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Tourmaline in the Maocaoping vein Cu deposit, western Yunnan:
Characteristics, chemical composition, and its significance
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Abstract: Maocaoping is a newly-discovered vein Cu deposit in western Lanping Basin of western Yunnan. The
deposit contains abundant hydrothermal tourmaline, which has not been found in the other vein Cu deposits in
this region. The authors investigated the characteristics of the tourmaline and analyzed its chemical composition
so as to understand the evolution of the hydrothermal system, the factors controlling tourmaline growth and

composition, and the ore-forming fluid sources. Mineralization at Maocaoping consists of Cu-bearing quartz-car-
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bonate-sulfide veins and associated Cu-barren hydrothermal alteration halos. Two types of tourmaline have been
identified: (D tourmaline in the alteration halos (T1), which was formed relatively early; @ tourmaline in the
veins (T2), which was formed relatively late. T1 tourmaline is anhedral, fine-grained, and aligned parallel to
the mylonitic foliation of host rocks. It can be divided into two subtypes: metaclastic-hosted tourmaline (T1-Q)
and marble-hosted tourmaline (T1-M). T2 tourmaline is euhedral, coarse-grained, and sub-parallel to the my-
lonitic foliation of host rocks or grows along or adjacent to the boundaries as comb tourmaline aggregates. The
growth characteristics of T1 and T2 tourmaline suggest that the shear stress during the formation of tourmaline
at Maocaoping was evolving from strong shearing through weak shearing to no shearing. Electron microprobe
analyses of the tourmaline at Maocaoping show that all the tourmaline belongs to alkali group and dravite-schorl
series, with dravite being dominant. T2 tourmaline has oscillatory zoning in back-scattered electron (BSE) im-
ages, suggesting their growth in an environment where physical and chemical properties fluctuated. The compo-
sition of tourmaline at Maocaoping is mainly controlled by the composition of the fluid phase. However, T1-Q
tourmaline is slightly enriched in Al, and T1-M tourmaline is slightly enriched in Ca, suggesting that their com-
positions were slightly influenced by their host rocks, respectively. Tourmaline in Maocaoping is mainly dravitic
and falls in 4, 5, 6 regions of the Al-Fe-Mg diagram, implying that the ore-forming fluid could not be derived
from magmatic water of S-type granite with no interaction with the pathway rocks of fluid. The significantly
higher Fe** /(Fe? + Fe? ) ratios in T2 tourmaline than in T1 tourmaline imply that the pre-ore stage had rela-
tively low oxygen fugacity than the ore stage. These features, combined with the characteristics of ore-forming
fluid and alteration, metal assemblages, and the lithology of host rocks in the other vein Cu deposits in western
Lanping Basin, suggest that a reduced, CO,-buffcred pH value fluid (reduced sulfur > oxidized sulfur) was re-
sponsible for Cu transportation in the vein Cu deposits, and increasing oxygen fugacity of fluid might have played
an important role in the Cu precipitation.
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Fig. 1 Simplified geological map and distribution of ore deposits in the Lanping Basin (modified after Zhang et al ., 2010;
Fan Jinwei et al.» 2014)
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Fig. 2 Geological map of the Maocaoping vein Cu deposit (modified after Cheng Xiang, 2014)
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Fig. 3 Mineralization and tourmaline features of the Maocaoping vein Cu deposit
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a—alteration halo crosscut by quartz-carbonate-sulfide vein, which displays N-S trending and steeply-dippings; b—tourmaline and quartz in alteration
halo, being fine-grained and aligned parallel to mylonitic foliation of the host rocks, transmission light; ¢—tourmaline in quartz-carbonate-sulfide
vein, being coarse-grained, euhedral and weakly-orientated, transmission light; d—tourmaline in alteration halo exhibiting indistinct/no color zoning
in back-scattered electron (BSE) images; e—tourmaline in quartz-carbonate-sulfide vein exhibiting color zoning in back-scattered electron (BSE) im-

ages; Cp—chalcopyrite; Qz—quartz; Tur—tourmaline
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6.2 BREBAREHRS

FHEFRTIR T2 WA AT HO BECR AR AR ]
I, LR ER A AT R, A RFR AT TisFes
Mg &8 BA B 2R (B 7)), AL T 55 51
AW o, I FR A B AT AR TivAS Fe &
Mg UHRFAE, T 58 (3R 47 I AH S CI 70, S ik 3
JCER T 1) 22 ot 3 3500 0 TR T IS B A 1) o
K25, X AT A ¥ 98- - £1(London and Manning,
1995; Ribeiro et al . » 2014). FEUXFhR 5 H47 TE
B S DA T2 B SA T A B ) PR A 7 S A1 b
BNARAAT I, ) U 5 S Hs ) FHRAA 1 o3 1) 8 B A2 A
(London and Manning, 1995; Ribeiro et al.,» 2014).
T1 R AR E & 0, LW T N, A 1
PR 7 S AP RS E
6.3 BEANSEIWEREIRARKEET

TERIRZR GE T, WA A 27 B0 B S32 AR B
oAb, ik W] e 32 B [ 5 A2 5% 1 (Henry and
Guidotti> 1985; Slack and Coad, 1989; Kasemann ez
al.» 2000; Jiang et al., 2008; Pal et al., 2010;
Yang and Jiang, 2012). %, {EARIK/ ARG H,
IR AIE. Broken Hill 5™ DA % A2 AR LA 1 =2 42 H
Sof, Ho 4y 52 1L 5 15 5% K (Slack and Trum-
bull, 2011 1 7E = i A JE R G0, WA iRE
JUKAR S i TS FABR™ PR ) AP 25 717, HEL A 7 ) 2
[l 5 5% W /N (Slack and Coads 1989 Slack and Trum-
bull, 2011« 7E5 PG R, A BB BLR G2k
HHIRAE B ) T W A0f, WA AE AR ik 1) T2

LA Ao HIT AT REAEAR K /5 4 A N R 1, 1 5 vl
REAE m 7K /A R TR e

X EEAN A A R B R, o5 SR IR I T1-
QHAARK T2 M TI-M A A E AL 1M T1-M
T2 1 T1-Q S A & CaC 4. 6.3 1), 1] Fe F
Mg JCEAE 3 KRB A P LB 20 KR F A
FERT IR TGI8 & 7= 1 [ 55 rh ads o2 A ik 3 1 RS
1,3 Fe Fl Mg 853 52 L5 56 W0 /)y, 32 2252 T A4 B
3P M Ca FIAL 58— B2 FE 52 LA 1R 52
H AR AR SR S 5 B F A A & AL IR K
B N I AR AR & Cas 72 T IR ISR
Ca F1 Al o] R 3 B2 AR o

AR W], 5 S PR PR VG 1 (U A7 £ 58 U548
A (B 20, Ho e AR5 sy 1 I A - BRI A
2013 J8AF, 2014; VS, 2015 HE A B AK 2
AT REE Bk S e s A e e e, A w,
FSEIRAE 4 AT I AU o B A, BRTE Al
- Fe - Mg 1 2 Ik /D4, 20005 Jiang
etal .. 2002). BRI, ZFEIF A4 KRZ RS
A1, BEAE Al - Fe— Mg — MK 4.5 Fl 6 X I
(Bl 6). HiCik, s PEPT A <A Fe Ml Mg &
BN T2 MAAMEMICE 8 R 22 IR 5
i, 5 A TG, BRI T AR e AR ke . 5 B
PR AT AR B A B SR A W] B 2 A R
Y HL S AT I G AR AT BEAS A2 25 287K, A AL
Fe-Mg /8450 & (& 6), Vi AR AR 1] fg 2 e b it i AR
223 AR A FH B 7K 17 1 B ) AR K, 3B T 1 H
Ao RIE OB (Jiang et al.» 2002). @
MR FERS, TT LA e TR AR B A A R A B LA IR
7, Bk LEBRE R R =S4kl
POk B AR T R AR T AL D, AR
K=EFE AR, AE 5, 85 59kl s ok
TS o B H A (Krienitz et al . » 20085 Pal ez
al .» 2010, I /K =24 A HATE F G B H A 85 )
AE 2Lk XLkl 5 800 IR P Bk <A
H AT, 38012 R e MR M A R 58 2k & B, ARG i ]
FRARE, AR AN T] e B AR & Pk -4 Al BAE
R e A6 X0 8 5 oK b B fh i o
6.4 BEAFST/(Fe** +Fe* " YFHE K XTI I iE # Hl

BI¥E R

TESFBLIERIR, e I B T2 A0 A 6
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+ Fe? ™ )l A A IR B 22 TR B AT AR G 1 OE A Ok
(Fuchs et al.» 1998). Kk, Fe*" /(Fe*t + Fe? ' O
(R TF e I 705 50 BEREAT R A 300 210 G 20 ] g — A
FURETE I R . A AR IRFE R T, A8 T1 S
A1 TE BN I TG BT DOE , ST TR AR T2 AR
T8 B R MGG i B ™ B B ), 3 IG5 7 U A 1) 44k
X 25 REEPRT PRI A ) IR UE ) Re ke B AR AT .
T PIB IR < Js 22 LLRR AL B A7 AE, dn )
A7 200 FE AR AL 2 8 O TE (R 458 11, A 2 A4 1)
W T EE B AP UTE . AR, T 5 R KR
A IR s A SR RHEE S8 B e o] fE & BT o 44
ST 2, BRI T BRI AAR FS/(F +
Fe? " MEAMRES, A LUT 3 mlse: O Ra)a
LA, VG NICIR B PR 1R AR5 iE 55 JOIR 1) 3 1 28 <
W HRRAE— 30 O BE AT O AR 8 s CO, (BRI
%,2005; Chi and Xue, 2011; 7R85 1E%E, 2012),
FEIE R IR T, Au AE AR P EL HST BT,
A D (R RAAR G JURat 1 25 o e T 28U B 16 2 ) AT
Bax ), e iad co, Mgz Ve, T BALERF U 44 1)
pHE M Au(HS), % &WIiT® Au 15K
(Phillips and Evans, 2004). SZEHFFTE I, Cu 1l LA
PL Cu(HS), %G W1 I # (Etschmann et al.
20100, 55 Au AHEL, ML, S FPRTER K Cu 1R T fERE
L HS™ 4 EHE R T B m, kb s &
CO, &R KT Ca KEH] . @ BT R
IRZ A BRI R BB 6k Z Py Zne 7B PG BKCR 4
R4 200 ~ 350°C I RCH™ i 2 3 Fl A (R IDE 47 55
2005; Chi and Xue, 2011; 7KHiiE4E,2012), @RE
< 1 o A 2 S AR D, HfE LT Ca i AT
Pb M1 Zn(Seward and Barnes, 1997; Cooke et al. s
20000 AR B 22 w2 L — e 5 BT s/
MIABED™ . M, T Ph M Zn 22 LAY CIT 4 &
WIEAGTH#, an R AL I J5 ), 2 320 Ph A Zn 1R
B PLHE W AN SR FARAE 200 ~350°C Vi A
LU PbZn, (HIX MR AR AT LLER Cue BRI, M4z
BAGE, CIRRATEERE NG, @O NEBEA
VG CR BB E , HRA™ H S AR T ok 2 4
FE T 2H 20 1 i 2 o 9, 0 302 il R L i
e — B A o AERT AR S Y B AR AR AR
AR, B AR BB A AN 2R = BEAL, IX I LS T Fe?
TR PR X MR EAAO TR B G A T
A, A R T T s O Ak R AR, T S
BRAET B B AL R IR SR SRR A AR . A

I, 5 BLPERT R )46 O AR v] B2 CO, 22 pH
ER R R R R Cu, o LT AE Pb Ml Zn,
TERBRAL ) UTTE B, v] e R AR LA R 46 2% OB: Cu
(HS); +Fe** —>CuFeS, +2 H, i & IE— M &1
Cu B BBl A IE = & IR B 4 Ak, AT S e
Sk, 1 N R B R I HY, BT LA B T A A 4L
DI = BECR IR A . A, 3 B R AR )
A T BB 2 B BE BICHRA AT DR 1) 4 s Ui v i 3] 2
PERT o SR, 33X FF AN HE B 75 55 B 51 K8 v 3 Ath otk
BT R T, A R 3R A 4 Ak P D T R rh 4 v
(IAE FH TR — A IR A T DA 3ok 4 378 44 3 i
SRR SR A HS T &AW Kk S 8L it
VE(Goldfarb et al.» 2005), X BAFFHIRNRTS

7 4R

(1) P BEFFUS0R W] 43 2 P02 B L T v 1 ok
AR F S R TUE IR B AR Y FL S . PR LR
AT B R S AR AR A R e, AR BT 2
18 N7 B SR BT ) 20 55 55 V) S 5 U5 1 i A AL .

(2) PRI IR v A WA 3 8 T e
TACHBERAAT B PY H AR T O SR T
DLBHE IR, B PR AR TiFesMg & R 271
s Y 72 5 F VAU TB I IR (1) 4 B Ak 2 4% A
BB E . IR A A S Al
MR ), AR A7 A8 TR T 2 v ) A 2 LS
AR E AL WAF T KB w10 b A 2 W O A 6
B Ca, 2 W H A X il A% 5 oS40 0 — 58 5%
Zp RSO B B RO AT AR AN ]
RE L H2 ok B AR D K—A HH EAE F I Feiide kA 5
FoKo AT RER H VR B PTR 20 0 AR A
R K M0 T8 B 22 i K, el g2 28 i 5 R ARkl
AR EAE I AL

(3 315 T A 6 A4 1 Rk A o H A R
ANPE A T AT ) A B A, R A RS/
Fe? " fH, FR UM PR AT It 4 A5 193 210 06 199 v g A —
AR TR R . 45 A BT RCIR Cu 7 PR ™
WS CO, 4 JBIE Pb AT Zn. Bl SAA N 21 (6 5% S
I I R AR AR AR (4R 5 R A5 ) S50 4, HE
BT IR BB BRI KT Cu MR AR ] R
& CO, 2 pH E L R R AR CBL HS, %5
ST Cw)s FEH AR A , It A 480 0% 5 TH v 1R mT e 2
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