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Abstract: This paper is the result of mineral exploration engineering.

[Objective] Hornfels, as an important part of the Jima porphyry copper polymetallic system, is host rocks and a lithologic trap for
ore—forming fluid. However, the origin of tourmaline in hornfels is unknown, which restricts the further understanding of the
mineralization. [Methods] We carried out detailed drilling logging, petrographic observations and major element analyses of
tourmaline with distinctive occurrences in hornfels from the Jiama deposit to elucidate the genesis of tourmaline and evolution of
magmatic hydrothermal fluids. [Results] Four types of tourmalines in hornfels from the Jiama deposit have been identified in this
study: 1) Tur—I, tourmaline occurring as cement in hydrothermal breccias; 2) Tur—Il, quartz + tourmaline + pyrite vein; 3) Tur—III,
tourmaline + pyrite + chalcopyrite vein; 4) porphyritic tourmaline + pyrite. Tourmaline with distinctive occurrences in hornfels,
which belongs to alkali group and dravite—schorl solid solution series, has a wide range of ALO,, Fe/(Fe+tMg) and Na/(Na+Ca).
*OAI(NaMg)_,, Fe*'Mg_, and Fe*'Al , exchange dominates the substitutions of Tur—I-IV. [Conclusions] Tourmaline in hornfels
with complicated zoning texture has a very variable compositions, indicating that the tourmaline is caused by different degrees of
mixing of magmatic hydrothermal fluid and formation fluid, and the water—rock interaction between magmatic hydrothermal fluid
and reduced hornfels may play an important role on the mineralization. The various textures and compositions of tourmaline with
distinctive occurrences in hornfels from Jiama record some detailed information related to evolution of magmatic hydrothermal fluid,

and can provides evidence for understanding the mineralization.

Key words: tourmaline; evolution of magmatic hydrothermal fluid; porphyry metallogenic system; Jiama copper polymetallic
deposit; Gangdese metallogenic belt; mineral exploration engineering; Tibet

Highlights: The various textures and compositions of tourmaline trace evolution of magmatic hydrothermal fluid.
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F PO i AR 3 72 (Launay et al., 2018; Han et al.,

1 5 5 2020; 2 FLELZE, 2020; Qiu et al., 2021), HAL 25w 2t
HLAS A 2 — R FE MR A B 2000l O XY,Z([T,0,][BO,1,V,W, i X=Na’, Ca”, K,
RERRERT W, BERT OB R T2k BB, WnT OB R O[ = ]; Y=Fe*, Mg™, Mn*", AI*, Li", Fe*", Ti*;

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(4)


mailto:tangjuxing@126.com
mailto:tangpan168@163.com
mailto:tangjuxing@126.com
http://geochina.cgs.gov.cn

551 4 5 4 )

JEREAGE: VU IR 2 B R AT H A T A R B PR R AR AR A s 1125

Z=Al’", Fe'", Mg*"; T=Si"', AI’", (B*"); V=OH", O*;
W=0H", O%, F (Henry et al., 2011) . H S f7j&—Fh
Wy B P SRS ), L4 b s BETE AR 58 4 T
=T (P-T)JE FE N Fa & A 1E, WRE S R Euh 5
i K SF- 5 ( Novak et al., 2011; Dutrow and Henry,
2011; Hinsberg et al., 2011), & 434 T KA . IR
2 BUE AR R b, B4R B e SR RO
Sn—W B JK . JLBUE 20 T AT i (SEDEX) £l
Pb—Zn-Ag " JK . 5 K 1l A A5G 1 e R w1 )
(VMS) 1 Cu—Zb-Pb—Ag-Au " I . B & # Cut
Mo+Au B R . B 28 Fe B 5K . B85 . F6 i s
RIFGA SRR, AIRE T CutAu 67 FRFIER A
4> (10CG) B JK % ( Griffin et al., 1996; f¥ # ¥ 45,
2006; Slack and Trumbull, 2011; Baksheev et al.,
2012; Gupta et al., 2014; F #% %5, 2016; Yu et al.,
2017; $F 445, 20205 Zhang et al., 2021; KUk K 4%,
2022) . PRI LA B TR LR B L AN
A e 4 i I i i B T ) 45 i (Henry and
Guidotti, 1985; Codeco et al., 2017) . HAAHEA
YiiZ B EE - 1 (P=T) &1 . JTUR Y W %
% FURAE | 52 A= A2 o0 A ) (5 2R 2 A, 4
B T B AT oF #2 A 4K R E ( Slack and
Trumbull, 2011; Dutrow and Henry, 2011; Codeco et
al., 2017; Harlaux et al., 2020) .

L TN & oA )5 e S )
T 1 S B R MR HORTIR Al HAH A AT AR 0 R AR
S22 (Hou et al., 2003; Zhu et al., 2013) ., 1EH
S e A R ) O 22—, XD 22 4 s 1
L TR AR R (A 1a), B 38 2 A [
FHGEVRFEH (Hou et al., 2003; 4G4, 2017), 1%
b o3 A AR 22 3 A AR DR R — e DR AR R il 2
BEA A IR, andk e . FHED | R A (5 45 244
2010, 2011; Zheng et al., 2016; Yang and Cooke,
2019; Tang et al., 2019, 2021) . F B K AYH" RAE
kg XY DG 3 A Y B R R 2 —, HL B A AT
TR+ R R+ R o AL R G e i R T
1000 73 t, 4 106 73 t, 45+5F 175 J7 t, 4 KT 305 ¢,
PFEAEAR R T 15800 to HY B IR Ay £ FIZR -5 W 5%
PR EE A, BN SO S BT (R Y R e B 4
TER T KERIREGE TAE, AW T L, A4 2
AR LAY s T R O S R 4, 2010, 20115 Bk

HEli 2 2014; B8 ICHIZE, 2014; Zheng et al., 2016;
BT 2016, 2017; £ 255, 2017; ik 4, 2019;
MM, 2019, 2021; 5K BIFEE, 2021) o 1E A H IS BE
T R G0 B N — ) R A AL R 4
J& EHE It 300 J7 (4 BRI E R 1/3), S E N4
b UL A ER 7 T s T AR AR A, 2 H
FOA 18 RIF R EEN Rz —. HHEMAEDE
B RE WA, HAA AR RO AR A
ASEVN R/ '€ S BuR T e NEi T N R w sl
W) WA R b2 B o AR, W20 L A Y
JLEA, HEEET A S AR AR L R 1 R o

2 X A

U XL 3T i o T hr = b AR m 38 (K] 1a),
67 T XU 3 2% S 1% ] 45 2k B A5 B A A D
W, WOR FEEPFEGHET 1 2 TATLAZE, 5
IXVJES B S IS LA > (R 25 2% 55, 2012) o hip=Hb
AASE R - B AT VL 5% Gl PR I — ARV EE 5l
Z (Kl 1a), HATFER LS5 R, AR 4
AR A TR A A A B0 B A AR K
(Zhang et al., 2014) . =& 20 M IR M AR A X] BC
YR58, Bl IS RS 2 B s 3l
RGNS o R s 3, ot
7RI, XL SR A T 1500 km B9 2R 75 5E
Ii] B XD P k) s -4 7 (Zhao et al., 2015) .

IX] G 30 4 s 2 I BT R B 0T T S L [l I e
ST K Z T, LA B EE— 7Y K i il 8 11 235
(Yin and Harrison, 2000), 3= m B iy B t—5- 4R 87
1H (60~40 Ma) f Al 5% 28 K L Al e 28— i
20— 3T 22 1 AE B A R 2H B (Allegre et al., 1984;
Mo et al., 2008) ., E[JFE— VWAl A& A= 20 i 5+
4, BRI BY 3 Ailf 18 3 L1 B VE FH (65~41 Ma) | B ilf
T B 4 B FH (40~26 Ma) DA 5 il 4 b 5 fift i
B AEF (25~0 Ma) (Chung et al., 2005; {248 3t 55,
2006) o R 7 N B2 RS AY, 2 25T,
FEARE: D) SEEM ek s iAo
Cu—Au " IR, WK} (Lang et al., 2014; Xie et al.,
2018) 5 2) 5 I b —hlf 48 9K 4K K oA A KR
Cu—Fe-Pb—Zn " JK, AFIEIR . HET, fi12 | W5thr
%% (Wang et al., 2018; Tang et al., 2020); 3) 5l & i&
L5 A R S AL B B A 9% Cu—Mo—Au 7K,
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15500 RIS ; 2— 2 IRV RIRE | I 3—MAT RS | Mt 4— B RINKBES  S— LRSS 6— AR By A T—IBE 4
8—4l s 9—W Fois 10— R 1A N—AhoL Bt 55 12— BRI 13— By 14— tRoer GBI, ISS— Wb IT4E &5 BNSZ—HEA
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Fig.1 Tectonic location (a) and geological map (b) of Jiama ore district (modified from Tang Juxing et al., 2010)
1-Quaternary; 2—Marble and limestone of Duodigou Formation; 3—Slatew and hoenfels of Linbuzong Formation; 4—Granodiorite porphyry;
5—Granite porphyry; 6—Quartz diorite porphyry; 7—Lamprophyre; 8—Aplite; 9—Skarn; 10—Skarn ore—body; 11-Drilling and number; 12—Slip fault;
13—Segment of mining; 14—Concealed intrusive outline; JSS—Jinsha suture zone; BNSZ-Bangong—Nujiang suture zone; SNMZ-Shiquan
River-Nam Tso mélange zone; LMF—Luobadui—Milashan Fault; IYS—Indus—Yarlung Zangbo suture zone; SL—Southern Lhasa subterrane;
CL—Centhern Lhasa subterrane; NL—Northern Lhasa subterrane

W e Wy, WL K FRET % (Yang et al,,  Hoop, SRR 150 R TR AU B AL
2009; Zheng et al., 2016; Tang et al., 2019, 2021) ,  WREXIEHSEH 15 AR E 5245, 2017)
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3 IR

3.1 =

FH 34 X ) o b 2 A T o, B — S -
IR EL A TR S &R LIRP G2 IR (3,d) KA
KELE, R0 T Xl T gk o<
(K\DWb e e S, oA T8 DX TR Fndb &
IR Q), FE M TS IE—7 (F 1),
3.2 #iE

tExT RIS 2 & mT e R e EE,
FLRT PR AZ 45 T W F— % A2 S0t o 4 3 A 2 0 L
WG, b, BRI S 2R
X H A1) BT B — 2R 910 wp A R A i, Lo AR
B BYAES KECH 50 Ma(BPREELAE, 2012), SEIEMR
BRI AR B4l £ 45 ¢ (Yin and Harrison, 2000; Mo
etal., 2007) . HEEMGIEIE B4 S IEE A RHAZ
(A3, o B BEA AR R LA K | S8R A 3
WREy 2 B = R A . A L A R T e
MR L AR v A L HUR R D A AR m A T R A T
TR N BRI B 2t 1 TR A8 4 4B (B B 45,
2012), FEFEHIE YL Bow 158 R A0 142
] 7= B & (Zheng et al., 2016) .
33 BERE

WX A FEO o i R e B S
i, FE R NAE R IN KBS . K ALK BEA FIA
BENRK I, DR INKE SR BES
I E TP SR N 3 NS i el o [ s o TN B o N
=, S8 —S 5 H = i s s IG5
WAL I E R N KBRS . KA K B
MAENKES S, Hh - RIEKBEAS ST 0
XK, IR NS FLA S IN K B a5 8 b ¢ &
Y.
3.4 (A

H30 4 XY PO Il AR 2o H Ak s
. Btk FEAk, A, el
(K 2), #fbF B> TAERINKBES . KA B
. ABNRK S K s, AR A A F R
BREE A, DRI A A8 B
WL REEHET . R, Y T TR R A
S8 LN VA R 1 Sl O ol = I = 9 ) R 2 L e

b AR RN SRR A, DR R B
. EE R Bat-arle A EE ST
R A s e R S K= B = A P I ey 7
HEFENRRA . Aath, DR . B
BB A, R AR N, FERE
FHat, YA EE RS A, DRI,
WA, R, HEA L ET TR R T,
AR WA R ERIRAT L G A, DR T A
B, TR BRI, R B R R,
AU 2B A T A RBEA b, Pl )
JE A, R E AR
3.5 Ffk

I BEA A RS0 IR R 5 T £ 4
JE A A AR AR T AR L B B AH (B AR
A1 BB 57 4 T AR DL K BB H /N ) Manto AU 7 {4
(F 2), W-RAMT AR R NET 5, F—
E N1 SWRATIRM I SW-EATIR, 15
RAET AR I BB TR, TR T RS R 2
T8 2H RHEL A (A il DA A S 2B A o 2 iR I
ZHRHELE R JZ B0 T s B PR 2200k L 2R JRAR
R, BASE I —R AR, ZEH 2 3000 m, {4 i
FALAR, SEHAT 2000 mo TS8R AT 1K= T4
LU B AR PN, R AR Ak 4 R TR B R 2 S Y
N — 480 KA O A E ) P9 —m AR, SERK Y
700 m, it dbdb AR, AR KT 700 m; §IRTEE A
W], JF BARb AR, IR R E RN SRR, Bay
RS PR, IV BN VI S3K, 43513 1950 245
B A, S REDIR S T X A8, 2 ) gk T
600 m. ffiA i IR SeBE A TR A0, A0 dE 3 014,
S5 S8 V-1 S B R V2 S5k, &
fAtk
3.6 BSAER

R F ™ XA v e R ) L S, AR P
FHIE, W43 4 25, (1) Tur—1: B A TR AR Z5 W h
HLAA, BB, HEBUIRAME; 55 F, 2 HE—
HIE, KR K/ 0.2~0.5 mm, HA iRm0 L
bk, JoH B (8] 3a~b, &l 4a) o (2) Tur-11L: £4
B AR, BB, HLEBURPIR . K AREk
AHMPARSME; 7E45 T, P HIE—HIE S5 A%, 3%
R A R R/IN 0.02~1 mm, ELAT AR B B4R (0
Z Aok, BA B W37 (K 3e~f, K 4b) ., (3)Tur-1II:
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Fig.2 Geological cross section along No.0 prospecting line of Jiama ore district

Q+Tur

P 3 HIELE AR IR S FARA IR
a~b— IR AR IS W B S (Tur—1) ; o— A S8+ S0A BK (Tur-11) , Y127 R0 09 4 95+ 2R SR 3 0 ks d— 95+ A ik (Tur-10), V)
A SRR IR e—A S L SO I R IR (Tur—TD) 5 47 38+ A+ 308 K (Tur—1D FIHL AT+ B8R Bk (Tur—10D 5 g—HLSfr
Jok (Tur—TID), 5 391 04 B kb0 %5 d—H A ik (Tur—ID) , 8% 5 3 A T A S Bk U 28 i— B BIR B S A+ 38R (Tur-1V) ; Tur— LS A
Py— 88" Cp— a0 Q— A 9E; Bt—B -1 Mol— 4™
Fig.3 Hand specimens of tourmalines with different occurrences of Jiama deposit
a—b—Tourmaline occurring as cement in hydrothermal breccias (Tur—I); c—Quartz + tourmaline vein (Tur—II) cutting quartz + biotite + chalcopyrite
vein; d—Quartz + tourmaline vein (Tur—II) cutting quartz + molybdenite vein; e-Quartz + tourmaline + pyrite vein (Tur—Il); f-Quartz + tourmaline +
pyrite vein (Tur—II) and tourmaline + pyrite vein (Tur—IlI); g—Tourmaline vein (Tur—III) cut by pyrite vein; h—Tourmaline vein (Tur—III) cut by
quartz vein; i—Porphyritic tourmaline + pyrite (Tur—IV); Tur—Tourmaline; Py—Pyrite; Cp—Chalcopyrite; Q—Quartz; Bt—Biotite; Mol-Molybdenite
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4 B XN PRH A B A
a— AT R A RS IS ) IR FBL AT s b— A B A K, AR AR — B, B B4 o—HL A ks d—HAS A+ 20T Ik,
A AR—BIE, BAIEH; e—B S AN, BAE ZHEPIR; RS a+ 350 bk, A 2 ME—F AIE; e—PIBRIRE A+ 5580,
A A R ME; h~i—HBRRE A+ 880, B a2 AE—AE
Fig.4 Microphotos of tourmalines with different occurrences of Jiama deposit
a—Tur—I with radial texture; b—Euhedral to subhedral Tur—II shows distinct zoning texture; c—Fine—grained Tur—III; d—Euhedral to subhedral Tur—III

shows distinct zoning texture and coexist with pyrite; e—Tur—III with radial texture; f~Fine—grained, subhedral and anhedral Tur—III coexist with

pyrite; g—Anhedral Tur—IV coexist with pyrite; h—i—Subhedral and anhedral Tur—IV coexist with pyrite

HL A A B Bk, B, HERK RSN
FUPIRAME ; 7E55 T, BAMIE—F A, #5808k
B B I A, B KN 0.02~0.1 mm, ELA #
Wk a 2 vk, T B (B 3f~h, B 4e~0) o
(4) Tur-1V: FIERIR B AR, Ba, HHEKZ
ARBAFPIRSME; 7B T, 2 AE—RHIE 5 &
BRI, AL KA EMAT Y IR, ke
K/ 0.2~0.6 mm, HA EFF AR @2 0M,
BRI, B S R AR 7 (8] 31, B 4g~) .

O SOV & I WSRES

AR Y T A e L 0 7 0 P
[ 72 L REAE, SR SRR T FL VR 1 A o e <
TRERh . SRR VIR, 2t RA BT %0E,
2 1 O AT S T SRR | 3, S
PVALE . IR, AT L L B AT, TF IR

L IRET S

HL A 0 G 2 LA o BT A v R 2 B
W= RIS T L TR S 56 2 58 i, ISR
JXA-8230 ML FHREHL o AR TAE S04 s s e
15 KV, N E I 20 nA, HBFEAE S pm, WIATTER
A Si, Ti, Al, Cr, Fe, Mg, Ca, Mn, Ba, Na, F,
Clo VAN RERGWIHENAREST ): B KA (P, Ca) .
ABE(ST) | i £ (Na) , BRI A (Mn) | #EERH™ (Fe) |
R (TH) . 8860 (Cr) . AR (C) ., # A (F).,

5 SrbraiR

AR A A S TR TR T AR 72U
314 BB 7 (0. OH, F) & &l i1 5, B,O, I
H,0 &80 %3 T B=3 Ml OH+F+Cl=4 i} #3515
(Henry and Dutrow, 1996), TIE45 R L3 1.

FH 30 £ 25 TR OAS ] P IR S 1 i o A2 Ak
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Fig.5 Tourmaline discrimination diagrams with different occurrences of Jiama deposit
a—Ca—*[]-(Na+K) diagram for tourmaline discrimination (after Henry et al., 2011); b—Plot Al-Fe-Mg for tourmaline from various rock types (after
Henry and Guidotti, 1985), 1-Li-rich granitoid pegmatites and aplites; 2—Li—poor granitoid rocks and associated pegmatites and aplites, 3—Fe*'—rich
quartz—tourmaline rocks (hydrothermally altered granites); 4—Metapelites and metapsammites coexisting with an Alsaturating phase; 5—Metapelites
and metapsammites not coexisting with an Al—saturating phase; 6—Fe’*—rich quartz-tourmaline rocks, calcsilicate rocks, and metapelites; 7-Low—Ca

metaultramafic rocks and Cr, V-rich metasediments; 8—Metacarbonates and meta—pyroxenites; c—Fe/(Fe+tMg)—*[J/(Na+K+ *[]) diagram for

tourmaline discrimination (after Henry et al., 2011); d—Fe/(Fe+Mg)—Na/(Na+Ca) diagram for tourmaline discrimination (after Henry et al., 2011)
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Fig.7 Compositional profiles and the backscattered electronic images of tourmaline zones in Jiama deposit
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