CHAPTER 6 CONCLUSIONS

' .As'a result of the geological survey and the geochemical survey of the

sQil-in:thc'30_km?;érea_¢f 8 km long in the east-west direction and 4§ km

, long iﬂ_the soqth-ﬂdrth'dit¢ction-{rom the Pagar Gunung deposit to the

‘Patahajang  (Baruté) mineralization zone, the relationship between the deposit

and ‘geology, geological structure and igneous "activities has been clarified.

The survey results of this area are sumnavized in the following,

ay

Geologlcally, thls area conslsts of the Huara Botung Formatlon and
Pataha]ang Formatxon formed of aﬂdCSlte, daecite, sandstone, mudstone and

limestone, and these Formation are correlative with Sllungkang Formation

©. of Peusangan Gréup, Permian-Carboniferous System in Sumatra Island.

@

(3)

(4)

‘These Formations are further divided into 7 Members.

The nuscovite granodiorite that is widely distributed in the northern
part of the survey area has undergone mylonitization, and shows banded

texture and has become mylonite. “Also,_it'has been intrued by Juraic

tonalitic porphyry and quartz diorite pdrphyry.

There 15 a syncllnal structure, havtng an synclxnal axis of N 60° W in

the central part o{ survey area, that is, Erom the Suﬁalt of T. Pagar

Gunung to the ridge of T. Handagang, and the arrangement of tonalite and

quartz dlorlte stocks are also repulated to this direction.
Thére are the following ore deposits or mineralized zones in the survey
aréa.
(a) Silver-bearing lead-zinc deposit (Skarn deposit)
Pagar Guaung West deposit

Pagar Gunung Fast depQSIt (Outcrop B)

(b) Dlssemlnated sPhalerite m1neralnzed zone

Barute mineralized zone

“le) U Pyrite miﬁief’efli;z:é;di zone

_Pagar Gunung East depos:t (Outcrop A)

A. Sdabak pyrite dtssemtnated zone

 (6)‘ Cthers

Quartz vein coataining molybdenite
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(5)

The Pagar Gunung West dépdsit is embeddéd ' in the altevmated Member of
Clastic rock and volcanic rock of the Patahajang Formation. It's

L Strike and ‘dip are about . N'90°'B and 3G°;S5éﬁd haé‘a“maximam véiﬁ’uidth

(6)

‘of 2(50 m, andi¢'s strike length is about 200 mwhile it's width changes

from thick to thia ‘along the extension.” Furthermore, togethef With" Pégar

. Guaung Hest deposit . (Butéirep A) - sntuatlng 650 m &dst iof: lt, e ise c13551—
fied-into 'silver-bearing léad<zine skari dep031t, replacing riiddy - llmé-

stone and accOapan\cd by caléic skarn minerals like: clxﬂopyfoxeﬁe,
epldote and calc1te. Further 1n the east by 6 km, there is the Barute

m:nerallzed atea accompanled by Sphalerlte emplaced in the saEe stratl—

"graphlcal horlzon of Pagar Gunung oré dep031t.'”

In the muscovite granodiorite and dacitié;tutfacepus‘;0ck¥that are dis-
tributed in the:northérn marginal part of the survey. area,;- there is a

snllc1flcat10n zone accohpanlcd by pyrlte dlssenlnatlon.' EsPec1ally on

' Outcfop A of the' Pagar Gunung ‘East depéS!t there is:a pyrite diggémina-

“tion Zone of about 20 & width in the daciti¢” tuffacéous sandstone and

(7)

" ‘bedded of banded pyrite depbsnt is dlstrlbuted

Thrcugh the geochemlcal survey of the soxl, it is found that anomalous
areas overlapplng wtth path-flnder elements of Au, Ag, Cu, Pb Zu co—
incides with outcrop lines of Pagar Gunung ore d9poslts and the Barute—
Patahajang mlnerallzed area. Also ‘an anomalous | arca of gpld, s:lver,
COpper, lead and zinc over]applng each other was dlscovered 3 kn long

and | km wide from the A, Mandagan upstrecam to the Barute mineralized
area. This anocnalous area is situated in the same horizon and Aliernated
Member of Clastic rock and Volcanic rock of Patahajang Formatlon as

the Pagar Gumung ore depos:t and Barute nlncrallzed zone.

In addition, an anomalous area of silVet {and goﬁd) is réngnized in the
neighborhood of stecks of tonalite and quaxtz diorite, whicﬁ have‘in=
truded into limestone, in the A. Sabul ﬁﬁétreéé iﬁ_tﬁé:kesf of Simpang
Pining. %hile there are other anomaleus avreéas of silver {and gold) in
places such as the north ridge of the A. Salidi in the liﬂQStOne'area
and the ridge of T. Pagar Gunung 1n the south of Pagar Gunung migeral-
ized area, but in these places no quattz diotlte or tonallte ére exposed.
¥hen it is considered that silver (gold) shows the aureale margin of
quartz diorite and the like, there is a possibility of quartz dioYite
latently existing in thesc arcas.  Also, distribution of skarn deposits

could be conceivable,
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Fig., 11-3-33 Microscopic Photograph of Thin Section and
Oré Sample, Muara Sipongi Area B

Abbreviation
q ¢ Quartz
pl : Plagioclase
bi :  Bietite
s : Hascovite
hy : Hy?ersthene
au : Augite
fe : Fe¥ric mineral
ca : Calcite
chl : Chlorite
se :  Sericite
ep : Epidote
<p : Chalcopyrite
sp : Sphalerite
ga : Galena
po : Pyrcrhotite
py 1 Pyrite

t.f.and: Rock fragmeat (andesite)






Sample No,:
Location ¢

Rock name :

Formation :

1-29

T. Pagar
Gunung
Pyroxene
andesite
Tertiary
volcanic
rock
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Sample No.:
Location :

Rock name :

Formation :

L-100

T. Simpang
Opat
Pyroxéne
andesite
Tertiary
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only lower polar

0

05 &a




-A '_\._- : 'f:’f?
s
q}%‘%‘é N
yki 3

) SR

a2

Sample Fo.:
Location

Rock name :
Formation :

L-2

Hest of

T:, Handagang
Pyroxenite
Basic
voleanic
rock Heober
Patahajang
Formation

only lower polar

o Q?ﬂn
Sample No.: &-3
Location : West of
T. Haadagang
Rock name : Pyroxenite
Pormation : Basic
valcanic
rock Heaber
Patahajang
Formation

onty lower polar

(-) g?na

Sample No.: L-113

Location : T« Pagar
Guaung

Rock name I Basaltie¢ tuff

Formation : Basic
volcanic
rock Hember
Patahajang
Formaktion

only lower polar

0
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Sample No.: L-125

Location : T. Pagar
Cunung

Rock namée : Basaltic

tufk

Basic

volcanic

rock Member

Patahajang

Formation

Formation

only lowér polar
G O5an

— 2

Sample No.: 1-1

Location Wast of

T. Mandagang
Limestone
Lower
liméestone
Hember
Patahajang
Formation

Rock naome
Formation

L st

oy I iR iy
AR i T
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Loy

T

only lower polar
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Saaple No.: L~19 _

Location : Tributary of
A. Sabul

Rock naae : Meta andesite

Formation : Andesite
Hember
Patahajang
Formation

cross polars
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Sample No.: M-2

Location : A. Handagang

Rock name : Phyllitie
mudstone

Formation : Altemnated
Hember of

¢lastic rock
and volcanie
rock
Patahajang
Formation

cxoss polars

0 05an
Sampié No.: XR-21
Location : A. Sambak
Rock name : Sandstone
Formation : Alternated

Heabér of

elastic rock
and volcanic
rock
Patahajang
Pormation

cross polaxs
0 O5mn

Sample Ko.: E-138

Location : A. Palelo

Rock mame : Dasitic
sandy tuff

Foreation : Altemated
Hember of

clastic rock
and volcanic
rock
Patahajang
Formation

only lower polar
O Q§nn




Sample Ho.:
Location

Rock aame :

Formation :

I-147
Tributary of
A. Sambak
Andesitic
tuff
Alteéernated
Hember of
clastic rock
and voleanic
rock

" Patahajang

Formation

only lower polar

0 058
Sample No.: L-156
Location : A, Palelo
Rock namé ; Dacitic tuff
Formation : Alteraated

Heémber of

clastic rock
and volcanic
rock
Patahajang
Fomation

only lower polar
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Sample Ro.:
Location

Rock name
Formation

LY I TR

K-10

B. Pungkut
Dacitic tuff
Alternated
Mémber of
clastic rock
and volcaaic
rock
Patahajang
Formation

cross polars

0
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Sample No.: L-132
Lo¢ation : A: Paleld
Rock namé : Andesite
Yormation : Altérnated
Member of

¢lastic rock
and vélcanic
rock
Patahajang
Formation

cross polaxs
(_) 05an

Sample No.: H-18

Loc¢ation : A, HMabobar

Rock name : Dacite

Formation : Dacite
Hember
Patahajang
Formation

cross polars

Q 0_.5uq
Sample No.: H-21
Location : A. Mabobar
Rock name : DPacitic tufE
Formation : Dacite

Hember
Patahajang
Formation

only lower polar
Q GS5nn




Sample NHo.: K-15

Location : A, Matimba

Rock name : Tonalite
porphyry

cross polar

0 O5an
Saumple No.: K-28

Eo¢ation : B, Pungkut
Rock pame : Tonalite

cross polar

Q 05ax
Sample Ro.: L-41
Location : A, Sabul
Rock nsme : Diorite

poxphyry

X
4
i
"

"

only lower polar
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Sample No.: L-131

Location @ A. Palelo

Rock name : Muscovite
granodiorite
{uylonite)

cross polars

Q_ Gén:
Sample Ho.: H-40
Location : A. Karlan
Rock name : Muscovite

granodiorite
(aylonite)

cross polars
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Sample No.:

Location

Ore name

KR-37

Pagar Gunung
West ore
depasit

Adit No, 2
Hassive
chalcopyrite-
galena-—
sphalerite
ore

quu

Sample No.:

Location

Oré name

KR-52

Pagar Gunung
West ore
déeposit

Adit No. 6
Hassive
pyrrhotite-
chalcopyrite-
galena-
sphalerite
ore

02nn
¥

Saople No.
Location

ré

ZH-3.5

A. Palelo
Pagar Gunung
East ore
deposit
Outecrop B
Hassive
chidlcopyrite-
galena-
sphalérite
ore

&?na




Sample No.: 2H-3.5

Location : A. Palelo
Pagat Gunung
East ore
deposit

} Outcvop B

Ore nase : HMassive
pycrhotite
¢haléapyrite-
galena-
sphalérite~
ore

0 _ OfZRu

Sample No.: L-139

Location ¢ A. Palelo
Pagar Gunung
.Bast ore
déposit
Ouicrop A

Ore name ¢ MHassive
pyrité oré

ro

02 nn




Table 1[-3-9 Assay Result of Geochemical Survey, Muara Sipongi Avéa B

Sample Ho. (aardinates fu fa Cu . in
. . X Yo eib PpR ppm ppo P
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K8% 7585 -20%0 15 0.4 £ B4 112
143 5159 -53% 6.4 LR 280 269
€81 . €469 1215 4 6.2 54 a5 121
KS2 B r31s  -trre 2 4.1 45 17 a5
rsa : 1626 -1100 5 6.1 a7 24 21
KSto 6190 <115 4 0.1 54 ’5 525
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rsi4 5165 710 N a.% 7 3 96
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JESHS _ s110 230 24 £, 1 12 550 1060
Esvr ATIS  -72949 i 4.1 £ 1] 124
FSig 4820 -1410 5 0.1 25 12 22
r&1e 5150 -1520 45 0.4 85 £2 - 148
K$zo 5025 -1140 €5 6.4 35 23 154
K&21 4260 -1215 3 0.1 70 1} 13
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KS24 A120  -10%4 12 i.s 129 29 265
Y525 4475 1235 52 0.¢ 75 13 1%
K32¢ , 53715 -114¢ 3 9.2 42 35 iet
rsz1 6615 -1270 16 0.2 54 22 103
KS$23 5275 -2030 4 9.%  5¢ a £8
1S29 5120 210 21 6.9 660 70 270
¥530 ' e w135 V2 bl ag 93 2596
rE21 240 1765 22 1.8 84 38 270
%522 Z¥S 2130 12 6.1 1% A4 17
Kszx ~20 265 4% 2.0 34 'y 250
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[ 453 745 1800  tt 0.4 124 31 138
KS36 640 1299 ¥ 0.1 35 47 210
K537 ®1% 230 2 0.1 ae 2 130
LS n 560 - 35 39 0. 122 t 93
L&z ‘ 716 -ga 46 &1 125 A 105
LSy 1220 239 LI I | g1 ! S8
LS4 _ 1260 -1i% 4 QL 54 2 b2
Lss 153§ -739 SI 9.9 104 to 54
LSE ' 1210 -85 19 0.1 74 22 94
LSz : 245 -235 ¥ a.2 €8 19 ioe
1sE ! 796 250 1 0.1 155 £ 13
sy 1045 440 4 0.t 25 ! A0
LS00 260 _ES0 5 | 22 7 2%
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1512 229 1a9¢ t1 0.1 0 19 2
LS13 a5 70 7 0.8 74 12 10
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PAHT III

GEUPHYSICAL SURVEY
(SPECTBAL INDUCED PULARIZATION METHBD)



CHAPTER 1 GENERAL DISCUSSION
$-1 THR PURPOSE OF THE SURVEY
In the first phase survey (1982), a reconnaissance survey consisting of
geological and geochemical survey was conducted in the Muara Sipongi area,
(extending over a 400 Ym? area). The distribution of several outcrops con-

taining copper, lead and zinc sulphides wére confirmed in Pagar Gunung. These

deposits are of a contact metasomatic skarn type.

The outcrops can be sporadically found in a 200 meter elongated zone,
extending in an East-West direction, however, the continuous extent of the

deposits at the surface céuld not be traced due to the dense growth of the

tropical rain forest.

Iﬁ ordef fo cohduét a geophysical survey which would give clear results,
the Spectral IP method was used. This method eakes it possible to identify
the kind of mineral, or type of deposit which exists, by means of the spectral
responses to magnitudé and phase. This method is the most modern method which
is used for ore deposit surveys, as it allews for reliable acquisitioﬁ of
deep, low resistivity zones, by de—coupling the electro-magnetic phenomena,

which was difficult to achieve by using the conventional IP method.

1-2 AREA OF THE SURVEY

The area of the survey is located to the south-east of Kotanopan, 9 kilo-
meters away. The terrain has generally steep slopes, which are covered with
dense tropical rain forest. However, the mountain tops avre generally smoother

and the vegetation is less dense than that of the sides (Fig. 11I-§-1).

1-3 THE QUANTITY OF WORK AND THE SURVEY PERIOD

There were a total of 9 survey lines, with a tetal length'of 11,000
meters. The individual line lengths, and their results are shown below, in
Table I1L-1-1:
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Table [11-1+1 List of Survey Lines
No. | Name of Line Length of Liﬁe (m) Heasurement Value (p01nt)
9 Line A 1,200 e
-2 g;Llne_p‘ 200 0 b 39
3 Line C 1,400 : T 49
44| Live b 1,200 B
=5 ;Llne E 01,200 - - 40
6 ‘Llue F 1,200 40
7 -] " VLine G- 1 2@0“ : R BRI
8 Line B 1,200 &0 -
9 Line I 1,200 1 R
oforal ] . 11,000 @) | . . . 368 (point) .

Survey Period .-

Hobilization and Preparation

Line Brﬁshing and Survey

SIP Data Acqulsltlon'

Dat

a ProceSsxng at Snte

Denoblllzatlon

EDat

Property Measurement awd
- Im

a Processzng, Physxcal

terpretation

Submittal of Report -

Specifications

YO

(2)

&)
(%)
%)
(6)
0))

From 30 May 1933 to §3 Juie 1983 -
From 11 June 1933 to 9 July 1933
Fron {4 Jude 1983 to 18 Joly ‘1983
Froa 19 July 1983 to 12 August 1933'1‘
- 13 August 1933 o

ftég 15 August to 3! Decembér 1983

10 February 1984

Total-Line Length 11,000 m
Humber of Lings 9 1ines‘ _
Nuzber of Data Point - 368 poiats
Line Interval 150
Station Inteérval 100
Electrode Separation Factor n-= t —- 5

Electrode Configurat

ion

Dlpole Dlpole Array
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CHAPTER 2 SURVEY METHOD

: The Spectral IP method gives the ability to survey the magnitude and
iphase, using a wide variety of frequencies from 0.00% toé 1,000 Hz. This
‘wethod has the advantage over the formgr method, as it has the ability to
édiscrimiﬁhte betwcen the anomalous 1P source from the fréquency responses
i(spectfal'réspbﬂSBS) of the stratun and the ore body. On the other hand, the
1conVeﬁti0ﬁal if'ﬁethod only surveys the resistivity of the two frequencies.
The f;equency ranée.@dstzéftén\ESed isfftom'ﬁal to 100 Hz for all practical
reasons, -In this present survey a system of the 26néé Engineering & Research
Orgaﬁizﬁtion, uhich is the manufacturer of the equipment were used whose fre-
quency ranﬁé is from 0.125 - 88 Hz. In this survey, three fundamental fre-
Queﬁcies of beZS Bz, 1 Hz, aﬁd 8 Hz were addpted. A Fourier analysis of
these ffeQuenéies,?aﬁd al$o their thivd, fifth, seventh, ninth and eleventh

harmonics were sufvéyéd, to check the IP responsés.

2-1 SURVEY METHOD

The surveéy tééﬁh{ﬁué fOr-fhe SpéctrélrlP mefhod is baéicaily not so
different than thé technique for the c0nventional 1P method, in that they
both use dlpole dlpole electrode conflguratxons in the frequency domain.
However, in the Spectral P method it is necessary to record the same period
in the of tbe sxgnals, 1n both the transmttter and recelver, as the Spectral
ip survey uses the -agnltude and phase in hlgher frequenCLes. In order to
accompllsh thls tlmlng of the signals, a “comaunication wire" connecting the

transmitter and_recelver, is laid parallel to the suvwvey line. The layout of

these lines is shown in Figure 111-2-1,
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Fig. II1-2-1 Spectral IP Survey Lines

The Layout of the Potential Eléctrodes
In this survey, non- polanzable potentlal electrodes were used. ‘These
electrodes cons;st o[ a saturated copper sulphate solutlon, contalned 1n a

porous pot unth a copper conductor. Three electrodes ‘are placed toggther,

this is d1fferent fxom the ordlnary IP method. (see Flgute III 2—2)

This arrangement enables better noise tejeétién'in the differential pre~
amplifier, as a zero electric potential point is ‘establishéd at point (B),

exactly the same distance between points (A) and {C).

Preaaplifier

Corcunicat ion fire

a,B.C
A ) 4‘, Porous Pol

/ /////////}"///

Fig. 1II-2-2 Arrangement of Potential Blectrodes & Preamplifier
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The Layout of the Gurrent Electrodes

When the ¢urrent electrodes ave laid out, the future mobility and
operational efficiency of the electrodes are taken into consideration,
Normally, 7 or 9 electrodes are placed ahead of time, and the connections are
changed at the transmitter, as required. 1In this survey a 9 electrode con-

figuration was used. This arrangement is shown in Figure I1I-2-3,

The electrodes consist of 8 Stainless Steel wires, with a diameter of
5 mn, they are 0.60 meters long. IFf the resistance to earth is very high, the

number of eléctrodes is doubled, to give a total of 16.

P | 2 G Ca Cs C(‘ C Cs Cs

{j_-il Receiver ) E_f:} rrensgattfr
T e ——— e .
s Ce Cr

Fig. III-2-3 Arrangement of Current Electrode & Wires

2-2 MEASURING EQUIPMENT

The equipment used in this svrvey is manufactured by Zonge Engineering
and Research Organization Co., from Tucson, Arizona, U.S5.A. The component
parts of this equipment are described in Table ¥I1-2-1, and a typical measure-

ment configuration is shown in Figure 111-2-4.

Table 11E-2-1 Survey Equipzents

Pata processor GDOP-12/2¢ i
Pre-~amplifier FP-12 2
Isolation anplifier .ISOII 2
Cassette-printer CAP-12 1
Oscilloscope Tektronix 212 i
Transmitter FI—-1 Geotronics

Engine generator ZHG-5 i
Voltage regulator VR-1§ t
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CHAPTER 3 - DATA HAHIPULATIOH AND ANALYSIS METHOD

.- In the Spcet¥al -IP method; i_he:m'ag’nitude ‘and the phase of the signal are
measured; the results are plotted as the spectrum versus the frequency, or
the Cole-Cole diagran, as it is ealled. Apparent vesistivity, 3 point de-
‘coupled phase, and sO on areé shown as'a pseudo-section, which is the same as
the former IP method.

The qu{éept_i,On 2[. 'S'pezc‘tt"..a'l 1P

.- The cbdceﬁtiéh of spectral IP is shown in Figuré I11-3+1, where {a),
shows a small section of a minefalizea rock, which has both blocked and un- -
blocked pore pasages. If this
is depicted in an equivalent
circuit, then it appears
like (b). . (¢) shows the
time domain responses,

white (Jz]) and (§) are the

CQUDALEHT CROT

measuring value in spectral’ W L
o 1|- 1
. —_ ! -
18- w S Po §
| 8 £ 5,
ae A . L= WE 9
In Figure I1I-3-2, the & w 5
iy ; z 2 ) H
concept of in-phase and. out - . “_ g 8
of-phase are shown. When W ' _
: 7 i b _a_J .2 1 §
the arbitrary amplitude _ o o z * + & ©
L L L TREQUERCY - (a1 2 TIE
re¢tangular waveforms are
transmitted, the signals, Fig. I1I-3-1 Spectral 1P Effect

which phase-shift, are ($)},

with an amplitude of (V) obtained at the receiver.
Q@ TME RETERENCE

IRVENTIED 1Y EFCEY
L L ’ ’ ' [L2DTRAR T 2urAT k)

: /\ EES 1 BEUNC OF FELERTO

SaChE) RFNER ANRLOGLE
[L 11 O

S BREUIUOE ¥ FRASE SEFE 8

)

— LIS SEQENCE FCR
Corcfrast MASFINENT
[¥cas el -

sucres Mo fE fck

LT QPiAATRE MIARSIENL
{¥xa§]

Fig., 11I-3-2 ‘fransmitting & Receiving Wave-forms
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The sampliﬁg séquences foi 1n~phase and quadrature measurement are shown
in the graphs in the toewr part of Figure 111-3-2. The relation between
frequency effect. and phase angle 'is shown in Flgure 1i1-3-3, in this fzgure
the Cole-Cole diagram is adopted, wzth the Vertlcal axis showxng negdtLVe out-
of—phase factors, and the horlzontal axis showlng 9031t1ve 1u-phasa factors.
The magnxtude (M) s at 0.t Hz, and (Hz) is at t Hz," the phase angle is (¢r)
and (). Frequency effects and in- phase factors ace approxlmafely dlrectly
proportional to each other, and ‘the phase angle and out- ofuphase factors are
divectly proportional to each other. The black dotted llne in the flgure
shows -the results of the’ measuremént,-ulth the lower ffequencles occurrlng to

the right, and the hlgher frequencxes oceurring to the left.. - 7 o

1O Pael |

P 1 P TR
PFF = H!ﬁ_.z_.?_ 1100% (01010 Hz Cecode)

Fig. II1-3-3 Relation between Frequency Effect @fPhaséléﬁift-

3-f DATA MANIPULATION

Data from field measurements give phase shift and ampliiﬁdé:of eight'cen
frequencies, fron 0.125 Hz to 88 Hze. These signals are feédfded and inputted
to the data Processor (GDP-126), vhere the real and iméginaty part of each
frequency are calculated, as are the re51st1v1ty values of the three ‘funda-
mental frequencies (0,125, ¥, and 8 Hz), the value of three polnt de—coupled
phase and the percent {requency effect (PFE) are caleulated.” The results are
printed out, and can,also be stored on magnetlc tape cassette if necessary.
Other data relevant to the survey are also stored and can be prlnted out,
these include; the current supplied, SEM, survey locatlon, notch filter set-—
ting, and stacking nuuber, (see Flgure 111-3- 4} '
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As data manipulation occurs, a pseudo-section is normalized, also a
calibration correction and any topographic corrections are applied if neces-

sary, to the resistivity curves. .
- AR T T i, ,-‘J',-;_?-f‘:- a7
Calibration Correct ion

.- A daily c?lib}éﬁi@n qgasu;ementiwﬁs_taqu, prior to-any field measure-
ments, the values rveceived in this measurement were then removed from sub-
sequent sighal measurements at each point, in order to be sure that only the
correct eatth‘signéi was Béfné calculated, Phase spectrum (Figure III-3-5),
magnitude spectrunngigure iii—3—6), éné a Cole—Cole diagrams (Figure II1-3-

7), vere made for the survéyed values, after the calibration.

3-2 TOPOGRAPHIC CORRECTIONS

Generaltly, when a &iﬁdlé—dipolé electrode array is used, then the topo-
graphy strongly effects the apparent resistivity values. The teadency is
that topographic highs pfodute cdrréspoﬂdingf§ higher apparent resistivity
values, and topographic lows produée'corresbéﬁdingly lower apparent re-
sistivity values. As this surQey yasrin F moﬁntainOUS region, then corcec-
tions for these elevation changes Qéfe'maﬂe, eéspecially to the south, on
survey lines B, D, E and G. The topographi¢al section was measured for each
oirtbgse suvevey lines, Lhese measuréments were inputted im the computer,
which then ‘¢alculated the effects of thé topdgraphy o the appareat resisti-
vity. :These'galculatéd effects were then used to correct the observed re-

sults from the survey lines.
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3-3 ROCK SAMPLE MEASUREMENT

" In orde¥ ‘{6 evaluite thé “obserwéd fesults Sf thé ré51st1VIt1és aﬁd
spectral responses of magaftude and phase of the rocks whtch ave’ found in the
survey area, a total of 29 rocks and ore samplcs were collec{ed ﬁrom the
surface of the survey area. These samples were sent to Jaﬁénété-be analyzed
for thelr propettles, F1gure 11i-3-8° shoas “the test méasurement 1ﬁstallat10n.
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B Sanpl_e_ hglder

Fig, 111-3-8 Block Diagram for Sample Measurement

It sceams dangerous and linited to tty to represent the re51st1v1ty and
spectral responses for phase and magnlu.de of thése surfacde sa:nples as i)elng
the same as the sub-surface rocks in the same arca; however, it is 1mp0rl:ant
to know the types and gqualities of the loeal rocks, and espeCIally for the

anornalous rocks by Spectral IP aethod.

The results from these samples can be categorized by their spectrum

which fall into four groups, as follows:

Type A : The spectrua which decreases slowly as the frequeacy decreases.

Type B : The spectrum which shows the minimua viauve in thé 3 -5 He
range, and increases in the low and high frequeﬁcies.

Type € : The spectrum which shows almost a horizoutal line.

Type D : The spectrum which increases as the frequency increases.
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Table III-3-1

Results of Rock Sample Measurement
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The vésistivity (0,135 ), phase” (0.125 1z), 3 point découpled phase,
and PFE (0,125 = 1 #z); are classified of these four types in Table T11-3-2.
The mean values id' this table were obtained by exciuéihg the maximum and
minimud values. Resistivity in the table is showa whén the frequencies were
at 0,125 Nz, _

Table II1I-3-2 Classification of Phase Spectrum

Type | Maxinum Minimum | Average
A 2,650 45.3 356
Resistivity - B 2,370 L 414 876
(-a) . c 6,360 644 1,870
D 24,300 1,840 4,710
: A 436 10.5 172
Phase B 27.2 .50 20.8
(-arad) C 28.0 6.17 15.8
D 28.3 4.90 1.7
A 466 3.4 | 175
3 point B 30:4 11.3 | 22.6
ﬁiﬁiﬁp‘ed ¢ 319 6.0 | 165
(-arad) D 2417 4.87 | 1.7
, A 75.3 . 0.82 22.5
PFE B 3.07 0.92 |  i.99
gﬁ?' Crom | € 2.99 0.73 1.82
. S D 4471 0.59 1.52

The Typé A rocks show the lowest resistivity, then come B, €, and b, the
reason for the low resistivity of the Type A rock is the presence of lavge
amounts of disseminated pyrite. The phase {0.125 Hz), 3 point decoupled
phase, and PFE (0.125 - 1 sz, a Type A spectrua shows that a large value
pakes a big diffevence to the mean values of the B, C and P Types. A conclu-
sion from fhese facts assumes that if ore or pyrite dissemination exists, the
resistivity value;becoaes approximately 300 ~ 400 Q-meters, and the phase

spectrun décreases as the frequency increases, this is what was observed with

When sanples with phaserép%étrﬁa characteristics of a Type A (10 samples),
and Type B (6 samples), Hgteszémined with the naked eye, they weve seen to

contain é'large'qﬁantityndf pyrite. There ave no differcnces of the spectra,
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betweem the samples.which cpn}taip. galena,. gnd;g_inc;b_l'e_nd (§§@p1eipmbgg§ i3,
14 and. §5) and those samples. containing py¥ite ﬂissémip'atién ohly.h..-ir'hi_g:rig;‘ ]
because sample.numbet.13 14 and 15 also contain q&ite'é Sit'bf.byfiie. The
dlfierence betueen the spectya of the samples COntalnlng pyrlte dissemlnatlon
and banded pyrite ore is as follows; if there is a targe amount of pyrlte, .

then it is a Type A rock, if it is low, thea it is a Typé B or C.

3~4 THE ANALYSIS HEIHOD _—_— L

Topographxc and cailbratxon c0rrect10ns were: appl:ed to the fleld data,

then sectlon, plane and spectrum dxagrdms were drawn, and the’ results analyzed

for IP anormalles, as foltowss

(1) %Plané Ehd'section¢nap of aﬁpérént te;iSt{vity (0.125 Hzf.

(2) i Plane’ and section map of PFE (0.125 = 1 Hz, and 0,375 - 3 Hz),
(3) Section diapram of Phase: (55 frequencies).
(4) ECole~Cole diagvram.

(5)? Phase spectral’ response diagram.

(6) . Hagmitude Spectrél re3p0nserdiagram.k

(7) - Three point decoupled phase diagram.

Ordlnary method of analyses were used for (1) and (2), as these aré the
same k;nd of apparent resxst1v1ty and PFE by the conventional IP method The
(3 ~ 7) are the special ¢ase of spectral 1P, and ean be identified through

their abnormal spectral response.

The (?) is the method through which we can requlre tbe phase 1n direct
current , u51ng 0. 125 ' 0.375 and 0.625 Hz. 1f we asswie that frequcncy and
phase have quadratic¢ relationship, and’ let'phase{(¢j'$é an ordinate;,
frequency (f) be an absc¢issa, it thon beéémes'a“ﬁnadraiié*fﬁﬂétibh o= oax? +
bx + €, this "C" is the phase which can become a fréquency closé te a direct
curent, and it is called the three point decoup]ed?pﬁaée;“'Tb’sélvé ugr,

0.125, 0375 and 0.625 Hz aré put ia for Erequency (x), and phase (y) beCOﬂes

Ca.125, Po, 375, ¢o.625: - 4
wheret , o L Ly = akx'-!-.-:bx tc . 7.
ds.125 = a0.125) %+ b{(0.125)+C FOEB forenemnee A
$0.375 = a(0.375)7+ b(0.375)+C P :
do.625 = a(0.625)2+ b(0.625)+C foazsd [ i_l E
| | 0.l 2—;._0]3—15 o‘.szs' . He : )



Froa this, ¥GY.can be driven by the following equation.

c =%¢¢iuls "%!%-375 +%¢o-625
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CHAPTER 4" RESULTS OF INTERPRETATION AND CONSIDERATION =
4=1  RESULTS OF INTERPRETATION
4-1-1 Cole-Cole, Pﬁase and Magnitude Spectrums

Cole-Cole diagram was ptoﬁdéed by Cole and Cole in 1941 with the purpose
to exanmine thejmeasuremeﬁt'reéuits of rock Samblés.- Thé'méésutement_resﬁits.
are plotted with évéry frequency by setting the negative outébf—phase
{imaginary) on vertical axis and the positiﬁe in-phase (veal) on bhorizontal
axis'(Fig. 171-3-3). Frequéncy effect is very proportional to ia-phase, while

phase angle is proporitonal to cut-of-phase.

Cole-Cole diagram is expressed on the sections of survey lines A ~ I and
is shown in Figure II[;A—i, €ole—Cole diagram generally shows a simple ascent
to the left; however, in south of survey lines G~ I, there is small out-of-
phase with small anomaly. Southern end.of survey lines A ~ F with no IP
phenonmenon shows perpendiéﬁlar pattern, and northern part of survey lines

indicates the pattern of the ascent to the left,

Concerning the phase spectral, steady increase caused by electro magnetic
coupling can be seen at high frequency range (harmonic of 8 Hz), and some
patteras reflecting characteristics of the anomaly source can be seen at low

resistivity range (harmonic of 0.125 Hz).

First one of the patterans is the anomaly which is recognized at n =
3 ~ 5 at northern end of survey lines A, B, P and E. There is the anomaly
of flat and of more than —50 milliradian at harmonic of 0.125 Hz. This can

be considered as the effect of disseminated sulfide.

Second one of characteristic patterns is the V-shape spectral in the
center of svrvey line C, This spectral is the one whosé harmonic of 0.125 Hz
decreases as f[requency increases. This type of spectral can be observed at
survey lines B and D. This anomaly has the value of less than -40 williradian
at 0.125 Hz is not such remarkable than the abbfe-aentidned one. This pattern
is normally seen for big mineral grain size. For a case as this, it is

probably caused by massive sulfide.

Furthermore, as for the third pattern, there is steédy increasfng
spectral with the asceat to the right as seen at southern end of.survey line
A, where there is anomaly caused only by electro magnetic coupling without
any phase in low frequency range.
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Magnitude Spectral is normalized at 0.125 Hz and its magnitude decreases
as frequency increases. It shows the pattern with descent to the right when
IP effect is iargé. “Fhis kind of pattern seen in northern half of every
survey line has the same significance with one of the Cole-Cole diagram
asceﬁding to the left} that means, in-phase decreases (frequency effect in-

creases) as the frequency increases.

4-1-2 Apparent Rcsistivity

The geographical effects are accumulated in measured apparent resistivity,
Qn'drder to remove them, two dimensional topographic correction was carried

out by meéans of the computer with finite elemeat methad (Pig. II-5-1.1 - 1.3).

The correction is effective when the survéy lines (such as A, P and so
on) intérsect at the right angle with tépographic contour andfor when two
dimensional geological change has taken its place. However, the correction
‘may not be able to cover all of the effeéts along the mountain ridpge (like as
sufvey line ¥). For such case, distribution of resistivity is qualitatively

considered by examining the surrounding topography.

' Resistivity of this area generally shows low value of change within 40 -~
200 -m. As for resistivity change, it is understood that valve with less
than 100 -m is as the low resistivity zone, and one with more than 200 $-a
as high resistivity zone. Especially low resistivity shown at center part of
survey line C with some outcrops around No. 5 shows the samé anomaly zone with

1P anomaly. Furthermore, high resistivity is shown at non-altered andesite

dike and limestone:

It is needed to pay atteation for spectral IP since the coupling phenome-
non oceurs in the area with low resistivity. By the calculation of electro
magnetip coupling against two-layered structure model, phase change of 10 G-

with 10 o thickness of overbuvden and 100 - Znd-layered models shows a value
of -1 ~ -200 milliradian.

5-1-3 Frequency Effect

Besides 0.125 — t Hz frequency effect, 0.375 - 3 Hz frequency effect,
which is the closest frequency effect to the conventicnal 1P method, is
calculated and shown as pseudo-section in Fig. 111-6-1 -~ Fig. I1I-6-6. Both

0.125 - 1 Hz and 0.375 — 3 Hz FE show the sanme anomaly pattern with no pre-
doainant differences.
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Morcover, these anomalies shows good correlation with phase. Taking the
corretation betwcen phase and FE with total of 54 pairs of IP anomalies for
A ~ F sections, they show the arrangement as shown in Fig. I1Ti-6-3, and its

coefficient of correlation is calevlated as ¥ = 0,945,

FE of each survey line indicates anomalous zone if more than 3% is ano-
malous. (This is equivalent to phase anomaly with value of more than -30
williradian)

Northern end of survey line A at around 200 m deep has 3 ~ 6% of anoma-—

lous source. There is shallower anomalous source for Survey line B,

About survey line C,
FE ancmalies ave detected *(
in the wide range. =
Especially the anomaly of
the south dipping source of
more tﬁan 4% caused by "’
anomalous source, spread-

ing from No. 5 ~ 6, is “

considered to be due to

fEcor P ren
.88

the effect of massive
sulfide even though its

value of anomalies are "

less than the ones de-—

tected at the northern re
Fig.IXI-6-3 |
Correlation of Phase (¢) & PFE

end of the line.
Generally FE anomaly of
the disseminated sulfide is normally larger than that of the massive sulfide,

but it is needed to note that the strong IP anﬁmaiy might be caused by pyrite
for somse of the cases.

Anomaly zone at the northern end of survey lines D, E, P and G succeéssive—
ly distributes toward East-West with gentle south dipping. It is understood
as that disscainated sulfide is latent in souther side of the boundary of

andesite and sedimentary rocks.

For survey line H, this type cf anomaly is recognized neat the ground
surface, and width of dissemination widely distributes toward north of No. 3

~4. In addition, the biggest value of FE anomalj is 9.3%7 detected at deep
paztt of No. 3. ;
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Por survey line I, there is large FE anomaly locating in the valley at -
No. 3 ~ 4 with the depth of shallower than 100 m..

4-1-4% Raw Phase anq_j—poiqt Decoupled Phase

For eéchfsurVey‘liﬂe;'PSeudo-sections of Raw Phase with frequency of
more than 15 kinds are shown in, Fig. III-?-1 + Fig. IIT-7-9. 3-point de~
coupllng dlagtams done with 0.375 Ha ~ 0 625 Hz are shown in Fig. I[I1-8-{ -
Flg III 8—3

Siﬂéé‘fhése sections are considered to reflect the spectral IP anomaly
very=cleatly,_ggdlogical sectioﬁs are attached to the uwpper part of each

sqrﬁey-line. Phase anomaly of each survey line is constructed as follows:

Survey Llne A: ) )

- The top of the anOmalous source is present at the depth of 200 m at
"Ko. 3 - 5, and anomalous valuc with more than —50 millivadian is detected.
This anomaly in north is in almost same anomaly pattctn at 0.125 Hz harmonic
(range of 0.125 ~ 1 Hz), and shows constant phase value disregarding to
fréquency increase in the spectral.

. ¥or frequency range of 3 ~ 7 Hz, there is no andmaly'fecogniiéd at No.
6 ~ 8 covered with pyroxene andesite, evén though northern limit of anomaly
gradually spreads towards south with a weak disscmination spread. About
section with value of more than 24 Hz, contour is almost horizontal and phase

increases as depth caused by electro magnetic coupling.

Survey Line B:

As same as line A, top of the anomalous source is considered to be at
the depth of about $50 i at No. 4 and stronger anomaly of -7@ milliradian is
detected, This‘anohalf seeas to be successive to the depth with south dip-
ping at No. 3, even though no anomalies seen at No. & = 10. Especially at
shallow pa¥ts of Ro. 6 ~ 8, there is no anomaly recognized; however, negative

coupling can be partially observed since it is adjacent to remarkable anomaly.

At low frequency range, weak anomaly with value of -20 ~ -30 milliradian
at the northetn end of survey llne shows spectral decreasnng Ulth Erequency
1ncrease at “the harmonlc of 0 125 Hz. Thls spectral is similar to the one of

hnch detected at centcr part of survey line C.

Survey Line C:

‘For this survey line, the most emineat anomaly of all in this area is
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detected.  Theré ave three anomalies for 0.125 Mz phasé section 'and decp
anomaly in northern end of the Vine seem to ‘successive to survey Tines A and’
B.
L o . T 2 A R I Lt O LD L VN N UEE Tt BT SRPeT BRI
At the depth of 150 m in the center part of survey line, anémaly with
the value of more’ than ~60 ﬁiliirédiad hfe'detected and it is cbmbiﬁéd'uith

the centval” aﬁomaly at ‘the higher frequency range than 0.125 Hz.

i

As it can be seen 1n.phase of 0 125 Hz, above-mentloned anomaly 1s con—f
sidered to be caused by twe south dipping sources, uhlch are caused by dxs- L
seminated sulflde, s;nce no phase change 1s shown as frequency increases.

Meanwhilé; at No. 5 = 6, -40 milliradian phase which' {s considered to
originated with south dipping anomaly source from the'deﬁth’ﬁf-abdhtjiﬂé 8,
is massive even though it is a weak anomalieés and phase is weakend rapldly
at 0. 125 ~ 0 625 Hz. Thls is consxdered to be dlfferent anumaly source from’
the one detected in the northetn part of the survey llne ]udglng Erom 1ts

spectral, and seems to be caused by m3331ve sulflde by 1ts rapld decreaSea;

Survey line D:

South dipping anomaly from shallow part of No. 2~ 3 has value of wore :
than —70 milliradian. Since there is no phase qhanggLaiilou frequency range
of 0.125 ~ 3 Mz, it is considered to bé_dge:to_the same anomalous source as :
one spreading from northern end of survey line A. By its_andqély=pdttetd, it

is believed to be caused by disseainated sulfide with gentle dipping towards
south,

Survey line E: -
Phase anomaly with value of -50 - —80 millifadian is detected at the
north half of the survey line. It is considered as that the anomaly is, caus-

ed by one which is deeper than 100 m, but weak dlssemlnatlon is believed to-

be at the ground surface around No. 5 ~ 6.

The anomaly is considered to be the same with one found in northéra part

of cach survey line, since no phase change is noted with frequency increase.

Survey llne F:

At the depth of about ISO o at No. 3, there 13 phase w1th value of -50 -~
-60 allllradlan constructlng the anoaaly zone at northern end of the survey_
line. This is similar to the one in the center part of sarvey line € since

slight phase decrease can be seen at low frequency range.
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Weak anomaly can be perceived at the depth of 200 m at No, 5 ~ 6 with
incrcésing tendenCy at frequency range of more than 1 Hz. There is no anomaly
recaéﬁiééﬂ'in sqﬁtﬂéfﬂ half of tﬁé'sufﬁéy:line.

Survey Line G:

- Like as survey’ line ¥, weak anomaly zone with valie of -%0 ~ -50 m nilli-
radian’is detécted at’ the depth of about 150 m. This is considered as weak
anuﬁaly’EaUSe& by disseminated sulfide and no phase change at low frequency

range has occurred,

No anomaly is:detected at thick andesite overlain area in northern pait

of'theféﬁryéj iiﬁé;i
S
Survey Linc H:

‘As '$ame as su¥vey line G, anomaly zone is detected at northern end of
the survey line, but anomaly source is shallow so that phase indicate large
value of -60 ~ -70 milliradian.

At A.Palelo, northern end of survey line, there is sulfide mineraliza-

tion on the surfaée with gentle south dipping disseaination seemingly suc-

cessive to the depth of about 150 m at No. 3 ~ 4.
Survey Line I:

At créek between No. 3 ~ &, there is mineralization in the shallow part
with value of -40 ~ -50 milliradian,

This is also a geﬁtle'south Bipping considered to be successive to the
north.

~ No andmaly can be detected in the shallow part in the northern half of

the survey line.
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