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The Chemical Composition of Tourmaline from the Sazare Mine,
Ehime Prefecture and its Economic Geological Significance.
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Kushiro 085

Abstract

Tourmalines occur in several types of strata-bound sulphide mineral deposit throughout the
world.

The occurrence of tourmaline and its intimate relationship with ore and the ore horizon
suggest that the boron now present in the tourmalines was brought about by submarine-
exhalative processes as a part of the same hydrothermal system that deposited the ore.
Tourmalines associated with sulphide are Mg-rich dravites.

Electron microprobe analyses and microscopic examination have been made of Mg-rich
coarse grained recrystalized tourmaline in the silicious banded ore from the Kinsa ore body,
Sazare mine, Ehime prefecture. The Sazare copper deposit is a massive strata-bound sulphide
deposit in the Sanbagawa metamorphic terrain.

Kikuchi et al. (1967) have suggested that we would be able to explain some of the problems
relating to the geologic structure at the Sazare mine more clearly if the silicious banded ore
bearing tourmaline is in fact a different ore body, for, until now, this ore has been considered
as a part of the upper or main ore body of Kinsa. This suggestion supports the belief that the
origin of tourmaline is related to ore mineralization but not to the metamorphism of sedimen-
tary rocks.

Under the microscope, the helitic-like texture of rutils in the core of the tourmaline grain
and the difference of the preochloism between the rim and core indicate more than two
crystalization stages.

The correspondence of chemical composition to texture, such as the increase of Mg and Al
in core of grain and the increase of Fe, Ca, Ti in the rim can be recognized under the
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microscope.

The variation of contents of the elements in a grain shows that the amount of FeO+MgO
decreases with an increase of the Al,O, content in the core but the decrease of the Al,O; content
in the rim does not correspond to an increasing amount of FeO+MgO but to the FeO content.
There is negative correlation between the ion numbers of Ca+Na and Al except in the Z

position.

F A A &

BAAIRRI2F4 b - [lRICED EEAMICEL, BavEPIcLET L, /2, Edahic
VRO, CHEEEOHEEL SIC T ENTWlEZL L EREHOBRTE L2 EINTW S,
—7, Sullivan, B. C., Canada (Freeze, 1966), Rosebery, Tasmania, Australia (Stillwell, 1934)7%¢
¥, Hh 7 TS L AEROEBESGKELRIC I, BERACEUERoER LAY, i
APICEFNLZ EBREIN TS,

IHLESA P R LR b ai R (Volcanic-hosted massive  sulfide  de-
posits), Sediment-hosted massive sulfide deposits (i@ 7p B AFEIRA 70 vy, EEERILEA, 1983) N
WFERIC LR LN, FICETA4EE Cu, Pb, Zn, Co, Ay, Ag, W, Sn? 9 512, Fid#k
EoOMAEr L s, Bz, BFEAREELEES LIEREICHLZD, BAA T4 iREEKMEL
RizHE 2 O F TIRWEEFIC bz - TRLN S,

INLEAAIIEERZEO, MgiogEt 2 v Rl A5 E R, BARMREBOKYEIIR & Tk
TR ERT I L E L, BRAILBERGICA ZLROB % S0 & IR & IZ AR T
—HEOBKRDOFEW & L THER L ¢ £ 2 b Tv 5 (Plimer, 1983, Slack, 1982).

FREORFRMGE (X — 2 T4 =) v {DhDEE» L LERAGDEHRIRESNTWS,
Z OO RIT Y IEYE KB O EEIC L ) IBERKED & OBETER L2 LN TH S (N,
1977). =i F TICBIFRSREER A b ET 2 BAADKREIZ > W T, SifbIER & DBE T L sk
ZEiE e,

ATl 2 S RMRENBRAIC DWW, B TOME, EPMAIC L 205 Hic
OWTHET S, Bz, ZORRIIEOWTHETOFZEX TV, #YROEHRH LN CLDTH
5,

1. E2EFUOME - SLROHER

e BRI IR FZBHEMITICH 0, BIFERL K 20 km, FELIRO LR ER S 560
M AZE T 2, ST SNV EREO ZABR T EE (B, 1959) siciRls S, ZwINEEZ
WY 2 R DOMERES B~ AR EFELHNE UNEL, 1956) Z &h b, £ DAY
BEAENRRICH B EE 2 Hs, BROBEER 2 ik O b mE & RE N 5 =il a1 o 3
DIFERERO T 6 AN LD TH S, FEMEEI RO - GER - TS ) ARA - ik
RS - kkv>F - A% HBO -MA T, )VYIkGa - v oa - BaazffoTwa,

s AL S ROHTHE, SR (188 A%6), &R—E 14, &0, &35, #E, R No.2, fkx
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MWD 9 ODEEH LR, HEIROEEETE S - SLRIE O EAT Y [ZEMEER 2,500 m, {#BHE
£ 1,800 mic B ks,

AT B - AR - BREARIREL - IR AT KA S A, kLI b BTN &
A I BOIRATEHOME TR E 2T L 0% v, HERREE L D #io v mm A — 57—k
e RE & HER - REDIRABOM A 5% 5 (Sazare mine, 1976), &3, SRBIc B
W, BRAETENS (HFF, 1959, i L, 1967). (Fial AIXTEHASL - WAL - WL L ) 7
N, EaiLE R,

WATIITAN T A T2 L - T, TillAE, BREEZRICT 2%, FEGMIEFEREL - S840
HESREL T, A EOPIESL « HisHdL - Av—T A b - BARE 645, BUORENE BN L TRER
THLRL, BEERSL - PIHESAERIC B TrBRIC % 5 (Sazare mine, 1976),

2. BRAOERERBETOME

2 BRI DB DREWIT B8 L5 SWAREOMOMER G ICEAGHIBREL TALA
B, FWER (0L~12L1) TR ZNDESRA % TUHEEI 212 A TR I EEED & 2 g
BRE 2T 227 P TIRELRE DILAT Nzt L CHREE OB T 2 MBHAVNS (20, Bk v
ENRFLLAWRELY, HEHEAIISATERL 2O E 70 5 (B s, 1967). AfiET
Y i 72 FEAHATII B §E42— 2 s, W 35 BESUREE, HEWRIETH ), F—I8 % TR
HEERCREL (P V) ~EeRELTw 3,

I FE TR L LS ERA O RE TGS 2 1T B B T RIS | B iR A g th o IR
gl (RER), B, WAL CRRIE), Z#NEh oz RENL &I (BSE 7) (B,
ARSI CHIRRILR) , Bl Faiil (iR IE) (Bt s, 1954, MERAR, 1956, HA ML, 1965).
IS5 b, WMEH (FE# s, 1954), #U% (Kanehira, 1970) O &30RIC B W CIRB{LaM & 4| ©
Wi, TOMOIIRIC BT D ESADOERIZH S5 T,

Ve E gL EE EEE AR IR L T O A A 1 H 18 B AR ARIRES B T, 8 X TATIC R S o ik )
EEHITZTEND, BEOORROARE 2, BHAA T cmBi#ETH Y, FOMmIZ =R
ICHRHEE L S AT AR T, BIE O 1 mm g Th 2, BREPIC LA ES LN, AE ST
HELTFOLOIKRTNE (, BIRAICHENT2 2 X ILHETH 2,

INGEZHBEE T ORI T2 L, ERAICIEEEE N E TOSEED R VD 5, Bk
LIS, FEBRERII I TRV Sk ERL, A—X@d biTE A XEAICIEV, HEK
BEET 5, PWIZRCIFE B G A1 WIKREE 2T 2,

WIS BB RE—ICHAEL T 5 2 2 2RI, B X ORF s 5 38 KICHETH 2 &
SZ 5. AR S0 u BIROEERL, ZOWIESREORER L ZEBRTIIIIEf% & 5.

BWAOORGFYE & LT, Bl Rk, WEA, SaLErBZobns, SHaIIESR
ANEAEWE L TLRDH LN, HAET 2 BRI & 35, 2 T HLKESmETRT (B1H -
D). MNEMBHMSEY ORI GHE OMERES T, FORBIFENS, £ L TTNEHIZRL
5.

BELRIOAEER E AT 2R ANELALEAMO A I KL ET 2, coBEL), 4
FWE L TOSMATESRERIC L VEROVSHL-BOMBA LV ) v 75 LTRELTWA LD
FEbS,
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EPMASH L ~ESE, REMEENSLNE, F—7> =2
n

ACFLEERAOSE 1, Bhe#HF1~1212EPMAIZ L
B LTS

DR 2R TS, NEoaFWYMl OB E Y - T

WWE RIZER, A7 =an,

EAUE PO Ao, B MEREO PRIz b ERED D

DHED BN, HEEEOH BEEICRL L, AT =30,
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ERALAFRRERIC L DHELL OR7: 2 2 2RI LB b5, —Did, Blito
RAHIE DRI E W ORI BT, REICEEN TV 2 3 I LIRO SALH O £ D BRI
RoENT, MEICRATWEWI 2 ThD, b, BOECIHEERIZE LI &HNZ BRI LT
WHIEETFYT (BIR-C), F72, HOMBTIIEEHEL» 2B ICHED LN, BEWEL 200
IBLET, M 2 2R 52 L npEL - TRLNS.

3. 1LZHAAL

BAAN—HiENIIX Ys ZsSis Oz (OH, F), THR&#, X=Na, Ca; Y=Mg, Fe*, Fe*,
Mn, Li, Al; Z=Al, Fe*, Cr, V& 640, 9 O0DEMBS P IIBSNT\vw5. EPMAIZ L 34
sk (B1R) » b, E2EIIIERRGI: Mg A 85712.64~13.35 wt% & Mg |2 & 2,
Drauite—Schol @A 55T, Dravite Sisr i 2 & 2B 59 T 5,

AFEHI AN B AR T o T, &ﬁﬁimﬁfb%mﬁ?% BEYT, HRhoMmualhme: Eed
b, AT E 12 sURY, L. £ LT, B - TAEAZMBOEIES LY,

LaL, 382 ISR ENHICHH TN A ZE(UB Tt 5 5 5%, FeO/FeO+MgO+MnO | H
I TS TR W Em A A S LA i, Na,0/Na,O+K,0+CaO {3 NEs Tl 35 o % 45
Lo, ke LT, WEOE @I 2 LN, BIE S IGE0BRERT (y=—0.6060).
FHEBD 6 AN AIZ 2N T RAUTHE & % BOMBIRMIE»22H 5 N5,

HELEMIcBWT, Ca¥= Na' (XfiLiE), Fe**a Mg? (YO#E) nF#sdhsbn %2
LHLAAY, H3R» 51, FeO & MgO oz 3 OMHBRIE L 32D b e v, 72, CaO & Na,
O DRED <5 — 4%, FCHBENCBWTRE L Th Y, BHRERICEW THHS 2 BB
RIzEH LN T,

%4 XiE ALO;s & FeO+MgO O Z{bic oW TRL 22 30T, Wi is T4 8 oHE 8%
BIRY, 7272, ArHTa Co DAY, KIS LT, RN LEZ L5, 22T, Co Mt A TH
FEPDMRZIC DV THET L T2 2 &, ALO: 12 FeO & L) B ADMBBERICH 2 2 & %5 h
5. 2O FeOhiE ¢, ALOs 2R, B, BT v Sl 2+ 2 BEIRICMET
%,

Fel/FeC+MgHHn0"
Na,0/Na,0+Cat+k 0 LOL1E @
O 0.83 +0.16
0.81 0, 14
0.79 F0.12
0.77 L0, 10
i s L

. Il L 1 L 1 L Il L
K12 K1 ®2 K3 K& K5 K6 K7 K8 K9 K10 K11

Rim +——8 Core of grain Rim

Na,0/Na,0+CaO0+K,0: AL
FeO/FeO+ MgO+MnO : 24,
K 1~K12: 5#r&, 81 EBORFI G

%2 WA R N bR ZE (1)
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Zoidh, TiO, b EEMTEWELRT.

We. & Wtk

13.0 -13.0
o= T
3.04 - 3.0
2.0 4 - 2.0

Kiza K K Kz Ku Ks Ke Ky Ko Ko Kio Kia

%3 R RN OO 2L (1)

= £

BEAITEM AL EZ AL, LWEHE TEEERE 2 5, 20k, B0 &S
BrOMEREZ KE(ZTDLNEFEZLNE,

B FRISAFLR D% 2 B ER AL D E PMA DGOSR, M E THRED H 2 HEEEAKIEL
R b NBERADMBI AR Mgt BRI THAZ LML -T2,

SR T ClREEE ORI, BRADRBEES DA b 20E L b, FOEWIE L TLE
ML B2, 2oz k2w, ALO,; FeO, MgO nZHbiziEE T2 & (B4 M), K &t Ko
T Ky TSI 2 » T B, Z D b B oy i o & BEEER, & ot s (R g o
BR) rOBICIRETOTALSEHLNE, JOTHIE, LEER EOTER S B HEOBER
LRzl e B 5 EEMOEEITITFE LREAVAALTARICR NS, ML, Ak
BB I, RO L b B E 20T, oM I b - 28 ST L
Thb, O EFRBORIEATRELIBARICEWTALLTH S,

BEgE o bl T & LT, FeO # 13 s, Ca0, TiO, &g & Z tuicitind 5 ALO; i
TR S5, s, WETO ALO, @ lghnid FeO & MgO o ARTOEb L R MY 2, 2
0, SHHEIC A L H LRV, BIC(EFERTOENECOAL LT, BEEMILE) T
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We. X We. %
35.04
T 16.0
34.0 J =}
o
[
- +
= o
" &0
b =
MgO+Fe0 3.0 4+15.0
33.0
L0 L14.0

Kiz Ki Ka Ks Ko K Ko K Ko Ks Kio Kis

4 LAY LT IRl 2 il A NI AR (1Y)

FERFTERELDLENZ A, ZOZ LD L ERERICE ) BRERERICER L 2 Wb a5 Eh
B2 Tilio T 2 & & FRI& 5, FHc BRI BT 5 KT RMOBE 2206 & 0, Rk
DEHIZ B W THAKOMEG DTHEN & L AR 2.,

G, AlBAIcEUESA TRYDMEICBWT, 2144 4> (Mg, Fe**) % —#f 3 fiio
Al f > Hiili L T 5 = 2 & RIG (1982) (3HRHEL, B, HRNOEMO/ 7> 2% b8
iz, ByA A (Na) o—#basthi 5 = 2 % 2 515 (Rosenberg, 1975). Z7 > /37> 2130
r (OH) a4 4> nEHic Lk > TLHibN L 2 s b (RIF, 1982).

BEAOBEMAOZL LICLA A BEFELIEIRLE, 22T, Al SiofiElc Ab L%
2HE, YONBIZASL Al4 A 1313 LA BV Eic% b, LarL, Bk & 51, Al & FeO+
MgO o> [li= BR i 720 8 OAHBI MG AT N5 = & A2 5, Fe?* » Mg v —if % Al 3B T 5 4
NEEZLND, IHLDA X EBOBEY L LFERTH 5.

XofiEo Ca b Nad{ Av#y Alo¥imzis L <, @A A>T, L8N TLEPT 5,
B, 3o 4> d 24 A &#BRT 2 EICEVETIZEMOT 37> 2, XOHED
B A A > SR THOHEHDIZL > TRNFT A3 NTWA,

PlbEoz &b, B (1982) =% Rosenberg (1975) o &k N3z &%, B—aiERicB
A HEE DB BT L HFET 2 2 LD 7z,

EESESLRIZTE ) BEA, FRic Tourmalinite & I N 2 ERA K E L IR EOKEIZ D W
Tid, Bk 2 HREEL Eh SERIERICE VAL LT 55218, KEDOBORIR% 5Bk
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B1R (oG rben, 42-2 SsL, W33RE MBI oS A OEPMA S fir s
Sttt L 156KV, 2pm (), 35° (MY H L A)0,025AREEI)

Standard, 4 /L—A | B (FKRE)

Ky K, K Ks K Ky Ko K
Si0s 37.35 37.44 37.59 37.65 37.47 37.72 37.15 36.65
AbkOs 33.62 34.23 34.46 35.39 35.18 34.06 32.92 32.77
Ti0, 0.38 0.31 0.31 0.26 (.28 0.30 0.41 0.40
FeO 2.50 1.93 1.79 1.56 1.78 1.88 2.77 2.67
MgO 12.81 12.79 13.47 12.64 12.93 13.28 12,83 12,92
MnQ 0.04 0.0 0.0 0.0 0.01 0.01 0.03 0.0
Ca0 0.66 0.58 0.51 0.50 (.45 0.48 0.62 0.57
Naz O 2.29 2.20 2.32 2.06 2.18 2.22 2.27 2.20
K0 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Number of ions{on the basis of 49 positive charges)
Si 5.74 5.76 5.72 5.73 5.70 5.77 5.78 5.76
Al 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Al 0.08 0.20 (.18 0.35 0.31 0.14 0.04 0.07
Fe 0.32 0.25 0.23 0.20 0.23 0.24 0.36 0.35
Mg 2.93 2.93 3.06 3.87 2.94 3.03 2.98 3.03
Ti 0.04 0.04 (.04 0.03 0.03 0.03 (.05 0.05
Mn 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ca 0.11 0.10 0.08 0.08 0.07 0.08 0.10 0.10
Na 0.89 0.66 0.68 0.61 0.64 0.66 0.68 0.67

e 2 FAHRE S T s Y (Ethier, 1977), %72,
TV —T 4 7RV ERAG Y E LR ERRIR
TERAH 2 v (Plimer, 1983).

IHNLERADERSTTHHBORFEE L T
EMERIEEDE 2 L, BlkiEo#fm L L <
EFDIE Iz 253N, FRERECEBETE
OO —REFH -2 EFEZ ENTWD,

e 22 S PEER BRI BRI B E 2 BRI
BTl H LH%, BENCIEE 2w, ZoRENE
KAONETHNE, WERHEREY R Ok L8 &
HI-ss | 7- B& (Lanergren, 1945), Zi8AAS
2L &b Lz, Brockamp (1973) (24 L &
Mg Asigi s Ui Lo &kmic HFET UL B
PN EAEIEWT I NG AT L EFEAL
Twh,

WM A S L), L NS BIBEO I
wEINdu by, TOBUGERIIHETTHS ).

2% BUCFEEUESRIC A b LB BROKIERETE D

¥ il ORI HERROMA  (ppm)
Bk A _ ﬁ”‘é?ﬁ}i&iﬁﬂ
Si(%) 6.1 25.0
Al 0.50 8.4
Ti 0.02 0.46
Fe 18.0 6.50
Mn 6.0 0.67
Cu(%) 105 74
Ni 430 225
Zn 380 165
Cu 730 250
14 450 120
Cr 55 90
Mo 30 27
As 145 13
Cd 4.0 0.42
B 500 230

Bostrom and Peterson (1969) L1

AR, ROFRR TR R S NCBRERSH O LBOE TR 2 & UHGKHERYHICE W TL BA9E

B ORI T 2B LoEmwaaRERT (B2%).
75, B FIRIGHTLR A & b RO ERDERAVWESNTEY,
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MU BEMEAREH D, Fiz, EAELICB W TR EESAMRKIE L &AM 5 Wiz Lo
e TMILL 2P LAk DEEE FoSBAA O (X AR (1967) (F ST B A,
IO ELFBERANDL—ENREIC, HOLTIEREDEREL > TRIBLTWE 2 25T 1
DTHHDI,

Pllb, wEERL L{IETOR(ICEEEROE L TRHELZ 2R TLDEEDH LN WD HL
LVER & BhE T 2K OBKEHICE DL L3N BREUAA T, BEEF T I BSALIEIO
Mahsdib L, BEICHBERERIC L DHEELL TR EDE L LNS.

— AR B R A Mg 1o B0 2 2 it, B2 FIcL o s B8Ok EEERIZ L D Mg—i#iR
ADERT A & v 72 Mg OB LERCHTR Ok H 801 BAWET 2 8o Mg ol % - o) B8
EZLNEY, ERBELINESCESAIBH TH Mg AR 7T I o005, JOERLEZ
L5,

Kunits (1929) (= & D #i# & 1T v> 5 Brown Dravite (2 4 ES F AR S vwo7 Mg icE0E
A, [L#EgLLPE Dravite (A6JR, 1966) |3 ¥e6UE % B { #HRASHIC, F 72 Sullivan §iEo Mg
ICBUERAIX Mg o BB G & BIckAE L Tv 2 (Ethier & Campbell, 1977) 7c &, Mg
BUEARHS L nimGE - RERIALND

2 melED Mg iz 80 ESAAICIE Mg h?ﬁ@i&“%tm};@@]&% v, LA L, SRR
fREREPICIRIEY 5 2 Lo 5, Mg O— I3 R KBUEIRIC, £/ —%E&:,tx-@?k% FUBKICZD
BHEZ KB ZEHPHELTHA . ST, Mgic BUESADERIL, BT8R R
TEXITEEN b RS MELR TH L T HRATICHW XHT2L0TH 5,

AWF5eit New England k%, Australia (1982 FBEZESMIFTE) MAEFFIC v { D DHEEEBOK L
KERBBEICHZ Lot 5. New England KFEiED Z{ D% 12> TF2 -7 R L.
Stanton ##%, ‘éeﬁ»h CBE L THEHoRTEV- 72 L R, Plimer #-4c00b & B 5. 2 5L o
WRFIZBWTIE, 48, FERROTIE, FEOWKICIEA~ABHTFC T 272, EPMA%
HrizdbimE s - THEHMOKHBTPAROF L2 b T o b L, EOMEILBL FiFs,

X 03
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