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Chemical Composition of Experimentally-
Generated Pseudotachylytes
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Aiming Lin’ and Toshihiko Shimamoto*

Abstract: In order to understand the process of friction melting during the forma-
tion of pseudotachylyte (PT). we have conducted high-speed friction experiments
on granites, gabbros of unknown origin using a rotary-shear high-speed frictional
testing machine. Experiments were done on cylindrical specimens of 25 mm in di-
ameter, under the normal stress of 1.0-1.5 MPa and slip rates to 1.6 m/s. Ex-
perimental results clearly show that the frictional melt form at least after displace-
ments of several meters even under such low normal-stress conditions. Ex-
perimentally generated PT consists of fused glass with abundant vesicles and
angular or sub-angular to rounded fragments, and it sometimes occurs as injected
veins in fractured rock. The presence of glass (40-50 in Wt.%) was confirmed by
quantitative analyses using the intensity of X-ray diffraction peaks. The SiO; con-
tent of the glass is smaller than that of granitic host rock by 10-15 wt.%. The
analyses of the mineral contents of clasts in experimental PT in granite indicate

~ that quartz is most resistant to melting, biotite least resistant, and feldspars in-
termediate. Thus the SiO, depletion in the PT glass is likely to be due to such
selective melting of constituent minerals during frictional heating. Thus our ex-
perimental studies have successfully reproduced patural PT with respect to the
textures {except for the growth of microlites) and chemical compositions.
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Fig. 1 Photographs showing (a): speciment assembly of high-speed friction experiments,

{b): transparent glass of molten granite with fibers elongated parallel to the shear

direction, {c): biotite fused on the fault surface of granite, and (d): top view of the

sliding surface of gabbro specimen after experiment. Note that orange sparks are

generated along gahbro specimen near the center of {a}. Observe also that the

dark bands with vitreous luster formed more on the marginal part, slightly inside

from the edge of the cylinder. (b)—(d} were taken under a streoscope.
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Fig. 2 Photomicrographs showing the textures of frictional surfaces of fine-gramed gab-

bro. (a): flow structures (SEM). (b)

© cavernous textures on frictional surface

(SEM). (¢} : microstructures of rounded Iragments and vesicles in the ex-

perimentally-generated pseudotachylyte. (d): an enlargement of the same sample

shown in {c).
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Tig. 3 Photemicrographs showing the textures of the experimentally-generated pseudo-

tachylyte veins along the shear zone and in network veins injected into the host
rock. The thin section was cut normal to the shear zone and parallel to the cylin-
der axis. Note that most fragments are rounded in shape and aligned parallel to
the main pseudotachylyte vein.

Table 1 Bulk composition of rocks used in frictional
experiments by XRF. 01: medium-grained gab- EOBIER W TIEITEYE T —F O H
bro; 02: fine-grained gabbro; 0% coarse- L:%p‘] L"CU‘ZJ(Fig. 6). Figs. T—9iomah b
grained granite; (04: medium-grained granite; I ;) 2w by 2R @I?Eﬁ{t%@%@%’{t N
FEV, AlLOs, FeQO+MgQ, Cal, Nag0, KO

05: fine-grained granite.
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M0 5.94 4.90 0.37 0.48 0.64 e pa s
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K0 0.18  2.76  5.01 3.16  4.00 Wi,

B405 0.01 1.5 0.0 0,09  0.15

Total 100.02 100.09 100.G1 99.49 100.20




Table 2 Chemical compositions of glass matrix in experimental pseudotachylyte gener-
ated in medium-grained gabbro sample analyzed by EDX.

R - IBAF)E

Wi% Gal Ga2 Gad Gad Gab Gab Ga7 Ga8 Ga9
Si0, 53.09 53.22 53.24 53.94 52.17 52.83 52.36 52.65 52.38
TiQ; 0.18 0.13 0.16 0.00 0.36 0.00 0.25 0.50 0.35
AlzOa 16.88 16.28 18.92 24.24 1.20 25.25 14 .97 1.11 1.36
Fe 6.15 6.51 5.42 2.46 8.24 2.56 7.9 8.53 9.11
Mn(C 0.26 0.00 0.11 0.04 0.16 0.04 0.06 0.45 0.16
MgO 7.52 9.30 5.80 3.12 13.60 3.02 8.32 14.42 14.08
CaO 12.27 12.26 12.04 12,21 20.68 12.20 11.80 21.10 20.60
Nax0 1.83 1.90 2.54 3.33 0.00 3.43 1.42 0.16 0.01
K20 0.23 0.27 0.13 0.24 0.11 0.24 0.26 0.00 0.02
Crz0; 0.05 0.00 0.19 0.03 0.16 0.04 0.16 0.00 0.23
NiQ 0.62 0.29 0.00 0.00 0.07 0.00 0.35 0.36 0.23
P05 0.18 0.43 0.32 0.13 0.19 0.12 0.27 0.21 0.29
Total 99.26  100.59 98.87 99.72 96.94 99.73 98.16 99,49 98.82
Table 3  Chemical compositions of glass matrix in experimental pseudotachylyte gener-
ated in fine-grained gabbro sample analyzed by EDX.
Glass matrix in fine-grained gabbro sample
Wt% 1 pA 3 4 5 6 7 8 9

Si0; 47.53 49,18 46.91 47.78 46.83 47.27 47.17 46.32 46.62
TiO; 3.54 3.02 3.56 3.28 2.99 3.35 3.23 3.4b 3.62
Al,O3 16.33 16.86 16.23 16.88 16.40 16.97 15.75 16.40 16.35
FeQ® 9.88 8.57 10,11 9.60 10.43 9.96 10.31 10.04 10.28
MnQO 0.16 0.20 0.15 0.22 0.21 0.24 0.1 0.00 0.09
MgC 6.32 5.18 5.41 5.95 5.74 5.60 6.27 6.28 6.22
Ca0 6.98 5,88 7.46 7.25 7.09 7.37 7.48 6.93 6.92
Naz0 2.64 2.63 2.66 3.02 3.07 2.70 2.80 2.76 2.48
K0 3.78 5.14 2.92 2.98 3.16 3.10 3.48 3.54 3.59
Crz0; 0.14 0.08 0.00 0.00 0.00 0.00 0.05 0.14 0.06
NiO 0.08 0.00 0.08 0.26 0.00 0.15 0.07 0,48 0.01
P05 1.77 1.43 1.60 1.80 1.59 1.55 1.58 1.45 1.60
SeQ 0.07 0.70 0.26 0.40 0.17 0.20 0.39 0.41 0.34
Total 99.22 98.87 97.35 99.42 97.68 93.46 98.69 98.20 98.18
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Fig. 4  5i0s—Al03— “All other components” diagram showing the compositional variation
of the glassy matrix generated in fine-grained gabbro, medium-grained gabbros,

and host gabbros used in the experiments.
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Fig.5  Si02—Al;0y~ “All other components” diagram showing the compositional variation
of the glassy matrix generated in coarse-grained granite and host granite used in

the experiments.
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Fig. 6  Si0;—Al;03— "All other components” diagram showing the compositional variation
of the glassy matrix generated in fine-grained granite, medium-grained granite, and

host granites used in the experiments.

Table 4 Chemical compositions of glass matrix in experimental pseudotachylyte gener-

ated in coarse-grained granite sample analyzed.

Glass matrix in coarse-grained granite sample

Wi% 1 2 3 4 3 6 7 8 9

Si0; 65.56 65.62 66.24 64.18 70.27 67.40 68.36 47.78 46,72
TiOz 0.09 0.20 0.31 0.29 0.09 0.26 0.32 11.08 11.31
Al04 i8.75 19.12 17.26 18.49 16.56 17.86 17.33 13.67 13.26
FeO' 0.94 2.41 1.73 2.18 0.71 1.01 1.29 7.82 8.23
MnO 0.00 0.00 0.00 0.04 0.05 0.05 0.02 1.49 1.56
Mg0O 0.00 0.30 0.04 0.30 0,18 0,256 0.21 .38 ¢.22
Ca0 1.02 1.02 0.85 1.02 0.71 0.93 0.90 1.74 1.73
Naz0 5,81 4,02 4.09 3.98 4.29 4.22 4.38 2.79 2.73
K20 5.00 6.83 6.29 6.24 6.20 7.15 5.59 4.67 4.47
Crz03 0.00 0.00 0.07 0.09 (.09 0.05 0.06 0.03 0.04
NiQ (.00 0.10 0.08 0.00 0.04 0.06 0.03 0.04 0.00
P05 0,35 0.68 0.11 0.36 0.54 0.37 0.48 0.68 1.66
5e0 (.60 0.20 0.00 0.19 0.52 0.62 0.53 0.50 0.52
Total 98.12 100.50 97.07 97.36  100.15  100.15 99.50 92.67 91.46
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Table 5 Chemical compositions of glass matrix in experimental pseudotachylyte in

medium-grained granite sample.

Glass matrix in medium-grained granite sample

Wit% 1 2 3 4 5 6 7 8 9

$i02 61.12 64.53 65.51 61.67 63.12 63.10 60.81 67.31 41.13
TiO, 0.51 0.17 0.14 0.42 0.48 0.35 .49 0.26 1.85
AlGs 20.52 20.37 20.68 15.78 20.54 21.39 20.58 17.15 20.21
FeO" 3.72 1.52 1.74 3.80 3.29 3.65 3.76 2.65 18.45
MnO 0.18 0.02 0.08 0.01 0.00 0.01 0.08 0.10 0.74
MgO 0.62 0.34 0.50 0.83 0.55 0.67 0.72 0.66 8.70
Cal 3.11 3.55 3.59 3.07 2.59 3.60 2,95 2.68 2.20
Naz0O 3.7 5.00 4.98 3.48 3.92 4.54 3.56 3.59 1.58
K:0 4.36 3.67 3.06 4.51 3.40 3.26 5.14 3.40 3.16
Cr:0s 0.00 0.01 0.10 0.00 0.05 0.03 0.00 0.06 0.03
NiQ (.00 0.00 0.10 0.00 0.03 0.05 0.06 0.06 0.00
P05 0.34 0.14 0.28 0.28 0.29 0.26 0.37 0.49 0.15
Se0 6.00 0.33 0.07 0.10 0.00 0.00 0.11 0.58 0.17
Total 98.19 99.65 100.83 97.90 98.26 100.91 98.63 95.02 98.37

Table 6§ Chemical compositions of glass matrix in experimental pseudotachyivte gener-
ated in fine-grained granite sample.
Glass matrix in fine-grained granite sample

Wi% 1 2 3 4 5 6 7 8 9

S0z 65.70 61.58 63.53 62.43 61.26 61.73 64.02 64.86 50.07
TiQ, 0.41 (.45 0.47 0.37 0.48 0.52 0.25 0.52 1.04
AlzOy 17 .48 19.98 17.87 19.32 19.82 19.97 19.93 18.61 19.61
FeQ* 2.48 3.56 3.85 3.20 3.38 3.61 1.95 3.59 11.98
MnQ 0.04 0.05 0.00 0.05 0.18 0.08 0.01 0.03 0.48
MgQ 0.44 0.79 0.69 0.74 0.60 0257 0.17 0.72 1.11
Ca0 2.56 2.85 2.57 2.56 2.82 2.91 3.21 2.42 3.87
NaxO 4.18 3.88 3.70 4.00 3.86 3.81 4,76 3.26 3.40
K0 3.64 4.58 4.40 4,93 4.86 4.40 3.43 4,46 2.76
Crz05 0.00 0.01 0.01 0.m 0.00 0.00 0.00 0.00 0.00
NiOQ 0.01 0.01 0.00 0.00 0.60 0.00 0.00 0.02 0.0t
PsOs 0.05 0.06 (.05 0.4 0.04 0.07 0.01 0.06  0.05
SeQ 0.04 0.06 0.07 0.04 0.06 0.04 0.02 0.02 0.03
Total 97.03 97.86 97.21 97.69 97.36 97.71 97.76 98.57 94.41
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Fig. 7  Variation of oxides in the glassy matrix of
coarse-grained granite sample generated in fric-

tional experiment.
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Fig.9  Variation of oxides content in the glass matrix
of fine-grained granite sample generated in fric-

tional experiment.
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Fig.l0  X-ray diffraction spectra of experimentally-generated pseudotachylytes. (A): Fine-
grained granite. (B}: Fine-grained gabbro. a: Host rock. b, ¢ Experimentally-
generated pseudotachylytes.
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Fine-grained gabbro, a=—f spectra corresponding to the glass contents of 0, 10, 20,
50, 75, and 100 wt.%, respectively.
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Fig.12 Calibration curves for the content {Wg) of glassy matrix relative to the bulk

specimen. (A): Fine-grained granite specimen. (B): Fine-grained gabbro specimen.



OB - kT

Quartz ® Standard sample Albite
la B Experimental If r
pseudotachylyte
- o
v - a L
Q. o
Q -
0 20 40 60 80 Wt 0 20 40 60 80 Wt
Wq wi
A B
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Table 7 Formation depth of pseudotachylytes (PT),
Location Formation depth Temperature {C) References
Outer Hebrides 4~5 1100 Sibson (1975)
Thrust, Scotland
Australia <5 Allen (1979)
Alpine Fault 2.2 Seward & Sibson
New Zealand 2~7 750 {1985), Wallace (1976}
lkevaqu 1.6
Greenland Maddock et al, (1987)
Hitaka Metamorphic 4 1100 Toyoshima (1990)
Zone Japan

Fuyun Fault Zone
China 1.5

Lin {1991, 1994},
>1400 R (REEEET)
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