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Significance of Thermal Fracturing in the Generation of
Fault Gouge during Rapid Fault Motion: An Experimental Verification

AREF* - BEHE"
Yukiko Ohtomo™ and Toshihiko Shimameoto’

Abstract: Gouge generation processes are important in many problems such as
the growth processes of natural fault zones, and competing processes between
gouge generation and frictional melting. Such processes must be studied under
rapid fault motion since the fault motion along most active faults occurs seis-
mogenically. This note demonstrates experimentally the significance of thermal
fracturing in the gouge generation using a high speed frictional testing machine.
Experiments were performed on hollow-cylindrical specimens (25 mm and 16 mm
in outer and inner diameters, respectively), under the normal stresses to 1.6 MPa
and at the slip rates to 1.6 m / s.

The normal stress that can be sustained by granite, quartzite and monzo-
diorite during such a rapid fault motion is smaller than their uniaxial strength by
more than two orders of magnitude. This result strongly suggests that the ther-
mally induced fractures due to rapid frictional heating dramatically lower the
strength of these rocks. The results for ganite and quartzite under specific condi-
tions indicate that the frictional heating and subsequent rapid gouge generation
occurs repeatedly. The heating of the sliding surface to very high temperature,
which has been detected with a silicon photodiode, does appear to induce thermal
fractures along fault and promote gouge generation. As the gouge drops from the
unjacketed simulated fault, it takes heat away to lower the temperature in the
fault zone (no emission of light}. The fault is heated again and the preesses repeat
themselves. The effect of thermal fracturing is less pronounced in gabbro than in
granite and quartzite, and quartz scems to be the critical mineral for causing the
violent thermal fracturing. Thermal fracturing must always be taken into account

in considering the growth processes of fault zones.

19044 1 A28 244, 199448 2 A210 28
RO A M EEFSERT. Earthquake Res. Inst., Univ. of Tokyo.
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Fig. 1 A hollow cylindrical specimen of monzodiorite
under frictional melting, emitting bright-orange
light. The intensity of this iight was measured
with a photodiede and a photosensor amplifier
{Hamamatsu Photonikus Co. Ltd, C2281. and
C2719) . Note tracks ol thrown-out frictional

melts.
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Table ] A comparison of the uniaxial strength
{compiled from the literature} and the normal
stress that can be sustained by specimen dur-
ing high-speed friction experiments, for granite,

quartzite and mafic plutonic rocks.

Rock Uniaxial Com-
types pression test

High-speed
friction exp.

208 MPa®!
{Matsumoto)
108 MPa®!
{Ibaragi)
167 MPa*?
(Inada)

163 MPa®**
(Vermont )

0.4 MPa
{unknown origin)

Granites

122 MPa™!
{Former  Soviel

0.31 MPa
{unknown origin)

Quartziles

Union )

358 Mpa®?
{ Minnesota )
Mafic plu-
tonic rocks

279 MPa*!
(Former  Soviet

1.6 MPa
I Monzodiorite,

Union) unknown origin)

#1Chigaku-dantai-kennkyukai,  Chigaku-Jiten  Editors
(1981}, *‘Yamaguchi & Nishimatsu (1991), **Handin
(1966)
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0.6 ] 3
Granite
Slip rate: 1.6m/sec

-
Normal stress: 0.24 MPa £
— . -2 ~
£ expansiondue to g
E thermatly induced d] 2
~ fractures drop of g
S from fault Displacement =
> =
E 0.5 L
3 8
- 2
iy £
=] i
0 o
heating of sliding surface -5’
£
0.4 L 1
180 85 _ 190 195
Time (SEC)

Fig.2  The intensity of emitted light {shown in terms of the output voltage from the
photosensotr amplifier) and the axial shortening of a hollow eylindrical specimen
of granite of unknown origin, plotted against the elasped time in seconds since the

onset of experiment {normal stress =0.24 MPa, slip rate =1.6 m /sh

Quartzite(HFRO5503)
Slip rate: 1.6 m/s
Normal stress: 0.21 MPa

0.1 13
5
’é‘ Displacement E
E a 2 5
Nt =
w00} <
= ]
E | £
b 1
3 1 8
[ ]
-0.1F “E-‘
a [4] =
Light Emission Intensity o
3
-0.2 | 1 L -1
0 50 100 150 200

Time (SEC)

Fig.3  The intensity of emitted light and the axial shortening of a specimen of quartzite,

plotted against the elapsed time (normal stress =0.21 MPa, slip rate =1.6 m / s).
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0.4
Monzodiorite(HFRO5501)

Ship rate: 0.53 m/s
Normal stress: 0.72 MPa

{mm)

03

Displacement

Intensity (mV)

Displacement

0.1 )

1

Light Emission Intensity

Light Emission

220 240
Time

Fig. 4

260

280 300

(SEC)

The intensity of emitted light and the axial shortening of a specimen of monzo-

diorite. plotted against the elasped time (norma! stress =0.72 MPa, slip rate =

0.53m/s).
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Fig.5  Brazilian tensile strengith versus maximum temperature raised during the experi-

ments on thermal cracking (quoted from Bauer & Johnson, 1979). Vertical bar de-

notes the range of experimental resulis.
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Fig. 6  Thermal expansion of quartz, plagioclase (Ana;)
and orthoclase at temperatures shown on the

abscigsa (data compiled by Skinner, 1966).
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ing experiments for the in situ cbservation of
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Simulated fault
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{a) 1] heating
L] Temperature
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side i side
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Light emission
(b) 4— Thermal fracturing
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side side
|| e
(c) g &

Dropping of hot gouge
Temperature decrease
Fig. 8 A schematic diagram showing the frictional heat-
ing and thermal cracking [(a) to (b)], and the
resulting enhanced production of fault gouge
{c¢). The hot gouge that drops from the fault
zone removes heat from the fault zone to lower
the average temperature along the fault, and the

entire processes repeat themselves.
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