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PREFACE

“In response .to a reqliest of the Government of the Republic of the Philippines, the Japanese
Goverﬁmént“decided to conduct a Mineral Exploration in the South Central Palawan Area and
-entrusted the survey to the Japan International Cooperation Agency(JICA) and the Metal
Mining Agency of Japan(MMAJ).

The JICA and the MMAJ sent a survey team headed by Mr. Akio Shida from October 21,
1990.to December 9, 1990 and from January 30, 1991 tlo April 18, .1991.
The team exchanged views with the officials concerned of the Government of the Republic of
| the Phiﬁippiﬁes and conduétcd a field survey in. the South Central Palawan Area. After the team
returned to Jépan, further studies were méde and the pfesem report has been prepared.
We hope thai this report will serve for the developﬁlent of the pfojecl; and contribute to the
promotion of friendly relétions_betwe_en_:our two countries.
We wish to express our deep éippreciétibn to the officials concerned of the Governme.nt of the

Republic of the Phi]ippi'nes for their close cooperation extended 1o the team.

Tuly,1991
Kensuke Yanagiya
President

Japan International Cooperation Agency

“ AL

~Gen-ichi Fukuhara
" President

Metal Mining Agency of Japan
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| ABSTRACT

The survey was conducted as the Phase 1 of the cooperative mineral exploration project in the
Palawan area, Philippines. The objective of this survey is to delineate the distribution of ore
deposits by means of clarifying the geological setiing of the area.

Palawan Island has been divided geologically into tW’o areas, the Northem Palawan and the
Southern Palawan, by the Sabahg Fault cutting the central part of tﬁe island. Northern Palawan is
underlain by Carboniferous and Permian sedimentary rocks and metamorphic rocks, while
Southern P#lawan is charactefized mainly by an overthrust Palawan Ophiolite cohsisting of
basalt, gabbro, and ultramafic rocks.

In this year’s Phase 1 survey, geoldgfcal and geochemical surveys were conducted in three
‘areas, the A-area, B-area, and C-area in Southern Palawan. On the basis of the resalts of this
| survey, a furthef detailed survey was conducted in the area A-1 from the A-area and area B-1

from the B-area, | |

The A-area is undérl_ain by the Mt. Beaufort Ultramafics consisting mainly of harzburgite, in
which chrome and nickel mineral occurrences are contained. More than ten chromite mineral
s'howir_lgs, and several laterite occurrences were identified in the west coast and Bacungan area.
In the geochemical survey, at the first step, weight of heavy minerals obtained by panning a unit
weight of soil was measured in sites to delineate promising areas for the chromite deposits.
Seven elements (Ni, Cr, Fe, and.Co as the group related to chromium, and Pt, Pd, and Au as the
gro.up related to précious meta_ls) :were analyzed. The result of the surveys leads to the
delineation of three potential areas for the chromite deposits; the area to the north of Tagburos,
th_e area from the north of Bacungan to the west coast, and the area from Malinao River to
Tagminatéy in ﬁie west coast.

Amohg them, the area .from Malinao River to Tagminatay was picked up and named as area
A-1 to conduct further detailed geological and geochemical surveys. This area is mainly
underlain by harzburgife; in which dunite diapirs, containing chromite pods and disseminations,
intruded in some plaées. The geological survey disclosed the pattern and distribution.of the

dunite intrusives and mineral occurrences. The principal chromite occurrences are in the San



. Chromite arca and Macasaet area in the southeastern part, the npper stream and Idwér stream
areas of the Pananiagan River in the Ceniral part, Tagkawayan arca and Tagminatay area in the
notthern part. In the soil geochemical survey., the same séven elements as A-area wefc analyzed..-
The results show ihét the elements of the chrome group and precious'metal gfoup géochcmically
behave differently. The intetpfetation of the geochemical anomalies has revealed that two areas,
the area containing the Pananlagan mineral showings and the area from the Tagkawayan mineral
shf)\vings to Tagminatay, are of high potential for the chromite deposits. |

The B-area is underlain by the Mt. Beaufort Ultramafics consisting mainly of harzblirgite in
the northern and central parts, and by the Sultan Peak Gabbro and Espina Basalt in the southern
part. In the periddtit’es, dunite tectonite bodies are accompanieds by chromite lenses, 'pods- and
disseminations. These mineral showings are in the vicinity of .Bero'ng, the nearby Mooré,om
Point, and in the surrounding area of Long Point --in the west coast; in the surrounding area of
the Norsophil Mine, and in southwestern Malasgao River --in the east coast. The N orsophil Mine
is presently in operatioh as a chromite mine. The dunite bodies in the basin of the Malinao River,
west of Narra, are cumulate dunite generated by the differentiation of _magfna judging from the

-distribution and the existence of the transition zones, Chromite dissemination commoﬁly exists in
these dunite bodies. The EPMA studies show that these two types of dunites contain chromite of
varying compositions, The chromium content of chromite from the cumulate dunite is lower than
that in the tectonite dunite. _ |

In thé geochemical survey, at the first Step, the weight of heavy minerals obtained by_ paiming
a unit weight of soil was measure.d in sites to delineate promising areas for chromite 'déposits as -
performed in the A-area. The interpretation of the assay results of the seven elements has
revealed that the following five areas were prom_isin'g for chromite o.fccurrences_', the-u.'pper stream
area of Malasgao River, the surrounding area of Norsophil Min.e, and the basin of Malinao Rivér
--in the east coast; the surrounding area of Long Point, and the Berong area --in the wesf co’aéi. |

Among these five areas, the basin of the Malinao River was selected and named as'a*rea.B-'_l.

to conduct further_detail'ed' geologiCal and geochemical surveys, The area is underlain by



harzbﬁxrgite’, dunite, gabbro, and basalt. Chromite dissemination coinmonly oceurs in the dunite
bodies in the basin of the Malinao River and in the upper stream area of the Panacan River,
The soil geochemical éllrvey assaying the seven elemehts has revealed that anomalies for
chromium related elements overlapped in the ﬁorthwestern pertion of the B-1 area, which was
~accordingly judged as a promising area for chromite deposits.
The C-area is mainly underlain by harzbﬁfgite, which thrust over the gabbro and the basalt.
‘Dunite bodies partly intl_'udéd_ the harzburgite. No mineralization occurs in the nltramafic rocks as
well as in the basaltic rocks, which are distributed in a small area. In the geochemical survey,
path-finder elements for cépper such as Co, Pb, Zﬁ, Au, As, Sb, and Hg were analyzed, bécause
.thi.s area was judgéd*as high potential area for Cyprus-type or'e.deposits from the existing data.
HoWever, no significant anorﬁaly of these elements were detected, suggestihg that the area was

of less potential for these metals.
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PART | GENERAL REMARKS



Chapter 1 Introduction
1-1 Objective and progress of the survey

The RP-J A_PAN Mineral Exploration Project has been conducted in the Republic of the
Philippines since 1985 based on the Implementing Agreement between t_he' Government of the
Philippines through the Bureau of Mines and Geo-Sciences (BMG) and the Government of J épan
through the 'J'a.pan International Codpcration .Agency (JICA), togéfher v?ith the Metal Mining
Agéncy' of Japan (MMAY). The Implementing Agreement was signed on September 26, 1984,
and the project was officially titled as the "Mineral Exploration- Mineral Deposits and Tectonics
of Two Cont’rzistin'g Geologic Environment". -
~ In this RP-JAPAN project, the Province of Palawan, which administratively belongs to
Region-1V, was divided into six areas for the convenience of survey.

“The series of field Surifeys were conducted from J anuary to February, 1986 in Palawan I
© (Taytay), Palawml II. (Roxas), Palawan 1] {Puerto), and Palawan IV (Narra); and from February -
to March, 1987 in Palawan V (Bﬁsuanga) and Palawan VI (Quezon-Rio Tuba).

Prior to these surv'eys,.a geological and geochemical survey program was conducted in 1985
by the United Nation’s UNDP project in Central Palawan.

After evaluating the result of these surveys, a follow up semi-detailed geological and
geochemical survey program was carried out from October to December, 1989 in three areas in
Central Palawan; the Tinitian area in UNDP Project area, Central area in Palawan III (Puerto),
and Victoria area in Palawan IV {(Narra), as 'zi part of the "Mineral Exploration - Mineral Deposits |
and Tectonics of Two Con&asﬁng Geologic Environments in the Philippines".

Throughout 1'98.9 - 1990.,. the. investigation on nickel and chrome was conducted by the United
Nations Revolving Fund for Natural Resources Exploration (UNRFNRE) in the area along the
‘west coast of south~wéstefh Palawan and the portion north of Puerto Princesa.

The Cooperative Mineral Explor.ati'o'n Project in the South Central Palawan has been
conducted based on the Implementing Aﬂangement between the Government of the Philippines

through the Mines_ and Geosciences BurcaU(MGB) and the Government of Japan through the

—] -



Japan International Cooperation Agency(JICA), together with thc Metal Mining Agency of
Japan(MMALJ), The Implementing Arrangement waé signed on Jul_y 5, 1990 and the project was
officially titled as "Geological Assessment of Chromite,Base Metals,Platinum and related
precious Metal Occurtences in South Central Palawan and Northeastern Panay". | |

The objective of this survey is to del.ineate the tyII-)e of mineralization presént such as Ni, Cr,
and other minerals to identify promising areas by clarifying the geological setting,and to
recognize'the mode of occurrence of the mineral deposits through geological and geochemical

explorations.

This progra:ﬁ consisting of geological and geoéhemical explorations was conduétEd in the
above niehtio’ned three areas from Qctober to D_ecerr;ber, 1990, and an additional prbgtam, which -
was based on the results of the pi‘eceding program, The additional program was conducted from
January to February, 1991 surveying in detail arcas extracted from the preceding survey results,

area A-1 from the A-area and area B-1 from the B-area.
1-2 Contents of the survey

Coverage and extent of the survey and sample targets for A, B, and C areas. and detailed

survey areas A-1 and B-1 are shown in Table 1 and 2.



Table 1 Contents of Field Survey

Name Contents (Geological & Geochemical Survey)
of
Area Area Route Test : Number of
Length Pit Geochemical Samples
A-area 300 km?® 117 km — Soil Samples : 1,040 pes

Seﬁi—Quantitative Analysis
_ of Chromite @ 2,546 pcs
B-area 1,200 kn®* | 441 ko — Rock Samples : 210 pes

Soil Samples : 210 pcs
C-area 100 km?® |- 105 Kkm —

Rock Samples : 44 pcs

Soil Samples 1 1,569 pes |
Area A-1 37 km? 88 km 30

points | Rock Samples : 84 pcs

a 19 km® 44 &n Soil Samples 1,355 pes
N e R 30 |
b 15 km? 55 km points | Rock Samples : 82 pes




Table 2 Laboratory Examinations

Quéntfty

Name of Area Examination Items
Preparation of thin section 60 pos
Preparat&on of polished thin section 15 pes
EPMA quantitative analysis 10 pes
A-area Chemjéai analysis
1 Whole rock analysis (SiGz,Tioz.Alzoa. 60 pcs
and Fe203, Fe0, Mn0, Mg0, Ca0, Na 20, K20, P=0s, LOI)
2 Geochenmical anaiysis
B-area soil sample (Pt,Pd,Au,Ni,CE.Fe,Co) 1,040 pes
soil sample (Cu, Pb, Zn, Ag, As, Sb, Hg) 101 pes
Rock sample (Pt,Pd, Au, Ni, Cr, Fe, Co) 210 pes
3 Ore analysis (Cr;Fe,Al,Mg.Si) | 10 pes
X-ray diffraction examination 50 pes
Preparation of thin section Al pes
Chemical analyéis
1 Whole rock analysis {Si0z, TiOz Al203, 21 pcs
C-area Pe0a, FeO #n0, Hg0, Ca0, Naz0, K20, P20, LOI)
Z Geochemical analysis
soil sample (Cu,Pb,Zn,Au,ﬁg,As,Sb.Hg) 210 pes
heav& minaral sand (Au, Ag) 44 pes
X-ray diffraction exémination 11 pes




Table 3 Laboratory Examinations

Quantity

Name of Area Bxanination Itens
Preparation of thin section 53 pes
Preparation of polished thin section 18 pes
EPMA quantitative analysis 10 pes
Chemical analysis
Area A-1 1 Whole rock analysis (SiOa,Tioz,AIzoa. 32 pes
Fe 205, Fe0, Mn0, Mg0, Ca0, Naz0, K20, Pz0s, LOE)
2 Geochemical analysis _ |
soil sample (Pt,Pd,Au,Ni,Cr, Fe,Co) 1,569 pes
Rock sample (Pt,Pd,Au,Ni,Cr,Fe,Co) 84 pcs
Preparation of thin section 52 pes
Preparation of polisﬁed thin section 12 pes
EPMA gquantitative analysis 10 pcs
Chemical analysis
Area B-1 1 Khole rock analysis (8102, Ti02, A1 203, 22 pes
| Fe:0s, Fe0, Mn0, Mg0, (a0, Na -0, K20, P20, LOD)
2 Geochemical analysis
soil sample (Pt,Pd,Au,Ni,Cr,Fe,Co) 1,355 pcs
Rock sample (Pt,Pd, Au,Ni,Cr,Fe,Co) 82 pes




-3 Members of survey team

(1 Survey. Planning and Negotiation
JAPAN

Yoichi Yamaguchi (MMAJ)
Norio Nakano (Ministry of Foreign Affairs)
Hajime Ikeda (JICA)
Koichi Koyama (MMAJ) -
Yoshitaka Hosoi (MMAD
Yuji Kajitani (Manila Office)
Kenzo Masuda (MMAYJ)

(2) Site Survey Team

1) A; B, and C areas

* Team Leader, Coordinator

* A-area

* B-area (Eastern Part)

* B-area (Western Part) and C-area

2) Detailed Survey Area A-1 and B-1

* Team Leader, Coordinator

JAPAN
Akio Shida
Hideaki Nabeshima

Junichi Maeno

Yasunori Ito

Minoru Nonoguchi

Tsuyoshi Yamada
Fumitaka Yoshimura

Shigeyuki Yamasﬁwa

TAPAN
Akio Shida

' PHILIPPINES

Joel D. Muyco (MGB, Director)
Salvador Martin (MGB).

Edwin G. Domingo (MGB)
Romeo 1. Almeda (MGB)

Noel V. Ferrer (MGB)

PHILIPPINES
Romeo L Almeda
NOeIIV. Feﬁ'er .
Benjamin Cadawan Jr,
Joselito Velasquez
" Rogel Santos
Oliver Relova
Noel Ariel Cruz
Bugenio Esguera
Ronaldo Miranda
Reinhold Salas

Emmanuel Croz

PHILIPPINES

Romeo L. Almeda_'



- * Detailed Survey Aréa A-1 Ttoshi Kono - Noel L, Ferrer
Makoto Miyoshi Joselito Velasquez

Emmanuel Santos
Oliver Relova

* Detailed Survey Area B-1 . Yasunori fto Antonio N. Apostol Jr.
Rogel Santos
Ronaldo Miranda
Reinhold Sala.s

Survej Period
% A, B, and C areas

October 21, 1990 to December 9, 1990 (50 days) _
* Detailed survey areas A-1 and B-1 _

January 30, 1991 to April 18, 1991 (79 days)



| Chapter 2 Existing Geologic:al' Information of Survey Aré_a'

2-1 Past exploration activity

The survey area occupies the south central portiqn of Palawan Island.

The stratigraphy and geologidai structure of Pélawzin Island are summarized in "Geology and
Mineral Résources of the Philippines, volume One, Geology" (Bureau of Mines and Geo-
Sciences, 1982) which has _integ’ratéd almost all the previous geologica‘l_papers on the -
Phiiippines. Volume Two .(1986) of this series, which deals with mineral resourées, describes |
nickel, chrome, and other mineral deposits of Palawan Island. - |

"UNDP Technical Report No.6, G.eology of Palawan" (UNDP, 1985) describes the
stratigraphy, geological structure, and mineral deposits of central Palawan Islénd. This report
also describes the results of the geochémiCal survey done in the same time. ‘fhe results of the
UNDP Project are also presented in "Geologic Map of the Bacungan 'Quadrangle {(BMG-UNDP,
1986). | | '

.Geological and geochemical surveys were conducted in Palawzin II1 (Puerto) and Palawan IV
“(Narra), encompassing the B-area, through the RP-JAPAN Project (1986). The strétigraphy,
geological structure, mineral occurrences, and geochemical anomalies recognized during these
surveys are embodied in "Report on Mineral Exﬁloration" (JICA-MMAJ, 1987). "Report on the
Mineral Exploratioﬁ" (JICA-MMALJ, 1988) describes the results of the sufvey in Palawan VI arca
(Quezon-Rio Tuba), which includes the C-area. | |

Similar survey was conducted in the Victoria area where the B-area is located. "Report on the
Mineral Exploration” (JICA-MMAJ , 1989) describe.s thé results of this survey. |

UNRFNRE conducted a more detailed geolbgical and geochemical survey along the west
coast of the Victoria area whefé the B-area overlaps. "Chromite .Explorat'i'on in the Philipi)ines“

(UNRENRE, 1990) describes the results of the survey.



2-2 General geology

The Palawari Gfouﬁ of Islands which includes the Calamian Islands has been divided into two
terranes, the No;thcrn and Southern Palawan. The N_orthem'Palawan is dominantly underlain by
pre-Cretacéous sedi'nientary rocks and Paleogene acid piutons. Whereas the Southern Palawan is
'charactenzed by the dominance of basxc and ultramaﬁc rocks. _

Although opzmons are dlverse concermng the boundary between Northern Palawan and
Southem Palawan, the Sabang Fault situated on the east of Ulugan Bay will be regarded as the
boundafy in this report, | |

The Palawén Ophiolite which is mﬁinly distributed in the Southern Palawan enclosed in its
northern part thé A and B-survey areas which is situated in the southwest of the Sabang Fault;
The Palawan Ophiolite is composed. of ultramafic rocks of the Mt. Beaufort Ultramaficé and the
bas;c rock of the Stavely Range Gabbro, the Sulian Peak Gabbro, and the Espina Basalt. The Mt
Beaufort Ultramafics is thrust over the Inagauan Metamorphlcs Wthh could have been formed
from a dynamic metamorphlsm due to the overthrust on the underlying the Panas Formation.

The Tagbufbs Siltsion’es and the Sulu Seé Mine Fohnation are distributed in the north as post
| ophiolite sequence. |

Younger sedimentary formations such as the Isugod Formation, the Alfonso XIIT Formation,

and the Iwahig Formation, are distributed in lowland areas flanking the ophiolite.
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Chapter 3 Summary of the Survey Results

This year’s programs have revealed many facts and data regarding geology, mineral
occurrences, geochemical characteristics of the survey atea. The summaries of the survey results

for each area are as follows.
3-1 A-area and detailed survey area A-1

The A-area is underlain by the PalaWan Opbhiolite, Kabangan Metamorphics (UNDP, 1985),
Tagburos Siltstone, and Sulu Sea Mine Formation. '

The Palawan Ophiol_itc covers a large-parf of the area, and the suite is composed of the Mt,

“Beaufort Ultramafics, the San Vicente Gabbro, the Stavely Range Gabbro, and the Maranat
Pillow Basalt (UNDP, 1985) from the bottom. These formations have been shéared anci
imbricated dué to thrust faulting during the ophiolite emplacement. Accordingly the geological
structure of th.e area is very complicated.

Mineral occurrences in the area are of chrome and nickel, which are hosted by the Mt.
Beaufort Ultramafics, |

The main chromite occurrences were fouhd through the detailed survey of area A-l, which
was selected based on the resulté of the initial geological and geochemic.al‘survey in A-area,
Area A-1 is mainly underiain by the harzburgite of the Mt. Beaufort Ultramafics, and most of the |
chrome occurrences are in dunite tectonite, which intruded as diapir-like bodies into harzburgite.
These are in the San Chromite area, Macasaet area, Upper Pananlagan; Lower Pananlagan,
Tagkawayan, and Tagminatay. The observed occurrences are small in scale, and as lenses with
several rheters width, as pod's, or as disserninated seams.

The survey results have revealed several nickel occurrences in the Bacungaﬁ area in the north
of A-area and in the basin of the Tagkawayan River in area A-1. The thickness of . the residual
laferite layers in the .Bacun'gan area is very thick, on the other hand the laterites in the basin of"
the Tagkawayan River is thin.

In the geochemical survey in the A-area, the in-situ panning method was applied at the initial



stage to investigate heavy mineral ratio in soil, which could indicate potential areas. This survey
yielded several heavy mineral concentrate anomaly zones in the area north of Tagburos, the
surrounding area of Bacungan, the northwestern are_ﬁ, and the west coast area. The soil
geochemical survey resﬁlts, assaying seven eléments, Pt, Pd, Au, Ni, Cr, Fé, and Co, indicated
several overlapping geochemical anomaly zoﬁes in the area north of the Tagburos, area north to
northwest of Baéungﬁn, basin of the Malinao River, and area along the west coast. These
clements are classified into two categories due to their chemical behavior, a group consisting of
Ni, Cr, Fe, and Co, relating to chromium, and a group consisting'of Pt, Pd, and Au, relating to
precious metals. The integrated interpretation map, Fig. 4, shows overlapping areas of the
geochemica_l anomaly zones and th_e distribution areas of ultramafics in the A-area. This map
indicates three potential areas for chromium, the area north of Tagburos, the area from the north
of Bacungan to the west coast, and the area from the Malinao River to Tagminatay in the west
coast. |

‘The results of the soil geochemical survey has led to the selection of detailed survey area A-1,
the area from the Malinao River to Tagminatay. The results of this detailed sun.rey' clarified that
‘the gen(:hemiéal behaviors of those two groups are different, a group consisting of Ni, Cr, Fe,
~and Co, relating to chromium, and a group consisting of Pt, Pd, and Au, relating to precious
metals. The integrated interpretation map, Fig. 5, shows overlapping areas of the geochemibal
anomaly zones and the distribution areas of dunite. This map indicates two potential areas for
chrome, the aiea containing the Panahlagan mineral showings and area from the Tagkawayan

mineral showings to the Tagminatay area.
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3-2 B-area and detailed survey area B-1

‘The Palawan Ophiolite is observed to be thrust over the i’anas Fo_rmétic_ni in the B-area. The
Palawan Ophiolite is composed of the Mt. Beaufort Ultramafics, the Sultan Peak Gabbro, and the
Espina Basalt. The Inagauan Metamorphics, which probably were formed:during the thruét
movement, lies between the Panas Formation énd the Palawan Ophiolite.

Mineral showings in the area are of _bhrbme aﬁd nickel, and they are limited in the Mi.
Beaufort Ultramafics. The Cyprus type sulphide mineralization was expedted in the basalt of the
B-area, but no indication has been found 1n this survey. |

Two ty.pcs'of chrome occurrences exist in the area, one is associated with cumulate dunite in
the layered gabbro and the other is associated with dunite tectonite in the harzburgite. The former-
is typical in thé' occurrences in the basin of the Malinao River, west of Narra, and the latter '_is_
typical in the occurrences in the Norsophil Mine and Berong area in-t.he west coast. The
successive detailed survey in area B-1, especially for ihe mineral showings in the basin of the
Malinao River, hés revealed tﬁat dunite bodies with disseminated chromité are distributed in the
northwestern part of the B-1 area.

Regarding nickel occurrences, 100 new signifi'cant'indicatioﬁ has been fouhd, except only
wherein about 1% Ni contents were obtained from soil in several test pits in the central portion
of the area B-1. |

In the geochemical survey in the B-area, volume ratios of heavy minerals in soils were
investigated by panning é known volume of soil in sites as weIl. as soil Safnpling for geochemi_call
analyses were conducted in order to exfract the promising areas. The survey resulis have revealed
the following heavy mineral concentrate anomaly areas; near the Nofsoph’il Mine, the upper
stream area of the Malasgao Rivcf, the basin of the Malinao River, the surrounding area of Long
Point, and Berong afca. Seven elements assayed in the soil'geochernical’ survej are ciéésified iﬁ}:o
two groups judging from their chemical behavior, One is a group of Ni, Cr, Fe, and Cd; rel_zitf_:d t§
chromium, and the other is a group of Pt, Pd, and Au related to precious metai's. Anofnalics of _ .-

the group related to chromium overlap in the anomaly zones on the heavy minerals. The-



integrated interpreltatibn map in F_ig. 6 shows the distribution areas of the ultramafics and the
anomaly _Zon‘es of all geochemical surveys. The map indicates five potential areas for
mineralization; the upi)er stream area of the Malasgao River, the sufrounding area of the
Nofsophil Mins, and the upper stream area of the Malinao River --in the east coast, and the
smrouhding area of L(;ng Point, and Berong area --in the west coast.

The results of thé s0il geochemical survey have led to the sé]ecﬁon of the detailed survey area
B-1. The succéssi\ie geochemical survey results have revealed that the two groups of elements,
one coﬁsistiﬁg of Ni, Cr, Fe, and 'Co, related to chrome, aﬁd the other consisting of Pt, Pd, and
A, related to precious metals, and have different geochemical behavior. The former group is
concentrated in transition zones between gabbro to peﬂdotite and along areas covered by the
peridotite; Whereas the latter is concentrated in areaé covered by basalt in the upper tributary of
the Malinao River and in the Southérn most part of area B-1, The integrated interpretation map,
Fig. 7, shows élI the COnfirnied mineral occurrences, the distribution areas of the dunite, and all
geochemical anomalics detected in area B-1. The map indicates that the northwestern area is a

potential area for nickel, -
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3-3 C-area

The C-area is also underlain by the Paiawan Ophiolite. The Palawan Ophiolite is.compos.ed of -
the Mt. Beaufort Ultramafics, the Stavely Range Gabbro, and tfle Espina Baszilt from the'bottom.
Almost all part of this area is underlain by the harzburgite of the Mt. Beaufort Ultramafics, but
small _areas towards }owland are underlain by gabbro and basalt, :

Eiisting data indicates that the C-area is largely underlain by basaltic rocks, whi_oh sﬁggesté
some potential for the Cyprus type sulphide ores. The survey.r{?,sults have revealed, howéver,
very limited distribution arcaé of the basaltic rocks and 1o sulphide indication as well. Chrome
indication in the ultramafics is not of geochemical significance.

In this survey, elements relating to copper ore deposits were assayed,. because the siream
sediment geochemical anomaly r_elating to sulphide ores was recorded in an old report, The
| results of the soil geochemical survey have revealed relatively high éﬁomalous zo_nes for each
assayed clement. However no relation between tﬁosc anomalies is recognized, and the values are
close to the. avérage contents in the earth crust. The geochefnical survey of panned stream
sedimen.t.s indicated that gold. and silver contents of the samples were almost less than the

detection limit. The highest value assayed for gold is 6 ppb.



Chapter 4 Conclusions and Recommendations
4-1 Conclusions
The conclusions of this year’s geological and geochemical survey program are as follows.

A-area and area A-1 _
(1) The A-area is underlain by the Palawan Ophiolite, Kabangan Metamorphics, Tagburos

Siltstone, and Sulu Sea Mine Formation.

(2) Mineral occurrences observed in the A-area are of chrome and nickel, and both are restricted

in the Mt, Beaufort Ultramafics.

(3) Most of thé chromite occurrences are in dunite-tectonite intruded into harzburgite. Principal
chromite occurrences have been found by the detailed survey in area A-1, which was selected
based on the results of the initial geological and geochemical survey in the A-area, The mineral
showings are distributed iri the San Chiomite area, Macasaet area, Upper Pananlagan, Lower
Pananlagan, Tagkawayan, and Tagminatay.

(4) Laterite is distributed in Bacungan, and has a potential for nickel resources.

.(5) Evaluation of vblume ratios of heavy minerals obtained by panning of soil samples has
revealed the following high concentration areas of heavy m.inerals; the area north of Tagburos,
the surrounding area of Bacungan, the northwestern area, and the area along the west coast.

(6) The results of the soil geochemical survey for seven elements, Pt, Pd, Au, Ni, Cr, Fe, and Co,
have revéaled following the anomalous areas; the area north of Tagburos, the area north to
northwest of Bacungan, and the area from the Malinao River to Tagminatay along the west coast,

(7) The results of the above mentioned Surveys lead to the selection of following potential areas

~in the A-area; the area north of Tagburos, the area from the north of Bacungan to the west coast,

the area from the Malinao River to Tagminatay.
{8) The dctailed survey area A-1, the area from the Malinao River to Tagminatay, was selected

from three geochemical anomaly areas which were found by the initial geochemical survey in the

A-area. The results of the detailed geological survey clarified occurrences of dunite bodies and

—2]1—



mineral showings, _
(9) The resuits of the detailed geochemical survey in area A-1 lead to the selection of following
potential areas for chrome ores; area containing the Pananlagan mineral showings, area from

the Tagkawayan mineral showings to the Tagminatay arca.

B-area and area B-1 |

)] The.'B-area is underlain by the Palawan Ophiolite, Inagauan Metamorphics, and Panas

Formation, _ |

(2) Mineral occurrences observed in the B-area are of chrome and nickel, and they are restricted

in the Mt. Bcaufort Ultramafics. | |

(3) Two kinds of chrome occurrences exist in the area. One is associated with cumulate duﬁit'e

close to layered gabbro, and the othef is associated with dunite tectonite in harzburgite. The
former is typical in the mineral showings in the basin of the Malinao River, and the latter is

typical in the mineral showings within the Norsophil Mine and in the Berong area in the west

coast.

(4) Tiie resulis of interprétaﬁon of the chromite components obtained by EPMA analysis have

revealed that the chrome grade of the chromite from the transitional zore to the cumulate dunite

is lower than those from the dunite tectonite, )

(5) Evaluation of volume ratios of heavy minerals obtained by panning from soil samples has

revealed the fbllow'mg high concentration areas of héavy minerals; the area ﬁithin the Nors'o’phil.

Mine, the upper stream area of the Malasgao River, the basin of the Malinao 'Riv.ci:, the

surrcunding area of Long Point, and Berong area. |

(6) The results of the soil geochemical survey for seven elements, Pt, Pd, Au, Ni, Cr, Fe, and Co,

have revealed that geochemical anomalies are overlapping in the same areas of the heavy mineral

anomalies. ' |

(7) The results of the above mghtioncd surveys lead the selection of following five potential .

areas in the B-arca; the upper stream area of the Malasgao river, the area within the Norsophil

Mine, and the upper stream area of the Malinao River, --in the east coast; the surrounding area of .



the Long Point, and Berong area, --in the west coast.

(8) The detailed suﬁre_y area B-1, the upper stream area of the Malinao River, was selected from
gedche:ﬁicai anc_)mﬁly areas which were found by the initial geochémical survey in the B-area.
The results of tﬁe detailed geoldgical survey revealed the existence of the transitional zones of
gabbro and peridotite, and clarified miﬁerél accurrences in dunite bodies,

(9) The results of the detailed geochemical survey ih area B-1 lead the selection of the

northwestern portion of area B-1 as a promising area for chrome ores.

C-area

¢} Harzburglte is thrust over the Espina Basalt and the Sultan Peak Gabbro in the C—area
(2) Potential for Cyprus type sulphlde ores was previously expected in this area. The survey
results, however, indicate that the distribution area of basaltic rocks is small and no mineral
indication exists.

(3) No promising area was detected from the geochemical survey.

T3



4-2, Recommendations for second year’s survey

The resuits of this year’s survey s_hov? tﬁat the geochemical anomalies in the arcﬁ north of
Tagburos and the area from the north of Bacungan to the west coast in the A-area, and the upper
stream area of the Malasgao River in the Qa.st coast in the B-area are favoi‘able for 'further
exploratidn activities for chrome ores, besides areas A-1 and B-1 whe;e were surveyed this year.
Accordingly, Tt is recommendable to conduct further detailed surveys in those areas to find
mineral showings.

The Pananlagan mineral showings and the surrounding area of the Tagkawayan mineral
showings in detailed survey .area A-1are sighificant geochemical aﬁomaly zones, and high
potential areas for new ore deposits. Also the geochemical anomaly area in the northwestern
portion of the area B-1 i ih the chromite disseminated mineralized zone, and a promising area
for chromite ores. It is recommendable to conduct an additional pit survey to find new oré bodies

in these three areas.



PART [I  REGIONAL DISCUSSION



Chapter 1 A-area and DetailedSurvey area A-1

1-1 Location and transpofcation |

Palawan Islénd is situated on the Southwestern gmd of the Philippine Archipeiago. It faces the
Sulu Sea to the east and the South China Seé to fhe west. The survey area is situated in the south
western part of the island, stretching from the east coast' to the west coast, between the latitude of
9°45'N and 9°57'N. The detailed survey area A-1 is situated in the southwestern portion of the
A-area, west side of the backbone mountains, from Simpucan to the south of Bluff Point, Puerto
Princes, the capital city of the Province of Palawan, is situated to the south of the survey area, on
the east coast. _ |

There are one or two daily flights and one or two weekly ferries services .from Man_i.l.a to
Puerto Princesa. It takes approximately one hour by plam? and 72 hours by ferry.

There is an unpaved road running from Puerto Princeéa to the east coast of the survey area.
There is also an unpaved road runhing from Bacungan to Nagtabon Beach on the west .coast. But
on this road, there are steep' slojnes in bad conditions, thus making it difficult to drive except for
jéeps. There is also a road which runs down to the south frdm Iwahig (to the south of Puerto
Princesa) to Simpucan (the southern edge of the survey area) through Napsan (on the west coast).
The road is badly in need of reparation, and further more, there is a need to cross several large
rivers like Iwahig River, thus making it sometimes difficult to cross during the réjny season,

There are no roads along the west coast from Nagtabon Beach (northern edge éf the survey
area) to Simpucan through Bluff Point, so all fraveling rhﬁst be done on foot or by using bancha

boats,

1-2 Topology and drainage

The Beaunfort Range nearby the west coast is running parallel to the shore line, which divides
the survey area into two, the east and west. In this range, there are peéks',- Thumb Peak (1,269

km, outside of the southwestern edge of the survey area) and Mt. Beaufort (1,098m, in'the south-
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central part of survey area).
In the west part, the distance from the coast to the range is approximately 7 km nearby the
basin of the Malinao River, but in other areas it is only 2 to 4 km away. It is very steep around
' thele The waters run northwestward into the South China Sea.
The east part is divided inio two parts the north that mainly consists of hills that are 200 to
400 m high, and the south that is centered on Mt. Beaufort and has steep mountains,
| The northern part of the east part is the basin of the Bacungan Ri\}er, the largest one in the
aréa, rivers gather water from the north, west, and south, ahd run off eastward into the Honda
| Bay; The other rivers (such as the Tagburos River) flow in the same way (o the east and into the
Honda Bay.
In the southern part of the east part, the rivers (such as the Irawan Ri{/er) run out on the
southeastern slope and the north of Mt. Beaufort, and flow southeastward into Puerto Princesa

Bay.
1-3 Climate and vegetation

This survey area belongs to the tropic..s, and the climate season is divided into the wet season
and the dry seasoﬁ. Generally the dry se.ason is from January to May, and the wet season is from
June to December. The average rainfall is about 2,700 mm per year, relatively little as of tropical.

The vegetation of this area is largely affected by the toi)ographic environment. The low
weeds that are several tens centimeters high, grow in the lowlands along the east coast. Coral
reefs are seen along the éhoreline.

There are weeds and shrubs growing on in the lowlands and hills in the northern area on the
east side. Along the river, bamboo is seen growing in large groups. Along small streams and
‘rivers, rice ﬁelds and farms are often cuIti'vated. |

On the wcst.side low shrubs and virgin forests are the vegetation seen there,

The moun.tai'ns are commonly covered with virgin forests. It mainly consists of latifoliate

trees, and needle-leaf trees are seen only in the areas of high. altitudes,
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1-4 Survey method
1) Geological Survey

(1) A-area

‘The survey in thf_s A-area was done using _topologiéa_l.maps on the scale of 1:.1(),000', v\}hich
were enlarged frdm its original 1:50,000. Most of survey routes were set up along streams, The
length of the survey route lines is 100 km in total. The results were recorded on the enlarged |
1:10,000 route maps. Samples were taken for laboratory studies and geochemical investigations.

Surveys in the eastern area were mainly conducted frohl the basecamp set up in Puerto
Princesa. But surveys for hard access areas were co‘nducted from mobile camps. Sur\?éys in the
western area were conducted from a subcamp in Nagtabon Beach, using bancha boats from there.
(2) Detailed Survey Area A-1 |

The survey for detailed survey area A-1 was conducted using maps on the scale of 1:10,000,
which were enlarged from its original 1:50,000. scale mapé. Survéy routes were set up for main
stream lines and ridges. Oﬁ each survéy route, simple topographic surveys using a compass and
tape were conducted. The length of t_he route surveyed is 80 km in total. Resulis weré recorded

on the route maps on a scale of 1:5,000, and then transcribed to 1:10,000 scale map.

2) Pit Survey

Pit surveys were conducted in some important places,'where mineral oceurrences crop out,

Thirty-four test pits were dug in detailed sur'yey area A-1 and 11 pits in the north of
Bacungan, In the area A-1, 13 pits were dug in the laterite zone, the rest of Pits were dug to
examine the extension of chromite occurrences. The pits in the north of Bacungan.werc to
confirm the existence of nickel océurrences.

The pits are approximately Im X 1m in size, 1.2 to 3.0m deep. But the pit in the north of
Bacungan is 5m deep. They were dug by hands using shovels, iron staffs, ropes, and pulleys,

Soil profiles of the pits were sketched on the scale of 1:50. Samples were taken from eéch soil
horizons or every one meter, The sketches and the result of chemical analyses of th_e pits ére |

shown in Appendix 5.



1-5 Geology

1-5-1 Outline of geology
1) A-area

| The A-arca is underlain by the Palawan Ophiolite, the Kabangan Metamorphics, the Tagburos
Siltstone, and'the Sulu Seé Mine Formation,

The Palawan Ophiolite is extensively distributed in this survey area, and is composed of the
Mt. Beaufort Ultramafics,' the San Vicente Gabbro, the Stavely Range Gabbro, and the Maranat
Pillow Basalt. They were cut by several thrust faults during the emplacement of the ophiolité,
and imbricated each other. The geblogical structure of the area is therefore very complicated, and
the formations are situated upside-down in many places.

‘The Kabangan Metamorphics are in contact with the bottom of the Mt. Beaufort Ultramafics.
The Kabangan Metamorphics is restricted in 'distribﬁtion, and possibly resulted from the
dynamic metamorphism at the opiﬁoli{é sole.

In the A-area, two iarge scale WEndOWS,_th_e Bacungan Window and the Iratag Window, exist.
They resulted fro.m the erosion of the Mt. Beaufort Ultramafics thrust over as a nappe. In these
windows, the Maranat Pilow Basalt which is the uppermost part of the ophiolite, Taginuros
Siltstone, and Sulu Sea Mine Formation are distributed. They are conformably overlie each
other, and are referred fo tﬁe Bacungan River Group (UNDP, 1985). The Tagburos Siltstone and
Sulu'Sea Mine Formation are probably deposited during the ophiolite thrust movement on the

ocean floor and fore arc basin.

2) Detailed Survey Area A-1 |
Detailed s.ﬁr_vey: area A-1 is situated along the west coast of the A-area, and is largely
underlain by the Sta‘)ely Range Gabbro and the Mt. Beaufort Ultramafics.
The Stavely Range Gabbro.is distributed in the southern edge and weslern part of the survey
area, and assumably is ﬂirust_ fault contact with the Mt, Bcaufort Ultramafics. Banded structure is
Qell observed in the gabbro, The Gabbro mass consiSts of gabbro, olivine gabbro and troctolite.

The Mt. Beaufort Ultramafics is dominantly distributed in this area, and consists mainly of



o

950

v

ooy

j
LEGEND
[F_l Gravey, 19ad and sill
E Charl, conglomnrgie and 19ndifent
Tagbures

b [3£] sursatone witn sandatons conglomerare
Maranat eiltow - Baraltl; pitlew lova and lova breecin

R torrop'c aovbro

Skavefy fenge
Py - Loyared and lrotrople gobbro

Oualte

Altoylum

Sule Seg Hine
Farmgrien

Son Vicentr
Gapbra

M1, Braufort
Ulteomatice Horrburgile

Amphibefile, greza schist
pelitlc ~ pommilic 1chint

Katangar
B tomaephics

Stroctaees  “ta, Thrua) {interred}
M. High ongle feuln Oaterrad}
A A )

Othar 1 G#ologlc profite kine

Tagminatey I
River

Togkawayran
River é

a4 2

Pananlagan, 48

1a"40’ . a5
T

. - 55
W/ focvagen
River
RO WL o .
.M
+9's0

o PUERTO PRINCESA

Bacun'gun River
Bocungan Windo
m ¢ i

11e°a0" 45

-9

-
-
3

A - A

Irat Wina.
km ratag Window

Irohuen River

Fig. 8 Geologic map and profile

in area A



P

HF -
/5’.‘7(:;:1;;0/7
River
19750

o3 Sem

irotag Nindzw
s

)

Fan Hoagr

Irangan B ooe I

Fig. 8 Geologie map and profile in area A



Y ®2JD #1 uwN(0D 218C[09] DIjRWAYIS 631y

s188Ug 2udicwoiaN

sojydiowniew uobungoy

1514os oljnwosd ~ diytad
1siyosuaasb ‘apijeqiydwy

3uU2003

2ouanhag BIJUDN J

syisodap 1D Jeujo

S0 0Woi N
jlojnoag N

J 3jlipwbad

: 01qqob pauinid suly

8}43[0p ~ alluaxolid
ai1iydiod {sIp)

9}iu0y59] aLlunp

pUD D3ly JSDSDID © - SnoadDLlalD
apBingzioy
] 2ludoidnoays pasayul
N\ BHI0}I0H ~ -~
" Enﬂow 0igqoh pawoib
abupy AtaaD 2SIN0D ~
019q09 C ¥ | 0iqqu6 pauis6 nphe au3d03|Dd
BjUADIA UDG wRIpaW ~ 3uly
asuanbsg (ojsnun M 2tydoabiolis PRaBIU)~m——
£1233.9 DAD|
oso , :
HIoSPg Mol jounion 110809 mo||1d 31j1ahydy
aiosawojbuos puo
auoisiig saingSol 2)oDm Joulw pappaqiayul s}
‘aucys)lis ysiusaib aalssow
L U207
A1ip3
uoljowic QUOSPNL PUD  3NIDM
U pag ning ‘ay0s2woibuos ‘yuayd pay 88
e R LIUEL 04 Ul QDU N s e
wniAn|| Yy IS PUD PUDS '[3ADIO 0 Aioulafond
sbuimoyg |oIsuI Hun xuom\co;oEBu uondlinoss %o0M uwnjod otbojoan aby

30—



_. . § y

o




1-¥ ®Balr ur dewm 0130708 (7 314

HAL UDOUTRIOU g

g
=]
g-
o

JaAl1 UDATmMoMDL,

e e S D] wboDRG o 9
iy
- ; T
LIENTT
Grta el 0, i DLD e .-;/
sma, rﬂr
ORI F N S
Lo as e
T Gkl LT O, D D WS
o RS g 00 bue aeag e
- SainOrLg
o Ing O
 ne . S3liowedr
Aoyoasiboy PSDND@F T
Dby —
- . SO Pt PeaeaR m Qiqa0g
i cioapt But Puier ma TR bt
Py neid Dk
, ) o e ) [P ] anig
S5 Pl ogh apuaZ.ns 'RiC00l Dewiph AL
.- e UBHLDW IO
e i 58 L HU Dag NG
’ S UG DU Al m O WATAN ||
ON3 23T
a .
oy
- E
< v
' ; y
i ¥
i . : -

- el En

[RIX

—31—



oy omadn e odvw ordoroan o A




LEGEND

Alluvium [‘i—_‘ Grave!, sand and il
: ?.‘,','};fﬁ;’n”'“a IZ] Phylilic chert
|

Dike - ) fine grained gabbra

Stavely Range -
. = JEp—

! ) Gabbro

H : Fyroxenite

! M1, Beaufort

: Ultramalics Dunite

i Harzburgite

. Others e, Thaust

H

H " High ongla fault {inferrad}

e Chiowmite mingralizolion

l ¢ 30,000

o 500 1000 1500m
1

Fig. 11 Geologic profile in area A-1 '

32—



LEGEND

Alfusrum

Sulu Sea Mire
Farmat an

Thire

Staely ftarge

. Ohers

¢ —C THo T
T Bgn egie tacirnterred)
S Lreame mera oton

[PRRTNE I

i 30,000

Fig. 11 Geologic profile in area A-l




-

f

30,000




b

harzburgite, Dunite tectonites occuf in dike shape or altématively of various siies in the_
hariburgitc. Chromite deposits are embedded in dunite bodies. Pyroxenite (websterite)'(::rops out
in the western area. |
In the northern area, phyllitic red chert of the Sulu Mine Formation is exposed as small-scale
windows. |
Pyroxenite, fine grained gabbro, porphyrite, plagioclase- hornblende pegmatite intruded into

the ultramafic rocks and gabbro.

1-5-2 Detailed geology

1) Kabangan Metamorphics _

The Kabangan Metamorphics consist of amphibolite, greenschist, sandstone, and phyllitic
schist, and are distributed in the northern and southern edges of the Bacungan window, which is
situated in the middie stream area of the Bacungan River,' and in the northern and eastern edges,
and aloﬁg the southwestern edge of the Iratag Window, which is situated io the west of
Tagburos. The scale of the each body is smaller than 300m wide. |

1t is believed that they have formed along the thrust féult during the emplacem‘ent'of the
ophiolite suite. The psammitic to pelitic metamorphic rocks are probably metamorphosed from

turbidite, similar to the Panas Formation distributed in southern Palawan. ' _

2} Mt Beaufort Ultramafics

The Mt, Beaunfort Uliramafics are the ultramafic complex body, which is the main constitﬁent
of the Palawan Ophiolite. It is largely distributed in the southern area, from the area n.earby Mt.
Beaufort to the north as a nappe. It mainly consists of slightly serpentinized harzburgite, -
accompanied with dunite, aﬁd ﬁyroxenite. Ii_i the middle stream area of the'Bacungén River and
the afca west of Tagburos, the Mt. Beaufort Ultramafics have been eroded, rcsulting. iﬁ forming '
the Bacungan Window and Iratag Window. |

The harzburgite, which consists of several millimeters to 2 cm of olivine and orthopyroxene,
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differs in color betweeﬁ the weathered parts and the fresh parts, It is brown to pale brown in the
wcathércd parts, and dark grayish green to black in the fresh parts. By microscopic observation
genérally it was altered, orthopyroxene to bustite and olivine to serpentine. Chromespinel
{chromite) is accdmpanie'd as an accesséry mineral. The orientation of the orthopyroxenc is well
observed in the weathered facies.

Many dunife diapii—like bodies intm.ded into the harzburgite in spindle to irregular shapes at a
scale of éevéral meters to severél hundred meters. They are usually yellowish brown to brown in
color in the weathered facies, and dark green to olive in color in the fresh facies. They are also
slightly altered to serpentine shown a mesh texture under the microscope, which iS identified as
. antigorite by X-ray diffré.ction. The boundary between the dunite and harzburgite often comes
across slight_ly diagonally with the orientation of the orthopyroxene in the harzburgite, but the
dunite bodies generally stretch in the direction of the texture of harzburgite. Chromite grains are
commonly observed mégascopically in the dunite, and orientate, The direction of intrusives is in
some cases parallel to _the orientation of minerals, chromite scams, and lenses,

In detailed survey area A-1, pyroxenite (websterite) is distributed in a layered shapé in the

harzburgite.

3) Stavely Range Gabbro

The Stavely Range Gabbro is distributed in the area to the southwest of the Malinao River and
the Balsahan River in the écuthwestcrn margin of the A-area. It consists of medium to coarse
grained gabbro, and is accompanied by olivine gabbro and troctolite.

Banded structure is not significant in the south part of the survey area, but well observed in
the western survey area, The structure is due to the difference of grain size and volume ratio of
colored mineral.s. At the Tagpasi River, it strikes NW-SE and dips to the north. In the

_ dowhstréam area of the Pananlagan Rix}er, it strikes N-S, dips to the.east. On the downstream
area of the Pananlagan River, alternated layers of pyroxene-plagioclase gabbro, amphibole

gabbro and troctolite are found.



4) San Vicente Gabbro | |

The San Vicente Gabbro is distributed at Bacungan, along the national highway runn_ing from
Pu.crto Princesa to the north, and the area centered by San Vicente. This gabb'ro mass distribution
area shows very gentle and iow hills because of intense weathering. The rock facies are of _fine. 1o
medium grained pyroxene-plagioclase gabbro, and layered and banded. s_tructurés due to the
different volume ratio of colo_réd minerals are unclear, |

The Mt. Beaufort Ultramafics were thrust over this gabbro mass, and this gabbro mass ié
thrust over the Maranat Pillow Basalt. It is assumed that this gabbro mass is correlative with the

Sultan Peak Gabbro distributed in southern Palawan.,

- 5) Maranat Pillow Basalt

The Maranat P.iliow Basalt mainly consisting of pillow lava and basaltic tuff bre.ccia_,. is
distributed in the area centered by the Maranat Creek in the Bacungan Window and the area
centered by the Irawan River in the Iratag. Window.

The Basalt dzstubu{ed in the Bacungan Window consists of aphyric or non- amygdaloldal
basalt, and has commonly undergone chlonnzauon | |

T he Basalt distributed in the Iratag Window consisting of the same types of basalt as seen in
the Bacungan Window has in some places thin layers of mudstone, several meters to several tens
of meters thick. |

It is believed that the Maranat Pillow Basalt is correlative with the Espina Ba.salt extensively
distributed in southern Palawan. The San Vicente Gabbro and harzburgite are thrust over this

rock, and is conformably overlain by the Tagburos Siltstone.

6) Dikes
Many of dikes of fine grained gabbro, dolerite, porphyrite; pyroxenite, and pegmatite intruded -
into the Mt, Beaufort Ulramafics, the Stavely Range Gabbro, the San Vicente Gabbro, aﬁd the
Maranat Pillow Basalt, |
The fine grained gabbro to dolerite and porphyrite are -ligh't' gr.ay to dark gray hard rocks, and

distributed in many places. They are 1 to 10 cm wide, and the orientation of dikes varies ,
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sporadically.

The pyroxenite dikes intruded into the Mt; Beaﬁfort Ultramafics and the Stavely Range
Gabbro, particularly in detailed survey area A-1 in the west coast, They ére greenish green to
dark greenish graj in color, and 0.1 to I m in wide; The pyroxenites are websterite or olivine
Websterite, and its crystals are equigranular and 5 to 7 mm in size.

The pegmatite consists of large crystals of hornblende and plagioclase crystals, which are
.seve'ral centimeters in size, and intruded into the M, Beaufort Ultramafics and Stavely Range

Gabbro as dikes with about 1 m wide.

7) Tagburos Siltstone

The Tagburos. Siltstone is disiributed in the northern part of the Bacungan Window, the
Bacungan River area in the Iratag Window, and the Tratag River area.

In the Bacungan Window, it consists of massive green siltstone and fine grained saﬁdstone,
and ihtercalates sandstone layers. In the Iratag Window, it consists of massive green siltstone,
and intercalates sandstone and conglomerate layers.

It haé conformable contacts with the underlying Maranat Pillow Basalt and overlying Sulu

Sea Mine Formation.,

8) Sulu Sea Mﬁe Formation

The Sulu Sea Mine Forr_nation is distributed in the northern Bacungan Window and eastern
Iratag Window, and consists of alternated layers of red chert, ferruginous siliceous rock,
conglomerate, sandstone, and mudstone. In the ﬁorthern par{ of detailed survey area All,
phyﬂitic red chert is distributed in harzburgite in a small scale as window.

It conformably overlies the underlying Tagburos Siltstone,



1-5-3 Geological structure

The geological structure of the A-area has resulted from the emplacement of the ophiolite,
which was generated on the ocean floor during the Late Cretaceous to Paleocene age. 1t appears

that the thrust movement occurred in Late Eocene to Early Paleocene.,

[Thrust Fault]
The thrust fault situated at the bottom of the Mt, Beaufort Ultramafics or Kabangan
Metamorphics is the lowest angle one in this area. These rocks are cormonly distributed as a
nappe due to the alin_ost horizontal thrust fault.
Because the bottom of the Ultramafics is confined by the thrust fault, wind_c')ws of various sizes
havé been formed in eroded pérts of the Ultramafics. The largest windows are in the_ areas nearby
‘Bacungan and Iratag. These are known as the Bacungan Window and Iratag Window (UNDP,
1685). Near the thrust fault, harzburgite is exténsi\)ely serpentinized_, and in some plaées even
mylonitized. _ |
Also in this area, there are thrust faults, which resﬁltéd froin imb:ricated thrust nllo.vement_ of
the o.phiolite to the norihern Palawan Block. They are i.n between the San Vicente Gabbro and

Maranat Pillow Basalt, and the Maranat Pillow Basalt and Tagburos Siltstone.

[High angle Fauli]

A high angle fault is observed along the west coast, extending ENE to WSW, It cuts

harzburgite and gabbro, and appears a right lateral fault in the geological map of the area.



1-5-4 Ofé depbsit and mineral showings

Thc most important ore deposits in the A-arf_;a are of chromite associated with the peridotite.
Itis prés'uﬁléd that chromium is concentrated by partial melting of the mantle. On the other hand,
nickel }atcrité occurrences resulted from weathering of the peridotite are also distributed in this
area. A mercury mine is situated near Tagburos, where research for gold is presently being
conducted by Atlas Cons.. |

As for chromite sho@'ings, a detailed survey was conducted in the west coast, where it has a
high pc)'ten'tiai, and revealed its distribution, A test pit survey was conducted to confirm thé scale
of the chromite_showings.

As for nickel occurrences, the resulis of the survey revealed distribution zones of laterite in
the harzburgite area of the Bacungan area in the n'orthcrn A-'area. and detailed survey area in the
west coast, In these areas, a test pit survey was conducted to confirm théir mode of
occurrences. Appendix 4 shows the sketch of the test pit and a profile of assay results.

Details on each mineral showings are as follows.

1) Chromite deposit and shbwings

In the detailed survey area A-1, situated on the west coast of the A-area, chromite outcrops
and floats are seén in more than 10 locations. These .are divided into three regions; 1) the San
Chromite Area, Macasaet Area in the southwestern area, 2) Upper Pananlagan and Lower
Pananlagan in the middle area, 3) Tagkawayan and Tagminatay in the northern arca. Fig.12
shows the location of the mineral showings.

There is no operating mine in this area, but there are old workings of open pit operation in the
Macasaet Area and San Chfomitc Area, They are of fairly large scale. In Upper and Lower
| Pananlagan; thére are smaller old workings of open pit mining. No old working exists in the
- Tagkawayan River area and Tagrhinatay area, but some floats of chromite ore are found at

several spots.






appar

1) Macasact Areé _

This area is situated in the upstream afea of the Malinao-River, in the northeast'em_ area, and
occupies an area of 500 m south to north and 400 m east to wést. An open pit _working extending
500 to 200 m and eight outcrdps of maési\r‘é chromite ore having varioué sizes are observed (Fig,
13). A road comes from Iraan, and it goes to the San Chromite .Area. This area is _si_wated in the
largest dunite tectonite_body in Area A-1. The dunite’hbsts_ extensive dissemination of ch’r’omi.te.

The old working of open pit mining was presumably performéd by means of machine'é in .
large-scale. It is said fhat an u.ndcrgrou.nd mining was also partially aﬁplied. Benguet performed a
prospecting program consisting of geological and soil geochemical sur?eys,’ and the resi_xlts
revealed the distribution of the chromite boulders. The company followed up those results by a
test pit survey.

The ore deposits confirmed by above mentioned surveys are 1 to 2m wide, and .extend as long
as 60m. Beéidc the largest ore body, 150 tons of high grade massive ores are stocked. Each ore |
body mainly consists of massive ores, accompanied with nodular ores (Leopard type) iri some
cases. The ore bodies extend NNW-NW to SSE-SE, and dip 50° to 60° east. A test pit survey
consisting of six pits was performed in this survey, and revealed chfomitite outcrop at ihé test pit

PEOL.

it) San Chromite Area

An old working of open pit mining exists in the uppermost part of the Malinao River,
southeastern end of the area A-1. The working is 200m east to west and 200m north to soﬁth in
size. The working zone is underlﬁin by dunite disseminated by chromite, At present, no ore
oulcrop is seen, but some floats of massive ore are scattered there. Judging from those evidences, |
this area used be mined for massive ore as well as the'Maéasaet area,

An Jense of massive ore crdps out on the ﬁdge north of this open pit, fraceable to 20m long

with Im wide. Several tons of ore is stocked there.
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iii) Lower Pananlagan Area

This zone is situated in the downstream area of the Pananiagan River, and contains three
chromitite outcrops. The largest outerop is seen in an old working of open pit mining_; 40m X
20m in size (Fig. 14). Several chromite lenses in spindle shape are observed in th’e.directi{)n of
N8O°W, dipping 60° to 80° west in weathered dunite. Chromite disseminated ores surround the
maésive ores. A test pit survey was performed at four sites to follow the extension of the ore

bodies, but no chromitites were found.

iv) Upper Pananlagan Area

On the northern slope of the Pananlagan River, two workings of open pit mining exist
(Fig.15). One in the downstréam side is of small size, only 20m X 10m, with approximately 10m i
wide. Disseminated chromite ores exfend from east to west. A test pit survey consisting of six
pits was performed in this zone, and revealéd the extension of the chromite ores.

The other one in the upstream side is approximately 200m X 50m in size. The slope has
generally coilapscd and no chromite ore outcrop was found. But some bouldefs of massive
chromite ore are observed in the collapsed material. Several tons of massive ore stock is seen in

the area. One test pit was dug at the topmost working, but no chromite ore was found.

v) Tagkawayan Area

In two places in the tributary of the Tagkawayan River, dunite layers containing disseminated
chromite in 3m wide exist. The direction of the chrome dissemination is N70°E-E to S70"W-W,
dipping 60° to 70° to the north. In the downstream and upsiream areas of the tri_bﬁtary, many
tloats of massive chromite ore are scatterc.d, but no outcrop is found, Oh the west SISpe, a small
amount of chromite ore stock exists, suggesting small scale mining was previdusly conducted
there, The test pit survey was ﬁerforrned at nine sites in the area. Dunite disSeminated by
chromite were observed at every pit, but no outcrop of thé ore was found. | |

In the wributary south of the Tagkawayan River, boulders of massive chromitite were found .

but no chromitite outcrop were discovered. -
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vi) Tagminatay Area _

Floats of chromite ore are scatered along the old forest road running from the Tagkawayan
River area to Tagminatay. When the road was under conétmctio'n, an outcrop of chromite ore in
spindle shape, 30cm X 6m in size, was found in weathered harzburg.ite. The ore outcr'op however
thinned out in a short, then was covered by soi_l again, |

Many floats of massive chromite ore were found in the northern tributary in the Tagminatay |

area, no outcrop however was found. Dunite is distributed around this area.

(2) Nickel Occurrence
~ Nickel laterite is distributed in the area near Bacungan in the northern A-area, as well as the
upstream area of the Pinamonoan River and basin of the Tagkawayan River in the west coast.

The test pit survey was conducted in these areas.

i) Bacungan Area

Eleven test pits were dug in this area. Fig. 16 shows the locations of the test pits and the
distribution of laterite.

Lateritization in this area is intense. Laterite layers are more ihan 4.5m to 6.5m in thick at the
nine pits out of eleven, and about 1m at the rest two pits, which reached to the basement rdcks.
About the half of the pits did not reach to the basement yet. The results of the assay have
revealed that the grade of nickel content was 0.5 to 1%, showing poor grade as nickel ore. Also
the results has indicated that the grade of iron was higher than 4_0% except two pits, BC-01 and
BC-02, It means that the bottoms of those bits are still in residual laterite. Because the nickel is
concentrated in the underlying peridotite (saprolite), almost all pits dug this time presumably do
not reach nickel concentrated layers. '

Grade of chrome shows higher than 2% at every pit, over 6% in some cases, which indicates

high potentiality for the chromite depoSits.
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it} West Coast

Bebause laterite was found in the upstream area of the Pinamunoan River ahd the
'I‘agkaWdyan River, the test pit survey consisting 13 pits \x}zls conducted in three areés. Fig. 12
shows the locations of the test pits, Weathered crusts of peridotite in the west coast .are not thick
compared with the Bacungan area, because of its steep topogfaphy. |

Three test pits were dug in the upétream area of the Pinamunoan Ri?cr. They reached to
altered peridotite zones, however did not show any high assay results for nickel, Q,S to 0.7%.

The test pits dug in the downstream area of the Tagkawayan River reached to the basement
except one pit, PF10. The nickel gradé is0.5to 1.0% at test pit PCO2 and PCO03, and 0.4% at the
rest of pits.

A test pit survey consisting of three pits was conducted in the upstream area of the
Tagkawayan River. The nickel grades show higher than 0.7%, except at PFOS which was dug
into a weathered zone of fine-grained gabbro. The grade is particularly high at PF06, 1.9% at the

zone 3m to 4m deep and 2.7% at the zone 4m to Sm deep.
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