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Petrographical characteristics of a serpentinized cataclasite boulder in the Horoman peridotite
complex

Abstract

A serpentinized cataclasite characterized by many angular
harzburgite clasts of various size in serpentine matrix was
found as an alluvial boulder in the Horoman peridotite complex,
Hokkaido, northern Japan. A computer-aided image analysis of
the serpentinized cataclasite indicates that clast shapes do not
change with size variations, and that clast-size distributions
obey a modified power-law distribution of Nagahama et al.
(1994). The serpentine matrix of the serpentinized cataclasite
shows no distinct structures such as foliation and lineation, and
has few fine-grained peridotite clasts (>10x#m) and their
pseudomorphs, whereas cataclasite matrix at an outcrop of the
Horoman complex is almost all occupied by pseudomorphs of
fine-grained peridotite clasts. The size distribution of
mesoscopic clasts (visible to the naked eye) in the serpentinized
cataclasite is similar to that of microscopic peridotite clasts
(visible under microscope) in the serpentine matrix, but is
different from that of microscopic fine grains bounded by
serpentine mesh in clasts of the serpentinized cataclasite. These
lines of evidence suggest that the serpentine matrix of the
serpentinized cataclasite (more than 50% of the rock) had been
once occupied by very fine-grained peridotite clasts (<10pm)
formed by fragmentation of the peridotite during faulting
before the serpentinization. Deficiency of smaller clasts on
clast-size distributions is, therefore, interpreted as resulting
from selective serpentinization of very fine-grained peridotite
clasts, but not from normal serpentinization of the peridotite
under static conditions. Fluid must have been locally supplied
in the fault zone for a short period during or after the brittle
deformation to cause the serpentinization.
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DA S AR ERRL T 5 ZEGYIE, 500C L KR T
AR T NRIERCAIc e 5 (FlAE, Evans, 1977). %
DA b ARG, MFICELT S F TIRIROREEIC
Ko TEFIEUREICBELEZT 5. DA SAEDE
A, BEEHORAPCTNHICHIEMEAT S &
Lo THITLTWL . ZDwic, XEEWRELESZTT
WIRWhALAE B0%IEE) Th, ZTOE4HERKRIIAIRKY
KHBEEOGORMIE2ETE2L510 5. Sa0ENEIC
o CTRFMICIERCE LS E TW b 2 & b2 Wb, JLiEER
R IR IS ALE T A IR A O A BRI, tERCELoRE
FEARRD TN WIHBEHOTES DA SAEKRTH S, K
Mg & OERUA~ F Y 7 RPICH A RS FIENHASA
BR A2 QUEAEFIL 1 (Fig. ). T OEARIENE
{LDBESDA SAST EIERA~< P Y 7 2ATREC L -

© The Geological Society of Japan 2000

223

TWE e, DALABHR SIERG< + Y 7 2 ORI
THB. WA= M) 2 RITE, PASASOTESY DR
BrEShTELd, BEThHs. IhiR, @RS
LAR TR S NEilE & 3R 2 Tch 3. £ TK
HTIE, TOWREAL LA B AS DTSRI %
IVEa— -k BEBMETERMNICET L E2HA
B Ft, REGHHI I L—H1 MR EOWBELEML
TWAIEhe, INoOMESHE OIRETV, R
REHSHIICL, FEAOBKIZ>WTEHETOEEEITS.
HMEENE R

Ll H B i o i g, L4 71454 1 Th s
Xav A7 o454 ME (ET, 1983 ; i - =T, 1994)
&, KED L IEIHMEROME EZEZ 5N T b AEERK
A, MNE D, 1986 /INLPIE Ay, 1986) Ic &k - THE
REnTED, enSEHEEHLLHETEIATHS, &
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BICRBGEREENS V5 =251 MEETOSESERE
AR (A, /DA E D, 1986 5 /NMUPIEA, 1986 ; Shiba,
1988 ; Toyoshima et al,, 1994) -PEEM AR E E GiHE
%, 1986 ; RFIM, 1989) Mo LTV, ZEkE, ~—F
WEEPOE Y2 —-F s F54 bBHEENTL S
(Toyoshima, 1990). HESZEME MRS 3FEELPA S A
ERSHEEE EWECR > TEREFEAEL TS (B2,
Komatsu et al, 1994). IR A & AS AT H S5 mEin
KB T 2/ b REMEERT, 8X10km OBHHIEEE,
JBE&#3,000m ¢H 5 (FlZ(F, Niida, 1984). DA SAGEE
R OZERS R KNG E BB cEL Tk &R, 1953;
/NFA - BPHE, 1966 ; Niida, 1974, 1975, 1984), BE5RfHAD M
AOAFRTA B+ A b, EECELEZT TV S (B2,
Niida, 1975 ; Sawaguchi and Takagi, 1997). IR S{AiE0
ALAEEEDED Ta, XMurvrg MVEICK->TRE
FEENER SN TVWS, DASASHBEEBNALAED
HEEEHES ALY N=HAL F, L=V I D515
Main Harzburgite-Lherzolite Suite & EREENVME~HH
FF+4 b+, UI—I5A 575 Spinel-rich  Dunite-
Wehrlite Suite, 8L U ¥ F 4 b, Y N—=HA bp ST
% Banded Dunite-Harzburgite Suite @ 3@ HicHfHaI N
TW5 (Takahashi, 1991).,

B B & #W

1. EfRMEE (Fig.2)

SRS hcEghalE, Bex2d s by 2 aficsg
SEBHA XDOhASARTEEATVS (Fig. 2a, b, ¢).
AIRBRICBVWT, BEOEETIPADABR EER<C
)7 ZDERIIPETH 2 (Fig. 2a, b, ). DA SAER IR
R ch B, —RT B SHRINAA LA GBS
ZLEUEY 54 VEURE, DALASHESEZ G
KIEWWHEUL TV, i, BROBERIIERL 200,
Toy s EEL L YA - FyF 74 MCbEHULTVLS
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(F1Z.1Z, Sibson, 1977 ; HEFIED, 1997). hA LA IZA
EIRT, BEHeER ORI (FlA1E, Sammis et al, 1987 ;
AR, 199D IHLIL TV B, DA SAEF OIZIKPESIC
L BPEE LSS R XY (Fig. 2a, b, o). Bfiv b

)7 RICEH, HEHVNS LA OAEH GRED KIS
Hlem DT ULrEF VIR S ER & 0ERIZE
T, LIELIERNTH S (Fig 2a).

2. mMimiEE (Fig. 3)

DA S AT ISR S R~ 7 4y 0y 527 4w 74
Z2LTHD (Fig. 3b), Th oINS TH 2IEED
ADAERICBO T TH 5 (FlZ1E, Niida, 1974,
1975, 1984 ; Sawaguchi and Takagi, 1997). DA b ASH
DEEGETINE, DA SAGEDEOREEA, ARV
THAMEARENTH S, YRR PENH ) > TIERA
LLTWwB 0D, FlliirA SAGTH S (Fig. 3a,c, d).
Eh O BB IR I X A BREEPTERE ATV B8
&R (Fig. 3c). FHEGEENBE TG>T x2 41 b
fELTw3, BEfim< ) s 2333eaIck » THREh
Tk, LEORBWIEMB L OBOEBOANA (L ES
48, BBAEHD. COEAP SR IPALATH %K
BN HDBROEER AR VT, R X R AT - 72 5
ADABERTE—7EZRIE, V¥FF5A, 20540
DE—7EEL—HL, TvFI54 b iib-THDETH
BT EMRENI. WA ) 7 20U, SEXFHY
A X DB 578 B HPRRF (10-500pum) 23FES 5.
fhihi & LT, »ALAG, A RAEXVHHEET
E, INSRERPASAEEREERL T gERY I ORI LA
THBEEZ NS, LN, DASAEEMT 2 0LE8Y
FCIRDAIRIAL U 7ohF 2 VAR AL F &S 2 & &9 5.
TR LR FOBR B —TIEA AL L Th B T &P, N2
g4 MELABETERR LI LIFEES N3 b0, 1A
< b Y2 ZDKRESD S IE, DA DS AEDRVERRGLIIHESE
MIoREMED Sy (Fig. 3¢, d, e). DA DASH DE|
NEZHY 3 & 5 ICET A MERLGIRO S, gIAEMTRIL
FIFREENS5805 % (Figs. 2b and 3¢).  OFIHEM
RAbKF SHERCEIRICEES 300 A S A SR ORI, E5IC
BEWTITET 20 L AL b ke,
NZENDRL DERFNAMEE L TOE I ENREBEN
. BEOIEE T, HAIEE  ORBERIERCGIRDB K
XN, BOEMRLRTASMENT03. COBAET, &
5% & F - fABICB L THEEEET 24, TOMEEIETS
ER—o ORI RN FTH - &I NE. oF D,
REAICR ON B K5 BEMR LR i, 2nThn, »
A D AT ORIAERISRRRL 252 OB T, $ricieitEt
BT BO VY v s Tidisl, oMo BELTE
W TH B EARBENE, CO= MYy 2dzlE, YR Y
A4 MEL BTG ®, DALARBLUAERONESE 2D
FEERLCEES LI LIEEERsN S (Fig. 3g, h, ).
F1, DALAER, BEAEY MY 7 ZE SRR BV
T b EEE LIRS LS L.

PRI A O ABRDIESUE L L7251 % 7 L —H A b G O iR S A, 225

Table. 1. Summary of image analysis.

Measured Grain Clastarea|
area (mm2)| number (mm2)| Pixels/1 mm
Meso
plane 1 3500 379 1700
plane 2 1500 240 375
total 5000 619 2375 15.5
Micro
clast 1 3.4 643 1.9
clast 2 2.7 715 1.1
total 6.1 1385 3 760
serp. m. 1 4.0 101 0.14
serp. m. 2 37 83 0.19
serp. m. 3 4.0 122 0.11
total 11.7 306 0.44 760
EREHOER

AEGEREROL S ST IF U A ROEREECLYD
HH A —Ld D & REB AT — VT O 2K ME 4508
ZMBMNBH D (XY 2=, £, DALASFFOHE
IREERCH - BN B B E 0T kb FRIEia o<
MY g ZhORIAEMKNALR T (37 a7 =) i LTh,
A2 = VTEHWI LB U FETREEL, X7 -0
EWVIC X AMoZVWEAS KLY, F0®DiIZiday
Ea — 5 —&F W ICERRR O EE L0 R E R R IR
M F—s a2l Bons-vERATH S HELXHEE:
Table 1 iIZ/R9.

1. REAHZE

1) AvAHF—I
AEAIITHERFE, BBESED SN0 OTEEDORIE
BEBITM L 2Tt~ 7. 9, UIMEAMIEL, =
DA BEHEAF v+ F+ — (Sharp JX-250) ic#HETF 1 V9L
BRICERT 5 (R + + VIFOBBEE S 400dp). FFESE &
IVEa—¥—EELOF « V5 VEEREE R H0
B 7 ~ “Adobe Photoshop™®™” % HW, ~<xvy 7
Vv b (WACOM ArtPad ID) ##H L TEHA B LR FO
AIEE =295 (Fig. 2d). 2TOHEDO—HIZFA
(1996) #BEIC L, B A2 ML —2 43, £<DHEAI
Z/DOWRIGIC L B EWDPTHERSINZ DT, KX TEHUT
D& BHNRHECIZREETHAD ML —2&T>7. (1)
YERCAARDE R ZTERICHW L TOR L, QIEREIRIC & -
TERPSH SN TV AIEETS, ECAROmEIcE A
<, TONEERIZFR->TVBEXE, BEATSH LA
oit—ooER &L RBNTFELTRYIKE -7 (Fig. 2
d). ZOFHETHTFEERA~ MY 7 22508, 2 B
185, 1B 2 {EEE > O ST OERE, RTFEBHERCE
TIL -Bo R 2ok s, CoREiEEREOFEEOH
EOROAEE Ty F Uy vaDa Y E 2 — 4% — (Power
Mac 7600/132) fET/¥7 ) w7 K44 >~ 7+ NIH image
(ver. 1.54) #{Ef L Ck¥» 7 (U.S. National Institutes of
Health ® Wayre Rasband fF.Internet T ftp : //zippy.
nimh.nih.gov/pub/nih-image/# & 2 ¥ — T X % (Z ),
NTIS (5285 Port Royal Rd., Springfield, VA 22161, part
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Fig. 4. Aspect ratio of lithic clast included in two
sample surfaces (planes 1 and 2), plotted against its
long axis.

number PB93-504868) » o7 0w E—F 4 27 TAFTX
3).

2 I2wvRAIr—I

DA B AER W< b Y 7 R AR TRE L 78K
EEEAY, XFeF—F2HOVTF 4 V5 IVEGRICERT B,
MA S AR OERUONR - FI0 ENCET D P & AL 7o AR
(LRI (FIhASATGN S 5E), G < + ) 7 2D
IR CRIF ORI RN 2, AV R — v &R CFETllE
Ltz DALAERIE, AV A7 —=LoRlEICBVT, 1HY
YEELTHO RO S bOARTEIC2EEFREL . %
FERCE~ b Y 7 R SHIAERRL LR T D B R I /D IS v o
T, PALAGH ORFEMBEOKN 2 EOEBE THIEEIT- 72
(Table 1).

2. AIEHR

HITEFERZ Table LITR U7z, F7, RIESMMICELT,
E&IEZ» (1994) DR LU HBIE7 57 4 V5 (N (0
=Nt (1 +r/rp) 7P™) [CHIFREYFE 21T (Abelbeck Software
® KaleidaGraph %{#H]), % O#ERES5Z 5N/ Nt, rT, Dm
DfE% Table 2 12k L7z, BIE7 57 # v Hm=UcBAL Tt
BTEEL BN D,

(1) *V A7 —I
LECOEGIEIC & - TR A H® T 979 R 23k L 7:
GAMIETm A 5,000mm?). L L5, FEEIDAAE
OB O FTHEIRAEIC & - ¢, TFRED 0.3 mm? Rifi Ok Fi13i%
BILIZL K 183720, #DH 9 v MEDWEBROBEL D &
DLTLES. 20k, BGUEORRICE>ThHY v b
BORLDE L BREL D bPPRE VREL EORT (2
TR 03mm2PLEE L), 619 KiTic & BHIERHRD A%
R, KIFDT 27 b dH 4 X, WERNICKEE S 1.5-3
TRIE2FIETH S (Fig. 4. RTOEHMAGIEV oM
ERTHORED AL %R S (Fig. 5). RIFOMH
BAihc, &2@EEL D bREWRITOREEAE M -
n, FNENEIIRTT oy b LEKESRE, HANT
DAREZIFTHEIEMUNEE (757 59056 it
M, REPNS LB EPPHHEITBICE S (Fig. 6a, b),
WIRT= + Y7 2& L THY - 2 SEBEREOFENE GllIE

Fig. 5. Rose diagrams of clast long-axis orientations
with respect to arbitrary reference directions in two
sample surfaces which are the same as in Fig. 4. These
figures are drawn using Stereonet program written by
Richard W. Allmendinger at Cornell University.

HED» SENTFOEBOGIHEZZLFIVWAE BE5AaDH
50% % 5B, AV ATF—VOEERNIETH Y v X
0.3 mm? LI T @ 359 fif 0 &t AEmED 1.1% 1%
ETH-7z. ITRARTHENRTERITE 594 XDk,
FE0Imm? LT EEELLDT, EECHY v b anhig
Mo thTM, Aoy hEnkhF (11%) OED 5 &K
ELTH, ZOEHI2HEBREVEVEZ THAHH, oF
D, AV 27 —=VORIETIE, TOEAD50% FEa~< b

JI7RTHEDONTWSE I EITK 5,

2) I 7wz —n

MDA SAER 225, 1,358 fr 1 (HEfE 1002m? LIt ok
) &Aoo r b Ul GRAIEER 6.1 mm?. £V A7 —
LEIUAHETT oy F LIKIESHIE, R TORESE
T I BHS NEFANHED D, RIRMNE {182 &
B LU TH 1275 5 (Fig. 6¢,d). &7z, B TOMEZ A2
DOERTEE > T3, 2HIEERED OB TFOmEOR
BEtaZ LWl WIESYLIAN 5D 2B 8RO
#151% % 5w 5 (Table 1),

VARG~ MU 7 RS EMT S 3 Mt 5, 306 ki T (100
em*Pl b)) ZH o v r Ul GREERRER 11.7mm?). AIEE
Whishwbod, WNESFE, AR TORESETIIIFE
B~ FEHNCHE D A8, RROVNES {123 0PI BIC
155 (Fig.6e, ). RAIERED &> BRFOHRBEDRET%
ZLGWHEBIERA~ R Y 7 ADH96% % 5% 3 (Table
D.

{EZEHRRIC & B BE DT

AEAREATH DO THRAEDHEDNNLETEH 5. i,
A B AEREDLFEHEPEILICE A, SENTH m » 5
100 m D2 — L THAIFIIZEL L TWE (BIZ I,
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Fig. 6. Cumulative frequency diagram of clast size. Cumulative numbers of clasts and fine-grains greater than
given area ((a), (c), (¢)) and mean diameter (=area'’? ((b), (d), ()) are plotted against area (mm?/um? and mean
diameter (mm/gm), respectively. Logarithmic scales on both axes. (a) and (b), clasts in the serpentinized
cataclasite (meso-scale);(c) and (d), fine-grains bounded by serpentine mesh structures in clasts of the
serpentinized cataclasite (micro-scale) ; and (e) and (f), for fine-grained clasts in the serpentine matrix (micro-scale).
Regression curves are fitted to the data so as to satisfy the modified power-law distribution of Nagahama et al.

(1994).

Table. 2. Result of the size distribution analysis. The modified power-law distribution (Nagahama et al., 1994) is
written as : N(r)=Nq(l+r/rr)"°™, mean diameter=area'%

rock type Ny rr Dm

natural pseudotachylyte felshic granulite Musgrave Range (Australia) m.d. | 1618.71 | 33.3 um 2.4
(Nagahama et al., 1994) staurolite-sillimanite gneiss |Iveria zone (ltaly) m.d. | 41543 |2857 um 2.6
Quartz-Monzonite Grenvill zone (Canada) m.d. | 2148.85 [103.1um 4.0
experimantal pseudotachylyte |Monzodiorite o 0.80 v 1.3 total disp. 170 temp. 1085°C [m.d.| 1383.6 53um 3.8
(Tsutsumi, 1994) o 0.81 v 1.3 total disp. 379 temp. 1100°C {m.d 2592.2 50um 3.2

(al)| 0220 v~1.3 total disp. - temp. ---- m.d.| 34410 15.1 um 45
(magnetite) (o, normal stress; v, sliding rate) |m.d. | 2151.0 25.6 um 6.0
(feldspar) (disp., displacement; temp., temperature) [m.d. | 1027.0 3.3um 2.4

Horoman pseudotachylyte lherzolite light-colored portion area 2000 4.2 um? 1.3
(Morishita, 1998) m. d. 3700 3.0um 3.0
lherzolite dark brown portion area 1400 2.4 um? 2.9
m. d. 4400 3.0um 8.0

this study harzburgite Macro area 640 2.0mm? 15

m. d. 1900 1.2mm 3.0

Micro (clast 1) area 580 2600 um? 1.8

m.d. 920 230 um 85

(clast 2) area 770 1300 m? 1.9

m.d. 1200 280 um 14

Micro (serpentine matrix) area 350 520 wm? 1.3

m. d. 630 5tum 4.1

Niida, 1984 ;Obata and Nagahara, 1987 ; Takahashi, ENFHDOTHD, WHETHNZ, 1EIF in situ T
1991). LA ->T, TOHAREENTVBEMALAERD SNfc icti b, I TREHEOE LTV LEM

FRLRL T DL I b s b uE, Z DR, SidE s Bz ke % 7 o A2 ¥RV (Takahashi, 1991) /ABL
P G 10m 2 5 100 m FEEOHFH) CESL S b5 fo. BAFICEENS 7 0 AR X VOLFEHEKE T THA
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Fed+

Fig. 7. Trivalent cation ratio of spinels. Fields of
BDH (Banded Dunite-Harzburgite suite), SDW (Spinel-
rich Dunite-Wehrlite suite) and MHIL (Main Harz-
burgite-Lherzolite suite) are after Takahashi (1991).

SAEOREEN S 2TEEMTETX 5. [LEHRIIE BERA
FHEMOH G a-30 AEBEMEBTEME- 74V » 7R
EDAX SW 9100 » 2 7 A %\, HL#EEBE 20kV, HEEHK
InA (MgO L) TiT-7:. #IEFHEICIE Bence and Albee
(1968) OFEICHES < A AL (R ko 7
T aiHW, 7B ARAERLDFST A ER VDX b
A FF AP =KD, FELAXERVOSTHEZEED
HEAL BN TWS I THSDOBREETT- 72,

ZE RNV AL ASER, WA= b Y 2 2ho Bk
&b iziFE s bR E R L, Cri (Cr/ (Cr+AD &
FH) 13 0.54-057 T Fe*t/ (Fe** +Al+Cr) (=FFH) &
0LIRIFTHB (Fig. 7). ¥4, PALALGD Fofli (Mg/
(Mg+Fe) ; T SEERICBEFELEFFR2AHETH »
fo. LEhoT, TOBEAEDHASAEFR, MR TR
EEOHTIZ BN < 7 < BB L BB P A S AED
SNy N—=4 MIZHETEEVZ S (Fig. ). B OH
S BRHE L DI VBRI Ch TN T 5.

% -3

1. EBEORHUE{LE DHLE

— A S AHDIERCE LI, SRR PEINH I
B THREBBRA L TETL TV, B cleis by
T LB G, IERCEIL L 28T, A S AE DS
DORERVRE WEP* v 7 vV F) DERINWIEEND
% (Wicks, 1984a ; O’'Hanley, 1996). —75, B8 THEAL
wbh 2RREETL, TOROEELHMEET 5154, 1R
AT K BEEECRBENTZ RSN S  (Wicks, 1984b, c;
Hoogerduijn Strating and Vissers, 1994 ; O’'Hanley, 1996).
ARG LICRRAEPAETH O, HREOHEOE LT, 5h
IWEURENBFERETH 5. BAELOEZ 22— g
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VBB BIAR, hiEk 1978) <, BIWTRICH - TR
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Fig. 8. Photomicrograph (a) and its sketch (b) of a
serpentinized cataclasite sampled from the outcrop
shown in Fig. 1. Note that matirx is largely occupied
by serpentinized fragments. Compare Fig.8a with
Fig. 3¢, d. (a) Plane polarized light.
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WPV EE, TOEAD, BINERE L LA S A
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3.
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Fig. 9. Schematic diagram showing possible origins of the serpentinized cataclasite in this study. Fluid must
have been locally supplied in the fault zone after (a) or during (b) the brittle deformation to cause the

serpentinization.
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DY, WEEERE, RIERRICKEL TV A T Eosi s
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Fig. 10. Cumulative frequency diagram of clast size
in the serpentinized cataclasite and pseudotachylyte-
like vein. (a) area, (b) mean diameter (=area'’?). Data
of pseudotachylyte-like vein are after Morishita (1998).
Ps ; pseudotachylyte-like vein.
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