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Is Frictional Melting Equilibrium Melting,
or Non-Equilibrium Melting?
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Toshihiko Shimamoto® and Aiming Lin™

Abstract: In order to test whether or not the frictional melting during rapid fault
motion occurs in chemical equilibrium, we have conducted dry frictional melting
experiments on {1) pairs of albitite and quartzite specimens, which have eutectic
relationship, and on (Z) anorthosite specimens {Ab-An solid solution). Experi-
ments were done on solid-cylindrical specimens of 25 mm in diameter at the
equivalent slip rate of 1.3 m/s, under a normal stress of 1 MPa, and with the total
circumferential displacement of about 30 m for (1) and about 80 m for (2), using
our rotary-shear high-speed frictional testing machine. The results indicate that
albite with lower melting temperature melted in the first case and that the com-
position of the fused glass is the same as that of the plagioclase constituting anor-
thosite. Thus, the frictional melting clearly is not equilibrium melting, and this
must be kept in mind when one estimates the temperature reached during the
formation of natural pseudotachylytes. Temperature distribution can be quite
heterogeneous within a fault zone during and immediately after seismogenic fault
motion.
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Table 1. Bulk chemical compositions of aibitite from
Itoigawa, Niigata Prefecture, greenish quartz-
ite from Brazil, and anorthosite from Cuter
Hebrides, Scotland, that have been used in the

frictional melting experiments.

Wt. % Albitite Quartzite An(‘)rth(}site
Si0z 81.68 96.87 51.52
TiO; 0.02 0.09 0.16
AlO3 11.93 £.79 29.71
FeQ™ 0.43 2.72 1.26
MnO 0.01 0.26 0.02
MgQO 0.18 0.59 0.63
Cal 0.27 0.28 14.35
Na0 6.82 0.03 3.12
K:0 0.04 0.20 0.20
P20s 0.05 0.09 0.02
Total 101,43 102.92 100.99
Normative mineral compositions:

albite 56.9 0.3 25.7
anorthite 1.4 0.8 67.9
quartz 40.2 89.6 0.5
others 1.5 9.3 5.9
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Figl. A diagram showing equilibrium eutectic melting
of NaAlSiz03—Si0O; system (see Fig. 23.4 of
Miyashiro & Kushiro, 1977). The figure also
shows the initial compesition of quartzite (AB),
the initial composition of albitite (CD), and the
range of compositions of fused glass from the
frictional melt {region decorated with vertical
bars together with the number of chemical

analysis).
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Fig2. A diagram showing equilibrium melting of pla-
gioclase (albite-anorthite solid-solution) under
the atmospheric pressure {see Fig, 2421 of
Miyashiro & Kushiro, 1977). The initial com-
position of anorthosite and the range of composi-
tions of fused glass from the frictional melt are

shown by AH and by vertical lines, respectively.
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Table 2. Chemical compositions of the glass matrix generated by frictional melting ex-
periment on paired specimens of albitite and quartzite. Nine representative re-
sults cut of 27 chemical analyses are presented here.

Wt.% Abl Ab2 Ab3 Ab4 AbS Ab6 AbT Ab8 Ab9
S0z 68.12 67.91 67.74 67.98 67.92 67.98 67.63 74.23 76.51
TiO. 0.03 0.00 0.00 0.00 0.03 0.05 0.00 0.00 0.10
Al2O3 20.29 19.34 19.40 20.39 19.82 20.05 19.96 14.78 12.76
FeO* 0.10 0.06 0.06 0.00 0.04 0.04 0.24 0.30 0.04
MnQ 0.00 0.00 0.01 0.07 0.00 0.00 0.12 0.00 0.00
MgO 0.00 0.02 0.00 0.00 0.00 .02 0.02 0.00 0.07
CaC 0.58 0.03 0.08 0.39 0.24 0.45 0.61 0.32 0.26
Na,0 10.51 11.16 10.92 11.00 10.51 10.68 10.29 7.04 8.29
K0 0.00 0.00 0.02 0.00 0.00 0.00 0.11 0.09 0.15
Crz0s 0.01 0.00 0.00 0.01 0.03 0.05 0.01 0.00 0.19
NiQ .00 0.05 0.07 .00 0.00 0.02 0.02 0.00 0.22
P05 0.38 0.24 0.42 0.45 0.50 0.53 0.25 0.16 0.57
Se( 0.72 0.75 0.64 0.53 0.56 0.89 0.52 0.16 0.57
Total 100.74 99.56 99.36 100.82 99.65 100.76 99.78 97.08 99.73
Normative mineral compositions:

Albite 90.0 95.8 9.1 93.3 90.7 91.3 88.2 62.0 63.2
Quartz 6.7 3.1 4.4 4.2 6.7 6.1 6.6 33.3 30.4
Others 3.3 1.1 1.5 2.5 2.6 2.6 5.2 4.7 6.4
Ab/Qz 93/7 97/3 96/4 96/4 93/7 94/6 93/7 65/35 68/32
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Table 3. Chemical compositions of the glass matrix generated by frictional melting ex-
periment on anorthosite specimens,

Wt.% Anl An2 An3 And And Anb An7 An8 An9
S10; 48.79 49.75 48.99 51.57 49.72 49.73 49.93 66.88 49.24
TiO; 0.51 0.34 0.63 0.00 0.33 0.31 0.37 0.01 0.04
Al:05 29.25 29.21 27.81 31.67 30.60 30.27 28.75 20.11 30.75
FeO™* 2.82 2.66 3.39 0.11 1,78 1.99 2.61 0.00 1.55
MnO 0.25 0,00 0.14 0.00 0.04 0.07 0.00 0.00 0.00
MgO 1.93 1.56 2.40 0.00 0.97 0.88 1.44 0.52 0.77
Ca0 13.41 13.04 12.54 10.42 13.28 13.36 13.48 0.00 13.61
Nap0 2.43 2.85 3.13 3.50 2.97 2.64 3.3 11.14 2.78
K0 0.24 0.31 0.42 0.01 0.15 0.20 0.39 0.02 0.18
Crp04 0.03 0.04 0.25 0.00 0.00 0.09 0.07 0.00 0.14
NiO 0.28 0.00 0.00 1.74 0.21 0.29 (.09 0.00 0.14
P2Os 0.00 0.21 0.37 0.05 0.13 0.31 0.09 0.57 0.03
SeQ 0.3 0.00 0.05 1.76 .71 0.00 0.17 0.91 0.42
Total 100.25 99.96¢ 100.12 100.83 100.89 100.14 100.70 100.16 99.65
Plagioclase composition:

An/Ab 76/24  73/27  70/30  64/36  72/28  75/25  70/30  0/100  74/26

WV, 27O ERONO 2 Flidr sk 1) Lk
BUCITWELE 2R A% (Fig. 1), ZThid, A%
% R AR EL bR A AN & (I A At T3
H Lt £40% ERETVES A FED
BEE S LIRS - THSWNERED AV
PRS- TEEE D S5, MRl L, 46
OFEBRIZE - THESIRA AL POMKIE, 7
WrsA b ORI FER I,

—7, Fig. 2 ®CH O % & 2# AT
Mm% L CRMIICERSE AL N OME
i, BILOME T 423 Th b - A,
1977 ; BR). Lad, BEEERO2SEIZICE
WTEHE R L FHREITE MR R AL B
BIERT L TwLHOT, a3 7TANY T ¢
OIFEMERTH 2 IZER S LD A M, P
MCHAELLIFBEIZITVWHEKE 2T T
#HhH. LaL, EBIERERZALVFELO
FEQICIVE#HES b - T b (Fig. 2, Table
3) . HL, An8OElEREIERIZT AL B D
HR T <, Zhud, RERSVEHESODIC
EOT LA P HFEETRA TR

Lv, ZOGNES, FHIFRIZL - TEHE
FugECadh S,

ZOX I, AlalBIh o7 2 MHOERID
BULTHE SN AL M, FiERed o Fill
BNAHRE by, BHEERLL, S
FEHEMTHD, TV I A M EEEOER
TiE, 4K - IBA(1994) TR ENA L HIZ, s
OV T NS PATEREIIER L -0 TH S
9. BEEL) LOBEREMTR, #Ra0s
Y&l (total melting) A = 72 & B b, BE
BIARMEOMBEROREL, LR, §iE
OEAEITIE1 18T E, BEOEAIZIZH
1,500C LRIz E L2 s eE SR D, EEEA
PHEHEZHMBTHLIEDL, REOL 2 —
F#¥5 4 MERRBOBREFOHE R EIIE
W, FH ST THO R 0EE &
FEMRAT LB, RO TEEIIBI L)L
BEhdH D,

R ACEE AR, Tl & IR As
PEBETLL I —20FEL 1 H»6%3
WMEAEREAT 5 LR, AV FORE



AT - bk B

PR TERZLENEIDEENT LT
. FHEIERITH B 6, A b iERIAE
T CRADEEICRINLZTTHA.
ZORIIDWTHE, - BAR(1994)62 X - TR
AoNTWLIEBROREOEEAEIC L
T, WIS L3 TTHL, KX
ERK - IBA99ANI L o TIRE R L F2, FE
A T B A RS SR O A R S
ZoTwE LI, BREEORWCIFhh, @
HOE ) SE R ERERE LT s Tk
a4, L7daT, EBREECRED
overshooting (A FHE W7 (I » T BT T
BHhH. EBRI, BEBILT A0 F 1 L8
R OEME CHEPMIICRETAIITTH 5.
L7z -T, MEREBEROKEHATOEE
DRNED L DA -~Th Tt L Bbh b,

WM FERCHE LASEEOT SR
FRAKZOSREFEERIIRME L Tuv0n,
LA LEEERL EWWES. 74, R
PR 2 ~ 3FEEUH AR RS (i
W9E B, MEEF S 02452068, WFFEiCAE [ 48
AFEZ) 2R L

X B

HRERRE - AME R, 1977, HARE0, Hvs
# 214, 245H.

KHEFTF - 6EFIEZ, 1994, &HTE EHEFo
LS A RO AN S S - R
7 OEEY | EERERGE, AYFET.

MR - RHE, 1994, DEGIREENER
WWETLTIAE 2 —FFF 54
M, FEES.

MREB - IBAFIEE, 1994, EBRIIER S
Va—=F¥F 74 FObFEmR, B
&7,

WBAFFE - RiffETE, 1991, Y- FFF54
b ooRH E RIS IIME, AR,
13, 416-427.

WEAFIRE - SEARA, 1994, L\ [oldns e sy
W B | T ORISR
iy, AAEES.

Sibson, R. H., 1975, Generation of pseudotachy-
Iyte by ancient seismic faulting. Geo-
phys. J. Royal Astro. Soc., 43, 775-794.

REEA - GAFIE, 1994, BoEURE EShE: A
WU 72 BT ORISR OIRE £l
T hHRAA, FIFES



