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Preliminary assessment of rare earth element in Badau district, Belitung
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Association between magmatism and mineral deposits in the Sukhothai Fold
Belt: Its zircon Lu-Hf isotopic characteristics of the granitoids

OA. Veeravinantanakul, R. Takahashi, A. Agangi, T. Ohba, Y. Watanabe

(Akita Univ.), M. Elburg, H. Ueckermann (Univ. of Johannesburg),

P. Kanjanapayont and P. Charusiri (Chulalongkorn Univ.)

Characterisation of Archean Banded Iron Formation Gold Mineralisation at
Mupane Gold Mine, Botswana
L. Seaba, A. Imai (Kyushu Univ.) and K. Baliki (Mupane Gold Mine)

Ore mineralogy and fluid inclusion petrography in the Chifumabazi prospect,
Tete province, Mozambique

OE. P. F. Cossa, A. Agangi, R. Takahashi, P. Manalo,

H. Sato (Akita Univ.) and A. Imai (Kyushu Univ.)

Geological characterization of the Namikupo gold prospect located in
Namuno district, northeastern Mozambique

OM. Nopeia, A. Imai (Kyushu Univ), R. Takahashi (Akita Univ.),

D. J. (Eduardo Mondlane Univ.) and A. Agangi (Akita Univ.)

Indicators of groundwater pollution related to mining activities in the Bor

mining area, Eastern Serbia

OD. Adamovi¢, D. Ishiyama, H. Kawaraya and Y. Ogawa (Akita Univ.)

Risk assessment of the release of toxic elements from mine waste materials
in Bor mining area, Eastern Serbia
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Proposal, development and petrological significance of the granite-series.
T. Takagi
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S-03 Following Ishihara: Mineral chemistry of magmas
- associated with the formation of large copper deposits

K. Hattori (University of Ottawa)

Oxidation state is an intensive variable for the transport and precipitation of redox-sensitive metals,
such as uranium and iron, as demonstrated in sandstone-hosted uranium deposits and banded iron
formations, respectively. Although other metals, such as copper and zinc, do not change their valence
in geological environments, they mainly occur as sulphides. Since sulphur is redox sensitive, the
mineralization of such metals are also controlled by the oxidation state, e.g., red-bed copper deposits.
Oxidation state is also a critical variable in magmatic systems, which Ishihara-sensei discovered
during his examination of granitic rocks. He found that granitic rocks associated with copper deposits
contain magnetite (which contains oxidized Fe3*), which he termed magnetite-series granitoids. Since
the presence of magnetite can be detected easily with a magnetometer, his findings became useful
during regional scale exploration. Subsequent work by others confirmed the relationship between
metal deposits and the oxidation conditions of related magmas. Furthermore, Ishihara-sensei's
discovery of this relationship initiated research to quantify magmatic oxidation conditions, and
strengthened the link between mineral deposit research and igneous petrology and mineralogy.
Igneous minerals, such as zircon, amphibole and apatite, are good indicators of magma oxidation
conditions, as they incorporate oxidized species. Mineral chemistry studies now allow us to evaluate
not only oxidation state of magmas but also water contents, halogen concentrations, crystallization
temperature of minerals, and the nature of magma sources. Studies from many porphyry copper
deposits of varying ages and terranes reveal common features of igneous rocks associated with the
deposits. Parental magmas are all water-saturated, and solidified at shallow (<3 km) depths at cool
temperatures (mostly < 800 C). Hydrous nature of these magmas is reflected by common occurrence
of igneous amphibole and suppression of early crystallization of plagioclase. These igneous rocks are
indeed crystallized from highly oxidized magmas, greater than FMQ+1.5(1.5 logarithmic unit above
the fayalite-magnetite-quartz buffer) in past or contemporaneous subduction zones, but not all
oxidized magmas are associated with copper deposits. Regional studies show that magmas for barren,
pre-mineralization and post-mineralized intrusions are also saturated with water and oxidized as the
similar extent as those for mineralized rocks. The evidence suggests other factors are critical to
produce copper mineralization than just an oxidized magma. We re-recognize that geological features
of mineralized systems, such as the geometry of igneous bodies and the stress field — allowing the
focused injections of intrusions — are also critical parameters for the formation of large intrusion-
related deposits.
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Redox- control on the porphyry Cu mineralization
S-04 :
E— at Grasberg, Indonesia

A. Sulaksono (UPN Veteran Yogyakarta)

Reduction of oxidized S is of paramount importance for the generation of porphyry Cu
deposits, in which mineralization predominantly comprises Cu sulfides, whereas their
source magmas are oxidized with most of their S as SO42" and with exsolved fluids having
SO2>>H32S. | explore how redox reaction enriched SO2 during magma evolution based on
amphibole, zircon, and apatite chemistries. The reduction of oxidized S during
hydrothermal processes is also evaluated on the basis of S isotope and biotite chemistry.

The low-Al amphiboles formed at 730-700 °C, 1.1-0.7 kbar, and FMQ+3.4 are
contained in the syn-mineralization Main Grasberg Intrusion (MGI). The MGI magmatism
was followed by the emplacement of the syn-mineralization Early South Kali Dike
(ESKD) that contains amphibole with a disequilibrium texture of chemically distinct core
and rim; the high-Al cores crystallized at 900-850 °C, 4.3-3.3 kbar, and FMQ+1, whereas
the low-Al rims formed at 790-720 °C, 1.9-1.0 kbar, and FMQ+2.7. The high-Al
amphiboles are high in MREE and V compared with the low-Al amphiboles. Zircons from
the MGl yield the elevated mean Ce**/Ce®* value of 519, whereas the ESKD zircons record
a lower value of 248. The melt S concentration calculated from apatite suggest that the
degassing of S from the ESKD magma occurred at ~800 °C and ~2 kbar, prior to the
crystallizations of low-Al amphibole and plagioclase.

Early hydrothermal events formed sulfide-free, anhydrite-rich K-feldspar and biotite
alteration. This hydrothermal biotite is characterized by lower Fe contents than igneous
biotite. The §34S values of sulfide-sulfate mineral pairs indicate SO2-derived SO4? and
H2S in SO42/H2S molar proportions of ~4:1 to ~3:1 at >550 °C. The hydrothermal fluid
then likely followed a rock-buffered trajectory and became more reduced at <550 °C.

A less oxidized magma batch was injected into a strongly oxidized MGI-related upper-
crustal magma chamber, forming a hybrid magma from which the ESKD porphyry was
derived. The partitioning of S from the ESKD magma into fluids may require a process
occurred at ~800 °C and ~2 kbar. | suggest that mixing of magmas of two distinct oxidation
states generated SOz by the reduction of sulfate from the oxidized magma via oxidation
of Fe?* derived from the other reduced or less oxidized magma: CaSO4 + 2FeO = CaO +
SO2 + 2FeO1s. Just after the discharge, S is not ready for sulfide mineralization
(SO2>>H2S). Hydrothermal biotite that replaces igneous amphibole and biotite has a
phlogopitic composition, suggesting that Fe?" was liberated from igneous mafic minerals
and oxidized by reaction with SO2-derived SO4?" to form magnetite, resulting in sulfide
formation by the simplified reaction: 12FeO + SO4? + 2H" — 4Fe304 + H2S.
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Plate tectonic setting of Sn-W metallogeny
Y. Watanabe (Akita Univ.)

BBk PL RANIE RS2 - Y 77 VIR, F % UBRILRIIIER G - 2 v 7 AT
VELRDIME DL, ENENOILIR D HBR R ILIRIX & E S Z & AIshihara (1977)12 &
DEBINTUUER, FX USRI~ T ~ORESCEH X T AT VIR DT 7
h=w 2y T 0 T REMINTE. 22 TRl R I o 85K O oA &
FERNo&h - F T AT UVHERZ b6 LIEES Z2ikm T 5.

KPEHIR O ARG NS EE =L T T - X0 7 2T VHR O S A
EERIFTROE I "M rvInd.

1) & « 22 7 27 VERRITREERB O KRNI FEE LTafmL, 7720, =
— 3 MU R <& RCEVE SR O K I IR Z Lv.

2) KEFERMPTIE, & - ¥ 7 27 CEIROFEMRT, i Tch < (1 Fx
VT - v b —37:220-210Ma) , AEHESASME D IEETH L R LA ARD 5
5 (F[E: 160-150Ma, H A: 100-90Ma, & > 7 H#B: 100-70Ma, 7 7 A H « 2 —
= > :100-90Ma) .

3) W - XU T AT UKL, KGO H TG MEE ST WA R o F 2 28R EER
FIDEMIEENZ LD . 8 X 7 AT VHALYE R O w44 12 13 R 8k 81 R PR i s
EZESIER - TV 7T VEALERARRE O LD,

— 77, RO B AR E TUX, U EWE R O JE KK T % O W& O LA B
e, # - X AT VHARER D F F o BRELRAIIE RS BB S LTV
L. AR Z oM ixE L8 e - T FE Y - KBILIRBEB O LD,

Uk Z enn, F2 U SEERINIERE~ 7~ 1%, T RiEEE 2 ITTBRER D
Wil DL FHIAHRIT I Y, AT TE@MICE 0 A UM~ 7~ DK %
T HHERE A AR T o 2 LIC R VBRI, v~ ol LT BOkng - &
TAT UHAEER 2720 Lt WO BT ARREBEIND. AR L HEH =/
T CodERRgEE O AL ISRy, T CEKILRIIERIE OERIG & & T
27 CHACER 0GB E) Lc. MEOILAHIAZOFIZIZIIW I WA T 7 O H
ABIZ XV Y 77 CHACER & 5 WERILRANIE M AE BT S iz, £ 7B
WA T T OIRFIAFIL, (IR TOE IR AR L5 IARERIERZREL, &l
MEFAEREZ b6 LI EHEESIND.

51 SCER
Ishihara, S. (1977) The magnetite-series and ilmenite-series granitic rocks. Mining
Geology, 27, 293-305.
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Redox processes in Kuroko formation: approach from analysis of replacement of sulfides
K. Komuro

BYFLRRIGRICB W T TR PR EDP DRI R -T2 2 L NIRRT
iok,Efﬁa%ﬁTfﬁﬁﬁékﬂﬁﬁxﬁmﬁﬂM@%M5 L RATCY
AARGEAR X, BRI IL A OWALIEIZIA B L NHICH b bT, 1%
WCBET DT a ARNEL DOBMET, VAT YT 4 v I RBITIER SN T
Mmole. LrL, BORERERTIE, BEERIEBECERR2<EBREEETREZ 2L
D LMNTZRoTND., 22T, ZRIEHOMTO—&RE LT, b3 FMimic ki
DNT, Bipo72200AE STEREE O RZRNEM 2 M L. fENT Xslop07 &
soltherm7 — % X— 2 %\, TPGFHE CTIiTo72. BRITTEEREZLIE LEZRE
TaRYT. LT, ThH6ofRES L12, BIEEKRERORESRMEELZEZLZLT-.

(1)250°Cwsvp F D FifE, Wb /kFE D72 WifEKBREE(Na, CUIXHEKERE, 2
mMus=0, msos=0 mol/L)Z= ¥ Sk & L, MibIi® =z, Xmus, X msoald FH KR
mNn Iy hae— 3 5% Hishdizm & LTRS &, WRT o & bk
XA TR ELEIFE W 2, Emzn=2 mus=1.17x10"° mol/LC, Hifb 359 A im 23 ik
KFEEZa b — T 5. RSOOSR A N IRE O S mast, W08k 3k
> POHLEN L > 07§08k > BESRSE > MESRSL > BRI DIEIC 2 v, Z DNEICHALAKSE &
DIRBEEN /NS VW TEHREZ2RXRICEL>Tr I v 7L, METE2 25257, 72
¥, HERILITREMBRILIT, BEEPLITEESPL IR L, B ORI EREITRKE
SRAJAN

(2) 250°Cwsvp F O kK3 D 72 WilE K ERBE(Na, Cl, SO4lFyEAKIRE, X mus=0
mol/L) & WIS & L, Wik Z Mz, SmuslIEAEREHRA =2 br—Ld 5
PRt 72 % ROMAL /KB REE X, #EEH5:2.79x10° mol/L > P #i $h 85 > 5 #n dik >
BE G 5 > BESRGL > BEERGL & 72 0, WERIL DO N T v THREADE . B ERIE X 5 8k
LT, PHENSLIXBEENSLIC AR L, B OMALKFIRE IR E & 0. HEILIT
FRICIRIREOCUZHEIL E LT R T v T ORIV E N &2 RT.

INDLORREEZBE L CRIEILIROERLEZEZ 25 &, BUKIEER R OHEALIZHE D
—H O 7uv R, BRGICE, BAEMEREICE T DM ORI & 25 588 a8 0
i (FAbdR) OFRk, MBAELMEREICK T 2 \EKIEILADOCUD F 7 v 712 L 5 H
PRI R (BEEL) DK, v/ vEBEOFEEMEMESERO N7 v ICL 22 8R
. (BEL) O T TE 5.

16



S-07 Re-OsHHESEERZHM LB FRIRKOERRE :
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Re-Os isotope dating on Besshi-type VMS deposits; Linkage between global
environmental change and ore deposit formation/preservation
Nozaki, T. and Kato, Y.

A ARSNGB AT, FICWESEFELFEITIEAR S VAR DR S 1T
% (Isozaki et al., 2010; Wakita, 2013; Wallis et al., 2020). fFhnf&ix, #HET L — b
BF a0 ERKOMBENOHER I TS O T, ZOHIZITiBEDWE R CTE
S N HER SRR LT 5 (Nakamura, 1990; Sato and Kase, 1996; /i, 2003 ;
BP ey 1% 2>, 2018). 51 2 1, BB PR 13 R S g g o UK SRR S AL 72 b o,
B RITE I - Ik OWEBOKILR PRV AENTEb O, 7T U N—gRKIT LT
T —RZARNBMHIMLTZH D THD (Nakamura, 1990; Sato and Kase, 1996; Kato et al.,
2005; Yamada and Yoshida, 2011; Nozaki et al., 2013; ®rilF (%2>, 2018). Z i 6 DL
IR A WEd % &, WALIEY 2> B AL S 40 5 B R GLIR 1F = I Ic e LT
L0Zxt L, ML) - Fe-MnB (L) SR IZBR AR Hy, R —PHEEICEFRT L TV D
(Nakamura, 1990; Sato and Kase, 1996; J0#f, 2003). Z O LK 43 A BB 72 81 QI M
X, HEFEOR - BRELABELZRKBRL TWD &F X b5 (Kato, 2014; B
B ix 7>, 2018). Fex OBFZE 7 v — 7 Tix, HARZIEIE P 55403 25 B+ B85
JRIZOWT, Re-Os (L=U LA—FAIT L) BMHFELERZRH L IENRRE LT
> T & 7= ®» T (Nozaki et al., 2010, 2013, 2014), Z I H DFERIZ OV THET 5.

FOAF e B o B B A 22 I o0 3P K9400 kmiZ 2349 5 110 BI] U GE R 12 D W T
Re-OSHH AR ZFH LI BEFERIREZIT o 72, T OREF, B H OB 785K
@D ALILY DRe-OsT A Y 7 v VAERN Y 2 T % 8 O K150 MalZ 44 3
52 EMBAB ML o 7= (Nozakietal., 2010, 2013). =) #H O E R IZEHE TH
L0, AR 23130120 Mad 5 W\ E95-65 MaTH ¥, JRIKARIER O v — 7 4
R73120-110 Mad 5 W iZ90 Mat SN TW5S. L7 o T, BIBUGEER 75 o 5 v %
THEMRLTOLLMMT D E TORITREEMIZD72< L 520 Myrk D B, DAL
GTEFER ThOL B 200D, L L, ALY IZB O X 5 R ER L E T
WalZib - HELTLES D, AR Z2RFT H2HENLETH D (INE,
2003). Fx L, ZORGTHEMEL L TV 7B OMERRREICEREL, [YaT
Ao t% BV R R FE A I N ILIR DAL - IRIE X R E L 72 & & 2 T 5 (Nozakietal.,
2013; Kato, 2014; BplRiix A, 2018). — 7, W5+ ALH7 12 048 3 5 Bl B 88 R I,
Hfi AL W~ &5 = DORe-OsFERZ 7. T 0FERITEEAZ Y B B AT
BT HE Z o 7o Kulalfg 58 O ik A A B EREWHZ XIS L CTH 0, thigE CAR L 7Bl 7 A gk
IRBNHERED OB I L > THRIFEINTZEE X2 b5 (Nozaki et al., 2011).
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Geochemical factors affecting the formation of high-grade ores in Ni laterite deposits
T. Otake

=/ (Ni) 77 74 MLIRIE, BUH ~ di BV U2 3 W Tl 8K E A o b7
FALIZ L > TR SN D. T E CICREOREE, K, HE, HTFKOPEKSHE
REBNITTTA MERFERIZHG 2 HDHER - I ERE L THETLATND
2N, NiTT T4 FERERIBREICEB WD TNINEET S FERICOFEMITHA S I
o TELT, BARRESCHELRMICEIT DM OENESER2ICITHHA TE T
W, FZCARMIETIHE, HE 7 V7 CRIEORLR DAV FRV T EI v~ —
IZBWCHESE SO B LWrE 2 iHE L, = OHERILFHE X O 0580
SEMALNITZ 7 7 A MRIRIERIC B 1T D MER{bL FRER ZBH LT 52 &% H
& L.

AV RRT CHREEIToTZEALKmD 5> 6, ZIXERICE AL LT-RE B
WZEA L AR E L2 Y v 7 afiiliPetea HIlWZ B W TR KDONIGAE (2.9 wtk) B
FOMERBBENOHEINDINIMNEZ R L., 722 < 0B/ LWiEIZHS W T
7T FNEFROERNIOARR MEBITEALB KO A THoT2. 4 KX
T OEALWIE IZ B WD TIENIO A &N (Fe) D& E L HICHmL Tz
ZEMDL, TT77A4 MNEFTOEKBIAE R EICIRYIAENTENIDFel iz T
T4 MBIZBERE - ML TWD EB2xoND. £, FelAIfLIKL (°°Fe/**Fe) 128
WT HPeteaHIll Tl b KRE RFEINMARDBIN AL, 77 T4 FEIZEBWTPFelcZz
L b HmE R LI, 2NE, 7774 MNEIZBWTFelXB s+ 52 LIk
STTFEBIZEHLTBY, £ T o k) bRk o 583 2 Ml cix, &
Bk T oFe A OMABEFERBNIBHORIRER L 2o TWNDHEBZX N5,
ZTDO—FHT, EVHFEORWI YU ~—TIX, 7774 MaIZBWTFek v b7 A
F S ICEREmAALNT. £, AN EEICEUE{E L TV 5 Budaung &
e U C, MERCAEILEDME S, AL AARIE A Z B T Tagaung Taung® J5 25 % 7
074 METEWNIEGARE (K39 wtw) ENiftIMEZ R LEZ. I ¥ ~—0DJE
{EWrm TiIEY 7 74 PBICBWTAAZ 24 FRARKRLTEDY, SEE (823
Wt%E T) IZNiZZF AR T X4 B fERINTZ. Svy o ~—TlE7774 MNET
ONIOBE#h LY, V70T 4 NEIZBITDAAZ XA MZEDNIOEWEIERE
DEMNFLA DR ERN THDLEEZOND.
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Discovery of sandstone-type uranium deposits in the Meshetinskaya area, Republic of
Uzbekistan
E. Shimizu, M. Shimojo and O. Takahashi (JOGMEC)

JOGMEC L 7 AXR¥ 2 & ILFIEEFZHELMERZE S (GKG) X, 201648
AIZREFRAINA S =T 4 A B YHIBRICB W T ER Y 5 R o R EE
ERG LT, AV =T 4 A VYHIBIIRE O ER Y Z VIR D% < BT
HXRUNT DHERER NS T X i A2 A TAl o v Z ) v HERE A IS E
L, SNETWERY I VIHIROMAD TRES RSN TN DD, FEMZR
BRENMTbRL TR T Thoiz.

20164FE 7 5 20194F D M 1213541 « #35,780mD HEHAE R —V > 7 & Ffii L 7= #
B H R 200mEL 7 @ B A #E R Maastrichtianlc B W C, BB{LIE T 7 12 v F DOERKIC
EOFRARWMERT T VIR EZRRL L., A 2T 4 AAYHIBO Y T 8K
%, Maastrichtian® & KM O B WREMED K OB EFRICKEBE L, ETFEERKAE LD
VIVNEBHEORGKBIZHEND. HEESOREME G IKEADIE IO L 18k
W BZOREAETET OB LEBOERICY I VHERROND Z &, F0R
DR, MHELRERORTE oM END, KMIBEILEL»NOE Y 7 i T KD
HBICX VRSN TEBEE L7 Mo ve— Ty NEATOWMERY Z
VR THAHZ ENRHL N E R o7, 2019 E E TORMEIC L VIR 2 AL E T
A M IE £ £ 4.4km, B KIEFI600mMIZ 72 0 BEEMIC oM L TR Y, Zo#@mEick T
5EPREITA2,000tU(7 A_XF AL CEJRESFIZE T H5C20 7 2 Y, Indicatedtd
MYE R DB L o T,

AV 2T 4 ADTYHIEBOD T UEIKR OB, 2 A MEES SO EWISL(In Situ
Leaching) i H Z 48 E L CTF Y, ISLEEH AR DI & 72 5 K M e o BS & O
Z OFFAM &2 20194 FEICBAAA L, ISLERA N ATECTH D Z L 2R T PEMRERZE
TWL. Mz T, WM L7ca7HBomEBE L HWZREHRBR T ®mBEIEZ R L,
WMBRHICET S Z bR Ehiz.

fefbiEox 7 v v b OEMIERIZIE, REEEDER>TEBY, % bEHREO
MR x5, B EIERL2EWRBHESOFR—V V I7REOEMK, FALER
BR7e & OISLEAF I M) 1T 7= A R 5t e OV EREM 2 S/ L CW L FH i CTh 5.
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0-01 Mineralogy and Hydrothermal Fluids Characteristics
of the Humpa Leu Porphyry Prospect in Hu’u District,

Sumbawa Island, Indonesia.

O. Verdiansyah, A. Idrus, L. D. Setijadji (Universitas Gadjah Mada, Indonesia)
and Bronto Sutopo (PT. ANTAM (persero) Tbk, Indonesia)

Hu’u is confirmed as a new world class copper-gold porphyry — high sulphidation epithermal district
in Sumbawa Island, Indonesia which occurred in Pleistocene. The Humpa Leu is one of the porphyry-
type prospects in this district, which has 257 Mt resources potential at 0.2% Cu and 0.2 g/t Au grade.
The research methods are divided into geological interpretation based on surface to subsurface
geology and followed by several laboratory analyses such as petrography, ore microscopy, micro-
XRF, XRD and fluids inclusion microthermometry. Hu’u is a volcanic complex that produced
andesites, tuff, diatreme breccia and diorites. Copper-gold mineralisation was discovered in 100 m
depth of the present surface, hosted in pencil-like tonalitic intrusions which intruded the dioritic rock
unit. Hydrotermal alteration centered by tonalite bodies to outward, consists of biotite-feldspar-
sericite-magnetite-chalcopyrite-bornitexdigenite and epidote-actinolite-chlorite-magnetite-
chalcopyrite zones, which are overprinted by sericite-illite-kaolinite-chalcopyrite-pyritexsphalerite
and alunite-dickite-pyrite-chalcopyrite zones. Copper mineralisation is in form of dissemination of
chalcopyrite and other copper sulphides, quartz — anhydrite veins and hydrothermal breccia.
Hydrothermal fluid are predominantly characterized by magmatic fluid through meteoric water at
shallow depth which is revealed by dropped temperatures and salinities from >550°C and 61 wt%
NaCl eqg. to 193°C and 1 wt% NacCl eq., respectively. Hematite and sulphide bearing brines which are
followed by monophase of high density vapour and complex types of biphase inclusion indicate the
mixing and boiling processes. Mineralisation was started from very high temperature- brine water as
magmatic stage, to became intra-porphyry stage at 240°C - 400°C and 10-25 wt% NaCl eq., which
was overprinted by epithermal stage. Tectonic events may control the spread of mineralization which
is proven by pseudoband texture of parallel porphyry vein types, as magnetic-copper sulphide-quartz
bands and abundant inclusions in parallel trails.

Keywords: Porphyry, HS epithermal, volcanics, Hu’u, Sumbawa Island, Indonesia.
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0-02 Geology and characteristic of carbonate-rich potassic alteration
E— at Humpa Leu East (HLE) porphyry Cu-Au prospect,
Sumbawa island, Indonesia

Fadlin, R. Takahashi, A. Agangi, H. Sato, P. Manalo (Akita Univ.),
A. ldrus (Gadjah Mada Univ.), B. Sutopo (PT. STM),
R. Pratiwinda (Vale Exploration Indonesia)

The Humpa Leu East (HLE) porphyry Cu-Au prospect is hosted by igneous rocks including
andesitic tuffs, crystalline tuffs, volcanic breccias, subvolcanic intrusions, diorite, and andesite lava.
Five hydrothermal alteration types are present at the surface in the HLE prospect area. VHD 001R and
VHD 009A boreholes show potassic alteration overprinted by chlorite-sericite and sericite within the
range of 600-300 m (run length). Hypogene mineralization stages at the HLE can be divided into three
stages: early stage (bornite-chalcopyrite), intermediate stage (chalcopyrite £ bornite), and late stage
(pyrite £ chalcopyrite). The highest-grade Cu-Au mineralization occurred in the early stage (0.5 % Cu
and >0.5 g/t Au). The intermediate stage is notably lower in grade, ranging from 0.2-0.3 % Cu and 0.2-
0.5 g/t Au and the late stage are essentially barren, containing 0.1 % Cu and 0.01-0.05 g/t Au.

On the basis of the petrography and whole-rock geochemistry data, the multiphase porphyry
intrusion in HLE can be categorized into two types of rocks: micro-gabbro and diorite. The intrusive
rocks in HLE formed in an active continental margin. Magma affinity discrimination based on Th/Yb
vs. Zr/Y suggests that the samples are transitional between tholeiitic and calc-alkaline. A major element
plot using AFM diagram also shows the magma affinities are tholeiitic to calc-alkaline series.

In the HLE Porphyry Cu-Au prospect, the potassic alteration developed strongly in diorite
rocks. It is characterized by magnetite-quartz =+ K-feldspar and is also associated with rare anhydrite and
abundant carbonate (calcite). The presence of carbonate-rich potassic alteration in the HLE porphyry
Cu-Au prospect is not common in the eastern Sunda Arc. The carbonate had replaced Ca-rich
plagioclase, identified by electron microprobe. Fluid inclusion petrography and Raman spectroscopic
study confirmed the presence of vapor (monophase) with CO2, SO2 and COs? compositions. On the
other hand, biphase (V+L) and multiphase (V+L+S) fluid inclusions are also present, and the vapor
phase includes CO2. The carbonate was mainly formed by the reaction between Ca?* from Ca-rich
plagioclase and CO2-rich magma fluids.
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KHETERZ A « KEESEKES » Thomas Tindell (Juk « 1)) ,
M. Rosana (Padjadjaran Univ.) , &F#F = (Juk -+ 1)
Characteristic Mineralogy of the Heavy Sulfide Zone at the Grasberg Porphyry Cu-Au
Deposit, Papua, Indonesia
S. Omachi, K. Yonezu, T. Tindell, M. Rosana, and A. Imai

HRTCHLABOERBEAEHFH— IR TH DT T AXNVTIIRIT, A KT
B« N7 WAL E L, fEFT O BEAB RIS DAL Tl - IR B IR L TV 5.
TOBANERILZT T AL T HEE SR (Grasberg Igneous Complex: GIC) & FEIX
THEY, FIZ Kali Intrusion (KI), Main Grasberg Intrusion (MGI) 3 X O¥ Dalam
Intrusion DD BRI TWND.

AAFsETIEEE L TEAEROH—&HLIER NS5 B AERER, FFiZ GICDJE
WA PHTe X 5 ICALE T % Heavy Sulfide Zone (HSZ) ZWFZExi% & L, bW i %
IZETe HSZ DAL ER OB EH LN T 22 L 2B E L.

PSR ZRIC L 0, SASEEE R X & SAAL Y O SR B E AR s T &, W T
NOTALERICB W T H EE LA i X ML & BEERIE T o - 7=, L & B
HGE D I AERBMRIT T B A S AL, BEFILEE AR OEE LT b0 B N D.
— 5 T OMOE S (SE, HHRL K X O L) 13 5 S IEIk o BTk -
TUELTBYVEREMERICEI T RkEME LTHEREINTE-ZEELLNLD.
MZ T, BHREVHE L EFE L THRESNDIZ L0, BREIERICL > THB
g BELEZLOLEALND. S5, KHALIRE T 2 BEM 8L HL 28 25 8k 05 & &
gL L TR N

INOOIAIMHAEDLEEERICHLMAEDOELEEELBLET DH L, YIAMIA
TERE, #1380 o H ek, EHIL R X O BESHIL IR S 1 5 D & A Ak IR 8 (470~
530°C, fsy:approx. 107%) OB ALK OFALIER &, 2 D %I, SLKE IR E &
WMETZ7H T 4 DR TIZE - T, BEEIE & B ELIE ISR S 1 & 1 2 (KRB IR e
(200-300°C, fsy:approx.10?) &R 5% MOPALIEHALOR D EBZ6ND. D
%, M7 GO (SREE, HESRL, HEMREL) & FHBE L BRENEE L, Bk
SNTHALIE D B TR AT I TOMA LT RAKICEDEREIERAEEZE Z N S.
Z O X DT HSZ Tl m i b k& T O LB & ARAR L IR BB T O @I ik B X
OCEREIERICL VR ENTMILEDHE R EGFEL TV AHEEHFETH D Z &0
Dol TR DORERIFINLBHED —BICb R EEAbND.
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0-04 White mica discrimination of two overlapping sericitic
- alteration stages at the deep Grasberg porphyry system,
Indonesia

Reza Al Furgan, Yasushi Watanabe (Akita Univ.), Antonio Arribas
(Univ. of Texas at EI-Paso), Adi Sulaksono (UPN Veteran Yogyakarta),
Clyde Leys (Freeport-McMoran Copper and Gold)

The giant Grasberg deposit located in Indonesia contains about 24 million tonnes of copper and 89
million ounces of gold, and has recently been interpreted to be the product of two overlapping
porphyry copper systems: Gajah Tidur Cu-(Mo) and Main Grasberg Cu-Au. Although the potassic-
altered centers of both deposits are spatially separate, their mineralized sericitic-altered zones overlap
at depth, and comprise 40 % of the remaining Grasberg reserves by volume. Two distinct hypogene
copper sulfide zones (chalcopyrite-rich and covellite-rich) occur within the sericitic alteration,
however sericite associated with each mineralizing event cannot be visually distinguished. White
mica compositional variations were measured by short-wave infrared spectroscopy and electron
microprobe analysis in order to characterize hydrothermal fluids associated with each sericite
alteration event. Sulfur isotopic analyses of sulfate-sulfide pairs collected from veins cutting sericite
alteration were also performed to measure fluid temperatures and characterize mineral depositional
conditions.

Main Grasberg white mica alteration associated with chalcopyrite-rich mineralization is of two types:
muscovite-anhydrite (named Main Grasberg Green Phyllic) and muscovite-chlorite (Main Grasberg
White Phyllic). The Gajah Tidur sericitic alteration is covellite-rich and is characterized by
muscovite-quartz + pyrophyllite (named Gajah Tidur White Phyllic). White micas of the Main
Grasberg system are characterized by longer Al-OH absorption wavelengths (predominantly 2,203-
2,208 nm) that correspond to high Fe content, whereas Gajah Tidur white micas have generally
shorter Al-OH depth absorption, mainly 2,196-2,203 nm. White micas of the Main Grasberg Green
Phyllic are distinguished from other sericitic alteration stages by high Na, Ti, and V, and are
interpreted to have formed during cooling of the hydrothermal fluid from 540 to 420 °C. The Main
Grasberg White Phyllic is mainly associated with D-type veins (anhydrite-quartz-sulfide, late
anhydrite-pyrite-molybdenite, and pyrite = chalcopyrite) and is characterized by low vanadium
content. Gajah Tidur White Phyllic sericite formed about 280 to 340 °C and comprises white mica
with low Na and Mg, but high V and F content. Results confirm that distinguishing and characterizing
hydrothermal fluids associated with overprinting sericitic alteration zones can be achieved through
careful mineralogy observations supported by mineral chemistry and infrared spectroscopy analysis.
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The characteristics of the chemical composition and short-wavelength infrared
spectrum of white mica in the EIl Salvador porphyry copper deposit, Chile
W. Tachi, Y. Watanabe, T. Echigo and S. Aoki

El Salvador BE & @FLRIZT UV HfE T ¥ W~ N OB SR - £V 75 VK
T, MR E o 8 PE & A FE O BE S B S5 PR 25 E 5 hh 8T T — w3 T A LA
BT 5. BAREGLRIZHE ) BOKREE W ITIEK S 4115 BOKEE I ITIREA
DL L THEHESNTEY, ZEHEHOF T BERFITEKEEF I
AT DN ZOUDFHIRBEHONCT 20O ER SN TS,
AWML TIX, El Salvador JLIRIZHE S, B2 DA I N D BERNOLFHHE
i & IR R A T N L DRI DWW TR F E 1T o 72

El Salvador #LRATITICIE, B AHLOL L ABIR S &5 = O MU
74 (58-60Ma), A 4A T T D HUE BB S (44M) 3 04 L TR Y, & ZI2H 42Ma
DN FAEE DO~ 7 ~DE N> THRBP R SN D, BMBERZEIC X -
T, RIIROBERT, KNGO AR EZBERT L7447, BEIEW TH DR
FrBET 5547, RUSEMSD L IFHAIEYME BT 52BKEEIY T
bHOHBRER, A, ANALE VST HEHEEMEZ BT 5424 T
%.SEM-EDS Z# HHW T KRR I S D BERHF O Si+Mg+Fe & Al O wt%
ZPE LI E Z A, L PIikbEs T o BER:TIX Si+ Mg+ Fe = 23.23-28.80 wt%
B LN Al =16.28-24.33 wt%, JnfCa E B A 0 HE R TIid Si + Mg+ Fe = 20.49-
23.80 wt%F3 L OY Al =15.99-18.63wt%, % (LA EIEA H O HZER Tl Si+ Mg+ Fe
= 23.32.-27.63 wt%33 & Y Al = 15.55-18.90 wt% % /< 3.

HEREO R A7 R iE 2.2um 3012 AI-OH W ks 2 R L, Mg & Fe
2L 25 Al OB K > TRINE RN FIZ T 5. RREETIE, TR D SEE
AL FRR O R D, FREICERSN 2 AERFTO Al ZEH#T 5 Mg
L Fe OEFAEEL 2.2um T8O Al-OH WU 45 @ B E 4 2 DWW Tl & iz §
5.
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0-07 SURBLGRSELIE I BB L e
- THEEREEASR T 7 L —T
EEHARGFEK - EE PERI) - B B ER,
Pl = BRI GECE KR - EHE)
Miocene felsic intrusions and enclaves associated with vein-type Cu mineralization
S. Satori, Y. Kon, Y. Watanabe and T. Echigo

WAL B AR TSR SASE R S 280 L, LIFLIFERE R B ASICHE L TF
ETHZERRFHMELTVD. FICHKH - [WEHIE T, Wbhwwd “&F =fiEfa”
EHPLIR S AT D HINEEAFE L, BKE N R OMIGIR & L TIRIZRK & O B4R
DiEm SN TEL., TNUOOEANEHIL, 2 O5GEEE~PIFEE T, Mk 5
BEThV, BFEMICERE~KFIRKOOZ 7 L—T%&8. Zhboxz 7 L—713,
L BEE~TA VA FPEOKEAETHY, Wbidb MME (mafic magmatic enclave /
mafic microgranular enclave) T& % .

AWFFETIX, —#EOWFIEIT K o THIR & B A 08 RUE 0 BK R D 22 FTHY 43 A D A
TRE L CTWD Z &S N2kl Rl 2 st iz, % &t~ 7~ i o it
MIRELTCOBAROHEE EBREZHONITE2ZE2HME LT, SEMILZESH
ENEREE VT AL MR OREE AT o7, HEE SN AL N EREDOHEHE
DOXFHIZ L - T, BEABERBRICBIT2MOFEE itk ~OBE 2 #EiRmT 5.

Sl HUBIZ B W TSR LIER L RFFFICER SN BEABIZ A by 7RO EIR
AR OARAHRMT A A 625 38K THDL. GHEINS MME X ZRAH
~FALH A VETHY, BICHABOEAANGHAE, ARGTA A Fo 2 &
oINS

ZiE5E MME X R 00 12 Bk o #HE 4 (An 36-89 %, Cu 2.8-35.7 ppm)% & dr. 4=
EHEOHEE SN2 AV MEERICE &, MEOZITHRIK 16 ppm 2R L7z, 72, WK
TA YA NEEANEX, FICHEEROMEA(AN11-38%, Cu0.5-5.1 ppm)& & A, &
AR OHEEINTZ AL MIWICZ L, MEOEIIRKIppm Z R L. —FH, T4
A NE MME #1213 An fE2NF LT 5 RAR O &R 4 (An 13-57 %, Cu 8.4-17.9 ppm)
K VAR O E A (An 4-41 %, Cu0.0-3.8 ppm)BNIBEL TEBY, TA VA NE~ T~
TZREEMME 2K LTz~ ~h ook Lz~ 7~ &, MCGEE~ 7 ~DRAIC
LoTHKSNTZZEEZRT. ZOT AT A MIWHIZTZLWHOD, #E Iz AL
MIEBEOEWREAERZ R L, MEOEIRK 74ppm Z R L7, ZOFTA YA b
B~ 7 ~DIREKNBIRSELZHE LR, Mt — mEEEdff L0 b &g
FHETFTTERESNTEZZENTRENRTZ. LER- T, icEL St LIz ZRE~% 11
HE~Y T~ EHICZ LWABIER RRBCEE~Y 7~ DIRGICE s TR ST A
YA NVE~ TN, EESE LT~~~ PICEEET, WA R B AAR S i
B L72Z & T, $ICELREKZRNIIRETER LI ERRBEEIND.
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0-08 FrBEHFEHTRERA DNV RO HME &

SRIALAEH

WHEPDERH] - L B - BURIREL - FAAE (KEK - HE)
Geology and iron mineralization in the Akatani skarn deposit, Shibata city, Niigata Prefecture
K. Seno, Y. Watanabe, T. Echigo, S. Aoki (Akita Univ.)

TR ATV PEIRIE, e SR 6 H T 0D s Uk S OV LT IR B B2 oD 35 S5 L1 41 R Ve AR L o
L, EICHREILEILA 288 L CWEBR CTH D, IREKILE £ & T 28k A v R I R
HICHE TH Y, HARTIIRBILIRESY, & FRFAENMANFLR TR TN D, JLRFE
TR = TR DR BH OB EANCE (—HEIKE) ©F v — b, IREERENHRD,
B AL O - FEFEE RSP E D FL T4 FRAREEICEAN, TNDE2WEE -
FE AT DT Rt O WRECE R AT 5. FRARERILILR 1T - BRI
proximal skarn } U* distal skarn (ZHRAG L, R HCE O RECE 1IC b IMRIEEDN D . AT
TIE, BFAMEAIC L BRI OVER S RA BV D55 038 U, #8730 o iR &
OB X 2 FEECm AR X #RET3 L O SEM-EDS (2 X 0 SEMRIE & 1TV, A BV
VPR D BRSNS ORI LAE R & DOBIEZ B 572 LTz,

T EFIEAERIEISFE S proximal skarn (ZIEATRIBEERSL > & B IEEHIRIRERIL DS i H 9 D Hk
IR (a0 20X103Sl) 23806 L, REAF o distal skarn (213 B TSR IRERIE O REERILA LA
PO BLIVDILAR (HRE 1 200~520 X 103Sl) WIEET 5. K7 A k@ proximal skarn (213
M« HURIREERSE > & B TEERIRARERIL AN T~ 2 F0MR (HrBEE : 52~430X 1023 SI) 233D 5
M, REILE LT DK (ARESIC A Y 4 M &2 RICE D) (% :0.01~2.1X
103S1) RO LD, Z DALV TIE, JKEEEA O3 P A b K OEEK BRI bohE i E
FIRE DEPEALD, PR « RABELOHR X SEFTHEREVBOONDL. —EFEIE
fiiZa 1% 0~0.09X10°SI OHFFfERZ /R$. —EFEAE A O distal skarn 2353419 5 LR T
IEREERINAL U 7o ARERELIE A I SRR (—ER Ak k) oAU T4 b, FRIBADET D
(F7>, FEHFLIC AQ-Bi-Pb-SSEMIN A SD Z ENE TRIZ TRO LS.

MELRICITHET D T EFEAE A TR OF R LY, F2 UBRIERE XS &
. IRERFESLARDPER DN D, RFRIFZ FEFEARMESC R LT A4 b, WA OEANIZES 3
HMOEREF N H 0, 2 ZREEREE D JRERFLAL (martitization) <> IR EkHE O Rk FL1E
(hypogene secondary magnetite) % 9 SRR A TR L T\ 5. BEBRIL O ARSI LITIZ 2 DD
WRENHD Z ENBRIND.

2D XD, FREIIRITER DG OGN & DB LSO & - T, BFEEDOR
PRI B TR N AL L T2 & fam i BTz, JeATalgeE CIRE SN - EM s (F14EBUK
D> S ARERIL DN AR, TRUET & o THRERILDNERR, MBRIL DA, —RANICARERSL AN 4=
pk) CIEBRSMLIER ZF TE eV E b 6257,
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0-09 Evolution and the sulfur source of Sb
B mineralization in southern China: Evidence from in-situ S
isotope analysis of sulfides

Z. Zhou, K. Yonezu, A. Imai, T. Tindell (Kyushu Univ.)
and H. Li (Central South Univ., China)

The Xiangzhong metallogenic province (XZMP) is located within the east of the Yangtze
Block, southern China. The XZMP consists of two domains: The Xiangzhong Basin and
the Xuefengshan Uplift (part of the Jiangnan Orogen). Neoproterozoic metamorphosed
volcaniclastic rocks and Devonian—Carboniferous sedimentary rocks are widely
distributed in this region. More than 100 Sb-related deposits have been observed in the
XZMP region and can be divided into two types: (1) the Sb-only deposits hosted by
sedimentary rocks in the center of Xianzhong Basin, represented by the Xikuangshan
deposit; (2) the Sb-polymetallic deposit hosted by the metamorphosed volcaniclastic rocks
along the margin of Xiangzhong basin, represented by the Woxi deposit. In this study, in-
situ sulfur isotopic measurements of stibnite from three typical Sb/Sb-poly deposits
(Xikuangshan, Woxi, Banxi) are reported, revealing the evolution and the sulfur source
for Sb mineralization in southern China. The §34S values of stibnite are + 6.8 to + 10.2 %o
(n=43), +55t0 + 6.5 % (n=24), and — 4.2 to + 0.1 %o (n = 24) for the Xikuangshan,
Banxi, and Woxi deposits, respectively. The observed clustering of stibnite §3*S
distribution in each deposit suggests that the majority of sulfur in ore fluids had a common
origin. H2S can be considered as the dominant sulfur species in the ore-forming fluid of
these three deposits, and ore-forming fluid sulfur isotopic compositions are estimated as
+ 10.5to + 13.9 %o for Xikuangshan, + 8.7 to + 9.6 %o for Banxi, and -0.2 to + 4.1 %o for
Woxi. A similar estimated of §34S values of the ore-forming fluid of the Xikuangshan and
Banxi deposits suggest that these two deposits have the same sulfur source, and the
Proterozoic basement metamorphic rocks may have been the dominant source. Conversely,
the estimated 84S values in the ore-forming fluid of Woxi deposit unlikely from the
Proterozoic basement metamorphic rocks, but a magmatic source. The stibnite 534S values
of the Xikuangshan and Banxi deposits are homogenous but a negative correlation
between the §34S values of stibnite with sampling depth in the Woxi deposit, which reveal
a different mechanism to deposition of stibnite.
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0-10 Geochemistry and geochronology of the intrusive rocks
EE— related to the Ruwai Zn-Pb-Ag skarn deposit,
Central Borneo, Indonesia

C. D. P. Dana (Akita Univ.), C. K. Lai (Brunei Darussalam Univ.),
A. Agangi, R. Takahashi (Akita Univ.), A. Idrus (Gadjah Mada Univ.)
and N. A. Nainggolan (PT Kapuas Prima Coal, Tbk.)

Ruwai mining complex is Indonesia’s largest Zn-Pb skarn deposit and is located within Central
Borneo metallogenic belt. Several intrusion bodies occur in this area and shows clear cross-cutting
relationship with the skarn bodies, whereas some other intrusions are not. Thus, the genetic link between
the intrusions and skarn remains unclear. Moreover, since the previous study about their geochemical
characteristics is limited, the petrogenesis and tectonic setting is still not well understood. In this study,
we provide detailed petrographic observation combined with whole-rock geochemical data in order to
characterize the intrusions and understand their genesis and tectonic setting. Several representative
samples were selected for U-Pb zircon dating to fully understand the geochronology of the magmatism
related to the formation of skarn deposit in this area.

Mineral paragenesis and geochemical characteristics consistently indicate that there are at least
three different facies of intrusive rocks observed in this studied area including felsic (i.e. granodiorite
and monzonite), intermediate (i.e. diorite and diorite porphyry) and mafic (i.e. dolerite) intrusions.
Generally, all the intrusions in this studied area have sub-alkaline affinity and mostly metaluminous. All
the samples of intrusive rocks show relatively similar trace and rare earth elements (REE) patterns.
Negative Eu anomaly is observed in only altered granitoids including silicified granitoid and altered
diorite porphyry. The zircon U-Pb dating indicates that there were three main magmatism in this area,
i.e., diorite-microdiorite intrusion (144.4-105 Ma) and dolerite dyke (101.3 Ma) in Early Cretaceous,
diorite and granodiorite intrusions (100.07-90.4 Ma) in Late Cretaceous, and diorite intrusions (9.88-
9.47 Ma) in Late Miocene.

In terms of geochemical characteristics, the intrusions in the study area are similar to Mesozoic
granitoids around Schwaner Mountains but slightly different from the common Fe-Zn skarn related
intrusions. The geochemical discrimination suggests that the intrusions in this area were formed in
continental arcs setting as the result of subduction of the Paleo-Pacific plate right after the accretion of
SW Borneo block to the Sundaland. The mafic dyke that cross-cut the skarn bodies is regarded as a post-
mineralization intrusion, thus all intrusions later than this mafic dyke are also regarded as post-
mineralization intrusions. Therefore, it is inferred that the intrusion responsible to the formation of the
Ruwai skarn deposit is dioritic intrusions with Early Cretaceous age.
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Mineralization of the Cho Don and Cho Dien
lead-zinc deposits, Northeastern Vietnam

‘Q
=
=

N. D. Quang (Akita Univ.; IGS-VAST), D. Ishiyama (Akita Univ.),
P.N.Canand T. T. Anh (IGS-VAST)

The Cho Don and Cho Dien deposits are located in the area 150 km away from Hanoi City in Bac
Kan Province, northeastern part of Vietnam. The Cho Don-Cho Dien area is one of the important
lead-zinc mining areas and has the largest reserves of lead-zinc ores in Vietnam, which has discovered
and exploited in the 18th century. Since 1990, the Na Tung, Ba Bo, Lung Vang, Na Bop, Binh Chai,
Lung Hoai, and Bo Luong deposits in the Cho Don-Cho Dien area has been invested to explore and
evaluate in detail with various potential. The Na Bop and Lung Hoai deposits belong to the Cho Don
mining area and the Cho Dien mining area, respectively. These deposits are representative deposits
in the Cho Don-Cho Dien area. The purpose of this study is to clarify the characteristics and formation
environment of the mineralization of the Na Bop and Lung Hoai deposits.

The geology of the Cho Don-Cho Dien area consists of Upper Ordovician and Lower Silurian
sedimentary rocks of Phu Ngu Formation, Lower Devonian sedimentary rocks of Pia Phuong and Mia
Le Formations, Lower-Middle Devonian carbonates of Khao Loc Formation, Late Triassic gabbro-
peridotites of Nui Chua complex, Late Triassic high-alumina granitic rocks of the Phia Bioc complex
and syenites of Cho Don complex belonging to Paleogene age. The lead-zinc ores of the Na Bop and
Lung Hoai deposits occurred in the gray limestone and carbonate bearing shales alternated with
siltstones, shales and sandstones of the Pia Phuong and Mia Le Formations (Quoc ed., 2001).

The mineral assemblage of lead-zinc ores is almost similar in the Na Bop and Lung Hoai deposits
(sphalerite>galena>pyrrhotite>pyrite>arsenopyrite>chalcopyrite, and small contents of tetrahedrite and
gold). The gangue minerals of these ores are calcite, dolomite, quartz, graphite, and anatase. Alteration
minerals in wall rock of these deposits are illite and chlorite. The sulfide mineralization of the Na Bop
deposit is classified into three stages: quartz-arsenopyrite (Stage 1), pyrite-pyrrhotite-chalcopyrite-
galena-sphalerite-tetrahedrite-gold (Stage Il), and pyrite-chalcopyrite-sphalerite-galena-tetrahedrite-
gold (Stage I11). On the other hand, the sulfide mineralization of the Lung Hoai deposit is classified into
two stages: arsenopyrite-quartz (Stage 1), pyrite-pyrrhotite-chalcopyrite-galena-sphalerite-anatase
(Stage I1). The lead-zinc ores were formed in the middle to late stages of mineralization.

The occurrences of illite and chlorite in the carbonate host rocks and calcite-dolomite veins containing
sulfide minerals suggest that the formation temperature of these deposits was over 200°C. The fluid
inclusions in quartz of the Na Bop deposit are liquid-rich liquid-vapor two-phase secondary fluid
inclusion with small size. The range of homogenization temperature and salinity of these fluid
inclusions is from 196 - 215°C and from 1.3 - 3.1 wt.% NaCl, respectively. The Pb-Zn ores of the Na
Bop deposit was estimated to be formed at a temperature around 200°C.
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0-12 Geological dissection of hydrothermal alteration zone
- exposed at Adatara volcano, Fukushima, Japan

T. Imura (Yamagata Univ.), A. Arribas (Univ. of Texas at El Paso),
K.S. Kataoka (Niigata Univ.) and Y. Nagahashi (Fukushima Univ.)

A characteristic feature of the 1710 m elevation Adatara volcano, one of several
active volcanoes in the Tohoku region, is an extensive hydrothermal alteration zone at its
western summit, within the Numanotaira crater (~1460 m elev.), and around the 6890
liters per minute, acid (pH, 1.7-2.1) Numajiri-Motoyu hot spring (1241 m elev.). Phreatic
and hydrothermal eruptions have occurred repeatedly at Adatara volcano during the
Holocene. Combined, these observations suggest the presence of an active magmatic-
hydrothermal system within the volcano, and the risk of volcanic as well as hydrothermal
eruptions at the site. This study aims to help understand the magmatic and hydrothermal
processes at Adatara volcano, and its associated hazards, through the study of the exposed
hydrothermal alteration zone.

Bulk-rock XRD analyses of the altered rocks in the western summit of Adatara
volcano show a change in mineral assemblage with elevation and with proximity to
Numanotaira crater. Combined with geological relations, the alteration is classified into
four domains which occur from east to west and from lower to higher elevation: Zone 1,
between the Numajiri hot-spring office and the Tainaiwa-Numanotaira junction, is
characterized by pyrite-native sulfur and cristobalite-kaolinite-smectite in a mixture of
black mud and yellowish-white clay; Zone 2, at the Tainaiwa-Numanotaira junction, is
characterized by quartz+pyrite in a dark grey strongly silicified breccia; Zone 3, between
the Tainaiwa-Numanotaira junction and the rim of the Numanotaira crater, is
characterized by pyrite-native sulfur and quartz-native sulfur in black to yellow mud and
silicified rock, respectively; Zone 4, within the Numanotaira crater, is characterized by a
quartz-cristobalite-alunite-pyrite-pyrophyllite-kaolinite assemblage in lacustrine clay
sediments and terraces of muddy diamictite.

Zones 1 and 3, which are are characterized by pyrite and native sulfur, are
interpreted to represent a near-surface steam-heated environment within the Adatara
volcano. The strongly silicified brecia in Zone 2 appears to be a conduit of hydrothermal
activity, the channelway of an earlier hot spring. Zone 4 is distinguished by the presence
of alunite and pyrophyllite and it is interpreted to represent the core of the Adatara
lithocap resulting from alteration by acid-sulfate-chloride magmatic-hydrothermal fluids
present above the Adatara magma chamber.
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Formation of epithermal Au veins and Pb-Zn veins
T. Sawazaki and K. Hoshino

ARG, ALHEE AL RECALE T 2 R OFLIRILIK T 5. JLURDIRIARES 1E, 4
BRSNS A PO 7 o2V~ A B TH D, REFILIZBWT, FICHEEE
B Jrsndn, POHENSN 2 & e LA L AR S B ST, SR EH D D ERIR L 72 PUHESHSE
TOFRAEYO7A 7 v —F 2 b U —ILAUE, HIRET 4.2-5.3 wt. % NaCleq,
BEALIREE 1% 250-280 C&E R L7z,

INBOfEN B, MIX99(Hoshino et al., 200012k Y, Féndk, PIHERGLE L OV H K4
DVREE %, pl-log £0: R L THRET L7c. HEE EENICLZE T 5 FEM MR
HeS ORI T, pH = 3-5 (T OERMEBREE T TI, pH A EFT5Ic2h, Jhsk & PIargnsk
DVEFREEITIR T T 5723, BREOWMEIX LA T 5. —FH T, WEEAEED HeS, HS™, S0.°-
PR R T, £0. 28 LRI 2 1Com, JFEpsk & PIRRSASR ORI EA L, B&O
AR T 5.

M- T, FEREEFRLL HoS OBREE T To pH EF-TIE, Jrdndi & Pssndtiki+ 5
N, HRGEDOIEITAE U, A5 IZF0BOBKD ERICEES f0.0 FRIC LY, BT
HIZR B SRS IR~ E AL T D BREE T, RN 5. —7, b0 X5,
T OBREE T CIIITEA0E & PITRSRSE ORI IT A Ugv. 2 OFRHTAE R, EREVKMESRAREE A
IZBWT, LITUIRMENICHABILRD, EHICESBIRNALNLFELFATINTH
%.
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Geology and Au mineralization of the Hata deposit in Akita, Japan
Y. Konuma, Y. Watanabe and T. Echigo

B —ACITTER S 7o 4 - SROIZDNTHR - 80 - Hign7e EOFUEIITE #, BERARXAE
72 & ORRERE S % e+ 2 BUKSR IZ FICHAL A ARITIELS DT 5. FOHWiHAE
X BIARR DR Z A LT D0, SLROIREITIEARSL R DR Z2 Ldd. 2D 2
FEFE DFLIR DFFR & B OFACIER & OBIRZ I 52T 5 72 DIZERKH KAUTHIZ & 2 SRR
JEL O & FiA O - R O b i 21T - 7.

FERJED OHE X EErR i) B CTh v, EERERIE - B ATRE - KILAESE &
WY R N—2D 3HMBGAAL, BEHEAT A VA Eia Yk o LicwEz+ 5.
PR AT 25 DITEREERIK A TH 5.

FLATILAR T (B 255.4m) 7 DERSL S NTZILA 0570 D 3/ ALY & LR LIS
L, M CHRETE D 5/ (5 210m) 7 HEREL7Z. 3 BYLCTIITndi-opddhisgn
O ELIATHY, 5 BHTHOLNDIIAITRELES ARIRTH Y HiLA &
ZEIMED . BIFHEMICE D 3 BHOLAFIZZ Abh, SESICIE&THTNT,
BESRIL N T & L CRBOOLND. SEEN E b BYIOMEEZLE ) S OREE T U Yo M
BAaEo T A,

TFEngECoPAHEN S e & ORI LI E T 3 BHUEAITE Y A NEBEITIMATH ) EAE
BafEoTW5D. ZHITHAETFEIZTE~T D UHEOEBUK TH v, LK EER I 5 1
O THE~ERMEICZ L L TV D Z & AR T. SbiRIROSE LIEE & iR 2 e LT-
W, 5 /YA OBEALIEET 177.4~230.2°C, T 2.90~6.01%, 3 FHifLA DY
BT 209.8~250.2°C, IR 5.11~6.16 TH 5. HUK FE CIIEERENEL, ¥
BALIRE S @ B o 72,

T F T Tix 5 FHHA X PRI shIi - D8 A &% 0.13~0.225atom% T L7 |k
T AP DEDEAEIL57.1~58.5% T -7=. 3 B4 OPIHETLDOEDEA FIL 0.26
~0.57atom% & 720, =L 27 87 AHDOEDOEHAEIT 60.2~69.3 atom% THDH. =L 7 |k
T LK —= bl ISR IR IE B IR E G S < A TR N S BRSNS TR
JED ERABRBIND.

JHELIR O B HALVE RN TARRR LR ORIRIEIREGLR TH Y, BUKF ORLEE A A4 2 23 FElH
5 _EEAEEINT 5B T, SOWMENTND Z LICX > TEMLE LZZ ERfEmSh
%.

33



0-15 Jb iz E b R sk

dt EERIERDO~ 7~ —BKRBEZERE

ANBEHERS - JEI0 B - BRI (KE R - BHE)
The magmatic-hydrothermal system of the Kitano-o epithermal Au-Ag deposit in the
Kitami region, Hokkaido, Japan
M. Koseki, Y. Watanabe and T. Echigo

Je ¥ 3 b B g 28 1R E DS IX 2 B O & RELE N A L TR Y, FR KRN0
DOFRMED S, WAUS KTEENXGMP/FEH EBEE L E R RB I TND.
Japan Gold#:1Z X » TRIFLIKR VG TH 5 47z 2 7 & EHKTDO001, KTD002), ¥ X UVHt
RABEICEIOVBE LA 2 AT, b ko g, 25, fEUS O 5 A %1
FLE, MO AEYOBE LTz, b ofERZIKIC, b/ FHUIK DO~ 7~ —#4
KADREBEEBLZLT-.

b 7 EFLIR DR EBOKVE S & A FARIE P HHE A B IR O Kk am I mIE 3 5. Hi#k
Bt kWA XL, EVWEE — PRI BNT, Y EAZFEVRELAEERL IO
22 T TR, — S CTIERHIEIAASTIA Y V&S BB\ T AV
YA TA IO AMTERRDOOND . BEIE - A Y v — A FEOR IR E
AT HEATIE, WEELEICE K50 um ORI NR D b, AEPORMKEHE
MO~ A 7o —F A KU —(%207.8-284.5C O ¥JE AR, NaClFH24 T1.9 wt.% D
WREZ RS, YUV —ZHARPROESIIOMTRD b5, a7 EHT
FELTAkEETHY, HEE250—400 mTH I - EERFLAREE (B EALIRE174.8C,
WRELT W) #Bo b, a 7B TlEA 74 8 - AENFEMNICED b1
D, SHICMOEEIDHAEDLERLIEMERIREIZE SNV TELFD X 9 72451C
BEHEIIXDEND., 1THEIHDIVEAOAZRRD LN, EE200mE Y B ICFEE
T5H. TDOTALTIEERIEA - FREANRROONDOHE, T EA - -FIEADRD L
NHMERNRBO LN, MAEHEITIHO TS5 50-100 m o J&g /5[ b <
WCHBI SN D Z R ZREIZHEDLND. NE#IZHIEA A - D4V v B85 &
STHEBS T O, EmE250mE 0 EALICHFEEL, Ml 2 EET L. 77,
MHFIZEH EN D 0 — I — P n Il 2 0 A3 2 T a T oK A Widty
AL IR £ 198.1-228.7°C, HIREL.7-3.7 wt.% % /R,

[ - MHE, AE - SBPEREDVEAZZLANPORAKKEOFLTH Y,
FIEADFRATT D MR IXBKEE G HEIICEN T IE TH D EMREND.
IVHEIZAKMBAZERHE THY, | HICHBEL TERIATWD. BRIREN R RS
A4 NEERENPIVESCV Y DX —LRIAKETEBRET S Z L, b/ EEUK
AN DT L2 OBKEEERZRRM L TVWDHZ 2T 5.

34



0-16 Characteristics of mineralization and ore-forming conditions
E— at the Sado Au-Ag deposit, Niigata, Japan

H. Koen, OR. Takahashi, P. C. Manalo, H. Sato and A. Agangi (Akita Univ.)

The Sado gold deposit (also known as the Aikawa deposit) in the northwestern part of Sado Island,
Niigata, Japan, is a vein-type epithermal deposit. According to the previous reports, the amount of crude
ore produced was 15.3 million tons with ore grades of ca. 5.7 g/t Au and 81 g/t Ag, which includes about
78 Au and 2,330 Ag. The deposit is the second largest epithermal gold deposits in Japan, and its
production continued until 1989. This study aims to elucidate the characteristics of mineralization and
ore-forming conditions of the Sado deposit based on petrography, K-Ar dating, bulk chemical analyses,
mineral chemistry, fluid inclusion microthermometry and sulfur isotope analysis.

The deposit is hosted by altered dacite welded tuff of the Oligocene Nyukawa Formation, and
hydrothermally altered pyroclastic andesite and andesite lava of the Early Miocene Aikawa Formation.
Quartz veins and altered host rocks were collected from outcrops or as rock fragments detached from
the ore body, i.e., in-situ floats, in the Sado deposit, and the samples stored in the Akita University
Mining Museum were also used. The samples are representative of the Waniguchi Vein, Nakao \ein,
Doyu Vein and Otachi-Tozai Vein. In addition, quartz vein floats were collected near the Mumyoui adit.

The quartz veins are composed of quartz, calcite, adularia and illite and contain electrum,
argentite-aguilarite solid solution, pyrite, sphalerite, galena and chalcopyrite as ore minerals, which are
a common mineral assemblage in low-sulfidation type deposits. K-Ar dating on adularia of the Doyu
\ein yielded an age of 21.5 Ma. Chemical compositions of electrum in Waniguchi Vein and Otachi-
Tozai Vein show modes of Ag/(Au+Ag) = 55-60 at % and 65-70 at%, respectively.

The altered host rocks include chlorite, illite and smectite, indicating that the hydrothermal fluids
in the Sado deposit were neutral pH, and temperature of more than ca. 200 °C in the mineralized zone
and less than ca. 180 °C 1 km from the mineralized zone. On the basis of the bulk chemical compositions,
the alteration index (Al = 100 (K20 + MgO) / (K20 + MgO + Na2O + Ca0)) of the host rocks is
relatively high in the mineralized zone (38.7 to 98.1 %). The areas with high Al anomaly overlap with
those of elevated Ag, As and Cu contents.

Two-phase liquid-vapor and vapor-rich fluid inclusions with boiling signature were observed in
quartz of the Nakao Vein, and their trapping temperatures and salinities range from 250 to 280 °C and
from 2.4 to 2.9 wt.% NaCl eq., respectively. The fluid inclusion analysis on a sample of the Nakao Vein
revealed the depth of ore formation 540 m at 260 °C with evidence of fluid boiling.

Thermodynamic calculation based on FeS contents of sphalerite and homogenization temperature
of fluid inclusions suggests that the Nakao Vein was formed under low sulfidation conditions with logfs,
= -11.8 to -9.2 atm at temperatures of 250-270 °C. The §*Scor values of sulfides of the Doyu Vein,
Nakao Vein and quartz vein floats range from +0.5 to +4.3 %o, which fall within the range of magmatics.

35



0-17 Geochemical characteristics of hydrothermal gold mineralization
—_— at the Akeshi deposit in the Nansatsu area Kagoshima, Japan

M. Kobayashi, R. Takahashi, A. Agangi, P. C. Manalo, H. Sato (Akita Univ.)
and A. Imai (Kyushu Univ.)

The Akeshi deposit in the Nansatsu area of Kagoshima prefecture, Japan, is one of the Nansatsu-type
gold deposits and known as its elevated gold grade. The Akeshi deposit is classified as a high-sulfidation
epithermal gold deposit. The mining of the deposit started in 1880, and exploitation has been continued
until now. The objectives of this study are to elucidate the geochemical characteristics of silicified rocks
and their relationship to the gold mineralization at the Akeshi deposit. Rock samples were collected from
18 points that cover almost all the area of open-pit of the Akeshi mine, and those were studied for
petrography, microscopy, bulk and mineral chemistry, cathodoluminescence and sulfur isotopes.

The Akeshi deposit is hosted by the Nansatsu Middle Volcanics of Pliocene age, which is composed
mainly of hornblende andesitic lava and pyroclastic flow deposit. Post-ore geological units are the Ata
Pyroclastic Flow and Aira Volcanic Product of Pleistocene age.

Silicified and argillic alteration rocks in the Akeshi deposit were classified into 9 types based on
alteration, texture and color, i.e., 1) strongly silicified rocks with vuggy (white, dark gray and pink color),
massive (white, dark gray and pinkish-tint white color) and flinty textures, 2) weakly silicified rocks,
and 3) argillic alteration rocks. The massive strongly silicified rocks with dark gray color are
characterized by the occurrence of native sulfur, pyrite, enargite, covellite, chalcocite and luzonite, and
tend to have elevated contents of Au (av. 5.20 ppm) and Ag (av. 13.8 ppm) compared to other silicified
rocks. In addition, a previously collected sample contains native gold that coexists with hematite. The
strongly silicified rocks with flinty texture are composed mainly of very fine-grained quartz. The argillic
alteration rocks are characterized by the occurrence of clay minerals such as kaolinite and are brittle.

Bulk chemical composition data of the silicified rocks were processed by Isocon analysis of Grant
(1986) to define gains and losses of trace elements by the weakly silicified rock, in which Zr and TiO-
were used as the immobile elements. The calculation indicates that Ag, Bi, Zn and Pb are positively
correlated to the gold mineralization in the Akeshi deposit.

Some pyrite grains in the massive strongly silicified rocks with dark gray color contain significant
amounts of Au (av. 110 ppm) and Ag (av. 33.4 ppm). The EPMA data of hydrothermal quartz in the high
Au grade strongly silicified rock where native gold coexists with hematite, indicate Si** 2 AP + K*
coupled substitution as well as excess AI** and Fe*".

5%Scor values of pyrite and native sulfur in both the vuggy and massive silicified rocks with dark
gray color range from -1.9 to +1.7 %0 and from -4.7 to -4.3 %o, respectively, suggesting magmatic origin
and isotopic fractionation of pyrite - native sulfur. A §3*Scor value of pyrite in the vuggy silicified rock
with pink color is low -4.4 %o, suggesting a possibility of sulfide-sulfate isotopic fractionation.
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Cathodoluminescence and trace elements of quartz related to
O-18 ) AN o :
epithermal gold mineralization of the Hishikari deposits,
Kagoshima, Japan

K. Miyake, R. Takahashi, A. Agangi, P. C. Manalo, H. Sato (Akita Univ.)
and A. Imai (Kyusyu Univ.)

The Hishikari deposits are low-sulfidation epithermal gold-silver deposits located in the
northern part of Kagoshima prefecture, and are the most productive gold deposits in Japan. The deposits
consist of the Main, Sanjin and Yamada deposits. Numerous studies have been conducted on the
Hishikari deposits, but none have discussed the relationship between cathodoluminescence (CL) and
trace elements in combination with gold grade of quartz veins. The objectives of this study are to
elucidate the relationship between the cathodoluminescence of quartz and the trace element contents
and to compare with gold grade of veins and characteristics of hydrothermal fluids. The mineralized
veins, Daisen 1 (+10 mL) and Kinsen 2 (-5 mL) veins in the Main deposit, Keisen 2 (+25 mL), Keisen
3 (+25 mL) and Keisen 3-1 (+25 mL) veins in the Sanjin deposit, and Seisen 3 (+50 mL), Seisen 6 (+50
mL) and Eisen 1-2 (+30 mL) veins in the Yamada deposit were studied in this study.

The host rocks of the Keisen 2 and Daisen 1 veins are mudstone of the Shimanto Supergroup,
where illite occurs as an alteration mineral. The host rocks of the Keisen 3-1 and Seisen 8-8 veins are
the andesite lava of the Hishikari Lower Andesites, where chlorite or smectite/chlorite mixed layer
occurs as an alteration mineral. Those suggest that the pH of hydrothermal fluids was neutral.

The veins studied consist of gangue minerals of quartz, adularia and smectite, and ore minerals
of electrum, pyrite, chalcopyrite, sphalerite and galena. Bulk chemical compositions of the quartz veins
show that the Au content and the A1.Os+K-O contents are positively correlated, suggesting that mainly
adularia is related to the precipitation of gold.

On the basis of the SEM-CL analysis, relatively large granular or saccharoidal quartz (100-600
pm) in the Seisen 3 and Seisen 6 veins shows a growth pattern with banded and zonal textures. In the
Eisen 1-2 vein, fine bright CL spots are present in dark CL areas of microcrystalline quartz (5-20 pum)
and fine-grained equigranular quartz (100-200 um), which show growth patterns with acicular and zonal
textures, respectively.

Contents of trace elements in granular quartz in the Keisen 3, Seisen 3 and Seisen 6 veins, and
microcrystalline quartz in the Eisen 1-2 vein were analyzed using EPMA. The Al content of quartz in
the Eisen 1-2 vein is higher than that of the other veins. The Al content of quartz is elevated in the dark
CL areas of the Seisen 6 vein, while it is low in the dark CL areas of the Seisen 3 vein.

Fluid inclusions in quartz of the Keisen 3 and Keisen 3-1 veins are mainly liquid-rich vapor-
liquid two-phase inclusions, while those of the Seisen 3 and Seisen 6 veins include monophase vapor
inclusions that is probably as a result of fluid boiling. The trapping temperatures of fluid inclusions
based on the homogenization temperature would be 200-210 “C in the Keisen 3 vein, 210-220 “C in
the Keisen 3-1 vein, and <200 “C in the Seisen 3 and Seisen 6 veins.
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Chemical composition of hydrothermally altered minerals from the Hishikari epithermal
gold deposit, Japan
Y. Gonoi, A. Imai, K. Yonezu, T. Tindell and J. Ishibashi

LY 2013 5 T BBl D &AL 2 o 2GR LS, KRR L SR O EEUK LR IC
YRS, ARELR, WWARELE, IWHESLE S DR SN D, X TIX IO —A
FTA NERIRP L OBOKEE R E SN TER, WK TIERIR A —k#
A—5EI HOEMMAGDLEOHFIET H. AL, EICEPMAJIEIZ L - TH
AT UMLK O EE A R ORRIEA, BEfEA, 5 E 5 A DO{LF/E DRIz oW
THET 5.

LA EE IR D fk VB D Fel(Fe + Mg) X 3043 TH 5. Z iU iZeiTsE T s &
T ARILIR DFel(Fe + Mg) bt & IZIE—FT 575, A THDHENTEHZILEED
Fe/(Fe + Mg) k. (*F#0.34) XLV muo.

AW CTE LN UMLK OB AL L OS5 E ) 1 DFe0s & A &I th o 7 2
KILR I KL OVHIE M3 D Fe203 & bEfe L TV, 5 A11311.3-18.6 wt % (P-#J14.9
wt%), 5 &9 11%3.1-8.3wt % (6.0 wt%) DFe03% &>, £72, 5 &I AILTDRE
Wizk > THFe03 EF BICEVNALN, ZERE2RETL2HEDOSE I ADIT D
N, REAREONEESEDMELZRTI2E5EI> AL LEV.

PO LS E D A, —RIIEWKEE A Z S D5 AN IR R R THERS
NHZENDL, BOHEEEOEKNO—2L LT, FEMERETOND. LL
RN D, RATHZRICE D ERAETH D EN FTHLIEEHOSKEREIXIZIE—ET
HU, OB HIEOFIE L T Em < RNz, RAMRKOSEH & O ME
I3, BEABLOSRE ) AOFe0s G HEOER TIZAAWVWEEZLND. —F, 1
MILR DAL L OSE D A, REILLEIAF L TEBY, MIET T T 4 DFEW
BRETCERLEZZEZRBTS.

FEATHFGEIZ L - T, ZMEL LD & S AL OFEAR ORI 1%, B iR oM 5+ 5 T #E
EHEMURDENTHEZINAEHEORESEMPBEABR L TWVDLZ ENRRBINTND.
AFRETHOLNTEFEICELREAB LS E ) 1k, REAMEAITOZEX T2
WA FRICHAIEL TR Y, B by 2 i Tk &, i FEHE 5 EF79 5 Bk M
ARBEAEEFMIETTIESET A EICL-2T, AkESh=EEZIZLND.

38



K-Ar geochronology of orogenic gold mineralization
0-20 :
- in the Vangtat gold belt, southeastern Laos

P. Bounliyong (Akita Univ.), T. Itaya (Ins. Geohist.), A. Arribas (Univ. of Texas
at El Paso), Y. Watanabe, T. Echigo (Akita Univ.) and H. Wong (JADE Co. Ltd)

The Vangtat shear zone is part of the tectonically complex mainland Southeast Asia
continent and is associated with the regional Poko suture zone that marks the collision
between the Indochina Terrane and the Kontum Massif in southern Laos-central Vietnam.
The Vangtat shear zone occurs within greenschist-grade metamorphic rocks and is the
main host for orogenic gold mineralization in southeastern Laos. The Thongkai-Ok gold
deposit is one of the several actively mined deposits in the northern part of the Vangtat
shear zone. At Thongkai-Ok, high grade gold mineralization is associated with quartz-
pyrite-graphite-carbonate-white mica-chlorite veins, and lower-grade gold mineralization
occurs in a graphite-carbonate-quartz-sulfide hydrothermal alteration envelope that
grades into sub-economic/barren altered pelitic schist.

Three hydrothermal white mica-bearing quartz-pyrite samples were collected from the
open-pit at Thongkai-Ok deposit for K-Ar dating in order to constrain the age of
mineralization in the Vangtat orogenic gold belt and better understand its spatial and
temporal relation to other gold deposits in mainland Southeast Asia and to regional
tectonic events. The measurement by electron probe microanalysis in individual white
mica crystals revealed the composition of muscovite. Two of the three white mica samples
were separated into four size fractions, <2, 2-4, 4-10, and 10-40 um, respectively. X-ray
diffraction identified the dominant white mica peaks in the finer fraction (e.g., <2 and 2-
4 um), and the intensity of quartz peaks increases consistently in the larger size fractions
(e.g., 4-10 and 10-40 um).

The results of potassium measurements by flame photometry in the K-Ar sample
aliquots show a range in potassium content which reflects the amount of quartz present in
each sample. With one exception, a correlation was observed between potassium
concentration in the samples and the calculated K-Ar age. The large range of calculated
ages, from 348 to 206 Ma, is interpreted to reflect excess argon contained in the
hydrothermal quartz present in the analyzed samples. We interpret the youngest age of the
quartz-free samples, 206 £ 4 Ma, as closest to the age of mineralization in the Vangtat
orogenic gold belt. This mineralization age is comparable to the orogenic gold deposits
in nearby central Vietnam, consistent with the late- to the post-collisional regional
tectonic event.
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0-21 Textural and compositional evolution of sedimentary pyrite
E— and carbonaceous matter during prograde metamorphism
in the Luk Ulo Metamorphic Complex, Central Java, Indonesia

R. Suhendra, R. Takahashi, A. Agangi and H. Sato (Akita Univ.)

The Luk Ulo orogenic gold prospect is hosted in the low-grade metamorphic rocks consisting
of carbonaceous phyllite, schist and meta-granitoid rocks. The host rocks show a typical of lower
(LGSF), middle (MGSF), and upper greenschist facies (UGSF) mineral assemblages with estimated
peak of metamorphism from 350 to 524 °C. A significant occurrence of pyrite-rich carbonaceous meta-
pelites with various pyrite and carbonaceous matter (CM) textures in prograde rocks may indicate that
metamorphism plays an important role for metal enrichment in the Luk Ulo gold mineralization. To
answer that hypothesis, textural and chemical characteristics of pyrite and CM were examined by
petrography, laser Raman, EPMA and LA-ICP-MS analyses with whole-rock geochemistry (XRF, ICP-
MS, and LECO analyses) and sulfur isotope data.

Texture and trace element of pyrite evolve with the increase of metamorphic grade, i.e., [1]
framboids in sedimentary-diagenesis, [2] framboids aggregate gradually transform to euhedral pyrite in
LGSF, [3] elongated pyrite in MGSF, and [4] pyrite-pyrrhotite transformation in UGSF, respectively.
Framboidal pyrite has elevated amounts of metal impurities, Ag, As, Bi, Cu, Co, Hg, Ni, Pb, Sb, Se, Zn
and so on, which was likely precipitated by the reduction of sea water sulfate under reducing to suboxic
conditions. Selective depletions of elements (As, Ag, Cu, Hg, Pb and Sb) were observed in euhedral
pyrite with textural evidence of As redistribution at the rim, while the core is As-poor in composition.
Further depletions of As, Cu and Pb were observed in the elongated pyrite, whereas Au and Ag were
leached out during the transformation from pyrite to pyrrhotite. The carbonaceous matter shows less
complex textural and compositional evolution during LGSF to UGSF metamorphism. Unordered CM
transformed to graphite in MGSF, and it was accompanied by the liberation of S, Fe and Sbh. The
inclusions of sulfide minerals and elevated Au and Cu contents, up to 600 ppm Au and 2,000 ppm Cu,
in CM of LGSF suggest that CM played a role to concentrate Au, Ag, Sb and Cu during the sedimentary-
diagenetic stages. Moreover, remobilization of sulfur from sedimentary pyrite and CM is indicated by
the similarity of *S values between hydrothermal pyrite and metamorphosed sedimentary pyrite
(median: -9.8 %o).
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Hydrothermal alteration and FT age of weathered granite sand in Okuizumo area,
Shimane Prefecture.
H. Ohira and N. Enomoto

BRBEHERDICTEDNIAS oML, SR LICEVWEkEzI D H LR
SERIKICFIH L C& 2. oMo BENOZ TR ICEMe e L+ 250, —&
XA ENREAE~ =T A - NRE A RE ST OEM L SMAT 5. 4RSS
ELTEDERFEICHRET, BRHENEAEE LS X ORTRIEMEZOE > AT, Wi
LR O TOWMEHILILBF T oD, SRINLOEMIZRD b HEBKEEERIC
OWTKHHNEZITo. FEEBICEENI Va7 4 vvaye- b7 v 7 (FT)
FERPOREOHA B ZREFT L.

AFEREAE~ =TV EEREET D2 EEROEWNTIX, READOLITHE
kL, REREIHREALL TS, BFTOREAVPERALZEILERHD.
ENICEGFT2ANAORAERETL2L0ICAA T X4 FBRRBOLND. Hih
WA IR S D VT BIRICET . —F, HEr ROBEIINEE = /A &
L, ZEIFTHBEAFH NP REAOR LEXEERORKIEEAELRRBDO ND. BIA
AROBEH CTEENEITL TWDIHERHDL. bR LTiERMAEEZRALE TS
BT, BEROREAL, REASHIEAOEEAENTBO LN, Tk
VA FEMEIGAERDD. REAOBRITIHIFT ) VRARA T XA NEEDGE
NhbH. ZhbOEEERITERS O LS - hEINERE T4 U720 6 2D EK O 52
WXV AELREEEZOND. BRIEA A & DOBERIZOWTIE, fERIEA 2 B
BIAEHICRD SN2 0I5 L, IO OERIZBHIH THL EORBELHD (=
J#i, 1988) .

EBABIUOE - BOEBICEETNDZ YV DFTENRIL, TR ZF 345+
1.2Ma¥ L IU68.71.9MaTh o 7=. Vb =2 FTO B4R FE13240°C & Hesmym v o
EDD, RO DEMREIZBKEEORZETI Yy FLIEbOTIE RS, BHEaDm
HERZRLTWD EEZ2DND. ERA TIIWEH =ittt K o a5 kks
~h—FIENBKEEEZFNERLLIZEEZOND. Er IOV TIE, &P
DEEROEEFEN (60.526.3Ma ; A HIZH, 2012) 2EET D5 L, HE LB
HICEATEBE®KR20CECTCRBIIHEALIZEEZOND. 20O L) REBOZH
EH AL BOREEEREOMEEICOWTIEER M2 ET 5.

CEDEN
=i 1E, 1988, R KFHAEFHALE. 22, 1-11.
A EEIE A, 2013, HUEFMERE. 119, 190-204.

41



0-23 YR xF A MEIZHS Ni-Co RE/EA ;

REGIR, EHfg-REBIR, &g 5l

FEEFM FKHE K - EE/EHR), i = - Bgmh - FAME KBEX - BE)
Ni-Co mineralization associated with listwanitization; Case studies of the Okura deposit,
Natsume-Oya deposit and Nagatoro area

Y. Fujimaki, Y. Watanabe, T. Echigo and S. Aoki
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Studies on mineralogical features of granitic melt inclusions in diopside megacrysts
from Sanogawa area at the Southern Fossa Magna region
T. Amagai and M. Kurosawa
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The Uzunosawa magnetite ore body in the Chichibu Mine is an 10CG type.
A. Miyashita, H. Murakami and T. Kanai
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Gold and silver-bearing ore formation of the Kuroko deposits in northern Akita
T. Suzuki, Y. Watanabe, T. Echigo and S. Aoki
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Ag-Sb-Pb-S minerals in the chimney samples collected from the Hatoma Knoll hydrothermal filed in
the Okinawa Trough

K. Kohama, T. Nozaki and K. Komuro

W TR XA R AR 7 7 ITALE T 2 KK 1,500 m, B 4 km O /VT 7 kLT
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UL E ORI 8- 70 SE AR IE, i BIChE Y L7280k S, EPHOMWK EIRET 52 &
TSN EEZE X LS. Type 1 OEGEAIFBKIFEIPIICK 415 . Type 2 DAL
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Re-Os geochemistry of Brothers volcano hydrothermal field, Kermadec arc; Mobilization
and abnormal enrichment of Os due to the volcanic gas input
T. Nozaki, M. Ishida, Y. Takaya, Q. Chang, J.-l. Kimura and Y. Kato
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2.7 Ga pyrobitumen in volcanogenic massive sulfide deposit at Potterdoal mine in
Canada
T. Kakegawa

The 2.7 Ga volcanogenic massive sulfides are present at the Potterdoal mine in the
Abitibi Greenstone Belt, Ontario, Canada. Sulfide ores are mainly composed of
chalcopyrite, sphalerite, and pyrite. Massive ores often show stratified characteristics,
suggesting the black-smoker origin of the massive ores.  The footwall is made of mafic
volcanic rocks and black chert. The veined ores are developing in footwall volvanics with
alteration minerals.

In the present study, various forms of organic matter are found both in massive and
veined ores. In particular, mass of pyrobitumen, solidified petroleum, are found in
veined ores which were formed beneath the ancient seafloor. This type of pyrobitumen is
spatially related to pyrite and chalcopyrite. Disseminated pyrobitumen are also found in
massive ores. Amygdules in the footwall basalt also filled with globular pyrobitumen
with sulfides and quartz. General mineral assemblages and Raman spectroscopic analyses
indicate that the pyrobitumen were suffered from the metamorphic (or hydrothermal
alteration) temperature up to 300 C. The carbon source of pyrobitumen was sedimentary
organic matter around the recharge zones of the local hydrothermal system, suggested by
carbon isotope analyses. Those geological and geochemical findings suggest that the
petroleum was generated simultaneously with 2.7 Ga submarine hydrothermal activities
at the Potterdoal site. Co-genesis of petroleum and massive sulfide ores are less
recognized but most likely very common in Archean age, because of easily-degradable
characteristics of Archean organic matter and the widespread submarine hydrothermal
system on the Archean seafloor.
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Paleomagnetic age of the Grum Zn-Pb deposit, Yukon, Canada.
K. Kawasaki and D.T.A. Symons
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PGE mineralization in the Limpopo mine, the Bushveld Complex, South Africa
M. Birukawa, Y. Watanabe and T. Echigo
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sa LB OEBEEENBIEIND. I FESHFES T TIIEBLEY TH o4
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X—U—T7TETFTH»S LT TR ELS RAEFOMERNR LN, &
7=, TNOLDOEAIIZIZIPADADORE Z#/R L, EUDEFEZRIZWVWHE D, PADA D
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0-33 Textural and geochemical analysis of sulfides
- at Zone 5 Cu-Ag deposit, Kalahari Copperbelt

M. Keeditse, Y. Watanabe, T. Echigo,
S. Aoki (Akita Univ.) and A. Arribas (Univ. of Texas at El Paso)

Sediment-hosted Cu deposits are fundamentally controlled by chemical and permeability
frameworks upon which metalliferous fluids are superimposed. In the Kalahari Copperbelt
(KCB) three metallogenic models have previously been proposed to explain the origins of
the Cu-Ag deposits: (1) syngenetic-diagenetic; (2) purely epigenetic; (3) diagenetic-
epigenetic-remobilization/overprinting. Here we focus on the Zone 5 Cu-Ag deposit, a
portion of the KCB in northwestern Botswana. To bridge disparities between advanced
metallogenic models, we carry out a combination of drill core examination, microscopic,
SEM-EDS, and EMPA analysis on selected samples from the ore interval. Drill core data
indicate that a 91 Mt metal-zoned ore body (at 2% Cu and 21g/t Ag) is hosted
preferentially by chemically reduced meta-sediments overlying oxidized hematite-bearing
arkosic sandstone. Across the width of Zone 5 economic metallic mineralization is
concentrated along bedding planes, quartz-calcite veins, cleavages, and shear fabric.
Petrographic evidence indicates that the diagenetic stage is represented by fine-grained
stratiform pyrite (including framboidal) which is commonly intergrown with galena,
sphalerite, Ni-Co-Fe sulfarsenide, and chalcopyrite. The epigenetic hydrothermal stage,
on the other hand, produced coarse-grained stratiform-to stratabound minerals, primarily
intergrown cupriferous sulfides (chalcopyrite, bornite, chalcocite, covellite) and
associated quartz-calcite veining with accompanying hydrothermal alteration. Drill core
data coupled with petrography suggest that initially bedding-parallel and vein-hosted ore
was stretched and transposed into cleavage, indicating remobilization contemporaneously
with flexural shearing during folding. Trace element trends demonstrate an overlap of
trace metal concentrations (Cu, Fe, As, Zn, Pb, Ni, Co) between the diagenetic and
hydrothermal mineralizing events, indicating remobilization of earlier formed minerals.
This explanation is strongly supported by the replacive nature of hydrothermal stage
sulfides. Although assay data display a positive correlation between Cu and Ag, Ag
minerals are uncommon at Zone 5. However, EMPA data indicates that an average of 0.2
wt. % Ag is carried by chalcocite and bornite, while 0.1 wt. % is hosted by late
precipitating covellite. Our study indicates that the Zone 5 Cu-Ag deposit formed from a
multi-stage Cu-Pb-Zn-Ag precipitation history that includes both diagenetic and
epigenetic events as well as subsequent remobilization.
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HREE mineralization in the Jabal Tawlah plutonic rocks, Kingdom of Saudi Arabia
M. Takagi, Y. Watanabe and OT. Echigo

Jabal Tawlah & A RIZT 7 €7 PR O AL FEEICALE T 2 /N2 T v Y
BABRKRTHY, 7A A VIEAENLRVPES, AL 7=V A &S KAER
IXZE P B ER AT I K 0 19604FfRIC R L S u7= %, Nb, Ta, Sn, Th, # LfEcHE
(REE) OHALERRRD 6L, 2L OMAEFICL > TR ED LN TE 7. K
MIETlX, 26D EEOFT THLAICDYE G EMR HIE t#E (HREE) K & LT
DEWRT V¥ VIZEBL, V¥ L0 T8 RICERT DHREES A9 D1k
FAREBL A B SR A RIS RRET L 7.

WFFEECEHE, Jabal Tawlah’ S A LRSS N ZREEICE D EAS TH Y, FHEIE
5 P8 O R E A Ak L2 IR OB MR 2 W, A B X OB T T o E 23 K
RPL DR ERBLELIISEM-EDSIZ L > TiT o 72, 2406 OB/ RICE SV THL
Yrdh IR 2 R E L 7c &, i LB R 2 B LI oL F M 2 EPMATIE &5 4T L
7=

BB BIEORE, TA B VIERAE ENERSE ORI TRIRDIED N RKE S B
LN L. TABVIEREORIRSIEDIT Vv a s, FX BRI,
columbite, fergusonite-(Y) T®H v, KA DORIK DI V= o, BEERIL,
xenotime-(Y), columbite, fergusonite-(Y), tveitite-(Y) [(Y,Na)s(Ca,Na,REE)1>
(Ca,Na)Faz2], gagarinite-(Y) (NaCaYFs), waimirite-(Y) (YF3), Y-bearing fluorite, fluorite
Thd. MeaaEORELFHREZRET L L, WO FIsEH L D00, i
PIESO G NHREEICE Te. —MIC, FICEDW®BT7T LV VIEMAEE~ 7 < TIE,
ANV KNFOZINT VH U EEBEERS T bR E R T D72y ra vt
LT LIRS, VVra IHREEOD FEHAR KR A MM TH D72, Z Dk
) IRERE I M L ER O EATITE W ALV N OHREEEBE N EH 45, Fiz,
FICE BRI AL P DRI DSBS 2B, HREEIZHE MM D LD b A
R EDZLS SIS, AR TRE SN Ca-Y-7 v bW REN ~ 7~ 114
MNOBOKMOBICET L TCHEHELTWEDIE, TAH Y TR EFICEDR AL M T
O FE AL ERIC X 2 HREER FE o Wider) EH &, 2ok < SRR O BER I
Ko TRBMIZANV NHOHREERE N WEMICELEHEREBZZAOND.
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Preliminary assessment of rare earth elements
0-35 ) T ) :
- in Badau district, Belitung Island, Indonesia

E. G. W. Suharjo, Syafrizal, A. N. H. Hede (ITB)
and R. Takahashi (Akita Univ.)

Badau district, located at the western part of Belitung Island, is one of the tin-productive regions
in Indonesia. The tin contained in the cassiterite is produced from placer deposits with mineral assemblages
well-known as tin-associated minerals. A few of these minerals are rare earth element-bearing minerals.
However, the existence of these minerals is not well-documented yet. This research aims to do a
preliminary assessment about the presence of rare earth element-bearing minerals (REE-bearing minerals)
as well as the content of rare earth elements (REE) in those minerals.

The assessment was not only conducted on alluvial deposits, but it was also conducted on tailings
and concentrates. Sample collection was carried out for three active mining sites. A conventional method,
counting of mineral grains, was used as the initial analysis for indicating amounts of the REE-bearing
minerals. Radioactivity measurement stated in the Sl-derived unit of radiation absorbed dose rate
(mSv/hour) was also used to support the data. Furthermore, qualitative mineral chemistry and X-ray
diffraction analysis was conducted on the REE-bearing minerals and tin-associated minerals, respectively.

The mineral grain counting under the binocular microscope revealed that the minerals
accompanied with cassiterite are mainly monazite, xenotime and zircon, which have been previously
indicated as REE-bearing minerals. The monazite and xenotime are more major components than zircon
in the concentrates. On the other hand, the contents of zircon are higher in the alluvial deposits and tailings.
Monazite and xenotime have similar density values of 4.8, and those are most abundant in the cassiterite
concentrates more than the alluvial deposits and tailings. Zircon commonly occurs as a small crystal in the
alluvial deposits. Although the density of zircon (4.7) is similar to that of monazite and xenotime (4.8), its
content in the concentrates is trace, because zircon is more easily transported. The mineral assemblage of
the concentrate is supported by significant anomalies of radiation absorbed dose rate, which is caused by
an actinide element, Th in monazite. The radiation absorbed dose rates of the alluvial deposits, tailings and
concentrates are 0.10945, 0.10983 and 0.22365 mSv/hour, respectively, suggesting that more than twice
the amount of monazite is included in the concentrates compared to others.

Mineral chemistry analysis revealed that only monazite and xenotime contain significant amount
of REE in the study area. Monazite in the study area mostly has relatively elevated contents of LREE (La,
Ce, Pr, Nd, Sm, Gd) and HREE (Er and YD), while xenotime has elevated contents of HREE (Y, Dy, and
Yb). On the basis of the mineral chemistry analysis, the REE contents in zircon are less than the detection
limit. Meanwhile, X-ray diffraction analysis supports the results of the mineral grain counting, which
indicates gangue minerals of quartz and clays, economic main products of cassiterite, and byproduct target
of REE-bearing minerals.
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Characterization of lithium-bearing pegmatite
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E— in Sakihama, Iwate, Japan

H. V. Nhatinombe, R. Takahashi, A. Agangi, P. C. Manalo and H. Sato (Akita Univ.)

The Sakihama pegmatite in Sanriku Cost, lwate, Northeast Japan, is one of the representative
lithium-bearing pegmatites in Japan. The main outcrop of Sakihama pegmatite occurs as a horizontal
sheet-like dyke or vein, where a ca. 4 m thick and 15 m long body is exposed along the coastline of
Okirai Bay. In addition, we observed several thinner pegmatites, aplite dykes and pegmatite floats at 3
km northeast of Sakihama, along the coastline of Yoshihama Bay. The Sakihama pegmatite comprises
nine asymmetrical growth zones with different mineralogical and textural features. The objectives of
this study are to elucidate mineralogical characteristics and formation conditions of the Sakihama
pegmatite based on microscopy, bulk chemical analysis, mineral chemistry, and fluid inclusions analysis.

The Sakihama pegmatite is hosted in Early Cretaceous granodiorites (Goyosan pluton) that
intruded into the Kamaishi Formation in the eastern part and the Ofunato Group at the southwestern part.
Thinner pegmatite dykes intrude the metasedimentary rocks of the Kamaishi Formation in the
northeastern part of Okirai Bay. The pegmatite in Sakihama consists of K-feldspar, quartz and
plagioclase as major minerals, tourmaline, garnet, biotite and muscovite as minor minerals, and
monazite, columbite, magnetite, ilmenite, apatite, uraninite, ixiolite and zircon as accessory minerals.
The cathodoluminescence images of pegmatite samples revealed the presence of crack-like texture in
quartz, polysynthetic twining and zonation in plagioclase, and graphic texture and tartan twinning in K-
feldspar.

Tourmaline occurs as black prismatic crystals with size ranging from a few millimeters to 15
cm length. Under the microscope, the tourmaline occurs as subhedral-anhedral crystals with small
cracks that host inclusions of accessory minerals, mainly zircon, and exhibits strong pleochroism from
brown to bluish brown. In some cases, the tourmaline crystals show zoning with a light blue core and
dark blue rim.

Bulk chemical analysis of single pegmatite minerals using solution ICP-MS revealed elevated
contents of some elements compared to the primitive mantle, i.e., tourmaline (averages: 115 ppm Li,
197 ppm Nb, 33.6 ppm Sn, 18.2 ppm Ce, 50.4 ppm Ta, 66.4 ppm U), mica (averages: 444 ppm Li, 739
ppm RDb, 47.1 ppm Y, 76.6 ppm Zr, 464 ppm Nb, 113 ppm Sn, 64.5 ppm Cs, 47.2 ppm La, 79.4 ppm
Ce, 25.1 ppm Nd, 96.9 ppm Ta, 204 ppm W, 35.5 ppm Th, 39.9 ppm U), K-feldspar (averages: 782 ppm
Rb, 63.6 ppm Zr, 63.1 ppm Nb, 18.4 ppm Cs) and quartz (averages: 24.5 ppm Li).

The chemical compositions of K-feldspar were plotted on K/Rb-Ba, K/Rb-Cs and K/Rb-P20s
diagrams to elucidate petrogenetic evolution of pegmatites, and the results suggest that it has an
evolutional sequence, baren- to transitional pegmatite — beryl type and beryl-columbite-phosphate
pegmatite.
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0-37 Association between magmatism and mineral
E— deposits in the SukhothaiFold Belt:
Zircon Lu-Hf isotopic characteristics of the granitoids

A. Veeravinantanakul, R. Takahashi, A. Agangi, T. Ohba, Y. Watanabe (Akita Univ.),
M. Elburg, H. Ueckermann (Univ. of Johannesburg), P. Kanjanapayont (Chulalongkorn Univ.)
and P. Charusiri (DMR and Chulalongkorn Univ.)

The Sukhothai Fold Belt (SFB), located between the Loei Fold Belt (LFB) and the Inthanon Zone
(12) in Thailand, was formed by the collision of the Sibumasu Terrane (ST) and Indochina Terrane (IT). It
hosts mainly gold, antimony, tungsten, and fluorite deposits, unlike the types of mineralization compared
to neighboring tectonic terranes of the country, i.e., porphyry-skarn copper-gold and epithermal gold
deposits in the LFB and tin-tungsten mineralization in the 1Z and the ST. This study investigates
petrography, geochemistry, geochronology and Hf isotopes of the granitoids in the SFB.

The granitoids consist of granite and granodiorite which are composed of quartz, plagioclase, K-
feldspar, biotite and hornblende; muscovite is absent and accessory minerals of apatite, zircon, pyrite,
magnetite and ilmenite. The magnetic susceptibilities of the granitoids vary between 0.103 x 10 and 7.358
x 107 SI unit, which indicate the granitoids in the SFB are both ilmenite and magnetite-series.

The major element compositions indicate that these granitoids have peraluminous and high-K
calc-alkaline affinities. Chondrite-normalized diagrams of rare earth elements (REE) show moderately
decreasing light REE and fairly flat heavy REE patterns, with a noticeably negative Eu-anomaly. The
tectonic discrimination diagrams indicate that the granitoids in the SFB have the compositions of “volcanic
arcs and syn-collision settings”.

The U-Pb dating revealed that two stages of magmatism in the SFB occurred during the initial to
syn-collisional stage of the ST and IT (~243-237 Ma) and during the syn- to- post- collision tectonism of
the ST and IT (~230-202 Ma). The Eocene granite (~43 Ma) in the SFB suggested to relate to the
reactivation of the Klaeng and Mae Ping fault zones during Himalayan Orogeny.

The zircons from the SFB granitoids yielded both negative and positive eHf values (-8.0 to +9.2
with an average of +1.5), which indicate that the magmas of the SFB were derived from both juvenile
mantle and old crustal materials. The two-stage model ages (Tom®) of these zircons are 2.2-0.6 Ga with an
average of 1.1 Ga, indicating the timing of a formation of the parental magmatic source of zircons
separating from the mantle during Middle Paleoproterozoic to Early Neoproterozoic.

All the geochemical results indicate that the granitoid magmas in the SFB derived from mixed
magmatic sources of both crustal anatexis and mafic magma differentiation, and are probably linked to an
accretionary orogen. The magmas in this belt have been created in the latest stage of arc construction and
an early stage of crustal thickening. Those data and tectonic setting explain why the SFB hosts orogenic
gold and antimony deposits.
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0-38 Characterisation of Archean Banded Iron Formation Gold
- Mineralisation at Tau Deposit, Mupane Gold Mine,
Botswana

O. L. Seaba, A. Imai (Kyushu Univ.) and K. Baliki (Mupane Gold Mine)

Archean Banded Iron Formation (BIF) hosted gold deposits are widely distributed in
greenstone belts situated in Archean cratons. Greenstone belts have contributed a
significant amount of gold worldwide, mainly from Canada, Australia, Southern Africa,
Brazil, and India. The origin of these deposits has been debated since the 1970s because
of post-depositional deformation, metamorphism, and lack of modern referents for
comparative studies. The present research investigates the origin of the Mupane gold
deposit, situated in the Archean Tati greenstone belt succession of Botswana based on ore
petrography, geochemistry of the host rocks and mineral chemistry of the sulphides. The
Mupane gold deposit consists of three strata bound orebodies, namely the Tau (Tawana),
Kwena, and Tholo deposits. Mineralogical characteristics of the host rocks indicate that
the Tau deposit is hosted in a silicate-carbonate facies BIF based on the dominant iron
minerals. The results show a close textural relationship between native gold
mineralisation and quartz, grunerite, sulphides, carbonates, biotite, and chlorite.
Arsenopyrite-rich zones are associated with biotite-chlorite veins which indicate the that
arsenopyrite precipitation might have been concomitant with potassic alteration.
Pyrrhotite replaced magnetite in some samples suggesting that sulphidation might have
been the dominant gold precipitation mechanism because it destabilises thiocomplexes in
the ore fluids. The average gold fineness of native gold occurring in fractures, as
inclusions in sulphides and as free gold associated with silicates from the Tau gold deposit
as determined by scanning electron microscope (SEM) is 914 which is typical of Archean
BIF hosted gold deposits. Based on textural relationships and chemical composition,
arsenopyrites are interpreted to reflect two generations being arsenopyrite 1 (Apyl) which
is possibly early in origin, sieve textured with abundant inclusions, overgrown by late
arsenopyrite 2 (Apy2) which is late and commonly rims Apyl with no porous texture and
rare inclusions. Sulphidation reactions proceeded via coupled dissolution reprecipitation
reactions as evidenced from porous inclusion-rich sulphides. Gold mineralisation was
introduced because of focused fluid flow and sulphidation of the oxide facies BIF leading
to an epigenetic gold mineralisation. The mineralogical assemblages, textures and mineral
chemistry data at the Tau gold deposit revealed that gold mineralisation involved multi-
processes such as sulphidation, metamorphism, deformation, hydrothermal alteration, and
gold remobilisation.
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0-39 Ore mineralogy and fluid inclusion petrography in the Chifumbazi
- prospect, Tete province, Mozambique

E. Cossa, A. Agangi, R. Takahashi, P. Manalo, H. Sato (Akita Univ.) and A. Imai (Kyushu Univ.)

Tete province in Mozambique hosts different types of mineralization including iron, vanadium,
magnetite, titanium, gold and zinc. The Chifumbazi prospect, located in the northwestern part of Tete
province, is known as vein-type gold mineralization. This study aims to characterize the type of
mineralization and hydrothermal alteration of the prospect on the basis of petrography, paragenesis,
alteration, fluid inclusion and sulfur isotope data.

The Chifumbazi prospect is characterized by igneous rocks (granodiorite, granite and quartz
monzonite) overlain by metamorphic rocks (gneiss). The gneiss is composed of medium-coarse-grained
quartz, biotite and opaque minerals, which define the foliation of the rock. The granitoids are composed of
quartz, plagioclase and biotite as primiary minerals, and are altered to illite, calcite and chlorite, and cross-
cut by carbonate-quartz-chlorite and quartz veins.

The granitoids are characterized by their significant enrichment of LREE and depletion of HREE
and Eu. The trace element data plotted on the Na2O + K20 and SiO2 discrimination diagram suggest that
the granitoid was formed in a within plate setting. Ore minerals consist of predominant pyrite, chalcopyrite
and pyrrhotite, and minor covellite, galena, magnetite and bornite, occurring as veinlets and disseminated
in the host rocks and as veins.

On the basis of the paragenesis and cross-cutting relationship at the Chifumbazi prospect, the host
rocks were subjected to the alteration processes of sericitization, chloritization and carbonatization
(calcite). The mineralization is hosted by a shear zone-related system of fractures with different directions.
The quartz and chlorite veins show dominant sub-horizontal orientation, but in some cases, they dip to the
south. The quartz veins in the Chifumbazi prospect can be divided into three types, i.e., Type I: milky quartz
veins crosscut by chlorite veins or veinlets, Type Il: carbonate-quartz veins formed between the milky
quartz and host rock, and Type Il1: clear quartz that was formed after the milky quartz.

The Type 111 quartz veins contain randomly distributed small fluid inclusions (2-10 um), as well as
numerous cross-cutting healed micro-fractures, along which many fluid inclusions are aligned. Two types
of fluid inclusions have been identified in the quartz veins. At room temperature, 25°C, the Type | fluid
inclusions are composed of one liquid phase, and the Type I fluid inclusions are composed of two phases
(liquid + vapor). Type Il fluid inclusions are primary inclusions showing high relief, composing more than
50% population of the total inclusions, and contain 5-30 vol% of vapor. Homogenization temperature and
salinity of the Type Il fluid inclusions in quartz veins are 220-380 °C and 2-18 NaCl wt% equiv.,
respectively.

The §*Scor of pyrite and chalcopyrite ranges from +1.1 to +2.9 %o, suggesting that the sulfur is of
magmatic or metamorphic origin.
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0-40 Geological characterization of the Namikupo gold prospect
E— located in Namuno district, northeastern Mozambique

M. Nopeia, A. Imai (Kyushu Univ.), R. Takahashi (Akita Univ.),
D. Jamal (Eduardo Mondlane Univ.) and A. Agangi (Akita Univ.)

The Namikupo gold prospect is hosted by the Xixano Metamorphic Complex in the
Mozambique Belt. Gold mining in the Namikupo prospect is conducted underground by artisanal miners.
The geological characteristics and ore genesis of gold mineralization in the study area are barely
understood owing to the lack of studies. This study aims to describe the gold mineralization in the
Namikupo prospect based on petrography and geochemistry of the host rock and ores, which reflect the
characteristics of ore-forming fluids.

Gold mineralization in the Namikupo prospect is associated with quartz veins hosted by quartz-
mica gneiss. The quartz-mica gneiss is mainly composed of preferentially oriented biotite, muscovite
and sillimanite, and granoblastic domains of plagioclase, K-feldspar, and quartz, with minor pyrite and
graphite. Graphite occurs as elongated flakes parallel to biotite, muscovite and sillimanite. The mineral
assemblage of the quartz-mica gneiss host rock indicates relatively high pressure and temperature
conditions of metamorphism, and the occurrence of sillimanite restricts the pressures to below
approximately 800 MPa for a temperature of 700 °C. The presence of graphite suggests a sedimentary
protolith of the quartz-mica gneiss host rock. The quartz-mica gneiss is characterized by high SiO2
contents (72.0 — 75.0 wt%), moderate Al2O3 contents (11.8 — 13.0 wt%), and very low CaO and FeO
contents (1.0 — 2.0 wt% and 3.0 — 4.0 wt%, respectively). Trace element concentrations, including Rb,
Srand V, in the quartz-mica gneiss are low, varying in narrow ranges, from 3.9 to 8.4 ppm, 201 to 261
ppm, and 10.7 to 61.7 ppm, respectively. In contrast, Ba contents of the quartz-mica gneiss host rock
are relatively higher, varying from 484 to 2067 ppm. The ores in the Namikupo prospect are composed
of coarse-grained milky quartz, with disseminated sulfides and sulfates, where the surface is
occasionally stained by Fe-oxides that formed from Fe-sulfides.

The ore mineral assemblage comprises mainly pyrite, chalcopyrite, magnetite, barite and
spinonkopite (Cuw4S; confirmed by SEM-EDS), and minor anglesite (PbSOs) and galena. The Co
contents of pyrite are up to 0.1 wt% and Au contents reach 100 ppm. The Co/Ni ratios are usually below
1 and show low standard deviation, similar to those of several orogenic-type gold deposits hosted by
metasedimentary rocks. The relatively low Co concentrations and consequent low Co/Ni ratios of pyrite
suggest a sedimentary affinity for the mineralizing fluids. These low values could be controlled by the
compositions of high-grade metasedimentary rocks of the Xixano Metamorphic Complex, which,
according to previous studies, have low Co concentrations. Thus, the ore-forming fluids responsible for
gold mineralization in the Namikupo prospect were likely supplied from the metasedimentary rocks of
the Xixano Metamorphic Complex, including the quartz-mica gneiss host rock.
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0-41 Indicators of groundwater pollution related to
mining activities in the Bor mining area, Eastern Serbia

D. Adamovi¢ (Akita Univ.; MMI Bor), D. Ishiyama, H. Kawaraya and Y. Ogawa (Akita Univ.)

Mining activities have been carried out for about 120 years in Eastern Serbia. Currently, in Eastern
Serbia, there are four active copper mines, three in the Bor mining area and one in the Majdanpek
mining area. The ore deposits in these mining areas are porphyry copper deposits. Pollution of the
environment in the Bor mining area begun after the opening of the Bor mine in 1903. The pollution
is most pronounced on river water downstream of the mine. However, the effects of long-time
pollution on groundwater along polluted rivers downstream of the Bor mine are not clear. Therefore,
the aim of this study is clarification and understanding groundwater contamination downstream of
the Bor mine. Groundwater samples were collected in catchment areas of Timok, Pek and Porecka
Rivers, including the Bor and Majdanpek mining areas, as well the areas far from the mining sites.
All water samples were filtrated using cellulose acetate hydrophilic filters with a pore size of 0.20
pum. For heavy metals and arsenic analysis, the samples were acidified by concentrate ultrapure HNOs.
In order to know whether mining activities lead to groundwater pollution or not, a procedure including
the creation of geochemical maps and estimation of the threshold values was applied.

The pH values of groundwater ranged from 6.4 to 8.8. Most of the groundwater samples are Ca-Mg-
HCOs-type water. However, some groundwater samples collected along the polluted rivers in Slatina,
Rgotina and Vrazogrnac Villages are Ca-Mg-SOs-type water. Concentrations of Cu, As, Fe and Mn
in groundwater samples collected in the area downstream of the Bor mine do not differ much in
concentrations of these elements outside the mining area. On the other hand, high concentrations of
Ca?* and SO4% were recognized in groundwater along polluted rivers, ranging from 90 to 511 mg/L
and from 73.5 to 1111 mg/L, respectively. Groundwater samples in the area downstream of the Bor
mine had concentrations of Ca?* and SO4% below the maximum admissible concentrations for
drinking water according to the Serbian standard. However, based on the estimated threshold values
of Ca?* and SO4%, actual concentrations exceeded the threshold values. Therefore, it is thought that
groundwater along polluted Bor and Bela Rivers has pollution by the mining activities of the Bor
mine. The same environmental evaluation was carried out for groundwater in the Majdanpek mining
area. However, elevated concentrations of Ca?* and SO4% in groundwater from the Majdanpek mining
area are not present.

Appropriate components for environmental evaluation of groundwater in mining areas in Eastern
Serbia are Ca?* and SO4* which can be present as aqueous species without precipitation in
groundwater having neutral pH. Heavy metals are not appropriate because they precipitate in
solutions having neutral pH. The procedure used in this study is appropriate for the evaluation of the
environmental impact on groundwater.
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0-42 Risk assessment of the release of heavy metals
from mine waste materials in Bor mining area,
East Serbia

0. Osenyeng, Y. Ogawa and D. Ishiyama (Akita Univ.)

The mining of copper in Bor, East Serbia has produced large volumes of overburden and flotation
tailings which are exposed to the atmosphere and therefore are susceptible to weathering. This can
lead to the oxidation of sulphide minerals contained in these wastes, causing the generation of acid
mine drainage and metal-release into the environment. Estimation of quantities of metals released
from mine wastes is an important objective of the SATREPS project. Field survey was conducted in
August 2019 to collect overburden (OB) and deeper river floodplain covered with tailings (RS).

100% Results from XRD showed that samples
2 8oy - Residual contained secondary sulphate minerals such as
c 0 . . .

é | Extreme oxidizable 9YPSUM and jarosite. Pyrite could not be

c 60% - detected in overburden due to extensive

bt - Oxidizable . .

L 40% - weathering, however peaks of pyrite were

g 209 " Reducible identified in deeper river floodplain sample.
[VE} 0 7 . . .

- Acid/water soluble Nonetheless, under microscopic observation,

0% traces of pyrite were identified in OB sample.

0OB8 RS4
Mine waste materials Concentrations of Fe and Cu obtained by total

decomposition of OB8 were 19800 and 280
Fig. 1. Spatial distribution of Cu concentrations in . o
overburden and river floodplain for 5 fractions ma/kg, res.pectlvely while in R34, Fe and Cu
obtained by the modified BCR extraction scheme concentrations were 103000 and 2800 mg/kg,
respectively.

Results from elution test indicated that the final pHs of OB8 and RS4 were 3.6 and 3.3, respectively.
Concentrations of Fe and Cu released from the extremely weathered sample (OB8) were 0.9 and 7.4
mg/L, respectively. Concentrations of Fe and Cu released from the less weathered sample (RS4) were
24 and 93 mg/L, respectively. Results from the modified BCR sequential extraction has shown that
in OB8, high contents of Cu and Fe exists as extreme oxidizable phase (Fig.1) and were extracted by
inverted aqua-regia at very high temperature (160 °C) therefore cannot be released under natural
weathering conditions. However, in RS4, Cu is bound to acid-soluble, reducible and oxidizable phase
as shown in Fig.1 and can be released into the environment by natural weathering conditions. The
quantity of Cu released from less weathered overburden was calculated and the value was 140170 t.
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