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Relations between chemical composition of granitic rocks
and metallization in the Outer Zone of southwest Japan
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Abstract: In the outer zone of southwest Japan, Tertiary granitic rocks of the South-
western Outer Zone-type are genetically related to the associated metallic ore deposits re-
presented by the Obira-type, which are characterized by a wide range of complex metalli-
zation, such as, pneumatolytic, hypothermal and xenothermal types, with most of the ores
having extremely variable mineral assemblages.

The physical conditions of formation suggested by mineral assemblage, type of metalli-
zation and mode of occurrence, show that the ore deposits formed at high temperatures and
shallow depths, and harmonize with those of the Southwestern Outer Zone-type granitic
rocks. Throughout that region, granitic rocks of high silica-content are commonly accom-
panied by many ore deposits; but, in contrast, those of low silica-content by little or no ore
deposits. Plots on AKF diagram representing granitic rocks accompanied by many ore
deposits suggest concentration in alkali and aluminium during the differentiation and con-
tamination-assimilation of magmas.

INTRODUCTION

Figure 1 shows the distribution of granitic bodies belonging to the Southwestern
Outer Zone-type (Shibata, 1962) and the associated metaliogenetic provinces. From
detailed studies on these granitic rocks and their associated metallic ore deposits,
which are distributed mainly within the Shimanto major belt south of the Butsuzo-
Itogawa tectonicline in the outer zone of southwest Japan, data dealing with their mode
of occurrence, petrography, petrochemistry, mineral assemblage, metallization, pet-
rographic and metallogenetic provinces, and relationships to the tectogenetic belts
have been obtained (Miyahisa, 1955, 1958, 1961, 1969; Oba, 1962a, b, c, d, 1966, 1967)
This paper is a summary of a paper presented by the authors at the 5th Meeting of
the IUGS-IGCP Circum-Pacific Plutonism Project held in Kuala Lumpur, Malaysia,
in 1975.

SOUTHWESTERN OUTER ZONE-TYPE GRANITIC ROCKS

In the outer zone of southwest Japan three types of granitic rocks are recognised;
simple pultonic, volcano-plutonic complex, and synkinematic, the last two being
equivalent to transitional (to volcanic rock) and dynamo-metamorphosed types which
were used in a paper by Oba (1962a). The Southwestern Outer Zone-type granitic rocks
comprise rocks of both simple pultonic and volcano-plutonic complex types, but ex-
clude the synkinematic rock-type.
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Fig. 1. Distribution of rock bodies of the Southwestern Outer Zone-type granitic rocks and
the associated metallogenetic provinces in the outer zone of southwest Japan. Tectonic lines: I,
Median tectonic line; II, Butsuzo-Itogawa tectonic line; IIT, Nobeoka-Shibisan tectonic line. Bodies
of granitic rock: 1, Dogawa; 2, Kumano; 3, Omogo; 4, Takatsukiyama; 5, Ashizurimisaki; 6, Oki-
noshima; 7, Okueyama; 8, Osuzuyama; 9, Ichifusayama; 10, Shibisan; 11, Shimokoshikijima; 12,
Satsuma Peninsula; 13, Takakumayama; 14, Osumi; 15, Yakushima. Metallogenetic provinces:
A, Ishizuchi; B, South Shikoku; C, Obira; D, Matsuo; E, Suzuyama.

As seen from Table 1, the ages of the granitic rocks, derived mainly from K-Ar de-
terminations on biotite, range from about 12 to 22 m.y. (Miller, Shibata and Kawachi,
1962; Kawano and Ueda, 1966; Shibata and Nozawa, 1967; Shibata, 1968), i.e. lower
to upper Miocene age. The granitic bodies form discordant cupolas, lenticular dikes,
dome-like stocks and batholiths. Field evidence shows that at least part of the conso-
lidation of these granitic rocks took place at shallow depths (Oba, 1967), and petro-
chemical characteristics indicate that these granitic rocks belong to one genetic system,
involving high temperatures, low water-vapor pressures and shallow depths (Oba,
1962a, d). '

METALLIC ORE DEPOSITS ASSOCIATED WITH THE
SOUTHWESTERN OUTER-ZONE-TYPE GRANITIC ROCKS

The Southwestern Outer-Zone-type granitic rocks are accompanied by many
metallic ore deposits, such as, tin, lead, zinc, tungsten, antimony, arsenic, iron sul-
phide and others (Table 1). Field evidence shows that igneous activity and contempo-
raneous mineralization took place during two stages, early to middle Miocene and
late Moicene (Miyahisa, 1961).

Miyahisa (1955, 1961) proposed the term *‘Obira-type ore deposits™ for those
ore deposits characterized by the following features: (1) extremely variable and com-
plex mineral assemblages; and (2) a mineralization sequence from skarn-minerali-
zation with Pb-Zn-Fe, boron metasoamatism and tourmalinization, Sn-W minerali-
zation, to complex sulphide metallization of Fe, Sn, Bi, Pb, Zn, Cu, As and Ag. Mi-
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neral assemblage, type of metallization and mode of occurrence show that part of
these ore deposits were formed at high temperatures and shallow depths. The Obira-
type ore deposits in the outer zone of southwest Japan were divided by Miyahisa
(1958, 1961) into several metallogenetic provinces (Figure 1).

RELATIONSHIP BETWEEN CHEMICAL COMPOSITION OF THE
SOUTHWESTERN OUTER ZONE-TYPE GRANITIC ROCKS
AND METALLIZATION

Generally, metallic ore deposits in the inner zone of Kyushu which forms a part
of the inner zone of southwest Japan, are associated with Cretaceous granitic rocks
and are characterized mainly by copper sulphide-iron sulphide and oxide. In con-
trast, metallic ore deposits in both the outer zones of Kyushu and Shikoku which
form a large part of the outer zone of southwest Japan, are associated with Tertiary
granitic rocks and are characterized mainly by tin, tungsten, arsenic, antimony,
etc. (Miyahisa, 1969). The Cretaceous granitic rocks of the inner zone of Kyushu
consists mainly of intermediate granodiorite and tonalite, but the Tertiary granitic
rocks of the outer zones of Kyushu and Shikoku are mainly felsic to intermediate
rocks such as leuco-aplogranite, granite and granodiorite.

Throughout the whole of the Southwestern Outer Zone-type granitic rock terrain,
clearly rocks of high silica-content are generally accompanied by many ore deposits
characterized mainly by Sn, W, As, Pb, Zn and Sb; but, in contrast, rocks of low
silica-content by little or no ore deposits (Table 2, Figure 2). It can be clearly seen from
Figure 3, that granitic rocks associated with many metallic ore deposits plot closer
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Fig. 2. Histograms showing relationship between silica-contents of the Southwestern Outer
Zone-type granitic rocks and accompanying metallic ore deposits.
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Fig. 3. AKF diagram showing relationship between chemical compositions of granitic rocks
and accompanying metallic ore deposits in the outer zone of southwest Japan. Reconstructed from
Miyahisa’s (1969) original figures. A: Al1203 + Fe:x0: — (Ca0 + Na:0 + K:0), K: K:0, and F:
FeO + MnO -+ MgO. Symbols @, (O and A represent granitic rocks associated with extremely
abundant, and little or no metallic ore deposits.

the A-K side and somewhat nearer to the A apex, than do the granitic rocks associated
with little or no ore deposits. Such a trend is thought to reflect the combined effects
of progression in magmatic differentiation and contamination-assimilation during
upwelling of granitic magmas through sedimentary envelopes.

SUMMARY

In the outer zone of southwest Japan, granitic rocks have a close genetic relation-
ship with the associated metallic ore deposits (“Obira-type™) and played an important
ore-bearer role. The Obira-type metallic ore deposits are characterized by wide range
and complex metallization such as, pneumatolytic, hypothermal and xenothermal
types. Most of these deposits can be considered to have been formed at high tempera-
tures and shallow depths on the basis of mineral assemblage, type of metallization
and mode of occurrence. They appear to be in good harmony with the physical con-
ditions of intrusion of the Southwestern Outer Zone-type granitic rocks.

Throughout the outer zone of southwest Japan, granitic rocks with high silica-
content are accompanied by many metallic ore deposits, but those of low silica-
content are associated with little or no ore deposits. The compositionally plots of
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granitic rocks accompanied by many ore deposits on an AKF diagram are thought
to reflect concentration of alkalis and aluminium during the processes of differentia-
tion and contamination-assimilation of magmas.
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