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- PREFACE

In response to the request of the Government of the Federal Republic of Brazil, the

] apanese Govemment dec:ded to conduct a mineral exploration in the Palmeiropolis area situat-

ed in the central_ part of Brazil, and entrusted the execution of surveys to the Japan Interna-
tional Cooperation:.A'ge_ncy (JICA) and the Metal Mining Agency of Japan (MMAJ). _

J ICA ém.d MMAJ dispatched a four-member survey team to the Federal Republic of Brazil
fdr a pér_iod from May 28 to September 17, 1988 to undertake the Phase 111 Survey as part of
exploration project commenced in 1986.

This report, pre_péu:ed by the survey team after returning to Jépém, is a summary of the
Phas.e IiI'Survey éonducted in'.a close (:oobera'tio_n with the officials conceméd of the Govern-
ment of the Federative Republjc of Brazil. We trust that-thjs report will serve for the deve]op-

:ment of the Pro;ect and thereby contribute to the promotion of friendly relatxon between our
two nations. ' _

" In submitting this Phasé Ii1 'report-,' we would like to express our deep appreciation to
the -officials concermned of the Government of Fede_ral Republic of Brazil for their generous

suppott and cobperation extended to the survey team.

Feb;ﬁary 1989

Kensuke Yanagzya

President

Japan International Cooperation Agency

/ mam)gw

Junichi Sato
Presndent

Metal Mihirig Agency of Japan
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ABSTRACT

The current collaborative mineral exploration project in the Palmiropolis area commenced
‘in fiscal year 1986 and continued until fiscal year 1988. This report is a summary of the survey
in Phase IT1, fiscal year 1988, undertaken on the basis of the results oblained in the previous

SUrveys,

The Survey in Phase III included geophysical and drilling surveys conducted in the area

centering around Alvo 10P in the Morro do Acampamento area.

From the the geophysical techniques (IP and SIP methods), IP anomalies, presumably
correlated to sulfide, were detected at the depths less than 200 meters in the northern, southorn
and southeastern parts of the said area. The anomalies in the southern and southeastern parts
are arranged in a continuous Zone whic}:, along with the anomalous zone in the northern part,
extends in the direction of NE-SW. The SIP method was useful to discrimate the SIP spectra
from some minerals other than pyrite in the southeastern part, however, the method was not
able to identify the kind of minerals and occurrences of this anomalous zone. On the other hand,
due to the complicated geological structure, the model simulation analysis could not yield a

conplete information to locate the drill sites.

The drilling surveys were conducted iﬁ the above-metioned threc anomalous zones for the
MBP--4, MBP--5, and MBP—6 holes for a total length of 1,201.77 meters, The drilling of the
MBP--4 hole was executed m parallel with the geophysical surveys. The drilling of the MBP—5
and MBP—6 holes were carried out on the anomalous zones in the southeastern and northern

parts of the survey area after the compIétion of the geophysical surveys.

It was found that the IP anomalous zones detected by the geophysical surveys generaily
conformed to the mineral dissemination zones identified in the drilling of the MBP—4 and
MBP--5 holes. In the MBP—6 hole, however, the exact location of mineralization as the source

_of the IP anomaly in this particular zone could not be identified.

These mineralization zones belong to two different stratigraphic horizons, The mineraliza-

tion zone penetrated by the MBP—4 hole is located on a small scale along the boundary hetween



an amphibolite and a mica schist, both of them in‘Pip,, and is accompanied by massive pyrho-
tite. The mineralization zones encountered by.all -of the dﬁiling»hdles are emplaced in the mica’
schist of Pips, and are accompanied by sphalérite; galena: and -cha]coby’rite, with p’redo'minant
disseminated pyrite, Although these miheralizétién*'zbn'énare'assume'd to be strata-bound " de-
posits, then detection at various and different depths in-each drilling hole were due to their

complicated folding and faulting structure.

For future éxploration, the following surveys are recommended : = -~ ° -
1. Detailed surveys in the areas of Alvo 10P, for further evaluation of the mineralization

- zomes determined in the Phase IIT Survey. =

2. Survey to disclose the relationship between the mineralization zone detected in‘the north
of Alvo 10P and the mincralization’ 'zo’né'iﬁ,thewSouth Block detected in the Phase: I

Survey.

3. Survey program to be applied ‘in this kind of geological backg'l'o_und:i a) geophysical tech-
niques to reveal geological structures, b) drillings to further clanify the geological struc-
tures, ¢) geophysical techniques to determine mineralization, d) drillings to deliveate the

mineralization.
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CHAPTER 1 Introduction

1-1 Background of the Survey

i In the: Palmeiropolis area, Palmeiropolis ore deposit is found by CPRM (1975-1984).
The ore deposit is composed of three ore bodies and the ore reserves is reported four million
tons (Cu 0.46 ~ 1.25%, Pb 0.33 ~ 1.38%, Zn 4.22 ~ 5.85%).

This project started in 1986 with the purpose to determine the possibility: of mineral
resources in'Palmeiropolis area.

In Phase I, fiscal year 1986, a geological reconnaissence survey and a geochemical survey
using stream sediments were conducted in the Palmeiropolis cntire area. A geological, a soil
geochemical and a geophysical survey {CSAMT method) were also conducted in the semi-
detailed survey area. As the result of Phase T survey, some zones in Morro do Acampamento
Area were regarded as very promissing areas and Rio Dois de Junho Area gave indications of
being a promising area.

In: Phase II, fiscal year 1987, a geophysical survey (SIP method) and a drilling (3 holes)
servey - were conducted with the perposes to reveal geoclogical structure and to determine the
promising areas of mineralization in the areas, northeast and southwest of Morro do -Acampa-
ments, where were selected in semi-detailed servey area in Phase 1. Geochemical survey was also
conducted in Rio Dois de Junho arca in Phase Hl. The results are described in next clause,
Mineralization was detected. However, it was not a very good one.

“Tn Phase III, fiscal year 1988, Alvo 10P, located to the south of the Phase II area and
covers 3 km?, was targeted.rln Alvo 10P, the same ore hosting horizon as the one of Palmeiro-
polis ore deposit is distributed, Cu-Pb-Zn anomalous zone is detected in soil geochemical survey
of Phase I and soil geochemical anomaliés and IP anomalies were determined by former Brazilian
surveys. Drilling conducted by CPRM detected mineralization above 150m of depth. However,
information concerning further deep mineratization and structure was needed because it was not
enough.

Thus, in order to detect mineralization zones and fo investigate the characteristics by
‘Obtaining necessary information from-the depth concerning the geological structure of the said

‘area, geophysical survey (SIP, IP methods) and drilling survey were conducted.



1-2 Conclusions and Recommendations of Phase H Survey

1—-2—-1 Conclusions of Phase II Survey

The target sites for the Phase II Survey are the Rio Dois de Junho and Morro do Acam-

pamento areas,

{1}  Rio Dois de Junho Area
A geochemical anomalous zone of Cu-Pb-Zn was extracted in the southern part of the area.
It seems, however, difficult to expect the existence of any sizable ore deposits of the same type

as that of the Palmeiropolis ore deposit, because the zone is very small in scale.

{(2) Morro do Acampamento Area
The area was divided into two blocks: the North Block and the South Block, and explora-
tion was conducted in each block respectively.

1) In the North Block, the MBP—1 hole was drilled to confirm the IP anomalies detected
at the depth, around survey point 85W of survey line 1508. No significant mineralization,
however, was recognized in this driiling.

2) - In the South Block, strong IP anomalies having almost the same magnitude as that of
the anomalies in the C-ldeposit were detected in a low to medivm resistivity zone in the
western part of the block. This anomaly zone extends in the south-north direction. In
order to confirm the IP anomalies, the MBP--2 and MBP--3 holes were drilled. As a result,
dissemination of sulfide minerals at-a maximum weight percentage of approximately seven
was found fof a width of 70-100 meters. The sulfide minerals mainly consisted of pyrite
and pyrrhotite, and included graphite-quartz schist therein, Nevertheless, only a small

fraction of useful minerals such as chalcopyrite was found in this block.
1-2-2 Recommendations of Phase II Survey

It is presumed that the graphite-quartz schist, distributed in the surface of the South Block
and determined by drillings, can be correlated to the iron formation overlying the C-1 and C-2
ore deposits located to the north of the Phase II survey area. Therefore, it is considered that the
South Block still remains to be explored further for possible ore deposits because the ore

hosting horizon same as C-1 and C-2 ore deposits may be present.



-Also, in Alvo 10P in the southern edge of the Phase II survey area, both geochemical
and IP anomalies had been previously detected by CPRM and the survey of Phase 1 also detected
the geochemical anomaly. 200-meter level drilling conducted by Brazilian side had indicated the
posibility of an ore deposit. However, the data obtained in their surveys had been largely
confined to those from the shallow part, and thus were insufficient to make a comprehensive
evaluation on the Palmeiropolis-type ore deposit.

In order to obtain sufficient information from the depth, therefore, it was recommended
that the following follow-up surveys be carried out in the Morro do Acampamento area:
1) - Conduct driliing for a final evaluation of the South Block.
2) Coﬁduct geophysical exploration (8IP) and drilling to obtain necessary information

at depths of the Alvo 10P area.
1-3 Outline of Phase 111 Survey
1--3—1 Survey Area

The Phase III Survey covers the Alvo 10P area and its vicinities, in the southern edge of

Morro do Acampamento (Fig. 2).
1-3-2 Purpose of the Survey

The purpose of the Phase Il Survey is to find areas with possible ore deposits and promi-
sing mineralization in the Aivo 10P area, by obtaining necessary information from the depth,
and there by examining geological conditions, and analyzing the characteristics of IP anomaly
sources within Alvo 10P. In Alve 10P, a same ore hosting horizon as Palmeiropolis ore deposit
is present, geochemical anomalies are detected and mineralization is detected in the shallower
by Brazilian side drilling. The areé or areas thus extracted are then drilled to confirm the ex-

istence of an ore deposit andfor mineralization;
1--3--3 Survey Methods

The IP and SIP electric explorations are conducted, using Dipole-Dipole electrodes placed

in the east-west direction, approximately perpendicular to the geological structure of the area,



Ten survey lines are set, and f.he 1P and SIP explorations are conducted alternately. One survey
line trending north is also set-for the S1P stirvey.

Data obtained at every ‘survey point’ were ";"Jreées_s'ed and analysed in the camp using a
ricrocomputer, Then two ‘dimentional simiulation analysis were a dopted for the determination
of the source of IP anomaliés. ; ‘

Three drillings (MB?—4, MBP--5, MBP—6) ‘were conducted. The depth of each hole 'was
about’ 400m. MBP--4 was drilled in the viciriity of PM—52-GO conducted by CPRM sirhulta-
neously with the ‘géophysical survey. MBP—5-and ‘MBP—6 were drilled on the IP anomalous
source determined by the geophysical survey (Fig. I1-2-126(1) Fig. 1-2--27 (1)), ~

{—-3-4 Organization of the Survey Team

The people who participated in the planning and consultation process of the' Phase III
Survey, and the members of the field survey team are listed below. The field survey team in-
cludes two geological engineers from the Brazilian counterpart: one from Departamento Nacion-

al da Produgdio Meneral (DNPM), and the other from Companhia de Presquisa de Recursos
Minerais {CPRM) commissioned by DNPM. N '

(1) Planning and Consultation Staff

Japanese side: Brazilian side:
Kyoichi Koyama, MMAJ Jose Belfort dos Santos Bastos, DNPM
Toshihiko Hayashi, MMAJ - " Carlos Oiti Bérdert, DNPM'

Hideaki Mukai, MMAJ (Rio de Janeiro Office) Boliver Goncalves Siqueira, DNPM
' ' Walter Hugo Schmaltz, DNPM - -

(2) Field Survey Team

Japanese side. " Brasilian sider
Kazuo Kawakami, Team Leader, (BEC) Homero Lacerda, Téam Leader, DNPM

Tomio Tanaka, Geophysicist, (BEC) Jose dos Anjos Barreto, Geophysicist, DNPM
Keiji Tanaka, Geophysicist, (BEC) SR L
Kazuto Matsukubo, Geophysicist, (BEC)

Bishmetal Exploration Co., Ltd. (BEC)



1—-3-5 Period of Inverstigation

(1) Geophysical survey
Survey period: May 28, 1988 — February 10, 1989
Field survey:  June 5, 1988 — July 10, 1988

(2) Drilling |
Survey period: May 28, 1988 — February 10, 1989
Fiedl Survey: June 4, 1988 — September 10, 1988

(3) Report preparation
July 11, 1988 — February 10, 1989






CHAPTER 2: GEOGRAPHY OF THE SURVEY AREA

'~ The survey area is located to the east-southeast of the_'Palméiropo}i:s settlement of the
Municipality of Parana {Parané ‘Municipio) in the cgantral part of the State of Goias.

The.s.urv'ey area can be reached through Municipal Road BR-153 and State Highway
GO-080 from Goiania, the capital city of the State of Goias, via Sta. Tereza de'Goi_as._ The
Morro do Acampamento area is situated approximately 20 km to the east of the Palmeiropolis
settleinent'.. The dist:;nce-between the City IOf Goiania and the survey area is about 637 km, and .

it takes 10 hours by car to get to the survey area from the city.
2-1 - Topography and Drainage

T 6b'o'gra.phy of the survey area is generally flat, and the difference 61‘ elevation between the
l'ow_es't part in the soﬁtlvl.and the hjgiles:t part in the north is only 75 meters. In this seemingly
flat topography, several small ups and downs associated with the particular geology of the area,
nevertheless exist. Generally speaking, the areas where mica schist is distributed have a gentle
slope, while the areas where éhert is intercalated, exhibit slopes of several tens centimeters
because'df the chert rocké survived the weathering p_rbcess and remained comparatively intact.
In the areas where canga is present, undulations aré still steeper and the highest part reaches up
to approximately one meter above t?le ground surface. Ih —the area to the.west of thie Phase
HI drilling site.in the sout}iwest of the survey area, elevation reaches up to several meters
ab'o_ve thé ground surface-.d_ue to unweathered amphibolite. l

From the central to'fhe western parts the sﬁrvey area, the uppermost streams of Rio
Mocarﬁbﬁo, a tributary river of Rio Maranhio (the Maranhdo River), is running down to the
south. Th_e slope is gentlé and the étream flow ié slack, At the end of each stream, however, soil

erosion is apparent, indicating the thickness of top soil and a strong stream flow in the rainy season.



2-2 Climate and Vegetation *

The survey area belongs to the tropical-humid climate, #nd " the distinction betwéen the

rainy and dry seasons is clearly observed. Precipitation and temperature are as follows:

Rainy season: .-~ Novémber to March; with' précipitation of l',éOO-l‘,BOOmm'
Dry'season -: =+ April to October - '
Temperature : -~ “Annual averagé 23-24°C -

a ' Maximuin®  41°C - - -

Minimum I o T e T R S

Vegetation of the survey area exhibits the characteristics of a erert-savanna- type, with

thick growths of shrub and grass.



Lt e e (CHAPTER 3 - GENERAL GEOLOGY
R LT AT ;

s 'I‘h‘g‘:f".geold‘g‘y of “the ‘Palimeiropolis ‘area bslongs to the Brazil Central shield from.the stand-
| point of global rg'ébl‘ogicf'sf'ruc-;tur'e'-?of ‘the South -American Corntinent, and consists 6f metamor-
phic and volcanic rocks of the Archaan to Proterozoic.

“The Proterozoic in which many metalloferous ore deposits of Brazil are found is widely
dlstnbuted in Goias State. '
" The mam known ore deposits emplaced m the Precambrian formations in Goias State, in-
cludmg the Palmelropohs area, include Cu-Ni depomts in ultrabasic rock (Niquelandia Deposit
and Americano do Brasil Deposit), Asbestos deposit (Cana Brava Deposit), Cu deposit (Mara
' Rosa Deposit) in basic to acidic volcano-sedimentary metamorphic sequence Cu-Pb-Zn deposit
(Palmexropohs depos:t) and Sn-W deposit (Serra da Mesa type) in granitic rocks intruding the
above rocks.”
“The stlatxgraphy of the Pa]melropohs area is roughty divided into the formatlons of Archa-
'eozom and Proterozoic, and the latter is further classified into the lower, middle and upper
parts;
The typical stratlgraphy of each formation is as follows:
(D Archdeozmc 7 _
. Cana Brava basi-ultrabasic rock massif: granuﬁte-basic to ultrabasic complex, granite
-gneiss-migmatite complex
(2) Proterozoic
(a) Lower Proterozoic: Palmeiropolis volcano-sediinentary sequence . . . ultrabasic
_ | to basic rocks, schist, granite
(b) Middle Proterozo.ic: Serra da. Mesa Group . . . quartzite, schistose rocks, lime-
stone to marb.le, basic rocks
Rio Maranhfio cataclastic zone . . . quarizite, schistose
_ rocks, gneiss
(c) Upper Proterozoic: Paranoa Group . . . quartzite, dolomite, slate, conglomerate
It has been madé‘c]ear as the result of exploration by DNPM and CPRM (1983) and CPRM
. (1984) théf the Cu'—Pb-Zn deposit_in the Palmeiropolis area is emplaced in the Palmeiropolis
: \'?Qlcan.o-sedimentaryz sequence of t_he lower ProterOzoié.
' T_h_e Palmeiropoiis volcano-sed_imentary séquence has been further subdivided by CPRM

into three units: Unidade de Oeste (western unit), Unidade de Central (central unit) and Uni-



dade de Leste (eastern unit). The application of this classification is limited to the northern part
of the survey area, and the classification by DNPM/CPR_M (1983) was more effective for the
whole area; that'is; the sequence is divid_ed', from the base upward, into Pip;, Pip,, Pips, Pips

and Pipg. The patmeiropolis ore deposit is emplaced between Pip, and Pip,. formations, -
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CHAP..T'ERA OVERALL DISCUSSION ON SURVEY RESULTS .
4t Geology and Ore Deposits - -

Geology of the sﬁﬁfey area consists. of the‘ Pip; and Pip, formations of the Palmeiropolis
volcano-sedlmentary sequeme of-Lower Proterozmc -and exhibits a highly complicated geologi-
~ cal:structure due to-a foid WIth NE-SW axis and faults in the directions of NE-SW and NW-SE.
In: the .easternfpart-: of t_he survey- area,’.-mlca-quartz-schlst- of the Pipy forma,tlon is widely dis-
tributed: ‘In the weétern:an’d southwestern parts, amphibolite of the Pip, and Pip; formations
is d1str1buted | ' | '

“The" P1p4 formatmn is an lmportant ore-bearmg horizon, and all the mineralization- zones
detected in: the survey area 1nclud1ng those detected in the Phase HI survey, those detected
in:CPRM’s drﬂhng and the one at:PM-1 38 belong to-this formation. Among the three known ore
bodies, the C-1, C-2 and C-3 ore deposits, C-1- js.a Cu-Pb-Zn ore body embedded in the Pipy
formation— chrectly _above the Pip; formatxon. The C-2 and C-3 deposits are Co-Pb-Zn ore bodies
embedded belov;"the ironjforma.ti_o.n at the uppermost .part of the Pip; formation. .T_h'e-_-min-
erali_zation zones detected. are of two different_fypes ih_terms of the stratigraphic horizon io
-whiEh they belong: One is thet considered to belong to the horizon between amphibolite and
schist as that of the C-1 ore de'posit, and the other to the schist horizon located between the'C-1

ore deposit and the C-2 and -3 deposits. .
4-2 Results: of Geophysical Survey .

The re513t1v1ty distribution in the survey area genera]ly exhibits NW-SE and NE-SW bound
block structures (Fig.. [1--2— 31) In the area around the MBP—4 and PM-137 -drilling holes,
_ resm_twmes of less _than-SOO £+ m are d1st_1‘1buted.- :Tij.ese-resmtmties are presumably- correlated to
a fault sfructu’reahd an accompanying argillization zone, In the northern.and eastem. parts of
'the survey area, remstmtxes of more than 1,000 §2-m are widely distributed. Although both.the
h1gh resistivity zones and the: medlum to: Iow resistivity. zones are distributed in harmony with-
the.:Pip,  formation: and the fault structure respectwely, their resistivities are considerably
valiable.. This variance is cotisidered to be due to the.differences in the amounts and distribution

pattems of quartz and biotite cofitained in- abundance in the Pip, formation.

- The: medium. to’ low resistivity: zones® are closely associated -with fhe low realstmty ZOnes

_ 13—



{marshland and high erosion areas) in the shallow part of the ground, and to the fault structure
and accompanying argillization zone mentioned-above. Therefore they do not necessarily
indicate the poésibi]ity of mineralization. In the drilling explorations conducted ét the MBP—4 -
and PM-137 holes, any medium to low resistivity zones, which are considered to indicate the
existence of mineralization, were not identified, either.

Most of the IP anomalies are distributed in the high resistivity areas, forming a high resist-
ivity, high P.F.E. anomaly zone (Fig. [-2-31). The anomalous zones are distributed in the south-
eastern, southern and northern partsof the survey area respectively. The most promising anomaly
area is located in the southeastern part. This anomaly area generally shows a speciral pattern con-
sidered to be correlated to the pyrite distributed in the'§halldw part of the ground. Locally, how-
ever, it also exhibits a particular spectral patterh considered to be associated with Cil, Pb and Zn.

The anomalous zones detected in the southeastern, southern and northern parts generally
form a sequential anomalous zore, with a similar anomaly source. However, it is presumed that
their ore-bearing environments are not necessarily the same because of the fault structures
between each anomalous zone. Therefore, it is necessary {o conduct structural drillings to in-
vestigate in detail the geological structure of each anomaly zone in order to pinpoint éxact

jocations of mineralization.
4-3 - Results of Drilling

Three holes were drilled for a total length of 1201.77 meters, taking into consideration the

results of the previous surveys and those of the Phase I1I geophysical exploration,

{1) MRP—4 Hole

Drilling was conducted through the Pip, formation down to the bottom of the hole ffom
the ground surface. The final depth was 400 meters. Dipping of the formations is less than 30
degrees in general, but it reaches up to around 50 degrees in some parts. Smail foldings are locally
observed.

Mineralization detected in this hole is of two types. The first type of mineralization (Type
1) is the one which is accompanied by chalcopyrite, galena and sphlerite, etc. with pyrite being
predominant, and is embedded in the constituent mineréls_'of the Pip, formation sﬁch as mus-
covite, biotite, and quartz schist. The second type of mineralization (Type 2} is the one con-

sisted mainly of pyrrhotite, and is embedded on a small scale along the boundary between the
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garnet-plagioclase-biotite-quartz schist of the Pip, formation and the amphibolite formation
(Pipsaf). In the former type of mineratization in the MBP—4 hole, the highest mineral content

of Zn is 1.2%, and the content for other minerals are quite low as shown in Table 1I-2--3.

(2) MBP-5 Hole 7 _ . &
Drilling was conducted to the depth of 400.45 meters. Geology of this hole belongs to the
Pip, formation, In the vicinity df ‘the hole a large scale fold system with is presumed to be prt;,-
sent. Weak dissemination of pyrite was observed in the entire drilling hole. At the depths of
about 61 meters and between 200 meters and 240 meters, the Type | mineralization was
detected. In views of the depths of this particular mineralization and its mineral composition,
this mineralization is considered to be the source of the anomalies detected in the geophysical

exploration. The contents of Cu, Pb and Zn are quite low as shown in Table [1-2-3.

(3) MBP—6 Hole

Drilling was conducted to the depth of 401.32 meters. Geology of this hole belongs to the
Pip, formation. A large scale fold with the fold axis trending NE to NNE is also presumed to
exist near this drilling hole, Weak and__ intermitient dissemination of pyrite was detected in the
entire drilling hole, accompanied by a small amount of sphalerite at the depth below 369

meters. Mineral content are very small as shown in Table 11-2—-3.

As discussed above, a low grade Cu-Pb-Zn mineralization (Type 1) was detected in the
Pip, formation in all the three drilling holes. The drilling of PM-138-GO conducted by CPRM in
the IP anomalous zone deteéted in the Phase TII during geophysical exploration also disclosed
the existence of a high grade Cu-Pb-Zn minerali'zatiqn, which partly forms a massive ore deposit,
for a core length of 12 meters in the Pip, formation. IP anomalous zones were disclosed as
dissemiﬁation zones, composed mainly of pyrite accompanied by massive sulfide deposit, by
drillings carried out by CPRM and MMAJ. The mineralization zones penetrated by the drillings
are presumed to be stratigraphycally the same since the ore mineral composition and the occur-
rences of the mineralizations are similar to each other, host rocks of the mineralization are all
mica schist of Pips and three anomalous zones are thought to be continuous from the geophysi-
cal point of view. When compared stratigraphically with the C-1, C-2 and C-3 deposits located to
the northeast of the survey area, if is presumed that the Type 1 mineralization is located above

the C-1 deposit and below the C-2 and C-3 deposits. Type 2 mineralization is presumed to be
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stratigraphically located above C-1 oré deposit and below Typs I mineralization. " -

It is pfe31iﬁ1é‘d that_'a folding s:t:f_{;dtufé' similar fo the'bﬁertufﬂed_ folding with"ﬂn‘_eiki_s’ ex-
tending toward the southwest direction from’ the vicinity of the C-1 deposit; may oxist in’ the
vicinity of the MBP—6 drilling hole. It is therefore presumed that the mineralization discussed
above may be located in the Pipy formation which, in furn, might have been moved to the
present location vy the folding mo_\remént. This assumption will explain the apparent différence

in the d'ei.)ths*of' mi‘nerali'zatién'déteétéd' in the three di’i]ling'hdles. :
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S __CHAPTER 5 ,CONCLUSiONS AND RECOMMENDATIONS
5-1 Con'clu.sions
e Ine the-‘Phasej:II:l survey, mineralization: zones consisted. mainly of disseminated; p)_(rite.
were. detected i_n.. t_hre_e—ﬁlqcation_s::w;it'}l.l_.lP_ anomalies in t!le_éoutllwestern_ part of the Morro. do
Acampamento area. The drilling conducted by CPRM also confirmed .,the;prese'nce_qf a massive
Cu-Pb-Zn deposit in one o'f. the three locations. These mineralization zones consisted mainly of
dissemin_a‘_ted pyrité and massive ore deposit are considered to constitute a series. This large
fninétalized zdne should be surveyed more in detail, because some other massive ore deposits
are likely to be found. '
‘Geophysical surveys (SIP, IP methods) are éffective to determine the presence of minerali-
zation even in this k’i.nd of geological baCkground. However, it is thought that geological struc-
tﬁré is a very .'impo1‘tant Ifactor to a’nalyse the data gained, because the shape of ore deposit is
controled by the geological structure. Revealment of the geological structure should be pre-

ceded to the geophysical survey to delineate the mineralization.
5—2 Recommendations

The areas including IP anomalous zones should be eva}uated by the surveys to reveal the
geological background of the mineralization and the presence of other massive ore bodies, and
.to determine the scales of ore body and the reserves intersected by drilling of CPRM.

For this purpose, theréfore, the fo]lbwi.ng activities are recommended:

(1} Re-examination of the geological structure of the Alvo 10P area, using the existing drill-
ing data including those obtained in the Phase I1I Survey. This includes, in particular, a three-
.dimensional examination of _the known ore deposits through the analysis of the foid structure
" therein. Thga shape of ore bodies are thought to be controlied by the foid, which are supposed to
have northeast trending axes and. southeast dipping axial planes in this area. Therefore, the
.drjllings ﬁfith a northwest incﬁnafion should be conducted and the sites should be aranged
along a northeast direction. |
(2) “Stratigraphic analysis of the Alvo 10P area, using the existing drilling data including
those _.o.btained. in the Phase TII Survey. This ihcludes, in particular, the investigéfion of
- stratigraphic order and.mineralization environihent, with close reference to petrology and min-

eralogy .
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(3)  Analysis of the genetic and stratigraphic relationship between the mineralization zone
in the South Block detected in f]le Phase 11 Survey and the anomaly zone detected in the
northern part of the Phase 111 survey.area. _

(4) A survey program should be sequentially conducted as follows: a) Revealment of
geological structure by geophysical techniques, b) Revealment of ‘geological structure by drill-
ings, ¢) Deterimination of rineralization zone by ‘geophysical techniques, d) Delinéatio_n of

mineralization by drillings.
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CHAPTER 1 OUTLINE OF THE SURVEY

In Alvo 0P, which comprises the most part of the Phase Iil survey area, Pb and Zn
anomalies were detected in the peochemical survey of Phase 1. These anomalies had been
previously detected in the geochemical and geophysical (IP) surveys conducted by CPRM.
Their drilling survey had also disclosed the existence of a Pb-Zn mineralization zone at a depth
around 100 meters below the ground. However, since their survey had been confined to the
depths less than 150 meters, no information as to further depths was available. Accordingly,
further surveys to obfain the necessary information from the depth were called for fo make a
comprehensive evaluation of the target area.

The purposes of the Phase III Survey were to examine spectral characteristics of the
known mir_ler_alization zones, to detect IP anomalies at the depth by conducting géophysical
surveys (IP and SIP'), and to make an indepth investigation into the mineralization conditions

of the expected Cu-Pb-Zn ore deposits tlirough drilling surveys.
1-1 Field Procedure
1—-1-1 Geophysical Survey

Discrete frequency signals were sent to the underground from a pair of current electrodes,
and refurn signals were received at another pair of electrodes. Two different frequency signais
were sent in the JP method, and 18 different frequency signéls were sent in the SIP method.

The return signals varied-in accordance with the underground conditions, and phase lag was
observed in the return signals when a conductive zone was distributed underneath. By measuring
this phase lag, the strength and distribution pattern of anomalies were estimated. In the SIP
method, anomalies can be detected precisely because a number of different frequencies are used.
The information obtained thereby can be used to differentiate minerals and ore deposits through
spectral analysis,

Survey lines were set with the PM-52-GO hole as the base point, after conducting a pre-
liminary survey. Survey points were set at intervals of 50 meters, from the base point of G0.
As to the survey lines in which the SIP surveys were conducte, signal lines were set in parallel
with the survey lines_. Table II—-1—1 shows the survey methods and the frequencies used in the

SIP and IP electric explorations.
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Table 11-1-1 Geophyéicél'Sﬁrve).r Method

SIP Méthed |+ TP Method
_ 0,125 0,375, 0.625, 0.3 3Hz
Measured 0.875, 1.0, 1,125, 3, 5,
“Frequenciés - o
17, 8 9, 24, 40, 56, T2Hz
Electrode Ty 1 Dipole-~Diole
Configur_atior! Dipole —Dipole ipole-Dip

{1 ) Extont of Geophysxcal Survey

Table 11— 1—2 shows the extent of the geophysxcal survey. The locataons of survey hnes are

shown in Figure II 1--1.

Table 1I-1-2 Amount of Geophysical Survey
SIP Method 1P Method
o 2.0'kmX b Lines :
Line Length 18 kmx 1 Line- : 2.0 km x5 Lines
1.6 kmx 1 Line
Pg;ﬁ‘g‘"g 488 point " 400 point
13458, 1375S; 14058, 1330S, 13605, 13908,
Line Name ) .
14205, 14305, 14508, 20E 14208, 14405
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(2) Instruments and Equipment

Table I~} -3 is a list of major instruments and equipment used in this survey.

Table i1-1-3 Geophysical Survey Instruments

SIP Method IP Method

- Transmitier GGT~5

Transmitting | SIP Frequency Generater Motor Generater (G400)
Part (Model CH-86A)

Motor Generater (G400)

Multi- Function Receiver - - IP Receiver -
Receiving - (GDP-12/2GB, GDP -16/8) (Model CH-R7802)
Part Data Recorder (DR-1) - L

Isolation Amp (IS0/1)

(3) Rock Property Tests

Laboratory electrical property tests of rock samples were conducted to investigaté the
properties of the rocks distributed in the survey area. Twenty-six samples were taken t;rom the
drilling cores. Table II—1—4 shows the sampling points and test results. In the table, resistivity
and raw phase values were determined from the frequency of 0.125Hz, and PFE values from
the frequency-iof 0.1 .’ZSHZ-I OHz,

As shown in the table, the average resistivity of the 26 samples is 13,800 £2+m, and the
verage P.F.E value is 4.0%. The respective values in each hole are 12,900 £2:m and 4. 2% in
MBP--4; 5,840 £2*m and 3.3% in MBP—5; and 8,550 £2+m and 4 0% in MBP--6.

Lithological]y, almost ninety percent of the core samples consisted of schist, and amphib-
olite was observed only in three samples. The average resistivity of the three samples containing
amphibolite is 8,700 £2-m, with an average P.F.E value of 2.8%.

The resistivity vaiue; of t_he 26 samples generally {all within the range of 4,000 £2-m to
12,000 ﬂm Exception of this is the values of the samples taken frem the shallow part of
MBP—4. The l_bw resistivity values of these éore samples are considered to reflect the influence
of weathering and alteration. ‘ _ _ 7

The P.F.E values vary from 1.0% to a maximum of 11.7%, but this variation does not
necessarily correspond to the amounts of pyrite observed megascopically. The P.F.E values,
therefore, are likely to correspond to the amounts of pyrite particles which are not visib[e to

the naked eye.
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1—1--2 Drilling Survey

Three holes (MBP—4, MBP—5 and MBP-—6) were drilled for a tofai length eof 1,201.77
meters. Items and amount of thg‘ tests on the above studies are shown in Table 11-1-5.

The MBP—4 hole was drilled in the geochentical .anomalous zone in the area 25 meters to
the west of the CPRM’s drilling ‘s_ite (PM-SZ-GO) where miperalization had already been detec-
ted. The primary purpose of the .driiiing was to make a follow-up study of the known minerali-
zation zone, by obtaining 'necessaf}( information from the depth for a comprehensive evaluation
‘of the nature and extent of the mineralization. At the same time, it was further purposed to
make a compardtive study of the geological data to be obtained from the MBP--4 drilling hole
‘and the geophysical data to be obtained in the fgeop]_iysical exploration in the viginity of the
Edriliing hole, in order to select the most appropriate drilling sites for MBP—5 and MBP—6.

The MBP—5 and MBP—6 holes were dri]]ed in the areas in which IP anomalies were detec-
ted in the g:eophysical survey of Phase 1IL The SIP spectral analysis also indicated that these
drilling sites had a high possibility. of Cu-Pb-Zn mineralization.

Table II-1-5 .- Electrical Property of Core Samples
Items AnaAlyzed B . Number
Thin Section . 10
polished Section =~ 6
Chemical Assay (ore) - 60
-Au, Ag, Cu, Pb, Zn, 8’ | (360 eleneuts)

1-2 Data Processing
1-2—1 Geophysical Survey
Real-time data processing was made to calculate apparent resistivitics, phase differences,
spectral patterns, and P.F.E values, and the data thus processed were stored in a data recorder.

The data were then fed into a computer fo generate sections and plan maps, after making

necessary corrections to the data.
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Table I1-1-6

Flow-chart of Model Analysis for Geophysl_cal_ Sun{ey

Aéquire and éto’re’ Data

.

Transfer Data from DR—1 to Comiputer

|

Caléulate topographical corréction and
. correct apparent resistivity -

r

]

* Make Sections

" Make plane-maps

Make Spectal Sections

Run 2-D model simulation for IP anomaloits zones

Locate Drilling points

Drill holeé and deturmine -

physical property and chemical analysis from cores

Run 2—D model simulation

Present resuits of 1P anomalous sources distributions
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\Two'-dimen:sional' models were prepared for promising anomalous zones to estimate the
distribution patterns of anomaly sources, the characteristics of which were also analyzed by
studying.the variation in each frexluency Zone.. -

... Table TI—1~6 shows the general procedure of the model analysis.
1-2—2 Drilling Survey

As rﬁentioned previously, the locations of drilling were determined in consideration of the
results of the g‘eoch_emicéi and geophysical surveys (IP and SIP), and of those of the past and
- current geological surveys. The drilling work was performed by a standard method using a

diamond bit, and a number of core samples were collected.

The drﬂling cores were analyzed both petrologically and structurally to investigate their
stratigraphical and structural characteristics. A study of mineral deposit was also conducted to
investigate the néture and conditions of mineralization. _

"The necessary field work for the above mentioned studies and the selection of samples
were undertaken at the CPRM’s camp. In.vestigation of the drilling cores was made at intervals
of 50 centimeters, and the d.ata obtajned in each 50-centimeter unit, in¢luding mineral com-
poéitions and metallic mineral contents, were recorded. The results of this study are compﬂed
in a 1:200 scale c_:o}umnar section for a unit core length of one-meter each (see Figure A—3).
The mineral compositions and metallic mineral contents were judged under the naked eye on
the field, and the quintuple semi-quantitative classiﬁcatioﬁ of each mineral was also made
megascbpicalliy'. o

The drilling cores were photographed for a unit of two core boxes each, and close-up
shots were taken for major mineralization parts. The selection of samples for tests and analyses
was made at the same time, after thé.completion of the above mentioned investigation of the
drilling cores.

_ Samﬁles for electrical property tests were taken from the parts which were most likely to
correspond to the electric survey, for each rock facies of different types. Samples for making
.thin sections were taken near the mineralization zones to make a close analysis of the min-
'eraﬁzétio'p'.. Test samples for polished secﬁons were taken from the parts with representative
_ chafaéteristics bf mineralization, and the samples for chemical assay were taken from the min-
er_alizat._ioﬁ zomes. The core samples were vertically divided into two parts, and the one haif of

each sample was used for various tests, As to the samples for electric property tests, pieces with
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an approximate size of five centiméters . were cut off from each sample, depending-on the
methods of measurement. .~ - : :
Ten.thin sections, six polished sections, in addition to 60 _saniples-for 6hemic;al"a;ssay and.
26 samples for electric property tests were collected, and all of them except thése forichemical
assay were brought back to Japan for lab_oratory tests and analysis. The chemical. assay was

done in Brazil by a local company, Geosol,
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- CHAPTER 2 SURVEY RESULTS v
2—1 Results of Geophysical Survey

"2-1—1 - Pseudosections _
- .- Pseudosections were prepared for all the survey lines, delineating an __east-wést profile o_f ten
survey _lih,es and a n_o,:_‘t_hfs()wth profile of oqq_]jne, as 's_h_own in Figures I1-2-1 to II-2-12, No terrain
corrections are given to the apparent reéistivity_pseudose_ctions since the topography. of the area is
generally flat.- _ e : .

Interpretatlons for ten pseudosectxons are ngen below. In making these interpretations, ap-

p_e_lrgj:nt resistivity and PFE v_alue_arelqlass;ﬁqd as follows: -

_ Apparent Resistivity . | .. IP anomaly-
L | (PFEvalue) -
High more thaﬁ'l,OOO Q-m more than 4 %
Medium : 500 - 1,000 &+m . 3— 4%,
Low, B ~ less than, 5002m . o2 — 3% .

(1) Lme. 13308 (Figure 1 -8) 7 L .
Tfus survey. ime was set at. the northmost part of the area.

_ Apparent resxstmtles are less than 500 £2+m at the both ends and more than 1,000 :min
f.l}?; ggx:l_tra_l__ parf.. And ;_he distribution .pattern suggests the existence of a highly-resistive layer
from the shallower part t_d the depth in the central p_art.

Low apparent resistivities are distributed between measufing points 70W and 30W, and at
the. east of fncf:a_sm*jng ) poin_;t_A3OE. ‘The former.shows the westward dip distribution from- the
ground surface, and the latter ‘arc'd_is'tlfibutgd_ horizontally at the shatlower parf..

A Strong 1P anomalous zone is distributed in the high apparent resistivity zone.

{2) Line 13458 (F1gure 13-2- I 7

The distribution of apparent resmtwmes in this line shows a similar pattern as that in the
'Lme 13308 In the western part of this lme a strong apparent resistivity contrast, suggesting the
existence of the fault structure is observed _ _ oo s

High apparent resistivitics are predommantly d1stnbuted to the cast of measurmg point 50W.

_ Medium apparent resistivities are found in the shallower part to the east of measuring point
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20E, which are the variation of low apparent resistivities at the east of measuring point 30E of
the Line 13308, and suggest the extension in the NS direction of the low -to- medium apparent
resistivity zones, '

Strong apparent resistivity contrast is found around measuring point 50W, suggesting the
existence of the fault structure in general.

"In this survey, phase differences of -20 to -25 milli-radian (mrad) correspond to the PFE
values of 3.0 to 3.5 %, -25 to -30 mrad to 3.5 to 4.0 % (medium IP anomaly), and -30 mrad or
less to 4.0 % or more (high TP anomaly), respectively. ' a ' c

Medium to high 1P anomalous zones in Raw Phase, Three-Point Decoupled Phiase and PFE
pseudosections are distributed between measuring points S50W arid SOE, and generally exhibit the
same distribution pattern in each pseudosection. An IP anomaly of less than -30 mirad is observed
in n=1 fon=2 (100 m to 150 m in depth) between measuring points 10W and 30E.

IP anomalies are concentrated in the high apparent resistivity zone.

{3) Line 13608 (¥Figure II-2-9) ,

The distribution pattern of apparent resistivities in this line shows a similar patfern as that in
the Line 1345S8. And IP anomalies are concenfrated in the o_entral part. -

High apparent resistivities are widely distributed between measuring points 60W and 90E.
Medium apparent resistivities are sporadically distributed in the shallower part','in' addition to n=1
to n=4 (100 m to 250 m in depth) between measuring points 20E and 90E. And low apparent re-
sistivities are found only to the west of measuring point 70W. - N ' '

IP anomalies of more than 3.0-% are distributed between measuring points 40W and 30E,
suggesting the existence of the evenly impregnated anomalous source (disseminated zone). High
IP anomaly of more than 4.0 % is found in the shallower part between measuring points 20W and

10wW.

{4) Line 13758 (Figure 11-2-2)

A strong apparent resistivity contrast with eastward dip, possibly reflecting a fault structure,
is found between measuring points 10E and 60E. And medium apparent resistivities, thought to
reflect a low resistivity layer at the ground surface, is distributed in the shallower péft to the west
of measuring point 10W. ' o

High apparent resistivities are distributed in three parts divided by medium apparent resis-

tivities, between measuring points 60W and 30W, beiween 10W and 50E, and to the east of 60E.
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While, medium apparent resistivities are locally found in the shallower part between measuring
points 30W and 20W and between 10E and SOE. The former shows eastward dip, and the latter

may be due to the weathering and/or groundwater.

* The following three IP ahomalies, zones, which are caused by IP anomalous sources in the
shallower part, are distributed between measuring points 30W and 80E;
1) IP anomaly centered around Ti='1 (100 m in depth) between measuring points BOW and 20W.
2) 1P anomaly distribiited at a shallower depth than n=1 (100 m in depth) between measuring
points 10E and 20E, with a slight dip toward the west, '
3) IP anomaly distributed at a depth shallower than n=2 (150 m in depth) to the east of mea-

suring point 80E.

R

(5) Line 13908 (Figure [1-2-10) - _

Apparent resistivitics show a distribution pattern slightly different from those observed in
the northern lines, and also IP anomaties are weaker than those in the northern lines, '

High 'apparént resistivities are found from the ground surface to the depth between measur-
ing points 10W and 10E, and between 60E and 70E. Between measuring points SOW and 40E,
however, they are widely distributed at the depth of more than n=3 (200 m in depth). On the
other hand, low 'apparent resistivities are found to the west of measuring point 80W, between
30W and 20W, and at the shaliower part between 10E and SOE. The existence of a fault structure
is inferred between measuring points 30W and 20W. _

Notable 1P anomaties are found in the high apparent resistivity zone of the east of a strong
resistivity contrast observed between measuring points 30W and 10E. These IP anomalies dipping

slightly toward the east seem fo be due ic the shallower IP anomalous sources.

(6) Line 14058 (Figure 11-23)

“An apparent resistivity pseudosection shows a complex distribution pattern which is con-
sidered to reflect 2 complicated resistivity structure with notable clustering into biocks. This ten-
dency of the pattérn is also observed in the Line 13908.

High*apparent resistivities are distributed in the depth between measuring points SOW and
20W, between 10E and 50F and to the east of 60E. While low apparent resistivities, which sug-
gest the existence of fault struc:'tures', are distributed between measuring 0 and 10E and in pro-
vince of 70E, at the whole depth with a slight dip toward the west, in such a manner as to divide

the high apparent resistivity zone distributed bloadly in depth. They are also found to the west of
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measuring point 10W, and are distributed in the shallower part up to measuring point 60W,

extending to.thie depth in the west of measuring point 70W.

Two IP anomalies are found between measuting points S0W and {, and between 30E and
60E. The former IP anomaly shows a distribution pattern to be formed by three anomalous.
sources. One of those is distributed in the depth with a westward dip, between measuring points
50W and 6OW. The other two are distributed from the shallower part to the middle depth with
eastward dip, between measuring points 30W and 20W, and between 20W and IIOW, respectively.
The IP anomalous source of the latter IP anomaly is distributed at the depth of 200 m to 250 m
between 30E and SOE.

(7) Line 14208 (Figure 1I-2-4, Figure II-2-11)

On the whole, apparent resistivities on this line are distributed in two zones, with the bound-
ary around measuring point 10E. And the distribution of IP anomailies in this ling covers an area
wider than that in Line 1405S. _ o _

High apparent resistivities are found between measuring points 30W and 20W, and between
10E and 80E. The former are distributed in depth in such a manner as being overlain by low ap-
parent resistivities stretching to the west of measuring point 10E, and the latter ére distributed
locally within the mediom apparent resistivity zone. '

1P anomalies are concentrated beiween measuring points 20W and 60E. IP anomalous zone
of PFE of more than 4.0 % is found in the medium-to-high apparent resistivily zone between
measuring points 10E and 50E. This distribution pattern suggests that this zone may be due to
the dissemination zone distributed from the surface, the most concentrated part of which may be

located at the depth between 150 m and 200 m below measuring point 30E.

(8) Line 14308 (IFigure 11-2-5) _

Low-to-medium apparent resistivities are widely distributed in this line, but no high apparent
resitivity was found. IP anomalies are concent.rated in the central part, showing a similar distri-
bution paitern as that in the Line 14208, _ 7

Low-to-medium apparent resistivities are widely distributed in this lihe,_but no high apparent
resitiyity was found. iP anomalies are qor_lcentrated in the central part, showing a similar distri-
bution pattern as that in the Line 14208.
flect the fault structure and the accompanying fracture zone. Medium apparent resistivities are

distribufed in blocks at the depth of more than 150 m between measuring points 40W and 10W,
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and from the ground surface between measuring points 10E and 60E.

IP anomalies with phase-differences of less than -30 mrad are found between measuring
points 20W and 10W and between 0 and 40E, and they are distributed at the portion of rioi-table
apparent resistivity varia't'io.ns'. The former IP anomaly shows a westward dip at the depth of more
than 150 m, and the latter is distributed with eastward dip from the ground surface.

1P anomalics in this line show the most strong IP effects among those in the lines discussed

above. This fact suggests that much sulfides may exist in the IP anomalous zone of this line.

(9) Line 14408 (Figure 11-2-12) _

Distribution pattern of apparent resistivities suggests that the geological structure of the sur-
vey area is more complicated in the southern part than in other parts. And IP anomalies become
also weaker in the southern part.

Low apparent resistivities are found on the whole pseudosection. While medium apparent
resistivities are distributed on a small sca-le below measuring point 50W, between 40W and 10E,
between 10E and 50E, and below 70E. 7

An TP anomaly of PFE of 3 % to 4 % is distributed with a westward dip between measuring
points 10W and 60E, suggesting to be. due- to several small-scale IP anomalous sources dipping

toward west.

(10) Line 14508 (Figure 11-2:6)
The distribution pﬁttern of apparent resistivities in this line is similar to that in Line 14408.
However, IP anomalous zones are of small-scale. -
Low apparent resistivity zones are dipping toward the east and toward the west at the
-westmost and eastmost -ends of the pseudosection, respectively. But those are distributed
horizontally in the central part of the pseudosection. Medium apparent resistivities are distribut-
ed at the depth of more than 200 m between measuring points 30W and 30E and between 30E
and 40E.

Two IP anomalies are disiributed with westward dip between measuring points 40W and
20W and between 00 and 20E. The former IP anomaly shows a westward dip in the Raw-i’hase
and 3-pt Decoupled-Phase pseudosections, but it is diminished in the PFE pseudosection. This is

presumably due to the spectral changes caused by the local geclogical differences.
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(11}  Line-20E (Figure 11-2-7) _ o : - o
ngh apparent resistivities of more than 100 SZ m are. dlstnbuted to the north of measuremg
pomt 14108, This dzstnbutlpn pattern suggests that the hjgh resxstmty layer BXIStS from the
sha]low part to the depth at the northern part of measunng pomt 13708 and 1t d1ps southward
at the southern part of 1370S. , _ . L
Low apparent resnstmt:es of less than 500 Q- m are dxstnbuted to the south of measurmg
point 14508, This distribution pattern means the mea_surmg pom:t 14598_ may be due either to
~ the boundary of layers or fault structures, | B B - o
Medium apparent resistivities betwgen 500 £2+m and 1000 §2:m are widely. distributed in
the central part of this line. - R _ S
' High IP anomalies of m.ore_t'han 4,0% are: found 'in_side the high apparent resistivity ione at
the north of measuring .point 13708 and inside also the medium apparent resistivity zone be_f_-
ween measuring points 14108 and 14408, _ _ -
Distribution pattern at the north of- measm‘mg pomt 13703 is not clear because that is
detected at the noythern-end of this line. Due to the reason that the IP anomahes of other east-
west-lines are continuous, this IP anomalous zone may.be a]so the continuation of the IP anc-
malous zone centered measuring point 20E in Line-13458. L
The center of high IP anomaly between 14108 and 14408 indicate PFE value of more than
4.5% between measuring point of 14208 and 14308. This distribution pattern suggests- the ex-

istence of IP anomalous source from the shallower part to the depth of 150m, . -

2-1-2 Plan Maps

The plan maps were prepared based on apparent resistivity maps (Figures 1-2- 13 to 1I- 2—15)'
and PFE maps (Figures 11-2-16 1o 11-2-18). Depth levels of the plan maps are n=1, n=3 and_ n=5,
each of which is considered to reflect information from the depths of 100 m,.2OQ m:and 300 m.
below the ground surface, respectively. _ ;

The same classifications for apparent resistivities.and IP anomalies as those in the pseudo-

section (2—1--1).are adopted.
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(1) n=1 Plan Maps _ _

Apparent resistivities are ole_arly; separated into high and low zones. The iso-apparent resisti-
vity lines trending in the NE-SW direction and in the NE-SW and NW-SE directions are dominated
in the eastern part and in the western part of the_survey area, respectively, suggesting the ex-
istence of the geotectonic lines trending in each direction, _ , _

High apparent resistivities are found in the e:;lstern, central and western parts of the survey
area.rThose in the western and eastern paris are of small-scale. The formers are distributed
between. measuring points S0W and 60W of the lines 13608 through 13758, and the Iattér'bet-
ween 60E and 70E of the Jines 13758 through 13908. Those in the central part show the distri-
bution. patfern trending in N-S- direction at the north of the line 13908, and increase thﬁse
distribution area toward the north. The increase of distribution area toward the north is halted
near the fault structure trending in NNE-SSW direction presumed at measuting points 00 through
20W of the line 13308, but, at the north beyond the faulf siructure those seem to extend téward
the north, because according to the geologic map the Pip, vkt, formation, causing high apparent
resistivity, extends toward north and from the results of the second-phase SIP survey, it was
suggested that those observed in the second phase extend toward the south.

Low apparent resisivities are widely distributed in the southern, nort'hwést_er_n, eastern and
southeastern parts of the area. Those iﬁ the southern. p_art_ are observed at the west of nleasuring
point 00 of the lines 13908 through 14508, and e;_cten.d to those in the northwestern part. Those
i_nrt'he castern and southeastern parts show the notable distribution patte.m trending in NNE-SSW
direction, suggesting the existence of the faulf structures and/or geologic boundaries.

TP anomalies with PFE of more than 3.0% are mainly found within the medinm-to-high
apparent resistivity zones, showing the distribution patterns of “U” shapes. These patterns

correspond to the sirikes of the probable fault structures.

(2) n=3 Plan Maps _ _
Medium-to-high apparent resistivities are distributed from a northern part to the central
part of the survey area and low apparent resistivities are concentrated in the southern part of the
Survey area, _ _ : .
. High apparent resistivities in this map are found in a wider area than those in the plan map
for n=1, that is, those are distributed bloadly at the north of the line 14508, This disfribution
suggests that the weathéring does not affect toward the depth and the compactness and the

content of quartz in schist increase foward the depth. '
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Low apparent resistivities are distributed at the three parts of the southern portion of the
survey area, being separated by medlum apparent remstmtxes and “each of those extends toward
the south beyond the survey area. Those trending in NNE~SSW diréction, observed in the disti-
bution area of medium apparent resistivitles in the plan map of n=1, are diminished. *

The distributions of IP anomalies are g.roupf':d into the folioiving three zonés: -

1) IP anomalous zone trending in N-S direction at the central part of the survey area. -

2) IP anomalous zone trending in NE-SW direction at the southeastern part.

3) IP anomalous zone trending in N-S direction at the southein part,
Among these three IP anomalous zones, the first two Zones seem to be due to the samie IP ano-
malous sourbes, ‘because the both zones form a 'singlé IP ariomalous zone in the plan map of n=1.
While, the zone of t.he ifem 3) seems to be a local IP anomaly caused by the anomalous source

distributed around the depth of 200 m G. L.

(3) n=5 Plan Maps _

On this map, apparent resistivitics vary form the high to the low towards the lsouth.'High
apparent resistivities are widely distributed at the cehtral. part through the northern part of the
survey area. Low-to-medium apparent resistivities are concentrated at the southern part and are
observed at the western and eastern edges, and in the direction of N-§ at the central part, showing
the distribution pattern of “W” shape which encloses the above high apparent resistivities.

Two IP anomalous zones of the PFE of mbre than 3.0% are distributed at the central part
through the western part, and at the southwestern part of the area. - '

The former IP anomalous zoné, in which the MBP—4 hole was drilled, shows the trend of
N-S direction, and is distributed within high apparent resistivities m.ainly and within low-to-
medium apparent resistivities at the southern edge of the zone.

The latter zone shows the distribution pattem of ellpsoidal shape different from the ones on
the plan maps of n=1 and 3, and is found in a distribution area of medium apparent resistivities.
On. the plan maps of n=1 and 3, this zone shows the trend in NNE-SSW direction clearly, and the
P.F.E. of more than 4,0% thought as a center of the anomalous zone is found only at one por-
tion. However, on this depth level, the four centers of the zone are found 1) between the lines
13758 (between imeasuring points 20E and SOE) and 13908 (between 40E and 50E), 2) between
14508 (between 20F and 30E) and 14308 (between 20E and 30E), 3) between 50 and GOIE
of the line 14208 and 4) between 40E and 50E of the line 14308. Those at the first two locations

are distributed in N-S direction and these directions were not observed in the plan maps of n=1
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 Frequency Effect Map [n-spread 3]

"PFE Values are detersmined from the freq
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Frequency Effect Map [n-spread 5}
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