Mineral Resources(in Chinese).

YANG Xuexiong, HONG Zhongming, ZHAO Qinghong, et al.,
2024. Survey and Evaluation Report on the Manganese Ore
Deposit at Xiaomachang, Xinfeng No.1 Primary School Area,
Heging County, Yunnan Province[R]. Kunming: Yunnan
Geological and Mineral Exploration Bureau(in Chinese).

ZHANG Yifei, 1993. Summary of Regional Mineral Resources in
Yunnan Province[R]. Kunming: Yunnan Provincial Bureau of
Geology and Mineral Resources(in Chinese).

ZHANG Yifei, JING Zhou, LI Guangxun, et al., 1996. History of
Ore Deposit Discovery in China: Yunnan Volume[M]. Beijing:
Geological Publishing House: 69-71(in Chinese)

ZHANG  Yuanzhi, 2008. Petrostratigraphy in  Yunnan
Province[M]. Beijing: China University of Geosciences
Press(in Chinese).



