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Roundness of fragments in pseudotachylytes as an indicator of frictional melting

# 25

Aiming Lin"*

Abstract: Roundness of fragments in fault-related rocks is a special type of disintegration
attributed to attrition and melt. The roundness {Rd) is defined in one plane as Rd = .Zl
(ri/R)/n, where ri is the radius of curvature of the corner, R is the radius of the maximum in-
scribed circle in the plane of measurement, and n is the number of corners of the fragments
in the given plane. Roundness (Rd) is destroyed or diminished by fracturing and chipping,
and high degree of roundness is, therefore, often an indication of gentle conditions of wear
relative to the size, hardness and toughness of the fragments. The roundness of fragments of
quartz and plagioclase included in the melting-originated Fuyun pseudotachylyte, China; Out-
er Hebrides Pseudotachylyte, Scotland, and the crushing-originated Iida pseudotachylyte and
cataclastic rocks were measured and calculated. The measured results show that the round-
ness (Rd) is lower than 0.4 in the lida cataclastic rocks and pseudotahcylyte, and varies from
0.1 to 0.9 in the Fuyun and Quter Hebrides pseudotachylytes. This suggests that the rounded
fragments having higher degree of roundness than 0.5 formed by melting rather than fractur-
ing or chipping, and that the roundness may be used as a melting indicator in pseudotachy-

lytes.
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the maximum inscribed cirele in the plane of measurement.
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Fig2 Image graph of the roundness (Rd} of fragments. Value of Rd varies from 0.1 to 1.0.
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Fig.3 Photemicrographs showing the textures of rounded fragments included in the melting-originated

pseudotachylytes. (a) and (b): Fuyun pseudclachylyte, China; (¢} and {d); Outer Hebrides pseude-
tachylyte, Scotland. {a), {c}, and {d):piane polarized light. (b):BSE photograph.
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Photomicrographs showing the textures of fragments included in the erushing-originated pscudo-
tachylyte and the cataclastic rocks generated in the lida-matsukawa fault. (a):pscudotachylyte
vein. (b):BSE photograph of pseodotachylyle; (cheataclasite; (dhfault microbreccia. (a). (h). and

(e¢)plane polarized light
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Fig.5 Roundness-frequency diagram showing the roundness of

[ragments in the Fuyun pseudotachylyte, China,
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Figh Roundness-frequency diagram showing lhe roundness of

fragmemts in the Outer Hebrides pseudotachylyte, Scotland.
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Fig7 Roundness-[requency diagram showing the roundness of
fragments in the pscudotachylvte generated in the [ida-Mal-

sukawa fault.
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Fig8 Roundness-frequency diagram showing the roundness of
fragments in the cataciastic rocks generated in the Iida Mat-

sukawa [ault.
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Fig9 Roundness-frequency diagram showing the roundness of
fragments in the fault microbreccia generated in the Tida-

Matsukawa fault.

Ex I ~No4 7~ L, FAFRELWE
WAEAPOHWERER EHET L0 TH L LiEE
LTWh, TO4207 NV —7TOHERFOETIIN
#Fig. 2L RENLZ L, THHEORERFDIEZLEA
EAMIBEOSTFO0TH L., KTl LS
MR NHER Y 2 —F8 5954 beh vy o L—H A
FBLILUWERA O Ly FyOHEEEAHA D
OB TFOMEEZRLTWAS (Figs. 7~9). 2hi
DIEFAL, WA 7 PP CIE R ARDEENC L S IF
BEM (B L UM T ABIMER) i2 & > Ti## xm
OB mm D, MEEOE W (RI>0.5)HER LA
EEHE R L WI ERRLTWES, — RIS, B
AT T Ly Ty MR Y VI 0 R LUK ER



HBahy 54025

VPR BEE OB - BECIL VBRSO OTHS
EEZAOLONRE, LdL, WMiBvA 2070y F v R
A ORI IEENOE WV (RA>0.5) b DA%
FAERD LR, LT, BB oM
FEE R (RA>0.5) BERR (X Bz % 4 5 |RED
WHELEALOTREWEELOND, T, BRI
B D Fuyun 22— K # & F 4 I & Outer Hebrides
va—=FFXx3 4 MIEENAEE OHEBEX 2
HlLOFTORBVIIERES R LT3 (Figs. 5, 6).
BFiZ, Fuyun o — F&# &7 4 MZEHERO. G L
O A EAoT0%iT 58 TE Y, BRI
LAMMATRLTWEEELSND,

BHYIC

MbExgbadl, EMETCHTL3 7O
a—F¥Eo4 MIEThHROMEBREOEVE
ERMIC 2 — Fy %74 - ORikE L iEsi R+
FEMLTwEEZEIONE, ZO3IYFIOYL—-F¥
* 74 b EWTRBHEREE OWR OGRS G, HEBK
050 bR BRIz E b EELLNLE, &
th, WA CEEUKHBEBLI DY 2 - F
FAMZOWTHEIOL ) RERDHE0E D TR
ST BUENHD,

#

AW A ED H2hI ), BEARKABFHR O R
Rt s ek 2o e HEFZ % 5 L UHRUR RS it
FATIE AR THRIEL LTl vi, 240
TREIEELRT AL PEwiziv LUTHEE
rRT.

X ®

Allen, A. R., 1979, Mechanism of frictional fusicn in
fault zones. J. Struct. Geol., 1. 231-243.

Kanaori, Y., 1982, Fracturing mode analysis and rela-
tive dating of faults by surface textures of quartz
grains from fault gouges. Engineering Geology, 19,
261-281.

Krumbein, W. C., 1941, Measurement and geologic sig-
nificance of shape and roundness of sedimentary
particles. J. Sed. Petrol, 11, 64-72.

Lin, A., 1991, Origin of fault-generated pscudotachy-
lites, Docloral thesis, the University of Tokyo.
108p.

Lin, A., 1994a, Glassy pscudotachylytes from Fuyun
fault zone, northwest China. J Struct. Geol., 16,
71-83.

Lin, A., 1994h, Microlite morphology and chemistry in

Yri—FEEILPCETNLIMAEONEE

pseudotachylile, from the Fuyun Fault Zone, Chi-
na. J. Geol, 102, 317-329.

Lin, A., 1996, Injection wveins of crushing-originated
pseudotachylyte and fault gouge formed during
seismic faulting. Ewngineering Geology, 43, 213-224.

Lin, A., 1997, Fluidization and rapid injection of
crushed fine-grained materials in fault zones dur-
ing episodes of seismic faulting. In Zheng et al,,
ed., Proc. 30th Int’l. Geol. Cong., 14, 27-40, VSP.

HoOENS - X e, 1994, TEGEFEHRE ENBG
WICERT AT S AE Y2 —-FF&F T4 b B
WE, 39, 9-33.

FROEER - EFEE - IRARRIE, 1994, REFEH-
AR CERT S 2 - F8 %74 F 1 #
MREEOC Y 2—-FyF I 4 2 #EE, 39,
5i-64.

BB - BERFIE, 1004, KERE IR S AL 2 -
¥y ¥ 74 boIbEHDL. WaiE, 39, 85-101.

Macaudierc, J., Brown, W.L. and Ohnenstetter, D., 1985,
Microcrystalline texlures resulting from rapid
erystallization in a pseudotachylite melt in a meta-
anorthosite. Contr. Miner. Petrol, 89, 39-51.

Moddock, R. IL, 1983, Melt origin of fault-gencrated
pscudotachylytes demonstrated by textures. Geolo-
gy, 11, 105-108.

Maddock, R. H.. Grocoil, J. and Van Nes, M, 1987,
Vesicles, amygdules and similar structures in
fault-generated pseudolachylytes. Lithos, 20,
419-432.

Magloughlin, J. F., 1992, Microstructural and chemical
changes associated with cataclasis and frictional
melting at shallow crustal levels: the cataclasite-
pseudotachylyte formation. Tectonophysics, 204,
243-260.

Philpotts, A. R., 1964 Origin of pseudotachylites. Am.
J. Sci., 259, 542-550.

oo ew ifiE, 1985, BIRMEEWES. BE
HERRFE, 163p. (HEEE)

Shand, S. ].. 1916, The psevdotachylyie of Parijs
(Orange I'ree State), and ils relation to ‘trap-
shoten gneiss’ and “llinly crush-rock’. Uuart. J.
Geol. Soc. London, 72, 198-221,

Sibson, R. H., 1975, Generation of pseudotachylite by
ancient seismic faulting. Geophys. J. Royal Astro.
Soc., 43, 775-794.

Spray, ]. G., 1987, Artifical generaticn of pseudotachy-
lyte using friction welding apparatus. Contrib.
Mineral petrol., 99, 464-475.

Spray, ]. G., 1992, A physical basis for the frictional

melting of some rock-forming minerals. Tectonophy-



o FEH

sics, 206, 19-34, Wallace, R. c., 1976, Partial fusion along the Alpire
MR EW S, 1083, MREEOWMEE —8E - ks - Fault Zone, New Zealand. Bull Geol. Soc. Am., 87,
R HFEAE, 24, 377p. 1225-1228.
Toyoshima, T., 1990, Pseudotachylile {rom the Main Wenk, R. H., 1978, Are psendoachylites products of
Zone of the Hidaka metamorphic belt, Ilokkaido, fracture or fusion. Geology, 6, 507-511,

northern Japan. J. Metamorph. Geol., 8, 507-523.
Wadetl, H. A., 1932, Volume, shape, and roundess of
rock partictes. J. Geol., 40, 1074-1106.



