Bull. Inst. Front. Sci. Tech., Okayama Univ. of Sci., No.1 65

FFREGEHEK E € DIREIE

[E) I S
R i)

*T700-0005 Bl L vii Ak X BT 1-1

B R R
Ty

E 3 i)

[GIESF PN L E g

5 T 710-0046 £ BTl v ge2-6-1 A Tl 37 1 4K s £

T 700-0005 B 111 AL X BLRNT1-1

Bt LB K 2 T2

kT 701-0143 B 1L 717 AL X 1 A7509-6

20194F12 15 H = 3

1. FUC®IC

R 1L U5 e S ol il v T A R I IS S D T L v
B A AN Y OEMTH Y, ThFE TICHFTIHA
BN DR CHHEOEY, B XL HA
R ENMEEI N TS, 209 HCa0-By05-Hy0
SR DOV TlidKobayashi et al. (2019) HHCCaO-By05-Hy0
DOEZWHRKICFE LD TRENT WS, INHHEY
X, TNF TOWGED S MK D A 77 FRIE S H3 ) A 815
We LTARL, ZOBOBKGEEIZX )L DEK
RYERESMIZZA I N TS (B 2 1XKusachi et al.,
2013). —7J5, ISR TEESEY O R oI
DOV, IhETIEREAEERSIN TR, 22
T, MESINIZPET 2 S A ok Fo R AR
BB LR EGHEICEAL, ZOMEICDOVWTHR
HIHZ LIzl

Mo Bk o KR b o & v F ALK B 5 e
&, K (2001) WXk o TEFOMELN T EDLNTW
2. A FIEOBEIBD 2 oD REFRMARDAAE L
R FEOEFE1310811 + 0005 52 5N TWw5b.
IhkkwERMAL UBMB) TtxT &, BB =
402 = 012& 740, KRB 2B UBOFIEIE
K1:4THhHD. FvFEREORMVAMEOLER % £KT
72012iE, RO X5 ITEEWE O FAAR 2 5 DR
B FENARIE O T4 2 % Vv CTE T

511B(0°°): K HB/lOB )sample/( HB/IOB )standard_ 1 } X 1000

("B/'B) qampe B £ T ("B/B) ganarald. Z I ZHEREL
BLOBEWE T OFx Y KM THL. INET
CHE STV HEREIFICA SN KAWHD 6B
T, kbEHVDDIEFA—Z T T DOHFKDE0%
(Vengosh et al., 1991), w3 OIZKEARIFEOELR
F1?-30% (Chaussidon and Albarede, 1992) T, Lb#kRHY

JEWHIPHIZ A LTWwWb., TRIERYED LD RRT
FCIFERKA X 2 FAARGIEH 2558 < @ < A5
TH5.

ZFZCTAHMNE, Al 85110 TERIX L 72Ca0-B,04-H,0
FHWB X O A AR L 72 o 5Bl
BIWFREEGEARZ D LR TEORFIZOWTHR
FLEDT, ZORKEEHET S,

2. WEBIUHBOREMS

AR B IR T e R B Y, R or
JEVEARA0km I LB 5. S OAE — O EIRA v
VL, Wb B EHEEEED SILBETHE S, K
RiflL (2002) 12X o TRANRE N, FAIKE~NDE ¥
VPREEDEAZ L B A AN ALZDWT, TV
VNG ZOBREALZE SN ATV Z G
Lo TULNZREE, EIRICHT2HEN R Sh
TW5.

SRR E T 58T RESME, AL 4 FIIC
Roh, WAEGY T 5 EAKK T BRIEIY Dtakedaite
(Kusachi et al., 1995a) 3 X UFshimazakiite (Kusachi et
al,, 2013) = 3R L T2 BENIBILE SN 5. Takedaite
ZHET T, takedaiteD LR AEE YV =
G L OB O BOKMEIZ XD sibirskite (kusachi et
al., 1997), parasibirskite (kusachi et al., 1998), frolovite
(kusachi et al., 1995) 72 & D &K & 7 BRIESEPIC AL L,
& & |Isibirskite, parasibirskite® 2% L Tnifontovite 33
& Wolshanskyite (Kusachi and Henmi, 1994), frolovite®
HEERE R L TWAE I LS, HHfh (1999) 12X - T
W SIN TS, Takedaite® FE S 5 BIHD HHPHITH
50m®shimazakiitez M1 A FL & T 5 I TDH, shima-
zakiite® J& BH A%sibirskite, uralborite (Kusachi et al.,
2000), nifontovite, pentahydroborite’z & D& K& 7 1§
WA MIZZI/L L Twb (Bl 21E, Kusachi et al.,



66 Pk A - MR - - R

2013).

v FRARRUR 6 B % METS % 720 OB,
LFEO B & DRI L 72Ca0-By03-HyO5% S5 ) Dtake-
daite, shimazakiite, uralborite, nifontovite, olshansky-
ite, pentahydroborite, A 71V ¥ IR R L 72K A,
fimEAIKE, €Y VRS, AREYY 25 TH 5.
BB, AHNV AR LA LR EAIRE D
WU, B AR S LA T TG S DS A 20
BoNanZ ers, BRNoxtkE AEikL» oIk
HATHILSkm D Kl 38 £ OSBRI 0 BB 57 2>
S L72d D& v, RF 3 A SLILYTAN Otake-
daite5 & U'shimazakiite % # 3 % B HH L D 3k 2 W
7z.

3. RBAHE

R FEOHHE, B Z ER L 7R % 55
Mg 2Ek e, BB ZEZMT 5L —%—7
TL—vary (LA) HEO2EY)OFETIT-7. Hi
B OB M %F K B EAREB X O H A
BRI, HE T LS O AT I L
T\ 5. Takedaite, shimazakiite, f1JK%, HisE K
FHIZDOWTIE, MAEDKFETIT- 7.

BIRECTHMT 2 NI B — 2 5 % 5 b D
WLEFLWTZENS, EPMA (HABETHET 70—
T4 70T F 54 YFIXA-8230), XRD (U 77 #
AR AT %2 HRint2500V) 8 X OXRF (H A 7
74 T AFEESEAS120A) F VAR 2R L 72,
R RIE S 3 lmg, A AV CIRICER L2 E A
WZOWTIEHIOmgxz =D, R (60%) 6mle & b2
778 YEOBHEHICAN, A4 70y 2 —TFE
RS E (AntonPaar®y, Multiwave 3000) % W THY
100C T 1 MM L7z, I8 L 72 %308 % 100ml X 2
75 A AN, BHIK (milli-QK) 2 H12.100mliz L,
N FE AT AR L L7z, ICP-MSI R 1 FERF K
ZFDSPQ 9700 Plasma Quadrupole Mass Analyzer (SITH)
% 7. BEHESURHE, NISTONBS951 (1'B/1°B=4.0436)
.

LAZETIE, BB Z2P-L Y v CHRMMBIIER % /5
L, EPMATHMTAE ORI, 7T % DActlabst: D
LA-ICP-MS CRERE DM & 475 72, FEEEREHT—
WHEHE SR & L ONISTONBS610%, - A% i 38}
L LTB4 (FEEREOMER) BXUuwel (K
TREESRR O ERE) 2 Hviz, — A& 7 FFEAA
oL LT 5N ANISTONBSIS1IE, B AR
FH L IR TH 57200, LAEIC X 5 K
BrCTOMPRRNETHS. ZD7-OHEWIMRIEE N
725 AR TH HNISTONBS610% J 72, ICP-MS
¥ Neptune (Thermo Scientific#) %, L —#—%E L

ZES - R NIE - I

RESOlution M-50-LR (Resonetics#) T#H 5. L —H—
D F1E193nm, Integration timeld0.52FF, ablation time
X240 O S ClE L 7-.

4. #R
Ca0-By03-HyOR 8L, BIUIA AV UEIZBIMR L
P EA O K R 5 BEIZOWT, WE L7
MR A F LD TTable 1WIRT. AA IV VIERICEEFR L
SRR DD B, AIKEDB X OREE AR R, R
BLUOLAETRHEZ T 7275 WETREIEOR
WLALOFER-14.65% %, F7/2#H%E TIEME TOHE
AEROFIMH-11.10% % FNFNR L7z, AIKE &R
B IR A D MBI, B A DA TR
fizRLTw5. F/2, BRIEAOAEEY V=5
E ¥ VPR E I R20% FE AR W Z & Db o 7.
Takedaite 33 & UFshimazakiite |3 A f# B & 'LAZETIT-
72 2%, XRDB X UEPMAM & 1% < & 3 # o 1 Tsi-
birskite, froloviteA 4L TWB I ENHLAFEICL S
SRR B 72, WS8R T d % shimazakiite® 6''B
fii-11.371%, takedaite ?-9.89%0 & 1) #5 HK Wl Z 7R L 7.
Uralborite3 & Uolshanskyiteld 5 EH 77 Bl 238 U < 15 8
B E 2 12T O EZ R LTS, TNHDE
KA 7 WY SN O 6 BAHIZ RIS T d B Mk ok v B
B E 0 b2 VR, —, AIKE &R
FIREDR T FE AR, BiEIX100~400 ppb, #E
13150~600 ppbDHPH DO Z R L, FNZEHOFI4fHE
&, AIKEA188.1 ppbllxf L, #sBEAIKA DT
T <2288 ppb TH o7, TV VPG L AWEE Y Y
SRy EEARIE, FNENM~270ppb (T
182ppb) B X 1¥337~503ppb (*F-3420ppb) D i PH %
RL7-

Table 1. Boron isotope composition of CaO-B503-Hy0 sys-
tem minerals and related rocks from the Fuka mine

Sample 3''B (%0) Range H,0 (wt%)*
< Ca0-B,0;-H,0

series mineral >
Takedaite 989  _10.88 ~-8.90 0.14
Shimazakiite -11.37 -11.74 ~-11.00 1.19
Uralborite -20.01 - 22.42
Nifontovite -19.68 2558 —-13.78 2791
Olshanskyite -28.49 - 35.75
Pentahydroborite -20.66 -30.99 ~ -10.33 41.60
< Rock >
Limestone -14.65 -18.03 ~-10.17
Crystalline limestone -11.10 -13.85 ~ -8.61
Monzodiorite -9.90 -11.37 ~ -8.44
Quartz monzonite -32.98 -33.15 — -32.81

* Water content of CaO-B,05-H,O series mineral.
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Figure 1. Comparison of boron isotope composition of
rocks related to skarn formation, and CaO-B,03-H50 series
minerals at the Fuka mine. The range of analytical values is
indicated by a bar.
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Isotope analysis was conducted using ICP-MS for dissolved sample and LA-ICP-MS to determine the origin of
boron in the CaO-B,0;-H,0 series minerals from the Fuka mine. The mine, known as high temperature skarn pro-
duced between limestone and monzodiorite, is located about 40 km west-northwest of Okayama, Japan. It is sug-
gested that anhydrous takedaite and shimazakiite as a primary mineral of the series are formed by hydrothermal
solution associated with monzodiorite, and the primary minerals were replaced to hydrous borate minerals such as
uralborite, nifontovite, olshanskyite and frolovite by the hydrothermal alteration related to late intrusive quartz
monzonite. The 6''B values of takedaite and shimazakiite of primary minerals from the Fuka mine are -9.89%o and
-11.37%o, respectively. However, the 5'"B values of the hydrous borate minerals decreased from around -10%o to
-28.49%o with increasing water content. Moreover, the "B values of takedaite and shimazakiite are close to those
of monzodiorite, and the value tends to be close to that of quartz monzonite with increasing water content of the
borate minerals.

From the above results, it was considered that boron was added by hydrothermal solution associated with igne-
ous rocks in the formation process of CaO-B,05-H,0 series minerals. Initially, takedaite and shimazakiite as pri-
mary minerals were formed by hydrothermal solution associated with the intrusion of monzodiorite with a high
5''B value. After that it was scemed that the hydrous borate minerals were formed from the primary minerals by
reaction with hydrothermal solution with a low §"'B value related to quartz monzonite.

Keywords: 511B, Ca0-B,05-H,0 series minerals, skarn, Fuka



