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Abstract

Sapporo-Iwanai district is located at the intersection of the northeast Japan arc and Kuril arc,
associated with the subduction zone. This area is characterized by Miocene submarine volcanism
followed by Plio-Pleistocene subaerial volcanism.

Koryu, a small epithermal Au-Ag deposit, occurred in Pleistocene (1.4 - 0.85 Ma) within Miocene
sedimentary rocks near a subaerial andesitic volcano, while Toyoha, a large epithermal Pb-Zn-
Ag(-Au) deposit, also occurred near a subaerial andesitic volcano. Although most of the base
metal deposits formed in middle~late Miocene, Toyoha formed in Plio-Pleistocene (2.93 - 1.60
Ma) within Miocene volcanic and sedimentary rocks. This epithermal mineralization was partly
overprinted by xenothermal Cu-Sn-In(-Au) mineralization (2.68 - 0.49 Ma).

Hydrothermal alteration differs vastly between Koryu and Toyoha: host rocks at Koryu were
not intensively altered, although wall rocks adjacent to veins were silicified, while those at
Toyoha show intensive and extensive neutral-pH alterations. Geological and chronological studies
show that middle~late Miocene (12.5 - 8.4 Ma) alteration was pervasive and overprinted by
Plio-Pleistocene (2.93 - 0.49  Ma) alteration. The base metal veins in the middle~late Miocene
were not well developed, but were large in number with great depth.

These studies show that the hydrothermal activity at Koryu is rather small and short-lived, while
that at Toyoha is large, long-lived and characterized by overprinting of different hydrothermal
systems. The subaerial magmatic activities yielded not only the andesite lavas, but also generated
hydrothermal solutions for the formation of both Koryu and Toyoha. The metals were possibly
derived from such magma. At Toyoha, the hydrothermal solutions could also remobilize metals
from old ores.

The size, life span of magmatic-hydrothermal system, and overprinting on the old mineralizing
systems could constrain the type of metal deposits (precious and polymetallic deposits) nearby
subaerial andesitic volcanoes in Plio-Pleistocene.
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Introduction

The Koryu deposit is a small epithermal Au-Ag vein-type deposit whereas the Toyoha deposit,
located only 30 km northwest of Koryu, is Japan’s biggest polymetallic Pb-Zn-Ag-Cu-Sn-In-
Au vein-type deposit (Fig.1). The total metal production and ore grade for each deposit is
shown in Table 1.

Figure 1. Au and Pb-Zn-Cu deposits at Sapporo-Iwanai district,
Hokkaido, Japan (Modified after Watanabe, 2002). Dotted lines
denote present volcanic front. Size of ore deposit, L: large,
M: medium, S: small, VS: very small. Division of deposit size,
Au: L > 100t > M > 10t > S > 1t > VS Cu-Pb-Zn: L > 1Mt > M >
10Kt > S > 1Kt > VS

Koryu and Toyoha have been the focus of extensive and intensive research on its geology,
geochronology, hydrothermal alteration and vein mineralogy including phase relations, fluid
inclusions, stable isotopes and genetic model (e.g., Yajima and Ohta, 1979; Sawai et al., 1989;
Ohta, 1995; Shimizu et al., 1998). However a detailed comparative study in terms of ore genesis
between these two deposits has never been conducted.

The aim of this study is to know how subaerial magmatic-hydrothermal systems differentiated
precious metal and base metal deposits. This paper presents similarities and differences in the
environment of ore formations between Koryu and Toyoha and reveals the important factors in
the subaerial magmatic-hydrothermal systems responsible for precious and base metal
mineralization. Although Toyoha veins were formed by three chronologically distinct
hydrothermal systems (as described later), this study mainly focuses on the youngest
hydrothermal system that occurred in Plio-Pleistocene.

Outline of geological setting

The Sapporo-Iwanai district is located at the intersection of the northeast Japan arc and Kuril arc
near the subduction zone (Fig.1). This district is characterized by intermittent volcanic activities
from early Miocene. These volcanic activities generated many hydrothermal ore deposits as shown
in Fig. 1. The assemblage of host rocks of Koryu and Toyoha are summarized in Table 1.
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Hydrothermal alteration

The hydrothermal alterations at Koryu and Toyoha are summarized in Table 1. The hydrothermal
alteration at Koryu is generally weak and restricted to the vein margin while those at Toyoha are
intense and pervasive around ore veins.

Physical dimensions, mineralogy and metal zonings

The physical dimensions (numbers of productive veins, area of vein swarm, vein orientation,
vein thickness and elevation of exploitation) of each deposit are summarized in Table 1.

The physical characteristics suggest that Koryu has an extremely small mineralizing system
compared to that of Toyoha. The mineralization episode, mineral assemblage, mineralogy and
metal zoning in each deposit are also summarized in Table 1.

Vein textures

Shimizu et al. (1998) defined the terms of “structure” and “texture” for Koryu quartz features
described in hand specimens and under the microscope, respectively. “Structure” and “texture”
correspond to “texture” and “subsidiary texture”, respectively, by extending to their use to
sulfide-dominant vein features of Toyoha in this study. The vein textures and subsidiary textures
in each deposit are summarized in Table 1. Variable vein textures and subsidiary textures are
seen throughout ore veins, especially at bonanza zones in each deposit. Some interpretations of
these textures are also summarized in Table 1.
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Age of mineralization

The K-Ar ages for adularia in Koryu Au-Ag veins and those for sericite in host rocks proximal to
Toyoha base metal veins are summarized in Table 1. These ages have been interpreted as the age
of metal deposition for each deposit (Sawai et al., 1989; Shimizu et al., 1998). The data suggest
that the Koryu mineralizing system is rather short and monotonous while that of Toyoha is long
and overprinted on old (chronologically distinct) mineralizing systems as shown in Table 1. The
range of mineralization ages at Koryu (1.4-0.85Ma) is partly overlapped with the Plio-Pleistocene
mineralization ages of Toyoha (2.93-0.49Ma). Each range of the mineralization ages at Koryu
and Toyoha are contemporaneous with the nearby volcanisms as shown in Table 1.

Fluid inclusion studies

The fluid inclusions studies were conducted on quartz at Koryu and quartz and sphalerite at
Toyoha (e.g., Yajima and Ohta, 1979; Shimizu et al., 1998).  Evidence of boiling hydrothermal
fluids is summarized in Table 1. Homogenization temperature and salinity data, and their
interpretations at both deposits are also summarized in Table 1.

Depth of emplacement

Paleodepth of mineralization for each deposit is shown in Table 1.  At Koryu, hydrothermal
mineralogy and fluid inclusion study (Shimizu et al., 1998) showed that a bonanza gold
mineralization at the 30 m mine level (480 m above sea level), Vein 3 developed at a shallow
depth (< 1000m). At Toyoha, the shallowest and the deepest mineable level of epithermal veins
are estimated as 450m and 850m from the paleosurface, respectively, using the fluid inclusion
data by Shimizu and Aoki (2001a). Although the paleodepth of the Toyoha xenothermal
mineralization has not been specified, the mineable xenothermal veins extend to a depth at least
150 m longer than mineable epithermal veins (Toyoha Mines Co., Ltd. 2003). This study shows
that the paleodepths of the epithermal mineralization zone of Koryu and Toyoha were partly
overlapped.

Stable isotope studies

Stable isotope data are summarized in Table 1. Oxygen and hydrogen isotopic analyses were
conducted on quartz samples from Koryu (Shimizu et al., 1998). Oxygen isotopic study has
also been performed on quartz samples from Toyoha (Matsuhisa et al., 1986; Shimizu and
Aoki, 2001a; this study). The stable isotope data combined with fluid inclusion data have been
interpreted as shown in Table 1.

Mechanism of metal precipitation

Vein texture, fluid inclusion and stable isotopic studies suggest different causes of ore precipitation
between Koryu and Toyoha (Table 1).

Discussion

Although Koryu and Toyoha mineralization shows some similarities (vein textures, partly
overlapping formation ages and paleodepths, d18Ofluids values and vein formations
contemporaneous with the nearby andesitic volcanisms), the characteristics of ore formation
(wall-rock alteration, physical dimensions, mineralogy and mechanism of metal precipitation)
were different between the two deposits as described in the previous sections.

The magmatic-hydrothermal system at Koryu is rather small and short-lived without intense
hydrothermal alteration. There is no nearby old hydrothermal system related to precious or base
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metal mineralization overprinted on the Pleistocene (1.4-0.85Ma) mineralization. Compared to
the ore fluids at Toyoha, those at Koryu were poor in chlorine. The H2S/Cl ratio in ore fluids
might be higher than those of Toyoha, leading to precious metal transportation to the ore site as
bisulfide complexes (e.g., Seward, 1989) possibly from magma superior to base metal
transportation as chloride complexes (e.g., Helgeson, 1969).

In contrast, the Plio-Plesitocene magmatic-hydrothermal system at Toyoha is large and long-
lived, and overprinted on the old hydrothermal systems associated with base metal
mineralizations. The large magmatic-hydrothermal systems could generate large amounts of
chlorine-enriched fluids from magma and possibly from deep host rocks as a result of intense
hydrothermal alteration. The base metals transportation to the ore site as chloride complexes
could be superior to precious-metal transportation as bisulfide complexes possibly from magma
during the epithermal and xenothermal mineralizations. The overprinting hydrothermal systems
indicate that base metals could also be remobilized from old ores by deep saline fluids during
the Plio-Pleistocene mineralization. The rare -metals such as indium and tin could be mainly
carried by rejuvenated deep-circulated fluids from reduced magma interacted with basement
rocks during the xenothermal mineralization (Ohta, 1995).

Watanabe (2002) and Yahata (2002) compiled the data of geology, formation ages and types of
metal deposits at Sapporo-Iwanai district: A large number of Au-Ag deposits occurred in subaerial
andesitic terrains in Plio-Pleistocene whereas many Pb-Zn-Cu deposits occurred related to
volcanisms during the upheaval from submarine to subaerial environments in middle-to-late
Miocene. Toyoha deposit is one of the exceptions formed by Plio-Pleistocene subaerial-magmatic
hydrothermal systems. My study suggests that the size, life span of magmatic-hydrothermal
system and overprinting on the different mineralizing systems could constrain the type of metal
deposits (precious and polymetallic deposits) nearby subaerial andesitic volcanoes in Plio-
Pleistocene. A large polymetallic deposit could be formed by a large and long-lived magmatic-
hydrothermal system overprinted on the old base metal mineralizing system.

Conclusions

The Koryu Au-Ag epithermal deposit was formed by a small and short-lived subaerial magmatic-
hydrothermal system in Pleistocene, while the Toyoha epithermal and xenothermal deposits
were formed by large and long-lived subaerial magmatic-hydrothermal systems in Plio-
Pleistocene, overprinting on the old base metal mineralizing systems.

The size, life span of magmatic-hydrothermal system, and overprinting on the different
mineralizing systems could constrain the type of metal deposits (precious and polymetallic
deposits) nearby subaerial andesitic volcanoes in Plio-Pleistocene.
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