











Chapter 1

Summary of the Survey

;:.i I Geologroal Exploratlon BOE ;
() The geology of the survey area s classnfled mto three (3) formatlons and mtruswe

. rocks These fonnatrons are’ the Bugulas formatron of Ohgocene to. Iower Mxocene, Loo
formatton of upper Mlocene and Budo formation of Quaternar y. The Bugulas formation o

'was formed under shallow sea water condrtrons wrth a maxrmum t}uckness of 3 500 m:

'_The mam components of the formatron are basrc rocks and its pyroclastics and. sedrmentary; L

arocks show comphcated foldmg structure TR RN P T i
F ht, Loo forma’uon 1s mamly composed of terrestnal sed1ments and andesmo rocks .

' w1th 2 maxunum thlekness of 800 m e _ : _

e The Budo formatron 1s composed of tenestnal a01d1c pyroclastms wtth dacrte lava

domes 1t also mtercalates lake sedxments at severa] parts B e T P

(2)- The geologrcal structure m the area is charactenzed by mteHSe faultmg, foldmg and

o b}ook movement w1th apparent trends of N- S The geologrcal structure however is prm-

;-7cxpally represented by a: combmatron of graben and horst with- trends of N-S and E W. -

The foldmg structures show N—S trend axes and are clasmfxed mto two (2) types large—scale -

and smaﬁ-scale foldmg These foldmg structures are formed by box«foldmg m the sedl—-—

o ‘mentatlon stage of Bugulas formatron due to fractunng of the' basement rocks The fracturel ;
o isystem m the area was formed by the mtrusron of p]utomc rocks W1th N—S and E-W trends
Thereafter NE—SW and NW—SE faultmg followed Wthh resulted to the horst and graben

ik 'struotures In Quatemary, daolte lava domes which are. located at the eastem part.of survey}.

: 'area were formed at the 1ntersect1on of. the E-W ¢nd the N-S- uphfted zZone:

(3) Igneous actlvrty m the area is as follows. - D _

- Submarme basaltro rocks occurred in late Ohgocene to m1ddle Mrocene Rhyohte is

.also looally observed S _ _ ' g AT
In mrddle Mlocene plutomc rocks such as granodlonte and quartz dlonte mtruded
Intermedlate to aCIdlC vo}.camcs erupted m late, Mrocene and small—scale plutonic rocks o

: Were mtruded

G aln Dﬂuvuﬂ age; horanende andestte and brotrte dac1te aotmtxes occurred Dacrte lava

. domes were formed as & result of the latest voIcamc actwrty in: the area



. . (4) The alteratron in the area 1s claSsrfred mto three (3) groups, regronal bunal metamorphism

.mmeral alteratron and geothermal alteratron Geothermal atteratlon is drstrrbuted wrthm a small

o ?area at the upper stream of Tokmg creek

The altered rone extends wrth a N- S drrectmn and is characterrzed by whrte colored argrl—
' 'hzatton and srhcrfrcatron The altered mmerals detected by X-ray analysrs are atumte, crrstoba— :

- ‘_-rrte and trrdymrte

] .l 2 (xeochemrcal Exploratlon L e A _
oD The temperature measurements of one meter holes reveal that the hrgh temperature S
: ._ anomalous aones are restrrcted or around geothermal mamfestatrons m the area, reﬂectmg hot
water crrculatton near ‘the’ surface :ri s g
g (2) Four (4) drstmct hrgh temperature zones trendrng east to west were observed by bottom
| f.hole temperature measurement rnferrmg probably the. same drrectlon of hot water flow The
:lngh anomalous zones, however, tend to be parallel to the level contour Ime of. 1 400 m A S L.,

) that 1s 1t mdtcates the water table m the area

:'(3) All mamfestatrons -aTe drstnbuted at the east and west bank of the Agno rrver around

B Bugulas Central and are charactenzed by hot: water flow and gas bubbhng pools Smter deposrts '

- _'mamly composed ot‘ carbonates are also found around the areas of mamfestatrons

4y All of the hotsprmg water samples except one are of the Nacl Type mdrcatmg water der1ved B

:'from deep geothermal ﬂurds Although hot water temperatures 1n the surface range from 40 C

to 70“(‘ the geothermometry ccmputed by chernrcal components of hot water suggests that the

3 temperature of the geotherrnal reservorr in. the depth would bc over 200 C

"(5) From a consrderatron of th 'water table in the area 1t is’ recommended to drrll deep enough o

for the proposed thermal gradrent boreholes 1n order to: penetrate the aqurfer wherever drﬂl

s1tes are estabhshed above 1 400 m.

_ ’I‘opOgraphy of the.survey area is: charactenzed by steep mountams and the: Agno rrver
" ﬂowmg through the area from south to north Elevatron of: the survey pornts ranges from .

B 1 IOOm downstream of Agno rrver to 2, 340m on Mountam Lake ' _ :

_ In order o' grasp the general trend of gravrty structures cross shaped basrc routes were

) planned along the. road Abatan, north to Cabayan south and curved pomt of Harshuna road

' west Of Smepsrp, west to upstream of Dalrmona east of Bodoan Ifugao bor der : :

60



Most ot‘ the other pomts were et vnthm the area of 2 by 3 Km mth a pomt mterval . L

of SOOm asa general rule

Gravztypomts L L Y I S A
: 'Wlth levelmg SUI'VGY bY auto level . 132 : ,.J:-f"
Wrth traverse survey by transit 8 _
- N ._ Wlth mrcrobarometers .' : :: Sl S :
. | La CosteG 236 Gravmleter . T B T
._ Pauhn MDH— . M1crobaxometer 2 RIRE P

- SokklshaB 2 Auto Level i

After adoptmg several hlgh precrsmn correcttons such as tide correctlon, dnft correc: e
tlon, topograpluc colrectlon and he1ght correctlon, the Bouguer anomaly map w1th an
apparent densrty ot 2 60 appears to be the most consrstent wrth underground structure

'By means of thls Bouguer anomaly map, some remdual maps conducted by several band

pass fllters have been made and the geologwat structures correspondmg w1th each Wave S

Iength have been mterpreted

Resuits of mterpretatrons are as follows : T _

" (1) In the surroundmg area of the gravrty survey area emment ‘rugh grawty ZOnes and :
: several fau]ts are. conﬁnned s " s T .' ST L
(2) Sun"ounded by t}ns h]gh anomaly zone i$ a. N-S trendmg synchne along the Puhbo CeL
ndge Some small—scale JOW gravrty structu1es were also detected

(3) " On the res1dua1 map of ?\ 0. 25 —1, 8 whlch well 1ndrcates the geologxcal structure of

_ shaliower, than 1, SOOm the fohowmg structure are assumed bendmg structure west of

the Agno rlver, NW-SE trendmg fault from south of Abatan down to Dallmona and Bodo .;' |

E-W trendmg fau]t south of Bugmas Central and. the drstnbutron of densc mtruswe rocks S

“seen. between Dahmona and Bugu1 '

o (4) On the htgh cut frlter maps of A= 1 8 "' 9.5 nd 7\ = '9' Sa basin st'ructure wtth a'dia~_ .'_4 '
meter of 5— 7 Km ex1sts under the Bugmas Central wlnch suggests that the survey area

' seem to show a good reservon structure The east plungmg structure m1ght also extend

| towards the Ifugao provmce '

'(5) On the model ca!culat;on map of the E W sectmn from Smepsrp to Bodoan, biock :

' movement of deep grawty basement mdlcated as. “Regronal”, step structure of several L

| hundred depth 1ndlcated as. “Res1dua1” and shallow structure mdleated as. “Bouguer are Eo




shown Based ot those flltered waves a fault drppmg to the e"lSt in ‘the east of Smepsrp
' seems to be the western edge of a bag scale rift valley Among many block’ rnovernents seen
in _the boundary of the f_rrst aid the second layer, a fault _drppmg cast runnmg near: Bo_doan

- may control the comparatively slla'llow‘gec')thertnal FESETvoir.

B 1-~4 Magnetrc Survey : e _
' 7 A ground magnetrc survey was conducted on the samie pomts as the gravity’ stauons o
and then mtermedrate pomts in order to' study the conelatlon w1t11 the geology and demag-
netrzatlon eifect due to geothermal alteratron & R e
A proton magnetometer used in thls suwey is-one of the grfts of the Japanese Govem— -
. ment’ to the Bureau of Energy Development in the Ph1l1pp1nes o _
To know the general trend of geomagnetlc varlatlons in thts area magnetrc deservatrons -
‘were carned out along the road between Abatan and Cabayan or’ Harshmra road However, .
10 dlstmct anomahes weie observed The magnetlc statrons were pIanned hs 3-4 pomts
. between each gravity stat1on w1th pomt 1nterval at around 150m
| Magnet1c Station. : 1_,000 pom_ts ‘A base station is in Buguras Central:
lnstrum_e_nt o ': ObServation Barrmger Research GH—I 22
' " Base Statron Geometrrcs G- 816

As observed the magnehc mtens1ty is affected by drumal change whreh is especrally

: strong in troprcal reglons Tnne alloted diurnal correct;on based on the recorded change at Pr

‘the base statron was apphed and then the total average of the corrected value 40961 was e
subtracted e : _
: As thrs corrected res1dual magnet1c anomaly strll contams noise due to the surface
_ topogmphy and shallow geology, a fﬂtermg by runnmg average method has been adopted
__ :and a fﬂtered equ1gamma map for the 1nterpretat1on was made _ Ty
_ The mchnauon of the geomagnettc field is low (20°) in’ th1s area’ Magneuc anomahes
are normally Observed’ above hlgh susceptlbrhty rocks wh1ch are of s1gmfrcant mterest in ¢
the case of al geotherrnal regron in relatron to demagnetlzatron phenomena N
Consequently the fo]lowmg conclusrons were arrlved at
(1) A srgmfrcant low magnetlc anomaly detected along 'I okmg creek and 1ts northem s1de e
- is consulered to be due to the combmed effect of small dykes ifitruded along SEW
' trend eak zones ' ' | : '

(2) A higb magnetrc anomaly extendmg eastwards from Buguras Central is assumed to- be

L 262~ -



_due 1o the comparatwely fow magnehzed Bugulas formation on wh:ch damagnctzzahon
due fo thermal aitcranon is affected ' . _
: 'Ihas weak’ but w1de anomaly extendmg to Bodoan and Ifugao 91dc tends to cxtend to thc
regwn of mterest whare the heat source of th;s survey area is assumed to ‘come up
Accordmg to the results of thc magnenc suscepta‘mhty measurements for the collected ‘
3 rock sampies andeslte has comparatwely high suscephbﬂzty of 10“‘3 A lO 24 e. m. u but
Nno sngmﬁcant d1f fer ence has ’oeen obtained.

More samples should be. collected for ccmpa;nson purposes in the future o
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Chapter 2 _ _
Consuieratmn of Geothermal System AR R R R

2«1 Geologrcal Structure and Geothermal Flurd A SR e '

The objectrve of geothermal exploratlon 1s to clanfy the relatronshrp hetween geologrc 2

structures havmg the favorable aquifer condltlon and the source ‘of geothermal heat Most :
"—-:of the geothermal resources in the world exrst in’ grabens W1th favorable condltlons for the .’: -

' water reservotr that: could transfer geothermal heat If a young volcano is: somewhere h

| .around the graben structure the place could be consutered a promrsrng area for geothermal

‘ development

In general the aqu1fer basrn structure is controlled by the drstnbutron of permeable

and non~permeable Iayers, but srnce hrgh temperature water has very low viscosit \"coefﬁcl- _5 '

ents, it IS beheved that perfect nou—permeable beds do not exrst unless the bed‘; are: wrthout ;'5' :

:_fractures The structures that contrel the geothermal reservorr therefore, ‘ar t*the’”"-

charactenstrcs of the 1nd1vrclua1 gcologrcal f ormatlon 1tse1l but rather the combmatron of

large scale geologrcal structures

The effects of drarnage of the geothermal effluent frorr the productron well 1s general— -

o 1y consrdered to affect several kﬂometers I‘he subsurface water stream ﬂow is’ not controi— ey

led by the porosrty in a narrow sense buit- contro]led by the poros1ty in 4 broad sense
' mcludmg the fme structures When consrdenng the ﬂow of low vrscosrty coefﬁcrent of the
.'hrgh temperature borlmg water even small cracks can not be dlsregarded _ _
: Many surface gcothermal manrfestatrons do not necessanly mean that favorable hrgh

.:,-7.1_' R S

C temperature ﬂunl reservmr ex1st at depth

Furthermore, the surface manrfestatrons of the deep geothermal flurd may not neces— SR

. sarrly be connected d1rectly to the center of the lugh temperature geothermal reservorr '

In exammmg and analyzmg the results of the survey, therefore 1t is’ necessary to keep e :

.the above mentroned facts m mrnd in the mterpretatron of the survey results

: 2 2. Survey Result ancl Geothermal Actrvrty

o .(1) The geologrcal structures in the area arg’ characterrzed by mtense foldrng and block

T movement that contmued from sedrmentatro trmze of the Buguras formatlon m upper

. —IFOhgocene ~ lower Mrocene to the dacrte lava dome formmg actlvrty m Quaternary Fhe

o geothermal mamfestatlons observed on the surface have close relatronshrps w1th the



:geologwal structures that 1s geothermal actmty located at 01 sround Buguras Centlal
' along the Agno nver is snuated ms;de the low grav1ty anomaiy ‘IS shown 1n the grawty map, _ '
_ wherem low Bouguer anomaly extends from dacate lava domes m the eastern part of the -

' survey area to the west and 1 1s also geo]oglcally srted along the norfhern 1im of the E W

| trend uphfted zone.,

. (2) The post magmatrc actron of the dac1te lava eruptmn the latest volcamc aetmty
(Flg IlI 1—1) in the area 1s consrdered as the source of’ geothennal heat It 1s ev1dent f1om the

: ' fact that the geothermal mamfesta'nons are located on both srdes of, the lava dome Bugulas

L 1n the west and Ifugao 111 the east The Ifugao mamfestatron is, reportedly the most 1mpres- o

. geothermal f1e1ds m the world assoc:ated wrth graben st1 uctures

- _ srve one However the area has not been deta:ledly surveyed yet Therefore, 1t 1s necessary

& to mvest1gate the relat1on between geologrcal strucrule and geothermal act1v1t‘y 1n older to -

: clanfy the total geothennal systemm the area B U I P

_ results of the grav1ty survey reveals favorable condltrons for a geothermal reservotr.
Presummg that over 52 mgal rs a hlgh grav1ty Z0ne and below 48 mgal is low gmvxty zone

-the basm structule w1th a 5: 7 Km dlameter surroundmg Buguras Central the loeation of

-the center of geothermal freld IS observed

B On the ,:”,ther hand hrgh gravn:y dareas in, the north west and southward surroundmg de-- P

7 pressed zone have been shown as _phftment of basement rocks It shows that the geologmal 4

'structures in the Bugulas geothermal ﬁeld have the same grav1ty anomaiy lrke mosr of the

srptiiie

(4) . The ]ocahon of hotsprmgs 1s restncted below 1 400m A S L around Bugmas Central

mdmatm the present water table However smter deposrts composed mamly of carbonate
mmerals have been’ recogmzed to spread wrdely in the area of hotsprmg act1v1ty A ge0~ o
_thermal alteratmn zone also ex1sts at the upper stream of Tokmg creek about 1 900m

.-A S L 213 means that the geothermal actmty in thc atea would have occurred covermg

a w_itd_s'ssea;_‘bc‘fv‘re-srqé 'tl;tdq_’k fplasv

__ (5} The temperature of' hotspnng wate r prevalhng in the Bugulas Central ranges from 40 C :
S to 70°C and the nature of the water is of. the NaCl type wluch wouid have been denved .
: from the geothermai reservoxr The chemlcal components of hot water contam much Ca

and Mg than the normal geothermal ﬂuld It suggests that Ca and Mg were!extracted from

the sun-oundmg rocks due to the mteraction between rocks and geothermal fluld in the

o course of m1gratlon of hot water from the geothermal reservoxr to the surface
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Slllca geothermometer shows the iowest temperature among computed temperatures due
to the d11ut1on of surface ground water However the other thermomoters such as Na-K

and N’l—K Ca show over 200°C Ttis therefore mferred that the actual rcservmr temperature' a
_would have a h:gh potennal that can be used for geothenna1 power generatlon |
(6) Inﬂuence of demagnetwat:on due to geothermai alteratlon is expected to be observed

| as h1gh magnetl.c anomahes In the Bugulds area, a- weak bnt hlgh magnetlc anomalous belt :
| Whlch is due to the broad low susceptlblhty rocks come;de well with the low gravxty anoma-

Ty extendmg eastwards from Bugulas mamfestatlons, representmg an extensmn of demag—

' 'netlzatlon effect of geothermal alteration and flow of geothernal ﬂu1d

1 .f 67—
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- Chapter 3

- Conclusions and Recommendations -

.3——1 Conclusrons o _ _
Impressrve geothermal mamfestatrons tue not found m the Bugulas area However, the

fi rst phase of the geothermal survey hss revealed some promrsmg geothermal ” sources at

: depths in the easte:m part of the survey area, where fufther detailed’ exploratmns are worth—c ; '
: whlle conductmg in the’ future PRI T T e T e et .
'. 1. Aecordmg to the results of the geologlcal and geophysrcal surveys the geologrcal
o structure of the area is charactenzed by uphfted zones 1n both the east and e west of the
: 'sur\fey area, a N-S trend grsben néar Bugulas Central and therr combmed block mcve-
' _ ments A seml-basm structure plungmg towards the east, wrth 1ts center around Bugulas
= Central is beheved to’ exrst at depth and maybe mdrcatwe ofa: structure fora geo- ‘_
'.thermal reservorr RN o _' e ;
) 2. 'Based on the analys1s of the geochemlcal survey, hot sprmgs belong to the NdCt type
: and the assumed tempereture ealeulated from the ehemxcal analysrs s more than 200° C .
whrch shows a good potentral of hrgh temperature geothermal fluid: that can be uSed
for geothermal electnc generatron _ ' L
‘ l“he magnetm survey conducted w:lth the purpose of detectmg demagnetrzang effect
caused by geothermal alteratlon 1ndleates a. weak low magnetlzed zone stretchmg from
' Bugures Central to Bodoan towards the boundary of Ifugao provmce Thls may suggest
' the flow of geothermal ﬂurds from the East i
3. The heat source in thls area 1s mferred to come from the magma chamber under the -
: Quaternary dacrte lava dome m the eastem side of th1s area’ Th.lS lava dome seems to:
: be related to the most recent volcamc dCthltY C 16 870 year B (G ) whtch has been con~ N
: 'firmed from exploratlon results of the Daklan prOJect 1ocated about 25 Km south of thlS area.’
4. The survey arca of thas phase is conﬁned wrthm the westem side of the above mentioned -
k :."dac1te lava dome whtch is- cons1dered to be the heat source of this area CA low gravrty ‘
o 'anomaly, however tends to extend to the eastem side: of the area. Furthermore prom- .
1nent geothermal manrfestatlons are conﬁned wrthm the eastem srde of tlus damte lava
: doine. Itis 1mportant 1n the future to determme the total extent of the geothermal S

Lf?syetem w1th1n this area. T e

In view- of the above—mentroned conclusrons 1t 1s recommended that bore—holes be drxlled
to measure the thermal gradlent at the follomng locatrons in order to: eoneeptualrzed the

geotherma] ﬂurd movement
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Proposed Srtes of T hermal (nadrent Bore~Holes B

- _(l)': _‘VNear the border of It‘ugao Provmce east of Bodoan wrth an elevatron of 2 OSOm (near

_. wgravrty surveypomt 108) _ R L e

o _' (2) ;_Two krtometers Southeast of Bodoan wrth an. elevatton of 2 ISOm (near gravrty survey _
o omtl20) FHs e e o

.‘(37)' South of Bodo wrth an elevatton of -1:' 800m (near gravrty survey pomt 1 12)

('4_)'_ Downstream of T okmg creek w1th an eievat1on of 1 SOOm (near g1av1ty survey pomt
| 5y, ,:In Buguns Central w1t11 an. etevatron of 1 400m (near gravrty survey pomt 1)

| (6): ‘_Upstream of Tokmg creek w1th an elevatror of l 900m (uear gravrty survey pomt 109) o

' In order to; confmn the deep therma] gradrent the dnlhng depths must be deep enough '
to penetrate the geothennal aqurfer The above mentloned locations have been selected

- because of the followmg reasons

1 The locat:ons are drstrrbuted between @ heat source whlch 1s censrdered to be under '

1 the Quatemary dacrte lava dome and. the ma.mf’estatlons in, Bugutas Central i
2. Around Bodo nearer to the heat source, a graben structure w1th 4 NNE-SSE trend _
:‘has, been detected whleh could be a good reservon based on- geologwal and geophysr— E

cal sun’eys

3.2 Recommendatrons

Based o the results of the recent survey of thrs phase the most mterestmg areas for

; exploratlon have been selected :

L) In order fo. de]mea' éthe geothermal reservorr of thts area res1st1v1ty surveys should be

~-,.tcondu0ted mamly in: the eastern part of thls"_:.rvey area h'own m the fo owmg map

: .'7(2) rDurmg the d hng of the thermai gradrent bore-holes all of the dn]t cores'should be
' recovered asa general rule and a systematic study shouid be made on them by mrcroscoprc :
e study, X-ray dlffractlon analysrs and other physmal propert1es ' i _ _
After drrllmg, temperature and electncal loggmgs (Resrstrvrty and Self Potentra]) should ‘ .
j be conducted to study the geologrcal structures and the geothermal system C L

[



(3) In the Ifugao s1cie where promment geothermal mamfestatmns were found 1t 1s te-

: commended that geologxeal geoehemxeal grav;ty and resxstmty suweys should be eonducted-. E

' Thls survey, covenng 80 Km* \;vouid correlate 1ts fmdmgs w:th those from the Bugulas area, _
whlch would enhance the i 1mage of the geothermal syetem so that a companson of the

_structure on’ both mdes of the Quarternary dacite lava dome can be made

‘ .. m.’“ e
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