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1

( Houetal., 2006)

Fig.1 Simplified geological map showing the Cenozoic tectonic framework and the distribution of porphyry Cu-Au deposits

in the Jinshajiang—Red River alkaline igneous belt
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Mo 1.706 Mt(0.21%) Au 100 kg (0.13 g/t);
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Fig.2 Typical fluid inclusions of three deposits
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Fig.4 Daughter minerals in fluid inclusions
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Table 1 Characteristics and microthermometry results for the fluid inclusions from the Yulong porphyry Cu deposit

Tm,coo Tmca T con Ty ice/ Tms NacC1 T, kc1 T
(pm) () (%NaCleg)

YL914 L+V 7 -5.6 295 8.68

YL914 L+V 13.4 -55.7 3.4 343 11.43

YL914 L+V -2.8 367 4.65

YL913 L+V 18.2 7.4 290 5.05

YL913 L+V 235 -55.7 3.8 8.9 356 10.87
YL904-1 L+V 22x14 -55.3 8 20.9 3.95

YL914 L+V+M 11.3x9.6 >450

YL914 L+V+M 9.3x9 >450

YL914 L+V+M 11.3x8.8 >450

YL913 L+V+M 18.2x10.6 3.1 19.2 >370 11.84

YL913 L+V+M 23.7 —55.8 7.5 20.6 458 4.87

YL913 L+V+M -55.7 2.2 17.51

YL913 L+V+M —55.7 5.2 481 8.77
YL909-2 L+V+M 8.7 5.9 421 7.64
YL909-2 L+V+M 8.7 -55.7 6.5 20.6 354 6.63
YL909-2 L+V+M 360
YL909-2 L+V+M 370
YL909-2 L+V+M 15%10 0.9 14.56
YL904-1 L+V+M 15x13 —55.5 5.6 8.13
YL904-1 L+V+M -55.3 0.8 20.9 14.67
YL904-1 L+V+M 17x9 -55.1 5.8 7.81
YL904-1 L+V+M 17x11 -54.9 8.9 379 2.22
YL904-1 L+V+M 22.7%19.9 5.9 131 439 13.68

YL904-1 L+V+M 22x18
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T, coz Tn,co2 Ty ice/Tms Nact T xc1 T
(pm) () (%NaCleg)
YL904-1 L+V+M 13.7 -55.9 -11.7 >550 15.67
YLI912 L+V+M 13 -55.9 -11.7 439 15.67
YLI912 L+V+M 16.8 -13.8 >600 17.61
YL912 L+V+M 18.7 -14.7 >600 18.38
YLI912 L+V+M 16.7 -13.3 >600 17.17
YLI11 L+V+M 10.3 -15.1 >410 18.72
YLII11 L+V+M 6.2 -3.5 462 5.71
YLI11 L+V+M 10 -55.6 -7 368 10.49
YLI11 L+V+M -17.6 >550 20.67
YLOI11 L+V+M 26%27 —6.1 419 9.34
YLI11 L+V+M -55.7 -11.4 <500 15.37
YLI11 L+V+M 233 —-6.9 407 10.36
YLO11 L+V+M 13.3 -55.7 -12.4 >442 16.34
YL905 L+V+M 14.2 -55.7 -13 16.89
YL905 L+V+M 20x10 -55.3 5.77
YL905 L+V+M 13.2 2.7 336 4.49
YL905 L+V+M 8 -13.5 346 17.34
YL905 L+V+M 40x15.3 —4.5 238 7.17
YL904-1 L+V+NaCl+M 15.4x14.7 187 >550 31.24
YL904-1 L+M 12.2x9.3 -21.8 20 -3.5
YL904-1 L+M 13x11 -21.1 -4.2 23.11
YLI912 L+V+NacCl 22.9x10.3 193 >370 31.53
YLI912 L+V+NaCl 310 310 38.95
YL904-1 L+V+NaCl+M 14.4x9.0 287 37.19
YL904-1 L+V+NaCl+M 10.8x5.6 267 293 35.78
YL904-1 L+V+NaCl+M 10.5x7.7 302 38.32
YL914 L+V+NaCl+M 17.7 283 383 36.9
YL914 L+V+NaCl+M 9.1 278 325 36.54
YL914 L+V+NaCl+M 8 287 287 37.19
YL914 L+V+NaCl+M 7.9 289 289 37.33
YL914 L+V+NaCl+M 11.7 320 320 39.76
YL914 L+V+NaCl+M 8.5 241 337 34.13
YL914 L+V+NaCl+M 7.8 327 327 40.35
YL914 L+V+NaCl+M 9.8 316 >440 316 39.43
YL914 L+V+NaCl+M 10.1 234 >440 371 33.71
YL914 L+V+NaCl+M 10.8 210 383 32.38
YL914 L+V+NaCl+M 14.5%12.9 242 347 34.19
YLI11 L+V+NaCl+M 16.2x12.1 174 421 30.65
YLI11 L+V+NaCl+M 8.7 200 31.87
YLOI11 L+V+NaCl+M 199 256 31.82
YLI11 L+V+NaCl+M 239 382 34.01
YLI913 L+V+NaCl+M 9.1 329 480 329 40.52
YLI13 L+V+NaCl+M 7.5 328 328 40.44
YLI13 L+V+NaCl+M 7.8 266 266 35.72
YLI13 L+V+NaCl+M 7.5 306 306 38.63
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Tmcor  Tmca Thcoz  Tisice/TmNact T kel T
(m) () (%eNaCleq)
YL909-2 L+V+NaCl+M 4 340 >400 348 41.49
YL909-2 L+V+NaCl+M 12.6 347
YL909-2 L+V+NaCl+M 6 310 310 38.95
YL909-2 L+V+NaCl+M 352 352 42.59
YL904-1 L+V+NaCl+M 11.7 309 309 38.87
YL904-1 L+V+NaCl+M 7.3 315 315 39.35
YL904-1 L+V+NaCl+M 7.5 228 298 33.37
YL904-1 L+V+NaCl+M 6.8 318
YL904-1 L+V+NaCl+M 13.6 313 328 39.19
YL904-1 L+V+NaCl+M 8.6 155 344 29.86
YL904-1 L+V+NaCl+M 16.1 334
YL905 L+V+NaCl+M 30.8 352 352 42.59
YL905 L+V+NaCl+M 30.3 355 355 42.87
YL905 L+V+NaCl+M 332 332 40.78
YL905 L+V+NaCl+M 17x3.5 266 325 35.72
YL905 L+V+NaCl+M 12x6 295 304 37.78
YL914 L+V+NaCl+KCl 25.3x12.7 194 49 338 61.58
YLO14 L+V+NaCl+KCl 25.8x10.8 217 82 221 64.76
YL904-1 L+V+NaCl+KCI+M 20.6%x9.8 343 81 354 75.76
YL904-1 L+V+NaCl+KCI+M 17.8x13.9 320 64 320 71.76
YL904-1 L+V+NaCl+KCl+M 18.4x13.4 338 84 346 75.51
YL904-1 L+V+NaCl+KCI+M 17.5%8.9 363 86 363 78.04
YL904-1 L+V+NaCl+KCIl+M 17.9x12.3 343 86 343 76.16
YL905 L+V+NaCl+KCI+M 24.9x13.2 352 87 352 77.19
YL905 L+V+NaCl+KCIl+M 24.9x13.2 338 64 350 338 73.31
YL914 L+V+NaCl+KCl+M 23.5x13.5 307 85 321 73.11
YLO914 L+V+NaCl+KCI+M 16.8x10.2 295 85 341 72.18
YLOo14 L+V+NaCl+KCI+M 10.8 246 135 360 73.43
YLO11 L+V+NaCl+KCl+M 35 308 84 308 72.99
YLI11 L+V+NaCl+KCIl+M 25.7 305 82 305 72.55
YLO11 L+V+NaCl+KCI+M 20.1 364 82 364 77.73
YL913 L+V+NaCl+Cal+M 6.6 326 380 40.27
YL913 L+V+NaCl+Cal+M 9.3 334 480 334 40.96
YLI13 L+V+NaCl+Cal+M 372 372 44.52
T, coz2- CO2 i T, cal- CO2 5 Ty co2- CO, 7 T, Nac1- NaCl 7 T, ka1 KC1 ;
i The 3 Ty ice-
3.1 ( ) 600
1, S5a 6a, b ) , 4%~
280~380 20%NaClq , 30%~44%NaCl,q

, 380~480 , ,
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Table 2 Characteristics and microthermometry results for the fluid inclusions from the Beiya deposit
Tmscoz Ty Thy coz Ty ice/ Ty NacCl Ty
(nm) () (%NaCleg)

WDS11-25 L+V 5.8%2.6 2.1 318 L 3.55
WDS11-25 L+V 20%5 -20.7 351 L 22.85
WDS11-25 L+V 27x12 -14.7 303 L 18.38
WDS11-25 L+V -18.5 335 L 21.33
WDS11-25 L+V -13.4 313 L 17.26

WDS11-12-2 L+V 13x10.9 -11.9 240 L 15.86
WDS11-1 L+V 14.6%6.7 7.9 394 L 4.07

WDS11-12-2 L+V 10.8x13 -9 287 L 12.85
WDS11-25 L+V 35%22 -1.7 296 L 29
WDS11-25 A 10x8 -55.9 4.1 -6.8 391 10.24
WDS11-25 A 18x14  -55.8 -17.8 387 16.55
WDS11-25 CO, 6%4 -56 5.4 30.3 \Y% 342 8.35
WDS11-25 CO; 9.6x5.1 -56 5.6 30.4 A 343 8.03
WDS11-25 CO; 14x7.5 -56 6.8 30.6 A 343 6.03
WDS11-25 CO; 18.7x8 -56 6.8 30.5 \% 342 6.03
WDS11-25 CO; 8.6x8.2  —56 6.9 30.6 \% 342 5.86
WDS11-26 CO; 8x7 -55.9 6.8 30.6 \% 343 6.03
WDS11-25 CO; 26x8 -56.1 4.4 30.5 \Y% 329 9.89
WDS11-25 CO; 37x25 -56 53 30.6 A -10.3 8.51
WDS11-1 L+V+M 6.6x5.0 -10.3 502 L 14.25
WDS11-1 L+V+NaCl 15.7x9 352 352 L 42.59
WDS11-1 L+V-+NaCl Tx4.4 311 311 L 39.03
WDS11-1 L+V-+NaCl 8.1x5.9 286 286 L 37.11
WDS11-1 L+V+NaCl 8.1x5.4 294 294 L 37.71
HNT11-1 L+V+NaCl+M 13.2x4 297 297 L 37.93
WDS11-1  L+V+NaCl+M 6.9%6.9 271 338 A 36.06
WDS11-1  L+V+NaCl+M 8.2x4.1 248 342 A 34.56
WDS11-1 L+V+NaCl+M 7.5x7.3 328 328 L 40.44
WDS11-1 L+V+NaCl+M 7.0%5.8 347 347 L 42.13
WDS11-1  L+V+NaCl+M 8.8x6.0 358 358 L 43.15
WDS11-1  L+V+NaCl+M 9.8x5.9 246 402 A 34.43
WDS11-1  L+V+NaCl+M 14.8x11 213 A 32.54
WDS11-1  L+V+NaCl+M 9.2%6.6 364 364 L 43.73

#3 A -KRMBEERT KRKERIENES

Table 3 Characteristics and micro thermometry results for the fluid inclusions from the Tongchang—Chang’anchong

Twm,coo  Tmca  Thcon T, ice/ Tim, Nacl Tw
(um) () (%NaCleg)
CACI11-8 L+V 12 -12.1 268 16.05
CACI11-8 L+V 7.6 -11.8 370 15.76
CACI11-5 L+V 9.1x4.4 -56.1 6.3 351 6.88
CACI11-5 L+V 8.0x4.1 -56.1 5.7 354 7.87
TC0904 L+V+M 12.3 -55.9 7.1 350 5.51
TC0904 L+V+M 13.5 -55.7 7.2 360 5.33
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3:
Twm,co2  Tmca  Thcoz T, ice/ Tim, Nacl T
(um) ( (%NaCleq)

TCDO0814 L+V+M 11.6 7.5 380 L 4.8
TCDO0814 L+V+M 20.4 -55.8 -10.4 390 L 14.36
CACI11-8 L+V+NaCl 8 362 368 >368 L 43.54
CACI11-8 L+V+NaCl 8 277 347 >347 L 36.47
CACI11-8 L+V+NaCl 9 250 250 L 34.68
CACI11-8 L+V+NaCl 6 289 289 L 37.33
CACI11-5 L+V+NaCl 8 206 321 L 32.18
CACI11-5 L+V+NaCl 5 203 302 L 32.02
CACI11-5 L+V+NaCl 12.4x5.9 287 364 L 37.19
CACI11-8 L+V+NaCl+M 10.3 327 327 L 40.35
CACI11-8 L+V+NaCl+M 8.2 360 360 L 43.35
CACI11-8 L+V+NaCl+M 7 350 350 L 42.4
CACI11-8 L+V+NaCl+M 9.6 304 304 L 38.47
TC0904 L+V+NaCl+M 7.3 314 314 L 39.27
TC0904 L+V+NaCl+M 11.3 319 319 L 39.68
TC0904 L+V+NaCl+M 6 197 L 31.73
TCDO0814 L+V+NaCl+M 9 319 L 39.68
CACl11-5 L+V+NaCl+M 17.7x7.8 274 353 L 36.26
CACI11-8 L+V+NaCl+Cal+M 8.2 315 >491 L 39.35
CACI11-8 L+V+NaCl+Cal+M 7.3 248 >393 L 34.55
TC0904 L+V+NaCl+Cal+M 7.4 359 443 L 43.25
TC0904 L+V+NaCl+Cal+M 11.8 248 389 L 34.55
CACI11-8 L+V+NaCl+Cal+M 13.6 358 358 L 43.15
CACl11-5 L+V+NaCl+Cal+M 11.5x10.4 376 376 L 44.92
CACI11-8 LCO,+VCO; 8 -56 30.8 L 30.8 L 0
CACI11-8 LCO,+VCO, 9 -55.8 29.9 L 29.9 L 0
CACI11-8 LCO,+VCO, 8.7 -55.9 30.8 L 30.8 L 0
CACI11-8 LCO,+VCO,+LH,0 9.2 -55.7 4.4 29 \ 390 L 9.99
CACI11-8 LCO,+VCO,+LH,0 9.9 -55.8 -7.8 30.3 \ 315 >315 L 20.29
CACI11-8 LCO,+VCO,+LH,0 11.1 -55.8 -0.1 29.9 \ 448 L 15.62
CACI11-8 LCO,+VCO,+LH,0 10 -55.9 30.4 A% L

TC0904 LCO,+VCO,+LH,0 8 -55.9 -1.2 404  >404 L 16.67
TC0904 LCO,+VCO,+LH,0 9 5.5 293 L 8.29
TC0904 LCO,+VCO,+LH,0 12 -55.9 -8.5 25.8 \ 378 L 20.4
TCDO0814 LCO,+VCO,+LH,0 10 -55.9 -0.8 24.9 \ -11.3 407 >407 L 16.31
TCDO0814 LCO,+VCO,+LH,0 12 -55.9 -8.5 25.8 \ 378 L 20.4
CACI11-5 LCO,+VCO,+LH,0 11 -56.1 6.8 30.5 L 308 L 6.12
CACI11-5 LCO,+VCO,+LH,0 10.3x7.2 -56 8.6 30.6 L 318 L 2.81
CACI11-5 LCO,+VCO,+LH,0 11.3x7.3  -56.1 7.1 31.1 390 378 L 5.59
CACI11-5 LCO,+VCO,+LH,0 10.9x6.7  -56.1 7.4 31 390 375 L 5.05
CACl11-5 LCO,+VCO,+LH,0 10.8x6.8  —56.1 7.5 30.8 390 381 L 4.87
CACl11-5 LCO,+VCO,+LH,0 5x4 -56 5.8 30.6 \ 339 L 7.81
CACI11-8 LH,O0+LCO,+VCO,+M 8.5x7.4 -56 2.1 30.5 A% 377 L 13.14
CACI11-8 LH,O0+LCO,+VCO,+M 7.8%x6.4 -56.1 3.4 30.9 371 369 L 11.43
CACI11-8 LH,O0+LCO,+VCO,+M 12.2 28.7 L L
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Tm,cor Tmca Th coz T, ice/ Tm, NaCl T
(um) () (%NaCleq)
TC0904 LH,O+LCO,+VCO,+M 8.1 -55.9 30.8 L L
TC0908 LH,O+LCO,+VCO,+M 14 -55.9 30.9 L L
TC0904 LH,O+LCO,+VCO,+M 6.2 -55.9 -2.3 28.6 \'% 443 L 17.59
TCDO0814 LH,O+LCO,+VCO,+M 8.2 -55.9 -3.1 25.6 \'% >500 L 18.18
TCDO0814 LH,0+LCO,+VCO,+M 12.4 -55.8 4.3 30.5 Y 230 >230 L 10.14
TCDO0814 LH,0+LCO,+VCO,+M 10.6 -55.7 3.9 29.7 Y 417 L 10.72
TCDO0814 LH,0+LCO,+VCO,+M 7.6 -55.5 -1.4 21 Y 403 L 16.85
CAC11-5 LH,O+LCO,+VCO,+M 7.8 -55.6 -1.6 29.3 Y 398 L 17.02
CACI11-5 LH,0+LCO,+VCO,+M 10 -55.9 -9.8 29.1 v -21.5 382 >382 L 20.47
CAC11-5 LH,0+LCO»,+VCO,+M 262 142 L
CACI11-5 LH,0+LCO,+VCO,+M 30 -55.8 -8.6 L 21.1
32 33 - ( )
2, 5b 6¢, d ,
280~360 , 3, 5c 6ef .-
380~420 280~460

2%~24%NaCl,,

32%~44%NaCl,,

>

>

2%~ 22%NaCl,,

30%~46%NaCleq

L. WiAH; V. 45 S, #hEh; Sy, #FEh; Cal. JfifAa; C2. RANEW T4 M. &8 T4,

5 ()

(b)

(©

T-Wyacr-p

( Bordnar, 1983)
Fig.5 T-Wyacr-p of ore fluids in the Yulong (a), Beiya (b) and Tongchang—Chang’anchong (c) deposits
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Fig.7 SR-XREF spectra of single fluid inclusion and quartz in the Yulong deposit
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8 SR-XRF
Fig.8 SR-XREF spectra of single fluid inclusion in the Beiya deposit
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Chang’anchong deposits
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Study of Ore-forming Fluid Associated with Alkali-rich Porphyries
in the Jinshajiang—Red River in Continental Tectonic Setting

WANG Die" %, BI Xianwu'’, LU Huanzhang"’ and LIU Zhangrong*

(1. State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550002, Guizhou, China; 2. Faculty of Land and Resources Engineering, Kunming University of Science
and Technology, Kunming 650093, Yunnan, China; 3. University of Quebec, Chicoutimi, Quebec GTH 2B]1,
Canada; 4. Heqing Beiya Mining Company Limited, Dali 671507, Yunnan, China)

Abstract: The Jinshajiang—Red River alkali-rich intrusive belt and the abundant associated porphyry Cu-Au deposits is a
representative belt of magamatic ore mineralization in continental tectonic setting. Petrographic observation,
microthermometry, and Laser Raman Microprobe analyses were carried out on fluid inclusions in phenocryst quartz and
quartz vein in the Yulong, Beiya and Tongchang-Chang’anchong deposits in the belt. Different kinds of inclusions were
observed in three deposits, including two phase H,O-NaCl fluid inclusions and multi-phase fluid inclusions with
daughter minerals, and rich in CO, fluid inclusions. The ore forming fluids in quartz associated with porphyry copper
mineralization belong to the H,0-NaCl-KCI+CO, system with high temperature (250-500 ) and high salinity
(10%-50%NaCl,), indicative of typical magmatic hydrothermal origin. In addition, the SR-XRF test of single fluid
inclusion showed that the fluids are enriched in K, Rb, Sr, which is also consistent with the characteristics of magmatic
hydrothermal fluid. Furthermore, the fluid inclusion petrography and microscopic temperature measurement indicate
that boiling and phase-separation are common in the porphyry copper deposits, which demonstrated that boiling and
phase-separation may have played important roles in the transport and deposition of copper.

Keywords: Jinshajiang-Red River alkali-rich intrusive belt; porphyry deposit; fluid inclusion; ore-forming fluid



