5474 21 hOE R Vol.47, No.2
202044 A GEOLOGY IN CHINA Apr. , 2020

doi: 10.12029/g¢20200204
TR, Jrdeas, S 2020. R4 TUPIZA 405" PRIGIE K LLEZA (12 A MR A 2= ReE R 4R 0[], rf b JST, 47(2): 315-333.

Du Yulong, Fang Weixuan, Lu Jia. 2020. Lithofacies geochemistry characteristics of alkali volcanic rocks and prospecting prediction in Tupiza

copper deposit, Bolivia[J]. Geology in China, 47(2): 315—333(in Chinese with English abstract).

T4 T TUPIZA ST R I L 22 2 AR ER 1 22
RS T SR T

HEETHE, EE

(LRI RFEELFRIEFR, =d LY 650093;2. F E AT =B & KA A FAE] L7 100012;
3. &4 F W A P, 46T 100012)

RE AEVUBHH D R, Bl AR K LA FUR RRIR I LA B 3 S o SR A 1 5 AR SRR K L 25 5 A2 AR 4y A e
THREC T LG T X BERN AL Tupiza M8 A TIESY , 45 R F I LEBE R 4E . Tupiza $9 X N, B & U HE 1K
Il AAH QR ISR KL SEAH AR B A U0 LA HH A o A A G R W — WSk By MK
AR A L I ORI L aE L s LS R AR X I L R T A AR 2
WIZ B Br i, 7% Tupiza §0° XN, 2R ™ W0 8 — 1 D73 530, 65 A TN G T G % 630.97~748.43°C, J 77 55~
251 MPa, #ED AL TR EE R 2.04~9.27 km, #5748 15 22 Wi Byl A 446 Tk O FJ il ) L i e it 1) s v A A, e 0
U A A e i P LA i L R A R EE . U A R IR R 112~305°C , 1g{0) k7 —45.03~—56.68, 1gf(S2) H —
4.46~—18.07,, J& H—fIGIR A S5 A ™ PR 5 AR 4 (L) R 1o Uk L SR Il s Bl B 1R FHTE R T Tupiza
i CERO) B BR, AR K LA AT PR A B A6 45 2R 406, A (R ) M 8 4 T b 2 oK L 2 A R 54 s B s 6, 7
NNE 5 NW [ #43d s8 IR0 U & 8 o 78 B TGP ia AR 28 = A PEBU AR SOl A R 2 T IS Pk Be I ER
WD DO SRR LI R T8 (B 1A A 2 U T AR B AR DUBU S B (Bl ) B AR dn i o AR kol gy
SN0 2 BAT B S AR LR SRR . RS 7 Tupiza 87 RN, K LRI B 2R G2 oL A A 46
ARSI b R (R 1% 5 JE) 100 IR — I JH R W 24— 4 Bt — Dl AR 5 S H A5 0 AR B8 e VAT 5 i LA A
1 b FESE Aroifilla 2155 — APk B rP DR 2 S04 (55) B PRIl Cu—Pb—Zn S8, A4 (&) EYEE LT R G0 ANZ AR
AT PRI S8 AR YR A LU A AR BAT T4 (B ) i ) R BT AR v )

X $# 18 :Manto BUHNHT BEE KA s A AR HLER T2 5 B B IAEE ; BRI HE T Tupiza; 7 7= #e T2
hESES . P623 XEERER:A X E4RS:1000-3657(2020)02—-0315—-19

Lithofacies geochemistry characteristics of alkali volcanic rocks and
prospecting prediction in Tupiza copper deposit, Bolivia

DU Yulong'?, FANG Weixuan’, LU Jia'

Weim B H# : 2018-06-20; B E B #A:2019-08—-24

EEWA : [ LB A AT I AMIES T H (201511016—1) il (CIEED A PR R 515 H (2014-032) (SR A 7B
W TARSEEG 2 (2010) Fl = B4 M ST R S5 0 7 BRI BT T BA (2012) 16 & 95 1

TEER N AL LT, B, 1984 454 it m g T REIR , M EF8E AT 7 45 55 B8 s E-mail : sunnyman0511@163.com.,

BIES 7 4E 33, 196 VAR PS5 A 0, A0 )7 5 4 S5 A E-mail : 569026971@qq.com.

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



316 i 5] b J 2020 4F

(1. Kunming University of Science and Technology, Kunming 650093, Yunnan, China, 2.Sinotech Minerals Exploration Co., Ltd. ,
Beijing 100012, China; 3. China Non—ferrous Metals Resource Geological Survey, Beijing 100012, China)

Abstract: In sediment—hosted copper deposits, altered volcanic rocks have special significance for diagenesis and mineralization.
Based on the methods of tectonic lithofacies mapping, volcanic lithofacies classification, and electron microprobe analysis (EPMA),
the authors studied lithofacies types of volcanic rocks, their geochemical characteristics, physical—chemical conditions of magmatic
evolution and their relationship with copper (silver) enrichment. The following results show that mesogenetic intrusive facies, sub—
volcanic intrusive facies (sub— volcanic neck facies), volcanic overflow facies, pyroclastic facies and sink volcanic rocks are
developed in the Tupiza copper deposit. The assemblage of rock types is diabase, gabbro, alkaline basalt, potash— trachybasalt,
olivine basalt trachyandesite, and latite. In this area, alkaline basaltic magmatic emplacement has multiple stages and phases. In the
Tupiza copper mining area, mineral geothermometer—geobarometer was used to do estimation. When the formation temperature and
pressure of hornblende respectively are 630.97—748.43°C and 55—251 MPa, the depth of diagenetic formation is estimated to be
2.04—9.27 km, revealing that the diagenesis evolution process under decreasing pressure— increasing temperature (decompression
melting) and decreasing pressure— decreasing temperature had a high— temperature and high— oxidation diagenetic environment
during magmatic decompression and emplacement, suggesting a multi—stage emplacement. Chlorite formation temperature is 112—
305° C, 1gf(0.) =— 45.03—— 56.68, 1gf(S,) =— 4.46—— 18.07, suggesting a low temperature reduced diagenesis mineralization
environment representing the main copper (silver) ore formation period. The Tupiza copper (silver) deposit was formed by the
subvolcanic hydrothermal alteration diagenetic mineralization. Altered volcanic rock is a metallogenic material supply system for
copper deposits. Copper (silver) orebody is concentrated in altered volcanic lithosphere and structural superposition, particularly
concentrated in the intersection of NNE and NW— trending structures. In the pyrite glutenite at the top of the second lithologic
section below the third lithologic alteration volcanic rock in the Upper Cretaceous Aroifilla Formation, the verifying drilling
revealed a copper (cobalt) mineralized body, which was the sign of deep prospecting for hidden sedimentary rock type copper
(cobalt) orebodies. In this paper, it is believed that, in the Tupiza copper deposit, the central phase of the sub—volcanic hydrothermal
metallogenic system is distributed in the altered secondary volcanic neck phases, enriching the copper (silver) orebody. Peripheral
veinlet vein—fractured—alteration zone is the transitional facies zone of the copper—lead— zinc metallogenic system, while the
glutenite— type copper (cobalt) ore and Cu—Pb—Zn anomaly in the second lithologic zone of the Aroifilla Formation is the outer
fringe facies zone of the copper (cobalt) lead—zinc metallogenic system. It has the prospecting potential for copper (silver), copper

(cobalt) and copper—lead—zinc orebodies in the deep surrounding altered subvolcanic facies.

Key words: Manto— type copper deposit; alkaline volcanic rocks; lithofacies geochemistry; diagenetic and metallogenic
environment; Tupiza, Bolivia; mineral exploration engineering
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Fig. 1 Tectonic unit (a), main ore belt and representative deposits (b) of Bolivia
1—Polymetallic and lithium belt in Western Cordillera—Altiplano plateau; 2—Sn polymetallic belt; 3—Au—Sb polymetallic belt in eastern Cordillera;
4-Pb—Zn (Ag—Au—Cu) polymetallic belt in eastern Cordillera; 5S—Au belt in Amazon basin; 6—Mutun—Tucavaca Fe—Mn belt; 7—Sunsas
polymetallic belt; 8—Au—Mn belt in Paragua craton; 9—Deposit name and serial number; 10—Hydrothermal vein Ag—Au—Pb—Zn deposit;
11-Hydrothermal vein Cu—Ag (Au—Pb—Zn) deposit; 12—Hydrothermal vein Ag (Pb—Zn) deposit; 13—Red bed type copper deposit; 14—Au deposit;
15—Hydrothermal vein Au—Cu—Ag (As—Sb) deposit; 16—Porphyry—associated Bolivian—type Sn (W—Sn—Bi—Cu—Ag) deposit; 17—Sedimentary
rock—hosted Bolivian—type Sn—Ag—Zn—Pb polymetal vein deposit; 18—Bolivian—type polymetallic veins deposit associated with volcanic domes
and/or subvolcanic stocks; 19—Slate hosted orogenic Au+Sb (Cu—Pb—Zn) deposit; 20—Shale hosted Zn—Pb (Ag) deposit in Palaecozoic;
21-BIF-hosted Fe—Mn deposit; 22—Iron oxide—copper—gold deposit; 23—Ni deposit; 24—U—-TR/REE—(Nb—Au) deposit; 25—Lake; 26—Salt lake;
27-Provincial capital; 28—Secondary city; 29—Western Cordillera; 30—Altiplano plateau; 31—Eastern Cordillera; 32—Subandean; 33—Plain,
(D—Madre de dios plain, @—Beni plain, @—Chaco plain; 34—Main areas with basic dykes and sills emplaced in Mesozoic or older rocks;
35—Axis of intracontinental rift system; 36—Plutonic rock associated with rift (granite dykes and sills); 37—Deposit associated with sedimentary rock
in rift system; 38—Continental tholeiite giant sill; 39—Position of modified age samples; 40—Age of magmatic rock ; 41—Manto typecopperdeposit
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Fig.2 Schematic geological map (a) and geological section along No. 0 exploration line (b) of part of north Tupiza Copper deposit,
Bolivia

1—Unconsolidated pebbles, gravel, sand,silt and clay; 2—Deposit of semi—consolidated gravel, sand and clay with tuffaceous horizons; 3—Dikes of
diabase and gabbro, subvolcanic intrusion facies; 4—The second bed of the third member of Aroifilla Formation, effusive facies; 5—The first bed of
the third lithologic member of Aroifilla Formation, pyroclastic facies; 6—The second lithologic member of Aroifilla Formation; 7—The first lithologic
member of Aroifilla Formation; 8—Tarapaya Formation; 9—Angostura Formation; 10—Agua y Toro Formation; 11—Obispo Formation; 12—Silver and
copper metallization body; 13— Thrust, fault zone and its strike-slip direction; 14— The serial number and position of drill hole at lateral section;
15— Copper grade and thickness; 16— Silver grade associated with copper; 17— The serial number and position of prospecting line;

18— Boundary stratotype; 19— Serial number and position of drill hole at plane; 20— Sampling position of this paper; 21— Predicting copper and

cobalt orebody at depth
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Fig.3 Petrographic characteristics of alteration volcanic rocks in the Tupiza Copper deposit, Bolivia
a— Copper (silver) orebody enriched at the intersection of fault zones exposed by shallow bored well, faded-argillic alteration trachybasalt is ore—

bearing facies; b— Copper (silver) orebody exposed by shallow bored well, alteration olivine basaltic trachyandesite is ore— bearing facies;

c¢—Amygdaloidal basalt horse fuchsia sandstone; d— Alteration algovite beard copper; e— Gray-green—black alkaline basalt; f—Purple gray olivine

basaltic trachyandesite; g— Sericitize gabbro porphyrite, crossed nicols; h— Diabaseic texture, crossed nicols; i— Plagioclase and hornblende

phanerocrysl of alteration trachybasalt, crossed nicols; j— Amygdaloid backfilled calcareous matter in alteration trachybasalt, crossed nicols;

k— Didjumplite and amphibole phenocryst of alteration trachybasalt, crossed nicols; 1— Copper mineralization alteration trachybasalt, reflection.
Pl—plagioclase; Hbl-Hornblende; Ccp—Chalcopyrite ; Bn—Bornite ; Dg—Digenite ; Td—Tetrahedrite
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a2 R TR B (EPMA) |, 8 4
R AR o R AE BG4 SRR — R i
LR, Her, FeO Sk M 2 25, LB A 46 55 FIA
RS CTE I A AR AR B R R R TR R
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FHICP-MS J5ik o HLFHRET M e v [ b B R 2 e
7= BRI 78 T R4 % S8 i, MR B AR TXA-
823 V RUH FHREF AT, SEge s B R R 15 kv,
AR 2.0x10 A SRBER/NHA S pm,
3 KIlE A AR

Tupiza Hi 5 R N FIZRFBIHLIX. , kLA A A 2
Y T A A Ll B A B A K
TR A UBE A A AR KA A S AR A
AN R R AH . Tupiza RN 5 Cu(Ag) W™
KRBV F 0 JOZA A BN AR R K LR
AHH S T AH | B T A DR IR 5 A R R
A PIRKLAR AR (R ISR ) /INE B
O, £ A S 2 A DR A R ) B A L
i 48R T H R JOU M RHE (B 2a) . P L,
PLP=F U AL S UK LR A Ry s | g 4
Sk KLU T AR L L AR A A RS ) T IR
E a1 E I 1 B S o S DR P o o S
B AR R A RS ), s ik ki iz
AHR BB R PR AR TE] L DR S AR YR
R JOLTE A — J L AU KR AR —
TR o X SRR (R A2 22 Ry ik U, ey LA [l A7
B INRHE B A 5 ) o KILEA AR 32 N R
FERIRAR TR T A A KL A, AR RRAE
7 - OUTHEAT R N A 3 & A= sk A Ak, AT Wk
W BT R AT R , TR R R
S eh AR RR, S RER IE R S A A A A
A1 QFHEAT (BE &) Sk &2 TR B e Jetb (5
W fe) iR ER AL O i ik ) LR B A1k
et Z A h & B AL - ok, <AL
FEHU A (K 3c) (BRI AT L — 38 & A ik
o @HBR ALY AL FE R A R B AL (R 1 — B0 i
W —BEHAT) A AR A MR — e ™ —
W —fLEE ), BT FEEEA AR AR kLA
i s S S LA B R
3.1 HREE

WERA AR KRB, & B T LA R
#Bo LABQYOL SR A KB HhCy (8] 22) , TR
TR B AR AR A S VRSB o 55 4 Ik Bl
LRILE PR SR R . A A VK25,
HolR A3 BHC A B i 55%, A TE—2F IR ACHR BE

14 *1
"
12r A3
<o I L
<10 -
~ I o6
g r o~
M
| A8
%6- ® 9
I x 10
4t vl
3 +1
2t =21
* 14

0
35 30 43 47 351 55 39 63 67 71 75
8i0,/%

&4 B FI4EN. Tupiza 81 K 1L TAS 432518 (45 Le Maitre
etal., 2005)
1—YZKO003-19 # i (HUL3E 3) 52—Y3ZK8-9;3—YZK10-13;4—
BQYO01; 5—Y1ZK8- 20; 6—YZKO003- 7; 7—YZKO003- 14; 8—
YZK003-165; 9—YZK003-17; 10—Y1ZKS8-3; 11—Y1ZKS8-6; 12—
YZK003-5; 13—YZK003-3; 14—BQY07, L0455 K f= A, %5
OFFS KU A . F—RUCA s UI—I KA 3 LA U2— 1
U 2 5 U3—0 2 T 5 s Ph—Ti 5 ST—HL i X il 5 S2—
LRSI 22 1 5 S3—HLI %2 1 o s T—HL I s KL e 22
Po—ir i X E A s B— Xl Ol — KRB I 4 02— % 1L
O3— W% s R— I 84 o Ir—Irvine 43 # £k (Irvineand Baragar,
1971), E OB, A g
Fig.4 The classification of volcanic rocks in the Tupiza
copper deposit using the total alkali versus silica (TAS)
diagram (after Le Maitre et al., 2005)
1-YZKO003-19 sample (details in Table 2 ); 2—Y3ZK8-9; 3—YZK10-
13; 4-BQYO01; 5— Y1ZK8-20; 6—YZKO003-7; 7-YZK003- 14; 8—
YZKO003-16; 9— YZKO003-17; 10— Y1ZK8-3; 11— Y1ZKS-6; 12—
YZKO003-5; 13—YZK003-3; 14-BQY07. Solid symbols are subvolca-
nic intrusion facies, other symbols represent effusive facies. F—Foi-
dite; T—Basanite and Tephrite; U2—Phonotephrite; U3— Tephriphono-
lite; Ph— Pphonolite; S1— Trachy-basalt; S2— Basatic trachyandesite;
S3-— Trachyandesite; T— Trachydacite and trachyte; Pc— Picro- basalt;
B- Basalt; Ol- Basaltic andesite; O2— Andesite; O3— Dacite;
R—Rhyolite. Ir—Irvine line (Irvineand Baragar, 1971),
upper part is alkaline, lower part is subalkaline

1£0.7~4 mm, 22 ELo0 A, RAESHE st b, A
i 40%, 9% 1 = A s TR AR R B, DR
S RS SN W A, /0 O B O A AR AR R AR
2,4 0.3~3.5 mm, S A TERHC A AR SRR, LLix
FRAMRCIALHLRE) s bR, FBIS8 8 22 4R 1)
A RIEBAL, 0 SR O 4 HI 1 NW 1] Cu(Ag) 7 {4
AT T HAME (K12) o
3.2 RAMWLENE

UK IS AR AR A - R By Dl A i 2
SR By RN 55 P AR WS A, NP m A A
Bt b—RER b O ik — &g A b+
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AR TR AT X847 45 N Tupiza
M XA (UK AR AR T2 AL,
AR TR A R A DX LR Hs (K 30
FD I FZEHRA T Cu Pb . Zn &AL 5 AR #E K
By — SRk e (UKL SR ) S 2 D04 50 (1) 1l
R A - MR B (B 3d ) - R KR A
AR, BRI AR (UKL ) TR 224 Jot
AU, IR B 2R, S5 Fr AN SLUPIR
WS R T, SRR U — AR R4 9
FRDIR T 47, 88 5 R AR i AR S W
IR ANRIR B T 2B i T TE  (2) Tl A2
2RB A R IR AL AR, 7 Tl A K e
— MR B A RSN, ABRTR SR AL O B AR, 2k
H MR e — R B R ARSNE W 28, A
HE k. (3) AR RS A (8 3h) Uk iz AL
G, 2 T AR 28 sl RS AL, DLak i1k |
PR A MR =R Dy 22 A SR e i A
DX L A o (R S B 3 A AR 2E bl o 2k
i AR = AL AR 2% e 2 A X Cu(PbZn)

FENETH AMZ—, T N 5B
PEA TR (4) 59 AR RE SR 5« IR SR (5 — Ak &5
F S GRS EAS By 5 B 0 e 1 e A1 B, 2 U
S LU KR o0 A TR SR, 98 0.5~5.0 m, i & 7]
RECTK R i AR5 | 7 AR X 55 el AR
WA ERA IR XL

S WA MR B a S s E e a (K
S H PR AR EL, AR Cu P Il Zn i
b, 7R UL SR A U BT R GE B AR BB AR AR,
IR AT P e 2 —
3.3 NliE R

Kl AH F A A IR X A (B
3e) AN BRI X i (K 3e.d.j. 1) Mo & M 28
(B13k) LA (B304, A Z 2 B0RE5 S fL-
AR E  BEA LARHC A AR DR AN A S
5Ll , i LARHE A o B A RS 4, 2
Cu—Ag(PbZn) ™ LB VA S SO E IR . &
MBI AT 1 FEWT R sl W s i
AR S — MR By ARV A — W By 7 A5 (R

F1 WAL Tupiza ST NLEEETRAR R EFESH (%)

Table 1 Main elements (%) and their parameters of volcanic rocks in Tupiza copper deposit, Bolivia

Y1ZK8 YZKO00 YZK1 Y3ZKS8

YZKO00 YZKO YI1ZK YZKO YZKO00

YZK00 Y1ZK

B 45 BQY07
-20 3-19 0-13 -9 3-16 03-5 8-6 03-7 3-14 3-17 8-3
, LENN y i e
M . WV OEIN:| Kl A
R
e, R MESE O BRBUM MR HSRIT e —a s o
"M Mks g g WL G R S WM & OR 22 A
SiO, 46.85 5245 47.17 4793 47.57 48.70  50.71 50.62 52.00 52.64 51.31 51.84 50.63 53.60
AlLO; 15.96 18.33 15.68 16.23 17.10 17.73 17.63 1821 16.89 15.74 17.90 17.27 17.20 20.01
Fe,0; 3.87 8.72 8.18 3.31 11.39 7.30 7.40 7.52 7.15 7.90 9.95 7.42 6.07 8.27
FeO 7.16 1.32 2.48 7.63 0.24 3.26 2.29 3.57 1.18 2.62 0.72 2.54 2.69 1.41
CaO 9.74 3.46 9.84 9.71 8.59 10.39 8.66 8.12 10.40 8.80 7.07 6.82 11.92 1.25
MgO 11.07 6.34 11.81 11.16 8.13 5.57 5.86 4.58 4.36 5.24 5.17 6.83 2.73 3.66
K.O 0.57 4.15 0.31 0.44 2.60 2.12 2.01 1.58 3.17 2.14 2.18 2.33 1.59 2.79
Na,O 2.94 3.90 2.78 2.68 2.27 2.66 3.92 4.10 3.22 3.36 3.95 341 5.29 6.32
TiO, 1.57 1.46 0.81 1.15 1.82 2.05 1.52 1.31 1.03 1.31 1.88 1.58 1.34 2.29
P,O:s 0.31 0.37 0.10 0.17 0.22 0.50 0.36 0.31 0.26 0.31 0.45 0.34 0.30 0.41
MnO 0.20 0.14 0.20 0.17 0.18 0.16 0.15 0.13 0.18 0.15 0.15 0.16 0.18 0.06
z 100.25 100.64 99.36 100.56 100.11 100.45 100.51 100.06 99.85 100.21 100.74 100.54 99.93 100.07
LOI 9.35 5.86 8.02 7.08 3.63 15.81 10.79  9.62 11.04 12.83 7.98 5.88 11.28 3.24
o 3.20 6.85 2.30 1.97 5.17 4.01 4.56 4.23 4.54 3.14 4.52 3.72 6.20 7.84
K,O/Na,O 0.19 1.06 0.11 0.16 1.15 0.80 0.51 0.39 0.98 0.64 0.55 0.68 0.30 0.44
K,O+Na,O 3.51 8.05 3.10 3.11 4.86 4.78 5.93 5.68 6.40 5.50 6.13 5.73 6.88 9.12
Mg’ 64.96 5521 68.14 6522 58.01 50.25 53.86 44.13 50.51 4898 48.79 5691 3738 4243
SI 4323 2595 46.21 4425 33.01 26.64 2728 2145 2285 24.65 23.53 30.32 14.86 16.30

T : 0=(Na,O+K-0) */(Si0--43) ; Mg'=100x(Mg0/40.31)/((Fe;0:/79.85)+(FeO/71.85)+(Mg0/40.3 1)) ; SI=MgOx100/(MgO+FeO+Fe 0+
Na,0+K:0)(%). FEfbdi 5 YZK003—19 F/REN L ZK003 H1 19 545, BQYO1 F/n ik 01 S AL .
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AREIN, HF R KON PRI ASVE R, # & A am B
ol mE LAk (F 3a.boc.e ), FEAE 24
UUTE & R X RSB Bk & 0 ik, nTE AR R 1
AR AR . IBPE LR B 2R, 2
FRAET R AR S  FE AR 2 R A
AR A, B IS A B b, R T R A
B ) B0 5 40 391 R 3K 2930 < 1076, 1615 x 10 Al
1118x 10, JE R LA Aty [1) 404 Pb  Zn i fh A4 5%,
S LSRR A By — M A 2 T4 Pb—
Zn(Cw) BRI IR A=A R
3.4 ANWLFEEHNE

LR T A IR I 2 a0k Ll f iR kL I
B LB L RS AR AS SO RS A L oA
LRIy 7 — MRS S UKL R AN, 5235
Bk 2R ECE R HLPR | 5 PR 5% 2 A AR Bk 2 SR AH
AR FR (B 3boe) o KRR T T A 2 T A £ 50 4
WS A AR, B4 B W S i A
LY iESL 7 Y oS K LIS | W €A T NS
3.5 imNLEE

TURLIT 22 LA 5 f Bk DTOREL I 2 A ok

Tr ol

L m2

6F A3

5 + 4

St HEHRT =5

| o6
X4r o7
BN - a8
M 3 o9
r x 10
2 v 11
F + 12

1F V=4
5 RGP AV 4 14
0 ||||||||||||||||||||||||||||||||||||||||
40 80

[#5 BERLE Tupiza i K112 Si0,-K.O i (L4
Peccerillo et al.,1976; £k 4l Middlemost, 1985)
1—YZKO003—-19Ffah (FEILF 1); 2—Y3ZK8-9; 3—YZK10-13;
4—BQYO01; 5—Y1ZK8-20; 6—YZK003-7; 7—YZK003-14;
8—YZK003-16; 9—YZKO003—17; 10—Y1ZK8-3; 11—Y 1ZK8-6;
12—YZKO003-5; 13—YZK003-3; 14—BQY07
Fig.5 Diagram of SiO,-K,O for volcanic rocks in Tupiza
copper deposit, Bolivia (solid line after Peccerillo et al., 1976;
dotted line after Middlemost, 1985)
1-YZKO003—19 sample (details in Table 1); 2—Y3ZK8-9;
3-YZK10-13; 4-BQYO01;5-Y1ZK8-20; 6—YZK003-7;
7-YZK003—14; 8—YZK003—16; 9—YZK003—-17; 10—-Y1ZK8-3;
11-Y1ZK8-6; 12—YZK003-5; 13—-YZK003-3; 14-BQY07

L A B | 52 L0 LB W I WRIBE K 25 AR X T
KA E B A AR, RS AR, R L E
TEA DK SR 9 5T, 8 R A
FIALAE AT REHR RIS , S 2 AR —

4 TR S A R

41 BEETLEFE

KA Be e 1 (LOD) 1E 3.24%~15.27% , e sk
A UK LRI AR 1 Y A AR K i R Ak |
HHL5.2797), R TETFHE, BN EEhn
BRI R (COMHO) JE A —f(E (R 1. =Y
e Al RES X E S ETC R 7 A — e ], 3K A
R VE RS AR Y . ARPEAIX BRI AR  p
PhAR 5510 25 A 4 43 B 45 2 Fl Manclean et al.
(1987) 4 A TC R XA RECHIBE , KEUHHRA R
K.Rb.Cu.Pb.ZntlJ& TAKXIHEINEITLE,

M & R BB AT, BR BQYO7 B i Si0, 1% &
53.6%( >53%), HAVEE i Si0. 7 46.6%~52.45%( <
53%) ,°F-3150.29%, 4 KZHHE i ALOs > 16% , 1
PIE 5 17.28%. Fe,0, F i~ 3.31%~8.72%, F-HI{E
K 7.46% ; FeO & 4 0.24% ~7.63% , - ¥ {H K
2.79%. FKEBIIFES MgO < 8%, 3 1FR K 1= AAE
2 A2 MO > 8% , Mg TE 42.43%~68.14% , -4
53.2% . Na,O % &8} 2.27% ~6.32% , ¥ ¥ {H K
3.63%,K,0 B4 0.31%~4.15%, F-IIE K 2%; 2%k
FES AR EHE%03.3 <0 <9, H(K.0+Na,0) > 4%, )&

1000

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm YbLu

K6 i o0 2R BB bR Al oA A
(45 Sun et al., 1989)
IR BY 32— W By s 3— WA s 4— i K s 5s— T Bt
T 2 5 s 6— M 2 WML 2 1L 7— 2
Fig.6 Chondrite-normalized rare earth element patterns in the
Tupiza copper deposit, Bolivia (after Sun et al., 1989)
1—Gabbroporphyrite; 2—Porphyrite; 3—Diabase; 4—Alkaline basalt; 5—

Potassic trachybasalt; 6—Olivine basaltic trachyandesite; 7—Latite
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Table 2 Rare earth elements (10°) and their parameters of volcanic rocks in Tupiza copper deposit, Bolivia

Y1ZK8 YZKO00 YZKI1

Y3ZK

YZK00 YZKO YIZK YZKO YZK00 BQYO0 YZKO00 YI1ZK

FEmE BQY07
-20 3-19 0-13 8-9 3-16 03-5 8-6 03-7 3-14 3 3-17 8-3
FelyiE! qjgﬁi YV OIINEIN | Kl AR
— e

T e B2 E 2 S
La 20.70 40.30 18.60 29.90 13.70 40.80 38.50 2840 3920 37.60 2940 37.50 3470 17.20
Ce 40.60 87.70  36.10 59.00 25.50 79.30 76.70 52.60 7270 70.80 53.20 80.50 66.70 32.10
Pr 4.90 10.30 4.20 7.00 3.40 9.00 8.70 6.10 7.80 7.90 6.50 9.50 8.00 4.30
Nd 17.50 36.50 16.00 25.50 16.80 3230 3190 2280 27.10 28.10 27.00 33.70 28.60 17.20
Sm 3.90 7.40 3.80 5.30 3.80 6.70 6.60 5.10 5.20 5.90 4.90 6.80 6.20 3.50
Eu 1.50 2.50 1.50 1.90 1.40 2.30 2.20 1.90 1.60 1.90 1.40 2.20 2.00 0.80
Gd 4.50 7.20 4.30 5.50 4.50 6.50 6.40 5.20 5.80 5.90 5.10 7.10 6.20 4.00
Tb 0.70 1.00 0.70 0.70 0.80 1.00 0.90 0.80 0.80 0.80 1.00 1.00 0.90 0.80
Dy 4.20 5.10 4.00 4.00 4.00 4.80 4.80 4.10 4.60 4.50 4.70 5.20 5.10 4.40
Ho 0.80 0.90 0.80 0.70 0.90 0.90 0.80 0.70 0.90 0.80 1.10 0.90 0.90 1.00
Er 2.10 2.30 2.30 1.60 2.20 2.30 2.10 2.10 2.60 2.00 3.10 2.50 2.40 2.80
Tm 0.30 0.30 0.30 0.20 0.40 0.30 0.30 0.30 0.30 0.30 0.50 0.30 0.30 0.50
Yb 1.90 1.80 2.00 1.40 2.20 1.80 1.60 2.00 2.10 1.70 3.20 2.00 2.10 2.70
Lu 0.30 0.20 0.30 0.20 0.30 0.20 0.20 0.30 0.30 0.20 0.40 0.30 0.30 0.40
Y 16.00 18.40 16.90 14.50 21.30 17.70 16.90 16.40 18.30 1540 27.60 19.70 19.70 24.10

2REE 11990 22190 111.80 157.40 101.20 205.90 198.60 148.80 189.30 183.80 169.10 209.20 184.10 115.80

LREE 89.10 184.70 80.20 128.60 64.60 17040 164.60 11690 153.60 152.20 122.40 170.20 146.20 75.10

HREE 30.80 3720 31.60 2880 36.60 35,50 3400 3190 3570 31.60 46.70 39.00 37.90 40.70

Lav/Yby 7.76 15.85 6.79 15.81 4.57 16.21 1692 1039 13.39 15.78 6.61 13.19 11.68 4.64

Lay/Smy 3.40 3.53 3.20 3.65 2.35 3.92 3.74 3.62 4.87 4.09 3.86 3.53 3.60 3.21

Cen/Yby 5.91 13.37 5.10 12.07 3.29 12.19 13.05 7.45 9.60 11.50 4.63 10.96 8.68 3.35
JEu 1.10 1.03 1.16 1.09 1.03 1.08 1.03 1.11 0.90 1.01 0.83 0.97 0.99 0.66
oCe 0.99 1.06 1.00 1.00 091 1.02 1.03 0.98 1.02 1.01 0.95 1.05 0.98 0.92
7 : 6Bu = (Ew)N/{(1/2)[(Sm)N + (Gd)N)]} ; SREE 45 Y.

TR KA RS, TIOE 0.81%~2.29%, KA A7E sz K o= i RA R, S8R E (K 5) K

1%~2%, 141 1.51%, BRI ( <2%) .,

w0

A

O3Sl FE R (HFEATT LUR & 5 3% DA e S A i 3

= ALIE Ti 20 P AR L, URKILIR AR 5 2 s
H B BERRE , 55 Friedrich et al. (2007 ) 45 H A9 Tupiza
iy DA LA AR L 25 R (ALO, 7 i P34 17.4%
TiO, 7% 5 V-1 1.8% P.Os B & V45 0.4% ) I A —

7E TAS Flfir b (1 4) RS Vs 7E T XA
X LT 2 A X 2 R 2 1L 2 X R T
WA X, kil w L ks — 2 s R0 Ve A
J& A KRR RS (Na,0-2) <K,0, #E— 1
TE A A I B R O T R R
MRS 2 KL e A AL . Si0,— K0 it v ([&]
5) AVFRE R TELE TH 2 RYNNEIE, 7 4 S5 1
TR RS B FR GV 3 AR R AR S R R S
TP, AT UL KA AN, 3T BB AR =Bk
SRR B K AR R R R A T Bh M K e R ARk,

HIR . WK UHR A ] EZ i FI 25 &
B KL S A 5 DA s B R 5 o 3 B
TR T = BPEG A P X L T AH , ] S A+ 2 R
IR KR AT A B 3 5 255 s Ll o
HEOIN A VG ) 2 DBt 25 ) i R A6 ol AR 5
4.2 L ITERFE

s 0 &R o Br 45 3% W 3% 2. ZREE 4 (101~
222)x107°, -1 165x10°, LREE/HREE=1.77~4.87,
(La/Yb)=4.57~16.92, iiF] REE 73 R L4, F8 /A
I A A T TP A A3 R B AR B R R A
W WRRIE , 55 Friedrich et al.(2007) 45 H B9 Tupiza 4<
At DX JZ AR K LA - JC R PR IE A — B, (La/
Sm)\=2.35~4.87, (Ce/Yb)W=3.29~13.37, BR 7 5t A1 byt
HEALBC 3 £ (181 6) &/ i LREE & 4E \HREE AH X
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T PRHIE , Bu U575 AN B i (0Eu=0.66~1.16, 73
1.00) , Hb 2 MHE 2 A 2 75 (BQYO03) Fil 22 A
(BQYO07) £ N 551 Eu f 5% ; Ce S8 A B
(6Ce=0.91~1.06,F1]0.99)
4.3 WETRIHE

TR TC R A ATEE R L 3. Ni = ZERAF e
A, Cr EEMAFAEARE A H . Green(1971) 48
THIR e 2 A 24 8 Ni i 290x107°, & Cr iy
380x10°°, Frey il Roden (1987 ) %3t 5 J&k 2 Jr A FE A7
AR S 2 9 300% 10°~350% 1011 420%10°°,
Wilson (1989) 4 it} 5 iy % 3% Ni=(400~500) x 10",
Cr>1000x%10"°; Tupiza K 11175 Ni 1% i (38~184) x
107, 44 84.3x10°%; Cr & 1 (115~419) x10°¢, -1
215%10 % Ni . Cr & 5 KT Green(1971) i it i by
R 22 3% 45 0 Wilson (1989) 25 Hi i S bA 23 , I 7w
MR TR A R R s A ER . Co
H(28.1~73.6) x10°°, V-1 39.7x10°°; H 5 L K P
HA B A 555 (7)) ,Nb/Ta=9.8~15.5, B ik
K F 546 2 19 & 18 (Nb/Ta=17.5+2.0) (Anders et
al., 1989) . KEFE 1705 Ba.,Sr i BUARXT R
TS, 3% 5 RS 45 (2015) H2 11 BB PE 2 A HE
BRAEZE R IR = ALO, MK TiO, . =379 IC R P 71l .
Eu 55 AU 0 A REIE AR AL, R IAmaPE K LA 2 )R
TR M (AR RE ) 5 53 il %) 7= 40 o R ML ) Joit
B AT B K T K Cu Pb . Zn L&, 2 X

1000

100

10 ¢

/BRI

0.1

RbK Ba Th U NbLa Co St Nd P Zr HT SmTi Y YbLu
7 W JC R BRORL RS B v AL ik RO 5] (45 Sun et al., 1989)
1—WER B 2— MRS BY 5 3— MR s 4— e 2 5 s—H BT
T2 R 6— I Z AL 2 s 7—20HL
Fig.7 Primitive mantle—normalized multi—element spider
diagram in the Tupiza Copper deposit(after Sun et al.,1989)
1—Gabbroporphyrite; 2—Porphyrite; 3—Diabase; 4—Alkaline basalt; 5—

Potassic trachybasalt; 6—Olivine basaltic trachyandesite; 7—Latite

W KRG AR TR FHR P  Zn 0 /K 5 A0 22 bR
4.4 FYEkikESRE-ENEGRE
4.4.1 N B 7 kA S

T DXARAE LU A TN A 2 e o i
o R (K 31.m) , 22 FIE— IR AR Rk,
FEK—8 0.3~0.9 mm, %745 0.1~0.3 mm, H w6 T 7]
DLRES Y 2 Ak, Z 0 iAs A ERIE W 0L, 2k
HEWRINA L, LR R AL AL, &R Rk
B it o B FREE B (R 4), SI0, & i
48.19%~51.88% MgO 7 & 10.39%~13.88% .CaO 7%
17 16.51%~20.54% .FeO* & & 8.76%~12.94% K.O=
0.01%~0.08% .Na,0=0.23%~0.73% . TiO, %5 £ 0.16%
~2.1% ALO; & 1 4.28%~7.08%., HA B B 2k
MR AR RPN A7 (b
SCHFAF,1994) , 1 N A FHES FRR1E R « Can=1.93~
2.00, (Na+K) ,=0.007~0.205 , Na;=0.001~0.07, % [
BrRar = U os i I A &l 22 51 23 B 1 A i 44 s D)
(FA,2001), 24 (Ca+Na)=1.00, Nas < 0.50 i,
J& FE5 M IN AL L, $865% Si—Mg/(Mg+Fe™ ) 4]
fi#t (Leake et al., 1997) , Bl K 1A M T A R

S AN A (E8) o

442 AN BHIRIRE RN

Blundy and Holland(1990) 42 1 T 1 £ A 41 — %}
K A0 W5 41 A8 ) b IR T . Hammarstorm et
al.(1986) & Jei M N A 25 & & (A FMAIN A

Ca, =1.50;Na,+K,< 0.50;Ca,<<0.50
T

1.00 T T T T
% INAT
° -
°
0.80~ oe? ° -
- [k AT B N A1 1
“ 0.60 ¢ .
LJED BB AT N AT
2
< 0.40 -
[ e , 1
Bk 8 A I A BRI
0.20 &A1 : —
0.00 ) L | L L | L
8.0 7.50 7.00 6.50 6.00 5.50

SifF T3
[ 8 Bl I 2 . Tupiza A A 1L Ho A TR A 34325 R i

Fig.8 Amphibole composition classification in the Tupiza
Copper deposit, Bolivia
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Table 3 Trace elements(10°) of volcanic rocks in Tupiza copper deposit, Bolivia

FEdh YIZK8 YZKO00 YZKI1 Y3ZKS8 YZKO00 YZKO YI1ZK YZKO YZK00 BQYO YZKO00 YI1ZK
5 -20 3-19 0-13 -9 3-16 03-5 8-6 03-7 3-14 3 3-17 8-3 BQY07

& A *;’gﬁi VOIEING KA

S S BN B R AR X ,

H O OERKE B gy MLkt G R - HH 2 ML 2 A
Li 60 112 150 81 176 168 83 36 74 123 126 73 89 75
Rb 40.8 93.8 15.4 68.1 25.6 56.2 51.8 41.1 80.8 55.5 39.7 59.6 35.0 89.2
K 4729 34411 2608 3626 21566 17617 16684 13123 26334 17785 18089 19301 13169 23191
Ba 733 877.0 40.0 94.5 58.5 93.8 290.6 127.0 1903 1004 47.0 566.7 1585 166.4
Th 1.9 52 1.6 4.1 0.8 4.0 5.7 35 9.8 6.5 0.8 5.8 5.0 33
U 0.6 1.6 0.6 2.7 0.4 1.2 1.8 2.7 34 2.6 0.7 2.0 1.6 1.4
Nb 23.6 54.7 22.5 36.5 12.5 47.6 44.8 27.0 39.2 43.6 10.4 42.9 37.0 39.0
Ta 1.7 43 1.8 32 0.9 43 4.0 2.3 4.0 3.8 0.7 39 2.9 29
Sr 93 341 50 89 81 189 132 60 120 120 47 401 120 71
P 1372 1624 440 721 961 2174 1563 1356 1137 1369 1968 1485 1289 1797
Zr 107 223 105 133 68 167 226 182 176 192 72 195 176 176
Hf 2.6 6.7 3.1 5.8 2.3 4.7 72 4.0 4.9 59 8.6 6.2 4.8 9.1
Ti 9411 8752 4840 6864 10899 12310 9105 7869 6153 7825 11288 9451 8013 13705
Cr 280 115 419 183 326 142 101 186 137 202 319 130 252 216
Co 44.7 30.9 73.6 40.2 45.6 36.3 36.2 54.8 29.7 31.1 42.4 30.9 442 43.6
Ni 131.0 37.7 184.0 83.7 141.0 56.4 51.2 63.3 50.0 75.2 78.2 38.4 98.6 91.4
Cu 12.8 15.2 114.0 62.7 11.1 37.7 212 107.0 22.0 147 2930.0 394 29.9 1615.0
Zn 63.5 312.0 923 952.0 105.0 267.0 179.0 560 108.0 256.0 1118.0 400.0 188.0 79.9
Pb 10.4 30.8 8.4 560.0 38.4 76.6 12.2 9.6 8.2 549  286.0 29.6 23.7 10.5

1 : K=K,0x10000%0.83013 ; Ti=Ti0,*x10000x0.5995 ; P=P,05x10000x0.43646

iR 1 (P) Z H ¢ R X, Bl 2 E
(Johnson et al., 1989; Schmidt, 1992; Holland et al.,
1994; Anderson et al., 1995) X} £f [N £1 42408 & 11132
17T Z2RMEIE. T ANA-RHCARETHR
o Y e T A B 245 (A5 R TSR LA
RN KRB TAEE B PR Z 1 H (Anderson
etal.,2008; # % ,2016) . fINA-AHCAEE
TRz N A AR T T A AR
FHaE FE B Py BRALS , DA T i ) PR R B 2 R i 1
IR AE) 3 TR A S A5 T A A L S

7R 3R H Holland et al. (1994 ) 3TV N A1 —i%
DN 118 Sz o7 S 8 57 R 11 (°C ) , Anderson et al.
(1995 B IE R f A —RHC A 24 (AL R 1 (GR
AT ANE) , HEAT Tupiza 1 IX K 1A AR AR TN
A4 IR R RIBCA TR B A R (6 4) , B3 A
N A 25 & TR BE R 630.97~748.43°C , R 1 55~251
MPa, #EI A TR E M 2.04~9.27 km,
4.4.3 R TYG A IB L FARE A B

Slef ] 2 KRB TARKMAS KL, 2501
THEA AN ARSI T 24, ks —
st 2 vk, 2 RR R TICIRFTR LR . 2
1 TG0 34 (o ARV A RN L RLIR A DN A ik
AR K, spe A S ¥ s AOA AN A. B
THEF AT (3 5) Z5 5 L) 28 DA TR AT 4E
T egle A gk =, IR A R S FR E (Foster, 1960)
X o3 AT i sk Ve A B iR 2 AT HERR o 2k A g
Mt B 3 47 Si—Fe J& T84 K (E 9, Deer et al.,
1962) , A XU K IR AAH a8 A7 Ry e A1 Bk
BRI A TSR .

FI &R Ve A BT HIR ) 1) 800 B Bt i
R RN TSRS, AR gk lle A 8 sUHL ] 5
WA R IFEES ) B IR BT RAFHY
R AR (Walshe, 1986; Leake et al., 1997) . 4~ 3¢
¥ HI Rausell (1991) (1) 24 AR BB e A1 I GRLEE
K FH Walshe (1986) i A TSR U8 A1 1 AR B Bt
(R 5) o Az kol v g A B LR B
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Table 5 The EPMA data (%) of chlorites of volcanic rocks in Tupiza Copper deposit, Bolivia
= M KA NAR QR 350D
Eo WA T & WL MEERE BRIV S
W i i = BZK003-19-3 BZK10-13-1-3 BZK10-13-2-1 3ZK8-9-2-2 BQYO01-3
SiO, 32.89 27.10 31.30 33.93 33.05
TiO. 0.00 0.13 0.01 0.00 0.00
ALO; 16.92 14.73 17.37 14.13 16.91
FeO 4.21 19.61 7.15 14.82 4.52
MnO 0.24 0.35 0.60 0.14 0.20
MgO 29.76 23.47 26.55 21.04 27.43
CaO 0.12 0.11 0.10 0.14 0.24
Na.O 0.05 0.01 0.00 0.03 0.01
KO 0.03 0.01 0.01 0.02 0.00
Si* 3.09 3.01 2.83 3.42 2.88
Ti* 0.00 0.01 0.00 0.00 0.00
Al” 1.96 1.77 2.34 1.57 2.21
Fe™ 0.16 0.19 0.14 0.16 0.13
Fe™ 2.16 1.98 2.49 1.72 2.38
Mn™ 0.01 0.01 0.01 0.00 0.02
Mg 2.45 2.82 2.09 2.78 2.31
Ca’+ 0.03 0.06 0.02 0.03 0.01
Na’ 0.00 0.03 0.02 0.01 0.00
K 0.00 0.28 0.01 0.07 0.00
ALY 0.91 0.99 1.17 0.58 1.12
Al" 1.05 0.78 1.17 0.98 1.09
Fe/(Fe+Mg) 0.47 0.41 0.54 0.38 0.51
Mg/(Fe+Mg) 0.53 0.59 0.46 0.62 0.49
Al/(Al+Fet+Mg) 0.30 0.27 0.34 0.26 0.32
doot 14.19 14.18 14.15 14.24 14.16
Tdoos 188.83 194.27 225.17 141.89 216.60
1g/(O,) -49.62 -48.32 -45.03 -56.69 -46.13
1gf(Sz2) -10.61 -9.34 -4.47 -18.07 -5.99
M 0.53 0.59 0.45 0.62 0.49
Fe+Al" 3.20 2.75 3.66 2.70 3.47
7/°C 198.53 305.12 218.72 111.20 173.37

T Fe R Fe (AR MG FIBZ A (1994) S (0318 kA, 3T 14 U FHebmfE S M L S AR 6 2
B U8 A 10 O 1] B R B A 2K (Rausell,1991) : dj=14.339-0.1155A1"-0.0201Fe** ; T=(14.339-du ) x 1000,

111.20~305.12°C, -4 201.39°C,, J& Fp—{I iR P ol
ARJE L BRI AT AR 1gf0,) - 56.69~—45.03,°F
Yy —49.16; 5 1% B 1gAS,) 7 — 4.47~—18.07, F- 14 —
9.70, J& TR AR B | = Bt i B TP A (s S 24
B) ., 941 AV(Al+Fe+Mg) {E 4 0.26~0.34, F-
BIE 0.30( <0.35), 54k A FE M B Y 8
e 3E A N A VA AR T A — 2. R, 2RI A
TE B ) b 3sk Ak 27 2 AH A h— G 2R Ak 2 58 S5 A

SRR B AT
5 WA LRI

51 BERY SN -EFEINE

AR AL TP RE R R A IR Ak, ARk
B AN e TN 1 e AT ey A k=
HAGTER o A0 D S — 1R T Ak B3 A B
&4 630.97~748.43°C, J& T =y PR B o M i ik
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10 P g ! F720
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s B iy 223 . 1 o
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5ok ] I ) ! ! 640
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=9 / Bk A 4Ly . ! !
. o YR AL £ ! i ' 600
AR O AR AD 0.5 i . ol o
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, b ms g 0 ' 520
s saws | mart oo | wasE '
0 L L . e B e s bt s N
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6
Silsl 5

&9 gkiefn o2& (Deer et al., 1962)
Fig.9 Classification chart of chlorite (after Deer et al., 1962)

AL BOA R T Cu % 4@ oo R IG b i A K
NN TR E B RS shiffbih
AT T TR —AR IR AR (111.20~305.12°C) , £R Ve A1
b SAmACY) B E R T e NIRRT
PR RAEGEREE RIS A A A A N i B A
BRI AR R, R A 4R A
W24 — SR e 5 T AR L s AR AR S i, 2 —
SUBHT A IR RS RS A A (8], flA L
AL T Wy At 2 SRR ik —REfL - b (2%
et A =i Ak ) o i (B ) #4 18 ph AR Y
I, Bl KL B REAR X Cu Tt R B B RS 2 W Ik
fEgh s grle A LI ASFIE BT 5t TR IR ST , 4
A 30 B, B T8 B AR B A — R AL -2 4k
FARE AR | 5B 5P A s A ISR (B A AR
LA SE,2017) , EA DRA R IR R 3 A A2
b,
52 AR BE-EHTHLER

FA DN A LTI B — TR i e 25 R R B AR X
Kl A VE I T iR (630~748°C) L i 4
b (IR0 ) 1 22 B B ol i 425 il 7 s v A i
(10, % 4) . (1) A N A 45 &R B 7E 677.04~
748.43°C | JE 77 251~177 MPa It , #E 1 5 5 18 B 2
6.55~9.27 km. (2) /1 N A J& B i B 7F 784.43~
636.39°C \JE J1 177~99 MPali}, il 5 R % 3.65~
6.55 km. (3) f1 [N TE L 7 636.39~664.20°C | J&
77 99~91 MPa I, #E 15 75 ¥R B 3.35~3.65 km,, (4)
1IN 7 T8 IR BE 7E 664.20~630.97°C | JE 17 91~55
MPa i}, HE R A TR 2.04~3.35 km, BA EFH,

Fig.10 Relationship between pressure and temperature of
hornblende from alkali volcanic rocks

TR0 381 e 50 22 1 oA s 4 ek Ol A il ) —> o2 s oA L
— b8 1 U — o e B e A L (81 10) , 3X 5
ENE =y NS S A VRS S N A =9 2 bl
FHIE L , T AR XA S5 — W L o 1 W7 S i B 24
TR S KL AILAG e  E Y AL
WIE R RGE T G HE8 R D IR B KA — vk
— R TR A R 2R By > R K LR AR RE S —
oKL A ELAT U A Rl AR T B TR s A A Y
oy 5, RN EA AR SRS . NFR4TTE
L 7E BQYO1 B b v, 4 AN I A5 A% B8 14 B A TR I
3.71~9.27 km, it 5% T IR — 0 0y B4 T il R AR
SR AR A LR, DL LA A e b
(ZKO003) . 111 15 (1ZK8 . 3ZKS8) 3 A 1R J3 A 4t
e

FED RS BAE T, AS DB Sl Bt A 7= A X i
PEER B0 ST HIY OB B . IR Sl 5 1 R AR
W55, AR DL gk A 4k B B IR IR (111.20~
305.12°C) fR&EURE (1g/0,)=—56.69~—45.03) . =i
W (1gAS,)=—4.47~—18.07) RS R, i fk i Sbr
A Cu JTuid e & AR B, R 32 i 1

AR DX AR AR Tl AR A FH 5 AR ) B 2% DDA
K, B LR PR A e R R R
W5 4 A AL R o (1) AR B AR/ FH M 1 TN A
Al R — Bl Ak R R Ab T AR A - (2) 0 R 2 b ik
A5 LLggle A A AR AH S A0 F , b Ak i AR A R 2
RA BB AT SIS AL, ST EA XA
(BR) &4 WA E B AR AL phAs kol
v g Y8 A T IR E O 111.20~305.12°C , F
201.39°C, J& H— IR iR AR D AS Y i B Bl J5t
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PO RT3 O s T R TR B, AR
TE I — R B A B B, AR AR R R
B, kR (R D H.0 BB E R S
XK FEIREBFRIN B B A AR (oAb — ik A — 8 - fb A
FHAR , S 40 5™ (A T A7 14 4 2 ok AR 25 AH AT 2 i
CHR ) W PR R A (4 A 1 25 R 2 Tl AR A A bR A (3) B
HAI 3= 2R AR DL AR B IR SR A AR | e
Jtm T CO, & w5, LUy fif A kAR 7e T 24
BRI A (4) A s W & A TR A &
e R DAL A A fLAE A % R BRI
FTAALP . R (0~—60 m) , YA & £ 451y L
WA AT — BEER AT A 3, T 4B 22 4 JiCOR T iR
e
5.3 {AEERT NMEEHEEHTESNE

B CHYBE ) B B8 L AH AR 25 40 T 407 SR &R o
Tupiza Hi 87" PR K 1L A HZE A R & 554, X 28k 1l
FAHALA RN AT FUEEAE 7R AR X R 220 K8
BUKG . TR B S S AR KA A )RR,
oA CEYRE ) B S L ) B 465 v S Tk Ll 3
FH B AR R L AR AR VR, DA 7 A8
AR A B R D AR . B
OFEH CBYEE) ™ 2 58 59 o0 A 32 B 32 vk kLl 33
FHANU L PR ik AR VR 2 A o, DAk AR i 4
AR RELR I A AR R — AR M By S il
AR YR R A (R KL BAR ) R 48 166 25 A0 24 b
Ao IR A W A S IR oA, KL A
T AR UL SR S 3, AL AR I LA 5
POE R A TAME (I 2b) . QW — 24— AR iy
P T R E T, E W R - R AR Y, R E
T LA T A 2 s A A AR VR
1RAA . 7EH I NNE [5] F1 8 NW ] Wi 2458 105
i Cu(Ag) B R BH B & 46, T8 iR R U2 R
A, anfE 0ZKO1 % £L B WL i 437 2.04% , J&E B2
13.63m AU H™ 1A (K 2b) . NNE [ #4 1% 5 NE .EW [f]
P 15 A O RS A /NI ™ A A Dk o 5 4
BE (1) W7 54— 4B — D AR O AR DR B BRI R G
AL PR . @)L FES Aroifilla ZHEDER 75 H Pb—
Zn SEEH R B SRR RS R EYER T A
J1 o BB EEVER 5 Cu(Co) B A F 1k 14 , 45
IR ELA TR A AV A ARV T, eSS
Aroifilla 4155 — A M BLR B D 5 Filie 25 WA B T

B AR P A 2, 6T A R R i B ™ 5y
R, X BT iR B A RE T (AOR AR () 14
RUTBUE BV YRR, SR AR CHR Y RE L RGeS
7 R B LA, AR X FE T A S Oy ]
WA SN N, 78 Tupiza B4 RN, UK AR R
RGO A A RS UKL B T CR—
DR ] A8 B 1 DT AL — 2R o — o A ey A A A i
W2 G0 W EARAR , T LURAFEAE F A YESE Aroifilla
AP BO P D BRA TR YRR AR Cu—Pb—Zn
SEE AR EYEE R RGN AR

A S B AL P & B R IS AR RS
FHAR R 3 5 A 2R R TE . 5 SR PR A B () )2
A IX A A ) e A ) T A A
MR, BB TR KR AR R 250, AR
ALHAR A 0 1] Sh— BRI A iR A — iR A 4R
AW - 2B AR X b B R G, R
B m Ak T ) 2 B B T — B A — B
WA A TR R R K LA TR E 2 280 m,
WA 2 BB AR EARUZAR R AR AR . AR
e 352 iR — W CER R IR Gk, DU S i
BT o

IR A AR R . R AR S AT R R
TR LA - A - MR — R R — 4
WET YA FHT —FLE A SRR IERA
R RURAT R BB S, — = TR = -
60 myL[H, EEE P LT -30 miE [, 2
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