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Abstract: A stick-slip experiment was conducted using dry cylindrical samples saw-cut at an angle of 30° under
confining pressures ranging from 30 MPa to 120 MPa. The samples used in the experiment were quartz-free basalt,
gabbro, and peridotite. Loading on the rock samples was applied by a manual micro-discharge pump at a controlled
rate of ~ 0.003 mm/s. Solenoids aligned circumferentially with the sample were used as sensors for detecting
the magnetic field signal, while two pairs of electrodes, each consisting of two copper plates (30x30 mm), were
used as sensors for detecting the electric field signal. The electrode pairs were aligned circumferentially with the
cylindrical sample, one perpendicular to and the other parallel with the saw-cut surface. Variations in both the
electric and magnetic fields were detected at the point of slippage during stick-slip motion in all samples, even in
the quartz-free samples. However, no such signals were detected during stable sliding. In almost all of the gabbro
samples, the amplitude of the electric field variation measured by the electrode pair aligned parallel to the fault
was longer than thet obtained by the electrode pair orientated normal to the fault. This indicates that the gabbro
samples are anisotropic. Moreover, the separation of electric charges between the faults and electric discharge
is considered to occur simultaneously because the signals detected by the coils and the signals observed on the
electrodes occurred almost simultaneously. Furthermore, the amplitude of the electric field variation measured by
the electrode pairs was found to increase with the stress drop during stick-slip. Next, signals induced in each of the
four copper electrodes were measured individually to confirm the anisotropy of the electric field variation. Results
showed that the signals detected by the electrodes positioned parallel sides of the fault of the gabbro sample
exhibited opposite polarities in the early stages, confirming anisotropy parallel and normal to the fault. For the
basalt samples, although the electric and magnetic fields were too low to measure differences in the two directions
for some samples, similar tendencies as those for the gabbro samples were observed.

Keywords: stick-slip;electromagnetic signal;rock friction
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A 7O T S AtER (Yoshida 1% 7> 1994, 1997), &
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Fig. 1 Schematic diagram of the configuration of the test
system. The rock specimen with a saw-cut surface,
cupper plate electrodes, and coil were all set within a
triaxial pressure vessel. Electrode pairs A and B were
set normal and parallel to the strike of the fault plane,
respectively. An AE sensor was attached to the moving
piston at a distance of 160 mm from the center of the
fault.
ELSEVIER O T fi#%#3C, [Tectonophysics vol.450
(2008) 79-84] & 0 ik
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Fig.2  Record of the electric signals measured at the copper
plate electrodes and the coil for a stick—slip experiment
on basalt at 80 MPa confining pressure. (a) Data for the
entire recording period. (b) Enlargement of that part
of the record in (a) that contains the stick—slip event
(vertical dashed lines in (a)).
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Fig.3  Record of the electric signals measured at the copper
plate electrodes and the coil for a stick—slip experiment
on peridotite at 80 MPa confining pressure.
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Fig. 4  Representative record showing the relationship between
the timing of the AE signal and that of electromagnetic
field signals for a stick—slip event within basalt at 30
MPa confining pressure. (a) Data for the entire recording
period. (b) Enlargement of that part of the record in (a)
that contains the stick— shp event.
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Fig. 5  Effect of stress on the intensity of the electric signal
recorded at the time of stick—slip. (a) Records of the
change in the electric field measured at electrode pair B
during stick—slip events for basalt at between 30 and 100
MPa of confining pressure. (b) Relationship between the
intensity of the electric field signal and the magnitude of
the stress drop for basalt and peridotite samples.
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Fig. 6 Examples of occurrence time of the AE and the
magnetic field variation.

0 5 10 15 20 25 30
Z 4
AE{S 24
20
- 3
e
H =20
> 272us g
[
~40
+ . 0
-60
1
Ja-
0 5 10 15 20 25 30
85 f (us)

T AE 55 LEAHE 5 O FRAFR D ZE D

Fig.7  Examples of occurrence time of the AE and the
magnetic field variation.
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Fig. 8  Signals induced in each of four copper electrodes were measured individually the electric field variation.
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Fig. 9  Signals detected by the electrodes of the gabbro sample exhibited opposite polarities only positioned parallel sides of the fault in

the early stages.
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Fig. 10 Signals detected by the electrodes positioned on both sides of the fault of the gabbro sample parallel and normal to the fault
exhibited same polarities in the early stages.
TANRY T 4 (EIRAEE) DY X 2 eI DK Z EHIEIE T RIS L THROIEOHBE 274 2

L 7= 85 5 A OBRE % $218 LU 72 (Takeuchi and
Nagahama, 2002, 2006). % Z Tif, FEERTEIHlE N 3
BHAE T OB/AEO ERE LTT 2~XY) 7 1 RO
AT R MR U CREITIK S 5 EAli 4 &
KAAR—NICLBETBHET AR SN (Takeuchi
and Nagahama, 2006). ZE#H 527 - 72 FEERIZE W TE
fxt 24 (A & B) CTEAES ORI I 5 2 0
NEME N7z, Tabb, BEEmMELTEA (KR
ZTIANCERE U BRI OF 52388 <, FERIRICK L
CFEAFISE W RICERE L Z2E B B W TCEHI X A
fgEAEMICEY GE2K, FE3R) &V fEHmEs
W HND. Lkl 722G ad R0 EOEREFOEN
FZDOT7 AR T4 OHFBET MK > THWHT B Z
LHTRETH 5.

HE5Man b BRESOREIZTRDMOEHEILS
WimE &I RTAZERnnhs,. HIZ, B5K b
CRTRICH Y T VEOT -4 CREREZSOLEH

ERRTENDS. 7, XEOBEBRLHOKE X
BT & & FREISOW ;T & @O 2A S 5.
[EE 9 D FEER TR < 7258 - RS 5 O RN
ERHTA2ETLE, ZO&S %, B ZEN5%
R fE e & OMBRERE EHM LGS & D Txal
PUL % 5 . Takeuchi and Nagahama (2001) T,
T ANRY T 4 OB K & RIS OB (Dieterich
and Kilgore, 1994) KU 9 XD KO EEL ] & 4R
JE kT & AIEOMBIBIR 2 /R4 Z & (Sholz and
Engelder, 1976) Z EIZHDNWTT 2N 7 1 RO
BN 3 2 B XS 5 O LIS T &= & OB%R
EmLTWa., RADERTHLN-EMIIESDE
PS5 g LIS T ROBRDOAIZDON TV AT,
Takeuchi and Nagahama (2001) 24k > TIEEIN7zE
TUCESTZORREHMNT 5 Z LHAHETD 5.
L2L&n, ZOEFLME, GE5280EET DO
BRI IUEH TR BRI S v &0 S AR
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carly stages.
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DR & F— Tl VAl fedEsnEnZ & 2R L T
5.
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Signals detected by the electrodes positioned parallel sides of the fault of the gabbro sample exhibited polarities not clear in the

TR EEDO TR EENZ OREAPED T 5 EE L
PR TH AWML S 5. [HETNOKFOT D) HE
F, EHTROEE LD KIEIZKELS, EHTND M
FEAS Imm/sec BL N TH % DIkt U T emi/sec F2fE &
REEd 5 T35 (Johnsonetal., 1976). FH S M7 -
7oA G WA ORISR T FEHERT O
BB WTAEDREIZE b b TEAE T A
< EhanWZ EDRMHREINTEDRA P L 7
LARLDOBEBRGEHIEZ 79 7ERICHES TRAEL TH
ZOTEEL T AR T 4 QYW OBEEIZ K - THl
I Ih7ZgneELI6NnE. EREFOME» S
RYIO Y — 7128 5  TOMPEREHIE, O TR
FEEIDSTOENMI K 52T R 6 M FIRITE—RMTH
% (B5Ma). K<HISNTWS XS ICHEHT D FE
BT NETEL TXDEDO TGS L I2—F
(Ohnaka, 1973) T, ¥EEDMIMETYE 5 (Johnson and
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the early stages.

Sholz, 1976). §NDIZHY B & £ 7=, "BAEDOIE
BOATRED ZOMIZ—EEL LD, LihsTETNR
DEUFIZIDIBETED 20T TN ERREL 55 I(F
ERLS D, WHIFEWRIEOME %2/ 3 (Johnson
et al., 1973 ; Johnson and Sholz, 1976 ; Shimamoto et al.,
1980). ZoOfEFIE, b U =BRSS5 O R4 ERE
DF RO L E RSB LT B LT B Tk A DG
EXFETEEDOTHA.

IhETIfbh72EL ORIV, BEETA
DRI T RO MO EE S TENOIRE AL LT T E T &
MG XN T 5 (Brune et al., 1993; Bodin et al., 1998;
Bouissou et al., 1998). Bouissou 5 (X PMMA (R % &
7 )X FIV) wEEIKE U2 D FEE AT
VY, TARD REICW R ORI A EER A E L T B Z
L AR LUz ZoOFEBETIE, Yo REE SN OR
KREN P REL S & HBIBRICH 2 Z BB 5 »IC L

Signals detected by the electrodes of the gabbro sample exhibited opposite polarities only positioned parallel sides of the fault in

TWa., ZOHZBIHLTHESIE, SVEEISH T
EEEMNPKREL BDDIF, BIETHBIFE, HAH->
TWB7 AR T 4 Z57HE S E 5 DIZ@EVEREIS ) A
MBEERDZNPETHD MM LT, EHELN T 2FE
BRI Fo T & BRI 2 U T oD e s =0 3 17 1l D iR B
PEC T ENEL 2GS, 50X HET RO
BEKAZAE S YW o0 1 7 1 N O ZE T HE AN AV & T
Te &g AU, BRIARY 2 ST i o 43 Bk LS & > T Ul IR O
FI A & R OB KO B & 7 D B KUES
OFE LB IETEOBRICEERAL 22 &R PR
5. O Keefe and Thiel (1995) IZ& > THE B
ZH—FIIE T )L (capacitor model) (2 AU Ui D7
[0 25 4 et 23 K 9 A U W it ] D S8l 1) 20 2 5 8
WA LY NS 22 20 > T 2 EIEORN A5 2 Z
T LK D,
EETROBEICEER ST 5 T4 L TR L 221K
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Fig. 13 Turn the specimen assembly one-fourth revolution.

Signals detected by the electrodes of the gabbro sample exhibited opposite polarities only positioned parallel sides of the fault in

the early stages.

WU 3 S ERTRRIN L 22 E 5B L 36 2k
HEOD B D, ZOERGEEE T T ROEOIT A LD
PRE)IC K DMK & OMHAMFHIZ K> Tl ez g
DTHHURMELD S, EBAESHRTETL R
D FREEA R IRAZE, YT A 0> B Af D f Ze oA
RAKMLZZDTHAD. IALTHRIBLEESIC
S 3R D QPRI WARE 2 SO R ROy A R S
2H, BERCHRINLZESEQHERRLS. 20K
RT3 A TR U 72 @O R D B 53 533 18 O Bl
WCERT 28D TH 2 WEEMEAZLONLS. LaL
ZOBWERBORESIZI4 L TORBRBEN TS
2N OFEBIZHOZEMRE I LDE - RIS
DRRMEFEOENC L2 DO EMMTE 5. WidD &
I, - K HEWE L U2 S em O
FEEEICEE STl D, BIHNR E LT3 ElKE
FOWE LD THEW. 20 &S BHERIZE TR,
W5 OFMENTEE U CHEEORM A KM L 728 D

x5,

o, HIM, HAXIIRLALS L, EREY
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VE=Z Y ZAOMENFRRISEITL TS EDEE 2
5hb.

132 65 15 KR L 2 G akhE ik 7 & v
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BRENMLTT 22X 7 4 AfiEl L Rk > Tnwb & F
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Fig. 14

Turn the specimen assembly one-half revolution.

Signals detected by the electrodes of the gabbro sample exhibited opposite polarities only positioned parallel sides of the fault in

the early stages.
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Fig. 15  Turn the specimen assembly three-fourth revolution.
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Signals detected by the electrodes of the gabbro sample exhibited opposite polarities only positioned parallel sides of the fault in

the early stages.
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