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The Chromite Project Definition Mission to the
 
Philippines - February 1983
 

Introduction:
 
-TheTra;e and Develoment Program (TDP) as part of
 

its assigned task to broaden opportunities for U.S.
 
private sector mining firms to participate in the
 
development and diversification of foreign sources of
 
supply of strategic and critical materials, is
 
investigating potential alternate economic sources of
 
chromium.
 

This report summarizes the findings of a team of
 
earth scientists who visited the East-West Center's
 
Resource Systems Institute in Hawaii, and mining
 
institutions in Manila and mines in the Zambales
 
District in the Philippines from February 19, until
 
March 2, 1983. The team consisted of:
 

Josiah Royce; Coordinator of Mineral Activities, TDP
 
Team Leader
 

Earl Herkenhoff; Extractive Metallurgist
 

David Jordt; Geologist/Geochemist
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The Chromite Resource Situation:
 

The U.S. Bureau of Mines estimates for 1981 show the
 
world mine production of chromite ore as 10,225,000
 
shirt tons, of which South Africa produced about 3.2
 
million, and Communist Bloc countries 3.7 million tons.
 
The Philippines mined 490,000 and Zimbabwe accounted for
 

about 580,000, while the United States, which consumes
 
16% of the world's production, has mined none
 
domestically since before 1977.
 

The distribution of world chromite resources (some
 
36 billion tons) is even more uneven, with nearly 99%
 
reportedly concentrated in southern Africa. As U.S.
 
defense and energy programs become more extensive and
 
sophisticated, resistance to high temperatures,
 
corrosion, and abrasion is expected to increase the
 
demand for chromium. (Each Pratt and Whitney F-100
 
turbofan engine used in our F-15 and F-16 fighter planes
 
requires 1656 pounds of chromimum, for example.) This
 
situation has motivated the U.S. Government to stockpile
 
chromimui-bearing materials as tabulated below:
 

Stockpile Status - 11/30/81 (thousands of short tons)
 

MATERIAL GOAL TOTAL INVENTORY
 
M73 ~Te: 
Metallurgical Grade 3200 1957
 
Chemical Grade 675 242
 
Refractory Grade 850 391
 

Chromium Ferroalloys 350 759
 

Chromium Metal 20 4
 

(In addition, the stockpile contained the following
 
off-grade materials: 531,219 tons of metallurgical
 
grade chromite and 20,762 tons of chromium ferroalloys.)
 

The Department of Commerce announced, on December 3,
 
1982, that the President had approved a program to
 
upgrade chromium materials in the stockpile to help
 
maintain domestic ferroalloy manufacturing capacity.
 
The program plans to produce 519,000 short tons of
 
high-carbon ferrochrome during the next ten years and
 
stock it.
 



-4-


Since U.S. chromium resources, in the Stillwater
 
complex in Montana and beach sands in Oregon, are
 
considered subeconomic, the Trade and Development

Program is investigating the possibility of developing
 
new or enhanced sources of chromite in friendly

countries outside the U.S., maximizing U.S. private

sector participation in accordance with its mandate.
 

The Geology of Chromite:
 

Chromite, (FeCr204), the only mineral mined
 
extensively for its chromimum content, is black, heavy,
 
slightly magnetic, isometric in form, and has no
 
distinct cleavage. It is found exclusively in mafic and
 
ultra-mafic rocks, crystallizing early in peridotite and
 
serpentinite. The derivatives and alteration products
 
of these rocks, such as placers and laterites, also
 
contain, in places, economic deposits from which
 
chromium can be extracted.
 

Nearly all chromite mined today comes from two types
 
of primary deposits:
 

a) Stratiform deposits are found in Precambrian land
 
masses Tn--rg - in igneous intrusions like the
 
Brushveld Complex in South Africa and the Great
 
Dykes in Zimbabwe, both of which countries are major
 
producers. In addition, there are occasional rumors
 
of large undeveloped stratiform chromites in western
 
Australia. Stratiform chromites, perhaps because of
 
their large areal extent and ease of recognition,
 
form the bulk of the known reserves.
 

b) Podiform chromites occur in irregularly shaped

lenses averaging- ess than 1000 tons, but generally
 
have a desirably high chrome-to-iron ratio. The
 
largest podiform chromite deposit in the world is
 
the 15 million ton plus Coto deposit(more accurately
 
a swam of deposits) in the Zambales District of the
 
Phlippines, which we visited. Podiform deposits are
 
difficult to find, since, though chromite is very

dense, magnetite and other minerals may obscure its
 
gravity anomaly and its rather weak magnetic
 
response.
 

Podiform deposits range up to 1 billion years old
 
(Less than half of the age of the African stratabound
 
chromites.) and usually occur in rare Alpine mafics
 
which Dr. Charles Johnson of the East-West Ceriter
 
estimates may account for only 0.2% of the world's land
 
surface area.
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The south-west Pacific contains perhaps as much as
 
one-fifth of the world's Alpine ultra-mafic rocks and
 
thus is a good target area for those seeking podiform

chromites which are often high grade, with high

(desirable) chrome to iron ratio. In the south-west
 
Pacific area, the Philippines are felt to have the
 
largest known potential for further podiform chromite
 
finds. Since large high-grade stratabound chromites are
 
not well known outside the producing areas in Africa,

the problems attached to finding podiform deposits must
 
be overcome.
 

Secondary deposits contain vast tonnages but until
 
the advent of Argon Oxygen Decarburization (AOD) allowed
 
the use of low Cr/Fe ratio ores, the chromite in
 
laterites was not widely mined. Residual chrome-bearing

lateritic soil, overlying dunites, may contain more than
3.5% Cr203 and represent a future source of chromite ore
 
in the southwest Pacific and particularly the Zambales
 
area of Luzon. Laterites associated with nickel
 
deposits are of lower grade, but may be mined when
 
nickel prices rise. Alluvial deposits in the southwest
 
Pacific are probably too low grade at present price

levels. However, placer sand deposits below major

ultramafic zones, similar to those on Palawan in the
 
Philippines, tend to have higher chromite concentrations.
 

The key to increasing Philippine mineabie chromite
 
reserves output, therefore, be to find more podiform
 
deposits in the ultramafics and/or to locate zones of
 
chrome-rich laterite overlying dunite.
 

In Manila, meetings were held with the Director,

Juanito C. Fernandez, and members of the staff of the
 
Bureau of Mines and Geosciences of the Philippine

Ministry of Natural Resources, and Attorney Delfin L.
 
Gonzales, Executive Vice Preeident of the Philippine

Chamber of Mines. Attorney Gonzales invited Mr.
 
Florance P. Escalante Assistant Vice President,

(Development) of the Benguet Corporation, Mr. Eric L.
 
Lee, Executive Vice President and Director, Malayan Wood
 
Products Inc., Mr. David Cruz of New Frontier Mining

Company, and Mr. Egon Berger, Vice President of Economic
 
Research and Planning of Acoje Mining Co., Inc., to
 
discuss Philippine chromite mining and its legal and
 
regulatory environment with the team. In addition, Mr.
 
Richard Smylie, Assistant Commercial Attache and Mrs.
 
Cleo Alday Ledonio, Senior Commercial Specialist,
 
counseled us on Philippine business procedures and
 
assisted the team on logistics, travel, and
 
administrative matters.
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The Philippine Mining Law:
 

Any American firm, engaging in mining and/or mineral
 
exploration in the Philippines must operate under
 
provisions of the Presidential Decrees covering mining

which are No. 463 and subsequent amendments in Nos*
 
1385, 1654, and 1677.
 

This report was not prepared with legal assistance
 
and does not purport to be a study of Philippine mining

laws in depth, but some provisions of the Decrea' are
 
set forth in Appendix I herewith, to assist U.S. firms
 
in assessing the mining climate in the islands. 
 (See

Appendix I).
 

Philippine Chromite Mineral Activities:
 

Following the meetings in Manila, the team proceeded

to the Zambales Range, south of Lingayen Gulf, on the
 
island of Luzon, accompanied by Mr. Jose Caranceja of
 
the Bureau of Mines and Geo-Sciences.
 

Our first stop was a custom chrome beneficiation
 
plant (Solid Chrome, Inc.) near the coast. It was
 
constructed from local materials and reconditioned
 
machinery. With maximum ingenuity and minimum capital

outlay, this operation treats a few tons of crude chrome
 
ore daily when provided with feed by individual miners
 
in the vicinity.
 

The second stop was the Masinloc Chromite

Operation of the Benguet Corporation who mine the Coto
 
and associated chromite orebodies. (Coto has long been

considered the largest single chromite ore body in the
 
world and has been in production since 1937.) See
 
Figures 1 and 2
 

The chromite ore occurs in a faulted series of

ultramafics with dunite, saxonite, and gabbro, heavily
 
cut by diorite dikes. For more detailed information on

the geology turn to Appendix II prepared by David
 
Jordt, Geologist/Geochemist.
 

Table 1 below is from a paper by R.A. Besa, Vice
 
President, Operations, and S.D. Dela Cruz, Group

Manager, Geology Masinloc Chromite Operation, and
 
tabulates reserves:
 

Ore Reserves, Masinloc Chromite Operation

Benguet Corporation (As of May, 1982)
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Estimated Average Average 
Reserve Grade Grade 

2rbd (DMT-ROM) Cr203 S102 Remarks 

909 502,575 33.05 4.97 Open pit 
Western 449,275 32.92 4.77 Underground 
Lower Western 2,500,000 34.53 5.10 Underground 
787 202,364 31.88 6.33 Open pit 

1111 200,000 31.23 5.33 Underground 
G-Layer/CLL 456,159 29,98 7.16 Open pit 
Eastern 186,229 31.10 7.17 Underground 
Hayden-
Lenses 101,295 31.0 6.80 Open pit 
587 167,729 29.44 8.01 Open pit 
Murphy 11,609 32.07 6.98 Open pit 
815/1124 430,912 28.46 8.00 Underground 
Harding Lens 463,841 28.66 7.98 Underground 

Sub-total 8,800,536 

Statelite Mines: 
Buntak 126,500 32.00 6.00 Open pit 
Coral 145,500 31.57 6.48 Open pit 

Total 9,072,536 

Baltap 19,500 33.00 7.81 Open pit 
Coto Float 
Ore 13,028 31.58 3.28 Float Areas 
Coto Main 31,077 30.93 8.07 Open pit 

Grand Total 9,136,141 



These numerous, small ore bodies require operations in
 
several areas by both open pit (about 70% of ore) and
 
underground (about 30%) methods. In the open pit there
 
are 22 power shovels (capacity varies from 1/2 to 2 1/2

cubic yards), 34 company-owned haulage trucks (12 to 35
 
tons capacity), 60 contractor-owned trucks of 12.5 ton
 
capacity, 9 percussian drills for 2 3/4" holes, 15
 
bulldozers of assorted sizes, and nine compressors.
 

The underground mining is by cut-and-fill stoping with
 
an accelerated development program designed to make
 
available shortly increasing amounts of the low-silica ore
 
encountered at depth by exploratory drilling. The mines
 
employ 1745 people, of whom 628 work underground, 192 are
 
in the open pit, 209 are in the ore processing plant, and
 
716 are in support operations.
 

The run-of-mine ore from both open pit and underground

is cleaned and concentrated by washing, hand sorting,

screening, and gravity concentration. For a more detailed
 
treatment of the beneficiation plant at the Masinloc
 
operation, see the report by Earl Herkenhoff attached as
 
Appendix III.
 

The production goal for 1982, from a crude ore
 
analysing approximately 12% Cr2 03, and based on the
 
mining and milling methods just described, is set forth in
 
Table 2 below:
 

Minimum Maximum
 
Product Size Spec. Cr203 SiO2 Tonnage(DMT)
 

MB-28 +5/16"-8" 28.00 8.00 27,600
Reg Lump +5/16"-"8 31.00 6.50 8,850 
Fine Lump -5/16"+1OM 31.00 6.50 14,i00
Plus 10 -5/16"+10M 32.00 6.00 60,000 
Minus 10 -10M + 65M 33.00 3.95* 84,000

Losil -65M + 325M 34.00 2.00 15,150

Wemco Sand -65M +100M 34.00 5.00 3,000
 

Total 212,700 DMT
 

*Note: Formerly 4.5%
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In 1981, some 963,831 tons of crude ore were millled
 
(73% from open pits) to produce 271,085 dry metric tons
 
of refractory chrome ore, of which 216,438 were exported,
 
6,221 tons sold locally, and the rest stocked. This
 
resulted in a 1981 profit to Benguet of 66 pesos per
 
metric ton shipped as tabulated below:
 

HIGHLIGHTS 

Revenue per Tonne Milled 

Cost per Tonne excl. Taxes and 

Duties 

Taxes and Duties per Tonne 

1981 

P167 

P144 

P 8 

1980 

P 184 

P 110 

P 4 

1979 

P 128 

P 77 

P 20 

1978 

P 126 

P 55 

P 18 

1977 

P 138 

P 51 

P 23 

Ore Milled (000 dry tonnes) 

Concentrate Produced 

(000 dry tonnes) 

Average Mill Recovery 

964 

271 

28% 

1,083 

344 

32% 

1,282 

404 

32% 

1,302 

402 

31% 

1,142 

399 

35% 

Concentrate Shipped 

(000 dry tonnes) 

Revenue per Tonne Shipped 

Benguet's Net Income per 

Tonne Shi4ed 

223 

P721 

P 66 

P 

P 

283 

706 

28 

P 

P 

301 

547 

9 

P 

P 

377 

434 

23 

P 

P 

385 

408 

22' 
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The Benguet firm, whose stock is traded on the New

York Stock Exchange, started mining gold in 1903p
 
chromite in 1934, and copper in 1971. Benguet's net
 
overall earnings in 1981 were *23,300,000 from an
 
operating revenue of $243,000,000. A chromite expansion

plan is ready if the market improves, and deeper ore
 
gives promise of a lower silica content.
 

The team next visited the Acoje Mining Company

Limited's mine of the same name. 
 In 1981, this company

produced 89,394 metric tons of concentrates from 392,816

tons milled and 398,145 tons mined. This underground
 
property is changing over from top slicing to ascending

cut-and-fill stoping. An aggressive diamond drilling
 
program has enlarged the ore reserve to nearly 5 million
 
tons and a small prospect, called Bunajan, 12 kilometers
 
to the east of the Acoje mill, has been partially
 
explored revealing nearly 84,000 tons of measured
 
economic reserves and as much as 761,000 tons of
 
indicated economic iserves. In addition the company has
 
a metallurgical chromite property on Dinagat Island,

Surigao del Norte, which is under exploration and may

contain more than 4 million tons of metallurgical

chromite ore. The company has reported a net loss for
 
1981 of 51,148,745 pesos.
 

Future Philippine Chrome Activities for U.S. Mining Firms
 
with Appropriate Assistance from TDP:
 

Since nearly 10,000 square kilometers of ultramafic
 
host rocks outcrop in the Islands, it is not unreasonable
 
to place total indicated and inferred economic reserves
 
at 100 million tons of ore running in the vicinity of 32%
 
Cr203. Naturally considerable exploration will be
 
required to confirm this. For more detail see Appendix
 
II.
 

The following represent alternative interventions
 
suggested to and by the team:
 

1. Formation of a joint venture with a Philippine
 
company for expansion of an existing mining and/or

processing operation. (We know of one Philippine mining

firm seeking a U.S. partner, and will provide the name of
 
their U.S. representative on request.)
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2. Alliance with one or more Philippine firms to explore
 
for podiform chromite, and/or chromite-bearing laterites,
 

and/or chromite beach or river sand deposits. As
 
indicated by Jordt, exploration should stress geochemical
 
methods. (See Appendix II).
 

3. Establishment of a joint venture enterprise to build
 
a ferrochrome plant in the PhiLippines, perhaps based on
 
successful completion of the above exploration. (This
 
should be located near a low-cost energy source.
 

4. Join with several Philippine mining operators to
 
construct and operate a beneficiation plant to
 

concentrate and agglomerate fine, disseminated
 
(low-grade) chromites not now being mined. This plant
 
might also mill ores of other companies on a custom basis.
 

5. Establish a factory to make refactory bricks in the
 
Philippines.
 

6. This writer would( draw attention to Jordt's mention,
 
on page 16 of Appendix II, of a methane gas seep in the
 
Zambales ultrawafics.
 

One possibility for the emplacement of the Zambales
 
ultramafics is that a fragment of sea floor was pushed up
 
(obducted) onto later, perhaps sedimeitary, crustal
 
formations. If this is true, and it ;he sediments
 
contained hydrocarbons, it is possi' .e that this methane
 
gas seep indicates natural gas etc. trapped much like the
 
hydrocarbons beneath the overlying rocks of the
 
Overthrust Zone in the western United States.
 

This area merits further study.
 

Conclusions:
 

The chrome activities above offer a choice of
 
interventions for U.S. mining firms desiring to enter or
 
broaden the U.S. chromium production base by a Philippine
 
joint venture operation. It is felt that, one or more of
 
the alternatives may appeal to a U.S. firm depending on
 
its market and its available financial and technological
 
resources*
 



APPENDIX I.: SUMMARY OF PHILIPPINE MINING REGULATIONS
 

1. All mineral deposits are the property of the
 

Government of the Philippines. Use of the private lands
 

for residence, agriculture, or logging, does not convey
 

ownership of mineral or mining rights.
 

2. The surface owners cannot prevent qualified persons
 

from exploring for minerals.
 

3. No p):ospecting or mining is permitted in "Mineral
 

Reservations", Military, or other Government
 

reservations, unless authorized by the Governent agencies
 

concerned.
 

4. A mining claim, to be registered, must be 81 hectares
 

(about 200 acres) in area, more or less, and conform to
 

1/2 minute meridional boundaries.
 

5. The declaration of location of a mining claim is
 

filed with the Mining Regional Officer concerned on a
 

prescribed form.
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6. Upon payment of prescribed fees the mining claim
 

declaration will be filed and registered by the Mining
 

Recorder concerned. The Director of the Bureau of Mines
 

will keep a register in which dates, location and other
 

pertinent claim data will be permanently recorded. Once
 

recorded, the claim owner has right of entry to develop
 

his claim.
 

7. The Director may charge reasonable filing and
 

service fees. (Note: As charges and fees vary and the
 

dollar vs. peso rate also varies we omit cost numbers.
 

They appear moderate.)
 

8. A claim owner is required to do annual assessment
 

work on his claims as prescribed. Work on one of a
 

contiguous group of claims may be applied to hold
 

others. Proof of work will be submitted to the Mines
 

Regional Officer within 60 days from the end of the year
 

for which the work is to be applied.
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9. Within one year of registering a mining claim, the
 

claim 	owner must apply to the Director for an official
 

an
survey of the claim, which will be done at 


established rate by a licensed geodetic engineer on the
 

authority of the Director. Such survey will conform to
 

government regulations, leave standard monuments, and
 

must be finished and filed with the Director within one
 

year.
 

10. Pending a formal lease agreement, the claimant may
 

apply to the Regional Officer for a Temporary Mines
 

Permit, ane a temporary permit may be issued by the
 

Director upon compliance with obligations due on the
 

mining claims and posting of a surety bond in an amount
 

approved by the Director. This temporary permit is
 

valid for one year and can be renewed for a year more.
 

11. Within two years from the recording date the miner
 

must apply to the Director for a formal mining lease.
 

Failure to do so constitutes abandonment of the claims.
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12. The application must be accompanied by a standard
 

fee and at least the following must be included:
 

(a) A report by a licensed mining engineer or licensed
 

geologist testifying that the claim is mineralized.
 

(b) Proof of compliance with annual work obligations.
 

(If report is filed by an agent, copy of his power of
 

attorney must be attached.)
 

(c) If land is covered by concession or right other than
 

mining, written notice to the other permittee, or the
 

requirements of Presidential Decree No. 512 must be
 

complied with.
 

(d) The planned work plan proposed for the mining claim.
 

(e) Proof that the miner has both the technical
 

competence and sufficient financial resources to develop
 

the claim.
 

(f) Any other documents prescribed by the Regulations
 

(Section 6 of P.D. No. 1677).
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13. A single application may be made for contiguous
 

claims, providing that the total area does not exceed
 

the limit permitted to one concern.
 

14. All applications will be in prescribed form, under
 

oath, and must give civil status and place of birth.
 

15. The claim owner shall, upon filing for a mining
 

lease, undertake exploration, development, and/or mining
 

activities in accordance with an approved five-year
 

plan. Within the five years, actual commercial
 

production must begin. Failure to do so will constitute
 

abandonment of the claim(s). During the five years the
 

claim owner shall submit, at the beginning of each new
 

year, a report for the Director's approval on an annual
 

work program describing in detail the work to be done in
 

the coming year. Any deviations require the Director's
 

approval.
 



16. If the Director finds the application in order, he 

shall have the application published once a week for two 

consecutive weeks in Manila and the province in which 

the mine is located. The applicatiin will be placed, by 

the Director, on the Bulletin Board of the Bureau of 

Mines for two consecutive weeks, and he shall order the 

applicant to post the notice and the approved mining 

plan on the bulletin boards of the municipality and the
 

mines regional office in which the claims are located,
 

and require an affidavit that they were posted.
 

17. If no protest is pending at publication, and no new
 

protest is made within 15 days of publication, no
 

adverse claims made thereafter shall be heard.
 

18. After verification of the mineral content of the
 

claims and their location on the ground by the Director,
 

the Minister shall approve and issue the corresponding
 

mining lease contract for a period not exceeding 25
 

years, renewable, on expiration, for 25 additional
 

years. After the expiration of the renewal, the
 

operation of the mine may be undertaken by the
 

Government through one of its agencies or a qualified
 

contractor.
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The contract for operating the mine shall be awarded to
 

the highest bidder, but the lessee will have the right
 

to equal the highest bid, upon reimbursement of all
 

reasonable expenses of the highest bidder.
 

19. An individual may claim up to 500 hectares in any
 

province and 1000 hectares in the entire Philippines.
 

20. Mining partnerships or Corporations may have 5000
 

hectares in one province or claim 10,000 hectares in the
 

Philippines.
 

21. Claims can be mined for the claim-holders by agents
 

under a service contract but the 60% Philippino, 40
 

percent foreign ownership and profit distribution
 

limitation must not be exceeded.
 

22. Philipinos are to be given preference for
 

employment in all phases of the mining operations for
 

which they are qualified, and where foreign
 

technologists and executives are employed, an effective
 

program of training understudies is required.
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23. If improvements have been made on the claims, such
 

improvements must be removed within one year following
 

abandonment, termination or cancellation of the lease
 

contract.
 

24. No province, city, or municipal district may
 

collect taxes of any kind on mines, mining claims,
 

minerals, mineral products, or on any operations,
 

process, or activity connected therewith. Only the
 

federal government may tax mines.
 

25 .Occupation fees, rentals, royalties, and tax notes
 

on minitg claims and minerals extracted therefrom must
 

be paid by the claimowner as specified in the National
 

Internal Revenue Code. Failure to do so for two
 

consecutive years cancels the claims.
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beneficiation plants,
26. Machinery, equipment, tool,, 


materials, explosives, spare [uarts and chemicals,
 

new
 
transportation and communications equipment 

for 


resuming production, are exempt
mines, and for old mines 


taxes except income tax,
from customs duties, and all 


recommendations
when duly certified by the Minister on 


five years.
of the Director, for a period of 


All mining claims, improvements thereon, and
27. 


minerals extracted therefrom, are likewise exempt from
 

taxes for a like period.
all taxes except income 


Within 30 days of payment of rentals and royalties
28. 


to the Director
 a mining lease the lessee must submit
on 


lease number, corporate
copies of receipt of payment, 


name, and other pertinent particulars. Failure to
 

provide this information is counted as nonpayment.
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29. Subject to the rules and regulations of the Bureau
 

of Forest Development, the miner may cut necessary trees
 

within his claims. If a previous timber concession
 

covers the claims, the Director shall determine what
 

timber must be cut. If no agreement can be reached
 

between the claimowner and the timber concessionaire,
 

the matter shall be submitted to the Minister, whose
 

decision shall be final.
 

30. However, a claimowner granted a timber cutting
 

right shall be obligated to perform reforestation work
 

on the claims in accordance with regulations of the
 

Bureau of Forest Development.
 

31. A claimowner shall have water rights for the
 

necessary development of his claims upon Application
 

with the Director of the Bueau of Public Works.
 

Provided, that prior exisiting water rights shall not be
 

impaired, and provided further, that the Government
 

reserves the right to assure reasonable distribution of
 

water and prevent monopoly.
 



32. Easement Rights: Where claims are so located that,
 

for purposes of more convenient development or
 

exploitation by the claimowner, it is necessary to
 

construct, on land occupied or leased by others, roads,
 

railroads, power lines, waste dumps, tramways, port
 

facilities, etc. the claimowner, upon payment of just
 

compensation, shall be entitled to enter and occupy the
 

needed land.
 

33. When the claimowner or occupant of the private
 

lands mentioned above refuses to grant access to the
 

claimowner, the claimowner may presecute under the Rules
 

of Court in the First Instance of the province where the
 

mining claims are located. In determining just
 

compensation due the occupant of the land, the court
 

shall appoint at least one duly qualified mining
 

engineer or geologist, to be recommended by the
 

Director, as one of the commissioners.
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34. Lessles must give preference to Philippine citizens
 

at all I vels of employmient insofar as they are
 

qualifie$ to perform the work without hazard to the
 

operation. The claimowner is obligated to maintain
 

effective programs of training and advancement,
 

commensurate with the demonstrated abilities of
 

Philippine citizens to perform the various operations
 

involved. The lessee may, however, use employees of his
 

own choosing, under provisions of the Commonwealth Act
 

Numbered Six Hundred Thirteen (Amended), for technical
 

and specialized work or work requiring long experience,
 

with the approval of the Director. This employment
 

cannot last more than 5 years. No foreigners can be
 

employed as mine manager, vice president for operations
 

or the equivalent, in charge of mining, quarrying or
 

drilling, without passing the appropriate government
 

licensing examination. In special cases the Director
 

can waive this examination for a period of up to-one
 

year.
 

35. No person under 16 years old may be employed in any
 

phase of mining, and no person under 18 may be employed
 

underground.
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36. Only the Director or his duly appointed
 

representative, in a reasonable manner, may inspect the
 

work day or night, for compliance with exisiting
 

regulations concerning safety and anti-pollution
 

practices.
 

A lessee should include in
37. Conservation Measures: 


his annual work plan to be submitted to the Bureau of
 

Mines and Geo-Sciences, for the Director's approval,
 

projects of research and development amounting to not
 

less than 10% of the annual work obligations. This work
 

will be evidenced by a technical report on optimum
 

methods for arranging exploration and mining to prevent
 

waste, pollution and damage to streams, surface or
 

underground water supply, and other minerals. The
 

lessee is required to take necessary steps to develop
 

any potential industry, other than mining, to provide
 

for people residing in the area when the mine is worked
 

out or unprofitable.
 

38. At the close of operations the leased areas must be
 

placed in a condition suitable for habitation or
 

agriculture.
 

39. In connection with the work program a report shall
 

be prepared by the lessee coverng at least the 

following: 
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"Compiliation of Mining Rules and Regulations"
 

(a) Mining methods taking into consideration recovery,
 

economy and safety;
 

(b) Milling and metallurgical processing taking into
 

consideration optimum recovery;
 

(c) Waste disposal system:
 

(d) Provision for growth and development of any
 

industry suitable for 
the area other than mining;
 

(e) Surface restoration and/or improvement of the mining
 

area;
 

(f) Study of environmental impact and the effect of
 

mining activities on the ecology of the area during and
 

after operations; and
 

(g) List of all mining and milling machinery and
 

equipment to be used together with their specifications,
 

performance, and efficiency.
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40. No temporary permit or lease shall be issued to an
 

applicant or operator for extracting magnetite sand
 

along beaches of the seas and lakes, and areas
 

adjoining, including lands devoted to residential,
 

agricultural, or reforestation purposes, unless within
 

zones designated, by the Department of Natural Resources
 

in consultation with the Department of Tourism, and the
 

Department of Local Governments and Community
 

Development, as open to mining, and supported by a
 

project study for mining and restoration of the mined
 

out areas previously approved by the Director. No
 

applicant will be permitted to mine magnetic sand unless
 

he shall have proven his financial capability and
 

technical competence to arrange restoration of the land.
 

41. It is prohibited to extract magnetite sand from
 

beaches with recreational and/or tourist potential, at
 

places inland located less than 200 meters from high
 

tide water level, 50 meters from the centerline of
 

municipal or national roads, property boundaries of
 

public and private structures, and offshore areas less
 

than 100 meters. from the beach at low tide.
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Fill material shall in.no case wholly come from
 

adjoining inland areas, but rather from selected spots
 

not less than 100 meters from the beach as approved by
 

the Bureau of Mines and Geosciences. After filling the
 

pits with sand they shall be covered by sufficient soil
 

to sustain agriculture at previous ground level.
 

In cases where existing agreements with the
 

landowner require that the mined out pit shall be a
 

water hole for irrigation or fish pond purposes, a
 

certificate of suitability for such purpose will be
 

secured, by the landowner or the operator, from the
 

National Irrigation Administration, or the Bureau of
 

Fisheries and Aquatic Resources as appropriate.
 

42. As guarantee that this shall be duly carried out, a
 

surety bond of not less than 20,000 pesos for each
 

mining pit of one hectare or less shall be posted in
 

favor of the Bureau of Mines and Geo-Sciences. Failure
 

of the operator to restore the mined out area within 60
 

days of completing the mining will result in
 

confiscation of the surety bond and cancellation of the
 

lease.
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43. Environmental Protection in Mining Areas
 

a) Operators are required, within 90 days from effect of
 

the regulations, to submit a long-term plan covering the
 

period of the lease for the protection and enhancement
 

of the environment.
 

b) For implementation of the long term plan, within 60
 

days of the beginning of each calendar year, a work
 

program will be submitted to the Director for approval.
 

The program shall include but not be limited to:
 

exploration, development, exploitation, rehabilitation,
 

regeneration, revegetation and reforestation of
 

mineralized areas, slope stablization, aqua-culture,
 

watershed development and water conservation; and
 

socio-economic development.
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44. In preparation of long term plans and work programs
 

the guidelines below will be used:
 

a) Surface Mining:
 

1. Operators will stock-pile and save surface soil
 

for re-soiling of ilopes, dumps, etc.
 

2. Waste-dumps will be located away from major
 

drainage systems.
 

3. Control measures will be used to prevent
 

spilling, slides and/or washing away of waste materials.
 

4. Mine dumps, and tailings-covered areas will be
 

prepared for a useful purpose before abandonment.
 

Slopes and road cuts will be stabilized by planting
 

vines, legumes, and shrubs.
 

5. Completely mined-out areas will be rehabilitated
 

by the miner before abandonment for possible development.
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6. In cases where improvements for agriculture,
 

industrial, commercial, or human settlement are not
 

technically feasible, completely mined-out areas shall
 

to the approved plan submitted.
be revegetated pursuant 


Apropriate Government agencies can be called upon fox
 

advice.
 

7.(a) To assist in implementing the above all mine
 

operators shall establish their own vegetable and forest
 

500 square meters to raise
nurseries of at least 


seedlings.
 

(b) Underground Mining:
 

1. All underground openings that are abandoned
 

shall be filled or developed to prevent subsidence. For
 

this purpose, a plan shall be submitted to the Director
 

for approval.
 

2. In cases of surface disturbances within mining
 

claims attributable to underground mining operations,
 

the mining operator shall immediately take remedial
 

to prevent further damages. If affected areas
 measures 


are inhabited, the residents thereof shall be relocated
 

by the operator.
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3. The above activities shall be subject to
 

inspection and evaluation.
 

(c) Mill Waste and Tailings Disposal and Water
 

Conservation
 

1. All mine/quarry operators are prohibited from
 

directly or indirectly disposing of tailings or mill
 

waste into natural drainage systems including rivers and
 

tributaries.
 

2. Impounding of mill tailings shall be far from
 

water shed areas and free from spillage, slides and/or
 

washing-away of tailings by surface run-off during heavy
 

rains into drainage systems, creeks or rivers. Flushing
 

of tailings is likewise prohibited.
 

3. All mine tailings-covered areas, if found not
 

suitable for agricultural, industrial or commercial use,
 

must first be resoiled, cover-cropped, or reforested.
 

4. Mill effluents shall be treated so that
 

obnoxious odor and poisonous chemicals are removed
 

before disposal.
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5. Mining companies shall, at all times, conserve
 

water by recycling, developing and maintaining watershed
 

areas, by reforestation and afforestation, and by
 

constructing water reservoirs for domestic, industrial,
 

or aqua-culture uses.
 

The above represent the major regulations applying
 

to mining, but numerous others involving definitions,
 

cancellation of leases, formation of an environmental
 

unit, minimum work obligations etc. merit the close
 

scrutiny of any prospective U.S. mining investor
 

interested in the Philippines. It is, perhaps,
 

significant that an Austrian firm is increasing its
 

participation in Philippine mining at this time.
 

Voest-Alpine is apparently not intimidated by Philippine
 

mineral regulations.
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O ::; 1r . : r:: ir:,:r; iTE"I N N .fJEUS 

Th hI :i:: ry of c:!.rc1, c i.n thI. Fhili i ppi nes bo:garn wi th i tW 

di y in the- Zamb. .. s irn 1927. Minir'fg hwg,.ri in .,935and by 

19 J. WOW prduc i" had reacl',ed 3,9h4.,413 DMT (@ a;ppro:.ximatey 

48% 0>'2033) mt L .rj:al, 14:134,322 DMT ( ap pro.: 34% Cr-203l. and 

refra(ctory chr'omt:,. t... Fmr the pant 30 yc-':rs (1952. - 8.1) pr uducti n 

m':K:~:: . ucr g cal, 107,747 ('+/ 32.., 1711 TPY 

rol r..i:tor,, 42), S13 (. /- 95, 115) T'Y 

Urtil. re-,cently, about 94% of the metallurgjc.:al chromite was 

produce.d by A(::cje MaIe, and 99% of the ref'rac:tory by EO-inguet's-

Masinloc Mine, the world's largest podiform chromite deposit. 

Both of these detposis are located in the Zombales ultramaFic 

complex.: on Lc.:z t.n I <:nclan 150 Km NW of Manila. 

Thu Pliiippin e Dure..u :f Mines and 6co.-Scierices (PBM.) 
•recogrnizc:.s 47 cl;romit rrnorve propertie:.* in 14 distri.cts
 

scatLered widc.-.1y .about the Phi::.l ppine:; (Fig. 1, App- ndi> A).
 

TUVIVOj..v of th--e are op';-a::crn g. Bacu'l a (1979) -:' s 125 prospo- n:.t,
 

and minus in 1 pr'ov:inces or islands.
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TABI E" , 
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(Genr Map,: Fig. 2) 
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NE 11i ndana (Sui i gac() , 
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4 ".17 S- - !NE '. . 'r .	 19 
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Rt-ui'R ,3 : . j. n c(L C U rr": ,lfIC: C., !*r 
genecr;ll1y i oI ate .d. 17 	 9!1 

-rOTtg)L PHL: 'I NF' U'1 279') 1 , 562 Sq Km 

q Kinr ,( .. .. I'.;) , i"l I<m "7 9,. 9 : 
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Ther-e.: is concrer'n at Uernquat that re.frtac.to:ry c;hromite may not 

rirc-.v.r.r apace wiih in evorntual up:.wi ng inrth m worlJ.d eco:nomy. 

To . i L '"e thei.r comp;)et i.'tiveress., espec:ially against: the South 

A.frc:an~ produ., :il: veqtLuirc.:s tht C)to' s r'ew ..oo.wer West rn Orebody 
,...WOj, be d i' dispatch. for about $50.Hli wadevurpal .'i th all Need 

n7oria:*, Th is lmight wil. .;-med From .i . i rsci . try :inurel . ini.si: ; :Lil be 


e..:charjge for som. snrt of buying contra(.:t or participatio n or
 

othe~r arraLemfl(:?rt as regciated.
 

The LWOB is a temrpting orebody. Current reserve estimate: 

5, 149.,920' T @ 34.IS% W203 

4.89% 0i02 
5 % 0i02 , -:i0 mesh 

(lower still at finer grinds) 

This should be competitive with the South Afric.an refractory 

(to quite one of the Coto maragement, "the LWOD is so good nobody 

LOuJd touch .s"). 

U:.At t~her'( is; mc'r- zt sta!::e in the LWOB concept that should enter 

any c:onsideration partaining to ex:ploration. is will be noted on 

the gc.:-o1li iic m,,-t.- Fig. ., there is a north to northeast grain t.o 
onth,-t,:.tram , I. c. oWr:r-5:-'.: w4 the ambaie..- The 4.stribuJt of

re.frac"tor'y chromite (:Coto) and the metellurgica] chromito and 

'-Cu-Pt .W. f id:.-bea:r:irig pmridotite of Acoje are parallel to this 

g-ain, -.h I c h imp.es that t is genetically furndamenta: to the 
- cf thethe. u.ttr-u' :ic: r:omplex., It wouici appear to be an impr--ntf 

ortigin,:al orie.ntat.ion of the spread zone that brought the 

u'!tr' ,imaic:s IC:)t hr' surface. It is2. reasonab]e to expect that there 

.hcu l be a rori. of pr'efuC rred propocting al1org striko ,f this 

i. ty, w I. i :ped thre i.. to-type chromit:i. y rec irs." .r 
fo r ..abou .. 20.. . . i..... ti is (Dir .ction... W 

Thu Co.to Q:# m devel:)pedCr the MasinlcC R. cutor ebhody '0,.t: ,'1 where 

throutgh over ly i ng gabb.rc. ariad exposed the duni.te Cr-p.nvirorment. 

Looli ng fror her"e :n; -th..-znt war'd. on st.ri e.:of r'e-gi onlal trend, 

one is peeri ng i nto hi lside. The chr'mi te environment, already 

buriLed 50O fe.t below outcrop on the north .side of: the ravine, 

is quickly .ost to view beneath gabbro cap and continLues so until 

it again outcrops- 6 km northeast, at the Buntak orebody, where 

1I1,379 T ;j 31.57Z Cr203 hav been drilled out. 

Dol. Cru:: (pers. comm.), who has ben invol.ved with the Zambales 

g:o].ogy for over 10 years, postulates that. the LWOB ard the Buntal: 

r.. y ;he!i:. y o part of a ! .ingle.- chromite b:dy segmentc.d by 

a r t. [h tn 

, !M I i I*.'I ' it t{.i'nt giu:' tutr'aiiel i, can (.,.: ( !.n,' :,. Oril? 3U, 

. I.t 1. 1 :' 0"' . ( I..t",.. 

[I ,: " i t.- { t.uc'" r i ed i't1:n(.o', " l a:,bout p u)!.' ib 'b., dr i 'i ring 

, ",',! 
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l.:," .!. I a i g h t 
r t? c:a l , ,::r. ' 	 I i .ie.I..... I. ..)I ' t,h yp otlh 

. i . , j 	,' L.:r l .y F l ],
" I . . I . :,(a ri 0':tf.. i %/(r' ( .I.aC;C:;.u -!n,,I.i.., 


:ECOMMEIIi).I) SOVElN'ETf' I'01CY, 

, irn t .:?thatl ],.t'i'-e nne.sminry more ,.nalil 	 chrofit- miblet
There ar 

e general ly
The.se were discover'ed in utcrop,

Fhili ppines. 	 ' 
no iurthu 1
are abandcncd wi.th 


mined until e:hausted, and then 

small
the lim:ted rerturc:rs of the 

e:plorat ion (Gorzales) . For 
tcotally


this is ob viously wiise poli.y. c:oni deriig th"r 
miner. 


di str i but i on of 	podi f rmu.
unpredic t.abl e 


J V'F tL some oif 	 th.eu 
In the? broader view :,tl.icJh., it is, probM)e 

,s ie t:t C:I E.rof mn jorl d p ' ':.i .Lchh IrYo t. w'a'y 
rccur rln c: 

, in:
t ...I're'*,crs . rot. 
are acc ompanrit d Iby miur pid i.f rm , {.... I. 

n way o',fI:: owii,; wiLhoi;iL hard: -
i-e=:; _.s ar i,1y the- cas , th- re 

u 	 in y al1 th.rr'e 3S or 

el-dclVOl, . wh ethe r anu'iiso l :t;:d pad is \.,v ila 
the s:L V O,f Cotote of som..thi. ng]it is a sat ll1ti;w t.her" 

l.niig

be in the Go;vernment' s intr Ctet to for a mf 

It woli 
program for the e,ploration c:'f rir.or c.hr~omite pod

assistanC:e 
the U.S., :ir .OHtiEP in1IME in

vici.nities., after the fashion of 
m.irr" with ge:,logi cal. 

Korea. The goverrment assisLsta the sm:l. 
on a 50%Z basis.
anid e:plorati on
evaluar.tion and guidancre 

.	 .. ot.h.-:aLsL? t1'-L- th .aii' c J-LCCPa:,barc:k :.m.effe:Led onl!,_lil 
is written :ff.
a-ss-.istanc:c-: 


by Pa'.utc,
 
one of the 113 non-.prod,.'ci n properti.1 o; .ft;'d

If only 
an, if tanr i V: t; e 

(179 ) were to become a ma j or inie r O i..:h 

l many Limc.:s c,vor in GNF'i-)Iprogram :ill havt- paid for" 


IN TiE- ZAMDALES 	 UL..TRAMAFICS.METHANE GAS SEEP 

of Coto is a 5-ineter diameter pat.c:h of 
Several. kilomieters east 

1967, was burning then,
 
buiring methane. This was i~dism:overed in 


the "50's (Del 	 Cr..),
iL back in

and locals reportedly knew of 


mmed:ate hypothet..i.cal:a3 :i.from ultramaf i posev:.-.Methane ema~natirnc 
in the
is b in c.:reate,'d from cornstit ent. 

ei planations: 1) Tt 
mi:e H - COI , :-ikt ,,!. (Ft , N

Jlira afi:cmC ..... a..mpL i lr' 
, a .,
mir cbIu ttary me,.
 

2) .t A I ijd'ui	al uc, i :0 n ii.. : ;. i A.lpla 

ell L.n.i V. "3) The Zaclnb,..c 1";" c:plt ex- has h-r:e 
Gold ot al,* Ccur;i 	 .

'Li HOWFi . Imlplic:-t:i on0:s are' many.,
ol:.tdL.c:t.ed uv;,'r a hydr'ocarb 

1 !i curk n lown.Exp: l1o ati on poc;t.eialt : 

r n? core.r"? 
i . i.r' mak.i r "se- ri iIi Wo, .o '., r V 

CoLo Min e., s c on 
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THE PHILIPPINE MINING SECTOR
 

From 1982 Chamber of Mines Annual Report ) 

- Map 

- Roster of members 

- Production 



ROSTER OF MEMBERS
 

REGULAR 

ACOJE 	MINING COMPANY, INC.
1. 

RFM Bldg. 

Pioneer St., Mandaluyong, M. M. 


2. 	APEX MINING CO., INC. 


Ortigas Bldg. 


Ortigas Ave., Pasig, M. M. 


3. 	ATLAS CONSOLIDATED MINING & 


DEVELOPMENT CORPORATION 


Soriano Bldg. 


Ayala Ave., Makati, M. M. 


4. 	 ATOK-BIG WEDGE MINING CO., INC. 


Pacific Bank Bldg. 


Aurora Blvd. 


Cubao, Quezon City, M. M.
 

5. 	BAGUIO GOLD MINING CO. 


Philex Bldg. 


Fairlane St., Pasig, M. M. 


6. 	 BENGUET CORPORATION 

Benguet Bldg. 


Pasong Tamo Ext., Makati, M. M. 


INC.7. 	 BENGUET EXPLORATION, 

Sterlinglife Condominium 


Dea Rosa St., Legaspi Village 


Makati, M. M. 

8. 	 BLACK MOUNTAIN, INC. 


Bankmer Bldg. 

Ayala 	Ave., Makati, M. M. 


CDCP 	 MINING CORPORATION9. 
Alco 	Bldg. 


Ext., 	 Makati, M. M.Buendia Ave. 

10. 	 CONSOLIDATED MINES, INC. 


Phinma Bldg. 

Salcedo St., Legaspi Village 


Makati, M. M. 


11. 	 FALCON MINERALS, INC. 

New Manila
11 Castillas St., 


Quezon City, M. M. 


MEMBERS 

12. 	 FILMAG (PHILIPPINES), INC.
 
New Manila
.11 Castillas St., 


Quezon City, M. M.
 

13. 	 GOLDEN ARROW MINING CO., INC.
 

Ortigas Bldg.
 

Ortigas Ave., Pasig, M. M.
 

INCO 	MINING CORPORATION
14. 

Asian Reinsurance Bldg.
 

Salcedo St., Legaspi Village
 

Makati, M. M.
 

15. 	 ITOGON-SUYOC MINES, INC.
 

Antonino Bldg.
 

T. M. 	Kalaw St., Ermita, Mla., M.M.
 

16. 	 LEPANTO CONSOLIDATED MINING CO.
 

BA-Lepanto Bldg.
 

Paseo de Roxas, Makati, M. M.
 

CORPORATION
17. 	 MANILA MINING 

BA-Lepanto Bldg.
 

Paseo de Roxas, Makati, M. M.
 

MINING 	 CORPORATION18. 	 MARCOPPER 
Madrigal Bldg.
 

Ayala Ave., Makati, M. M.
 

& INDUSTRIAL19. 	 MARINDUQUE MINING 

CORPORATION
 

MMIC Bldg.
 
Pasong Tamo Ext., Makati, M. M.
 

20. 	 NEW FRONTIER MINES, INC. 

Zeta 	Bldg.
 
Salcedo St., Legaspi Village 

Makati, M. M. 

NORTH 	DAVAO MINING CORPORATION
21. 

J. Moreno Bldg.
 

Gamboa St., Legaspi Village
 

Makati, M. M.
 

22. PALAWAN QUICKSILVER MINES, INC.
 

Marsman Bldg.
 

Buendia Ave., Makati, M. M.
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26. VULCAN INDUSTRIAL S MINING CORP.
23. 	 PHILEX MINING CORPORATION 

RFM Bldg.
Philex Bldg. 

Pioneer St., Mandaluyong, M. :1.


Fairlane St., Pasig, M. M. 


27. WESTERN MINOLCO CORP.
24. 	 RIO TUBA NICKEL MINING CORP. 

Minolco Bldg.
Solid Mills Bldg. 


Dela Rosa St., Legaspi Village Salcedo St., Legaspi Village
 

Makati, M. M.
Makati, M. M. 


28. ZAMBALES BASE METALS, INC.
25. SABENA MINING CORP. 

Salcedo Center Bldg.
Asian Reinsurance Bldg. 

Dela Costa St., Salcedo Village
Salcedo St., Legaspi Village 

Makati, M. M.
Makati, M. M. 


ASSOCIATE MEMBERS 

36. GLOBAL MINING RESOURCES, INC.
 ALAMAG PROCESSING CORPORATION 

Alco Bldg.
 

29. 

Equitable Bank Bldg. 


Buendia Ave. Ext., Makati, M. M.
 Ortigas Ave., San Juan, M. M. 


37. GOLD FIELDS ASIA LTD.
 30. 	 AZURE MINING CORPORATION 

Chronicle Bldg.
Quadstar Bldg. 

Meralco Ave., Pasig, M. M.
Ortigas Ave., San Juan, M. M. 


38. GOLD FIELDS PHILIPPINES CORP. 
31. 	 BHP OVERSEAS EXPLORATION PTY. LTD. 


Chronicle Bldg.
c/o Atty. Ethelwoldo E. Fernandez 

Meralco Ave., Pasig, M. M.
 Sycip, Salazar, Feliciano, Hernandez 


& Castillo Law Offices
 

PAIC Bldg., Paseo de Roxas
 

Makati, N. M.
 

39. HERCULES MINERALS & OILS, INC.
 32. BILLITON PHILIPPINES, INC. 

Asian Reinsurance Bldg.
L & S Bldg. 

Salcedo St., Legaspi Village


1414 Roxas Blvd., Manila, M. M. 

Makati, M. M.
 

40. LA PLAYA MINING CORP.
 33. BOLIDEN AKTIEBOLAG - PHIL. BR. 
Commonwealth Foods Bldg.
Vaiderrama Bldg. 

Buendia Ave., Makati, M. M.
 

Esteban St., Legaspi Village 


Makati, M. M.
 

LA SUERTE GOLD MINING CORP.
 CHROME ORE MINERALS EXPONENT, INC. 41.
34. 

ELCO Bldg.
Unlad Condominium 

E. Rodriguez Sr. Blvd., Q. C., M.M.
 Taft Ave., Manila, M. M. 


42. MALAYAN WOOD PRODUCTS, INC.
INC.
35. FALCONBRIDGE PHILIPPINES, 

Universal Motors Bldg.
Alco Bldg. 

Pasong Tamo, Makati, M. M.
 Buendia Ave. Ext., Makati, M. M. 
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INC.
47. PHILIPPINE EAGLE MINES,
43. MARSMAN AND COMPANY, INC. 
Quadstar Bldg.
Marsman Bldg. 

Ortigas Ave., San Juan, M. M. 

Buendia Ave., Makati, M. M. 


48. SAMAR MINING COMPANY, INC.
 44. MISSION EXPLORATION COMPANY 

Elizalde Bldg.
Concorde Condominium B 

Ayala Ave., Makati, M. M.
 

Benavidez St., Legaspi Village 


Makati, M. M.
 

49. SHELL EXPLORATION (PHILS.) INC.
 
45. OUTOKUMPU OY 

L & S Bldg.
Alexander House Bldg. 

Roxas Blvd., Manila, M. M.
 Amorsolo St., Legaspi Village 


Makati, M. M.
 

50. SURIGAO CONSOLIDATED MINING
 46. PARACALE-GUMAUS CONSOLIDATED 

CO., INC.
MINING CO. 


Ortigas Bldg.
APMC Bldg. 

Ortigas Ave., Pasig, M. M.
 Amorsolo St., Legaspi Village 


Makati, M. M. 

51. TRIDENT MINING & INDUSTRIAL CORP. 

C. B. Licaros Bldg.
 

Muralla, Intramuros, Manila, R. M.
 

SPECIAL MEMBERS
 

53. ANTONIO G. PUYAT
52. DELFIN L. GONZALEZ 

AGP Management Corp.
Chamber of Mines of the Phils. 

Marvin Plaza Bldg.
Valgosons Realty Bldg. 

Pasong Tamo, Makati, M. M. 

Pasong Tamo, Makati, M. M. 
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In MT
A. 	 COPPER 

Priary38,972457 

1. 	Atlas
 
2. 	 MarcOPP(r 

3. ienguet Corpl. 
4. 	 Maril ndu E 
5. 	 Phile 
6. 	 CPpanto 
7. 	 CDrcp Mining 
9. 	Wester Mirlu* 

9. 	 Baguico Cold 
10. Acou 
11. black Mount1,
12. Sil A W1n'J_ 

Mines13. Consolidated 

Sub-total 


Secondary Producers
 

1. 	 Zambales Base 


Benquet Exploration
2. 
 b-t247.323Sub-total 

Total
 

B. 	GOLD - In KG
 
Primar'' 
 Producers 
1. Proue rp 


2. 	Benuet Corp. 
2. 	Atlas (Masbate) 


3. 	 Aorx 
4. 	 North Davao 
5. 	Vulcan 


r a t i n6. 	 Benguet Expo o
7. 	 i togon 

Manila Minillq8. 	S M,734.697 

Sub-total 

ProducersSocondary1.conia xP3,822.723 
2. 	 philex 

2. 	Atlas (Cebu) 


3. 	 Benguet Corp. (Dizon) 
4. 	 Lepanto 

5. 	Marcopper 

6. 	Western Minolco 


7. 	 Baguio Gold 
8. 	Marinduque 

9. 	CDCP Mining

10. Sabena 


11. Black Mountain 


12. Consolidated Mines
 

Sub-total 

To t a I 

C. 	 NICKEL 
-I. 	 Marinlduqut' (Metal) Ii MT

2. 	 IMjo Tuba (Ow) - In DMT 

I m 1 

2u,o92 918 

26,613.414 

22,694.952 

15., 314.453 

12,244.488 


),781 017 
', 11(,.531 


2,562.696 

2,55"].232 


*"6.043* 

............
 

52 	 7 t j 

137.8 


.... 

300, 650.089a 


3,226.408 


2,534.137 

1,213.216 

460.911 

407.341 

.o,*74.789 

367.767
150. 	128 
15012-1
 

3,500.654 

3,194.155 

1,910.766 

935.270 


574.527 

310.055 

215.660 

77.213 

76.416
55.683 


5*68101.249
 

14,673.122 
23,407.819 

, 

.... 

12,048.520 

25, 180.194 
19,464.133
 

22,080.691
 
15,231.317
 
20,403.790
 

13,891.611 
6,063.532
 

3,121.317
 
2,990.961
 
9,588.590, 751. 337 

37 

305,279.813
 

120.669
 

406.748 

305,686.561
 

3,164.593
 
1,555.791
 

772.072
 
199.028
 
210.696
 
371.501
 
278.015
148.659 

6,700. 355
 

3,622.933 
3,118.558
 
2,527.467
 
1,809.193 
807.440
 

727.804
 

362.980
 
141.330
 
117.441
 
217.867
89125
 

13,643.387 

20,343.742
 

5, 3 W. 809 

34a5,310o53_,,2, 
34--31- 438,2.. 

11, 



1980 
D. 	 MET'AI,I,UI; I CAI, CII Ht)ME 

CONCENTRATE - In DMT 1981 

1. Acoje 	 90,914 92,539
 
-* 	 2632. 	 Golden Arrow 

Total 90,914 92,802 

REFRACTORY CHROME ORE
 
& CONCENTRATE - In DMT
 

1. 	Benquet. Cori.
 
(Consolidated Mines Contract) 269,579 340,460
 

E. 	 SILVER - In KG 

1. Atlas 	 16,693.001 12,919.072
 
2. Benguet Cori). 	 10,353.124 9,486.722
 
3. lepanto 	 7,741.413 7,425.151 
4. Marinrdqlue 	 6,3013.800 5,337.030 
5. Marcopper 	 5,860.980 5,856.400 

6. Philex 	 4,654.922 4,216.350 
7. CDCP Mining 	 2,663.586 4,124.781
 
8. Western Minolco 	 2,339.694 3,062.593
 
9. Benguet Exploration 	 2,003.953 2,292.328 

10. Baguio Gold 	 1,022.480 1,265.361
 
11. Apex 	 539.211 440.46Q.
 

12. Black Mountain 	 459.664 669.488
 
243.926 247.141
13. Vulcan 

155.471 	 93.742
14. North Davao 


15. Itogon 	 154.733 128.120
 
42.010 	 60.505
16. Manila Mining 

27.558 1,322.903
17. Sabena 


-* 	 773.36318. Consolidated Mines 


61,264.526 59,721.510
Total 


F. 	 COBALT - In MT
 

998.776 1,331.540
1. 	Marinduque 


G. 	 ZINC - In MT
 

1. Benguet Exploration 	 2,777.867 3,159.948
 
2,455.205 3,910.170
2. 	 Zambales Base 

5,233.072 7,070.118Total 


H. 	 LEAD - Irn MT 

1,015.711 1,782.048I. 	 Zambalev; Base 

I. 	MOLYBDENUM - In MT
 

42.014 51.534
1. 	Marinduque 

41.461 	 16.701
2. 	CDCP Mining 

7.138 	 17.713
3. 	 Black Mountain 
-**.	 2.1404. 	Atlas 


90.613 88.088
Total 


J. 	BARITE - In MT 
2,135 5,5601. 	Falcon Minerals 


K. 	 PYRITE CONCENTRATE - In DMT 
79,613 68,609
1. 	Atlas 

13,895 	 21,598
2. 	Acoje 

3,214 	 33,748

3. Marinduque 	 -.*1,150
4. 	Benuet Exploration 

97,872 123,955Total 

*All ini meta] except nit-c Ol , tchlAe or'
 

& concent rate, barit4,, and pyrite ccinitrate.
 
"No p oduction.
 



LOCATION OF PRODUCING MINES
 

LEPANTO 	 IT-.N.,-,2I-A 

o Mankayan, oenguet . 1000n. Dengue#
 

WESTERN MINOLCO .eOO
o AtekIhngult .----	 (. 

BAGUIO GOLD 	 s -es"$ VULCAN 

o Tubloy, Benguu" a CotdenIeabol
 

BINGUIT EXPLORATION @LACK MOUNTAIN
 

=Tuba, Sengue G/ - ubo, @engult
 

,ENGUET CORP. 0 PHL-x
 

A Itogon, Dengue? 	 A C E n , l ln0. Tuba, lenguew e n€' 0-6 M osinlo ¢ , Z m a le s-- - -

San Marc lino,Zmmlesn POengenn
 

Sto.Cr-t, ombales
0 

MA RCOPPERf 
s 6 Ce no Sto.Crur, Marlnduque 	 0 

FALCON MoriaA".


RoxasOriental Mndro 0A 
 ArereyMeebete 

I AM t Toledo City,Cobu 

P ANAY 	 rDCP MINING;"' 

/40" 	 eeevNega,,emr 

VA 

Ne$sre 00-e PANipAle, 	 a 

V. 	 RIO TUBA NORTH DAVAO 
C Ietarasa,Polowan ( Mobinioavoo del Norte 

MANILA MINING 

0 /A Plecer,Surgaodel Noro" '
 

ZAMISALES SBASE 1
 
V AyaIl, Zambeanga City
 

S ABEINA
 
0 Now eatian, Devoe del Norte .
 

AM 
A. Mace, Oevee del Mori-	 4. seats@ 

LEGEND,
 

A* Gold & Silver 	 V' Znc,Lead S Copper 

0 Copper, Gold & SlWer 0 Mefollurgcol r'1rome ,onconfrore 

0 Copper , Gold, llver 8 Molybdenum RPefroclory rhrome Ore & Concentrae 

copper 8 pyr.i 6 Nickel (A Cobalt
 

Gold, Slver, Copper S Znc * Nickel Ore
 

0 Copper, Gold, 1,lver, %loillh-1niom 0 dos
 
& Pyrto Concen~rofe
 

'3lver a Pyrite Concentrate:opper , Gold,24 ( 
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chromic. compomitions In duite and harrburgit, 3. Slims, M. '., and ..Lean, 'J.M., 1975, -. he
 
it come an no surprao chac chrosic. composition Paragenesis of :aned Chromnic from Cntral
 
in Latmrice depends on the rock from which LC taultoba," Geochim. at Comochim. Acca,
 
van derived. Sulk Cr/Fe raclos arm higher L 7ol. 39, pp. 973-990.
 
Laceicas derived from duitcem than in Laterte
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" • vPE.:V*: A 

"::r.'sUSCD TO DEECr.IBIEr G:::OtS .OC-S FO .D BY 

CRYSTAL ACCM.LATION * 

I. Co-nonents of Rocks Forned by the cu=ulate are olivine 75

Cr'stal Accumulation orthopyroxene 25.
 
A. z-.LU2 c." . ,, :',' cru::!- A cr•s- 3. Se=iquantitative - based on cumulus 
tal (mineral) that came into existence out- crystals and proportion of postcumulus 
side of, and prior to, the mag-atic sediment material. As for B1 (above); accessory 
of which it now forms a part. -Inerals are indicated in parentheses and
 

the tpo of cumulate is defined by the
 
-primary
's;cZus material ~ volume percent of post-cumulus material as 

that formed in the places it now occupies follows; <S% - adcurmlate; 5 to 25: 
in the magmatic sediment. - n'esocurnulate; >25 - orthocunulate. 

The nature of the post-cumulus material
 
.:rc s Uquid - the liquid that c- is not indicated in the name. 

cupied the interstices between the cumulus 

crystals before and during the growth of 111. Horizons in Cumulates 
the postcumulus material. A. HP-acna - a reference plane in a cumulate 

that marks a former surface of deposition:

II. Rocks Formed by C='stal Accumulation 1. Phas cnact - a horizon marked by the 
Cte..,L."=e - .mcr-ti aed"menlt- a group appearance or disappearance of a cumulus
 

name for igneous rocks formed by crystal mineral. 
accumulation, mainly through the action of 2. atio c-.act - a horizon marked by a 
gravity, sharp change in the proportions of the 

cumulus minerals.
 
.assi.carion of ocks b? cw=Z.s nyrwraZ. 3. Foam.contact - a horizon marked by a 
1. Semiquantitative - based on cumulus sharp change in the physical properties 

crystals cnly; cumulus minerals are of a cumulus mineral, such as size or
 
listed in order of decreasing abundance; habit. 
e.g., olivine-orchopyroxene cumulate.
 

2. Quantitative - based on cumulus crvstals 

only; the measured volume proportion. 
of cumulus minerals are listed; e.g., 

the percentages of cumulus mnerals in * Modified after Jdcacon (1967). 
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ARCHIVES OF GEOLOGICAL INFORMATION IN THE 	PHILIPPINES
 

Vast stores of geological data are available at the
 
in the form of books
Bureau of Mines and Geo-Sciences library 


and foreign and local publications, proceedings of seminars,
 

technical bulletins, technical reports, maps and other.
 

The Library is situated at Pedro Gil (Formerly Herran), Manila.
 
to 4:30 P.M.,
8:30 to 11:30 A.M. and 1:30
Library ho'irs are 


Mondays through Thursdays.
 

same agency,
Additional to the Library, other offices of the 


e.g. 	the Geological Information Division,'and the Records
 
of which, however,
Section, have stores of information, some 


are classified.
 

The Library of the Department of Geology and Geography,
 

Arts and Sciences, University of the Philippines
College of 

to 12:00 A.M.,
in Diliman Quezon City is open from 8:00 


Mondays through Fridays, and from
and 1:00 to.5:00 P.M., 

8:00 A.M. to 1:00 P.M. Saturdays.
 



HELICOPTER / FIXED-WING CHARTER COMPANIES
 

The following companies offer aircraft charter, rental and
 

leasing services:
 

1. 	Philippine Resource Helicopter, Inc.
 

PADC Hangar No. 2, Domestic Airport Road
 

Pasay, Metro Manila
 
Tel Nos: 832-2568,-2741,-3499,
 

2. 	Philippine Aerospace Development Corporation
 
PADC Hangar No. 3, MIA Avenue
 
Pasay, Metro Manila
 
Tel 	No. 832-2574
 

3. 	Tropical Airways, Inc.
 
Andrews Avenue, Nichols Field, Pasay City
 

Tel Nos. 832-1691
 
831-4494
 

4. 	 Philippine Helicopter Services, Inc.
 

PADC Hangar No. 2, Domestic Airport Road
 

Pasay, Metro Manila
 
Tel 	Nos: 832-3401, 2741 to 49, loc 345, 344
 



SOURCES OF INFORMATION
 

or indirectly

following individuals, encountered 

directly

The 


were found to be a
 
this brief survey,
in the course of 
 and mining
chromite, geology,
information on
valuable resource of 


in the Philippines.
 

in chromite

Geologist, published specialist
Bacuta, George C. 

and ultramafics of the Philippines,
 

Geological Survey Division, Philippine
 

Mines and Geo-Sciences.
Bureau of 

(Mar. '83) doing advanced studies
Currently 


at Cornell University.
 

Guillci:mo R., Officer-in-charge,
Balce, Dr. 

Geological Survey Division,
 

Mines and Geo-Sciences
Bureau of 

Rm 900, L & S Bldg,
 
Roxas Blvd, Manila
 
Tel: 50-53-03
 

Bermudez, M. B., Risident General Manager, A.V.P.,
 

Acoje Mining Company
 
6th Floor, Quad Alpha Centrum Bldg.
 

Pioneer St., Mandaluyong
 
Metro Manila,
 
Tel: 78-20-66
 

Vice Pres. & General Manager,
Besa, R. A., 

Masinloc Chromite Operation
 

Benguet Corp.
 
22E9 Pasong Tamo Ext.
 

?.O.Box 611 Makati,
 
Metro Manila
 
Tel: 88-26-41 to 
45
 

Dela Cruz, Silverio, Division Manager,
 
Masinloc Chromite Operation,
 

Benguet Corp.
 
2259 Pasong Tamo Ext
 
P.O.Box 611, Makati
 
Metro Manila
 
Tel: 8 8-26-Al to 45
 

Asst V. P., Development,
Escalante, F. P., 

Benguet Corp.,
 
2259 Pasonq Tamo Ext.
 

P.O.Box 611, Makati,
 
Metro Manila
 
Tel: 88-26-41 to 45
 



Fernandez, Juanito 	C., Director,
 
Bureau of Mines and Geo-Sciences
 
Ministry of Natural Resources,
 
P.O.Box 1595
 
Pedro Gil St.
 
Metro Manila
 
Tel: 59-31-36
 

Gonzales, Delfin L., Executive V'. P.,
 
Chamber of Mines of the Philippines,
 
504 Valgosons Realty Bldg,
 
2151 Pasong Tamo,
 
Makati,
 
Metro Manila
 
Tel: 86-23-85
 

Johnson, Dr. Charles, Director, Resource Systems Inst.,
 
East-West Center,
 
1777 East-West Road
 
University of Hawaii,
 
Honolulu, Hawaii, 96848
 
Tel: (808) 944-7550 

Lipin, Bruce R., USGS, 
MS-954 
Reston, VA 22092 

Obial, Dr. Rodolfo 	C., Geological Consultant,
 
4th Floor,
 
Vernida Condominium I
 
Amorsolo St.
 
Makati
 
Tel: 89-23-37
 

Rossman, Darwin L, USGS
 
Reston VA 22092
 



PHILIPPINE COPPER DEPISITS 

M. CMAHARlNES NORTE 
0-2111 

36. Jose Panganiban, 
Larap 

Philippine Iron Minee, Inc. 12,5a9,974 MT 0.24 %iCu 
0.0. %Ma 

III Stopped Operation 

3.00 %S 
10.00 %Fe 

N. AtBAY 

37. Rapu-ltapu Island Genguet Corporation 
(Rapu-Rapu Cu-Zn-Au Proj.) 

3,000,000 MT : 1.81 %Cu 
3.00 ginAu/MT 

II Prospect/Under 
Exploration 

34.00 gmg/MT 
2.66 %Zn 

38. Rapu-Rupu Island 
Korogkog 

Hixbar Mining Co., inc. 1,058,000 MT : 1.17 %Cu 
2.04 gmAu/MT 

III Stopped Production 

14.16 gmAg/MT 
30.38 %Fe 
1.10 %Zn 

0. ANTIQUE 

39. Barbaza, Lumbuyan !&alti-Ore Mines, Irc. 36,255 MT 32.625%Cu III Prospect>Eualuated
1977 
No Activity 

40. San Remiglo 
... .. 

Electro-Copper, IncoFporated
(Antique Cojip-r Project) 

850,000 MT 3.00 to 
12.00D Cu 

I_ Stopped Operation
1980 

0.74 gilu/MT 
50.00 goiAg/MT 
30.00 %Fe 

P. CI PIZ 

41. Pilur, Lamy Azure Mining Corporation 
(Pilar Couper Property) 

1,154,400 MT : 2.25 %Cu 
1.40 ginAu/MT 

III Producing 

98.?0 gmfg/MT 
15.10 %Mo 

5



PIILIPPINE- COPPER DEPOSITS 

P. CAPIZ (CONTtD) 

42. Pilar J. Robles and Company 92,52o MT : 0.44 %ICu Prospect/No 
Activity 

Q. NEGHOS OCCIDENTAL 

43. 51palay, Cartagena 

44. Sipalay and 
Cauayan 

Marinduque Mining and Ind'l. 
Corporationi 
(Sipalay Copper Project) 

A. E. S. Mining Corporation 
(Umas Project) 

609,576,144 MT : 

13,60Booo0 MT : 

0.50 %Cu. 

0.42 %Cu II 

Producing 

Prospect/Under 
Exploration and 
Development 

45. 

46. 

Sipalay, 
Manlucahoc 

Ilog,and;lAsia, 
Ba..Nmiw.Msnila 

Lepanto Consolidated Mining Co. 
(Hinonsan Copper rroject) 

Atlas Consolidated Mining and 
Development Corporation 

90,000,000 T : 

27,000,000 MT : 

0.40 %Cu. 

0.35 %Cu 

I 

II 

Prospect/Under 
Development 

Prospect/Under 
Development 

R. NEGROS ORIENTAL 

47. Basay, Aya-Aya CDCP Mining Corporation 
(Aye-Aya Copper Project) 

41,000,000 MT CU Prospect/Under 
Exploration andDevelopment 

48. Bosay, Maglinao COCP Mining Corporation 235,984,000 HT :.0.44 %Cu. 
O.2 4gmAu/MT 

56.133gmAg/MT 

I- Producing 

S. CE1lJ 

49. Toledo .CityKanapnapmn, Camp 8 Jel Mining and Development Corp. 226,840 MT : 0.50 %Cu7.28.%Zn 
III Prospect/Under

Exploration 

50. Toledo City 

Lotupan 

Atlas-Consolidated Mining.and 

Development Corporation 

942,481,O:MT : 

6

0.45-%Cu I Producing



PHILIPPINE-; COPPER DEPOSITS 

T. LEYTE 

51. Tacloban City 
Suhi 

Argonaut Mining Exploration, 

Incorporated 

2,025,000 MT ; 2.50 %Cu IP prospect/No,.fctiiitV 

U. WESTERN SAMA/R 

52. fllnahangan, 
Bagacdy 

Marinduque MinIng and Ind'l. 
Corporailon 
(BagacaV Caliper Project) 

1,424,973 Mf : 2.40 %Cu 
2.32 %Zn 

i Operation Suspended 
1981 

V. EASTERN SAMAHI 

53. Stilat, Taft, Son 
Oullan and 
Ilinabangan 

Trident Mining and Ind'I. Cbrp. 
(Samar Cupper Project) 

32,500,000 MT : 0.61 %Cu 
0.62 giflu/MT 

21.00 gmAg/MT 

II Prospect/Under 
-Exploration and 
Development 

W. ZAMEEJ/ANIHA DEL SIR 

54. Zamboanga City, 
Ayala District 

Zambales Base Metals Inc. 5,904,520 MT : 0.30 Cu 
2.50 %Pb 
3.00 %Zn 

.I Producing 

55. Dumingag, Bos. 
Guripan, Mdhayag 
and Lipauan 

Surigao Consolidated Mining 
Compnay, Inclrporated 

137,000 MT ; 2.18 %Cu III Prospect/No Activity 

X. I1GUSIAN DEL NrnRTE 

56. Cabadbaran,ghlbonoa 
andi 9qntlgo. . ... 

57. Santiago 

Jose Fernandez 

ABICu Mining Corporation 

100,000,000 MT 

71,000,000 MT 

: 

: 

9.45 %Cu 

0.36 %Cu 

i1 

Ii 

Prospect/Under 
Exploration 

Prospect/UnderExploration 

Y. S1J111liPt] DEL 

58. Lunuza, 

511H. 

Udlasy Suriucgao Mimturuls 
Associa Lion 

Acres 
' 

103,4i5 MT : 3.90 %Cu III Prospect/No Activity 



PItILIPPINE CUPP R DEPOSITS 

Z. DAUAO DEL 16OHTE 

59. Maca, Masers Apex Mining Uompanv, Inc. 
(Mepula Copper Project) 

12,712,927 MT : 0.44 %Cu II Prospect/UndEr 
Exploration and 
Deve lopment 

60. Mabini, Masara, 
Almacan 

North Davao mining Corporation 
(Amacan Copper Project) 

160,700,000 MT : 0.37 %Cu 
0.17 gmnAu/MT 

I Prospect/Under 
Exploration and 
Development 

61. New Bataan, 
Bo. Camanlangen 

Sabena Mining Corporation 75,482,198 MT 0.44 %Cu 
0.53 gmfu/MT 

II Suspended Operation 
1981 

62. Mabini, Marout, 
Hijo 

Ncrth Davao Mining Corporation 
(Hijo Gold Project) 

473,220 MT 0.44 %Cu 
8.14 grnfu/MT 
2.00 gming/Mr 

III Na Copper Production 
1981 

63. Pantukan Ste. Barbara Mining Co., Inc. 
(Inax Copper Deposit) 

56,000,000 MT 0.43 %Cu II Prospect/Under 
Exploration 

AA. S3OUTH COTABATO 

A8. 

6. Dumanus, Palomolok 
P W 

PL____I 

Samer Mining Company,. Inc. 350,0 MT 1.75 %Cu III Proopect/Under 
Exploration 

65. Ualabac Benguet Corporation 80,000 MT 3.40 ViCu 
43.00 %S 

III S-topped Operation 

SUMMIARY 

No. or Producing Mipes - 15 

No. or Mines that Stopped 
and/or suspended operation  12 

No. of Prospects - 38 

TOTAL ESIMATED RESERVES  4,33..,812,6/a MT 
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PHILIIPIINE IiON DEPOSITS 

LATION 


" 
A. 	 ILOCOS NOfw E 

1. 	Piddig-Lammifn 


.2 	La a
2. 	Laoag 


3. Paoay 


.4. Tukak 


* 5. 	 Nueva Era, 
ra
.5.bNteva
Oabit auran
 

B. 	CAGAYAN 


6. Clavuria 


7. 	Abulug, Pamploma 


8. 	 CalaisantUngan, 
.a an 

9, Gonzaga,.U . Bata-

. aga 

10. 	rangchez-Mii',Abulug 


1Ualuutoro,Appari 


0WNh;R/UPERATUH 

Ilocdndia Iron & Smelting 

Laoag MagnetiLte Sand Deposits 


Paoay Magnetlte 
-iandDaposiL 


Tukak Iron Deposits 


Phil. Processing Corp. 


Claveria Iron Deposits 


Feve Mining Corp. 


Elizalde & Co. 

& .operation
 

Apex Exp'I & mng. Co., Inc. 


Aloration
 
Del 	Mar lug. Dev't Corp. 


(Under uperaLfig agreement 

w/ Inco Mi.ning Corp.-OptoraLur)
 

ECA"E 

CLASSIFICATION
 

111 

III 


ii 


III 


ii 


ii 


STATUS 

Prospect
 

Prospect
 

Prospect
 

Prospect
 

No mining
 
operation
 

Prospect
 
r
 

Operation
 

mining
 

operation
 

No mining
 

Under exp
 

Operation
 

suspended
 

ES'pATED jI!S

MT- GradeTonnage 

050,000 


lode 


102,600 


11,540,000 


.. .. 


1,222,552 


18,596,000 


9,480,000 


60.50% Fe 


0.35%-13.65%
ag. Fraution
 

1"O7%/-9.40% 
Mag. 	Fraction
 

52.56% Fe 


66.55% Fe 

14:90% Si82 

59.91% Fe 

6No 

. . 

51.00% Fe 


32.26% Fe 


50.95% Fe 


7.00% Ti02 


http:1"O7%/-9.40
http:0.35%-13.65


2/
 

B. CAGAYAN PiILIPPINE IRON DEPOSI'TS 

11. Ballesteroa 
 E.M. Namos & Co., Inc. 2,100,000 53.17% Fe 
 III Prospect
 

C. LA UNION AND ILOCOS SUR
 

12. Sta Ciuz & Sta Lucia .Filmeg (Ptlil.), Inc. 2,139,780 58.60% Fe 
 iStopped
Ilocos Sur and Bacno+ 

opei
 

tan. La Union operation
 

U. LA UNION
 

13. Damorti, Lingayen Anglo-Phil. Oil & Mng. Corp. 
 2,031,400 60.11% Fe Stopped
Gulf 

8.22% 'PiO2 operation 

E. QUEZON.P 

14. Dipacuco- Casigu- Maraveni Cons. Mines, Inc. 
 1,427,860 55.00% Fe
ran IIICeased 
C a eoperation
 

V. TARLAC
 

15. Burgos & Mayantoc 
 P.D. Ago Mng. Expll Co. 
 153,800 39.50% Fe 
 Prospct
Bibiga
 

G. ZANBALES
 

1A. Sta Cruz 1Global M . "esourcvaq Inc.- 55,000,000- 17.2A% Fe .. (L-i-turlte Mrig. & Nickel -1 -Under exDev't 1.75% Ni plorationCorporatiorn) 
0.04% Co
 

H. BULACAN
 

-7. San Jose del Monte Construction Aggregates Pro- 25,000,000 43.47% Fe

Dulong Bayan II Producing
ducersCu. 
 9.50% T'102 

3.00% gAu/MT

18; uodlaemdion.Tri- J.(o and J.kzdavuurru-Opeor)Enturpri 2,0300,000 82.oO oFe2 0 I


io es 
N p ou. No produc

iidud (J orgeot 2tion '81 
19. San Ildefonuo, Mrs. Carmon Vdu do Villaroal 2,00)0,0O0 55.52% 

nog 
I No miningCnach 

u,uoraLt I On 



--

H. BULACAN
 

20. 	Dorda Remedios Tri-


nidad
 

1. BATAAN
 

21. 	Moro.g 


J. HIZAL
 

22. Antipolo, Sta tneo 

K. CANARINES NOhTE & QUEZON
 

23. 	Mt. Kadig 


L. MINDORO 0flIDENTAL
 

24. Abra de Ilog, Bo. 

Nagsaboav&: 

25. 	Abra d Ilog 


26. 	Mamburao & Puertp 

Gallern 


M. MAIl IIUtUE 

2"1. 14opog, 
1 

aiganan 

PIITIIPPINE IHON LEPOSIrS 

Oro 	Ddv'L Corporation 22,850,000 


Long Beach Mining Corp. 	 628,551 


Sta 	Ines Mng. & Steel Corp. 33,490,300 


Horizon Mineral & Oil Corp. 83,129,840 


Long Year Mng. Co., Inc. 2,600,000 

(Under operating agreement 


w/ 	ilercules Cons._ng. Co.- -

Owner)
 

1,840,713
lercules Cos. "ining Corp. 

Fernandez-ermatios, inc. 6,000,000 


MrinduciaO Lrori MLneai 	 211,000 

62.06% Fe 


51.10% 

48.86% Fe 

4.20% s 

30.00% Fe 


66.32% Fe 


66.32% Fe 

55.00% e 

55.35 F 

II 


III 

II 


II 


III 


III 


II 

in 

3/ 

No pro
duction *81
 

Stopped pro
duction '74
 

No production
 

Geological/
 
Explored
 

Under explo
ration
 

No mining
operation
 

Under deve
lopment/Tar
get 	date of
 

Operation is 

1904
 

No mining 
tipul rri Li|on 



N. CAMAHINES NORTE
 

28. 	Capalonga and Mataque 


29. 	Capalongd & Mataque 


30. 	Jose Pariganiban, 

Larap 


31. 	Paracale, ala-

b~rnay 

32. 	Labo 


33. 	Labo, Iapaod 


34. 	Talisay & Vinson 

.. 

0. CAMANINES SUR
 

35. 	Tinambac, Pantat 


36. 	Lagonoy 


P. AIt-IAY 

u. liapu Ie.Ilnpu-
AUa1 

PHILIPPINE 

Hanzana and Pabilona Group 


Century Iron Mines, Inc. 


Phil. Iron Mines, Inc. 

Agusan Gold Hines, Inc. 

b~rnayport 


Maraveni Mining Co., Inc. 


Vein Venida, Inco.:porated 


Zen 	Mining Exp'l Corp. 

(Under operat-g agree-ent 
w/ F,'LMAG(hI .) Inc.) 

Yupegoz Mining Corp. 


ierculs tion Mines Uev., 
Inc. 


Snuts ons Mlilinif Compoany 

IRON DEPOSITS 

1,711,160 


1,171,620 


12,589,974 


451,376 


1,000,000 


100,000 


2,500,000 


1,649,300 


300,000 


11,500 

57.68% Fe 


50.87% Fe 


10.00% Fe 

3.00% FeS2 

0.29% Cu
 
0.04% Mo
 

57.80% Fe 


57.00%Fe 

55.00% Fe 


60.00% Fe 


50.32% Fe 

56.00% Fe 

43.3%, Fe 

III 


III 


I 

III 


III 

III 

III_ -

III 


iII 


111 

4/
 

No mining
 
operation
 

No mining
 
operation
 

Ceased opera
tion
 

Evaluated '78
 
No recent reof act

vi ty 

No mining
 
operation
 

No mining

operation
 

Explored
 

Evaluated '69/
 
Ecplored 

Explored
 

No milllig 
operation
 



.
 

38. 	 'racloban City, 
Paco Tanauan 

Toloba 


40. Abuyog & McArthur 


H. EASTEIIN AMAR ilibacong41. rongan, 


41 o o g n, Hb•n 

42. Gen. McArthur 


43. Manicani, Guian 

44. Nara, Pulot 

--

45-	 Narra, Bato-Dato 

46. 	 Nat&i~ , Uul-togao 

IRON DEpOSITSPIIlLIPPIiE 

59.364 Fe
2,255,000

Great Pacific Mining Corp. 


Inco Mining Corporation 40,662,462 17.29% Fe 


%e
917,730 59-9%
Phil. Mineral :ands & Co. 4240% Ti0 2
(Inco Mining Corp,-Operator) 


G.Y. Ornopia & gon's, inc. 12,303,122 39.44% Fe 

(Laterite Iron re)1, 	 3 9 0 58 4 % 'eP 

'e
1,131,990 58.48% 

Gen. McArthur Iron Daposit 

(Laterite Irun Ore)
 

Palawan Syndicated Ventures, Inc. 7,652,963 37.61% Fe 


1.63% Ni 


~iEvaluated 
Olympic Mineu & Dev't Corp. 2,631,168 22.25% Fe 

' ,(Laterite r-n Ore- Pulot -ra-
operatigr

Ni (;kel rro3.UnJer 
agreemenlt w/ Winchester Exp'l
 

Corp. -Clai uoWter) 


Olynpic Milieu & Dev't Corp. 3,670,712 20.69% 


(Toronto Nickel Proj.-bnder 


oprd LIua8 agroctunt w/'roron to
 
- Late-
Expel Corp.-Cl-flImowner 


rite Lron Ore) 
Ulymnpc Miliuu DoV' L :orp. 1,75P.O00 5U.(Y%0 aly ' 

(Under opurating agru,.tolt w/ 2.03% Hi 

ULI. MbmiuLa ,xp'1. Corti.) 

IItiipeato
 

III 

Iino 


II 


I."pII 

III 

5/ 

No operation
 

operation
 
Suspended
 

Operation 
euepended
 

operation
 

o p 	c
 

Prospect
 

Under explo
ration 

D73/ 

E u 0 

explo-
Under o
 
ration
 

Uder explO

ration 



6/
 

PHILTPPINE IRON DEPOSIS
 

S. PALAWAN
 

47. Dataraza, Rio Tuba 	 Rio Tuba Nickel Mng. Corp. 47,597,656 32.65% Fe II Explored 

48. Quezon & Aborlan A. Soriano V. Cia(Lat. Iron Ore) 91,0829970 41.118% Ye II Prospect
 

1.15&) Ni
 
2.20 % MSO
 

0.1Yi% Cu 

49. 	Drooke's Pt., Ipilan Inranta Minerals & Ind'l Corp. 2,513,000 22.25% Fe III Prospect
 
(Laterite Iron Ord) 2.20%Y I
 

50. Brooke's Pt. Ipilan 	 Palawan riknelCorporation 6,149,457 28.66% Fe II 
 Evaluated 171/
 
(Laterite ron Ore) 
 1.75% Ni 	 Prospects,
 

Explored
 
T. ILOILO
 

51. Guimaras Is., Nueva 	 J. Robles & Co., 
Inc. 	 1,800 51.75% Fe III Explored
 
Val encia
 

U. CEBU
 

52. Takaan, Cebu City Talamban Iron Deposit - 42.9-50.77% Fe 	 Prospect 

23.8-33.72% SiO. 
V. NEGHOS OCCIDENTAL 

53. 	Sipalay Gabuit-Paracale Mng. Co., Inc. 44,192 39.59% Pe Ill No mining
 
operation
 

W. ORIEhNTAL NEGHOS
 

54. Southern Part 	 A.T. Escado Mining Corp. 10,493,000 62.50% 'e 11 No oreration
 

55. Mull. of iasay, 	 Inco Mining Corp. 6,596,067 11.96% Ye II 
 Operation

Dayuwan, Sta 
 suspended
 
Cat-a ina SlaLon
 

& Zumbouoigul Lu
 

http:23.8-33.72
http:42.9-50.77


PHILIPPIlE 

X. 5UtlUGAO NOI1lI'-0 

Governm-fLt leuervatilon
56. Digiagat Leland (Al. laterite) 


on m
eurvation 

Goverment10.
7NonoC island 
 LaturttI)
7.(Al. 


58. isonor Marinduque Mining & Indll Corp.iland 

(Laterite Iron Ore) 


SuriaoNickel heservation
59. Dinagat, Aaaanl 
5 g-Dt n w s n(Laterite iron oral 


Go e n e t.tIeervation
he e vt• 


60. 	 G I. (uca Later te) 

Mningu orporationlinatua
O. 

(Laterite Iron re)
61. TaganaUafl 


. UIGAO DELSUR D" 

Carrascal.- Adlay--. (Cr-raecal-Puthaw Ass'n 
) 

62. b RIGA P.D.1, A., 	Entorpridea 

Leuaee )(1,terito Iron Or 


Minerals lies.Intercontinental63. Hiinatuan, Bo. 
Sortlno 

Z. ZA B AtLA EL SUIt64. Mosalp, Aurora Midaalip 	 iron Deposit 

Zalubudasga del Sur 

65. 'isyla ° . Uibu u Y Zwnba l uu I tI bouio Uo k i .tl u. In' . 

upurata '1 ug,uum.h w/-itmar 

Mi~ning (:n.-Owner) 

EPOSITSIlON 

3E4 

32634,009 


17,180,000 


67,118,309 


387,712,048 


242,196,400 


1,485,113 

000
14,000,000 


2, 0 , 0 


2,000,000 

Al I 
18-60% Big 2 

50.65% Fe
1 A10l
 
. 2% 


3. 4IW6 F7.48 Ip.r
 
U.1 "htu
 

44.9 . 
"
 

#''' 


2 	 .5 %A lO0
 

2.47% S ia 


41.64% Fe 


I1
12.80% Fe 

0.0% Co
 

48.00% F
0.. Heo_ 


0l 

4 4 '' ON 

64.44' eo 

2,U419015rIII
 
49 . US2, U41,015 


7/. 

eared

l
 

Partially
 
explored
P1% 


No p duction
r o


Evaluated '68
 

Partially
 

explored
 

t l e 8 0
 

'80
Evaluated 


-Unde explor 
dration
 

ratj 

operation
o 


Prospect 

ot
 



Z. ZAMBOANGA DEL SUR
 

66. Bonawan 

AA. SOUTH COTABATO
 
67. Siarangani, bay 

PIIILIPPINE [ION DEPOS]IS 

8/ 

-urigao Coiolidated Hng. Co., Inc. 

(Pioneer Project-Ender operatlig 
agreumnet with Pagadian Irun Hnum) 

5,059,608 48.87% Fe 

;? -, 

No operation 

NO Operation 

Liberty MHaeu, Incorpor~ated 4,000,000 60.00% Fe ]11 Explored 

U NM A it Y 

No. of Producing Miness 

No. of hines that stopped 

and/or suspended operation 

No. of Prospecta 

TOTAL NO. OF ESTIMATED-I FSERVESI 

1 

31 

35 

1,32 0,523,27I-MT 



LOCATION 


A. 	1LOCOS NORTE 


. Siec 


B. KALINGA APAYAO 


2. Calara~an 


C. "ARLAC 


3. Capa s,OlDonnel 


j_ Capas 


D. t4UEVA ECIJA 


5. Caranglan, Bo . 
bar 

. aur 

".Gabalon, Ligaya
Gabadon 


t3.Ga baldon 


9. Baler, 


F. MARINUUE
~.BI l a.~er 1 du l &C 
I0. sta Cruz 

PIIILIPPINE 

LWNEH/UPERATH 


Si2c 	Mazle e Deposits 

A,000 n5.M0lingn 

tiC 	 ..
 

Phil. ba e Metal Inc. 


0 and ItMng. Expl Co., Ltd. 


Vicente G . Abubo 


Laur Malae:e Mng. Co., Inc. 

...
 

Sunrise Man. Company 

..
3. A. Bacaltoa & A35o. Co. 


padulog
Pan 	Asia Miling Corp. 


pil. Baud Metals Inc 


DEPOSITS.MANGANESE 

F 

:STIKATED RESERVES 
Tonnage
 

24,150 


175,000 


15,000 


9,710 


9o 


5,000"- 9,50 


9 0Mp 
55,199 

174,640 


100,000 


0.O0% tin 


00% Mn 


Mn 


6.50% Mn 


4-.00% 


455,00% 


np 

46.00% Mn37 .917 n 

43.O0% Mn 


Q.67% Mn
 

42.00% Mn 


ECAE 

CadU
 

ILI 


1n-


III 


f 


II 


STTUS
 

No mining operation
 

s o p, p r t o
 

Stopped0operatioM

operatio n
N minig 


posei n oderpe
eration
 

ratioe
 

Producing
 

mi n ingM eration
 

No mining operation
Sto pe pro uc io
 

pertion 
Si
 

o m 	n n op r t n
 

Ceaed operation 1'
 
a s d o e r t o
 



2/ 

PHILIPPINE MANGANESE DEPOSITS
 

V. CAHARINES SUR
 

1I. Siruma, Bo. Eduardo S. Puzon 
 20,000 45.00% Mn 
 III Prospect/Under
Bobuan 

exploration
 

H. PALAWAN
 

12. Corun, Busuanga Is. Palawan, 4ining Corp. 10,000 47.00% Ma 	 III 
 No operation
 

13. Coron 	 Fernandez-lHer iona, In;. 6,000,000 50.00% MKI 	 Prospect/Under 

exploration 
14. Coron, San Nicolas Jordan nag. & Ind'l Corp. 
 137,340 0.65-48.e7% Hn II Prospect/No
 

12.05-75.35% SiO2
 
0.92-2.44% Al29
 
3.42% Fe
 

0. 105% S
 
0.10% P
 

15. Coron, Busuanga Is. Jacal lining Corp. 
 11,050 46.00% Mn 	 III 
 Ceased operation
 

196U
 

I. MASBATE
 

16. Aroroy Phil 	Base Metals, Inc. 
 2,102 	 46.00% Mn III 
 Stopped productiion
 

1970
 
17. Kandaon, Aroroy Surigao Development Corp. 	 108,385 51.00% H1n 
 II 	 Prospect/Evaluated
& ilagros 

1968/No activity
 

18. Milagros, 	Taisan Juanito E.pina 
 210,000 50.36% Mn 
 II 	 Stopped production
 

J. WESTIEHN SAMAR
 

19. San Jose de Buan lizal Exploration 	Co. 3,678 35.00% Mni III 	 Probpect/Evaluated
 

1969/No activity
 
20. Tiambakan, Vina 
 Phil. Base MeLal3, Inc. 	 14,886 32.00% Mn III 
 No mining operation
 

K. 14EGROS OI1ENTAL 

21. Luaeiiu & MA. Sicluijo. Za"mbalev Base Metals, Itc. 119,583 213.00% Mn 
 II 	 Ceased operation

since 1963
 

http:0.92-2.44
http:12.05-75.35
http:0.65-48.e7


3/ 

PHILIPPINE MANGANESE DEPOSITS 

L. SIGUIJOR 

22. Muns. of Larena, lew Frontier Mines, Inc. 111,447 33.61% Mn II Ho production 
Maria & Enrique 
Villanueva 

H. BOHIOL 

23. Guindulman & Anda New Frontier Mines, Inc. 120,000 20.0U% Mn II No wining operation 

N. ZAMBOANGA DEL SUB 

26. Kumalarang, Picanan Mercedes P. Sy Egco 6,600 50.00% Mn III No production 1981 

25. ritay & Tungawan 
Gabu, Bolihan & 

G. T. LIucLh & Son's, Inc. 26,700 34.10% Mu III Ceased production 
1912 

Dayat 

26. Ramon Magsaysay Philippint Manganese 17,500 48.00% Mn III No wining operation 

0. AGUSAN DEL NORrE 

27. Cabadbaran, 
San Antonio 

Associated Mining Corp. 17,200 43.50% Mn III Operation suspended 
1980 

ADDITIONAL 

ISABELA 

. Palanan, Dinapigue Black Ruck Mlig. Corp. 20,000 40.50% Mn III Stopped production 

S U MMA R Y 

No. of" producing mines: 1 

No. of' mines that stopped 

and/or suspende operation 21 TOTAL ESTIMATED RESERVES: 7,534,520 MT 

NO. of* prospect 6 
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PHILIPPINES
 
MAJOR METAL RESERVES
 

(PBMG LISTIIGS)
 

- Chromite
 

- 14ickel 

- Copper
 

- Gold-Silver
 

- Iron
 

- Manganese
 



LIST OF CHROMITE MINES AND PROSPECTS ,.
 

ESTIMATED RESERVES
 

LOCATION 


o.A. BUKIDNON 


1. Impasugong, 
Ingkalumad 

2. Malitbog, 

San Luis 


B. CAMARINES SUR
 

1. Lagonoy, 

Himagtokon
 

2. Lagonoy, 

Himagtokon
 

C. DAVAO ORIENTAL
 

1. Gov. Generoso, 

Nangan
 

2. Gov. Generoso, 

Nangan
 

D. EASTERN SAMAR
 

1. Gen. McArthur, 

Llorente and 

Hernani
 

2. Maydulong 


E. ISABELA
 

1. Divilacan 


OWNER/OPERATOR 


Domingo C. Ortega 


Valaya and Son's Res. DeV. 

Corporation
 

New Frontier Mines, Inc. 


Cam-Meta Minerals, Inc. 


Loyalty Mining and Dev. Corp. 


Davao Timber Corporation 


Pacific Shore Mining Corp.and 

Rio Chico Mining Corp. 


Mrs. Concepcion Lastimosa 


Island Mining and Ind'1l. 

Corporation
 

Tonnage 


60,000 MT : 


3,000 MT : 


18,000 MT : 


99,900 MT : 


145,000 MT : 


39,724 MT : 


3,322,889 MT : 


33,000 MT : 


50,700,000 MT : 


Grade 


52.49 % Cr203(M) 

50.00 % Cr 2 0 3 (M) 

44.06 % Cr203 (M) 

47.00 % Cr203(M) 


46.62 9 Cr20 3(M) 


50.00 % Cr 203(M) 


48.00 % Cr203 (M) 

48.00 % Cr 203(M) 

48.00 % Cr203(M) 


'jTA'U
 

Stopped Operation
 

Stopped Ope:ation
 

Stopped OperaLtion 

Producing
 

Stopped Or-eration
 

Producing
 

Under Explordtion
 
Evaluated - 1969
 

btopped Operation
 

(?)
 



ESTIMATED RESEiVES
 
LOCATION OWNER/OPERATOR Tonnage Grade LiTATU S 

F. MISAMIS ORIENTAL 

1. Manticao, Toud Silver Mines 50,000 MT : 48.00 % Cr203(M) Stoppea Productior. 

2. Sungay, 
Libertad 

Cheston Mining 40,000 MT . 48.00 % Cr2O(M ) 
C 2O5 M3tpe 

Stopped Productior 
rdcir 

3. Opol, Tagsulip Salvahia - Hojas Eatate 60,000 MT ; 38.47.% Cr2O3 (R) No Prodtiction - 19 

4. Opol & Manticao, Misamis Exploration Corp. 64,570 MT : 10.00 to 
Awang 48-00 % Cr2 03 (M) Producing 

5. Opol Superior Mining and Ind'1l. 57,000 MT : 47.00 %Cr 2 0 3 ( ) S;topped I'Production 
Corporation 

6. Manticao Apolo Talampas 4,078 MT : 48.00 9 Cr 2 0 3 (M) Producing 

7. Alubijid San Grace Mining Corporation 106,669 MT : 48.00 9 Cr 20 3(M) Producing 

G. OCCIDENTAL MINDORO 

1. Looc, Ambil Is. Mindoro Mineral Enterprises 99,700 MT : 33.55 9 Cr2O0(Rf) No Operation 

H. PALAWAN 

1. Puerto Princesa 

City, Irahuan 

Palawan Consolidated Mining 

Co., Incorporated 

1,697,000 MT : 41o00 % Cr 203(M) Stopped Operation

1981 
2. Puerto Princesa 

City, Bacungan 
Golden Arrow Mining Co., 
Incorporated 

3,664,000 MT : 46.00 9%Cr203(M) Operation Suspede, 
1980 

3. Puerto Princesa 

City, Irahuan23 

-Liberty Mines, Incorporated 24,000 MT : 38.00 % Cr20(R) Stopped Operation 

4. Narra, 

Lapu-lapu 
Trident Mining and Ind'l. 
Corporation 

16,149,644 MT : 25,34 % Cr.O,(M) Producing 

-2



ESTIMATED RESERVES
 

LOCATION OWNER/OPERATOR Tonnage Grade STATUS 

H. PALAWAN (CONT'D) 

5. Puerto Princesa 
City, AborlwL 

New Frontier Mines, Inc. , 13,000 MT : 45.08 % Cr203 (M) Stopped Operation 

6. Narra, Teresa & 
Bato--Bato 

Philippine Chrome Mining 
Corporation 

2,627,498 MT : 44.286% Cr 202 (M) Evaluated  1960 

7. Puerto Princesa 
City, Bacungan 

, Adams Mining Corporation 6,300 MT : 34.00 % Cr203 (M) No Operation 

k I. PANGASINAN 

1. Mangatarem, 
Bunagan 

Capitol Mineral Res. & Dev. 
Co., Inc. 

133,386 MT : 38.07 % Cr 203 (R) Producing 

2. Bunagan 

C.~.QUEZON 
2 

Acoje Mining Company, Inc. 
quzzo3 

845,000 MT : % Cr20 (R) Under xploration 

4-. Municipalities of Baler Consolidated Mng., Inc. 
Baler, San Luis, 
Aurora, Bos. Bibut, 
and Cemento 

20,000 MT : % Cr203 (R) Under Exploration 

K. SURIGAO DEL NORTE 

Dinagat Island Malayan Wood Products, Inc. 62,914 HT : 48.56 % Cr203 (M) Producing 

2. Libjo, 
Dinagat Island 

Velore Mining Corporation 91,241 MT : 48.00 % Cr203 (M) Producing 

3. Dinagat Island Acoje Mining Compnay, Inc. 4,300,000 MT : % Cr203 (M) Under Exploration 
and Development 

L. SIqUIJOR 

1. Muns. of Maria , 
Larena & Enrigue 
Villanueva 

New Frontier Mines, Inc. 150,000 MT ; 48.00 % Cr 203 (M) No Operation 



ESTIMATED RESERVES
 

LOCATION OWNER/OPERATOR Tonnage Grade STATUS 

M. ZAMBALES 

1. Candelaria /Inter-Continent Mineral and 950,000 MT : 32.00 % Cr203(R) Stopped Productior 
Oil Corporation 1980 

z2. Masinloc, 
Agop-op 

/Masinloc Chromite Mining Co., 
Inc. 

53,830 MT : 35.55 % Cr20 (R) Stopped Operation 

3. Candelaria A C G Mining and Oil Explo. 36,341 MT : 31.40 % Cr 20 3(R) Evaluated - 1980 
Corporation 

4. Candelaria, 
Bo. Lawis 

KAraro Minerals, Incorporated 74,000 MT : 23.12 % Cr203(R) Under Exploration 
and Development 

5.i Palauig, 
Salaza 

Philippine Chromite Ores 
Mining Corporation 

V 466,960 MT : 
13,270 MT : 

32.94 % Cr203(R) 
41,37 % Cr203(M) 

Prospect 

6. Cabangan, Golden River Mining Corp. 96,000 MT : 35.00 96 Cr203((R) Operation Suspendt 

Gahalao 1980 

7. Sta. Cruz Filipinas Mining Corporation 53,500 MT : 43.50 % Cr203(M) Ceased Operation 

8. Sta. Cru, Zambales Chromite Mining Co. 30,000 MT : 21.67 % Cr2 03(R) Under Exploration 
and Development 

9. Iba White Eagle Overseas Oil Co., 12,000 MT : _ % Cr20 3(R) 
Incorporated 

10. Masinloc, 
Agop-op 

Orbit Phil. Consolidated Mines, 
Incorporated 

508,758 MT : 34.279% Cr203(h) Evaluated - 1976 

11. Sta. Cruz Acoje Mining Compnay, Inc. 3,157,992 MT : 20.00 96 Cr20 3(M) Producing 

12. San Antonio, 
Silaguin 

Golden Arrow Mining Co., Inc. 69,584 MT : 16.39 96 Cr203(M) Operation Suspend( 
1980 

"4



ESTIMATED HEiERVES
 

LOCATION OWNER/OPERATOR Tonnage Grade STATUS 

M. ZAMBALES (CONT'D) 

13. San Felipe, 
Bo. Maloma 

Christian Aro-Mining & 
Development Company 

IO, 

40,000 MT : 

'."" - •.. 

% Cr 20 3(M) 

3 

Under Exploration 

14. Masinloc, 
Coto 

Benguet Corporation 5,310,984 MT : 32.00 % Cr 20 3(R) Producing 

15. Sta. Cruz Armon Mining and Dev. Corp. 720,000 MT : 20.00 % Cr203(M) Under Exploration 

16. Palauig, 
Kinamal igan 

Pulsar Mineral Resources, Inc. 396,135 MT : 28.50 % Cr203(R) Producing 

N. ZAMBOANGA DEL SUR 

1. Palomoloc, 
Titay 

Mr. Lino Duhaylungeod 1,785 MT : 46.58 % Cr203(M) Stopped Pr.ductio 
1980 

- 5
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Zambales Ultramafic Comple.
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REPORT 	 March 10, 1983 

To: Josiah Royce, Project Officer, 
U.S. Trade and Development Program 
Agency for International Development 

Ref: Appropriation Number 72-11X1001 

Obje_'-tive.: As a part of the Trade and Development Program's assessment of the
 

potential for chromium production in the Philippines, an evaluation of the metall

required from a metallurgical consultant.
urgical treatment of the chromite ores was 


Score of Work
 

The duties of the metallurgical consultant were to include the followin-:
 

1. 	Travel to Honolulu for a 2-day Joint consultation with Dr. Charles
 

Johnson at the East-West Center, on a summary of known chrorite occurr

ences in the Pacific-East Asian region.
 

2. 	Assess the chemistry and treatment of chromite ores.
 

3. 	Examine Philippine ores for presence of deleterious elements and describe
 

methods for eliminating them from concentrates.
 

4. Make recommendations for changes in metallurgical treatment of ores from
 

mining and milling through the refining process.
 

5. 	Analyze cost benefit factors of mining proposals brought to the attention
 

of the TDP mission.
 

6. 	 Prepare a report to the Project Officer on the findings of the mission. 

Chromite Ores - General Features
 

In the East Asian and Pacific basin ores, the occurrences appear to fall into
 

three general types:
 

Chromite hard rock deposits with no other significant metal values
 

Chromite in laterites, especially nickel-cobalt laterites
 

Chromite in beach, river and stream sands
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To date, almost all chromite production has been derived from hard rock deposits
 

of the "podiform" type supplemented with minor production from beach sands.
 

As a result of exploration of laterites for nickel-cobalt, some interesting
 

occurrences of accessory chromite values have been noted.
 

- According to Dr. 
Charles Johnson, all New Caledonia laterites, many nickel

bearinZ, contain some chromite. In addition, there are substantial reserves of
 

chromite in hard rock "podiform" deposits containing high quality chromite.
 

In New Guinea, the recently explored multi-million ton Ramu deposit is re

ported to contain about 4% chromite in a nickel-cobalt laterite. This fine-sized
 

chromite can be concentrated to a marketable grade product by using spirals and removing
 

the macnetite. Mixed with wood chips it was satisfactory for charge chrome.
 

Indonesian nickel laterites such as at Sulawesi also contain blebs of chromite
 

(up to 1/2 inch in size). Occurences were noted in sands (- 48 mesh) at lakes 

and in rivers and on beaches, but no efforts for commercial concentration and recovery
 

have been reported.
 

For an txcellent description of the occurrences of chromite in the Philippines
 

and other Pacific Basin regions, the reader is referred to the paper "Chromite
 

Potential of the Southwest Pacific" by Charles J. Johnson and Jean A. Brady of
 

the Resource Systems Institute; East-West Center, Honolulu.
 

Specific to the Philippines, at the Acoje Deposit near Santa Cruz current
 

exploration has established good chromlte values in the laterite on ridges flanking
 

the presently-producing hard rock mine. Essentially, such chromite is in form
 

of blebs and sandy grains. However, the nickel content of the laterite is only
 

about 0.4%.
 

An excellent discussion of the occurrence of chromite in Philippine lateritic
 

soils by Gunther Freidrich et al wan printed in Erzmetall 33, (1980) Nr. 7/8.
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The U.S. Bureau of Mlnen RI 8076 (1982) entitled "Chromi.um Recovery from Nickel-


Cobalt Laterite and Laterite Leach Residue" by Kirby et al, describes recent test
 

work on four typical U.S. laterites whose chroium contents varied from 1.29% Cr to
 

1.g8% Cr (1.88% Cr 2 03 to 2.75% Cr 203). 

- Chromite concentrates assaying up to 22.9% Cr with recoveries of 53% were 

reported by cyclone desliminG and tabling of the granular fraction only.
 

Of special interest to metallurgists is the extremely fine particle size of the
 

laterite ore samples; approximately 70% by weight averaged only 2 microns and
 

nearly 20' was finer than 1 micron.
 

The investigation was not successful in producing an acceptable iron ore co

product from the chromite tailings.
 

Mining and Concentration
 

from "pick and shovel"
Mining of Philippine chromite spans the entire range 


Although
mines to sophisticated mechanized open pit and underground operations. 


the prime mining targets are high grade lump ores, some disseminated ores are
 

mined and treated.
 

Obviously, relatively low capital investment is required for producing a
 

saleable product from small, high grade lump ore deposits. The major costs appear
 

a port (usually over rough mountainous terrain).
to be transportation from the mines to 


Low cost labor makes hand sorting economic and the wide difference in specific
 

gravities of chromite (4.2 to 4.9) and the serpentine and ultrabasic gangue rocks
 

(2.4 to 3.5) make for efficient sorting. Even in the large open pit and underground
 

mines, a high grade lump concentrate is economically produced by hand sorting run

of-mine ore.
 

The chromite ores presently mined in the Philippines can be divided into four
 

major classes from the viewpoint of the metallurgist or beneficiation plant:
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1. 	 High grade lumps in the size range of -6" to -8" and + about i- ". 

2. 	Mixtures of coarse high grade lumps and wall rock diluents
 

from mining.
 

3. 	Disseminated low grade ores including laterites.
 

4. 	"anid depos it:.
 

Class 1 high grade lump ore; obviously require only crushing to the sizes re

quired in the specifications of the buyer. 

Class 2 ores require either hand sorting of the + 1 " to 2" and rejection of 

all 	finer sized material (the economic limit to hand picking is probably around
 

1 ," particle size) or a combination of hand sorting and gravity concentration of
 

the 	-1%" fraction. The large mines utilize heavy media (sink-float) methods for
 

upgrading the coarse fractions (-3" +") with jigging of the intermediate size fraction
 

(-" 	+ 14 mesh) and spiral or shaking table concentration of the -14 mesh fractions. 

Class 3 ores may require crushing and grinding (usually in rod mills) to lib

eration size of the chromite grains from gangue rock. Concentration then is lim

ited 	to recovery by spirals and shaking tables. To date, no recovery by froth
 

flotation is being practiced.
 

Class 4 ores do not require grinding but concentration utilizes the same equip

ment 	as in Class 3 ores.
 

Concentration of Chromite
 

The 	problems in concentration of chromite ores are remarkably similar to those
 

in the concentration of hematitic iron ores. The processes involve long-proven
 

gravity separations in several size ranges. Magnetic separation does not find appli

cation because chromite is only feebly magnetic and only very small amounts of 

magnetite that might contaminate the concentrates occur as an accessory mineral 

in the presently-mined deposits.
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Frot' flotation of the chromite from gangue minerals using fatty acids or 

petroleum sulfonates might offer large advantages over tabling but may require
 

It must be assumed
extensive research to develop a satisfactory selective process. 


that to date such a process has not been found because no operation is presently
 

using flotation.
 

Recovery of chromite from laterites (Class 3 ores) will probably involve in

followed by gravity separation in two or more
tensive scrubbing and desliming steps 


fine particle size ranges. Impoundmf.nt of the tailings slimes becomes very im

portant and large pond volumes are required. However, the numerous uninhabited upper
 

river valleys near the Philippine mines offer opportunities for constructing,the 

required tailings areas. 

The ability to mine open pit with virtually no waste stripping and no require

ment for grinding, makes this type of mining venture attractive. In additionj if 

further processed by pelletizing or related agglomeration,the chromite concentrate is 


the natural fine particle size could be highly advantageous.
 

There appears to be an abundance of fresh process water for treatment of the
 

usually are nearby in the Zambales District and rainfallchromite ores. Large rivers 

normally is sufficient to supply processing needs. 

Electric power from the north-south National Transmission Grid is available 

to the two large processing plants that were visited. 

Bays and ports are located along the extensive coasts of the Islands, not far 

from mountain crests.
 

Imnurities
 

Unlike the problems associated with deleterious elements in iron ores (such as
 

phosphorus, titania, sulfur, base metals and alkalis) the Philippine chromite ores
 

appear to have no such contaminants. Quality control apparently can be gauged simply
 

- and this becomes
by silica content - the lower the silica, the higher the chrome 


The alumina content (to be as high as
the grade index for metallurgical grades. 
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possible compatible with high chrome) is important in qualifying for refractory
 

grade chromites. ?Tagnesia also contributes desirable high melting point char

acteristics.
 

Possible Imn;rovemntS in Process ing
 

Philipie Chromite Ore
 

visited in the time allotted
 Only three chromite ore processing plants were 


for the mission. These were:
 

custom plant of Solid Chrome, Inc. at
 
1. The small 60-ton per da:t 


Gabangan, Zambales
 

The 3500 tons per day concentrator of Benguet Corporation 
at Coto.
 

2. 


at Acoje.

The 1500 tons per day concentrator of Acoje Mining 

Co. 

3. 


1. Solid Chrome, Inc.
 

The ingenuity displayed by the manager of the Solid 
Chrome custom plant was
 

Small scale equipment had been fabricated largely by 
local labor or
 

impressive. 


The processing included: Jaw crusher,
 reconstructed from scrapped, obsolete models. 


All equipment

roll crushers, vibrating screens, conveyors, jigs 

and assorted tanks. 


Crude ore delivery was by small flat bed highway 
trucks.
 

was installed in the open. 


to type and necessaryI processing, it was handled
 ore as
After classification of the 


in lots through the plant.
 

Each size range, commencing with crushing to about 
6" and ending at about 20
 

mesh, was either hand sorted, jigged or simply 
washed by sluicing with water
 

ore feeders, additional
 
Improvements to the plant would include feed bins, 


jigs, some spiral concentrators and shaking tables, 
and associated sand pumps.
 

Such equipment would increase throughput, recovery,grades 
of products and reduce
 

hand labor costs.
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2. 	 Coto Processing Plant
 

The Coto plant provides an excellent example of the technical and operating
 

skills of Philippino labor and management. The plant employed processing,equip

of from -3" to 200 mesh. Constructed somement 	 that spanned the full size range 

Never has the writer ob35 rears ago, it is maintained in spotless condition. 


served better housekee-_.,- ani cleanliness in even the most modern ore processing
 

plants.
 

The only suggested improvements were to replace the now obsolete belt-type
 

electro magnetic separators (used for recovery and cleaning of the ferrosilicon
 

modern, more efficient drum-type permanent magnet separators.
heavy media) with 

This would reduce n-i11a losses durinp, operation and especially during electric 

all media in the belt-type separators is lost. Power consumptionpower outages when 

would also be lowered.
 

A second improvement would be to replace the Wemco open-top, internal airlift,
 

5/16" to 10 mesh heavy media circuit with a
 cone separation vessel in the 

"dynamic" cyclone separator. A more efficient separation of the finest ore par

ticles should result and there should be less lost time when stopping and starting
 

the circuit due to power-outal'es or maintenance.
 

of an ore sorting process based on treating
It is understood that some testlng 

coarse lumps under reflected light had been completed in Australia but the results 

were not acceptable. 

Figure 1 shows the Coto plant flowsheet with basic process steps and average 

weight splits by size ranges of products. 

3. -Acoje Processing Plant 

Reference to the Acoje plant flowsheet in Figure 2 shows that the circuit is 

complex, Involving rod milling and multiple-spiral separators with a total of 27
 

Due to increased throughput, several
full-siaed sand and slime shaking tables. 
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processing units are overloaded, and a deficiency in the final concentrate dewatering
 

circuit was obviously having adverse effectn on the operation. 

A suggested improvement woul, be to install a mechanically-vibrated "devaterizer"
 

to "remove free water from the rake product of the concentrate dewatering spiral classifier.
 

This would improve performance of the belt weightometers, reduce the moisture con

nowtent of the final concentrate an.] avoid losses of "slime" chromite leaking from 

the loading bins.
 

Another possible improvement would be to substitute froth flotation for slime 

tabling. Suggested reagents would be fatty acids and petroleum sulfonates plus
 

fuel oil. High solids (70%) conditioning of a thoroughly deslimed pulp, either in
 

alkaline or acid circuit should be investigated.
 

Finally, operating supi.ly costs might be reduced by converting the curved bar
 

slopin;, screens, such as is practiced in the Florida phosphate!screens to uniformly 

washing plants.
 

Brief observation indicated that water consumption might be reduced by providing
 

longer retention time of water sprayed on vibrating screens by installing plates or
 

pockets in the screen surfaces. 

If further expansions of capacity are undertaken, it would be prudent to evaluate
 

Reichert pinch sluices as a substitute for shaking tables. These devices require 

small floor space, have no moving parts, and are easy to maintain. However, they
 

Protection against this problem
are vulnerable to plugging with wood pulp fibers. 


is mandatory.
 

Controlling Sizingof Concentrate. 

- In the case of iron ores, adverse price differentials apply if too large a propor

same applies to metallurgicaltion of the concentrates are below a certain size. The 


charged with rigidly controlledchrome ores. Reduction furnaces perform best when 

of ore, coke and flux. Fines in the charge materials tend to cause size ranges 
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operating problems and high dust loads in off-gases so there usually is a limit
 

on the bottom size of the furnace feed materials, including the ore.
 

rtining and milling practices usually strive to keep as much material as possible
 

in the coarse ranges and to minimize the production of fines. Aside from market
 

restraints, there are advantages in doing so because (1) fine crushing and grinding
 

are expensive steps and (2) separation efficiencies and machine capacities decrease
 

sharply as the particle size of the feed material decreases. Therefore, it is much
 

as coarse as possible compatible with
to the advantage of the operator to keep the feed 


required mineral liberation,
 

fine crushinfg and grinding be employed,When ore charact,.ri'tics; d,,manl. that 

the resultini: concentrates may b0 so fine that agglomeration, sinterine or pellet

izing may be re-luired before they can be utilized in reduction furnaces. 

While such agglomeration is usually a high cost step, it may be the only way 

to insure marketability for metallurgical purposes. High quality pellets, for 

example, often benefit the buyer and furnace operator by improving metal output and 

quality. 

It is recommended that metallurgical chrome producers support studies aimed
 

can utilize the finer fractions of
at developing a good pelletizing process which 


the chrome concentrates. It is understood that some work -as already been done on
 

briquetting, sintering and high temperature (+3000
0F) pellet induration, mostly in
 

overseas laboratories.
 

An economic pelletizing process may open the door to increased chrome production
 

from the disseminated or "salt and pepper" types of ores and from sands and laterites
 

For example, it is indicated that
where little or no mineral is coarser than 48 mesh. 


substantial tonnages of disseminated chromite ore occur in the Acoje deposit but
 

are below present cut-off grade for underground mining. A technical break-through
 

could materially
that would permit inclusion of such type of mineral in ore reserves 


increase the life of the current operation..
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Lateritic Chromite Deposit
 

Acoje Mining Co., Inc. has begun evaluation of an impressive laterite chromite
 

project which surrounds their underground chromite mining area 
at Sta. Cruz.
 

- The laterites occur principally along ridge tops in thicknesses ranging up 
to 

1, feet, with typical thinning on the sloping hillsides. 

of which have been test pit sampled on aTh,,rr are 1' pri:.cipx! areas, four 

lOD-foot grid. The farthest occurrence is about ' km from the existing plant.
 

Acoje's March 1953 ore reserve data show the following: 

Area Avg. MT ** Avg. 

Tonnare Grade Tonnj e_ Grade % 

I 
II 

155,0)0
95,r]. 

12.00 i30,0o0
106,000 

9.03 
8.53 

111 19,3003 11.00 236,000 8.6o 

IV 182,830 12.3O 690,300 9.50 

V 287,6n) 10.00 330,600 8.50 

VI 19,703 12.00 25,000 8.50 

11. 33' 1,567,900 8.76%
TOTAL 933,100 


' At 8.00% Cr2 0 3 cut-off grade 

m At 6.00% Cr 2 0 3 cut-off grade 

When the cut-off grade is lowered to 4.0% Cr203, the reserves are 
more than
 

doubled as indicated below: 

MT Ave. 
Area Ton age Grade % 

I 594,300 7.00 

II 150,000 6.50 

III 541,40 6.80 

IV 710,000 7.00 

V 1,600,000 6.60 

I 43,000 7.00 

TOTAL 3,636,700 6.80% 
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Conside ring: that open pit mining of the laterite would involve strippin, only
 

of surface vegetation, and that virtually no crushing and grinding would be required,
 

there are attractive advantages to a lateritic deposit. Offsetting these advantages
 

to some extent is the difficulty of loadini and hauling ore during Viet weather,
 

the need for v--r larr- slirn tailing impoundment areas, and high water consumption.
 

Also, the maximum particle size ofthe concentrates would probably be less than 20
 

mesh and much would be finer than ;?0 mesh.
 

Chromite Ore and Concentrate Prices 

The February 1983 Eng.ineering and linlng Journal lists the following: 

"Chror" or-, I]ry basis, subject to penalties if 

Cuarantees are not met, f.o.b. loading point; term/ 

contracts (subject to negotiation) are generally lower." 

Transvaal, mt 

44% Cr203, no ratio $51-55 

Turkish, mt 

48% Cr203, 3 to 1 $110 

Russian, mt 

53-55% Cr203 4 to 1 ratio 

(pricing.basis 48% Cr203) Suspended 

The Philipinas Mineral Industry Magazine for July-Dec. 1982 listed the April-

June 1992 values of chrome ore and concentrates as follows: 

Phil. * U.S.
t -7D
.ProductPou .. Quany_ Pesos 
 $ 

Met. Concentrates 22,758 377.4 39.73 

Met. Ore 1,795 483.8 51.45 

Refractory Ore 59,584 1027.5 108.16 

All per DMT
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Detailed Analysis of Typical. Benuet Chrome Ore 

As reported by Japanese sources, the analysis of recently-produced !Msinloc ore 

by sized products is as follows: 

+ 10 - 10 - 100 Met. 
Mesh Blend
 

Ign. Loss 1.29 0.82 0.57 0.08 

Si02 5.9') 5.03 4.33 1.93 7-76 

A1203 2,." - 21.32 28.21. 29.60 26.67 

Mesh Mesh 


11.92 12.36
l.o510.43 10.87 

Co0 0.t1 o.48 0.49 o.43 -

mgo --- 17.96 17.52 17.52 20.87 

Cr20 3 32.44 33.06 33.07 36.35 29.53 

FeO 

Calc. Fe Cr24
 
41.89
43.09 43.94 45.27
(Chromitce) 	 42.02 


oxide" - not chromite.RRefers to "chrome 

Areas of Possible Interest to 
U.S. *,tlninS_C~a_anles_ 

From a strictly technical point of view and assuming a corporate objective 
of
 

acquiring a position in the Philippine chromite industry, some suggestions 
for U.S.
 

mining company participation would include:
 

1. 	 Installation of a custom chrome ore processing plant which
 

the most modern and efficient equipment. Prior to
employs 


installation, assessment of the regional ore reserves which would
 

support the plant must be completed. This could involve some
 

exploration.
 

Exploration and development of chromite-bearing laterites aimed
2. 


at production of high value refractory grade chrome concentrates.
 

Exploration and development of chromdte-bearing beach and 
river


3. 


deposits large enough to support an economic operation.
sand 
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4. 	 Joint venture with a Philippine company 
in the development
 

of an established chromite-bearing laterite deposit.
 

Joint venture with a Philippine company 
in expanding production


5. 


of chromite from an existing operation including both mining
 

and processing.
 

to install and operate

Joint 	venture with Philippine companies
6. 


agglomeration or pelletizing plant for 
metallurgical fines.
 

an 


Joint venture with Philippine companies 
to install a ferro-chrome
 

7. 


cost hydro electrical energy source.
 plant at a low 


for production of
 
8. 	 Installation and operation of a plant 


refractory chromite bricks in the Philippines.
 

for the suggested ventures listed above 
is
 

A major attraction and advantage 


the low cost and high efficiency of 
the large skilled labor pool in the 

Philippines.
 

Mining companies considering investment 
in the Philippines must carefully
 

foreign ownership of a Philippine
 
evaluate the legal limitation of not 

more than 40% 


mining company.
 

Earl C. Herkenhoff 
Consulting Mining and 

Metallurgical Engineer 

Registered Calif. 

Prof. Engr. No. 625 
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