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Fig. 1 Geographical location of Jiama mining area, Tibet (a), geological map and scientific deep borehole
JMKZ-1 location (b) (after Lin Bin et al. , 2019)
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1—Quaternary sediments; 2—sandstone, slate and hornstone of Lower Cretaceous Linbuzong Formation ; 3—limestone and marble of

Upper Jurassic Duodigou Formation; 4—skarn marble; 5—skarn; 6—skarn orebody; 7—granite porphyry dikes; 8—granodiorite porphyry

dikes; 9—quartz diorite porphyrite dikes; 10—aplite dike; 11—strike slip fault; 12—range of ore block; 13—drill hole and its serial number;

14—scientific deep drilling site and number
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Fig. 2 Structure of Jiama porphyry metallogenic system and multi center composite metallogenic model
(after Lin Bin et al. » 2019)
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1—sandtone and slate of Linbuzong Formation; 2—limestone and marble of Duodigou Formation; 3—shallow magma reservoir; 4—monzonitic
granite porphyry; 5—granodiorite porphyry; 6—granite porphyry; 7—breccia; 8—proximal skarn; 9—intermediate skarn; 10—distal skarn;
11—potassium silicate alteration; 12—chlorite-epidote alteration; 13— phyllic and weak argillic alteration; 14—hornfel alteration; 15—strong
silicic alteration; 16—boundary of hornstone ore-body; 17—fissure system; 18—detachment fault; 19—{fluid transport direction; 20— scientific

deep borehole
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Fig. 3 Mineral zoning of skarn in Jiama 3000 m scientific deep drill, Tibet
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8l AL 7 59— T AL 7 10— TFeO F it ;11— AL O, & i Gre— A T4 s Di— B M £1 s Wo— ik JK A s Chl— 488 A s Ep— 475 1 5
Pl—#HKA;:;Qz— A% ; Amp— N A ; Cal— 5 A1 Bi— B = & Kfs— 8 K s Mol—#45; I f Cu, Mo, TFeO. AL, O, % &} i 1
3000 m B REHY R A HE G A A BRI F ST AR (R D,

(a)—roof skarn; (b)—skarn intercalation; (c¢)—floor skarn; (d)—diopside garnet skarn; (e)—wollastonite garnet skarn; (f, g)—garnet

wollastonite skarn; (h)—skarn marble; (i)—wollastonite garnet skarn; (j)—diopside garnet skarn; (k) —endoskarn; 1—diopside garnet
skarn; 2—wollastonite garnet skarn; 3——garnet wollastonite skarn; 4—garnet skarn; 5—skarn marble; 6—endoskarn; 7—granodiorite
porphyry; 8—copper grade; 9—molybdenum grade; 10—TFeO content; 11-—Al, O, content; Grt—garnet; Di—diopside; Wo—
wollastonite; Chl—chlorite; Ep—epidote; Pl—plagioclase; Qz—quartz; Amp—amphibole; Cal—calcite; Bi—biotite; Kfs—potassium
feldspar; Mol—molybdenite; the contents of Cus Mo, TFeO and Al, O, (Appendix 1) in the figure are from the petrogeochemical analysis

of the skarn sample from the 3000 m scientific deep borehole in Jiama
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Fig. 4 Vertical variation of garnet composition of the skarn in the 3000 m scientific deep borehole skarn in Jiama, Tibet
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(a)

variation of andradite content of garnet from shallow to deep; (b)

variation of garnet composition in shallow skarn; (c¢)—variation

of garnet composition in deep skarn; the contents of garnet endmembers (Appendix 2) at different depths in the figure are obtained by

processing the raw electron probe data through Geokit (Lu Yuanfa, 2004) single-mineral calculation
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Fig. 5 Corresponding relationship between spatial distribution of metal minerals and elements of skarn in Jiama 3000 m

scientific deep borehole, Tibet
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1—diopside garnet skarn; 2—wollastonite garnet skarn; 3—garnet wollastonite skarn; 4—garnet skarn; 5—skarn marble; 6—endoskarn;
7—granodiorite porphyry; 8——chalcopyrite; 9—bornite; 10—molybdenite; 11——chalcocite; 12—specularite; 13— pyrite; 14—magnetite;
15—digenite; 16—arsenopyrite; 17—galena; 18 —tetrahedrite; 19—wittichenite; 20—copper grade; 21—molybdenum grade; 22—gold
grade; 23—silver grade; Mol—molybdenite; Py—pyrite; Bn—bornite; Ccp—chalcopyrite; Dg—digenite; Cc——chalcocite; Mt—magnetite;
Spce—specularite; Apy—arsenopyrite; Wtce—wittichenite; Td—tetrahedrite; Gn—galena; the content data ( Appendix 1) of each metal
sulfide in the figure is obtained by the visual estimation method under the microscope; the data of Cu, Mo, Au and Ag grades in the picture

are from whole rock geochemical analysis of skarn samples from the 3000 m scientific deep borehole in Jiama
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A7 B AW B I T A SRR A Y B D
1 1 2 DA B0 AR A T B R AR A Y D IR T R
Hp: @ JEE A B AR E AL B E A 0 A, R D
PR T A E R SR B AR T A E
(Ghosh et al. , 2022), @ %% B 12 S 850A
T f1 Fe &1 897284k (Meinert et al. , 2005; Tian
Zhendong et al. , 2019);Q W KA A & & Fe
Pyl s Fe Ji AR CEE A A A B8 KA s
U SR G R SN DR AR A 2
(Ghosh et al. , 2022)., @ DL E4#F, X 5HA
X TR R A AT — 2, BRI A B T A A
WO W BT A A X s K (Einaudi, 19815
Meinert, 1992, 1997; Park et al. , 2017) .

AR T AT IZAFAE T R A0 R A —F g
EHHW O v DL B R G T I i AR
(Meinert et al. , 2005), HAKMF, 48 K5 IE WL
Af AP M A L Bk E B L Fe3 + BB U074 N TTTHE
IS AR AT T AE IR S5 S5 AT B RS SR A A OR
T fe%,2014; TAESE,2016) . 76 H 35 3000 m R 2%
GAG Y R A B A AR T A R A
WAk KA R I (B 3a) s A0 W7 A i G )
F A5 55 08 A 1) 5 S A e 2 (BT da b)) 3R B L™
T A DA 300 58] 6 00 KX 3R 38 T ) AR R AR AR B SR
PR AR s TEARRN 38 L3R 58 A7 R T Mo i 1 # it
TECE # K%, 1993; # C 5 %, 20115 Seo et al. ,
2012; AR5 ,2017 ) , 0 75 AR E A PR 09 B 58 T
A M T CulPLIE (Meinert et al. , 2005; £ =
85,2017 T AEAH X 48 Ak P O o P B R R B A
FT Cu BULTE (Meinert et al. , 2005; £ 25~ %,
2017) , Hy WX L 14 465 T A ) 2 3L R H 4 e A
— S B M B T = B
LB JTE R LA “Mo—Cu” [ AE b e, [F]
B, REREE T AL 1IN BE A 4 A i (B 300, DATR
T B T A AR T A R A R T A
R A S s B s (B 4blo) s & B 1k I % B
H*E CuF Mo”ByJ3 i F8 k. MIE 5 AT LA i, &
(LR 3 VSRR RV ER i N oW (DO R AT ithe R AR 3/ a]

WRAE AMTFAWYRE. 0L Mo 84k £, 4
JE AT ) R W R AR A T AR A K AR
HHERAAR AW RE W EZLL Cu-(Au-Ag)
WAL R RRAE 4 B 4 R BER 0+ SR T R
A M R SR,
5 O 1 A R A B DA G, T BRE R AT D R AR
E Cui e S5k KA MBS R G T A %D
I,

4.2 BSHARBEBRTIERWT YEMM BRI E

iE 7

H A R AY R 2550 B SR A 5 B 25 1)
8 DA Kb 3 B8 A DG A L i 32 ) Z2 W VR AR &
U BARRI Ry . © PRI BN IR A, 75 AN [ 1 25 (8]
I B kB AT A AR (B 60) ol 45
FAE S T 3R ZU AR R 3 5 I A 155 28 B (Meinert et
al. s 2005) . WE /R T A8 F A0 9 di AR 09 A= K AT g
AEAE () T, A AE T TR 20 43 5 28 K R 3% )2 5T 3k %)
g 2O i 0 ok B CHS B e, 19885 N A7 4R G,
2012b) ;@ H WA [ BIR 0 A B A Ik 0 AH B 2E )
(FEl 6a.b) , oA 1 5 KA BY I 25 1 e BT A4 0
W Pk g I s i i F s R B (B 6d) O BE T BR
UL I B B 5 R R i 5 A R 43 s A A
LT Py 3R A A (B 6e~g. D) 75 WL B
B ) B4 B A5 A 0 3 T 1 W R B T R S AR
(61 B % B A 24 0 8 A 4 0 g e 99 T
1) BEAR A AR 2 IR IR (L 6))

A SCHE AR HCT A — R E R R IR AR A
HEATH FRE . R W R 1, S50 00 4
T AR FBETREA R A A AR 2
NG A ERER I FZ S TFeOL AL O, LA KA
M F A i G 2L 43 85 R AR A (And) 5 A58 R 6 (Gro)
ALK 7a~d, RS HB O T4
TFeO 5 Al O, & i WA B 2% 5 81 i 1 <
(725 Ak R 34, 55 2 %6 0L A9 65 A0 40 5 8 AR R
o 2 B A R ) AR Ak B (B Te~h) il ad X HO AR
b 612, 5-Grtl SRS 612, 5-Gre2 A4S tHAC Y 45 1
T, R AT A FE & 612, 5-Grtl) LS
FR-BE AR o 3 (I 7d) . i I 4] 2 DS B R A R
F (Bl 7e) s WAk, AT WA A (FE &L 782-Gri2) &
T AR G548 (B 7o) o DA 30 i 2% 38 IR 11 465 2k 1R
A1 5 AR A IR 5 A8 A R (B 7D L H8 o AR TR
FE pH A %R BE S R AN B A8 £k, 5 7R AR
Z W Z OBtk . 2 WU AR 1 S T TE A AN AL
XFRBATE BB R A B AT T RS ek ks, i
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Table 1 Electron microprobe analysis results (%) of garnet of different stages in skarn in the 3000 m
scientific deep borehole skarn in Jiama, Tibet

.y 612.5-1612. 5-|612. 5-|612. 5-{612. 5-|612. 5-|612. 5-| 782- | 782- | 782- | 782- | 782- | 782- | 782- | 782- | 782- | 782- | 782-
Grt-1 |Grt1-2|Grtl-3| Grtl-4 | Grt1-5| Grt2-1| Grt2-2 | Grtl-1| Grtl-2| Grt1-3 | Grt1-4 | Grt1-5| Grt1-6 | Grt1-7 | Grt1-8 | Grt2-1| Grt2-2 | Grt2-3

SiO, 35.3035.56|35.55]35.99|36.18|37.85|38.34]36.31|37.50|35.96|37.24|36.12|35.94|38.00|37.21|37.16]|36.78|37.21
TiO, 0.00 | 0.10 | 0.00 | 0.00 | 0.00 | 0.46 | 0.34 | 0.06 | 0.09 | 0.10 | 0.05 | 0.00 | 0.02 | 0.03 | 0.21 | 0.05 | 0.05 | 0.00
Al O, 0.03 | 0.02 | 0.08 | 0.63 | 0.77 |10.53]10.89| 0.72 | 6.69 | 1.60 | 5.27 | 0.58 | 0.55 | 8.16 | 5.70 | 6.25 | 4.21 | 6.12
Cr, O, 0.00 | 0.01 | 0.00 | 0.00 | 0.02 | 0.01 | 0.00 | 0.02 | 0.00 | 0.01 | 0.01 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.03 | 0.00
Fe,O; [24.84(25.05(25.19|24.63|24.45|13.41|13.07 [ 24.31|18.36|23.74 | 19.41 | 24.41|24.99 | 16. 14| 18.43|18.28|20.95| 18.92
FeO 4.49 | 5.13 | 5.35 | 5.12 | 4.83 | 2.37 | 2.80 | 4.14 | 3.40 | 4.82 | 3.67 | 5.32 | 5.49 | 3.47 | 3.07 | 2.92 | 4.11 | 3.70
MnO 0.18 | 0.23 | 0.19 | 0.17 | 0.26 | 0.46 | 0.53 | 0.03 | 0.21 | 0.18 | 0.19 | 0.32 | 0.41 | 0.37 | 0.17 | 0.19 | 0.10 | 0. 22
MgO 0.00 | 0.00 | 0.00 | 0.04 | 0.00 | 0.08 | 0.06 | 0.44 | 0.36 | 0.27 | 0.19 | 0.05 | 0.04 | 0.02 | 0.11 | 0.31 | 0.13 | 0.13
CaO 33.99(33.79(33.77|34.11|34.35|35.54|35.32|34.32|35.38|34.10 | 34. 95| 33.58|33.87|35.12 | 34.99 | 35. 16 | 35. 03 | 35. 27

Si 3.05 ] 3.04 | 3.04 | 3.04 | 3.05 | 3.01 | 3.03 | 3.06 | 3.02 | 3.02 | 3.05 | 3.06 | 3.03 | 3.05 | 3.06 | 3.04 | 3.02 | 3.02

Al 0.00 | 0.00 | 0.01 | 0.07 | 0.08 | 1.02 | 1.05 | 0.08 | 0.67 | 0.17 | 0.53 | 0.06 | 0.06 | 0.80 | 0.58 | 0.63 | 0.43 | 0.61

Ti 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 0.03 | 0.02 | 0.00 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00

Cr 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Fe’’ 1.61 | 1.61 | 1.62 | 1.57 | 1.55 | 0.80 | 0.78 | 1.54 | 1.11 | 1.50 | 1.19 | 1.56 | 1.58 | 0.97 | 1.14 | 1.12 | 1.30 | 1.16
Fe? ™ 0.32 ] 0.37 | 0.38]0.36 | 0.34 | 0.16 | 0.18 | 0.29 | 0.23 | 0.34 | 0.25 | 0.38 | 0.39 | 0.23 | 0.21 | 0.20 | 0.28 | 0.25
Mn 0.01 | 0.02 | 0.01 | 0.01 | 0.02 | 0.03 ] 0.04 | 0.00 | 0.01 | 0.01|0.01]0.02|0.03]0.03]0.01|0.01 | 0.01 | 0.01
Mg 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.01 | 0.01 | 0.06 | 0.04 | 0.03 | 0.02 | 0.01 | 0.00 | 0.00 | 0.01 | 0.04 | 0.02 | 0.02
Ca 3.14 | 3.10 | 3.09 | 3.09 | 3.10 | 3.03 | 2.99 | 3.10 | 3.05 | 3.07 | 3.06 | 3.05 | 3.06 | 3.02 | 3.08 | 3.08 | 3.08 | 3.07
Andradite | 99. 80 | 99. 80 | 99. 54 | 96. 13 | 95. 22 | 44. 83| 43. 38 | 95. 46 | 63. 67 | 90. 44 | 70. 12| 96. 43 | 96. 67 | 55. 81 | 67. 38| 65. 13 | 75. 97 | 66. 38
Grossular | 0.00 | 0.00 | 0.00 | 3.18 | 3.94 |53.65|55.04| 2.09 [34.11| 7.62 |28.45| 2.34 | 1.93 |43.10|31.61|32.93|23.01 | 32. 44
Pyrope 0.00 | 0.00 | 0.00 | 0.20 | 0.00 | 0.34 | 0.24 | 2.29 | 1.67 | 1.38 | 0.88 | 0.27 | 0.19 | 0.09 | 0.54 | 1.45 | 0.63 | 0.61
Spessartine| 0.20 | 0.14 | 0.46 | 0.49 | 0.76 | 1.14 | 1.33 | 0.08 | 0.56 | 0.51 | 0.51 | 0.95 | 1.20 | 0.97 | 0.47 | 0.49 | 0.28 | 0.57
Uvarovite | 0.00 | 0.06 | 0.00 | 0.00 | 0.08 | 0.04 | 0.00 | 0.09 | 0.00 | 0.04 | 0.04 | 0.00 | 0.00 | 0.03 | 0.00 | 0.00 | 0.11 | 0.00

7 : Andradite—#5 4k B £7 ; Grossular—45 48 8 1 ; Pyrope— 8 534 A s Spessartine—4i #3441 ;s Uvarovite— 8585 i A .

o E A T SR B T O A A i A A R AR
FITR B e 4 b IR T AN R R R A

4.3 EREUESTLEENH
4 e R B 3 R o L PRI R A Ak 5 2R

A e EE, B E- W RAET RSP Ca &
w5 Au FEidEE A EMH XM (Meinert, 19985
Sillitoe, 20005 475 %5, 20200, H4E 3000 m %
Bl 0 A R AL 2% 43 B SO 5 R L Gl XY R A
B A E CulAu & & B A 56 REOTHR L 15
Cu.Au MEZRECR® 9 0. 9084 (& 8) ., i /R # 5
PR RE DG MR 45, 2021) . B8 (2011) 35 % HE 35
W XAEAE TR &M IR S AT TR 5T, 1
RAT AW Au 2 LUk R E kA
RETYPH . FUAEUES HRE ELESEFiRMm
FREHO O 0 S S R A . AR
R AR S [ 4 A 504 T R R G R A G
K 5 ERMT AT AEMHR T 55 Cu fitfk
VIEENTSHME,. 20 Au WEHE, PHEE RS
(5 Cu Bk B v 73R 41 45 1 (55 2) R, Qi B 4
W FEH B BB R S B 3 A A, BEAR
Au F RS 0.16 %, HE— 2B U Au T BB & 4

T A S AR AL

W 1 B 25 8] 23l LR Z2 30 WA 18 A3 o0 A L
A 78 22 S0 HROBUIAL AR 1Y & o T 22 O A4 1 S
SR AT AL pH E P X B ALY M R
TLRMWEE M E 224 A H T 2R
FIVLE (Kelser et al. , 2002), Kb, 24 4 i A 3%
KB TR Z MR E M L, S8 RET A
Au N E 4,

WA s B 22 S0 R A B A 1 T T e
T A MR A, 2021) o 245 i P 38 DR A
SEEMNEZERNZE, Chiaradia (2020) Xf - H I 8
BEAE Co-Au B R R LA KIE Au #7 K
( Kadjaran, Cadia, Kalmakyr, Tolgoi,
Bingham ,Grasberg Fl1 Pebble) ¥ 5 & £ 45 il it =% 5
PEA ARG, B0 5 IE & i H KA TR
(h Panguna. Cerro Casale. Batu Hijau 5 K 8 "
PO S 4. BFSERIT, A IR & 05 0 & 4 5l
e PR R AR A4 R PR AR B R A 2% AE L 2010) R
FTE AulyE A, WE, AR AR (2021) 38 o Xt
3000 m P2 PR TR B A 1A 5 4 1 16 200 i 1) 48 s TR
T 22 b 485 58 1Y A0 B TN KK By Dk b 3 A R AL Y

Oyu
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B 6 PHEH 1S 3000 m Bb2E TR 2 B8 TR S I AT ) 2 ik B

Fig. 6 Mineralogical evidence of multi-stage fluid superposition in

Jiama 3000 m scientific deep borehole, Tibet

(a.b)—ZHIR VI~ VIIDE K& BRFE Y ; Co— AT A 3 8515 () — 001 09 A5 W (0 5 U 41 1T 0 0k 28 U0 R 300 0 ik IR A0 9 R 55
Ce)—J7 - B ™ -2 A ™ 1 e AR 205 5 (D —BES ™ 5 B T i 6 AR 216 5 (o) — B4 0™ 5 BEAR 07 19 S 3 85 4 5 Cho) — i W 4 0 1 24 B 32 AR
7300 (3 SR AR A LA R IRE R e R A R B 7 5 (D — WS TR SR A v e P S 0 IR SCREE A 5 () — LIRS SR 7 R et 4 B B A
AR INE R s VI—58 — AT = 3 Bk VII—58 AW R4 Bk VI3 =187 R 5K Gro— A 8 74 Di— & W A1 s Wo— ik )R A7 5 Cal—Jr fiff
A5 Bn—BEM W ; Chl—£8 P8 A7 s MB— K BLA s Mo— R 5 Cop— B ; Co— W R 7 Dg— W5 WEHR B s Wee— B 85 4R 87 s Gn—J7 850 Td— )
HAH ; Enr— i 64 57

(a, b)—multi stage (VI~VIID skarn vein cutting; (c¢)—garnet ring structure; (d)—late Brown chlorite garnet vein cuts through the early
wollastonite skarn; (e)—galena-chalcopyrite-tetrahedrite symbiotic association; (f)—symbiotic combination of bornite and chalcopyrite;
(g)——coplanar structure of chalcopyrite and bornite; (h)-—digenite metasomatized the early bornite along the fracture and the dissolved
wittichenite in bornite; (i)—exsolution of chalcocite in bornite shows worm like texture; (j)—chalcopyrite and enargite formed in the early
stage were metasomatized by bornite in an island shape; VI—first stage skarn vein; VII-—second stage skarn vein; VIII—third stage skarn
vein; Grt—garnet; Di—diopside; Wo—wollastonite; Cal—calcite; Bn—bornite; Chl—chlorite; MB-—marble; Mt—magnetite; Ccp—

chalcopyrite; Cc—chalcocite; Dg—digenite; Wte—wittichenite; Gn—galena; Td—tetrahedrite; Enr—enargite
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Fig. 7 Back scattering image (a~d) and composition change diagram (e~{) of garnet in
different stages of Jiama 3000 m scientific deep borehole, Tibet
P b 5 AR F A 0 2 43 1 5 B2 3 i Geokit (R B IE & L 2004) BB M1 i+ 55 %0 5L IR . F IR BT B8 HEAT AL BT A5 And— 854K A s Gro— 4548
WA
The contents of garnet endmembers at different depths in the figure are obtained by processing the raw electron probe data through Geokit

(Lu Yuanfa, 2004) single-mineral calculation; And—andradite; Gro—grossular

(0. 04~0. 14 g/t), B A HE 3 IXVR 3 9 24 3K 5 b

PR DA & A8 A, 35T 5 BUS 3K OB AR 5 ik R h

A A ATE U R I w AR TOTE i i 7 19 4 (1) W 33000 m BF 2= WA R 55 07K & &8
WA CHRME 45, 2021) 2R EL A B A Tl AR Sy A5 A B R e s



oo o R
12 http://www. geojournals. cn/dzxb/ch/index. aspx 2023 4
]2 ABRFENZERSETAESET YEFIRITEE(%)
Table 2 EPMA data (%) of different metal minerals in the scientific deep borehole in the Jiama deposit, Tibet
24 R As Ge Ga S Bi Sb Mo Pb Au Se Zn Cu Co Fe Ni Total
Bn, 0. 00 0. 00 0.02 | 26.07 | 0.62 0.02 0.37 0. 00 0. 00 0. 00 0.01 |62.66| 0.01 11.00 | 0.00 100. 77
Bn, 0. 00 0. 08 0.00 | 26.16| 0.36 0.01 0. 36 0. 00 0.16 0. 00 0.08 [63.10] 0.03 | 11.04| 0.00 101. 38
Bn, 0.03 0. 00 0.00 | 26.04 1| 0.03 0.01 0.31 0. 00 0.02 0.03 0.07 [63.15] 0.04 |11.03| 0.00 100. 74
Bn, 0.08 0. 00 0.00 | 26.26| 0.00 0. 00 0. 35 0.01 0.08 0. 00 0.09 [63.33] 0.01 |11.24| 0.00 101. 45
Bn, 0.03 0.02 0.00 | 25.50| 0.08 0. 00 0. 34 0. 06 0. 00 0. 00 0.08 | 64.65| 0.01 |10.47 | 0.00 101. 24
Bn avey 0.03 0.02 0.00 | 26.011 0.22 0.01 0. 35 0.01 0. 05 0.01 0.07 [63.38] 0.02 |10.96| 0.00 101. 12
Ce, 0. 00 0. 04 0.00 | 21.25]| 0.00 0.02 0. 30 .00 0. 00 0. 00 0.09 | 78.17 | 0.00 0. 34 0. 00 100. 20
Ce, 0.03 0. 00 0.00 |26.09| 0.75 0.02 0.37 0. 00 0.07 0.08 0.26 |62.16| 0.01 10.82 | 0.00 100. 68
Ce, 0.01 0. 00 0.00 | 20.451| 0.00 0. 00 0. 26 0. 00 0.03 0. 00 0.07 |80.60 | 0.00 0.13 0. 00 101. 55
Ce, 0. 00 0.02 0.00 |25.74 1| 0.04 0.01 0. 30 .00 0. 00 0. 00 0.06 |64.05| 0.03 |10.75| 0.00 101. 00
Ce; 0. 00 0. 00 0.00 |20.97 | 0.00 0. 00 0. 22 0. 00 0. 00 0. 00 0.03 [ 79.40 | 0.00 0. 29 0. 00 100. 92
CCG 0. 00 0. 00 0.02 |25.04| 0.20 0.01 0.29 0. 00 0. 00 0.08 0.07 |64.08| 0.02 | 11.24 | 0.00 101. 03
Cec paver 0.01 0.01 0.00 |23.26| 0.17 0.01 0. 29 0. 00 0.02 0.03 0.10 [ 71.41 ] 0.01 5. 60 0. 00 100. 90
Wtce, 0.02 0. 00 0.06 |19.03|42.41 | 0.06 0. 10 0. 00 0.05 0. 00 0.04 |38.15] 0.00 0.01 0. 00 99. 93
Wite, 0.03 0. 00 0.00 |20.031]40.34| 0.03 0. 24 0. 00 0. 00 0. 00 0.07 |40.44 | 0.00 0. 44 0. 00 101. 63
WTC3 0.01 0.01 0.04 | 18.49|40.09 | 0.00 0.23 0. 00 0. 00 0. 00 0.05 |40.51 ] 0.01 1. 31 0. 00 100. 74
Wtc, 0. 00 0. 00 0.00 |19.75]40.02| 0.01 0.16 0. 00 0.03 0.01 0.06 |40.02 ]| 0.02 0.05 0. 00 100. 13
Wte ave 0.02 0. 00 0.03 [ 19.33]40.72 | 0.03 0.18 0. 00 0.02 0. 00 0.06 [39.781 0.01 0.45 0. 00 100. 61
Td 2.40 | 0.01 | 0.00 |25.31] 6.39 |20.16| 0.31 | 0.00 | 0.01 0.00 | 5.46 |38.79 | 0.36 | 0.99 | 0.01 100. 19
W Bn— BT s Co— MM s Wee— BB 45 Td— B 5.
2.5 ~ y. - Y - 1 Y y. A - Y
FAAT AT B+ B T PR AT A A
. — B 1 1 B SR o
® . RERIHA Mot Cut AutAg>Cu(Mo) = AutAg
E« 1.5 |- LA
S —Mo=+CutAutAg W1 LA,
< e
' . .t (3) 3 3000 m By 55 25 [ 3 9 J AN A
5
M A TR B 2 T (AT S S R A B
. 5%, o v N
#’ T 355 70 22 0 O A TR I S B I BI F 2 AR
° J
0 e o 8 -
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Ca (%) i A 4 % D RH OC s AT fig 2 22 IR AR S i R e 4
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Cu-Au FEERAE

Fig. 8 Cu-Au content relationship of Jiama 3000 m

Cu.Au

HER AL 2E 5B (iR D

The data of Cu and Au content come from the petrogeochemical

scientific deep drilling skarn ore body

AR OR B T 3000 m B AR R AT KRR A A

analysis (Appendix 1) of the skarn ore body samples from the 3000

m scientific deep borehole in Jiama, Tibet
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Abstract

The Jiama copper polymetallic deposit is a super large porphyry skarn deposit of great economic value
and scientific research significance in the eastern part of the Gangdise metallogenic belt, which completely
preserves important information on the formation and evolution of skarn deposits. Previous studies mostly
focused on the horizontal zoning of skarn, but the vertical zoning of skarn minerals and its coupling
relationship with metal mineralization is less understood. This paper focuses on the detailed mineralogical
study of skarn ore body in the Jiama 3000 m scientific deep borehole, and systematically reveals the
mineralogical spatial zoning characteristics of skarn ore body and its coupling relationship with metal
mineralization. The results show that the skarn has clear zoning from shallow to deep, i. e. skarn hornfeld
—diopside garnet skarn—>wollastonite garnet skarn—>garnet wollastonite skarn—>diopside garnet skarn—
garnet wollastonite skarn— Skarn marble— wollastonite garnet skarn— diopside garnet skarn—diopside
garnet skarn—>wollastonite garnet skarn—>skarn marble—>wollastonite garnet skarn—>wollastonite garnet
skarn—>skarn marble—wollastonite garnet skarn—>diopside garnet skarn—endoskarn (containing garnet
granodiorite porphyry). The metal mineral assemblage changes from shallow to deep, molybdenite &
chalcopyrite = bornite + chalcopyrite = chalcocite = wittichenite == ( molybdenite) — molybdenite =+
chalcopyrite. The corresponding metallogenic elements are Mo+ Cu+ Aut Ag—>Cu(Mo) = Au+Ag—>Mo
+CuftAutAg. The research shows that the spatial location of intrusive and surrounding rocks, tectonic
settings and the superposition of multi-stage hydrothermal fluids are important factors controlling the
zoning of skarn minerals. At the same time, the mineralogical characteristics show that the enrichment of
high-grade gold in skarn is closely related to copper sulfides such as bornite, and may also be related to the

superposition of multi-stage fluids and the source area of gold-rich magma.

Key words: skarn zoning; porphyry skarn deposit; skarn mineralogy; Jiama; Tibet



