Lookmg at the L: content it solutron of the 10 samples (no 74 to 83 m I‘ab‘e 1 —2-4),
: '_hot sprmg waters frorn Acupan Mme show the hlghest values around 5 ppm fo]lowed by the
'hlgh L1 content (1 4 to 2 0 ppm) of Itogon hot spmng, wrth the other hot sprrngs of Laboy,

a]uprrrp,Asm Kiondyke ang. Pugo havmg L1 content of 0 i ppm or 1ess Strikmg drfferenees

betwecn hot waters of various onglns were obtarned _' A S e

' ‘ The B concentratrons are’ low (0 L and 0 3 ppm) at Laboy and Dalupmp, hlgh (a few ppm)
at Itogon Asm Klondyke and Pugo and strrkmgly hrgh (40 ppm) at Acupan Mme a

. Low Values of the B /Cl rat1os Were’ obtamed at Pugo (0 01), Klondyke (0 03) Asm (O 04)

. zmd I_aboy (0 05) and relatively hrgh values were obtamed at: Acupan Mrne (0 10 to 0. 1])

D*ﬂupmp (0 14) and Itogon (0 27 to 0 30) These hrgh 1atro show that the 1eservorr of geo-
thermal fluid at Acupan Mrne Da}upmp '1nd Itogon are andesrtrc and/or mudy
' 2«~3 3 Geothermometrlc eshmahons deduced from’ geochemrcal charactenstrcs of hot o

spnng waters

Underglound temperature deduced from the srhc’r concentratrons and alka]} ratlos of hot
' pnng waters are shown on Table 11—2 5. The temperature may be calculated from the srhea
concentldtron assummg erther a plocess of heat conductlon coolmg (Tsro cond) or a process of
‘adrabfmc coohng (TSIO adra) Th.e alkah temperature 1s caleulated from the relatr\re concentra- :
tiOi]S of Na K and Ca Wthh is: then further corrected for Mg content These resu]ts are plotted |
o the dragram of Fig." H )~ 27 where the arrows pornt from the Na K C"l ca]oulated tempera-
' ) ture to the Mg-corrected temperatures - e _
The sprmg water of Acupan Mmc may be drvrded 1nto two groups One group (no 15 to |
_ 17 27 to 31, 35 to 37 48 SO 52 65; 72 82 83) shows very lugh underground temperatures le.
'-Tsi rangmg from 147 to 229°C and T va-k -¢a bet\veen 193 and 236° C before Mg coarec~
“tion. Thc other group (no 32 to 34 38 to 41 66 67) shows low temperatures W1th T less
) than 100 C and T Na K-ta less than 50° C Furthermore ali samples of thrs group gave T Na-K-cCa
=0 after Mg correctlon probably because these waters wore formed by rruxmg w1th surface
- waters. These two groups '1Iso show marked contrast on therr chemrcal composrt:on The high' "
_ "temperature sprmg water eontams Cl as anron and Na + K"' as: catrons whrle the lowr temperatnre :
group contams SO as amon and Ca2+ as catlon (Flg II 2 23) L : v
| In the case of the Itogon hot sprmg water, TS10 r*mges from 155 to 209 C. 'l‘h'ese-.hiv'h :

: -temper ature ‘waters: compare well w1th that ‘of the high temperature type of Acupan Mrne
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For Antmnok two types of water m'ry be dlstmgurshed on the basrs ot‘ then s;hea coneentn—-_'

_tron "1 'd alkah ratro temperature ()ne type (no 18 to 20 26 70 7 1) has T rangrng flom
76 to l?7°C and extreme low TNa r\ Ca , and the other type (no 69) wrth 'I‘ o= 1‘58°C and
T Na- A o= 169 C (and not zero after Mg cmrectron) Thls drstmetlon is also evrdent from _
 the: ehemrcal eomposrtion of the waters wrth the ﬁrst type eont'umng suifate SO?;' and ealerum
| VICa- : as domm'mt 1ons .md the second type contalnmg ehlonde cr and sodrum Nd + K+

. '_ Waters from Ldboy grve hrgh srlrm temperatures of 178 to 185 C end very low 7 NG K -nm
of 6 to 20°C‘ Geoehemrcaily, they are: snnrlar to the low temperdture type water of Acupan
o Mrne 'md Ant'unok drtfermg only by therr hrgh Téio ' '

D'tluprrrp water h'we Iow T ' (91 to! 102 C) and Fr\a K (,a (54 to 57 ) but therr

50y
chemreal composrtron resembles that of ltogon hot sprmg waters .
i m the w*rters of Asm Klondyke 'rnd Pugo the anrons dn(l eatrons are Cl and Na + K respee— -

trvely They are gcochemreally s1mrtar to the hrgh temperdture wnters of Aeup‘in Mme except

'thdt the geochenucaf temperature ale iow (Tsro 46 to 144°C and 'I \'a X Ata = 27 to 68 C).
The eomparrson between T wnd T .\a K —ta’ (Frg !l 2 27)shows that T Na-k - r,a >
Taig for the samples from A(,Llpdn Mme Itogon dnd from the h}gh temperdture type of
.Antdmok As shown on Table - 2 5 these samples are '1lso eharacterrzed by in telmeclmte or.
.:shghtly d]l(dll]le pH Both ehdrdeterlstrcs suggest eontamrmtron of these wwters by su1faee or
.grouncl Wdters beeause sueh eontamm’rtron lowers the srhm (,oneentrdtron used i the calcul'l— .
-tron On the- other hand the hot sprmg water samples of low temperature type from both
.Acup'm Mine and Antamok and the Laboy sprmg waters show T > T a.a A “ca m sprte of |
: therr mtermedrate or alkalme eharaeter [‘hrs could mean that they are not 1n Lhemrcal equrhbrium
: .wrth the surroundmg roel\s However the srlrca concentrdt:on of the Laboy S'lmples is: extremely

' hrg,h the reason for thrs 1s not elear

2 3 4 Results of Isotoprc Analysrs of Hot Spnng Waten ;

: Oxygen dnd hydrogen 1sot0p1c rdtros were measuted in: tWelve ssmples ten of them were ‘

from hot sprmg waters one was taken from a small eredk east of Dalupmp and one is preerpltate
' -._eolleeted at the e’rmp near Bdguro City The results are shown on Tablc 124 6 together wrth

h those obtdmed by F J Sawkrns et als (1979)

Frg II 2 28 was obtarned t"rom ] dble lI 2 6 The lme 6D 8 6‘ 80+ 10 represents the

meteorrc watel lme dfter Crarg (1963) The stream water sample from Dalupmp (DA) and that :

o of preuprtdte (PRl:.) were plotted near thrs stra1ght lme The samples from Pugo Asm Klondyke
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Table 1-2—5  Table of Ty, & TNg. . q Tor Spring Water Samples (I) -+ (1)
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0.0
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e |
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000
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735
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- 0.00
747 |
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39.0-
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W0

21.0
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o
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80.0
"1.9.70
200
. 18.0
8.5

'19.0
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795
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80.0

5
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'55.0
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570 -
650
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0.0
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162
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54

3|
23

o
18
.__.2\_:

226

. '233' .
238

212
218

20 |

23
209

2237
214
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C Table 1125

T
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Sample No,

"pH.

_ Temp _

T:S‘i{)ﬂ_-';_-:

Tna-k-ca| TMg |

48

49
50

51
52

53
54

55

56
57 .
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60
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64
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66

167
68 _
S
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78"
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82 |
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L - S I S P S ™)

76-B— .37

11
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27
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IT— 1

PU . _
LA- 1.

BA- 1

850 |
6,8_0_ 5
880
. 1.80
170
30
6.00 -

“2.70

390
4200
730

820
8.00

8.00 -

7.40

740,

- 720

- 0.00
000 |

0.00

000
© 000

0.00

0.00'
- .0.00

0.00
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768 -
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836
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7.93
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8.40
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S 821
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895
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495
738
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1590
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50|
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200
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20.0
63.7
46.1°

“46.1

879

51.7

406
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36.3
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J62.1
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61 ] 170

68 |, 178

{24 126
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10 | 110
17 .71 .
8 176
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75| 69
B
206 226

96 | 93
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Table 26 Stable Isotope Analyses of Modern Thermal
S Waters and Stream Water Sainples .

‘S'a‘r'nplc'N;). B e KSa‘iﬁp.le.lbcétibn o ' R 6D K 5150 ':__:' _'_:Réf'ér:em_:'c‘ o

| 'pa | Dalupirip, hotspring - | =671 | . -98 | BED-JICA{1982) |
‘ot .| mogomhotsping | <672 | -9& |
1 I_T—_Z_ _ . 1 .1‘tdgo.n,_h07t‘sp1_'ing o -] _.676 1 —9.6. 1 : o
KL L .iKloh-d:‘yk.e_s‘;hb_tspﬁng' o '_54__9i: : 'éﬁ9,2'_ 1 e .
CAS ‘ Asin, hot spring - S —599 -85 T i R
1 P0 - | Pugohotsprng . S ossa | 82 | o
LA~1- | ' Laboy, hot spring S| Zes2 b a0 b e
“LA—2 | -Laboy,hotéprng .. |- =707 05 |

BA-1 - -='A_c'u_p'a'n mine, 3300%  hot -spring - g23 S T o
BA-2 Acupan mine, 3150%, hotspring | =625 | . ~76 B
DA-ST | BastofDalupirp,steam < | =710 | =100 | oo
PRE e Pre_cipitaté_ét Baguio city. b eeo | =88t | E . ,
76-B-1 e | osa2 | sawkinsFetal. (1979) |
76-B~3 | Acupanmine, 3150, hot spring .| =57 654 | -
76-B—4 | Acupmumine, 2600% hotspring | © =71 | 1071 . *
76-B-5 | Acupanmine,2600", hotspring | =71 L1045 z
76-B-11 | liogon hotspring = . 67 | =247 E
) 76¥Bf_12 ' Antamok_m'mé', 1.850L.,"1'.1.0{'s;5ring ;61 N B —582 : _ : o
76—B—_14 " Antamok min'e,r'.}éSdL,_hot spnng . —58 ._ - .—1_0.23 B _ S
76—8.—15: 1 -Aint'mnok_mmé,_—_l.S.Si)L_,hot spring' —66 - '-f9.30' "
. T6~B—26 _ Acupaﬁ mi.xie‘,'é:lSOL, h.ét spﬁng_' ~68 - ‘;__‘8'.12 ‘_ o
%6-B-27 | Acupanmine,1500C, cold spring | -7 |- -11.48 | "







_ llogon and Laboy hot sprmgs wexe also plotled near thlS meteonc watex line Samples from
-_‘-’Vt.fAcupan (76 B 4“ 66 '?6 B S 67) and Antamok (76~B 15 71) aualyzed by Sawkms et
. al. (] 979) were: 11kew1se plotted near tlus lme The chemlcal comp031t10ns of these samples on

the other hfmd (Flg H 2

——23 24) show tlnt except fcr the s'ﬂme solut1ons flom Asm KIon-

o dyke and Pugo SO .is the dommant anion in Acu a '--fiLaboy and Dalupmp samples wlule Ca?t

1s the dommant cation m Acupan and Laboy samples Moreover the geochenucal temperatures

:(ng H——2 27) estlmated from these samples 31e all very low

_ The samp]es that plot away from C:alg s meteonc water hne are ho’c splmg samples from .
- .Acupan (76 B 3 = 65 76— -B-— 26+72 BA SE 82 BA ’2—83), Itogon (76mB~1 l~68) and
‘ Antamok (76 B 12-69) As shown by the key dlagrams (F]g T 2—~23 24) Acupan, ltogon and: ‘

: Antamok waters have Cl' énd Na + K+ as. major amons and catlons The estlmated geochemmal

L tempeiatures are the followmg T io ranges from 158 to 229 C F Na K ca from 112 to

o -243 C (Table H 2 5) Samples from Acupan (76 B 3 65 76 B 26—72 BA 1-»82 BA 2“

'83), Itogon’ (76-B 11 68) and Antamok (76 B 12—69) show a slnft of oxygen (8‘ 8 0)
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Frg IIH2M29 shows the relatronshtp between the elevatmn a.s. l of the samplmg locatron and '
the 6‘ BO value In order to estlmate the coherence of the an'\lyttcal preclsron on]y the 10
samples of hot sprmg sampled m tlns suwey are plotted on: thrs dlagram lt appeals clearly that
'fwhen the elevatlon mcreases by IOOm the 8’ BO value decreases by 0: 3%o Samples from Laboy,
Itogon, Dalupmp Klondyke Asm and Pugo lie. along the meteortc lme because these hot waters o
: orlgimte from local md very shallow ground water systems The two samples frém Acupan Mme

(BA lm82 BA 2*‘83) p]ot far from tlus lme wh1cll shiows d11ut1on of geothermal water.

2 3 5 Analys;s of Fumerohc Gases A : _
The mam charactensttcs of the fumarohc gases and hot sprmg gases obsewed durmg these

survey may. be sumtnartzed as follows (Table II e 3) B :

_ : ). Acupan Mme 3, 150 level Fumarohc gas together w1th a large amount of water, are
emrtted from a drrllmg hole, but (lue to problems of secunty, 1t was 1mp0551ble to collect md
. .' _analyze the gas Famrllar odor of H2 Si is not detected o _ o "
S ‘b) . ltogon Hot Sprmg A small amount of gas lS bubbhng up from the sprmg water at
_ ‘89 5 C and pH 7 S The analysrs by gas detect:on tube gwes COz > 20% and H2 =0, 05% The :
' analysis by gas collected by means of a double mouth syrmge did not show any condensable gas.
The bubbles were very weak consequently, the gas condenspd by coolmg 1n the’ 10 cm long
_connectmg rubber tube and could not be collected msrde the syrmge The 87 ml of non- condens—
; able gas collected were analyzed by Ozawa s (1969) mcthod It contained )9 94% of CO, and
:.'-006%H2 TS : : ' '

'c) Asm, Klondyke and Pugo The hot sprmg waters also contam gas bubbles 'I‘hese gases

e were collected and analyzed by means of a gas detectlon tube They show everywhere C02 and - °

-:Hgs féss than 0 05% and 0 005% respectwely These gases are colorless and odorless therr o

,comp osmons are: un known

2—~3 6 Estlmatron of the Geothermal System from the Data of the Geochemlcal Survey of
Hot Spnng Waters _ R i

B Based on the data on chem1cal composmons estrmates of geochemrcal temperatures IJSO- B
g '_top1c composrt;on of hot sprmg waters and compos1t10n of the fumarohc gases the followmg |
consrderatlons concernmg system of the surveyed area can be made '_ ' _ '
Among the samples from Acupan Mme the water spnngmg from wrthm or aroun(l Balatoc :

' :_' plug (no 15 to 17, 27:t0 31, 35 to 37 48 50 to 52 65 '?2 82 83) are- geochermcally ot the -

LS50



' _ salme watel type, wrth Cl and Na + K* as amons and catrons respectwely 'I‘hey show hlgh

geochemtcal temperatures (TSlo frorn 147 to 229 C TNamK Ca from 193 to 235°C and

oa shrftmg of oxygen 1sot0p10 ratlos f1 om the meteorlc lme (no 76 —B—3 65 76—~B 26—

| ‘-'72 BA 1 u82 BAﬁ2 83). From these data we can mfer a deep seated origm for these hot
'sprmg waters The very hrgh (around 40 pprn) boron (B) content of Acupan Mme hot sprmg
Watets may be derrvcd from the lrost rocks 1tself or d1rectly from volcanlc gases On the other
: fhand the htlnum (L1) content (around 5 ppm) of extremely l'ugh 1n comparrson with the other
‘samples suggestrng that. these waters may be derrved dnectly frorn the Balatoc plug host 1ocks
: whrch conslst of mtennedlate volcamc 1ocks
Assummg tentatlvely that hot sprmg waters w1th such propertres represent hot waters of -
deep ongm 1t can be deduced that some of the waters collected from Itogon (76 B 1l= 68)
: and Antamok (76 B 12 69) are also of deep orlgm ' :
| The other samples fr om Acupan Mine (no 32 to 34 38 to 41 66 67) have chemrcal _
i composmons domlnated by sulfate (SO2 ) and calcrum (Ca2 +) 'md 1sotop1c composrtrons plottmg' o
near the meteouc lme on the D~ 5‘ 8O dlagram Thev may thus represent hot sprmg waters L
_ denved from surface watels or shallow ground waters As shown clearly by the drstnbutron map,
. (Frg lI 2_2 6), hot waters of these type are drstnbuted outsrde the Balatoc plug all around the
Cared of the sahne water of deep ongm already descnbed The process of fonnatron of hot spnng
waters of Ca —902 type be as follows Hot water rlsrng along Balatoe plug could after drs— s
' .socratron of. SO scatter ab0ve and around the plug, nnx there with surface waters and drssolve _
' some ca? ™t from the rocks Hot spnng waters of thrs type appear at Antamok (no 18 19, 20 |
._ 26 70 71y and Laboy (no 80, 81), whereas samples from Itogon (no l 44 45, 53 54 75,76) -
and Datupmp (no 3 to S 74) represent mtermedrate type waters ' _ _' .
The other samples from Asm K]ondyke aud Pugo are assumed to represent non—volcamc
: of Quaternary, salme waters dtfferent from the two types prevrous]y descrlbed . ' _
. On the entrre area 1nvest1gated several hot springs are drstnbuted w1th contrastrng propert1es
. __: but, as shown for example by the relatlonshlp between 5150 value and elevatlon of samplmg
: pomt (Frg II 2 =29),. these hot sprmgs formed ina relatively restncted dornam of 1sotop1c
composrtron in mutually mdependent geothermal convectrve systems Only m the case of: Acupan :
and Itogon the srmrlarrtles between these two sprmgs suggest that they are related to the Same
: ._geothermal reservorr As far as can be Judged from the results of the geochemrcal survey ‘of hot
‘ sprmgs of the area, the future geothermal exploratron should be restrrcted to areas where salme
‘ type hot waters of probable deep orrgm are known ie. around Acupan Mrne and partly around '

ltogon and Antamok Mme

S oosi—
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" CHAPTER 3 - GRAVITY SURVEY

3-1 Objectrve of varty Suwey _
_ Gravlty survey is wrdely used in the e‘:rly stage of the geothermal explor atron to know the
basement geologroal structure faults graben horst and 1gneous aotmty such as latent intrusive"
rocks based on the drfference of the rock densrty ' _ .
Fu1 thermore gravrty surveys are used to confnm the structures mterpreted by geologroal
surveys and other means of geophysrcal exploratlons _ R T '_
_ Accordrng to. the gravrty sur Veys conducted in the known geothermal frelds, most of the tiot -
sprmgs and geothermal power plants -are located at or adjacent to l'uge scale gravrtv lows
Such large scale gravity lows suggest the presence of: giabens and- depressmns at depths .
whrch eould be a good reservoir of geothermfll flurd ' ‘
o In tlus survey,. the purpose: of gr'wrty survey 1s to detect the submded structure whrch is
Eclosely-_:related with geothermal _reservorr end fault syst_emwluch brrng=geothermal-flu1d to the -

surface.. -

‘3.2 Method of Survey -
: —2 1 Abstnct | _ : _

The earth’s gravrty isa composrte force combmmg the attractlon due to the earth S mass
and the- centrrfugal force caused by the e’lrth s rotatron If the earth were a perfect sphere and jts -
densrty drstrrbutron was spherreally symmetrrcal the grav1ty value would be'the same anywhere
on its Surtace _ ' o _ : -

Centrifugal force is‘rnaxjmu'm' on the equatorland zero_ on _both uOI_es:,' and .dir:e_etio'n of

-action is. always opposrte that of gravrty | | | .

Therefore gravrty becomes maxrmum on: the poles and minimum on the equator The -
difference between the maximum and: the m1n1mum grawty values 1s 0. 3% whtch is almost
_neghglble ' ' _ '_ ' _ C ‘

. . A body on the surface of the earth has at werght” wluch results from the gravrtatlonal .
=attractron between the body and the entne eaith If the body 1s allowed to fali, 1t rs accelerated
by thrs werght The unit of acceleratrou is the gal named after Galrleo and 1 gal is: l cm/sec
The average acce}eratron on the earth’s surface is, about 980 cm/sec =980 gals (mcreases by
about O 3% from equator to pole) | ; '

: Gravrtatronal ariomalies are only very small fractrons of the earth s f1eld 50 a smaller unit

is needed The umt commonly used in gravrty survey is the rmlhgal or mgal whtch is0. 001 gal



' Anomahcs from locai geologlo stmctures are :

commonly in the order of one to ten mgals

:_3 2- 2 Survey Plannmg

Pole .

o Ceutrlfugal

s G{\QQ' 2 Force
o XN

3 Gravity \:

Equator:

A total of 303 observat;on (gravrty) statlons were planned by the JICA survey team as

s’nown in. the lOCHthIl map (Flg II 3= 1) However actual observed g1av1ty statlons were" 310 :

| Among these the altrtude of 298 stattons wele measured by levelmg whlle the remauung ]2 sta-

_tlons were measured by a mrcrobar ometnc altrmeter

The numbermg of the statrons were from I to 309 except for gravrty base statlon whrch is N

: numbered No. 900 The gra\nty survey was camed out over 220 km2 area w1th statlons approxr-

: mateiy spaced at. 500 m. Locatlon of the pomts were. connected by transrt and partly by a

. pocket compass to augment Survey accuracy

Grav1ty stat;ons were planned and located based on an oIder (1961) topographu: map, hence

‘actual ]ocatrons of severai proposed statlons were reestabhshed in the field.

| ~3 237 Grav1ty Meter

A La Coste D type grawmeter was used Below are the mstruments specrflcatlons and

'functlons

Type and Senal No

o Operatmg Range s

. :'?_Accuraey
:_:iant Rate
._‘Repeatablhty - :'

T emperature of Heater pn]

Date of Production N .'

_-D1men31on
s Meter Welght
- Net Werght

oy ;'Gravrmeter Constant

: :;'_,Readmg ,11“_3-' R

~pas
3 ;200 mgal '.
=-‘0 002 mgal
sl mgal/month
0. 005 mgal
:152 3°C
February, 1982 o
L 197 x 178 x251 (mm)'-- S
32kg
: 10kg _
1;-'=370'1:' o
L340

g .
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3-2 4 Comparlson of Standard Gravrty LT e e
_ The known standald gravuy statlon in Baguro C1ty was not located hence grav1ty com-
:parlson was jUSt made between the gravrty sta’uon m Muntmlupa Metro Mamla and base statlon"
No. 900 | ; . L |
The value at Muntmlupa belongmg to the Potsdam aystem was adapted m the survey ¢on-
srdermg future connectlons w1th gravzty network in the Phlhppmee ' TR

Comparzson of gravrty value at No: 900 wrth that of Muntmlupa is shown on Tab]e -3 Ii.

" Table 11-3-1 Gramy Standard Value +

. 'Lat'i!ude i ELorreirudel‘ 7 - Do B Tmn_a 7. “52?;2‘ };‘:}‘g’ﬁtm(f“)‘
l :uennmup'a X u°1422_§' 1o |2r 7_0.9"‘ .-.!932.5170.1.7 gh.sem 1 191497 . _. 0230 :
gebe ;'_‘N_;'ré.jz's_oj' EI0 376 | 1982109 .:'7}.!5_:;11-\ S| 0275
Milligal . énrth']:ide_: '.lnxslr_umem -Correeted Gravity Gravity® -
Vahze Correction | Correction Value -~ Difference . Value = -
. ‘_Munlh;ﬂupa,_’:f 250995 st | 20.107;; asizan :-9-,-3,:&.;47; .‘9?‘_‘8.3656,:476.7
oo 93420 o042, | .0.._085' _93_5;17 Co78a15.247 978,208,794

.—2.455 - 'Leve]ing _
1) Direct Leveimg P -' o _ _ _
The drrect ieveimg method was adapted for 298 of 3 IO pomts usmg Ievehng mstrurnents
made by Karl Zeis and Auto Level B 2 of Sokk1sha Japan _ _ o
A reference bench mark AGM I (16 23 24’ N 120°4O SS E 801 580m ASL) Wthh be-
Iongs to, Benguet Corporatron was used m thrs area Levehng network 1s shown on I ig. [1-3-2,
m whrch levelmg of the mam route wav. conducted by J ICA surveyor and the secondary route
y (80 lme-km with 131 stat1ons startmg from rnarn 1oute) was measured by BED surveyors
Among the stat;ons on the mam routes, 56 statrons from No 1 to 54 along 30 l;ne-km
- ‘formed a closed Ioop estabhshmg a ciosure error of only 213 mm wh1eh satlsfy the mammum
olosure error E = 100\/_ where D isa 1me~length in km
(2) Levelmg by Mrcrobarometnc Altlmeter o _
| A1t1tude of 12 pomts were measured by mrcrobarometers made by Negrettr and Zambra
Cof UK. i o | |
Altrtude drfference of M 197A of 2 sratrons were ca]cukated by the followmg formula by
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'givixlg the ra{ib of nréssure_ ét ;wo' i)oiuts.

ptessure of the statlon
AH= log pressuna of the known pomt x 18 464

X (1 + 0 003665 X average tcmpu atme of two pomts)

As in levelmg, a tlaVGrse starts from ) pomt of known clevatlon and closed on the other :
known elevatlon The erlm of the ttaverse is tlme ailoted on e'u,h reqdmg after m'\lxmg the above

' mentloned correctlons

. - 3230 Grav:ty Correctmn _ _ :
Several conecﬁons should be made on the obsewed gtavﬂy value to determme the Bouguer '
' anomaly Usnally, these conectlons are dlwded mto two processes whlch ate from the observed

grav1ty value to the absolute grav1ty value dnd from the absolute grawty vqlue to the Bouguer

' -anomaly.

- :3-3-1 'Datn Processmg

- The data pro cessmg of thc gravnty value is shown by the followmg flow chart:

. (Standacd Base Poing) . {Bench Mark) . - _ © ' (Gravity Station)

Reading on

Beneh Mark {1)- (Tt T '| Reading I .
- Readmg on L __
Beneh Mark (‘2) moTTe T

‘I Basc Gravity

Base Gravily

Value
ol Base Grvity || Bade Gty - ] [ Grayoe |
| Vﬂlue(l) '_ . Value(2) i . Station . . . :

. TldalCom:cnon : o K S .
lns’uumentmght SELTT T e e e e ey
i Conectmn L " L

N Cormected ) T T Cotreeted

Cvelue Dy | 1 Vale() . .

< I N R B L SR R fRpa L

.- Correction”

P i G e Com:cled,
T R A N Vatse -

" Differcnce with
I]dsc Poml

Absnlu_ic
| G_ravily .

F1g _ Hm3_3 A Ilow Chartof DataProcessmgof GlawtyData






Primary Route
Secondary Route

'::l'_-eveli.ng__ by .
~ Microbarometric Aitimeter
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_ (1) Conversaon

To obtam grav1ty in mrlhgals from the readmg of the eounter and d;a] the conversmn factor_
: (k) is employed The conversron factor is gwen for each La Coste gravrty meter. The value of -
' gravrty mlllrgals is calculated s;mply multlply the counter reaorng by the (,onverslon factor The
- value of factor for La Coste D’?S is'] 370]

Vrk er _ o EIITI

V ik Obsewed gravrty vaiue in 1mlhgals

_ Vr. Counter readlng '

e k . Conversron factor Lo -‘
: (2) Trdal correctron - _ . B _ : _

Trdal f01ce is due to the attractlon of the sun and the moon at the earth’s surface wh:ch
' devrate i drrectron and mtensrty, _wrt‘n trme and from place of observatron o
Trdal force clue to the sun and the moon is calculated by the followrng formula

Vet = w‘231 16u :

u= —% “G'M 33*{3 (sin? 8—% )+ (sin? tp—%) + 5in' 2852 cos0+cos? §-Cos? prcos20 }
_ .' - S : . Lo - o ) T . Lo
where, oL R '

Vet T]dat correctron

u’ - Tidal force of the planet :
G Gravrtatronal constant
M V:Z_Mass of the planets (the sun yand the moon etc ) .
' a. s iDrstance from center of earth to. observatron pornt
.. T ‘Dlstance between earth and planet _‘ L
& : 'Declmatlon of thc planet (angle from equator to south or north)
0 . Latitude at observatron pomt - _ L _
e . _'Angle of the planet (angle between terrestrral and planetary mer1d1an plane)

..... : g '- i ..,.::'s

_'In order to check the trdal correctrons gravrty observatrons on ‘a con.stant statron have been
: fmade (:ravrty vaJues on the constant statron changes together w1‘th the changes on tldal forces
The trdal foroe vanatrons can be contrrmed by observrng changes for more than 12 hours Two
K'peaks and a bottom were observed for 14 hours from 0 40 P M Nov 18 1982 to 2 40 A M
NOV r9 1982 at No 900 :

S __:557. s



_ Good agreement between values was observed for the period w1th a slight seattermg of
+0 0721 mgal on the pef\k and 0 149’5 mgal on the bottom The error is only less than 0.014
mg al : _ o . S . o

{mgal)
0. 10 -

T2 (me)

20,05

' Fig. 1-3-4 Diurnal Variation at Gravity Station.

N (3) : Instrument helght correctlon : . _ - _ _
This correctlon is used to adjust the mstrument helght from the statlon elevahon surveyed
' by levehng '
Vhi= oeosemx 10"2
where, S n
' Vhl .Correction of 1nst1 ument hclght o B
'hi Helght frorn stat;on level to top of gravn‘.y meter (cm)
.-(4) ant correetlon : ' '_ ‘_ _ : _ SoT T -
Drlft IS an 1nherent characterlstlc error of a grav1ty meter Whth changes proportlonally
' w1th tlme The rate of change 1n drnft 1s not always constant as it depends upon the character—- '
1st1cs of a grav1ty meter temperature and pressure of the atm()sphere and the way of handlmg _' :

5 _the mstrument "[ hus in this survey the closure error was regarded as dnft and dlstrlbuted by o

; txme allotment

‘;5g;



: (5) Absolute grav1ty _ .
. Correetlons on’ the observed value are as. follows
Vo= Vrk * Vet+ Vln + va e
where '

V_ ' Corrected grav1ty value

N ant correchon value

The absolute grawty (g) is observed by addmg a d1fference (Dg) of corrected gra‘nty value
; (Vc) and tho corrected grawty value at the base observatlon pomt (Vg) w1th the absolute grav;ty '_
-value. of :the: base observatlon pomt (Bg), which. has: correspondmg value to the Intematlonal '
Standard Gravzty Value '

Dg Ve=Vg.

g=DBg+Deg

3-3- 2 Correctlon of Grav1ty L
A ﬂow chalt of various correctlons from the absolute grav1ty to the Bouguer anomaly is:

shown below

Readingof © |-
o Gravity - -

/. Latide - S
+ Comection;” i

_/ Ftce Au

Coo . Temsin S
©of 7 Correction o

i RN Correct.um_ o
| : Free Air " = -
Anomaly - [ ¥
— 1 - Tetrabn -
Correction

T Altwdeof

" Station E - . .
—— l____ L

——/ Bouguer. . g )
- Correction ) EEE

i BRI B beveml i ot. -
. Gravity

" Density'of | I L :
. "Rock Sample . [} = I

- Decision of, ©
-~ Correction Density

CG

- Relation

. —::':,'G:qi'i‘t_y:M.ap N

Fig 11-3-5 - AFlow Chart of Various Corrections
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“To compare with obe'erved :g'ravity Va]hes at dlt‘fereht placee. 't'he grevity differenceshoiild" : _
be baeed on a b'rse plan That is, correetrons for effect of the eentnf ugal torce the elevatlon and

_ the topography These are cqlled Latrtude correctxon Free air coriecuon Bouguer conectron ‘

. and Terram cmreetton and the conected gravrty value is Ldlled Bouguer 'momaly

(l) Latltude correctron _ _ _ : ‘
The gravrty on the earth decreases towards the equator and increase toWards the pole

: .bec'tuse of the centnl'ugal f01ce 1esult1ng from the earth s rotatron ‘and of the earth s radius

: due to po!'rr ﬂattemng The eorreetlon for. this effect is calied Lfttrtude eorrectron _ .

| As 13 the functron of latrtude ¢ gmvrty anomaly which is the’ chfference of absolute gravrty '

and theoretreal gravrty meludes the latrtude correctron in 1tself L
In 1930 Intematronal Gravrty Formula was adopted by TUGG (lntematronal Umon of

' qeodesy and’ Geophysms) wluch is, P

Tio 30 =978, 0490 (l+0 0052884 sin? qb 0. 0000059 sin? 2y

but later in 1967 IUGG recommended to use the Normal Gravrty Formula ag shown below,

. Cai cos? ¢+b')'p §int ¢ .
71967 ' .\/a2 cos® ¢ +b? sin? ¢

a= 6',‘3_78,1'4(:) m. Radius of the earth at the equator
b ;""6 356180 nr_:'_ R ' at the pole
= 978 032 gali: Standard gravity at the equator
s *983 218gd] oo at-the pole

i ln this gravrty su1vey the above formuld 15 used for the ca[cu!atron of standard gravrty
The difference between Intematrondl Grdvrty For mula 'yI and Normal Gravity Formula YN i is,

. 7N = 'yI = :-.~l7.2_ + 1_3.6_ sin? ¢ (mgal_) .

- (2) Free air correehon .
T lllS is a requned correetron for the elevatron of a gravrty station because the measurement

Was made at a dlfferent dlstanee from the center of the e"ll‘th Thrs correctmn is called Free -

air correctlon S
6g0 ﬁ Hm .
| Where', .
SgO Free air correctlon value

H Alt1tude of the g1av1ty statlon (m)
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B : The grawty gradlent between the g1av1ty etatmn and the sea level (called Free au '

eoneetlon chtor usually 0 3086)

(3) Terram cmrectlon

_ A topographrc 1r1egular1ty (th kr:oll s{ope etc ) w1]l exert an attractlon dnectly propor— |
itrona] to its desntry “The vertrcal component of thls attrdc‘non wrll be dlreeted upwards and thlS
reduces the grawty L _ :

A teim of tlus magmtude must therefore be added to the measured vaiue of grav1ty A
station neal a valley is a negatrve mass dnd the vertleal component of 1ts attractlon will also be

r dlrected upwards leadmg agam to an addltrve topogmphrc correcthn _

The topographlc correetmn is c'riculated by d1v1d1ng the area around a station in com-
partments into 5 groups namely, “far”, “medrum” “near” “nelghbor and “close”. '

The range and size of grrd ale as. follows s

Table n-32 .Ran.ge :arid:Siie of Grid for quographic Corrections

Grid Inferval

Range : X( m). Y (m) Topograpluc M'\p

Kinds of Correction - _'radiUS’(k.m) (mny. Gin) Used
 Far ... 1600 ~6400- . 7,108 7376 . | 1/200 000
B o Cay o (w)
Medium 400, 16, 00 1 ,7'77= 1,844 - -1/ 50,000
[ Near. o100 400 4443 . 4610 el 50,0000
AT T (028) (025 S
Neighbor 0.02— 100 . . © o 1/25000

Close - .- = . 000~ 002" R ‘-1_: L Sket_C'h_

The rangc of correctlon llsted above means tlle radlus of a crrcular pldte w1th the grav1ty
'statlon as its centel and w1th0ut overlappmg - _. ST e

{a) Terrdm correctlon of far medlum and near

Por the COITG(,UOH of far, medmm and near altrtude mformatrons are based on the grld

of latltude and iong;tude of 2 cartesmn co- ordmate and the aItltudes are read by a clrcular plate "

.shown m Fig H 3 ()
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.. Fig. :Il:—f}_—G : l'Di'sc Used for-":l‘oiﬁographic Colrr_e'ction (Far, Middle and Near)

: Average of all altxtudes m each eomponent is used for the correc’uon and total computed

terram correction by a formula Shown below is called far medmm or near dependmg upon

_ the 51ze of the radlus

b= L Gp (R, - Ry —/RE+ H 1P /R + (-0

where,
580’ _ "_Terram correetmn .
R T Number of component
._G PP Grawta;onal constant -
' P : ‘ .Correetlon dens1ty : _
SRy _Shorter I‘adﬂl‘; ofa component;_: _
i R2 P 'Longer radxus of a component - ' . . : _
RS _—:_l'l’: :_? o "leference of altltude between Stdthl’l and average helght of a component
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_IA component in the 01rcular p]ate is dengned to 1nvolve at 1east one gr:d mter‘;ectlon of §
_ lat1tude and longltude _ , '
(b) Terram cmrectlon of nelghbor o _ : -
Por the correctlon of nelghbor é cuculal p]ate dmded mto 66 components as shown in B
- Fig. II 3 7 w1th ladms of 20 to 10(}0 m ;s used The same method and formula are adoptcd

for the calculanon e

(-

N w1
DAL/
{ R o N S
\->//"-
s
1

Fig_'. 1143';.7_ Disc Uséd'for Top()-grap}l'i'c C(')ri-éqt_io'n (Neighbor) - -

' (c) Terram correctlon of close - o _ o
The nearest topography w1th1n 20 m from the grdwmeter 1s sketched and a two-
. d;mensmnal topographw sectlon is sumply mod1fled as mentmned below The correctmn

due to the close chff slope and channel are calcuiated as,

x2 N H+(X D)tan_@ ZdXdeZ
bgo’ —Gp J j

’R‘Z X2 _ (X2+Y2 +ZZ)3[2 :
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Rzmxz . e
“"2G J . e s
P J RZ x2 (J_x2 v JX?+_-Y?sr(lj:ml)_talaﬁ)?}_.dx,“‘fj\ L

e R _li.mJT.tE;,.—\x?' JR5'+(}1'Dta'n'ﬁ#»X'tanp)2 JRzmx2
=2Gp|  (log: — 2
s R+ JRE - X

JR2+(H Dtdnmxmnﬁ)? + JR"‘ =X

)1"XA

Thls mtegratmn ¢an not be expresscd by a pi |ma1y functlon then a d;gltdl mteglatlon by means

of SlmpbOIl 1/ ’3 law is used.

orogH| |
P

z : S [

i [
1 I
1 [
L e
1 1

LU i
'
3

JCORE i : s
’ O 3 . ]

When the terram i3 rugged the topography qhouid be dmded mto many blOLkb as '_ 3

.ShOWn below and the summatlon of each calculatcd values becomes the total correction of

" close.
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(4) Bouguer cotréction - ey B BT ] e
Bouguel corjectlon is one of the height correetlon caused by the presence of the rock mass
between the statlon and the i sea level Bouguer correctlon is given a§ follows

ﬁgo” “27GpHm = mO 0419pHm o

Specmr‘ grawty (densny) of the mtervemng fock

3-3-3. Bouguer Aimmaiy _
Bouguer anomaly is glven as fol]ows,_ : e
Ago g fy+8go+2,go +6go IO e SRR SRR
wheie _ .
Ago k Bouguer anomaly value _
The Bouguer anomaly value vanes on: the dens;ty for Bouguer correction and Terram
Lorrectlon In thlb grawty survey, the density for correctlon is assumed (' these method as _.
mentioned below and by their! combmatlon e s
() Den51ty of rocl\ S'imples ¥ R R ‘f":f-??
“In this survey, 186 rock sampIes were collected on the ground surface by the geological

team and measured the:r densmes Table 11— 3- 3 shows the average 'md dlstnbutlon of density

" Table 11-3--3 . .A\'reraée'Densitj.' and Distribution of Rock Sambles.

. " T . T R T Pensit X
Period Fn!'ma.l.lon. Rock _(Numoee ol.‘ Saynulc) ;.A‘(cra.gc _— s4 en512)l'6 . an
- Tercace  Dep. Gravel . : Unmeasured
" Qualernary . A " o N N . -
Balatoc Plug |- Dacitié P_\,-r'och Lic Rock C2la7 . . S N el
) ! . {9} - . . : i L -
‘ Conglomerat_c.r‘yruc]astie R, y . IR TR T
Klendyke A Tuff,Sand 5. & Mag 8. (26} | .2°%8. ) A .
E Andestic Pyroclastic Rock | . .
Tertiary Zigzag ¥ e e rea | _ . : .
s Metavolramc Rkoek ', & - :
: 2.78 e lpd .
 Pugo | Metasedimentary Rock (23} - ;
Upper Cretacroui|” Dakupirip A ‘-[:l_l_)_sl. . ._(14} z.83 : - !‘_.‘"‘ '_7 )
Andesitle Porphyry - - Stz 2.69 ) ca et
Intepmediate Volcanic Horthern T o T R ek
. . Packt (12} e L.
. P . Csouthern T T L B
: . . Bouth o . : X . ) i o esend .
- Pluténic Complax.. . |- oot W00, 2.65 .
P_y.roxcnc Andeslt.e Parphyry .._(B) . s 2.73 I . S Aol
Intrusive Rock - .ﬁCldlC to tcrmcdlate . - ) . D68 "
Voicanic - Pintonic Co-nplex : (4)- i - i .
Granodiorite - S {8) 2.82 ] S - s A
Gahbrolc Diorite R k1 2.76 ) . . ' -
o RRE Southern | ' D TR X S
. Pard i (30) . 2.66 o1 . . L
Quartz Dierite- - . T “"”’1_?* ol ettt SLCTIGE AR wfiatoul st c it Aul e PR
[N . . (Nurthcrn T FRT B . E F e Tt 1
Parl. (21]
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: ot‘ the roek samples that wule measured 'I‘he average densmes vary from 2 4? to 2 83 But thls
is consldered to vary from 2 58 to 2 83 w:thcut Balatoc Plug which i 1s an mtruswe rock and is
' drstnbuted in a narrow and Inmted area n thls survey area densxty structure is composed of -
vartous rocks that have srmllar drstrlbution of densﬁy Thelr average den51ty of all measured rock
: samples 1s 2 ’?0 Thls value sheuld be consxdered to 1educe to a few percentage because of rock
alteratmn and weathenng |
2) G HCorrectlon ' B
Gravrty decreases W1th the i lncrease of the altltude when the gra\nty data are p]otted as the

- :alt1tude on 1ateral axrs and lat;tude correeted gravity on the vertrcal axis, the grawty ‘data may
' be scattered near hnear ]me whrch is, =
s~~/ Ago _(3 —27Gp ) Hm . : _ _
The rate of decrement is nearly equall to the coeffee1ent of the herght correctron B ZaGp
: .'Therefore the mchnation of the lmear hne flt to the plots represent the average of rock denmty
'.1n the area F1g Il 3-8 shows the G-H conelataon for t}us grav1ty survey and the calculated

' densrty is 2.86 by least square method (when B is equal to 0 3086)
a*xzee/az'eoaRELATIoN X%

. 06'= -.1885 % ALTITUDE + [ 41.750)

 Ben= 2.865
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' (3) Correhtron Method

In the Bouguer anomaly map, when the Bouguer anomaiy is hlgher in the mountams and 1s

lower m thc valleys, the densrty of con ectrons is lower In the opposrt case the densrty rs hrgher
Bouguer ancmaiy maps are made by several kmds of densrtres and are nct correlated good
' 'wrth topographrcal changes whrch are selected by the above mentroned oharacterrstrc _ '
In thrs survey, among the assumed dens1ty of 2 4to 2 8 five kmds of densrtres are used to
make Bouguer anomaly maps Assumed densrty of 2618 selected ‘ag it reﬂects the geologrcal
~ structure better than the others with less terram effects On F igs. H 3. 9 II 33— 10 and II 3~
it Bouguer anomaly fmaps: are shown wrth the densrty of 2.5,2. 6 and 2 ’7 respeetwely ' '

i3ig Method of Analysrs S | | 3 |

Bouguer anomaly measured on the sur face is made up of varrous anomaues for geolcgmal
structures whrch have drfferent depth shape and densrty Bouguer enoma]y is dmded mto
: several “band” by ﬁ]terrng and resrdua! gravrty for each band are used for structural analysrs |
correspondmg wrth each wave length. In this survey, hrgh cut filter made use of Fourrer trans—

form is enforced.”

.-3’—4.-—'1 Resrdual Gravrty : SR P S SRR

}*or the purpose of select]ve detectron of grav1ty anomaly of a cDrtam scale resrdual gravrty
is drvrded from Bouguer anomaly by means of two kmd of hrgh cut’ ﬁlters 2 _

When the grav]ty potential converted 1nt0 complex I"'ouner tranSform is F (u v) and number

of grrd inxandy duectron are’ m and n respectrvely, thrs transform is expressed as fOHOWS
F(s,. tr')'=_ % ﬁ ._(G (x?-y.). exp (-1 (us+\fy) ) Ax 8y
| | G(x y) - ﬁ 1213 F (uv)exp (1(ux+vy) )'A-u-IAv
if the reiatron between the abcwe equatlons is expressed. s G (%, V), F (u v) lugh cut filter 1s.f -

- obtemcd as,

-G (x, Y) F(u V) exp (=X (U2+V2))
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_ where Nisa pqrametcr eorrespondmg wrth a wave length of Iugh cut flltet an(t in: tlus R
B plocessmg, four kmds of restdual glawty are obtamed w1th the parametel of 7\ 0 25, 2 1: 10, 2

such as- \{, 257 (G Go 25) 7\0 280201 (Go 25 hGQ i) 7\2 1032 = (G2 T G,O 2)'111(1 e
:.' 7\10 27 ((no 2). - The latter three are. 1|1d1<,ated in Flg il— 3——12 II 13 and 11— 3w14

3— 4—2 Second Deuvatwe Method : : FEATE o
| When the secoud derwmve of the gl av1ty dnomaly is Gv(x,y) thls is expressed as foltows -
Gv(x,y} = ——F (u v) (u? + vz) ‘ . i
Seuond derw'lttve method has been utlhred because it reftects shape. of rocks fdults and the
. other geologtcal StlllLtlll‘es ln t!us suwey second der;vatwe method is enforced to deteet shape

_ of mtruswe rock because many mtrusrve 1ocks are cllstnbuted in this area Seeond de1 lV‘lthﬁ map

3-13 shown on th II~3—15

3f5__ Results of Analysts _
3 —5- 1 Bouguer Anomaly Map _

As dlscussed in Section 3 4 Bouguer anomdly map w1th assumed densnty of 2. 6 is the most
appropnate for mterpretatlon for this partlcu!ar area — Aeupan Geothermal area, _

From Flg - 3—- 10 (Bouguer Ano maly Map) Bouger values range from 49 1o: 77 mgal w1th
contours trendmg N S The ceutral port;on of the map feature(l grdVlty [OWS sorrounded by
gravity iughs Anomaly (glawty lows) seems to extend towards north 'md northwest _

Steep grachent t,h'mge suggestmg fault structures is not dtstmct Grdwty lows (,ould be .
due to low densrty ltogon qtmrtz dlorlte wh:eh has a value alound 2. 66 E

Grav1ty lows observed east ot the Acupan Minc could be. attrrbuted to the adjacent Balatoc '
;plug (densﬁy 2 47) _ . _

Several low gravtty zones exteudmg from Itogou to, B'tgtuo Alrport tmcl f1 om Lucbubari
:to Klas Creek were beheved to be mflueneed by weakly fractured rocks -

Grawty }ug,hs detected northwest of the area, and not S0 emment grav1ty hlghs outlmed
aiound Antamok and Batuang vmlmtles con‘espond to high density rntruswe rocks found on -
both locdhtles : ' ' ' _

Auother gravnty hlgh obscrvcd southwest of the area could be conelated to dndemte fiows
'an(l zrg?ag formdtlon whlch have a densrty of 2. 72 _

High grawty zones in northeastern part of the area Conform w1t11 the djstnbutlon of ltogon .: '

- quartz diorite, However, den51ty of co_llected rock samp!es showed h_1gh_er densnty_ of 2.79.

_ (,3 _
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