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Thrust Tectonics and Crustal Shortening of the Far-Eastern Nepal

FZEEH—RI™ - D.D. Schelling™ *
Kazunori Arita & Daniel D. Schelling

Abstract: The eastern Nepal, like other areas in the Himalayan orogenic arc, is
made up of three distinct thrust-bound tectonic packages: from north to south
and from structurally higher to lower positions, the Higher Himalayan
(crystalline) thrust sheet, the Lesser Himalayan (metasediment) thrust package
and Sub-Himalayan imbricate zone. The eastern Nepal is underlain by a great de-
tachment fault (Main Detachment Fault), which lies at about 6 km beneath the
Sub-Himalaya and plunges gently northward to a depth of 25 km beneath the
Higher Himalaya. The Higher Himalayan thrust sheet, mainly composed of sil-
limanite- or Kyanite-bearing gneisses and orthogneisses, has been thrust over the
metasediments of the Lesser Himalayan thrust package along the Main Central
Thrust. The Lesser Himalayan thrust package, consisting of various
metasedimentary tocks metamorphosed up to the garnet zone, shows a hinter-
land-dipping duplex, with the Main Central Thrust and the Main Detachment
Fault as the roof and floor thrusts, respectively. The Sub-Himalayan imbricate
zone, consisting of Miocene to Pleistocene molasse sediments, displays an emer-
gent imbricate fan geometry between the Main Boundary Thrust on the north
and the Main Frontal Thrust on the south, both of which are splay thrusts off of
the Main Detachment Fault. Balanced and restored structural sections across the
far-eastern Nepal suggest that total north-south horizontal tectonic shortening
across the Higher, Lesser and Sub-Himalayas has been on the order of 185 km to
245 km, or 59% to 65%. Thrust activities, except for an out-of-sequence thrust,
have propagated foreland-ward (southward} with time, resulting in piggy-back
geometry of thrusting. The upheaval of the Himalayan mountains which has also
propagated from north southward with time may be related to the crustal ramp-
ing caused by scquential thrusting.
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B FYidAr FARBRLE -5 27 KBEOH
L LMABIM L RE-KBEHEFEELLRT
Vh. B OSBRSS OB (Patriat &
Achache, 1984) 12 L & &, W AEO#H I
S0MatRIZIZ L T 0, FOEOKERROERE
122,600L900km 2 e o T HE SR TWLE. »
T, 4 FREIHREELI- 5D 7 REICH
LT2,600km 3t = LTV %, Gansser (1964) i3
b7 T s O W AR (3 400km FRRE L HEE L
TWaHD, BY2,000km ¥ = 2 AREIEEIE
THHII, Ay FFL- OB
1,000km LES L—=F 7 FL— DT d ¢
Nk, FXo VEBEROIOHIZETH LT
Vb &V #E # (Powell & Conaghan, 1973),
@IS, FohnFy MESEBITE
hE®L, FRZ2T L FOdEL, 32y
FPOBBBEE L ol T 5 E 2 (Dewey &
Burke, 1973), X &iZ@ 7 F ¥ — 2B A
EOFy FEEREFDIHICEREET LK
RELACPTNERBIZLO IR TVA L S,
A Y FREOHLSHIZL 0+~ bEERE
AN L 77 5 1 (extrusion tectonics), # @
BT Y R E L 2 B5E 2 (Molnar &
Tappennier, 1975) % &4 5, wWihictd &,
S TRl &L E A s R

ML, MR AEET AL EEY
METHS.

7y Ti, NRISETICE DSz h
F2o THEFT & 2R (BB ) v < 258
LRTWE, kbR, 15 R—7 7 R
MEW, Hre—-FHLWB(ES | Kangmar
Thrust, BLF KT & 58 9°), F oo & b U g
(Main Central Thrust, 2L F MCT L 32%), £
F 1 F#T)® (Main Boundary Thrust, b\ F MBT
LELY) B L FEAZE LB (Main Frontal
Thrust LITT MFT SER4 ) vz b= 5 THl
#% B B (Himalayan Frontal Fault) T& 4. =
DI3L, A FA—Vr ERBEFEEI 0T
L— MOV — FERRETUE (inter-plate fault)
ThbdH, L1 F7L—- 7L — FAR
& (intra-plate fault) T& 4. KT 2w itk
ChdoTuiwndt, Zh6OWREOEEIFH
BE~HFLL LD, MFTREELEHHTH
B, WolE), BHEOHBBRENHIE (Seeber &
Armbruster, 1981) 2L 2 &, £~ FE»S
ETIYELIZFANY PALLEWIIEL RS
BB R (10-20km) MBERARE SR TEH
H, 4 F7L— MEED LR 7 L — I~
LWFE X D5 3 L= (decollement) A & e 4E
LTwatEZLHRE (Fig.1). ZokHiz,
EeIXRF—FAlRFHEL, ¥ R—
Yoy ERRAEHEPESERT LR -7
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Fig. 1 Himalayan continental subduction model with a basement detachment dipping gently
northward {Seeber & Armbruster, 1981).
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T7Fb—tO—8HLh ot 1 v FREOIZIC
&7 LAk — & - B84 (foreland fold—
thrust belt) *BETE 5.

Vol , 197040, N7 L AMERTE
# (balanced cross section,Dahlstrom, 1969,
1970; Schelling, 199143 4) 42 £ 2 4t B W iE o0 %
LM EIF O EHSEOBITIZESHT
hHHIENEBEN, FNLOHEOF N T
OEE S LRIROMEES L Ui — & BB
LHBAMBEOHE IR S LTy % (Butler,
198313 4°).

FHwTE, w2 viflohRizEL, B
B E7-HEFMICL eI Y OMBI L W Z
HARA—bewIvTORBEREHAICL D,
MCT %Wk LAAFAPFZ bor A LN
VAR LAMENEEL I OHRES L
IV OHBRERRIIOWTERT S, 18,
ERONBEOEMIZ DV TIL, Schelling &
Arita (1991) % ZHE S 4700,

BB RS- TS OME R

I AT T i e A
(Himalayan arc) @ PR IZNEL, FhEh
MECRYWoNE 4 o0EL- v M, Thb
Lt bW, F—F AET 5 VH (Tethys
Himalaya), & ¥ ¥ 3 ¥ % (Higher Himalayan
K Er <35 ¥
Himalayan  metasediment thrust
package) 8 L U # 7 & < F ¥ # (Sub-
Himalayan imbricate zone} (2 iFoHits. ZHh
L=y MEERMCE, DO LIS
W oTHEENR, LT, dfllEERz
s, F-FRAewIYHRILES S A
¥ PRI T - F A HERE L 2R
Yo sd THOBETTTIHEBARS
FBETHL TN LEZLRLY, BEOHS
N= Ak FDF N, CTORFIZLBE, WE
OEBEIEREE 2N T+ B (Burg & Chen,
1984). TOERIBIZT —F AMEME Z 0%
BTh ENAGHOBOFEGR L T<)H
ELTRELLD, HDVWIREFOMIZE - TH

crystalline thrust sheet),

{Lesser

Bl LB mE R L CEEE LoD
HLIEQOENHIEHE EE2 0hs, Sev s
Y ~SEREOERE, o4, JkEle
B kv 7 v % B 5 ¥ (Higher Himalayan
crystallines) & FNHOBA~ADF » THhH it
)y R THBME 7T VERSHE (Lesser
Himalayan crystallines} d B2 Wit =/ 295 — |
2% F3E (Mahabharat crystallines, 3 4 12= 7/
8T — MURESA) b a2 b, BeesvHE
Ry -7 YEHRY S-S, 72, 7w
THEET o2 THLL 7)) 2 HEP»LLD
{Fig. 2 ).

B2 VYERERSLUTNNAT— L ERER
B I VY ERSEITILE ORI BT
FEhEe, B vHoEBicmETS B
L2, AT TROENEEE LT~
BEREONED LV IBEOERES L OE
FREPLLRD, BHEECPLOKERFREB L
YEOANEES L. kHCiEESH
2,000m OFEAEOYEIED D) AFERAH
BRI BEALTWA (Fig. 2). MLEXH%
B 5 BRSNS IV —, TNV R
B2 AF T £ 94 LTV S (Hashimoto et al.,
1973: Schelling, 1989}, He < I VY ERAEHD
EEMIEHES T LI IERARE» 2
0, EBEREA LN LW (Fig. 3 ). it
Bcild, mee I vERSHEOFESIHE-L
BOAEIEZ YGRS HLE, knF 25,
B vYEREHEMCT*BIcEOEL <
FYEHfEME BB -TwL, BREOBETH
AEILEEDOD B VEHMO/ZHIC MCTIZRE ¢
A4, BWROBTH T, FISKS CEL
LTHEAOMBT O CHIZE Tl LTS
{Fig. 2). £hiZ& b&vy, S vIVERS
BUHIIBBEENELT, F o FHEEL Y
Von%Dh, w37 MERSE (55D
Witk = I P EREE) L LiThtws, =
NG bERBFIEOY R LA LTI YD
&— ) R RREHE (Gansser, 1964) MER T
5, WEOF » THERPRAAA-NDH b
2y AFBzL A SR, T, FAEORERE
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Simplified geological map of eastern Nepal.

Fig. 2
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TH: Tethys Himalaya, HH: Higher Himalayan crystalline thrust sheet, LHM: Le

ayan crystalline thrust

1

sheet {Mabhabharat crystalline nappe), SH: Sub-Himalayan imbricate zone, ts:

Himalayan mctasediment thrust package, LHC: Lesser Hima

Tethyan sediments, Kg: Kangchenjunga paragneisscs, Km: Kangchenjunga migma-

Ty

tites, Jg: Jumbesi Group, K: Khare phyllites, Sg: Sisne Khola augen gneisses,
Taplejung Group, Mc: Mahabharat crystallines {Lesser Himalayan crystallines),

A3

Sl: Lower Siwalik Group, Sm: Middle Siwalik Group, Su: Upper Siwalik Group
Ganges alluvium, MCT: Main Central Thrust, MBT: Main Boundary Thrust, MFT:

Main Frontal Thrust, TKT: Tamar Khola Thrust, SKT: Sun Kosi Thrust, DT: Dab-

mai Thrust, KT: Kamala Thrust. A-B: Cross line for section on Figs. 3,4 and 5.
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Fig. 3 Geologic and metamorphic cross section of far-eastern Nepal.

Line of section A-B on Fig. 2.

HH: Higher Himalayan crystalline thrust sheet. LHM: Lesser Himalayan metasedi-

ment thrust package, LHC: Lesser Himalayan crystalline thrust sheet {Mahabharat

crystalline nappe}, SH: Sub-Himalayan imbricate zone, Kg: Kangchenjunga para-

gneisses, Km: Kangchenjunga migmatites, Jg: Jumbesi Group, Sg: Sisne Khola augen

gneisses, Tg: Taplejung Group, Tkg: Tamar Khola granite, lhunknown Lesser

Himalayan rocks, Mc: Mahabharat crystallines (Lesser Himalayan crystallines}, $:
Siwalik Group, MCT: Main Central Thrust, MBT: Main Boundary Thrust, MFT:
Main Frontal Thrust, TKT: Tamar Khela Thrust, DT: Dabmai Thrust. sil: sillima-

nite. kya: kyanile, gar: garnet, bio: biotite, chl: chlorite.

e i WA R E L E YA AN NN [
A, ShbOF e FRs) vl IV ER
RO il (= 2y sy T — b Ili K, Mahabharat
Lekh) R MR LTy % (Figs. 3and 4 a). A
W< 85— MERFEHIIEROS eI Y
PHEESIETR CA A6k 545, ESH)
T, B Th-E8) TL{HS5kmTHS
(Figs.3 and 4a). BRI —HBRTA V77
Rl — FVERFETYL, 07O
WTHLBLT I VYERGHETHOMCTDLS
~ Tkm®D & I AICMEYT A (Fig. 3). L&
Do T, EH A SA—-LTIE, BESO-HERET
A2 F3F Fid B Au65km L B2 72 - TMCT
REREOR BT AT 5.

BT vEHERY

Ky = o v EfEfEm P~ A/ - AT
$3Iv Koo FEMMRY L 3 (Hashimoto
et al, 1973), =5 VY EHH L =7~}
IR DR @ B R He i (32 » KT 2 B i
ELGHTA. LdL, BB S-LTH, &
re I Y HOEREEIIB bR, TR
7 1 ¥ A % — {tectonic window) & L CEMT

BiiA, BWETMCT EMBTIZIE S INTE
FCHATLEDOATH S (Fig. 2). Thod
THE A ERNE - T - B —En
B LHIKE - BEEALARY, LEOANSREE
L), ThbmEahR~EIEA /-
Tl Aabhibakh 7V TROI » F7 0 FE
WA IS D, 262, PRS- T
% L1 (Ulleri) ARERAK F- BR'& (Le Fort, 1975:
Arita, 1983), £ vy FAETT VTR
Lingtse BREF IR B #k %t (Sinha-Roy, 1982) & &
WTVAEMER I 27 1 » 7 BRI ER
£ (Sisne Khola augen gneisses) #MCT 2% o
THAT 5, e~ 7 v RERWIEIERINICE
EEEHELE R LTwaD, 2N ILED
WAHLVWEmMEELREARL T, F—ABE
(Tamar Khola Dome) # L T V' % (Figs.2 and
4).

v = o vERR IV 20 SRR ER
{inverted metamorphism) % L& L, &M
TR Thh F— LBEOFLETIIHEERS D
VIEFIER TH LD, HENII LA OdH LW
WEAEHRERERL, MCTHH (TR
OARMAMBT A (Fig. 3), ¥F7roapwik F-
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Fig. 4 Balanced, deformed-state {a) and restored {b) structural cross sections across the

far-eastern Nepal with the Lesser Himalayan thrust package consisting of a hinter-
land—dipping duplex ((Schelling and Arita, 1991).

Line of section A-B on Fig. 2.

MDF: Main Detachment Fault, MCT: Main Central Thrust, MBT: Main Boundary
Thrust, MFT: Main Frontal Thrust, TKT: Tamar Khola Thrust. DT: Dabmai

Thrust, TKD: Tamar Khola Dome.

LHHEED LM TIEMCT @ T C#6.5km, &
fITIE3.5km DEEHH L, olFH, 2wl
F— MUROHE DR = 5 Y EHREDE T3,
FroaFORS LTI En TH S (Fig.
3). TOEHD, WERII-LTE, MCTO
THIBET By s YERBR OV s OR
FEE~S 45,

MCT TRODEYL = 5 Y EHEMITI v oo
T4y 2IREFEAFRERZEICALRL L ) 2w
HLULLL, ILHHIC, ERLTWAS. $i,
MCTHLORMESHW{ERLTWE, Fh
HIALNLESHEMEE SC777
UeZ, Ty r—3 v F—, MOEELSWFZ
Oh, #WomE) 1 f s R ENERE
ATV S LA — W T o ) i & b
AH~EH LT LEEI A LH LTS,

) HENS

R J vEHERYIIMBT #5827~
FYHOL T SHEYCHFLL D, T
I ART A 2 ) Y o i
~HHOEE - B - BAEPLEBET v
WM TH L, T BB bR LA
M L, v 7YYol oihi%{Hagen,
1969; Schelling et al, 1991} * RI#kiZ, RE*
HESTHELATHE, BEAXESOY 5
CURMEELE LT oBERr L2123 s
GRPEDP SR DHHEE, & X ICEE20cm DEE
SO T EERLTL EEBICLIT NS,
AW TREBEH 6km THE, h~TH
DYV IOBIEMFTIZE > TN VI AEED
Wi EHERICH L LT ad, MFT 1BEYS -
& LG 2B L8 T 5 (Nakata, 1972).
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RBEXNA-—NETSYOINT L Z B NRE

N AMEREER I S0 s F - IRT
AT h, ZOEREBOFREN & LB
MH S, RS OGS RATRE E T
CARTHS Z EDPTHEENT VDS RATH,
HEMERZOMEFLEETICIORESATY
B NT Y AHETE, BlPREO LS L
EEOHE TEBOBRIE L 2 E v IR
E LM = Tyr 5 (Dahlstrom, 1969). L /2#%-
T, MEOERIIFEAE LCHFEERETHY,
EREOHERBERGAEETF TLvwbhT
v % (Elliot, 1983). b= 7 v, HEEH/4—
VeI vEs D, G- BREFe< 7T
EEIIHT - TELOTHTHDE I LIWFH
T, eI vHEOsREANEHII T3
TR 9o Twnad, KHTEIIH
DHh LT ARe v 7 Y OEEIIRRER S
FHRVEFREREZT TS (Fig. 3). %
7z, Bewsvieke s v BV CHAE
A OLNLHE ML SOEENLEERIEE
LREREROHEOLOTHY, SHEM L ETE
HHEERT LI TR THL. 561, F
=Bl h T, MCTHED L TOE
L7 vk 2 v oasaOR B LITE
EAT T dH A Z & (Hashimoto et al. 1973: Le
Fort, 1975: Stocklin & Bhattarai, 19827 &) i &5
BMee T YHOEEORBIZL > TMCT 2%
DFOMR L7 F7 VR OME 2 RET DH 2 LA
HETHAH.

M A= DT A BRI (a) &2
7y AL HETHEMERN (b) % Fig. 4
Loy, e = I7YHFidMCT B £ O Main
Detachment Fault (LLF MDF & 509 ) & # @ik
2 i 8 T & %A Tamar Khola Thrust {EUF TKT
LTI EENRFRL— 7 A F R | (roof
thrust) B 737 25 A | (floor thurst) &
TAHEHEW L) AMER A 5 F2— L SR
(duplex) # R LT\ 5%, MDFid 7 n<T
HN, BRI EFORIETANT— M
DT Tid 6 ~10km, ~iE<{ %D, Tamar
Khola Dome 4t 4 D E ¥ 7 7 ¥ 35 71220~ 25km

& 7¢ % (Schelling & Arita, 1991). 77 1 # |l
BRoD FCid, MDF I£5.5km~ 6 km DEREIZH
L. A ¥ Fihilo#H > P 2= X CoERY
BHRERE - 7¥— 710k 5 & {Sastri
et al., 1971; Rao, 1973), 7 2L 7@
HBEOFESEHT R I2H T, e~
BECHEa L TEY, L7 FHESEE~Y§
il BHLROBRER LT\ A, 47w JvHf
IZBITAMDF IS DOARGHEI LT L L E
AZ6N4G. MBT & MFT DRzt {200
Wik A3 % 5 h, Dabmai Thrust (DT) %
Kamala Thrust (KT) 3 # O RETH D (Figs. 2
and 4a). TR OEEEB2EIZTEHS 7Y
sBHIEMOLELL ) s B —ERE )
TEBIIHLE LT L, RO LR pda
FS— Tk F 2 ) 7 i LW (Central
Churia Thrust} & L iFH T 8 H (Tokuoka et
al, 1986), F /- L &EKIIFHT L LFHEE
A, MBT#MFTHLWEDTRKT D
F 77 T VHOE KRS E MDF > 6 iRkE L
7z splay thrust T ), 7w 7vHRRIh
LOEEMEIZE 5T, &fkE LT imbricate
fan Z R LTWwAE. Zhbnifiev I v
T T YN O8E LRSI, TKT20F
& B E &L iZdEd HEANERIZH LTy b,
TKT /i MCT 40 9, Dharan @ H#45km i2 3
% branch line CMBT & &1 L T\ 4 (Fig.
2). LAt T, TKT b MBT % & & [H#iC
KDF D SiRELA-HLEWMBTHL, RLLD
{2 MDF 7 & ifkE L7z breach thrust bkt & & (274
FHicb @B &, Sun Kosi Thrust {Fig. 2) &
iR T\ 4 (Schelling, 1989). TKTH#®
Tamar Khola Dome | MDF {2 % - /- & L 1& &)
WioaCoal N7 v TT7rF7534
{ramp anticline) TH %, w35 — MRS
FTTE, 7Y% 0 BRI VTHEDLA
(o8 — FEBGE) OHfED L, MDF A
e 2o vEfEEpoOLEE0 Y, 70 7
BOEROL NV ETED ST T b &I
EaND, =g — b o)y ROBEHEL L
ZOMDF D7 L FIER LTS (Fig. 4a®
XA
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ZOE) LHBEEIIH LT, 45 —D0H
RHETTLNEZLNS (Fig. 5). oOF
FNIZE B E, Tamar Khola Dome {418 T3 E
SLZkmBIFEOEE =S Y EHB SEO T2
BIZE LB SO 4 » FRBEERS (Be~FY
ERARIZHIG) PHET S, EF0BBLD
2 IV OMAMERIE - OEZIZL TS
(#1 21X, Gansscr, 1980), L& L, Fig. 5128
VU MDF & TKT @ branch line TdH A &Y D
HTOEBHRIEREIL45kn S FE I L DI
LT, el T MDF (2% 5 2B 13 30km
WAz, LAcAto T, Fig. 5 OFHEIZ/ 85
YALTWERW, ST AELANE TR
(Fig. 4a), K= ¥Hiz " oDk — a0
L b FTa—T7TVL 7 AFEETE LTV,
Gansser (1964) ik 2 &, RUHIHOHED L »
FLE2IVYOMe v vificsnt, JEERK
OITY FIHHLREENR - BlErsEe <
TYEMBRERHIIH R s A N E % H BRIz
L oTBBE-TEN, Fa—-7L&% AEFNH
THEIMG.

BLE D & 20z, i L EE O F B TKT

E] HH, silimanite-gnelsses

E HH, kyanile-gnelsses w

- Matasediments

Indtian Continental Basement

- Lesser Himalayan

POLEE, BEELIIEPSBEAHLL ST
Wh. NG OEERE O W T, MCT i)
Hh-2355, TOEHRLIRATSHE.
MDF & MCT @ branch line {Fig. 4 a®EY) D
MBI 73 A 23 o F RS
(Fig. 1 #2B) Ik 288 ElEiz L 0, B
WMCT I ZF 7oA RER bk ook
FENDHLENEH WL Wi L AL
fz. v, MCT A6 iR4E L 72 MDF 85 & OF
MBT Ml = I ¥ md T2 — 7L 7 A&t
2L B, FOHFIZMCT %49 % out-of-sequence
thrust & L CTKT Wk & /. 51 & <
MDF IZZ 9 B~O il [LBEic L b, 7k~
Z 0 O L WTRE 2 MDEF A SR TR L
oo ZOEII, BARELT, HLEEMOEE
ARE & & LI~ 8B L A piggy-back thrust
sequence & L LTV 4, MCT Df Lk
LTOBEIHAETEELLTwBEELHN
L, O kiE, Beesvi—Kr ey
DHESMCT & MBT @ JE ¢ 15~ 30km O S
TRAEL, MCTEFWIZIHIEEAFRI LW
Z e LI INL (NI & Barazangi, 1984).

Sheallk Groun
m Jannu Granites

E Sisne Kholz Augen Gneisses

Fig. 5 Nonbalanced structural cross section across the far-eastern Nepal with the Lesser

Himalayan thrust package interpreted as a single, unsliced thrust sheet (Schelling

and Arita, 1991}
Line of section A-B on Fig. 2.
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R R/ - OmRERE

ETHEHEE (Fig. 4b) 5B L S
2, Be2I9¥H0F—7 L7 2R EN
BHHTIE, BT I VHOEEEIIMCTIZL 5
THAkm [Z /- TR e TP HONRT B
BoTED, MERI—LIIBITAMCTIZ#
) AR, R 140km A RLFE L BB,
Lirl, COETHIIBWTRESNAEYS
(Fig. 4 b @ MBT @bl Eis) #2835 &,
&5 {175km O H#EATHERE 3 1 B (Schelling
& Arita, 1991). MCT O LB A& 1L L 7-7%,
MCT Z#HPHIBC L ) BE#H20kn (Fig. 4 b
IZB1H 5 MCT & MDF @59 & MCT & B tHh
FH O E DKL Fig. 4atlB8BH
FEOMME S O M L Twvwah, MBT @ |
TEENT LK A HERAHEIZ10~20km & BIEL S,
I T I RSB AR EEIC L
% Hh % W 4K 12 15km & FHE X 1 B (Schelling &
Arita, 1991). L7045 T, MCT DIiSEAH#T
L 7: & OBt F R O M 8 345 ~55km & &
HENas WIS, Fig. 4 bk noh b
MDF B L FEFhdLiRET L EHTMIZE D
Bahm (Fig. 4biZBIFTLE 54 55 MCT
& MDF @3 COIERE L Fig. 4aloBit 3
OB L OE) XHT0km THAH WED
FZM15km % v L25km i MDF (2 # 5 K im0 iE
BHHVEMBT ORESINAFFOLDTH
A, LizhoT, EAI-LOreI TR
B — @ s B840 2 MCT OB LILED
At 75 [ 0 4% 38 1 dib 7 ST A o 0k 185km (140km +
45km) 7% v L 245km {175km -+ 70km ) @ HL 8 |Z
A, 2L, KB TREB S vEREIIC
AN DM HENE LoTHMNC S 5 EHESE
L7 T YHEORAIL ARt AT —F AL
FVWIBITLEM - W L S EMIEER L
TV nOT, EREOERBIIELICKEVE
iz bbb, RABOEMHEII59-~65% D MR
WHO, ZOEEZSFAFCOLflive I YT
HESE & AL 72 M B 38 D64 % {Butler & Co-
ward, 1989) (Z{II3TLRT 5,

HA = MIIBUTAMCTB I U0 LD

BT I VvHOBHORSEREEST AL,
MCT D& 2 16Ma~25Ma O REICIZ L F 5 7
EEZOGNL. Ld-T, MCT E#IB G
2 HBAE T O R LERT . 4mm
~15.3mm & % % (Schelling & Arita, 1991).

RS T & LIRER
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WiRg AW (DA FFET % (Arita et al, 1982
Sakai, 1985). % {2, Epi@EfrEWEOE %
WHHT) 7RO Y o (Dang) & £
ENLERHS L RS S 4 2 BT
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TN HD. ZOL Y, v T VITHEE
g —# Es7ic By L IR RO BA - LT, A
Bd HREE TR L T b,
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