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PREFACE

The Government of Japan, in response to a request extended by the
Government of the Republic of Indonesta, agreed to conduct a metallic
miaeral exploration survey In West Kalimantan, and cormissioned its

iaplementation to the Japan International Cooperatlon Agency.

The Agency, taking into constderation the importance of the technical
nature of this survey, sought the cooperation of the Hetal Hining Agency

of Japan In order to zccompliish the proposed task,

The Covernment of the Republic of Indonesia appointed the Directorate
of Mineral Resources to execute the survey as the counterpart to the

Japanese team. The survey Is belag carried out jolntly by experts from
both countries,

This year's work was the third phase of the progranm consisting of de-
tatled geological survey, detailed geochemical survey and geophysical

survey for metallic mineral expleoration, based on thé results of the
prior phases.

This report hereby summarizes the results of the third phase of the
survey, and will also form a portion of the final report that will be

prepared with regard to the overall results.

We wish to take this opportunfty to express our gratitude to all stdes
concerned in the execution of this survey,



Januvary, 1982,

—————
Prof. bDr. J,A. KATLLIL

birector General,
Directorate General of Hines,
Hinistry of Mines and Energy,
Republic of Iadonesia.

Sk A

Kefsuke ARITA
President,

Japan International
Cooperatiéom Agency,
Japan.

Shoi b
ﬁwy.L J,

Masayukf NISRIIE

President

Hetal Mining Agency of Japan,
Japan,
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ABSTRACT

The third phase detailed survey was conducted to cover 6‘km2 tn Selakean
arca and 20 kn? in Panji area which had been selected as pronising min-
eralized areas in the second reconnalssance survey, consisting of the
geologlical survey, geochemical survey with soil sampling and geophysical
suryey (IP Survey conducted in eastern Panjl area), 1n order to atteéempt
an eluctdation on the existent condition, scale and grade of nminerali-

zations in these two areas.

Selakean Hineralization is a gold bearing chalcopyrite-sphalerite-
arsencpyrite ore deposit filled in a fissure which is considered to have
been caused by the tectonic movement by the Intrusion of G. Raya prano-
dtorite, and it is a mesotherpal ore deposit where exsolution dots of
chalcopyrite in sphalerite are recognized. In the geochemical

survey with soil sampliang, the distribution range of copper anomaly

overlaps the mineralized zone, while lead anomalous area is distributed

somewhat apart.

In the pain mineralized zeone of Panji Himeralization, chalcopyrite and
covelline disseminatfons ave found, accompanying tourmaline. Pyrite
dissemination is distributed ouviside these dissemination, reseabling
Banyl Mineralization which was surveyed in the second phase suxvey.

In the geochemical survey, copper and molybdenum anomalous areas were
found in the center (1.5 km EW and 2.0 km HS) of this mineralized zore.
Also, In the geophysical survey {IP Survey), anomalies were found dupli-
cated ia these geochemical survey anomalous areas. The mineralizations
are embedded in G. Seblawak granodiorite, which is 124 m.y. under the
K-Ar absolute age dating, intruding in the Farly Cretaceous period.
Distribution of younger igneous rocks has not been confirmed in the geo-
logical survey as in Banyl Mineralization. However, younger fgneous

rocks are considered to exfist and caused mineralizatlons.

G. Raya granodiorite and Sijanguk quartz dlorite accompanying the copper
and molybdenite mineralfzations in 6. Ibu area are both confirced to be

30 w.y. under the K-Ar absolute age dating, and intruded in the Tertiary

- xtit -



Oligocene In age, 1t was conflrmed again in the survey of this phase
that copper, molybdenun, gold, gercury and antimony mineralfzatfions
distributed in West Kalimantan have been caused by younger igneous

activities in the Early Tertiary to Middle Tertlary period.
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CHAPTER 1| DEVELOPMERT AFFAIR ARD PURPOSE OF SURVEY

The third phase of the collaboration survey for exploration of metallic
mineral rescurces In ¥West Kalimantan of the Republic of Indonesfa was

conducted under the followling program.

(1) The promising mineralized areas, Selakean and Panjli, covering 26 km?,
were selected out of the area of 1,000 knm® surveyed during the sec-
ond phase survey period. The iaveéstigation of mimeralizations were
conducted in detail, consisting of geological survey and geochemical
survey with soil sampling, in order to explore the geology, genlo-
glical structures, lgneous activities, relationship among the min-
eralizations, scale and characteristics of mineralized zoneés in

theése areas.

{2) Xeeping pace with the geologlcal and geéchemical surveys, the geo-
physical survey (IP Survey) was conducted, in order to survey the
mineralized condition of chalcopyrite dissemination area In grano-
diorite discovered In Panji area at the second phase survey. The
survey was conducted in the northeastern reglon of Panji aréa over

the avea of 2.0 km N-5 and 1.8 km E-W (20 ka of survey line).

Six (6) experts (3 geologists for geological and geochemical surveys
and 3 geophysicist for geophysical survey) from Japan (Metal Mining
Agency of Japan) and twelve (12) counterparts (7 geologists for
geological and geochemical surveys and 5 geophysicists for geophysi-
cal survey) from the Republic of Indonesia (Directorate of Mineval
Resources, Ministry of Hires and Erergy) were engaged in this field

survey, commencing on June 8, 1981,

The field survey was completed on September 13, 198} with the coop-
eration of governzental avthorities in the province, cities, and
villages of West Kalipantan, in addition to cooperation rendered by
the Hinistry of Mines and Energy and Directorate of Hineral Resources

of the Republie of Indonesia.



The vesults of the fleld survey were interpreted and compfled fnto
geological maps and geophysical survey results were interpreted by
the geologlsts and geophycists of both countrlies at the base camp
in the fieldrand Directorate of Hineral Resources in Bandung.
Furtherwore, after the rocks, ores and geochemicakl samples collected
for the chémlcal analyseés and laboratory test have been analyzed,
examined and faterpreted both in Japan and in the Republic of
Indonesia, the final geological maps and the geochemical analysis
maps were cozpiled. A simulated analytical fntexpretation of geo-

physical survey results was also conducted and its result was sum-

marized in this report.

CHAPTER 2 OUTLIKE OF THIRD PHASE INVESTIGATION

2-1

Detailed Geological and Geochemical Surveys

2-1-1 Survey Purpose

The third phase reconnalssance survey was conducted, consisting of geo-

lopical survey and geochemical survey with soil sampling, in order to

explore the geology, geolopgical structures, igneous activities, relation-

ship among the minéralizatioas and thew, and scale, characteristics of

mineralized zones in these areas.

2-1-2 Survey Axea

1)

2)

Selakean area:

The massive gold and stlver bearing chalcopyrite-sphalerite-anseao-
pyrite mineralized zones are distributed in this area of 6 ke
where the detatled survey was conducted. The survey area is appro-

ximately located at Lat. 0°43'N and Long. 109°34'E,

Panjf area:

Chalcopyrite disseminatfon and tovrmaline-quarte mineralization are
noted in granodiorite fn the area of 20 kn® where the detailed

survey was conducted., 1t is approximately located at Lat, 0°32'N
and Long. 109°41'E.



2-1-3 Methoed and Amount of Survey
(1) Compilation of topographic maps:

The topographic maps of 1/5,000 in scale were compiléd, using the
aerfal photographs of approximately 1/50,000 in scale provided by the
Governmeat of Indonesia, covering Selakean area of 20 km? and Panjt
area of 25 kn? totaling to 45 ka?. These maps were used for the
detailed geological survey and geochemical and geophysical surveys,
and further, as the original topographic maps to complile the geo-
logical maps of /10,000 in scale.

(2) Geological survey:

The detafled survey on geology, pgeological structure, igneous acti-
vities, mineralizations and alteration zones was carried out along
the river and roads, using the top0gfaphic maps of 175,000 in scale.
The survey area and survey route consisted of Selakean area of 6 ka®
and 37 km and Pan}i area of 20 kn’ and 142 ke, totaling to 26 ke’
and 179 ka.

Observation and analyses were made on the following samples c¢ol-
lected ihrough the geological survey; &4 samplés for petrographie
microscople examination} & samples for ore mlcroscoplc examination,
10 saoples for ore analysis (30 eleaents); 5 samples of 1gaeous
rocks for complete analysis; 3 samples of igneous rocks for deter-

mination of thefr absolute age (K-Ar method); and 7 sanmples for

X-ray diffractive analysis.

{3) Geochenleal survey:

Keeping pace with the geological survey, the geachemical survey of
soil sampling was conducted for surveying mineralfzations. Soil
samples were collected from B-horizon consisting of brown " orange
brown soll under the humus soil, selecting five {5) sampliog points
per ka? where having no influence and no contanination from the
rivers {mainly at ridges and summits) and one (1) sampliag polat
per every 200-zeter distance along the survey line of the geophysi-

cal survey (IP Survey) in Panji area. These soll samplés collected



were dried in the sun shine at the camp, screened through an 80 mesh
sleve and divided into two packs, one to Japan and the other to the
Republic of Indonesia for chemical analyses in the laboratory.

The nusmber of samples collected was, 31 samples in Selskean area,
196 samples In Panji area (of which 110 samples were collected
along the 1P survey line), totaling to 227 samples. Considerfng
characteristics of mineralizations in each area, analyses of copper
and lead were conducted as pathfiinder elements for Selakean area and

copper and molybdenun for Panji area, and used for iaterpreting

anomalies in the geochemical survey.

2-2 Geophysical Survey
2-2-1 Survey Purpose and Survey Area

Geophysical survey (IP Method) was conducted to investigate the condition
and scale of ore deposits in Panjl chalcopyrite disseminations in grano-
diorite located by the second phase reconnalssance swrvey. The survey
was conducted, selecting an area 6f 2 km S-N and 2 kn E-W centering on
Pan}i Mineralization, considering the copper and molybdenum anomalous

aréas by second phase reconnaissance geological and geochemical survey.

2-2-2 Method and Amount of Survey

The survey was conducted with the undermentioned specifications in ten
survey lines totaling to 20 ke in 2ll, each extending 2 km S-N at ianter-
vals of 200 meters.

(1) Apparent resistivity, frequency effect and metal factor were sought

after through variable frequency method in a dipole-dipole array.

(2) Electrode spaciag was 100 ceters with the electirode separation
coefficlent n=1, 2, 3.

{3) More than 20 rock acd ore samples were collected to measure re-

sistivity and frequency effect to facilitate analysis of survey
Tesult.,



Consplcuous IP anomalies were selected from the survey results for simu-
lation analyses by electronic computer.

2-3 Survey Team and Schedule

2-3-1 Survey Schedule In Indonesia

The third phase survey was carrfed out In aécordance with the following

schedule.
Departure of Advance Party (Survey
Team Leader) and Preparatory Hork

Departure of Geological Survey
Team) Survey and Data Processing

in Indonesia

Departure of Geophysical Survey
Tean; Survey and Pata Processing

in Indonesia

Return of Geophysical Survey
Team to Japan

Return of Geological Survey

Team to Japan

Data Processing In Indonesia
and Return of Survey Team
Leader to Japan

2-3-2 Survey Teanm

{1) Plaoning and consultatioan:

Indonesia

Ir. Salwman Padmanagara (D.M.R.)

Ir. Hafay Moh. Noer « "
Ir. P.H. Silitonga « "
Ir. Yaya Sunarya « "

)
)
)

June 8§, 1981 to June 28, 1981
June 29, 1981 to August 25, 193381

July 8, 198} to August 24, 1981
August 25, 1981

Auvgust 26, 1981

August 27, 1981 to Septeamber 15, 1981

Japan
Kyuzo Tadokoro (M.H.A.J.)
Shozo Sawaya ¢ v )
Kyoichi Koyama { " )
Ken}i Sawada « " )
)

Kazuhiko Ueamatsu( "



(2) Survey members:

Indonesian Team Japanese Team
(a) Leader Leader:
Ir. Yaya Sunarya (D.H.R.) Sakae Ichihara (M.M.A.J.)

{b) Geological Survey Party

Simpwee Soeharto (D.M.R.) Sakae Ichihara (M.M.A.J.)

Johany R. Tampubolon ( " ) Terumi Ishikawa( " )

Danny Z. Herman « " ) Hirotaka Rishimoto

Sukmana ¢ " )
(Assistant)

Hoé Tamar (D.H.R.)

M. Rachaat ")

{c)} Geophysical Suxvey Party

Nanang Sunarya (D.M.R.) Xentchi Nomura (H.M.A.J.)
Drs. Gusti Hidayat ¢ " ) Akihiko Chiba ( u )
Immanuel M.F. (" ) Kazuhumi Yoshinura

FEddy Kurnia (" ) « " }
W. Soeparmin « "

(Note): D.M.R, : Directorate of Hineral Resources

. H.A.J.: Metal Mining Agency of Japan

CHAPTER 3 OQUTLINE OF SURVEY AREA
3-1 Location and Accessibility

The project area of the Jjoint mineral exploration survey (1,500 ka?) is
situated in the northwestern reglon of the West Xelimantan Provice,

Republic of Indonesia, and surrounded approximately by the following
latitudinal and longitudinal polonts:



North Latfitude 0°56' and East Longftude 109°}7°

" 1°go* " H 109°15"
" 0°3g* ¢ " 109°451"
" 0°1s5* ™ u 109°37*
" o°37* ™ " 109°40"

The detafl survey area of the phase Is accessible from Pontfanak, Capital

of West Kalimantaan Province, by two wroutes.

(a) The route to enter Selskean area (north route)

The north route starting from Pontianak, Capital of West Kalimantan
Proviace, runs 145 km northward along the seasfde road to Singkawang,
the second biggest city In the same province, and reaches Bengkayang,
the major location at the north part of the survey area, further

75 ka eastward from Singkawang. Selakean area can be reached on
foot in 3 km east of Teriak Village, located 10 kam to the south

east of Beangkayang.

(b) The route to enter Panjli area (south route)

A paved road runs eastward up to Darit from Sungalpinyuh on Pontiansak-
Singkayang road, via Handor, Pahuman and Sidas. Panji area can be
reached on foot in 2 km south of Bagak Village (9 ka southeéast of
Darit) on this road.

The wajor roads are first class roads, paved or gravelled, facilitating
a passage even by a passenger car. However, the road between Bengkayang
and Darit is still kept unpaved, hard in passing even by a four-wheel-
driving car. Nothing but mountain roads and trails are dependable to
the survey site from these major reads, through which the survey eqguip-

eeat, food and camping materials can only be transported by labor.



3-2 Circumstances of Survey Area

The detalled survey area in Panji and Selakean areas is generally chara-
cterfzed by a gently sloping mountain range with low land or plains of
elevation rangfng from 100 to 300 a above sea level {the highest mountafn
in Selakean is 424 m above sea level),

Owing to the high teaperature with a high humidity, the plants have luxu-
rantly grown} especfally, the dease growing of bushes at the trace left
after slashing-burning agriculture makes it difffcult to enter into the
field, except through the areas along a river or 2 road. The survey
period of June to August is the dry season and the temperature is as
high as 30° centigrade at daytime, but at night the teemperature is so

low in the mountaiuns that it requires a sleeping bag at the camp.



. PARTUI

~ GENBRAL DISCUSSION AND CONCLUSIONS



CHAPTER 1 GEHERAL DISCUSSION

The third phase survey consisted of geological survey, geochemical survey
and geophysical survey (IP Survey in Panji area) covering 26 kn’ over the
Selakean and Panji minevalized zones, resulting in advanced knowledge on
the relatlonships between the mineralized zones and geology, geological

strxuctures and igncous activities, as well as the situation of the mineral
resourcus, In the survey area.

1-1 6eological Location of Mineralization

Along the northera edge of granodiorite batholith extending WNW For

500 kw with maxiwum in extentfon with of 150 ko in width from Ceatral
Kalimantan to West Xalimantan, fntruding durlng Cretaceous age, copper,
molybdenum, gold, lead and zinc mineralizations are distributed at
several places, Namely, copper and molybdenum'mineralization, gold
mineralization, lead and zinc wineralization in Central Kalicantan and
6. Ibu copper and molybdenun mineralizatfion in West Kalimantan are well
known. Also in this project area (1,500 km2) several mineralizations,
i.e. Sirih and Takap copper and wolybdenuvm mineralizations and Serantak
gold and copper mineralization are siwmilarly located along the marginal
zone of granodiorfte batholith.

Selakean chalcopyrite - sphalerite - arsenopyrite mineralfzatfon and Panji
copper mineralization selected from the second phase reconnalssance

survey resuvlt are located in the similar locations.

It has been made clear that mineralizations in this project area are
distributed at the contact area of Jirak andesite and andesitic pyroclas-
tic rvock Forpation and Belahgo dacfitic pyroclastic rock Formation with
grancdiorite batholith, or at roof pendant area and belng controlled by
younger intrusive rocks (tonalite and daecite intruded during Tertiary
age) and the tectonic line indicated by fault. But mineralization is
poor where Cretaceous granodiorite is extensively distributed. It is
‘considered that In areas where the inside of batholith is exposed due

to erosion and thus nineralization is poor there.



1-2 Relationship Among Geological Structures, Igneous Activities and
Mineralizations

Although Selakean Hineralizatlion and Panji Mineralization are both dis-
tributed along the marginal edge of Cretaceous pranodlorite batholithes,
relationship among geological structures, igneous activities and minera-
1izations In these two areas are differeat and constructive to each
other.

Selakean Mineralization is consldered to be the mineralization resulting
from Fissures (NNE?SSW treand and NNW SSE trend) made fn Jirak andesite
and andesitic pyroclastic rocks through intrusion of G. Raya granediorite
batholith and intrusfve rocks. The mineralization fs a hypo- v mesother-
nal deposit because of accompanying arsenopyrite and having exsolution

texture of chalcopyrite in sphalerite. It is inferred that this minera-
1ization has resulted from the Intrusion of G. Raya granodiorite, since

no other younger intrusive rocks are found in this area and distribution
of geochenical anomalous areca, alteration zones and mineralizations were

limited to the contact area with G. Raya granodiorite.

Panji Mineralization is embedded in G. Sebiawak granodiorite and Belango
(quartz) andesitic pyroclastic rock Formation into which the former has
intruded, with the distribution of pyrite dissemination outside and
tourmaline chalecopyrite dissemination with or without tourmaline inside.
Since exposuvre is bad, alteration Is not clear. HXineralizations are
sporadically distributed at a area of 2 km EW and 3 km NS, extending
KNE SSW direction.

Khile tectonlc line extending NNEX SSH direction Is fnferred by includ-
ing direction of younger Intrusive and dyke rock (dolerite and dacite)
and linearment through photo geolegical Interpretation, in Panji area,
copper and molybdenun anomalous arveas found through the geocheaical sur-
vey are also extending along this tectonic line and Panji Hineralization

§s considered to be controlled by the RNE%V SSW structure line.
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Panji Mineralizatfon resembles Banyl Mineralizatioa of which secoad

phase detafled survey was conducted, as copper mineralization, accompany-
ing tourmaline. The Banyi Hinerallization is embedded in younger Igneous
vocks {Banyl tonalite) and it is considerable that the zone was formed
by yonger igneous acétivities. Although younger igneous vocks are hardly
recognizable in the Panji area, the reason is probably these rocks have
not been exposed sufficiently and latent existence of younger ignous is
well considerable. G. Sebiawak granodforite has been intruded during

Early Cretaceous age of 124 m.y. under the X-Ar absolute age dating.

1-3 Relationship between Geochemical Survey Result and

Hineralized Zones
The third phase geochemical surveys with soil sampling were conducted in
Selakean area and Panji area with copper and lead as pathfinder elements
anticlipating copper, lead, zinc and arsenopyrite ore deposits and with
copper and wmolybdenum as pathfinder elemeants anticipatiog copper and
oolybdenum ore deposits, respectively. As the result, anomalous areas
were found in both areas where existence of mineralizations was antici-

pated.

In Selakean area, copper and lead anomalous areas were separately dis-—
tributed, with copper anomalous area covered in the area where minerali-
zations is embeded In Jirak Formation adjacent to G. Raya granodiorite
and lead anomalous area distributed sorrouvnding copper anomalous area.
Copper was more adaptive than lead as pathfinder element. However both
copper and Jead values were low, with the maximum anomalous value of

126 ppm of copper and 51 ppim of lead.

in Panji area, the 2ad class copper and rmolybdenun anomalous areas were
recognized from the eastern part of old Panjl Village to S. Tapis in
scale of 1.5 ka FM and 2 ka NS. These anomalous areas consist of five
anomalous areas (maximua 500 o x 500 & and wininum 200 u X 200 n),
generally aligned In NNESSW direction and roughly speaking it is wun-
ning along the general structural direction, as well as WAWHVESE direc~
tion. Besides, lateat existence of the structural direction of WNW ESE

can be assumed, The maxiwun anomalous arca contained Cu of 514 ppwm and
Ho of 123 ppn.
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The anomalous area (geophysfcal survey lineé of Cl6418 and D16~ 18)
continuing from the mineralfzation in east of old Panji Village was the

most noteworthy finding in the geochemical survey.

1-4 Retationship between Geophysical Survey (IP Survey) Result and
Hineralized Zone

The geophysical survey (IP Sutvey) was conducted along the total survey
line of 20 ko with 1.8 km EH and 2 ka NS in the eastera reglon of geo-
logical and geochemical survey areas in Panji area, resvlting in 7 loca-
tfons of IP anomalous area which are inferred to be related to minera-
lizatien. Since the whole geophysical survey area is included in the
geochemical survey anomalous area with the exception of some southeastern
parts, no outstanding feature was observed in the distribution of FE
anomalous area. However, since the direction of alignment of ¥E anoma-
lous are¢a discovered in the worthern survey line {Cl6v 18, D16~ 18) of
the geophysical survey area is in the same direction as that of WNWVENE
divection in the northern geochemical survey area, it is considered to
reflect one directien (structural direction?) of mineralization in Panji
area. Especlally, sfnce FE anomalous area situated to the south of old
Panji Village indicates the strongest FE anomaly of thée above mentioned
anonalous areas, and further it is adjacently situvated to the south of
mineralization in east of old Panji Village, it is considered the most

promising anomaly in the geophysical survey.

1-5 General Discussions

In Selakean area, while there are arsenopyrite veins accompanylng chal-
copyrite and sphalerite in Selakean Mineralization where old prospecting
trenches are found, other mineralizations are small scale with low
mineral content. Although a copper peochemical anomalous area was ve-
cognized overlapping mineralization at the coentact area with G. Raya
granodiorite threugh the geochemical survey, it is of low prospecting

value since analytical value of copper is generally low.
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In Panji area, there Is a chalcopyrite disseminated zone east of old
Panjf Village where covelline is recognized as secondary mineral in
addition to tourmaline mineralizatfon. Through the geophysical survey
(IP Survey) ft was clarified that the anomalous area with FE > 6% AR <
500 ohm-m, which i{s the best anomalous area (M-2 anomalous area) in this
area 1s distributed in this southern area, where geochemical survey
anomalous area is overlapped. In this area, in scale of 800 m NS and
500 m EW, copper (and molybdenum) dissemination ore deposites consid-
ered to exist, leaving room for future survey. Besides the above, K-3
and H-4 are anomaly areas are coasidered to be mineral deposit anomalies
through geochemical, geophysical and geological survey results in Panji
area, but since IP survey ancmaly is weak and shallow compared to H-2

anomaly, they are not so strong as M-2 anomaly.

CHAPTER 2 CONCLUSIONS AND FUTURE PROGRAM
2-1 Conclusions

The geological survey, geochenical survey (with soil sampling) and geo-
physical survey (1P Survey) were conducted in Selakean and Panjf areas
which were selected through the second phase reconnaissance survey in an
attempt to Interpret the relationship among geology, geological struc-
tures, igneous activities and mineralizations as well as distribution of
mineralizations., The conclusfons resulted from the third phase survey

are as follows:

(1) Hineralizations distributed in Selakean area are fissure filling
ore deposits embedded in shear fissures resulted in Jirak Pormation
through G. Raya granodiorite intrusion. They are goldbearing
chalcopyrite-sphalerite-arsenopyrite velas, judglag from lump ores
of Selakean ore vein which is the champion vein. Chalcopyrite is

contained in sphalerite as exsolution dot and lareras,

(2) Panji area mineralization chiefly consists of chalcopyrite dissemi-
nation ore deposits accompanying tourmaline, and reseambles Banyli

Hineralization in the second phase survey. Several chalcopyrite
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3

(4)

&)

(6)

dissemination ovtcrops are distributed in the east of old Panji
Village.

In Selakean area, a copper anomalous area was discovered mostly
overlapping the minevalizatfon through the geochemical survey, while
a lead anomalous area is somewhat shifted and distributed slightly
outside of G. Raya granodiorite. Thelr assay values are generally
low. Ian Panji area, a copper-molybdenum anomalous area was dis-
covered in the ceater of mineralized zone in the east of old Panji
Village, generally extending toward the mafn structural line in this
area. It also extends WNWVESE direction and a latent existence of

this structural line is also conslidered,

In the I? Survey, several anomalles were noted, of which ancmalies
(FE > 6% resistlvity < 500 ohm-m) found in the IP liaes C164 18 and
D16 18 (indicated H2) are noticeable anomalies recognized in the
area extended to the south of the mineralized zone in the east of
old Panji Village.

The conprehensive study of mineralfizations in these two areas based
on the above survey results revealed that although there are meso-
thermal chalcopyrite, sphalerite and arsénopyrite ore deposits in
Selakean area embedded In fissures resulted from the structural
movement accompanylng Intrusion of 6. Raya granodiorite, they are
generally of low grade. 1Im Panji area, several chalcopyrite dis-
seminations accompanying tourcaline are found sporadically in a
range of 2 km in the east-west direction and 3 ka in the south-north
direction. Further, it is overlapping geochemical and IP anomalies.

Following survey 1Is necessary in this area.

G. Sebiawak granodiorite has been dated as 124 m.y. under the K-Ar

absolute age dating, intruding in Early Cretaceous in age.

Also, the dating resulted from granitic vocks accompanying the copper-
molybdenite aineralization In G. 1bu area indicates 30 a.y.

(Oligocene age)}. 1t was further confirmed that they are the same
Texrtlary fgneous rocks as Banyl and Sirih tonalites (27420 m.y.)
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of this project area and that the copper-wolybdenum mineralization

in West Kalimantan area is due to younger {gieous activities.

2-2 Recommendation for Future Study

As described above, the actual conditfions of mineralized zones in Selakean

and Panji areas were made clear. The future program and issues are de-

scribed hereunder, based on these evaluations.

(1)

(2)

3

Selakean Mineralization is embedded on the side of Jirak Formation
at the contact of Jirak Formation with &. Raya granodforite. Sidce
it was discovered also in the geochemlcal survey that a copger
anomalous area is overlapping the mineralized zone, Selakean Mine-
ralization was inferred to have resulted from the Intrusion of G.
Raya granodiorfte, it is recommended that for the survey of minera-
1ized zones in this area, a further survey be made of areas sur-

rounding G. Raya granodlorite.

Panji Mineralization is a noticeable mineralized zone, judging from
the 1P anomaly recognized in the geophysical survey (IP Survey)
survey line C1618, D167 18 and geochemical survey anomaly (copper
and molybdenuvm). It is desirable that existence (scale, shape and
grade) of mineralization be confirrmed through more prospecting

and exploration works. Weak 1P anomaly and geochemical survey
anomaly were also found in several places, but accordiang to 1P
Survey result, such anomalies ave rather supexficial and considered

to be not so promising as the former.

As the result of K-Ar absolute age dating, granitic rocks (G. Raya
granodiorlte and quartz diorite according to T. Suhanda) related
to the copper-molybdenite mineralization in G. Ibu granite distri-
bution area were confiraed to be younger intrusive rocks Intrudiag
Tertfiry Olipocene. As the result, it was further confirmed that
the survey of ore deposits in West Kalimantan should be conducted

taking notice of the existence of younger granite intrusive rocks.
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PAR'I‘ III

GEOLOGICAL AND GEOCHEMICAL SURVEYS



CHAPTER 1 GEOLOGICAL OUTLINE OF SURVEY AREA

The outline of geology, geological structures and mineralfzations in the
total survey area of 1,500 kn’® has been elucidated by the geological
reconnalssance survey of the first and second phases i{s as described
below. (Fig. 3-1, Fig. 3-2)

1-1 Geology
1-1-1 Hesozoic Sedlmentary, Volcanlc and Pyroclastic Rocks

Upper Triassic-Lower Jurassic sedimentary rocks (Bengkayang Group) are
extensively distributed from the north mountatin region of G. Bwang-G.

Kahmud up to the plains of Bengkayang-Sungaibetung. The Bengkayang

Group has been divided from the top as following Formations.

Sungaibetung Formation: Alternated beds of sandstone, nudstone and
siltstone

Riampelaya Formation ! Sandstone

Kalung Formation

Black shale and [ine sandstone

Banan Formation Tuffaceous sandstone and sandstone

The anzonite fossils are found at the top horizon of Sungalbetung For-

eation, correlating with the lower Jurassic series.

Covering the Beagkayang Group unconformably, both Jirak Formation con-
sisting of andesite and andesitic pyroclastic rocks and Belango Formation
consisting of daclitie pyroclastic rocks are extensively distributed in

the central and southern parts of the project area.

1-1-2 Mesozolc Cretaceous Granitic Rocks

In the central and southern parts of this survey area, the G. Sebliawak,
G. Raya and G; Selantar granodiorites which have ifntruded into Bengkayang
Group, Jirak Formation and Belango Formation are extensively distributed
as a batholith, giving the contact metanonphism. The K-Ar absolute age

dating dated as 114795 n.y. for grancdiorite and quartz diorite, vesult-
fog ia an intrusion during Middle-Cretaceous age.
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1-1-3 Tertfiavy Dacite and Dacitic Pyroclastic Rocks

The Serantak dacites and dacitic pyroclastic rocks are distributed
around the wountain reglon of G. Bawang Iin the northern part of the
survey area. The K-Ar absolute age dating indicates the dacites to be
50 m.y. iantruding durinpg Eocene age.

1-1-4 Tertiary Tonalite

The tonalites distributed at both the mountain reglon of G. Bawang-G.
Mahnud and the area of §, Banyl fntrudeéed during the period from Oligocene
in age to Early Hfocene in age, judging from the K-Ar absolute age datiag
{27730 m.y.) and its fintrusion into the Serantak dacfite., GCold, silver,

copper and melybdenum mineralizations are found im and around the tona-

1ikes.

1-2 Mineralization

The followiag mineralizatfons were observed in the survey area through
the veconnaissance survey and detailed survey.

(1) Chalcopyrite wmolybdenite quartz vein (Sirih tonalite)

(2) Minerallized zones consigting of tourraline, chalcopyrite, solybdenite,

pyrite and gold (area centering on Bényi tonalite)

{3) M¥Hassive goldbearing pyrite pyrrhotite ore deposits (Banan Formation

around Serantak dacite)

{(4) Cold and silver bearing chalcopyrite zincblende arsenopyrite ore

vein {(Jfrack Andesite Formation)
{5) Chalcopyrite disseminated zones (G. Seblawvak granodiorite)
{6) Managanese ore deposits (Serantak pyroclastic rocks)

{Note)} 1tems In parentheses show the country rock erbedded ore deposit.

Besides the above, the pyrite disseminated zones accompanylng silici-

fication and argillfization were discovered at wmany locations.

Hany of these mineralizations are related to the younger igneous activi-

ties such as Serantak dacite, Sirih tonalite and Banyl tonalite,

- 17 -



CHAPTER 2 DETAILED SURVEY IN SELAKEAN AREA
2-1 Qutline of Geology

In the eastera mountain side of G, Selakean (G. Jalu) in this detatiled
survey area, there are old trenches for the prospecting of gold, silver,
chalcopyrite and sphalerfte bearing arsenopyrite veins. Also, wide
distribution of anomalous areas such as copper, molybdenum, zinc and
lead have been found through géochemical survey with stream sediments

performed in the second phase reconnaissance survey.

Geology in this area conslsts of Jrak andesite and andesitfic tuffaceous
stratum of the Mesozoic Jurassic system, into which Cretaceouvs G. Raya
granodiorfte has Intruded, Intrusion of G. Raya granodiorite resulted in
the contact alteration such as argilization, silicification, or pyrite
dissemination. {(Fig. 3-3)

2-2 Stratigraphy and Igneous Rocks
2-2-1 Jirak Andesite and Andesitic Tuff Formation

The lower stratum abounds in andesitic tuffaceous rocks while the upper
straturm abounds in andesitic rocks. In the andeslite stratum, red
andesftic tuffaceous rocks are intercalated, contalning a lot of hematite.
In the geologlcal reconnaissance survey, the Jirak andesite and andesititic
tuffaceous stratum are correlated with the Jurassic series, as they un-
confortably gverlie the Sungaibetung Formation of the Bengkayang Group of
th; Lower Jurassic serles and being fentruded by G. Raya granodlorite
during the Hiddle Cretaceous.

{a) Andesitic tuff

This Formation, which is distributed from G. Serawak to G. Jalu,
has rock facies of dark green colored andesitic lapilli tuff and
fine-grained sedleentary rocks. It partly consists of light yellow
colored andesitic tuff accompanying a fine seam of black mudsteone.
Under wicroscoplic, the stratum indicates strongly altered sandy

andesitic tuff (RY-7) flow structure, aand strongly serlicitized

- 18 -
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(b)

andesitic tuff is observed. These alterations are considered to

be dué to contact alteratfon by G. Raya Granodionite.

Andesite

This rock is a dark green compact rock extensively distributed

from G. Jalu to S, Empawang in the ceatral and southern repions of
thé detailed survey avea. Under microscope {RY-8) the resuvlt re-
vealed that the rock Is altered and consists of phenocryst of
plagioclase and a small volume of hornblende on the ground mass of
sericite and a small amount of quartz and plagloclase, Red andesi-
tic tuffacedus stratum is intercalated where a large volume of
hematite is contained in serfcite and 1ittle kaolinized mineral.
Red tuff and red sandy tuff with the simflar hematite are Iinter-
calated in Jirak andesftic tuff and Belango dacieic tuff, which is

considered to be sedimeantation under oxidation cendition on ground.

2-2-2 G, Raya Granodiorite

Granodiorite 1s distributed to the southern area of the dawnstream of

§. Empawang in southwestern repgion of this detalled suvrvey area, as a

part of G. Raya granodiorite which is distributed as a batholith from

Bengkayang to Darit in the reconnalssance svrvey area. Besides this,

this rock has intruded into Jirak Formation as a granodlorite fntrusive

rock in the northeastern G. Batu Lumun and G, Serawak. This rock has a

cedius-grained holocrystalline granular texture, and under the microscope

the result revealed that it is more or less tonalitfec granodiorite with
quartz, plagioglace, potashic feldspar and hornbleade as 1ts smajor con-

stitvent minerals, with a kittle quantity of serlcite. Although some

sericite occurs along the cleavage of plagioclase, this rock is
generally fresh.

This rock is dated as 1141 6 m.y. during Hiddle-Cretaceous age, resulting
from the XK-Ar absolute age dating of sanples (81-RC64) collected in S.

Empawang in the second phase reconnalssance survey.

- 19 -



2-3 Geological Structure

Jirak andesite Pormation is massive and lack of bedding, but referring
bedding of andesitie¢ tuff on the lover Formation and hematite toff
stratum (generally stvriking N20° ~ 80°E and dipping 15° ~ 20°S), Jirak

formation the considered to show monoclinic structure dipping south.

The rocks were not exposed well enough to confirm a fault through the
geological survey. But, according to the photogeological interpretation,
tineament striking N30°E was interpreted from S. Nanggak to S. Batuparang
which was inferred to be a Fault. Mineralizations fills in the fissures
{(inferred to be a shear) of two systems, one striking N15° ~ 30°E, dipping
75°NW and the other striking N15°« 30NW, dipping 70°NE. ¥hen they ave
considered conjugate sheares, the medium principal stress axis G2 is N5°
E60° NE as shown in the Fig. 3-4, inferred to be by the structural [orce

pushing vpward, resulting frem G. Raya granmodiorire intrusion.

Fig. 3-5 is the projection of mainly the joint pole, found in Jirak
andesite and andesitic tuff found in this area, on Schmidt's net. The
joint set is mainly N20°E6B*NW trend, but some are NLO°E70°SE, N6OR48SW
trends,

2-4 Hineralization
2-4-1 Outline of Hineralization:

Gold and silver bearing chalcopyrite sphalevite arsenopyrite velins dis-
tributed on the east hill of G. Jalu are known ore deposits. Bestdes
them, mineralizations are observed in altered clay zone and in the shear

zone around G. Raya granodiorite, 1They are both accompanied by arseno-
pyrite. (Fig. 3-6)

2-4-2 Descriptions on Hineralization
(1) Selakean Mineralization

As reported In the second phase reconnalssance survey, there arye

many old trenches prospected in the past for gold, silver and

- 20 -
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copper at east hill of G. Jalu in an area of 30 m %40 n, but all
are collapsed, and scales and mining conditions of the ore deposits
are unknown. Accordlng to the microscopic observations of ore
samples (RY-6) collected from lump ore, the ore chiefly consists of
arsenopyrite, accompanying c¢halcopyrite and sphalerite and a little
amount of covelline. Chalcopyrite is exsoluted from sphalerite and
existed as dots and lamerae. The assay result of lump ore was 7 cm

in width, Au 2.2 g/t, Ag 66 gft, Cu 0.26%, Zu 0.19% and Pb 0.04%.
{Fig. 3"'?)

(2) S. Empawang Mineralization:

In Jirak andesitic formation at the upperstream {150 meters above

sea level) of the branching poiat of S. Empawang and 5. Nanggak,
five-meter wide shear zone with the strike of R3I0°E and the dip of
10NY was found, beariug pyrite scatter and small quartz velnlets.

The grade of this mineralizatfon fs Au < 0.1 gft, Ag 6 glé, Cu 0.009%,
Pb 0.01%7, Zu 0.004% and As 0.002%. Slightly detected arsenic is
considered to Indicate the feature of nineralization in this area

which accompanies arsenopyrite. (Fig. 3-3)

{3) S. Fntagak Hineralization:

In the upperstream of S. Entagak (around 150 meters above the sea
level), there 1s a grey clay exposure in which an altered zone was
found with white clay veinlets in net. It strikes at N30°HW with
the dip at 75°NE. It was detecled in the X-ray diffractive
analysis that this caly, chiefly consisting of sericite and gquartz,
also contained peak of d = 5.64 A® (seem to be analeime) and peak
of arsenopyrite. In addition to the above, in Jirak andesitic toff
at further upstream fissures with the strike of NIO°H and the dip
of 76NE are arranged in width for 2 meters at intervals of about

20 c¢m. Along this fissores, there is about 1 meter loag and about
20 ca wide veln in lense, Grade of the ore is 20 ca in width, Au

0.1 g/t, Ag 14.8 gft, Cu 0.16% and Pb 0.03%.
(Fig. 3-9)
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(4)

%)

(6)

S. Melanci Alteration Zone:

At upperstrean of S. Helancl which is 500 meters north of S, Entagak
Mineralization, green grey colored argillaceous alteration is ex-
posed where a fissure with the strike of N30°W and the dip of BOSHW
is compactly developed, Filled with white clay. The X-ray diffrac-
tive analysis (RZ-14) detected that in addition to a little quantity
of chlorite, a large amount of laumontfte are contained. Generally
speaking, forming of laumontite and chlorite contafiniag with Ca is
considered to have been resulted from ecalcium rich rocks.as-andesite,
etc, under the condition of neutral » Alkali hot water at compara-
tively low temperature of 100°C200°C. Sulphide mineralization
such as arsenopyrite does not occur. Check analysis results ian

50 ca 1n width Au < 0.1 gft, Az 0.5 g/t,

Serawak Mineralization:

01ld data describéed minerallzation (Sevawak ore deposit) in sourthern
G. Serawak In northeastern region of survey area, together with
Selakean Hineralization. But in this survey, only a samll amount

of pyrite scatter was confirmed at upperstream of S, Helansar In

the contact of Jirak andesite and G. Raya granodicrite.

S. Belito Fracture Zone:

A small, parallel fissures vith the strike of NIO°E and the dip of
504 is noted Ina range of more than 2 peters on the andesite side
of contact of 6. Raya granodiorite with Jirak andésite at uwpper-
stream of $. Belito. Sulphide and other mineralizations are not

strong.

2-5 Geochemical Survey

2-5-1 Sampling

Keeping pace with the geological survey, the geochemical survey with

soll sampling was conducted to survey mineralizatlons. Sampling of

soils for the geochemical survey was performed from B-horizon consisting

of 30 cn'v 50 ca deep brownvorange brown soil ensuring equal distance

- 22 -



distribution by selecting five (5) sampling poiats per km? in ridges
and summits where having no Influence and no contamination from the

rivers. The number of collecteéed samples was 31.

Considering the fact that the kaown ore deposit in this area was copper,
2in¢ and lead-bearing vefns and that copper and lead were effective
pathfinder elements in the second phase reconnalssance survey, ¢opper

and lead were used as pathfinder eleéments.

2-5-2 Statistical Data Processing of Analytical Data

Analyzed values wexe standardized through logarithalc conversion to pre-
pare a histogram and cumulative frequency distribution and calculate
correlation. Background and threshold values were sought to extract
ancmalous areas. Since the samples were collected almost at egual dis-
tance in the survey area, 5 samples at every 1 kne?, threshold values
(H+0, H+20)obtained In statistical processing were referred to draw

an equal analyzed value contour line in order to show the geochemical

survey anomalous area.

The highest value of copper 126 ppm, Its lowest value 24 ppm and the
highest value of lead 51 ppm, its lowest value 17 ppa were divided Into
nine logarithoic groups of equal distance to prepare histogram and to
calculate respective average values, standard deviations and threshold

value (2) (M+0) and threshold value (1)(H+ 20). {(Fig. 3-10, 3-11)

Cumulative frequency distribution both for copper and lead became a
straight line and classified as type 1 by C. lepeltier method and fre-
quency percent 2,5Z% is fixed as a threshold valve (Fig. 3-12). Threshold
values thus obtaimed are shown In Table 3-2. As the result, for analysis
of Selakean area, reference was made to both analyzed values to seek for
anomalous areas with the first class anomalous values as copper of 105
ppaa and lead of 48 ppa and the second class anomalous values as copper

of 70 ppa and lead of 36 ppm, Copper and lead are scarcely correlated,
since their correlation coefficient is 0.212. (Fig. 3-13).
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Table 3-2 Value of Mean Standard Deviation and Threshold in
Sélakean Area

Element n H H+to H + 20 | Threshold Hax Hin
pes ppa ppa ppm | value Appm| ppa| ppa
Cu 31 | 50.0283 | 72.9622 | 106.4096 | 103.3710 | 126 | 24
Pb 31 §28.3767 | 36.6666 | 47.3782 | 48.4546 51 17

% Threshold value based on bending point in graph cumulative frequency
distribution.

?2-5-3 Anomalous Areas

The distribution range of copper anomalous area (70 ppa of Cu) extends

1.5 km x1.0 km, centering at S. Empawang, 5. Nanggak and S. Sedayu ap-
proximately in the southwestern region of the survey avea, and it is
situated in Jirak andesite distribution area surrouvnded by batholithic

G. Raya granodiorite and G. Batu Lumun granodlorite iatrusive rock

(Fig. 3-6). On the contrary, lead anomalous area is shifted about 500 &
northward, not overlapping the copper anomalous area, and analyzed values
are generally low. Considering G. Raya granodiorite as the center, the
fact that copper is distributed on the side of granodiorite and lead Is
located rather outwardly may indicate that the anomalous areas are located

on the mineralized locatlon of copper and lead with granodiorite (could
be zonal distribution?).

2-6 Characteristics of Selakean Hireralization

Mineralizations in Selakean area accompany arsenopyrite, ore deposits
such as Selakean vein accompany sphalerite and chaleopyrite, and contains
gold and silver. According to the microscopic obseivations of lump ore
of Selakean vein, chalcopyrite occur in sphalerite as exsolution dot and
lamerae. Exsolution of sphalerite and chalcopyrite is safd to result in
550°C~ 350°C (Schwartz 1931, Borchert 1934, Burger 1934) and with accos-
paninent of arsenopyrite, Selakean Hineralization is considered to be

ore deposit of hypo-methothereal type.
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Fig. 3-11 MHistgram for Pb of Geochemical Analysis fn Selakean Area
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Veins are formed In a fissureé of two systems, one striking at R}5°~V30°E
75°NW and the other striking at N10°v 30°E 70°NE and they are distributed
in a triangle area (S. Entaggak, 5. Mantagak, east hill of G. Julu and

S. Melansar area) surrounded by batholith and G. Batu Lumun and G. Serawak
intrusive rocks. Also, a copper anomalous area by the geochemical survey
tends to show its distrsbution fa these mineralized areas while a lead

anomalous area tends to be rather outwardly distyibuted.

Under the fact, Selakean Mineralization Is c¢onsidered to have been formed

by the iatrusion of G. Raya granodiorite.

CHAPTER 3 PANJI AREA
3-1 Outline of Géology

In the second phase reconnalssance sutvey, chalcopyrite dissemination ore
was discovered in the branch of 5. Jenaham approximately 2 km southeast
of old Panji Village, and also tourealine quartz vein boulders was found
around o}d Panji Village. Also, through the geochemical reconnalssance
survey of stream sediments, an anomalous area ranging 3%x4& km for copper

and molybdenun was found, Including Panji chalecopyrite dissemination.

The geology at this detailed survey area consists of Jurassic Belango
dacitic v {quartz) andesitic tuff Formatfon and G. Seblavak granocdiorite
which has Intruded Into this Formatlon. GQuartz diorite, dolerite, decitic
porphry have Intruded into the above as stock aand dyke rocks. (Fig. 3-14)

3-2 Stratigraphy and Igneous Rocks
3-2-1 Belango Dacitic and (Quartz} Andesitic Tuff Formation

This stratua consists of dacitle tuff and {quartz) andesitic tuff, al-
tered to serlefte, hornfels and silicification through contact setamaphisa
as the result of intvusion of G. Sebiawak granodierite, gquartz diorite,
ete. This Formation 1s upper than Jirak Foremation and Sungaibetung Forsa-
tion of Bengkayang Group and since it is Intruded by Hiddle Cretaceous G.
Raya granodiorlite, this stratum s correlated with Jurassic series by the
geological reconnaissance survey.
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1)

(2)

Dacitic tuff:

This rock is distributed in the southwestern regfon of this detafled
survey avea (eastern avea of S. Merambadu), It s a light greygrey
colored hard vock, partly silificated due to mlneralization, It
accompanies many quartz veinlets., It 1s not clear stratigraphic
relation between this stratum and andesitic tuff stratum because of
thefr poor exposure. However, based on the second phase reconnais-
sance survey result and its distribution, this stratum fs divided

as lower stratum than andestitic tuff.

According to the microscopic observations (Rz-34), the result re-
vealed that less than 1 rm quartz and plagloclase fragment, andesi-
ti¢ rock frageents are observable in the matrix portion consisting
of quartz, plagioclase, chlorite, sericite, etc. Rocks subjected
to strong hydrothereal alteratfon {Rz-35) consist of secondary
alteration minerals of quartz and sericite, and original texture is

unclear owing to that alteration.

{Quartz) andesitic tuff:

It is a dark green”vdark black green colored massive hard rock
distributed along the southern and northern edges of the survey
area, and although quartz grain cannot be obserbable at field
survey with the naked eyes or with a loupe, but under microscope,
the result revealed to have quartz or a quariz fragments in the
matrix portion, and it was classified as (quartz) andesitfic tuff,
(Quartz) andesive, having a plagioclase phenocryst, s also inter-

calated in the (quartz) andesitic tuff stratum.

According to the elicroscopic observation, it is a lithie tuff,
consisting of fragreat of quartz, plagloclase and (quartz) andesite
has a plagloclase phenocryst andesine with symrmetrical extinction
(angleof about 28°) in the groundeass which consists of plagioclase,
quartz and sericite. Secondary alteration minerals such as quarte,
sericite, biotite, chlorite, etec. occur in both rocks, as hornfelsic

alteration product by fntrusion of G. Sebiawak granodlorite,
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3-2-2 (G, Seblawak Granodlorite
{1) ¢. Sebiawak Granodlorfte:

The sebiawak granodiforite is coarse to medium grained rock with color
index of 5410%, distributed from east to west covering most of the
detailed survey area, having a porphritic texture at the maiginal
contact portion with the Belango Formation near $. Kororang. In the
second phase reconnaisance survey, this rock was found being widely
distributed from sourithern Darit to the Pahuman area and had a feature
of coarse-grained quartz belng very conspicuous under weathering.

For this reaseon the rock was distinguished from G, Raya granodforite
and was classified as the G. Raya granodiorite.

{2) Chenical conpositions and age dating:

Chenmical analyses were made on the two samples (Rx-53 and RZ-24} of
€. Seblawak granodiorite. Table 3-4 shows the analysis vesults since
the first phase survey and the volumetiic ratio of norm minerals cal-

culated [rom such analytical reésults,

Through these analytical results, G. Seblawak granodiorite contailns
510 ranging from 68% to 72%, slightly acidic and as plotted in the
triangle diagram of quartz, plagioclase and potash feldspar on the
basis of norm minerals (Fig. 3-15), this rock is divided into a group
slightly near to granite rather than to G, Raya granodiorite. Fur-
thermore, according to the results plotted in thée variation dlagram
of each oxide and differentiation findex (Fig. 3-16), this rock tends
to coincide with the tendency of straight line as seen in variation
1ine of granitic rocks in West Kalimantan, and classified into cale-
alkali rock series belenging to the same granite group. K-Ar
absolute age dating of Sebiawak grancdforite-resulted in 124 & 8 o.y.
and they have ifatvruded during Early Cretaceous in age, being slightly
older than G. Raya granodiorite (Table 3-3}.

- 27 -
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3-2-3 Other Igneous Rocks

(1)

2)

3)

Quartz diorite:

While G, Sebiawak granodiorite contains fine-grained celanocratie
and holocrystalline avtolith, boulders and outcrops of quartz
diorite ave extensively distributed in S. Sikap and 5. Henjalin.
Since their lithology and rock facles resemble Tiang quartz diorite,
having a color index of 30 in dark grey with a equigranular texture,
these rocks were classified fnto quartz diorite dyke and intrusive
stock. According to the microscopic observations (Rx-37, Rz-51),
the result revelaed that this rock Is a fiae-grained holocrystalliae
ané comparatively fresh, consisting of quartz, plagioclase, green-

brown horablende and a little quantity of biotie.

Dolerite dykes:

Dolerite dykes, having a dark green color with a mediva granular
texture, are distributed in the branching point of S. Jenaham and
S. Baba and S. Tapis, having the strikes at NNE % SSH. The con-
stituent oinerals are plagioclase, hornblende, pyroxene and a ninor
quantity of biotite, including a very few of quartz. fhe rocks

show a dolerite texture,

polerite is interpreted as a clear continucus lineament, through
photogeological interpretation. Distribution of dolerite dyke
exteasions was found in the second phase survey and the extenslions
were tracked 10 km. In view of all these facts, it is a dyke

intruded into a long elongated NXE N SSW tectonfie line.

Dacitic porphyry and granodiorite porphyry:

At the upperstream of $. Merambadu branch in the southwestern region
of the survey area and S, Menjalin in the northern reglon, dacitic

porphry with plagioclase and quartz phenocryst is distributed as a
dyke or intrusive rock.

fhe rock distributed in S. Menjalin is granodlorite porphyry, con-

sisting of phenocryst of a large volume of quartz, hornblende and
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potassium feldspar and a little quantity of blotite and groundmass
of quattz hornblende and biotite. (Rx-33)

The rock distributed fn the branch of 5. Merambadu 1s dacitic
porphyry having quartz and hornblende phenocryst on a quartz hora-
blende groundmass. These porphries are classified fnto Serantac

type dacitic porphyry since their rock facies reseable this type.

3-2-4 Quaternavy

Ineénsolidated sediments, consisting of gravel, sand and silt, are
distributed in the river basins of maim rivers such as S. Jenaham,

S. Bayung and S. Napal.

3-3 Geological Structure

Because rock exposures were bad in this survey area, geologlcal structure
such as faults and folds were anot identified. However, soize linecaments

were iaterpreted In aerophotographs.

The most conspicuous lineament 1s dolerite dyke and dacite intrusive
NNE v SSW trend lineament. Especially, the Iineament which runs aleng
a dolerite dyke, also continues to the north and south outsides of the

survey area, and it is considered to be a conspicuous tectonic line.

The joint trend of S. Sebiawak granodiorite was projected on the Schoidt's
net, resulting In K65°W 70°XW, N4O°E 70°SE, N12°W 83°NE and a low dip of
N75°H 12°NE, N4&B°W 48SW.

3-4 Hineralizatioﬁ

3-4-1 Outline of Hineralization

Since the rock exposure was poor In the detalled survey area, it was
difficult to clarify the total situation of the mineralizatlons through
the geologlcal survey. Confirmed mineralizatfons including inforsmation of
mineralized rock boulders and weak mincralized outcvops are shown in the
wap (Fig. 3-17). These mineralizations can be roughly classified into
the following two types Ikn the area.
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{1) Tourealine-chalcopyrite minerslization:

This s Panji Mineralization, accompanying tourmaline, chalcopyrite
and pyrite, embedded fn G, Seblawak granodiorite and Belango Formation,

extending at the castern and southeastern parts of old Panji Village.
(2} (Pyrite) silificatfon zone:

Silification zone and argillized zone are found near the contact
area of Belango andesitfc tuff and €. Sebiawak granodiorite, accom-
panylng minor pyrite dissemination., Stifficatfon is found in S.

Kolonang, S. Koro and southwestern reglion.

Besides, there are several argillized zones In Panji area, having
kaoline mineral as the main constituent clay partly accompanying
gibbsite.

3-4-2 Descriptions on Mineralizations
(1) Tourmaline chalcopyrite mineralization!

In the areas (S. lJenaham, S. Pemate + S.Tajir) of EW 1.5 ka and SN 2.0
km in the eastern and southeastern parts of old Panji Village, several
tovrmaline, quartz and chalcopyrite mineralizations are distributed.

The main mineralizations are described betow (PL 3-7, Fig. 3-17).

(a) Outcrop RY-39

A small ocutcrop is located at 500 m east of old Panji Village.
Under mlcroscope, the result revealed to accompany chalcopyrite
dissemination (less than 4 mm in grain size) with téurmaline
and quartz as its main constituent gangue mineral. Fine grain
covelline occurs around chalcopyrite. The analysis of check

samples resulted in Au 0.1 gft, Ag 9.4 g/t, Cu 0.391 and Ho 0.092,
(b) Outcrop Rx-59

A small outcrop 1s found in the eastern branch of 5. Napal
(800 m northeast of old Panji Village), consisting of quartz
and tourmaline., chalcopyrite and pyrite (172 mm in size) dissemi-
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nations are obserbed, Fine covellites are also observable,

Check sample analysis resulted fn Au < 0.1 glt, Ag 0.4
g/t and Cu 0.015%,

(c) Outerop Rx-53

Hagnetite and chalcopyrite disseminations were confirmed,
having 2.5 n wide outcrop fn CG. Sebiawak granodiorite exposing
in the branch of S. Jenahan (1.2 km southwest of old Panji
Village). This mineralization was found in the second phase
reconnalssance survey (80 R0-29) and check sample analysis
resulted in Aw 0.2 g/t, Ag < 0.2 gf¢, Cu 0.08% and Mo 0.01Z of
2.5 n in width.

Besides, there are small oulcrops and boulders with small amount

of chalcopyrite disseminations as well as towrmaline oineralization

oulcrops and boulders as shown in PL3-7 and Fig. 3-17.

In S. Hen}alin area in the westera area of old Panji and tn the
south of S. Bayung in the south eastern part of old Panji,

pyrite disseminations are extensively detected in C. Sebiawak.
granodiorite and Belango andesitic tuff.

Judging froa the above distribution of wineralizations, Panji
Hineralization is generally considered to zone of tourmaline-
chalcopyrite mineralization iaside and pyrite dissemfnation

outside. Conspicuous alteratfon zone was not confirmed due to poor

exposure.
{(Pyrite) silification zone:

{a) 8. Koro silification zone

Belango andesitic tuff silification zone is distributed 1in
S, Koro daa cutting. According to the Bicroscoplc observations
{Rx-23), the result revealed to consist of a large volume of
serfcite and quartz and a little quantity of chlorite, with
plagioclase phenocryst conpletely altered into clay. Quartz
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veinlets are recognized tn completed alteratfon rock. But,
check sample analysis resulted in a low ore grade of Au < 0.1
glt, Ag 0.2 g/t and Cu 0.0017.

(b) $S. Koropang clay zone

At the uvpperstream of northwestern region of the survey area,
there 1s a mineralization zone where Belango andesitic tuff
shows a strong argillization. Although the X-ray diffractive
analysis (RY-21) detected sericite and some kaoline as clay
minerals, sericite is polytype 2 H;, which shows characteristic
peaks between d = 4.47 A® v 2.99 A®. But, mineralizatfon is
weak and check sample analysis resulted in Au < 0.1 g/t and

Ag < 0.1 gft.,

(c) North Pempadang Perahe silification zone

This silificatfon zone situated fn the branch of S. Herampak
in the southwestern end of the survey area is a mineralization
where Belango Formation dacitic tuff has been silificated.
Under microscope {(R2-31, 34, 35), the result revealed to have
altered secondary minerals such as quartz, sericite,

ete. Especially lithology of sample RZ-35 is completely
altered, turniung into sericite and clay mineral (kaoline

mineral).

This siiification zone contains 10 ca wide quartz vein, zc-—
companying white clay. The analysis result shows, however,

gold and silver contents are very scarce as shown below,

(Fig. 3-13)
Vein Width Au gft Ag gft
RZ-31 2 ca < 0.1 0.4
RZ-32 7 ca < @¢.1 0.2
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3-4-3 Arglllization Zone

White argillized zone is found in three places along S. Jenaham and one

place in the northern area of old Panji Village.

{a)

(b)

(c)

(d)

Outcrop RZ-42 (East of the branchiong point of S. Jenaham and
S. Began)

The X-ray diffractive analysls detected that It chiefly consists of
kaoline mineral, accompanying some serfcite and quartz. Crystal-
linity of kaoline is discussed on peak between d = 4.48 R a 4.13 ;'
fn X-ray difractive chart as shown in Appendix 6, and according to
comparison with these result, the kaoline mineral has low erystal-

1linity, even though its peaks partially overlaps with the peak zone

of gquartz.

Outcrops RZ-44 (West of the branch point of S. Jenahanm and S.

Pituman)

The X-ray diffractive analysis detected that it chiefly consists

of Kaoline mineral, with some chlorite. Gibdbsite iIs also contalned.
(Fig. 3-19)

Qutcrop Rx-30 (Upperstream of S. Jenaham)

It is a white clay zone of G. Sebiawak granodiorite exposing for

20 m along S. Jenaham. “The X-ray diffractive analysis detected

kaoline mineral, sericite and quartz.

Outcrop Rx-56 (Northera old Panji Village)

It is white clay, chiefly containing kaoline mineral with some
guartz.

All of these clay zones are made of clay chiefly consisting of kaoline

pineral (of low crystallinity), partially containing gibbsite. However,

since they are not accompanied by any suvlphide minerals such as pyrite,

chalcopyrite and so on forth, they are considered to be argilization re-

sulting from weathering or low hydrothermal process.
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3-5 Geochemical Survey

3-5-1 Sampling and the Number of Samples Collected

Soll sampling work For thg'geochemlcal survey was carried out from B-horizon

at the interval of every 200 m along the geophysical survey (IP Survey)
liae for 20 km (10 lines X 2 km NS} and also selecting five {5) saupling

polats per ko’ at ridges and summits where having no influence and no con-

tanination [rom rivers.

196 samples were collected in total, consisting of

110 samples from along IP survey line and 86 samples from other arveas.

For the pathfinding elements, copper and molybdenum were chosen because

disseminated copper ore deposit in granodiorite is expected in Panji avea.

3-5-2 sStatistical Processing and Interpretatfon of Analytical Data

In the same way as Selakean area, assay values were standardized by the

logarithmic conversion to prepare histogram, and cumulative frequency

distribution in order to calculate the mean values, standard deviations

and coefficlents of correlations of pathEiinder elements (Fig. 3-20, 21,

22, 23).

Furthermore, the Ist-class anomalous value and the Znd-class

anoralous value were determined from the calculated threshold value

(1Y (M + 20) and threshold value (2) (H + @) to analyze anomalous areas
in the geochemical survey (Table 31-5),

Table 3-5 Value of Mean Standard Deviation and Threshold in

Panjii Area
Element n H H+ao H + 20 | Threshold Max Hin
pcs ppa ppa ppa | value #*ppno PP ppm
Cu 196 | 51.1266 | 137.9785 | 372.3708 | 351.5363 514 4
Ko 196 9.37%9 | 16.2552| 28.1938 13.0393 123 3

% Threshold value based

distribution.

on bending point in graph of cumulative frequency
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The threshold value obtafned through the cumulative frequency distribu-
tion weve 351 ppm of copper, according to the Lepeltier method type 1,
and 13 ppn of molybdenum according the Lepelefer method type 2.

The above assay results indicated the 1st-class copper anomalous area
with 350 ppm, the ?nd-class copper anomalous area with 135 ppm, the
1st-class molybdedvm anomalous area with 28 ppm and the 2nd-class mo-

lybdenum anonalous area with 15 ppm.

The coefficient of correlatfon is 0.546%. As the result of interpreta-
tion of correlation diagram (Fig. 3-23), the correlation between molyb-
denun and copper is divided into two parent populations of high molyb-

denun (10100 ppm) and low molybdenum {under 10 ppm).

3-5-3 Anomalous Areas

Distribution of the copper anomalous area (Cu with more than 135 ppa)

and the solybdenuws anomalous area (Mo with more than 15 ppm) in the
geéochemical survey are ovérlapped respectively, and found in the range
of 2 kmn NS and 1.5 km EW in the area where the geophysical survey {(IP
Survey) was conducted from the midstream of S. Jenaham through the mid-
stream of $. Tapis to the south of S. Jenaham. (Fig. 3-17) This area
is within the range which was bordered as tourmaline {copper) minerali-
zation in the geological survey. Especlially, the first-class copper
anopalous area {(Cu with more than 350 ppn) colncides with the first-class
molybdenum ancmaleous area (Hy of more than 28 ppn), occupylng the central
part in this eineralization range and extending toward KNE v SSH linea-
ment. The mean value of copper is 51 ppm and that of molybdenum is 9 ppm
but the values of copper and colybdenum of the area whea the geophysical
survey was conducted are generally higher than mean values In detailed
survey area, (PL3-8, PL3-9, Fig. 3-17).
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3-6 Characteristics of Panji Mineralization

Mineralizations distributed In Panji area, copper and molybdenum anoma-—
lous areas found in the geochemical survey and intérpretation results of

the geophysical survey were collectively indfcated {n Fig. 4-18.

Although the observation of outcrops revealed weak mineralization dis-
tribution pattern of Mineralfzatfon in Panji area shows a range, extnding
2 km EW and 3 km NS, having zoning accompanylng pyrite dissemivration

{S. Napal and S. Menjalin areas and S. Bayung area) outside and Eourma-

1ine chalcopyrite mineralization iaside, extending KNE v SSW direction.

In the central part of this area, rocks are poorly exposed so that no
mineralization was discovered except poor pyrite and chalcopyrite dis-
seminations In granodiorite in S§. Bagak, However, a copper and molybde-
nuam anomalous areas were found in the geochemical survey situated in

the central part of this zone. These anomalous acreas are ranging in two

directions of NNE A SSH and WXW & ESE. The tectonic line found in Panji
Mineralization is NNE v 55% Intruding of dolerite dike and dacitic intru-

sive vocks and interpreted as a lineameat by airphotographs, but KNN %
ESE tread is not clear.

According to the analytical results by the geophysical survey (IP Survey),
its anomaly generally coincides with the geochemlcal survey anomalous
areas, especially the northern IP anomaly shows arrangement coinciding
with the geochemical survey anomalous area extending WNW A ESE. In

Panji area, there is a possibility of another latent tectonic 1ine of

WNH v ESE trend combiniag with the tectonic line of NEN ~ SWS trend

which can be interpreted as a linearent regulating mineralizatiens in
this area.

As a copper (molybdenunm) mineralization accompanying tourmaline, there
is Banyi area where the second phase survey was conducted in this survey
area. Quartz veins accompanying copper and wmolybdeaum are found ia 6.
Bawang, etc., Hineralizations in Panji area are considered to be the

same type of mineralization as the above. Therefor, there §s a possibi-
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l1ity of younger igneous rocks latently exlsting, although they were not
found in the field survey because of poor rock exposure,

CHAPTER 4 AGE DATING OF G. 1BU GRANITIC ROCKS
4-1 G. Ibu Granite

Granodiorite distributed ia G. Ibu &~ G. Raya situated 10 km east of
Siagkawang for 15 km EW and 7 ko NS in extensions constitutes a part of
granodiorite batholith iatruding during Cretaceous period extensively

distributed Evon Central Xaliwmantan to West Kalimantan.

Chalcopyrite-molybdenumn mineralization was found in this area where the
Geological Survey of Indonesia conducted a survey of mineral resources
under technical collaboration of the Belgium Goverament in project
CTA-19 1974 through 1978. Sieilar mineralizations are found in areas
from Central Kalimantan to West Kalimantan, all of which have been
identified, through recent surveys, to have relations with igneous
activities during late Cretaceous A Tertiary period. The K-Ar absolute
age dating was made of younger G, Ibu granodlorite which is deeply con-
cerned with mineralization, in orxder to examine relationship of minera-

1ization and igneous activities in G. 1bu area.

G. ¥bu granodiorites ave classified into the following old granodiorites
and younger grancdlorites in the survey by the Geological Survey of
Indonesia (T. Suhanda) (Fig. 3-24),

(1) 013 granodiorites;
(a) Sikancu leucocratic tonalfte rock ™ granodlorite

This is mediun-grained tonalite rock v granodiorite extensively

distributed from G. Sijangkung to east 6. 1bu.

(b) Sendoreng quartz diorite and tonalite rock

This rock is quartz diorite V tonalité rock distributed on the
southern side of G." Raya.
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(2) Youngftgranitic rocks:

Jhis rock fs distributed at ridge and on the western side of G.

Raya, 6. Ibu and G. Sijangkung and classiffed jnto the following
two rocks by lithology.

(a) Sijanguk quartz diorite

This rock 1s extensively distributed on the western side of
the G. Raya mountain range. Fine grained, holocrystaline 30
of color index. Under microscope (QD-1), the result vevealed
to consist of plagfeclase, quartz, hornblende and sexicite,
having holocrystalline, equigranular. Hydrothermal alteration
zone (sericitization, siliciffcatfon alteration) fs found at
the contact with 6. Raya granodiorite, of which partial mo-~
lybdenite chalcopyrite mineralization is recorded (T. Suhanda).

{b) €. Raya granodiorite

This rock covers mountafn ridges from G. Ibu to G. Raya and
it is considered to be the youngest iantrusive rock in this
area. It Is blotite horablende granodiorite (GD-1) of uwedium
grain, equigranular holocrystalline and it is lithologically
tonalitic rock., (Incidentally, this rock is different from

C. Raya granodiorite which was nazed in West Kalimantan Pro-
ject CTA-39b).

These granodiorites have intruded into Segohan shale-quartzite Formatien,
Penuyak andesite Formation and Satipo dacitic Foreatfon (7. Suhanda).

They are considered to be correlative with Beagkayang Group, Jirak For-

pation, Belango Forsmation in West Kalimantan project area respectively.

4-2 Chemical Compositions and Age of G. lbu Granitic Rocks

Modal calculation of G. Ibu granodiorite has been made by the Indoensia-
Belgium collaborative geological survey (T. Suhanda). Fig. 3-27 is its
quartz-plagioclase-potash feldspar diagram, This trend shows alwost

the same trend {calc-alkali rock series) as that of modal quartz-

plagloclase-potash feldspar diagram (¥Fig. 3-28).
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When the complete analysis resuvlt of G, Raya granodlorite, which is
classified as the younger granite (GDP-1) and Sijanguk quarte diorite is
combined with oxide-differentiatfion fndex (D-1) variation diagram (Fig.
3-16) and normitive quartz-plagioclase-potash feldspar diagram (Fig. 3-15),
G. lbu grancdiorite and granodiorites in West Kallmantan survey area

are plotted in the same trend. Therefore, they are all considered to
belong to the same batholith.

The K-Ar absolute age dating of G. Raya granodierite (GD-1) and Sijanguk
quartz diorite (QD-1) resulted in 30 o.y. both for the former and the
latter, Since it intruded approximately the same ape as that of Sirih
and Banyi tonalites in the West Kalfimantan project area and since it is
1ithelogically somewhat clesé to tonalite from chemical analytical re-

sults and microscopic observations, G. Raya granodiorite resembles Sirih
and Banyl tonalites.

It is of a great significance for the Interpretation of mineralizations
in this area that the fact that copper and wolybdenite mineralizations
found from Central Kalimantan to West Kalimantan resulted from younger

fpgneous activities was confirmed also In the absolute age dating of G.
Ibu granodiorite (Fig. 3-25, 26),.

The geological relationship of West Kalimantan preject area and G. l1bu
area is attempted to correlated as Table 3-6.
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PART IV

GEOPHYSICAL SURVEY (IP METHOD)



CHAPTER 1 OUTLIKE OF GEOPHYSICAL SURYEY

The second phase geological survey in the Panji area has found the
chalcopyrite dissemination in a granodiorite, which can presumably be
promising for dissemination one deposits. In the third phase survey,
the 1P method (induced polarization method) has been conducted to search
for the promising ore deposits, as the IP method is one of the most

effective methods prospecting for such a type of orebody.

For the purpose of clarifying the lateral extent and the electrical
feature of the above-mentioned dissemination zone, the IP survey has been
conducted in an area of 3.6 km? (1.8 km E¥ and 2 km NS) south of 0ld
Panji Village. 10 survey lines, 2 km-long in the NS direction and 200 n
apart, have been established over there. 7The separation of the survey

stations is 100 m, as shown in PL. 4-1.

In the field IP measuremenlts, apparent vesistivities, frequency effects
and metal conduction factors have been determined with variable frequen—
cies (0.3 /[ 3 Hz)} in the dipole-dipole configuration aad electrode
separation coefficients of a = I, 2 and 3. For iaterpreting the field 1P
results, we have measured physical properties of 24 rock specieens sawmpled
in and around the survey area. The rock specimen tests have been com-
pleted in Japan together with the analytical work, such as statistical
analysis of the 1P results, qualitative analysis of plan and section maps

and quantitative simulation analysis using high-speed computers.

The computer analysis is applicable to determin the geological structure
including mineralized zones by using the IP data obtained along the survey
liﬁes. The volume, depth and physical properties can be estimated by
cozputer simulation tests. The thus analyzed results can suggest the
possiBilities of ore deposits by taking the geological and geochenmical

results in the survey area into consideration.
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CHAPTER 2 If METHOD
2-1 General
2-1-1 Piineciples of Measurement

The 1P method (induced polarization method) is one of the most effective
direct prospecting methods which are applicadble to retal mines, especially
sulfide ore deposits. The principle of the IP method is baséd on the
physical fact that the electrical polarization phenozenon is induced in
retal ore deposits by the electric current sent into the ground. The 1P
phendomenon 1s consplicuously appeared in sulfide minerals such as pyrite
and chalecopyrite. The cauvse of the phenomenon is presured as polarfza-

tion induced on the boundary layer between metal ore and included 1liquid.,

There are two types of IP field suvrveys: Ltime domaln method and frequency
domain method. '

{1) Tiwe domain method: A square pulse O0f current is seant into the
ground, and then the voltage decay Is measuvred during the no-current
perfod. This method is also called transient method or pulse
cethod,

(2) Frequency dorain method: FKhen a square-wave alternative current is
supplied Into the ground, the voltage varies with frequencles of the
current. The frequency-response variation is measured, so that this

eethod is sometimes called variable frequency method.

For the preseant survey the latter method has been adopted dby using

the dipole-dipole electrode configuration with low frequenciés of
0.3 and 3 He.

2-1-2 Dipole-PBipole Hethed of Operation

The outline of the dipole-dipole array is shosn in Fig. 4-1.

The current electrodes A and B are located on a survey line with a givea
separation of @, and the current 1 1s supplied by the transmitter. On
the other hand, the potentfial electrodes M and N are located on the save
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line with a separation ofa. The separation between the nearest current
and potenttal electrodes is chosen to be na (n: fnteger nucber), as shown
in Fig., 4-1. F¥For the first step of measurement, n 1s usually taken as t.
The receiver measures the voltage V between the etectrodes ¥ and N. Im
this case, the voltage is measured at frequencies of 0.3 Hz and 3 Hz,

and the correspondent AR and FE are calculated by Eqs. (1) to (3) (refer

to 2-1-3), In actual surveys, the FE is indicated directly on a meter
of the recelver,

After the first step a = 1 of measuresent Is finished, the current elec-
trodes A and B are removed, and then the measurements are repeated for

the second and third steps n = 2 and 3. After the three steps of meas-
urement are completed, the potentfal electrodes M and N are transferred to
the neighboring stations., Similar measurements from each pair of current
electrodes are repeated for the transferred potential electrodes. The

electrode separationa is taken to be 100 m for the present survey,

r®1 I feceter

Recetver Transmtter O i Tastiee

ok ne ———fe 0 O IEwcats ooz

n = Elecleods separaterg

FrIEFTTTIIRT I I A A,
n=3} ¢ [ ] » [ ] [} [ L —a
2 » . . . . »
3 L ] [ ] [ ] [ ] L ] —-20

Fig. 4-1 IP Measurements of Dipole-Dipole Configuration

2-1-3 1P Characteristics
(1) Frequency Effect (FE)

In the frequency domain wethod, the 1IP response Is expressed by a
quantity which is defiaed as
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(2}

(3)

- v0.3Hz - Ihx x 100(%)

= x 100(2) (1)

Yhere v0.3Hz and V3Hz are the voltages (unit: V) at frequencies of

0.3Hz and 3Hz vespeciively, and pO.3Hz and p3Hz the apparent resist-

ivities (unit: ohe-m) at frequencies of 0.3Hz and 3Hz respectively,

Apparent Resistivity (AR)

The apparent resistivities at frequencies of 0.3Hz and 3Hz are re—

spectively defined as follows:

v
- 0.3H= _
Po.3mz = ¥ 1 (ohz-n) (2)
v
M= .
93Hz K i {ohz-m) (3)

In the adove foraulae, I is the output current of a transaitter

{unit: A) and K the electrode configuration factor defined by
K = a{ntk){ni2)na

where n is the electrode-separation coefficient and a4 the electrode

spacing (unit: a),

Equatfons (1) to (3) show that FE and AR can be determined by meas-

urecents of I, Vb-3nz angd V3Hz' For the present suwyvey, Eq. (3) is
used to calculate ARs.

Metal Coanduction Factor (MF)

The eetal conduction factor is defined as

HF = ';—"3 x 1,000 )
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S

HMost of sulflde ore deposits Indicate a high FE and a low AR.
In order to emphasize such characteristics, MF is used in most

cases as an Indicator of tzetal conduction of ore deposits.

2-2 Data Representation
2-2-1 Plotting of Results

The values of FE, AR and MF are plotted on cross sections and plan maps.
0n a cross section as indicated in Fig. 4-2, the results are plotted at
the intersectionof 45-degree lines from the center point of the current
electrodes AB and the center point of the potential electrodes HR. On a
plan map, thé results are plotted at vertical projection points on the
ground surface. In these cases, it should be borne in mind that the
plotted results cannot be considered as the electrical properties of

rocks at the plotted points.

r**CY‘] Remarks
0 1 —G r(:)I : Receier
S _l - O : Transmitter

a  Eleclrode spacing

0 Hecliode separabing coethcient

» g mmasa J—

n=2 1

~N

5"‘-,___ T
—— ;"'s.
= R -

n=3 3% 7 T~ -

T ~— .

~3- ~ T
3 —""‘---.._‘_“ Fale T~
3T~ \_\ .i‘
T \\i
i‘ 2

Fig. 4-2 1Illustration of IP MHeasurezments

2-2-2 Data Processing

The data obtained from field 1P measurezents and geodetic survey are
prelieminarily prepared for analyses. To begla with, the values of FE
and AR and geodetic survey results described previously on data sheets

are punched in data cards. The data cards are provided for computer
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analyses. The values of MF are computed from the obserxved values of FE
and AR, The locaticens of plotting FE, AR and HF on a ¢ross section or a
plan map are computed, and then the pldtter draws contour maps of the
computed results, Histograns ave obtained from statistical analyses of
values of FE, AR and MF.

In 2 rugpged terraln avea, the terrain effect on AR is so sensitive that
terrain corrections are necessary for data analyses., However, the ter-
rain effect is not soserious in the present survey, because, for a 2 ko~
long survey route, the elevation difference amounts to 100 m or less,

Therefore, terrain corre¢tions have never been considered.

2-2-3 Physical Properties of Rock Specicen

The weasurement of physical properifes of rock provides us with impor-
tant information for the interpretation of the field IP results. There
are two wethods for evaluating 1P characteristics ¢f rock: the one is a
laboratory measurement of IP characteristics of rock specimens sampled
fron the survey area and the other is an in-situ measurermeat. For the
present survey, the forver method is adopted. An outline of this method

is briefly explained as follows:

Fig. 4-3 shows a block diagram of the reasuring apparatus. The wmeasure-
rent is made with a rock speciren which is foreed into a Ix3Ix2cm prism.

Then the specicen is dipped Ialto water up to a state of water saturation,
The specimen Is set on the sanple holder, and the resistivity is measured

with the 3Hz electric current supplied between both the sides of the

speciren, For determining resistivity, the following formula is used:

o oSV
I

S: Sectional area of a specirmen (=)
£: ‘Length of a specleen {(m)

V: Voltage measured (V)

1: Curreat supplied (A)

The value of FE is read from a meter by using electric current of 0,34z,
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Fig. 4-3 A Block Dlagram of the Laboratory Heasuring Apparatus

2-3 WMethod of Field Data Analyses
2-3-1 Qualitative Analyses

The outlines of geological structure and the distribution of eineralized
zones are generally considered by qualitative analyses of 1P data on the
basis of cross sections and plan maps. The classification of all pro-

bable anomaly sources can be made by taking the histoprams of FE, AR and
MF results into account. As a result, the anomalous zones are extracted
froa cross sections along survey lines and plan maps at various levels.

The spacial dimensions of the anomaly source can be presumed from geolo-

gical and geocheaical data as well as results of rock specizen tests,

2-3-2 Quantitative Analyses

The second stage of the analyses is the computer simulation for deter-
pining the geological structure, the cutlines of which are presumed by
the qualitative analyses. Assuning eodel structures based on the 1P
field data, the computations are repeatedly made to determine the opti-
nua model by comparing with the field results, Such computer trial-and-
error procedures obtala the final deterainations of dicension and depth

of the anomaly source, which may represeat the mineralized bodies.

The following Fig. 4-4 1s the flow chart showlng the jobs of data proces-
sing and analyéis.
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2-4  Instruments

2-4-1 Iastruments Used for Ceophysical Survey
{1) Traansmitter

Type: 1P Transaitter Model CH505A and CHSOS5B
Hanufacturer: Chiba Electronics Laboratory

Input Voltage and Frequenmcy!: AC 115V 2% 15Y, 400Hz
Output Voltage: 100 - 80QV

Output Current: 0.1 -3A

Output Frequency: 0.1, 0.3, 1.0, 3.0 and 10,04z

(2) Receiver

Type: 1P Receiver Model 7505B
Manufacturer: Yokohama Electronics Laboratory

Input Voltage: 1, 10, 100, 1000aV and 10V with a S-range fine
adjustor

Input Frequeacy: €.1, 0.3, 1.0 and 3.0Hz

Tice constant: 2, 6, 20, 60 and 150sec

Input Jepedance: 10M}

Power: Two 15.6V Kercury <ells/four Q06P-type dry batteries

(3) Engiae Cenerator
Type: 1P Generator Model HK-2
Hanufacturer: McCulloch Mite-E-Lite Inc,, U.S.A.
Output, Outppt Voltage and Frequeacy: 2KW, 115V, A400Hz

(4) Electrodes

Stalnless steel rod

{(5) 1P Checker

Type: Laboratory IP Transmitter Model YN502
Hanufacturer: Yokohama Electronles Laboratery
Transmitting Frequencies: 0,1, 0.3, 1.0, 3.0 and 10.0Hz

Accuracy: 15%
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2-4-2 Rock Specimen Testing Instrument
(1) Transmitter

Type: Laboratory 1P Transmitter Hodel 801
Manufacturer: Burr-Brown Research Corporation

Input Voltape and Frequency: 0.01 - 1100Hz with a 5-range fine
adjustor

Qutput Current: 1pA-1leA with a 4-range flue adjustor
Input Impedance: 10,.5M- 10,5%%2

{2) Recelver

Type: Laboratory IP Receiver Hodel YDC-434

Marinfacturer: Yokohama Electric Research Co.

Input VYoltage: 0.3, 1, 3, 10, 30, 100, 300 and 1000mV with a
8-range fine adjustor

Frequenclies: 0.1, 0.3, 1 and M=z

Time Constants: 2, 6, 15, 60 and 150sec
Input Impedance: 10M1

Pouwer: two 15.6V Mercury Cells

CHAPTER 3 SURVEY RESULYS
3-1 Results of fock Specimen Tests

24 rock specimens were sanpled in and around the survey area. As there
are a few outcrops suitable for sampling in the survey area, sore typical
specirens were exceptionally sampled around the survey area. The loca-

tions of the saspling are shown in PL. 4-1.

Resistivity and FE tests were conducted for these rock specimens. The
results of the tests are tabulated in Table 4-1. The correlation between

the resistivity and FE results is also shown in Fig. 4-5.

The results of the rock specloen tests can be summarized as follows:
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Table 4-1

10
| 1

12
17

13

FE

Results of Rock Sample Tests

Resfstivity

; *)
Rock Nape ) Yean (ohrm) ¥ean Py (Cpy)

Grancdiorite 2.1 4,254 1
Granodiorite 5.0 2,632 i
Granodiorite 3.4 6,063 1
Granodiorite 6.5 5,099 1
Granodiorite 2.2 10,452 1
Granodiorite 2.4 5,580 1
CGranodiorite 2.5 3,362 1
Granodiorite 4.0 §J 3.35 5,753 4,789 3
Granodiorite 3.4 6,657 2
Granodiorite 0.9 6,875 2
Granodiorite 7.0 859 4
Granodiorite 1.5 5,992 1
Granodiorite 2.9 4,338 i
Granodiorite 3.6 1,863 2
Granodiorite 3.9 2,059 3
Diorite 4.9 2,191 1
Diorite 103.0 1,052 5
Dolerite 10.1 429

bolerite 5.8 256 2
Pacite 1.1 30,924 1
Andesite 1.0 3,500 i
Andesite 3.1 | 2.60 10,087 9,045 1
Andesfte 3.7 13,548 |
Tourraline 0.0 1,216 i

(*) Pyrite Content

1.

No pyrite grains.
- 2 to 3 pyrite grains.
5 to 6 pyrite grains.
Continuous pyrite grains,
+ Pyrite concentration.
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1)

(2)

(3)

FB
The general feature of the FE resulls can be as follows.

15 specimens of granodlorite, which are distributed over the whole
survey area, indicate 0.9 to 7.0X FE values. The mean value is
3.35%. Most of the FE values are relatively near the mean value

except for some peculiar specimens.

Two diorite specimens, which are sampled in the northwest of the
survey area and in the neighborhood of Statiom G-12, the central
part of the survey area, indicate high FE values of 4.9 and 103%,
réspectively. Two dolerite specivens, which are sampled around
Stations A-3 and A-12, also indicate high values of 5.8 and 10.1Z,
respectively.

In contrast, a dacite specimen sampled fn the southwest of the

survey area takes a low FE value.

The FE values of three andesite specizens, which are sampled in the
north and northwest of the survey area, range from 1.0 to 3.7%. The
mean value is 2.6%. A tourmaline-bearing rock speciren sampled
around Station B-20, the noxthern part of the survey area, does not

fndic¢ate any Erequency effect.

Resistivity

The resistivity of granodiorite ranges from 859 to 10452 ohnr-n.

The rean value is 4789 ohm-am. The two diorite specimens have re-
latively low resistivities of 2191 aud 1052 ohm-m. The two dolerite
specimens indicate 429 and 256 ohm-m, which is the lowest resistivity
obtained in the present tests. The highest resistivity acounting to
30924 ohm-m is found for the dacite speciren. The resistivity of

andesite ranges from 3500 to 13548 oha-a. The eean value is 2045

ohz-@. The tourmaline-bearing rock specimen has a relatively low
resistivity of 1216 ohz-n.

FE-Resistivity Relationship (Fig. 4-5)

The results of the specimen tests, which are tabulated in Table 4-1,
are plotted In Fig, 4-5, logarithmic resistivity in the abscissa
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vexrsus PE in the ordinate. This figure indicates a negative cor-
relatlon between FE and résistivity. The negative correlation can
also be recognized for 15 granodiorfte specimens, but not for the
other kind of rock speciméns because the numbers of the speciméns

are too small to estimate such correlations,

(4) FE-Pyrite Content Relationship (Fig. 4-6)

The pyrite contents of the rock specimens are determined by means

of a 20-power lens. The contents are classified as fellows.

1. No pyrite grains

2, 2 to 3 pyrite grains

3. 5 to 6 pyrite gralas

4, Continous pyrite grains

5. Pyrite concentration

Fig. 4-6 shods the FE-pyrite content relation according to the
above rock classification. A positive correlation can be recog-

nized in this figure.

3-2 Results of 1P Measurements
3-2-1 Plotteéed Maps

The results of the IP survey are plotted in sections (PL. 4-2~4-11)
along Survey Lines A to J. 1In these sections, frequency effect {(FF),
apparent resistivity {AR) and retal conduction factor (MF) are indicated.
Furthermore, these IP results are also shown in plan maps at some depths.

The electrode séparation levels chosen for the plan maps are n = 1 and 3.

fhe contour intervals of the section and plan maps are 1% for FE; 500,
700, 1000, 1500, 2500, S000 and 7000 ohm-m for AR; and t for HF. Ia
these maps, the anomaly distribution is also represented on the basis of
the statistical considerations, which will be described ia 3-2-2. For
example, the dotted lines indicate 4.5% FE, the meaa value of FE, which

is obtalned by the histogram of the FE results as will b2 mentioned in
the forthcoming paragraph.
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3-2-2 Statistical Considerations

For the purpose of determining the criteérion whether an IP value is

anomalously high or not, the following statistical treatments are made.

1)

(2)

3

Histograns (Fig. 4-7)

The histograms are made for the measured values of FE and AR. It
fs seen that the histogram of FE resuvlts ffts well to a normal

statistical distribution curve with the mode of 4 to 5Z. On the
other hand, the histogram of AR values fits well to a log-noreal
distribution curve. The mode of the histogram has a tendency to

increase with n.

Cumulative Frequency Distribution (Fig. 4-8)

The cumulative frequency distributfons of the FE, AR and MF values
are obtained, let the cean and the standard deviatfon be denoted
by u and o, respectively. In this report, FE and MF values greater
than 4+ 20 are defined as “anomaly" and those between p+ 20 and
n+0 are defined as "weak anomaly™. On the other hand, AR values
lower than 4 - 20 are defined as anomaly" and those between y - 20

and Y - 0 are defined as "weak anomaly™.

Determinations of "“Anomaly" and “Weak Anomaly"

On the basis of the cumulative frequeacy distribution curves,

values of “anomaly" and "weak anopaly™ are determined in the fol-

lowing:
Anozaly ¥Weak anomaly Yean
FE > 6% > 5% 4,57
AR < 500 ohm-m < 1000 oha-a 1500 ohu-m
MF > 8 >5 3
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(4)

(5)

(6)

Distribution range

The statistical considerations are made for the nmeasured FE and AR,
The maximum, minfmum and mean values for each survéy line and each
electrode separation level are tabulated (Table 4-2). The same
values are also fllustrated in Fig. 4-5.

The highest FE value amounts to 6.8%,which Is observed along Line A,
while the lowest one becomes 1.8%, which is observed along Line F,
The highest AR is 8064 ohm-m along Line €, while the lowest is 329
ohz-m along Line G.

FE-AR correlation (Fig. 4-10)

The correlation between FE and AR is considered as shown in Fig. 4-10,
in vhich FE is taken in the ordinate and log AR in the abscissa,.
In the following table, the correlation coefficlent R is calculated

for each of levels n = 1, 2 and 3 and the total levels,

n=1 n=2 3 Total

=
1

R 0.04% 0.28 0.21 0.09

Topographlic effect

The topographic effects on FE and AR for n=1 are considered. Let
the topographic elevations of inner electrodes on a n=1 dipole-
dipole configuration (see Fig. 4-1) be denoted by H, and H,, res-
pectively. The mean elevation H, (= (H,1M;)/2) is chosen as a
parameter representing the topographic effect (see the footnote of
Table 4-3). Thus-obtained correlations between FE and H, aad bet-
ween AR and R arxe tabulated in Table 4-3. As seen in the table,

a slightly positive correlation of R > 0.5 between H, and FE can be
seen along Lines A, C and D, vhile a similar correlatfon between Hy
and AR can be seen along Line A. The fact that the B -FE correla-
tion coefficient amounts to R=0.36 for the total FE values may

indicate that FE highs are generally found in high-altitude areas.
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Table 4~2 Ranges and Mean Values of IP Measureseats

Pregscuncy offect{f) Apparent resistivity{ohe-a)
¥ax Xia Neas Mix ¥ia Nean
6.8 30 4,80 4916 428 13
50 2.0 4.21 4303 41 A
6.6 2,0 4.54 8064 M1 145}
8.1 1.4 A.61 4823 &4 1415
5.5 2.7 443 443y 583 144
384
329

Lizs
5.6 1.8 XLET M5 1209
£.5 1O 416 3530 1362
5.8 2.8 4.48 4331 16 1738
5.5 2,7 4.3 3233 68y 1569
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Table 4-3 Correlation Coefffelents between

IP Measurements
and Topography

Correlation coefficient R for n=1

}im..Pg Hm-AR
A 0.63 0.55
B 0,22 0.38
c 0.75 0.43
L 0,60 0.04
Line 5 0.37 0.34
? 0.28 0.24
H 0.21 0,14
¥ 0.42 0.15
| 1 0.28 0,15
J ~0.29 0,08
C motal 0.3 T To0E T
Notes H = Hl*H? Hl H-a
@ o \\ .

Y -

. n=1(FE,AR)
‘I



e,

In contrast to the above, the Hg-AR correlatfon coefficiency 1s re-
lLatively low (R=0.18). Therefore, it may be concluded that there
is no marked topographic effect on AR.

3-2-3 IP Anonalies

(1)

Frequency Effect (FE)

See PL. 4-32, the n=1 plan map. In this map, an anomalously high
FE (FE > 6%) is found north of Lice A. This anomaly 1s called
YA-16 Anomaly". The other high FE anomalies are seen at Staticn
C-17 (called ""C-17 Anormaly")} north of Lines C and D and at Station
J-13 (called "“J-13 Anopaly") north of Line .1,

The C-17 Anomaly coincides with the G. Sumfang mountain ridge,
whose peak is located about Station C-17. The relatively weak
anozaly zone of FE > 5% covers widely the surrounding area of the
G. Sumiang mountain. In the sections along Lines B to E (Pis.
4-3 v 4-6), the C-17 Anomaly is indicated to be a roeof-shaped
anomaly arround Statfons C-167%C-17, D-15 ~ D-17, which is a typi-
cal indicator promising for a shallow-seated source. But this
anomaly doés not spread to Lines B and E. Judging from the above
observation facts, the C-17 anomaly source may be located at a

shallow depth below Stations 15 to 17 along Lines C to D.

The A-16 Anomaly is located around the northwestern corner of the
survey area. As seen la the section along Line A (PL. 4-2), this
anomaly source is lecated north of Statfon A-15. The volume of the
source is presurmed to be larger than that of the C-17 Anomaly. The
northern and western extensfons are not so clear, because the A-16

Anomaly is located at the northwestern corner of the survey area.

The J-13 Anomaly is located north of the east side of the survey
area. In the section along Liae 3 (PL.4-11), this anomaly s fn-
dicated to be a roof-shaped anomaly centering around Stations J-13
"~ J-15 and deeply spreading. 7The source of this anomaly is pre-

sumably shallow-seated below the above mentioned stations.
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The G-1 Anomaly is located In the southern part of the survey area,
Gn the basis of the sectifon (PL. 4-8) along Line G, the conductor
is presumed to bé located south of Station G-3, but its southward
exteat is not clear. Near Statfon H-~3, we recognize a weak anomaly
which fs probably related to the G-1 Anormaly. ‘This weak anomaly
indicates an explicit roof-shaped pattern (PL. 4-9) which can be

presumed as a shallow-seated source.

The plan map of n=3 (PL. 4-13) can be interpreted as follows:
There fs a weak anomaly zone stretching from Station A-5 to J-12 in
the WXR-ESE direction in the northern part of the survey area,

In addition, this weak anomaly zone also appears around Stations 16
and 17 along Lines A v D as shown in the sectfon maps (PLs. 4-2 A
4-11). This fact may isply that this weak anomaly continues to the
A-16 and C-17 anomalies. There is another weak anomaly, whose
source is shallow, around Station 15 on Lines G toe J. 7The source
of the J-13 anomaly, mentioned previously for the case of n=1, is
presuzed to extend toward Station 15 on Line €. Furthermore, it

is probable that a weak anomaly zone seen on Line E continues to

the C-i7 anomaly. The source may be shallow-seated below Stations
E~-12 and 13.

Small-scale weak anomalfies occupy predominantly the ceatral and
sourthern parts of the survey area except for the southern tip of
Lire G, but these anomalies ave not regularly arranged. The sources
of these anomalies are distributed shallowly under Stations A-2 v 3,
C-9 %10, G-4 v 6 and 6-8 v 9,

Apparent resistivity (AR)

In the plan eap (PL. 4-14) of n=1, we sece four areas of AR anonmaly
(AR < 500 ohm-@): ¢€-14 Anomaly north of Lines B and C, C-2 Anomaly
south of Line C, F-17 Anomaly north of Lines F and G, and G-11
Anomaly around the midpoint of Line G.

The general feacture of weak anomalies (AR < 1000 oha-a) in the
survey area is the zonal arrangezent., The wost predominant one is
found in the northern part of the survey area. It involves the C-14
and F-17 anomalies trending in the WSKW-ENE direction.
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There 1 no anomalous area in the plan map (PL. 4-15) of n=3, The
mean value of AR in this rap is 1500 ohm-m or higher. The exceptions
are small-scale weak anomalies found fn the northwestern part and

the southern part of the survey arvea.

In the sections (PL. 4-2 v 4-11), we see many low-resistivity zones,
for exanple, at Statfons 13 35 on Lines A ~ D, Stations E-17,

F-15 ~ F-18, G-17 v ¢-19, J-13 v 3-16, ¢-2 ~ C-4, P-11 & P-13, ¢-11
" G-13 and F-2 v F~-3. Host of them have roof-shaped patterns which,
in general cases, evidence shallow-seated bodies of low resistivity.
The low AR area is trending in the WSW-ENE direction north of
Stations 13 on Lines A &~ G, This fact fndicates that Lt forms a
large-scale zone of low resistivity including the C-14 and P-17

anomalfes.

(3) HMetal conduction factor {MF)

In the plan map (PL. 4-16) of n=1, we recognize gany anomalous

areas of HF > 8: C€-14 Anomaly on Lines A~ D In the northwestern
part of the survey area, F-16 Anomaly noxth of Lines F and 6, C-10
Anomaly in the central part of Line C, G-11 Aromaly in the central

part of Line G, G-6 Anomaly south of Lire G and J-14 Anomaly north
of Line J.

The distribution of these MF anomalies is almost equal to that of
the AR anozalies. A simllar tendency can be seen in the plan map
of n=3 and sections. As already stated in details in 3-2-2 (5),
Chapter 3, the distribution of MF reflects greatly that of AR in
the survey avea. This fact may imﬁly that the location of proazis-
ing ore deposits can not be suggested by the distribution of MF.

3-3 Simulation

For estimating shapes of the IP anomaly sources and thefr physical pro-
perties on the basis of the survey results, the corputer simulation
technique fs applied to the two IP sectionsi f.e., the northern part of
Line € (C~-10"v€-20) and the northem part of Line {(J-9v3-19). The

rodels adopted here are based on the results of qualitative analyses stated
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previously. The models and the outline of the simulation analyses are

supmarized as follows:

3-3-1 Line € models (Fig. 4-11)

The top of Fig. 4-11 shows the measured result, and the bétton shows
the simulated result.

(1) MHodel C-1

IP properties are assumed as the followlng table., The computation
results are given i Fig. 4-11 (a).

Code FE (%) Resistivity (oho-m)
3.5 3060
3.5 2000
3.5 1500
3.5 . 300
10 7.0 1500

A comparison of the computed results of FE, AR and MF with the

measvred ones suggests the following speculations:

i) The computed roof-shaped pattern of weak FE anomalies agree
well with that of observed data. But the computed pattemn is
somewhat sharper and the computed FE values are lower in both

the sides of the pattera.

ii) A good agreement can be seen between the locations of the ob-
served weak AR anomalies and the computed ones. But in general,

the conputed values are slightly higher than the obsexved ones
in shallow places.

fii) The coaputed MF pattern is different from the eeasured one,

probably because the roof-shaped pattern of MF is much affected
by that of AR in the survey area,
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(2) MHodel ¢-2

Hodel C~1 is revised to a new model shown fn Fig. 4-11 (b), in

which ranges of high FE and low AR become wider. Such a revision
pakes good agreements with the observed FE and AR patterns espectally
in the southern side of the survey area.

The assumed parameters in this model are as follows.

Code FE (2) Reslstivity (ohm-m)
2 3.5 2000
3 3.5 1500
4 3.5 400
8 6.0 300
9 7.0 3000
10 7.0 1500

The computed results can be sumrarlzed:

1) The computed pattern agrees much better with the observed one.
The range of high FE becomes wider in this model. But the
copputed anomaly of FE is somevhat intensified in the northera

side of the roof-shaped pattern.

ii) The range of the computed AR snomaly becomes wider, so that its

roof-shaped pattern agrees much better with the observed one.

#{) The computed MF values are still slightly lower than the ob-

served ones, but as a whole the mutual agreement becozes better.

(3) Model C-3

This is the final model to be adopted. In this model, the background
values of FE in the north side are somewhat changed. Fig. 4-11 (<)

shows the coaputed results.

The following table gives the adopted values of IP properties.
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Code = FE (}) Resistivity (ohm-um)

2 3.5 2000
3 3.5 1500
4 3.5 400
6 4.5 3000
7 4.5 1500
8 6.0 800
10 7.0 1500

On the basis of the computed résults, we can conclude as follows:

1) The computed pattern of weak FE anomalies match well the ob-
served ones,

#) The AR values in this model are the sazé as thosé in the C-2
rodel, except for Code 6. Accordingly, the computed result
here is alwost similar to that in the C-2 model.

#1) The computed range of MF anomaly becozes widér than those in
the previous models. Tpis is caused by adoptiag higher walues
of FE and shortening the range of Code 6,

{4) Conclusion

As mentioned above, the model has been changed to match the obserxved
results of FE, AR and MF. C-3 Model fs the final one, where we see

a good agreement between the computed results and the observed ones.

3-3-2 Line J Hodels (Fig. 4-12)

The observed result and the computed one are shown in the top and the

botton of Fig. 4-12, respectively.

(1) Model J-1

The assumed IP properties are given in the following tabdle, The
computation results are given in Fig. &-12 (a).
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Code FE (%) Resistivity (ohm-m)

1 4.5 2000
3 4.5 500
5 6.0 2000
? 6.0 500

The computed results in this stage can be summarlzed as follows:

i) 1The locatfion and shape of the computed pattera are similar to

those of the observed one except for the high anomaly zone.

fi) The computed range of the distribution of weak AR anonaly is
still narrower than the observed one. As a whole, the computed

values are higher than the observed ones,

iii} The computed MF values are lower than the observed ones because
the computed AR values aré higher. The distribution range of

the high XF anomaly becomes narrower.
(2) Hodel J-2

The 1P paraceters adopted fnm the previous model are changed to match
better the observed results. In this model, we increase a little
depths of the high FE sources and assume a high FE source in the
south side of the profile. Furtherwore, we decrease background
values of AR as a whole, and the locations of low AR sources are
recoved downwards in the northern part of the svrvey area and south-

wards in the southern part. The Model J-2 is shown in Fig. 4-12(b).

The IP paraneters adopted in this model are given by the following
table:

Code FE {1) Resistivity (ohun-n)
2 4.5 1500
3 4.5 S00
4 5.0 - 1500
6 6.0 1500
7 6.0 560
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¥e can summarfze the computed results as follows:

1) The computed Pattern of FE is alnost similar to that in Model

J-1, This shows that the procedure of deepening the FE sources
is not effective,

i) ‘The distribution range of weak AR anomaly agrees well with that
of the observed one, but the AR values are still small in the

marginal areas.

fi1) The computed MF pattera is well approximated to the observed
one, The range of the high MF anomaly becores wvider.

Hodel J-3

The 1P parareters are Further changed again tn order to obtain a
best-fitting model. 1In this codel, the FE values are increased
arcund the midpoint of the woded, but the other values are repained
sinflarly to the values in Model J-1. Furthermore, we increase the

backgreund values of AR in the deeper places. The Model J-3 is
shown {n Fig. 4-12 (c).

The 1P parameters adopted here are given by the following table.

Code FE (1) Resistivity (ohn-m)
1 4.5 2000
2 4.5 1500
3 5.5 500
6 6.0 1500
8 6.5 1500
9 6.5 500

The summary of the results obtained by this model conputation 1s as
follows:

i) The high FE anomaly appears in this podel result. As a whole,
the distribution pattern of the coaputed values is very sioilar
to the that of the observed ones.
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#) A good agreerent is vecognized between the computed AR pattern

and the observed one.

tit) A pood agreement fs also recognized in the case of MF,

{(4) Conclusion

it is concluded that Model J-3 can well approximate the abserved
results of FE, AR and MF. Both the patterns agree well each other.

3-4 Discussion

The geophysical feature of the survey area, such as physical properties
of rock, anomaly distribution, etc., is considered by taking the geolo-

glcal and geochemlcal survey results into account,

3-4~-3 1P Properties of Rock

24 rock specimens are sampled in and around the geophyskical survey area

for the purpose of testing their 1P properties.

The laboratory tests are made to 15 (4) granodlorfte, 2 (1) diorite,
2 (1) dolerite, 1 dacite, 3 andesite and 1 tourmalinized rock specimens.

Here ( ) denotes the nusber of specimens sampled in the survey area.

The eain part of the geological survey area is occupled by grancdiorite
trending in the EW direction. The present geophysical survey was carried
out in the east part of the granodioritearea. The FE values obtained by
the laboratory teéts are estimated as 2% 3% for specicens, in which the
pyrite-dissenination is not observed, and as higher than 6% for conti-
nuously disseminated specimens (Table 4-1, Fig. 4-6). Most of the spe-
cizens have resistivities of 5000 ohm—a on average (Table 4-1). There

is a negative eorrelation between FE and resistivities, but it is not so

warked. (Fig. 5-5).

There are small-scale diorite outcrops near Station G-12 and in the
southern tfps of Lines DVF, and a small-scale dolerite outerop near
Station A-12. They have relatively high FE values of 4.94103% but low
AR ones of 2562191 ohm-m. Dacite and andeslte are distributed over
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the north and the south of the survey area, respectively. They have low

FEs rvanging from 1.1 to 3.7X but high resistivities ranging from 3500 to
30924 chm-m.

3-4-2 IP Résults

The statistical analyses of the 1P data obtained here result in the
followings.

The observed values of FE range from 1.8 to 6.8% and those of AR from
329 to 8064 ohm-m (Table 4-2),

The histogram of the total observation data of FE fits well to a normal
distributfon curve. The histograns of the FE values for each electrode
separation level also fit well to other normal distribution curves. The
ccan values of FE In these histograms are not so different one another.
On the other hand, the histograms of AR values fit to log-normal distri-
bution curves, but there are wmuch differeaces between the histograms for
each electrode separation levels (Fig. 4-7). tThe AR has a tendency te
increase with n. This fact may indicate that the resistivity increases

with depth in the survey area.

The criterion of "anomaly" can be decided by the cumulative frequency
distribution curve. It enables us to judge whether an observed value
is anomalous or not. As a result, the values of FE > 6% and AR < 500
ohs-m are defined as Manomaly", and those of 5% < FE < 6% and 500 oho-m
< AR < 1000 oha-a are as *weak anomaly®. The mean value of FE is 4.51,
and that of AR is 1500 ohm-m (Fig. 4-8).

The FE-AR correlation coefficients are seall for the present case.
This shows that the values of MF can not be used for an Indicator of

the miveralization (Fig. 4-10).

In soze parts of the survey area, we find the positive correlation bet-
ween the observed 1P and the topographic height of the observed point.
This may iadfcate that the related mountalnous area partially comntains
disseainated bodies, However, there i{s no consplcuous relation between
AR and topographic height (Table 4-3).
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3-4-3 Distribution of Anomalies

Some typical anonalles are extracted from the IP plan maps and cross
sections to undergo computer simuvlation tests. The volume and depth of
an anomaly can be estimated by such simulation analyses. The results

thus computed are used for drawing up Fig. 4-13.

The best-fitting models of the observed FE and AR on Lines C and J are
determined by the simulation test. As a result, it is verified that the

anonalies correspond to a FE higher than 6% and a resistivity lower than

500 ohz-m on the best-fitting model. Similarly, the best-fitting models

are also determined for the other anomalies.

In order to make a comprehensive fnterpretation of the 1P results of
quantitatfve anzlyses, bird's-eye views of (a) the total FE distribution
for a electrode separatfon coefficient of n=1, (b} the distribution of
FE larger than its mean value and {c) the distributfon of FE larger than

the weak anomaly standard are given in Fig. 4-14 {a), (b) and {(c) respec-
tively.

3-4-% Consideration of Mineralization

In order te clarify the relation between the obtained IP results and the
distribution of the disseminated deposits, the IP results are compaved
with the geologlecal and geochemlcal data obtained In the survey area.

PL. 4-18 is a comprehensive map, in which the 1P ancmalies are illustrated
together with the geological structure including the disseminated zones

and copper anomalies obtatned by the geological and geochenical surveys.

In this map, the FE anomalies are represented in distinction fron the AR
anomalies, but the MF anopalies are not represented because they are

presuced to be independent of the mineralization.

(1) ¥E anoralies

The FE anozalies, which are denoted by M-1 v ¥-7 in the map, are
related with the amiceralization. The depth of the anomaly sources
is estinmated to be shzllower than 100 o below the ground surface,
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The FE anomalies such as M-1 (norxthern part of Lines C and D), M-3
{northern part of Lives GVvJ), M-4 (the oidpoints on Lines BAD), H-5
{the nidpoints on Lines EV(G), and M-6 (southein part of Lines G and
H) coincide with the copper anomalies obtained by the peochemical

survey. The may be evidences for the chalcopyrite dissemination,

On the other hand, some of the conspicuous FE anomalies do not coin-
cide with geochemical copper anomalies, for example, H-1 {northern
part of Liane A), ecast end of M-3 (on Liae J), and southern part of

H-6 (south end of Lines G and H). They are presumably caused by
the pyrite dissemination,.

The FE anomalies H-1}, H-2 and M-3 are linearly arranged in the
WNW-ESE directfion. Their extension is parallel to the geochemical
copper anomaly zone in the northern part of the survey area. HMean-
while, the FZ anomalies M-1, H-2, H-5 and ¥-6 are seeémed to be

arranged on a clrcular arc. However, the FE arrangement system Is

not generally explicit.

The M-2 and M-4 FE anomalies coincide with the NNE-SSR trending
copper anomaly zone in the western part of the survey area. But it

is probable that both the FE anoepalies are independent each other.

(2) AR anomalies

The AR anomalies are represented as R-1 % R-5 in the map. They are

generally caused by low resistivity layers.

One of the most marked AR anomalies in the survey arca is R-1
Anomaly, which trends in the WSH-ENE direction with a width of
about 200 n across Lines A v B, 1This anomaly neither coincides
with the FE anco=zaly nor the geochemical copper anomaly. This fact
eay Indicate that the R-1 anomaly does not correspond to a low
resistivity zone related with the mineralizatioa. A similar con-

clusion e¢an be made for the AR anomalfes R-2, R-4§ and R-5.

These anopalies can be interpreted as low resistivity parts of
granodiorfite which are located at a depth of less than 50 -

below the ground surface, However, thelr location and voluzmes do not
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correspond to those of clay systems which are conffrmed by the geo-
logfcal survey. As the matter of fact, the causes of these low-AR
anomalies are still unknown.

The fact that the R-3 anomaly coincides partially with the FE anomaly
ray suggest the possibility of a low resistivity zone due to the
pyrite dissemination in granodiorfite. Otherwise, the low resisti-
vity here may be caused by the river water permeation into the
superficial parts of granodlorite, because this low resistivity 1s
located in a branch of §. Badeh River.

Hiuneralized zones

The geological survey has previously disclosed several mineralized
zones in an area of 2 ke eastwest and 3 ka northsouth including the
01d Panji Village. These zones are trending in the KNE-SSW direction
with a zonal arrangement of the pyrite dissepination in the outer
zone and the chalcopyrite disseminated tourmalinized rock in the
inner zone. The geochemical anomalies (copper and wmolybdenum), in
general, coincide with the central parts of these disseminated

zones. The nuzmber of the 1P anomalies amount to seven (H-1 v M-7)

in the Panji dissemination zones,

The FE anomalies M-1, K-2 and K-3 are linearly arranged in the
WNH-ESE direction. The extension of this arrangerent is parsllel
to the trend of the geochemfcal copper anomalies in the northern
part of the survey area. Such a parallelfism may be caused by a
simultancous mineralization in the Panji area. Judging from the
above, these anomalies M-1, H-? and ¥-3 indicate probably einera-
lized zones. Especlally, the H-2 anomaly 1s one of the most out-
standing FE anomalies. This is located at the geochemically
anonalous area near the 01d Panji mineralization zone actually
confirced by the geological survey. These facts ray show that the
M-2 anomaly is one of the most promising anopalies in the survey
area, The computer simulation analysis of this anomaly concludes
that the related mineralized zone of 7% FE has a length of 400 m
trending in the EW dirvection, a width of 200 m and a thickaess of
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160 m. 1ts depth is very shallow, Such a value of FE Is obtafred
by continucusly pyritefchalcopyrite disseminated specimens accord-
ing to the laboratory tests. On the basis of the above facts, it
can be concluded that the H-2 anomaly corresponds to a disseminatéed

zone in the superficfal part of granodlorite.
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Appendi{x~1 List of

Rock and Ore Samples Tested

Sample | Thin  Polfshed | X-Ray | k-Ar |POCK Chemical
Sﬁ? | Rock Name Section [Speciwen | Analysis| Dating ::ET;E:: Analysis
(Selakeah area)
R~ 2 ore 0
4 andesftic tuff 0
6 " " 0
9 " " 0
11 " ! o
RY- 6 ore 0
7 andesitic tuff 0
8 andesite o
12 andesitic tuff 0
RZ- 5 “ N 0
10 granodiorite 0
12 ore, clay O 0 0
14 ore, clay '} 0
(Pan}l area)
Rx-21 granodiorite 0 0 n
23 altered tuff 0
28 granodforite 0 ]
30 clay 0
13 grancdiorite 0
porphyry
34 " 0o
36 o 0
37 quartz diorite Q
49 " " 0
50 dolerite 0
51 dacite o
53 granodiorite 0 0 0
34 ggg::i:ic tofll o
55 granodiorite o
56 clay 0
58 Tourealine quavrtd 1]
RY-21 clay, ore 0 0
22 | Shaesteic corr | ©
23 granodiorite (4]
26 " (1]




o - ' Rock
Sample Thin Polished | X-Ray K~Ar Chemical
Rock Name Chemfcal
No. t
Section | Specimen | Analysis | Dating Analysis Analysis
. quartz
27 andesttic tufs 0 0
31 doleriie 0
35 | granodiorite 0
35 Tqurmaline quartz O O 0
_ quaxtz
Rz-21 andesitic tuff 0
23 |granodiorite ']
24 " 0 0
23 " 0
quartz
30 andesftic teff 0
31 acidie tuff [+ 0
32 |silicified rock o o
33 " " 0
34 andesitic tuff 0
quartz
3% landesitic tuff ¢
42 clay 0
44 clay 0
47 dolerite O
49 |quartz diorite 0
sl quartz diorxite 0
quartz
52 | andesitic tuff o
{G. Ibularea)
Qb- 1 quartz diorite 0 L4 [
GD- 2 jgraradiorite 4] o 0
Total 44 4 7 3 5 10
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Appendix~-4 HMicroscopic Photographs of Thin Sectlon

Sample No.,: RX-4
Lecality : Slakean

Rock Name ¢ Andesitic red tuff
(Jirak Formation)

se: sericite
he: hematite

Open nicol
0;5 (L3

Sample No.: RY-7
Locality : Slakean

Lock Name : Quartz andesitic tuff
(Jirak Formation)

se: sericite
q ¢ quartz

Crossed nicols
0.5 mn

| " ]

Sapple Ro.: RY-7
Locality : Slakean
Rock Name : {(Quartz) Andesitie

toff
(Jirak Formation)
se: sericite
q : quarlz
Y 5 ?E&,._ ' Open nicol
SpSALYSY : 0.5 en
GV S 7 30 .




Sample No.: RY-8
Locality ¢ Slakean
Rock Name ! Andesite
{Jirak Formation)

pl: plagioclase
se: serfcite

Crossed nicols
0.5 =

_Sanmple Ro.: RY-8

Locality : Slakean
Rock Name : Andesite

{Jirak Formation)
pl: plagioclase

plagioclase is partly altered
to sericite

Open nicol
0.5 em

Sauple No.: ZR-10

Locality : Slakean

Rock Name : G, Raya granodiorite
pl: plégioclase

hb: horableande

plagioclase is parxtly altered
to sericite

Crossed wnicols
0.5 e




Sample No.: ZR-10

Locality : Slakean

Rock Name : G. Raya granodiorite
quartz

: sericite
¢ hornblende

Open nicol
0.5 am

Sample NKo.: RY-22
Locality ¢ Panji

Rock Name : Quartz andestic tuff
(Belango Formation)

pl: plagieoclase
q : quartz
rf: rock frageent

Crossed nicols
0.5 o

[ r

Sazple No.: RY-22
Locality : Panji

Rock Name : Quartz andesitic tuff
{Belange Formation)

pl: plagioclase
q : quartz
rf: rock fragazent

Open nicol
0.5 a2

A-1¢
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Sanple No.: RY-26
Locality : Panji

Rock Name : Quartz andesite
{Belango Formalion)

q : quartz
pl: plagioclase
bi: biotite

Crossed nicols
0.5 s

Sample No.: RY-26
Locality : Panji
Rock Name : Quartz aadesite

{Belango Fornation)

g I quartz
pl: plagioclase
bi: biotite

Open nicol
0.5 n=

Sample No.: RY-27
Locality : Paaji

Rock Name : (Quartz) andesite
{Belango Formation)
{thomfelsic)

qQ ¢ quartz
pl: plagloclase

Crossed nicols
0.5m
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Sample No.: RY-27
Locality : Panjti

Rock Name : Quartz andesite
{Belango Forymation)
{hornfelsic)

t quartz
1: plagioclase

Open nicol
0.5 ma

Sample No.: R2Z-34
Locality ¢ Panji

Rock Name : Dacitie tuff
(Belango Formation)

q : quarkz
ch: chlorite
rf: rock fragment

Crossed nicols
0.5 pan

| I ]

Sample No.: RZ-34
Locality : Panji
Rock Name : Dacitic tuff

{(Belango Formation)

t quavtz
h: chlorite
f: rock Eraguent

Open nicol
0.5 i




Sample No.: RX-53
VLocality : Panji
Rock Rame : G, Sebiawak

Granodiorite
q ¢ quartz
pl: plagioclase
bi: biotite
hb: hornblende

Crossed nicols
e 0.5 pm

Sample No.: RX-53

Locality : Paniji

Roek Name : €. Sebiawak
Granodiorite

t qQuartz
¢ plagioclase

Open nicol

0.5 rma
S 1

Sample No.: RX-51
Locality : Panji
Rock Naze : Dacite porphyry

q : quarts
pl: plagioclase

Crossed nicols
0.5 e;m

| . ]

A—4§3



Sample No.: RK-51
Locality : Panji
Rock Name : PDacite porphyry

q : quartz
pl: plagioclase

Open nicol
0.5 am

1 ]

Sample No.: RX-34%

Locality : Panji

Rock Name : Quartz porphyry
quartz

q :
kf: kalifeldspar
bi: biotite

Crossed nicols

N 0.5 en s

Sample No.: RX-34

Locality : Panji

Rock Name : Quartz porphyry
quartz

q
kf: kalifeldspar
bi: biotite

A—14
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Sample No.: RZ-47
Locality : Panji
Rock Name : Doleritc

pl: plagioclase
hb: hornblende

Crossed nicols
0.5 tn

L]

Sanple No.: RZ-47
Locaiity @ Panji
Rock Name : Dolerite

pl: plagioclase
hb: hornblende

Open nicol
0.5
 __

Sample No.: RX-58
Locality : Panji
Rock Name : Tourmaline quartz

rock

: quartz
o! tournaline

Crossed nicols
0.5 om
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Sample No.!
Locality :

Rock Name @

RX-58
Panji

Tournaline quartz
rock

qQ ¢ Qquartz

to: touvrmaline
“~

Open nicol

0.5 pn

Sample No.:
Locality :

Rock Name @

quartz

RY-39
Panji

Tourealine quarts
rocK

q :
te: tourmaline

Crossed nicols

. 0.5 mn

Sample No,!
Localiry :

Rock Naoe @

QD-1
G. 1bu

Quartz diorite

q : quartz

pl: plagioclase
hb: hornblende
bi: biotite

Crossed nicols

0.5 ren




Sample No.: QD-1

Locality : 6, lbu

Rock Name : Quartz diorite
quartz

1: plagioclase
¢ horableade

Open nicol

0.9 =
L |

Sample No.: GD-2
Locatity : G. 1lbu

Rock Name : OGranodiorite

q : 4quartz
pl: plagioclase
bi: biotite

Crossed nicols

L 0.% rm

Sample No.: GD-2

Locality : G. lbu

Rock Name : Granodiorite
quarkz

q :
pl: plagioclase
bi: biotite

Open nicol
0.5 e
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Appendix-5 Hicroscopic Photographs of Polished Specimen
2 A ' ' Lagln, A Sample No.: RY-6

Exsolution dots and lamellas of
chalcopyrite in sphalerite.

cp ¢ Chalcopyrite
sph: Sphalerite

0 0.? i1}

Sample No. * RY-b

Locality ¢ Selakean

Nazme of Ore: Cp-Sph-Asp Ore
cp : Chalcopyrite

spht Sphalerite
asp: Arsenopyrite

Chalcopyrite occurs as exsolution
dot in sphalerite.

0 0.2 mm
| SR SR |

Sample No. : RY-6
Locality : Selakean
Name of Ore: Cp-Sph-Asp Ore

Chalcopyrite
Pyrite

sph: Sphalerite
asp: Arsenopyrite

0 0.2

Sample No. : RZ-12

Locality : S. Entagok, Selakean
Name of Ore: Cu-Asp Ore

cov: Covelline
asp: Arsenopyrite

covelline is founrd around arsenopyrite.

0 0.2

| WA U |
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Sample No. :
Locality :

Name of Ore:

Covelline is

0.2

Sample Ro. :
Locality :

Nace of Ore:

Sample No.

Locality No.:

Na=ze of Ore

RY-39
Panji

Chalcopyrite dissenination
in tourmaline

found around chalcopyrite

RX-58
Panji

Chalcopyrite dissemination
in tourmaline quartz

cp ¢ Chalcopyrite
: Covelline

0.2 ria

RX-58
Panji

Pyrite dissemination in
tourealine quarta

0.2 &
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Appendfx-7 Assay Result of Geochemical Sample

Serfal Sample Chemleal Assay Serlal Sample | Chemical Assa)
No. oo | cu ppm | Pb ppo No. No. Cu ppm | Mo ppm
(Selakean) (Panjt)
1 ™- 1 3 27 32 TX-21} 31 5
2 2 3 21 33 22 17 6
3 3 29 29 34 23 21 6
4 4 40 24 35 24 28 8
5 5 53 26 36 25 13 6
6 6 33 22 37 26 34 9
7 7 62 38 38 27 25 8
8 8 29 24 19 28 51 9
9 ™- 1 70 29 40 29 34 8
10 2 79 41 a1 30 36 4
i1 3 61 34 42 31 } ¥4 6
12 4 48 26 43 32 9 8
13 5 44 24 44 33 13 5
14 6 40 17 45 34 23 6
15 7 24 19 46 35 69 4
16 8 27 33 47 36 13 3
17 9 48 28 48 37 21 4
18 10 55 23 49 38 28 8
19 X1 51 30 50 39 85 5
20 TZ-'1 713 33 b} | 40 9% 6
21 2 75 30 52 41 87 13
22 3 8% 46 53 42 64 10
23 4 58 44 54 43 36 9
24 5 58 23 55 44 21 9
25 6 43 23 56 45 46 9
26 7 44 26 57 46 53 6
27 8 41 23 58 ™-21 23 9
23 9 44 35 59 22 65 11
29 10 36 51 60 23 46 13
30 11 126 26 61 24 9 8
3 12 50 5 62 25 9 6
63 26 318 10
64 27 21 9




Serial

Sertal Saumple Chemical Assay Sample Chemical Assay
Ho. Ro. Cu pprn | Pb ppm No. No. Cu ppm | Mo ppn
65 TY-28 9 8 102 32 27 7
66 2% 13 4 103 KX 8 7
67 30 5 104 34 46 7
68 31 5 165 35 8 4
69 32 26 7 104 36 8 9
70 33 30 8 107 37 15 7
71 34 17 7 108 38 11 4
72 35 17 9 109 39 81 13
73 36 17 iz 110 40 36 5
74 37 9 3 | ¥} ] 41 49
75 38 43 112 42 19 7
76 39 30 113 43 36 10
77 40 32 114 44 78 12
18 41 126 13 1is 45 47 7
79 42 40 13 116 46 63 10
80 43 17 9 117 47 54 7
81 44 38 113 TA- O 119 15
82 45 26 10 119 2 65 22
a3 46 123 9 120 4 65 11
84 47 125 9 121 6 79 9
85 48 53 9 122 8 97 9
86 49 % 7 123 10 147 5
87 50 12 7 124 12 76 8
88 51 25 11 125 14 &3 8
89 52 71 22 126 16 18 g
90 53 86 12 127 18 21 S
91 TZ-21 50 14 128 20 13 9
92 22 8 6 129 8- 0 182 46
93 23 23 8 130 2 103 1
94 24 36 8 13 4 183 26
95 25 47 8 132 6 228 30
9% 26 59 8 133 8 244 15
97 27 46 10 134 10 226 15
98 28 53 . 135 12 142 9
99 29 18 15 136 14 68 15

100 30 34 9 137 - 16 35 13

101 31 26 4 138 18 18 13




Serial Sample Chemical Assay Sertal Sanple Chemical Assay
No. No. Cu ppm | Pb ppm No. No., Cu ppm | Mo ppo
139 20 95 15 176 6 48 16
140 TC- 0 185 17 177 48 8
141 2 158 17 178 10 55 8
142 4 233 62 179 12 61 10
143 6 235 18 180 14 27 10
144 8 256 46 181 16 152 8
145 10 246 41 132 18 140 7
146 12 161 8 123 20 83

147 14 39 10 184 G- O 21 8
148 16 357 10 185 2 55 10
149 18 224 8 186 4 286 51
150 20 28 187 6 40 19
151 T™D- 0 64 188 8 6% 6
152 2 66 189 10 72 11
153 4 284 51 190 12 12 16
154 6 161 21 191 14 292 48
155 8 361 25 192 16 179 11
156 i0 © 135 12 193 18 78 7
157 12 514 123 194 20 94 10
158 14 296 6 195 TH- O 34 8
159 16 284 9 196 2 20

160 18 178 10 197 4 32 5
161 20 106 8 198 6 9 15
162 TD-EC 35 4 199 8 37 4
163 2 83 6 200 10 34

164 4 56 8 201 12 153 8
165 6 263 13 202 14 236 10
166 8 95 9 203 16 307 14
167 10 50 7 204 i8 90 12
168 12 247 9 205 20 149 8
169 14 12 10 206 TI- O 22 7
170 16 282 10 2072 2 64 7
171 18 359 8 208 4 3 7
172 20 86 8 209 6 28 7
123 T™H- 0 36 8 210 8 22 7
174 2 57 8 211 10 33 12
175 4 37 8 212 12 239 12







Serial Sample | Chemlcal Assay Seriat Sample | Chemical Assay
No. No, Cu ppm | Pb ppm No, No, Cu ppm | Ho ppm
213 14 243 12

214 16 165 10

215 18 24 10

216 20 22 10

2327 T3~ O 24 9

218 2 22 7

219 4 51 8

220 & 58 8

221 8 K 8

222 10 22 7

223 12 37 10

224 14 16 10

225 16 39 10

226 18 25 10

227 20 17 12
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