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Genesis of the Jiulong calcite deposit in Central Yunnan Province, SW
China: Evidence from mineral chemistry, fluid inclusions, C-O isotopic
composition and U-Pb geochronology
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Abstract: The large Jiulong calcite deposit, located at the northwest part of Central Yunnan Paleozoic Basin in
southwest margin of the Yangtze platform, is the only giant crystal calcite deposit discovered so far in central Yun-
nan Province, SW China. The ore genesis is still unclear. In this paper, based on geological investigation and
petrographic observation, the giant crystal calcite ore zone, dolomitic rock zone, and mottled calcilization rock zone
are selected to carry out mineral chemistry, C-O isotopic composition and fluid inclusion analysis of different types

of calcites and ore-hosting rocks, and calcite U-Pb dating. The results show that the proved orebodies are mainly
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hosted along the beddings of the hosting limestones in the stratiform shape, and others exist in the bedding horizons
and steeply dipping fault fracture zones in the form of large vein types. Both limbs of the NE-SW-extending Wenlin
syncline and the transitional segments of the secondary “dome-and-basin” structure are favorable ore-depositional
areas. And the middle and upper successions of the Lower Permian Maokou Formation (P m) limestone are the
main ore-hosting rocks. The Jiulong calcite deposit is of low-temperature epigenetic origin deposit with prominent
features of hydrothermal fluid replacement and filling and ore-structure controlling. The ore-forming fluid is featured
by the Cl-Na - Ca type basin brine, and ore-formation materials and fluids are mainly originated from the cyclic inter-
action between the ore-hosting sediments and underlying basement sequences. There may be the addition of deep
magmatic hydrothermal fluid. The small temperature variation, slow nucleation rate, and long-term crystallization
process are the key mechanism of the ore-formation of giant crystal calcites. The metallogenic age of this deposit is
36.0+4. 0 Ma, that is the Eocene-Oligocene times. Therefore, the ore-formation of the Jiulong calcite deposit is the
evolutionary product of the regional tectonic-controlling basin fluid during the Himalayan age, representing the
remote respondence to the Cenozoic Indo-Eurasian collisional orogeny in the Central Yunnan Paleozoic Basin.

Key words: mineral chemistry; C-O isotopic composition; calcite U-Pb dating; epigenetic origin; Jiulong calcite
deposit; Central Yunnan Paleozoic Basin
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Fig. 1

Regional geological map of Central Yunnan Province, SW China (modified by the Regional Geological Survey Team of

Yunnan Bureau of Geological and Mineral Resources, 19719 s 1973@ s 19759 s 19800)
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Fig. 2 Geological map of the Jiulong calcite ore field in Central Yunnan Province, SW China ( this study)
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Fig. 3 Output characteristics of the ore bodies in the Jiulong calcite deposit
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a—rzebra-like structural calcite is mostly developed in dolostone; b—zebra-like structure with beige alteration; c—calcite ore bodies cuts through

dolomite and limestone; d—calcite clumps in leopard limestone; Dols—dolostone; Ls—zlimestone; M-Cal—massive calcite; P-Cal—plaque calcite;

Z-Cal—zebra calcite
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a, b—cream-yellow altered halo formed by contact between megacrystalline calcite and dolomite, b is in a cross-polarized light; ¢, d—giant crystal
calcite cuts through dolomite to form a beige altered halo, d is in a cross-polarized light; e, f—megacrystalline calcite has a dolomite recrystallization
halo at the edge of the geode, f is in a plane-polarized light; g, h—macrocrystalline calcite is in abrupt contact with the surrounding rock, and there
is a thin metasomatism edge of fine crystalline calcite at the boundary, h is in a plane-polarized light; Cal—calcite; Dol,—pre-ore buried dolomite;
Dol,—hydrothermal (saddle) dolomite contemporaneous with metallogenetic calcite; F-Cal—fine crystalline calcite; G-Cal—giant crystal

calcite; Ls—Tlimestone; V-Cal—vein type calcite
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Fig. 6 The trace elemental comparisons of the calcite orebodies and ore-hosting rocks (the primitive mantle standardized
values are from Sun and McDonough, 1989)
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a—Tline chart of trace elements of calcite (Cal, ), block calcite (Cal, ), saddle dolomite (Dol, ), buried dolomite (the predominant is Dol, )

and limestone (Ls) in the middle of the ore bodies; b—Tline chart for comparison of average values of trace elements in calcite orebodies and

ore-hosting rocks
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Fig. 7 Rare earth element partition pattern diagrams of the calcite orebodies and ore-hosting rocks (the North American

Shale standardized values are from Sun and McDonough, 1989)
a— i R HER AT (Cal, ) BRI IR (Caly) BRI A (Dol, ) M =24 ( FEEEH Dol, 41AL) FIHCH (Ls) Fi 1 on R A i XAl
b—J5 AR - A AR 0 2T (E e s =X A

a—rare earth element distribution pattern diagrams of the central calcite (Cal; ), massive calcite (Cal,) , saddle dolomite (Dol, ), huried dolomite

(the predominant is Dol ) and ore-hosted limestone (Ls) ; b—rare earth element average partition model diagrams of the calcite orebodies and

ore-hosting rocks

3.2 C-O EfrZEARIFE

ST AT R (Cal,)) BRI 67 Cyyy HASET
=2.25%0~=0. T7%0 28], I {E F1 = 1. 4%038" Oy 10y
HAAE T 6. 77%0~ 8. 53%0, F-YIE )7 7. 54%0. T it
A1 ( Caly) BEFRIR 8VC,p (EAEILTF -0. 51%0~ 0. 75%0
28], SEEME N 0. 01%0; 8" Oy AL T 11. 54%0
~15. 64%c Z. 0], 1 YJ{H K 13. 76%0, $IRH = A
( Dol,) HJ8" Copp fEZE AL T =3.37%0 ~2. 07 %o Z IH]

R3 ARFBRATHEMNEESHR ERMEAK %o
Table 3 Carbon and oxygen isotope composition of Jiulong

calcite orebodies and ore-hosting rocks

}ﬁc‘r’l—lll *‘%'ﬁlg@ﬂ 513CPI)B 8180P[)B SISOSM()W
21C1-3 -1.18 -23.37 6.77
21C1-11  Jrf#fi(Caly)  -0.77 -22.81 7.34
21C1-17 -2.25 -21.66 8.53

21WST1-1-2 0.09 -17.01 13.33
23WST1-3-1 Jrf#fi(Cal,)  -0.31 -15.85 14.52
21WST1-14-5 -0.51 -18.75 11.54
AWSTII3 oy 0.75 -14.76 15. 64
21WST3-11-1 -3.37 -16.83 13.51
siwsTls A (Dol) 15.76 2.07 ~14.64
2AWSTIL2 e e 4o 009 -17.01 13.33
21WST1-3-2 17.35 0.31 -13.1
21WST3-11-2 2l Dol, 4L 15. 64 0.75 -14.76
PBR1-3 3.04 -15.36 15. 02
PBR1-4 . 1.74 -14.6 15.81
PBR1-8 B (18) 1.45 -15.23 15.16
PBR1-14 1.87 -16.54 13. 81

FHIE N = 0. 65%0; 8" 0gyoy THAEAL T 13, 51%0 ~
15.76%02 0], EXME R 14. 64%0, H [ = 4 ( FE
H Dol, 21 %) 8" C,pp AL T 0. 09%0 ~ 0. 75%0 Z
], SEXIME A 0. 38%0; 8" 0gyoy THZEAL T 13. 33%0 ~
17. 35%0 22 18], SF- Il N 15. 44%0, K& (LS) By
8" Crpy THAEAL T 1. 45%0 ~ 3. 04%0 2 18], -3y
2.03%0; 8" Ogyoy HZELT 15. 02%0~ 15. 81%0Z [,
SEHIEN 14, 95%0.,
3.3 ABANREEREESIE

WDy A P AR B RS L+ v RS AR
RS BB (L 0+ Vo) ISR 0 2
RS 85% L b Ho  BBEIK A h )5 A B9 I
A BN ST KRENT 2~ 10 wm Z[8], 544 by fii
AR AR RS RN Z AT 6~ 18 pm Z[H],
W5 A I AL AR ) SR LU T 5% ~ 10% 2
], L AR B S 22008/, LA MR SR, Bl
MESCARST o0 (81 8) o

Ty fife A i AR AL AR 1 — R 92, 4 ~
109.3°C ([ 9b) , #h 8 (NaCl,,, wy/%) 1E 5. 11% ~
17.08% 2 I], 4[R]30 28 J2 Vil A4 R 97 1A Ui B (80 ~
130°C) (&l 9a) , Cal, B EEUE(ETE 95 ~ 100°C Z
], ERPEIEAH YN 10% ~ 129% (18] 9¢) , Cal, T
(AT FR BB R 8% ~ 10% , Wi ZS T fiff 41 35—
T AR A ZEAN K,
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Fig. 8 The fluid inclusions of the calcite in orebodies and ore-hosting rocks
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a—Tfluid inclusions of calcites in the ore-hosting rocks; b—fluid inclusion in the calcites in the central orebodies
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Fig. 9 Temperature measurement of the calcite fluid inclusion and temperature inversion of the oxygen isotope
a—RU RN 2R S I8 AR IR BE AR A 18] 5 b—3— IR BEMIE M A 18] 5 o—Fh BEMTUEL 3 A5 ]
a—oxygen isotope inversion temperature frequency distribution map; b—homogenization temperature frequency distribution map ;

c—salinity frequency distribution map

FIH NaCl-H,O Ji At g RAg 25 B A =0 (M, WIS THEAT ) Cal, BB B 28 1 FE Ry
2004) F5- AR A AR B BE 7 0. 94~ 1.05 g/em’, JB T (2.83~3.79) x 107 Pa, I JE 3 % 17 ) 3 J22 2L 48 h
(G S 4R B | P 25 % B NaCl-H,0 1R &, AR @F 0-9~1.2 km “PIYHIRDY 1.1 km, Cal, ML HIFTEL
GEIE S RARYE — L B, P st R (2. 48 ~3.24) X107 Pa, PR
p=atbi+el® , M, p HIEI(10°Pa) , ¢ Ay 0.7 km,

I (C) a b BT B8, FE A £ H0-NaCl {5 T B4 pH. {EL 7T LA
FE RN T S BOR AR, Al st A i [HT 7 =K,/ 1+ /my o }Ky, /Ky ZU(XE, 1986) 3
a=-52370, b=21, ¢=-0.003 8( X%k, 1986) . B, P, my,e N NaCl FEE /R EE (mol/L) , 4R
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T H,0 . NaCl, HCI %W 19 V- 2 8, WA IR K, =
1072% ) K =10, K, =10"",

FARYE A pH=-1g[ H" ], BI85 1 Cal, 5"
HARE) pH {H7E 8. 07 ~9. 62 Z [a], My 55 Hs P, Cal,
) pH {EAE 5.54~7.83 Z 0], Jr A i iR AR 1)
— SRR R B, B Cal, T AT IR — B A 3R
EYER
3.4 AERAU-PbMFELR

XL b E & 7 A TR T U-Ph 4R,
S5 UL 10, B P B R8T Ph/ 2 Ph 11 1R 22
{H, A5 U-Pb 4E4 4 36.0 + 4.0 Ma (n=23,
MSWD=1.5)

1.0 F

lower intercept=36+4 Ma(n=23) []
(*PBA%Ph)~0.8122 +0.0069
MSWD=1.5 p(x?)=0,061
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WU 11)®

04 F Ht 15

< 3500

400

| &
o 350 140
L 700 0° o

I I L
0 20 40 60 L)
234
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Fig. 10 U-Pb age Tera-Wasserburg of megacrystalline

calcite in the study area
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4.1 R REERERE

FIH Keith 25 (1964) 25 H 1) 60 5 R AEAC Y
KR WFES R 80 SEAT “ AR BF IE , I AT
WREE# R Cal, 5 Cal, BB SR (& 9a) .
J5 ff A AR AR — R 92.4~109.3°C, 5
SR 28 BT A B 1 B AR TRLEE (80 ~ 130°C 5 &
9a) R A& —F, F i a] LA N 5 i A4 07 IR 19 I8 1%
B,

TR AR B2 7T DA S WA UL E ) 1) — S
TLE(FEMITR) E b, 5 U/Th 5. V/Cr 8,

Ce 545, EATZ ML  pH {H  EL 25 R 19 72
AN 2 HCE T TR TR AR 1 SR A8
Sfb, — e, BUARY R U/ Th fEAT V/Cr | Ce it
S AN ] AR AR B T AR SBR[ 2 AR
AT EALIRIE ( Lottermoser, 1992; Jones and Man-
ning, 1994; Wignall and Twitchett, 1996; Robinson
et al. , 2004; Scheffler et al., 2006; Brennecka
et al. , 2011 Scholz et al. , 2011; Marenco et al. ,
2016) ; MIX SEREAE TR LIE A, Cal, 19 w(U)/
w(Th) (Ce/Ce™ ) oy (EwEu™) o (HE H A LA
B (B 11e~11e) ,5 ZEHE MY U/Th B E] /)N
J: Cal,>Dol,>Cal,>Dol, >R, 1M Ce 67U H FE1E
MK ENFRE R K> Dol > Cal,>Dol,>Cal, , Hi
AT, Cal, PG HAB LR SR 5 Y0

Dol A BB IR 72 vh K 1 < A A,
T & RS 1 K i oo R e s o 20, B B IX
BT Cal,, Cal, W HES Dol, 52 [F — I i {4
SR

Eu S8 0% 052 2% B0 TR ALE s A R 2 5
HOR A Eu™ FRAR, AR SO 45 R 40 #, Cal, H
AU I R Cal, B Cal, W5 WA E
£ H Eu® (B T2E124 0.095 nm) ¥ T Eu® (5
FEER 0. 117 nm) B FRRTHE Ca™ (B 12142
0.1 nm) , B 5 Bk Ca™ #F A Sk, BOARIZ IR
B TR S EA B A Bu i, 7 4h AR
20 i 5 R A IR 8 7R T A B R B2 R ASUOKAIE BB
RN, IX ] e (A AR Cal, 222K Zn H1 P )5
A (Liu et al. , 2021)

HI T 5 250F b B8 TR R #h o, M40 Uil 140 2%
PR pH (A2 E, H pH EAHZE AR, IR
pH EA1F T, REE™ T 5y i AL, il 5 pH fEL %%
HF REE3+{§%F§B%{EEE%{JT&( Liu and Byrne,
1997) . HiCATHRET | DX A 5 fige A 10 3 7 v AR K
a2 E s K 1Y 2 5 0] i O pH (B R, 5 8 HE
AR 7N Y Ce 19 17 5, Cal, 7 5% 5 A B L (&
6d) . Ce MG S AT AEE 32 25 W LAV T Y 2o
R, SR A0 SRAE B A (La/Sm) >0. 35 H.(La/Sm)
55 Ce WY B S0 Z [V QI U mT ARG I ki A
X e EBEAREA W (F 12, Tiwar et al.
2023) , )\ Cal, 5 FlE - A — By ot MG Lot R
BCArRHERE IR T A1 Ce T 57 T A5 7] BESE X
e (7K ) Ce TS0 B4R R, IZIX) 2 501 &
R NGWEH 5 A RMREL AR | vl 05 A4



55 6 1] JEIZLHRAE . B U T A RIS 1443
0.9
s | 8 isf b c |
16 08F |
2.0 14t |
i L 12 07t =
Z1s5¢ = 10t 3
% S s} £0¢
T 3 = Wl o] @ @z
10 | i F05
0s rZ7 04l
0 —a— —*— p3}
LS Dol,  Dol, Cal,  Cal Dol,  Dol,  Cal,  Cal, s Dol, Dol C:al_. (‘Ial,
*rd 16f € __. o SEAE
” L4k ' —— ki 5] ke
e z “r ] — 75%il ﬁﬁ'f";}['.f[,i,l
..:;06 .; L3} | . SR
3 312 ] — TR R ewesn
=0s = A | — fiMusk A
L1 L 7 i\ S Cal. |y kit R A
0.4 F 1.0} 7 | R — 25%juH
sl ] =1 7 l B R R
= i L L 1 i 0.8 = 1 L 1 1 L ——— #/MAE
LS Dol, Dol, Cal,  Cal, LS Dol, Dol  Cal,  Cul
B k- S R e T R X A 2
Fig. 11 Contrast box diagram of the characteristic elements of the calcite orebodies and ore-hosting rocks
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538 1. 5%0, 100°C B 4358 /N T 0. 5%0 ( Ohmoto and
Goldhaber, 1997) , A {2 & 44 BT 0 f) )5 A7 ¥k B 7
92.4~109. 3°C Z[A], b il FE N ik [A] A7 2 43 18 v] LS
PN, L, IR B A LA S R UTE
A7 3 — 15 L, A0 5 A G AR DT TE HE T R Y C
SOk L DU R R A 22 TR 6 C 4l
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1 a REAREL, TRV (K) o PRI h
HCal, J0 AR 80 A B R BCH 6. T5%0 ~
9. 38%o, YA N 7. 24%0 , 578 K R R L (5%
~11.69%¢; Hoefs, 1997 ) B H K [a) 137 3R 2H I (5%
~T7%o; Ohmoto, 1968 ) ) 2% 54 /N, T Cal, i 80
IR ZEKECH 3. 78% ~6. 13% . X i#k—ALUE T Cal,
BT ARAEAE 5 AT AR ) DTk
4.3 RH B

LRI NS P AN PRy SNy e
B = AR, AR i R E R RIS 2 Y
SR B A TR AL 1 A 38 S SO REAE 24 B R L
e J7 A IR R e A ORI B A 0K —
BIARA . MR TT A S B C-0 [ 2R B
SEE TR S AR sk, PR AE
Sl A X SR HIX bR - &
gk Ja LA Z R LAAh R ke B A R R i
SRS AR . BT ABIFZE 26 BH TR v i X R o
TR (BE) AR AR JEBES K S kil
AL A U-Pb 4RI 8 37 ~ 31 Ma (40, ™3 @ 5%,
2017; MBS, 2020) , X 5AKMAG 1 J5 41 U-Pb

IS 36.024. 0 Ma(n=23, MSWD=1.5) fEiR 2= L H
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L e 0 DX P 2 I AR B O, AR AR
el aek
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