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Development and applications of micro-scale isotopic analyses
for metamorphic dolomites

Yoichi NAGAI and Hideki WADA

Abstract

A small-scale analytical technique for carbon and oxygen isotopic analyses of

dolomite, siderite and magnesite was developed using a batch method.

Carbonate

samples were reacted with conc-phosphoric acid at 100 C in vacuo.

Using this batch method, standard calcite and dolomite samples were examined

to check the minimum size of samples required.
precisely measured with the conventional certainty.

CO. gas greater than 1021 can be
For smaller samples, isotopic

results are affected by some contaminations evolved during reaction at 100 C with

phosphoric acid.

Metamorphic calcite and dolomite collected from the Kasuga contact aureole,

Gifu Pref. were examined using the small-scale analyses.

Within a hand specimen

size, a large oxygen isotopic heterogeneity up to 6 % was observed.

Key words: dolomite, micro-scale isotope, contact metamorphism
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KB B UERE ORRR LAY 5
Wi, 2ORFEBEORNMAELIVEELZFH2Y
27 5b. B, ERBRTOK—EAMOMEENEH
D, ERARICBWTURBESP TR E 2R
VERFICBIT2WEREH*E 2 5 LT, dolomite-
calcite H DG 2 R AR OB E D Z LA
AR Td %. dolomiteXcalciteDE B EFEZ D
WT ORI A #ERILF M8 12, Shieh and
Taylor(1969), Sheppard and Schwarcz (1970),
Wada and Suzuki (1983), Taylor and Bucher-
Nurminen (1986), Dunn and Valley (1990) & {2
IDThebh T,

KBRIRG O FE, BRERMALOHEIEIZIE, —

RICIKBRIBE Y OB KAE 2 i) B8 (BH100%
Y UBEEINLA, THIFERY T, THEIfEbR
TWAMEIZA(1982) OBETIIERSIZETY
VBETHE) IR EETERLZCOTA*HE
FHEHZE AT A KHiE (McCrea, 1950) Tiibh
% . calcite®aragonite® X 5 i) VB L KIS L
TV OSE, BRETIEBER4L4II—D2DOK
INESTICET SE, ESEL VAT APHND
nTws (s, 1982). Bis, 60CHK %
W3 H 7 ARERFSFH THKcalciteDFEEHZ
BY U BREIGUATRIGTERT TS (McCrea,
1950; FIHIZH, 1982). LAaL, ThicdL T
dolomiteiZ25°C CTT2Me ] UG S ¥ TH KIBIXZET
L7\ (Epstein et al., 1964). 50CiZBVT3H10
0% DINEEEF2 F TIL24KH 255 (Al-Aasm
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et al., 1990).

magnesite*95C T Y BR&E D S E 25 AICD
W Omagnesite & EBREE AT A & OO R FEE
Fo5lfa % D1E L, Cornides and Kusakabe
(1977) 2k hkdDoENTWDH, F72, Rosenbaum
and Sheppard (1986) TiXdolomite, ankerite,
siderite{Z DWW, RIGmEEI00C TOFY— 1L
KFEMOBRERAET IR E#E L T 5.

Bk, FREEZET O S EGIKEF Dcalcite,
graphiteOEPF T DX — ) (1 ~2mmfE) 2
BOTHRNVANAIEIFAET S LR E R
Tv:% (Wada, 1988; Arita and Wada, 1990).
$E > TdolomitelZ DWW T, FEEICH/NEBIZE
JARNAENAEOFENBBRINSE., Z07:
®iZdolomiteZs &M 1) R & HE RS O K BRIE 85
Yz oWTHHERPNC X 2 FAMANEEDORRES
VETHL., ZOL) REMH TR TF T L DR
B L 2 EBELTREIC 2 T, REBSEARH O
FAMAHEDORERR, KEE—HEBRERTOR
RIERICE S %) R ARCHBOBEL L ) BV
THEMITAIEDNTEDLTHA).

FHFETIX, Fo< A MEORBIESY OMER
BOMELT% ) HE, EROFEOMBE S+ B
L. BBFOBEEMTEt 2 L CTHERFIZOWT
EEL. BRERHBBOER N~ MadRAM
AR OHHREE OV T TR LERTHE T,

. Ny FARICLIHMBREESHD
nIEBHEONT

i) Ny FERERMFLEDORIE

DolomiteOEREZ ) VBRERISC S A0
2, Ny FHEEMHINAFAELZRA L7 (Fig. 1).
NEIMmDPyrex T I AED—EH L, #04k
WAL 3emiFEDMNEICHHMAICY VB (1~
2ml) *AND, ZOHNIFIAEDORIZAF VLA
Hohy7 (3mmé) CANZZFO< A FOHE
R Emg 25 LOBNTHE L. LEEE2AKFEC
Ro/zFF 12~13x107° Torr ¥ THER L 7278, #
AN—F—TRIEZH LUWS (ZoH AICidFig.
QDEZEFA VERVE). ZOXHCBEBEY VB
HALZKEE%100CDoil bathiZig L T15%

f vacuum

sealing

sample

acid

CO:z gas purification system
mass spectrometer

flexible tube

100°C

Fig. 1. Schematic flow chart of
experimental procedure of batch method
for CO. extraction from carbonate.

e (I;{E ! Eiﬁ\
' )
*T@ . ,

RP oil bath (100°C)

Fig. 2. CO. gas extraction system. CO,
gas 1s released from a carbonate
mineral by reaction with conc-

phosphoric acid at 100 C, purified and
sealed in a glass tube of 6 mm ¢.
Abbreviations are as follows; RP: rotary
pump, DP: oil diffusion pump, T::
Horibe trap (Horibe et al., 1973), T::
volumetric trap and Ti: glass tube trap.

BAFECRS, IBENHRE OB EEICE
ZLTY YBERLAL, BBREESEE. Kb
BTHRICRISE X EIEMEASY 7221, Cajonftt®l
VRV TINEFEEMG, AR EES 1~
DHTRINEZEN ) “BALKEFT AT 723, &
B2, n-pentane* WAREETHSL M T v
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Table 1. Corrections of oxygen isotopic fractionation between CO:-siderite, CO.-
dolomite and CO.-ankerite through the reaction with phosphoric acid at 100.00C
with respect to that of CO,-calcite at 60.00C.

Mineral 1000In a CO:-carbonate | 1000In CO--carbonate | Correction % with respect to
at 60.00C at 100.00C WSD MAT-250, Shizuoka Univ.
calcite 8.87 7.86 0
siderite 10.02 8.87 0.1
ankerite 10.17 8.95 —0.18
dolomite 10.23 9.01 —0.24
T (°C)

TCRSERBRRL-E, BESHENEA LFEME
HoflEx45.

MAT-250E & 5 4ret i & AR AR L EIE B L
Tix, B F4 Y ®Solnhofen @ limestone ? #; %
%#60CTY) VBB THROLNZZCO 2 77 L
A %A (Working Standard) & L THWTW3
(FNEIEA, 1982). DY T 7Ly AT ADRE -
BREFMLALIZ, EBRFEEXS THSHNBS-20
(calcite) Z60CTY VBEE RIS EE7:CO H R
T LUCEFER L7z, JlEicBRL T, by var
75 —THEOLNDPCIIMNILTIEER DA 4~
BT 2700#E (Craig, 1957) %47k -> T
Wb, BRAKENRAE L T3 4 DONBS-20F#
AEHE, 42L& BICHETHS (FiHIZAH, 1982).

A, dolomite#100CTY YL LS ET
BHELIZCO T A%, LELDLHIZ60CTHHEL
Solnhofen limestonel 7 7 L > A H A &L WET %
72812, 60CIZBIT S CO:q-calcite D, BEED
fractionation factorDfE b LEIZR 5. MILAZE
HERNERAFFE X ~ ¥ — DNBS-20% 25°C TRIL &4
72CO. H A % B RFDOMAT-250 THIE L 724 32,
RERMAEL (6°C/PDB ) i£—1.06%&7%Y,
Craig (1965) B X UF Blattner and Hulston
(1978) o E LI —FK L (HH - &K,
1991). —F, BEE o RKEIX, NBS-20D1# %
Coplen, et al. (1983) M1 (26.64% SMOW)
ELBBITHARLBBRELEL o7, DF Y,
25CEL60CTRIL&H & N 2L 7CO /A D RILAR
ik, ArED1.33% 22T KELC LD, BT AHLD
12, 100C T L725aid, 60C TRIGSH7:
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Fig. 3. Relationship between fractionations
(10°1n a CO,-carbonate) Wwith phosphoric acid
and temperature (1/T* ). After
Rosenbaum  and  Sheppard  (1986).
Cornides and Kusakabe (1977) for
magnesite (%). SID: siderite, ANK:
ankerite and DOL: dolomite. Calcite (¥%):
this study at 60° and 100 C and modified
from Sharma and Clayton (1965) at 25
T (see text).

CO AWK, BRERMARLA1.01%/NS2EL
%5, calcitek ) YBRED25.00CICBIT A RILE
Mfractionation factorid10.20% & HE N T2
(Rosenbaum and Sheppard, 1986) ®»T, 60CT
) B E U SE723A DOfractionation factor 1
10°ln @ co,.caco,=8.8T%e & 7% 5. L 745> TIikBEIE
HHO 6 PO, VB E OIS THR L 22CO. D
& "ORsEEIC LEE DB D 100TIZ BT 5 57575
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Fig. 4. Relationship between volume of CO.
gas evolved from calcite and the
measured 8“C(a) and &*0(b) values.
Four different CO. extraction methods
were used using NBS-20 calcite: (1)
extraction by batch method using 9 mm ¢
pyrex glass tube(Q), (2) extraction by
batch method using pre-heated glass tube
(9 mmé) at 600 T and 1 hour(@), (3)
direct extraction from reaction glass tube
(9 mmé¢) at 100 C(H), 4) direct
extraction from pre-heated reaction tube
(9 mm¢) at 600 C, 1 hour([1).

2% (Table 1) ZMx7-fE&%b. %5,
Rosenbaum and Sheppard (1986) i, dolomite,
siderite, ankerite®ZNZEHUIZH L, 25TH 5100
CETOREIZOWVWT (sideritel150CE T), Y
YEEEDRISICBITAHCO, HA—KEEIE M O E
FAERSHIOEE KDz, Zhick b L, 3O
W E N ERIIRT B AT IR B O IR EARE S
ToX Tl Ens (Fig. 3).
Siderite: 10°ln « =6.84Xx10°(1,/T*) +3.85
Ankerite: 10°ln « =6.68X10°(1./T?) +4.15
Dolomite: 10°ln ¢« =6.65X10°(1,/T?) +4.23

Fig. 3i2i, Cornides and Kusakabe (1977)

DI5TCIZBIF L magnesite, B L IR FEICBIT S

calcite®25C (Rosenbaum and Sheppard, 1986

IR ENE), 60T, 100CTOSFRED R L.

i) Ny FEORBREHWERABOAUERERE
Fa<4 FomEEEFEE LTSNy FEL A

LB EAOMESRUTOEY THL, (a) HA

BEHIIBWT, BERLZCO: T A LT T AED

PEE 2R E L T2 KRCOMEA LT, F#ORIM

AR B E 5 2% ; (b) 100CTO RIS T %,

FHIZH ELTHESHIERT S, ULE

HFOCO, AN VBB L UK E DR CRIMAR

FHEALAHREZ B, LWV 2DV EZHNE.
FITTFRD4BYDCO ZER I LERTIT

oz,

(DZEBEEELY LT ARWRIDELERHL, Ny F
FETI0CTRIG S, FRICLABIRA% LD
ZZLEIET 5.

(2)EBRERNIS00C T B OZEREINEE L 72K
EEZMAL, (DEREBRIINY FELBEIRT .

(3)ZeBE XML % L T W ILE % 100°C 0 1a 1548
WCRLIZZETHRAEZWY Y (Fig. 20HRZ
AT AT LRfER).

(4)EBRERNIS00C T 5 e D ZEBES MHE % L 72 X
IEEMEHL, 3)&FAARIZI00TTCO: 77 X % 1]
Ny 5.

FEERIZIE, Fo<A MEERBOBEL RSO %0

728, ERBREREZEINBS-200Dcalcite® fH L 7-.

100CI2 BT 2 SEBIZWTINOBE 155 TH -

7.

NBS-20 calcite#F #5082 W 7 E BUG FEBRIZ
LBERTADOPERE L Fig. 418 L7z, T O
ROPC, SPOHEDELL LT ADEN 0L LD
AETIIAEREDOBENICHERL (BOT—ETH 5.
£ZF# n=18)%F¥ T35 L s"C=-1.177£0.278
(%./PDB), ¢®0=25.442+0.226( % /SMOW) &
%505 101l toREE (n=13) ZFEHWwWS &
FIEIL 6 “"C=—1.066+0.039 (% PDB), ¢"O=
25.542+0.070 (% /SMOW) & 7% %. s*0niEik
fE (lo) FoPCOENDOK2ETHL. Thid
BEOBPERED ) 4 XL~z B1TF 520 (RHIZ
A%, 1982, 1984) & —H L Twab. L2b10p1llE
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Fig. 5. Results of CO:. gas extraction from
dolomite samples reacted with conc-
phosphoric acid at 100 T . (a)
relationship between reaction time and
sample gas yield (%). (b) Relationship
between reaction time and measured
0 ®C and ¢ "0 values.

DFEKTD 6 *COFHEIX, NBS-200 EFRAIZFR
MENMHEoC=—1.070 (% PDB; Craig,
1957) 12— LT3,

—%, Fig. 4i2BVWTI0p 1L FTORB TIEH A
BLRwIRE, sCB IV PODEI/NEL o
TWHAAE DS, 7502 FAMELTERY V8B
i 1ImlE AL, 100CDoil bathizi® L7z
JIBED 513001 2 BREEDCOMET 5.

DEkoZ s, 0pll bR TEIINE .
FIRIZHBELTCOZMINT 5 Z &2 & 2 EMAEH
FHEIEREO O NV, LA LI10 g IAT o@EigaER
BT ZADEGE, BAECO. %2 EOEEMNHS P ITHEE
T 5.

iii) 100CIC#(F BdolomiteD R

3
a
(a) 8'%C/PDB Dol.243
£ 4
o B
o
5 _sgx‘)oo °© o 0 )
"o O
-60 50 100 150 200 250 300
Volume(ul)
25
(b) 5'*0/SMOW Dol.243
24
= (]
2\_0,
2 23t
g E%P]%DD a o o9
u\) m]
O 22m
)
21f
=
B Sample #16
20 ‘ : -
0 50 100 150 200 250 300
Volume (ul)
Fig. 6. Relationship between CO. gas
volume evolved from  Kamui-Kotan
metamorphic dolomite at 100 C and

measured ¢“C (a) and 6*0 (b) values.
Note that ¢*0 value of Sample #16 is
extracted before attaining the reaction
temperature of 100 C.

100Ci2 BT Bdolomite & V) Bk & O RS EER,
XL L CER L 72CO.DFRMARL DL DA 2
DWTEREIT R/, T, Ny FECILIME
dolomite ¥ D RIG AL DRIE 2 1T7% 5 72,

Fig 20O K& AT 4 % AT Kdolomite 9.2
mg#x100CTY YERE FUS S &, RIS S R
B THALZEY 72 L, NMHXRn-pentane-liquid
N: trapz @B L TAKEZBRELZDOL, 6mm ¢ DVyc
ol tubelZEZEHA L. HALLH T AFiXCajo
nft B D Cracker vy (MIHIZ A, 1984) HE S
HratoInletiZEA L TR {38 & #ik: 2 dolomit
el E L TROZ RN, FEMELZHZEL .
FHEHIFEHH Ddolomitic marble?: 51 » BEMLEE
W2 & Y calcite 5B Z: L 72 b 0T, XEHEKREH
Ti3#X: 2 dolomite TH 5 T L AR SN T 5.
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Fig. 5 (a) WZ/RL72LH1Z, HPADOI0GHE DX
IRTIHIL2% % B2, ZDHRITAERN (43305°)
ORISR ETHMLZ-. HL, PEREIZHAT A
DD FFTEIRT. $7:6°C, 5" 0D HPEMIZ
BUGERtED & —E %R L7z (Fig. 5 (b)).

Kz, dolomiteZEHZDWT, REidRDONBS-20%
W75 & AR fE 308 & R o Btk % 5K
Bz, T TRAMLEZ L 2 WRINE Z AWy
FHETIT e o 72, BRI LS R EE B O
dolomite DM EZHWTHERRICL b D% Hwv
2. OB XBEHREIICE ) o KERE
(calcite) BWEEFNTWARWT L ZHEEL 72,

HREFig. 61 L7z, 238 (n=18) ¥
fEiL 6 *C=—4.726+0.222 (% PDB), &5“0=22.
492+0.674 (%./SMOW) TH 525, 10u1lED
F# (n=11) TIEo"C=—4.758%+0.085 (% . PD
B), 6%0=22.779+0.276 (%./SMOW) & 7% %.
S50, 20«1 EDREF (n=8) DADFHEIZ
5¥C=—4.785+0.048 (% PDB),
+0.065 (%./SMOW) TH 7.

ZOXHIEEOWERZE (BERE) NTHH
Ha2EL7-9121%, dolomiteRFTiz204 1L ED
HAPLETHL., 20 ILLTOHBE, 6°C, §*0
EDIXS D X FRIRDcalciteDIFE LTI LERS.
SPOI/NE LK e L EMDEDOLNEH 6 BCITKE
REEZRTHENSE V. ZORKRIRESOE 2 A8E
TERVA, BiRDcalciteDFERTZEZEDEDL L,
W AREICEE L2EZRHFDCOU LB EZ AN
KEwEBbns, NEZHREIRLTBHE
flix, dolomite®DIFEISH TIERIGHTZT Lz
72, 2RHE L7z, RIDEZ INZTRERER
BRI L THIADHEDR S LY S
CORRCO:MHEHEL, 20 1A TORB AT R &
TR ANEERBLATNLELEZ LNED,
SBRHEDOVLEND L.

P ED#EREDS, dolomiteld100C T VB &
BOTEIEL, LrdEFOMBEST LT ADM
AR EL T2 2 L R —EDHEEH -
TWaABIZ EPbhro7:.

Ny FHEIZ L Sdolomite D E R E TiX, KD
B REBIOCOEHEMEICE L TBL EEBT A

DIEFDPEMTLHEEZOND.

H. EAMEMEREO KOS MaD
R A48 A%
i) BEDEH MR

It B IR 4R 3R ER A H A ORI E R 12, FITHIKEA,
Fa<4 b, BiEEsE, WEEXLEE, Fy—F
PO A _BROHABHELKRHOEREDE
AL DBEREHE 72D DOTH 5.

#BAR (1975) B L USuzuki (1977) EfEmeE &
DOEME» S FHEEA~H SkmBHREND Z DL
W, SPHAGTIIEDOVTERIEDE) 40D
V=YX L7z, 7, REBITAKEOER
GOV TRBEEITZY, & 5iZdolomite & EFF
¥ 5 calcite F DMgCO: & A & % #-X, Sheppard
and Schwarcz (1970) TH -z & 17z calcite-dolom
ite solvusiRJEET A2 @M L, WEEE, SWHEALE
bELOEEZZEEL (ERBELZHEL TV 5,

Wada and Suzuki (1983) Tix, EHATH >
71 7 L7 graphite DR ErEUSE RO <A
FMEDOFEFHFIZB VT calcite-graphite, B LV
dolomite-graphite @ KFEFMAETF ( A®Cos,
A Coog) DEZ KD, FihDSuzuki (1977) TH
w6 7zcalcite-dolomite solvusiBEEEHZ &£ D
Tcalcite-graphite X Fdolomite-graphite ® [§] fif
R EIREEF %128 L /2. Wada and Suzuki
(1983) ixdolomite-calcite i T b & 3 [l Az K4 5l
(A®Cuotee) ZROTWBAS, (R & fractionation &
DMIZHE ) LWHBIR LN o 7.

dolomite & calcited 3t 3 2 E R Ik BEIE S T
i, —RICERD S OGHERE Tmagnesium % &
trcalcitedSexsolution®#2 Z | Tdolomite® F X
*HETH, FORKRE SEI00mm O/~ dolomi
te DG SR T HicalcitedE S NERIZ dh i L 748K & #F
DO LI LITEE SIS, dolomite-calcite fH
DFENAEG N Z KD B 720121F, TD X RERR
#7225 3 Adolomite, calcite D L4 % ¥ F 5
WZER D LR FEAM AL 2 JIE T 5 00 R
Thab. L2LeYPS, 1708wk F (Hung)
D L) HEORETIL 2T ECEESHETOD
HELPHETH 572,
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% Z TWada and Suzuki (1983) & 2 fE¥ D5
WD o “CELZHIET 5729 Zdolomite & calcite ®
BEFEEL ) VBB AEO, RISEEDENE
FIHL CENENOHEH L ORR T A% PET 5
#iE (Epstein et al., 1964) (DWW T ##H L 7-.
Epstein et al. (1964) OFETIE, E£FET 2 dolo-
mite & calcite® 9 &, calciteid25CTY B & &
BTRAFSTLIENS, GBE» SR 1
Bl OB CHER L7o A #calciteIk & L7, 20
BICER L 72 22T, 1 ~ 4 BB M3
TP ODRENANEETLEL, ABHEAX
b lcalciteld e { &y, Mt dolomitedrHDH
AT B ERR L. L LEBEIZIZdolomite
NEVREETIR, BAO LBHO) BICHL I
dolomite P H5COPHET H. ZDZ LIZDNVWT
Wada and Suzuki (1983) TiIMTO L ) &K
REEZ AW TREREZITV, RISHBE Ccalcite
LdolomitelZ HR T 2CO. FADERAER % Rig-
Twb,

FILARE @ 3> 7 > TV b dolomite & calcite D £y
KemALEETRAL, The) VREULSH
4. Z®dolomite & calciteiZi, KEDFEN AL
B10% LR ) b DERHNTED, EFLALFTAD
SPCHEZMERAET L LY, BERAKBDOR
AL 2HEEDOHEW DS DCO H ADRELE D
RERMEES THMALZ EHFTEL. EROER,
dolomite$%90.2mol% DHE, FILFHIER, 6 bT H
153 %o A A (IUE6.3%) Zdolomite 3k ?CO.
T TIZWU%BEAEL THAEIEBbR o7, £C
TWada and Suzuki (1983) iZdolomite® &A%
KEVEARBHIOWTRER L RO #eE% Hw
CcalciteDE L Z50% Ll EIZEDH LM% L7z £ T,
D UBELRIGEEBZ EIZE Y, dolomiteD
D7 WHIET Sealcite sCOEZRD B Z L HH
F7z.

FHNOEBRBIESHAEIZB VW TEPMAZ &
Amagnesian calcitettOMgCO: & B EH HFHE
N7z & H Dcalcite-dolomite solvusidfE (T) &
A®Cuocfli & D 121X, Sheppard and Schwarcz
(1970) THRZ ON-REKAERICHAB 2 b DL
FHITHRVWLDEND AL EHRENT (Wada

p Dolomite

© Calcite

¥ Calcite vein

#4 *3 42%1

QG
E% °n£a?

#13
12

o  50mm

Fig. 7. Sampling points in hand specimen
Ks005 collected from the Kasuga contact
aureole, Gifu, Japan.

and Suzuki; 1983). Z OFEMIFRIARFEMOEESS,
HlER#FP TDdolomite & calcite ®contamination
2L % H DA, magnesian-calcite ® exsolution {2
X ) E N 7zdolomite & calcite A5 AR Y (2 R H
REERTH, FEAIN R EOBETO
decarbonationi{Z £ 2 CO; H XA DEERIZ L % b D H»
o X DMIETE T, RNAENRAEESD SV IXHE
D zoning 7z EZOWT L ABETH - 72,

AEFFETIX, FACHBE LNy 3 (MElE
) \CL ) FEANOKBRIEFRE T S L7

i) BB, F&

AIFZE THWEBAT O RKBRIERE (Ks005) i,
BAERMERY SH200mOE#EOEE» O > 7
Vo7 L7bDT&H B, Alizarin Red S
(Hutchison, 1974) THef L7z#R, £fkildolo-
mite’® CTdolomiteid 1 ~ 2 mm DR IR T, calcit
eldfliZd L < idlamellaeiRD i MEEZ % L T
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Table 2. Isotopic results of Ks-005 dolomitic marble, the Kasuga contact aureole.
Samples | 13CCc | 180/SMOW Cc| 180/SMOW Cc Vein | 13C Do | 180/SMOW Docorr. | 180/SMOW Do Vein corr. | 13C Do-Cc | 180 Do-Ce
1 1 1.61 16.54
2 2 1.57 23.91 1.71 23.18 0.14 -0.73
3 3 154 24.62
4 4 1.65 24.81 1.74 23.25 0.09 -1.56
5 5 1.63 24.27 1.77 23.53 0.15 -0.68
6 6 1.46 23.66 1.68 23.27 0.22 -0.39
7 7 1.64 24.88 1.79 21.61 0.15 -3.28
8 8 1.31 24.09 2.81 16.55 1.50 755
9 g 1.41 20.91 1.50 22.25 0.09 1.34
10 10 1.35 24.36 1.58 22.26 0.22 -1.78
11 11 1.20 24.04 1.51 22.03 0.31 -2.01
12 12 1.21 23.81 1.19 21.65 -0.02 -2.16
13 13 1.34 24.13 1.61 23.52 0.27 -0.61
14 14 1.44 24.30 1.24 22.52 -0.20 -1.78
15 15 1.22 22.39 1.63 23.10 0.41 0.71
16 16 1.36 24.13 1.85 23.39 0.49 -0.74
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Ks005 5'3C - §'%0 ( calcite )
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Fig. 8. 6%C and ¢"0 values of calcite (a)
and dolomite (b) and carbon and oxygen
isotopic fractionations between calcite
and dolomite (c) obtained for dolomite-
calcite pairs from Ks005. Solid line
indicated by S-S is a linear function
between A*Ciaec and A*Ouiec from 480 C
to 680 T, derived from Sheppard and
Schwarcz (1970).

FB L UOBEORMAESTBIDOME( A *Caotcer A ®*Ototec)
wRDLH T EERAAT. HFET D dolomite-calcite
DHEERRT (1 ~2mm) OREBH»S, 7o &
FUNERCTEIRILEAE IR E S RWE )12
BRELL 7z, calcite 12 60C OB HNIEAZT, dolo-
mitelI BB OINy F3FE12 X D 100C TFRFNEG
W) VBRERILEE, ERLZCOHTANSKG %
BREBRL-0b, BE5WEICRM KL 2 HIE L
7-.

iii) &5 EHBR
Ks005(Z 2\ Tcalcite-graphite ji % [F 7 A Ho & 16
Ltz ZE D CERIEE & B A S contacth & o #E
DM (#5A&, 1975, Wada and Suzuki,
1983) 726, HAEKs005DEREH I BT 5 ERIE
JEIXS80C LEE SN, £ TRATHERE NS
dolomite-calcite & B 5t  (Sheppard  and
Schwarcz; 1970) I DOEEZR AL, HEsh
LGP ORFE - BREFMAETIREE, EBEO
WET - roROONLMEE % B /2.
10°In & *Cunec=0.18(10°/T*) +0.17=>
A Cooee=0.415 at 580C
10’ln @ ®Cuoec=0.45(10°T*) —0.40=
APCuoec=0.211 at 580C
COmEEHI L A E L REFFEDREMEDIH 5 2 5
N=aRloEosA L % k83 % & (Fig. 8(c)),
APCuD 7By MIEEFFETMLTEBY, R
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bHEH/PNSWV (16 =039%). ZhizxflLAa®
OwD i Ailt, RELZEHELZ L L (1o =2.10%,
—EDEERERNZ EDPHSLATHS. PTLE
AR E (Fig. 7) Tcalcite vein |BUKTEAENE
B L7-RERD YRS B & Picking L 728K
AEOHIZIE, A FAAANEL KR 25O fE
ARTOONHL (#8). ZOveind FAL A A
Hix, BEDRBIESHE IMEORNMMAEA R %
AT EELHAICI RSN EEZLR, &
KO FRAAFEH BRI D o TRV EEES R
5.

¥ 72, ZoEASEEH IZIolivine 721 pyroxene
DT a— VKO AN P OMEE LIES (4
~5mmBEOBTALER) FEXLRICAELT
B0, ZOREBIZIZE 1 mmASNDcalciteD 55 &
DDBELTWAIZENLITLITFBE SN, ZDZ
L1, KR¥ o H T 4 decarbonation G A3 72 5
FCREALEBERLTVAS, £, ThLOBEK
BT, FRIEIERELZFEMNEOSFIPES S LT
EZzobNnNTWwihholz
Sheppard, 1986). A%t D/ NEIE D calcite-dol
omiteDPED SIZA I N ¥ I OBIZK X R EAM
BrRnH ol LIZAL2THS. INHIZDWW
TIXEICFEHMZ 3 RTllE & ETNMLPLELE 2
A9,

DEofmr s, EHNERTOREEE
Hrh T3 fE T A dolomite-calcite £ Hy 6 D [6] i 44
B A Caecl BV TIE—EER L, JIZFENL
BFERR ) Lo TNB EEZ DL T EMNTE DA,
—HDBEFE A Ow. DB IIERME,r L2630
7o BOK DB X B IRBE AT OBEORAMAZE
EHPEW L NV THR SR, ZOZEhLBEICH
L CIERIRE BT 2 FAAFE A D 3o T
BWZ ENHLNI R o7,

(Bucher-Nurminen and

E &

ML AR HERNEIZE >~ ¥ — DO H TEEE L L &
R AFEE N IRRE A2 O EERAE LI
BEREERNLEE, ZL0axXy M enlziing,
L TE - LET.
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