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Abstract

The Heqing manganese deposit was formed in a secondary superimposed basin within the Triassic
Noli Lijiang Depression. Based on the sedimentary tectonic evolution, lithofacies and Palaeogeo-
graphy, lithologic division of ore-bearing strata, and characteristics of mineralization of the man-
ganese-bearing basin in the Nori period in Heqing County, China, it is concluded that the Genesis of
the deposit is a volcanic hydrothermal sedimentary manganese deposit controlled by the synge-
netic fault and underwent tectono-dynamic Metamorphism (hydrothermal superimposed trans-
formation) during the later geological evolution, the Heqing Type high-quality manganese-rich
deposit is formed by weathering and enrichment to a certain extent. It is suggested that the
CENOZOIC in the NE trending yanyuan-lijiang structural belt is characterized by intense tecto-
no-magmatic hydrothermal activity, dynamic metamorphism and mineralization, it has an impor-
tant reworking effect on the deposit and makes the Nolligian sedimentary manganese deposit fur-
ther metamorphic to form high-quality manganese ore. On the one hand, the nappe-compression fold
structure changes the geomorphology (denudation anticline-valley-syncline-mountain) and destroys
the deposit, on the other hand, the NAPPE forming a large number of flying peaks plays an impor-
tant role in the deposit preservation. The prospecting model of secondary superimposed Noligian
manganese-bearing basin + ore-bearing rock series (T3sg??) + fold structure (syncline) + Pirae-
bong cap rock is established. It is pointed out that the area south of the Xiaotianjing ore block is
the deep-water Nolligian sedimentary area in the area of Mount fu-ming-wu-ming-shan in Hua-
ngfengshan area, and it is also the oriented area formed by the eastward-westward compression
of the Middle Eocene, it is also a syncline area formed by late Oligocene ns-trending Nappe. In par-
ticular, the strata of the songgui formation below the “T:b Piraebong” in the axial part of the Wu-
mingshan syncline can be used as an important prospecting area in the periphery of the mining
area.
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Figure 1. Tectonic zonation map of the “Sanjiang” (South Section) area in southwest China (left) and tectonic sketch map of

the Yanyuan-Lijiang tectonic belt (right) (Adapted from data [1] [2])
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Figure 2. Correlation map of stratigraphic division scheme of Songgui formation in Heqing
manganese mining area (Adapted from data [11] [17] [18])
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Figure 3. Regional geological map of Heqing Manganese mine
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AR 2 rg b e, DRI JE P R 4 h ra A AL 3 3 (e e B T A AR 1) = VI - i Mk B e e 5
AR BT, 3 R P DA R M X ORI FE I B iR, R A RIREE R k. 28 T ORRIE T R e
W, RN TR, MmO mAb RS B RS L DA X . RS EHIR A, DTSR R 2R A
AT 2RV e (1) B PR, o R AR AE R G ) OBty b R S B e 0 S e /N B o v R SR 340 e 1) v b e R
COAERIL R M, PO JEREI @ 100 m, T 758G PRI X T 2R 7 17 8 /N3 BF h 26 TR B R B 7k T B e 28 T A%
B PR LA 23]

5.2. RARAERME
DXk EESPOAL T b YR - IV =BV S, WA S - BTL G TARA N 5 i - BRI A
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(BRYH - Ve - FRJE R, (RSP S B N B s At AR B X3 E A IR RRIAF[4] [15]. B4
W = 22 thE U R I 7E VR PG G B A R I el (K KA R R R AR — P R N 4. B A A A AR TR
KEEEIRPE GV TR H T =& R e - ERIRZI NG — N80, eEfERSEES
Fe R B T - R A X R b R R S L PSRRI R G AT T B TR B R R M=
PR - R, PEOUAE X 3 Rk B R RPN B, PR BT B B ORE, I B RE
Hh R AR R Z 5K T BT 5 T S PR AR A E T P gk A 4] [12] [23]. %G VAR P A B — B0 52
[FAE W E R gy hil, MERE FAbM vl Elsh7e iR, BHE XA KB, m M TIsEE R U)o 2
LR A B, GO B 2 R Gkt b ) A ke A R AR R [16]0 7RI R b i) X IS0 B 15 5t b T BRI AR 76
I P S [ B IR e, A R R B X Sk BRI S V2 - ATV R (BR) A - Ve - R R IR, N
TRV BRI T R R [4] [12] [14] [23]. BOERERN E0 ZRAHZEF RS A S DIBMERE.
TAEYIHES . AR HER b 22 R AE A0 S W tH VAR VR K B KR AE o DG = B AN RE 2T i 30, 85K 4R
A DX A T4 39 K i 20 5 PR B 7 2R A V5 B0 T B R R K VR A DX [ 15 ] o X3 oty B BT ST 9 DX i R o B o7
AR O I 2 N R — A A — I AR P ) (RIS, IS PR AR & A — AN FIR Sk = A T 2R AR
i, ERPEIL R AR FE R AR A o X AR B AN R I i AR T R X A VS W A .
BRI, SEEZREZMEUE 2 A8, A= S IE R FTE[13].

5.3. EEMEER

JRAT i A3t (T2 B B (B S B 56 T e 00 B TR 2 e S BB 84 6 2 1 10 5 I 8441 R B
DN AL KR 2 1 T RO 3T e BRI O R ) L WA P 51 e R A I i, i X%
Tysg' MEARFEVE KB E  JRBUE . 8 A AL KL 5 1 Taz, Tob* ShRET “IRFUZ” HER
PLE Tasg™ BRSBTS s 2SSV T S T 28 TR X i RN o VT s T 2 RS £ K 1 L
WA I N R B BR AR BT, SRR i e 3RS, T HE MR, ST ELE, BT
MR, B SR EOL R T3 - R LD B BRI B, IR RS AR K, /NRIFD™BOZ &
Tra M W IR USRS B IR R SRTUBB B (B SO2 8 2 T AR, 7R 04 [ 7 rg T I 8 4 2 i
SRYETEZ), MR gAR NI, RN XIS BB @ia T SIE e T, IR E S Ra T 7 iE S
SMEFRIIR B, BRER UK ENG R, FES9 AL IE IR T, SIS E TR R, EAEMIER T REDT
FUE FH TR 50 V8 AT 0 7 b P LRt )y o S PRARA 3 40 A E T R M T L R AL [ 17]0 Tasg™ vh WAL
HIRE NI 2 v 8 2 5 J T SR i 2% B[R] AR BR AR T, b 26 4 I Ui SR M T 38 R B E 13 ]

5.4. FRHEE

FEVEAIYI P BRI 1% 32 57 13047 1 Bl BR AR b CRE N TR BESY], 3 7 REERASW R, KA B iR
frkass, T XAME SE B ER 0 CAMEIER T R BT XSRS A, IR
BT AU, 0 W W28 LR X A DX PR 2R 7 ) SR AT A IR, e 2 B Bais shfil 4 7 iR
MR BRI [13]. FI5MR 2004 MKHEH ERAARELEE 0T, B XAMEL T BU(Tasg ) N —BhEH A =
Fds, W FE T AR R, RO R AR . AL BB R IEB(Tasg YA — BB AT S
(B ERPIRIE ), H SRR B T B (Tasg™ )RR KR AT 2 5 3 B 42 TR 39 J2 Ak o 2 A0 e 5 I
1, ARG THET LA R BOAK . B A B IS, RO R AR FAREZE BB W BY(Tasg™)
HE KO EesE, WEhERRE SHERKELZHR, el eind, RIPNRKITIRZ G i
BRY, COFEALESXEEREERERET -8 ZBeanAdaRiy el EATMH. 2@k E =
N MBI AL St AR IR MR RG0S B A SR, R T B R R X a5 KL e e SR s
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UEET R K R, KB — BRI = MK G . 25, it SR A WRSEZ R, sk
AL R, SRR A R TIRKZ T, BB EURE i AN A PR /K TR 21 G 8 2 1 R i YA
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AT G 5 (R AR ) ) A AL U [ 23]
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AR, W E BRI, o MR B AR e it . BAR HEEK R 20 BURASE . SRS )
EAZNKE . KBOMB TS . AT AR TR SO 4 K i 9 K im % 4, anl™ X
PR A, AL BT E . BT MK N R DR, B N AR DRIR
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5.5. B ERBERT

AT R GR E A . (1) AU R[5] [10] [18] [20] [21]: (2) Vi - HMu&AYm IR[4]
[24]. (3) KILFWHK - YIFRRAYH FR[15] [25];: (4) KILFIK - PUARIH PR[8] [13] [16] [23]. AFEMBHFIEN
s, BT AS[E B R RS s

5.5.1. B {ERYHERE

1) EZAREE(2013) 18 5 78 B A3 T I & oK B4 R DRGSR 88 T i, T IX S s R
s LT KRBT M AIE T, 4% Co/Ni. Sr/Ba. Th/U. dCe. O0Eu ZAHMIHE AT, W NN ED
TREERERE), A R Co/Ni HERZAE 0.11~0.71 Z 18], MBI BT AURHES]

2) FEFUAE R WIAOKTIRLE, 20 TRV RS, shir, ST RE%IA, (EhgER
R EBEREE . 5B M AR WA A 475 A . BERRIESN . @ #OKBHR TR
MIBRER 55 & & St Bay B [26]. W XSHH REAE MRS AR 2 T E RS S54% 2 oK IR TP Bk
(R P 20[8]: B TR il W Ia S A 40k 13]. £/ 2013 REMK SRS ERAE SN Sr. Ba
S, Hih 2490H-01 S8 5K EFES St 3520 x 10°°, Ba: 228 x 10 °[5]; Hnim X &0 5 & B A HuK
DURUEREAE < 32 F A RIS 20 S R A I RO AR R oy Y /KR B8, b 44 A it SO o iR B2 3 56.1°C [27]

3) TR (2004)i0 I SFER A BB« AR 2R PRFIERR R T 3SR R WIIR I 2 SRR B T i 2 B B
FERN T AWRERRS N, H S S RRE D T AEYRBOXA IR . 8 1T F BRI 5T
WX R S RE A TG T BC A A BRI AAE AL, HAREIL Ce 5 Eu MH7FH & Yb MIERH, RW
R SRECE ARVEF Y. B IXEEERT Sm/Nd = 0.2 CFIIMHE), RIREVE N 1 B A (e 5 H 2 Eu i
W & Sm/Nd = 0.20, 3 BN —FhHGRITAUE KA 560 X L A 52240 10 La/Sm.Eu/ REE $#1iE,
WA R 2 A RIS S B R, B 2l DL X R S 3l A ARER I AR 3 o) 23 b ik
JEH Y 2 R AR A I AL A B K IR T 2 N 28 AT 5 1T P R ABOK DU IR o AR X RIEA X
RAEM L AR, Y REE F¥IME 151.58, La/Yb {4 14.297, SnyNd “F¥{H 0.21, 5 AFEHPE %
FHAE, RN EAE IR B BE X EUE R 23]

4) B X B AR A T A R Z A KT AT I A R 1 i 3 A A RN 2 K DA S AT R
18 1 5 B N B[S ] 2 RS RN ARAT R 350 R 25 1, U BH AR A A 1E S A 1 T B AR AR s
WL B R AR IR JFE A o R AR TR s AR SRR AR S & B2, MR A 5B 5 4444 T B BRARIT
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I S A e A B T T A Y 2 A ], R SR SO T e BRI B TR e 2 5 BT [14].
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I B PR P AR AL I R o BRETAZAERT 2 B I XM s AR B R G . )2 TR S
TR J5 2% i A RS AU o AE IR 2% T DA AL T B RIFLIE B & 25, BT A 2k i AR DURR IR S
SRRy, Ja R, BRI R AR R s B Btk R AR B B 13

6) W FUR I [ — LU R 8 B IR,  EATIEGE T P [28] . IR T
BSRERAT /N KA SR A, RPTBRET PR o 42fi 22 J5 s XA o A7 22 o JERE A ST R0 il
W) 25 K AR IR 5T, R ATES PR I R 2 2 00 T DIRUEE R . 20 A . RAEULER,
Z W B SR I DOAR A R R . AU ST 2 Enes . AW PR AR5 K 3K W] e Al i s 1R A
HORAERE S, H OB, AR R EEA R 2 6 5E . MR T BN RIS BUR A T E:
oA, WoER bR E, EHRER. BEBHNEYE . 20 EAR USR5 AR RBE, TER
A BEE A AR AU E R B, SRR AR A B A R L AR U R R BT R Ak
ZEERA . RRERGT. HRERET. 5T ORCREERETSERAOILEALS, SR TR S ERIN D, WA X R
IO . B R B W AL I Ry, SHIE A R TR SRR
RIREERE SRR RIZEER, & — B B A R R 4L 5 (24] . W IX FLa A8 32 SR AAT 5
A, Bafifl. BT, BB SR EEE AR [29]. A B Al IS BT A IR B BTN (A 4.
K 5). RAMHBE, Rt 7T S X ERHEER, SR A RZE R 2D BT BRI,
IR I A R R, B0 YR AN Al ) SRR RKARE,  Hdh Azt — T30,

ZR LR, A PR B VR AR 0 D AR - SO PRERTT R, 78 J5 3t B8 Ak vh 22 1 A i 3l )
AR A P (RIBOE NG ), AN 8 R FE (0 KA o 4R AT T R PR AR5 o A0 PR o 2 B Ay b i Ay
IO G SR [ 2L W2 o R G R T A o i T A ) A A T I AR R, M S T O R U
ERORBIRTIRE 5 R IR a8 S A A VN RIE), R T30 BOL AT F24 R BTRBR
TGRSR, TSR 43 TR T WUR B, B 70°~857, L UIRUR MBREREH R

R A (B L)
TR R O —— IR F BT 2012,

Figure 4. In the later period, the rock was subjected to a set of shearing forces to produce direction-
al cracks, and fine-crystalline calcite and siliceous penetration were seen along the crack

4. AREHZE—EHEYINERFEERRIE, BRENEMABRFBARERR
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BORDRIE: LR TR ——i 6 THE 2012,

Figure 5. The pyrolusite is distributed in the shape of leaves, and it can be seen that the calcite
penetrates along the cracks in the later period

B 5. WG EMHARERS S, JREHEBRALRER

5.5.2. B HLE

i R i V0 ) 2 s A b = G Ab AL b B S B S B A, G ORI R N AR 2
JEH AL AR 13]. DXRIEGRORIRE . Zuala im0 R =F A R S 462 T ks TR &R
JEvE - VAR BT R R R R ER (23] AEERUR - IEVLHIRA T 5T B R 10 B IR e e
T 2 LR R A XU (T 2R 7 1) AR I AR I, B Z B BaE sl 4 7 IR B A . BliJRR
VEANROKEPR A R RSB IR I Mn™, B & 4 B BIRERINIE K, TER/KED A4 N ORI, T
T RIS W )T BRI, BEN LB T B0 BhAE N R IR, 7EAML B Mn®', Ca®'. Mg
N Si0, AR ZUTR 0 3, 53 B AR R BT 850502 . B9 RNI & 5l & 0 17 2B Baf e i
R, FAEAL T3], BT L I3 A IO E RIS & 4R T I I BRIR B 2 (Tob) IR K T 800 IR )=
WG TRIET - WA, 55 SRS TR, BB S R & T [4] [23].

6. BRI X FTE RHEBHT ROBESBIF

JIEZETE W N K B R AREZES)I] - #5 R — sk, L. THRZERIEEER B2
BH, SEOWIE N SI7EZ BB &= A m A, B = A R RN RGN S N R EE AL
HERGHAE,  rpor th b 0 32 R 8 77 s m Ak ] 2 33 F T TR B AR V8 T 4 AL 3 [3 1]

1) bR G

T - G B AR B KR AR BB, SRR - TV A I8 P T B A S A T I v AR R -
Wedss i, (A SR RE R A AE ORI, R R S5 AR PR 1]. 72 %S PR 2 b P8 0 1 B 37 2R Ll A
BRAM A F LA SR IE R G, TR — R RGNS S, JEINCEE AR — 0. 5
R 2 b G A 5 3% 2R L1 RS e e 2 A5 T8 PRV T 3 7R 1L B OR R A S, P THT A R — AN R A AT T i
RIGKZ 14 km, FEALTE 10 km. WiZZRZ i, ZHOEEHIHE. W2, mif 15°~20°, T =8%
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AR AHET F=FRERMBEZ b, NRERMZE 225 M. BRI E /N RIET X PR
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(1 ) 30 o M W 2 R B R o R WAL B BT A 98 ESR AR RS RIS AR W R AR TR AR, 1E
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S DRARE Fh ok A — e FEFE B R ARG 4, 51/ N R I 1S5 Ay 2 m) 7 1R17E 14 2B DLt ) B4, ik 457,
A AAATURE A BE o 7] B T2 B8 -455 oR S AA) 3 5 S BT (1 K e M 28, o U R AR B PR P AR RO N 0
AR T A B
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MR T LK, B BEAR R 4E 22 % 4 NNE [#fEds, [FIB RSP o i fh s m pa 4k, S8=10H
X & Tkt B AR U 1 e 2 5 P R T btk , TR 7 ORI NNW  [r) T RE M8 [36] . 2 B (1 11T A% .40 b s e
BUR 45 b B I AR R IR T R B, A BRARR R i 38 J o A T HL RN B A%, 465 o 8 R 6 4 ik
JE ) SR SR AL i 2R A2 DG R P R A R [37]. EPE L X AF AR — RAE T PAT FIGE) A 7 [l B AR A i
o AR AERE I SOIRES MG HE A b, T E SRR R R B SR A T RS SR (38]. S
R rE AL MR, ERRI X — AL AR - VIR AAE, HE =AMLk - WM. 1£
LN — RIR - TR RE AR . Z XA b, M. B CE AR R IR S A Y A TR
2] 30~40 km [ZE A AT %715 TR R PR B LR 26,5 WP D 22 BE - B K - SRR R AR i A A
X V(39 o S DRARA 72 3 AL 257 B Vi 7 28 DA B L b 3508325 BUHR 7 76 1) W 2R 8 R A 325 g (] A KA Fl
G - M, EHER T R AR IR 55 5 2 72 A T SREVRE A, TR — R A SR W R AT I R
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Figure 6. Sketch map of orebody shape change in open stope near Xiaomingjing No. 2 Line (Source:
Team 310, Yunnan Bureau of nonferrous geology)
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Figure 7. The roof of Fe-Mn mineralization layer is mudstone and Marl Rock (Data Source: The
Third Institute of Geological Engineering Investigation of Shanxi Province)

B 7. SKEF CLRTURANE . A GERRR: LRSS = thRTIZENEMR)

Figure 8. The bottom of Fe-Mn mineralization layer is mudstone (data source: The Third Insti-
tute of Geological Engineering Investigation of Shanxi Province)
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