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区 分 甲

論文 内 容 の 要 旨

High-sulfidation and low-sulfidation mineralisations are collectively recognised in the fore-arc/back-arc se枇ing

of a arc-type subduction settings. These types of deposits form in response to m唱matismin the shallow crust and the 

associated volcanic and hydrothermal activity. A consequence of these phenomena, is the generation of precious metal 

and semi precious to base metal deposits of the Au-Ag-Cu systems. This s加dyfocuses on the Nansatsu district of 

Southern Kyushu, Japan. The area is reco別sed出 hostingmajor high-sulfidation mineralisations, namely; K出 uga,

Iwato, Akeshi deposits and surrounding silicified bodies (Kurigano and Misome). These deposits are composed of 

silicified bodies encapsulating Au mineralisation, present出 nativegold. Peripheral to these deposits lies the Kago 

low-sulfidation deposit, which is located approximately 2 km企omthe depositional centre and hosts electrum出 it’s

principle ore mineral. In this study I focus of the precipitation mechanisms that can be recognised by the principle ore 

minerals of the separate types of mineralisation. A fundamental dichotomy that defines the high-sulfidation 

mineralisations at k出 ugaand Akeshi is the presence of extensive supergene activity in the silicified rocks that h出

remobilized gold bearing ph郡部 anddue to the high oxygen白gacity,enriched gold at the point of r・e-deposition.The 

remobilization of Au precludes that there was a mineral precursor in the system, responsible for the production of Au 

from the ore bearing fluid phase. The presence of pyrite is ubiquitous throughout the genesis of the high-sulfidation type 

mineralisation (excluding supe屯ene). In this s仰の thegeneration of pyrite w出 separatedinto differing 羽 gesby 

出sessingtheir petrographic texture in the Kasuga and Akeshi high-sul印刷ondeposits and the Kurigano silicified 

bodies. Based on identification of early 湖 gepyrite伊yriteI) and ore 瑚 gep戸ite伊yriteII) in the k出 ugaand Akeshi 

high-sulfidation deposits, elec仕onprobe micro-analysis (EP長1A)and l出 erablation inductively coupled m出 S

spectrome町（LA-ICP-MS)w邸側Tiedout to determine the composition of pyrite in each 期 geof generation. EPMA 

analysis w出 回edto determine whether stoichiometric or non-stoichiometric substitutions in pyrite were present and the 

Fe composition in pyrite. LA-ICP-MS W部 carriedout to determine the presence of mineral inclusions in pyrite. 

Geological survey of the two peripheral mineralisations，出eKago low-sulfidation deposit and the Kurigano silicified 

bodies w出 carriedout to determine their association with the high-sulfidation mineralisations. The presence of adularia 

(potassium feldspar) w.ぉ detectedfor the first time in banded quartz veins and hydrothermal breccia ores of the Kago 

low-sulfidation deposit. By carrying out 40 ArP9 Ar on adu加ia,the timing of the Kago deposition w出 clearlyidentified to 

a high degree of accuracy. Based on this, the temporal relationships between the differing depositional styles could be 

clarified. Additionally the wider mineralisations in the Hokusatsu and southeast Nansatsu districts could be 

contextualised in the greater mineral province. 

百出 thesisis separated into 7 chapters. Firstly, Chapter 1 introduces the area of research, focusing on the 

structural and volcanic history of Kyushu Island. The創Tangementof subduction related volcanism and how it is related 

to a change in the geological history of k戸ぉhuover time. 百1emethodology of experimentation and the analytical 



procedures is described. 

Chapter 2 in仕oducesthe Kagusa high-sulfidation deposit. This study focusess on the precipi凶 ionof pyrite in 

the high-grade ores of the main ore body. Petrographic analysis shows Pyrite I and Pyrite II are recognised in high-grade 

or回 inthe absence of native gold bering ore. EPMA analysis reveals that major lattice substitutions within pyrite are not 

recognised, whilst LA-ICP-MS indicates that gold is present in Pyrite II with a grades出 high邸 42ppm. This indicates 

that Au is heterogeneously distributed in pyrite and is present出 mineralinclusions. Ag h出 avery low composition, with 

a maximum value of 0.2 ppm. This indicates that electrum is not a likely mineral hosting precious metals. Bulk rock 

ICP-MS me出 urementsshow白atAu has a grade of 8.0 ppm. Whilst ICP-MS me出 urementsshow that separated pyrites 

(Pyrite I and Pyrite II) have a grade of 4.8 ppm. Te me出 uremerrぉhavea composition of 2.8 ppm, which sugg田tthat 

gold-telluride calaverite may be prese凶出mineralinclusions in pyrite. 

Chapter 3 discusses drilling undertaken by the Me匂lMining Agency of Japan below the k出 uga

high-sulfidation deposit. Core 1 lMANU-1, at a length of 1.2 km w出 extractedvertically through the silicified ore body 

and into the underlying basement rocks of the Shimanto Supergroup. Two vein groups were identified; Type 1 a 

quar包ーcalcite-pyrite,Type 1 b -druse and stockwork quartz-pyrite. Fluid inclusion microthermome町 revealsthat 

tempera加resabove 600 m depth at below 250°C, whilst veins below 600 m reach tempera加r回出 hi伯郡 300。c.
Salinity of the veins varies greatly with depth, with stockwork quartz veins exhibiting high salinities of 14.5 equiv. l、JaCl

18 
w紗a.Stable isotope meぉurementsof iliiteδD and 8 0 suggest that shallow veins have been repeatedly ove中rintedby 

increasingly meteoric自uids,whilst the basement veins have undergone exchange with deeply located Shimanto 

Supergroup sediments attaining a 80 composition similar to that of the deep Shimanto Supergroup. 

Chapter 4 introduces the Akeshi high-sulfidation deposit which is si加ateddis凶合omthe main high-sulfidation 

and low-sulfidation deposits of the southwest Nansatsu dis仕ict.The geology and mineralogy of this deposit will be 

discussed, followed by analysis of pyrite from the separate ore bodies. Ore bodies No. 03 and the transitional zone of the 

No. 01 and No. 04 ore bodies were examined in白iss加dy.834S measurement of pyrite and native sulfur suggest that 

sulfur may have the product of later exchange with basement veins and magmatic fluids composed of H2S and H2S04・

Both 脱 出 hostedhigh gold compositions, in the absence of native gold. Pyrite of ore body No. 03 is represented by 

Pyrite I and Pyrite II. Pyrite II h出 amaximum value of 10 ppm in, whilst Pyrite I is uniform at approximately 0.4 ppm. 

Ag content correlates well with Au exhibiting highs of 2.3 ppm. Su毘esting,that high Au electrum may be present出 a

mineral inclusion in pyrite. 

Chapter 5 discusses the Kurigano silicified bodies. The geology and alteration minerals of the silicified and 

surrounding host rocks will be in仕oduced.Geochemical analysis of the silicified rocks will follow, based on EPMA and 

LA-ICP-MS of the hostβd pyrite. Petrographically, pyrite is only single generation and is very high in Ag (9.9 ppm). 

Whilst Au is very low (0.3 ppm). Te me出町ementof goethite and pyrite suggests that Ag-Au-tellurides are present. 

Chapter 6 introduces the Kago low-sulfidation deposit, with a discussion on the local geological se社ing,

甜 UC加ral企amework.The depositional condition, starting with the alteration and mineral assemblages are assessed. 

40 Art39 Ar age dating of adularia suggests that the mineralisation period w出企om3.98 Ma to 4.23 Ma. Which, indicates 

that Kago deposit W出 co-evalwith the Kasuga deposit. EPMA of electrum indicates that high Au (52 to 56 at.%) w，出

present as the principle ore mineral. 

Chapter 7 is a discussion based on the previous 6 Chapters, geochemical pa町 msof the silicified rocks of 

k出uga,Akeshi and Kurigano and contextualise the Kago low-sulfidation deposit based on its association with the 

surrounding deposits. Evaluating the onset of mineralisation, which likely took place along a NE-SW trend on which the 

Kasuga, Kurigano and Kago deposits are aligned. 


