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Abstract: Traditional water-rock reaction experiments under high temperature high pressure (HTHP) conditions

often result in precipitation or adsorption of the products during the subsequent cooling processes. This issue can be
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overcome by synthetic fluid inclusion, which enables in-situ entrapment of fluid samples under HTHP conditions,
and analyses of fluid composition using a LA-ICP-MS. This study simulates the HTHP (200°C and 10 MPa) water-
rock reaction process between basin brine (NaCl/NaCl+CaCl,) and basement rocks (Triassic diabase, lithic lime-
stone, and Middle Triassic tuff) in Lanping Basin, Southwest China, and uses synthesis fluid inclusion in calcite to
trap the fluid during reaction. By comparing the fluid composition before and after water rock interactions, we are
able to explore the origin of ore-forming metals in the fluids, and their contributions to the formation of the Missis-
sippi Valley-type (MVT) Zn-Pb deposits in the basin. Based on microthermometric analyses, the freezing tempera-
ture point of synthetic fluid inclusions trapping a 3 m NaCl + 0. 15 m CaCl, fluid ranged between —13.6 and
—-11.4°%C, while that trapping a 3 m NaCl fluid ranged between —11. 8 and —=10. 7°C, indicating that the fluid com-
position trapped within these inclusions is consistent with the initial fluids loaded in our experiment. Furthermore,
both microthermometric and LA-ICP-MS analyses demonstrated that this synthetic fluid inclusions method using cal-
cite as the host mineral has a nice potential in simulating the relatively low-temperature fluid-rock interactions in
nature.
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Fig. 1 Regional geological map of Lanping Basin (modified after Xin et al. , 2018)
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(1) LP22-46-1(26°30"7. 37"N,99°07'34. 10'E) .
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Fig. 2 Characters of samples in this study
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HIEIRE; g— P EBMBEICE TARA ; h—1EAC it N h =S MBS ; PI—RHCAT; Px—AT 5 Qu—A13%; Cal—Ji A1

a, c—Triassic diabase hand specimen; b, d—Triassic diabase under cross-polarized light; e—Permian foraminifera-bearing lithic limestone hand

specimen; f—Permian foraminifera-bearing lithic limestone under cross-polarized light; g—middle Triassic tuff hand specimen; h—middle Triassic

=RaEsCs KRR, R AN, WA SRR
RERT, UL J7 i SEBEL IR, 4 8 J7 fifk A Bk (5] 2a

tuff under cross-polarized light; Pl—plagioclase; Px—pyroxene; Qtz—quartz; Cal—calcite
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a—Triassic diabase; h—Triassic diabase; ¢—Permian system contains foraminifera lithic limestone; d—middle Triassic tuff
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LP22-46-1—Triassic diabase; LP22-49-3—riassic diabase; MD22-4-1—Permian system contains foraminifera lithic limestone;
MD22-10-1—Middle Triassic tuff
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(17.06%) Fe,0,"(11.08%) MgO(11.47% )55 (F 1),

1 ERAHRERAEEEETE (w,/ %) MYETE
(wg/107°) TR
Table 1 Whole-rock major (w,/%) and trace (w,/107°)

element analysis data for experiment samples

FEfRE LP22-46-1  LP22-49-3  MD22-4-1  MD22-10-1
Al 0, 17.06 16.50 0. 80 12.79
BaO 0. 00 0.01 0.01 0.09
Ca0 6.54 7.27 44.75 0.63

Fe,0," 11.08 10. 18 0.77 3.23
K,0 0.10 0.31 0.20 4.90
MgO 11.47 8. 08 0.35 0. 68
MnO 0.18 0.22 0.07 0.03
Na,O 1.83 3.39 0.04 2.02
P,0; 0.21 0.22 0.05 0.18
Si0, 41.46 45.59 14.30 70.92
Ti0, 1.13 1.27 0.03 0.23
LOI 8.28 6.55 38.38 3.95

Li 122. 60 36.28 9.94 25.17
Be 0.32 0.75 0.29 2.08
Se 39.30 31.23 1. 12 6.32
v 221.10 234.20 11.95 36.70
Cr 192. 80 84. 42 14. 82 26. 60
Co 61.67 42.70 2.20 4.86
Ni 133.30 101. 10 13.35 6.95
Cu 21.10 7.16 1.76 12.01
Zn 123. 50 74.92 24.19 36.91
Ga 10.78 12.76 1.37 37.86
Rb 0. 64 6.54 9.17 253.50
Sr 629. 90 363.10 342.50 54.86
Y 23.49 23.57 8.95 27.79
Zr 59.16 89.57 7.75 66. 08
Nb 3.22 2.41 0.75 8. 16
Mo 0.34 0.24 0.57 0.63
Sn 0.24 0. 40 <0.01 6.95
Cs 0.54 1.66 1.19 14.30
Ba 20.79 60. 78 37.83 801. 40
La 7.50 6.37 7.74 42.40
Ce 18.22 17.41 10. 98 83. 61
Pr 2.16 2.24 1.58 9.49
Nd 11.90 12.65 7.46 34.75
Sm 3.33 3.51 1.79 6.92
Eu 1.24 1.19 0.37 1.41
Gd 3.74 3.78 1.84 6.53
Th 0.70 0.71 0.30 1.02
Dy 4.52 4.51 1.71 5. 60
Ho 0.92 0.93 0.33 1.15
Er 2.59 2.64 0.90 3.13
Tm 0.36 0.36 0.12 0.44
Yb 2.27 2.31 0.73 2.80
Lu 0.32 0.35 0.10 0.40
Hf 1.61 2. 11 0.26 2.00
Ta 0.22 0.18 0.07 0. 86
w 0.22 0.32 0.29 1.91
I 0.02 0. 06 0.13 1.37
Ph 1.62 6.38 9.03 20. 19
Bi 0.04 0.04 0.10 0.05
Th 0.50 0.40 2.22 24.34
U 0.28 0.12 0.47 5.74

(2) LP22-49-3(26°30'16. 07"N,99°07'9. 13"
E). =SaMss, gl aib (B 2c.2d) . EE
SINEE T (PR AR A KR A, S Hs A
Feb A (K 3 E 4), Si0, & & 45.59%, &
AL 0,(16.50%) Fe,0,"(10. 18%) ,MgO (8. 08% ) 55
(1),

(3) MD22-4-1(26°28'49.8"N,99°42'19. 88"E.) :
“ERAFALNEE K WAL A LAk
AP ILAPU R A, WA REACA S, W i bk
(Bl2e2f), SFL0 W EPEEASA (A3,
Kl4), CaO & iE 44. 75%, % Si0,(14.30%) /b &
AL0,(0.80%) Fe,0,"(0.77%) 5% (F£ 1) ,

(4) MD22-10-1(26°27'36. 35'N,99°41'52. 5"
E): m =SB KA, KA R (K 2g.2h),
FER A, SR Y A o A REERT
BT B A (K3 K 4), Si0, & 70.92%, &
ALO, (12. 79%) . K,0 (4. 90%) Fe,0," (3. 23%) .
Na,0(2.02%) % (F£ 1),

SRSz Rkt iy RS AR S &
Jik , B 22 40~60 H , LB 7K Jok LB G
UE 3 W T

ARG TAEHATACE SO B AR RE i 275 =4
PREEIHL MVT SYEE0 R B0 S AR SRR AE (IR Ak
ﬁiéz\%‘% BEBRZ04E ) 2007; Mu et al. , 2021) FEATHC

', HRm T, ik 95@%@/}1L12[352ﬁ 3m NaCl il
3 m NaCl + 0. 15 m CaCl,(m, Bl mol/kg, A Jii B /K
WRE) . AR, AT SR 2 %E%ﬂm@%%mfﬁt
VRSB R AR T R, I HL RS AE X I A B AR i
T LA-ICP-MS I35 B s 00 -G g A 28 4% 1) 4 ZE AR 15
5 ARSI AR I T Rb(300x107°) il
Cs(200x10°°) FE R bR,
1.2 KEZEHFBAANAIERREERMEILE

Fik

SEBG TR BB E AT A ROV A L AR
BLIK (Tsay et al. , 2016, 2017) . WU VLR B d
EMAMEH R, Horp | N 80 A SR & i ARt
EIRB) 27 E0 Y5 SRR AME F B A HbR
EER . TEARWR LSS, N2 AT A T A
WA, IME R AE AR IR AARAE S DL S e B i i
MINEE , ANE B W KB DR A8 P9 2 () 2% 1AL

(1) FrffAtErEics Bt #, EEE A
FERNY  aliv HoL o 355035 W KR T il A i A
R T W, KR Ty A A AT S | 1011
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PIEI 2K 6 mmxFE 1.3 mmxE 1.3 mm 15 f# A
FE,7E 450°C I #A A BR A 4 8 I e Fe S 0 48 A T
1 h (7 A e i R AR IR Rt — 2 &
AR U R GRS K, FEE KR B
TR T7 ffA A Th OBk B AL AR i i ok
SRS B E T 5 S2A R B R AL BRI 2% (R 55 4
2009) . KA K I fRA AR R BT K EK
RSB I BT SRG BT 60°CHEAE LT

(2) I RBHESR . IR RS it
R A FE R Y COT T Ky il A iR AR K 4
Y FEST A | SEO N ABIEBE 5 04 7 ff A R A (X
S 2004) , CKERFEE 2 200 B RO AL LB T
K TOK C A I BT YE 3 W M, DR &
bRl BE A AR 0 R AR T AR A 2 A A AR ) B Al
Fpins

(3) SEHRFEAAE RIS I B AR 2 0
SEAE NG, Hh S EHAA S mm, K

25 mm, BEJEL 0. 2 mm , FFHME 1) — it A 73 B -l 1o
PUK mURHLAR B s . SR AT 109% HCL B i oK
LT E BT K HIMOOE Ve &, BEJS TE 60°C HEAE
PIRET B IERRE . FRIA ~0. 1 g BRI A A 8 il
() AR ity FHIOCRS I SR A A 100 pl B B9 T
KA RAIR AR, NE R ERE 3.5 mm, KE
10 mm 250 EE, RE—0)E, TENE R AT
ARSI EAHA(~0.01 g) , blf5 I & 7 — Ik
NIME T AMEREUF IR TR — e B I AT AR
B, REERUGE B 60°CHEFE T TR TG

(4) SEBAEAE , KA ROV A AR 22 A
SEAE SN IE R K e VR I SE 6 3 58 I, 3R
FHERG & i i i B S 48 5 8 v B &
W 5 s, B S DR T Y S &2 R A e g )
RO S 46 A8 AR K 3 1o 28 N S £ )
L, TR FE P A BRI sE M | 3 B R 22 75 5

BEIR G KRR S IME R R GAIE,

St

FfEr A

Bl 5 XUk S ge AR aIE

Fig. 5 Model diagram of double-tube experimental device

(5) SEE SR, S a0 7648 n #hob op
7, SC R R R AR A0 THR 5 IR R Y, IR
PG R I A 0 SRR, B % L A
MVT Y8R0 PR AR (B R 204, 2007 ; Mu
et al. , 2021) HFE 200°C 1 10 MPa 1 Jy 525 5 1F
TIPS U0 2% B S BRI &K R R T =
1 MPa, BEEIF8 shTHERET , AR T 2 HAr iR
J& 200°C HFsE J5 , Ve sk sl o s =
HAs 71 10 MPa, 52 5 B ] 45 2 08 47 55 55 45 1

(6) SEWEER G RE AL TR, FESCIRSE S T
TR RS HERIRG TSRS,
BB &8I % — K &8 R s M FRE, IS5
AT E AT (R 2) o HATE LIS A 2T
445 1 T R AR AR PR — B, A BB % 44 S
B RLT, X S5 1 ) 9 45 A B AR VR i B AT AR

B IE A NI IR pH (R 2) IR T A
FE DL At 25 2 0

(7) HVEDT A R o P45 O il A A 43 ) 4 R
FEE 5 I E 2 1.2 mm B AR, 2 )
BT Oy A R B ORUIT T B S0, FEAE R
T AT A EEIES . IS BT A T R T
JEU AR LS 3 ) AR A5 T n s B, ol
N A A 2 AR 174 K U 3 00 7 T A - e
D525 RS fEaf , A T 37 N T 46 B 2R
LA-ICP-MS iz,

2 NTA B A 2 A g UL 5530 i
o
2.1 ATABERENEME FHE

SOt B A, A O S5 22 R ) T fif
A B T TR B AR (6) o I S8t 1A
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Table 2 Experimental conditions and main parameters in this study
M TN HME T A B WES  BHE  RZER  RE KN/ WE SRS SLHSE R
FE 4 /g /g /g REE/g  FE/g /C MPa /d Wik pHEH BFiRE/g
1 3m NaCl 1.5052 0.390 7 0.436 4 2.1500 2.150 4 200 10 20 6~7 2.149 9
3 m NaCl+ LP22-46-1
1.512°5 0.3972 0.452'5 2.1738 2.174 1 200 10 20 6 2.174 2
0.15 m CaCl,
3 3m NaCl 1.502 8 0.392 4 0.437 1 2.147 4 2.147 5 200 10 20 6~7 2.147 6
3 m NaCl+ MD22-4-1
1.488 6 0.3911 0.443 0 2.1412 2.141 4 200 10 20 6 2.1412
0. 15 m CaCl,
5 3 m NaCl 1.500 6 0.388 6 0.4390 2.148 8 2.148 8 200 10 20 6 2.148 7
3 m NaCl+ LP22-49-3
1.500 4 0.393 3 0.4310 2.140 8 2.1410 200 10 20 6 2.141 9
0. 15 m CaCl,
7 3mNaCl 1.4866 0.3956 0.442 3 2.1409 2.140 6 200 10 20 6 2.140 7
3 m NaCl+ MD22-10-1
1.488 1 0.3951 0.441 8 2.1413 2.1415 200 10 20 5~6 2.1419
0.15 m CaCl,

IR Z RO R R SRR AR A, D B R ST
AT ZAR Z R FR
A AR A KR, KA SF— M 5~ 30 pum, 501538

R (] 6a~6d) 5

2.2 AIAMREERENSRNESH

W SR AR IR S
T L5 M N T A Bl it A AR ik A
AT o IR T AEAE Bt Iy K2

SLEE ey

KAVERSERE

K6 ATAnuiikmiEk
Fig. 6 Synthetic fluid inclusions
a—3 AL A AT R R RO A1 5 b— 5 B A AU B A A M 5 o— 3 DM B AU 2B 22 A B 0
d—A B A L FE A S RS AR 5347

a—synthetic fluid inclusions are distributed in clusters along fractures; b—synthetic fluid inclusions are distributed along fractures ;
c—synthetic fluid inclusions are distributed in a beaded pattern along fractures; d—synthetic fluid inclusions are distributed in isolation
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Table 3 Information statistics of fluid inclusions synthesized from calcite

FAARE BESh SRS (O r R frEsf BRI um RN VKSR BEE/C VREE/ wm
LP22-46-1 T22-1-1 Al Al 1x20 FETEN -11.3 12
LP22-46-1 T22-1-1 A2 Al 1x10 RN -11.3 10
LP22-46-1 T22-1-1 A3 Al 2x13 TR -11.3 15
LP22-46-1 T22-1-1 A5 BI 4x9 R -11.8 10
LP22-46-1 T22-1-1 A6 BI 10%20 B -11.2 10
LP22-46-1 T22-1-1 A7 B1 3x30 LEAEN -11.2 10
LP22-46-1 T22-1-1 A8 BI 2x10 BEA -11.3 16
LP22-46-1 T22-1-1 A9 B1 4x4 LU -11.3 13
LP22-46-1 T22-1-1 Al10 BI 5%20 AU -11.2 19
LP22-46-1 T22-1-1 All BI 3x8 R -11.5 19
LP22-46-1 T22-1-1 Al2 BI 10x10 LU -11.3 29
LP22-46-1 T22-2-1 A5 Al 1x6 N -12.4 14
LP22-46-1 T22-2-1 A6 Al 1x18 LV -12.7 5
LP22-46-1 T22-2-1 A8 BI 2x10 VN -13.2 13
LP22-46-1 T22-2-1 A9 BI 1x20 EZE -12.6 11
LP22-46-1 T22-2-1 All B 1 8x13 B -13.6 22
MD22-4-1 T22-3-1 A6 Al 2x8 FEAEN -11.3 39
MD22-4-1 T22-3-1 A7 Al 4x5 I -11.2 21
MD22-4-1 T22-3-1 A8 Al 4x12 I -11.1 21
MD22-4-1 T22-3-1 A9 ATl 2x14 I ~11.1 21
MD22-4-1 T22-3-1 Al BI 2x18 AN -11.0 4
MD22-4-1 T22-3-1 A2 BII 10x38 TN -11.1 9
MD22-4-1 T22-3-1 A3 BII 8x8 PEIN -10.9 10
MD22-4-1 T22-3-1 A4 BII 5%10 B -11.5 6
MD22-4-1 T22-3-1 A5 BII 2x18 LN -11.1 7
MD22-4-1 T22-4-4 A10 \ 1 2x17 LEAEN -12.2 15
MD22-4-1 T22-4-4 Al B1 4x17 TR -12.2 17
MD22-4-1 T22-4-4 A3 Bl 2x20 LU -12.5 7
MD22-4-1 T22-4-4 Ad B 2x18 B -12.4 8
MD22-4-1 T22-4-4 A5 BII 5%10 EIEN -12.6 54
MD22-4-1 T22-4-4 A6 BII 2x8 EAEN -11.4 72
MD22-4-1 T22-4-4 A7 BII 4x8 LN -13.3 72
MD22-4-1 T22-4-4 A8 BIV 3x12 R -12.3 4
MD22-4-1 122-4-4 A9 BIV 3x18 R -12.3 14
LP22-49-3 122-5-4 Al Al 4x14 [E2EN -11.3 30
LP22-49-3 122-5-4 A2 Al 3x8 N -11.3 24
LP22-49-3 T22-5-4 A4 Al 3x5 VN -11.0 45
LP22-49-3 T22-5-4 A5 ATl 6x6 EZEN -11.3 24
LP22-49-3 T22-5-4 A6 BI 3x27 R -11.1 25
LP22-49-3 T22-5-4 A7 BII 3x25 FEAR -11.3 13
LP22-49-3 T22-6-4 Al Al 2x10 N -12.4 14
LP22-49-3 T22-6-4 A2 Al 1x7 I -12.3 14
LP22-49-3 T22-6-4 A7 All 2x7 FHEUN -12.6 10
LP22-49-3 T22-6-4 A8 B1 1x15 I -12.6 5
LP22-49-3 T22-6-4 A9 BI 2x15 R -12.4 35
LP22-49-3 T22-6-4 Al0 BI 1x35 T -12.5 23
LP22-49-3 T22-6-4 All BII 3x4 I -12.2 18
LP22-49-3 T22-6-4 Al12 BII 2x8 BEA -12.7 42
LP22-49-3 T22-6-4 Al3 BII 1x8 LEIEN -12.6 62
LP22-49-3 T22-6-4 Al4 BIl 1x8 B -12.3 62
MD22-10-1 T22-7-3 Al Al 3x16 R -11.3 6
MD22-10-1 T22-7-3 A2 Al 3x16 LU -11.3 9
MD22-10-1 T22-7-3 A3 Al 3x7 N -11.3 7
MD22-10-1 T22-7-3 A4 Al 3x4 AN -10.7 9
MD22-10-1 T22-7-3 A6 Al 3x27 VN -11.3 28
MD22-10-1 T22-7-3 A7 BI 2x15 EZE -11.3 5
MD22-10-1 T22-7-3 A10 Bl 2x7 B -11.3 13
MD22-10-1 T22-8-2 Al Al 4x35 AN -12.4 7
MD22-10-1 T22-8-2 A2 Al 1x15 N -12.4 7
MD22-10-1 T22-8-2 A3 Al 2x20 I -12.5 4
MD22-10-1 T22-8-2 Ad BI 2x16 R -12.4 13
MD22-10-1 T22-8-2 A5 BI 3%9 R -12.4 19
MD22-10-1 T22-8-2 A7 BII 2x15 BN -12.4 54
MD22-10-1 T22-8-2 A8 Bl 2x10 R -12.4 51
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Fig. 7 Schematic diagram of fluid inclusions and laser signal diagram
a— AN IR L B AR A S HBOERIIE 5, b—Z2 iR R AR B RO S

a—schematic diagram of single fluid inclusion and its laser signal diagram; b—schematic diagram of multiple fluid inclusions and their laser

signal diagram
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Fig. 8 Summary chart of LA-ICP-MS trusted data after
processing
TGRSR LR LTS, FRAR ARG SS, #. 1-
AL0,BT4R | FoRSEIRIF'S XK 2 PSLmRFS 1 IR 3 ke
AR T22-1-1 T A SC B TP 5 15 R4 A0 Xk 2 s
5 1 IR ERGS A10, 1-BI 3R ML RRGEIHER 2 T,
NSRBI 1 R B AR AR S PR aE Ik
the prefix of the experiment number represents the experiment serial
number, and the suffix represents its fluid inclusion number. for exam-
ple: 1-A10, The prefix 1 denotes the experimental sequence number,
which corresponds to experimental number 1 in Table 2 and the experi-
mental tube number 1 within sample number T22-1-1 in Table 3. The
suffix A10 corresponds to the inclusion number A10 of experimental
number 1 in Table 2. 1-BI indicates that the inclusion is not listed in
Table 2 and belongs to the fluid inclusion combination on the BI surface

in experimental number 1
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