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1. Introduction

 Kuroko, originally meaning black colored ore, is 
an important type of mineralization and mineral 
resource in Japan containing a number of metals 
such as gold, silver, copper, lead, zinc and rare 
metals in the form of complex metal sulfi de. It is 
distributed from Hokkaido, the Japan Sea side of 
Northern Japan to Northwestern Japan. In particular, 
the Hokuroku district centering around Ohdate 
City, Akita Prefecture, is known for its rich kuroko 
deposits, which are among Japan's best with regard 
to grade and tonnage. The ore resources including 
those already excavated are estimated to amount to 
some 100 million tons, making the district one of the 
richest mineral areas in the world.

2. What are kuroko deposits like?

 Looking back on the history of kuroko mining in 
the Hokuroku district, let us see how the theories 
on ore genesis have changed, how the ores have 
been explored based on theoretical progress up 
until the development of the current, most advanced 
prospecting methods, and what the kuroko is actually 
like.
 Kuroko deposits are found in strata formed during 
the Miocene, more than 10 million years ago, by 
submarine volcanism. Such volcanic strata range 
from the northeastern and southwestern parts of 
Hokkaido, along the Japan Sea coast from northern 
to central Japan as far as the Fossa Magna, a major 
depression that divides Honshu into east and west, 
and then on the Japan Sea side of western Japan. 
They are generally referred to as green tuff for their 
unique greenish gray color.

 The Ministry of International Trade and Industry (MITI), the Government of Japan, decided to make Mining Expert 
Training materials for technical cooperation program in the fi scal year 1992-93. And MITI entrusted its execution 
to the Metal Mining Agency of Japan (MMAJ).This book is attached to the video picture planned by MMAJ and 
produced by Dowa Mining Co., Ltd. (DOWA). No part of this book may be reproduced or used for any other 
purpose than for Mining Expert Training without the permission of JOGMEC.

MICROSCOPIC TEXTURE OF BLACK ORE
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 Kuroko deposits are bedded between the lower 
foot wall dacite and the hanging wall pumice tuff or 
mudstone. They are now considered to be volcanic 
massive sulfi de deposits formed simultaneously with 
the surrounding strata. They are also accompanied 
underneath by veins resulting from the fl owing into 
fractures of ore-forming solutions through the foot 
wall of dacite. The veins are also called siliceous ore 
for their silicifi cation.
 Thus, the kuroko deposits comprise beds and veins.
 The kuroko bed can further be divided into yellow 
ore mainly containing chalcopyrite and pyrite, and 
black ore lying above it mainly containing sphalerite 
and galena. In some mines, the black ore is capped 
by barite ore, with or without siliceous topping 
called the ferruginous chert zone. Also, the yellow 
ore is sometimes underlain by pyrite aggregates. 
Quantities of gypsum may be found lateral to the 
bed.
 The siliceous ores also come in black-ore-type 
and yellow-ore-type the former chiefl y containing 
sphalerite and galena, and the latter, chalcopyrite and 
pyrite.
 Therefore, a bed is composed from top to bottom 
barite ore, black ore, yellow ore, pyrite ore or 
and gypsum. A vein is made up of black-ore-type 

siliceous ore forming the upper and peripheral parts, 
in the foot wall rocks, yellow-ore-type siliceous ore, 
the lower and core parts.
 Ores from kuroko deposits were once diffi cult 
to deal with due to their complex composition 
of numerous particles of various sulfi des and 
sulfates, and were only partially utilized because 
ore separation was not easy. Also, mining itself 
required advanced technology because of the altered 
weak country rock. The history of development of 
kuroko resources has involved strenuous research 
and technological efforts for prospecting, mining and 
milling.

3. Early period of ore prospecting (until 
mid-1950s)

 Next, we'll look into the history of exploration of 
kuroko deposits, along with changes in its theories 
on ore genesis. The black ore as we know it today is 
said to have been found in 1861 at Baramori in the 
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then Kosaka Village (now Kosaka Town). That was 
the origin of the Motoyama deposit of the Kosaka 
Mine, and that also of the prospecting of kuroko 
deposits across Japan. Initially, only the weathered 
ore that looked like mud or sand was utilized on a 
small scale to extract silver. The ore was formally 
named "kuroko" in 1885. It is currently used in a 
broad sense �� the deposit as a whole �� and a 
narrow sense applied to black-looking ores.
 At the beginning of this century, a newly invented 
hydrometallurgical process raised the industrial 
value of kuroko, and the Motoyama deposit of the 
Kosaka Mine was actively exploited by open pit 
mining.
 At the same time, the geology of a kuroko deposit 
became gradually clear, which led to discussions on 
its ore genesis because of the growing importance 
of the ore. Different views were expressed about 
this question, but an epigenetic metasomatic theory 
appeared the most conclusive. It theorized that ore-
forming solutions from deep within the earth's crust 
found their way upward along fractures and, being 
stopped by cap rocks, formed the deposits.
 As a result, ore prospecting was centered on fracture 
zones. Specifi cally, east and west marginal areas of 
the Hokuroku Basin were spotlighted, where north-
south fractures are concentrated.

4. Syngenetic sedimentary theory

 In the latter half of the 1950s, however, the 
epigenetic metasomatic theory began to be 
contradicted by numerous fi ndings mainly on the 
part of mining engineers who studied the known 
deposits in detail. In particular, the fragmental black 
ore of the Motoyama deposit at the Kosaka Mine 
and the various patterns of sedimentary texture in the 
Tsutsumizawa deposit at the Hanaoka Mine gave rise 
to the syngenetic sedimentary theory as an antithesis 
to the epigenetic metasomatic theory. Heated 
discussions continued for a while between advocates 
of the old theory and those of the new.
 It was also pointed out that the Kosaka and Hanaoka 
deposits belong to the same formation because they 
lie on similar strata and below similar strata. This 
gave birth to the idea of a kuroko-ore horizon. Under 
this working hypothesis, energetic ore prospecting 
work was undertaken, resulting in the discovery of 
large-scale, high-grade deposits from previously 
unthinkable areas in succession.
 The Uchinotai deposit of the Kosaka Mine and the 
Matsumine deposit of the Hanaoka Mine, both found 
at this stage, still hold the fi rst and second ranks, 
respectively, in the output of kuroko-type ore in 
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Japan.
 As ore prospecting progressed in the Kosaka and 
Hanaoka mining areas, it became increasingly clear 
that kuroko deposit is a large scale deposit and of 
high economic value, triggering off a so-called 
"Kuroko Boom" among the mining companies.
 In the meantime, the Uchinotai and Matsumine 
deposits were thoroughly studied. It was found that 
not only their surrounding geologies but also their 
ore distributions were quite similar. Thus, a general 
model for kuroko deposits was mapped out on the 
basis of the syngenetic sedimentary theory.
 This model explains the process of formation 
of a kuroko deposit by the following stages. 
First, extensive submarine volcanism starts, after 
that white rhyolite intrudes. This is followed by 
lateral eruptions of fumes, by which hydrothermal 
explosion breccia is formed. Then, later on, ore-
forming solutions come upward through the breccia, 
with siliceous ore, yellow ore, black ore and barite 
sedimented from bottom to top in that order. Also, 
gypsum develops laterally and, at the fi nal stage of 
ore forming, ferruginous chert appears at the very 
top.

5. Metal Mining Agency's contributions 
and researches by mining industry

 In parallel with prospecting by mining companies, 
the Metal Mining Agency of Japan started drilling 
work on a large scale across the Hokuroku district in 
search of kuroko horizons.
 Also, the Geological Survey of Japan carried out 
deep drillings and gravity measurements to obtain 
tectonic information of the area.
 As a result, detailed information on the tectonics of 
the whole Hokuroku area gradually accumulated. 
Mining companies then made full use of the data 
derived from collaboration between the public 
sector, academia and industry and located new 
kuroko deposits by drilling. Thus, the Matsuki 
deposit was discovered in 1964, the Kosaka-
Uwamuki deposit in 1966, the Namariyama-Ginzan 
deposit in 1968 and the Fukasawa deposit in 1969. 
New ore bodies were also found in the existing 
mines of Furutobe, Ainai and Hanawa.
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6. Discovery of Ezuri and Nurukawa 
deposits

 While voluminous tectonic data were accumulating, 
mining companies and other concerns began to 
strongly feel the need for more general and objective 
ore prospecting methods. Consequently, attention 
was now focused on the physical and chemical 
properties of the deposits and their country rock.
 A new prospecting method has been established 
on the basis of two criteria applied to the alteration 
zone surrounding a deposit, viz. low magnetic 
susceptibility and low sodium anomaly.
 Low magnetic susceptibility results from the 
conversion of trace magnetite, which exists in 
the foot wall of dacite widely distributed in the 
Hokuroku area, into pyrite. This tendency is 
recognized within two to three kilometers of a 
deposit.
 Low sodium anomaly is due to the sericitization of 
initial plagioclase in the foot wall, which causes the 
sodium content to dissolve into seawater. Thus, a 
deposit is to be found within a distinct low sodium 
anomaly zone.

 These two criteria have made the assessment of 
the alteration more objective. Established as a new 
reliable ore prospecting method, this system has 
been introduced abroad by technical transfer.
 There is also a new geophysical approach. If a 
kuroko deposit exists, it can be recognized as a high 
I.P. portion of a low electric resistance zone due 
to the small grains of pyrite occurring in the clay 
zone surrounding the deposit. Therefore, the deposit 
is indicated by an inverted V pattern when the 
characteristics of the I.P. effect are checked.
 These new geochemical and geophysical methods 
have been applied to areas which were long 
considered promising, such as the Ezuri district in 
the south of Ohdate City and the Nurukawa district 
west of Lake Towada. As expected, the present Ezuri 
and Nurukawa deposits were located successfully.
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7. Plate tectonics and kuroko deposits

 Since the 1970s, studies on the ore genesis of 
the kuroko deposits have shifted emphasis from 
the traditional research on volcanic strata to 
consideration of geological events on a global scale.
 Today, the process of the kuroko deposit formation 
can better be explained by plate tectonics. About 47 
million years ago, the Pacifi c Plate began to sink at 
a more acute angle below the Eurasian Plate. This 
caused new upward mantle fl ows and resulting 
convection near the marginal area of the Eurasian 
Continent, by which the Japanese Archipelago was 
separated from the continent and the Sea of Japan 
took its shape. The Hokuroku Basin is considered to 
be one of the troughs formed intermittently along the 
line of the subduction zone.
 Then, about 14 million years ago, violent submarine 
volcanism accompanied by felsic magmatism started 
across what is now the Hokuroku district, creating 
large-scale volcanoes on the seabottom.
 Afterwards, rhyolite domes grew on the volcanic 
slopes, from which pyroclastic fl ow deposits 
resulted. And later, ore-forming solutions seeped 
upward through the same conduits to reach the 

seabottom. In this way, kuroko deposits came into 
being.
 Judging from studies on the fl uid inclusions in 
the ore forming minerals, it is estimated that the 
present Hokuroku Basin lay more than 1,000 meters 
below the surface of the sea when the deposits 
were formed. The ore forming temperatures 
probably ranged from 150 ℃ to 350 ℃ according 
to the homogenization temperatures for the fl uid 
inclusions, but the black ore is thought to have been 
formed below 300℃ , which is somewhat lower than 
in the case of siliceous ore.
 Volcanic activity continued intermittently afterward, 
burying the kuroko deposits under thick alternating 
beds of tuff and mudstone before the Volcanism died 
down. Then, some 5 million years ago, the upheaval 
of the seabottom began and eventually the present 
land mass emerged.
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8. Conclusion

 By advanced deep-sea research we can observe 
hydrothermal deposits in the making on the 
seabottom.
 The metal resources in the Hokuroku district rank 
among the world's greatest and richest for this kind 
of mineralization comparable to the massive sulfi de 
deposit fi elds in southeastern Canada.
 When the "Kuroko Boom" was on and a number of 
deposits were discovered in the Hokuroku district, 
joint research programs were organized by Japan, 
the United States and Canada, which multiplied the 
speed of data accumulation and their analysis. The 
results were immediately refl ected in fi eld work 
for ore prospecting with excellent achievements. 
Through these activities the ore name "kuroko" has 
won a worldwide recognition.
 In an effort to further promote and develop mining 
technologies for kuroko deposits, the central and 
local governments have established in Kosaka Town 
the Akita Branch Offi ce for Technical Research and 
Development of the Metal Mining Agency of Japan, 

the International Institute for Mining Technology 
and the Akita Prefectural Resources Technology 
Development Organization.
 Japan hopes that the accumulated information on 
kuroko-style mineralization and its prospecting 
methods will signifi cantly contribute to mineral 
resources development projects in various parts of 
the world.
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