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Abstract: The Danaopo Pb-Zn deposit, located in the central part of the Western Hubei-Western Hunan-Eastern Guizhou
metallogenic province, is a newly discovered super-large deposit in the Huayuan orefield. Although previous studies have
obtained a lot of understandings on Pb-Zn deposits in the Huayuan region, the genetic types of Pb-Zn deposits in this area
have been debated for a long time. In this paper, we have selected pyrites from ores at different elevations of the Danaopo
deposit for the LA-ICP-MS in-situ point test and element mapping analysis, in order to reveal the occurrence states of
various trace elements in pyrites and to provide new constraints for the genesis of the deposit. The analytical results show

that these pyrites contain a few types and low contents of trace elements, indicating that they were formed in a relatively
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low-temperature environment. Comparatively, these pyrites are relatively rich in Co, Ni, As, Mn, Cu, Pb, and Zn.
Especially, Co, Ni, As, Sb, and Ge occurred mainly in the pyrite lattice in the form of isomorphism. Most of the Zn and Pb
occurred as sphalerite micro-inclusions and galena micro-/nano-particles in the pyrites, whereas the Cd, Mn, and Cu, Ag
occurred as isomorphous substitution in the lattices of sphalerite and galena, respectively. In addition, the Co/Ni
(mean=1.0), Zn/Ni (mean=42.0), and Cu/Ni (mean=3.5) ratios suggest that these pyrites are hydrothermal ones. Generally,
features of trace elements in pyrites from the Danaopo deposit are similar to those of typical MVT type Pb-Zn deposits as
pyrite samples are mostly plotted into the projection field of MVT type deposit on the diagram of Co-Ni contents. Hence,
combined with the geological and geochemical characteristics of the deposit as well as the trace elements of pyrites, we
have suggested that the Danaopo deposit belongs to the MVT type Pb-Zn deposit.

Keywords: The Danaopo Pb-Zn deposit; pyrite; in situ trace elements; MVT type deposit; LA-ICP-MS

KBRS A R AV T3 1 Hb B 45 T 5 100 8 7 — 9 S — 4 R A e sl b s o e s e gt
1b), FEUTAER X IR BRI X B KT IR, B SR il ) 4.88 X107 kglle AT AXIHE
R B A BT PR IO TR AEC ), e AR AR, e 4 Tk YR A R R ok PRI OV i A
TEZ WA, X PRI B A AR B 8 S R AE o AR AER R B R 5 TS A AR 1 43
B, Selaid T2 A MY, AR S AR, R o O T R s B s R (mvT) [P
SRR . AT, DX PUET AR K ST PR (BT FERE FEARAIG, M B 3k A 27 5 T (R AF 0 T A ik
AIEARTFRE, ARBR T X5 DIk BB el 1 P AT SR X IR IR BB Az —, 1L
A2 2B Btk DL S5 TN EERT RO 7 850 3% DI AR (R A, BT TEIE T FH 7 850 R BE () M ek 4d 27
FRUIEAE U AR L TAE S S0 D A TR, TR TS0 IR SO R A, e & AR T 2 4k
EEARAE A, AR PRI 4l EAR Bl N EE R 5 VR A ) SR . A SRR LA-ICP-MS
ARG K i 35 B A8 A DR ARG R 90 v A TR] B BE A TR A v 19 B k™ 1 AT 4o o0 25 B A s K R T 3R
Mapping 737, 5155 X AEYERN IR IR 1E AT, O 8 A DR A R A A8 ) B 4R

1 DB PRI SR AL i A1

SEPE—I P —25 AR BV A B b 37 R AR F S S VL A I A b, bR IR IE LA,
AR R A (B 16D Kb ol AR B A RILEAE L REEINR AR A,
TRB RZFNE = RIRIN) BRI - VR I AH IR Eh 5 R AL 0 8 o s A ). NS 30m )459, A
5 e, AR R A R, SRR T U A R B DL R R A
FIHF b, X PO 700 ZAMNEEETIR 5D, TRINEYEE 48 ik St 3.0 X100 kg 1Y,

KIGIAT DA T AR SE0 2 R YRR IR AR, ARIE—iR KWy DArg, B IX ) E 2 R
HEHZRH o AMAFERR Fa A (€s) FANERIHA (€. BRATHEE Gl (€g) 2
Ftll (€xsls) (B 1a, o)o AL FEES 3. 4 W (€,0"C™) JE-E SRR A X A ) 3
MR s (B 1e). SAEIam LAY RAN R 2, KR IAT DXRE AT ) B, Ry — P AR 1) 1
AR, (HRX A NE [ (F 20). NW ] (F, 41 FINEE (F341) MWRERE, 10 T X
PEALS Fy 41 NE [ 63—k SRRy (B 22 e B i e W 24, ilf 60°~75°) il 4k
AR T PRI JBAT SR PR AL TIs B s kA 25 1) (& 1a) 100, BbAh, i R 4 K
EHUE PR KB, AL RS O RS B, X A YR IR S I A 1) O, v
WA E R AR RUZIRFESOIR - T A, SRAEE W, PRFE, Birc ke KA
WA 254y, R E LA 7AE(T S 1. T VL V. VI VDA I3 AN ZE(T v T 11
v I oy Ts s Vs IVas Vs Voos VI Vs VD (& 1e) M 7 41% Pb 1 Zn (507 23 5 A
0.84%~7.64%A1 0.05%~0.7%, T FEUIEfEEZ) 4.88X 10" kg, & R AR IR .



8°.29' 07" ;109° 25" 00” ©®
Q
61‘72
€9
Q
®
[ 45 48 N
€1q2 /é% JL
cd Fiss AIERCERRER  OQHBHETR \WE O\ iEEn e #mm
9 288° €, .ls ®
th_,_LTJl/ o B600m A 7 €5 = - Zk4541 600m-
2 Fj( . €.9 €,.4ls : : : : B/
€
& -400m ==
% 1-(3+4)
x@ €,q"Y
-200m o
S 1

: . | erezs [ lemwaze Fljvmazs [T smews
F [Ele] mme SRR vorEs 5,0 pm
P o s Hlwmre  [E|wnssrrz 3L ERRRFH®
Y .4 Fy ' .
o o / sl . S - ERRS
68 3 ) 7 o 10w |l mmEREn [ 2 |veer [ |swR i
i Q | ERRET ERE TS BEATH ERET
28° 33/"30" :109° 22" 30" 28° 33" 30" :109° 25’ 00" SRLE BERE iR T gaea
BT ORI R TR IE (ady 55 45 S HIRERTIT &L (o) LAASEVE — WIVE — B4 AR BB i SR M A 36 £ 1 0
TR (b) (a Fl e JRlish s e b B ME S0
Fig. 1. Geological sketch map (a) and the cross section of No. 45 exploration line (c) for the Danaopo Pb-Zn deposit and the

geotectonic location and distribution of mineral deposits of the Western Hubei-Western Hunan -Eastern Guizhou Pb-Zn
metallogenic province (a and ¢ were modified after Yu et al. ['"®]; b was modified after Luo et al.[').

RIGIHR RAE T M R R 2 15 T DUR S 1 PGB ey AN & AR S 0, B e 1T i 5 o
W 3 NTB RS, TR AT AR T, A B N TR R, A
NIRAR A A, JLRKCEAME S A T ASHEEARE - LA (B 2 i, . &8 (E
2f, h) FUERR (] 2g, k) S5i05%. 0 AN DIERRR (B 2a), BECIR (&l 2b, o Rk (B 2d)
FIE S F o WK R BOR R 2 5 e B -1 BB IN AR ROT 8 A28 (Kl 2e, g, h, 1, kD,
JNTT UL R 9 B st kA G S AN 2 4 A AR D B IN R RO B (B 26, §, Do XN SRR
YER R R B VIS WA EZON A, Axfth. EaMEai. 7 XHNEE KR
(b 5 8 KB WA E AT, R X R RS —

2 FEACRREE SA TT :

BN AR TR B ORI EYERT IR ZK045041 &L 294 m. 220 m. 212 m 1 180 m AN [A bR
AL E . XRAEIFE T TSR e, JRESRDE G R iHT BRE I LS, R
BN RE RS AT T B, R e IR R ) i L 28 D0 R AR Y, X e A ME 2% TAES7E h R}
e IR 2B S T AT DR L BR A 27 5] 5% L 0 S0 8 0 Bl o B I Al X il 7 3 4 ORI G 35 Mapping
TE] N TR R ARG B A WA LA-ICP-MS 581, WX E HE Fe. Tiv Mn. Co. Ni. Cu. Zn.
Ga. Ge. As. Se. Zr. Ag. Cd. In. Sn. Sb. Te. Au. Pb fl Tl. 2 %H] NWRI193UC ¥t
RE, 1%FRGEH NWR 193 nm ArF #E73 THOGERADG Y RE 41, ICP-MS &'574 iCAP RQ. OGR! ik



ELE P LN SN e R R RN VAL & oI YOI 433

MRS, WO RS BG5S T E . RRSHTIEOERBEN 30 pm, AN
8Hz. PRI e S R IE P SR RS FT(NIST610. GSE-2G F1 GE7)H! *"Fe (Fe=466700x10)
BT 2 AR L bR IE o AN IS TE) 238 00 BT Bt A0 48 K050 )25 115 5 1 (40s)FE A 5 o X o0 b Bt
(1) 25 2R ALK iolite BRAFTERL. TR I 20 B0d 1) oy BT iR 22<5%, 00 70 M4t 81 118 3~5,

Bies s & § 5
i il lHl Il IIH QI
-g ' m L

(a) FEBLRTTBRA-INEET A (b) BERICIRITEA - B T4 (cr &) BERRIRITBRI-INEET T 415 (o) JrBsy s sk
(f, ) VBRI R RN ik (@) INEER K HACRETER ™ (h, D INER GRS (O Tra™, NS 40K o 158
AR (1D SCRR R RCR G780 R Py-SBRA™, Sp-INBEWT, Gn-J7 40, Cal-Jrfif A

2 KIME R IRD A (a-b)y §7 47 (e-d) FIFAH Ce-D) fT
Fig. 2. Photos for the orebodies (a-b) and ores (c-d) and micrographs for ores (e-1) from the Danaopo Pb-Zn deposit.
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Table 1. In situ trace element compositions and related parameters of pyrites
i ' fFFE/m Co Ni As Mn Zn Pb Cu Ag
DNP-03-01 294 0.26 1.19 7.32 - 3.60 27.80 0.62 -
DNP-03-02 294 0.22 1.24 6.27 - - 16.60 1.54 -
DNP-03-03 294 0.57 1.68 8.40 - - 110 2.39 0.11
DNP-03-04 294 0.46 0.93 6.30 - 3.40 215 5.44 0.61
DNP-03-05 294 0.24 0.90 5.71 - 0.91 16.90 5.90 0.28
DNP-03-06 294 1.21 2.37 5.67 0.83 86.0 197 3.29 0.52
DNP-03-07 294 0.65 5.04 29.20 - 2.20 57.30 1.52 0.02
DNP-03-08 294 5.09 3.73 6.20 47.00 119 160 2.16 0.19
DNP-03-10 294 1.06 1.53 6.60 - 2.80 124 1.88 0.21
DNP-03-11 294 1.96 223 8.39 - 11.70 28.0 1.02 0.10
DNP-03-12 294 0.37 1.17 15.30 - 28.20 67.0 6.50 0.03
DNP-03-13 294 0.67 0.88 5.70 - 8.80 82.0 1.31 -
DNP-03-14 294 1.11 1.59 8.08 - 5.20 143 2.50 0.30
DNP-03-15 294 0.70 1.35 5.44 0.76 4.10 191 6.42 0.41
DNP-03-16 294 0.27 0.82 21.50 1.50 7.70 96.0 3.60 0.10
Min 0.22 0.82 5.44 0.53 091 16.60 0.62 0.10
Max 5.09 5.04 29.20 47.00 119 215 6.50 0.41
Mean 0.99 1.78 9.74 12.52 21.82 102 3.13 0.24
S.D. 1.23 1.35 7.89 22.99 42.66 70.51 2.11 0.14
DNP-04-01 220 0.86 2.39 22.90 1.40 13.60 94.00 2.20 0.02
DNP-04-02 220 0.27 0.97 14.90 0.20 1.90 46.0 1.25 0.02
DNP-04-03 220 0.46 1.51 32.00 0.28 208 1870 6.90 0.10
DNP-04-04 220 0.05 - 13.10 0.35 15.40 27.30 1.70 0.03
DNP-04-05 220 8.52 1.98 10.10 3.46 477 726 26.30 0.26
DNP-07PY-01 220 16.10 7.70 14.40 10.70 870 818 17.10 0.06
DNP-07PY-02 220 6.50 3.03 8.70 3.60 68.00 133 5.90 0.04
DNP-07PY-03 220 7.55 23.20 18.20 144 81.00 795 13.00 0.08
DNP-07PY-04 220 18.80 46.10 52.80 18.30 160 729 20.80 0.11
DNP-07PY-05 220 6.68 3.53 14.80 19.90 311 562 16.80 0.05
DNP-07PY-06 220 5.07 1.67 12.60 3.67 99.00 421 5.50 0.06
Min 0.05 1.67 8.70 0.20 1.90 27.30 1.25 0.02
Max 18.80 46.10 52.80 144 870 818 26.30 0.26
Mean 6.44 9.21 19.50 18.71 209 413 10.68 0.07
S.D. 6.74 17.90 14.76 50.38 297 323 9.06 0.08
DNP-08-01 212 4.62 4.41 9.50 1.60 176 1460 17.50 0.20
DNP-08-02 212 3.79 1.42 4.40 0.91 37.80 850 11.10 0.14
DNP-08-03 212 3.33 1.79 10.00 1.76 61.00 2000 39.00 0.19
DNP-08-04 212 291 11.10 9.00 - 97.00 529 9.20 0.06
DNP-08-05 212 1.10 0.41 2.10 1.14 127 880 3.80 0.07
DNP-09-01 212 0.72 1.47 11.90 0.51 43.50 1750 1.31 0.06
DNP-09-02 212 2.32 1.81 7.30 0.81 22.80 1090 1.65 0.03
DNP-09-03 212 1.59 1.38 12.50 0.48 16.50 648 0.87 0.01
DNP-09-04 212 2.60 2.35 7.30 2.00 101 2140 3.71 0.06
DNP-09-05 212 0.11 0.48 6.40 0.36 5.60 390 0.15 -
Min 0.11 0.41 2.10 0.36 5.60 390 0.15 0.01
Max 4.62 11.10 12.50 2.00 176 2140 39.00 0.20
Mean 2.31 2.66 8.04 1.06 68.82 1174 8.83 0.09
S.D. 1.43 3.17 3.52 0.60 59.55 651 13.66 0.07
DNP-14-01 180 1.38 18.50 90.10 11.56 5.50 1600 2.09 0.10
DNP-14-02 180 0.71 0.51 7.60 11.81 59.00 1346 1.14 0.10
DNP-14-03 180 1.01 3.73 20.20 17.92 481 1747 2.64 0.13
DNP-14-04 180 - 0.16 3.80 1.52 1.70 142 2.82 0.17
DNP-14-05 180 3.19 46.00 136 12.70 147 1560 1.90 0.18
Min 0.71 0.16 3.80 1.52 1.70 142 1.14 0.10
Max 3.19 46.00 136 17.92 481 1747 2.82 0.18
Mean 1.57 13.78 51.54 11.10 139 1279 2.12 0.14
S.D. 1.11 19.51 58.76 5.95 200 652 0.67 0.04
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gF1
Giy g IR /m Ge Cd Sb Tl Co/Ni Zn/Ni As/Ni Cu/Ni
DNP-03-01 294 - - 0.53 - 0.2 3.0 6.2 0.5
DNP-03-02 294 2.00 - 0.35 - 0.2 - 5.1 1.2
DNP-03-03 294 1.07 - 0.54 0.10 0.3 - 5.0 14
DNP-03-04 294 2.60 - 1.83 0.14 0.5 3.7 6.8 58
DNP-03-05 294 4.70 - 2.00 0.06 03 1.0 6.3 6.6
DNP-03-06 294 1.25 0.10 0.39 0.09 0.5 36.3 24 1.4
DNP-03-07 294 3.00 - 0.50 0.01 0.1 0.4 58 03
DNP-03-08 294 - - 1.02 0.05 14 31.9 1.7 0.6
DNP-03-10 294 0.75 - 0.27 0.04 0.7 1.8 4.3 1.2
DNP-03-11 294 0.72 - 0.27 0.01 0.9 52 3.8 0.5
DNP-03-12 294 0.55 0.09 0.34 0.01 0.3 24.1 13.1 5.6
DNP-03-13 294 0.88 - - 0.01 0.8 10.0 6.5 1.5
DNP-03-14 294 1.12 - 1.42 0.03 0.7 33 5.1 1.6
DNP-03-15 294 0.55 - 0.70 0.12 0.5 3.0 4.0 4.8
DNP-03-16 294 0.80 - 0.48 0.03 0.3 94 26.2 4.4
Min 0.55 0.10 0.27 0.01 0.1 0.4 1.7 03
Max 1.12 0.29 2.00 0.14 1.4 36.3 26.2 6.6
Mean 1.54 0.09 0.76 0.05 0.5 10.2 6.8 2.5
S.D. 0.32 0.11 0.58 0.05 03 12.3 6.0 22
DNP-04-01 220 0.48 3.70 1.94 - 0.4 57 9.6 09
DNP-04-02 220 - 0.06 0.39 - 0.3 2.0 154 1.3
DNP-04-03 220 1.02 1.01 0.54 0.01 0.3 137.7 21.2 4.6
DNP-04-04 220 - 0.19 0.47 0.04 - - - -
DNP-04-05 220 0.63 11.80 0.77 0.04 43 240.9 5.1 13.3
DNP-07PY-01 220 - 34.30 2.45 0.17 2.1 113.0 1.9 2.2
DNP-07PY-02 220 - 0.74 0.48 0.11 2.1 22.4 2.9 1.9
DNP-07PY-03 220 - 3.72 291 0.31 03 3.5 0.8 0.6
DNP-07PY-04 220 1.11 4.52 3.99 0.26 0.4 3.5 1.1 0.5
DNP-07PY-05 220 1.30 10.00 1.93 0.30 1.9 88.1 4.2 4.8
DNP-07PY-06 220 0.29 1.06 1.33 0.10 3.0 59.3 7.5 33
Min 0.29 0.06 0.39 0.01 03 2.0 0.8 0.5
Max 1.30 34.30 3.99 0.31 4.3 240.9 21.2 133
Mean 0.81 6.46 1.56 0.15 1.5 67.6 7.0 33
S.D. 0.40 11.73 1.28 0.12 1.4 78.8 6.7 3.8
DNP-08-01 212 3.30 1.88 1.81 0.21 1.0 39.9 2.2 4.0
DNP-08-02 212 1.90 0.44 2.90 0.41 2.7 26.6 3.1 7.8
DNP-08-03 212 - 0.78 3.60 0.25 1.9 34.1 5.6 21.8
DNP-08-04 212 - 0.94 - 0.24 03 8.7 0.8 0.8
DNP-08-05 212 - 0.54 - 0.12 2.7 309.8 5.1 93
DNP-09-01 212 0.58 0.57 041 0.04 0.5 29.6 8.1 09
DNP-09-02 212 - 0.78 0.42 - 13 12.6 4.0 09
DNP-09-03 212 - 0.35 - - 1.2 12.0 9.1 0.6
DNP-09-04 212 - 1.83 - 0.01 1.1 43.0 3.1 1.6
DNP-09-05 212 - 0.34 - - 0.2 11.7 133 0.3
Min 0.58 0.34 0.41 0.01 0.2 8.7 0.8 0.3
Max 3.30 1.88 3.60 0.41 2.7 309.8 133 21.8
Mean 1.93 0.85 1.83 0.18 1.3 52.8 54 4.8
S.D. 1.36 0.57 1.44 0.14 0.9 91.2 3.8 6.8
DNP-14-01 180 2.00 - 3.17 0.41 0.1 0.3 4.9 0.1
DNP-14-02 180 - 1.12 0.37 0.41 1.4 115.7 14.9 22
DNP-14-03 180 1.60 17.60 1.16 0.57 0.3 129.0 54 0.7
DNP-14-04 180 0.55 0.03 041 0.26 - 10.6 238 17.6
DNP-14-05 180 - 2.50 1.59 0.29 0.1 32 3.0 0.1
Min 0.55 0.03 0.37 0.26 0.1 03 3.0 0.1
Max 2.00 17.60 3.17 0.57 1.4 129 23.8 17.6
Mean 1.38 5.31 1.34 0.39 0.5 51.8 104 4.2
S.D. 0.75 8.25 1.15 0.12 0.6 64.7 8.8 7.6
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Fig. 3. The LA-ICM-MS mapping images for trace elements in pyrites from the Danaopo deposit.
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