-8 Discussion:

The mineralization and alteration of the arca occur in ihe silicification/pyrite dissemination
zone located in the central to southeastera part of the area where many small intrusions of diorite
porphyry occur. In the zone, quartz-sulfides veins of few cm to 25 cm sporadically occur.
Allhough a large scale mineral showing and additional Aw rich veins were not found in Phase il
sucvey, a wide distribution of quartz-sulfides veins with Ag, Pb and Zn was confirmed all over the
silicification/pyrite dissermination zone. Further, the distribution of Au-Ag type quarlz-sulfides
veins seem o be cestricted in the southwest part of the siticification/pyrite dissemination zone,
while, Pb and Zn veins occur in the northeast pait of the silicification/pyrite dissemination zonc.

The drilling survey shows that the mineralization is more infensive in the diorite porphyry
than in the scc!i:ncntafy rocks. The most prominent mineraiization is 15 m wide Zn mincralization
with an Ag rich zonc of 3 m wide at MISI-4. The occurrence of Au rich quartz-sulfides veins
were confirmed close to the intrusion of the diotite porphyry at MJSI-S and native gold is
associated with arsenopyrite. '

“The mineralization in the area characterized by Au-Ag, Cu, Pb, Zn is closcly related to a
igncous aclivity of the diorite porphyry. The geological envimm:ncnl of the arca, mineral
assemblages of ore mincrals, alteration, filling temperature of fluid inclusien (300° C to 400° C) |
supgest that the mineratization of the area is not an epithérmal type. However, the temperature of
the mineralization is not so much high as a mineralization occurs at the center of magmatism. The
most possible gcological_cnvironnﬁem for the minzralization of 8. Imbak Sub-area is oulcr margin

of the mincralizalion similar to a porphyry copper type environment. As shown in Chapfcr H-2-5,

- the center of the altcratmn in the S. lmbak Sub—area characterized by an abusdant sericite is
i_ loc‘atcd in the center to west part of lhc s;hc;flcauon!pyntc dlssmlmatmn zone and it is conmdcn,d
‘o corr&spmd to the phylllc alleratmn zone of the !yplcal porphyry coppcr lypc nnm,rahzatmn A |

~chlorite rich zone corru&pondmg to the pl'op)]lllc zm\c of lyplcai porphyry c0ppcr l)p{‘: also, occur -

in the S. Imbak Sub-area North sureounding the scricite rich zone. The Au rich quartz— ~sulfidcs :
vein with arsenopyrite occor within the sericite rich zone closc 1o the diorite porphyry. The mineral
assemblages of ore mineral (pyrite- pyrrhmltc are.cn()pyntc) suggest that hydeothermal solulmn
related to the mineralization of the S. Imbak Sub-area North is in intermediate sulfidation state.
The results of geophysical survey (IP method) in Phasc | and Phase 1 clarified the strong IP

anomalous zones which show a medium to high chargeability values of more than 26 mV/V. The

‘Au, Ag and Cu anomalics of the rock geochemical survey in the center to south part of the area

correspond to the medivm to high chargeabitity anomalies of more than 20 mV/V., Some core
samples {diorite pdrphy'ry with pyrite disseniination and silicification/argillization, sandstone with
fracture filling pyrile) from the drill hole MJSI-4 show high chargeability valucs of over 60 mV/V.

Two strong 1P anomalous arcas in the survey area afe detected. One is located in the center
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10 southeast part of the area, another in the center to south part of the area, mainly atong Line-D
and Line-B. ‘The former correspond well with distribution of sllcification/pyrite dissemination
zone neat/around intrusive rocks of the diorite porphyry. The strongest P anomaly is located from
center of Line-D to center of Line-F in the silicification/pyrite dissemination zone. According to
the resulis of the drilling survey drilled into the 1P anomaly source, pyrite rich zone in mudstone
exists from the surface to'a few tens meters in the drill hole MJSI-1. The reasons of these strong
1P anontatics are related to a pyrite' rich zone in the drill hole MJS!*I, and probably to some other
pyrite rich zones near the drill site. According to the results of drilling survey at the deill holes
MISI-4 and MISI-5, there is some mineralization nearfaround infrusive rocks with sulfide in the
former arca. The latter in the central to southern part of the area, docs not correspondent to
distribution of intrusive rocks with pyrite dissemination from the geological map. However,
according to the result of an above-mentioned reason and the results of drilling survey at the drill
holeés MISI-4 and MISI-S, il is coﬁsiclc'red to be some mineralization near/around intrusive rocks
with sulfides in the depths in the latter area. _ _

Geophysicat and subsequent dritling survey based on IP anoimaty of type 2 showed indications
of finding promising mincralization zones in this survey area. For the case of a porphyry copper
type deposit, the finding of 1P anomaly of Type t( low resistivity and high chargeability) is the
ideal condition to select the drilling site. However, in this area 1P ancmalies of Type 2 (inedium
resistivity and high chargeability) seem to be belter target, because the extension of : :%

mincralization/alteration zone on the surface and in the holes docés not seem to be wide extent.
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Fig Il ~1-1 Geological map and cross sections of S. Imbak Sub-arca North






-~ Geological Age

Lithological Unit

Quaternary

Pliocene

Late Miocene

Middle Miocene

Early Miocene

Description

Diorite porphyry
pailly argitlized

Geological Event

Tanjong formation
Sandstone

Silicification and/for ’pyrire}
disseminalion
Quarlz-sulfide veins

Tanjong formation :
Alernation of mudstone and
“sandsione '

Tanjong formation
Mudstone

Intrusion of diorite -
porphyry
silicification and
pyrite dissemination

Quarlz sulfide veins

Fig.ll-1-2 Schematic lithological succession of S. Imbak Sub-atca Nosth
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Fig: 1 -1-9 Flow chart of IP data analysis
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Table [ ~1-7 Survey specification of geophysical survey

Ttem Specification
Method Induced Polarization
Measureing Time Domain

Configuration' Dipole-Dipole array

n-spread

n=1 to 4

Survey lines 11 lines

Total amount | 19.7 line-km

Line spacing 300 m

Samples for
IP survey

21 pes

Table 0-1-8 Survey equipments of geophysical survey '

Equipment 1{M¢&el ' Spécification Quantity.
" IP transmitter TSQ-3 2.0 A, 1500 V 1
: ;(Scinﬁrex) : Lo »
Engine generator 5 HP 1
" (Briggs & Stratton)
‘1P receiver  IPR~12 8ch, 14 windows - 2
(Scintrex) Input range:
50 uv to 14 v .
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Table 11-1-9 Resistivity and chargeability of rock samples

Resis. @ Resistivity

Y

Samnle 1Sampling| Resis. | Charge. | Rock _ .
Nol. Depth(m)| (@-m) | mV/v) | Name Alt..ﬂ\mtiral. Remarks
GpP-1-1 59.65 163 24| Ms Po-diss.
GP-1-2 92.20| 186 10 Ms '
GP-1-3 123.25| 2850 12] Ss
T GP-1-4_| 147.90| 120 67| Ms_|fow mm wido Py-Cp vein.
| GP-2-1 44.00| 14600 6.2| Dp:| relatively fresh, fine
Gr-2.2 47.00] - 997 75! ‘Dp |sili. and chlori.
GP-2.3 | 142,55 978 27| Ss |weak Po-diss.
o] GP-2-4 | 15260] 288  3.3| Ms | N
2| op-31 49.50] 911 54| Ms |chlori.
g Gp-3-2 69.65| 360|  121| Ss ifew mm wide Py-Cp vein.
“1 GP-3-3 | 164.70[ 257 6.9| Ms
o | GP-3-4 170.50] 71.1}  29{ Ms |fracture filling Pyrite _ |slightly coarse
3| ar4-1 | 3070 651 24| Ss
GP-4-2 59.26| 89.2 221 Ms
GI'-4-3 74.10| 368 183| Dp |Py-diss. relatively fresh
GP-1-4 99.35{ 106 97t Dp |[sili. and argilli.
GP-4-5 | 160.25] 1010 68| Ss_|fracture filling Pyvite | .
GP-5-1 | 103.20 543 187| Ss |weak Py-diss. |
T GP-5-2 | 15955 252|839 Ms |Ponodule
GP-5-3 181.80] 1060 180 Dp |sili.
GP-5-4 193.60| 12200 16| Dp : relatively fresh
11 ] 1907 31.9] Ms |Py-diss, ) e L
B G20 | 4040 47 Dpf S : _
i 13 | ‘ 104 - 49 Qv |Qte,Py,Sulf, = . . - B
: 14 i 2950 - 105 Dp L . : n
P IR0 B R ] 5692/ - 69 Dp |- i i . SR
=3 1.6 389 6.6] Dp largilli. R E '
5 1.7 3| 124.2|Sulf.V|Py,Sulf. R A
% I-8 1670 1.1 Ss | [
Y 1-9 _38.1 1.7 Ms | marniy crack
gl i | 1192 20| Ms |
- 111 120] - 3.1 Ms _ ‘
—iag T 218 45| Ss {weaksik. T
13 ] | 887 38| Ms iweaksili. © i manycrack
g & T4 | 1280| 6.1 Ss _lsili, Py-diss. | '
& 1-16 326 7.6] Ss lsili, sulll.spot
MS : Mudstone Dp : Diorite Porphyry - Qv : Quarlz vein
Ss : Sandstone Py : Pyrite Cp : Chalcopyrite
Qtz : Quartz Po : Pyrrhotite diss. : dissemination
¢hlori. : chleritization sulf. : sulfidation argilli. : argilliaztion
sili. silicification Alt. : Alteration Mineral. : Mineralization
Charge. : Chargeability



Table l=1-10 Specitication of drill holes

fole No. Coordinates Elevation Bearing inctinalion Depth

N E
(MISE-1 7] 1453.37 | 4682. 75 697 m - -90° 2012 n
WsI-2 i 145316 | 4682. 77 738 m - -90° . 200.30 0
MiS[-3 1453. 04 | 4682. 46 708 n - -4¢0° 200.84 m
WIST-4 | 1452:80 ] 4682.45. 763 n - -90° 202.20 m
WisI-5 | 1452.68 4_632. 20 27 o - -40° 200.20 o

~-88--
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Chapter 2 8. Imbak Sub-area South

2-1 Intreduclion

2-1-1 Survey area

Based on the results of the soil geochemical survey of the Phase [ the survey area of S.

‘Imbak Sub-area South for the Phase 1l survey was established excluding south part of the Phase |

area for 3 km. It has a irregular square shape covering 45.5 km*( NS 7 km X EW 7 kin).

The S. Imbak Sub-area Seuth is located immediate south of the S. Imbak Sub-area North
separated by a steep ridge of more than 1,000 m high ani_d no previous detail geological work has
been done in the arcd. The area belongs to drainage system of Sungai Kuli, which is a tributary of
Sungai Kuamu!. The drainage system of the area is separated by the ridge ruaning in NNW-SSE

direction in the center of the area. In the area west of the ridge, streams flow o the southwaost,

while in the area east of the ridge streams flow to the cast. Because of a steep topography, these

streams form many water falls in the area close to the ridge.

The tapography of the area, consisting of the ridge running in the middle of the area trending

in NNW-SSE direction and slopes of both sides of the ridge, is very stecp and mgged. The altitude

of the ridge is more or less 1,000 m and the maximum efevation reaches to approximately 1,500 m

in the north part of the area. The Gunong kuli is located on this ridge in southeast part of the area.

“The entire area is covered by primary jungle and there is no trace of human aclivity in the

arca. The access to the area is very poor, only a few trails bcing found in the arca. The geological

" survey was conducted by fly camip and it takes threc days to reach the northwst comer of the area.

' 2-1-2 Background

“The S. Imbak Sub-area Sou!h Whl(‘h lacks dela1l gx,ologlca! mformal:on has bccn _ :
considered to be an area of monotonous Terliary sedimentary rocks. The soil gt.ochemlcal survcy:
conducled in Area T, in which S. Imbak Sub-area North is located, during the SupraFIcgional

survey resulted in the finding of Au-Ag mincralization al the south cnd of the area. It was

" concluded that the mincralization was continued further south. Based on the results of soil

- geochemical survey of Area T, the soil geochemical survey of the S. Imbak Sub-arca South (NS 10

km X EW 7 km, 70 km?) was pon'ducted in Phase I to pursue the exlension of the imiricralization
further south and following results wete obtaired. |

Numerous intrusive bodies of diorite porphyry were found along both slopes of the ridge that

‘nins in the center of the arca. Dating shows their agé of intrusion to be late Miocene 1o carly
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Pliocene. The silicification/pyrite dissemination zones occut in the sedimentary rock along the
slopes of the ridge, closely associated with intrusion of diorite porphiyry. The intensive
silicification/pyrite disscmination zones occur in the northwestern part of the area and the central
part of the area. The onc in the central part of the areca shows a chalcopyrite dissemination in the
diorite porphyry, in addition to pyrite disscmination of the sedimemnary rocks. 'The polished section
of this shows a small grain of native gold surrounded by chalcopyrite. Geochemical survey shows -
distributions of overlapping Au, Cd, Hg, S anomalies arid high value zones over the arcas of @
silicification /pyrite dissernindlion zones in northwest and center pauts of the area. These areas are
aI_So 'covcrcd by high factor score zone of Factor 2 (Au, Cu, Sb, W) and Faclor 6 (As, Av, Hg, S).
These two zones of above were considered (o have high potentiality for the mineralization. The
mineralization that occurs in the S. Imbak Sub-area North seem to be continued over the ridge of
Gunong Kuli to S, Imbak Sub-area South,
Based on the above results, the S. Imbak Sub-area South of the Phase 1l was established
including the above mentioned two zones of silicification/pyrite dissemination and semi-detail

geologicat survey was conducted.

2-1-3 Survey amount

 For purposes of investigating and evaluating the geochenncal anomalies of the Phase

G

~ survey and pursuing the mineralization zone lha_t found in the S. Imbak Sub-area North to further
: sdmh, geological survey (semi-detail) was conducted in the S. Imbak Sub-arca South (45,5 kn?).
: Thc survéy consists of a semi-delail geological survey of 77 km long traverse and, in addition to
. this, 300 rock samples were collcclcd during the geologlcal survey to investigatc 1he geochemical

" halo relaled to thc mmerallzahon

2-2 Geélulgical silri’ey '

‘A semi-delail geological su}vey was conducted in the S. Imbak Sub-area South.
2-2-1 Survey method

';l Gcological sutvey 7 ‘ _
- A gt.ological survey (semx delall) was conduclcd aiong dramagu System using 1 : 5,000 scale . g
‘map produced from an enlargement of 1 : 50,000 IOpOgraphl_C sheet, Other than steeams, wherever
:odlc'rop is cxpected, ridges and slopes of mountains were traversed. Typical rock and ore samples
were collected for thin section and polished section. Ore assaying of 7 clements (Au, Ag, Cu, Mo,
Pb, Zn and S) and X-ray diffyaction analyéis were done for mineralized and altered samples. For

an estimation of temperature of the mincralization, measurement of the filling temperature of the
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fluid inclusion was conducted from the quariz of quartz-sulfide veins.

2. Rock geochemical survey

A total of 300 rock samples were collected during the geological survey for geochemical
jnvestigation. At cach outcrop, the sample representing the whole outcrop was taken and description
was donc on sample sheet. After crushing and splitting they were sent for chemical analysis for 13
clements {Ag, As, Ay, Ca, Cu, Hpg, K, Na,.M’g, Pb, Rb, S, Sb, Sr, Zn).

The analylical results of the geochemical samples were input in computer and statistical data
treatment, single clement and multi-clements analyses were conducted: For the Singie clement
analyses, statistic figures such as maximum, minimum, mean ‘values and standard deviation for each
clement were calculated. A half value of the detection limit was used for the Samplb with value
less than the detection imit. The mean values calculated are geometric means. The corcelation
mateix among ihc elements were, also, calculated.

The drainage system of the survey arca was inpul in'the computer using digitizer and
distribution maps of each efement were prepared. Exploratory Data Analysis (EDA) method of
Kuczl (1988) was applied to obtain the threshold value (anomalous value) for cach element. _

“As the multi element analyses, factor analysis was applied in this survey. The factor analysis
is 2 micthod to delincate the factor (group of elements) controlling the chemical character of a -
group of the samples.

For understanding the chemical halos related to the mineralization of a wholé acea of thc S.

' Imbak Sub-area, data analysis and interpretation were conducted for a total of 501 samples

“including the 201 samples collected in the S. Imbak Sub--arca North during the Phase [ survey.

Among the 300 rock :_sa'mplcs of gebchemioai survey, 55 sémpres Twcrc sclected for anay
diffraction analysis for investigation the alteration halos related (o the mincratization. .
2-2-2 Geology

The S. Imbak Sub-arca South is overlam by the Tanjong Formation (NTy) of earl) to
middle Miocene. In addition to thls many small bodies of diorile porphycy {1,) oceur mlrud:ng 1o
the scd:mcnlary rocks of the Tanjong Formation. Geologlcal map logclhcr with cross scctions are -
piven in Platc H-2-1 and Fig. 1l -2—1 and schematic tithalogical succession is shown Fig. I ~2-2.
The samplc location of labomtory studies and locallon of mineralization are given in Fig. 1l -2-3.

The results of laboratory studies are given on Table [E~2-1 (thin section), Table 1 -2-2 (polished
scctmn) Table If-2-3 (X-ray diffraction analysis) and Table I --2--4 {ore assaying). The

description of mmeral showings and results of filling temperature of the fluid inclusion are given in
Table [1-2--5, Tab!c-ll ~2~6 and Appendix 1.
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The area is entircly overfain by the Tanjong Formation and it is divided into three
for.mations. They are, from beltom {0 top, lower mudstone formation, sandstone forntation and
upper mudstone formation. All the sedimentary rocks, consistently, dip toward SW direction,
consequently, the lower formation is distributed to the cast and upper formation is distributed to the
west. The mudstene occur on the both side of the rldge, in the areas of relatively lower altitude,
while sandsiene occur in the arca of higher altitude, being distributed along the ridge. The small @
inteusive bodies of the diorite porphyry are distributed on both sides of the stop close to the ridge. %2%
“The lower mudstone formation is distributed on the cast facing slop of the ridge 4t the
elevation lower than 900 m in the cast part of the area. Dark gray to black, s',lighi'ly soft mudstong
occupics the area from north to south along the east edge of the area. Sandstone layers of few cm
-to few 10s cm thick are intercalated in the area near the sandstone formation. The antount of the
sandstone increasé toward boundary, then mudstone formation gradually change to the sandstone
formation. The mudstone close to the diorite porphyry is, generally, silicified and pyrite
disseminated. Pyrite nodules of few cm across, rarely, occur in the mudstone.
The sandstone formation occupies the area along the ridge in the center of the area and it
folrm steep topography. It predominantly consists of gray to dark gray, fine to medivm grained,
massive sandstone. The sandstone found at the higher elevation near the ridge is bleached and
‘shows pale gr'a_y color, while, the one near the intrusion of the diorite porphyry is silicified and
hard rock with pyrite dissemination. The silicified sandstone is typically obscrved on the western g
slop '_of the ridge in northwest ‘and center parts of the arca, In central north part of the area, lenses
of cdnglomeratc with thickness of few 10s m are intercalated in the sandstone. The conglomerate
conmh of granule to pebble size sandstone and mudstone. The sandstone occaswnally intercalate
(hm mudsmnc bcd-;
Thc sandstouc formattou is ovcrlam by the upper mudstone formation, being distributed in
SOuth\s-cst. part of the area. The upper mudstone Jayee predominantly ‘consists 6f mudstone of the
same lithological facies as that of the lower mudstone layer with rare intercalation’ of sandstone
beds,
The mudstone in thin scclion shows that it consists of mainly quariz grams of (.02mm to
; 0 03 nun across with occasional association of plagmclasc fragments. The matrix is filled by fine
- quartz and accessary mmcrals such &s zircon and tourmaline. Sericite is most common alteration
; iﬁincral oécﬁr_ covering detrital geains. Kaolinile and calcite, alse, oceur as alteration minefals. The @
sé:ﬁplc, taken al the location close to the diorite porphyry, shows a small amount of biotite in
' sericite network. The sandstone is well sorted; 9.1 mim to 0.3 mm grain size, arkose sandstone
consisting of mainly of quartz with subordinate plagioclase, K-feldspar, rock fragments (mudstone,
sandstone, tuff, cherd). When alteration increases, network of sericite occurs with secondéry quarlz.

Other alteration minerals are chlorite, kaolinite and calcite. ‘The conglomerate is composed of
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mudstone and chert of pebble size with quactz mateix.

The steike and dip of the Tanjong Formation in the S. fmbak Sub-area South is consistent
over the entire area. It shows a monoclinie stricture, striking N-S to WNW-EST(45° to 70° W)
and dipping at 20° to 40° SW. chardléss of the formations, the strikes tend to gradvally change
following the trend of the ridge. In the south and east part of the arca, the sedimentary rocks strike
in N=S to NNW-SSE (0° to 30° W), then, they gradially change toward west direction and NW-
SW (40° to 60° W) is predominant strike in northwest part of the acea. The sedimentary rocks dip

- consistently 20-° to 40° to southwest,

The diorite porphyry is a gray porphyritic rock with plagioclase and hornblende phenocrysts
of a few mun across. Numerous small intrusions with widths ranginig from fow m to 100 m occur
along the slops of both side of the ridgc and they are concordant to sub—concordant to the
sedimentary rocks. The diorite porphyry of small body is dark fine grained rock wilh fine
homblende phenocryst and it shows similar appearance to andesite. Because of the different degree
of alteration observed in the diorite porphyry, the appearance of it varies from gray color rock with
clear porphyritic texlure to a totally argiflized, white color rock consistiﬁg of quartz and sericite.

"There is no clear indication of thermal metamorphism fo the sedimentary rocks at the vicinity of

" the intrusion. The diorite porphyry of the central south of the area is disseminated by pyrite and

chalcopyrite. The K-Ar dating, done in Phase 1, suggests that intrusion of the diorite porphyry

took piace in late Miocene to early Pliocene (7.27%0.18 Ma to 10.5£0.27 Ma). '
‘Microscopic observation of the less altered rock shows clear i:orphyriiic texture with

plagiociase and hombleudc phenocrysts. In addition to them, biotite and clinopyroxene phcnocr)sis

occasionally appear. The groundmass consists of plagioclase and opaque minerals and its tmturu

vams from mtugranular fexture similar to that of ﬁndbS!lb to hyp1d|0morphlc granu‘lar texture. Thc :
'_alicn.d rock is totally replaced by alteration mincrals such as quarlz serieile, calcﬂc chlorite and

the original h,xlurc is completely cxhngmshcd The x~r1ay diffraction *:,I\o“s altération mincrals of

quariz, sericite, chlorite, (kaolinite), (sericite/montmorillonite mixed layer). The fine diorite
porphyry similar to andesite scem to be more mafic with pn,dommanl homblende phenocryst
compared with other one with predominant p]agloclase phcnocryst with biotite. The mincralization

and alteration sceni lo occur more intensively to the latter one.”

2-2-3 Mineralization

" The main mincralization and alteration of the area occur within the area of : .
siticification/pyrite dissemination zones located in the central norih of the area(SA) on west slop of
the ndgc in the center of the arca(SB) and cast stop of the ridge in the cast of the area (SC)- The
association of many small intrusions of the diorite porphyry in these areas suggcsts that the

mincalization in the area is closely retated to intcusion of the diorite’ porphyry. In these zones,
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silicification, ratcly argiliization, and pyrite diss¢mination with thin pyrite veinlet along fracture
occwr to the sandstoric and mudstone of the Tanjong Formalion. Furthermore, quartz-sulfides veins
and tenses occur cutting the scdimentary structure,

Three main zones of silicification/pyrite dissemination and mincral showings within them are

summarized below and Table H-2-5. Fig. 11-2-4 shows sketches of main mincral showings.

1. Minera!izaiion zone of northwest pari df the avea (SA) - _

~ The silicificafimﬂpyriie disscmination zone of SA has an extent of approximatcly NS 1.5 km
X EW 2.0 km. This mineralization zone scem to continue northward over the ridge and connected
to the silicification/pyrite dissemination zane of the S. Imbak Sub~area North (NA). Pyrite
disseminalion occurs both in the sedimentary rocks and the diorite porphyry associated by quartz-
sulfides: veins of few cm wide. These veins occur both in parallel to and oblique to the sedimentary
structure and they do not show consistent trend. The vein of the largest size (maximum width: 35

cm) occur at the mineral showings of IMS-1.

IMS-1 (Sketch 1A, 1B, 1C): On a bed of a steep stream, a scattered distribution of

. quariz—-pyrite—chalcopyrite veinis is obscrved in silicificd aﬁd pyrite disseminated

sandstone for an extent of 150 m. The width of thic veins is generally few cm,

" however, the largest one reaches maximum width of 35 e and it can be traced along

+ the stecam bed for 30 m. Microscopic observation suggests that pynle chalcopyrile and

i arscncrpyntc are constituents of the sulphide phase of the veins. The assay results of
. lhcs» veins show similac grade with h!gh Qu (2 21 % o 9.37 %) and Ag (61.9 g/t to
o 509 7 g/t) Au (o 1 g/t10 1.1 g/), Zn and Pb are low.

i Other cj.ua’rlz—sulﬁdesf (ﬁyriilc) ve'ihsxof" ftlzwicm widc in the mineralization zone SA (P:15_2,
P154, P157) giv;c Ag grade ranging from 5.1 g/t to 37.8 g/t with Cut0.1 % and Av, Pb and Zn
ace low. From the assay results, these veins are simifar to Type @ vein of the S. Imbak Sub-arca

“Notth. The assay result of Ag 14.8 g/t oblained from the pyrite disseminated sandstone suggests ”

some Ag mincralization in the host rock.

2. 'Mineraﬁialion zone of center part of the area (SB)

' S_ilicit:“:cation' and pyrite dissemination of the mincralization zone SB occur in the acca of
approxﬂnatelyNS 1 km X BW 1.5 km. The disscmination, mainly pyrite and occasionally
chalcopyrite and Cu oxides, occur both in the sedimentary rocks and diorite porphyry, however,
disscminaﬁon seem to be more strong in the diorite porphyry than in the sedimentary rocks. Thin

quartz-pytite veins rately occur in the minecalization zone. The ceater of the mineralization is .
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mincral showing IMS- 2, located in southwest part of the mineralization zone SB, where pyntc and
chalcopyrite dnsscmmalcd diorile porphyey occue. Few grams of native gold in the chalcopyrite
grain were found through mictoscope in the Phase [ from the sample collected from this mineral

showing.

IMS-2 (Skeich 2): Pyme and chalcopyrite disseminated mudstone and diorite porphyry occur
along a stream for a distance of apprownatcly 500 m. Strongly siticified, white
mudstonc is intruded by the diorite porphyry and dissemination of pyrite and
chalcopyﬁlc associated by fractuse filling films of the same minerals occur in the
mudstone. The pyrite and chalcopyrite dissciminated diorite porphyry is slightly felsic
type with biotite phenocryst in addition to p1agioctase' and horﬁb]endc and it is strongly
silicificd with abundant secondary quartz and scricite. The dissemination is slightly
stronger in the diorite porphyry than in sedimenfary rocks. The assay results of the
samples collected at 1 m span show Cu ranging from 0.10 % to 0.20 % and Ag
ranging from 0.2 g/t to 2.7 g/t in the diorite porphycy. While, 1 m span samples of
mudstone show Cu grade of 10,10 %, slightly lower than that of the diorite porphyty.

© A, Pb; Zn grade are low in the both of samplcs.'

Other than IMS-2, any encouraging assay results was obtained fromi pyrite disseminated

sandstone and mudstone samples collected in the mincralization zone SB. -

3. Mineralization zone of east part of the area (8C) |

The mincralization zone SC occur on (he cast slop of Ihu ndgc Sthlf{C&l[Oﬂ aud pynlc ;

dlsscnnnal]on assocnalcd hy fracture filling pynh, film in lhe sandslonc and mudslonc oceur i the

zone. The silicification and pyrite dissemination tend to ‘be more intensive at the wcmlly of dmme
porphyry intrusion. In addition to this, quartz-sulfides (pynle, arscnopyrite, sphalerite, galena) vcms‘
sporadically occuor in the sedimentary rocks. One of the ‘quarlz-sulfide vein show assay resulls of
Ag 8.8 git, Pb 0.37 % and Zn 043 % and it scem to belong to the Type ® vein of the S. Imbak
Sub-area North. The assay results of pyrite disseminated mudstone and diorite potpﬁ)fry do not

show any encouraging result.

In sunumary, the mineralization zone SA is comlden,d to bo a southcrn extension of
silicification/pyrite dissemination zone of the S. Imbak Sub-arca North (NA) and it is characlmzcd
by silicification/pyrite dissemination with quarlz—sulﬁdc veins. Cu and Ag enriched veins and Type
@ vein of the S. Imbak Sub-arca North exist in the zone. Although slightly low Cu grade was

obtained, the mineralization zone SB, characterized by pyrite and chalcopyrite disscminated diorite
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porphyry, shows a similar occurreace of mineralization to that of porphyry copper type. The

intensive mineralization and high grade ore were nol found in the mineratization zone SC.

2-2-4 Fluid incluslon filling temperature

Filling temperature measurement of six samples coliccted from quartz-sulfides veins of 8.
linbak Sub-area South was conducted. The method of the measurement is given in chapter 1-2-4
and the results is given in Appendix 1 and Table I1-2-6. All the sample$ include many fhid %?
inclusions of 5 to 25 ftm across. Although manner of their distributions arc not same within one
sample, being aligned along certain plains or showing a random'distribulion, there is no difference
in the filling temperature respect to the manner of their distribution.

The sample $199 consists of twe part, and measurement of temperatuze was done separately.
$199-1 is gray quariz vein and S$199-2 is quarlz pool with sulfides. Sample 8173 and P152
include the iﬁclusions with solid phase in addition to the inclusion consists of only liquid phase.
~ SE73Tm and P152Tm are melting temperatuce of daughter mincrals. Among the six samples, P152,

" 8173 an.d S196 show a wide temperature rangge, abbut 200" C. While, the len'apc.raturc range of

" $191-1 and $204 is fess than 1607 C. The average temperatures of the six sanples except S199-2
fall in a relatively narrow range of from 319.5C 10 364.3 ° C. and these temnperaturcs are high
compared to those of epitherinal typé mincralization. ' .

Among four saniples (P152, 5196, $199 and $204) from the mineralization zone SA, two §
“samples {S199 and S204) were collected from quarlz-pyrite—chalcopyrite veins of mineral '
_showingé IMS-1 and other two samples (P152 and $196) were collected from the quartz-sulfides

veins Stmllar to Type @ vein {Ag> Au typce) of !he S. Imbak Sub-area North. The former shows
élngher avcragﬂ unmeraluru of 351.5° C and 364. 3 C with narcower {empualun. range compared
with 1hc ialcr with average teroperature of 3333° C and 3364° C. The two samples collected from
the quarlz vuns occurrmg in the pyrite- chalcopynte disseininated diorite porphyry of the mineral
*showmg IMS=2 show avcragt, temperature of 319.5° C and 3552 ° C.

2-2-5 Rock geocheinical survey and alteration
The rock samples for geochemical survey were collected during the géological survey in the
. .S.-]Itlbillk Sub-arca South, For obtaining a whole view of geochemical halos nﬂatcd to the
© mineralization in'_ the eatire 'aré_.a of the S. Imbak Sub-area, 201 samples of Phase | collected in . §,
the 8. Inbak Sub-arca North were incleded to the 300 samples collected in the S. Imbak Sub-area
South and data analysis were conducted for a totsl of 501 samples. From the 300 samples of the
. geochemical survey, 55 samples were selected for X-ray diffraction analysis for mv»shgatmg the

: altualmn halo refated to the mincralization.
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1. Sampling

Among the 300 samples collected in the Phase il survey, some of the samples were collected
i the S. Imbak Sub-area North to fill the gap between the S. Tmbak Sub-area North and South.
The tocation of the samples and description of each sample are, respectively, given in Fig. It-2-5

and Appendix 2.

2. Statistical data {reatment
Analytical results are shown in Appendix 3. These analyl:cal resulls were input o a Computcr
and staushcal figures were obtained. Table 1 -2-7 shows statistical figures both of the 300 samples

of the S. Imbak Sub- —area South and the 501 samples of a whole acea of the S. Imbak Sub-area.

‘Compared to the S. Imbak Sub-area North, concentrations of Ag and As are lower and Cu, Hg and

Sb are stightly higher in the S. Imbak Sub-arca South.

Among 501 samples from both of the S. Imbak Sub-area North and South, 45 samples are
diorite porphyry and the rest of them are sandstone and mudstone. The mudstone and sandstone -
show similar chemical character, however, there are some chemical diffcrences between the two
and diorite porphyry. The diorite porphycy shows following chemical characters compared to

sandstonce and mudstone.,

Clearly high in diorite porphyry: Ca, Sr -
- Slightly high ia diorite porphyry Cv, Mg, N
Low in diotite porphyry As

: Compar&.d with fresh diorite porphyry willl alh.rcd dlﬂl‘llc porphyry, the iam.r shows hlghcr
As K and low or Ca Na than fonmr _ S ‘ ; i '
Ag, As, Au ‘Hg and S show hlgh maxlmum valucs of z\g 17 37 ppm As 13, 675 ppm Au ;
6,920 ppb, Hg 2,290 ppb and $ 29.355% | |
In order to clarify relationships botween the elements, correlation cocfficients were, also,
calewlated. ‘The results show following pairs of elements having good (correlation cocfficient: more

than 0.500) and faicy good (correlation cocfiicient: more than 0.40_[1)' correlations.

‘good correlation: Au—As; Cang—NaﬁSr'~Z|1, K—Rb_
fairy good cofrelation: Ag-As, Cu-S-Zn, Pb-Zn

Groups of clements such as Au-As, Ag-As, Cu-S-Zn and Pb-Zn arc probably

reflecting the chemical nature of mineratizalion in the arca. Ca, Mg, Na, Sr arc high in diorite

porphyry, especially diotite porphyry of less altetation.
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3, Singte element analysis

Distribution maps of cach element were prepaced (Appendix 4) vsing the values obtained by

EDA method. Distributions of each ¢clement are summarized as follows;

Ag:

As:

Au:

Cur

Hg:

. ‘Mg:

Na:

Anomalies and high value zones arc distributed over the area of north and center part,
covering continuously the ‘;lltuﬁcalmn!pyntc dissemination zone of S. Imbak Sub-arca North
(NA) and west part of the mineralization zone SA of the S. Imbak Sub-acea South. Samples
of high values occur in the mineralization zone SB.

Similar to Ag distribution, high value and anomalous zongs, continudusly, occur over the
area of silicification/pyrite dissemination zone NA in the S. Imbak Sub-area North and west
part of the mincralization zone SA in the S. Imbak Sub-area South. Other than this, high |
valucs zone are, sporadically, occur east part of the mineralization zone SB and soulh part of

the mincralization zone SC.

-Ovcilapping the Ag and As distributions, anomaly and high value zone occur covering the -

-area of silicification/pyrite disse:_uiriatio’n zone NA in the 8. Imbak Sub--area North and west

part of the mineralization zone SA in the S. Jmbak Sub-area South. The mineral showing

IMS-2 of the mineralization zone SB is covered by high value zone and samples of high

:valu‘, arc dastnbuled in the mmcrallzauon zone SC.

Samples of high value occur north, southwest and cast part of thc area where mineralization

and alteration are not found. The diorite porphy r) of less alteration shows the highest

concentration. Al the saniples, other than diorite porphyry, taken in the mineralization zonce |
show the concmlranon below background value. . ‘

Anomaly zoncs occur in wcst part of the mmeral:zauon zone SA, west patt of |he
mmcrahzanon LZone SB covcnng ‘the mmcra} showing ‘lMS—Z and east part of the

mhmﬁcanonjpyrm, dissemination zone NA

'Allhough the saniples of high valuc are scallcrcd over the south parnt of the
's1hc1ﬁcanou/pynle dassemmauon zone NA, mineralization zoncs SB and SC, no clear refation
" between Hg distribulion and mineralization is found.
. The distribution of high vélu_c within the silicification/pyrite disscmination zone NA and its

* vicinity suggest possible K earichment in the zone NA by mineralization/alteration. The

'samplbs:of high K concentration are not found in the mincralization zone SA, SB, SC.

Diorite porphyry and some of the sedimentary rock ousside of the mincralization zones show

" high value. Within the mincralization zones samples other than diorite porphyry show the
. concentration below detection limit.

“Simifar to Mg distribution, diorite porphyry shows high concentration and samples inside the

mincralization zones other than diorite porphyry show the concentration below detection
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limit. Na was possibly depleted theough mincralization/alteration episode.

Pb:  Anomalies sporadically occur in the area east part of the mineralization zone NA to the
mincralization zone SA, the mineratization zones SB and SC.

Rb:  No clear distribution tendency was observed, however, samples of mineralization zone NA
tend to show high value.

S:  The samples of high value are distributed in the mineralization zenes. Other than that high
value samples oceur in the sedimeéntary rocks of the northeast part of the area.

Sb: Samplesi of high value is scattered ovér the area of mincralization zones aiid, other than that,
no clear distribution féndency is observed.

Sr:  Similar to Ca distribution, diorite porphyry with less alteration shows high concentration. Al
the samples, other than diorite porphyry, taken in the mineralization zoncs show the
concentration less than detection fimit. _

Zn:  Samples of high values sporadically oceur in the mincralization zones and it does not show

clear chemical hatos related to mineralization.

The distributions of anomalous zone and high value zone of the elements poésibly related to

* the mincralization of the area arc shown in Fig. 1-2-6. Anomalies and high value zones of Ag,

As, Au, Cu occut closely associated each othér in the area silicification/pyrite disscmination zone

" of S, Tmbak Sub-arca North (NA) to west part of the mincralization zone SA in the S. Imbak Sub-

arca South. While, the acca of mineral showing IMS-2 in (he mincralization zone SB is covered by

high value zones of Au and Cu and high value qampk-,s of As, Au and Cu are scéncred in-

- mincralization zone SC. The mineralization of the area, mcludmg the mineralization zonc NA
(sﬂ:c:ﬁcahon}pynlc dissemination zone) of the S. Imbak Sub--area North and its cxtmslon of the
mmcmhzatmn zonc SA of the S. Imbak Sub-area South is, charactenzcd by Au, A«; Cu and Ph
“and S associate with them. While, the minefalization of the area mcludmg the mineral slmwmg

IMS-2 is characterized by Cu, Au and S. Zn docs not seein to form clear chemical halo related to

the mineralization. The low concentration of Ca, Mg, Na and Sr for the samples collccted in the
mineralization zoncs suggest a removal of these elements through the mineralization/alteration.
Further, the mineralization zone NA in Ihe S. Imbak Sub-arca North is sllghlly enriched in K and

Rb lhmugl the mmcrahzanonjahcranon CplSOdC—

4. Multi-element analysis -
Factor analysis was conducted as a multi-clement analysis in this survey. The results of
factor analysis are given in Table 11-2-8. Following relationships between elements and factors

were extracted by the factor analysis.
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Factor 1 : -As, (—-Au), Ca, Mg, Na, Sr, Zn
Factor 2 :(Ag),(As), Au, Cu, Pb, S, (Zn)
Factor 3 : -Ag, Sb

Factor 4 : -K, -Rb

Considering the relations between factors, related elements and disteibutions of each element,

Faclor'l, Factor 2 and Factor 4 are probably related to the mineralization and alteration of the area.
Distribution map of these factor scores was prepared allocating three different colors for cach
factor (Fig. 1l -2-7}. For Factor } and Factor 4, high factor scores of opposite side {negative side)

in relation to Factor 2 wete enhanced by colors. Threc factors arc shown by following colors.
Factor 1 : blue  Factor 2 :red  Factor 4: yeltow
Distribution tendencies of hese factors are summarized as below;

" Factor 1:- High factor score zones arc distributed covering the area of the min{:ralizalion zone
(NA) of the North to the mineralization zone SA of the South and they further
continues toward south along the ridge. ' _
Factor 2: - A high factor score zone clearly oceur in the nostheast part of the mineralization zone " %
NA. Further, overlapping the high score zone of Factor 1, it occuss in the arca '
covering the mineralization zone NA of the Nonh‘. to the west part of the
in_incralization‘zonc SA of the South. In the mincralization zone SB, higﬁ factor score |
zone ‘oceur around the mineral showing lMSQ and in the cast part.
_Factor 4 The high factor score zone occur in the mineralization zone NA of the North, |
~ overlapping _’high;fat:tdr scorc zone of Factor 1 and Factor 2 and it'docé_ not appear in
the minctalization zone SA of the South. It, élscj, occuf in the mineralization zones of
" $B and SC in the South.

Factor 1 (-As, {-;-Au), Ca, Mg, Na, 81, Zn ) consi_sts of the clenents reflecting the
mincratization of the afea (As-Au) on the neg.e-lti\_’c.sidc and the elcmc;us teflecting the alteration of
the area (Ca, Mg, Na, Sr) on the positive side. Factor 2 ({Ag).(As), Ay, Cu, Pb, §, (Zn}) consists of \.
the cléiuén!s r’cﬂccling Ag—k\u :hincralizalion in addition to base metal (Cu, Pb) mineralization. g
The Factoc 1 and Factor 2 are considered to be reflecling the mineralization of the arca. While,
Factor 3 {-K, -Rb) seem 1o reflect an addition of K during the cpisode of minecralization/alteration

in the mineralization zone, especially NA of the North,
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. Alteration

For considering the alteration hatos related to the mincralizalion of the arca, 55 samples
covering the S. Imbak Sub-area South were selected from lﬁ_c samples of the rock geochemical
survey and X-ray diffraction analysis was done (Table 1t -2-3). For vnderstanding the alteration
halos of the cntite arca of the S, Imbak Sub-area, the investigation was done together with the
results of Phase [ survey in S. Imbak Sub-area North. Fig. il -2-8 shows the minctal assemblages
of alteration minerals in the S. Imbak Sub-arca.

The x—ra)ﬁ diffraction analysis of the typical alteration samples, argillized diorite porphyry,
silicified and pyrite disscininated sandstonc and mudstone at the vicinities of the intcusion of diorite
poiphyry and quartz-sulfides veins, show following mincral assemblages.

The assemblages of alteration minerals in the diorite porphyey is quarlz-sericite—
Se/Mo(sericite/montmoriltonilc)-kaolinite—sericite. Altered sandstone and mudstone has a comnioa
mincral assemblage of quarlz and sericite and it is associated by chlorite, kaolinite and Se/Mo. A
negative relation is observed between plagioclse and sericite. A mmplc of abundant plagioclase has -
a small amowit of sericite and in seri¢ite rich samples the amount of p!agloclase is rare or absent.
Therefore, amount of sericite can be used as a indicator of alteration. As an alteration advances,
more plagioclse is decomposed o sericite.

Based on the above, alteration mincral assemblages are considered for 106 geochemical

samples (55 samples of the S. Imbak Sub-atea North and 51 samples of S. Imbak Sub-arca South).

“The cormmon mineral assemblages of geochemical samples is quartz- sericite-kaolinite and, in
. addition to them, chlorite and Se/Mo appear occasionally. The amouit of sonclle changes {rom
~trace 10 abundant regardless of lithological facics. Chlerite appcarb more and Sc;’Mo and kaolinite

i appcar less in the S. Imbak Sub-arca South cnmparud to thc North Usmg three key mmerals

characlenzmg the alteration of the arca, Sc/‘V[o chlorite ancl appearanm. of scr:cnc more than trace
amount, the alteration of the aréa is considercd.

As shown in Fig.’ 11--2-8, which shows occurrences of abundant quartz and blome in
addition to three key mincrals, three zones of alteration minerals are identified in a concentric
distribution surrounding the mincralization zon¢ NA at the écn!er Se/Mo occurs in the outer
margm mamly northwestera parl of the arca and chlorite’ oecurs i the niddle, near the out margin-
of the mineralization zone NA. The samples with sericite more than lrace arount occur only mszdc
the mincealization zone NA. The three zonds are considered to be indicators of the intensity of
alicration. ‘The alteration increascs toward the mmerahzauon zone NA.

"The cw-tcnce of argillized diorile porphysy outside of mineralization zonc NA and no sltong
aigillization found at the vicinity of argillized diorite porphyry suggest that argillization of the
diorite porphyry is caused by a different episode of alteration from the alteration of the sedimentary

rocks.
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