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PREFACE

The Government of Japan, in response to the request of the Government of the
Republic of the Philippines, decided to conduct a geological survey for M__
exprolation in Northeastern Luzon of the Philippines, and éommissioned its imple-
mentation to the Japan International Cooperation Agency.

The Agency, taking into consideration of the importance of technical nature of
the survey work, in turn sought the Metal Mining Agency of Japan for its cooperation
to accomplish the task within a period of three years,

This year was for the first phase survey, and as for this current year, a
survey team was formed consisting of fifteen (15) members headed by Mr. Hiroshi
Fuchimoto, Staff of the Metal Mining Agency of Japan, and sent to the
Philippines on January 4, 1975, The team stayed there for n'mety'-two (92) days from
January 4, 1975 to April 5, 1975, During the period of its stay, the team, in close
collaboration with the Government of the Republic of the Philippines and its various
authorities, was able to complete survey works on schedule,

This report submitted hereby summarizes the results of the survey performed
for the first-phase survey, and it will be also formed a portion of the final report
that will be prepared with regard to the results obtained in the second and the third
phases,

I wish to take this opportunity to express my heartfelt gratitude to the Govern-
ment of the Republic of the Philippines and the other authorities concerned for theif

kind cooperation and support extended to the Japanese survey team,

October 1975 ~ %

Shinsaku Hogen

President

Japan International Cooperation
Agency
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ABSTRACT

Phase I of the mineral resources survey of Northeastern Luzon, Philippines
was carried out to determine promising areas for ore deposits. It consists of geologi-
cal, geochemical and aeromagnetic surveys.

Based on aeromagnetic survey results the main geological structures of the
survey area are NW-SE direction in the west and NE-SW in the east, In the north-
western portion of the survey area many lineaments are oriented obliquely to some
of the major N-S lineaments controlling the distribution of dioritic rocks which
coincide with magnetic anomalies," -

The metavolcanics and metasediments classed as the Cretaceous to Paleogene
system (KPg & UV) were divided into three formations by geological survey, and
" their characteristics and geological structures became clear. The time intervals of
the diorite intrusion were also established. That is, the Sierra Madre Eacene
- and the central part and the Cordillera Central —— Close to the Oligocene. The
western diorite is younger than the east. 'These time intervals seem to have caused
the differences of rock series, i,e., the Slerra Madre calc-alkalic series, and
the -central part and the Cordillera Central —— alkali-olivine basalt or tholelitic
series. Therefore, the same age and some type of mineralization as the porphyry
copper deposits related to the Agno-batholith is probably limited in the central and
the western portion of the survey area,

Geochemical survey disclosed some anomalies of copper, zinc and molybdenum.
The anomalies in the north are widely distributed and are more promising than those
in the south. The former seems to have a genetic relation to the diorite intrusion of
alkali-olivine basalt series,

The results of geological, geochemical and aeromagnetic survey in the north-
weastern parts of the survey area is considered to have high potential for mineral
resources. In Phase I, therfore, it is recomended to carry out the detailed geo-
logical, geophysical (EM and/or IP method) and geochemical surveys in this area to
determine the nature of mineralization,
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1. Introduction

1-1 Purpose of Survey

The purpose of the survey for the Phase I in the Northeastern Luzon Project,
Philippines was to delineate promising area of about 30 percent which has potential
for mineral resources.

1-2 Outline of Survey

In Phase I, aeromagnetic survey was conducted to define the distribution of
" acidic igneous rocks and to detect magnetic anomalies where ore deposits could be
associated and later on checked by ground survey.

The aeromagnetic survey was conducted by using a Japanese aircraft ¥YS5-11,
The team was composed of three parties of eleven staff; (a) observation party con-
gisting of one Filipino and five Japanese, including pilot, (b) compilation party
consisting of one Filipino and two Japanese geophysicists, and (c) ground station
party consisting of one Filipino and one ]apanése.

A base station for diurnal observation of geomagnetism was set up in Bayombong,
the provincial capital of Nueva Viscaya, located near the north end of the project area.
it has the largest populathn (about 25, 000) in the survey area. Telecomunication
system can be used in the daytime from this town to Manila.

Prior to the geological field works, a preparatory tour was made for oné month
to gather information on peace and order conditions and accessibility of the project
area, especially within the mountain ranges.

Chartered light plane, helicopter and jeep were utilized during the course of
the four,

From the aerial observations, many logging roads are visible, so that, at the

start, geological survey by jeep was expected on some area.



Ground check, showed that some of the logging roads were imposible due to
poor maintenance and landslides. In addition steep valley walls and rugged topogra-
phy prevented the survey members to penetrate the interior parts of the area.

Peace and order situation was not feasible, thus, the portion of the northern area
extending ‘from the Philippine Sea to the' Sierra Madre Range covering approximately
1, 700 krn2 has been e]_liminated. | |

The geological survey team arrived in the field when the aeromagnetic survey
had been almost completed. The survey area was divided into four parts. Each
part was covered by one party consisting of one Filipino and one Japanese geologist.
A Base camp was established in Bambang, Nueva Viscaya, for preparation of geo-
chemical samples sent by geological parties and for better communication.

Consequently, after the joint survey, additional geological and geochemical
surveys were undertaken by the Bureau of Mines geologist on some of the uncovered
area. In this report the additional data are also discussed,

Alrphotographs over 5, 000 sheets were interpreted by one B. M. photogeologist
during and after the field work,

The period of stay in the Philippines, the total length of the survey routes,
and the number of geochemicél samples are shown in Table 1,

Tt;e writers are indebted to Professor Yoshio Ueda, Tohoku University on
chronologizing the intrusive rocks and Dr. Kuniteru Matsumaru of Saitama Univer-
sity on identifying of fossils. Drs. Hiroo Kagami and Kenji Shuto provided instructive
comments on chemical compaositions o:f diorit_ic rocks., Their kind advice and sugges-

tion are highly acknowledged.
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Table § Period of survey, length of survey route and number of geochemical samples .
. e . Length of Number of
Stay in the Philippines | Actual field work survey route | geochemical samples
Geophysical | Jan.4~Mar. 19 1975 Jan.21 ~Mar. 3 11,244 km
team 75 days 42 days
Geological Feb.4~Apr.5 1975 Mar. 2 ~ Mar. 26 1,080 km 1,001 pes
team 61 days 25 days Foot 620
Car 430
Boat 30

1-3 List of Members

The list of members engaged in the survey are as follows,

(Management)

FEDERICO E. MIRANDA

CONSTANTE BELANDRES

(Geological team)
ARNULFOQO V. CABANTOG
JOSE N, ALMASCO
ORLANDO M, PINEDA
ANDRE P. VICTORIANO
‘BENJAMIN S, CADAWAN
(Geophysical team)
CAROL S8, SAMONTE

ROMEO L. ALMEDA

Bureau of
Mines
Philippines

do

do
do
do
do

do

do

HIROSHI FUCHIMOQTO
Metal Mining

Agency of Japan
SHINSEI TERASHIMA do
MASAHARU SAKANO do
SATORU KOHIYAMA Japan
International
Cooperation
Agency

HIROSHI FUCHIMOTO M.M. A.].

TAKEOMI MIYOSHI do
IKUHIRO HAY ASHI do
SADAHARU IWANE do
MASAO YOSHIZAWA do
IKUO TAKAHASHI do



URBANO PALAGANAS

(Photo-interpretation)

PANFILO O. MONTERO
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2. General Information

2-1 Location and Accessibility
The project area is located in the northeastern part of Luzon, It covers an
area of about 11,000 km? bounded by the following lines: (See Fig. 1) |
in the north : the latifude 16° 30" North
in the south :  the foothills, from lowexr Agno River
to Dingalan Bay, bearing S45°E
in the east : the eastern coast line
in the west :  the longitude 120° 45' East

The area covers the provinces of Nueva Viscaya Quirino, Benguet, Pangasinan,
Nueva Ecija and subprovince of Aurora Quezon,

Philippine Air Lines maintain the regular flights, 3 times a week, between
Manila and Bagabag which is about 20km from Bayombong.

The accessibility in the area is very poor owing to rugged topography, The
national roads running through the area are Route No. 5 leading to Bayombong with
its two branches; one is going to Baguio and the other to Baler.

The wide upper basin of the Cagayan River, the central part of the area,
there are few roads and trails, so that this basin has been left behind as an
undeveloped area,

Light airplanes are commonly used in the eastern, coastal region where
.roads are almost absent, Small private airstrips are laid in Dilasag, Mutyong,
Baler and Dilalongan etc. Along the Cagayan River, some runways are also con-
structed by missionaries,

2-2  Topography

The topographic features of Northern Luzon can be divided into several subdivisions
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as shown in Fig, 2. From the east to the west; (1) Sierra Madre; (2) Cagayan Valley;

(3) Cordillera Central; and (4) Coastal folded belt. Both (1) and (3) are uplift zones

and show generally very steep topography. On the contrary, (2) and (4) are subsided

zones showing plain or relatively flat topography. South of the Cagayan Valley is

the Caraballo Mountains which surrounds the Cagayan Basin with the two uplifted
zones stated above, These mountains are cut in the south by the large structural

line (Philippine Fault) which traverses the Philippine archipelago and they are in

contact with the Luzon Central Plain.
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Fig. 2 Physiographic provinces of northern Luzon



The survey area inciudes the Sierra Madre, the Caraballo, the Cor_dillera
Central and the Mamparang mountains consisting of relatively younger volcanics
and limestone,

The Sierra Madre Mountain Range has an average elevation of 800 to 1, 200 m
with some of the peaks reach over 1, 800 m, Itis very rugged with steep and high
. walls of cliffs tower at places, In l;he southern part, cfystalline schist is exposed
.and the V-shape dendritic valleys .are well developed.

The Caraballo Mountain Range extends in the northwest direction with an
elevation of 800 to 1600 m. From the airphoto-interpretation, the ridges are com-
poséd of volcanic rocks and it looks very hard to traverse the range on foot like the
Sierra Madre.

The Cordillera Central consists generally of high mountains with many fidges
of more than 1, 200 m above the sea level. The highest peak in the survey area is
found in this range. It is Mt Ugu which reaches an elevation of 2,150 m, Many
faultline vallays trending NNW-SSE (which is parallel to the Philippine Fault) are
developed in the area.

Most of the drainage systems in the whole area belong to the Cagayan, the
Agno and the Pampanga Rivers. The Cagayan River is the largest river in the
Philippines and flows down northward in the Cagayan Plain up to Aparri about 400km
for. It has a large discharge all the year round. In the area, it shows an annular
pattern controlled by the geological structures,

Both the Agno and the Pampanga Ri'vers are important water sources for the
Central Luzon Plain and many irrigation dams; ‘were constructed along the courses,
There is one existing dam at .Pamtabangan in the upper reaches of the Pampanga
River, Now a new project to lead water by a tunnel from the upper stream of the

Cagayan to the Pampanga is in progress,



2-3 Climate and Vegetation

The climate of the area can be divided into 3 types. They correspond roughly
to the physiographic subdivisions,

In the Sierra Madre Mountains in the east there is no pronounced dry or rainy
season and rain falls throughout year.

Most of the typhoons originatéd neaf the Philippines Sea causing damage
- to this area, B

In the Cordillera Central Mountains in the west there are the pronounced dry
and rainy seasons. The dry season lasts for 6 months from Novernber to April and
the fest is wet,

The Caga_yan Valley in the centr'é.l portion, the climate is intermediate between
the above mentioned area, dry or rainy season is not so pronounced, but it is rather
dry from November to April,

As stated above, the rainfall in the area is generally heavy, but vegetation is
relatively thin owing to typhoons and steep topography. Especially in the mountain

ranges west of Route 5, few trees can be found because of few reforestation.
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3. General Discussion

The Phase I survey team have colleéted new data which may concern the future
programme for ore-research, In this chapter these problems will be chiefly dis-
cussed,

3-1 Natures of dioritic rocks

In north eastern Luzon, there are two up lifted zones ie., the Cordillera
lCentral and the Sierra Madre, where large scale dioritic rocks have been intruded.
Most of the porphyry copper type of ore deposits are concentrated in the Cordillera
Central. Megascopically, the dioritic rocks of the Sierra Madre are coarse grained
and leucocratic., Although some vein-type of copper mineralizations grain and
leucocratic, Although some vein-type of copper mineralizations can be recog-
nized, nc disseminations have been reported, In 1967, /F C.Gervasio estimated
the intruding ages of quartz diorite as two periods, ie., Oligocene in the Sierra
Madre and close to the middle Miocene in the Cordillera Central, mainly based on

the study of the distribution of various rock units with their structures and nature

of deformation.

Remembering these facts, rock sampies were collected from the places, as
shown in Fig 3, and analyzed them by means of petrographic observation, chemical
analysis and K/Ar dating, to correlate a relationship between the poxphyry copper

type ore deposits and the dioritic rocks.
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Fig. 3 Location map of the tested samples
Table 2  Characteristics of the dioritic rocks
Features Rocks Rock series K/Ar ages Geochemical anomalies
Sampling sites
MY
Sierra Madre Granite Calc-alkalic 43~49 (5) Weak, limitted Cu,Zn,Mo
Diorite Tholeiite (1) 25~29 (4) Weak, limitted Cu,
Dupax — n
Monzonite | Alkali-olivine | 5 33 3y | Strong, aereal Cu,Mo
-basalt
- Alkali-olivine
Cordillera Diorite “basalt 27 (1) Strong, aereal Cu,Zn,Mo
Central Dacite ? 6~9 (5) | None
Remarks : MY —— Million Years (5) —— Number of observations

—23-



The results are summarized in Table 2,

The following are clearly evident from the table,
1, Intrusive rocks in the Sierra Madre are granitic and belong to the calc-

alkali rock series. They were intruded in the early Eocene (the earliest activity),

2, In Dupax area, there are two rock series, ie,, the tholeiite and the
. alkali-olivine series, Both of them intruded in almost the same age of the late
Oligocene,

3. Diorite of the Cordillera Central belongs to the same rock series of
monzonite in Dupax area, and intruded in the same age.

4, Numerous dacite dykes in the Cordillera Central intruded close to the
Miocene (the latest activity), As they were not analyzed, their series are unclear.

The above-mentioned features include the following questions because of few
data on chemical composition,

1. The Dupax batholith is microacopically dioritic. As fresh samples could
not be collected from the center of the batholith bacause of intense weathering.

A fresh rock sample taken from the margin was chosen for chemical analysis in
spite of having gabbroic facies. Therefore, it may be unsafe to say that the sample
has not been contaminated by the wall rock.

It might be too hasty to conclude that the batholith belongq to the tholelitic by using
one sample from the margin for the whole body.

2, The diorite of the Tawi Tawi ore deposits are characterized by strong
mineralization. The sample for chemical analysis was taken from a small isolated
stock located in the outermost mineralized zone. The K/Ar age of the diorite which
seems to be related to the miﬁeralizatibn wa-s upper Oligocene. It differs from J. A.
Wolf's age of the Agno Batholith (close to the Miocene*). Although the Tawi-Tawi

ore deposits are located at the east side of the Batholith, they resemble the poi'phyry

* The age of dacite dykes intruded in this area is Miocene, It is close to Wolf’s age.



copper ore deposits distributed close to its margin at the west side., As it is natural
to consider that the mineralizations at both sides occurred at the same time, it is
neccesory to study this problem from a regional standpoint,

As stated above, it may be concluded that there are differences on dioritic
rocks not oﬁly in intruding ages but also physical characteristics in rock series,

. For example, the dioritic rocks hav‘e the lowest magnetic ;usceptibﬂity in the Sierra
Madre (100 — 1200 x 10'6 emu/cc), the highest in the Ca.raballo and the Dupax areas
(1900 — 11700 x 10_6emu/ cc) and intermediate in the Cordillera Central (1100 x
1076 emu/cc). In the Dupax batholith, some changes of rock facies can be noted,
The fnagnetic susceptibility shows the highest value (7000 -~ 11700 x 1l0'6 emu/cc) for
grano-dioritic facies occupying the northeast part of the batholith or stock and

relatively low values ranging 1900~3000 x 10'6emu/qc in dioritic to gabbroic

facies of the central to southwest part of the batholith,

3-2 Geochemical survey results

The geochemical survey for determination of Cu, Mo and Zn disclosed the
geochemical anomalies as shown in PLII-1. Unlike limited distributions in the other
areas, geochemical anomalies in the northern parts of the Cordillera and Dupax have
areal extensions where ore deﬁosits can be highly expected. This zone including the
Tawi Tawi mineralized zone is characterized by intrusive rocks of alkali-olivine-
basalt series, suggesting the existence of a close relationship between the copper
mineralization and the rock series.

The geochemical anomalies in the Tawi ‘Tawi mineralized zone is distin_guished
by a typical péttern of high vallues of Cu, Mo aﬁd Zn, On the other hand, the anomalies
in the Kong-Kong Valley have high Cu contents with low Mo and Zn, The highest

Cu values concentrate in about 200 ppm with few fluctuations. As the Cu anomalous



zone almost concentration is about 200 ppm with few fluctuations. As the Cu anomalous

the difference of lithologic characters., The anomaly in the Sﬁlong basin is charac-

terized by high values of Mo with relatively low in Cu and Zn, Generally,. Mo in
poxphyry copper type ore deposits is said to precipitate in the later stage of minerali-
zation. That is, in a cycle of igneous activity in certain area, few minerals are
~accompanied with quartz diorite of the first stage, then Cu, after a granodiorite
stage, and finally Mo is concentrated in the most felsic étage. An igneous rock related
to Mo in the Sulong basin seems to be a monzonite. Therefore, Mo and monzonite
might occur in the last stage of the Dupax batholith.
3-3 ' Aeromagnetic survey results
A synthetic intexpretation of the magnetic chart obtained by the aeromagnetic
survey are shown in PLII-11, The following are evident::
a. The distribution of strong magnetism probably caused by bas‘alt and
andesite lavas trends NE-SW in the east shore—iine and NW-SE in the Caraballo
Mountains., In the south of the lava exposures w;aak anomalies corresponding
to the basement rocks are distributed showing the same hook shaped. Moreover,
the younger volcanic rooks in the central area have the same trend. So it may
be considered that the main structure of the area is characterized by the uplift
U-shaped.
b. Many magnetic-tectonic lines parallel to the main structure can be in-
ferred. They correspond well with those of photogeological interpretation.
c. In the northwest part of the survey area, many magnetic-tectonic lines
branched away from the Philippine Fault, -In addition to the major structure
trending NNW-SSE direétion, there aré possibly few lines trending ENE-WSW

which could not be interpreted by aerial photograph. Although the magnetic-
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tectonic line cutting the I-7 magnetic body is distinct, it is hard to discuss its
nature because of few geological data.
d. Dioritic rocks are widely distributed in the northwest area. There are
concentrated near or along the magnetic tectonic line. This fact indicates that
this afea is the most important for exploration of poxrphyry copper type ore
deposits.
e, In the schist zone neaxr Dingalan, it is considered that dioritic rocks are
absent or they are in a small scale. In spite of the existence of some mineral
indications this area can be omitted from the detailed survey of Phase II because
of poor occurrence of dioritic rocks.
f. No magnetic anomalies corresponding to diorite bodies were detected in
the Tawi-Tawi mineralized zone. The main reason is that the diorites have
relatively low magnetism (1,100 x .10"6 emu/cc), compared to the surrounding
basalt lavas which obliterate the dioritic effect, This time, geological survey
was not carried out inside the mineralized zone, so the exact shape of the
diorite body is not clear,
g. In the northwest part of the survey area, any thick and strong magnetic
bodies are haxrdly expectéd from the surface to about 2,000 m depth. This fact
indicates that the subsurface rock consists of pyroclastics or schists of the
Basement Complex. For lack of strong magnetic bodies, the nature of “Fracture
zone" is hard to presume,

3-4 Summary
Focusing on the Sieri‘a Madre and the qther area, the facts mentioned above

will be summarized as follows,



A,  Rock series and ore deposits

Rock series Type of Ore Deposits
Sierra Madre ‘calc-alkali series vein type
Others tholeiite
b
| alkali~olivine asalt series  porphyry copper type
(North America) calc-alkali series do

B. Ages and ore deposits

K/Ar age Type of Ore Deposits
Sierra Madre 43-49 my vein type
QOthers 25-39 distinct geochemical anomalies,

Tawi-Tawi ore deposits (7)

10-15 porphyry copper deposits near
Agno batholith
-60 porphyry copper deposits in Toledo, Cebu
(North America) 54-72 porphyry copper deposits in Arizona

C. Geochemical anomalies

Anomalies
Sierra Madre isolated
Others areally distributed

D. Igneous rocks and magnetic susceptibilities

Rock Susceptibility
Sierra Madre granitic 100 - 1,200 x 1070 emu/cc
Others dioritic 1,900 - 11,700 x 1079 emu/cc

For reference, data on typical porphyry copper deposits in the Philippines
and the north America were added in the above summary, Although in spite of
insufficient data, the above comparisons on some items bring two areas, the Sierra

Madre and the other area, into focus with deep interest,



4. Conclusions and Future Problems

Geological, geochemical and aeromagnetic surveys were carried out for
delineating the area of high potential for mineral resources. From the studies based
on these surveys, the conclusions are as follows;

1.  The main structure prevailing over the survey area is U-shaped
uplifted zone which occurred duriﬁg the Eocene and close to the Oligocene periods.

. 2. The Caraballo group of the Cretaceous system (so-called KPg & UV),
which is widely distributed in the area was divided into three formations and their
geological features becarﬁe clear,

3. Large-scale dioritic rocks have been intruded into the group and
recognized that they are of different ages of intrusion and chemical compositions.
That is, (a) the Sierra Madre-—— Eocene-—calc-alkali rock series (b} the southern
part of the central area—close to Oligocene—tholeiite series (c) the northern
part of the central area and the Cordillera Central—-close to Oligocene—alkali—
olivine-basalt series.

4, The porphyry copper deposits and the distinct geochemical anomalies
are considered to be genetically related to the said alkali-olivine-basalt series.

9. Aeromagnetic survey disclosed that many magnetic tectonic lines are
proved to exist in the northwestern part of the survey area and that some small-
scale magnetic bodies probably corresponding to dioritic rocks distributed
along these lines,

6, Judging from the synthetic étudies made on the natures of igneous bodies,
geochemical anomalies and geologic structufes etc,, the western area is considered
to be more promising for mi.neral resources than the eastern side, therefore,the

detailed survey is needed to conduct in former area.



7. The best way is to carry out a detailed geological and geochemical
surveys for delimiting the initial area, and thereafter airborne or surface-electro-
magnetic and/or IP methods should be applied on the selected area.

8. It is clear from the geological survey results of Phase I that there are
some rock types of dioritic composition. But detailed discussions could not be made
because of insufficient data, This' point becomes a very important problem on ore

research, therefore, further study is necessory in Phase II,
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1 Geology

1-1 Previous Works

Northern Luzon is characterized by two district zones, namely: the Sierxl'a.
Madre and the Cordillera Central. The survey area s located at the junction of
these two zones, whence, it has a complicated geological structures. A large-scale
granitic to dioritic rocks have closely occurred in these areas and many porphyry
copper type of ore deposits are related to these intrusions.

In 1951, a reconnaisance survey was carried out in Cagayan Valley by G, W, _
Coi‘by et al, for oil exploration and the stratigraphic correlation, E, E. Durkee et
al (1961) and J. C. Fernandez et al (1967) also conduct;ad regional surveys on north-
ern and northwestern Luzon and they described the stratigraphy and geological
structures of these areas, However, their reports are confined on the northern side
of the survey area and have few descriptions on the altered rocks of Cretaceous to
Paleogene (so-called KPg or UV) which are widely distributed in the survey area.

In 1962, C. R. Allen discussed the nature of circum-Pacific faulting in the
Philippines-Taiwan region and conclpded that the relative movement of the Philippine
Fault has been left-lateral. He pointed out the consistent stream offsets'of the Digdig
River as a good example of the field evidences.

As mentioned above, there are few published reports on the geclogy or geo-
logical structure of the area. The comprehensive caonception on the geology of the
Philippine Island can be obtain from thé'GeoIogical Map of the Philippines in scale of
1:1, 000, 000 (published by Bureau of Mines, 1963) and F. C. Gervasio's papers (1966,

1967).



It is well known since the old time that many ore deposits are located within

Baguio District west of the project area. They show zonal distributions, that is,

from the center around Baguio to the outside, gold-silver zone and copper zone,

Recently this area has been spotlighted by successive developments of porphyry

copper type ore deposits, In 1970, ]. A, Wolf interpreted the intrusion age of dio-

rites closely related with these deppsits as 9.7 to 14, 8 million years (uppermost of

Middle Miocene to lowermost of Upper Miocene).

1-2

Stratigraphy

The stratigraphy of this area was mainly based on the photogeologic inter-

pretation map newly made by Burean of Mines for this project, correction will be

made from the local data to be obtained by the geological survey later on.

A generalized stratigraphic section in this area is shown in Table 1-1,

Table I'1  Generalized stratigraphic section in the survey area
Group Columnar Structural | I
Geologlcal age | or ructura gneous
Formation | section Rock facles movement| activity |Mineralization
é Recent I
= o Yy o
& Pantabangan F. J*-%*%; b2 © 21Conglomelate with Clastics.
ég Pleistocene LooOm + .?:? o1l Andesite Lava E )
E
Pliocene qudaigoolz.ﬂp_ = Clasties £
E
Matuno F. o8| Canglomerate
® Uppos D2 00m* ; o0 | Canglome % 1 *
§ Middle ) Adlipay F. oI5 timestan and  Clastics 5
o 200m g
E. Z|Lower | Sta Fe 2';-0 =t Limestone and Clastics t 5_ t -
-
o G. Basalt and Andesite Lavas
i@ | Oligocene Mamparang with thick Limestone at the ) -
1LOOO~2000m tap 2
Eocens ; ‘L Fad
T W N - =8
Caraballo G. Basaltic Pyroclastics with € £
2000+3 000m{IL) Basalt Lavas E " L
cror - Andesite Lavas with Basaly £3 : ’E *
ratacaocus G—c—>—] Lavas yroclastics an o E
2.000~3000m ¥=| Clastics : s } 2
(I)|7a ¥ a*a] Andesitic Pyroclastics with =£ E o 12%
L800~1800m | === minor Clastics €8 P 185
P W W W = = -
LS55 (31222
e clso
Basement Gresn Schists, SE s(€2
Paleozolc Complex % g g 'g
. (o)




1-2-1 Basement Complex

The Basement Complex s widely distributed around Dingalan and crops out at
several places in the eastern area near the Philippine Fault having the shape of
small-scale windows. Their exposures are also expected in the folding zone where
the Caxaballlo Mountains joined with the Sierra Madre Mountains, and in the nor_thern
area of Casiguran. The Complex consists of weakly metamorphosed schists. They
are quartz-plagioclase-augite-hornblende schist, quartz-plagioclase-garnet-horn-
blende schist, quartz-plogiociase-epidote-two mica schist, muscovite bearing
quartz-plagioclase-hematite-calcite schist, quartz-plagioclase-epidote schist and
saccaroidal calcareous schist. The original rocks are supposed to be mostly basic
to intermediate igneous rocks with calcareous ones.

The general strike trends NE-S5W in the east shore but NE-SE system prevails
along the Philippine Fault. Sometimes they show linear structures but the observations
are too small to clarify their trend.

The schists are unconformably overlained by the following Caraballo Group
and possibly formed during the Pre-]Jurassic time,

1-2-2  (Caraballe Group

The Caraballo group is distributed in the greater part of the survey area.

Its areal distribution almost corresponds to the area of KPg (undifferentiated sedi-
mentary with pyroclastics rocks pf probably Cretaceous -—— Paleogene) and UV
(undifferentiated volcanics of the same age) in the 1 : 1,000, 000 Geologic Map of
the Philippines. It consists of intermediate to basic voleanic rocks and their pyro-
clastics with minor clastics. For a few fteld data, it is hard to subdivide the

Caraballo groups in detail. It was roughly divided into three formations,



Formation I----This formation is distributed in the east shore line.from
Dingalan to Baler, the area from the middle of the Calaanan River to Villa Aurora,
and the east side of the Digdig River unconformably overlying the Basement Complex,
This formation is chafacterized by extensive accumulation of andesitic to basaltic
pyroclastic;.s associated with lavas and thick clastics at the top.

The pyroclastics are composé_d of tuff, tuff breccia and lapilli tuff with green-
ish gray to reddish gray in color. To sum up, the coarse-grained tuff tends to crop
out in the east side (coastal line) and a fine-grained_o'ne' in the west side (Digdig River),
Microscopically, rock fragments (2-3 mm in size) of andesite or basalt and chips of
plagioclase, quartz and pyroxene are cemented by mostly chloritized tuffaceous

‘materials and in most cases, the particles are strongly affected by silicification,
chloritization or carbonitization,

The clastics are mainly composed of gray colored, fine to medium grained
graywacke and are locally associated with phyllite, slate and chert.

The general strike trends NE-SW— E-W in the east shore line, and E-W In
the Digdig basin. The thickness of this formation prob‘ably attains 1, 500 - 1, 800 m.

Since no fossils can be found, the age of the Formation I is not clear, In this
report, however, it is tentativély placed as Cretaceous based on the similarities of
the volcanic products among the Formation I, II and III. But it probably corresponds
to Cretaceoug (K) in the 1 : 1, 000, 000 Geological map of the Philippines,

Formation II----This formation is distributed in the river basins 6f the Magat
and the Cagayan, and in the west side of .the Sie;ra Madre. It has the widest area
of distribution compared to the other formati.olns of the Caraballo group.

It mainly consists of am;lesitic lavas and pyroclastics. Roughly speaking, the
andesitic lavas are predominant in the west area and the pyroclastics in the Sierra

Médre. A small amount of basaltic lavas interbed with sandstone or shale are



intercalated in this formation. They might be the key beds to subdivide the For-
mation IL

The andesite in the formation consists of two rock types, viz: porphyritic and
aphyric. Both of them are massive rocks whose color ranges from dark gray to
dafk blue. The porphyritic rock is augite andesite which is microscopically com-
- posed of idiomorphic to hypldiomor.;‘)hic plagioclase and augite scattering in the
..matrix with an intersertal texture. The matrix consists of albite-twinned, prismatic
to acicular plagioclase, granular augite, magnetite, and glass. Some andesites,
like the one exposed in the upper reaches of the Casignan River, contains a few
hornblende crystals, The aphyric andesite is mostly basaltic and commonly shows
an amygdaloidal texture, It has no or a few phenocrysts. Under the microscope,
phenocrysts consists of small augite and rarely olivine in a pilotaxitic matrix of
plagioclase laths, augite and chlorite etc, Although both of them commonly suffered
chloritization, carbonitization and albitization are noticeable locally, However the
intensity of alteration are generally weak. A few basalt lavas with pillow structure
are intercalated in this formation.

The pyroclastics are also andesitic and show dark gray to pale green coloration,
Rock fragments, ranging in diameter from 50 cm of volcanic conglomerate to few
milimeters of tuff, resembte each other in kind like crystal chips. The rock frag-
ments of the above-mentioned two type of andesites and crystal chips of augite,
plagioclase, hornblende and iron ore etc. are cemented by chlorite and tuffaceous
materials, They are poorly sorted and étratified. The existence of chlorite, calcite,
albite and laumontite etc, indicates burial me.tamorphism corresponding to high
temperature part of zeolite falcies. A few tﬁln beds of dacitic pumiceous tuff with

pale green color are intercalated in the pyroclastics.



The clastics are composed of mudstone, sandstone and conglomerate. Often-
times they are interfingering with the tuff. The mudstone are dark gray to black or
pale blue In color and has a siliceous composition. The mudstone or sandstone with
intercalated tuff is at the top of this formation. The formation II bordered the For-
mation III 5y those clastics.

The general strike of this for'r_natlon‘trends NE-SW with steep dip toward N in
the west side of the Santa Cruz River, NW-SE with gem:IAe dip toward N or S in the
.central parts of the Caraballo Mountains and NE-SW with gentle dip toward N in the
Sierra Madre,

This formation conformably overlain by the Formation I and attains about
3,000 meters in thickness. By lack of fossils, the age is not clear like the For-
mation [,

Formation III---This formation is narrowly distributed in Kasibu area and in
the west side of the Philippine Fault, It consists of basaltic tuff to tuff breccia
associated with minor basaltic lavas characterized by pillow structure,

The tuff exposed along the Imugan River where the Philippine Fault pass
through, is the low horizon of the Formation III. It is a fine to coarse-grained
rock with dark green in color and alternates with reddish brown basic tuff or muddy
tuff. The strike trends N-5 dipping toward N or S, but as a whole, the west portion
is supposed to be the upper section. Tuff breccia and volcanic breccia are widely
distributed along the Pampanga River which are parallel to Imugan River at a dis-
tance of 5 km weét. However, fine grairied tuff beds are rather few unlike along the
Imugan River, In this vicinity, a strike of E-—W is predominant and small-scale
folding structures with foIdiné axes of the sa;'ne direction, are repeatedly cbserved,
This feature is discordant with the major structure of the whole area (the Cordillera

Central), therefore, it can be assumed that the structure of E-W direction is not



reflected by the lower section but presents a very shallow feature. (There is no
trend in the distribution of magnetic anomalies, )

The formation occurring in Kasibu area, consists of pale blue tuff and tuff
breccia, and occupies an inner part of large synclinal structure with folding axis
trending inlthe NW-SE direction. The tuff s andesitic in composition unlike one
~ exposed in Imugan River. They arté probably contemporaneous heterotopic facies in
-relations with the Formation 1L

Formation 11l conformably overlain by the Formation Il and unconformably by
the Mamparang Group. The thickness of this formation is more than 3, 000 m.

A As described above, the Caraballo Group is divided into three formation (I, 1I
and III) and each feature of volcanic rocks is roughly discribed. Roughly speaking,
a calm andesitic volcanic activity occurred in the first stage followed by the sedi-
mentation of tuff, sandstone and mudstone, In the second stage, volcanic activity
was vigorous and mass of andesitic lava and tuff were accumulated. The third stage
was characterized by thick deposition of pyroclastics and igneous rock whose com-
position varied from andesitic to basaltic. The existence of pillow lavas in this
formation suggests they were deposited in a neritic environment.

1-2-3  Mamparang Group

This is widely exposed from the central part of the Mamparang Mountains to
the upper part of the Cagayan River. It is also typically exposed in the middle
course of the Diduyon River and along the upper part of the Cagayan River in the
vicinity of Sitlo Wasig. It is chiefly com.posed of basaltic volcanics and pyroclastics
with a thick limestone at the top, It urfconfo;rﬁably overlies the Caraballeo Formation
II. The exposed sequence of lthis group‘ can be observed in the upper reaches of the
Cagayan River, It is a series of andesite lava ~—~basaltic tuff — basalt lava —andesite

lava — andesitic volcanic conglomerate — calcareous mudstone with limestone brec-



cia —limestone,

The alternation of this group is weaker than the 'Caraballo group so it {s easy
to distinguish the former from the latter in the field, Both andesite and basalt lavas
are compact and massive rocks with dark gray to black in hue.s. The lava are § -
10 m in thiéknéss. Sometimes pillow structures are indistinctly observed,

In addition to augite, hyperthene is characteristically present in the andesite,
Under the microscope, somewhat abundant phenocrysts of zoned plagioclase (<lmm
in size), augite (< 0. 5mm) and hyperthene (<0. 3mm) occur in a hyalopilitic matrix
of plagioclase laths, augite and glass. No secondary minerals are recognized.

Even a glass is not aitered at all. The mineral components of the basalt are similar

to those of the andesite. Phenocrysts of plagioclase, augite and hyperthene are in
a matrix of the same constituent minerals. Pseudomorphs of something like olivine
can be observed in the matrix.

Rhyolitic lava and tuff exposed along the middle course of the Diduyon River
are tentatively included in this group because of few alteration. They are probably'
the lowest section and are distributed in the limitted area which does not extend to
the Cagayan River.

General strike of the Mafnparang group trends NE-SW along the Cagayan River
and dips 1b-—20° toward N in spite of presence of many’local disturbances, Although
data are not adequate, the trend in the Diduyon'basin seems to be the same as the
Cagayan's. The thickness of the formation is supposed to be over 1,000 m. The
age of the limestone beds occupying the L.lpper part of the formation is upper Oligo-
cene based from fossils identification, - |
1-2-4  Santa Fe Formation

Unconformably overlying the Caraballo Group is the Santa Fe Formation whllch

crdps out around Dalton Pass where the provincial boundary between Nueva Vizcaya



and Nueva Ecija lies. It consists of limestone with white-grayish or white-pale pink
in color and attains over 200 m in thickness, By the étudy of larger foraminifera,
the age of the formation was determined to be lower Miocene.

1-2-5  Aglipay Formation

The Aglipay Formation is exposed .near the town of Aglipay in the lower reaches
. ‘of the Addalam River. It consists éf pinkish white limestone unconformably over- |
‘lying the Caraballo Group. Apparently it resembles the Santa Fe Limestone but it
is more clearly stratified. Owing to folding, its strike and dip have no definite
trends.

The limestdne, exposed along the Matuno River, is probably correlated with
the Aglipay's limesto'ﬁe from its appearance. It covers the Caraballo Group un-
conformably. Its upper portion is composed of alternated beds (20—30 m in thick-
ness) of black siltstone and sandstone,

The thickness of this formation is about 200 m and its age is middle Miocene,
It is correlative, therefore, with the Kennon Limestone (G. W. Corby 1951)

1-2-6 Matuno Formation

The Matuno Formation is distributed only in the small area of the Matu;)o
upper stream. It consists of aiternating beds of sandstone and conglomerate,
reaching a thickness of over 1,200 m. The conglomerate consists of andesite, -
dioritic, calcareous and muddy, rock pebbles and cobbles, ranging in diameter
from I to 10 cm.

The formation overlies the Aglipay limestone with an unconformable contact,
it has a strike of E-W and dipping 30 -—‘15°N.. | It is correlated with the Klondyke
conglomerate (G, W, Corby) of upper Miocene,

1-2-7  Maddela Formation

The Maddela Formation includes the whole younger clastics; yellowish brown
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to gray sandstone, mudstone and their fine equivalent which are distributed on the
hilly regions around Maddela area, It is generally trending NN-SE but dips 10°—200
toward N or S owing to gentle synclinal folding structure, ‘The for;natlon unconform-
ably overlies the Mamparang group with parallel contact, Its age is ranging from
. upper Miocene to lower Pleistocene. It is probably correlated with the Rosario
*  formation of G, W. Corby. The thit;:_l;ness .of this formation is more than 2,000 m,
1-2-8  Pantabangan Formation

The Pantabangan Formation. overlies the Basement Complex and the Caraballo
group. It is widely distributed in Pantabagan and Carranglan regions lin the upper
streém of the Pantabagan River, streching in N-S direction. It is molasse dept;sits
and chiefly consists of loosely consolidated pebble with gray to brownish gray in
color, It interbeds with thin beds of shale, mudstone and sandstone. The fragments
are basalt, andesite and tuff of the Caraballo group, and dioritic rocks, They are
rounded and most of them can be classified as “subrounded” in the Roundness Scale,
Having no fixed strike, the formation is supposed to have been formed by turbidity
currents, No intrusions of igneous rocks can be observed in this formation. The
Pantabangan formation was probably accumulated in the N-S streching sedlme.ntary _
basin formed in the upper Pliocene time. Its thickness is approximately 1,000 m,
1-2-9 Piiocene to Quaternary Lavas

Isolated peaks are located along the Magat and Carranglan Rivers, They
were not surveyed at this time but they are believed to be pyroxene andesites .formed
during the Pliocene to Quaternary volcant'c actlvities from 1 : 1, 000, 000 Geological
Map of the Philippines,
1-2-10  Alluvium

Alluvium is extensively distributed along the Cagayan, the Magat and the

Parﬁpanga Rivers and at the mouths of some big rivers near Baler and Casiguran on
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the eaSJ; coast. It consists of unconsolidated sands and gravels.
1-3 Intrusive Rocks
1-3-1 Ultrabasic Rocks

The Ultrabasic rocks are exposed in the ‘mountain region south of Baler. In
the norther.n Luzon, it is well known that the big structural line passes along the
. east coast and ultrabasic rocks have been intruded along the line. The ultrabasic
‘rocks distributed in this area is the southern extension of the intrusive body.

From observation along the Matayat River the ultrabasic rocks are
composed chiefly of pyroxenite and small periodotite dykes., Both of them are com-
pac£ rocks with pale greenish gray in color (which changes to yellowish brown after
weathering). Under the microscope, the pyroxenite has a hypidiomorphic-granular
texture. It consist of predominant clino-pyroxene (diopside) and interstitial olivine.
A few serpentine and calcite are secondarily produced. The peridotite has also an
hypidiomorphic-granular texture, It consists of clino- and ortho-pyroxenes, and
olivine. Among the three, the clino-pyroxene is quantitatively predominant,
Serpentine commonly shows pseudomorph after olivine,

From the air-photograph interpretation, these rocks are in contact with the
Basement Complex by thrust faults.

1-3-2 dabbro

The gabbro intrudes into the Caraballo group at places, It is fine-to medium-
grained, holocrystalline rock, with dark gray in coloxr. It is exposed as a small
scale stock or dyke. Microscopically th;e_ gabbro can be divided into two types;
one with clino-pyroxene and the other with two—pyroxenes. The latter type tends to
occur always around dioritic -rocks. It may, therefore, be considered that there
are some genetic relations between the two.

Under the microscope, the former type has a hypidiomorphic-granular texture,



Main consituents are hypidiomorphic plagioclase and xenomorphic clino-pyroxene
with accessories of magnetite and/or quartz and/or hdrnblende as accessorj miner-
als. Uralite, epidote and calcite occur as secondary minerals. |

Two-pyroxene gabbro contains hypidiomorphic to xenomorphic ortho-pyroxene
with idlomo‘rphic to hypidiomorphic plagioclase and xenomorphic clino-pyroxene.

L Afew magnetite and rarely biotite are also included in this type.
'1-3-3  Dolerite

The dolerite intrudes the Caraballo group and dioritic rocks at many places,
trending NW-SE. The dolerite rocks exposed along the Tabayon River, one of the
branéh of the Cagayan River, are fine-grained ones, It also intrudes the Caraballo
group as parallel dykes with 1 —10 m in width. The constituent minerals and alter-
~ ation of these facies are similar to those of basalts in.the Mamparang group. So it
is probable that they are genetically related to each other.

Most of the pale greenish gray dolerite dykes which intrude the western part
of the survey area, are strongly altered. Microscopically, idiomorphic plagioclase
and xenomorphic augite show an ophitic or porphyritic texture. They are sometimes
accompanied by olivine. Uralite, epidote, chlorite, prehnite and kaolinite are
secondarily produced by saussﬁritizatton and uralitization.

The dyke exposed in the lower reaches of the Benneng River, one of the branch
of the Agno River, is somewhat coarse-grained and massive rock contained minor
hornblende. Under the microscope, saussuritized plagioclase, clino-pyroxene,
relatively abundant intersertal quartz anci a few accessories of hornblende and
magnetite are observed. This rock differs from other gabbro or dolerite in having
quartz and hornblende primarily., This fact indicates it is probably related to the

diorite exposed in the neighborhood.



1-3-4  Dacite

The dacite occurs in the Caraballo group's tuff in the western part as small
scale dykes with about 10 m in width. Itis pale greenish gray and porphyritic.
Microscoplcally, phenocrysts of zoned plagioclase, greenish brown to green horn-
blende, quartz and biotite are in a cryptocrystalliné matrix. A minor apatite and
. clino-pyroxene are sometimes inclt..t.ded. Chlorite, calcite, zeolite and greenish
-brown clay minerals can be recognized as alteration minerals,

The dacite exposed between Santa Fe and Dalton Pass in-trudes diorite as a
stock. It is reddish gray in color and shows an indistinct flow structure, The Santa
Fe 1imestone was thermally metamorphosed by this dacite.

1-3-5  Dioritic Rocks

The dioritic rocks are widely exposed as batholiths, stocks and dykes in the
whole survey area except in the central part where the Mamparang group is distri-
buted, They range from granite to gabbro in chemical compositions. Microscopi-
cally, they can be roughly divided into the following.
1-3-5-1 Diorite —Quartz Diorite

The diorite—quartz diorite, intruding the Caraballo group, and distributed at
places in the Caraballo and the Cordillera Central Mountains. Most of them are
less than 1>O km2 in size but exceptionally, a big mass is exposed over 200 km2 like
the Dupax body. V’There are some changes in rock facies such as granodiorite
diorite gabbro towards west from east. Generally, the diorite tends to crop out
in the northwest area and become acidic kquartz-diorltic) toward the Sierra Madre.

They are medium- to coarse-grained rocks, gray in color and show a granular
texture, The main constituenl;s are plagioclase, common hornblende, biotite and
quartz accompanied by accessory n';inerals such as magnetite, sphene and apatite.

Epldote, chlorite, uralite, kaolinite and prehnite are produced as secondary minerals,



The plagioclases are idiomorphic to hypidiomorphic. Albite twins and compo-
site twins of Albite-Carlsbad type are commonly cbserved. Zonal structures are
also developed. The plagioclase is mostly andesine in composition,

The common hornblende are hypidiomorphic tabular with fair pleochloism
green to paie brown and well twinned. The biorite flakes are chloritized and minor
"~ In quantity. A small amount of K-féldspar is intersetally included. Quartz is not
.recognizable in the diorite, |

1-3-5-2 Monzonite

The monzonite of about 80 KmZ2 {n area is located In the upper reaches of the
Solohg River. It is pinkish gray holocrystalline and contains characteristically
many la_rge crystals of pinkish K-feldspar. Microscopically, the texture is hypidio-
morphic-granular, K-feldspar and plagioclase (K-feldspar plagioclase in volume)
are accompanied by mafic minerals such as hornblende, biotite and pyroxene. The
accessory minerals are magnetite, apatite and sphene. Secondary chlorite, sericite
and kaolinite are also observed.

The plagioclase, with idiomorphic to hypidimorphic in shape, is well albite-
twinned and is strongly altered to epidote and sericite. Thé K-feldsar is hypidio-
morphic to xenomorphic in shape and dull colored due to presence of kaolinite dots
scattered.all over like ash. Small mafic minerals are poikilitically enclosed in the
K-féldspar. The common hornblende is brown to greenish brown in color and it is
hypidiomorphic and tubular (max. 2 mm in length). The biotite occurred as flakes
about 0. 3~-0. 5 mm in size and is partiafly altez_'ed toe chlorite as well as hornblende,
Both clino-pyroxene and ortho-pyroxene are fc;ﬁnd in this type of rock. The former,
with a weak pleochroism, is ;;ale brown in color and rarely shows an intergrowth
with biotite. The latter clino-pyroxene with pale green color is prismatic. Besides,

large crystals of maximum 2 mm in length are characteristically contained in this
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rock.

The syenite porphyry may be included in the monzonite group, This rock was
found in a small creek near Dingalan as boulder and considered to be a small scale
dyke. It is more fine-grained than the Monzonite and has a porphyritic texture.

The matrix is piuk and as a whole the rqu shows pinkish gray in color. Under the
", microscope, somewhat abundant pﬁ_enocrysts of plagioclase (<5 mm in length) and
. clino-pyroxene (<2 mm) occur in a matrix of alkali-felds.par. clino-pyroxene,
.magnetite, ilmenite, biotite and apatite. From the composition of mineral assem-
bl ages, this rock is more basic than the monzonite,

1-3-5-3 Granodiorite —Granite

The granodiorite —granite are distributed in the Sierra Madre Mountains as
a large scale dyke. They are characterized by grayish white in color, medium -
coarse grain, granular.texture and more quartz than the dioritic rocks stated above,
The main constituents are quartz, K-feldspar, plagioclase and hornblende, accom-
panied by magnetite, chlorite, epidote and calcite etc.

The plagioclases, idiomorphic —hypidiomorphic in shape, are well albite-
twinned and zoned, and are mostly.oligoclases which are altered to muscovite,
Kaolinite, calcite and epidote. " The K-feldspar, hypidiomorphic to xenomorphic in
shape, shows perthite texture. Alteration minerals such as kaolinite and muscovite
occur dustily in the K-feldspar as well as in the monzonite's. This rock contains
about 25 % of xenomorphic quartz. Mafic mineral is only hornblende which occupies
less than 10 % of the whole rock and is aitered to chlorite and epidote etc.

1-4 Chemical Compositions of the Dioritic Rocks

As stated in the foregoiﬁg paragraph, £he dioritic rocks in the survey area

can be mlcroscopically divided into three types. Five typical rock samples were

andlyzed to study the chemical compositions. Discussions will be made using these



five results and one analytical datum of Eastern Mindanao Survey (1973).-

1-4-1  Analytical Sam pl es

The analytical sampl es are; one (1) from the Cordillera Central, two (2)from

the Caraballo and two (2) from the Sierra Madre. All of them are fresh rocks.
Brief descx:iption of these rocks is as follows:

C-5D----Microdiorite in the Benneng Rive1:. This intrusive body is consid-

“ered to be clbsely relation with the Tawi-Tawi ore deposits.

B-34 ----Gabbroic facies at the southeast margin of the Dupax batholith. The
batholith ranging from granodioritic to gabbroic facies, is dioritic in the mean
mineral compositions.

B-93 ----Monzonite in the upper reaches of the Solong River.. Gold deposits
are known near the monzonite contact. Geochemical anomalies of Mo, as mentioned
in the latter part of the report were detected in the rock body.

PA-14----Quartz diorite intruded in the orogenic belt at the intersection of
the Sierra Madre and the Caraballo Mountains.

A-200----Granite, This is the one of typical granite which forms the Sierra
Madre Mountains. In the Northern Luzon, no large scale ore deposits of porphyry
copper type are known in this rﬁountain unlike in the Cordillera Central,

D-5;52----Quartz diorite distributed in Bislig reglon, eastern Mindanao.’
The rock is accompanied by porphyry, copper type mineralization. The sample was
chosen at 52 m depth of DDH-No 5. Alteration is negligibly weak.

1-4-2  Analytical Results |

The analytical results qf 6 samples‘ are shown In Table I-2, and the normative
mineral (wt %) calculated from this table, in Table [-3.
1-4-3  Results and Discussions

As shown in Table I-1, normative constituents of each sample are plotted in



Table I2  Chemical composition of the dioritic rocks

Sample No. C-SD‘ B-34 B-93 PA-14 A-200 D-5-52
510, 49, 03 51,46 51. 64 54, 98 75.15 64, 34
TiOz 0.55 D. 85 0.92 0.71 0.58 0.50
Al203 19.56 18.72 19.10 16, 89 11,72 15.71
Fep03 1.95 3.87 | 2.04 5.07 - 1.68 1. 88
FeO 4,44 5.83 . 2.70 2, 66 1,12 3,34
MnQ 0.15 0.18 0.03 0.01 D, 02 0. 07
Ca0 1L 62 11,11 7.93 9.23 4,30 3.92
Nag0 3,23 1.98 3.40 3.86 3.51 3.91
K0 1.09 0.53 3.97 0. 94 0, 50 1. 09
P20s 0. 07 0.07 0.03 0. 05 0,02 0. 18
HpO+) 2,25 0.23 2,92 0.69 0. 60 2.24
Hp0(-) 0.34 0.11 0.80 0.20 0.27 0.14
Total 99, 92 100. 61‘ 99, 33 100. 55 100. 47 99, %90
Fe0’ 6. 19 9.31 4.54 7,22 2, 63 5, 03
Fe0"/Mo0 1. 10 1. 64 1.18 1.37 2,63 1.95
Nag20+K20 4,32 2,51 7.36 4.80 4,01 5. 00

Table I-3  Normative consituents of the dioritic rocks
Sample No. C-5D B-34 B-93 PA-14 | A-200 | D-5-52
Quartz - 5.71 - 5. 65 43, 48 23. 60
Corundum - - - - - 0,92
Orthoclase 6. 68 3. 34 23,37 5. 57 2,78 6. 68
Albite 19.92 16,78 24, 64 32,51 29.89 | 33.03
Anorthite 35. 60 40, 32 25. 03 26. 14 14,74 19, 47
Nepheline 3. éB - 2,27 - - -
'Dlopside 17.70 9. 96 10. 44 15. 37 5, 20 -
Hypersthene - 15, 00 - - - 9. 60
Forsterite 5. 63 . 3. 52 - - -
Fayalite 2,65 - 0. 81 - - -
Magnetite 2.78 5, 56 3.01 6. 28 2,08 2,78
llmenite 1. 06 1. 67 1.82 1.37 1, 06 0,91
Hematite - - - 0, 64 0, 32 -
Quartz - 8. 63 - 8. 09 47. 84 28. 51

" Alkali-feldspar 42,77 30,42 65.73 | 54,50 35,94 47,97

Plagioclase 57.23 60, 95 34,27 37. 41 16. 22 23. 52
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the Qz-PI-Kf diagram proposed by IUGS Subcommission 1973. The relationship
between alkali and 5102 is shown in Fig, I-2 and the relationships between
FeO*/MgO and SiO3 or FeQ*, in Figs. I-34 and 3B respectively.

The following are evident from these table and figures,

C-5D~~--The 5i02 content is basic (SiO2 45 % - 52 %). This is plotted néar
the boundary between C2 (high alkali tholeiite in the Island arc-Continental arc zone)
and C3 (alkalj basalt in the same zone). As it contalns olivine and a few nepheline _
in the norm, it can be considered that C-5D helongs to the alkali-olivine-basalt

| magma type. This is plotted.in the mc;nzonlte field of Fig. I-1.

B-34 ----The 5i02 content belongs to intermediate (Si02 52 - 66 %). It is

* Ferrous oxide calculated from total Fe content.



plotted in tholelite field of Figs. I-3A and 3B, and Cl (low alkali tholeitte) of Fig.
I-2. Inthe Qz-PL~Kf diagram, it falls in the quartz-monzonite field,

B-93 ----The Si02 content indicates that this rock is rather basic than inter-
mediate. It is plotted near the boundary between C3 and C4 (high alkali basic rock)
of Fig. 1—2: As it contains olivine and a few nepheline in the norm consituents like
. C-5D, it belongs to the alikali.-ollvli.ne basalt magma type. This is plotted near the
- boundary between monzonite and syenite fields of Fig. I-1,

PA-14----The 502 content is intermediate. It falls in the calc-alcalic fields
of Figs. I-3A and 3B, and in the C2 of Fig. I-2. This rock is quartz monzonite
a.fte.r IUGS' classification (Fig. I-1).

A-200----The Si02 content is clearly acidic (5102 76. 6 %). It is characterized
by very low K70 content compared with SiO2 content. The mean chemical composi-
tions of Japanese granite having the nearly same SiO2 content as A-200 (Aramaki et
al, 1972) and those of 546 granite occurred in the world (Daly 1914) are shown in
Table I-4,

Comparing A-200 with other samples, the following is evident,

1. A-200 contains slightly lower AlpOg content than those of the others,

2, It has higher CaO Eut lower K20 content.

The-se features indicate tha;: A-200 is the granite with a trondhjemitic mlnei—al
assemblage.

D-5-52----The Si02 content s rather intermediate than acidic, This is sum-
merized in Table I-5, |

As described above, ea‘ch feature on c‘he'mlcal compositions was roughty

stated, Although there are few data, the following trends may be pointed out, *

* As the number of sample is insufficient, additional data are needed for further discussion in Phase II,



Table I-4  Chemical composition of the granitic rocks

Sample No. A-200 Aramaki Aramaki Aramaki Daly
S5i09 75. 48 77. 24 75. 45 73.55 70. 91
TiOg . 1 0.58 0. 06 0. 14 0.23 0. 39
AlgO4 11.77 13.10 13. 66 14.20 14, 62
FepOg 1. 69 0. 42 0. 59 0.76 1. 59
FeQ 1. 12 0. 44 0.93 1.42 1. 80
MnO 0. 02 0. 03 0. 04 0.05 0.12
MgO 1. 00 0.00 0. 20 0.55 0. 89
CaQ 4, 32 0.52 1.18 1.84 2,01

' Nag0 3. 52 4. 00 3.91 3.82 3. 52
K50 0.50 4,21 3.90 3.59 4. 15
Total 100. 00 100. 00 100, 00 100. 00 100, 00

Table I-5  Features of the dioritic rocks in the survey area
Sample No.| Name after ILU.G.S. Rock series K/Ar age Remarks
C-5D Monzonite Alkali-olivine basaltic ZTMY
B-93 Syenite do. 26
B-34 Quartz-monzodiorijte Tholeiitic 25
PA-14 - | Quartz-monzonite Calc-alkalic 49
A-200 Granite do. 43
D-5-52 Granite do. 149
1. There are three series of dioritic rocks occurred in the area: a) alkali-

olivine-basaltic series, b) tholelitic series and c) calc-alkalic series.

They are distributed in the Cordillera Central and northern part of the

Caraballo (monzonite - syenite type), the Caraballo (quartz-monzodio-

rite - quartz-monzonite type) and the Siexra Madre (granite type),




2. The Tawi-Tawi ore deposits of porphyry copper type are presently
under exploration and the remarkable geochemical anomalies of Mo
along the Solong River are closely related to a)-series,

3. The fact that large scale ore deposits of porphyry copper type are not

.located in the Sierra Madre Eut concentrated only in the Cordillera
Central (cf. Fig. I-6), may be due the above-mentioned difference of
the series,

In the Philippines, there are few studies on the chemical compositions of the
intrusive rocks closely related to the ore deposits of the same type. But many
studies have the intrusive rocks related to the ore deposits belong to the calc-alkalic
series, except Bingham, Utah. (Fig. I-4). This feature does not corresponds to
any one of the dioritic rocks exposed in the survey area. This is very important
problem on the primary magma which may influence the principle of the future ore-

exploration. It is, therefore, desirable to study this problem in detail on and after
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1-5 Ages of Intrusion of Igneous Rocks

As shown in Table 2 in appendices, K/Ar ages of dioritic rocks into three
groups: the first group ranges from 43 to 49 million years (Eocene); the second
from 25 to 33 million years (Oligocene); and the last, from 6 to 10 million years
{close to Miocene).

As a shown in Fig. 3, the fir;n',t groub are granitic rocks exposed east of
‘Sierra Madre; the second group are dioritic rocks distributed at Dupax area to
Sulong River and the last group are dacite dykes west of the survey area. It is that
K/Ar dating of igneous rocks tends to become younger from east to west,

| It is already stated that the age of Agno Batholith s 9. 7 % to 14. 8 million

years (Wolf 1970). They are close to the third group's age. Igneous activity in
the same period as the Agno Batholith was probably limited in the Cordillera
Central and cannot be correlated with the Caraballo Mountain ranges due to lack of
data.
1-6 Geological Structure and Geological History
I-6-1  Geologlcal Structure

The topography of northern Luzon is characterized by wide Cagayan Valley
trending N-S bordered by two mountain ranges rising in both sides of the valley,
viz., the Sierra Madre in the east and the Cordillera Central in the west, These
two .ranges are connected by NW-SE trending Caraballo Mountains. Such topogrp-
hic features clearly reflect geological structures.

| Plate 1-8 shows the schematic geol;agical structures by means of classifying

the rocks distributed in the area into three g.r;jups.

The uplifted zone consi;t of basement and ultrabasic rocks It extends nar-
rowly from Dingalan at the south end of the survey area to Divilacan Bay, and

continues along the east coast to the north.
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The other basement rocks not associated with ultrabasic rocks are exposed
sporadically along the Philippine Fault. As a whole it is considered that the up-
lifted zone trending NNW-SSE along the fault contributed in forming a U-shape
feature. The sedimentary basin of Cagayan Valley is bounded by the U-shaped up-
lift zone. Based on the aeromagnetic survey its depth increases toward the north and
~attains more than 1,000 m. Small Ifscaledlbasement rocks are assumed to occur in
.the upper reaches of the Balintogon about 25 Km west-northwest of Baler.

The Caraballo group unconformably overlies the basement rocks, However
their geological structures seem to be conformable by having NE-SW strike with
gentle dips (200—30°7) toward the N in Sierra Madre and NW-SE strike in the
Carabal_lo Mountains, Dupax and Bambang areas. The bending point of the strike
is not clear due to thick cover of younger sediments which have probably the same
U-shape structure as the basement rocks. Some information on the structures of
the baserﬁent rocks and the Caraballo group were obtained by the aeromagnetic
survey results., PL III- 3 is a magnetic chart which is reduced to about 1, 000 m
below sea level, Accordingly, the magnetic anomalous zone coincided with the
‘mountain ranges extending NE-SW direction in Sierra Madre and NW-SE direction
over the area from the Caraballo Mountains to Dupax and Bambang suggesting the
same U—sl;ape feature. The weak magnetism in the central part of the plate shows
perhaps the sedimentary basin of the Cagayan Valley,

In the northwest portion of the area a NNE-S5W trending fault runs along the
" Santa Fe River, This NE-SW system is discordant in relationship with a NW-SE
system in the area. The discordancy was caused by faulting as well as folding which
is plunging toward the north. .The western extension of this fault is cut by a large-
scale splay of a NNW-SSE trending Philippine Fault, On the west side of the

fault, the structure is not clear except a small-scale dome structure near the Tawi-



Tawi ore deposits. The general structure in this area-is considered to be trending
N-S, assuming the E-W strike direction of the Pampanga River is local.,

As a whole, the geological structure in the area including the Cordillera
Central is characterized by U-shape feature. Distribution of quaternary volcanic

cones or plugs are probably controlled by this structure, They are mostly pyroxene-

. andesites in the Santa Fe River, in Carranglan and in the upper reaches of the

‘Ditali River. Luis Santos-Ynigo (1966) pointed out that the inner volcanic arc in
- northern Luzon are distributed along the east side of acidic intermediate plutonic
belt forming the Cordillera Central and the Caraballo Mountains, and along the west
side.of the Sierra Madre.

The major structural lines in the Philippines were discussed by Smith and
Masao (1927), Alcaraz (1947), Irving (1951), Teves (1955) and Gervasio (1966) etc.
They believed that the Lingayan-Dingalan Line traversing the base of Luzon and the
North Luzon Offset Line running through the northern Luzon are related to the
structure in the survey area, The location of the latter is well manifested from
the sudden change of depth of the sea.

The large structural line passing Dingalan with a NW-SE direction separates
into two lines near Rizal. One of them maintained the same direction to Lingayen
and the other changes direction to NNW and goes north along the Cordillera Central.

The former is characterized by the distinct topography characteristics sepa-
rating the mountain ranges from a plain. On the other hand, the latter is a group of
parallel or echelon faults with few topogfaphic features., Phase I surveys could not
get any geological or magnetic evidencés showing a large displacement of this fault.
Therefore, this structural line is not considered to be a part of the Philippine
Fault but as a fracture zone accompanied by little "lateral displacement",

The extension of the Philippine Fault, as Hashimoto & Sato (1970) pointed out is



considered to be the Lingayen-Dingalan Line like the initial idea proposed when
the fault was first recognizéd.

Accordingly based on airphoto-interpretation, many structural lines are
recognized in addition to the two large lines. The structural lines crossing the
main structure in the area tend to qontinue for a short distance from the intersection
* and those parallel to the main are leng. In other words, the structural lines, being
‘concordant with the U-shape structure are characterized by the NE-SW system in

the east side and the NW-SE system from the central part to the western area.

The block between two NW-SE faults which appears to intersect each other at San
Luis seems to be down faulted for about 2,000 m, this is based on the aeromagnetic
interpretation. A magnetic body like dioritic rocks was detected at about 1,500 m
depth in the plain, south of the Philippines Fault. The throw of the Philippine Fault
- seems to be about 2, 000 m assuming that the depth showed the ground level before
its displacement,

1-6-2  Geological History

The basement rocks of Paleozoic in the area chiefly consist of green schist

derived from original basic flows. According to Gervasio (1967), it has been pro-

duced by the tectonic movement during Permian from ophiolite or flysch type

sediments deposited in the Paleozoic geosyncline, Landmass during Paleozoic -
possibly existed east of Luzon within the present Philippine Sea,

Later on, the survey area becomes a platform and no sedimentation has taken
place till the end of Triassic. In Cretaceous period, marine transgression began
and strong basaltic to andesitic volcanic activfties chiefly occurred, Consequently
the Caraballo group, over 8,000 m in thickness accumulated in the subsiding zone
formed west of the said landmass, with a N-8 extension. From the distribution of

lava flows or pyroclastics, the center of the volcanic activities are considered to
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be located west of the Cordillera Ce_{ltral. After the deposition of Ca}'abqllo group
probably during the Cretaceous, ultra-basic rocks were intruded in the eastern area
possibly controlled by an arcuate thrust fault, In northern Cordillera Central, the
existence of thick piles of Paleocene to Eocene coarse (Boulder) conglomerate beds
suggests 1().cal uplift. At the same time, gradual uplift of Sierra Madre, has occurred
along the Paleozoic belt and intrusilon of calc-alkali granitic rocks have taken place.

During the Oligocene time volcanic activities were vigorous, The Mamparang
group with about 1,000 m in thickness were deposited in the sedimentary basin
formed by the upliftment of Sierra Madre. *The sedimentary environment at that
timé is presumably continental or neritic. At the last stage, thick limestone beds
were deposited. A gentle uplifting occurred in the neighborhood west of Dupax and
subsequent intrusion of dioritic to monzonitic rocks of alkali-olivine basalt or
tholeiite series took place. The Tawi-Tawi ore deposits (porphyry copper type) is
considered to have a genetic relation with the dioritic rock of this stage.

After these events, marine transgression continued through Miocene over the
whole area so that a few sedimentation and local deposition of limestone were rec-
ognized, Middle Miocene period is characterized by vigorous uplift and fracturing
trending N-S. The Philippine Fault is said to be an active fault formed during the
Tertiary (King et al 1949), Its movement in late Miocene brought about the intrusion
of Agno batholith and some dacitic dykes. Molasse deposits of Matuno River were
probably deposited during uplift.

The whole area continued uplifting,. but mudstone, sandstone and their alter-
nating beds are locally deposited in a neritic sedimentary basin near Maddela.

During Pliocene to Quaternary period local movements and volcanics activities
occurred. Consequently the Pantabangan molasse and conical volcanoes within the

U-shaped structure were formed.
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2,  Ore Deposits

2-1 General Statement

As described above earlier, the Cordillera Central in the western part of the
survey aréa has a geoanticlinal structure formed during the Neogene orogeny.
Miocene dioritic ignecus rocks intruded t.he central part of this orogenic belt,

- There are eight producing porphyry copper mines including Toledo in the Philippines.
Four out of the eight mines are located in the Cordillera Central and a few mines
are expected to be in production in the near future.

The four mines (ie., Boneng, Santo Nifio, Black Mountain and Philex) are dis-
tributed close to the western margins of the Agno Batholith (Schafer, 1956). The
Agno batholith is relatively coarse-grained and essentially biotite to hornblende
quartz-diorite in composition. Mineralized areas are characterized by intensely
crumbled host rocks and possess at least three mappable alteration haloes, namely:
(1) an outer argillic alteration zone; (2) a middle, narrow, partly silicified, and
partly argillic-pyritic alteration zone; and (3) an inner bjotitized-chloritized-silici-
fied zone where most of the copper value are concentrated {Gervasio, 1964).

The main ore minerals of the porphyry copper types are chalcopyrite and
pyrite acn.::ompanied by log:al bornite, chalcocite, covellite, molybdenite and magne-
tite,

Many gold mines are known within Baguio District since older times even
before the porphyry copper deposits wefe discovered.

Many large scale porphyry copper and gold ore deposits are cluétered along
the west side of the Agno bat:holith, and since the east side of the batholith is within

the project area new ore deposits might be found.
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Table I-6  Locality and names, ore reserves in tons, grades in percent copper, and daily production of

porphyry copper prospects and mines in the Philippines

Loculily

Nome of Mines or Prospecis

Reserves, Tans

Copper, Percant

Tans per Day pilled
or Remarks

NORTHERN LUZON
Central Cordlllera

Benguat Boneng-Lubo 98,305,605 0,48 10,000
Benguet Sta, Nino 53,119,915 0,35 4,500
Beanguet Black Mountain 26,917,850 0,47 2,700
Benguet Phifex Mines 121,079,544 0.466 16,000
Kalinga-Apayao Batong Buhay 60,120,000 0,702 Explored Deposit
Benguet San Antonlo 28,100,000 Q.50 Under Exploration
llocos Sur-Abra Hala-Mayabo 45,250,000 0.50 Under Exploration
Itabela Cordon 60,000,000 0.25-1.70 Under Exploration
Abra Abra Unknown - Undar Exploration
Kalinga-Apayag Butllap 30,000,000 0.60 Under Exploration
Kalinga-Apayao Mountain Mines Unknown - Under Exploration
Benguat Pugo Mines Unknown —— Under Exploration
Banguat Tawi-Tawi 116@00 000 0.393 Under Exploration
Fotal Proven and Probable Ora Resarves 678,692,814
CENTRAL LUZON
Zambslas Rangs
Zambales Dlzen 66,667,800 0.45 Explored Deposit
SQUTHERN LUZON
Batanflas aresa
Batangas Taysan 60,000,000 0.38 Explored Deposit
Paracale-Quezon
District
Camarines Npriw Phillppine Iron Minas 17,000,000 0.56 Under Exploration
Quezen Colossal 100,000,000 0.42 Under Exploration
MARINDUQUE i
Marinduque Marcopper Mining Corporation 101,500,000 0.64 21,000
§,000,0007 0.53
Marinduque Inc-Capayang 75,187,861 0.61 Explored Deposit
Total Proven and Probable Ore Hesarves 359,687,861
CENTHARAL PHILIPPINES
Ceabu District N
Toledo, Cebu Atlas Consolidated Mining
& Devetopment Corp, 697,528,000 0.47 ,000
Toledo, Cebu Carmen ora body of Atlas 267,000,000 Q.44 Explored Deposit
Negros tstand
Negros Occidental Sipalay Minas of Marinduque
Mining and Indus. Corp. 342,021,000 a.b521 12,000
Negros Occidental Hinobaan 98,000,000 0.5 Explorad Deposit
Negros Oriental CDCF Mining Corp. 64,000,000 0.56 Explored Daposit
Nagros Orlantal Slpalay Mining and Exploretion Co, 30,000,000 0.6 Under Exploration
Total Proven and Probable Ore Reserves 1,480,549,000
MINDANAO
Davao
Davao del Norte Apex Exploration & Mining Co, 27,500,000 0,39-0.63 2,500
Davao del Narts King:Kinp 45,000,000 0.6 Explored Deposit
Tngenﬁn. Davao Sabena Mining Corporatian 8,377,356 0.832 Under Exploration
dal Norte
Knlalmnlan, Davao Sabans Mining Corporation 12,700,000 0,383 Under Exploration
del Norte
Davao dal Norte Alcantara Unknown —— Under Exploration
Davoao dal Norte San Luis Mining ' Unknown omee Under Exploration
Daveo Somar Mining Corporation 44,230,000 0,445 Undaer Exploration
Cabadbaran, Agusan Luna-Basiana Mining Company 80,707,700 0,293 .Explored Deposit
Total Prgven and Probable Oro Reserves 218,615,456

1 Sulphide. *Oxide



2-2 Mineralized Zone

The known mines and prospects in the survey area are summarized in a un-
pubtished report by Bureau of Mines, The mineral indications encountered are as
follows:
2-2-1  Bolo River Mineralized Zone

This mineralized zone can bé obsefved along Bolo River, one of the branch of
the Agno River, The mineralized outcrop is 80 m in width. It is overlained by
Quaternary sand and gravel. The original rock may be diorite —monzonite, although
it is hard to assume due to strong sericitization and silicification. Ore minerals
aré chalcopyrite and pyrite, occurring as disseminations or veinlets in the silicified
rock,

Secondary copper minerals such as malachite and chalcanthite are observed.
A chemical analysis of the representative part of the outcrop is as follows:

Sample Width Grade
Cp-py dissemination Sm 1, 5g/tAu, 20g/tAg, 0. 17%Cu, 0. 02%Mo,

2. 50%S

The mineralized zone is possibly the northern extension of the Tawi-Tawi
porphyry copper deposit,
2-2-2  Benneng River Mineralized Zone

The micro-diorite stocks intrudes the basaltic lavas in the Benneng River,
the southern margin of the Tawi-Tawi mineralized zone, The mineralization in
the area is not so intense as the Bolo m‘ineralized zone,

An intense silicification is remarkable‘ in the uppermost part of the mineral-
ized zone, where diorite pm;phyry dykes intrude into autobrecciated andesite lavas

trending N20E, The silicified zone measures about 700 m across biit it is almost
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barren with only minor pyrite dissemination. Near the contacts of porphyry dikes
and host rocks, irregular quartz stringers, with 5 cm-'in width are noticeable, A
4

small amount of fine-grained chalcopyrite, sphalerite and pyrite are occasionaly
observed. In the middle course and lower reaches of the Benneng River, epidote-
quartz or clay minerals vejnlets are ;:leveloped with dissemination of chalcopyrite
- showing 0. 10% Cu and 5. 20% S. In area where the host rock is generally fresh, the
copper mineralization becomes weak,
2-2-3 Mapayao River Mineralization

A small scale intensely silicified stock of medium-grained dioxite crops out

in the upper reaches of the Mapayao River. Minor amount of malachite and azurite .

stain along fractures were observed with an assay value of 0. 6g/tAu, 0.64% Cu and
0.05%85.

On the eastern extension of the mineralized zone, another prospect was re-
portedly explored by drilling and it contains about 8 million tons of 0, 4% copper.
Both of them appear to be a porphyry copper type, .-

2-2-4  Maasin River Mineralization

Along the Sulong River monzonite bady is widely distributed. Mineralized
porphyritic andesite and andesitic volcanic breccia crop out at the western margin
of this molnzonlte in the upper reaches of the Maasin River, Fine grained pyrite
disseminations or veinlets accompanied by a small amount of chalcopyrite are
observed in 2 5 m in width outcrop. .In addition to silicification, sericitization and
kaolinitization are also noted. Assay vait_:es are 0.2G/tAu, 0.13% Cu and 2, 01% S.

The gold deposits of the Sulong River afe explored by drilling by a private
company. According to a loc-al information,‘ the gold deposits are found in the
pyroclastics near the monzonite body. It occurs as disseminations rather than in vein

along fissures.

6o



In other showings, some pyrite disseminations are found in the following places:

1. Pyrite-chalcopyrite dissemination (<0, 1% Cu) with silicification were
observed in a diorite dyke and nejghbouring andesite lava in the upper
reaches of the Baan River,

2, ' Pyrite dissemination with silicification were observed in mudstone and
coarse-grained tuff in. Fhe middle course of the Mapayao River,

3. Pyrite dissemination occurred in a granodiorite body about 7 Km south-
east from Dupax,

4, Pyrite dissemination (0. 01% Cu, 3. 12% S) in porphyritic andesite in
the Campote River. An intrusion of a diorite porphyry dyke brought
about alterations such as silicification, chloritization and sericitization.

S, Pyrite dissemination (0. 3g/tAu, 0.01% .Cu, 6. 49% S) occurred in por-
phyritic andesite in the lower reaches of the Sulong River,

Host rock suffered intense argilization (sericitization) and silicifi_cation.

The mineralization and alterations stated above can be summarized as follows:

1. Mineralization observed here are pyrite impregnation with chalcopyrite
which are closely related to the intrusions of dioritic rocks. They occur
at the margin of the intrusive body and intruded rocks near the contact,

2, Miner mineralization could also be found at the core of large igneous
mass ie. Dupax batholith. Known large scale ore deposits are located
in places where dioritic xrocks have been intruded in the form of dyke or
stock. |

3. Rock alterations in the area arel-‘sillcification. chloritization and seri-
citization, Mosi: of them are véry limited, except the extensive

alteration of Tawi-Tawi ore deposit.



PART . GEOCHEMICAL SURVEY



1. General Remarks

The geochemical reconnaissance stream sediment survey of this phase was
carried out together with geological survey. Main roads and rivers were taken as
the geclogical survey routes and geochemical samples are confined mainly around
them. The four parties coulci nqt-cover-all drainage systems within one month so
an additional survey was conduclreé over some of the uncovered area after the joint
survey. In this report the additional 167 samples collected were also discussed.

The most potential ore deposit in the area is a porphyry copper type so all
collected samples were analyzed quantitatively for Cu, Zn and Mo.

1. Eight (8) geochemical anomalies of Cu, Zn or Mo were disclosed in the
survey area. All of them occur in places where dioritic rocks are intruded or
expected.

2, The anomalous zone of Cu, Zn and Mo are located in some mine prospects
and in area where drilling operation were abandoned,

3. The anomalies of Cu or Zn in the Kongkong Valley and the Sulong River
are distributed widely unlike other anomalies, Although they are considered to
depend upon the difference of rock facies, it is necessary, to conduct a detailed
a detailed survey to clarify their causes,

4. The Zn anomalies obtained from each branches of the Cagayan River,
are not accompanied by Cu and Mo anomalies. Since they are limited within the

Mamparang group, it is possible that they are caused by different rock facies,



2, Sampling and Analyses

2-1 Sampling

Generally silty sediments (under 80-mesh fraction) deposited in the active
channels of streams were collected. Tributaries were chosen as the sampling sites
instead of main rivers because the source of mineralization can be easily reflected.
Stream sediments were also colle.cted at the center of dry river channel or under-|
ground dainage system,

Care was taken to avoid contamination with organic materials and bank sediments
to minimize sampling errors., PH values of water in main streams were measured
using PH test paper.

About iO to 20 grams of sediments were colleted and placed in vinyl bags.
They were sent to the base camp for drying, |

To avoid confusions, each party used different letters, viz., A,B, C and D,
and the sampl.e numbered respectively. The letter ] was assigned to the additional
samples collected by Bureau of Mines' geologists after the joint survey.

2-2 Analyses

All samples collected in the field were analyzed in Japan by atomic absorption
spectrometry for Cu and Zn, and colorimetry for Mo,

The Analytical Procedure is mentioned as follows,

2-2-1  Atomic absorption spectrometry

The apalytical method used by thé Geological Survey was adopted in sample
decomposition of Cu and Zn.

1 gram of sample was taken and dige-sted with 5 ml of concentrated HNO3 and

3 ml of HClIO4 in a sandbath untill white vapor appeared. After cooling, dissolution



was accomplished by addition of 5 ml of HNO3 (1 : 2). The solution was made up
to exactly 20 ml mark with distilled water. The sample solution was filtered
and filtrate was analyzed by atomic-absorption spectrophotometry using a wave
lengths of 3247 A° for Cu and 2139A° for Zn.
2-2-2 Crl)lorimetry

Mo was determined by a hanciy procedure of I, L. Elliots zinc-dithiol method. A
- 0. 25 gram of sample was digested with 2ml of agua regia, 1ml of HClIO4 and 2ml
of HyS04 (1-+1) on a sandbath untill white vapor appeared. After cooling, the cake
was dissolved by dilute HpSO4 and heated again. The solution was transfered to a
test. tube and adjusted to 10 ml mark with the addition of 2 3 ml of NH4OH and
distilled water, A 2ml of the clear solution was pipetted into a test-tube and a solution
was pipetted into a test-tube and a 2 ml of hydroxylamine hydrochloride solution
(2. 5%) was added and shaked gently. A 0.5 ml of zinc-dithiol solution (1 %) was
added to solution. After thorough shaking, the color of the organic layer was com-

pared with a standard series previously prepared.



3. Compilation and Interpretation of the Results

3-1 Compilation of the Analytical Results

The analytical data of geochemical suxvey are usually treated statistically,
But, for this purpose, a uniform sampling density is always needed. In this phase,
the sampling locations were shown in PLIi . They were mostly concentrated in the
relatively accessible area and were very few in the Central and the Sierra Madre
Mountain Ranges. Therefore, it is still doubtful to treat the collected 1,168 analyti-
cal data statistically, though they may apparently represent a logmormal distribution
pattern. The survey area consists of granitic to dioritic rocks and sedimentary rocks
that can be divided into several groups. ‘There are small variations of mean back-
ground vaiues of metal content for different rock type (ex., Dupax’' diorite; Cu 38ppm;
Kasibu' granodiorite, Cu 72ppm; sedimentary rocks, .Cu 47ppm). Consequently,
2, 5%-value (t) of total data from the highest was simply taken as the threshold or
the upper limit of normal background values. The results are shown in PLII-1,
The general trend of geochemical anomalies become complicated when the anomalies
are isolated, so that the value (t') corresponding to 10%-value of total observations
from the highest, and 2t(for giving an impression of very high value) are more or
less schematically represented on the same map.,:

The mean background and the threshold values of 3 elements, Cu, Zn, and Mo,

are shown in Table II-1.



Table II-1 Regional mean background and threshold values
of stream sediment samples

(ppm)
b t' t 2t Remarks
Cu 50 - 112 175 350 Number of observations : 1,168
Zn 97 225 450 200 do -
Mo <2 2 5 10 " do

b : mean background value
t' 1 10%-value of total observations from the highest
t @ threshold value
3-2 Interpretation of the Results
From PLII-1, several geochemical anomalies of stream sediment analysis
were obtained in the survey area. Some anomalies are apparently related with the
known ore deposits while the others have no relationship. The main anomalies are

described below in detail.

Anomaly 1, Cu, Zn, Mo

The anomaly is situated in the south side of Bolo creek. It extends ovell' 2 km
in width, Stream sediment results show very high values ranging 188- 1, 184ppm
Cu (number of anomalous value ; 4), 1,018— 1, 446ppm Zn(2) and 7-20ppm Mo (4).
The anomaly is located at the north end of the Tawi-~Tawi Project where new ore
deposits have been explored. Along the creek, disseminations and veinlets of chalcopy-
rite and malachte were observed in the diorite body which suffered a strong quartz-
sericite alteration, Although a configuration of the anomaly is not clear because of
omission of the survey on the central part of the mineralization this area has the
most remarkable anomaly detected.

Anomaly 2, Cu

The anomaly is situated in the upper reaches of the Mapayao River, It is
related to the diorite stock intruded into the basaltic andesite: Copper disseminations

with a strong silicification were noted in prospect explored by drilling.



Relatively high Cu contents, ranging from 245ppm to 610ppm (3) were obtained.
However, Zn and Mo contents do not exceed the threshold values but they are higher
than the mean background values.

Anomaly 3, Cu, Zn

The anomaly is situated in the west branch of the lower reaches of the Imugan
" River and extends about 2km up the junction of the Santa Cruz. Anomalous values
of copper and zinc are 1, 819ppm and 994ppm respectively, while Mo is generally
absent. The exposed rock in the area is coarse grained basalt which is locally ser-
‘pentinized. No mineralized floats can be found and no other geochemical anomalies

oceur in the adjacent branches, the anomaly is considered to be very local,

At the midway between Anomalies 2 and 3 on the east bank of the Santa Cruz
River, small amount of disseminated chalcopyrite and pyrite were observed in the
dark gray basalt, so Cu and Mo values in the stream sediments become high (130 —
205ppm Cu and 4 ~7ppm Mo (2)). This anomaly seems to be the extension of Anomaly
‘3, thus further studies will be needed. |

Anomaly 4, Cu

Anomalous copper value (405ppm) was obtained from the small branch near
San Francisco, mid-course of the Marang River and at the center of Dupax Batholith,
Because of limited exposures, their details are not clear. No other significantl

s Tesults were found in the adjacent branches, the anomalous zone is more or less

than 0, 3km?2 in area.

Some claims were reported between Dupax and San Fra.nbisco where pyrite
Impregnations and veinlets with a few chaleopyrite are found near contact between
diorite and altered basalt. The anomaly is probably due to the same mineralization

mentioned above and possibly with a limited siale.
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Anomaly 5, Cu

A wide Cu anomaly was found in the Kongkong Valley in the upper reaches of
the Kasibu River. Most of the samples collected from all branches have higher Cu
contents than the threshold value, Copper contents range from 175 to 245ppm (12),
with the mean value of 1%91ppm. Mo and Zn are generally absent,

The anomalous area covers about 30km?2, It seems to have close relationship
with the diorite body trending in a NE-SE direction along the Kongkong Valley.

A low geochemical contrast (max/t=1, 4) were noted along the anomalous zone with
the diorite body, The small variations of Cu values suggests that the anomaly

depends partly on the different rock facies, Herce it is necessary to conduct a

detailed suxvey to determine the cause of widely dispersed anomalous zone.
Other Cu anomalies were also found at 6km and 12km points southeast of
Kasibu, They are 175 —195ppm (3) and 185—210ppm (3) respectively,

Anomaly 6, Mo

The anomaly occurs in the eastern part of monzonite stock in the upper reaches
of the Sulong River that flows down parallel to the Kongkong Valley. Anomalous Mo
content ranges from 5Sppm to 16ppm (22) with the mean value of 9. 7ppm. The estimated
anomalous area is about 20 to 25km2,

As mentioned before, a goid deposit is known in the pyroclastics near the
monzonite in the upper reaches of the Sulong River, According to the unpublished
report, its location must be in the Mo anomalous zone disclosed by this reconnaissance,
Genetical relationships between gold and molybdenum are not clear because details
of the gold deposits are not known, However, the Mo anomaly is probably related
to the porphyry copper type of mineralization since molybdenite-pyrite stringers are
reportedly found in the diorite body near Dupax. Although remarkable anomalies of

Cu and Zn were not detected in this area, the Mo anomaly is so significant that a



follow-up survey work will be necessary."':'b

Anomaly 7, Zn

A zinc anomaly occurred along the Cagayan River extending from Bo. Wasig to
20km upstream. The anomalous value ranges from 486 to 793ppm (8) exceeding t'
(225ppm). This area is underlained by basaltic lava flows and pyroclastics of the
Oligocene age belonging to Mamparang group. The rapid decrease of Zn contents
from 324ppm to 188ppm in the Caraballo group suggests that the Zn anomaly was
caused by the differences in rock facies.

Anomaly 8, Cu, Zn, Mo

The anomaly is in the upper reaches of the Diarabasin River. The values of
Cu, Zn and Mo are 186, 870 and 6ppm respectively exceeding the threshold values,
In spite of the existence of remarkable Zn anomalies (491—1, 000ppm) in adjacent
branches, Cu and Mo values are lower than the mean back ground values,

This area is characterized by pyrite disseminations with weak argillization
especially where pyroxene andesite lavas or pyroclastics are exposed. Dioritic
rocks is generally absent. According to the local information, quartz diorite intru-
sion accompanied by copper mineralization are known a few kilometers north of this

place near the coast,
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~ PART I AIRBORNE MAGNETIC SURVEY



1. General Remarks

The Airborne Magnetic Survey conducted over Northeastern Luzon, Philippines,
covering about 14, 500 sz,_ forms part of Phase I Mineral Resources Survey of
Northeastern Luzon, Philippines, designed to delineate potential areas for mineral
resources,

This report describes the procedures used for data acquisition and the inter-
pretation of the data obtained.

Taking into account the available information on the geology of the area, the
report discusses the major structures and lineament directions revealed by the
present survey. It delimits the zones in the northwestern part of the survey area
more promising for the ore deposits and suggests that detailed geological, geo-

chemical and peophysical surveys be conducted over these zones.



2.  Outline of Airborne Magnetic Survey

2-1  Survey Area
The airborne magnetic survey described in this report was conducted in the
northeastern part of Luzon as. shown in Fig. 1lI-1. The survey area forms a polygon

whose apexes are as listed below.

tatitude N longitude E
A 16°35’ 120°40°
B 16°35" 121°30"
C 16°20 121°30"
D 16°20" 121°45°
E 16°30" 121°55'
F 16°30° 122°17. 5
G 16°17. 5° 122°17. §'
H 16°00" 122°00°
I 16°00" 121°50
] 15°52.5' - 121°42. 5
K 15°41, 3' 121°42, 5
L 15°20" 121°30'
M 15°20 121°20°
N 16°00" 120°40"

2-2 Survey Period
Field Survey;
Reconnaissance Party was dispatched to the Philippines during the period

January 4 through March 20, 1975.
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The main Paxty was dispatched during the period January 16 through March

20, 1975.

Data Processings and Analyses were conducted during the period March 20,

1975 through October 31, 1975.

2-3

2-4

Surveyors

Field Survey;

MASAO YOSHIZAWA FEDERICO E. MIRANDA
IKUO T AKAHASHI CAROL S. SAMONTE
SABURO TACHIKAW A ARNULFO V. CABANTOG
MOTOJI ICHIKAWA JOSE N. ALMASCO
MITSURU SAKAZAKI BENJAMIN CADAWAN
SHOZO KIMU RA ROMEO L. ALMEDA
TAMOTSU FUJIKAWA URBANd PALAGANAS

TAKASHI NAKAYAMA

Data Processings and Analyses;
YUYA FURUKAWA FEDERICO E. MIRANDA
YOSHIO TAMURA - ARNULFO V. CABANTOG
ICHIRO HONMA
KENICHI NOM URA
MASAQ YOSHIZAWA
JIRO KAMATA
IKUQO TAKAHASHI
SABURO TACHIKAWA

Summary of Field Oﬁerations

The present field work was deatt with as follows:



2-5

Airbase: Nichols A_irbase {Manila International Airport)

Observation Station of Geomagnetic Variation: Bayombong, Nueva Vizcaya

Total Survey Area: 14,500 Km2

Flight Altitude: 2,000 M above sealevel (horizontal navigation, see Fig. 11I-2)

Sepération of Flight Lines: I, 5 Km for the traverse lines and 10 Km for the
tie lines,

Flight Direction: N-S and E-W

Effective Lengths of Lines: 9,717.25 Krﬁ for N-S direction and 1, 526. 75 Km
for E-W direction i. e., the total length amounts to 11, 244 Km,

Geomagnetic Dip-Angle;  20°

Qeomagnetic Declination: 0°

Total Geomagnetic Intensity: 40, 000 gammas

Survey Instrumentation

The {nstrumentation and navigation system used in the present survey are as

follows:

a) Aircraft

b) High Sensitivity Airborne Proton Magnetometer
c) High Sensitivity Optical Pumping Magnetometer
d) . High Precision Digital Clock

e) Radar Altimeter

f) Baromertric Altimeter

g) 35 m/m Tracking Camera l

h) Two-channel Analog Recorder |

i) Doppler Radar Navigation Systém

i) Digital Data Acquisition System
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These instruments were synchronized with the signal from a high precision
di gital crystal clock. Such a synchronization mak-es‘ it easy fo compare the records
of one to another's (see Fig. III-3)
The summarized specifications and measuring principles of the above instru-
m ents are described as follows;
a) Aircraft
The aircraft used during the survey was a ﬁvimturhine engined a YS-11,
Registration JA8612, manufactured by the Nihon Aeroplane Manufacturing Co. ,
Ltd. This aircraft was 60-seated originally, but modified for airborne surveys
with ten personnel. The duration of flight was about six hours with a speed of 130
to 200 knots. For the purpose of airborne geomagnetic survey, this aircraft
was equipped with a 3 meter-long tail corn (tai_l stinger), in which a sensor
was installed. The remanent magnetism of the aircraft body was compensated
by the magnetic field induced with a tri-axial coil.
b) High Sensitivity Airborne Proton Magnetometer
The airborne magnetometer used was a Geometrics High Sensitivity
Airborne Proton Magnetometer, Model G-804, This type of magnetometer |s
highly sensitive and most stabilized of all the proton magnetometers developed_
until recently. It's performance is given in the following:
1) High sensitivity and fast sampling rates (0. 05 gammas/0. 95 sec).
ii)  High precision and small drift (0. 5 gamma and 0, ] gammas/month,
respectively, in total mégnetic intensity).
iii} A signal-to-noise ratio is at iéast 400 to 1 achieved by placing the
preamplifier .tuner ciose to .the sensor. A Larmor signal is so large
that.the phase lack works effici_ently to produce high resolution in

reading magnetic values,
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iv}  Analog output together with digital output available in B. C. D, code
(1-2-4-8). -The digital output eﬁables'us to obtain digital data record-
ing and processing.

v) It is compact, lightweight and highly reliable due to the integrated
circuit construction.” In case it runs out-of-order, a repair can be
easily and readily fpade by'changing the spare card,

vi) Direct readout in gamma to six signiﬂcanf digits is imssible by using
the NIXY tubes.

vii) The Model G-804G has a same-type sensor, preamplifier and ad-
ditional circuit devices, providing high sensitive measurements in
horizontal or vertical gradient of geomagnetic field.

a) Principle of Measurement by a Proton Precession Magnetometer

‘The proton precession magnetometer operates on the principle of nuclear
magnetic resonance to measure the total intensity of the earth’s magnetic
field. In the proton magentometer sensor, a uniform magnetic field is
created by passing a few amperes of curreat through a coil about a small
volume of proton-rich hydrocarbon fluid such as water or kerosene. The
spinning protons act as small magnetic dipoles and align themselves with the
apﬁ;lied field, When the fieid is removed (i. e. the polarization current is
switched off), the protons precess in phase about the direction of the earth's
field at a rate proportional to the earth's total magnetic intensity. This rate,
which is called Larmor precessibn frequency, is determined by the value of
the gyromagnetic ratio of the proton (é3. 4874 gammas/Hz), which is an atom-
ic constant known to a;n accuracy of 7 5 parts per million. The precession

frequency is independent of the direction of the spins with respect to the
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earth's field, but varies with the intensity of the field, The precession signal
Is maximum when the proton spin axes are perpendicular to the direction of
earth's magnetic field, and zero when they are parallel. The Larmor signal
is induced by the motion of the precessing protons, and is detected by the same
coil used for polarization. The signal is decayed in a few seconds from its
peak value of a few tens of micro-volts due to thermal agitation. The frequen-
cy of precession signal is approximately 0. 04 Hz/gamma, or between 1250
and 3400 Hz, corresponding to a range of 30, 000 to 80, 000 gammas in the
earth’'s magnetic field.
b) Model G-804 System Description

The specifications of a Model G-804 are described as follows:

Range: 30, 000 to 80, 000 gammas

Accuracy: 10.5 gammas total field

Drift: Less than 0. 1 gammas/month
Sensitivity Sampling Rates Analog Full-scale
(gammas) (per second) Resolutions

(gammas)

0. 05 1.1 5, 50

0. 10 2,0 10 , 100

0.25 3.5 25 , 250

0. 50 5.0 50 , 500

0. 20 every 20 sec. 20, 200

Visual Display: Six digits in gammas

Digital Recording: 1-2-4-8 BCD code

Power Requirerr;ents: Standi:y 85 watts

Maximum 575 watts
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Temperature Range: Console: -10°C to 65°C
Analog Recorder: 0°C to 50°C
Sensor: -40°C to 50°C
Relative Humidity: 0to90 %
c) High Sensitivity Optical Pumping Maguetometer

The magnetometer usé.d was Cesium Magnetometer Model MDA-7101A
manufactured by the MARUBUN, We used the magnetometer for two purposes;
i) observation of daily magnetic variations on the ground in order to correct
daily variations to the airborne magnetic values obtained, and ii) detecting
magnetic storms,

A cesium magnetometer operates on the principle of magnetic resonance °
absorption due to the optical pumping phenomega of cesium atoms. The out-.
line of the principle is described as follows:

Valence electrons of cesium or rubidium alkali vapor has various energy
levels. The Zeeman errect splits the energy levels into various sublevels,
whose separations depend upon the Larmor frequency which is proportional to
the total intensity of the earth's magnetic field. For the isotope Csl33, the
Larmor frequency is 3. 498 Hz/sec/gamma. The application of optical-
purlnping techniques to the isotope gives us an atomic oscillator self-excited
with the Larmor frequency. Therefore, the measurements of Larmor fre-
quency enables us to observe continuously the earth's magnetic field. The fact
that the Larmor frequency of cesium is about 100 times higher than that of
proton implies that the sensitivity of t‘he cesium magnetometer is also 100
times higher than that' of proton magr.letometer. A Model MDA-7101A Statjon

Magnetometer manufactured by the MARUBUN detects the total intensity of the
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earth's magnetic field ranging from 20, 000 to 80, 000 gammas with an accuracy
of 0,1 gammas/0. 5 sec at maximum,

A Hewlett Packard Analog Recorder 680 records successively the geo-
magnetic variations (see Fig. III-4).
4 High Sensitivity Digital Clock

A MARUBUN Digital C}ock M733 does not only indicate time but also
generates one-second and ten-second interval pulse output. The magneto-
meter is operated by the trigger pulse of one-second interval, while the ten-
second interval signal records time marks both in the analog recorder and in
the tracking camera. In processing of data, the analog records are synchro-
nized with the flight-path films and the records of daily magnetic variations
by the time marks.
e) Radar Altimeter

A NIPPON KOKU DENSHI Radar Altimeter YG-9000 on board a plane
covers an air-to-surface altitude ranging from 0 to 5, 000 feet. The flight
altitude was checked at all times by the altimeter and recorded by the Hewlett
Packard Analog Recorder.
£) Barometric Altimeter

A barometer is used in order to keep a constant barometric altitude for
plane navigation, In the present survey, 2,000 M barometric altitude was
maintained. |
g) 35 m/m Tracking Camera

A NAC 35 m/m Strip Camera ST-102 on board a plane determined the
flight-path. Itisa liéhmelgllt camera with parashock construction, and

equipped with the following features:
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Fig. III-4 Block diagram of airborne magnetic survey (ground system) -



i.) Variable film speed
i)  Remotely operated aperture control
iii)  Film footage counter
iv) Two independently operated fiducial markers
‘v) Film break cut-out switch
vi) Operates with 400 ft magazines
This camera was installed under the back-éeats of the plane. The film
speed varied with Doppler Radar signals tb control a constant film footage for
the navigation direction. Meanwhile, the film recorded the ten-second time
marks,
t}) T_wo-channel Analog Recorder
Two Hewlett Packard 7i28A Analog Recorders were used in the present
survey. One of them records both 10-gamma and 100-gamma full-scale mag-
netic values, while the other was used for recording outputs from the Radar
Altimeter and off-track data from the Doppler Radar Navigation System. The
10-sec time marks were added to these records for the data synchronization,
i) ‘Doppler Radar Navigation System
The navigation system used in the present survey was the SINGER GPK- .
10(50 and GPQ-601 Doppler Radar Systems. The navigation guidance to flight
path was preliminarily programmed in a computer (GPL-GPQ-601) with data
of flight-path length, and direction and sampling rate., The deviation between
the programmed flight path and tﬁe actual one estimated from the Doppler
Radar signal was indicated in the cockpit panel. The aircraft was so guided as

to lessen the deviation. -
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i) _Digital Data Acquisition System
The digital data acquisition system used was a Model 70 manufactured
by Cipher Co. The accuﬁwlated data were
1) Name of flight path and direction of navigation,
i)  Time.
iii) Total intensity of tﬁge eartﬁ's magnetic field.
iv)  Analog records of the Doppler off-track and radar altimeter,
These data were processed by an electronic digital computer in Tokyo.
2-6 Data Processing
2-6;—1 Flight Path Map
The determination of flight path was made by using tracking films. In order
to reduce the photographs to a scale of 1/50, 000, the natural size, the film speed
adopted was 4. 3 mm /sec on the basis that the flight speed was 165 knots. The
flight path charts were completed by the following procedures. The films were
developed and dried up every day immediately after flight. Fiducial points plotted
on the magnetic data (10-second interval samplings from the magnetic data and the
tracking films) were transferred to aerophotographs (scale: ca. 1/40,000) and
1/50, 000-scale topographic maps. For such an area as swamp, where it was difficult
to find an'y fiducial point, we took Doppler pogitioninga into aceount to determine
flight paths as exactly as possible, The flight path charts such obtained were also
prepared for the following flight projects and further examined whether s'upplementary
SUrveys were necessary or not,
2-6-2  Correction of Daily Magnetic Variation
Geomagnetic measurer-nents were continuously carried out at Bayombong,

Nueva Vizcaya for correction of daily magnetic variations to the airborne magnetic
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data and for checking magnetic storms. The amplitude of daily variatiqns ranges
from 0.2 to 0.3 gammas/min with no conspicuous disturbance due to magnetic
storms during the period of the present survey.

The mean total intensity of the earth's magnetic field amounted to 40, 900
gammas at the ground magnetometer station. The correction table of daily varia-
~ tion was made on the basis of the -fligitalland analog records of time variations from
the mean total intensity. The airborne magnetic data were corrected in referrence
to the correction table, and then the final data without any time effect were obtained.
2-6-3  Total-Intensity Map

After the daily-variation corrections, the airborne magnetic data were tran-
scribed on the 10-second interval reference marks plotted on the flight path map.
It is sometimes seen that some differences between magnetic values occur at inter-
section points of traverse-lines and tie-lines. These are caused by such reasons
as follows. Possible causes are errors due to positioning, flight altitude and heading
of aircraft (heading error is a magnetic change induced by change in flight direction),
In case that any magnetic closing-error was found at an intersection point of traverse
and tie-lines, we re-examined the positioning and horizontality of the aircraft. The
closing errors were minimizéd in a least-squares sense by an electronic computer
by estiméting coefficients of 1st order trend of closing-error for each flight line to
provide final corrections to magnetic values obtained at all intersection points.
Finally, the total intensity map was drawn on the basis of the data given at the grid
points,
2-6-4  Residual Anomaly Map

The residual anomaly ;nap was clrawﬁ on the basis of the geomagnetic regional

variation, which was calculated by subtracting the standard total intensity of the
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International Geomagnetic Reference Field (IGRF) from the one interpolated on the
grid points, .
2-7 Analysis Methods

There are two methods of analyzing airborne magnetic data; they are Quali-
tative and Quantitative analystf:s. The former is a qualitative speculation of
geological features selectively extracted from geomagnetic residual anomalies by
. means of some filtering procedures. The filters genefally used are given as follows:

(1) Second vertical derivative filter

(2) Band-pass filter

{(3) Strike filter

(4) Pseudo-gravity filter

(é) Upward or downward continuation filter

(6) Auto-correlation analysis

(7) Spectrum analysis

etc.

On the other hand, the latter analysis aims for estimating depths, shapes and
magnetic properties of rock bodies inducing magnetic anomalies. The correspond-
ing methods are as follows:

(1) Specific point method

(2) Curve matching method

(3) Specific curve method

(4) Analytical method

In the present survey, the energy spectrum analysis by two-dimentional
Fourier series was applied to the magnetic data obtained over 40 Km of the survey

area including Santa Fe.  The wave length characteristics of the magnetic



anomalies divided the magnetic indications into threé wave length bands. Then, we
obtained th1;ee kinds of band-pass fitter maps from the residual map. Furtherfnore,
the pseudogravity filter procedure was applied to each of the band-pass filter maps.
Thus, we finally obtained seven sheets of maps, including the residual map, as the
bases of quantitative analyses,

Qualitative computer analyses, based on the residual map, were also made to
23 magnetic profiles running in the NS direction.-

The analytical methods used in the present paper are summarized in the
following subsection. The flow chart of data processing and analyses is shown in
Fig. III-5.

2-7-1 Spectrum Analyses

The wave length characteristics of magnetic anomalies distributed over the
survey area is usefully applied to a magnetic analysfs through data processing as
well as to an estimate of mean depth to magnetic basement by using the potential
theory,

* (A) Energy Spectrum
An observed value F (x,y) in the rectangular coordinates is expressed

in a two-dimensional Fourier series as

: M N Amx 2nn '
F ( X =3 X A_rn max n Yy zmﬂ-’x . 2nﬂfy
v y) =2 2 (Amn cos- T, ¢ —1, —t Bmn cos 1. SinTo
. 2mux 2n5l’3-r Zmax 2nn
+C LM X LNy, : : Y
mn sin Lo cos —- + Dmn sin I sin —— ) (1)

Hence, the Fourier coefficient Ay, is given by

4 Ly pl 2mr x Znry
A — ' 2
mn = j('] j; F({(x, yv) cos I cos s dxdy

where the data of F are uniformly distributed over an area of Lix Lg.
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Similarly, we can obtain an, mn

C and D,,,. For a computer use, the Qata
of F are given on a rectangular grid with spacings of x and vy; i.e. F (i, j)-
at the (i, j)th grid point by defining x = iax and y = joy. Then, Eq.(2) can be

rewritten in the form:

In/Ax Lle/Ay i ;
Amn = £ 2mT { Ay cos 2n®jAy

27 WijF (i, j) cos

VAN FaN
Y 1= j=t La L2

4
Li L
_ _ (3)
where W ; is the weight function in the two-dimensional trapezoidal rule of
numerical integration.

The energy spectrum is then obtained as

Emn = Amn® + Bmn® + Cmn® + Dmn?

(B) . Estimation of Mean Depth to Magnetic Basement

Suppose that an energy spectrum of magnetic anomalies due to a mag-
netic layer lying at a depth of H is "white"”. The potential theory leads the
following relation between the energy spectrum Emn of wave numbers (m, n)
and H Itis
-4xHI

Emn «<e

where f is a quantity called frequency:

f=V (e

The energy spectrum is plotted in an f vz. log E, graph. A straight
line is determined by the least square fitting to the plots. Taking Eq. (4) into
consideration, H can be estimated from the tangent of the straight line,

2-7-2  Band-pass Filter
The frequency spectrum of a band-pass filter is a deviation between those of
two low-pass filters whose clut-off frequenc.iES are different from each other, The

frequency spectrum of a low-pass filter with a cut-off frequency of w, is expressed as



. 1 1 Je|=ae
F(e) = { (1
0 I o > o
Suppose another low-pass filter with a cut-off frequency of wy. The differ-
ence between these two filters gives the frequency spectrum of a band-pass filter
ranging from w, to @, (we ®4).

The inverse Fourier transform of a low-pass filter spectrum is

((x) =5 /2 F(e) '™ do

1 ja
S (0 e go

2
if“’o Wy d
= Jo €os @x

sin @o x 9
X

The relation between an input h(x) and the output g{x) is written in a convolution

form

g{x) =/ t(x—x)h(x')dx (3)

We assume a filter having a from

f(x) : |x|=xo
f{x) = { (4)
0 : | x | > xo

with discrete numbers

x=0|S|ZS. ...... Ns

Eq. (4) is expressed by

fn=1f(ns)



where s is a spacing of the discrete data.

The Fourier transform of f(x) is then obtained as

{n+1)e

N=1
Feo) =2 1]

jox

f(x)e'_jmdx-’rjlz::_l)sf(x)e" dx )

N
= Sné'o €n fn cos n®s (6)

where
1 n=0 or n=N

&g o= | (8)
2 nx0, nxN

The condition of an ideal low-pass filter is to minimize the foll'owing inte-

gration.

[} N
1=.[;;f [nfoenfn cos nws—l%ci]' de (7)

By taking derivatives with respect to f

71
dfn

the solution of the above condition is given by

fn = Sin nwes (8)

nfts

For a special case,

Wy
I

(9)

fo=

In a two-dimensional case, Eq. (5) is replaced by

M N
(o, w; ) = 82 Xu Eoemtn fmn cos m@1 8 cos n®: S 10
m=0n=
where
1 : m=0 or m=M
5m={
2 . m¥%x0, mxM
an
1 . n=0 or n=N
&n ={
2 nx0, nxN



in a fashion similar to (7), we define

M N
1 -—-[:;; f [mEOné-‘n &mén fmn cos m®:1 S 'cos nwg § — &Eig’i__a.,i_)_. de;, dos (19
where
I B vl ey , | wz] £ @20
F(w,, ws ) = | 13

0 @ | >0 , | @2 | > g

The minimum condition applied to Eq. (12) leads to the following result,

Wyg @ap

foo=——7—
x
; @i sin n ®ae 8
fon= .
T nT8§

Wag sin m®@10 S
fmo= . {14

b4 ma8S

_ 5in m®108  sin n @ 8

fom= .

m=rS nkS

fmN= fMn = fMN =0

For actual computations, we take discrete data hy,,, numerically applying
hmn and f_ . given in Eq. (14) to the convolution Eq. (3). In this case, the frequency
| spectrum is given by Eq. (10). |

The above expressions from (10) to (14) correspond to a two-dimensional low-
pass filter.. In the case of a two-dimensional band-pass filter, we take another
low-pass filter ranging from O to M' (M'<<M) and from O to N' (N'<N). The dif-
ference between the two low-pass filters gives a two-dimensional band-pass filter.
2-7-3  pseudo-gravity Filter |

Magnetic anomaly at the magnetic pole indicates a quantity similar to the first



vertical derivative of gravity., A pseudogravity map shows the magnetic anomaly
distribution at a certain dip angle transferred to that.at the pole.. Ina practicai
computation, T (X, y), anomaly values of the total magnetic intensity are read at a
grid point with an interval of 1, 000 M in the rectangular coordinates, where the
direction of the magnetic north is adopted as the y-axis. Based on the regional
tendency N (X, y) calculated by the least squares method from the T (x, yl), the
residual values at the grid points are obtained as

ATR(X, Y)=T (X, Y)-N(X, Y)
The pseudogravity values at the rectangular grid points are finally calculated by
taking convolution products of ATR(x, y) with weights defined as

1
W) = gy [T s w2 (e ay') dman
1 1
R N

2-8 Magnetic Measurements of Rock Samples

Rock samples, amounting to 57, were sampled from outcrops at the locations
as shown in PL, 1II-1, Magnetic susceptibilities of all the samples were measured
by means of a Bison Susceptibility Meter, Remanent magnetisms of 17 samples
were also measured by means of a Spinner Magnetometer, The results -of these
measurements are given in Tables III-1 and III-2,

The mean values of magnetic susceptibility amount to

4629 x 10'6cgs emu/cc for 9 andesite samples

4747 " for 4 basailt "
2276 " for 9 diorite "
539 " for 11 tuff "
2080 " for 4 sandstone "
378 " for 3 mudstone
13 " for 3 limestone "
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Table IN-2  Remanent magnetism of rock samples

Sample Rock Susceptibility Declination Inclination
No. 10'6cgs emujfce deg. deg.
A- 8 Diorite Porphyry 1302 9 +40
A- 5 Andesitic Tuff Breccia 215 226 -1
-A - 10 Diorite Porphyry . 3684 30 -76
A-1 Tuff ' ' 173 184 + 15
A - 14 | Altered Andesite - 3627 186 + 11
A-17 Andesitic Tuff Breccia 73 114 -20
B - 4 Andesite . 5365 11 +76
B - & Grancdiorite 2334 30 + 64
B -12 Granodiorite 2965 214 + 72
B -13 Granodiorite 1885 329 + 26
B -14 Granodiorite 7007 306 + 80
B - 17 Diorite Porphyry 11736 35 +71
D-1 Basalt 7221 232 +57
D- 2 Quartz Diorite 3135 1 +75
b - 3 Altered Andesite 7505 2 + 83
D- 5 Altered Andesite 45317 ‘ 250 -2l
D- 7 Schist 34 nd nd
5340 x 10-6cgs emu/cc for 1 schist sample sampled in the northwestern
part of the survey area
and 38 " for 2 schist samples sampled in the southern part

the survey area.

Taking into account the susceptibility values, the rock samples were classified
into Rank ‘A (strongly magnetic rocks), Rank B (intermediately-magnetic rocks),
Rank C (weakly magnetic rocks) and Rank D (slightly magnetic rocks). Andesiﬁc
and basaltic rocks belong to Rank A, dioritic rocks and sandstone to Rank B, tuff-
aceous rock and mudstone to Rank C, green-schist and limestone to Rank D,

The porphyry copper type orebodies are presumably associated with the in-
trusive dioritic rocks in the survey area. The dioritic outcrops are distributed
along the geological structural lines. Accordingly, the magnetic survey results
may disclose possible geology in association with the structural lines as w.ell as
extract areas promising for orebodies from the viewpoint of anomalies in Rank B.
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3. Survey Results

The survey area is divided into three parts; Area I, Area Il and Area lII, as
shownin Fig. IiI-6. For brevity, the magnetic anomalies are classified with these

area numbers,

o 3-1 Residual Map

Judging from the magnetic anomalies shown in the residual map PL. III-1, the

. magnetic features of the survey area are summarized as follows.

1) An outstanding cluster of magnetic anomalies, whose amplitude is larger
than 500 gammas with a wave length of about 10 Km, extends for about
40 Km southeastwards from Santa Fe (Area I). The extension changes
abruptly its direction into northeast on the province boundary between
Nueva Vizéaya and Quezon (Area II), further prolonging the anomalous
zone toward the northeast limits of the survey area. It may be presumed
that magnetic rocks belonging to Rank A, such as andesitic and basaltic
rocks, are extensively distributed over this anomalous zone,

2) The northwestern part of the survey area is characterized by an anomaly
swarm having amplitudes of 100 to 400 gammas with a wave length of
about 3 Km, which possibly indicates scattered, small-scale magpetic
sources belonging to Ranks A to C.

3) In the northeastern paxrt of Area I, we see a magnetic anomaly having
amplitudes of 300 to 700 gainmas with 2 10 Km wave length. This may

. be an indication of a magnetic soﬁrce belonging to Ranks A to B.
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4) In the central part of Area I, a gentle-sloped magnetic-anomaly having
an amplitude of about 300 gammas and a wave length of abou;: 20 Km was
recognized and can be represented by an anomalous body ranking among
Bor C.

5) ° A relatively gently-sloped magnetic anomaly zone with amplitudes of
50 to 150 gammas extends from the southeastern part of Area I to
Maddela, the central part of Area II. This zone is presumably an
evidence of latent magnetic sources belonging to Rank C qnd D,

6) A magnetic anomaly having an amplitude of about 300 gammas and a
wave length of 20 to 30 Km stretches southeastwards along the south-
western margin of Area III. This may indicate a deeply and extensively
di.strib_uted magnetic source of Rank C or D,

7} A positive anomaly zone with amplitude émounting to 600 gammas and a
long wave length, (the wave length is about 30 Km), extending northeast-
wards from Baler Bay to Casiguran Bay, Area III, possibly reflects a
deep-seated magnetic source of Ranks B to D.

3-2 Band-pass Maps

Fig. III-7 shows an energy-spectrum analysis result of magnetic anomalies
based on the residual map of an area 40 Km NS by 40 Km EW [ncluding Santa Fe
(Area-I). Judging from the energy-spectrum distribution, the energy-spectrum has
a tendency to decrease with an increasing frequency, so that there is no maximum
peak in the energy profile. This may imply that the causative magnetic source is
almost uniformly distributed from shallow to.deep depths.

The frequency domain is divided into four subdomains whose boundary fre-

quencies are 0. 5 cycles/Km (i. e. wave length 4 = 2 Km), 0. 25 cycles/Km (1 = 4 Km),
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0. 125 cycles/Km ( 2 = 8 Km) and 0. 0625 cycles/Km ( A = 16 Km). Straight lines
are fitted by the least squares method in each of the ‘subdomains, i.e. 0.5 ~0, 25
cycles/Km, 0, 25 ~0. 125 cylces/Km and 0. 125~ 0. 0625 cycles/Km. We estimate
from the gradients of the straight lines that the depths to the magnetic hésement
amount to' 800 M ASL, 150 M ASL and -400 M ASL, respectively, It is presumed,
however, that the frequency domain higt;er than 0. 25 cycles/Km (i. e. wave length
~ shorter than 4 Km) reflects the surface topography, so that the frEquency domains
lower than 0. 25 cycles/Km was adopted to indicate the magnetic basement,
Accordingly, we designed the following three band-pass filters.
1) BP-1: Band-pass filter for a frequency domain 0. 5 ~0. 25 cycles/Km
(wave length 2 ~4 Km).
é) BP-2: Band-pass filter for a frequency domain 0. 25~ 0. 125 cycles/Km
(wave length 4 ~8 Km).
3)  BP-3:  Band-pass filter for a frequency domain 0. 125 ~ 0. 0625 cycles/Km
(wave length 8 ~16 Km).
Figs. 11I-8, III-9 and III-10 show the frequency characteristics of these band-pass
filters, which were applied to the residual.map to obtain three band-pass maps,
BP-1, BP-2 and BP-3.
Judging from the result of energy-spectrum analyses, the band-pass maps,
BP-1, BP-2 and BP-3 indicate the magnetic structures between -500 and 500 M,
-1000 and 0 M, and -500 and 1,500 M, respectively. Based on these band-pass
maps, a qualitative discussion is given'below.
3-2-1  Band-pass Map BP-1
Magnetic anomalies with an amplitudé of about 200 gammas I-6, III-1, HI-3

and III-5 (see PL. III-8) distributed over Santa Fe and Baler are supposed to be due
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to an extensively large-scale magnetic source of Rank A. In a similar case, there
are magnetic anomalies I-11 and I-12 with amplitudes of 300 and 200 ga1:nmas, re-
spectivelyf in the eastern part of Area I,

A group of magnetic anomalies, named "A-Group Magnetic Anomalies, ™

stretches southeastwards up to 75 Km from Santa Fe with a width of about 25 Km

: including anomalies 1-6, III-1, III-3, III-5. "B-Group Magnetic Anomalies” occupy

an area of 30 Km by 50 Km inctuding I-11, I-12 and some anomalies northwest of
these two anomalies. A group of magnetic anomalies extending with a width of
about 20 Km from the southeastern margin of “A-Group Magnetic Anomalies” to
the northeastern part of the survey area is called "C-Group Magnetic Anoamlies”.

The magnetic anomalies belonging to the A, B and C Groups have large ampli-
tudes Qithout exception. It is also recognized that the magnetic anomalies of each
group arrange somewhat linearly; the linearity being in the NW-SE direction for
A-Group Magnetic Anomalies, mainly in NW-SE direction for B-Group Magnetic
Anomalies and in NE~SW direction for C-Group Magnetic Anomalies. The A-C
Group contact is at about 20 Km nortrhwest of Baler in the southern part of the
survey area,

A narrow zone with a width of -about 20 Km, partially located between A and B
Groups and partially between B and C Groups, has an amplitude of about 50 gammas
and is assumed as a source of Rank C or D.

The magnetic discontinuity as judged from the magnetic anomaly features
does not always coincide with geotectonic lipes in a geological sense. This is due
to the fact that the magnetic discontinuity depe-nds upon susceptibility differences,
Taking the above circumstances and the suéceptibility measurement results of rock

specimens into consideration, a qualitative interpretation is made to the BP-1 Map
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as follows.

1) A thick deposit of magnetic source of Rank A, composed of andesitic or-
basaltic rock, is assumed in the area of A-Group Magnetic Anomalies,
The main direction of estimated tectonic line is NW-S E,

2)  Inthe B-Group area, a deposit of Rank A magnetic source, mainly com-
posed of andesitic or basaltié rock, is presumed. The deposit seems
to be thick in the southern part but relatively. thin in the northern part,
The estimated tectonic line runs in a NW-SE direction.

3 In the C Group area, Rank A sources {(andestic or basaltic rock) are
distributed over the southern part and northern part of this area. The
tectonic line estimated from the magnetic features lies in a NE- SW
direction,

3-2-2  Band-pass Map BP-2

A general tendency seen in Map BP-2, as in BP-1, is characterized by large-
amplitude magnetic anomalies extending southeastwards from Santa Fe. These
coxrespond to A Group Magnetic Anomalies, In the southern margin of these
anomalies, the magnetic linearity changes its direction to northeast, stretching
until the northeastern margin of the survey area. The associated anomalies betong
to C Grdup. A magnetic anomaly with an amplitude of 410 gammas is also seen in
an area corresponding to B-Group shown in BP-1. Magnetic anomalies [-6, III-1,
HI-3, III-5 and I[I-6 having amplitudes larger than 300 gammas are presumed

as magnetic cources of Rank A. Magnetic anomalies with amplitudes ranéing from
100 to 200 gammas, 1-2, I-3, 1-4, I-7, I-8, I-9, I-10 and I-12 in Area I, 11-2, I1-7
and II-9 in Area 1, and 111-5, II-7, [1I-9, HI-lO and III-11 in Area III, are presumed

as magnetic sources of Rank B.
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3-2-3 Band-pass Map BP-3

The band-pass procedure corresponding to this map selects preferably a

magnetic source deeply embedded between -500 and -1500 M ASL. A NW-SE ex-

tension of magnetic anomaly is conspicuously seen in the northwestern part of the

survey area, while a NE-SW extension is seen in the eastern part. Being surrounded

by these large-scale magnetic andmalies, is seen a gentle-sloped anomaly. The

. anomaly seems to reflect a basin-like structure. It also seems to continue to the

_ northeastward direction.

The deep geological structure can be speculated on the basis of BP-3 as men -

tioned below,

1)

2)

3}

Area I is occupied predominantly by three main structures A, B and B’
extending in the direction of NW-SE. As seen in PL. III-10, the struc-
tures A and B spread in relation to A- and B-Group Magnetic Anomalies,
respectively, which reflect the Rank A sources continuously distributed
from shallow to deep down to -1500 M ASL. Magnetic anomalies III-3
and III-5, which are located on the southeastern margin of the A-Group
Magnetic Anomalies in BP-1, seem to be stretched from Magnetic Anom-
aty C in BP-3.

In the northeastern parts of Area Il and Area III, the main structures

C and C', which are presumed as Rank A magnetic sources, extend in
the NE-SW direction.

A gentle-sloped magnetic ahomaly corresponding to the basin-tike
structure E, surrounded by the a;bove-mentioned main structures B, B,
A, Cand C', is iocated in the éentral part of the survey area, The

magnetic anomaly due to E has an amplitude of 100 gammas or so.
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_ This fact implies that it is unlikely to find any Rank A sources in this
region,

3-3 Pseudo-gravity Map

The pseudo-gravity filtering procedures were applied to the above-mentioned
band-pass filter maps BP-1, BP-2 and Bl?- 3, to obtain pseudo-gravity maps PG-1
- (PL. 1II-5), PG-2 (PL. 1II-6) and EG-B (éL. 1I-7).

Qualitative interpretations, based on these pseudo-gravity maps, are made
as follows,
3-3-1 Pseudo-gravity Map PG-1

This map emphasizes outstanding features of the magnetic sources and linea-
tions qf the magnetic-tectonic lines expressed in BP-1. Some lineaments running
in a NW-SE direction over the central part of Area [ and the western part of Area
II, and a similar tendéncy over the central and western parts of Area [Il were
observed. The direction of the lineaments changes gradually into NS in the north-
western part of Area I[II. NE-SW lineaments appear conspicuously over the eastern
part of Area IIl and the central part of Area II, while a secondary WNW-ESE tendency
is predominant over the northeastern part of Area Il.
3-3-2  Pseudo-gravity Map PG-2

It is explicitly seen in this map, as shown in BP-1 and BP-2, that one group of
magnetic tectonic l'ines extends in a direction of NW-SE, while another in a direction
of NE-5W. The main structure E, which was recognized in BP-3, is also linearly
arranged somewhat in a NW-5E directibn, which may be indicative of some deep-:
seated secondary structure,
3-3-3 Pseudo-gravity Map. PG-3

There are two mutually-crossing bundles of lineament running NW-SE and
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NE-SW in the survey area. A positive pseudo-gravity anomaly coincides with the
spread of magnetic source.of Rank A as presumed in BP-3. It seems likely that the.
NW-SE and NE-5W magnetic tectonic lines make the basin-like structure grasﬁed
in BP-3.

PL. T1I-8, III-9 and IIi-10 show the geological structure qualitatively specu-

- lated on the basis of these band-pass and pseudo-gravity maps.

3-4 Quantitative Analyses

We drew 23 NS profiles on the residual map, Depths to magnetic source and
its apparent susceptibilities were estimated from data along every profile by two-
dimensional automatic computer analyses. In proportion to the obtained suscepti-
bilities, the magnetic intensity of the source is cl#ssified into four ranks A, B, C
and D,- as stated previously in Chapter 2-8,

By means of the quantitative analyses we arrive at the following conclusions:

1) Rank A magnetic source is distributed over the central and northeastern
parts of Area | and the marginal regions northeast of Area II and Area L.

2) Rank B magnetic source is distributed mainly from the central to the
western parts of Area I,

3) Rank C and D magnetic sources are distributed from the southeastern
part of Area I to the southern part of Area IIl. On the southeastern part
of Area I and the northwestern part of Area II, predominant distribution
of Rank C magnetic sources are recognized. On the other hand, Rank D
source distribution is remarkable over the SW margin of Area I and the
southern part of Area III. |

PL. I1I-11 shows the above results syhthetically estimated from both the quali-

tative and the quantitative analyses,
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4,  Concluding Remarks

Magnetic anomalies in the survey area are classified into four ranks, namely
A, B, Cand D in prop_ortion to the magnetic intensities of the corresponding cources.
In other wbrds, the magnetic anomadlies are effects of buried magnetic sources of
: . Rank A (strongly magnetic), Rank‘_B (intérmediately magnetic), Rank C (weakly mag-
netic) and Rank D (slightly magnetic). |

According to the susceptibility measurements of rock specimens, andestic and

basaltic rocks belong to Rank A, dioritic rock and sandstone to Rank B, tuffaceous
rock and mudstone to Rank C, and green-schist and limestone to Rank D.

The results of the survey can be summarized with geological implications as

given below,

1) Rank D magnetic anomalies are predominantly distributed over the
southern part of the survey area, where the ground geological survey
recognized the Basement rocks. The Basement Complex outcrops about
40 Km northeast of Baler, According to the qualitative analyses, the
magnetic source of Rank A south of Baler has a thickness of 2500 M
below the surface (1000 M ASL). The above-mentioned Basement
Complex, therefore, becomes deeper to the south, and the depth to the
Basement Complex exceeds -1500 M ASL. It tends to crop out again in
the southern part of the survey area. “

2) Rank A magnetic source -1 is distributed north of Basement Complex
outcrops found iﬁ the NE part of Baler. The contact between the III-1
and the Basementl Complex outci'Ops coincides with a geotectonic line

running in a NW-SE direction. A quantitative analysis estimates that
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3)

4)

III-1 has a thickness of about 2,000 M below the ground surface, On the
assumption that the bottom of the III-1 makes contact with the Basement
Comptex, the above geotectonic line is speculated as a dip-slip fault
down-thrown 2, (00 M iﬁ the northeastern side,

The northwestern extension of the above geotectonic line is interrupted

. by another line running in an ENE-WSW direction through the north-

eastern point [-7 of Rank B magnetic source. The former geotectonic
line trending in a NW-SE direction e:.;tends northwestwards to the west
end of magnetic source -4 along the southwest margin of Rank A mag-
netic source I-6. According to the quantitative analysis results, the I-6
{s estimated to be broadly distributed from the ground surface (1, 000 M
ASL) down to a depth of 2,000 M; i.e. the depth of the Basement Com-
plex reaches -1,000 M ASI, at the I-6 site,

Geological survey found outcrops of the Basement Complex and tuff-
aceous rock southwest and south of Rank B magnetic body [-4. We assume
that Rank C magnetic source south of I-4 reflects this tuffaceous rock. The
Basement-tuffaceous rock contact in the southeast region makes a tec-
tonic line running'in an ENE-WSW direction as stated previously.

Rank D magnetic source occupies the southeast region of the tectonic
line. The quantitative analyses estimate the depth of the magnetic body
I-7 as about -1, 000 M ASL at its western margin. Assuming that the
bottom of the Rank D magneltic body meets with the top of I-7, the thickness
of the magnetic body amotints appfoximately to 1,500 M.

Judging from the above considerations, the depth of the Basement

Complex increases southeastwards south of the I-4, and further down to
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.l’ 000 M beyond an estimated fault in the NW part of I-7.

5) Based on the BP-3, we recognized the main structures A, B, B', C and
C' associated with the spatial distribution of deep-seated Rank A mag-
netic rocks (-500 ~ 1,500 M ASL). It seems likely that these main

" structures are thick forrhations of Caraballo Group II mainlyrconsisting
of andesitic lava. Amc.).ng B and B', we recognized Caraballo Group III
outcrops, along the synclinal axis which runs in a NW-SE direction.

-The main structure E corresponds to the basin;like sfructure mainly
formed of Rank C or D magnetic rocks without Rank A rocks, as pre-
sumed in BP-1 and BP-2. It is hardly possible to find a thick Caraballo
G1_'oup Il between the ground surface and -1,500 M ASL.

6) In the northwestern part of the survey area, Rank B and C magnetic
bodies are-pIEdominantIy distributed down to -1,500 M ASL. A thick
Caraballo Group II may not be distributed there. We see a tectonic line
striking NW-SE in the southwestern part of the survey area. The direction
of this line changes gradually into NS in the northwestern part. There

" are many lineaments obliquely crossing the tectonic line at an angle of
about 300,

As a result, the Rank B magnetic sources tent to concentrate into this
area concerned. We presume that, the singular distribution of geological
lineaments, the Rank B body may consist of dioritic rocks embedded |
restrictedly by these linearﬁents._

Based on the above-mentioned considerlétlops, we conclude as follows:

The geological lineatioﬁ ruas io a NW;SE direction in the western part of the

survey area but in a NE-SW direction in the eastern part. This tendency is well
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consistent with the magnetic lineaments, Many lineaments in the northwestern area
are oriented oliquely to sbme of the NS lineaments. The dioritic formation distribu-
tion is limited along these lineaments. Copper porphyry type orebodies are known
to be associated with the dioritic intrusions. Therefore, we can conclude that the
area limited to Rank B magnetic zones in the northwestern part of the survey area

. is more promising for 'the orebodies.

Furthermore, it is suggested that detailed survey including airborne or ground
. electromagnetic exploration and/or induced polarization prospecting be conducted
over the Rank B magnetic zones that have heen recognized by the present airborne

magnetic survey.
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Table 1, Fossils

Eighteen (18) samples numbered A-12, A-23, A-243, B-13, B-16, 'B-64, B-70, B-107,
B-108, C-72, DF-1, DF-2, DF-3, DF 4, DF-5, DF-6, DF-10 and DF-11 were collected

from Caraballo Groups I, II and III,

tain smaller foraminifella probabty due to metamorphism.

All of them are muddy or sandy rocks but do not con-

Six (6) samples numbered B-102, B-331, C-56, DF-7, DR-20 and DR-77 are coral

limestones.

No fossils could find in them.

(Larger Foraminifera)

Sample No. A-2

Locality
Formation
Species

Geological age :

Sample No. A-6

Locality
Formation
Species

Geological age :

Sample No. B-332

Locality
Formation
Species

Geological age:

Sample No. A-3
: Cagayan River Locality
: Mamparang F. Formation
: Eulepidina monstrosa Species

E. sp. .
Spiroclypeus leupoldi
Nephrolepidina parva
Cycloclypeus sp.
Operculina sp.
Gypsina globulus

G. vesicularis

Tey - 4 (Upper Oligocene)

Sample No. A-29

: Cagayan River Locality
: Mamparang F. Formation
Eulepidina ephippioides Species

Nephrolepidina parva
Spiroclypeus higginsi
Cycloclypeus sp.
Amphistegina radiata

Tey - 4 (Upper Oligocene)

Sample No. B-333

: Santa Fe Locality
: Santa Fe F. Formation
: Amphistegina sp. Species

Nephrolepidina sumatrensis
Flosculinella phitippinensis
Planorbulinella larvata
Tes (Lower Miocene)

Geological age :

Geological age:

Geological age :

Cagayan River

: Mamparang F.
: Spiroclypeus leupoldi

Eulepidina monstrosa

E. sp.

Borelis philippinensis
Opercullna sp.

Cycloclypeus sp.
Heterostegina cf, borneensis
Te) - 4+ (Upper Oligocene)

: San Luis River
: Santa Fe F,
: Flosculinella cf. bontangensis

Amphistegina radiata
Austrillina howchini
Spiroclypeus sp.
Nephrolepidina sumatrensis
Tes (Lower Miocene)

: Santa Fe
: Santa Fe F.

Eulepidina sp.
Cycloclypeus sp.
Tes (Lower Miocene)



Sampile No. B-395

Locality
Formation
Species

Geological age :

Sample No. C-57

Locality
Formation
Species

Geological age :

: Aglipay
: Aglipay F.
: Operculina sp.

Borelis cf. philippinensis
Nephrolepidina sp.
Gypsina globulus

Tf (Middle Miocene)

: Benneng River
: Aglipay F.
: Cycloclypeus sp.

Miogypsina polymorpha
Austrotrillina howchini
Amphistegina radiata
Nephrolepidina sp.
Planorbulinella larvata
Gypsina globulus

G. vesicularis

Teg - Tt

(Lower Miocene

Sample No. B-401

Locality
Formation
Species

Geological age:

-Middle Miocene)

: Ganano
: Santa Fe F,
: Cycloclypeus (Katacylo-

clypeus) annulatus
Miogypsina polymorpha
Amphistegina radiata
Eulepidina sp.
Nephrolepidina sp.
Operculina sp.
Gypsina globulus
Tes (Lower Miocene)
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PL-i Basement Complex

! ) A: Hornblende-augite-schist
{Sample No. B-36)
The essential minerals are pla-
gioclase(pl), augite(aug), magnetite
(mag) and quartz (q).

x 75

B: Quartz-plagioclase-garnet
-hornblende-schist
(Sample No. DR-9)
Quartz(q), plagioclase(pl), garnet
(gar) and hornblende(hb), make up
this rock.

x 50

C: Crystalline !imestone schist
(Sample No. DR-50)
Finely granulated calcite and
quartz with a distinct schistosity.




PL-I Caraballo Group

A: Basaltic lapilli tuff

{Sample No. DR-25)

Rock fragments of basalt(ba)
and a few andesite(an) are cement-
ed by a few amount of chiorite,

x 75

B: Altered augite basalt

(Sample No. B-7)

Tiny phenocrysts of plagio-
¥ clase(pl) and augite(aug) occur in a
devitrified matrix.

x 75

C: Olivine augite basait
{Sample No. B-96)
Phenocrysts of plagioclase(pl),
augite(aug) and olivine(ol) are in a
matrix,




PL-I1I Caraballo Group

A: Andesitic fine tuff

{Sample No. C-25R)

About 50% of lithic fragments
and the rest of crystal chips and
few matrix compose this rock.

x 75

B: Two-pyroxene basalt
{Sample No, A-9)
Plagioclase(pl), augite(aug) and
hyperthene(hyp) are phenocrysts.

x 75

C: Pitchstone
(Sample No. B-23)
Plagioclase{pt) altered to kao-
line and zeolite, and augite(aug) are

in a glassy matrix.
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Intrusive Rocks

A-20

A: Peridotite

{Sample No. A-2568)

The essential minerals are au-
gite (aug), hyperthene (hyp) and
serpentine (serp) after olivine.

x 75

B: Two-pyroxene gabbro
{Sample No, A-294)
Plagioclase (pl), augite (aug),
hyperthene(hyp) and accessory mag-
netite {mag).

x 50

C: Augite-basait
(Sample No. PA-9)
Phenocrysts of plagioclase (pl)
and augite (aug) are enclosed in a
holocrystalline matrix.



A: Hornblende granite

(Sample No. A-31)

The essential minerals are pla-
gioclase (p!), hornbiende (hb) and
microcline (mic). Some magnetite.

x 75

B: Monzonite

{Sample No. B-93)

K-feldspar (K-fr), plagioclase
(pl) and biotite (bio) are the main
components.

C: Quartz diorite
(Sample No, PA-14)
Plagiociase(pl), hornblende(hb)
and quartz (q).

x 75
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A: Biotite-hornblende-gabbro
(Sample No. B-34)
Plagioclase(pl), hornblende(hb)

augite (aug), quartz (q) and mag-

netite (mag). A few hyperthen are
out of this field.

x 50

B: Sphalerite-chalcopyrite
-pyrite
(Sample No. C-65)}
Sphalerite (sph), chalcopyrite
(cp} and pyrite (py).

x 50

C: Chalcopyrite
{Sample No. C-73)
Fractured chalcopyrite {cp). |,

x 50
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Table 6.

Metal content of geochemical samples

(ppm)

Ser. No. Sample No. Cu Zn Mo Ser, No. Sample No, Cu Zn Mo Ser, No, Sample.No. Cu Zn Mo
1 A- 1 35 281 <2 56 A- 58 39 256 <2 111 A-118 78 244 < 2
2 2 27 s <2 57 59 34 129 <2 112 119 37 77 <2
3 3 47 28t <2 58 60 73 2035 <2 113 120 20 56 <2
4 4 49 409 <2 59 61 51 307 <2 114 121 16 192 <2
5 3 a1 256 <2 60 62 47 281 <2 115 122 14 64 <2
6 [ 58 230 < 2 61 63 23 256 <2 116 123 6 o o<2
7 7 72 153 <2 62 64 47 205 <2 117 124 28 72 <2
8 8 116 435 <2 63 65 50 154 <2 118 125 16 95 <2
9 9 49 102 <2 64 66 55 205 <2 119 126 10 154 <2
10 10 49 435 < 2 65 67 41 244 <2 120 127 10 92 <2
1 11 51 230 <2 66 69 3 218 <2 121 128 & 78 <2
12 12 58 205 <2 67 70 65 90 <2 122 129 4 29 <2
13 - 13 40 153 <2 65 71 30 128 <2 123 130 17 44 <1
14 14 40 230 <2 69 72 54 169 <2 124 131 15 20 2
15 15 47 281 <2 70 74 34 141 <2 125 132 22 46 4
16 16 58 7 < 2 71 75 46 82 <2 126 133 13 32 «2
17 17 67 384 <2 72 76 43 128 <2 127 134 22 32 <2
18 18 49 115 < 2 73 78 39 179 <2 128 135 7 24 <2
19 19 67 102 < 2 74 79 50 154 <2 129 136 20 20 <2
20 20 81 716 <2 75 80 44 103 <2 130 137 23 1 <2
21 21 60 102 <2 76 81 65 154 <2 131 138 37 122 <2
2 22 58 486 < 2 77 82 117 410 <2 132 139 16 85 <2
23 23 41 205 <12 78 83 157 244 <2 133 140 30 102 <2
24 24 41 200 <2 79 84 57 244 <2 134 141 21 44 <2
25 25 43 358 <2 BO 85 83 21B <2 135 142 27 93 <2
26 26 47 691 < 2 81 86 100 192 <2 136 143 28 17 <2
27 27 56 473 < 2 82 87 61 326 <« 2 137 144 32 41 <2
28 28 77 153 <2 83 88 63 167 <2 138 145 37 51 <« 2
29 29 62 34 < 2 84 89 a0 174 <2 139 146 66 207 < 2
30 30 60 435 <« 2 85 50 98 167 <2 140 147 33 73 2
31 31 69 153 <2 86 91 61 90 <2 141 148 32 98 3
32 32 69 537 <2 87 93 133 108 <2 142 149 33 7 <2
33 33 39 793 <2 88 95 63 7 <2 143 150 28 M <2
34 35 47 179 <2 8% %6 50 t54 <2 144 151 29 76 <2
35 37 39 230 <2 90 97 109 77 <2 145 152 9 15 <2
36 38 51 281 < 2 N 93 70 103 <2 146 154 11 54 <2
37 39 30 230 < 2 o2 99 67 103 <2 147 154 13 68 <2
38 40 43 307 <2 93 160 102 97 <2 148 155 11 24 <2
39 41 41 486 < 2 64 101 104 82 <2 149 156 19 98 <2
40 42 51 409 < 2 95 102 36 77 <2 150 157 11 39 < 2
41 43 43 409 < 2 %6 103 a9 7 <2 151 158 12 kY <2
42 44 28 179 < 2 97 104 47 a2 <2 152 159 12 98 <2
43 45 21 205 < 2 48 105 94 308 <2 153 160 4 37 <2
44 46 30 20 <2 99 106 96 436 <2 154 161 4 44 <2
45 47 43 435 < 2 100 107 38 a7 <2 155 162 5 4 <2
46 48 36 256 < 2 101 108 54 108 <2 156 163 11 85 <2
47 49 51 256 <2 102 109 43 64 <2 157 164 10 146 <2
48 50 73 205 <2 103 110 43 %0 <2 158 165 5 24 6
49 531 13 332 < 2 104 111 135 713 <2 159 166 4 112 <2
50 52 58 281 < 2 105 112 87 397 <2 160 167 27 90 < 2
51 53 54 358 <12 106 113 113 00 <2 16t L6l 3 41 <2
32 54 34 741 <2 107 114 48 2190 <2 162 169 3 a8 <2
53 55 47 281 <2 108 115 33 79 <2 163 170 3 80 <2
54 56 34 2% <2 109 116 83 256 <2 164 171 1% 97 <2
55 57 34 256 < 2 110 117 33 167 <2 165 172 5 34 <2
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Ser,No. Sample No. Cu Zn Mo Ser.No. Sample No. Cu Zn Mo  Ser,No. Sample No. Cu Zn Mo
166 A-173 5 3 < 2 23 A - 239 6 13 <2 296 A - 308 23 71 <2
167 174 10 59 < 2 232 240 16 65 <2 297 309 4 14 <2
168 175 11 97 < 2 233 241 57 139 < 2 298 310 36 N o<2
169 176 12 B3 < 2 224 242 90 120 < 2 299 311 S8 129 < 2
170 177 13 134 < .2 235 243 89 61 < 2 300 B- 2 0 235 2
171 178 20 23 <2 236 244 65 161 < 2 301 3 65 110 <2
172 179 26 M <2 237 245 56 213 < 2 302 4 50 100 <2
173 180 22 M o< 2 238 246 58 133 <2 303 5 65 145 <2
174 181 16 B <2 239 247 68 159 < 2 304 6 S0 115 <2
175 182 28 37 < 2 240 248 38 170 < 2 305 B 55 115 <2
176 183 30 75 < 2 241 249 59 62 < 2 306 10 110 130 <2
177 184 20 91 < 2 242 250 66 179 < 2 307 11 90 120 <2
178 185 32 000 < 2 243 251 48 86 < 2 308 13 70 225 <2
179 186 49 491 < 2 244 252 15 223 <2 309 14 45 M <2
180 187 33 915 < 2 245 253 7 464 <2 310 15 55 120 <2
181 188 48 59 < 2 246 254 9 161 <2 311 16 35 200 <2
182 189 186 870 < 6 247 255 12 112 <2 32 17 45 110 <2
183 190 33 0 <2 248 256 9 196 <2 313 18 40 185 <12
184 191 31 41 <« 2 249 257 5 77 <2 314 19 45 260 <2
185 192 20 37 <2 250 258 7 107 2 315 20 49 95 <2
186 193 43 56 < 2 251 259 19 71 <2 316 21 125 1165 < 2
187 194 32 74 <2 252 260 12 98 <2 317 23 75 250 <2
188 195 28 74 < 2 253 261 4 W07 <2 318 24 45 85 <2
189 196 35 59 < 2 254 262 10 54 <2 319 25 50 130 <2
190 197 28 106 < 2 255 263 15 82 < 2 320 26 65 105 <2
191 198 9 3t <2 256 264 24 54 < 2 321 27 60 440 <2
192 199 27 48 <2 257 265 19 4 <2 322 28 40 120 <2
193 200 70 65 < 2 258 266 23 36 <2 323 29 S0 205 <12
194 201 64 56 < 2 259 267 15 4 <2 324 31 10 35 <2
195 202 24 22 <2 260 268 22 62 « 2 325 32 30 B <2
196 203 40 52 < 2 261 269 15 45 <2 az6 35 15 45 <2
167 204 41 6 <2 262 270 7 M <2 327 36 25 65 <2
198 205 113 104 <2 263 271 6 B <2 328 37 15 105 <2
199 206 64 58 < 2 264 272 10 61 < 2 329 39 10 B <2
200 208 60 93 < 2 265 273 22 57 < 2 330 41 10 B <2
201 209 S0 93 < 2 266 274 72 107 <2 331 42 5 15 <2
202 210 s 65 < 2 267 275 19 3% <2 332 44 15 o <2
203 211 19 78 <2 268 276 19 32 <2 333 45 20 0 <2
204 212 49 65 < 2 269 277 10 3 <2 334 46 45 95 <2
205 213 68 69 < 2 270 278 15 42 <12 335 48 10 W <z
206 214 44 4 <2 27t 279 37 8 <2 336 19 10 80 <2
207 215 a2 4 <2 272 280 33 45 <2 337 50 15 a4 <2
208 216 34 28 <2 273 281 11 32 <2 338 52 5 3 <2
209 217 36 46 <2 274 282 21 64 <2 339 53 15 0 <2
210 218 42 11 <2 275 283 17 48 <2 340 S6 170 155 <2
211 219 48 56 < 2 276 284 12 49 < 2 341 56 I1B5 400 <2
212 220 44 50 <2 277 285 5 2 <2 342 50 205 230 <2
213 221 47 102 <2 278 286 2 M <2 343 60 210 P15 <2
214 222 77 78 <2 279 287 4 32 <2 344 61 160 415 <2
215 223 25 B <2 280 288 2 27 <2 345 62 170 400 <2
216 224 23 I <2 281 291 42 89 <2 346 64 14D 415 <2
217 225 33 56 < 2 282 292 4 43 < 2 347 65 95 190 2
218 226 22 89 <« 2 283 293 15 29 <2 348 66 130 275 2
219 227 s 56 < 2 284 294 14 46 <2 349 68 105 25 2
220 228 10 30 <2 285 295 19 50 < 2 350 69 180 2
221 229 19 ¥ <2 286 296 41 B4 < 2 asi 70 110 500 <2
222 230 30 I <2 287 297 35 9 < 2 352 71 55 165 <2
223 231 31 65 < 2 288 298 4 14 <2 353 72 75 440 <2
224 232 19 57 < 2 289 299 12 54 o 2 354 73 45 190 <2
225 233 16 111 <2 290 3 20 143 « 2 355 74 S0 135 <2
226 234 24 139 <2 29 302 64 g < 2 356 75 60 120 <2
227 235 48 185 < 2 292 304 39 129 <2 357 77 50 125 <12
228 236 7 41 <2 293 305 72 107 <2 358 78 8 115 «12
229 237 49 B3 < 2 294 306 41 89 < 2 359 79 95 105 <12
230 238 18 78 <2 295 307 70 9B < 2 360 80 1o 130 2
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Ser. No. Sample No. Cu Zn Mo Scr.No. Sample No, Cu Zn Mo  Ser,No, Sample No. - Cu Zn Mo
361 B- 83 180 275 < 2 426 B-173 120 335 2 491 B-354 105 285 <2
82 B4 80 135 < 2 427 174 135 190 < 2 492 356 100 135 < 2
363 85 95 210 < 2 428 175 150 190 3 493 358 75 165 <12
364 86 90 [0 < 2 429 176 140 125 34 494 a59 75 210 <2
365 88 105 115 < 2 430 177 110 140 2 495 360 L0 300 < 2
366 8% 100 205 « 2 43t 178 90 150 2 496 362 135 205 < 2
367 91 55 15 g2 432 180 85 230 < 2 497 364 195 230 - 2
368 95 45 0 <2 433 181 60 103 < 2 498 365 195 325 < 2
369 100 40 20 <2 434 182 70 140 < 2 499 366 175 280 < 2
370 101 40 5 <2 435 184 65 130 < 2 500 367 160 235 < 2
371 102 40 a0 <2 436 185 95 185 < 2 50t 368 215 175 < 2
372 104 45 50 <2 437 189 75 200 < 2 502 69 190 170 <2
373 105 50 40 <2 438 190 80 105 <« 2 503 371 245 120 <2
374 107 50 30 <2 439 192 85 130 « 2 504 373 240 150 < 2
375 108 45 50 <2 440 193 Ly] 100 <« 2 505 375 200 125 < 2
376 109 25 45 <2 441 194 95 145 < 2 506 377 230 465 < 2
377 110 ao 45 <2 442 195 80 115 < 2 S07 379 170 390 < 2
378 112 15 50 <« 2 443 196 130 190 < 2 508 381 245 375 < 2
379 114 35 55 <2 444 197 70 140 < 2 509 382 180 305 < 2
380 115 20 45 <2 445 198 125 190 < 2 S10 384 190 350 < 2
381 116 30 S0 <2 446 199 45 & <2 511 385 20 215 <2
382 117 40 0 <2 447 200 110 95 < 2 512 386 175 225 <32
383 119 40 35 <2 448 201 115 90 < 2 513 388 80 120 <2
384 120 45 S0 < 2 449 202 110 130 < 2 514 390 125 390 < 2
385 121 35 55 <2 450 203 130 115 < 2 515 391 115 125 < 2
386 123 20 50 <2 451 204 a5 95 <2 516 392 90 330 <z
387 124 50 30 <2 452 205 110 100 < 2 517 394 140 220 < 2
388 126 60 80 < 2 453 206 100 230 < 2 518 395 150 245 < 2
389 127 50 80 <2 454 207 95 150 < 2 519 39 170 303 <« 2
390 128 60 85 <2 455 208 85 125 <« 2 520 397 130 135 <« 2
391 130 40 75 <2 456 200 110 120 < 2 521 398 75 155 <2
392 131 20 3 <2 457 210 70 115 < 2 522 399 95 140 <2
393 132 40 85 < 2 458 211 60 170 < 2 523 400 110 275 <2
394 133 90 120 < 2 459 212 85 135 <« 2 524 403 145 315 < 2
395 134 60 85 < 2 460 213 115 145 < 2 525 405 45 75 <2
396 135 40 40 <2 461 214 95 120 <2 526 406 15 40 <2
a7 136 195 140 < 2 462 215 50 10 < 2 527 411 45 0 <2
398 137 0 140 ¢ 2 463 216 50 150 < 2 528 413 55 65 < 2
399 138 105 B0 2 464 217 55 45 <2 529 415 25 0 <2
400 139 200 165 ¢ 2 465 218 70 305 <2 530 47 25 0 <2
401 140 65 70 <12 466 219 55 125 < 2 831 421 25 40 <2
402 141 9% 120 <2 467 220 55 120 < 2 532 422 20 55 <2
403 142 B0 135 <2 468 221 55 135 < 2 533 427 65 65 <2
404 143 355 255 <2 469 222 50 665 < 2 534 430 110 45 <2
405 144 610 365 <3 470 302 65 185 < 2 535 432 60 50 <2
406 145 245 195 < 2 471 304 60 260 < 2 536 434 75 55 <2
407 147 105 105 < 2 472 308 45 135 <2 537 435 75 65 < 2
408 149 180 160 < 3 473 309 75 130 < 2 538 437 60 45 <2
409 150 160 120 < 2 474 310 3B 130 <2 539 438 95 45 <2
410 151 178 105 < 4 475 313 30 125 < 2 540 441 20 25 <« 2
411 152 205 145 <4 476 315 30 150 < 2 541 443 405 40 <2
412 153 90 90 <2 477 318 50 85 < 2 542 445 S5 30 2
413 154 75 223 <2 478 319 70 105 < 2 543 446 70 55 3
414 156 . 110 125 <2 479 320 I 120 < 2 544 447 55 95 <2
415 157 110 90 <2 480 323 60 135 < 2 545 450 80 00 <2
416 159 70 K30 <2 481 3 10 60 < 2 546 451 130 10§ 4
417 160 54 95 <2 482 328 25 M <2 547 452 65 90 <2
418 161 40 105 <2 483 3n 15 70 <2 548 454 205 125 7
419 164 140 170 <2 484 kET 25 70 <2 549 456 100 120 < 2
420 166 145 140 <2 485 342 75 160 < 2 550 457 76 7 <2
421 167 165 140 <2 486 344 5 120 <2 551 459 52 66 < 2
422 168 85 150 <2 487 348 50 140 < 2 552 461 80 75 <2
423 169 100 215 10 488 350 30 115 <2 553 462 71 69 <2
424 171 90 150 5 489 352 40 105 <2 554 463 84 66 <2
425 172 125 275 2 490 353 80 60 <2 555 465 49 61 <2

- A-27



3
=
3
2

Ser, No, Sample No, Cu Zn Mo  Ser, No. Sample No. Cu Zn Mo  Ser.No. Sample No. Cu Zn Mo
556 B - 467 as 68 < 2 621 c- 22 39 176 <2 686 C - 122 39 101 <2
557 469 44 63 < 2 622 23 65 139 <2 687 124 39 70 < 2
558 470 77 63 < 2 623 24 64 111 <2 688 126 37 1M <2
559 471 73 79 < 2 624 25 42 4 <2 689 128 37 103 < 2
560 477 56 ¥ <2 625 26 56 130 < 2 690 130 3z 9% « 2
561 481 70 50 < 2 626 27 46 81 < 2 691 132 a7 84 < 2
562 483 75 20 <2 627 28 48 131 < 2 692 134 4 125 < 2
563 485 91 57 < 2 628 29 66 115 < 2 693 136 45 70 < 2
564 487 77 57 < 2 629 30 40 157 < 2 694 138 39 0 < 2
565 488 47 21 <2 630 31 45 152 < 2 695 140 41 174 < 2
566 490 34 60 << 2 631 32 78 1306 <2 696 142 41 90 < 2
567 491 75 57 < 2 632 33 6 120 < 2 697 144 47 99 <« 2
568 492 53 59 < 2 633 34 54 93 < 2 698 146 30 209 « 2
569 494 103 110 < 2 634 35 60 107 < 2 699 148 37 157 < 2
570 495 97 Mo« 2 635 36 62 70 «< 2 700 150 47 122 < 2
571 496 99 56 < 2 636 37 76 Il < 2 701 152 37 15 < 2
572 497 67 10y < 2 637 38 47 143 < 2 702 154 47 B9 < 2
573 498 79 130 < 2 638 a9 29 52 <« 2 703 157 39 g7 < 2
574 499 62 3 ‘< 2 639 40 51 124 < 2 704 159 43 160 < 2
575 500 66 168 < 2 640 41 33 10z 2 705 160 47 78 2
376 501 40 94 < 2 641 42 52 148 < 2 706 161 43 30 < 2
577 502 71 78 < 2 642 43 48 148 < 2 707 162 20 52 < 2
578 505 58 94 < 2 643 44 1819 944 < 2 708 163 36 84 < 2
579 506 54 o < 2 644 45 64 176 < 2 709 164 36 66 < 2
580 508 77 94 < 2 645 46 41 157 < 2 710 166 34 87 < 2
581 509 23 m <2 646 47 48 120 < 2 711 168 36 0 <2
582 512 37 85 < 2 647 48 59 115 <2 712 170 iz s < 2
583 514 25 72 <2 648 49 37 200 < 2 713 172 30 87 < 2
584 515 75 89 < 5 649 50 33 98 < 2 714 174 37 139 < 2
585 516 66 83 < 2 650 52 37 102 < 2 715 176 24 M < 2
586 517 40 68 < 2 65t 54 51 126 < 2 716 178 39 66 < 2
587 518 61 82 < 2 652 S6 44 120 < 2 717 180 22 4 < 2
588 521 93 86 < 2 653 58 34 126 < 2 718 182 36 52 < 2
589 525 9% 86 < 2 654 60 58 93 < 2 719 184 21 30 « 2
590 526 84 B6 < 2 655 62 50 i3n < 2 720 186 24 82 <« 2
591 527 87 79 < 2 656 64 38 102 < 2 721 188 32 57 < 2
592 530 68 85 < 2 657 66 38 93 < 2 722 189 41 73 < 2
593 536 62 B4 < 2 658 68 a1 15 < 2 723 150 27 50 < 2
594 537 43 97 < 2 659 70 45 107 < 2 724 192 28 50 < 2
595 538 126 82 < 2 660 72 49 102 ¢ 2 725 194 24 6 < 2
596 540 61 77 < 2 661 74 91 37 <2 726 196 32 62 < 2
597 541 82 90 & 2 662 76 39 B0 < 2 727 198 30 68 <« 2
598 542 67 90 ¢ 2 663 78 26 B7 < 2 728 200 3o 68 < 2
599 543 Bl 98 < 2 664 80 43 B < 2 729 202 a5 711 « 2
600 c- 1 54 124 o 2 665 82 49 83 <« 2 730 204 28 45 < 2
601 2 25 296 < 2 666 84 75 45 3 731 206 2 50 < 2
602 3 33 130 < 2 667 86 46, 78 < 2 732 207 34 59 <« 2
603 4 113 133 < 2 668 a8 39 90 <« 2 733 208 29 71 < 2
604 5 72 111 < 2 669 90 45 B4 <« 2 734 209 64 73 < 2
605 6 38 189 < 2 670 92 51 B7 <« 2 735 210 78 86 < 2
606 7 B9 115 < 2 671 94 59 73 < 2 736 212 36 71 < 2
607 8 98 89 < 2 672 96 43 77 <2 737 213 188 268 3
608 9 41 1313 < 2 673 98 43 87 < 2 738 215 16 54 & 2
609 10 41 M < 2 674 100 51 87 < 2 739 216 47 W07 ¢ 2
610 11 47 9 < 2 675 102 40 70 < 2 740 217 54 MW o 2
611 12 51 130 < 2 676 104 57 6] < 2 741 218 22 9 < 2
612 13107 148 < 2 677 106 63 66 < 2 742 220 47 52 < 2
613 14 56 83 < 2 678 108 36 7 < 2 743 222 34 2 <2
614 15 57 126 < 2 679 L0 51 82 < 2 744 224 40 89 < 2
615 16 44 93 < 2 680 112 39 108 < 2 745 226 66 107 < 2
616 17 60 11l < 2 681 114 47 104 < 2 746 227 3z 64 < 2
617 18 45 89 <« 2 682 116 a7 m < 2 747 229 56 11y < 2
618 19 63 9% < 2 683 118 43 104 < 2 748 231 42 1 ]
619 20 40 52 < 2 684 120 47 84 < 2 749 233 32 45 < 2
620 21 48 200 « 2 685 121 34 104 < 2 750 238 140 223 2
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Ser, No. Sample No. Cu Zn Mo Ser, No. Sample No, Cu Zn Mo  Ser. No. Sample No. Cu Zn Mo
751 C - 237 33 161 < 2 818 D- 17 75 70 < 2 BEBI D - 108 40 60 <2
752 239 34 98 < 2 817 18 68 BE < 2 882 106 42 60 <z
753 241 51 93 < 2 818 19 72 75 <2 883 107 95 54 <2
754 243 37 107 < 2 819 21 58 75 <2 8B4 108 42 B <2
755 245 52 125 < 2 820 22 50 50 < 2 885 109 35 2 <2
756 247 56 M <2 824 23 68 78 <2 886 110 50 66 <2
757 249 45 164 < 2 822 24 68 78 <2 887 111 45 0 <2
758 251 48 129 « 2 823 25 72 75 < 2 888 15 35 8 <2
759 253 51 s < 2 824 26 66 75 < 2 889 118 50 49 <2
760 255 47 125 <« 2 825 27 78 90 < 2 890 122 50 7% <2
761 257 48 77 <2 826 28 66 95 < 2 891 124 60 54 <2
762 259 48 125 < 2 827 29 52 107 < 2 892 125 75 57 <2
763 261 84 50 <2 828 30 62 73 <2 893 131 45 64 <2
764 263 49 134 <2 829 31 65 64 < 2 994 134 45 64 <2
765 265 37 154 < 2 830 32 60 75 < 2 495 136 45 60 <2
766 267 52 w7 <2 831 33 50 0 <2 8496 137 40 57 <2
767 269 3] 121 <2 832 34 40 66 < 2 897 139 40 70 <2
768 271 48 157 <2 833 35 56 57 < 2 898 141 30 23 <2
769 273 46 89 <2 834 36 60 64 < 2 899 143 45 72 <2
770 274 47 98 < 2 835 38 54 55 <« 2 900 147 44 4 <2
771 276 47 179 <2 836 39 60 72 <2 901 150 42 53 <2
772 278 30 136 < 2 837 40 88 60 < 2 902 152 60 92 <2
773 280 52 107 < 2 838 41 40 58 < 2 903 155 3s 18 <2
774 282 62 125 <« 2 839 42 72 55 <2 904 158 40 23 <2
775 284 52 16 < 2 840 43 58 53 <2 905 160 40 69 <2
776 286 36 286 < 2 841 4 60 53 <2 906 162 50 41 <2
777 288 46 87 <2 242 46 26 37 <2 907 165 45 61 <2
778 290 46 121 <2 843 47 28 4 <2 908 166 25 28 2
779 292 49 105 < 2 844 48 38 8 <2 909 169 45 60 <2
780 294 51 98 < 2 845 49 a8 8 <2 910 171 147 247 <2
781 2956 40 5 <2 a46 50 o M <2 911 172 35 157 <2
782 298 52 119 <2 847 5§ 46 63 <2 912 173 25 7B <2
783 300 0 170 < 2 848 53 55 58 <2 513 175 82 184 <12
784 302 46 121 <2 849 54 56 55 <2 914 176 52 129 <2
785 304 84 197 <2 850 55 k¥ 52 <2 915 179 60 170 <2
786 305 54 130 < 2 851 58 48 52 <2 916 180 42 101 <2
787 306 70 104 <2 852 61 56 63 <2 917 183 72 175 «2
788 307 33 143 < 2 853 62 60 58 <2 918 184 48 72 2
789 310 82 125 < 4 854 64 80 58 < 2 919 188 55 122 <2
790 311 6 170 < 2 855 65 62 . 46 <2 920 189 40 97 <2
791 313 B 205 <2 856 67 78 40 <2 921 190 45 42 <2
792 315 BO 139 < 6 857 70 62 71 <2 922 192 42 101 <2
793 317 40 121 < 2 858 71 52 64 <2 923 194 45 87 <2
794 319 51 143 <2 859 72 46 64 <2 924 196 52 57 <2
795 321 48 152 <« 2 B6O 73 48 91 <2 925 198 45 72 <2
796 323 1BB 1446 < 2 861 75 62 65 <2 926 202 35 o <2
797 325 64 232 < 2 B62 76 50 Bl <2 927 203 60 59 o2
798 37 36 250 < 2 B63 78 104 43 <2 928 204 71 60 <2
799 329 592 1018 <14 B&4 79 112 68 < 2 929 208 20 22 <2
80D 331 1184 241 <20 865 82 92 55 <2 930 210 48 39 <2
[:11)] 332 412 286 < 7 B6G B3 108 55 <2 931 211 52 54 <12
RO2 D- 1 85 2 < 2 867 85 74 58 < 2 932 213 121 63 <2
803 2 90 83 < 2 B6B B6 ] 45 <2 933 215 61 70 <2
B804 3 72 68 o 2 869 87 55 8 <2 934 216 50 51 <2
805 4 18 60 <« 2 870 88 55 45 <2 935 220 66 55 <2
B06 6 138 gy <2 871 90 50 61 <2 936 222 69 S6 <2
807 7112 75 < 2 872 91 135 61 <2 937 223 39 47 g2
808 8 100 75 <2 873 92 120 92 < 2 933 225 92 45 <2
809 g 98 98 < 2 874 94 92 50 <2 939 227 -50 60 <2
810 10 55 88 <2 875 96 75 %6 <2 940 228 36 60 <2
811 11 92 90 < 2 876 57 94 59 <2 941 229 47 64 <2
812 12 a5 0 < 2 877 98 80 59 <2 942 231 3t 56 <12
813 13 78 M <2 878 99 50 63 < 2 943 232 a6 54 <2
814 15 74 5 <2 879 100 55 60 <2 944 233 40 50 <2
815 16 78 60 <« 2 880 104 40 57 < 2 945 244 21 73 <2
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Ser. No, Sample No. Cu Zn Ser, No. Sample No, Cu Zn Mo Ser. No. Sample No, Cu Zn Mo
946 D - 246 13 63 < 2 1011 J- 10 275 436 < 2 1076 J- E3 68 92 < 2
947 247 43 7 <2 1012 1 76 83 < 2 1077 84 64 92 < 5
948 251 16 77 < 2 1013 12 69 80 < 2 1078 85 129 122 < 2
949 253 35 67 < 2 1014 13 54 107 < 2 1079 86 107 117 < 6
950 255 15 60 < 2 1015 16 69 9% < 2 1050 87 a2 27 <15
951 257 35 58 < 2 1016 17 148 152 < 2 1081 88 104 162 < 2
932 258 S5 67 < 2 1017 18 152 153 < 2 1082 89 93 97 < 6
953 260 41, 30 <2 1018 19 152 166 < 2 1083 90 36 102 < 4
954 262 43 a1 <2 1019 20 181 327 < O 1084 91 57 65 <10
935 264 44 3B < 2 1020 21 134 164 < 2 1085 92 82 128 < 2
956 265 43 0 <2 1021 22 87 46 <5 1086 93 164 36 < 2
957 267 53 M1 <2 1022 23 119 161 < 2 1087 94 168 178 < 2
958 269 56 o< 2 1023 24 112 10 < 4 1088 96 125 M4 < 2
959 270 43 6 <2 1024 25 152 167 < 3 1089 97 68 132 < 2
260 by 56 7«2 1025 26 163 309 < 5 1090 98 143 151 < 2
251 274 47 78 <2 1026 27 a3 19 < 4 1091 99 104 456 < 4
962 215 52 M <2 1027 28 105 124 < 2 1092 100 114 183 < 2
963 276 52 0 <2 1028 29 145 472 < 2 1093 101 136 100 < 2
964 278 24 60 <2 1029 30 98 476 < 2 1094 102 64 83 < 6
965 279 7117 <2 1030 3 94 409 < 2 1095 103 61 82 < 7
966 280 44 52 < 2 1031 32 B0 309 < 2 1096 104 18 72 <2
967 281 44 83 < 2 1032 33 119 158 < 2 1097 105 61 404 < 2
968 282 26 63 <2 1033 34 94 145 < 2 1098 106 36 41 <10
969 253 34 79 <2 1034 35 94 123 < 2 1099 107 39 56 <10
970 284 s6 67 < 2 1035 36 83 103 < 2 £100 108 43 76 < 2
971 285 52 67 <2 1036 37 148 112 <2 1101 109 39 69 <10
972 286 34 52 <2 1037 33 87 139 <2 1102 110 89 129 <« 2
973 288 46 92 < 2 1038 39 54 95 < 2 1103 1L 175 9% < 7
974 289 52 56 < 2 1039 40 54 82 <3 1104 1z 132 95 « 2
975 291 35 0 <2 1040 41 58 92 <4 1105 143 75 97 & 2
976 292 35 75 <2 1041 42 51 84 <9 1106 114 36 106 < 2
977 293 27 54 < 2 1042 43 47 88 <2 1107 115 39 77 <2
978 294 3s 7N <2 1043 44 87 85 <« 3 1108 116 32 89 < 2
979 295 47 83 < 2 1044 45 9% 171 <2 1109 117 96 162 < 2
980 297 42 73 <2 1045 46 80 94 <2 110 118 61 103 < 2
981 299 42 69 <2 1046 47 116 166 <2 11 119 132 120 < 2
982 300 20 41 <2 1047 48 152 121 <2 1112 120 136 170 < 2
983 301 41 58 <2 1048 49 g0 177 <2 1113 124 71 18 < 2
984 302 21 47 <2 1049 50 80 103 <2 P4 122 121 101 < 2
985 304 32 4 <2 1050 S1 112 109 <2 1115 123 57 91 < 2
986 306 39 39 <2 1051 52 65 491 < 2 116 124 139 123 < 2
987 307 44 4 <2 1052 53 B3 545 <2 17 125 114 108 < 2
988 308 75 47 <2 1053 54 90 454 < 3 1118 126 61 69 < 2
98¢ 310 16 37 <2 1054 55 B7 125 <3 1119 127 68 68 < 2
950 311 97 9 <2 1055 56 94 196 < 2 1120 128 64 67 < 2
991 313 66 55 <2 1056 57 90 102 <2 1121 129 89 68 < 2
992 314 27 35 <2 1057 S8 33 48 <9 1122 130 36 77 <2
993 315 33 4 <2 1058 60 18 9 - <2 1123 131 50 7 < 2
954 316 29 13 <2 1059 61 47 101 <2 1124 133 54 4 <1l
995 317 46 58 < 2 1060 62 54 90 <2 1125 134 39 43 <12
996 318 29 33 <2 1061 63 3§ 139 <4 1126 135 39 42 <2
997 319 29 335 <2 1062 64 101 110 <6 1127 136 89 B4 < 2
998 320 48 41 <2 1063 65 40 87 <2 1128 137 46 149 < 2
999 3 50 49 <2 1064 66 29 69 <3 1129 138 46 121 < 2
1000 322 37 41 <2 1065 67 79 198 <2 1130 139 50 54 < 2
1001 323 57 0 <2 1066 71 68 117 <2 1131 140 46 116 < 2

1067 72 25 404 <2 1132 141 64 121 < 2

Additional samples collected by BM 1068 74 57 579 <2 1133 142 25 120 < 2
1002 J- 1 58 113 <2 1069 75 79 119 <12 1134 143 61 116 < 2
1003 2 65 100 <2 1070 77 25 167 <2 1135 144 50 98 < 2
1004 3 58 108 <2
1005 4 65 99 <2 1071 78 g2 102 <3 1136 145 57 596 & 2

1072 79 80 116 <2 1137 146 46 94 < 2
1086 5 54 150 <2 1073 80 71 120 <8 1138 147 25 92 <« 2
1007 & 61 88 <2 1074 81 75 106 <3 113% 148 61 93 <« 2
1008 7 108 178 <2 1075 82 61 112 <2 1140 149 25 87 < 2

1009 B 191 509 <2
1010 9 271 286 < 2
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Ser, No. Sampte No, Cu Zn Mo
1141 ] - 150 64 104 <2
1142 151 68 439 < 2
1143 152 57 145 < 2
1144 153 54 63 <2
1145 154 32 87 <2
1146 155 39 1 <2
147 156 36 48 <« 2
1148 157 27 72 <« 2
1149 158 36 133 « 12
1150 159 43 102 <2
1151 160 46 14 <2
1152 161 54 333 <2
1153 162 36 126 <2
1154 163 29 350 <2
1155 164 29 351 <2
1156 165 25 79 < 2
1157 166 29 B2 <2
1158 167 61 151 <2
1159 168 146 129 < 2
1160 169 46 137 <2
1161 170 54 14 <2
1162 171 50 158 <2
1163 i72 50 60 <2
1164 174 46 9t <2
1165 £75 64 158 <2
1166 176 43 180 <12
1167 177 61 491 <z
1168 178 125 135 <2
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