: Gravrty hrgh detected southeast of the v1c11uty comcrdes wrth the: dlstnbutron of Dalupmp N
_ ‘metamorphrc rocks wrth densrty of 2 18, __ o - ' '

' And lastly, hlgh gravxty zone m the eastern edge of the area reﬂects the Pugo formatron

‘ ;wrth densrty of2 78 : '

3-5- 2 Restdual Gravrty : : o ‘ _

I“rltered map of ?\“0 25 w1th a wave length of l km was used to determme the geologlcal
* noise-and scattermg of the: data . - T . _

Frgure II 3-—12 resrdual map of 7\—0 25 — 0 1 and wave length of I~ 2 9 km expresses
the sub-surface structure shallower than i 500 m. _ -

- This’ map 1mphes more ciearly the geologlcal structure than the Bouguer anomaly map
‘.‘_The not S0 eminent gravrty Highs' -around Aeupan mme 1nd1cate the intrusive rocks of Vlrac
- granodronte (p= 2 82) Antamok dtorrte and gabbro (p—2 76) e o _

N Furthermore a fault like pattern runmng 5 km in N S trend was mferred to exrst between S
gra\nty highs and lowsin the southeastem part of the area, ' ‘ |

Fig. II 3— 13 Resrdual map of A=2. l o l{) 2 w1th correspondmg wave length of 2.9~ 6 4km
-reﬂects the structure down 03 km depth _ o _ '

“The map showed center of gravrty lows north of Itogon whlch tend to spread in N— S
drreetton “This anomaly pattern resembles the drstnbutron of Itogon quartz drorrte at depth

Meanwhrle hrgh anomahes in the southwest and eastern edge of the area are extension of
the Z1gzag and Pugo formatlons respectrvely _

: Northwestem hrgh anomsly, on the other hand cormotes the extensron at depth of. the
: Sarne mtlusrve rock descrlbed in t'tg lI i 12 ' o : _
F]g II 3 14, Resrdual map of 7\-10 2 w1th a wavelength of 6 4 km isa kmd of hlgh cut- -.
frlter map mdrcatmg the deeper structures (> 3 km) It showed hrgh gravrty values in the: west
that decrease towards southeast The low gravrty values were located wrthm the upllfted ZONE
which are not typical of low gravrty anomalres hence rt is somewhat vague as to what thrs .
' anomaly suggests S ' '

Fur thermore no. promment structures related wrth geothermal system were detected in

each frltered map

3—- S 3 Vertrcal Secondary Derwatwe .

_ The area’is charactenzed bya serres of volcamc actrvrty evrdenced by the presence of several ‘
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: .plugs and uphfted zones To de}meate the dlfferent rock types a vernoal %cond denvatwe was
3 ' :utlhzed in the ‘data ptocessmg _ o
- - Fig. . ll -3= 15 isa vertlcal secoud denvatwe map whercm thc solid contoun hnes (Gv—O)
: appear to’ comctde well ‘with the geological settmg Intmswe 1ocks sououndmg Balatoc plug

- are sepdrated 1nt0 two by ENE — WSW and WNW ESE lines.









" CHAPTER 4 ELECTRICAL SURVEY

4-1 Purpose of the Suwey _ _ _ _
' The electrlcal resnstwrty suwey is. most common]y used m the Pluhppmcs as a geophyswa]

exploratron techmque partlcularly 1n the early stages of geothermal surveys

Basrcally, 1ock is electucally a poor conductor It become 'a good conductor whcn its pores? :

'and frssures are frlled w1t11 good conductlve ﬂurds It is through thrs type of survoys where these .
conductrve zones or the geothormal heated 7ones are usually dehneated even in the absence of
"extenswe surface manrfestanons AR - o LT :
Smce the conductmty of resrstwrty of rock layers depend on the water m 1ts pores and
flssures the amount of water that it contamed and the ]0I’l]0 mobihty in the water iti is therefore
' proportlonal to the pore water and to the varyrng temperature Thus 1csrst1v1ty decreases as the
' temperature mcreases as shown 1n the {ollomng relatronslnp . '

TP mpflﬁ :
o 1+0025(t418)

(ﬂm)

resrstrvrty of beds (ﬂ-m)

“where  pp

: pﬁé = resrstmty at’ temperature of 18 C

m commutation tactor RS

B temperature
Resrstrvrty of rock !ayers (beds) 'tre not only dependent on then porosrty and temperature
R but also on then N'lCl conccntratron and c]'ty m1neral contents The relatlonshrp between NaCl
R concentrat1on and remstwrty usmg the Schlumberger method 1s shown m Flg II 4 1 :
| Generally, compact crystallme rocks and sﬂmfled ?ones have hlgh resrst1v1ty whrle 'lrgrlhzed
rocks such as claybeds wrth hlgh porosrty have low reslstrvrty Smce 1esrst1v1t1es of rocks in dif-
ferent aieas show drfferent values physreal property measurements and resrstrv1ty loggmg of
rocks in thc area were made to determme thrs dlfferences The results of measurements on the
'samples collected m the area are drscussed in 4 3—l ' A 7 '
Benguet Corporatron Itogon Suyoc Mmes and other goid mmmg frrrns operate in the .'
| Acupan Itogoa area. Slnce the: electncal norses produced by underground operatrons in ‘these
mmes are very stxong, resrstrvrty soundrng by Schlumberger conﬁguranon is not adv1sable Thus

©an especrally designed srgnal enhanced recelver was adopted for the survey

BT
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Fig, 11-4-1 * Resistivity Graph for Saiihity and Temperature of NaCl Solution

Method of Survey

: Due to steep topography and rugged t01ram the reconnmssance remstlvﬁy survey was

.conducted along the roads to cover most part of the area

i Thc resmtmty arrays used were Schlumberger dlpole—dlpoie po]e d;poie and b1pole-d1pole

methods dependmg upon the pomtlon of the cmrent and potenttal electrodes as they are set on

the ground durmg the coume of the suwey

: ,_:___'_:__"'l

L LINE

— —iDGm-" g

v%'——!—ﬂmm

I - 2000 — + ZOGN"F 200m—~+——200m +—200m—+— e

Fig. T-4-2

Electrode Cohﬁ@raﬁon and Pséu'do Sec'tidn. o '
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Most of the measurements were carrred out usmg the- drpole-clrpole au‘ay wrth interval (a ) - j-
of 100 meter separatmn f'rctor (n) of 1 and 2 ‘and: depth of penetratron of. 200 400 meters below:
ground surface. Deeper mformatrons can be obt'nned by mcreasmg the spacmg between current
_and potentral electrodes However when the spacmg exceeds 200 meters the. mput srgnal in \ the:

recerver beeomes smai!er thereby mcreasmg the effect of noise. W;th decreased srgnal to~n01se

' ratio’ (S/N) 1t becomee drffrcult to eauy out the 1es:st1v1ty measurcments IIenee, onty the two .

- clectrode spacmgs (n) welre adoptecl tc measure the. 1esrst1vrty as broad and deep as p0351ble

The resrst1v1ty P is ca}culated by the followmg equatlon when coordrmtes of current and o

potentral e]eclrodes are Cy (xl, yl) Cz (x4, 2) and P, (xa, y3), 12 (x4, y4) respectrv iy

| f"':"'K':'::"\IZ'" (n iy | |
el
C ’ C PZ C2P1 C2P2

where K = e]ectrode confrguratwn factor

‘. V% potentral in volt '
o] 2 current 1n ampere o .
. The dppdrent resrst1v1t1es (P) were ealculated by feedmg mto the computer the K, CO=
_ ordmates of each’ measurrng pomts ‘the rneasured potentla] Vv, and current [ applied to. the :

' ground

4— 2 1 Norse Measurement R _ L

_ Norse momtormg was frrst conducted before the actual resrstlvrty survey to determme the ‘
' eIectrrcdl drsturbance generated from the- mmmg srte in the survey arca that can affect the sensi-
trvrty of the réceiver and hence the actua] resrstrvrty values.' ) ' o

-_ﬁ:Sl.’_ComlienSation.' | T )

L 90°% -:= Pen Recorder
om L4

-.Non-polarizab‘l_e ‘ele_e:tro:de.

— 93



This was done by placing iwo lines placed 90°3with each other with the el'ectrodes:spaced
50 mctcls and oriented such that it faces the d;rccuon of the suspected noise source.
Thc scif—potentnl measurcd wcnc compensated by 5P buckmg cucmt such that only the

noise cl1an1,e is meqsulecl The mc*asurmg systcm and electrode array are showu below

ased on this: momtonng survey, electucal as well as cultural nones excecded 200 mv
' 'cspccmllyA l?‘cgn' the mining sites due to the on-and-off operatlon of the tramcars underground.
Noise levels were alse lﬁcasured on Sun'da’y'evel_]ings when mining operations temporarily stop
but still up to 10 mv 61' noise 'w'er:e recorded. The noise wave forms are shown in Fig [1-4-3.

This recoided noise is very strong compared with the expected receiver 31gml of about 2 mv
in dnomdlous areas. From the graphs, most of the noiscs scem to be in the DC ranges.

FFrom this, ordnuny duect current method of electncai SUEVCY usually adopted for geo-
thcrmal areas is not '1pphcable in tlus ‘particular area.

In order to minimize these noises, a 3Hz transmltter 51gn'11 was use(l The reccwcd signal at
the potential electrodes is then passed through a sharp hand-pass f11t_er before conneclmg itto’
the input of the receiver unit. This filter eliminates nois'es_ bel'éw' and above the 3Hz signal which
i.ncl.ude the AC and excessive DC noises. Thus, only the weak transmitter signal with.its ‘v‘aryh.lg

amplitude is detected at the receiver..

o

ety i\ b G LT

Fig. 1143 Noise Wave Form
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422 Survey line _

Resxstmty survey ‘was conducted dlong the road. In order to collect as much data as
possib!e in broad area, cast — west road from Baguio Clty to Twin chr Junction and to the
Agno rivér and north — éouth road from Baguio Airpost to Philex road and the road along
the Agno river were mcasured |

The road around the Acupan mine is concrete paved as shown in the plcture and thcrc
are many buried pipes and transmission wires around so that the 1'351st1v1ty survey was not

able to be conducted.

Roadside measurement

Paved rba near the Acupan Mine

Plan map of the lines are shown on Fig, .117474. Survey points are set every 100 m apart
in continual number.

Line name and their lengths arc as follows.

Naine Line Length
A 20.0 km East Baguio — Agno River
. B 16.0 North Baguio Airport — Philex Road
C 814 Tank — Baldloc — Itogon
| D 4.0 Tuding — Baco — Ke]ly
‘E 5.9. Twin Rlver Junction — Itogon Mine
F 7.3 Agno River -
G 4.0
H 1 20
I : - 2.0
Total 696 km

S5 -



Furthermore, in Dalupirip 1000 m line was measured by Schlumberger and Dipole-Dipole con-

- figuration, and the total line length is 70.6 km.

4-3 Method of Interpletanon 3 _

Intelprcl‘ltlou of the survey results were lmde by making pscudosectmns of ¢ach lines and

. rcs1st1v1ty plan maps. Thc apparent resistivity valucs of the dipole- dlpole mcthod were plotted

on the pseudoscctlons as shown on }*11, M-4-2, Contom tines of 50,100,200, and 500 ohm -m
were used to determine the shape of tlle anomalies. _

Since the survcy was carried cut along. the roads, the distances of the rcsi'stivity lines are
very far from each othcr th'lt the detected anomalous zones could not be correlated w1th each
lines.. In gcneral analyses of the lsoresmtmty maps from each depth of pcnctlation were' ma(le :

to delmcatc the alteration zones.

. 4#3%1 _ Resnstmty of the Rocks ' . _

Flf ty three (‘33) [Ol’.‘k samples were collcctcd and cut info rechngular blocks and calculated
| for its cross—sectlonal area, length and potcntlal dlffercnce Rc51st1v1ty is then mcasurcd by
.supplymg we'lk current to the:rock samplcs (Tablc H—4-1). _ _

. Resistance R of the rock is proportlonal to the length £ and is inver scly plopomonal to the

- Cross-sectlonal arca S as expressed in the following equation:

!
R= p-——
S

This prbportional factorp is the resistivity and the above equation can be further ekpressed

as follows: _
/
p = S .R = S - \
2 2 [

The rock samples collected in the area arc generally compact and have high rcslstivity.

4-4  Results of Resistivity Analysis
Geothermal lcscrvoif rocks arc usually capped by altered materials characterized by low
resis'tivity values ol‘-less than 10 ohm-n while their resistivity value vary from 50 chm-m to
several hundred ohm-m at {lcbths.
The reco'llnaiss;ince electrical survey covered most part of the survey area and conducted to
._delcc't t:hes'c low resistivity zones of less than 10 ohm-m. However, no extensive low resistivity
zones lvel'e c_ncountered allhougll lo'wcl' 5115-311rf ace resistivities due to mineral alteratlons IWc:re

-observ_ed.
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Table H—4—1 Resistivity Measurement of Rock Samples

Section

- Current

Potential

- - : Length Resistivit
NO. Sample Name (CI]IQ) (C]Tlg) (H-A) (mv) (Q m) Y
B H—1 4,733 2,430 0.1071 193,00 16,906
2 H-1A 4,657 2,580 10.3500 .22.05 1,137
3 H-2 4,600 2,490 0.1786 74.00 7,656
4 H-2A 4,634 2,660 0.2750 41.50 2,630
5 H-3 4675 2,550 - 0.3036 33.00 11,992
6 H-3A - 4,638 £ 2,500 . 0.2857 42.00 2,127
7. [-4A 4,657 2,580 02786 | .45.00 2,916
8 H-5 4,695 2,540 02857 +42.00 2,717
9 HUG—5 4,638 2,385 0.1500 78.75 10,209
10 H—6 4,695 2,345 0.2321 54.50 4,700
11 H-7 4,734 2,260 0.3857 . 15.75 855
12 H-8 4,657 1,980 0.3857 1345 820
13 H-9 4,676 2.400 0.3570 20.50 LI
14 H-11 4,657 2,370 0.1786 70.00 7,703
15 H--1la 4,676 2,200 0.1679. 7525 9,528
16 H-—]2 4,657 2,270 0.2460 52.25 4350
17 H-15 4,638 2,340 - 0.3607 18.50° 1,016
18 H-18 4,657 2,215 02571 4425 3311
19 H-19 4,119 2,290 0.1460 80.25 9857
20 H-21 4,380 2,295 0.2893 33.90 2,236
21 H-24 4,600 2,160 . 0.4214 1.29 65
22 H—25 4,657 2,430 0.2893 " 39.00 2,584
23 H-27 " 4,695 2,455 0.2786 . 44.00 3,020
24 H-31 4,657 2,300 0.1643 74.75 9,213
25 H.-32 S 4695 2405 0.1785 72.50 7925
26 H-33 4,657 2445 0.2786 43.00 2,940
27 H-34 4,714 2,360 0.4000 5.95 297
28 H-35 4,695 2,255 (1821 69.25 7915
29 H-36 4,695 2,320 - 0.2036 65.00 6,461
30 H-38 4,676 2,250 0.2460 19.80 1,669
31 H-39 4,714 2,040 0.2250 57.50 6,000
32 H—41 4676 2,295 - 0.2821 39.20 2,823
33 H--42 4714 2,215 0.2214 58.75 5,646
34 H-43 4,695 1,870 0.2321 52.50 5,678
35 H-46 4,676 2,390 10.2429 52.00 4,189
36 H—47 4,695 2,330 0.2430 53.75 4459
37 H-49 4712 2,190 0.1786 68.00 8208
38 H-51 4695 2360 0.3285 - 25.00 1,513
39 H-52 4,714 2,265 0.2500 . 50.00 14,162
40 H-53 4,714 2,280 0.2000 65.00 6,719
41 HUG—1 4,695 - 2,290 0.3640 6.40 33]
42 HUG—6 4695 2,130 0.1071 89.75 18,464
43 H-29 4,695 1,970 0.4214 26.20 | 148
44 i 23414 6,915 0.1000 95.00 32,167
45 2 13,756 6,765 0.0714 102.00 29,037
46 3 23,586 6,310 0.2143 - 60.00 10,466
47 4 6,426 6,575 0.2679 44.40 1,620
48 5 13,469 5,300 0.4286 ©1.08 63 .
49 7 4,849 3,790 0.2143 61,25 3,657 .
50 8 45068 9,295 0.3750 14.25 1,842
.51 10 13,854 4,030 0.3929 5.75 503
52 1i - 23,586 3,215 0.2679 45.00 12,324
53 12 4,700 3,050 0.4286 1.80 . 65







441 Analysis of Pseudosections S
Line A (hg II 4— S) . _ ‘ ‘
Res1st1v1ty hne A is twenty (20) kllometers long and: extends from the eastem 51de -of Bagulo _
City at Mans1on House passes south of Antamok Mine; and the Twm Rwer Junetlon to the Agno _
Riveri. Genetally re313t1v1ty values dccrease to the west of T win R1ver Jumnon and increase east-
wards to:the Agno Rlvel The results conform w1th the geology of the area where ‘the low resjs-
'-t1v1ty zones comc1de w1th the: alter’ttlon zone and: the: younger less densed~sed1mentary rocks;and
'the high 1eslst1v1ty zones are: attubuted to the massive and dense rocks. _
: ._ Low res;stnuty zones (< 50 ohm—m) were dellneated on stations 0 to 10 around the Mansion
House and superflclally on statlons 24 to. 56 _ _ _
A subsurf'tce low le31st1ve Zone was also detected west ot the Twm Rlver Junctloh Resis-
tivity 1nc:1eases east of the Junction with the mte1med1’1te values of 50 to 200 ohim-m oceurring

west of the junction and the resistive values of -more than 20_0 ohm-m detected to the east.

.LmeB(F]g 11— 4 6) _ S
. The. 11ne starts south of Camp J ohn Hay Air Statlon passes through the Bagmo Alrport to |
the Ph]lex Copper Mme in the south lt is located along the road and stretches for 16’ kilometers
: Low res1st1v1ty ZOnes (< 50 ohm~m) were observed from stat1on B4 to station B—30. ' It
contorms w1th the alteratlons on the area and extends at dcptlls . _
Reslstwe values of more than 500 ohm ‘m wele encountered flom stations B .90 to station
B=~ 105 and SOuth of Statlon B 150. ;Th:s_ coincides with the intrusive bodies like the andesite
porphyry forrmtions in the v1c1n1ty _ |
Res1st1v1ty of 100 to 500 ohm-m characterized the other parts’ of the.area where it reflects

the resistivity values for andesnes.

L1ne C (Flg II 4 7) . _
. * The line. cuts the survey area from east to west, passmg through Virac; Balatoc and Itogon
Itis 8. 4 kms: long ‘ B _ '
Low reSlst1v1ty zone is distmbuted in statlons C 55 to C—68 and reﬂects the mmerahzatlon
in Balatoc _ ' . ' | _ .
A low resmtmty Zone was also found near: the Itogon bndge where the hot sprmg is located
I and thls zone:is assumed to extend at: depths A hlgh res;snve-body which is be]1eve_d tobe -

caused by the presence of andesn:e porphyry was also noted at statlon C-70.

7 =



Lme D (Fzg - 4—-7) : . g _
ThlS lme from T udmg to Baeo-Kelly mines is four. (4) k1lometers long Low reststlve zone is
'.observed at the southem half of thlS hne from statlon D—SO RGSLSUVIHE)‘; of Iess than 30 ohm- m '

o are deteeted wlneh are caused by altelatlons due to mmeral;zatlon

'Lmeh(t‘lg Il 4~-8)

The lme starts from the Twm R1ver Junctlon 'md passes through the Itogon tOWn prope1 to .

_'the ltogon-Suyoc Mme The total length of the hne is 5 9 kllometers . ' _ '
' Low remstmty zones are dlstnbuted 1n stattons F 33 to E 4] and north of Itogon bndge
:_at station E— 38 to E.44 Whlcll is south of the geothermal mamfestatlons at C— 82 whieh also
: md1eates low I'BSISti\'lty These low 1e51st1v1ty zones drc related to the geothermal altelatlon in’

: the area

":'i,Lme F(F1g ll ~4- 8)
| Tlus is 7 3 kllomete1s long gomg south to Dalupmp aiong the Agno rwer Although patches-
of low re51st1v1ty values were noted along statlons E —30 to F 52, there were no- extenswe low _
_I-‘TESlStl\'l'[y zoaes eneountered in l’hlS line, -
-LmeG(F1g 11+4-9) : _ ‘ _ o

The lme is located along the r1dge south of Acupan-[togon mine at- Mt Ampueao pdssmg
. through the relay station of PLD'I‘ lt is four kms long: ©- ‘
. Res1st1v1ty values of less than 200 ohm-m were encountered along stauons G 6'to G- 24
' . and Iess than 100 ohm-m in G—6 to G 8 Th1s is due to dacite mmerahzatlon south of Aeupan

mme and Wthll is also mamfested along lmes Hand .-

Lme H (Flg II 4 9) ‘ o . _

ThlS line was pldnned aloug the r1dge T he survey was eamed out after only two (2) k1]0~
meters (lue to the mcreasmg n01se from the mme site and steep topography Smce moderate '
alues were eneountered 1t is assumed that the place has undergone alteratlons

'_ Lmel (Flg 11 4 9)

Low subsurface res1st1v1ty was encountered at statlon i 5 but th;s may be’ due to the dram-

age m the nearby v1llage Moderate values of less than 200 ohm«m ‘were also measured southwest

of Aeupan mine.
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4 422 Plan Analysrs Cie . , _ c
In thrs survey, three resrstrvrty deptl"s (100m 200m and 300m) were measured by chang« :
: ing the electrode spacmg The measured values are plotted m the form of pseudOsectron mapsin
) order to understand the dlstirbutlon of the resrstrvrty for eaeh depth, ds shown in Fig. 1i-4-10.
Tt was 1mpossrble to draw successrve contour smoe drstfmces among eaeh survey hnes were wrde

apart However resrstrvrty anomahes were' ' nd m the followmg locatrons

I Mansmn House Charaetenzed ) low resrstlvrty zone wrth value of less than 50 ohm- '
'm from the surface to the depth of Line A, statron No. 15 It 1s beheved that tuff and the.
Klondyke formatron and thrck mudstone have mﬂueneed by argrlhzatron wlneh could have

caused thrs anomaly

L2 Baguro A]rport Represented by shallow to deep low resrstlvrty zone The topography

CLis snnrlar to that of No (1) but Argrlhzatron to montmo llonrte is 1ntense and more of an alterdu'_' R

_ tron due to gold mrnerahza‘tlon than to hydrothermal _ _ _
‘ Balatoe Mmes Typrfred by low resrstrvrty zone of less than 50 ohm -m. It 1s eneoun- '
tered in Lme C fr om statlon 50 to 70 The slug from mme tunnels whreh 1s loeated m the eenter

'“of ore deposrt mrght have caused some of the low resrstmty values obtamed

Tlns anomaly tends to spread towards the east at depth and possrbly the extensron of the
Iow 1esrst1vrty zone wrthm the 1togon Brrdge Deep ]ow resrstsvrty values around the geothermal
rnamfestatrons 1n Itogon Ranges from 40 to 80 ohm-m _ 7 : .

h 4 Baeo Ke]ly Mme Represented by low resrstrvrtv on. the northern part of L1ne D to |
statron 50 to 60 of Lrne A Thrs is consrdered to be the extensron of low resrstrvrty zone en-
countered 111 Lrne A from statron 50 to 60 near Antomak Mrne ancl possrble refleetron of the
m1neralraat10n in the area - | _' ' . _ ' . N ' R

S..i : Acupan Mmes Looalrzed by low resrstrvrty dnomaly in the south The expected low

-anomaly wrthm the Mrnes was not detected due to the location of Lme H and I, whrch were _

| "planned for the area Both hnes are srtuated '1long the rrdge and lateral effect of the topography

accounts for the hrgh values encountered
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4 4 3 Eleetrlcal Survey in Dalupmp

In order to conflrm the ldnge dnd dlstnbutlon of geothermal aIterat;on zone reslstxun}}‘/. R
_change towardq depth was measured by Schlumberger and dlpole d]pole method where h(-)ltl
spnng mamfestat}on south ot lme P m the Agno ijer bank is located The survey lme starts
'100 m north of the Da]upmp bndge as 0 pomt SOO m to the north and south of a total length of .
1 000 m Survey pomts are - 5 —4 to O 4 5 thh mterval of 100 m
: D1p01e~d1pole Method K_ ' : | _ _ ST N _
o Apparcnt rcmstmty was measuled only up to the depth of 250 m due to electncal 11015e ”
Cin the area The apparent remstlvﬂy values (usmg 3Hz eurrent) va: y from 7 to 260 ohm -m dnd
-a remalkable low resmtw;ty is found at the center ot the survey lme The eenter of strong low
.': re‘nstmty of hot sprmg alteration is 1ocated hetween the surveymg pomts 0 and 1 and an ap-

o parent depth of IOO m. Center of subsurface low re51st1v1ty is found in the north around the .

' _sur_vey point, 2. ‘

hy I]lpole - Blpale conhgurﬂlmn

N S
R
n< ) o o
: -.: .zf‘.jz/' " 200m
S R _ _ _ & : Hanging Bridge '
Fig. 11-4-12 Apparent Resistivity Section at Dalupirip -+ Hot Spring
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_ As shown in the above flgure, a strong poqelbrhty of weak ?one is detected leading the hot sprmg
~ into NNW-SSE trcndmg drrectmn
Schiumberger Method S - _ . L
Eleotncal soundmg usmg the Schlumberger 'lrray conﬁguratlon was also car ned out to (leter—
. mine rhe vertical chdnge of“ resrstwrty A trfmsmltter current of 0. 1 Hz was used wrth the ' |
'potentlal (hfference measured through 2 pen recorder “The apparent resrstmty varies. from 50 to N
150 ohm-m, Resrst1v1ty mcreases below the SO meters—depth wluch confnms that the thermal |

manifestations arc superfrcml

20 -
10 T e T T _'!.':'.'_I.‘.
0w . S0 00 00 - 500 1000"
. ; o SUoaez
Fig. H-4-13 Vertical Electrical Soﬁndiﬁg Curve at Dalupirip
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*CHAPTER * SUMMARY 1 o

R R LR ERM L SN T

14+ Summary of Geologrcal Survey REN T

l) Stratlgraphy It is as follows from lower to uppel

."D'tlupmp metamorplnc rocks (Da), Pugo formauon (I’u) Columbus formatlon (Co), Zlgaag a
& 'formdtmn (Zi) Klondyke formatlon (Kl), Rosano formdtlon (Ro) and Balatoc formatlon (Bp)
"The Balatoc plug lS composed of dacrtlc voloamc pyroclastlc rocks and is assumed to be a. vent
: breccla Age detemlmanon shows about 0 Sto l O Ma of early Ple1stocene No dacrte dome of '
“ate Plelstoceno as- seen m Bugums and Daklan is e)\posed m the Aoupan Itogon area : _
2):_ Geologrcal structure The uphlted zone at thc wcstern ‘part of the Bugurts and Daklan o

_area extcnds southwards to the central part of the Acupan Itogon area Many geothermal

‘ ':mamfestatrons of the Acup'm ltogon area are mamly located on ‘the western lrm.bs of the up-
' -'hfted zone wluch are bounded by the eastern penphery of the western subsuled zone Struc—
_ tually the prolect ‘area’is emphasmed by a central N=S trending upllfted zone where two ‘ "

subs1ded zones are located on both srdes Thcse are: drslocated trn.ually by NE SW and NW SE

_ trendmg f rdctures

Both geothermai mamfestatlons at thc Acupan mrne and the Itogon bndge are assocmted

g w1th dacite plugs and ore verns whrch stnke NE SW And the Klondyke hot sprmg is’ located at

. 'thls survey, the hot spnngs at thc Acupan mme _and at

| , the southwest extensron of thrs trend The NE—SW trendmg structure i harmomc wrth the Vrrac
' ;granodlonte mtrusrons and also wrth the southern end of the basm struoture of Klondyke forn

’ -matlon i 5 |

. Concer mng about the Ldboy hot Sprmgs and Dalupmp hot sprmgs, they are controlled

' 'strnctttrally by NW= SE to ’\INW SSE trendmg faults B ' e ‘

3y Volcamsm The dacrtlc volcanlc rocks at the Acupan and Itogon arca are assumed to n

: be the heat source of geothermal tlurd Accordmg to the result of flSSlOl’l track radlometrlc age :

......

-Plelstocene onuarternarY age : e e i

:.':_'4) Geotherrnal mamfestatrons The most rmpresswe among the many geother'; Al

'manlfestatrons m the area 1nciude the Laboy hot" sprmgs whrch had been found ncwly durmg

16 Itogon brrdge :

g The hydrothelmal alteratron of wall rocks w1th1n th nvestlgated afea rebategorrzed mto fouri .

Cas follow genetloally assocrated w1th the por phyry copper mmerallzatmn genetrcally asso- - """:"
',crated w1th thc mmeralrzahon of gold genet1cally assoc1ated wrth geothermal ﬂurd and genetrc-_

ally assocldted wrth dlagenesrs The hydrothermal alteratron of wall rocks here isa’ duphcate of

-8-



these genetrcal condrtrons The zonatron of alteratlon is as foliows from mner to oute: penphery
~of 1ntermednte hypabyssql complexes whlch brought gold mmerahzatron at the Baguro gold mine
' and at the Baco Ke]ly mine: serlclte zone custob’r[rte alunite zone and: montmonllomte Zone,
- _ Warraklte is’ seen ralely in scrrcrte zone Altetatron assocrated wrth gold nnnerahzatmn is affected
by geothermal ﬂurd m the Acupan mme e ' o ' : ' o
S) Current volume and chenncal analysrs of stle'un water lt was not possrble to get good
data to do further studres because the 1nvest1g'1t10n hfrd been done durmg ramy and typhoon
_ General 1dea for a reservou structure of geothermal aqu1fer is led as follOWS from geologrcal
_. ._understandrngs (Frg Illwl —i) _ '. A R
| :_ J;l) Heat source Balatoc plugs of dacrtlc volcanlc rocks whose ages are about 0 g 1o l 0
-.Ma of early Plerstocene are. assumcd to be a heat sousce of geothermftl aqulfer at the Acupan
: :nnne and the, Itogon bndge _ | | - _ -
| o 2)w Reservorr of '1qurfer The extent of geotherrnal aqurfer 1s eontrolled by fractures
: “which develop espeoially at the per1phery of the plugs and also controlled by fractures whlch
| stiike NEWSW in‘and around the plugs but outside: of the ltogon quartz d10r1te
| : 1_3) Impressrve target The area of the Acupan mine. to- ltogon brrdge is most nnpressrve

for f urther survey

L 1-2... Summary of geochemlcal survey _ _ :

_' . The survey consrsted of geochenucal exploratron at 1 m- depth to measure temperature

_ "_radon and CC}2 gas concentratrons and mercury content in sorl leBWiSB geochemlcal explo-_ ‘
ratron of hot sprlng waters were unde1taken f01 chemlcal analysrs 1sotop1c analysrs of O and H,

a and analysrs of assocmtcd fumarohc gas The results of this survey are summarzzcd hereafter

. 1;:2,,_1_ Geochemrcal exploratlon at 1 m- depth |
. . As the correlatlon of the four measured parameters are very weak the factorlal analys1s
rcvcals hrgh pecuharrtres and 1t is not appropnate to comment on any factor Two vanables
. sorl temperature and mercury content tentatlvely assumed to reﬂect the actrwty of ground geo-’ _
: thcrmal flurds wlnle the two others rather reflect geologrcal drfferences The sorl temperature '
djstributron map shows temperatures around the Balatoc Plug of Acupan Mme exceecl the ‘mean
' 'so1l temperature ot the whole area by 25 8 C 1.2°C. more than the standald devratron The
: mean value of mercury content m sorl is’ 83 ppb (l 92 in logarrthms) and the standard devratron '

'caleulated af ter converswn to logarrthms is 0. 65 The mercury content in-soil exceeds thls mean_:'

ﬁ84 _
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'. alue by more than the standard dewatron that ls to say 1t 1s hrgher than 372 ppb (2 57 m lo-

garrthms) around Acupan Itogon and Vrrac Tlns ?one w1th hrgh mercury contents corresponds :

~well wrth the geothermal area shown hy the temperature drstrrbutron map Wlth regards to

' f--lrnmerahzatron 'md mercury ennchment 1t seems that 1t does not reiate with copper mmerahzatron e

I 1s possrble that the gold mmerahzatron caused a mercury ennchment and the mercury content

m'rp would consequently represent the drstrrbutlon of hydrothermal actmty On the’ other hand

: radon concentratron drstrrbutron shows a large p031t1ve anomaly wrth eoncentratron up to 264

' . n/mm 30 days assocrated w1th andesrtes and granodronte porphynes around Batuang Whereas,
radon eoncentratlons around 15 50 n/mmz 30 days from Acupan Mme to Itogon hot sprrng
‘show no clear evolutron It is most probable that by reduemgﬁthe area of mvestrgatron and rnu _
azereasmg the number of measurernent pomts of radon eoncentratlon ‘we can obtam valuable )
mformatrons about the repartrtron of geothermal flurds underground Because the sorl of the
:mvestrgdted are't are very thrnly developed the measurement of COQ concentratlon m sorl air: is

: not an approprrate exploratlon tool in thrs area

1 2 2. Gcochemlca] exploratron of hot sprmg water _ _

Four types of water have been recogmzed on the basls of therr chenncal composrtrons.
among the hot sprmg watcrs of thrs QrGas e e e
_ a) -The dommant 1ons are Cl' and Na++ K+ the geochemrcal temperatures are hlgh Tsro;
from 147 t0 2297C; TN i C from 193 to 236 C Smce shlfts are obserVed m 1sotopro com- .
posmon of 0 these waters are thought to be of deep ongm or to be close to hot water of
":deep orrgln Waters of thrs type are found in the Balatoc Plug (Acupan Mrne) and locally in'!

‘ Itogon hot spnng and Antamok Mme

o b) 804 : and C 2+ as. dommant 1omc specres very low geochemrcal temperatures H and

:.—'.O 1sotop1c ratlos plottmg ofi’ or near the meteonc water lrne E These Waters are thought to have _

' formed by drssocmtron of SO42 from the deep hot water followed by mrxmg wrth surface or

-_shallow ground waters and subsequent drssolutron of Ca2 from rocks Waters of thls type are '

‘ _found in Acupan Mme outsrde Balatoc Plug, 1n Antamok Mme and 1in Laboy hot sprmgs: _ SR

) SO4 and Na o+ K+ as dommant anrons and catrons relatrvely hrgh geochemrcal tem- :

| ._ peratures T3102 from 91 to 209°C TNd'KC; from 54 to 2]6 C-

-Yet the 6 D and 8‘ 30 values L

pIot near the meteorrc water lme Waters of this type may be thought of as representmg a transr-_' : :"

: .tjonal state between type a) waters whrch are close to deep hot waters and type b) waters -

whrch show a strong mﬂuence of surface waters Type e) waters are found ii Dalupmp and 1n

“most of the Itogon hot sprmgs

R



o pomts and 1 micro balometrlo levellmg pomts

ngh dceu cy- correctrons such as t1c§al mstrumental dnft latltude free -airy; topog1aphy, .
‘:an(l Bouguer have been m'rde : : . . [ '_ " ‘
_ Consequently, Bouguer anomaly map conected by an assumed densrty of 2 60 is found to
_;'be tlle best to eXplam the geologlcal structure of the area and from thrs several flltered maps of ,
band pass—fllter are made for the mter pretatron of the geologrcal structure

Results ,of the mterpretatlon are ias_follows

A erage denslty of the rocks in- the survey area is: around 2 70 and the drfference m

: _. -each is. eghg"ble' Acemdmgly, the drtference m gr avrty anomaly is: small and 1ts maxrmum and

E ; "_.ngh gravrtyanomahes seen along the southwestern and eastern edges of the area suggest ngzag :

4- and Pug' formationsin: the depths A large Sca]e gravrty low found i the CE:ntel Of the map 1s
T not due to't b_asm tructure wrth several faults around but ltogon quartz dlorlte whrch has a-

- smaller densﬂy than the surroundmg rocke and seems to extend to the depthsr




(5) No emment fault structure or subsrded zone whrch may relate to gcothermal reservorr E

has been detected

(6) A sma]l scale gravrty low 1s seen 1n the east of Acupan mrne where geothermdl mamfes—

tatrons are found Around | '_ :
' mtrusrves whrch all have comparatrvely hrgh densrty Thrs suggests that the rocks around the
plugs have well developed fractures and the total densrty of the rock body is hrgher than that of

'the collected samples

: l 4 Summary of Electrrcal Survey R ‘ _ _
In thrs suwey area are many actrve mmes such as Acupan and Itogon where the resrstrvrty o
: survey rs often drsturbed by much electncal norse caused by tramcars Thus resrstrvrty soundrng' g
cannot be conducted Electrrcal reconnalssance was adopted to frnd the resrstrvrty change m |
| .compar'rtrvely shailow zone of 200 300 m. _ _ : '. _
Topography of the area is'so steep that nme survey hnes are planned and executed all along_ B
‘the road wrth the total survey hne length of 69. 6 km o N o -
Current supphed to the ground isa square wave of 1 to 2 S ampere current of exactly 3 Hz |
- in order to remove the norses by means of sharp band—pass frlter _ ' _' L
' By plottmg the 1esults on both sectrons and the plan maps and c0mpar111g these wrth geo-
logy of the area the fol]owrng conclusrons are derrved : _ : )
(1) Apparent resrstrvmes of the area range from 50 to 1 000 ohm m wrth hrgh resrstrvrty
. 'of more than 500 ohm~m were detected marnly due to the aiteratlon of gold mmerahratron o
. ._ Low resrstlvrty due to geothermal alteratron was found niear the Itogon bndge whrch does o
notseem todeveloprn wrderange - FE R s _‘ ' : ' R _
(2) l:ast of Baguro Crty (A 0 ~ A 15) and near Baguro arrport (B 4 ~BZ 30) w1de lowi w
-resmtrvrty zone are conﬁrmed where tuff and mud stone of Klondyke formatron are stroneg ‘
‘.-‘“gﬁhzed . DR | Y | Lo S
(3) Low resmtrv1ty zone related wrth slug and trarhng of the mmes were detected 31 ound

Balatoc (C SO’MC 70) Antamok (A 50 Af~60), and Baco—Kelly (D 30 D 40)

e Balatoc plug are Vrrac granodronte Antamok drorrte and gabbro o -

(4) Around Balatoe plug where very. low re51st1v1ty due to geothermal alteratron had been B

expected resrstrvrty could not be conducted hecause of paved road to the mine srte dnd the _
f"buned rron prpcs and wrres _ '. o _' i _ _' RO
A (5) Vertrcal electrrc soundmg was conducted at Daluprrrp hot spnng and found that the hot

: spungs seem to come up along the fraetures runnmg m N S to NNW SSE drrectron But ]udgrng

o .,_.from an mcreasrng resrstrvrty towards the depth geotherma] alteratlon is not very dommant












CHAPTERZ - .CONSIDERATION OF GEOTHERMAL SYSTEM -+ 4/

2-1 Geologrcal Stmcture and .__eothermal Flurd

The obgective of geothennal exploratron is to estzmate the outlme of sizé, shape and produe-_

"'trve amount of the geothennai reservorr therefore geologrcal geochemrea] and many kmds of

ﬁ -_:geophysmal techmques are condueted to loeate the heat sources of geothermal system wlnm

: eoutd be the potent1 l-reservorr

the faot that the geothermal sourees m‘unly exist mgrabens are’ due to

ln world-wrde,~

: good geologrcal f:ondltrons f01 storage of wate1 wlnch is _he carrrer of heat v

In general the aquer basm structure_rs controlled by the structure of non permeable ar i

permeable layers but smce hlgh temperature water has very low vrscosny, 1t is: beheved that per- :

: i_feot non—permeable beds do not exrst unless these beds have 1o fructures Hence the structures

- _that control geothermal reservor r

_re not the charactenstlcs of md1v1dual geologreal forrnatron

'_ “but rather the combmataon of large scale geolog;cal stmcturesr ST -

The effects of flushmg of geothermal flurd from the well are generally oonsrdered to affeet.'

o wrthm several krlometers The subsurfdce water movement 1s not controlled by the porosrty m .

a narrow sense but is eontro]led by the poros1ty 1n a broad sense whrc 7 mcludes the‘*fme frac- :

tures These tme fractures can not be negleoted when hrgh temperature ﬂuld tlow w1th low :
vrscosrty eoeffrcrents rs consrdered And 1t is not neeessanly meant that more surfaee mamfes—

i _ tatlons suggest more favorable hrgh temperature fluld at depth :

Class1ﬁcatron of geothermal system has been stuched by many resealchers but no satlsfactory i
r‘elassrflcatron rs done Some of them are classrﬁed based upon the geologrcal envrronment and
' the others depend upon the geophysrcal charactenstlcs wh“h control the water urculatlon

In general hlgh-temperature geothermal system can be found m Quaternary voleamo z.one

: l.md eaeh geothermal electrrc power generatmn areas m J apan New Zealand and Phrhppmes are

o ‘Valley of the Umted States can not be found in young volcame zone consrdermg the heat source i

. : in: geothermal system but can, be found in metamorphie rock dolomrte marble shale or in delta .

; n.'some volcame zone it is s loss than’ 2. to 3
f -km In lava extrusron zone,.the actmty occurs in small range even though its surfa(,e geothe1— e
. mal mamfestahon is very predommant _ o B _ ' _
in voleamc zone of grabens the geothermal system is developed wrthm several hundred km

' For the area whrch has nalrow geothelmal system 1t is. beheved that most ot them are re]atlng to'
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' the uplrt‘t zone m geologreal structure and lrot 1ook bocly is generally sha]low 'md its geothermat
system tends to be controlled by fault structures an(l extends m eertaln dueenon in general,

~The mterpretatrons ot expioratron results for tlns area are eauled ‘out wrth ret‘erence to the' o

c _.'above meutloned faots

252y Geothermal potentmhty o 53 , : _ R
‘ l) The geothermal system for tlus area shrft to locate to the West from S N trendmg of '_ S

Quaternary volcamc aone in North Luzon passmg through adjacent area of geothermal mamfes— o

e tatlon of Buguras and Daklan Hence, there is: no lalge seale dacrte dome (10 20 thousand year

: -old) in thts area 'md 1t is consrdered to be the geothermal system relatmg to the 'retmty of vent .

E breccra The development ot plug is analyzed about a m1lhon year-old and is related to rather

old actlvrty _ SRR Do _ s
VAR These plugs '1re deeply related to the development of" the geothermal system and also
: show close 1elatronsh1p wrth the’ gold mmelahzatlons And th1s gold mmerahzatron i belreved

fO bB contmuous BVBH HOW

These plugs h'wmo NE SW trend are developed in transfomratlon pomt between the eastern |

~ arca. where basement are exposed ‘and the western area’ whleh has thrck Tertlary formatron And g |

.th1s trend ‘of plugs in tlus area: matches wrth the chreotron of v vem fmetures : ' |
: 3. Geothennal actmty m thrs area’ whlch can ‘be. the subject for further survey is corre—

| lated w1tl1 the geothermal mamfestatlon zone relatmg to tho development of plug Tlns geother-

: mal mamfestatlon zone has no relatronshlp betwcen large Scale basm or collapse structure ‘It is

: _related to fault strueture and fracture system in the area from mtruslon of plugs

4) The hot sprmg water m tlns area is categonzed as NaCl and CaSO4 types The one in

: ";L.mdmatlng more than 200 C 6D and

a

E _. ‘61 3() by 1sotopre analysrs show shlft and aré eonsrdered to be deep geothermal ﬂurds

; the plug belongs to NaCl type wrth Ts1o2 and T

) Some of the low resrst1v1t1es detected by electrle survey are: mamly due to the dltera- :

, tlon of mmerallzatlon but some: of them around Itogon geothermal mamfest'rtron Is consu‘lered

_ to be as geothermal alteratron lhe extent of the depth rs not clarlfred
' _ 6) Regardmg gravrty survey no typ1cal gravrty anomaly for geothennal reservorr strueture :
o is shown howover gravrty low matches the: drstnbutlon of Itogon qua1 tz, dronte and local gravrty

low on. the Balatoc plug was confrrmed
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