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Abstract: Carbonate minerals are the most common hydrothermal alteration minerals in Mississippi Valley-type
lead-zinc (MVT) deposits. They record the characteristics of ore-forming fluids and their elemental or isotopic com-

positions can be a vector to ore bodies. However, there are different genesis types of carbonate minerals in MVT
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deposits, so it is difficult to distinguish ore-related carbonate minerals from those ore-unrelated carbonate minerals
only by virtue of petrographic observation. As such, additional geochemical information is helpful. This paper
carried out borehole assay, petrography observation, analyses of C-O-Sr isotopes and in situ trace elements for ore-
related and ore-unrelated calcite from the giant Duocaima MVT Pb-Zn deposit in Qinghai province of China. The
ore-unrelated calcite that formed earlier than Pb-Zn mineralization (pre-ore, Call) is spatially independent of the
ore zones and distributed throughout the country rocks, i.e., the Late Permian Jiushidaoban Formation limestone.
It shows dark brown to brownish yellow color in cathodoluminescence (CL) images without obvious oscillatory zone.
The ore-related calcite precipitated slightly younger than Pb-Zn mineralization (syn-ore, Cal2) and mainly occurs
within and above the ore zones. It has granular crystal shape and the assemblage with residual vugs, with dark
yellow to bright orange color in CL images with oscillatory zone. Relative to Cal2, Call is more similar in C-O-Sr
isotopes and elemental compositions to the wall-rock limestone, suggesting the compositions of Call were greatly
affected by the wall rocks during the water-rock interaction. Compared with Call, Cal2 has higher Mn, Fe, Zn,
and Pb concentrations and U/Th and V/Cr ratios, lower Mg and Sr concentrations and LREE/HREE ratios, and
weaker negative Ce anomaly. It indicates that the Cal2-related ore-forming fluid has higher temperature and rela-
tively reduced conditions. Together with data from MVT Pb-Zn deposits worldwide, it shows that higher Mn, Fe,
Zn (possibly including Pb) concentrations and lower LREE/HREE ratio can help identify ore-related carbonate
minerals in MVT deposits.
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Fig. 1

Simplified geological map of the Tuotuohe ore district ( modified after Song et al. , 2015)
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Fig. 2 Geological map with typical cross-sections in the Duocaima Pb-Zn deposit ( modified from Zhang et al. ,
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Fig. 3 Cross-section through the No. 6 exploration line in the Duocaima Pb-Zn deposit, showing the distributions of Pb-Zn

mineralization zones and two stages of calcites (modified after Song et al. , 2015)
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Table 1 C-O-Sr isotopic composition of two stages of calcites and wall rocks in the Duocaima Pb-Zn deposit
K S 2m FRAEE /m 8" Cy ppp/ %o 8" 0y ppp/ %o 8" 0y syow /%o 87g,,/805;
KZK104-1 Call 242 4.2 -16.5 13.9 0.707 720
KZK806-3 Call 369 -0.8 -13.5 17.0 0.708 466
KZK2207-5 Call 235.4 1.8 -12.9 17.6 0.707 985
KZK1403-1 Call 167 2.9 -13.9 16.6 0.709 101
KZK1403-7 Call 479.2 0.6 -12.5 18.0 0.708 282
KZK1403-8 Call 335 4.1 -13.7 16.8 0.707 919
KZK1403-11 Call 34 -0.2 -13.3 17.2 0.707 691
DCM19-8-1 Call HFE 1.5 -12.1 18. 4 0.708 135
KZK104-2 Cal2 278.3 4.4 -10.6 20.0 0.712 227
KZK108-3 Cal2 264 4.6 -11.2 19.4 0.712 162
KZK507-1 Cal2 295 6.3 -13.0 17.5 0.712 356
KZK806-1 Cal2 258 6.9 -14.8 15.7 -
KZK1403-2 Cal2 196 5.5 -13.8 16.7 -
KZK2207-5 Cal2 235.4 6.4 -14.2 16.3 0.711 477
DCM19-10-1 Cal2 i 7.0 -11.7 18.8 0.709 732
DCM19-14-1 Cal2 i 6.0 ~11.6 19.0 0.710 033
KZK104-1 Fl 242 4.1 -11.4 19.2 0.707 811
KZK104-2 il 278.3 3.7 ~10.4 20.2 -
KZK108-3 Bl 264 4.6 -10.5 20. 1 -
KZK507-1 il 295 3.9 -10.8 19.8 0.708 582
KZK806-1 [i5k=; 258 4.7 -10.3 20.3 -
KZK1403-1 i3k ST 167 4.3 -11.0 19.6 0.707 884
KZK1403-2 §3ES 196 3.7 -11.7 18.8 -
KZK1403-8 [l 335 2.6 -12.7 17.8 -
DCM19-8-1 Fil i 4.3 -10.9 19.7 0.708 047
DCM19-9-1 5k 3= 4.1 -10.5 20. 1 0.708 087
DCM19-14-1 A 3= 2.6 -10.4 20.2 0.707 568
ZK006-7" Cal2 - 5.9 -15.5 14.9 0.707 543
KZK006-8' Cal2 - 6.2 -15.1 15. 4 0.707 551
KZK008-4a' Cal2 - 5.8 -13.8 16.7 0.707 494
KZK606-4' Cal2 - 5.7 -14.3 16.2 0.707 526
KZK606-5a' Cal2 - 5.5 -13.7 16.8 0.707 558
KZK606-7" Cal2 - 4.3 -12.5 18.0 0.707 602
KZK6001-2" Cal2 - 6.3 -10.6 20.0 0.708 049
KZK1201-25¢" Cal2 - 7.1 -13.6 16.9 0.708 127
KZK1203-4a' Cal2 - 6.1 -14.0 16.5 0.708 162
KZK1203-8' Cal2 - 5.0 -10.5 20. 1 0.708 185
KZK1203-14" Cal2 - 5.5 -12.8 17.7 0.708 012
KZK008-4' i3k - 4.7 -12.4 18.2 0.707 372
ZK602-4' i5k= - 3.8 -10.1 20.5 0.707 406
KZK606-5' A - 3.6 -12.5 18.0 0.707 409
KZK1203-4' HlE - 5.3 -11.4 19.2 0.707 945

. FAR 1 REREIETR A Hao £ (2015) ,

HJG BT HRPBGERRZE T, 3 mL 1:1 HNO,150°C
S 6 h RHIERZE 25 ¢ W IEWZET 5 TR
JE i SR RO IR 3 B 4lifk Sr, A5 Sr AR IR

W o 14 ] Thermo Fisher Scientific 22421 H BGH & 4F
B P K % 4 ( MC-ICP-MS, Neptune Plus ) il
FEYSr/%Sr A, MR Sr/%Sr {8 (8. 373 209) #i 5%k
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# BHVO-2 2211 AGV-2) VE R Wi ke i .
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3.1 HRAEREHE

RYEE S o T AR, 2 A BN IR 2 KB
TRIRER AR, 43 W, 55 1 3 R IR Ak R 6 Ak, & L
A 4l R A T A KA B L e (Call) 434 F K
A KTE LN 0.5~ 10 em, K W5 HAL Y A |
TG R BRK, A TR EHRA K AN, 5
YRR AR T SR DG DG R | Ll AR i B 7 e ] | A
ToH AR LA, WoR i B AR 5 R e oe (F 3)

L cm

552 W SRR ER AL, F LA T s - e
Wl — K TR 7 AT (Cal2) 45 K 7 i AR AN Tl LI
TR, TERE 2N 0. 1~5 em, B SHVEER
A AR S B AR TR 1 ~2 km, 434
ABIEY, R R E AR R N B 1, d R
ZAETh IR R 3 100~ 200 m G RN, 5K R
AR LA i e RO, SR R EYI(E3) .

T AHEE ISR 7 WA il A 7R A R 2 R A B
W25, Call ZFCRILBEYCR , AR S TR L
& SRR, B &t AR 0 ERE B A, R R
AN XA A A B B AR Ak + 5 A
kY2, 2 B b A BE T AL B2 R IR AT UL S Call
A AR DR, Call BLEEE A F 0T B AR B, B
7~ Call TERUAE 2 VA FH 2Z 000, J9 G 1T 5 i (
4b ¥ 6a~6d)

Kl 6 ZASEYREE R J5 A7 5 A 2 R AT
Fig. 6 Petrography of two stages of calcites in the Duocaima Pb-Zn deposit
a— LB 1 B+ 5 A A1 ( Cal2) AR WKET) S 0B R 5 %47 ( Call) ik, Cal2 oA 3o BEAL 1 A % PR FLIR A4 A5 5 b—Cal2 52 R BCIR B 5 K 2
FABRAMLA, Call; c—Call FRMTHHL, 45 WHLR, AT, Cal2 SRTTRLLS , R U0 i BRI X BE A4 5 d—Call SRR, JOHR % 31
Y, Cal2 AR, WIS A5 Pl (IR OB ) 5 e—Cal2 2 SRR IRE NG 7 50T ULV SRR i B R TR DU dh Ay, DLIE T
e (HLADL) 3 (—Cal2 KFFE B OAFE ARG I (WA ) 5 Cal—IRE iy A7 Cal—IR I AT Go—Jr 50
Ls— K% ; Bri—H A

a—the ore-stage galena-calcite (Cal2) veinlets cutting through the pre-ore calcite (Call ). Cal2 develops symmetrical fabrics with residual pores/

vugs; b—the net-veined Cal2 cutting through the limestone breccia and the coarse-grained Call; c—transmitted light photomicrograph, Call has a

dirty surface, coarse crystals and developed cleavage. Cal2 surface is relatively pure, the cleavage is not developed, and Cal2 grows against the wall

along the crack ; d—cathodoluminescence ( CL) photo, Call is brownish yellow color without oscillatory zone, and Cal2 is Brown, showing weak oscil-

latory zone; e—transmitted light photomicrograph, Cal2 grows in clusters along the edge of limestone, the galena is precipitated earlier than calcite,

and barite is precipitated slightly later in the partial area; f—cathodoluminescence ( CL) photo, Cal2 shows bright yellow to brown-yellow oscillatory

zone; Call—pre-ore calcite; Cal2—syn-ore calcite; Gn—galena; Ls—limestone; Brt—barite
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Cal2 52 J 72 IR FUBKAR 7t | 78 K 7 Fh Dk A4 r s
It kB BRI ER R LR, ] S YRR AL W AR ]
UARNEEEEm ALY, AR A T4, Cal2 BoHr
RGBT R T G, S B L B o B
SEIE O B BRI O A BRI, ]
W, Cal2 FERA S F Bk o e Bk R H e T

AR S BIE R, B W A, T SR

7, Cal2 3k BBl 5 8 AT A U UE T DT, 2D B0
TRl Cal2 SETF T ULNE , SR K Cal2 T
UUE, KW Cal2 & W T ARSI, (0 B iy
TR LB B B (] 6e ,6f) .
3.2 C-O-Sr R & HMFFIE

BLF=0. 8%0~4. 2%0Z 8] , -3 1. 8%0; 8" Oy gyow TH
H13. 9%0 ~ 18. 4%, V-4 16. 9%o; *'Sr/*Sr {H N
0.707 691~0.709 101,°F¥J 0. 708 162,
ZELHRINE K FEB Cal2 1 A 245 (Hao e
al. , 2015) ,Cal2 1 8"C s THH 4. 3%0~7. 1%0,F
Y75, 8%c; 80y guow THH 14. 9%0 ~ 20. 1%, V-
17.5%0; ¥ Sr/*Sr {HM 0. 707 494 ~0. 712 356, -1
0.709 047, JLTEHEA KA FA 1 8°Cyppy THHN
2.6%0~5. 3%0, F-¥1 4. 0%0; 60, qyow TEH 17. 8%0~
20. 5%o0, ¥4 19. 5%0; *'Sr/*Sr {H }y 0. 707 372 ~
0.708 582, F14 0. 707 811, 5 Hh — 2 45 i A AR BR 1
AW C Sr [ ZRE AR —EL, 1m0 O R ZE A 71 ( Veizer

IR BN (£ ET), Call 8" Cypp fH et al., 1999)
10 0.713 : _
a b :
0717 | I
-a’. - Fe
[ ] ) B . ,
¢l *® * O 0.711 : :
£ - e g’“ 5 o 0710 e
8 e A 5 I e
o o Jlkfljl 1iil J fe f_li(all} E - 2 ol O :
= ® 101 AT (Cal2) O I : DA
O T ¢ mimosmAiCa. 0 -_ % e
fiiHao et al., 2015) ) : . : %
A T 0.707 | : :
Lo % (EHao er al., 2015)
sl AW L L 0.706
10 15 20

" Ogpow/ %o

AT R [EE

T A EEVRERT R T fif 41 ML C-0-Sr R R &
Fig. 7 Diagrams showing C-O-Sr isotopes for two stages of calcites and wall rocks in the Duocaima Pb-Zn deposit

a— B HT (Call) A ] (Cal2) 7 A A A A C-0 TR ZZH A ; b— i /i (Call) (B 1 ( Cal2) 7 fift A AL A Y Sr R 28 4H A%

a—C-O isotopic compositions of the pre—ore and syn-ore calcites and wall rocks;

b—Sr isotopic compositions of the pre-ore and syn-ore calcites

and wall rocks

3.3 WEMHLITERABIE

IMTaE RFIA(F 2 & 8),P .S Sc.Cu,As Rb,
Ag.Sb FITR & mAE R ZHE S PR TR, A
SCAFHIRAHE . X F&EM 107 ~107 (19 HAh
JCER,3 PN [ERE G A AU Jo R & AR R A
¥R s Fe Mn Na Mg ,Sr K 255 &%, Ni .U Mo,
Co.Th & EANMFE S, 5 Call #HH, Cal2 [ Fe,
Mn . Zn Pb Li Ni U Mo, Co 5 5% ,Na ,Ba, V &L
PRI K BB AR, Mg Sr Cr \Th & #A1%; SH%
AHIE, Cal2 ) Fe Mn . Zn . Pb Na &, Ba, V. Li,
Ni U Mo .Co "é\ﬁ:lﬂﬁ'%,l\/[g\Sr\K\Cr\Th HSEMK, M
SLUCHRE T WE A, Cal2 19 U/Th {5 . V/Cr . Ce

FH (Ce/Ceqy ) B Call 1[4 0 H, Eu 5 %

(Ew/Euly) BAK (K 9), Ce/Cegy K PAAS JH—
b, Ew/Eugy SR FHERAL R A3 — 1k, DU A7 PEAG A
A A IR B (Sun and McDonough, 1989 ; McLen-
nan, 2001; Rieger et al. , 2022) ,

3 SHE M B R T R C 4 it 2 AR I 22 531,
Call i LICHR & w0 K, Bk B oA dR AL, B o
&, et T R E 4, Efm toTR o, R—E
PR Ce Eu 7%, Ca2 i +IooE S /}Eﬂﬁbj(
Beor i BoT-28 , A —EFREI Ce (Eu TR, JUT
EIEH KA TR & =2/ @E%Hﬂéﬂ%ﬂiﬁﬁ
100, 42 - e R M AR EEAR LT R I A AR
91 Ce Eu 5155, Cal2 IR LICHR S i L Call
i {H 5 Fl%A40 , LREE/HREE {H£MR (18 9. K 10) .
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a—REE patterns of the pre-ore calcite (Call); b—REE patterns of
the syn-ore calcite (Cal2) ; c—REE patterns of the wall rocks ( chon-

drite normalized values after Sun and McDonough, 1989)
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Fig. 11

REE patterns of carbonate minerals from the representative MVT Pb-Zn deposits

a— &K Gays River MVT #5457 R 5 A1 70 Z B 43I ( Kontak and Jackson, 1995) ; b—Fb% San Vicente MVT 8Y8E0 K 19 = A #i 16
K3 (Spangenberg, 1995; Spangenberg and Fontboté, 1995) ; ¢c—3&E Viburnum Trend MVT #YEES” X 8 FR R P + 0 K e 43 ( Graf
1984) (FRARLB A BRI (EHE Sun and McDonough, 1989)
a—REE patterns of the calcite from the Gays River MVT Pb-Zn deposit in Canada ( Kontak and Jackson, 1995) ; b—REE patterns of the dolomite

from the San Vicente MVT Pb-Zn deposit in Peru ( Spangenberg and Fontboté, 1995; Spangenberg, 1995) ; c—REE patterns of carbonate minerals in
the Viburnum Trend MVT Pb-Zn mine area of the United States ( Graf, 1984) (chondrite normalized values after Sun and McDonough, 1989)
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