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'poselbly to be of iower M1ocene (Table II 1~«~4 [I-1--5),

" The form'rtron is srmrlar to the rock facies: of Ohgoeene to Mroeene pyroclasircs and

- the sedrments prevarlmg in the southem part of Dqklan area are correlated to the ngzag

formahon m the Baguro drstmet This forrnatlon is eiassrfred from lower to upper mto six

(6) groups, that is:

1) 'Kayapas ereek prllow lava membe1

2) - Tokmg creek basaitle and andesmc volcanrcs member

:3) ' Buguras creek alternatlon member :

o4y Kagosrt andesrtre volcanic member

- 5.)- ' Batan river p]llow lava member

| - 6) Nanayegan creek andesrte member _

1)

Kayapas creek p:llow lava member SRR

i =T_ype'1_oeahty Kayapas creek upper portron of Buguras Central

B

Thickness . : 300m '

.--Litho‘logyr Thrs member consists of basaltre pﬂlow lava (F]g - 1 8) Prliow

- structure is weﬂ developed at the upper stream of K_ayapas eree_k with

20 cm to 1 meter diaﬁietelﬁ piliow forms: 'COmp'oSiti_qrr of the rock is

: 'basdltic rvi_th 2;3 '.m:m of pyroxerne phenoefysrs and the inte'rspaces
between pillow structure is filled wirb'ealeite; chitotite and epidote. The

. pillow structire indicates a strike of N20E and dip of 20N,

' The contact of lower portlon of the ember is bounded by a fault to granodiorite. -

Tokmg creek basaltrc and andesmc volcamc member
Type _locahty ' Upper stream of T okmg ereek at the northern part of Bugurae Central.-
" The member is' drstrlbuted along Tokmg ereek at the eastern part of

Bugulas and along the Agno Tiver from Buguias creek to Lutab and

e '-Kabayan
Thickness 1 ;200 m . _
“ Lithology The formatron is marnly eornposed of andes1tle and basaltm lava

" pillow’ lava and coarse to fine pyroclastm materrals w1th srgmﬁcant

2 Ehmestone lenses At the northern part of Buguras Central basaitrc

: pyroclastrcs prllow lava, hyaloclast1te (Frg II l 9a) and andesrtrc lava
: " and tuff breccia were found The lower part’ of the forma’uon is

~ bounded by a fault in eontaet with the pyroclast1cs of Loo- formatmn



._B'ES'llth pyroelastlcs and hyalodlastite. mclude basaltrc breccm, rhyo— :
_dacrte cmcl hmestone Breccrated ‘basalt lava, 5 cmito 50 cm srze, is
'--coated w1th calcrte and chlorxte _
- The prllow form of. ande31te lava is not wel] developed, and is purphsh to
- dark green 111 color. Maﬁc minerals are mmnly ohvme and pyroxene
Basaltrc plllow lava w1th calcareous amygdal shows well developed prllow
form, 30 cm. to 1m m diameter. - o [
Along Buguras creek, the member is mamly composed of basaltlc tutf
_ breccia and hyaloclastrte However at Lutab and Kabayan area-along |
the Agno and 1ts trrbatanes the membe1 consnsts of andes1t1c to basaltrc
pyroclastics, well graded fme tuff, altornation:of sheets of lentlculdr
: hmestone (Flg -1 7710) rhyohte lava and pyroclashcs Rhyolite hva
- -rock facres changes from masswe with developed Jomts to breccrated lava
and tuff breccra w1th aco1dental pebbles. Pumlceous tuff assomated w1th
o rhyohtrc aotrvrty rncludes hmestone breccm and is pale green m color
. As stated above this member of the formation is mamly composed of
: basaltrc and andes1tlo tuff breccias and hyaloclastrte In the southern _
L part of the tormatron basalt lava mterbedded with well deve]oped coarse
'to ﬁne tuff wlule acidic volcamcs are observed at the central part Thé
. geologlcal_ st_r_uct_ure of the 1for_matlon shows_ N—_S,trend strike at the north
._ and 'so'uth of the are'a .fo'r.rn.ing the anticlinal axes ' However, the: strike of .:
_ the Eormatron at the central part changes to. E-W trend forming an
o ‘. - up-hfted structure L 7 e
. A concordant relatronshlp between Kayapas prllow lava and thlS member was
.estabhshed o TN R L T o
| chroscoprc observatron augrte ohvme basalt (Sampie No N 55) (Frg f1- 1—-9b) '
Phenocryst plagloclase ohvlne augrte opaque mmeral _ 7
L Plagloclase phenocrysts are predommant oommonly 0. 3 ~, 1 0 mm
long angd they are rcpresented by albrte and montmordlomte in palts
o Ohvme phenocrysts are commonly 0 5 ~ 2 0 mm long and they are -
‘replaced by 1dd1ngsrte wholly and/or partly along cleavdges They are

. and opaque mmerals are 0 I ~ 0 3 mm long

6



No_'

Ne, _

No..
No.
-NQ;
No.

No.

No.

No,

" No.

No.

No.

10

11

12

13

M-22
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Table 11-1—4 ~  Smaller Foraminifera

No foraminifera

BT

 MNonion'sp.. . ... . 4

~ Gywoidina sp. U SR
Cal. Foram. pen. and sp. indet . . . 10
Globi.gerino_des . . L. 4
© Globigerine sp.” .. L. 3

Pla. Foram. gen. and sp. indet .. . 10
Cla. Foram. gen, and sp. indet . . . 5
No. Foraminifera

Globi;gérirmides sp. ... ..25
Globigerine sp. - - . ... .10

Pla. Foram. gen. and sp. indet ... 38

Mo Foraminifera

-1 Benthonic l-‘orzﬁn_ are obsen}ed'wilhout Plankionic -,

: I~omm .
) The stage is not sure bnt it would bt. regarded
- as Middle Miocene. i i

2 These scdment is considered to be deposued in

A open sea $0 that only Planktomc Foram is .
~ obstrved in them. :

The stage it not swure but it would be regarded

as Lower Miodene,

Same ‘as 2






Table 1-1-5 Result of Fission Track Age

Sample No,
o ON-t12

Track ol spontaneous nuclear fission

Track 'of inductive nuclear fission

Grain - —— 0s ,"p:i AEFGT'
Ns f Iatgic ** p_s{cm'?} ) "2 N1/ attie pi(cmq)_ LT HXAeT )
U] sar s | 37exie® . | 147/ 50 1.07x 107 astx10h| 25

2 61/ 50 443x10% | 138/ 50 _ 100 x 107 a43x10" | 323
3 ! Lo many ] ' . -~
4 I ! do ' ' / -~
5 i ' / -
6 . too many i _ S o -
7| 88/100 3.19%10% | 340/ 100 123'x 107 - ‘2'_.5_9}‘_1'()": 189
8.1 56/ 50 407x10° | 967 50 690x10%" 590 %107 | 430
9 123/ 200 223x10% | 420/ 200 7.60 x 10¢ 2035100 | 213
10 257/ 25 3635105 < | 0/ 25 BI1x10% 4175107 | 304
o ) B o -

Al 1 286
Tot:ll : ——B— 5 g

Sz;mp!é No. B T:r':xck of sp"onlaneou's nuctear fission ~ |’ Track of inductive |i1iq1c:lr. fission. Age.T. . )
N-125 Giratn NeJLattic® | psem?) 20/ lattie ] pitem?) eiot ooty

1] 11700 - 052x10% | 1030/ Ns s34x10° 097x10% ] .07
2 07800 * - 970/ 4405108 - s
3 0/ 350 - 482 4 5.00 x 10° - -
4 07450 - 494 /300" 597 106 - -

s 21400 181 x 10° 3347400 303x10° | s99x107| 0ae

6 0/ 400 - 390/ 400 3.54 x 10° - -

7. 3] 400 272x 10 | 's007400 | 4.54x 108 s99x107 | 044
8 07250 - 250 £.400 2.27x10% - -
9 0 /600 - 802/ 400 727 x 10° . -
10 07450 - 440/ 400 399 x 10° - -
1 07450, - 572/ 300 6.92 x 10° - -
12 0400 - 4127300 4,98 %10 - -
13 0f425 - 788 / 400 715 x 108 - -
14 0/150 - 250}'200 ' 4.54 5 10° - -
15 07425 - 534 ] 400 ' 4,75 x 10° - -
16 0/250 - 402 [ Ns ' 5.83 % 10° - -
17 07200 - 20 435'x 10° - -
18 07175 - 300 / 200 | Sddx 108 - -
19| 07200 - 338 / Ns 613 x10° - -
0 {  0/100 - 1507 5.44 x 10° - -
2w | osi00 - 178/ 646 x 10° - -
2 0/150- - 200/ ‘4.84 x 10° - .

A ; S o 1.

Total 617825 278x10° | '10046/7350 196 x 10 s60x 107 |2 14

NiXi]!







Fig. 11-1-8 Photograph
(basaltic pillow lava, Kayapas cr.
pillow lava member Buguias formation,
at Kayapas Creek)

Fig. [1—=1-9a Photograph
(basaltic hyaloclastite cemented with
calcareous material, Toking cr. basaltic
and andesitic volcanics member,
Buguias formation at Toking Creek)
{Sample no. N—55)

Fig. I1--1--9b Microscopic Photograph of
Sample no. N—55. '
augite-olivine basalt and carbonate material

pl ;
ol
au ;
mt ;
cbh ;
sIT 3

plagioclase

‘olivine

augite
montmorillonite
carbonate material
smaller foraminifera

{open nicol)

Fig. H—1-10 Photograph .
(alternative lime stone Toking cr,
basaltic and-andesitic volcanics member,
Buguias formation, at a southern small
creek of Buguias cr.)






3)

_Gmun'dmass - This is 1epIaced by SeCOHd'iTY mmerals perfectly Seccndary

mmerals are composed of predommant mcntmorﬂlomte and carbonate

mmerals The texture represents smygdaimdai frlled with analcite and

L ‘carbonate mmerals and hyaloclastrte cemented wrth foramrmferous

3 carbonate

Bugulas creek alternatron member '

T ype locahty

- T_ﬁickhes's &
Lithology

“Lower portion of Buguras creek in the southern part of Buguras

Central The form'ltlon is d1str1buted from Bugras to Kayapas creek

_'along the Agno rwer and Kabayan to the castem siope of Batan nver
~with a beit—hke form. =

+.350'm . o o

': The merhber-ismain]y cern'pOSed of ﬁhetbff rﬁuddy tuff émd rﬁud-
' Ef'stone assocrated with andesitic pyroclastic’ rocks 3nd 1apilk tuff wrth

-'-3-'smaﬂ acr:ounts of hmestone (Frg =i la) Fme tuff at the type :

localaty, is well graded, with a thickness of 10 ém to 50 cm, an_d is well

'develos‘ediwnh'rhythmic bariding of altemnating medium fo fine grairled

tuff; hght gray ‘to pale- green in color 'Ihe ‘member has 200 to 500

meters serres ‘of folding structures exhlbltmg N S'trend axes At_ the

'Bugma_s area, p_caor_ly _s_ohc_rﬁed alternat:ron cf co_arSc-to fine tuff is often -
i‘ht'eréalat'e:d with "'andesi‘tic_:p;yrcclas'tic' focks. This member of the
"'foi‘mati.dr'i at Kayapas creek :air'rd-its ‘branch' consists of "ttfff 'breccia' l.apil.li'. :
© tuff, and altematron of coarse ‘to fine tuff The bed is O 5 to 1m thick

" and includes Jarge amounts of accrdental brecmas such as andesrte
: subangular to subrounded rhyohte mudstone and lrmestone The iower

e 'part of the member consrsts of pumrceous “tuff and }rmestone “The-

is chiorrtmed exhrbrtmg a pale green chor Matrrx of the Tock i s

~calcareous assomated with 0.5 fo 1 cm ‘of pumlceous materlal Foss;ls

are scarce in the bed

_Thrs member of the formatron at the Agno nver and lower portlon of .

S Tokmg creek consrsts of andesmc tuff breccra and 11p1]]1 tuff mtercalated

wrth hmestone ‘Many of the sand prpe shaped trace fossxls are observed

“in the alternatlon of lapﬂh tuff and hmestone Slumplng strueture is also o



 observed with well developed slump fold, (Fig. 1—1-12a).
Aﬁdééitic to_ff l_)_:‘écicia and'lapill.i tuff are prédotﬁinailt in this member
and é.re péde groon' in color and are .'we.]l'gradéd., Limestone is massive with
- light 'gra'yish' coloi ahd contm’ns sheli fmgments' and foraminiferas,
At Kab*iy'm 1long the Agno river and its tributanes, alternation of well
_ graded andesxtlc and bwsaltw pyroc]astlcs mclude angular to subangular
broccxas of 'mdesﬁe and bdsalt It also contams a number of mudstone
and 11mesto_11_e as iacold_ent_al materials.
The rockfaéi_(:s_ of this member changes from the northern part of
Bugtﬁas to the sonthern part of Kabayan At the north, this member
smainly consists of fme grained pyroclastlcs and the bed is comparatively
thm and is shghﬂy sificified. ~
At the south on the other hand tins member is iainly composed of
alternaﬁon of coarse pyro_ci_a_stx_cs, mtercalat_ed conglomerate, tuff breccia
- and i_api]li ituf_f.. 'Ihe bed is ra.ther_thioke_r than that of northern part,
- Furthermore, a number of metavolcanic bre_oci.a p‘résomab}y from the
baséme_n:t. rock 1s included. The struciure_of ‘this member generally
: | shows a N-5 trend strike and _co;np_liéatéd_ fofding_ with gentle. to éteép
- dips. A'very inténse' deformation caused by féulting and a series of small
o _ scale foldmg structure with'N-S trend axes were observed.
. Foramlmfera is found in limestone and mudstone from tlns meinber. However the
: 'dep031t10na1 age could not be determmed from the fossﬂ _ '
| The relatlonshlp with the lower member of Toking creek basaltlc and andesmc
'volcamcs is concordant L _ L
:-Mlcroscoplc observatlon accidental lapilli fuff (Sample No. N‘—l35) (Fig. I—1—11b)
Lapﬂhes are composed of altered amygdalmdal basalt, altered
andesﬂe and hmestonc o
Matnx are highly altered to montmorlllomte chlorlte and
- carbonate minerals. _ o S ' _
‘ Limy mudstone 5. tSample No. N-- 128) (Fig. T1—1-12b)
o C .. . This rock is- consnstmg of many smaller foram1mferas
4) . Kagosﬂ: andesﬂilc volcamc member

Typ_g: Iocal;ty_ : Adut creek south of Kabayan



Figi [—1—~11a Photograph
(alternation of lapiili tuff and mudstone,
Buguias cr. alternative member, Buguias
formation, at Buguias)
Sample no. N-135

Fig. Hi-1-11b  Microscopic Photograph
of Sample no, N—135,
accidental lapilli tuff composed of
andesite and calcareous lapilli

an ; andesite
limestone

{open nicol)

Fig. 11-1--12a ~ Photograph
(slump structure of mudsione
in Buguias cr. alternative member
at Buguias)

Fig. 1i—1-12b M]CfDSCOplC Photograph of
Sample no. N-128, _
calcareous mudstone (small fommmlfera
bearing), Buguias cr. alternative member,
Buguias formation

sm . ; small foraminifera
¢b ; carbonate material and
muddy material

(cross nicol)






5)

Thickness

Lithology

.Th:is r'rrember"if exposed 't."ro'm Kﬁgosit-fo Batan iver on elime of en ‘
'mtrchne trendmg N- S and:also’ distrrbutes from Pulrbo rldge to Lungaw
wrth N-S drrectron '

' 350'm- T ‘

Thls member is mamly composed of andesrtlc tuff breccra and

hyalo_clastrte (Fig. IIWI__-ISa) mterca!ated w1th br_eccrat_ed lava and . .

“pumice tuff. At'the type locality, greenish and magsive andesitic tuff
-breccra was deposﬂ;ed on. the Buguns creek alternatrve member The
- breccra mcluded m t]us member is of essentlal matenals wrth 51020 cm

B 1 chameter The uppe1 part of the member mtercalates with pum;ceous

lapﬂh tuff wh10h is chlorrtzzed and shows a pale green color. Laprlh tuff ;

contarm accidental materlals of hmestoue Andesrtlc hyaloclastrte tuff

breccm and coarse pyroclastlcs are observed at- Boloc along the Agno

_rwer Hyaloclastrte is dark green and massive w1th amygdules of calcrte

The relatlonshrp with Buguras creek altematron member is concordant

Mrcroscoplc observatlon ; augrte andesite (Sampie No N— 95) (Flg H If13b)

Phenocryst plagroclase augite -

Plagroclase phenocrysts are 1.0~ 4 0 mm. long They are shown

worniceaten texture to be replaced by. albrte carbonate and mont-

: morlllomte m satre parts

Groundmass . The groundmass is cryptcrysta]lme and OCCUTes carbonate

strmgers

Batan river prilow lava member

Type locahty

; Thic_kness '
~ Lithology

" Upper stream of Batan river, -

Thrs member is drstrrbuted at the mxddle strearn of Adut river and from

‘Batan river to Mt Mungeote along the wmg of N-S trendmg antlchnal
““dxes, and is also exposed from Nabohcon creek to Smepsrp along the

'wmg of N—S trendmg synclmal axes

300 m+

" The member is mamly composed of basaltrc pxl!ow Iava

"(Frg H- 1 14a) mtercalatecl wrth basaltre tuff andesrtrc prllow lava and _
- its. pyroclastrcs The size of pillow ranges from- 20 cm io 1 m and ate

_~dark green_to dark-purple- in color, - Interspaees between pillows are filled



Swith chlorlte md seeondary eprdote The phenocrysts of the xoek are
'fpyroxene. Pyroclastxc rock-is well gmded tuff breccza and ﬁne tuff
w}ueh shows parallel lamimtrous o '
The drfferences of rock faeres and ocourrences between tlns member and
Kayapas creek plllow lava are not observed
- T he Kagosrt andesrtac volcan ic member 1s concordant to B"Ltan river ‘pIHOW lava membet.
Mreroscopre obsenratmn il ohvme basait (Sample No N 96) (Frg II 1—14b)
Phenocryst plagrodase uhvme .

Plagioclase phenoerysts are D 4 ~ 0.7 mm long and they are
represented worm-eaten texture 1o, be rep}aced by montmorillonite and
albate Olwme phenom'ysts arg’ .0~ 2.0 mm long and they are replaced
by ep1dote in partq T ' '

Groundmass ; glass plagroeldse eecondary mmerals .
. The groundmass are shown amygdalordal tex ture fﬂled by mont--
N morrllomte and zeolite etc.,
6) -Nanayegan creek andesite member _
. Type 1ocalrty Nanayegan creek’ north of Natubleng, western part of” survey area.
_'Thickness © 1 400 m :
L.ithology. o Thrs member is the upper most -of Bugmas formation and COI]SIStb
' R mamly of andesrte ]ava and breccmted-lava-mtercalated with pumxce tuff.
-Atthe type Ioeahty, the andesrte containg pyroxene as phenocryst and is
eharaetenzed by well developed columnar Jomt Pumree or pumree tuf f
_1s altered to montmorillomte showmg a green color. (F1g ji 1 13)
_ Nanayegan membe1 rs eoneordant w1th Batan plllow member
_' _ﬂ4 2 _.__Loo Formatron TR
| Type iocairty Loo ared..
: . The format;on rs exposed at the northern part of survey area.
Tﬁrckneés : Maxrmum 300 m L :
Lith_ology - The formation consists mainly of andesrte dae1te and pyroclastics.
L .. At type locahty along the Agno nver and its trrbutanee andemtrc
: .volcamc conglomemte tuff breccm and pyroclastres are deve[oped
. Volcamc conglomerate 15 mamly composed of andesitic congIomerdte

: wrth mgular 10 subangular andesnte basalt and granodrorrie as accidental

LY, T



Fig. [I-1-13a Photograph ,
(hyaloclastite of glassy andesite,
Kagosit andesitic voleanic member
Buguias formation at Agro river) -
Sample no. N—95

Flg - 1 -13b chroscopm Photograph of

'Sample no. N-95,

- augite andesite

porphyritic texture
groundmass " ; cryptocrystalhne

pl plagiocla’se
mt ;. montmorillonite -

{open nicol)

Fig. lI--1--14a - Photograph
(basaltic pillow lava, Batan river-
pillow lava member, Buguias
formation at Agno river)
Sample no. N—-96

Fig. II-1-~14b. Microscopic Photograph of
Sample no. N—96 - ' '
olivine augite basalt

amygdaloidal texture

pl ; plagioclase -
‘ol ;- olivine |

_au 'y _augxte :
- mt m(mtmonl]omte
'z 3 zeolife

am- ; amygdal

~ (cross nicol)






Fig. II-1-15" Photogtaph _ Fig.1l--1-16a Photograph
(brecciated andesitic fava and pumice - S (volcanic conglomerate of Loo
tuff, Nanayengan cr. andesitic - S formation at Dalifriona)
volcanic member, Buguias formation
at Route 11)

Flg In-i— 16b MlcroscopxcPhotograph of - Fig. 11—-1—-17 Photograph
‘Sample no. M—46, - RS {scoria and pumice bearing lapilli
augite-hypersthene- hornbiende andesnte .- tuff, Loo formation at Loo) -

'mtersertal texture

pl

: pl.a_gioéias_é; _
hb ;- green homblende
hy *; ‘hypersthete

au - ; augite
mt ; montmor:llonlte

(cross nicoi)






- conglomerates The matrix of the rock contalns abundant hornblende
phenocrysts (Frg II 1= 16:1) l’yroclastlcs show brown fo blulsh green

© color and contam voleanrc breccia of hornblende andesrte The rock is
‘.generally porous (Frg II«I 17) _

' Compared wrth the: Buguras formatlon Loo formatron is mamly composed of hotrn-
blende andesrte and is poorly sohdrﬁed as can'be’ seen in the mcluded
breccra st1ekmg out from the matrix. It is therefore, easﬂy identified

o from Bugu1as formatlon '
Mreroscoprc observatron 3 hypersthene augrte hornblende andesrte (Sarnple No.
“M=46) (Fig. e 1—I6b)
Phenocryst ; plagroclase hornblende ‘augite - hypersthene
Plagloclase phenocrystals are 06 ~ 2 min long dnd they are shown -
a zonal structure and worm—eaten texture to be replaced by mont-
mon]lomte
1 4 3. Bodo Formatlon o .

- Type locahty Bodo area at the north eastern part of Buguras The formatron 1s
B dlstrrbuted at tho eastern pert of the survey area, partrally covenng lava
N . domes and its surroundmg area. '

Thickness ;. 400mt | o o

‘;.Litrh.ology‘ _ e Thrs formatron m drvrded mto two (2) groups the 1ower and upper :

LT The lower part of the formatron 1s charactenzed by hornblende andesrte .
'andes1t1c pyroclastlc ﬂow ancl volcanrc mudflow mtercalated wrth
| 'allophemzed hornblende dacrtrc pumrce fall (Frg - 1—18) The upper :
. part of the formatlon is mam!y composed of dacrte lava, whrch forms -
_ _Dlava dome (Frg II—-l 203) 1n the area abcompanred wrth brotrte—
: "_hornblende daeltlc pumlce flow and lake depos1ts (Flg II ]—19)
| Boundary of upper and lower groups is bordered by allophane sorl
’ which shows a dlastem of volcanrc actrvrtres o _ _
: .'Dacrtrc volcamc mudflow oi the lower group contams mamly hornblende
:kdacrte breccras and arnygdalordal basalt and altered rhyolrte The matrrx
‘_consrsts of dacrtrc pumree Carbomzed wooden chrps and altered
. -rhyohte are observed in thrs mudﬂow '

B Dautrc pumree ﬂow of the upper group 1s porous and weil graded _ |

_11 .__.



o contammg a srgmfrcant funount of brotrte hor nblende 'md quartz grains,
. _The lava dome in thrs area is very similar to that of Dak]an ate'r both in hthology and
.in occurrence I
_Thrs formatron is unoontormably overlymg the Loo forrmtron :
i Mrcroscopre observatron brotrte hornblende dacrte (Sample No ‘N— 64)
(Fig. II 1 20b) _ T ,
Phenoeryst p]agrochse qmrtz hornblende b1ot1te
' Plagroc}'rse phenocr ysts dre predomm‘mt 0 ‘< ~ 1.5 mm long, and
They are composed of ohgoelase to andesme shown' zoml structures
ertz phenocrysts are commonly 0.5~ 1.5 _mm long and‘_ larger quartz
ones are crashed : | ' _.
Groundmass l“he groundmass 1s glassy a.nd fresh It is scattermg quartz

piag:oclase brotlte and homblende

1-5 Structuraj Geology _ _ _

| 'Ihe geologlcal structure of the survey area is charactenzsed by 1ntense faultmg and
'bloek movement as observed at the cente1 of Cordrllera Centrai antrehnonum The com-
-phcated geologroelnstructure in the area is represented by a combrnatron of graben and
'horst w1th trends of N-§ and E W “The most predommant tectomc trend in the area 1s N S

eorreiated to the Northem Luzon Are dlrectron and subordmately E—W and. NW SE trends _. :

"_'(Flg ll 1 21) Foldmgs and faultmgs took place from Mlocene to Dﬂuvral age and Quatemdry '

volcamsrn occurred at the mtersectron of uphfted zones of N S and E—W trends.

_i1 51 1 Foldmg Strueture '_ ' T 3
E Two types of foldmg strueture wrth drfferent scales showmg N~S trend (specrﬁcally
NNW SSE) are developed m the area The large seale foldmg extends several tens.of Km
'along 1ts axes w1th about 3 Km mtervals Smail seale foldmg extends several Km along rts '
axes wrth lOm to 1 Km mtervals These foldmg structures are unconformably overlam by '

_ Loo formatlon

_ Large sea!e foldmg I udgmg from the profile sectton, _the foldmg is asymmetncal and

Among the foldmg structures especrally Bugu1as Central synehne whrch is pﬂed up

mth thrck sedlments of Bugulas formatlon 1s consrdered to have 1n1t1ated the depressron -

—12Z
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Fig, IIQ—lu-20:_1 Photograph _
(dacite lava dome of Budo formation,
from Mountain lake)

Fig, II-1-20b Micfosc_:opic Photograph of
Sample no. N—112,
augitc bearing hornblende biotite dac1te

‘ol ; plagioclase
Q ; quartz
bi ; biotile

hb ; hornblende

{open nicol)

r]g H - 233 Photograph-
(fine grain blonte-homblende qtz Sample no. M—67,
diorite intruded in Buguias formation '
at Sinepsip)

F:g 11-1-23b- Microscoplc}’hotograph of

biotite granodiorite

pl ; plagioclase

Q ; quartz

kg ; . patassium feldspar
bi ; biotite

(cross:ﬁicoi)
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i (1) N«S fault system

during the deposrtron of the formatlon _ _ ‘ :
' Srnall scald foldmg Thxs foldmg structure 1s observed if Buguras creek altematmg mem~

ber and also it the sedrments of Tolong creek basalttc and andesrhc member (Frg II S 22). '

_ lhe 1nterllmb angles vary from gentle to steep The t'old of steep mterhmb tends to develop"- o

" which are mmor foldmg in the mcompetent sedrmentary rocks, mtercalated in major folded &

- volcamc rocks l"he foldlng mechanrsm is '1ssumed as follows

Y hg tl"l.le sedrments were deposrted in Buguras Central synchne whtch wis tormed by
a box t‘oldmg 1n the sedlmentatron stage of Buguras creek alternatrng treniber. The box
foldmg contmued after the sednnentattbn and secondary lateral compression tock place at
' the l1rnbs of the synchne formmg the tolds of steep 1nterhmb in' the 1ncompetent scdlment- g
ary rocks The box fold of large scale folding’ structure on the other hand was formed in’

; the competent volcanrc rocks whlch are composed of upper and lower parts of: the sedi-

D T S N S T R

mentary rocks

1— 5——2 Fault of Block Movement

T As stated above the: most predommant fault system in thé ‘afea is in a N-§ trend and -
subordmately E W NW-SE trends and rmg form faults High angle reverse faults and normal
faulits w1th block movement make the mterpretatlon of the peological’ structures cém-
' phcated As shown by the dlstnbutlon of plutomc rocks Jn the area the block movements

are characterrzed as uphfted Z0nies in 4 N-§ trend o oot Bt VR e

In general N:-§' fault system consrsts of hrgh angle reverse faults traversmg large scale o

fold and 1s cut by E—W and NW-SE trendrng fault systems N S fault system extends frorn &

CT he l‘aults are concentrated m the southern part of Bugmas Central correspondmg to .

| the form of Bugu1as Central synclmal structure It may be suggested that a genetrc relatron e

hetweer t' ,e""formatrons of the synclmal structure and the N- S trend fault system exrst

N-§ trend faults found at the eastern and westem parts ‘of the survey area are’ elongated
.along the erbs of upllfted plutomc rocks. 'I he dlslocatlon at the drp srde 1§ calculated to _"r :

g be 250m at the cast of Buguras Central : s

.(2) Ew fault system g b S e e E

| Thls ‘fautt system is represented by lugh angle reverse fault whrch islocated: at the

E-W trends uphfted zone T A

:;13_



_ (3) NW SEfault system _ e e
s Thts fauit system 1s mamly observed at the eastem part of the survey area wrth the .
'normal fault chppmg to the east lhe fault dlsplaees Loo fomlatlon shomng a cnsscrosa -
| :relatlonshrp w1_th ‘thf} E~W system ,_ e R -
The apparent t}uckness of Loo fonnatron is magmfied by the drslocanon caused by
L thls fault. system TR '
.'(4) Rlng form f'mlt system G B T _ e

ng form depressmn is observed alound Mountam Lake surroundmg Mt Lusab .one

of the Quatemary dacite iava domes At the topograp}ucally low place caused ‘oy rmg form

_fault aqueous sedtment of pumlce is observed T}us fault is cons1dered to have collapsed

. intoa. cn'cular form durmg the;tn_\': _ of ruptton and, the uphft movement of the lava dome '

11— 5 3 General Feature of Geologrcal Structure L e e S
Accordmg to the geologncal reports Geology of Daklan Area (B E D 1980) and the Col-
laborated Mmeral Explorauon (MMAJ 1977) the basement in the area 1s cons1dered to be
-Kpg, bassc voIcamcs of Pa]aeocene to Eocene whrch are eugeosynclmal sedunents 'Ihe

x basement m the area lS presumed to be. affected by the Slerra Madre orogeny Thrs orogeny

. vvas a tecte c'-'movement that segregated thie anttclmonum and synclmonum areas wrth a

__N-S trend at Paleogene to Neogene

i Cordlllera Central area of antlchnonum was a locahty of eros1on 1n Ohgocene However, 7
7_: _the raptures of N S trend took place in the whole survey area m Iate Ohgocene Dunng
B Mrocene, the area subsrded to a shaﬂow vvater envrronment by transgressron Thus basa!trc ,:-:

lava was erupted and fonned thrck pﬂlow Iava formatlon Thereafter basaltlc and andesrtlc .

ollo, :' c fonmng hyanciastttes pyroclast ts:members w1th calcareous materla]s o
contammg marme fossﬂs These volcamc actlvmes pr ogressed rn a sha]]ow water env1ron- o

ment accompamed wrth rhyohte lava Iocally Therefore polymodal volcanlcs is prevalent

in thlS stdge |

: _ Succeedmg polymodal volcamc acttvsty and sedlmentatmn fo]lowed The sedtmenta—

t10n proceeded to pile up the submergence of the sedlmentary basm, Wthh was caused by '.

theN-Sblockmovement S '_ _ e, by b AR
Conglomemtes denvcd from basement roeks m Bugu1as formatlon were transported |

L from the south the upheaved area durmg the depos;tron of the formatlon .' .

: Andesrtlc pyroclastws basalttc pﬂlow lava hyaioclashte and andesmc pyroclast1cs

: fo]Iowed and thus Bugulas format1on was formed in the early stage of Mrocene

' —_':‘:14'-—.;
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After the deposrtron of Buguras formatron quartz dronte and granochonte which were B
emp!aced at the eastern and westem parts of the survey area mtruded 1nto the Bugulas
‘formatmn in a N~S trend Thereafter, the area was uphfted The process of the pIutomc
actwrty and block movement trendmg E-W was then mrtlated ' ‘ :

Tn late M1ocene terrestrral sedtments derrved from andesmc and dacrtrc act1v1t1es were
.'formed at thc northeastern and south—westem parts of the survey area. ' .

In Quaterndry, damte lava domes were formed at the 1ntersect1on of E—W and N S upw .

3 'hfted zones at a N-S trend at the eastem part of the survey area '

7 ~6 Igneous Actwrty __ o o 7
_ In the surveyed area Tertlary and Quatemary formatrons are mamly composed of
Volcamc rocks and mtruded by a large number of 1gneous rocks. -

The Iowest member of Buguras fom'ratron, Kayapas ereek pr]low lava member mamly -

'con31st of basal 'c prllow lava of augrte ollvme basalt Tokmg creek basaltrc and andesmc L
volcamcs member conformably overhes Kayapas creek pdlow Iava member and 1s mamly
: composed of pyroclastic rocks and iava whrch often formed pﬂlow lava and hyaloclashte .
| The volca.mc rocks are auglte andesrte to augtte basalt Th1s member IS loca]ly accompamed 7
' by rhyohtrc lava mdrcatrve of cuimmatlon of brmodal volcamc actlvrty | _'
Bugmas cree}.. altematmg member was deposded when volcamc aetrvrty ceased After a - .
- !ong voicamc dormancy, augrte andesrte was erupted followed by the extrusron of ohvme |
' basaltrc pﬂlow lava pyroxene andesrte and altered NW SW trendmg pyroxene ande31te drke i
: _'whlch mtrudes mto a part of Buguras formatron The drke was consrdered to be of the same ‘ .
.age as the Buguras formatlon ' o : B | .
_ In mrddle Mrocene mtrusron of homblende-brotrte quartr dronte (Frg II -1 23a II 1~_ - _
'23b)ac_compamed wrth brotlte granodronte foltowed wrth a N ‘:‘. trend and were observed to crop .
' : _' out i m the eastem and western edge of the surveyed alea In addrtron they overhang east— _ -
_. rward m Natubleng The rntrusron of thrs ptuton fonned the base of a treﬂrsed block struc-
turetrendmgNSandEW : e _' .' .
In late Mlocene the contmental volcamc eruptlve act1v1ty controlled by the trellrsed _‘ -
: _block structure had taken place m the northeastern and southwestern part of the area, and _

Frg 7 Il— N

the rocks are charactenzed by augrte hypersthene hornblende andesrte (Frg II 1 2_ _
1 24b) and augrte hypersthene hornb!ende dacrte In the Loo formatron the mtrusron of

the same gramtrc rocks showmg the same N-S and F-W trends occurred srmultaneously wrth

- 15.._'- S



' the aboVe eruptave act1V1ty o _ _

In uppermost Mlocene the 'lCthlty of i complex N-§' and l:—W trcndmg comp!ex (Fxg
1= 2Sa Flg II 1- ZSb) of quartz dlorite porphyw, dloute porphyry and dac1txc porphyry '
tookplace : . o e e C s

' Furthefmow m late Plelstocene the HCEdJC volcamc rocks was extruded around the

and central EW

‘phfted ZOne; The volcamc actm-. |

N mtersectlon of eastem \I S uphfted zone

1‘~h

ty is the pyroclastlc fiow of blOt

; 1b1ende andes1te w1th abundant breccla foliowed by
the pumice fail depos1t of biotxte~hornblende dac1te then the pumlce fall dep051t and lava _ -
] :dome eruption (mferred mlmmum capac1ty 7 Km3 ) of auglte b1ot1te andesue It is 111- '

: ferred that the actmty was changmg to more s111c1c composmon wsth respect to txme

17 Geothennal Alteratiori R

7 The alteratmn m the su yed area is class1f1ed {nto tnree types namely 1eg10na1 bunal
metamorplusm mmeral alteratmn and geotherma! alterahon Reglonal bunal metamorph-
ism is observed in the whole of Bugums formatlon and part of Loo formatmn as the green '
coloured argzlhzahon (F1g II 1 26 11 1 27) Mmeral alterahon cons1sts of pynt1zat1on

and 31hc1ficatlon re]ated to p]utoruc rocks in the northwest of the area volcamc to plutonic ;

rocks in the central part and rhyohte porphyry (F1g II 1 28) Geothermal alteratlon of ‘
the ; area 1s 1solated 1n dlstnbutlon S o o
T

tlated from that of geothermal alteratlon by the fo![owang The former generally spread

green coloured argllhzatlon of reglonal bunal metamorphlsm could be dlfferen~ o

E vvldely and is homOgBHBOus whereas the fatter is mostly hetelogeneous and restrlcted in’’ o

dlstnbutlon

. 7—1 Alte1at10n Zone o A _ _ T

R ln the surveyed area, the geothermal alteratmn zone 1s only dlstnbuted aiong the up- th

_ 'stream of Tokmg creek }()Om Iong Around the area the unreported geothezmal alteration
zone was found aiong the stream about 4 ki east of Batowan pass S R

_ Geothermal alterahon 7 ne aiong the upstream of "E okmg c1eek '

. The zone extends m;the"‘dlrectxon of N S and is charactenzed by whlte coloured

argllhzatlon and smclficatlon ' The aiteratlon var;es f] om hlgher grade where rocks were

“ completely altered and theu‘ textuze vague to lower grade where rocks were alteled only

part1a11y The ongmal rock ;s rhyohte dike The d1men31on of thas zoue ]S not clear because ‘

o -the survey was conducted along the creek only

The X- ray dlffraetlve anaiys;s (Fxg II 1 29 a, b c) reveals that alumte o



F1g 11— 1 24b Mlcroscopxc Photograph ()f
Samp]e no. M—37,
hornblend and_emte porphyry

_.Fig —=i—24a’ Ph’otograpl'l' pl. ; pl'agi'o.clas'c

{(hornblende andesite dyke "hb ; hornblende
intruded in Loo formation in ‘mt : montmorillonite
Kayapas creed) . ‘ _

Sample no. M—37 o -~ (crossnicol)

Fig. -1 -25a Photograph S : Fig. J1-1-25b  Microscopic Photograph of
(thyorite dyke with platy joint, = ' . Sample no. N~71 . ' '
mt:udmg in Loo forma!:on in Tokmg :
creek) : _ : _ Q ; quartz _

Samplé no. N—71 : ' -~ c¢h ;. carbonate mineral
' : ' mt ;montmorillonite

(eross nicol)
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-eristobalite ?'aﬁ:d trtdymite are' abnndantl'y’produced as s'eeondary'frninerals' in'the"po:rtions of
' strong argrlhzatron and sihorfreatron It shows the: combrnating of alumte and srhcatc
winerals, N : : -
At present:ho hot spnng is observed along the ereek The quatemary mud ﬂow around

ISOOm in elevatron crops out along the' sIope of the rrght bank at the mouth, of Tokmg
-ereek and it contams a 1arge amount of gravels showmg srmﬁar rock faores to the geothermal
' alteratlon zone The m’rtrlx of the mud- flow is eomposed of whlte clay w1th 1rnperfeet
: carbomzed wooden pieces : and 11thrc fragments of altered rhyohtrc rocks and rocks of Bugras
k formatron The brecc:1a 1s of altered rocks mentroned above dnd of rocks of Buguras forma—
: 'tron unaltered by geothermal flurd

' The X—ray drffractrve analysrs reveals that this breccra of altered rocks contains alumte
_ kaohnlte and sﬂrcate minerals as altered mmerals Thls combination of mmerals suggests .
:.that the alteratron had been cartied out in ‘an aordre condltlon and below 100°C. Therefore
_' the breccra could be the product of a fumarohc actrvrty These faets support the rdea that
| the mud-ﬂow was transpoxted from a geothermal alteratron zone." It formed after the de- o
_ posrtron of Bodo forrnat1on suggested by an embedded 1mperfect1y earbomzed wooden
| prece and rt is-an alluvral deposrt In Bodo formatron there is no evrdence of mud ﬂow umt

' ascnbed to geother:mal alteratron

Geothermal alteratron zone 4 Km east of Bodoan pass . _

"The aIteratxon zone is observed in Bodo formanon and shows whrte srhc1frcatron and
argrlhzatron (F1g m-1- 303) The zone extends more than 200 m x 50m However data of
accurate d1mensron and the trend was not- obtamed, so it is necessary to do more mves_tlga—

'lhrs aiteratron zone is accompanred with boﬂmg hot spring and fumarohc act1v1ty and -
is situated in the transrtlonal place of the topography changmg from steep to gentle siope
eastward from Mt Lusab “The altered zone is in the dacrtlc pyroclastlc flow of
o Bodo formatron and natrve sulfur is produeed near. the fumarole (Sample No. P—l

Fig T1-1-30, 1l 1 “300). | | | o
: The X—ray diffractrve analysrs reveals that the Secondary mmerals of whrte coloured L
| srlrcrﬁed portron (Sample No. P-1)- consrst of oz-quartz tndymrte and oz-crrstoba]rte "[he peaks o
of a—crrstobahte are very sharp on the X—ray chart and it suggests that the crystalhnrty is hrgh

Kmbara (1277 con_srdered that the inverstion of a—enstobahte {0 oc—qu_artz _takes place o

=17 -



: appro.\unately below IOO°C 'Ihfs trxdyrmte shows sumlar pattem of pewks to the low-
. temperature tndyxmte on ASTM cards which are 1--0378 and 3_0227 The peaks of arj
'-quart? aré not sharp and 1t mdlcates that the crystalhmty is low. '

- This mineral assemblage a-quartz tridymite; o:-crlstobahte supports the 1dea that the

dlteratlon has taken place at 100 C+ (Flg n-1-31).

- 18—
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Chapter 2

Geochemlcal Exp]oratlon

o 2— 1 Purpose and Method of the Survey ; P _ e

Geothermal mamfestatron as 1epresented by geysers fumaroles, and het water sprmgs

as geothermal mdrcatron on the surface is consrdered to ‘be. denved from geothennal energy
,'extstmg in the aquifer under subsurface condlttous s _

ObjBCtIVeS of thls geochemrcal exp]oratton are to study the geothermal mdlcatrons on
the surface of the Buguras geothermal fieId 1o deduce the temperature of the su‘os.lrface
geothennal reservorr from the chemical composrtrons of the geothennal field, and to fmd
' : out the probable locatron of the he'tt source from the drstnbutron of the smter deposrts ' _
“derived from hat sprmgs prevarhng in the area and aIso from the drstrrbutlon of geothermal

alteratron zones as a consequence of hot water underground crrculatron

One meter depth hole for temperature measurement

In order to determme the temperature gradrent on the surface elghty three (83) hotes o
of one meter depth were made and the bottom temperature was measured in the Buguras |
Central area, wherem hot water sprmgs are located I K'

The survey hnes at 200m to 400m mtervals were ]ald trendmg on a N S drrectlon on. ]
each s1te of the road apparently crossmg a supposed subsurface fiow of. geothermal water

The one meter holes were drﬂled at SOm mtervals avmdmg r1ce fields and topograp]ucal"
_ effect For. thrs reason the survey Imes and statlons were not establ]shed ina strarght course _'
' and def‘mlte mterval AH the holes were surveyed and mapped usmg Brunton compass

:(Flg n 21, 11 2-2).

_ The hoIes were dnlled by a hand auger and unmedlately after the comp!et:lon of each
hole the bottom hole temperature was measured w1th a thermlstor A 600 Model of
Takara.. . ... R ' o

_Geochemrstry ofthe hot spnngs e e g

At the trme of hot water samplmg, tempe1ature and pH values of hot water were'
measured at the 31te Nme (9) hot water samples ancl one. (1) creek water sample were taken‘ :
in _3,000 ml_ po_lyethylene.vessels for chemical an_alysm. -Hy_droc_hlonc_-acrd_was added toeach -
watet saruple_ to have a pH =2O Tltese wate_r samples were erought'.'tq‘-.,]_afpaﬁ'an'd_analy'z.;d :

for s'eventeen‘(j'l 7) prr'ncipal_ eiements,pr, electrical conduetiv.ity', TSM, Lit, 'B+, VNa+ , K*,



Ca ,Mg+2 total Fe, AI'3, P~ Hco3 ; so42 As, 8105, and SrOZ at the Bishimetal

Exploratron Lo Chemrcal Laboratory bqurpment used and method of analysrs are as -

- follows. o .
pH - — Basmg onlJ 1S 28802 F- 7 type pH meter used
-blectrrc conductlvrty CM-ZA type Towa—Dempa Co used.
L-i+-_' ST g Flame spectrochemrcal analysrs employed
'_ B:+ = : Colonmetnc analysrs employed _
_. I_\la+ RN o Used H1tach1—518 atomic abscrptron spectrometer T
= K+ LT Used’ Hrtach1—518 atomic absorpt1on spectrometer
catt o o :.'-'EDTA tltratron : P ' '
Mgttt __:""*VI:SDTA- trt__ra_tron. :
g -,..Total Fe' : 1 Used 6B typespectrometer e
AIH+ "ﬁse'd 6B tjf'pe's'oectrorneter'.f e
F S 'Used 6B typs spectrometer.' L
HCOg' o Titrated wrth I/ZON HCE standard solutlon
Cl' e el T1trated wrth mercury mtrate standard squtlon
- S(:)'4"'5“ SR Measured banum sulfate wrth drrect readmg balance
As ' _. 3 Used 6B type spectrometer :
R Sibz'- ERY : 'Measured with. drrect readrng balance (gravrmetnc analysrs)
e S102 ;'. E e '"l otal-srhca was measured by colonmetnc analysrs.

‘ 'f?Temp( C) Us_ed A6000 Model, "l"al_{ara'; A

2-2 Temperature Measurement of One Meter Hole SR e

o The bottom temperature ofa shallow hole, in: general would be affected by surface

.condrtlons such as altrtude of locatron, atmosphenc temperature sunshme hours mﬁltra— :

tron of ground water and other surface f actors T order to instire’ the umformrty of

measurement condrt:ons the locatrons of erghty three (83) holes werc selected at the .

foliowing places (Table 11-2-1). | |

' '1_) " Plain ﬁeld and slope facmg south—west were chosen to receive equal sunshme hours. |
2 Avordmg fcrest and shade of houses, grass freld was selected '

: _,_'3) Avordrng ill effect from 1nf" ltratron of ground water site was selected at the hrllsule of
: 1rr1gatron channel ! ' '

. LAy Freld sprmkled wrth water was avoxded

~20-



Phbto’graph B _

(Geochemical Suivey of Traverse Survey) -

Fig... 22, '-Photogrép'.h o

(Geothermal Survey of 1 m Depth)
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In case of low latrtude and high altltude p}aces hke the Buguras area, 1t was consrdered
that bottom hole temperature of one meter depth mrght be affected by atmosphenc tem— :
__ perature. Hole No }3 was therefore chosen as a reference standard hole A]most hourly :
.varlahon of bottom hole and atmosphenc temperature were observed for several days as .
shown i Frg II D 3 Observatron of the standard hole revealed that the bottom temperature
' d1d not encounter any mgnrﬁcant change and was therefore valued at 23 2°C w1th no correc—
- tion made erevwse it was deemed not necessary to make any altrtude correctrons for the
change would be mrmmal Aitrtude correction in I apan where the holes are srted at over
i OOOm above sed level would be 0 4 0 5° C per IOOm change of elevatron ' _
The value of the bottom hole temperature obtamed showed a normal drstnbutron
' (Flg II 2—4) SIX (6) holes are over 27 0 C and are con51dered srgmﬁoantly anomalous
' The average temperature 1nciudmg the anomahes came up to 21 3° C whrle excludmg the -
anomahes the value is 20, 8°C and its standard devratron is 2. 0 (Frg II 2 5) '

A senes of 1sothermal hnes were mapped as a resuit of the survey There were frve (5)

S _drstmct temperature groupmgs made The map glves the followmg mformatlon

_1) The hrgh temperature aones appear at or around geothermal mamfestahons as a whole

) and low temperature zones are s1tuated 1n the north the south and on the east of the sur— |
'veyed area 1nd1catmg that these zones are far from the heat source ' _ _

2) Four (4) drstmct hlgh temperature zoncs were observed trendmg east to west mferrmg S
the same drrectlon of the hot water ﬂow ' ‘ ‘ - o _

3) 1 Each hrgh temperature aone however occurs from the east of the Agno nver up to the _'

. road. The eastern end of the zones is noted to be parallel fo the Ievel contour lzne of
'I400mASL . T e Ca _ .

; The facts mentroned above grve us the followmg 1deas on the geothermal system m o

. the area

i 1) The lngh temperature zones extendmg east to west 1nd1cate ﬂow d1rectron of hot water _
. near the surface ' _' o R BT
) The low temperature zones whrch appeared at the north south and east of the area are

: consniered to be normal surface temperatuies in the area and suggest that these areas are far

: from the heat source

" 3) The iow temperature zones at the north and the south therefore showed that the hot S
: water ﬂow did not exrst near the surface or is srtuated at a deeper place in the area o

' 4y The fact that the castern end of the hrgh anomalous zone comcrdes wrth the 1 400111

.——"21 —



_ 'contour hne of elevatron, is md\c-rtwe of the water table in the area. Tlus suggests that the
water table possmly becomes deeper toward the eastem srde, as an effect of ehanges in topo-
graplucal condltrons , ' " . - |

_ Consrdermg the facts mentroned above 1t 1s recommended to drrll deeper 1n order to

' ._ penetrate the aqtufer whenever the dnll srte rs estabhshed above 1 400m On the other |
hand the geothermal ﬂuld would. ﬂow out from the wellhead durmg drrlhng operatron even

_on shallow depths m case the dnlhng srte 1s loeated below 1 400m AS. L

2-3 Geochernrstry of Hot Spnngs - _ N - . N _
Almost all of the exrstmg geothermal manrfestatlons located m the area were roughly

' surveyed and therr locahtres were connected mth a base pornt (BM-vl) and mapped As

shown 111 Frg II 2——‘5 all mamfestat1ons are dlstrrbuted at the east and west bank of the Agno -

. Tiver around the area of Bugluas Central _ _ L '

B _ The geothermal mamfestatrons m the area are charactenzed by hot water flow and gas '

bubb]mg pools at some areas Smter deposrts whrch are mamly composed of calc1um car—

bonate are drstnbuted around the whole area of manrfestatron The general features of hot :

s prmg actrvrty is shown m Table II~2 2 Of these samples erght (8) warm spnngs (No 1 3 4, .

" -5, 6 9 10 and 13) were taken and four (4) of them (No I 5 7 and 10) were also selected
_ for gas samphng One (l) creek sample No 15 and one (1) cold ground water Were taken at

eastward of Buguras Central

. The temperature and pH value of hot water were measured durmv the samplmg at the

' .'sne by an alcohol thermometer, a therrnrstorA 600 Model and pH meter HM lK Model

Samples taken were accommodated in 3 000 ml polyethylene vessels and some of them were

‘_ modulated to pH 2 by addrtron of HCl These samples were brought to \ apan for chemr-
cal analysrs Gas samples were taken in gas collectors and sent to B. E D laboratory for gas
analysrs . ‘. oo

7 Fhe temperature oi‘ hot water wlneh ﬂows out trom eracks of rocks and travertme :

ranges from 40 C to 71 C. The freld pH values are from 6 1 to 8 1 measured w1th a pH
portable meter Some of the hot sprmgs (No 1, 2 5 7 9 and lO) are assocrated wrth i

: moderate gas bubbhngs ; _ -

' The gas is mostly carbon droxrde (COZ) w1th almost nrl amount of hydrogen sulplude |

- (HZS) Usmg Krtagawa type tube method of freld analysrs 1 5 ppm H2S was recorded and ‘

¢ earbon droxrde was over 97% of the total gas content consrdermg from absorptlon rate 1nto :

e
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