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Origin of layered structure of the Horoman ultramafic complex

B I —%L:Sx Abstract

The Horoman ultramafic complex exhibits a conspicuous layering
structure. The structure has three characteristics : Symmetry, asymmetry
and scale-invariant. Especially, a symmetric and asymmetric pattern is
clearly recognized in the alignment of gabbro bands at the Northern ridge
of Apoi-dake and at the Western ridge of Bozu-yama. It is shown that
such a characteristic layering structure can be generated by stretching
and bending during deformation (or stream line mixing), using a simple
model. The model numerically shows that the slope of cumulative
distribution function of layer width is strongly influenced by the spatial
heterogeneity in strain rate. Applying the observational data for gabbro
bands by Takazawa (1990) to the model result, it is found that the strain
rate varies by 7 times from the most deformed region to the least deformed
region in the plagioclase lherzolite with gabbro and by 24 times in the
dunite-harzburgite with gabbro.
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MRl A v T BT, BE R EREEN B eEicbl o
THEELTNDZ LB, ZTRETOEMAFEIC L o Thho
T\W2% (Niida, 1984 ; Takazawa, 1990). BE&R T, Z®
BREEDREETEND LIPEEENICHAT =TV
BEELRY. LAL, ZRERNICL LA, MEFORIREE
PEDBESRENTMTH I LD T L 2 EEKICEE
THZENEETHS, Obata and Nagahara (1987) i,
CERR, < MVOMSERIBRICSWCER - JEE - BE
TG D S o e ZHFERMEF DT — AL (Scott and
Stevenson, 1984) TH B & Lz, LA L, ZDETFIViE, Upper
Zone ¥ TE OICERBLOLZEHHS, BOEI 5H/k &
BHATEDIPERMTHD. £z, FLWIHZE (Bl 21F Scott
and Stevenson, 1986) 12X - T, ZRITLEMIZBNT—K
TR NRE -V RREETHDZ E VLM IR TV S
b, RREEEORBREER 2HBRONRY — U BROEHT
HDEIFEZIZ V.
RS AEDOBIREE X, T T VE, FNRER LIz L&
WEEND AL, ANVIESBLEBICEISNIEEE
(residue), EHI AN M OERIL LI E Ebh 2 E#E
(cumulate) BERTEZ LTk > THELNTWS. Fhig,
FOBREEDRREIT v FVOEELE AL DRSS &
5 KBRIEBOERYBER L ECERLTRY, @mEAkrs
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IO OERBMBRIZOVWTOBERESIEHE S LT 5%
DE L2 oTWD, ZH5 LEEn—oL LT, Taka-
hashi (1992) i%, = OEHE &L B2 ORI EFRBERIC
EHL, »5EH#%E (SDW (Spinel-rich Dunite Wehrlite
suite) &z E#eds MHL (Main Harzburgite-Lherzolite
suite) ) ANV FPOBEADKERTELELDOTHE LELZ. L
2L, BEEECEETIERES ANV MNIHIETA2ETH
BRANVFOBAORKRTERLLTHITIE, EERLD, *
i, AN SOEAILE S MEOYIEABEENHEE S TR+
H5THD LRI, BOREISSERPTOBOSFHL EXRH
LTINS X O 22 ERAEE DRk & 72 18 HVE S0 (2% 232HY)
BHMERATEZ LIIELRVLLTHD EHEIL, < b
NTOANSODBEAR Y Mk v b L OHEEROHFE
ZOLDEBRELTWAD T TEHEL Thawn).

AT, FEIL, MERBRAEE R E - RBESEER
B (b L TEDERLREE) TO= Y M OBEREITh D
ZEEFEETD. 2T, BREEORBEEORr—1 (K
Fuax— L) DE/NSBRBEERT— (A — FMVET)
TOBEHEZOEEEZEETS. 200 T, BORFILHE
FEIZBWT, XM - JEdBE - 27—V REH LW S
EODORBERERFTCRT. RIZZODZSDBHEE, £
LRIV EHRDOBYVELIZE - THELRBZ L%, BER
EFTNERWGRT. BRIC, TORRERRE >Bic
DOWTEREMZD.
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Plate 1. A banding structure at the Northern ridge of Apoi-dake (photoes taken by K. Matsu-

kage). A scale bar is 1m.

Plate 2. A banding structure at the Western ridge of
Bozu-yama. A pen as a scle is 12cm
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Fig. 1. Modal variation in the Horoman ultramafic complex
(from Takazawa, 1990). An arrow indicates a symmetry
center.
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Fig. 2. Section corresponding to Plate 1 at the Northern
ridge of the Apoi dake. Note the symmetic and asym-
metric pattern in alignment of gabbro bands.

DOEFRITH U THBRICHELRROREY 525 Z LItk
TWa, Lok, ZOEER, @b AV MOBEALTIZE-
THELNRDDOTIRRZRL, AR TORTRICERLERIBRIC
FoThEbNE. ZOEFERIT, BTRITHKIC, i
FTOMOEEREE LORMOHATIZ N TE S,
LB LEE R P-R-M(or C)-R-P &\ 5 &Iz
%, ILIEEX, BEOB BIZETTr) OBVELD
RE— T ROBEINCLEOMHES RN D Z L 2 HEH
L7zV., Plate 1%, 7TRA EOILBRTHEINDI T 0 &
BT UEDEREE (BT T e R) THDH. Fig 2
X, TOEELBETOEHEE b LIZTHWTERRARLT
HBH., T, 1P ZEFNLLTORBA 530~40cnDfE E T
x5 DIEDRE N EHEZBIREERZE-TWS. LAL, X<
HBE, REITRLE “C” O~—2 22 EE2H.0ICE
TOMBREERLBL L OICRLZD. flxE, P03 <E
PIZIE, NI T VBOBEELY 7 el Nol) B3b
Y, FOWICHLL banding LERRERICEATRZEHS No.2)
REDHELE BIRAEEEERV) IV T UEDOBRHE
WEANEHELS, LT TR, RRR#ERSHY, £
RE TR THBELE SR T e DB ICESEIR-TH 5.
EHIELREZLIT, ZOBRRBORF| OXFMEDS, T
BA B OAEER TR I Z 3 ¥ v x— ML BN B
FILOTEEE (FHRBRBWIZEHELOEEX D202 — ML
BETokEZA)THLEREND, Plate 21X Z0EHEEE
THBHR, “C” O=—7 2o}zl v v
EOWEE L BTe205 530 L FOL T uDE N.1) BB
L, EbIFOFMlic, ¥ 7w &5 EDRBREL (Fig.
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Fig. 3. Section corresponding to Plate 2 at the Bozu-yama:
Note the symmetic and asymmetric pattern of align-
ment of gabbro bands, and the similarity to gabbro bands
at the Northern ridge of the Apoi dake (Plate 1 and Fig.
2). Note also pairs of bands.

3). ThoDORHOFMNAIET D D0, 7 m (AL h)
TR EBLEI VT UETHDZ LICHERELTHRLY
(ZO LTzt Z2 AV FOBATHES Z LIFBELWY (B
FUBN L ZILEAE ThoTzE LTYH)).

TIT, bO5—oEALEWZ &, MAFDEET, ¥
OPEN2BHICR > THECHEATZZETHE, Zhid,
BTRTETFTNVORBENLDLPE L5, EREFVEAD
HRTHS.
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FTRERTML, LSRD ERABOFLNLLHNDS L,
ZORMFEPRN T D LO5kR 25, £, TakazawalZ
S35 —FEDOK (Fig. 1) 2RTHRLS. ¥+ A4 bDOE
PHEEN DI LR, T— FOBLOBETFITIERFRC 2 -
TWa, FlziX, REITRLEE» S EfiicmboTIEA Y
VPR FER BB NC L B8, TALZEP - TikE
Bz 2 RVBRICELZORBLPICEI TS, Z0o8R
Zr4 hehbe L ETERHLZE— FERIZHIEL T,
S DAL R R b IERIFRIC A2 > TV 5 (Niida, 1984 Fig.
29).
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Fig. 4. Schematic figure showing a deformation process in an upwelling mantle. diapir. (a) Partial
melting and melt segregation produce the gravitationally stratified structure in the partially molten
region (the upper half). “M or C”, “R”, and “P” indicate a segregated melt (or cumulate), residue,
and peridotite without melt extraction, respectively. (b) Flow (indicated by arrows) in a diapir destroys
the gravitational stratification. (c) A heterogeneous circulation bends the stratified structured and
produces a symmetic structure. The banding structure can be generated by a continuous deforma-
tion (stream line mixing). Sections A-A’ and B-B’ corresponds to those in Fig. 5.

LTWianbid Tidi, oL A2Ere Bk 3 b ic /i
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B2 e B EO B, EIIERICEE ICRDS, £hig,
BTRBLHICEHOW Y BELORRLEELZOLNINPLTH S,
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WHENWARAT—VTRLNDZ LEE S, MHREEIL,
1002 — RNV ED R —LDKENSE DD B, 1 A— FLL
TONENEOET, EFREER, 1002 — FVEL EDR
= TOE— FOBDEEFLL, 1B A— MV R r—
NNTDORDERFNE— T b,

¥77, platel & 2 TR ULIEBOEFNCIIT 537 - JExs
PRtk 1R rE S A0 F#4 7235 Upper Zone D& TH Y,
Fig. 1 1l2BI}T 2 A7 — VDK E 245813, Lower Zone D%
BWTHB. ZDX 57 Upper Zone & Lower Zone OfErE E
DENL, IBEEABRED X 5 2B 11T R ( Ozawa
and Takahashi, 1995) & 88T, RS AORR %2 HEHES
DBIZEEIL 2D THAH.

HMELETIL

1. EHEMETIL

P EoX 5 e oBIREEY, ERICEL-T, B
REBEEPOELND Z L 2 EEMITRE S (Fig. 4). %
3, wENkE (Fig. 4@) & LT, =V MV EALTEMTE
WTERRL TWRW (AN NESBELTWRW) b
SUB(P) - AN oML THREBLEL T VE (R) —
A b (MDA, BRI TR SRR L 7oRBE( P-R-MD)
EEZ L. ZOBRE MORDL Y IZERS C Th LW (P-RC).
AN PR E RSB L THTI W, ORI
REBIZ, XA T ELD ERIZHFNF A TEALRNTORNIZ L -
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Fig. 5. A simple model represents the stream line mixing
process in the upper mantle. A-A’ and B-B’ correspond to
those in ‘Fig. 4. See text for detail.
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S5 0EUEENESND (Fig. 4(c) P BB). Z DOz,
B NAHEIR kT 5 &, krbik~& P-R-M-R-P (¥
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Fig. 6. Layering structure produced by the simple model. Black and white are reversed to Fig. 5 for
clearness. (a) The whole layering structure after 9 transformations. (b) The magnified layering structure

of the marked part in Fig. 6(a).
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3L 50, BRARE, BMRRBEENrS—2DBDIK
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HLELL ARSI, BEREFVEHESS. IZL®, Fig
5(a) DFRIEFEB OO T b TWE ELE S (B
KBYDELEEY EHNWES). 2, FATEALD AL
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B33 EELSD (Fig. 5D A-A’, B-B X Fig. 4 OFicxt
BT 3). 54T EALOFTOERIT X > T, 5IZEF L (Fig.
5(b) LIV EA (Fig. 5(c) BRI W EBEXFTVBENT, B
RELZUDFOLOIERTS., BlEEBIEREE, b
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DENWBL2HDOAVEBNTES, Zh T—EOBENSTET
T5, ZOBERZBVIRLTWHE, RIELER~EBEED
BORLUBEREING, ZHRE—RBO/SA ZREHEFTHh
DEE (EREICIZRAA—NVOERAEEHE (Hl 21X, Tufi-
llaro et al, 1992) T, BH I 2ALHTRTEOEREL L
THBHILTWD),
FATENHNOERD L SI1Z, HBRATREZH2ERTIE
BOBIXEX L LEMEOEISIT, ERNOMBIZL > TE-
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AT, £ ZROBEDORIC X LIERICES LR
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CBOME 2T TRFELZIEOKFEORICEEMZ TN Z
L2T3 (Fig. 5(d)). 297T252Lick>T, nEEL
TeBizix, MICBEORKCH G Lz n + 1 BOBTF, #

AR S NI BOBIKICIE LT 27+ 118 (VB ik 2 E)
DEFFIN B2 BERFOBRFISESND 2 LicR B, Hl2IE
OV E LIz, barb 1678 HOMFSIL,
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Z DB DEREDOEIE DRFH 2B EZEET DT HiL,
EFEOFTOENPLDIEM ZEHEORBREICRIGEIYHZ &
235, ZZTREMIC, EFFO—FELOEE1~1/ak
Licb & —BTFROBOES T /a DRAFETE LT 5.
THIIERE (EB) OREE2HEETIORBDFTHY, alt
ELEE (FRER) BT 5. FEOBIX LTk
BieNB L2 AVE. 1 ZhOBELMELEVIEL
THMEIT, BO¥MEML T R, B20Biisrn
B & DR RALB IR L T4 R EROREZRRLT
B oTWL., ZOBRBIX, RITRLEEFEOF &2 AL
POBDTLITRD. BEHRBOEIIL, FBRETOERR
OREAER @EITE) tkoTRES. FZ2IE, o
Ve D ED 5 167F E DB >\ T,
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Bt &0iHiz, Fig. 5 S3HAEER2REISETNHS, W
KOMPDKHHROFLBRH DL SR 2D, For2PLERT
D EWDER, FlxiE, KEIT “C” LRLEEVERZPL
ELTRTAHREI Y. “C” O d 2 HERIEDE WAV E
LZOAMUNIIERITRBOBNAVWENP LR 2HOBEVWEE
—H (ZD2KDEVEOMICIIIERICEWRVENIED
nTnd) LRTHIS. ZOBMICITIEFICHENEVWE,
EHIZHEBHENAEWE, L5nESiz, “C7 2Okt
W7o TND. 2532 L, BEB1LE2THRLEEVERCC”
X U CHMEEZER L T 5D, o, BRZ2MITTENE
FNENBRBFRELCR>TWE X5 CbR 25, LaL,
FNFNOBOESICERTS &, N2 DEVWEDOEXIL,“C
EHROZ EATHOPCRERZ->TEY, ZOLTERRS
BB TWS, ZOMBEORNTIZE, ERORE—
SOFRMERMLT.—EDORABHH L OICbRL, BRD
HWREWET D ORI S LhvRv, LEDETFVICE
AR IERFEOBEIL, METRLOND, BOES
(Fig. 2 & 3) Iz 2%k & 2 s b iz iR T SRR
HOBMERHAT S, i, MBETRONZLS57%, BOX
BIZ X 2 ERNHERIARERFT VBRI L > TELNRD TH
55, " EHLIFMHOH EEDOBOEIDEIES, BRORY
—EDEFHBEEZTNANALERLTARD E, fRa RFHEH
BRE— U BREREND, Flzid, BECE{Abha i
REOM (2HOHT v OBBENCH D Y T VEOR ik
ATND) YT D X5 @ik, MoOFEORIZTES
RE—ZBERILTWAD, 25 L7z biE, ZOETAVERN
T, WIBEHEEPLMNOMEEHET BRI, EERHN
S BTHAH,

Wiz, AT —NREMIZONTETIVERRELE LU TH

L5, AF—nVOBERELT, BOEZE2EAS. Fig. 7 (a)
1z Takazawa (1990) IT X B RKED~T 4 v 7 (H7a) B
OHBEEE?BEFESHRLELTRLTHS. MK TR
7275 7T, BOEIWNENWEZATR, 1ZIEERNDAM
EFLTVWS., TOEXE, fERI VT VEICEENETT
al, FFA K A" YNR=Dv A MIBRENTZT 70 TR
RoTHY, #EIE, 13IE-1.2THY, BEX, —0.7TH
5. EFNAVOER (Fig. 7(b)) b, BOEX20.001X Y/
EVNE AT, BEERICR>TRY, Ar—NVAREI >
TWBZ ESbRns. Shiz, ZhbD T oOREHEEST
Rz ABNZEBEELT, DIEOEE (HEKEKRHTR
LTH3) 2EICLT, DBPERPLEBICTHhTND X

SIZRZD. ZThiEBELL, RRCBW RIS EEE
TRIERVERRAEET A I LZEBRLTBY, A ZhoD
EFNTBNTIER EEOES, Ottino 5DER (Frani-
jone et al, 1989 ; Ottino, 1990) TRV Tk “B” LTh
BB LTNDTHAH, ZDOZ L, RARTHLET
NTHROND Z L ITERE.,

Fig. 8%, 1/a DEZVWANEEZ T T LET L ORFBR
BonEE L 1/a0BBRERL TN, EFVORMEER
DOFER, HEIZAWE (B, Fig. 6 TIXEWE) LBWE
(H=#. Fig. 6 TREWE) TZFHIEEEL LN, &
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Fig. 7. (a) Cumulative frequency distribution of mafic layers
in Horoman ultramafic complex (Takazawa, 1990). Solid
circle corresponds to the mafic layer in dunite, harz-
burgite and lherzolite, solid square to the mafic layer in
plagioclase lherzolite. Open arrows indicate disconti-
nuity in distribution. (b) Cumulative frequency distribu-
tion of black layers in the simple model with 1/a=0.1.
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Fig. 8. Slope of cumulative frequency distribution in log-log
plot as a function of contraction ratio, 1/a, used in the
simple model. Open triangle corresponds to width of black
layers (Fig. 5), open circle to width of white layers (Fig.
5). A curve approximates the dependence of absolute value
of slope on 1/a. Data of slopes for ultramafic complex are
shown by boxes for Horoman (slope determined from Fig.
7(a) (Takazawa (1990)) and Beni Bousera (data from Allegre
and Turcotte (1986)).
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FEOREORHE X 1/ a i@ &ETH. 1/ab k&R
5 LEEOMED KRE < RoTND, ZHIE, 1/atdkE
WENWSZLIREOEIIZENIZEENELRNWIETHD,
BOESOSFRBENEEICIEND Z L2EERLTWS, 1/
a=0.513F DBHZFEE T, RLEISORBEEZALLDZ

LizsiELTWa, —JF, 1/a®d/h&<ked e, ERIND
BOESICAERENELESODNHGBEREOL ST,
ZFORBHEREE, 1/a BB 2 0REVEET, T0L.
FX—EDBRIEC—oODEBEICENBLEINTLIZEALL
LTobRWIODBIRAIPND, ZORE, MBI
AEFHEIZ2D (HXO0).

Takazawa IC L o THANONZEEZ OEEZ ZORIZH T
DTHLE, BbLANWZ LIZERSL., BEEI VT VA
I ENTEY 7T u OB OEA (type A) 1Tk, EX OIEHE
B1.2C, 1/a=0.132743. FF A4k - "I R=T A |
DRICHEENTZHE (type B) i, X OMEXHEAR0.7T,
1/a=0.04L VW52 Lg%, ZDZ b, WEORRE
EEE STy NVOERBRIZOWVWT, KDL 5 Az LR
Wz b, HTabPEEI VT UVEBEFELTWELZAT
X, ELVEBRBEREEINEEZALE S ThnEZ AT,
BOEHRIZBEEZT7 (=(1~1/a)/1/a) fEDE RS
B, Zhi, BHREE (BE) NTHES>ZLE2ERLTY
5. ZLT, HTubFF Ak - NIRRT FHRIEFE
LTWelZATIREVEROENELL, BBLE24ED
BWAEDHDE. BERIZIIVELNWEIRRERTEEEZLND
Do, BT EFFA R NI R=D e MREFELTY
Tz AOFEREIVER LS ThoTcELDRS, Zhd,
BRI OBNC L 2YHOEIZE D00, BEREYESE
OB E D00, Bz ERIORY—2 (EREKME)
X D00, SHOMETHAS. bRARIZ, HrFvail
FELCHEMER IS TERANCER LT Fl2E,
Kirby and Kronenberg, 1987). &z, Allégre and
Turcotte (1986) IZ & »THE X% 5TV Beni Bousera @
Bleray vt e, 1/a=0.068720, EROBREDEZ
150 516ERETHDIZ EBbNd. ZOFRHIRE (£
BN B2 BT B D0, SBBF LTV SERD 3.

L NON:

WD v T BEDBREE R E- BB EBRBEZ o7
BRI STNEZTHAI P H 2T, FL— FOTFTH
< X5 72BHti# v (Simple Shear) Ti, — OGN
EBIEEXEN B2 T (Quick and Denlinger, 1993),
WOBERTEBLEERED Z L3k, 7D BAH 3 EE
BINTHE Z > TP 7o DI, FEIVOMER 3 B BN H 5. Allégre
and Turcotte (1986) i3~ MR EER LTV BH D%
EEZT. DT TR, ZORBTEMERDDIHFIO—EL
T, RICBRZEFTBEHEATENMITONTEZTHIEN,

1. ERTBLA4TENBTHBRELER
FATEN (FYa—2) BEFRL, YIFREED L

DYEBMBPEZ VA D, ZOBRRARIZBNWT, ERETHH
AT ENTRIT D AV NOSBERRIL, BEl, EE, BEK,
R, BHBEESEESL S o EH2BE T, FOWEAE
FRIIR7Z L FR+4ThD. LL, EERTHFEBEVEEI
i, BB - EERRE X1 T EARNBOERREEE (F—
Fal—vay) BHTTEZLTIV. Thbb, 7, ¥
SYEEE OE X 48 Compaction Length IZEL72& Z AT,
AN NORBEEIT o X IZEL, ZORER, DBELZ AN R
EEiZ, FTEICEMRE WS BMICBERRE L BREER,

ZIEERENIE (X1 7LD LR OBRERITHAT) BRT
5. =0%, FA4ATELNOERFEEERICE - T, HEE
ERHVEENTN, 20X RTE#EES A 7NV T,
AVRE (BEWIEERPE LB M ER LR
WIRY, 2BIXEBER—ELRoTERTS.

BERRRD 2HES Lo TERTHEEITIZ, 2
WEDOHHC L > TELBEIT D7), TRONRZ— I,
BIZELWTWEEEZLND., ZOBRELENEETS
L, Ottino% (Franijone et al, 1989 ; Ottino, 1990) @
ERTREINTWA ES1Z, YV ERIRDTERIIERAL,
BATENDY A XD 2~ 3EOHHS LR L2720 T, 8
AERE TR OND L 5 e B 2 7 o T IR IE SR
EhB3ThA9. BEEEETIE, FrufRbrs U E0EER
THEF I LV TMBHBSP-TWEDT (FTF - T, &
BER), iR ICBET D £ TRERREIC X > TEMEREE
EEETBICE, +ok tAEMRboELLNRD.

AV b B HEBRIS < BAET B BRI T, HhsER LiF
D BAMNINET D LR, BEOKZVW=Y MICEDE
HCiEsb 3R, ¥ v & ETe Upper Zone 2{E-72Th
A5, —F, HBEERIER LRV O FLAE TR,
AN NOBORESIIHENENEET, BHRLL BN -
XY EEITL, DHFDTREFEBEDT T4 MEFRLIZE
EZzbhb, 2, Lowe Zone EEXDDITHATHLS.

2. MMEHLER (Fh) 5 BERLEE

MM E LT, BMICHEERB LA TENEREL
TS, oMLt LE L bNE,. BRI X 5 B RES
DOFREDAG L, B2 S 5, 5tk - ettt - x4 —
VAR & D B R R 2 TR BEPER T DR TH Y,
THEBIC OV TIHT L HIH B EL DN TWRWELTH S,
B 203, B E & L GG L LTERR ANV NOF ¥
FIv &, FRUCE o TR L IAbRAERD 2 RE L TH L.

T, BIOTREMEE LT, %ML LCORMZREHE
BEDER (B, AVNOSH) LEELERELEIE
HRENEREREL AL IZHEZ o2 LTh IV, #lziE.
g L LT OBMABERRIIEET TR Y, EHRE
BRIEZ L — FO®HRABICH > THEDO BT = S LA
RENB ELEITBI ozdb L, e LA, KB TIT-
TEREDRITERBIES LERIC, Lir Y -8Rk
BT —F BBRT B Lok > T, WS L ERREO
BERRDF—EZPOEETII LR TEIOTRARVES
5 h
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