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Abstract

The Nojima fault appeared on the surface in the northern part of Awaji Island, central Japan as a result of
the Hyogo-ken Nanbu earthquake (1995. 1, M=7.2). An active fault drilling was performed by the National
Research Institute for Earth Science and Disaster Prevention (NIED) near the fault at Nojima Hirabayashi,
and core specimens from depths of 660 to 1,810m were retrieved simultaneously. This borehole penetrated
three fracture zones at the depths of 1,140m, 1,300m, and 1,800m.

We obtained 46 calcite samples from the vein from the drilling cores in fracture and non-fracture zones.
Carbon and oxygen isotope ratios were analyzed to investigate the characteristic isotope ratios in the active
fault zone and to estimate the origin of the fluids which precipitated the calcite. The analyzed values of the
carbon and oxygen isotope ratios are —13.2 to 0.1 %o and 8.6 to 21.6 %, respectively. The carbon and oxygen
isotope ratio of calcite in the fracture zone is enriched in **C and ®*0O compared to the non-fracture zone.

If the fluids have migrated through the fracture zone and precipitated calcite at the depths where the core
specimens were retrieved (29 to 58°C), the isotope ratios of fluids in equilibrium with these carbonates are
calculated to be ¢¥C: —22 to —8 %, and 6'®0: —18 to 4 %.. These results indicate that the carbonates have
been formed from geothermal water.

On the other hand, the carbon and oxygen isotope ratios appear to be positively correlated. This indicates
that fluids of the same origin (8*C: —0.5 %, %0 : —11.6 %) may have precipitated the calcite at different
temperatures (about 30 to 220°C). In this case, the calcite in the fracture zone has been precipitated at lower
temperatures compared to in the non-fracture zone. Therefore, shallow water from near the surface may have
migrated down through the fracture zone.
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Fig. 1 Geological map and borehole site in the northern part of Awaji Island.
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LRI B (1995, M=7.2) 2ffw, [TEE
R B C BERE SR B L, HERAE
oK) 1 EE, BEFEETTEL KRS EFEAT (NIED)
X, 2 OBFERTE T R [, 1,800 m K=Y
VO EERUL(EL), IO, %E1,001~1,838m 2
B CEEMICEG 2 7 BRI E 1L, WiEEREGOM
HIRSERT B & Mol s, BLAW, 2
o DEATHOMNEBRBE R TIE L T 5 REEESE
YoEH Uiz, BB BukHi s X OHEILIC B V> T IRER
EHIIR O R 3% - R RN RS HE S Lz Bl % v ()
Z 1, Ryu, 1966), UL, iSKBEBH S B S TiE
T2 REBEHVIIRDO R F - BBRFNIIRLL S HIE S #1726
Fipwv, 2 2T, BIBRCEEI R A v A MRO KR
FeRRNALAR B L U2 DR E#E 2 s g T 5 &
BRI, A9 A P RBELEREORSE - BERAF
HBLUZOREEHET 2 Z L2 s,

22T, B st 2 Rd, PEElE, EEEILR
MMM Iz 380> C, WfERRORIER (H4%) HIK) 320 m D

DB TR S, 1,140, 1,300, 1,800 m &
WEREAHTI 51T, BEE LY - 2R % 4 7 Wi
BRHZTD S5 (RIS, 1999).

2. AEHE

REEEIZ, STEFEAL, IRpOEEEIVIZLE., Zh
SEODIASFEME - T, BRI U, R X HHE
PrEsE (XRD) WL OEEEB IR\, ALY A b ES
EBT 2V INVEFERLUN. CaCOsD KRR - BHIA
AHRFERL 1E, 3 0.5 mg 2 R0 & 512 100% DV >~
BLERIES®SILICED COELTHIEL, Zhzfl
EWH Wz (MacCrea, 1950).

2 H;PO, +3 CaCO;— Ca, (PO,) . +3 CO,+3 H,O

VUL oORIGTHEENRS COED EDEYITIE,
BECHAE L CTRRRMELESER S, 20k, A
FA MZDOWTIE, 25°CTRIGE ®, CO,_[KEEERDHE
AESHIRECR @ & LT, Sharma and Clayton (1965)
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FIF I E MR R E L HE DO MAT 250 &S
FreEW, HEEE, EEDE» S OTF o REZE 6 #E
(%) TERT 5, RFERMEICEAL T3, PDB %%
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10~0 %o, OO fEHDS 14~26 %olc T THEHL % 5.
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HIERER D o W B 2 FEES 2 2 A3 A RO
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HEFL 72, 2D X D RIRREHHET 5720121%, RO 28
D O REBIEERRIENHE 2 5 b,

O BREETIE, JERERERIC B WA YA - R iR
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DA, A TIHREEE OB TN A b B IE
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B [FCREMEERK 2EEDKD, B 2EEEETY
WA h RS ET,

ZIZT, ANV A =LK E D RBERLESTF,
BL ANV A b —KEOBRERNAES B OEEKRENE
BROLSCHEILTWEDT, INoDRE/HW, @A),
B)DFEEMEFE % FaT L 7z,
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Drilling depth (m) | & "°0 (%0)| 8 "°C (%o)
660.62 13.7 —10.3
842.00 8.9 —12.3
860.00 115 —11.9

1015.20 13.2 -10.0
1017.23 11.9 —12.4
1022.89 14.7 8.1
1031.40 19.3 ~6.2
1038.05 12.2 8.0
1041.30 15.7 6.7
1046.00 18.6 -8.3
1054.50 19.7 —10.1
1099.90 178 —3.4
1121.90 184 ~46
1135.70 17.7 1.3
1140.05 22.2 -1.6
1140.35 16.5 -1.5
1140.50 22.3 -0.4
1163.90 23.1 0.1
1183.60 20.7 ~0.7
1186.70 17.1 2.7
1190.05 18.2 ~1.3
1210.70 19.7 -9.1
1213.50 17.8 ~7.1
1223.50 20.8 3.1
1282.70 12.8 ~10.1
1310.70 20.6 -7.2
1331.40 22.3 -2.7
1378.95 22.1 ~45
1405.10 21.3 ~7.9
1419.20 223 -8.0
1511.25 1.7 —11.1
1511.55 11.8 —114
1564.50 11.2 ~11.0
1575.50 10.5 ~12.4
1587.00 133 —11.7
1619.90 12.7 -11.8
1627.30 9.6 ~9.0
1646.10 10.1 —10.8
1662.70 1.8 —13.1
1739.75 8.9 -8.8
1769.20 114 ~132
1777.70 9.0 -10.9
1781.70 13.4 ~10.3
1792.55 26.1 1.7
1816.80 26.0 —1.0
*1 FFE W E NIED 1,800m RA—) > 7 a7Ho

Table 1
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Carbon and oxygen isotope ratios of the
calcite vein in NIED 1,800m drilling cores.
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Fig. 3 The distribution of carbon and oxygen isotope ratios with drilling depth.
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1000 Inac[CaCO; —CO,]

=¢BC[CaCO0;] —61*C[CO,]

=—2.9880(10°T2) +7.6663(10°T") —2.4612 (1)
(Bottinga, 1968)

1000 Inac[CaCO,;—H,0]

=¢80[CaCO;] — ¢"*0[H,0]

:278(106T—2) *289 ................................. (2)

(O’Neil et al., 1969)

ADOEGERIC & 5 0©°C, 620

AN A NDS, 3 TERBBEEOHE (29~58°C) TE
AN LIREL, 2T A RS BHED 67°C
[CO.] B LU 6"0[H,0] %(1), @RX»roBEHL, &
HE R EORREIE, 0°C[CO,] & —22~—8%, ¢°0
[H,O] i3—18~4%TH % (H4). ERKUFABIV
HEGkOHIZ i, sBC[CO,] B LU ¢0[H,0] 8, %
NEN—10~0 %0, >0 %oDEWEEZ R T b DOBFELET 5
ZEBHISNTWA (Sano and Marty, 1995, #AZER,
1991). ZOBE, BHEFDO AN A P T roH
HENBEDIES 88, BC, O REATHWIEDOT,
P iz, WiBE@ike LT ERL TE Bk (Bl
FAR) B3, AV A N REBIS S ARENTRR IS,
B OFRAERICX S 63C, 60

—Z®D C, OFfELLERFEO>ANS A VYA MBZH
FPhERLRIBEFGTRELEBEEEZL S, 22T
03C[CO,)D5—0.5 %0, 6'°0[H,0]25—11.6 %DfiE%k b
OFEEREL, ZOEE1), QREZRALLRE, &2
VA OFHBERREL., ZOBR, SEHES

Nz &h VA M i, 30~225°COBEEHTR/H L &
HETE Iz, ANV A bR - BRERMELIE, BReDS
ETL T AHEFTE Y PCEBEL, POEFD
T, WRHTOERBESEIP-I2EFE2 5, DED,
JERRER T, TERARHFORE T255°CCB L &5E
BT, BRERTI, 30°CHIBROME TH VYA b 2SR
AN ERFRLTWS, ZOBE, WMEEER, WE
REREE T OB AREDEML, KEOBREM T A TR
L7 THEES R S h B,

5. &%

FENERIABELRIET I VYA MROKE - BE
R ERE LT, FORERE, CaCOsd 6°C i3, —
13.2~0.1%, 0'®0 iX 8.6~26.1%DfEZ=L, k& L
TR—BECRONBELY 3C, "OKEATWVWS
Fe NN EHHEELS, ChODEWRE - BER
RO 2 b Do v A4 Mg, 1,140, 1,300, 1,800 m
DOABELR RS TERE NI D ThoT, D%,
R - TEBETL T IEEOY Y I hDBC {E,
SPOENENZ kb, 2T, ZOHNVHA b
PO Bl RO RFE - BMERMEHKEHE TS
rizkh, A4 bORRBREEEEL:,
@ AHNHA B, a7 FEEEEOHE (29~58°C) T
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Fig. 4 Calculated carbon and oxygen isotope ratios of fluids at the temperatures where the cores

were retrieved (29-58°C).
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