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Abstract

We investigated the TL intensity changes of simulated intrafault materials of quartz
from the St. Peter Sand, focusing our attention on the effect of frictional work due to
shear stress. The shear experiment runs were performed under a sufficiently low slip rate
of 56 um/s to avoid the effect of frictional heating. Furthermore, to ensure the TL
intensity increase due to a shear fracture (Hiraga et al., 2002) was effectively negligible,
we used samples previously fine-grained to 1-8 um diameter.

It was found that TL intensity decreased linearly with an increase in frictional work,
and obtained the complete zeroing condition of 4.8 kJ/g or 1.2 MJ/ni by extrapolation of
the regression line. Next, we evaluated the shear stress of 0.76 MPa satisfying this
condition in case of an earthquake of magnitude 7, based on the displacement of 1.6 m
derived from the relationship (Matsuda, 1995) between magnitude and displacement of an
earthquake. Finally, we estimated the complete zeroing depth of 130 or 40 m for a normal
or reverse fault respectively, assuming a vertical normal stress to be a lithostatic pressure,
at the time of examination of stress field, satisfying Coulomb's failure criterion with a
Mohr's circle.

The complete zeroing of TL intensity can be expected to be attainable under more
gentle conditions in the case of an actual faulting because of frictional heating. This is
a subject for future studies, to perform experiments under faithfully simulated conditions

for an actual faulting.
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Fig. 1 A : Photograph of the high-temperature biaxial testing machine.

B : Schematic diagram showing the sample assembly before and after a shear experiment.
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Fig. 3 Relationship between normal stress and shear
stress for quartz from the St.Peter Sand. The
friction coefficient of 0.62 was found from the
slope of regression line for ultimate frictional
strength with the determination coefficient of

0.9995.

Table 1
Peter Sand.

20 s A A
E
~ e ————————————
© ,,
o .
2 E
2
: —
2 c i
(7]
B
A -
0 2 4 6 8 10 12 14 16 18 20
Displacement (mm)
Fig. 2 Shear stress change with displacement for quartz from the St. Peter Sand. The sample A, B, C, D,
E or F was subjected to the normal stress of 4.9, 9.8, 19.6, 29.4, 39.2 or 49.0 MPa, respectively.
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Normal force, normal stress, shear stress, displacement and frictional work for sheared quartz from the St.

Sample name Normal force [t] Normal stress [MPa]

Shear stress [MPa]

Displacement [cm] Frictional work [kd/g]

4.9

9.8
19.6
29.4
29.4
39.2
49.0
49.0

mTHmEO00wm >

—
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2.9 2 0.23
5.9 2 0.44
11.8 2 0.84
18.3 2 1.26
19.2 1 0.73
24.5 2 1.7
30.1 2 2.11
32.0 1 1.26
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4 TL glow curves of quartz from the St. Peter Sand. The left-hand figure is for natural and only pre-pressed

samples.
glow curve is the average of 5-10 measurements corrected for background.

The right-hand figure is for natural and sheared samples.
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Fig. b TL intensity vs. normal stress or frictional work for quartz from the St. Peter Sand. The left-hand figure is for

natural and only pre-pressed samples.

The right-hand figure is for natural and sheared samples.

TL intensity

is the integrated value over the full width at half maximum of the 325°C peak shown in Fig. 4.

4. & =

4.1, PEEEFRE
HOOREICK 59, AWML LG 2 2 HEEGR
B3, TEEIGTIA 200 MPall o4 085 Th 5, &
Byerlee (1978) RFEERMIT/R L. AFEERTII Fig. 3
R Lok DT, HEERED 0.62 &R/ har - 7.
FIRRAIE B, EREEEEE L5 A 2 BRI
SHINEL 054 TH- 2. ThSiZHVERED
MRATH > eI E LGBt L 36D, EEX
5N 5.

42. FLTLRAOHFEEOT LIEESEE
TLES®ERFig. bicHonhkkdic, “Lv7rL
2 DHFETIE, BEISHOEINC A D S FTIRIE—E

Dfiz/R U7, FIMrERER <, BAEES 2D Ot
HEEIIG BT ONELRICED L Tnico s, Thi
SHHRHITH 5.
TEHMEOLED T LT L7 L AR, ZVEs
MEL TV fofodl, BanktFEE2FTiTExT
Wigw, L, A"YLAED T oy 2ILihE SR
BHoEXRBEVEW0.2mmTHD, L7 LRICL-
TIRARIEZS NI E LT, T OZEMEIIEIWERIC
BIFB2cmD 1 %R T LNV, TD, TIHER
et ERT7 L 7L 2oaikcl, BancdFzR
BEEoThy, TLESHEENZEAEELLE, -
1z, EFEZAoNB.

$ 7 Fig. 6, 71Tk L7ck iz, BEIGH O
5 SRR D el B INZRIIRE O & &I S i
T5h, SRR S ENNEI S i, LT LR



22 S
6
5:§§ :
SN R S S
E 3
> I
°3 )
N
(7]
[
L o .
(6]
1
0 J 1 L L
0 10 20 30 40 50 60 70
Normal stress (MPa)
Fig. 6

is for natural and only pre-pressed samples.

300

250

g
|

Increased surface area (%)
[$:]
o

100
3
50
= =
- =
0 b——mm . . . . .
0 10 20 30 40 50 60

Normal stress (MPa)
Fig. 7

samples.

OARENC BT (L3 ErTH B, Iy, FilLk
o, FrrrvrosHlicaIhctFHIREI LR
THY, KTFOBENIAEF IS Sh-72T itk 3,
EEZOND.

4.3. BIHEBEEOT LIESHRE

AnlosiWiFER T, B EEd D OfFons &
bR G L (Fig. 6), 0L 7&Kk o
BRI IS 285G 3 EMm L v (Fig. 7).
SRR R AR BRTh b, & SiIcnEimnEE
FHAEES 720 OEFI AT 5 &V D 22U BRGEI
o< &, Fig. 7RSS NcBR ARG TH 2 2 &
AfFE N, PUERRE 0.88 TRIYFERREIRD S,
TOLIICEROERTIE, - UriIcKEREEEIINLT
W7zh3, Hiraga et al, (2002) L7k 57X TL

70

CEARRT - AR

6
5 s
&Disp. 2 cm
@®Disp. 1 cm
CAl B
2 i
5 f Pl
L= I
p .
S {
1 S
0 . ‘ . .
0 0.5 1 1.5 2 25

Frictional work (kJ/g)

Grain size change with normal stress or frictional work for quartz from the St. Peter Sand. The left-hand figure
The right-hand figure is for natural and sheared samples.

300

250

&Disp. 2 cm
@®Disp. 1 cm

g

Increased surface area (%)
S @
o o

(3]
o

0 I L i "
0 05 1 1.5 2
Frictional work (kJ/g)

2.5

Increased surface area change with normal stress or frictional work for quartz from the St. Peter Sand. The
left-hand figure is for natural and only pre-pressed samples.

The right-hand figure is for natural and sheared

EomEoEnEEy ond, FfEEd 72 OfLHEN
21kJ/gd & &, HFHE O 60%icE T, &L AN
‘LT (Fig. b).

CNIFFEBGTERF AL 7, Bzt ARk b L 72
TEDORNR, LEZ L ENTED,. Rl O kL
213 1.50umTd b, HEIMZE A E 3 H SRR O
24 HEH s N/, Hiraga et al., (2002) DL
T, HFEEERRIR X 150-250 umTdH O, PEIRIEE 1.5
um¥E THIWE S S o &9, BinRmEmRE T
AREREREO GRS & 125, A0SR A 5 DIk
b, RS L 2 BEEE TOREV VTR
T LESHEORING, Himhol LEfcssBET
bo, TLESEEOHMERE TELNL -, LEX
55,

HEFic R s B PHEE FoEIcHw o h



JEE T <D ICES kG Y YO T LES@EA(L 23

[}
(2]

y=-13x +6.2
r? =094

IS
re-
C

N

TL intensity (arb. units)
w

—_

0 1 2 3 4 5
Frictional work (kJ/g)

Fig. 8 TL intensity vs. frictional work for natural and

sheared quartz from the St. Peter Sand. The

regression line with the determination coefficient
of 0.94 suggests the complete zeroing condition

of 4.8 kJ/g.
y
T=THtan@)o
2L
15
(2]
(2]
(0]
=}
4]
A
[
o
&
)
_E_ze_rg ________
1
1
i
1
1
1
1
|
05 0y Normal stress O g,
0.(R) g ,(N)

Fig. 9 Schematic diagram showing an estimate of the
complete zeroing depth, using Mohr's circle and
Coulomb's failure criterion. Z.ro 18 the shear
stress under which the signal intensity is com-
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App. 1-1 TL glow curves of natural and only pre-pressed quartz from the St. Peter Sand. On the sample notation, see

the text.

All the figures in parentheses after sample name are the number of TL measurements.
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App. 1-2 TL glow curves of natural and sheared quartz from the St. Peter Sand. On the sample notation, see the text.
All the figures in parentheses after sample name are the number of TL measurements.
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Grain-size distribution and cumulative curve of natural and only pre-pressed quartz from the St. Peter Sand.

On the sample notation, see the text.

App. 2-1
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App. 2-2 Grain-size distribution and cumulative curve of natural and sheared quartz from the St. Peter Sand. On the
sample notation, see the text.



