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Table 1 Important substitutional schemes and exchange components in tourmaline

#2 & f&r #H X H# A &

(1) Fe?*y = Mgy MgFe_q

(2) Nay + Alz = Cax + Mg CaMgNa_1Al-;
EHBARR

(3) Nay + Aly = Cay + Fe?*y CaMgNa._ Al

(4) Na, + Aly = Mgy + Fe?*, MgsNa_-Al.;

(5) Nay + Aly = Cax + Liy CaLiNa-(Al-;
e AR

(6) Mgy + Sit = Al, + Alg Al:Mg_Si_
IR EHR

7)) Nay + Mgy = Aly + [ J¥ AlNa_Mg-
Tw N

(8) Mgy + OH"™ = Aly + O™ AlMg_H_;
BB ARRK

(9) Fe?*y + OH™ = Fel* +O°- H-,
BHRBSAHR )

(10) Alz = (Fe?*, Cr¥*, Vi), FcAl.{, CrAl.y, VAl

an Mgy + 28it = Tiy + 2Alr TiAlz Mg-Si-2

(12) 2Fe?*y = Liy + Al LiAlFc.,
HaSARK

(13) OH-1=F-! FOH -,

#: 1. #D. J. Henry f1 C. V. Guidottit'®
2. THRxRFRWE, YWz REFM\EEREIMTRENE RS,
xR x HHRshAr

BEAEBRKAEY W — 1M AR. BH 29 FEREHT-WATHERY?., HhERm R
B (schor & schorlite). BB KA (dravite) ., BEBRKA (uvite) BB A (elkaitt1)°
Lhrk, EERFHABRZHERTZHEBERFARY. BESA-ERSANERSA-2EK
ARAAZLERRLZY, MERKASERNBZEERERRABY, B2, EEHBT
R ZRNBFRERARH, BRARFRENARERERIBHZERE. RZ, XEEREHIE
RBRRE. B FEBHHER. '

3 WS BUE AR SRR RER

3.1 EREEGAPHESRE

BMESARBRATZRE, BEURROEEABT HER LR A TEA o0 H &
o AHE—-MEWMSBEXE, RAASRTES NEEH. XELSAERREIHHRRY
TR A SRRERL, flintdtbXmFRE, HUW, BE, TEUMZEAEYS, fTHYN
BJTA . FIUAE A O BRI ERE A, B, TURRARRBSGEQKSY
wTAERES, G, BERILBXOREEE, XEMERELALERIH RS, £XH
Conualll #X, L& PRBSA T LA BRILA AR, FHRBILARNERAAKE i HE
i, MARYRKARENERALBBEERA, SRR ARLEEELAN B X R K
Wo MRERAHRREWMIERE, GZ2HEXRNERE, AREURZXSWEESAFREMNBRS
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A. XEBKAZRR, £AHHRER, ERARENKE S, FHERE XK &K,

X TFHRAAAPHREARS, BEEEV WL A5, MZXERA R T 24K
A-BERKARY, DESANME. BdxhEMERBREANDIHR, TLLHAAR B KAS
BRE-BEREREX. XESREL2 T ZHER> FEL, BKASETHRIBRNS & kE
XM RE. ARAEMRES P, MBBRSKANERRA-SBRKAadERTIME Li-Be-Nb-Ta
ERBEAAAERMNRENERBBRN RO B NES KMHEEHkE, BSARNSRARES. ki
2O REATILEREERE LB, NERKg, BSKAEHECRRAaREET A
BEA. REBWMIERRAATUSATEMRNERMRAERT.. R, TREBNRFIP,. A
BEMBFmNBRARBLCEZHER S, AREMIESNER, R, BR. R4 mBRERH
BRILEAWEE, Fe/Mg fi Na/Ca ERFEH K. Himn, EREBEMTERMNMRARIIPL RER
FRREBEBSAMEBRSA.

3.2 A&ETERARARPIHNERE

HT04ERLIR, HMREKMNERRTIREADER S, BHINRBZETKPEIAPHRY
B AIE AT LAVE A B e D IR B R0 48 7" 5o V. G. Ethier f1F. A. Campbell®¥ 4 %78 iz KkSullivan
BV KRPESIAREARANELE, HEUXEESAHEREMSERTER. X9 LEBT
BB A-EHKANTERY], HUAEBEARFME. J. F. Slack®™ @8 T ARNAAN RS A
7 AR DT KANUK WA ART SRR DY R BB a M oA Mot s,
i “HHCRIEAH A LHBSAREBEHESRA, HEERSMBELERAFR R FERE
BOATHERRA". A, BEMBRFHEHICRECDT KD RREHRBLBELS W & Hh
K (tourmalinite), AT THEREERMBRAAKES &K, J. F. Slack™ % i 3 &
(tourmalinit) EXAEHRKAKRTF20% (FHD HRTFESRESEYL. REX—2E X £ R.
V. Dietrlch"? 4 #EHy “BEKAH" EEPRERS. FEHRBSAEIFERSME BEE
#HIRZAHBIEE (tourmalinite) HFHEREK S (luxullianite)), HEITFD ¥ F X%
%,B. E. TaylorfiJ. F. SlackCSHf — B4 HRFZT T B 52 B n B S S R AL 9 B el sl 5
AMER, fLEEoMEARME, HMBRLEBEBSAN FeO/ (FeO+Mg0) FE#%0.21,F/Cl{4
EHOh 33 & H B Rk, B, . BB, REl. B, B 0'%0=9.5%—15.5%;s ¥/ F/Cl %t
FeO/(FeO+MgO) HERMX SR FHBRFE SR EPHBES A, D. J. Henry I
C. V. Guidotti" M T LA XMA MK LS ER MBI +FARTRETASFHHE, 7
Al-Fe (4%k)-Mg fi1 Ca-Fe (£8)-Mg B L#HET ARKEBRANMLE. ZBBRIECSH
B A RHNFRCERP BT ZARM. 1. R, Plimer Z£HFZLH AIFE Golden Dyke Dome
PRSP R R HS BRABT R FREAMN, M TRARRARTER, 8 T a5
AR R PR, DL ELEEECMRATEHIEZ T SRS K f1 # AT
HEPREARBIEAHBR, EHESRET KRR RV ORRMNEG B T % 882, £49%
Ik, EF IS EIE L RS R K, R TIRBEE BRI R 2628736050 1 5 BERE
DR KR K227, BB or e T H575 A A B A BRI iy sh 38 o Fn el <00 10
39"5_41]0

REREMBIRERBSAREBREENEK, HIXTFITRENAMN R, KM LIEA
EANFE: F—, BABAESRAOARCHERRAG-BRALTEAS (Fl4n, Brocken,
Hill 97, BBRSASBEEANEME, FO/(FeO+Mg0)<0.5, XM MM TESRE
Bii. $2, SV RSB S E—eRE LYMERKANED . B, SERKAEREBRLE
PLLBEN, MERSFRDEPER LARBSA-BASABERBRGE RS B=, HhE LAEF
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—RIADRAERE. G, &EREE. BEoRieEg, REBE, IR, RIUREDHE
g LR #iME (vip-up) %, EY, EREHKX, SHEAEERF 2PN B H KITH
& Blfn, AEEBEAS (coticule) MAXEMKAAE. Fh, MHHBESKAREFNAR B LZ
RSB, BFEEHRA, APORBE, FeO/(FeO+Mg0O) A, NaO/CaOff
Bk, B ALGELESHET Y, FlanEIeails 2 A LN RER RS 5T
Bk Z AT R, D. J. Henry i C. V. Guidotti®*®?, J.F.Slack 1 P.R.Coad®*?
B H R AT RERZ R AR RS,

RFHREAGRE, —BIAAERERSAM AP ARk ILRImE. E0LR 1E A 3 179
H, WiEEA—LHETY, FEZFMNARRN. RE, EREERPHEERAEIARBE
o B, HMREERE R BESCREE R A B B B ok DU R 2.
3.3 ABRITEFPHES[E

LA LW 1R IR FE R R0 By kIR 1 W1 A 2 R LAk IR, X AT IHE M Sk n™ IR L3R
SR EEREDE LHRRT K. SRAETEME, Ry RPHESAERRRERK. RYE
HWRRRIREEEI B AE— SRRy Kb LM kET e, BRHOEHR X BX
ARBERHT T ZE

S. E. Swanson ZSYEBF o IR BT i b B A AR, RINERE. ZFEHE A ¥ R
B, BEARSTHMNERS AR RSSEESRA.H Fe/(Fe+Mg) 14514 0.87—1.00,0.59—
0.69 F10.39—0.47CY HEPHIZE R MR B ARREF KPR ANBIE/RIESITEREN,
B ARELE(Fe* /(Fe* + Fe* MM EME L. MFnif—50mB(300m, HILEM0. 17T
BEfEFE 0.09, X—&EK% Z. N. Rudakova® 7E Transbaikalian § T.{EFrENIE,

EhE, BRAREBEETTHLZ2LBY KD, RBERASHAR, B KTSAERRE
EE, BSAME -z ER, NESRNNTY, BRARGYRSEMERSERE
PIRER R, ERPRPHAXBIAKR® GEERFFREIEEO AT MK (Fla, J"HEHE
B, K. ¥, sHENSEMEN . AREEX, BKABRTREARA-BRSORAERR
Flo 18¢EHBTFIEEH R FeO/(FeO+Mg) 4 4ifE0.68—0.85 Z A, F# 0.79, fEFeO-MgO-
Na.O Bfgh, HBREEASATRARZBERAPRRAENEHREBLREREHH XA
BEAzE (1), ERTEE-S-8-90 KNS RME KD, ER 4 o LLEADE, ik
2. BEAKKAXRQKARER T LIE RGN, XA R ERARE IRy TH %
BRkAESEREERER, YRBESVEANAERSAOKNE G2 AR BRD S, HARR
ARBE, FFELEHRET. AMETHEE SRR ZESAM FeO/(FeO +Mg0O) {HEH4
0.93, HEBXALE, MTEVEFHESKABRELA- BRI AEEARS (H2), Ho7%
JEREE, MASEERYBEHX, YKREEDBAN, BAHEMNESARERSAWIL. 4
AZAAEEN, BRAARBERRA. EASEERLFHHRKLEEEHZERY KP, A%
BEAKNBESASBRBGHEESA (B 3) mAERRXNERLIREHET F, BARTEE
B A-SRSARERERT. BXAMFO/(FeO+Mg0O) HEHEEHKksBEMHE (B3),
LRKBEASEEN, RRATEY YPURERERTAGREE B A, B AHEMEE.

MEHBTREOBHTLULEN, RRTEPRESAZETERRA, SHBBA G- 8 XA
BEE RS, HABLRETEAR>kEHEERSER SEHER R,

3.4 RER-FHEHEPHBESE '

O ¥ TXPIFEHRES (tourmalinite), EWRERXERZIFAXBSEE (quartz tourmaline rock),
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of grcisen; 3—Tourmaline of laminated tourma-

linite; 4—tourmaline of quartz tourmalinc vein

ERRTERNAHRENHES BERR
R -FEAE IR BE R TE AR R /ch"
ST, W, By, . BELEERNhEES
£, WEREyY. Ay, SBERETYM
WH., Y5 FHA SN LT 7 BEE
JiEt. HAtREMARLB B AMmER, H
2 EE, BRANERLERLR. 7
—Behh X, EE-FEARIPEHBER F PE
R EE CEEALHIMAAdirondacks®?,
ik bkl Damarai® L1130 Gk Azovee;
Pl & T Sare Sang®®) fEAER AT HR i
BAATRBRERSA-BRRATE R 5], |
RS Aamcdatm. FHit, £ ]. G.
Raith“VEigH, “D-#Ro AW HE X 4> TFm%
KEER-FEARREPHBRSA”. [HR 2415
H, BHPEAEEATRRMHRT SN E
=AaF5l.
3.5 TRENFAREPHBESE

B AL EHATAERERAE . X5

Na,0

B 2 #ifrk W-Sn-Mo-Bi §" K % Y Sn—Cu
5" K SR A MzO-FeO-Na, 0 Elfig
Fig.,2 M;0-FeO-Na,O trianzle diagram of
tourmalines in shizhuyuan W-Sn-Mo-Bi and
Zengjialong Sn-Cu deposit
1—RiTE B ZE SRR SR 2—Mi Tk DABER
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1—Tourmatine hosted by dolomite in Shizhuyuan
miney 2—tourmaline hosted by carbonate in Shi-
zhuyuan minc; 3—tourmalic in Su-Cu decposit
of Zengjialong
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Fig.3 Mz0-FeO-Na;O triangle diagram of

tourmalines in Lianhuashan and Aoyoute pol-
ymetallic copper deposits
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Aoyoute polymetallic copper deposit
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FERERMEH S, B TREMGRAHRER, BXAREEDET HRBES 6T A RT
B iRE . BRAHRBTUERRPRE, HEsERAMR K. fim, D. J. Henry 1
C. V. Gulddoti“ IR MBELR +FARERAEPFRRA=EMARBELRA. XBRKAE
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AR R A BB, (B AR LA B) TR IR 445k TR 4 i JR 4

4 AR RERTR &
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iF #5 i W 5. % Rosebery Zn-Pb-Cu-Ag-Au B )R HBE AN FeO/ (FeO + Mg) {H40.72—0.88,
SEH 0.83, Na0/(Na,0+Ca0) {4 0.91—0.98, F30.95, XFAELRBELBANBELAT
— BT R PR ES A, 1. R, Plimer®?R g5 HEE BSCRBF A PRI ALTULE AR
SEAMFSE, #mEEdEsy Bushmanland MM AFEAAN L E KRG, HR, EREREBIKX,
Li-Be-Na-Ta i 2k Pl <A S BES AR/ MBERRA, Ak MEEPHE AH
SHERSA. Bk, EXESAMRREMABERNASRER, BARSKAEDBEE K R4
HELRTREEAZE, EENDSAEIHSRSARSEE, HEEHERBREL TRERE.
4.1 BSARSAETELBRE

M AR ESE EHBAESEEGS R AR EH, B, B % £ & BV H
th, BARER ST AR ERELHERA. S PHRSATRABEARA, Wy kdhH
BEAGLAEENERSA-BRSABRBKERS. RS, K FHEFRSAEH A X
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Fige 4 Comparative diagram showing the evolutional characteristics of the replacment of FeO to
MgO in Y site(a) and CaO to Na;O in X site(b) of tourmalines between Dachang’polymetallic_tin
deposit and Sullivia base metal sulfide deposit
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B ARSI RIAE LS. BEEMNTE E FeO f1 MgO SRR R, ALOE & HREH
WE, MEEEERTAERRBEIEABRSRA R, BI10 BIBS HERHR K TR S ik A
By R EERBRENESRRDR. B EXTHDFIXT EESAXAMAKHCa0 5 Na O
B9 AR ARt Bk B RS R B IRAE 5 Tl o
4.2 BSHEHERKE

WX BSANBRTELHISHMKENBE. RAFKRRE S MBS ARBRS R,
FEFTHEITR LRV BB ME&NE. fEKidd Creek BRRIELDD K, BEAHLEINN £ BB
RESMBKBRBIEDNERFHHER. SHBRASERANERHARGES (6, B,
Kamike), MAR—-TRSARKEELRESENKERKRN. BEANESI THAE & 8
BEARBIEBRSAWRIC, H Fe/(Fe+Mg) {HAEfLM 0.33—0.92, J. F. Slack f1 P. R.Co~
adCOHF R R IZT RABRS AR B FEREGTRE . .PHIE. K/ B REMBANE KR, TE
BHAZASEEENRARSENESRBKMEAEM. TABKAR Fe/(Fe+Mg) BN
REMRKERE LR HEEEKOMREINRRERNDER LI HMTLUILBREASY AAN
BRI BK, Kidd Creek BB SA W RES K LWIREH L MBRREHEEF X

pesh, —tE ETEEASAENBREBIVERT Ry REHERYE, #HTREHRK
A, BEMABEEMAZET ENAESRE.
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5 &k

BRALEARTHREHREA, MCRELSERTRME., 8. %, BUKBRRY 55
HERL. E+HEK, MRREADTRKPEBIBHHZE, FRIELTRIKARIFRILLEFE
M EEFRE, WA IR A B R B

FIABRSARSPE—ERE LUK FESRRGEEFE. 58-82 R0 K f 54,
B, W, BURAXNERSE. RS, ARERIZXESHNEABRLAMBRIA-B B K
AREEERT SREAHT RKNBRZ-FASEEXTKPHEIAABEBRRA-BRSAERE
5, —RER. GENEEHEXRNT KRS RaTmaSaARRRA- BB B # AR
7, BEMHEMNER BROFBEASAMERRA,

BRANERE NS EREE, KBTRERY L (Fln, HRELEER, BARER
EBE), &BE. pHERBERSSE. HiLl, ERSREDRE R ETRHR N, BiFER—
X, R—Rxttt, #5HERERAEN. H&FAR—-XABSAMHRERLET LR
U
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WA RFEFERIARY . MELEMLEN., ERCREANNRERMLBHRERT, &
H FE QAN 3% K E IR & H RIT.
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THE TRACER OF TOURMALINE FOR ROCK-FORMING AND
METALLOGENIC ENVIRONMENTS AND ITS APPLIED CONDITIONS

Mao Jingwen, Wang Pingan, Wang Denghong and Bi Chengsi

(Institmse of Mimeral Deposits, Chinese Academy of Geological Sciences, Bsijéing)

Abstract

The tracer of tourmaline for rock-forming and metallogenic environments has
been studied for a short time, but a series of significant results have been achieved,
especially in the study of syngenetic massive sulfide deposits. Based on previous
data in conjunction with the study on several deposits, the diagnostic character-
istics of tourmalines in different rock-forming and metallogonic environments and
their applied conditions are systematically discussed in the paper. Tourmalines tend
to be marked by Mg-enriched dravite-schorl solid-solution series in the massive
Sulfide deposits hosted in sedimentary rocks and volcanic rocks,and have two evo-
lutional trends, i. e. dravite-schorl solid solution series—schorl-elbaite solution
series—elbaite and dravite-schorl solid solution series—schorl in granitoids,pegma-
tite and aplite. The microprobe analyses of tourmalines from tihe Baotan Sn-Cu
deposit, Shizhuyuan W-Sn-Mo-Bi deposit, Zongijialong Sn-Cu deposit,Déch.ang pol-
ymetallic tin deposit, Lianh@ashan copper deposit and Aoyoute copper deposit show
that the tourmalines in hydrothermal deposits associated with granite are Fe-enriched
schorl-dravite solid solution and/or schorl. The tofirmaline composition shows reg-
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ular changes outward from the contact zones of the granite intrusions. The changes
depend on the chemical composition of the country rocks.

Key words: tourmaline, rock—-forming environment, metallogenic environment,
indicator
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