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ABSTRACT

The compressional wave (P-wave) velocity and strain in volcanic rocks were measured under hydrostatic
pressure up to 100MPa. Three rock samples were obtained from the NEDO's two deep geothermal wells, YT-1
and YT-2, located at Yutsubo (Hohi area, Ohita Prefecture): they are two andesite lava taken from 898m of YT-1
(YT-1-4) and 1212m of YT-2 (YT-2-2), and one andesite-pumice conglomerate tuff taken from 1451m of YT-2
(YT=-2-4). The sample shape is an octagonal column with the axis parallel to vertical direction and the sample
sizes are 70-80mm in diagonal and 90-100mm in height, large enough for evaluating effects of macro cracks and
joints. Vertical strains were measured at each side surface, and horizontal strains were measured at  both cnds in
three directions 45 degrees apart. P-wave velocity was measured in vertical direction and in every 45 degrees at
horizontal plane.

YT-1-4 showed remarkable inhomogeneous deformation below 10MPa, indicating effects of macro cracks and
joints. However, velocities in four directions changed homogeneously, suggesting that cracks and joints are scaled
with precipitation minerals. Pressure—strain curves are concaved slightly upwards in high pressure region, interpreted
as crushing and rotation of precipitation minerals. Strains of YT-2-2 showed homogencous change. The zero
pressure velocity of YT-2-2 decreased after loading-unloading cycles. This seems to be caused by crushing of
minerals in rock matrices. Velocity anisotropy between vertical and horizontal directions was observed in YT-2-4.
This velocity anisotropy indicates preferred orientation of cracks that filled with precipitation minerals. Sealing of
cracks by precipitation minerals is suggested by the large increase of strains in the high pressure region, where

velocity increases only small amount.
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Fig.2. Strains of gages D,G,C versus pressure for
sample YT-1-4. Solid symbols correspond to loading

and open symbols correspond to unloading.

Fig.1 Unfolded surface profile for side A to side H of
sample YT-1-4.
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Fig.3. Volumetric strain versus pressure for sample
YT-1-4. The circles indicate 1st cycle and the squares
indicate 2nd cycle respectively. Symbols and those
indications from Fig.4 through Fig.8 are the same as
this figure.
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Figd Mean velocity of vertical and horizontal

directions versus pressure for sample YT-1-4.
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Fig.5 Volumetric strain versus pressure for sample YT~
2-2.
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Fig.6 Mean velocity of wvertical and horizontal

directions versus pressure for sample YT-2-2.
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Fig.7 Mean strain along verlical and horizontal

directions versus pressure for sample YT-2-4.
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Fig.8 Mean velocity along vertical and horizontal
directions versus pressure for sample YT-2-4.
YT-1-4TH S MO T HOBBIIAIR TBER TE 5K
OBIIETFNET AR MEONSOHUNARDEIKIE
K&->TH#ETEIEICLEDDTHD, —HMH LM
IMBBRBRTT LT by RAICRTOBIENT. VB
PRHEEIZE A7) Y R4BbNh B, —RIT. ZOLHA
MNBROEBIIVTSH EHBREEICRRIHIREE R

—219-



312, MHBRFAGULBBERT &IN5,

SENT-1-4icidii 2 RBRVSENTE Y. £O—HT
RINGIH AT 5, EREREHH L. OTHIEL
WREEEGEN S0 BREERUTS GKEERZLIC
R LI ZORBOTADERTY Y R) 13#90.15% L
Mil, BLOBRVUYTHEPINTHE I EERBEL
T3, —H. BHREEICOWTRZEREICA LRI N
TWRNE I PREELFE L (/DS CABN JOHH
D& S ICEEHHTHEREIN S EEIINE L, VA
THNShEEBRAELRON, KiE - 41
FHB DO T XM ETO. ARG ERRATH S
ZEHNYPSHIZ LTI B,

Fig 2R TYT-1-4D8KE— VT AR T3, 40MPa%
Bic, ThE TOZPH IS SHRICRLUT DI
DED SN BDIE. BraceP A aH Lo & S REMRFOE
BATRE LTS, K - FAEY B0 - 22T 172K y
b a7 OEHEGA TR, 8BufhEIL KO THEROE Y
Y orA POBEHEIEATE 2, BET-1-40R LD
THOHRRLIL. Batzle and Sinnons” D& L7k 9
HERPICSEN I LEH OB EERENFEE TH
3LEbh3, BENT-2-2TH SN BREEEOEEHE
EoaisEdit. BErY0RRKEDE CREBE) ©
HgTbEpoh, BORARBORAML VBLHERZ
BHSTCRE LIc & 2 A, SN TORBIC K R
ahiz, Z0& 9 BB HRLREFFOBEREEOR
BB E IS Ul EEA OhD, EREREET S
ENT-2- 205 0RFRE LD bBLOEAVINI
A BEEROSYN TORBICRTFREIc L 280
WRERICREFE T X B 0%, EHFE LR A A =X L LR
T30k, AL AEMBBERNBETH S,

—H< RENT-2-4TIREEFH M EKFENICOTAHEP
BEEEORARIED SN, JHIREERTHNMEO
DHEHRELIHEEL ON D, HTHESL D EIZID
HEINFERITIE. Be BB NBYEET 3, €09
B EHEBICE - TEL A bD oL, K1) v 7fE
FEILL-TELRHDIEAONE, K- V7
Lo THELABEEIZ. a7ORBAMIZER L. tTFHE
HebEOTA2RRmI. HEOHREFITT 3, HAHIT-
2-4DEBER T, HHFEERIMKEOATIIH > T,
WHRDER/NE (L BH. OFHDH TRFICERIK
&3, LROBRROERFEHETII. ZDOBEDHAY
T, REOMME & QIE THAITE 2 EHRFOX
RN T B L WEDFBKRENRTHL AL S,
L L. SHISGTREROAT2THY . o585
PHETH B,

5. &R

BYBEMR DR — Y > 7 3T OEKET OU3 A Lt
PRERENEL. DT O L) EHERGE oI,
(DEEHCEENSLRT, OTAICKELFTEIMEE b
ST BROD  BEPHFTRTS N B 720D, TN
HETRHUTHAOFRHFHEICHE LA BERE 6 &3
DHoNIIL,

Q) REEFH LTSI HET TRENVTHED S
Us & 3EWKEM@ESICOT A ORIMERHE D 5B
Avohs,

(DRFHAR TOMMBERHH DR E SOENUTICNS
EHATRL D SIS OMEETREAN JAUIHIKEEIC L B
FREGRRALEEZL 0N B,

(DB OERIIRIKIERER T D TGRS
OTHICRBROMICHMHTORBITRTELL,

BEHR

L EIAED LA IS 3513 A WIERR O HiRaE490
Bl aR iR R, pp. 53-56, 1994

2.Simmons et al. :Differential strain analysis: a
new method for examing cracks in rocks, J.G. R
Vol. 79, pp. 4383-4385, 1974

3.Ren and Roegiers:Differential strain curve
analysis, a new method for determining the pre-
existing in situ stress state from rock core
measurements, Proc. Int. Congr. Rock  Mech., 5th, 5, Ft1-
127, 1983

4.7K3E « T4 RFARITFERITRRIC S 7 — 5 ORI
© PR, B RARRRMAT. 1993

5. ¥alsh:The effect of cracks on the compressibility
of rock, J.G.R. Vol. 18, pp. 429-435, 1965
6.Brace:Volume changes during fracture and
frictional sliding, a Vol. 116
pp. 603-614, 1978

7.Batzle and Simmons:Microfractures in rocks from
two  geothermal  areas,Earth and  Planetary
Sci. Lett., pp. 71-93, 1976

8. BT DB ORI & FoKiFk. PR SEAEE.
Vol. 108, pp. 769-775, 1992

review, Pageoph,

—-280—



