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CHAPTER I rN'?rRoD_Ud’rroN '

1-1 - Objectlve of the Survey o
B The Government of Japan in response to the request of the Government of the Repubhc
of the Phrhppmes has conducted the 1econnalssance survey by means of geologrml geochemlcal L
‘ and geophysrcal explor atrons in- Acupan-ltogon geotheimal area, where the strong geothermal
resources are expected to exrst in order to verriy the geothermal reservorr stlucture as. well as

to select the most- promrssmg gradrent dr111 sites for the next phﬂse of the survey
1=2  Members of the Su_wey Team *

Team Leader . . S Mr Yasunorr Sakdl o Geologist. " -
I . Mitsubishi Metal Corporatlon : :

© Geological Survey -~ - - Mr! Eryu -Matsurraga o o _ Geologist
: _=(Sub_1eader)i ‘ o _Mitsubishi Metal Corporation :
Geological Survev : s Mr Keur Nakano o o - (eologist .

: Brshrmental Exploratlon Co., Ltd.

'Geoch'erhical‘S;uwey _ Mr Kenjr Wakrta R Geoc_h‘emisr
s - ___Blslumental Exploration Co , Ltd.

" Analytical Su’rvejz' Mr. Masahrro Nara DI : Anrrlyst‘- o

o - : L »i-Bls]umental Exploratron Co Ltd. B N
Geophy'sical -Surve'y' ‘ _ Mr Asahr Hatton » k Ge_ophyr;icist o
(Subleader) . ' ;Brslumental Exploratron Co., Ltd._ S

Geophysical Survey ' "Mr H1rosh1 Fukuda ' o - ““Geophysicist

:rBrshrmental Exploratron Co Lid.
Geo_phyeical Survey ' ‘Mr Manabu Kaku ' o ' ' (i}.eo'p'hvsi'c_ist
o : i ‘Bishimental Exploration Co., Ltd: R EE T R
Geophysical Survey -"Mr. Kazufo Matsikubo =~ . . “Cedphysicist *
' .. Bishimental Exploration Co., Ltd. - el



' 'COUNTERPART '

Project Mé;xagei‘ o : '. - Mr. Alfredo C. TfOnmléS“- B
. (Division Chief, Geologist) . * - - G ane e
“S:f-'.l'(_}éqph:YSi'cistg L e Ml'.:'Edga'rdo-S. Aguas

| _‘:.G:e'op'hys:i‘cist' SR . - :. Lo '- Mr; Fr‘aﬁ“cis'c;o A..Behito:_- -
'Minihé'Engine_er' R N PSR DI -__Mr."Réné A: Villarosa S
" Geologist ‘_ o MI’NRI’CISO V.‘S'al'\'!a:ni.a' R
:.Gé(?ldgist _ S o M 'I‘.l(:)'i.n'e'o R. Tena -

- Géologist CMs Helene G. ﬁAnicétc}
._Geologfc .Aide" B o Mr Leonardo U. Elemia -

. Geologic Aide M. Velario D. Mata

St. Geocherhist R Mr. Zalzon C. Bspino

- Sr. Geochemist S Ms. Rosario D. Mosqueda
Sr.Geochemist - Ms. Bvelyn M. Napoles
Geochemist 11 - - - ~ Ms. Mona Lisa V. Agondillo
Sr. Blectrical Engineer " Mr. Rodelio T. Palabasan

 $r. Mechanical Bngineer L -+ Mr. Josefino C. Adajar
Mdni.to.rir'f;'gi Ehginéér ' S Mr_'._ Mén-u'el‘R. Péhagségan

‘Sr. V.Geode:ti:'_c Er}-giﬁ-ee'r : o - Mr. Francisco Paial:)ri'qa '

Gebdeti_c 'Engin_écr _ ' _ Mr ¥ 936 L. CU&I@ISIHQ
Geodeti¢ Engineer -~ .. ., Mr. Valentino Noble I
'Geq‘c'l_e.tic;_Enginc:er S . Mr. Allan O. Loleng |

Gec.)dcti:c:'Engineer . e Mr) Cesar U, Dacanay

Cartographer. = . - Mr. Ben P. Ignacio
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Ttinerary of the J a]iahese'_Su‘Wey"'l‘eaa_ﬁ

- |Neo.

Seh.ed'ule.

“|* Sun,

Date | Day
P 1982 0 - : S o '
1.1 Aug, 8| Sun. Team Leader Geologlcal Survey 'I‘eam Tokyo Lv - Mamla Ar.' '
20 8. 1. A courtesy: call on the:J apanese Embassy, JICA BED
-3 10 . Arrange for the survey at BLD a
4 1 Providing of . the: equlpments
5 12 - Manila = Baguio . e :
6 13 .Preliminary 1nspect10n of the survey area _
7 4. 1 Beginning of the geological survey
8 15| Sun. | Team Leader. ': Baguio ~>Manila -
9 16 S Report- = ..
10 17 ‘Manila ~» Tokyo
i1 18 :
12 19
14 21
15 22 | Sun.
16 23
17 24 ..
18 25
19 26
20 7
21 28 .
22 29 | Sun. .
23 30.
24 co0 3]
25 | Sep. 1
26 : 2
27 3
28 41 -
29 5 | Sun. |
30 6 : ‘ o : .
31 T - Geochemical survey team Tokyo - Manila
32 8" '
33 9 : . Mamla-)*Bagum
34 10 Begmmng of the geochemlcal survey
35 11
.36. 12| Sun.
137 i3 '
1 38 14
739 15
40 16
141 17
42 18 1.
43 19 |" Sun.
‘44 200 :
45 21
46 22
47 23
48 ¢ 24
149 25
50 26




' Date: '

.Day Schedule
S5 27 . Team Leader Geophymcal Analytical qurvey team T
o L “‘Tokyo Lv. > Mamh Ar. o -
© 52 28 "Répott to the Japanese Emb’lSSY, JICA, B}'D
53 29 Team Leﬂder Mamh%Bagmo :
5400 0 30 - Excursion. i oo .
55| Oct. 1| - Teain: Leader, Geologlcal Geochetmcal team Baguio > Manila-
61 12 ‘ ‘Geophysical teain Mamla-*Bagmo : [
571 © 3] Sun. Beginning of the geophyswal svrvey
58 4 ' -Dlscussmn S
60 6. Geological Geochemlcal teflm Mamla-+ Tokyo
t Team Leader Mamla—>Bagu1o
1. 61 7
62 8
63 9
64 10 | Sun, : B
65 1 ~ Team Leader  Baguio = Manila
66 12 : Report the iitterim report
67 13 ‘Manila - Tokyo :
68 14 S
69 15 . . : : :
70 16 " Analytical survey team Manila = Tokyo
71 17 | Sun. :
0572 218
73 19
74 | 20
75 21
76 22
77 123
78 24 | Sun.
79 25
80 26
g1 27
82 |. 28|
83 | 29
| 84 30
185 .. 3L |:8Sua
86| Nov. I |
1 .87 2
88 -3
89 4
90 05
91 "6 2
92 - 7| Sun.
93 8 '
94 .9
95" 10
96 11
97 212
98 13 |
99 14 | Sun,




Schedule,

1115

No. | Date | Day
130 15
101 i6 .

1102 | 17
11037 18|,
104 19

- 1105 - 20 |

106 211 Sun,
107 | 220
108 | 23
109 | 24 _ S
110 .25 Geophysical survey team = Baguio -> Manila -
111 26 . T -
112 27 Team Leader . Tokyo -> Manila

{113}, © 281 Sum. | L L
i14 29 An‘mlge the surve'y data
30 :

116 Deec. 1 General dlscussmn on geology and geophys1cs s
1 17 2 ) . ll .
118 3 Discussmn on the result of the survey
119 4 Final report to the Japanese Embassy, etc.
120 5| Sun:

Team Leader,; Geophysical survey team
Manila > Tokyo :
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CHAPTER 2 - GEOTHERMAL AcTiVInEs*tN THE PHILIPPINES 1982

. The Phrhppmes is: presently generatmg 556 megawatts of electnclty from the geothenml

~ fields of T1w1 in Albay, Makrlmg—Banahaw in Laguna Tongonan in Leyte and Southem Negros
The bulk of the power generated comes from TlWl and Mak- Ban wluch produce 330 MWe and

| . 220 MWe respectwely The two fields located in Luzon lsland ‘ate operated by the Phﬂrppme

_ Geothermal Inc (PGI) and National Power Corporatlon (NAPOCOR) The remamrng 6 MWe
| comes ‘from the 3-MWe pllot plant m Tongonan and the two 1.5-MWe umts in Southem Negros _'
“The development of Tongonan and Southern Negros is undertaken by the state- owned Phlhppme
: Natlonal 011 Company-Energy Development Corporatron (PNOC EDC) w1th techmcal assrstance
- from the New Zealand government T hese two f1elds expected to be on a full scale power genera- |

't:on by 1983 wﬂl produce an add1t1011a1 225 MW of electnmty (1 €.l 1'2 5 MW from each field)
" This w1ll boost the geothermal power generatmn to 781 MW (F]g I—2 l)
Amde from the four geothermal flelds (T1w1 Mak Ban Tongonan and Southern Negros) ‘

' undergomg advanced stages of development other Potentral areas are bemg 1nvest1gated and
explored by both pnvate and government entltxes I’NOC EDC is engaged in vanous phases of
exploratlon in Bacon- Mamto 1n Sorsogon-Albay, Bll1ran Island and Burauen in Leyte Mt.
Pmatubo in Zambales Mambucal in Northern Negros Montelago in Onental ‘\dmdoro and in
North Davao. o ' " ‘ .

Sumlarly, CALTEX Phlhppmes and TOTAL/POGEI are probmg the potentials of Batong-

'Buhay in Kahnga—Apayao and Mt Labo in Camannes Norte- Camarmes Sur respectwely _

Geosc1ent1f1c studles are bemg undertaken in Acupan-ltogon m Benguet by the Bureau o
of Energy Development (BED) and the Japanese lnternatlonal Cooperation Agency (J ICA) pnor :
to the dnllmg of 7 shallow gradrent wel]s in 1983 ; S
) A total of 287 geothermal wells has been dnlled as of December 1982 w1th a rated power '
_ generatmg potentlal ofl 377 MW - o R :
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‘ ‘-m 1972 (Flg [ 2— 2), a tota] of 95 wells have been dulied elghty-fwe (85) of WhELh have a com-

~bined power potentlal of 511 MW (Table - 2— 1) The field presently (,ontrlbutes 330 VIWB to

the Luzon Power grid.



Development drilhng for a fourth power plant to generate 'mother 1 10 ‘V[We has been RS

temporarily suspended untﬂ the resource of a newly drscovered area (S'ldw ong) Iocated south—

| efrst of the present borefleld has been dehneated by detailed geoscrentlflc work.

-MAK BAN Geothermal Fieid Laguna ) ‘ : : S
The ﬁeld is hkew;se operated by PGI and NAPOCOR A total of: 83 wells (Table I 2 1)
: have been dn]led 1n the area smce i974 (Flg 12 3) F]fty—frve (55) of these wells dre commer-. _
cml wells. w1th a proven power pote11t13.1 of: 352 MW e1ghteen (18) are for: remjectlon whrle the
: mmammg 10 are diy wells. _ _ ' _ '_
On»gomg activities m the freld mclude producnon drilling with one ng m operatron (Table
1-2-3) and constructlon of the thlrd power p]ant 1o house umts S and 6 The power plant,

. _geared for commrssmnlng in: 1984 is to produce 110 MWe of electrl(;lty Programmed to be

operatlon'll by 1985 IS another 110 MWe power plant,

TONGONAN Geothermal Fleld Leyie’ -

A total of fifty (SO) wells have been completed as’ of December 1982 with a rated power
capacrty of 336 MW (F1g I- -2~ 4) coming | frorn 40 wells - _ o

The ﬁrst 37, 5~MWe umt of the 1 12 5-MWe power plant (Leyte 1) will be commrssroned in
March 1983 ThlS power plant is expected to generate at full capacﬂy by m1d 1983
| The major thrust of PNOC EDC’s work program in Tongonan for 1983 w111 be develop- _
ment drilling to supply steam for-Leyte II (2 x 55 MWe). Ten dlIGCtIOHal wells will be dnlled in
. the area with an aggregate depth of 29,228. 89m Two (2) rigs will be utllrzed in the dnllmg ope-
mtron (I‘ab]e [-2- 3)

Constructlon of the steam gathermg and efﬂuent dlsposal system of Leyte 1I wrll start in_

~ late 1983.

Slx (6) km of new roads wrll he construoted and fourteen (14) oeIlars will be made ready
: by the end of 1983 as optrons for dnllmg sequences to be formulated in the course of operatlonsi
On the one. hand the southeastem section of Tongonan will be subject to detalled geologl- N
. cal and geochemrcal mappmg for three (3) actl\.'lty-months to complete the surﬁcral data of the

en t1re Fongon an- ﬁe]d



: SOUTHb RN NEGRO% Geothermal F1eid _
| o As of December 30, 1982, a tot'll of th1rty-srx (36) wel]s (Flg -2— 5) have been. completed
"m the arca w1th twenty three (23) wells produemg 138 MW (Table 12— 1)
| The already mstalled three 37. S-MWe generatmg umts of P‘a]rmpmon 1is pr oglammed for |
eomm]ssronrng before the end of 1983 Me'mwh]le constmctron of the power plant S steam
gathermg and efﬂuent dlsposal system rs underway . ‘ : |
Srmrlarly, clevelopment dnlhng for the next power plant (Pairmpmon II) ttnt wrlt generate-.
another 112, 5 M\Ve 1s now.in full swing w1th five (5) rigs in srmultaneous operdtlon (T":ble i
I -2—3). Targetted for 1983 is srxteen (16) devrated wel]s to serve as productron or relnjeehon
wetls for the proposed plant Constructron of the qteam gathermg and efﬂuent disposal system
' for thrs piant w1ll commence in: December 1983 : _
Crvrl works to support the Palrmpmon 11 development drr]lmg mclude constructlon of 3 km

of roads; wrdenmg and preparatron of several sites to- acwmodate 12 ee]}ars as strategrc tar get -

pads.
2-2.. .. Advance Exploration Stage:

BACON MANITO Geothermal Area

- As of Deoember 30, 1982 ten (10) wells have been completed in:the area Of these, srx (6)
are producmg w1th a total rated power potentml ot 33 MW (Tdble I 2~-2). j'

e

" Table “1-2-2 . Advance Stage of Exploration
| MANITO | BILIRAN | DAKLAN':| NORTHDAVAO: | NORTHERN NEGROS

Cf o Total WellsDriled . | 710 C3 SR SN T S

20 TotalDepthMy - 20600 | 7322 | 12,641 2,655 2,943
3. 'AverageDepthof_ i e A : N A I,

S W Gijuel) ) 20000 ) 24r S| ass ] 1326 L esr

4 ."‘.Proven I‘ower Potentral AR : s : A R o

oy R T S - - B P

20—
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Wrth the very promlsmg results obtamed from the deep exploratory wells dnlled m 1982
and CN-1 in 1981 the ng #3 of EDI (Tdble 1~2 3) wrll be utihzed to dull development we]ls .
for the propOSed l 10 MWe power plant’ due to be commrssroned in 1986 Frve (S) drrectronal
weIls eaeh one wrth a programmed depth of 2743 07 m., dte be completed 1n 1983 Infrast—-- ‘
| 1ucture work to support drrllmg will mvolve the preparatron of seven dnll 31tes and the construc- 8

: t1on of 6 km ol' access roads

BILIRAN ISLAND Leyte o _ _ o _
Since the: start of deep exploratory dnllmg 1n March 1982 three (3) wells have been com-
"pleted Two of these wells (BN -2 and 3) were suCCessfully drscharged w1th a total rated power :
capacrty of 7 MW whlle the BN-I was unabEe to sustam dlscharge Momtormg and testmg of
“thesé wells wrll be undertaken in 1983 for purposes of evaluatmg the resouree In addrtron three
L (3): months will be allotted for the completron of the detarled geology of the 1sland and another 3

' months 'for the gravrmetnc survey

NORTH DAVAO L L 7 _ :

" The geosc1ent1ﬁc work completed in 1982 in Amacan cons1sted of reconnarssance and
detarled geologrca] smveys covenng 257 km and vertreal electrrcal soundmg over 32 statrons ‘
o Dnllmg of three (3) 2590.7 m. deep exploratory holes 1s scheduled for 1983 after evaluatlon
: of prevrous geoscrentrﬁc surveys and tests and studres of the three shallow wells dr1lled in 1978

revealed the lrkely exrstence of a deeper geothermdl resource m the area.

NORTHERN NEGROS

In Mambucal reconnalssanee and detarled geologrcal and geochemrcal surveys over 190 km

were conducted m 1982

Por 1983, PNOC EDC has programmed the drlllmg of two (2) deep exploratory we!ls 1n
the area to venfy the exrstence of a deeper geothermal resource suggested by the two shallow

 wells dnlled in 1978.

—11=



' 23 Preliminary Exploration Stage:

'fBURAUEN Leyte R o o _ e ,

_ Thrcc (3) dnll mtce were propoced in t]u': area after extenswe geoselentlflc work in 1981 _
and 1982 by PNOC hDC Drllimg w111 commence afte1 the mobilization of EDI R1g #7 from
aslay Daum (Southern Negros) o o ST REET

Verhcﬂ electrrcal soundmgs and Schlumbergcr lcmtmty surveys wrll be conducted in 1983

to firm up the geophysw'rl chaiactcmtlcs necessary to support exploratory 1ntere~;t 1n the areg, -

- BATONG BUHAY Kalmga Apayao | : , _ ) R
CALTFX Phlllppmes h'rs pamally fulfllled its work oblrgatlons undcr E non-excluswe geo-.
thermal explor'ltlon permlt granted iast February 10 1982 Geologlca! gcochcmlcal and geophy- _
: smal surveys were carrled out over an are’r of 40 000 hectares In addrtlon ﬁvc (S) shal]ow tem-
| :pcsature gradlent wells were dnlled in the area whlch gavc 31gn1ﬁcant hlgh temperature grad;ents
: At an average depth of 244'm, the wells 1egrstered a temper'lture range of 70° C to 1’78 C. Four
of the weHs self- drscharged The permrt has been cxtendcd by BED to June 1983 to glve e

CALTFX sufﬁcwnt tlme to conduct addltlonal remstmty surveys w1thm the area of mterest

.MT LABO Camdnnes Norte | ) DT : K o _
_ A one year non—exc]usrve geothcrmal exploratron perm1t was grdnted last March 23 1982 to
| .. the FOTAL prloratlon/Piuhppme Orl dnd Geothermal Explolatlon Inc (TOTAL/POGEI) to _
undertake geosc1ent1f1c explorallon over an area of 120 000 hectares They have compietcd the
'1econnaissancc geologlcal geochemxcai and geophys;cal surveys in the afea. Seml{ictarled geo-

chemlcal so:l samplmg for mercuiy analysus and l(’SlSthlty w01k are strll underway

_ MT PINAIUBO Zambal o _ o L _
' PNOC—BDC has conducted rcconnalssance tD seml-detalied geo]oglcal and geochemlcal sur-
vcys covcnng 400 sq km Geophyswal surveys mvolvmg Schlumbergcr res1st1v1ty work were a]so

carried out wtth compiehon of 129 vertical electrical soundmg stations.
' MONTELAGO Milldoro OrientaI

Reconnalssanoe geologlcal and geochermcal surveys covermg an area of 940 sq. km were

o conducted in 1982 by PNOC EDC.

—12 -
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(1983)

Table 1-2-3
TONGONAN, Leyte |
I, PNOCEDs Rig #2 (Wilson Mogul)
2. PNOC-EDIs Rig #8 (EMSCo D3)
| SOUTHERN NFGROS
3.  PNOC-EDI’ s Rig #1 (Romaman)
4 PNOC—EDI’S Rig #4 (National 610)
5. PNOC- EDI’S ng #6 (National 610) _
6. - PNOC EDI’S R1g #S (Natlonal 610) |
7. Rlchter ng #8 (Natlonal 110)
8 :.P_N(_)C—EDI’S Rig # (IDECo H-525);
Baslay"Dail_iI:l area |
 MAK-BAN, Laguna
9. Richter Rig #6

BACON-MANITO, Sorsogon-Albay
16. PNOC-EDPs Rig #3 (IDECo 725)

NORTH DAVAO o

11.

PNOC-EDI’S ng #9 (National 370)

Dﬁlling Rig LoCziti:On '






A wide rangmg Schlnmbelger resrstmty eurvey and deep vertrc'il electrrcal soundmgs are -

'programmed for. 1983

) ACUPAN ITOGON Benguet

In connection With the suspended exploratmn work m Buguras Geothermal Progect in- June

'1981 the Aeupan~ltog0n geothermal Prospect area was selected as alternate s1te for the eontmu- L

ous’ nnplementatron of the Bureau of Energy Development Japan Intematronal Cooperatlon e
: Agency (BED ] ICA) Techmcal Arrangement on Geothermrcs B S
‘ On March 1982 a new techmcal arrangement was srgned between Bl:D and JICA for the
;Acupan—ltogon prcuect The work program under tlns new drrangement was nnplemented 1n
August 1982, ' _ _
Reconnmssance geologwal and geochemrcal surveys were oamed out over an aréa of 300 sq
'krlometers In addltron seml—detaded geophyswal 1nvest1gat10n cons1st1ng of gravrty, magnetic :

and dlpole-drpole resrstwrty surveys were also undertr:ken in.the area.

24 Geothermal Exploratron Permlts _ _
Two (2) geothermal exploratron permrts wete granted early this year (Table I 2 4) to .
CALTEX Plnlrppmes and TOTAL—POGEI in Batong«Buhay and Mt. Labo Geothe1mal Areas

- respectwely

NEGOTIATIONS _ _ . Co

_' l. PNOC-EDC has submrtted an apphcatmn for a geothermal exploratmn perrmt for 15 pros—
pect areas (Table 12— 4) Ot the hfteen (1 S) areas, only eleven (l l) are. bemg con51dered by
BED since three (3) are already committed in the proposed 4th year extemron of the Ph]h- :
ppme Ita]ran leehmcal Agreement whrle one (1) has a pendmg apphcatron ﬁled by UItiana :

| Nuclear and Mmerals Corporatron o ‘

2. .:BED is st]ll wa1t1ng for the approval of the proposed 4th year extensron of the Phrhppme—
ltahan Technlcal Cooperatron Program on Geothermrcs The program wxll cover: two yeam
of prehmmary evaluatron and detalled geoselent1f1c studres on new prospectrve areas. The
areas to be mvestlgated mclude Pmatubo in Zamba]es Mam1t-Placer in Sungao del Norte

Krdapawan in :North Cotabato and Lake Wood in Z amboanga del Sur.

13-



OUTLOOK FOR 1983 -
_ In terms of geothermal power producnon the Pluhppmes is expected to genex ate en add:-
' .-tlonal 225 mengatts of electnelty The addmoml powei il cOmo from the PNOC operated
geotheamai ﬁeids in Fongonan (1 '2 5 MWe) and Southern Negros (1l 1? S ’\&We) + .
| Fxfty (50) VBlth'll and dn‘eetloml wells will be drllled in 1983 to furthe1 increase the geo~
_thermal powe1 potent1a1 D o _' _ . : L e i
In the exploratzon sv:ie seven (7) shallow gracﬁent wells will be dnlled in the Aeupan-ltogon
area under the BED 3 iCA Techmcal Agreement On the other hand deep geothermal we!ls will

_ be dnlled in North Davao and Northern Negros to verify the ex1stence of a geothe1mal resource

14—



Table : 124 Application Lis_t_for Geothermal Exploration Permit
I.  APPROVED GEOTHERMAL EXPLORATION PERMIT IN 1982

A. CALTEX, Philippines-
-1, Batong-Buhay, Kalinga-'Apayéo'
B. TOTAL Exploration — POGEI

1. “Mt. L_abo; Cah}a,rinf_:s Norte
. ‘GEOTHERMAL AREAS UNDER NEGOTIATION FOR EXPLORATION IN 1982

'A. PNOC-EDC .
1. P_dnéy, Anjt"i‘qué.
. Balingasag, Mis:_aniié 'O'rienlt-_al K
-Noi'-t_h Davao .
Nol"thern"Negr.os

Aliaflawaxl', Southern Leyte

2

3

4

5 .
6. _Montelégd,_ Ol'i:én'tal Mindoro
7 .Mabini,.Bat.angags__ | -
8 Mt,.Ar'ayz_it_, I"afnéénga -

9. Mt Balungao, Paﬁgasinan

-10. irbsil_l-Bulu_sa_n_; SOréogd;x

1. Malindang, Misamis Occidental

B, BEDELC
12, Mt. Pinatubo, Zambales
13, Mt. Apo, Davao -

14, Md}nit. Surigao

C. ULTRANA NUCLEAR AND MINERALS CORPORATION (UNMC)

15, Buhi-Isarog, Camarines Sur






" PART I PARTICULARS |






'CHAPTER 1 GEOLOGICAL INVESTIGATION:






- CHAPTER1"'GEOLOGICAL INVESTIGATION " *+ &7«

! d out baslcally '

: ‘Ito analy&e the 1eg1onal stmctures COn ollm the movement of the geothermal ﬂmd ’I‘he ge‘_

: .leogrcal/structmal results m con]unetlon wx_

he geochemrcal and geophysreal data are used__to
(1) deln‘mt the probable reservorr an R i T |
(2) . ':seleot thersn:es t‘or deep exploratory dnlhng
Two methods were used -in: the survey

| ::(Flg 11 1411

' 'the dlstnbutron of alteratron zones

_j(2) Reoonnarssanoe Geologrcal Sdrvey (300 km ) Geologreal Survey (300 km ) Geolo-

_'fgrcal mappmg was conducted along 220 km of survey routes to collect 1nformat10n}on the

- o regronal stratrgraphy and geologmal structures More than 300 rock samples were taken along the '

| 'reconnalssance routes 220 of Wthh were brought to Japan for thrn sectron 1mcroscopy, rad1o e

S chrono]ogreal measurements and other supplementary analyses

- 1:;2 Geologlcal bettmg A

: The northern part of Luzon

Island where t__r mvestrgated area is: located hes_between two )

o "oceamc troughs : :It constrtues"r 1sland are of type III (Sugrmura ancl Ueda 1973- ;charactenzed

' fby deep foc

;'The ge ogloal stmcture of 'Northern Luzo is basmallf :'m

: _"elmonum blocks arranged in the '_"'orth*South, drrechon =Arranged in sucoessr';' from:east to

'nwest are the Srerra':Madr antlelmonum ‘the Cagayan synehnonum the Cordﬂlera Central ant1—

: L clrnonum and the _Hocos syn'ehnorlum the"' "are llmlted to the South' by the [ ntral ‘Plam ‘ The L

o ".may mvestrg.it;ons h ve,been made on J its geoiogy (Sm th .__..11905 Drckerson 1923 'Lerth 1938



| Corby et élf 1 952'S¢ll{t‘fel‘ 1954;Dlirl_(_ee &.Pederéoh,..1961-; Pefia, 1 969; Pefia & Reyes, 1970;
olfe 1972 Francisco et al., 1974; Hashimoso, 1975; BCL, 1976; MMAJ & JICA, 1977-‘Batce’
ot al., 1979 Kanno, 1981 JICA, 1982 Santos 1982) and its ore dep051ts (Sclnfer 1937,
Livi'ngstml, I939,W01Iey, 1967:-, BCI, 1_976, Sawkm(ls et al,, 1979)_(T3blc II—-kﬁl). ‘One major
“ problem that (liré_(:’ﬂy .c(m(:erns:g'eo_thérmy arises from differing opinions of these authors .(_)n the-
queé_tio_n ‘j(_)f ‘ the age._of the Balatoc P_lﬁg which is related to gold and silver _mi‘n_e_r.zli]izatior.ls ang hot
spring ac_tivity'. Accord iﬁg:to 'B'(:?I.( .197‘6), the Balafdc plug \’Jés-cmpla'céc_t in the Qu'atétnm-y, o
w'he_r(ia_as_, Balce "et.- al. (19'7.9) gzl\:«'e it a lnie Tertizlf.y‘ age. A resolution on the age of the :v:olcianic
rocks :i'elatéd to.the‘ presen.t geotheﬁﬁal éystem wés one of the :import'mt r‘iat'tersim(ieriékeh
| ) he mvest lgd[ed area consists of metamorphic, vol(,amc sedimentary and mtruswc rocks
Strdtlgraphlc'illy, the followmg formatlons are dlstmgmshe(l the Daluplrlp metamorphlc rocks
an_d_t_he,PL_lgg group _(metdvolca_mcs ;t_n(l m_etasedlments), both _(_)f pre-Neogene age, the Zlgz'a_g o
IV(:)lcéni;c.s,._Kl'ondyke_group of sec_limeﬁts an.d Rosario 'gro_up of sgd_i_menfé. of iaté '.l-’ertiar_yhge;_a_nd
' the.P]eiStpCene Bair_atzoc'; plug ;i]id' tcﬁaée d_époﬁté. W_ith rcgards-}@ the in_tn;sj\?e_ ro_ck'é, bésideé the
plutonic rocks of the so—called Agno Batholith intrusions cons'isting of plutonic, hyp'abys'sz;l :
: 'md volc'mlc rocks are found at sever'il places. Some of them are closely related to the porphyry

copper or g,oid-sn]vcr ElllllCl'athUOHS

1-3 VSz_ltgél_lit'c_: and Airphoto Interpretation
‘The Photo Interpretation was carried out to define the:lineame_nts and the geological units

of the area.

I—-3-1 Interpretatlon of Satelilte Photos (photograph on first page)

- The analySIS was almcd to compale the. geologlc studles of the. 1nvest1gated area w;th those.
- of the adjacent areas of Bug.ulas and Daklan, where geothexmal 1nd1cat10ns are aheady known, -
in. order to dbt'ai'n on a fe!atively largc scale, data about -the' potential geothermal'reservoir
Black ﬂnd-whlte 1magery (at the scale 1/1 000 000 and 17250, 000 for each band} obtained .
' from L:mdsat image usmg three bands (4 5 ) on. 70 m/m reflex film (ID No.E 2456 01345) of
’ multlspectral scanner and false color 1magely were used,

The area of study is located between NI150° 50° and N1 6 48’ and between E120°15> and
£121° 55’ covermg about 8000 km2 :

The mode of analysns 13 .as foilows (1) the clramage sysfem is. fxrst drawn; (2) the hueaments
and then attltudes are defined; and (3) the geologic units ‘are delmeated using v.everal cnterta

such as colm types of water-course, den51ty of the dr'nndge system roughnes.s and: resistance
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Slx (6) unrts 1ncludmg d sub~umt 11, are drstmgurshed in the area (hrg II-—l 2) The

: correspondence between these umts and those from exrstmg geologwal maps are

Geologrcal Umt L :E ,Quaternary (sed1ments)__ -

DIrocene :

JGGO]OHlCd.l umt II R 'Mrddle Mrocene
, Geologrcal umt II’ .'._j_:Phoeene R 2
7 Geologrcal un1t IlI '; o _iCretaceous toLower Mrocene i j-.;

. - :-(Plutomc rocks)
Geologrcal unrt IV s Quatemary—(volcamcs);f

: Geologrcal unrt V ) : ff-;' Cretaceous (metamorphrcs)

_:."The features mclude (a) brown in; false-color 1magery correspondlng;to cultivated lands

(b) rrvers show__': rnuous contours (c) lugh dramage system densrty (d) hneaments do not appear

' very clearly' (e) texture 1s smooth and (f) the degree of resrstance very small Tlns unlt covers

: zones of low altrtu :e cornposed of horrzontally bedded Quatemary sed1ments

Geologrc un1t II thrs unrt appears (a) on the eastern srde of the analyzed area (b) as an

| elongated zone along Cagayan Valley, and’ (c) asa zone elongated rn the N~S drrectron on the

-western: srde Its charaetenstres are: (a) red brown 1n false color 1magery, and generally covered .'
: by t‘orests locally by plantatron (b) nvers show parallel course wrth the dramage systenr relatrve- : _
ly loose (c) the hneaments run North South and cuesta morphologres may be seen the stratrﬁ-

' cat10ns revea]ed by these cuestas stnke N S and drp erther West or. East and (d)::the roughness

i h1gh and the degree of resrstance 1s rntermedrate Thrs unrt covers lowlands as well as moun- o
_ . tarn areas and consrsts of Upper Tert1ary formahons folded on a large scale and trlted toward
theWest L ' ' ' R

Geologrcal unrt II’ thrs un1t covers umt lI and is drstrrbuted 1n the mountam areas of the

westem part of the analyzed regron and along the westem coastal area Iti rs red in: false-color seo

lmagery and corresponds to forests or plantatrons The rrvers show tree patternswrthg_{shallow

valleys the dramage densrty 1s relatrvely hrgh Lrneaments do not appear clearl ' The roughness

c i_s low,andthed € of rerst oe rs small Thrs forms hrghlands wrth loose plateau morpholo-

' gres and 1t cuts the stratrﬁcatron of unrt II located above 1t lt correspon(ls to the l1mestone and

.-‘_other rocks of. Upper Ter 1ary age

' Geologrcal unrt IH thrs‘umt is drstrrbuted on a N S elongatron in: the central part of the
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