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Location of melange described in this paper.

BTL is Butsuzo Tectonic Line.

ATL is Aki Tectonic Line and NTL is Nakasuji Tectonic Line.
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Table 1. Radiolarian age of mélange at Tei-Sumiyoshi, See Fig. 2 for

sampling site.

Sample Rock Type

Age

TEI-16 Black Shale
TEI-82 Red Silty Shale
TEI-103 Red Chert
TEI-107 Red Chert

TEI-8 Red Chert
TEI-21 Red Silty Shale
TEI-119 Red Silty Shale
TEI-17-3 Red Silty Shale
TEI-18 Red Chert
TEI-319 Red Silty Shale
TEI-320 Red Silty Shale
TEI-318 Red Chert
TEI-20 Red Chert
TEI-201 Red Shale

Coniacian to Campanian?
Coniacian to Santonian
Early Cretaceous

Early Cretaceous
Valanginian to Hauterivian
Coniacian to Santonian
Late Cretaceous

Late Cretaceous

Early Cretaceous?

Late Cretaceous

Late Cretaceous

Aptian to Cenomanian

Early Cenomanian

Albian to Early Cenomanian

BIN BELE

Y £

WHBEhICAONAWEY VX F2RICHEERT -
Figure 3. Lenticular sandstone block in finely interbedded sandstone and

i 8

shale. See Fig. 2 for location.
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Figure 4. Outcrop photographs of varicolored shale and siltstone. A. An
arrow indicates the sampled point of TEI-21. A stake below left for
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Brown siliceous tuff
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Figure 5. Columnar section of varicolored shale and siltstone. Sampled position for thin
sections shown in Fig. 6 is also indicated. See Fig. 2 for location.
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Figure 6. Photomicrograph of varicolored shale and siltstone. A. Radiolaria rich red silty shale
(T E 1-109). B. Radiolaria rich green silty shale (TEI-110). C. Light gray tuff (TEI-111).
D. Brown siliceous tuff (TEI-112). See Fig. 5 for sampled position. Scale bar is 0.1 mm.
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Figure 7. Lower Cretaceouse red chert from which TEI-103
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for location.
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Figure 8. Photomicrograph of radiolarian red chert (TEI-103).
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Figure 9. A. Laminated red carbonate rock (T E I -17) inter-
bedded with pillow lava (indicated by star). See Fig. 2 for
location. B. Photomicrograph of TEI-17. Arrow shows
plagioclase grain. Scale bar is 0.1 mm-.
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Figure 10. Sketch of pillow lava. Solid dots are
the cored points of TEI-2 samples for palso-
magnetic analysis. See Fig. 2 for location.
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Table 2. Thermal and AF demagnetization of TEI-1 samples

Sample TEI-1-7

Thermal Demagnetization

¢ I D

NRM  37° -3°
100 34 -11
150 28 -8
200 37 >
250 31 -6
300 24 -29
350 31 -18
400 33 -19
450 38 —3
500 36 -46

Sample TEI-1-1

AF Demagnetization

oe I D
NRM  37° -18°
50 38 =17
100 35 -18
150 32 -1i8
200 30 -18
250 27 -20
300 25 -22
400 17 -19
500 18 -22
600 16 -37
700 4 -29
800 40 -57
900 -7 -88

I=Inclination(Negative sign for upward direction)
D=Declination(Negative sign for westward direction)
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Figure 12. A. Folding of bedded red chert. B. Bedded red chert from
which TEI-318 (Aptian to Cenomanian) radiolarian sample was
collected. See Fig. 2 for location.



BEIRPLT ety (BHR) IKk132 "4 779 =" O ERR

BB Fr—tDx7v7y—F CRED. # (2m) A7 —. #H&AIR
FE2HEEM.

Figure 13. Slump sheet of chert (arrow). A stake (2 m) for scale.
See Fig. 2 for location.
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Figure 14. Fault contact (arrow) between greenstone (left side) and
blocky shale. See Fig. 2 for location.
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Figure 15. Bedded red chert which yields Early Cenomanian radiolarias.
See Fig. 2 for location.
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Table 3. Paleomagnetic data of the pillow lava blocks at Tei-
Sumiyoshi. See Fig. 2 for sampling sites.

1 * *
Site N I D I D k Ogg P
TEI 1,2 15 33° -18° -25° -19° 13 i I B 13°
TEI 116 10 30 254 -4 =87 56 7 2
TEI 123 9 70 =71 -1 =31 39 8 0

N=Number of samples

I=Inclination (Negative upward)
D=Declination (Negative westward)
I*=Inclination after bedding correction
D*=Declination after bedding correction
k=Fisher's precision parameter
u95=Solid angle of 95% confidence cone

P=Paleolatitude(calculated from I*),absolute value

%33R E FIPIC HRIEE O BRSO HmER WRED 1 DOBHEIAFA FLicT oy 2 EEX DT
T. vo—0in O TRESh: LUET, £, AOT, AR 1IHMICESS T LD, &kl
FRZERMIEST 2 SHRBEDE T 0y 2 TEDRAI LTAHANE, bEbEoFmEhLE LTHSIRSC
—1°25-25° (ADESRENEZERT) TH3- ENTFRENSG . FRESORBEOEREL LT

SoITmAR, FELT, bR ICESES. fk 3, #aHEEEIC LT 0°~13°RHDEAE 5. K.
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Figure 16.

FickamEs (£20°0) #EELTDH, CTOHEE,
SEEEOMRIEE D, BAEEHIRT, BIBERK L.
TEERBLTWAS.

R OB B HIC DWW TIRFEER 7SV LvL
o EO—LAELTHRT ATV F=T/~F—
FIETVORBRF v — TR, TREDERMEE
L EAERBELIELDNIEREVELHEET 5

A. Chert block in blocky shale matrix. B. Foliated blocky
shale. See Fig. 2 for location.

LietinT, BEDECATI, OMBMIMEE, /
FUX=TY~F—F ) ETVEHMELTS.

PEAZEBsE, cor— T, BROZL,
BEHELPEOMEE, SEHM, ‘47027
FHED “v b ) v 227 e, EHTHRS Rk
e, HORBRROF v+ — b REBRIA Ty 70
27V Ty—brELTRELTVWAT EAHHLA-
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TEI-133

TEI-131

TEI-128 TEI-127 TEI-126
1m

L -
— 1

BN BRBREKOBS T A Yy v 7 v ORE
HWERICBT A -7 Ly F+DAT v F. C
D5 b, TEI-128, 129, 130, 131, 132, 133
BXO 124 GEEEMATRE, CORICIIRL
TSV ZHE - HREE 2 IR -

Figure 17. Sketch of pillow breccia at the
sampling site for ‘“conglomerate test” of
remanent magnetization. Among these, TEI-
128, 129, 130, 131, 132, 133 and 124 (not
shown in this figure) were used for measure-
ment. See Fig. 2 for location.

N

N

@TEI 12
TEI 123
®TEI 116

(A)

NE—A - HEARSE - TELE T - HAMKIL

N

TEI-124 g o
f—*

/
/ TEI1130
TEI-129

TEM32 1EH28,

NRM-100+150~200 oe

WIS AT X b DfER. KFRHE# (NRM—
100—150—200 oe) IC k2 HALDFEIZRL T
25- B THER. At ek F17TH=
ZH-

Figure 18. Result of conglomerate test. Direc-
tional behavior during AF demagnetization is
shown(NRM, 100, 150, 200 0e) - Solid circles
are in lower hemisphere and open circles are
in upper hemisphere.

See Fig. 17 for sampling site.

TEI 123

(B)

B Fith - EFHFICET 2HMRIBE 7 0 v 2 OBRBRIDFEH M E95% DIEHEAA. B
B Bt EEER. (A RBEEMIER, (B)IWER. 82RICREMSERT -

Figure 19. Mean directions and cones of 95% confidence level of pillow lava blocks at Tei-

Sumiyoshi. See Fig. 2 for sampling sites.

(A); before bedding correction, (B); after bedding correction.
Solid circles are in lower hemisphere and open circles are in upper hemisphere.
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Table 4. Radiolarian age of mélange at AWA-Ryoji. See Fig. 20 for sampling site-

Sample Rock Type Age
AWA-138 Greenish gray siliceous siltstone Cenomanian
AWA-12 Light gray shale Cenomanian to Turonian
AWA-9 Greenish gray siliceous shale Hauterivian to Aptian
AWA-11 Light gray siliceous shale Cenomanian to Turonian
AWA-6 Greenish gray siliceous shale Albian to Cenomanian
AWA-141 Dark gray shale (matrix) < Turonian
AWA-14 Red chert Valanginian
AWA-133 Black shale (matrix) < Turonian
AWA-17 Red chert Valanginian to Aptian
AWA-125 Red chert Early Cenomanian
AWA-119 Red chert Early Cenomanian
AWA-118 Dark gray shale (matrix) Coniacian
AWA-101 Red chert Early Cenomanian
AWA-102 Red chert Early Cenomanian
AWA-103 Red chert Early Cenomanian
AWA-104 Red chert Early Cenomanian
AWA-105 Greenish gray siliceous siltstone Cenomanian?
AWA-106 Dark gray shale (matrix) < Turonian
AWA-110 Red chert Cenomanian
AWA-111 Dark gray shale (matrix) < Turonian

< Turonian =

(3] fﬂﬁﬁcﬁwéxayﬁl

Cretaceous age younger than Turonian
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Figure 21. Schematic columnar section of lﬁ"da. Py [ AWA-12
apparent succetion (represented north as S S AWA-138
stratigraphic top) of mélange at Awa-Ryoji- ; ’
Explanation of lithofacies follows as Fig. 20
except black for black shale.




198 SPHAEE - RAAIL - FRERES - MARIEZ - TR - NE—A - lBAORE - TEE &F - HARIL

& BENCE, 1976) O#fpk & #xd % &, NaO LK:O0

WsE AATRE (AWA-60), HMTRE ICEA CaO0 IcZ LWz & B&1 Fe:0/FeO3 D=
(AWA-6D, BANVE (AWA-62) DLF VD EBISME, KEEZREOHT TiO: ICEEE
Tﬁmisgw/f*?ﬁm%?%géf' DOMEE LS PTVE. TAH ) ICES CaO ILZ
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EAFHHEIREELREDTNICLATH S . EE
Variolite Dolerite Gabbro GREZAT T4 v VHEBELTRELS (BESH
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hm 2.68 - = B EREPCEANOEICHAMERERE>TVS
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BARITHiden (AR K605 "4 7 v Y 2" OEMERA

BRR A 7oy IRKEESEYM) v 72 (AWA-3) OB#EE
BEE. 27 —1Z 0.1 mm. B. 70 v 7 HAEPICHRET %K
BEHEL Y ZOBEMEEER (AWA-12). Bzt / ~=T7v~F 2

—o=7v. 245 —1iF 0.1 mm. FORIHEERT -

Figure 22. A. Photomicrograph of blocky dark gray shale matrix
(AWA-3). B. Photomicrograph of light gray shale lens within
blocky shale matrix. Radiolarias are Cenomanian to Turonian in
age.

Scale bar is 0. 1 mm for both.
See Fig. 20 for location.
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BRI Firdbds (BEER) 1815 “A 7Y 9 =" OEMERR

BB ZREMICET 2HEER A. 870y 7EATOWESER (AWA-7). KHITRL7:.
B.- 70y 7HADhDO e — (RED. C. 870y 7HE (EFAD &g oBR G -
D. &fE (EFED L2DRMFDEMIC 2REHEEREF v — b EINEBR) . F
20 A TR T

Figure 23. Outcrop photographs of mélange at Awa-Ryoji. A. Sandstone block in blocky
shale matrix indicated by an arrow (TEL-7). B. Block of isolated pillow in blocky
shale matrix (arrow). C. Contact between blocky shale matrix (below left) and greenstone
indicated by dotted line. D. Greenstone (below left), black shale and red chert in appa-
rent stratigraphic succession (see Fig. 31 for sketch).

See Fig. 20 for location.

FUN BET oy s OEMEER. A- AWA-5. B. AWA-7. 320"
ICH R ETRT -

Figure 24. Photomicrographs of sandstone block. A. AWA-5. B. AWA
-7. See Fig. 20 for location.
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Figure 25. Photomicrograph of sandstone block (AWA-7). Arrows

indicate lithic fragments.

Eox BEHE (AWA-50) DOILFHEK
Table 6. Chemical analysis of black shale

(AWA-50).
sio, 64.19
Tio, 0.59
A1,0, 14.71
Fe,0, 1.82
FeO 2 .52
Mno 0.18
MgO 3.40
Cao0 1.32
Na,0 5.12
K,0 1.55
H, O+ 3.60
H,0- 0.92
P,0, 0.15
€05 0.31
Total 100.38

See Fig. 20 for location.
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Figure 26. A. Photomicrograph of light gray siliceous shale block
(AWA-11, Cenomanian to Turonian). B. Photomicrograph of
greenish gray siliceous shale block (AWA-6, Albian to Ceno-
manian). Scale is 0.1 mm. See Fig. 20 for localion.
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%27l R Fr—t70y2 (AWA 1 ) @EE&%%EE 2=l
0.1 mm. $20BICH S %A RS -

Figure 27. Photomicrograph of red chert block (AWA-1). Scale is
0.1 mm. See Fig. 20 for location.

B2BK BHLRE (AWA-60) OY 7 U A — L OEEMEEE. 24— 0.1
mm. 0B HEERT

Figure 28. Photomicrograph of variole in quenched basalt (AWA-50). Scale
is 0.1 mm. See Fig. 20 for location.
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B A. HRERE (AWA-61) OBEHER. B. FANVE (AWA-
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Figure 29. Photomicrographs of A. dolerite (AWA-61) and B. gabbro
(AWA-62). Scale is 0.1 mm. See Fig. 20 for location.
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FIN R ARES (AWA-13) OBEMBEEER. A. 73708
F. 245 —nZ 0.1 mm. B. ERE?D/NEF. 27— 0.2
mm.

Figure 30. Photomicrograph of laminated red carbonate rock (AWA-
13). A. Laminated part. Scale is 0.1 mm. B. Small basaltic ?
rock fragment. Scale is 0.2 mm. See Fig. 20 for location.
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AWA-133

X
) Bedded red chert
- and red tuff

Black shale
Greenstone

v

IR ARfE, REHE, KEFv— b (CHEREEXKS) OX7 v 7. BBRD LS. H20X

IR ERY -

Figure 31. Sketch of greenstone, black shale and red chert (interbedded with red tuff).
Also see Fig. 23 D. See Fig. 20 for location.
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Figure 32. Photomicrograph of black shale “matrix” (AWA-50).

A. Silty part. B. Finer grained part including radiolaria. Scale

is 0.1 mm. See Figs. 20 and 31 for location.
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Figure 33. Photomicrograph of red bedded chert (AWA-17, Valan-
ginian to Aptian). A. Radiolaria rich part. B. Part containing
plagioclase and basaltic? rock fragments. Scale is 0.2 mm. See
Figs. 20 and 31 for location.
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Figure 35. Proposed model showing the processes
of mélange formation in trench.
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Lithofacies and geologic age relationship within mélange zones
of Northern Shimanto Belt (Cretaceous), Kochi Prefecture, Japan

Asahiko TAIRA*, Makoto OKAMURA*, Jiro KATTO*, Masayuki TASHIRO¥,
Yasuji SArTo**, Kazuto KODAMA***, Mitsuo HASHIMOTO**, Tokiko CHIBA**,

Takahiro AOKI*

Abstract

The Shimanto Belt which fringes the outermost part of the southwest Japan is dominantly
composed of flysch sediments, possibly deposited in a forearc setting. Withid Cretaceous
Shimanto Belt, there are several zones of chaotic rock masses in which greenstones, cherts and
red, green and other multicolored fine-grained rocks occur, being surrounded by sheared shale
in a complex manner. These zones, tentatively called “mélange”, draw much attention in the
recent history of Shimanto research.

In this study we have applied detailed radiolarian age determination to rocks of mélange facies
in conjunction with lithological examination including thin section, X-ray and chemical analyses.
At the same time, paleomagnetic measurements were also carried out to basaltic pillow lava.

In the mélange at Tei-Sumiyoshi area, east of Kochi City, radiolarian age analysis indicates
that there is a distinct age contrast between detrital rock association and non-detrital one.
The age of black shale, radiolaria rich siltstone and acidic tuff (these often occur as inter-
bedded sequence called “vari-colored shale and siltstone’”) show Coniacian to Santonian while
radiolarian chert and associated fins-grainsd red shale show Valanginian to Cenomanian age.
The field observation indicates that the older rock masses such as chert occur as slump sheets
or slide blocks surrounded by younger aged clastic sediments. The greenstones (mostly
composed of basaltic pillow lava) also seem to be blocks embedded in detrital shale matrix.
The age of basalt is not certain, however, the Valanginian to Hauterivian red chert is inter-
bedded with basaltic tuff. This indicates that the basaltic eruption and chert formation may
be more or less contemporaneous. Paleomagnetic measurements of pillow lava were conducted
and beddeing plane correction was made using hyaloclastite bedding and inter-pillow limestone
lamination as original bedding plane. The stability of remanent magnetization was examined
through conglomerate test as well as demagnetization test. The obtained paleolatitude is appro-
ximately 0°~10° in absolute latitude indicating that the pillow basalt in mslange is allochtonous
rock mass transported in a long distance.

The mélange zone in Awa-Ryoji area, west of Kochi City, reveals similar age-lithology
relationship. In this area, the block to matrix relationship is quite obvious. The chert,
siliceous fine-grained rock and basalt occur as blocks or slide sheets embedded in sheared
dark gray shale. The age of blocks ranges from Valanginian to Turonian while the age of
matrix is younger than it, possibly Coniacian. The matrix also occurs as thin seams within
chert and chert to greenstone slide plane. | i

In other mélange zones, this age-lithology relationship is also confirmed.  The data suggest
that the melange complex in the Cretaceous Shimanto Belt of Kochi Prefecture was initially
formed as mass-transported deposits possibly in the trench. Pelagic sediments (for example
chert), greenstones (possibly a part of oceanic crust or seamount) and hemipelagic sediments
(for example varicolored shale and siltstone) were derived from outer trench wall where fault
movement may have triggered gravitational failure. The mass movement of hemipelagic
sediments and clastic sediments from inner trench wall contributed to the formation of “matrix”,
Thus in the trench, oceanic plate derived material and arc or continental margin derived
matrial mixed depositionally making up initial chaotic trench fill sedimen This later was
accreted and tectonized to the accretionally “basement” of the Shimanto Belt.

This model suggests that the pillow lava formed at 10° south (assuming Valanginian
age) was subducted during Coniacian to Santonian time giving a plate convergence rate of
about 10 cm/year at that time.

& Degartment of Geology, Kochi University, Kochi 780, Japan
** National Science Museum, Hyakunin-Cho, Shinjuku, Tokyo 160, Japan
*+*+Earthquake Research Institute, University of Tokyo, Bunkyoku, Tokyo 133, Japan
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