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Analysis of molybdenum adsorption formation on oxide by surface
complexation model

Akihiro Okuyama” (Kanazawa Univ.), Keisuke Fukushi (Kanazawa Univ.),
Teruhiko Kashiwabara (JAMSTEC)
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Particulate plutonium released from the Fukushima Daiichi meltdowns
S. Utsunomiya (Dept. Chemistry, Kyushu Univ.)
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Study of absorption characterization of radiocesium for environmental

mineral -Possibility of absorption in amphibole and feldspars-
Hiroki Hagiwara™ (Japan Atomic Energy Agency),

Hiromi Konishi (Niigata University)
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Speciation and solubility of arsenic, lead, and cadmium in contaminated
soils from Kamegai mine tailing, Toyama, Japan

Gankhurel Baasansuren'”, Keisuke Fukushi?, Akitoshi Akehi'!, Yoshio Takahashi?, Natsumi Takeda',
Xiaolan Zhao* and Kazuo Kawasaki’

!Graduate School of Natural Science and Technology, Kanazawa University, 2Instutute of Nature and
Environmental Technology, Kanazawa University, *Department of Earth and Planetary Science, The
University of Tokyo, *Faculty of Science, Chang'an University,’School of Sustainable Design,
University of Toyama

Mining extraction and processing generate large volumes of metal-rich waste tailings. This tailing is
considered to be a principal cause of soil contamination in mining areas. Once these toxic metals are
introduced into soils with surface water, they can be transported deep into the soil and into
groundwater, threatening environmental health. The objectives of the present study were to determine
the speciation of As, Pb, and Cd in soils from the mine tailing area, by employing a sequential
extraction (SEP) and X-ray absorption fine structure (XAFS) so as to better understand the solubility
of these heavy metals in that area.

The study area is located south of Toyama city, Japan. The Kamegai mine is an abandoned silver mine
and operated from 1596 to 1680 and again from 1887 to 1898. After the closure of the mine, the mine
tailings from the ore processing were left in mount Hachibuse. A total of 32 soil samples were
collected in September 2016 along two sampling transects near the mine tailings. A total of 5 water
samples were taken from the Oguchi river and its tributaries at sites near the Kamegai mine tailing area
in October 2018. Soil samples were analyzed by using six-step sequential chemical extraction and
XAFS for chemical speciation of As, Pb, and Cd. The major cation and anion concentrations of the
water sample were analyzed using inductively coupled plasma optical emission spectroscopy (ICP-
OES; ES-710, Varian Inc., Palo Alto, CA, USA) and high-performance liquid chromatography (8020
Series: Tosoh Corp., Tokyo, Japan). The trace elements of water samples were analyzed by using an
inductively coupled plasma mass spectrometer (ICP-MS; iCAP RQ, Thermo Inc., Waltham, MA,
USA).

The results revealed that most of As in the soil is pentavalent oxidation states and is adsorbed on
primarily goethite and secondarily ferrihydrite. The As(V) favorably can adsorb to the ferric oxides
under acidic conditions, while it prefers to desorb from the minerals under alkaline conditions. Results
showed most of Pb was adsorbed on goethite which is rich in the soil sample. Based on the SEP, the
high ionic strength and/or slightly lower pH solution can lead to the significant release of Pb to
solutions. Cd is mainly adsorbed on clay minerals. Due to the high cation exchange capacity of clay
minerals, Cd placed in the interlayer can be released with the other cations with high concentrations in
the surrounding solutions.

The river water in this area is characterized by low ionic strength and slightly alkaline pH. The
concentrations of Pb and Cd in the river are always less than 0.07 ug/L, while that of As in the river
sometimes exceeds 10 ug/L but the concentrations of Pb and Cd were low. The solubilities of heavy
metals in the river in this area are consistent with those predicted by the chemical speciation.

Keywords: arsenic, cadmium, lead, solubility, contaminated soil

*Corresponding author: gbaasnsrn@gmail.com
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Desorption behavior of heavy metals from contaminated soils:
A surface complexation modeling

Natsumi Takeda*, Baasansuren Gankhurel, Akihiro Okuyama, Keisuke Fukushi (Kanazawa Univ.)
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Interlayer structure changes of experimentally weathered phlogopite

Sayako Inoué” (GRC, Ehime Univ.), Kenji Tamura (NIMS), Kei Midorikawa (NIMS, Hosei Univ),
Toshihiro Kogure (Univ. Tokyo)
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Saponite - ammonium interaction
-Reconstruction of ammonium concentration of early ocean on Ceres —
Hiroto Tokumon1®, Keisuke Fukushi2, Yasuhito Sekine3, Kousuke Inouel
(1. Kanazawa Univ, 2. Institute of Nature and Environmental Technology, Kanazawa Univ,
3. Tokyo Institute of Technology)

B L AR LS A TSN TE
0. FHEEDOEETIRY THD LI, ITFE
HHEINDRIKTHDH,NASA O K— i
Mo, LAZIFEMIICT BT AA A
aie T =Y MBI R A NISFEIET
D EMGIoTWD, R A MIEFED
KPNZAFET DA 4 v & BRI 5
2o, FOT o=y LY
FA MEIEEE LV RIFE L TZWED T
VES T AREAZ TSR LTV D ATREMER
W,

77> K% w7 €7/ (Walsh et al. 2011)
& LT BN D KRG CTlk, BEBAK
I, KES TR EOE KT AKEOHIE
LT HBFE T, B L A2 G KB
BREHNEE - E2RELTCND, T UE
= LY RF A RS L AW
BIFL7 =0 ABEAHECEIX. T
VE=T A ) =T b L ADA
BIZOWTERTHIENTED, ZDT®D,
T U AWIIIECE O KB 2 BT 5 2 L kK
ERSEMICEE CTH LN, KEETICLE L
INBYV AT A b Nar-NHA SRR E O fE T
RIZICHE SN TV, & 2 TARIFE T,
ZFOYVRF A b Nat-NHH8RARE DM E %
EEPIITWD EonzERE F—r ok L
AREIZ I DRI G R & RS S/ D
Z & T U AWIMIMEECTAE LR o
T RS U LREOHMRETL RS D,

AHEHT 7 = I X LEMA SO G AR

Keyword: Ceres, Saponite, exchange coefficient

FARTHDIARAT F-SAZFERA L, E
BRETYRT A FOJEHIGA A 2 2 #a TR
%17V, Nat: NHatA A 2 fipk % 8:2~3:7 D
HPHIC R D XY R I A b T %4E
B LT, IR A AR A 7 r~ b
757 4 —KkOICP-OES IZTRIE L7z, &
WBHOA A L EEEZ o X TR A NEH
B4 HOFE%E B TERT L,
Nat-NH @ PFURE KT

(Byyp)(aNa™)

(Byg+)(@NHF)

TEINS, QORDOA AU EHERIZHONT
I, JIE L7z pH B RO IRE 2,
by — KXy 7 —Y GWB O
REACT (2T Na+-NHM SRR AFEH L
77

HEDHER AFLALEL  1OEET, B
fil~ NHa 2 HU D A 10724, Natds g sk
~HTWLS BERER A SN, F7-. Nat+
NH SRRSO\ T, BARDLLMETTH
B — E OEN S S VESE & L C A
HLHI ENTET,

L1%13VERL LT- Na* : NHa 1 A U Hp %
8:2~3:7 »H 7% FTIR THIE L., =D
RAEART MAVIX U TET T, Y
—_UT 4 COREMEE RS ST D T & T,
EEROFEE F— 2 IR 7 — & & Lok - Bt
ATV, ' L AP O KEICB T D654
TR AR T 5 TETH D,

- (1)

K(Na—)NH4) =

Corresponding author: mm00533@stu.kanazawa-u.ac.jp
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Variation of lattice constants with Na substitution in biogenic aragonites
Taiga Okumura*, Masahiro Yoshimura, Toshihiro Kogure (Univ. Tokyo Sci.)

Lattice constants of many biogenic aragonites are known to be different from those of abiogenic ones.
To reveal the origins of the differences, we measured the lattice constants of 14 biogenic and five
abiogenic aragonites. Axial ratios (a/b and ¢/b) of terrestrial molluscan shells (land snails) were similar
to those of abiogenic aragonites, however, marine molluscan shells showed the largest axial ratios,
followed in order by brackish- and fresh-water molluscan shells. The aragonites with larger axial ratios
showed a higher concentration of Na. Furthermore, the axial ratios of a marine molluscan shell decreased
and became comparable to those of abiogenic aragonites by heating at 250°C. Na was homogenecously
distributed inside the crystals before heating, whereas it was diffused out of the aragonite crystals and
locally concentrated after heating. These results infer that variation of the lattice constants in biogenic
aragonites is caused by the substitution of Na* for Ca?".

% DEYIRRE D & WG ZIEEYRIFE O
boLBAZWEER > EEZLNTWVE,
o, EAESE (Pmen, a<ce<b) kI3
R (a/b B X c/b) BEVRIED LA T
BREWEWIRERD Y, Z OJFRITHES
WICEEN 2 HHS T ICRR T 28T E A
TH b LRIEX N7 (Pokroyetal.,2007), L
L. ZORITHIE TN DIdikED 3
oMK EBORTH Y | EYRIFED H
LRI RN R TH 2 0 I EAHTH
%, F 7z, FEGESLICE TN B 73
KO ZE Z THME DB S 22T, ARBF
JeCi, IFEMRFEO D bh 5 Gk
CERK), BEEOH: 3 1, wkEDHH 4
T, kAo Hidt | 8, dkEo Hisk e il (H
LT THEEIM) & 6 naI2 0T,
WA EREN L ZDFRF IO W THH AT,

AR X #RETIC X ) SRR oS ER %
HIE L 7z f5 5. IR S o b v © ol
KoFhid, BEE < WKkE < HKkE <
WKEDHBZDIETH -7z, £72. Na DEH

BALVIE EEERIKE o7z (BEL T b i
BEEL R0 R0, alihe c k<
7%5%). &o T T EBZALDJHIA L Natic
L3 CDEMEMBERL T3 2 &AM
X7z, KIT, KA D T 7 ¥ (Haliotis discus)
D HiEERE % 250°C TMEANT 3 & | fifiK
INE K R VIR S & A & RS e fE
72 o 72 MBI O Hi DIt % EE
FEME T MBS L 2T AL ¥ =47

BX MRHARIC X D5 & INEHT I Na
DG — I L Tz oic X L, il
BB IR DIE & AL OFEITZ DD
AL, RFTICIRE L Tz, T
HIZ VA LT\ 72 Na 285 INEC X o THESI%
Tobikdctxnd, UbErb, AP
EdH oA IR TERIE, CziE
al7zNatiCX o CBlEE b ¢EZ LN 5,
THICHE ) B OWE O 7o, #AkF D 11l
DA A v O ZEHL T3 il
%2, Cl izt A hinn rs,

OHIC X 2 IO F[REH S HE X b D,

Keywords: biogenic aragonite, sodium, lattice constant, axial ratio, biomineralization
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Formation conditions of calcium carbonate hemihydrate

Mai Suyama*, Keisuke Fukushi, Takuma Kitazima (Kanazawa Univ.)

SEAE, Zou et al. (2019)ICCTIREEHA L T L
1/2 /K141 (Calcium carbonate hemi hydrate:
CCHH, CaCOs-1/2H,0) 3 ¥ ¢ & T H K
X N7z, Zouetal (2019) % CaCl,, MgCl,, Na
LCOBMREIRET 5 & 60 itk CCHH 28
Ed 2z ERL T3S, CCHH I13#iEk i
BEICHFET AP ORG AR INE -0,
HARFICHIEL T 3 a[REES @ WA, R H
RELTIIFRA I N Ty, HiBk Fco CCHH
DK Tl 3 7201, CCHH D4k
HoBELABETH D, £ T, KiffEid Ca.
Mg, CO; % & G HIHAE 2> O Kk 4 T iRESE T
KAV 7 LD ERASL Z LICXD
CCHH ARG EHO 2T 22 L 2HW
L7,

YRR © Ca 21 0.05 mol/kg —iE & L,
Mg #J£13 0~0.07 mol/kg, COs#EFEIZ 0.01~
0.11 mol/kg DHiFHICHE L, AFEEH%Z 1T 72,
Na,COAW % 35 U 7= K[ % MG BAAR e &
L., 25°COA v F axX—ZHNTRERER—X—IC
X0 60 L 72, Wik, &EW O pH % H|
ELIEE®IC X 2 B EE % 1T 72, B
TCICHRAEZCEMSE L, BEZRI R,
AT R X $EPTEFXRD) # FWToOHr L 72,
MRBRFEREEG T 7 ARG EE
(ICP-OES)ic X b Ca, Mg ¥ X U° Na /% %
EL7, WELAZpH, TArAh V=74, Cai
E. Mg iEE s X O Na 8 & 91 ClLIRE
% Geochemist Workbench (GWB) (Bethke,
1998) @ REACT iICA L., ARv =z —Y 3 v
AEEITH) L CREOEREZEIEL 72,

XRD [H#ff 8 Z =V S AAF A b NT T
A+, 4 Fairs 4 b (MHC), FES
E. CCHH o 5 O BYI»iEiE -,
CCHH o4z CO;RE E Mg BE 23t
0.04mol/kg U FZFRZ, 13L& A L DM THD
bz, 63DV v 7 CCHH o[l v —
s I N Yy Iz 30HTHY.FD D
bligtAEDY 7 ik CCHH &34 b
F72EAT A4 P EHFEL T, Mg & COs
LA & %12 < Nishiyama et al.(2013) 12 THA

5 &7 o T2 IEENE Mg BRI (AMC) 1 @ il F1
IZ® %5 TiE 60 4 o ) GKEE < 1% CCHH 4=
BT fER 3, MHC & IESE o »p3 45 L
720 7272 Lo REHITENT 30005 6 B F
TOEBYOENZBZ L 25, JEENE D
5 CCHH 234 L. Z D% MHC ~Dinfh
MR XNz, HBIERIC Mg D% & 7R\05
tRic W dH CCHH AR HER X i,

Zou et al. (2019) T Mg Of#EDS CCHH @
ERICHETH S L BREL TWB 2, Kif
75Tk Mg EEhhwvwiffcd zd CCHH
DEEHFED bz, Mg B & COEE 24t
IZ 0.04 mol/kg LAT O Z&MFELUANCHA MRS X
Nz ki3, COzEEE & Mg iR Hic K 4&
TE# R < & CCHH 1o} L T4 s A3 @ AT
THONITERT D ERRBL TS, T/,
Mg # X 08 CO:iEfE 25 < 72 513 & CCHH 28
BT 2ECoORBIZEL 2%, AWfFE T
CCHH L A% A+ EeAN"T T4 FDREYDR
Ronizzeh» o HELEMHTH 2 CCHH 1T 4
NFAPERTITAOHIRETHSE LEZD
N3, £7-. CCHH ® MHC ~DUifs iR &
N7 &5, CCHH 12 MHC D REiEE L &
Z b,

Fukushi and Matsumiya (2018) X » 7 v 4 4
b, 7723F4 8, X774, MHC, 4 %
A b, JEEE Ca JREEHE(ACC) DR ERE D Xt
Bl % nF-8.48, -8.34, -7.91, -7.65, -6.58,
-6.0 TH %, CCHH 2 ACC k b &5E T,
MHC X Y ANLE LGS MHETH 5 & fGamfT T o
nNd, Lo T, ES MHC & ACC D
hRICH 3 2 LA HEHE N3, MHC XY %6
a7 setb 2 53 2 RABRKIZT A VA3
3% (Fukushi and Matsumiya 2018), % ® 7=
» CCHH X7 v 41 VI F-AE 3 % AlREM: 28
\», Fukushi and Matsumiya (2018) i MHC
BTAHIMOKERay Pa—L LT3
WEI N T3, MHC & V#8775
VRS BIERINTWE, Do, CCHH
b MHC &Hic 7k Vil oKE % il L T
AEELRBALS T LTHEI2D Ltk b,

Keywords: Calcium carbonate hemihydrate, formation conditions, precursor, solubility
Corresponding author: mai_1910_s@stu.kanazawa-u.ac.jp
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The reason why the air in pores specifically reduces the dissolution of

carbonate minerals
Tadashi Yokoyama* (Hiroshima Univ.), Naoki Nishiyama (Univ. Tsukuba)

75 A TR BR IS 22 KOFAE T D A faFofk g
TIE, ZEKUCHE LIS R 2R DT

HEIE B M OFE &R G272, TIHE HIE
(ZRAT S S BTHR N S W E T RS LD,

KBEAAT L CE R DM (X 1), IR HIZ 225
FTET DL, IREEHEIL OO TR EE X
REUETL, DK TR EERR I D 5
ARV RENWZENRI LN IR>TWDE, Zo
FERFKRDO—2L LT, [REEHE I X AR H
BEEBPRENTD, KEFIZEEH L HE
DYERLA AR 4312720, KIEED KERSr T
ORI IS EVIAMRNEE A FIR N EN
FEZABNDE, LinL, OERSBWNLOME R
B, RBFETIXENHIZ OV TRRFTLTZ,

IKIEDESIIKIEE I LT IR R K&
AT T, ZBRICIDEBR ZERBOGIM

BFAT L DR BEZBLIZHLNVET LT
ARG S T2 KO Wi E X1, Calcite DA
4 nm THHOIZHFL, Silica DA 15 nm
ThHD (MRS 10 pm OEE) Bl KR
HWEAKE IR L2t RO LO%)
RINTDDWS3, FRERIE S 1 D KNN3
TEiT, ERDHFE T TRERE I O HiH
ENRESFRH—HEB 2D,

KIS AR D IR S B O e A K
ELDD, AREXCEREIY FIROWE %
N TKRFRR D WA FREAT ST R, WA
FHIZET D ETORHOBENTHEVBRDH
nighotz, 3705, KIEDRR HE TR EE

@Japan Association of Mineralogical Sciences.

FIFR B LA B FIR BB & TR S DR A
WL 72 BRI LAV, [EIBRD 60-80%F2 A3
K THHTWTh, REEH L5 O HiH
FEIXAIFTRRED 30%HT#IZ T35, ZDZEN
O, RERIEILY I OBEEN TS PT K O i i
WHTEMZNEHEZIND (X 1), FEBRIZH
Wb TR, IRIBHE L I IV KL DRI
TEAVNLTHIET 25 G 0134L, EiREEND
BT CEAV M TERT NI EERIBL
TNDb LAV,

KEDEESDELNE?
KEOHERREDENE?
ERBEHNODERDEN?

KIRE A LIz

1 REIFKRE T OO E X

Keywords: Carbonates, Dissolution, Pore, Water film
*Corresponding author:

t-yokoyama@bhiroshima-u.ac.jp
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ZR—=ZL v ERN=FAY(RVITNK), EfERIKEEREK)

Solubility of Amorphous Magnesium Carbonate at Low Temperature
Takuma Kitajima(Kanazawa Univ. Sci), Keisuke Fukushi(K-INET), Yasuhito Sekine(ELSI), Yoda

Masahiro(Tokyo Univ. Sci), Baasansuren Gankhurel(Kanazawa Univ. Sci),

Davaadorj Davaasuren(Mongol Univ), Yoshio Takahashi(Tokyo Univ)

HWERKRECTIE AR T HF A b R
~ 7 AV A4 e & oD Mg RIEEHE D
B o s, Mg kg T CO, D AT 72 ek
e L CoiEHMEE SN TE Y RATOD
g EoELic X 3 CO, BlE 7 m+ R
L 72 Mg IREBIE OB 72 & D% D
frb T\ % (Rigopoluos et al., 2018),

B o) 2 ElZz o 5 7 uh )i
& O PABHI BRI (22 s R ic % < FETE
L. K&K CO, ZHk & 3% Mg IREBHEDH
AT L T %, PRSI < I3RS A i Mg IR IE
Al = AN Tff&’ﬁ)o%i’b%@ﬁ'ﬁﬁ[%fﬁf
b HBIEME Mg REH (AMC) 23T H L T

w3 (Fukushl and Matsumiya, 2018), L > L.

FHSM D CO, [EHE 7 1 & R0 T DFSE
idV&<\%i%ﬁmﬁaﬁ)*tvafwx&uaf%

T v A ) L R BE N R O FE %ﬁ

(oA 3 5 08, FEHIFHIC 317 28 HE 1L
AEﬁbhfw&moik\AMC@%ﬁi
T2 2L, B CO, I o7
Mg N TR I T2 LETH
% o AWFSE CIHKIR S T D AMC B O
RED ) &AW T A7 ) EHHE R L
D Z AT > 72,

Mg 5% 0.05M, CO3 £ 0.05M @ MgCly+
6H,0 — Na,COs IR &R 500ml % #J 800 I
vy 70 v oL, v 7 it pH - Kilk
HIE P UEIEE L, FEAE 3 X BRET (XRD)
& X BRI Y6 (XAFS), Wk 13358 S 7

Keywords: Amorphous Magnesium Carbonate, Solubility

*Corresponding author: takuma.sizen@gmail.com
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7 X< FH 56 (ICP-OES) ic T Mg i
JE 2 WE L7z, 2 Dtk iBk{bE = — F GWB
ZHWT AMC 04 4 VigBEZ2HH LA
MRS % AR o 72, T 61T, BIRTAHAKL -
T/ A FrAry 4 -AMC BREWMEE
A F v 33k 500ml & pH % 9.5 ICFHE L
7= NaOH A 500ml i +4 7 BIRfE X 25
800 Wil v 7"V v 7" %47 5 7=, FREUER LA
b & FIRRICIAIREE 72 D - 72,

2020 4 1 A< Olgoi #lic THIK T Dk %
BokL., Kil-pH-TAH Y =7 4 ZHEL
77o 72 045um D7 4 L EX—TIEEL 72
WK D EER ) % I E#Z I ICP-OES - {4
su~ b 777 4= CHEL 72,

FEEROFE, AMC (1395 T (800 HFfH)
FCEEVPRONT KETE IV LEL T
/AN TEBRIENRINS, T2
T CHRE X LT 5 IR T ORI X
D HEEEIC AMC DRRERRKE . AMC
PEE T VB TCT VI LRI NI,

Olgoi il T D BFAL ARG R &t %2 1T - 72,
WHAKDE D & LM ~D Mg RE DR L
KER T Oz AMC RRE o R EZA{ X
BAELTWB I ERND o7,

BHSHI D CO, INGZICBE % 7 u+ 2 DB
fRC AT 3 2 IR O B 7 — 2 LA
BT 2B A IR TH 5, RWFE IZEHH
WD CO, NEZ 7 vt 2DfIFICEST % L
EZ b,
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Mixing of carbon element in iridescent labradorite feldspar
Yasunori MIURA  (Post Yamaguchi Univ.)

Iridescent labradorite plagioclase is “environmental mineral” that can control carbon element. The

recent analytical electron microscopic observations reveal that carbon element is detected in lamellar

texture with higher carbon at Ca-rich lamellar parts. Possible carbon sources are expected from

biological fossil and limestone (local geology) near the samples as well as air-water environments.

LT EEHEOT 7T R4 MRIEA
DOFNHG: (VT v R) OFHEIT-S
2o MRFOE BRI L 2 T A T hkiE
BUEL (AT BRI 2% - A A o TRESBLER)
B LR T RITBIE Lo 7o, A

TITR T IRBLE CIRFE LR AT 5,

BIAFRBHT X 2 580 sk O VRS IR
Tdb 5 DN HIERTE ) T OMAOIRA DB T
B L 23 A CO2 Rk AT A TE M (1K)
XL TS EEbhs,

FAFHBDOBHABRREOFLE AREAT
Tl RS () IS T 2 T
N BE SN BN RBIRTH D,

MBIRES & RS 2T LM IR = KBS

(PFEAEZE, #E, ki) 1ZZ20&EFHRO [F
FTBig ] CTRIGBNRIKCIX BN & 725,

SR DWHIALRE D IR B EDEF G- VLN
RBRIET & 7 Z ik (Hpitk o v E H5 o d
) THLmRFELMMHLTND

%@ﬂﬁﬁ@f@@ﬁﬁ@%ﬁ\ﬁﬁﬁh
ROBE (FIRAEDM) (TIdRE () 58
FHOREADEL L, KO FERIEA L

HIE RFBEE TR DN LY JA FHEERFIC

Keywords: Iridescent labradorite, Carbon content, fossil and limestone sources.
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HWEIL L CEREERIIEE L Eb S,
BB TR MSE (FESEM) I L 2818 &
P OFELTILL R FE DB L T D EFTRC Ca
GHENEL D LIREENEL o,
Fio. T A TR OEEMED 72 < e A
KDT AT HIEND L EZHRD IR L TWDFr
WAELN TV D, ZIUIHEEN 2 DODK
RORBRONEIIHGT 208N H D, Z
NETHE TEZ TN, BITEOELD
BIRND D LB XD, EACREEICARTEN
TR BN HRE T dH 5 05, MER AR D BRBTHERE
W (RFEOKH) THd D,
FLH:ARKFITFROLIICEEDLN
5, 1) A VF vV ADTTT RTA b
REAITRFELZH LA TE DR T
b2, 2) [FIEEORHAEBRBILENO R
FR Ca EAENNT A T HARED D R FE DR
INb, 3) AW E L TRELUIM DR

AR (Bi) B"EZHND [1-3],
ZE3CER : [11Miura Y. et al. (1973): Geol.Soc.

Japan,11,145-165. [2] Miura Y. (1982):Am. Min.,

63, 584-590. [3] Miura Y. (2006)IMA-2006 (K
obe) 1348, 163.
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