Bulletin of the Geological Survey of Japan, vol. 36 (2), p. 85-102, 1985 552.5 ¢ 552. 311 : 551.73/. 77(523-15)

Chemical Variation of Paleozoic-Cenozoic Sandstone
and Shale across the Western Shikoku District,
Southwest Japan

Shunso Isuraara*, Yoji TErRAOKA**,

Shigeru TeErasHMA*** and Yukio SAkaMakr****

IsaraArA, Shunso, TERAOKA, Yoji, TERASHIMA, Shigeru and Sakamaki, Yukio (1985) Chemical
variation of Paleozoic-Cenozoic sandstone and shale across the western Shikoku district,
Southwest Japan. Bull. Geol. Surv. Japan, vol. 36(2), p. 85-102.

Abstract: Sandstones (17 samples), shales (26 samples) and metamorphic rocks (3 samples)
of late Paleozoic to Tertiary age collected across the western Shikoku district were analyzed
for major elements and CO,, C, S, Li, Zn, Cu, Pb, Th, U, Sn and As by conventional wet
methods and atomic absorption spectrometry.

Sedimentary rocks of the Izumi Group (late Late Cretaceous) are generally rich in K,0
reflecting their main origin of felsic igneous rocks. Rocks of the Chichibu belt (late Paleozoic-
Jurassic) are most sodic indicating fragments of spilitic rocks involved in the clastics. Those of
the Lower Shimanto Group (Cretaceous) are somewhat rich in femic components, but the
Upper Shimanto Group (lower Tertiary) is extremely high in SiO, and low in Al,Oj, reflecting
high maturity of the clastics which may have been derived mainly from sedimentary and
metamorphic terranes.

In the Izumi belt where the sedimentation mechanism has been well established, femic
components decrease but Si0,/Al,O; ratio increases stratigraphically upward. The observation
indicates that the upper rocks are more matured than the lower ones, because these components
constitute unstable minerals of mafic silicates and feldspars during weathering and sedimenta-
tion. The same relationship is seen on the Chichibu-Sambosan pair, and Lower and Upper
Shimanto Groups pair of the Chichibu and Shimanto terranes, respectively; thus indicating
source of the clastics existed to the north of each terrane. The southernmost belt of the Upper
Shimanto Group with high FeO/Fe,O, ratio and C content on the shales is in accord with the
distribution of the most reduced, S-type ilmenite-series granitoids of Miocene age in the Shi-
manto terrane.

occur to the south of the Median Tectonic
Line; thus geotectonically belonging to the
Outer Zone of Southwest Japan.

Several unilateral variations have been
recognized across the Outer Zone. Age of the.
geosynclinal sediments becomes younger ocean-
ward from the Median Tectonic Line. Sand-
stone of the Shimanto geosynclinal sediments
called the Shimanto Supergroup, which
occupies a great part of the Outer Zone,
contains an increasing amount of quartz

Introduction

The western Shikoku district is underlain
by upper Paleozoic to Paleogene metamorphic
and sedimentary rocks accumulated in the
Chichibu and Shimanto geosynclines. These
rocks are distributed in an east-northeast
direction parallel to lineaments of Southwest
Japan Arc, a major one of which is shown as
the Median Tectonic Line. Most of the rocks
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toward the same direction (TeEraoka, 1977,
1979). Miocene igneous rocks intruding the
metamorphic and sedimentary rocks reveal
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an S-type ilmenite-series characteristic in the
south but an I-type ilmenite-series one in the
north (Nakapa and Takauasmi, 1979;
TAkAHASHI ¢t al., 1980; MuraTa, M., 1982).

Recently much attention has been focussed
on the Shimanto Supergroup as to the origin
of the clastic materials. They could have been
derived from presently seen land area to the
north (TeEraoOka, 1979), but partly from a
missing continental mass to the south (Harapa
et al., 1970). The clastics are interpreted as an
accretional prism of trench and deep ocean-
floor sediments (KANMERA, 1976; TAIRA ¢f al.,
1980).

Miocene igneous rocks occur mostly as
granitoids in the Shimanto terrane and partly
in the Sambagawa and other terranes from
Shikoku to Kyushu (Fig. 1). All but one
(Ashizuri) granitic plutons belong to ilmenite-
series which have been reduced by sedimentary
carbon from the wall rocks or their basement
(Isamara, 1977).

In spite of these arguments developed in
recent years, petrochemical data of the sedi-
ments are scarse. In this paper, we describe
chemical data of the sedimentary rocks of the
western Shikoku district, and discuss their
variation in time and space, and their bearing
on petrogenesis of the Miocene granitic activity.

Geology and analyzed samples

The studied transect covers, from north to
south, the Ryoke, Sambagawa, Chichibu and
Shimanto terranes (Fig. 1). In the Ryoke
terrane, the Cretaceous Ryoke granitic and
metamorphic rocks are unconformably over-
lain by the Izumi Group of late Late
Cretaceous, mostly Campanian age, which is
a flysh-type sequence composed of alternating
sandstone and shale with basal conglomerate
and thin layers of felsic tuff at some horizons
(HaraDA, 1965; NisHIMURA, 1984).

Bounded by the Median Tectonic Line,
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Fig.1 Sedimentary and tectonic units and locality of Miocene granitoids in the OQuter Zone of Southwest Japan.
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et al. (1984).
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high Pflow T-type metamorphic rocks of
the Sambagawa terrane occur to the south
of the Izumi Group. The metamorphic rocks
are originated dominantly in mafic volcanic
rocks but partly sandstone and shale of prob-
able late Paleozoic to middle Mesozoic age.
Suvart et al. (1980) found Late Triassic con-
odonts in lenticular bodies of calcareous schist
at north of Yawatahama. Mixed samples of
representative rock types at three localities
were chosen for the chemical analyses. The
Mikabu green rocks occurring to the south
of the Sambagawa metamorphic rocks are
characterized by mafic submarine effusive
rocks (Suzuki, 1972).

The Sambagawa metamorphic rocks change
southward into non- or weakly metamorphosed
rocks in the Chichibu and Sambosan belts of
the Chichibu terrane. They consist of sand-
stone, shale, chert, limestone and mafic
volcanic rocks, and range in age from late
Paleozoic to Jurassic (Kasmma, 1969, 1983;
Murara, A., 1982; NakaTant, 1983 ; TErRaOKA
et al., 1985). Chert is occasionally associated
with bedded manganese deposits. Samples for
this study were collected from probable Jurassic
strata of clastic facies, mainly along the
Uchiko-Nomura route (Fig. 2).

The southern half of the western Shikoku
district is a terrane of Shimanto Supergroup,
which is separated from the Chichibu terrane
by the Butsuzo Tectonic Line, a large
low-angle thrust fault dipping north. The
Shimanto Supergroup is a thick geosynclinal
sequence composed of sandstone and shale
alternating in various manners with minor
amounts of conglomerate, limestone, chert
and submarine volcanic rocks, and is intensely
folded and faulted. It comprises the Lower
Shimanto Group (Cretaceous) and the Upper
Shimanto Group (lower Tertiary).

The Shimanto terrane of this transect is
divided into five belts as illustrated in Figure
2. Judging from recent studies (e.g., TANAKA,
1980; TaAmra et al., 1980; TERAOKA ¢t al.,
1985), the age of strata in the respective belts
is considered as follows: North Uwa belt, late
Neocomian to Santonian; South Uwa belt,
Coniacian to Campanian; Nakasuji belt,
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Fig. 2 Geotectonic division and locality of the anal-
yzed samples in the western Shikoku district. Two
copper mines are of the Besshi-type stratabound
deposits.

Coniacian to Maastrichtian and Eocene to
early Oligocene; Hiromi belt, Eocene; and
Shimizu belt, Eocene to early Oligocene.
Samples for chemical analyses were collected
from the most common rock types at given
outcrops to obtain a regional average com-
position of each geotectonic terrane. The sam-
ple localities are illustrated in Figure 2. A
fist size of the samples, except for the Samba-
gawa samples which were chosen from about
30 cm wide zone across the schistosity, was
sliced normal to the bedding plane by diamond
cutter, then crushed and powdered for the
analyses. About sandstone, fine- to medium-
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grained ones were selected, although coarse-
grained sandstone is not rare in some parts of
the studied area. Shale is composed of siltstone
and claystone which are sometimes alternated
finely. No red shale which could have been
pelagic sediments of deep ocean (Sarro and
Tanaka, 1983) were selected, because they are
very minor in the area. Analytical methods
are conventional wet methods for major
elements, atomic absorption spectrometry for
Li, Cu, Pb and Zn (TErasHmMA, 1971), As

(TeERASHIMA, 1976), and Sn (TERASHIMA, 1975).

Microscopically, sandstones of Cretaceous to
early Tertiary age contain clayey matrix more
than 15 volume percent in most cases, and
vary in modal composition stratigraphically
and regionally (TEraora, 1977, 1979). The
Cretaceous sandstones tend to become poorer
in feldspars and richer in volcanic fragments
stratigraphically upward. The Tertiary ones
are characterized by the predominance of
quartz.

Table 1 Chemical compositions of sandstones from

Terrane Ryoke Terrane
Belt Izumi Group, Lower Izumi Group, Upper
Sample No. 708-293 705-286 705284 70S-313 70S-133
Si0,(%) 74.06 74.38 72.36 73.89 76.34
TiO, 0.32 0.20 0.23 0.25 0.35
ALO,4 13.77 12.73 11.02 12.31 11.92
Fe, Oy 0.76 0.52 0.28 1.00 0.92
FeO 1.40 1.26 0.97 0.90 0.75
MnO 0.02 0.02 0.05 0.04 0.02
MgO 0.48 0.54 0.28 0.33 0.43
CaO 0.36 1.43 4.30 1.51 1.04
Na,O 3.13 2.93 2.67 1.95 3.03
K,O 3.36 2.83 2.26 2.86 1.94
P,O; 0.04 0.04 0.04 0.05 0.05
H,O(+) 1.67 1.69 1.54 2.23 2.17
H,O(—) 0.32 0.34 0.32 0.46 0.42
CO, 0.01 0.65 3.23 1.73 0.33
" c 0.15 0.11 0.10 0.21 0.11
S <0.01 <0.01 0.06 0.09 0.02
Total 99.84 99.73 99.71 99.81 99.84
Li(ppm) 44 43 44 57 57
Zn 35 35 36 42 185
Cu 5 6 6 6 8
Pb 14 16 13 13 11
Th 7 8 9 9 8
U : 2.1 2.1 2.1 1.7 1.7
Sn 1.5 1.8 1.6 1.4 1.7
As 4.2 3.7 4.3 7.5 6.0

For Tables 1-4, SiO, through S were analyzed by Tokyo Analytical Lab for Coal & Minerals; Li through As, by S. TERASHIMA ;

Th and U from Isarzara et al. (1981)
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Chemical compositions

Analytical results and sample description
are given in Tables 1-4. The sample localities
are shown in Figure 2 and also listed in the
appendix.

Sandstone

Sandstones of the Izumi Group are lithic
ones rich in felsic volcanic fragments. Other
sand grains are quartz and feldspars with

the Ryoke, Sambagawa and Chichibu terranes.

minor amounts of granitic, sedimentary and
metamorphic rocks. Sandstone petrography
and paleocurrent analysis indicate that the
sediments of the group were supplied from a
source area in the Inner Zone of Southwest
Japan where felsic volcanic and granitic rocks
were widely exposed (Harapa, 1965;
TERAOKA, 1977; NisHIMURA, 1984).

Analytical data of sandstones reveal a con-
trasting compositional difference between the
lower part of the group (Lower Subgroup of

Sambagawa Terrane

Chichibu Terrane

Chichibu Belt Sambosan Belt
70S-130 708-275 708-270 708-120 70S-117 708212

54.23 63.70 69.93 71.83 73.99 74.99
0.81 0.61 0.41 0.40 0.34 0.34

14.01 16.15 14.92 14.08 12.84 12.64
1.89 1.16 0.80 0.72 0.40 0.36
3.51 3.66 2.60 1.87 2.08 1.76
0.09 0.13 0.06 0.06 0.04 0.04
3.20 2.14 1.32 1.01 0.92 0.52

10.85 0.99 1.00 1.23 0.95 0.70
2.67 2.58 2.62 4.33 5.36 3.04
1.45 3.26 2.60 1.27 0.58 2.33
0.19 0.11 0.10 0.08 0.10 0.05
1.76 2.66 2.00 2.17 1.82 "~ 1.40
0.20 0.24 0.26 0.24 0.04 0.12
4.69 1.18 0.37 0.19 0.28 1.32
0.14 0.69 0.42 0.13 0.09 0.15
0.02 0.47 0.24 0.27 <0.01 0.13

99.71 99.73 99.85 99.88 99.83 99.89

17 33 37 21 30 19

70 80 63 42 42 43

34 38 19 7 7 4

13 19 16 10 11 14
3 9 8 6 6 10
0.6 2.1 2.1 1.5 1.3 2.6
0.9 1.9 2.3 0.5 1.0 1.8
6.0 4.0 8.5 4.5 5.0 4.5

The Sambagawa samples: 70S-130, Epidote green schist more than black schist; 70S-275, Quartz schist more than black schist;

70S-270, Quartz schist much more than black schist.
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Table 2 Chemical compositions of sandstones from the Shimanto terrane.

As

Group Lower Shimanto Group Upper Shimanto Group
Belt North Uwa Belt South Uwa Belt Nakasuji Belt Hiromi Belt Shimizu Belt
Sample No. 708-104 70S-80 70S-46 70S8-75 705-18 70S-21 70S-3 705-25 705-8
Si0,(%) 65.96 69.47 69.78 68.89 76.96 67.07 75.76 77.93 79.85
TiO, 0.42 0.43 0.50 0.33 0.43 0.43 0.43 0.44 0.24
Al,O, 15.23 14.70 14.44 12.68 10.69 8.86 11.20 9.61 8.80
Fe,O, 1.68 0.20 0.76 0.16 0.72 0.16 0.12 0.36 0.48
FeO 2.01 3.05 2.26 2.30 1.94 1.87 2.77 2.12 1.44
MnO 0.05 0.04 0.06 0.28 0.03 0.21 0.02 0.03 0.04
MgO 1.88 1.18 1.09 1.01 0.88 0.75 1.06 1.03 0.54
CaO 3.05 2.30 1.65 3.77 0.87 7.96 1.15 1.12 1.93
Na,O 3.57 3.98 4.38 2.84 3.00 1.94 2.75 2.39 3.13
K, 0 2.02 241 2.23 2.24 1.83 1.84 1.14 1.66 0.58
PO, 0.11 0.09 0.08 0.06 0.06 0.09 0.09 0.08 0.05
H,O0(+) 2.75 1.49 1.81 2.04 1.50 1.97 1.89 1.53 1.36
H,0(—) 0.62 0.02 0.16 0.02 0.12 0.16 0.08 0.18 0.08
CO, 0.43 0.22 0.64 2.85 0.57 6.29 1.23 1.17 1.29
C 0.08 0.05 0.04 0.12 0.09 0.06 0.04 0.06 0.05
S <0.01 0.30 0.05 0.22 0.25 0.01 0.01 0.02 0.03
Total 99.86 99.93 99.79 99.81 99.94 99.67 99.74 99.73 99.89
Li(ppm) 23 37 26 28 29 20 36 20 32
Zn 51 77 45 43 36 30 50 38 24
Cu 13 8 7 9 4 6 9 5 8
Pb 14 19 14 15 11 13 13 12 10
Th 4 6 6 8 7 7 6 7 5
18] 1.1 1.6 1.4 1.8 1.3 14 1.7 1.4 1.2
Sn 1.2 0.8 0.9 1.6 1.0 0.7 0.7 0.7 0.5
3.5 1.6 5.0 3.0 6.1 5.2 2.7 5.7 3.3
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Table 3 Chemical compositions of shales from the Ryoke and Chichibu terranes

Chichibu Terrane

Terrane Ryoke Terrane

Group Izumi Group, Lower Izumi Group, Upper Chichibu Belt Sambosan Belt
Sample No. 705-285 70S-309 70S-310 70S-311 70S-315 70S-201 70S-255 70S-118 70S-231 70S-249 70S-211 70S-245
Si0; (%) 61.99 61.75 65.77 65.72 68.03 70.38 61.45 62.96 65.53 66.61 63.01 66.81
TiO, 0.53 0.44 0.51 0.53 0.46 0.33 0.77 0.70 0.65 0.67 0.61 0.59
AlLO, 17.86 17.82 14.96 19.34 16.65 15.30 17.24 17.15 16.59 15.85 17.83 15.86
Fe,O4 2.04 1.60 1.52 0.64 1.04 1.60 0.80 2.49 0.80 2.51 2.08 1.72
FeO 1.87 2.73 2.52 0.86 0.57 0.72 4.93 3.03 4.00 2.05 2.66 2.19
MnO 0.03 0.06 0.06 0.01 0.01 0.01 0.08 0.06 0.11 0.05 0.06 0.09
MgO 1.43 1.58 1.39 0.99 0.73 0.78 2.61 2.20 2.00 1.61 1.59 1.72
CaO 0.70 1.60 2.13 0.11 0.42 0.39 1.57 0.98 0.90 0.50 1.26 1.51
Na,O 1.52 1.58 2.18 1.20 1.77 1.09 2.42 3.35 2.15 2.30 2.10 2.05
K,0 4.29 3.52 3.01 4.36 3.74 3.38 2.65 2.05 3.02 3.06 3.70 2.93
P,O; 0.06 0.07 0.10 0.06 0.05 0.06 0.19 0.19 0.11 0.13 0.11 0.13
H,O (+) 4.77 4.30 2.96 3.94 4.01 3.94 3.78 3.67 3.01 3.38 3.68 3.32
H,O (—) 1.32 1.00 0.64 1.02 1.22 0.98 0.28 0.48 0.14 0.44 0.76 0.87
CO, 0.03 0.47 0.75 0.03 0.04 0.02 0.39 0.06 0.47 0.01 0.02 <0.01
C 1.12 0.63 0.68 1.21 1.21 0.93 0.73 0.48 0.41 0.57 0.34 0.15
S 0.02 0.68 0.78 0.03 0.04 0.03 0.17 0.09 0.13 0.04 0.03 0.01
Total 99.94 99.82 99.91 100.05 99.99 99.94 99.99 99.94 100.02 99.78 99.84 99.96
Li (ppm) 40 65 60 34 39 32 28 41 50 35 40 28
Zn 87 89 66 52 75 37 93 107 84 77 78 73
Cu 31 19 18 16 40 21 40 23 31 23 22 16
Pb 26 25 21 16 32 14 14 23 20 46 22 34
Th 14 13 11 16 13 13 7 11 13 12 18 i1

U 3.4 3.9 2.9 4.0 3.6 3.3 2.1 2.8 2.4 2.8 4.1 2.5
Sn 3.6 3.6 2.8 4.4 3.7 3.2 1.9 3.0 2.0 2.7 4.3 2.1
As 15.5 19.5 34.0 16.0 9.5 12.0 11.0 13.0 8.0 12.0 5.5 1.2

70S-285, claystone, Formation B; 70S-309, sandy siltstone, Formation A; 70S-310, sandy siltstone, Formation A; 70S-311, claystone, Formation D of HarADA (1965); 70S
-315, silty claystone; 70S-201, silty claystone; 70S-255, phyllitic sandy siltstone, Nomura Formation; 70S-118, siltstone of Oyabu Formation; 70S-231, phyllitic claystone more
than siltstone, Futaiwa Formation; 705-249, silty claystone of Nomura Formation; 70S8-211, siltstone of Itagatani Formation of Kasuma (1969); 70S-245, siltstone of Itaga-
tani equivalent formation.
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Table4 Chemical compositions of

Belt North Uwa Belt South Uwa Belt
Sample No. 70S-101 70S8-105 70S-63 705-69 708-109 70547 705-84
Si0,(%,) 58.39 60.36 61.40 66.38 66.68 61.36 64.75
TiO, 0.65 0.67 0.55 0.61 0.54 0.64 0.53
ALO, 19.69 17.82 17.99 14.32 15.32 19.23 15.94
Fe,O,4 1.52 3.89 1.12 1.44 2.15 1.76 1.56
FeO 3.07 1.80 4.72 2.79 1.94 1.80 2.83
MnO 0.05 0.08 0.20 0.03 0.04 0.02 0.04
MgO 2.16 2.38 2.19 1.67 1.40 1.40 1.43
CaO 1.15 0.31 0.34 2.13 1.46 0.31 1.18
Na,O 2.04 1.61 1.66 2.70 1.62 1.71 1.98
K,O 4.56 3.05 3.22 2.10 2.72 4.02 3.10
P,O; 0.11 0.10 0.07 0.08 0.08 0.08 0.07
H,O(+) 4.26 5.89 4.60 2.96 3.25 4.94 3.09
H,0(—) 0.96 1.04 0.66 0.72 0.68 1.24 0.52
CO, 0.07 0.06 0.53 1.00 1.22 0.03 0.79
C 0.72 0.87 0.70 0.55 0.55 1.29 1.36
S 0.64 0.04 0.14 0.51 0.30 0.06 0.81
Total 100.04 99.97 100.09 99.99 99.95 99.89 99.98
Li(ppm) 48 42 61 42 31 21 65
Zn 95 111 100 75 80 66 75
Cu 35 50 66 15 15 40 27
Pb 26 20 16 12 12 14 23
Th 12 11 11 8 8 14 10
U 3.3 1.8 1.6 1.5 1.7 2.6 2.2
Sn 2.1 1.8 2.4 1.4 1.3 3.0 2.3
As 23.0 10.0 14.0 4.0 7.5 16.5 15.5

70S-101, claystone much more than siltstone; 70S-105, claystone; 705-63, claystone; 70S-69, sandy siltstone; 70S-109, sandy

siltstone; 70S—47, claystone; 70S-84, siltstone,

Harapa, 1965) and upper part (Middle and
Upper Subgroups). Sandstones of the upper
part, as compared with those of the lower
part, are depleted in those components that
constitute feldspars and ferromagnesian sili-
cates, such as Al,O,, Na,O, K,O, Pb, FeO and
MgO, while the SiO,/Al,O, ratio as well as
CO, content increase upward (Fig. 3, Tables
1, 2). Thus, the chemical data suggest that
unstable minerals of feldspars and mafic
silicates were deposited preferentially in the

early stage of the sedimentation, while stable
quartz was accumulated in the later stage. The
chemical difference can best be explained by
difference in maturity of the sandstones; those
of the upper part appear to be more matured.
Sulfur content is high in the upper part.

On sandstones of the Chichibu belt of the
studied area, Kasama (1969) concluded that
the clastics were chiefly derived from volcanic
rocks and subordinately from sedimentary,
granitic and metamorphic rocks. For the
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shales from the Shimanto terrane.

Nakasuji Belt

Shimizu Belt

70576 708-11 708-14 70S-10 705-22 708-7 705-6

66.13 71.17 65.50 63.47 63.91 65.69 68.09
0.57 0.41 0.60 0.79 0.74 0.52 0.50

16.21 13.83 16.59 18.07 17.01 16.07 14.79
0.68 0.72 0.48 1.28 0.72 1.24 1.56
4.12 2.37 4.29 4.30 5.09 3.83 3.15
0.10 0.02 0.04 0.06 0.08 0.03 0.03
2.01 1.17 1.96 2.23 2.22 1.82 1.70
0.50 0.73 0.73 0.22 0.34 0.45 0.73
2.22 2.38 2.16 1.21 1.69 1.88 2.31
2.82 2.61 2.35 2.94 2.81 2.81 2.33
0.10 0.07 0.09 0.12 0.09 0.10 0.08
2.73 2.18 3.08 3.92 3.56 3.12 2.35
0.48 0.96 0.92 0.76 0.66 0.54 1.04
0.12 0.25 0.40 0.03 0.13 0.17 0.45
0.79 0.71 0.50 0.37 0.63 0.96 0.42
0.32 0.36 0.32 0.05 0.29 075 0.56

99.90 99.94 100.01 99.82 99.97 99.98 100.09

59 47 65 64 60 58 57

98 72 118 105 93 87 80

57 18 35 18 49 33 18

28 11 14 23 18 8 14

12 10 10 14 12 11 10
2.2 2.0 2.2 2.5 1.8 2.0 2.2
2.3 1.7 2.0 3.1 2.2 2.1 2.1

18.0 5.5 15.5 9.5 10.5 8.0 7.0

708-76, silty claystone; 70S-11, sandy siltstone (poorly sorted); 70S~14, sandy siltstone (poorly sorted); 70S-10, Siltstone;

708-22, silty claystone; 70S-7, sandy claystone with siltstone fragments; 70S-6, sandy siltstone

Uwagawa Formation in which two analyses
are given in this study, he gave the following
percentages on rock fragments of sandstones:
919, basalt and andesite, 39, sedimentary
rocks, 1%, metamorphic rocks and 19, granitic
rocks.

Chemical composition of sandstones of the
Uwagawa Formation is characterized by a
high content of components that form sodic
plagioclase and ferromagnesian minerals. As
compared with sandstones of the Izumi Group,

they are depleted in K,O, Li, Pb, Th and U
(IsHIHARA ef al., 1981), which are concentrated
generally in ilmenite-series granitic or felsic
igneous rocks. Thus these sandstones must
have had sodic and mafic igneous rocks in
their source areas. Sandstones of the Itagatani
Formation (Kasuma, 1969), which is distri-
buted in the Sambosan belt, are more siliceous
and felsic in composition than those of the
Uwagawa Formation.

Sandstones of the Shimanto Supergroup
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Table 5 Average compositions of sandstones of the Shimanto Supergroup (data from TeraoKA, 1977, 1979).

Age and Delt Quartz K-feldspar Plagioclase frafg{xtr);l;ts
Paleogene
Shimizu Belt (n=42) 42,69, 6.5%, 24.59%, 26.49,
Nakasuji Belt (n=21) 32.8 12.7 21.2 33.3
Cretaceous
South Uwa and
Nakasuji Belts (n=88) 23.7 8.2 27.6 40.5
North Uwa Belt (n=171) 29.7 10.2 33.2 26.9
Number of analyses in parethesis.
have various ratios in their modal composition ; : : :
with respect to age and belt. The average _|Lower - ? r (Sandstone]
compositions are recalculated from TErAOKA 2 -2 }\ /
(1977, 1979) and are listed in Table 5. Itis  ~|ueper 4 ! / ,
clear from the statistics that rock fragments of  chichiby - ('; €02 Fem.Tot  Si0z/Ale0s
the Cretaceous sandstones increase stratigra- =2 ! /
phically upward and regionally southward in Sambosan | Cl o / Fom Tot
compensating decreasing of feldspars and Nerth Una- z -
quartz. The rock fragments are mostly volcanic !
rocks of felsic to intermediate composition, and Southh Uwa ‘
basalt is very rare. Paleogene sandstones of ) i Si02/A1,05
the Shimizu belt are characterized by a high Nakasull 1} /
content of quartz and a low content of feld- Hiromi- | ‘|' /
spars in particular. (n=4)

Chemical compositions of the sandstones are Lower - . . (Shale]
averaged in each studied belt and selected g (n=3) / \ \[/////
components are shown in Figure 3. An inter- = Upper - \ -

0=3) \ o, ¢ Si0/Al03  Fem.Tot

esting tendency is observed in the respective
terranes of the Ryoke, Chichibu and Shimanto
that the femic total (TiO,+Fe,O;+FeO-+
MnO+MgO) decreases from north to south
or stratigraphically upward, and SiO,/Al,O,
ratio increases toward the same direction.
These parameters are known to reveal maturity
of the sandstones in the Izumi Group. It follows
that sandstones of the Sambosan belt in the
Chichibu terrane and the Upper Shimanto
Group in the Shimanto terrane are more
matured than those of the Chichibu and Lower
Shimanto Groups, respectively, and indicate
that these clastics are probably derived from
north, as pointed out by Teraoka (1979) in
the case of the Shimanto Supergroup.

Content of CO, is generally higher in the
upper unit in each terrane. Sulfur is relatively
abundant in the Nakasuji belt.

Chichibu -
in=4) / / l /
/ s/
/ /
4

Sambosan | '

(n=2)
" Fem.Tot
v

Si02/AIx03
North Uwa-
(n=5)

South Uwa y 't
(n=2)
Nakasuji / N

(n=3)

Shimizu
{n=4)

A%)

Fig. 3 Time-space variation of selected chemical com-
ponents, as shown by average values of individual
sedimentary units, Fem. Tot. implies sum of TiO,,
Fey Oy, FeO, MnO and MgO.

Average compositions of representative rocks
in each belt are listed in Table 5, together with
a Japanese average of geosynclinal sandstones
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by Katapa and Ono (1978). The average of
the Izumi Group is higher in K,O and SiO,
and lower in femic components and CaO
than those of the Japanese average, indicating
felstic igneous rocks involved in the source
area for the sandstones. The average of the
Chichibu belt is most characterized by high
Na,O/K,O ratio. Thus spilitic rocks must
have been abundant in volcanic rocks of the
source area. The average of the Lower

Table 6 Average compositions of sandstones from
western Shikoku district.

1 2 3 4 5

Si0,(%) 74.21 7291 68.53 77.85 72.27
TiO, 027 0.37 042 037 0.39
Al,O, 12.35 1346 1426 987 1191
Fe, Oy 0.70 0.56 0.70 0.32 0.71
FeO 1.06 198 241 2.11 2.14
MnO 0.03 0.05 011 0.03 0.06
MgO 041 097 129 0.88 1.18
CaO .73  1.09 2,69 140 2.43
Na,O 2.74 485 3.69 2.76 3.22
K,0 2.65 093 223 113 2.04
PO, 0.04 0.09 0.09 0.07 0.08
H,O(+) 1.86 2.00 2.02 1.59 1.72
H,0(—) 037 0.14 021 0.11 0.23
CO, 1.19 024 1.03 123 2.31
C 0.14 0.11 007 0.05 0.11
S 0.03 0.14 014 0.02 ng.
Total 99.78 99.89 99.89 99.79 100.80
Li(ppm) 49 26 29 29 19%1
Zn 67 42 54 37 45%1
Cu 6 7 9 7 7%1
Pb 13 11 16 12 13%1
Th 8 6 6 6 n.g.
U 1.9 1.4 1.5 1.4 n.g.
Sn 1.6 0.8 1.1 0.6 n.g.
As 5.1 4.8 3.3 3.9 n.g.

(1) Izumi Group, average of 70S-293, 286, 284, 313 and
133.

(2) Chichibu belt, average of 70S-120 and 117.

(3) Lower Shimanto Group, average of 70S-104, 80, 46
and 75.

(4) Upper Shimanto Group, average of 70S8-3, 25 and 8.

(5) Average of Japanese geosynclinal sandstones by Karapa
and Ono (1978). Li, Zn, Cu and Pb are averages of
Northern Kitakami and Iwaizumi belts (TERASHIMA
and IsatHARA, 1974). n.g., not given.

Shimanto Group is lowest in SiO, and highest
in femic components among the studied belts.
Rock fragments are known to be mostly felsic
to intermediate volcanic rocks (TERAOKA,
1979), so that basaltic interminglings must be
present in the matrix. The average of the

Table 7 Average compositions of shales from western
Shikoku district.

1 2 3 4 5 6
SiO, 65.61 64.14 62.64 65.85 65.29 64.78
TiO, 0.47 0.70 0.60 0.54 0.64 0.65
ALO, 16.99 16.71 17.03 16.30 1649 16.48
Fe,O, 147 165 202 1.18 120 163
FeO 1.55 3.50 2.86 2.78 4.09 3.65
MnO 0.03 0.08 0.08 0.05 005 0.07
MgO 1.15 211 1.9 150 1.99 2.01
CaO 0.89 099 1.08 068 044 0.78
Na,O 155 256 193 207 177 2.30
K,O 3.72 2.69 3.13 3.14 2.72 3.40
P,O; 0.07 0.16 0.09 0.08 0.10 0.14

H,O(+) 397 346 419 324 324 2.77
H,O(—) 1.03 034 081 080 0.75 0.51

CO, 022 023 0.58 0.30 0.20 0.09
C 096 0.55 0.68 1.04 0.60 0.80
S 0.26 0.11 033 0.39 041 n.g

Total 99.94 99.98 100.01 99.94 99.97 100.06

Li(ppm) 45 39 45 48 60 41

Zn 68 90 92° 74 91 75
Cu 24 29 36 36 30 23
Pb 22 26 17 19 16 18
Th 13 11 10 12 12 n.g.
18] 3.0 25 20 23 21 2.7
Sn 36 24 1.8 23 24 n.g.
As 17.8 11.0 11.7 139 88 n.g.

(1) Izumi Group, average of 70S-285, 309, 310, 311, 315
and 201.

(2) Chichibu belt, average of 708-255, 118, 231 and 249.

(3) North Uwa belt, Lower Shimanto Group, average of
70S-101, 105, 63, 69 and 109.

(4) South Uwa and Nakasuji belts, Lower Shimanto
Group, average of 705-47, 84, 76 and 11.

(5) Shimizu belt, Paleogene Shimanto Supergroup, average
of 70S-6, 7, 10 and 22.

(6) Weighted average of Japanese geosynclinal mudstone
by Karapa and Ono (1978). Li, Zn, Cu and Pb are
averages of northern Kitakami and Iwaizumi belts
(n=16) taken from TERASHIMA and Ismrmara (1974).
U is average of various upper Paleozoic to middle
Mesozoic formations (n=57) taken from IsHIHARA ef al.
(1969). n.g., not given.
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Upper Shimanto Group has unique composi-
tion of high SiO, and low Al O,, which may
have been resulted from polycyclic sedimenta-
tion background of the sandsiones derived
from sedimentary and metamorphic terranes
or longer distance of the transportation.

Shale

Chemical variation of shales in the Izumi
Group is similar to that of sandstones, except
for K, O (Fig. 3), i.e., ferromagnesian com-
ponents decrease but SiO,/Al,O; ratio increase
in the upper part. However, no such relation-
ship is observed among the Oyabu, Futaiwa,
Uwagawa and Nomura Formations (KAsHIMA,
1969) of the Chichibu belt, in which one of
representative samples for each formation is
analyzed (Table 3). Shales of the Sambosan
belt are less mafic than those of the Chichibu
belt.

Shales of the Shimanto Supergroup have
rather homogeneous compositions. However,
the southward increasing of SiO,/Al,O; ratio,
which is very distinct in sandstones, is not
evident on shales (Fig. 3). Ferromagnesian
components are relatively high throughout the
units. ,

Among other elements, manganese is very
low in the upper part of the Izumi Group. As
compared with geosynclinal sediments of
other belts, the Izumi Group is unique in the
sense that the shales contain abundant carbon
and have high C/S ratio (Fig. 4). This group
contains coaly seams in places, but a rapid
sedimentation may have inhibited to fix
seawater sulfate sulfur into the shales. Geo-
synclinal shales of the Shimanto Supergroup
have a positive correlation between C and S
(Fig. 4). However, shales of the Chichibu and
Sambosan belts are low in sulfur contents and
have high C/S ratio, which is somewhat similar
to the tendency seen in the Izumi Group.

In Table 7, averages of the studied shales
are given for the respective belts and com-
pared with a Japanese weighted average for
shales. The average of the Chichibu belt is
most similar to the Japanese average, except
for K,O and CO, contents. The other belts
give slightly different compositions from the

O Izumi Vv Chichibu & Sambosan © Shimanto
LO 4 k
S | N\ NS
%) N X
lre ]
& [e]
4 °
o
(4]
05 (] L
&
&
R ]
—‘?Qi’ 9 % e e
® \ 2
;! v /;/7
° - ~ (]
00+ 1:__V3____1V/ °o o 8 |
T T
00 05 10 C (%) 15

Fig. 4 Carbon-sulfur plot of sedimentary rocks.

Japanese average. Characteristic feature ob-
served in sandstones of the respective belts are
also seen slightly on the averaged shales.

Bearing of the chemistry on the
genesis of Miocene granitoids

The studied sedimentary and metamorphic
rocks have been intruded by Miocene plutons
of various size (up to 400 km? in exposed area,
see Fig. 1). They are generally high-level ones
of ilmenite-series granitoids associated with
cassiterite, chalcopyrite, arsenopyrite and
pyrrhotite mineralizations (IsHiHARA, 1977,
1978; TerasaMA and IsHiHARA, 1976), except
for the Ashizuri alkaline complex which con-
tains magnetite and has very low initial
strontium  ratio  (0.7035, SmBATA and
IsairAra, 1979). Composite samples of sand-
stone and shale of the Shimanto Supergroup
from the North and South Uwa belts give
the initial ratio of 0.7090 and isochron age of
81.0 Ma. Thus the complex appears to be an
independent, hot-spot type intrusion.

-The ilmenite-series granitoids can be divided
into I-type in the north and S-type in the
south of the Outer Zone, based on absence
and presence respectively of Al-silicates
(Nakapa and Takauasar, 1979). There are
two possibilities about the origin of the two
types of granitoids. One is magmatism of
originally andesitic activity from the upper
mantle mixed in different ratio with the
continent-born magmas (Takanmasmi, 1980;
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Nakapa, 1983), whereas the other possibility
is I-type and S-type originated respectively in
igneous and sedimentary source rocks of the
continental crust (MURATA, 1984).

Seismic profile across the central Shikoku
district indicates that so-called basaltic layer
by P-wave velocity of 6.7 km/s disappears at
the northern edge of the Shimanto terrane to
the south (Fig. 5). Granitic layer of 6.1 km/s
overlies above it in varying thickness. Focal
distribution of shallow earthquake within the
granitic layer and upper continental crust
abruptly changes underneath the Butsuzo
tectonic line or Kurosegawa tectonic zone, and
structure of sedimentary and metamorphic
terranes is steeply dipping north at south of
these tectonic lines, while gently undulated to
the north of the tectonic lines (Fig. 5). Hapa
et al. (1982), who emphasize significant bearing
of the Kurosegawa tectonic zone in the tectonic
development of Southwest Japan, therefore,
consider that the continental crust materials
are completely different on both sides of the
Kurosegawa tectonic zone, i.e., the granitic
layer to the north is older island arc basement
but that to the south is highly metamporphosed
part of the Shimanto Supergroup. Their
model implies that Miocene granitoids of the
Shimanto terrane should reflect directly com-

position of the sedimentary rocks.

Among major components, K,O content of
sandstone decreases steadly southward, as
mentioned previously (ISHIHARA et al., 1981).
The content of shale is highest in the South
Uwa belt (Fig. 6). All together, southward
increasing of K,;O content is not clearly ob-
served. Regional variation of major chemistry
of the Miocene granitoids is reexamined
recently by Sato and Ismimara (1983), and
is found that an excess alumina expresses
better I and S-type distinction, although it
varies among individual plutons. Ratio of
sandstone and shale in the Shimanto Super-
group is roughly unity, coeval submarine
basalts occur only locally. Combined average
of sandstone and shale gives the following
normative corundum:

North Uwa belt: 6.5 wt.%,
Shimizu belt: 7.4 wt.%,

(Chichibu belt: 6.0 wt.%, or less
because of abundant basalts)
(Sambagawa terrane: 6.0 wt.9%,)

Effect of wall rock assimilation can be best
shown by minor elements whose abundance
difference between the wall rocks and magmas
is large, an example of which is best shown on
bulk S content and §24S value of the Miocene
granitoids (IsHIHARA et al., 1983). Table 8
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Table 8 Selected components of average shales from five sedimentary and metamorphic belts.

Terrane and Belt n

FeO/Fe,0, C(%) 5(%) Cu(ppm) As(ppm)
Sambagawa 3 2.6 0.42 0.24 30.3 6.2
Chichibu-Sambosan 6 1.8 0.45 0.08 25.8 8.5
North-South Uwa 7 14 0.86 0.36 35.4 12.9
Nakasuji 3 5.7 0.67 0.33 36.7 13.0
Shimizu 4 34 0.60 0.41 30.0 8.8
gives several other components which are Conclusions

critical to the genesis of the granitic mag-
matism and related mineralization.

Reducing agent of bulk FeO/Fe,O; ratio
and carbon content are higher in the southern,
Nakasuji-Shimizu belt. Sulfur and arsenic
which are rich in the Miocene granitoids are
preponderant in rocks of the Shimanto terrane,
as compared with those in the other terranes.
There is, thus, consistency on the chemical
characteristics of the Miocene granitoids and
intruded sedimentary rocks. However, degree
of melting and mode of emplacement may
give crucial control on the chemical com-
positions of each pluton. Further, detailed
studies are needed in the individual pluton
areas.

Late Paleozoic to Tertiary sedimentary
rocks of the western Shikoku district have
unique chemical characteristics depending
upon the geotectonic units, and maturity of
the clastics appears to be high toward south
in each terrane. The northernmost, Izumi
Group is most potassic indicating that the
clastics were derived from north of felsic
igneous and metamorphic terrane. The
Chichibu rocks are, on the other hand, sodic
implying mafic and sodic igneous source
rocks; similar rocks are distributed in just
north of the Chichibu terrane. In the Shimanto
terrane, the northern Lower Shimanto Group
has an intermediate character between the
two terranes mentioned above, with somewhat
higher femic components, but the southern-
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most, Upper Shimanto Group is characteri-
zed by high silica and low alumina contents.
Clastics of the Lower Shimanto Group is con-
sidered to have derived from igneous, meta-
morphic and sedimentary terranes to the north,
including especially felsic-intermediate igneous
rocks of the Inner Zone. Extremely high
maturity of the Upper Shimanto Group may
largely be due to its source materials of poly-
cyclic sedimentary and metamorphic rocks
which were derived from north.

Chemical similarity between the sedimentary
rocks and intruding Miocene granitoids is not
consistently seen on the analyzed components,
but high reducing capacity as shown by high
FeO/Fe,O, ratio and C content, is observed
on shales of the southern part of the Shimanto
terrane where the most reduced, S-type
ilmenite-series granitoids are distributed.
Carbon, sulfur and other mobile components
contained in the granitoids that have high
concentration gradient between the magma
and wall rocks may have been effected, at
least, by the chemistry of sedimentary rocks in
the Shimanto terrane. However, consistently
reduced character of the Miocene granitoids
even on those intruded into the Sambagawa
metamorphic terrane (e.g., Omogokei, Fig. 1)
indicates another essential reasoning for the
reduction of the Miocene granitoids.
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