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Size Distribution of Clasts in Experimentally
Produced Pseudotachylytes

2 BA”

Akito Tsutsumi’

Abstract: This paper demonstrates that the clasts in experimentally produced
pseudotachylytes (PT) exhibit a similar modified power law size distribution as
that recognized for natural PT. Frictional melting experiments are peformed on
cylindrical specimens (25 mm in diameter) of monzodiorite, using a rotary-shear
high-speed frictional testing machine at sliding rates to 1.3 m / sec and at normal
stresses to 2 MPa. A dark 100 #m thick PT layer formed on the sliding surface
during the experiments. Natural PT contain ubiquitous clasts with various sizes in
an ultrafine matrix. The ubiquitous clasts scattered in matrix are also present in
the experimentally produced PT. The size distribution of clasts in the ex-
perimental PT, as measured on BSE photographs is found to obey a modified
power law of the form: N=N'(1-+r/r) ™", as recognized for natural PT (Nagaha-
ma et al., 1992). Here N is the cumulative number of clasts with a size greater
than r, r" and D are material constants, and N’ is a constant dependent on the
total number of measurements. The amount of fine products (smaller than 0.5 #
m) estimated from the size distribution is less than 0.5%, whereas the actual area
of the fine matrix is measured as 60-70%. This results suggest that the matrix can
not be regarded as a product of only comminution processes, consistent with the
results for natural PT.

(2 L& EHTL,O KT M ES OB
3, ThSOBEEPERIZME T, ShOEE
WELHIR T OMEER) & v ) LRI A — BRE bW ARSI ERFI ATV

VEND OIS O & F ORI L3 (Mckenzie & Brune, 1972). ¥ a— F# %5 1
W ORETHALD., LY LEEROLY L b & LERN B - BB R IRIKETR S, OO

19935114 1 O4%f. 199445 2 1 9 -2,
RN R R SR
Earthquake Research Institute, University of Tokyo 113. Japan.

— 125 —



b

MR TN EED & BB ORI & LTGER S
T2 5 (Sibson, 19757% &), & L 2D —#%HY
BEFTE LV, COBENE, BERLER
WS E B TR S NEN L T
AEMAETHLTCOHRNLFHRLAELTVL
BYTH L.

Ta—F¥&ET 4 MY, BEICHET A
LBREIODERGH EERLOMERIETLE
BEA E GG D, LI SENLREE ST
B, WA - HR(1994), B - WBAR(1994) 13, HH
FF R R IE AT DB & 7 ] i ) o B R
BB 4 M, MEILN0.6~2MPa, &
fir EEEL. 3 m/sec BT &I EBENFTTER
OEEISRIIES Lz, FORER, (LERT
,méﬁtwgﬁuﬁﬂ%ﬁt%ﬁE%ﬁﬁT
LR RE S D I, (2)EEERLITIET
WEETHLI L, BXU3)EEERERIZE
eAb s A & 0 BRI T A 2 &, B
ARENS, IhHOWFiE, KRN 21— F
¥ & 74 OB EE SO F 4L 1IEE
EWICEBRETHBE LA V) ETHO TEE
THhh.

BRFFECIE, RO 2—-F&¥ 394 MICE
FERENIE A DA ORI, ERET
BHTAL,EI e Lz, ZhETIS,
WM E I N LAIER Y T 7 Y L
GRAEDAE DY ARG ENTEY, £0
RRCHT TR, RO DR 2
EZEBHiTH T & 72 (Matsushita, 1985; Turcot-
te, 1986; Sammis et al., 1987). FK 12— F ¥
F5 4 MRORETETVIT OV T LR ORET
RO E AR SN AE - b, 1990), #
DL RIS Ty 2 - N9 £5 4
FOBEERBIOET ARG B I b T
(i 4 « B &, 1991; Shimamoto & Nagahama,
1992), % 7- Nagahama et al. (1992}, &l
(1994) 1L, KIFHORETH T L FALHF L
A ARE L, FfCHRE~ORETB 2
haTwdh, BETIE, KAOT2—-V7F5
1 MR OWEOIRT 2O & I R RS O
BT, EEEEEAEERII L o TITITE
TELIEHRLIV

BAYCEE

LT

EBRTE

FEEEITE, BEEUKFH IR O Dl R E
TR R AR IR 4 AT, S ooRERRE, - 4
R GE RO RE @S TROWEL »
i, FAEOREE KT -y —Chlins 852
FilroTEE s REMEFBR T A (LBAR
T, AR CEIA R TR
At A, BA 94 R ER). B ¥ —
O A dEEE 31500 . pom. B O CERLHE
R R TH2. 8m/sec (AH{FE40 mm, NEIOmm
OEREHEEE RS T, FmnR
BANTEED- -HGREIZH V100 MPa F Thrdt
LNA(KEH L cn®OFRAF F 4.
o TEBEOHEOROKE OEE () 1
misec LT )% 82 5 BEAITL S, 261,
e nBEEAEE R AW EBRTIE, AOKN
XL AREMBEORNI S /2, KB
B e O CEMEBIZHIBRIZ 2,

EEERRITIL, MR OF L PR (25
mm, FIER)FHH Lz, COERFIIHE
O UER - EEEEL - SRS - BT,
By, s BEMET, 8L
SEM-EDS T4 RIF@ <R TEAHEREDS
vy, EEETE, HILH(0.8~2.0MPa)—
EO R T CEErc kA ER 5 2 CEM M
1. 3m/sec LT, BENELITOmBR), B
EIARTHBE L &7 o 7OEBTANIW
MEEIEMA DD EATTERGVIPHT, SR
TREETEFASLTWAIRNE - IBF
1994). Table 1 (ZHELET), Zofridi e &0y I8k
ZE B LR, BRI BSOS Tl
BPAS 2 ;0% SR e i

R MOER

TR LY 2 oREHE, &7 AR
¥R HREOER(~100,m) 0 L o TH&
ANTwrz T, IR L - 7o B
mufmmmww&a BRI Sk A

B34, ThoOERERY e, HOEIHEE
iﬁﬁIUfSEM%}ﬁW’CEE'ﬁ%LJ‘:. B b B

— 126 —



EBRTHEBL/IY a— F8F7 4 FOREGA

Table 1 Summary of data from the frictional melting ex-

periments.
sample " ¥ totak temp. mMeasuring
(MPa} {m/sec} disp. (m) device (ko]
HERDGY dior 0,80 1.3 170 CA 1085
HFRO7Y dior 0.81 1.3 379 Pk 1100
HFRO7) dior =2.0 -1.3 - - -

- No data. dior, monzodiorile; PR, PR thermocouple: CA, CA-thermoconple,

E s OERERHBCANHATHS
(Fig. 1a). L2LBANOEY OHMmIIEH
LTRALE, BACHEMEOBERIAE T
O LT, #ER - BEELZESOBERITE
FIZHRE BUT WA I EHS . £ /-BEEE
CHELHaPORESIZBLIFLES - 2K
OERIEOHLNL, BRan#EEE 5L, A
¥AOfRRER & Rmntkir Il BLUEn

o)

= ) Q® .
pseudotachylyte f’ 050
.

Fig. 1 BSE image of the experimentally produced pseudotachylyte (PT). Note ubiquitous

clasts with various sizes scattered in a fine matrix. a: BSE photograph of a thin

section cut normal to the sliding surface. Boundaries between host monzodiorite

and the PT are shown. The boundaries are horizontal. Note the rounded shape of

plagioclase (lower left) in the host rock which is in contact with PT. A part of PT

(right end) was removed by mistake while polishing. b: Hlustration of the photo-

graph a. ¢ PT which has been fallen from the sliding surface during melting. d:

Enlarged picture of ¢. The grain size of the fine matrix is still out of Lhe range of

measurements on this magnification { X 4000). v: vesicle, pl: plagioclase, k-fel: k-

feldspar, epx: clinopyroxene, opx: crthopyroxene, biot: biotite, ml: magnetite.
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MR OBEWIROHL S BEOENE LTE
HshzbwigsSHAOMECEE THEN
Tt HHRER LMEEREOHER, &
DENE LTHBRE&ET LA I EHNTES
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Nagahama (1992) D H kil H vy, ~w F -
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N=N,(1+A/A") s (1)
N=N,{14+r¢/r) > (2)

EVWA RO THEAL T X 5 (Nagahama et al,

10000 T T T
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o 1000 LT B
& 5
= ey
£ oMy,
= c._'l“_‘ 1
Z 0% N=1250.2(1+0.134)™
100r ad .
9 o
= 5
s %k
':E' N=1383.6(1+0.190>* .,
10F o, - 1
3 8
HFR069 &
1 i ! s 1
0.1 1 10 100 1000

Grain Size, ror A (nm)

Fig.2  Cumulative frequency of clast-sizes contained in
the experimentally produced PT on the sliding
surface [sample HFR069). The measurements
were performed on BSE photograph. N is the
cumulative number of clasts whose mean dia
meter is greater than r {open circle) or whose
majot axis is grater than A (open triangle) .
Equations are of the besi fitting curves of the
data which have a medified power law size dis-
tribution. The minimum size down to which all

clasts were measured is 0.5 pm.
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Fig. 3 Size distribution of clasts contained in the ex-
perimentally produced FT which has been fallen
from the sliding surface during melting {sample
HFR 070) The minimum size down to which all

clasts were measured is 0.5 .m.
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Fig.4  Cumulative frequency of clast-sizes contained in
the experimentally produced PT on the sliding
surface (sample 0406}, as Fig. 2. The minimum
size down to which all clasts were measured is

0.5#111.

1992 ; Ri&i3#H, REES). N, & N3l
BEAKTT H2ERT, A, v &Ds DEW
HERTH L. WHE/ N _#Fik(kaleidagraph #
N XD &4 OflE T — 5 QiR =179

Y, Dy DoHESIZ3.0~458 KT 57 (Table
2).

A-E O PIE T BSEMEEE W -0T,
fido L dceanasr I A FOBEWEHRES
LEKHT A2 EHTTEE, £ 2 THFROTOD
BREE R oW T, BSE& ETHECK oo
CREOBEIUHMBEOA T EATHEILENDR
FEoAr el L, SRFoREMSm LRl
(Fig. 5 ). #%%, %84 2L ORIPEHH L 3(2)

10600 T T T
N=3441.0(1+0.066r) +* o all grains
[=le¥-Y &
z Dl feldsoar
1000} s, mag
ARSI A?c
E To, AR
g N=21510 =, 2}2
2 10F (400390 % " ey a
2 A %
ik
=] _ -4 @ .
2o N=1027.001+0.300) s |
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Fig.5  Size distribution of feldspar clasts (open
triangle} and thal of magnetite clasts {open
lozenge) contained in the experimentally pro-
duced PT {sample HFRQ70) are shown respec-
tively. Frequency of all clasts {open circle) is

also shown for comparison,

Table 2 Summary of results of the size distribution
analyses.
sample HFR063 HFROTG 0406
all el g
N 1383.6  3441.0 2151.0 1027 .0 2592.2
r' 3.3 15.1 25.6 3.3 3.2
n 3.8 4.5 6.0 2.4 3.2
3 0,996 0,998 0,946 0.997 (1,996
R 0.4996 (1.998 0.996 0.997 (956
rl, 12 { qm)
f.g. (r.5.32 0.0, 100 (.0.33
C.E. ¢.005.0.0 0L005,0.5 0.005.0.5
i.g. arca (%)
measured 66.5 72.9 §2.7
calculated 0.23 0.0z 0.4

¥, coreelation coefficient; T, fine grained: e.g. coarse grained:; all, all clases;
1el, feldspar clasts. mag, magnetite clasts
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Nagahama et al. (1992), REigi3IA{(1994)4,
RAEOHALR 2 —FZE74 Y OMNETAE
AT L, MRSORESME b FALZH LG
ﬁm%%%Lt.%m%ﬁwuﬁu)(mtﬂ
BoErrLTwa, K1), (203, A/A'» 1,
/eyl Ok EFRER

N=N,A D
N=N'r
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VETHLAE, —2IlRBELBNTEDO
FIEDBENDPEEL TV A0 L Ay,
Ds, D XHERAITOBHBG RETOEES
%LTV%.AEQWHTHDJﬁ2~L5k
¥F o —H, KO a—-F8¥354 0%
Hu7 A TiED 3241 A fidrlsh
T v % (Nagahama el al. 1992 ; & & (3,
1994), Zh 3T Tk S 0w AN ERS
DRIEDHRILT T 2 F VA REBETA I,
CRTCOBM TR FOMES I 2 2 AA I LT
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