: =area it is red to orange m f'llse oolo

'fshde areas, [‘he rivers and creeks sho_

smooth and the remstance 1q low 'I‘hls umt shows topography of old age and 1s mterpreted as

E 3conelstmg of metamorphlc rocks

: Stratlgraphy VE: e

"'_the Klondyke formatlon quch consmts of.Mldd}e Mmcene sedlmentaly rocks the Rosano for—-

1

_matmn (Upper M1ocene Phooene sedlments), and the Baldtoo plug and Terx ace dep031ts of lower 3
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' _:these rocks transrtronal to the Pugo formatron, whlch consrsts of metavolcamcs and metased1~ :

' ments. MMAJ " | ICA (]976 1977), on the basrs of K-Ar radrometnc datmg, consrder these rocks

as having been metam_orp_h_osed durrng _lateCretac_eous and;henc_e.ar,e _o_l_der th_an_thel’ugo_ fo_rma- -

tion.. U I _ |
. Typo locallty Itogon Mumclpal along the ltogon Dalupmp road at Twm RIVEI' vﬂlage

Strat1graphrc rclatrons Thrs formatron is in fault contact wrth the Pugo formanon and is

‘intruded by the Itogon Quartz dronte Daluprnp metamorphlc rocks are found as pebbles m .
conglomerates of the Klondyke formatron whrch unconfor mably overlres tlre Dalupmp forma— .
tion.: ;. '
Tlnckness unknown _ : O
Drstrrbutron in a. NNW -SSE zone extendrng from the west of Dalupmp to the v1llage of
“Twin Rrver '

Lrthology and Structure: thls formatron consrsts of. altematmg layers, scveial of tens cm

' thrck of dark actmolrte schnsts and hght to dark green groenschrsts The contact between two
- layers probably corresponds to the ougmal strat1frcatron of the schrstose rocks DT
’I‘he dark actmolrte schrsts are hard and compact and fme to’ medrum-gramed The frne- :
gramed facies resemble black sch1sts derwed from mudstones _ R EEY
Among the gieenschrsts may be drstmgurshed megasooprcally, dark green (epldote) chlorrte 3
. schlsts green (epldote)_,sencrte:— c__hlonte _schrsts .a__nd lr_ght _grecn_ (eprdote) chlo_nte,_ = sencrte»_
.sclnsts S , .‘ o R ; | .- |
T he schlstosrty has a NW SE to N8 dlrectron and a more or less steep drp to the E or W
| These metamorphrc rocks are m fault contact wrth the Pugo formatron on the western

side, and are mtruded in the northem and eastern srdes by the Itogon qua1tz drorrte _The

B Dalupmp metamorphrc rocks are found scattered m a NNW drrectron as xenohths m the Itogon
'quartz diorite. Beyond the southern hmrts of the mvestrgated area, metamorphrc 1ocks (prmcr- )
pally amphrbohtes) wrth a NE SE schrstosrty are drstnbuted in the NW SE dlrectron They -
have tault contact wrth the Pugo formation on both srdes (MMAJ -J ICA 1976)

_ Observatron undcr the mlcroscope eprdote—chlonte-actrnohte schlst (Frg II ‘1

: bamples No. A 138 green- schrst (accordmg to ﬁeld observatron) located 3 km East of Itogon

'Mumcrpahty Bandcd structure appeanng clearly'under the mrcroscope porphyroblastrc texture.:if

'Plagroclase > Quart7 > Actmolrte > Chlorrte > Eordote > Sphene Two type of plagroclascs

-are observed (l) coarse-gramed (near drameter (] l mm up to 1 8 mm) 1d10morphlc or hyprdro- |

.morphlc granu]al to short prrsmatlc anorth1te~r1ch grams and (2) ﬁne (+0 03 m/m) xenomorphrc' N

_.grams of albrte-rrch plagloclase Quartz forms ﬁne xenomorphrc grams (O 03 m/m) showmg
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uhdtﬂatory ex’tinct'ibn Actinolite forms fibl'bus' ‘idiébllasis up to 0.5 r'u/.m' in length, and is often
found mterlayt,rt,d w:th chlonte Epldote also shows an 1dlomolpluc h'lblt
Age the general schlstmlty of these metamorphic rocks is dlscordant w1th thc duegt;on of :
emplfscemmt of ]togon Quartz dloute and becomes harmomlc near the cont’xcts with the quartz
' dlonte Fmthclmom outs1dc the limits of the mveshgqted area, the metammphxc rocks are not
in contact with ltogon quartz (horlte but with the Puge formation. Thercfone the Dalupmp |
_ n1etan101pluc rocks have no genetlc 1eht10n W1th the Itogon q11a1tz dlonte wlnch they predate.
' Moreover, an funplubohte 10<,ated at about 8 km south of the survey area g,twe a k- A1 radiometric
age of 80 6 + 20, 6 m.a. (MMAJ-JICA, 1977).. Thc metamorphism is thus consxdcrcd to lmve |
taken placc in late Cretaceous (BCI, 1976)

l~—4—_—2. ‘ Pugo_FMmation (Pu) ‘ _

Pfeﬁious ’studiei: Peﬁa,' (1970) and Pefa and Réyes (1970) used this formation n‘ame_for
Illétﬁvolcalliés‘aild metasediments that were called “Pugo Series” by Schafer (1954). The litho-
stratigraphy and st'n}ctur'e.of_ this formation have beeii déééribéd in detail by MMAJJ ICA (1976,
1977) under the name of Caraballo group. According to these reports, it 'co_nsists_ mainky of basal-
tic and andesitic rocks with associated sediments, folded in th:e'N—S direction.’ Its age is con-

sidered to be Eocene-Miocene on the basis of its‘relét‘ioné. with intrusivé rocks. On the contrary,
B.C.L (1976) and Balce et. al. (1978) consider it to be C're.’[a‘ceo"us —-'Oligocene

Type locality: Road between Laboy :Bridge (along Ambuklao Road) and Ambuklao Dam,
Itogon, Benguet

'Stratlgi‘aphic'rélat_ioﬁs': Unconformably covered by the Columbus formation.

T hwkncss unknown.

_ D]Stl‘lb_l}tlon This formatxon is largely d1str1buted in the N—-5 dlrectlon along Agno Rlver
" and nmthward from the left bank of Laboy Rwer

thhology and Structure: The' Pugo formation consists p1mc1pally of ddi‘k green to green

andesitic and dedltlc volcamcs associated with thick intercalations of grey to light green sedi-
ments and gleen sedlmente These rocks are characterized generally by chlorltmatlon silicifica-
tion, and hardness. _

"The andesitic tocks consist of pyrocldshc breccaas lapilli tuffs hya!oclast;tcs and ldvas
Thcy are pr()dmts of a volcamc actmty chdmctenzed by the extrus;()n of lavas of basaitlc ande-
: s;te composxt;on The volume of basattic rocks cons;stmg of pyrodastxc breccras and lavas is
_ small gomp'n’ed to ﬂldt of the andesitic rocks. Pl]IOW lavas may be Observed on the left: side of

Agrio River, 5 ki East of Itogon. “The sediments consist of siliceous sandstones, tuffs, congio-
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Fig. I-1—5  Microscopic photo of Dalupirip Schist (A-138)

ac ; actinolite, ch; chlorite, Q; quartz, pl; plagioclase

Fig. I1-1-6 Mlcrosaopw pheto of Altered 'm(les;tc of ZIgzag Formation (B-127)

dc,dctmohte pl; plagloclaqe epi; cpldotc






~ merates and shales. They a1e ehloutrzed to the same degree as the volcamc rocks They exhrblt
alternate stratrflcatron wrth a layer havmg an a\rerage tlnckness of 0 I meter The conglomerates

'contarn fragments of mtermedmte srzes, some of wluch are derrved frorn cherts, but those derrved

o .from metdmorphm rocks were not observed Pflraselusts belongmg to the Pugo f ormatron are.

drstrrbuted wrthm a mrrow N S zone along Agno Rwer, south of Etogon Dalupmp road They )

;ne found mterlayored wrth andesrtrc lavas and are probably derrved from pyroc]astrc rocks '
Wrth respect to the structure of tlus formatron the rhythmrc bandmg of the sedrments chp

: . more or less gently eastward or westward thrs formatron 1s thus folded However because of -

.mtruswe rocks and faults 1t 1s drffrcult to tnee out contmuously the successron of roek types

therefore the mternal str’rtigraphy of the formatron remams unclear

(Mlcroscople photo) Sample No B 127 altere(l 'mdesrte (Prg Il ln-6) A

-4 3 Columbus Formatron (Co) _ S : RS . s
Prev;ous Studws thrs format1on named by MMAJ -J ICA (1977), is reported]y of Ollgoeene

age on the basrs of forammefera occurrences

Type localrty upper part of Columbus creek in the SE. of Itogon Mumcrpahty

_ Stratrglaphw relatrons th1s fmmatlon lies unconform*lblv on, the Pugo: format1on and. is
‘meonformdbly overiam by the Zlgzag format1on ‘
,Threkness 200 mt. " : _ _ :
;-D1str1but10n at several hrgh places scattcred m the SE part of the area. -

Lrtlrology and structure thrs formatron begms wrth a basal conglomerate and consrsts main-

ly of masswe or breccrated whrte to blursh—whrte hmestones locally assocrated wrth tuffs. Th1s
formatron has a general N~ S drreetron and is sl1ghtly folded _ _
The conglomerates of the lower part of tlus forrnatron eontarn fragments of metavolcamcs |

and metasedrments derrved from the Pugo formatlon whrch is unconformably covered by the .
' Columbus formatron The sttdtﬂ'led layers of the Columbus lormatlon is cut by the 71gzag
formatron The latter formatron is thus eonsrdered to lle unconformably over the Columbus
formation. : o . S b | ) _

L Agé- thefollowilng_rnaeroforarnlnlferas;were'_obtairred,t."ronil':rnas_si\_f'e_Elimestone (MMAl-JICA’-. o
! ., Sp1roclypeus Ieupoldr van der Vlerk Nephroleprdma sp Euleprdma monstrosa Yabe

Amplustegma rd(lrata they denote an Ohgocene age

R 4 4. ngzag formatron (51)

Prewous studres Leith (1938) gave th1s name to well stratrfred sedrments oceurrmg in the
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-. upper stream of Bued Rwer and consrdered them as mrcldle Mlocene in age.- Pefia (1969) and
-Peﬁa & Rcyes (1970) tavor a l'rte Ohgocene e mlddle Mlocene age Balce et al (l978) a late
Ohgocene = early MIOCBHB age, and Santos (1982) an Ohgocene to early Mlocene age _
Type loeallty Along the uppek stream of Bued Rwer, ‘lI'OllnCl Zlgzag, on Kennon road Tuba :
flMumcrpallty (outs;de the lnmts of the 1nvest1g'1ted area) IR R SR

Strat1grapluc lelatrons thrs formatxon has been 1eported as bemg uncomformably overlam

:_bv the Klondyke formatron near the type locahty of Bned Rwer wlnch is beyond the lnmts :
-.of the area Tlre relatlons between Zlgzag and Klondyke can not be observed duectly i the area
: but fragments de1 wed from ngzag form'mon are observed in the Klondyke formatlon The Z1g~ :
'z'rg formatron is. mtruded by several bodres of mtruswe 1ocks namely Itogon quartz drorrte
‘ Antamok dlonte Vrrac granodlonte and by quartz dlorlte p01 phyry quartz dlorlte complexes _
assocrated wrtlr porphyry coppcr deposrts
Thrckness 1 400 mi i ‘ U _ _
D1str:but10n Around the: Acupan rnme ‘in the Southwestem part of the area and in the moun- _
' tams around Columbus creek ‘in the Northeastern part |

thhology and structure th1s formanon cons1sts of; green to clark grey andesmc volcamcs

and green to llght green tuffaceous sediments One characterrstrc of thrs formatron 1s the! strong .
propylrtrz‘rtlon whlch closely rcscmble those of the so~called “Green tuff reglon of Neogene |

' age 1n North-East Japan All the colored mmerals in the volcanrc rocks of thrs formatron have

been replaced by alterat;on mmerals and. the: mmeral morphologies are d1ff1cult to recogmze

-';zThe andesmc lavas occurrrng i eruptwe complexes as seen around Acupan Mme have been .
C'illed Emerald Creek andesrte by Schafer { 1954) 'md BCI (1976) The tuffaceous sedrments of
"this formatron are characterlstical!y stratlfred wrth beds varylng in thrckness from 0 l to 10 .
meter The fresh parts are gréen to-dark gréen in’ color whlle the weatheied parts show the
. brow_n color;of the _so-cailed -choco-;tuffs The strat1f1cation generally strlkcs i the N- S

' diredtion; it is slightly folded.

1 %4;-'5 Klondyke Fonnatron (Kl) | ‘
Prev1ous studres In the fnst Lerth (1938) uscd the formatlon name for the thlck pyroclas—_ _
- tlcs and conglomerate exposed in Camp l to (‘amp 3 along the Kennon road Aftel h1s wor k tlus
i fornntlon name has been used for thc same formatlon by C01by et al! (1951) Durkee and
| Pcderson(l% 13, Balce et al. (1979) and Santos(l 982) Peiia dnd Reyes (197l)named Klondyke
: congiomerate for tlns form'mon _ _ o _

Th1s -Teport uses Klondyke lormdtron to follow the for matlon nanie. of Corby et al (195 l)

et al
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Pena and Reyes (1971) thought that thls formatron was collated w1th the Mlddle ~ Upper
Mlocene age by the stratlgraplnc 1elat10nsh1ps but the recent studres after Balce et al (1979)
tllmk it'to be collated with the M1ddle Mtocene age by the data of fossrls "'-:

E Type Locahty, This type outcrops are exposed in Camp l to C'lmp 3 along Kennon road
Dlstnbutroq This formatron is. w1dely occurred 1n the westeln central par ts m thrs survey

ZII’C‘!

Stlatlgraphre relatrons Thrs format1on is overlam by Mxrador leestone in unconformabty .

-what is reported in the western smle of Trmrdad by Peﬁa (1969) et al

_ Tlns formataon 1s unconformably over lam ofl Antarnok drorrte and a porphyry copper.
dcposrt in & northern branchmg 1oad of the ‘Anbuclao road Tn the: other parts the contacts o
| between thrs formatron and others are faults and mtrusrve 1elatlons _ N _

. Th1s formatlon is mtruded by Vll”lC grdnodmrrte (K A) age; 5. 20 * 0 '53 Ma), hornblende-
' ande51te porphyry (K Ar age S 76 £ 023 Ma) and rnzcro drorrte bodies _

' Thrckncss about3000 m p e o - RS A

Lrthology and Structure * The Klondyke formatlon consrsts pnncrpa]l ¥ of pale ‘green to :

: dlrty gray andesutlc pyroclast1cs and conglomelate assocrated wrth sandstone mudstone and
andentc lava o _
Tlus formatron s charactenzed by thrck volcamc conglomerate and thlck conglomerate
“and they consist wrth clasts of plutomc rocks as qtz diorrte tonahte and dlorlte ' .
_ The hthologles are! changmg from finef materlals in the northern parts of the Ambuklao '
1oad to coarser tmterrals m the southcrn parts and the relatlonslnp of l1tholog1es is the 1nter— -
'fmger one: . o e : ' _ _
¥ T he lowest sequence of th1s formatron is observed that the l)asal conglomerate is overlam
: by the altcrnatron of tuff and mudstone in the northern part of the Anbuclao road The basal o
| _ conglomerate consmts w1th the angular clasts of qtz drorrte porphyry in the 50 cms horrzon in
' ;thrckness ovel the dlsconformable contact wnth green copper bcarmg qtz dlorrte porphyry The
' upper members on the above mentroned sequence are composed with’ alternatron of conglo~

merate; sandstone laprllr tuff tuff and mudstone with the thickness of about i 000 ms inthe -

- finer maternls area l"hercfore ‘the contacts between thrs foamatlon and the others are observed G

to he:-the fault .one’ and the mtruslon one in- the coarser materrals area: The members in'the
.coarser materrals area are: mamly composed of volcamc b1eccra tuff brecc1a and: volcamc conglo-_
: _mcrate accomp'rmed wrth lapllh tuff conglomelate tuff sandstone and. mudstone _
| The hyaloclastrte lava ot px-hb andesrte, the :mpressron fossrl of a btvalva and trace fossﬂs

are observed in the upper steam of the Antamok mme

93 -



lln genérally; the strikes of this formation are trelldinlg:N'WFSE to NF*SW with 10°, ~ 60°
in (llpplng, ‘md tlu, beddings are represen ted as thc hdlf basin structule openmg to the west side
. and as gently folded structure with E—W:to NE—~ SW of fold axisand 2 kms to 1.5 kms of wave
length, _ _ _

< Micmswplc photo > Sample no. B 6 homblcndc anclesm(, tuff bleccm (Flg M-1-7).

im Thls fonmation is unconfmmflbly OVLl‘l'lm on Itogon qtz dlorlle (K- Az 1gc 21.94 &
_ 0.93 M'l) and the porphyry copper mineralization, and this formatlon is lntrudt,d by hornblende
“andesite porphyry (K— Ar age ; 5. 76 0, 23 M’l) dnd Virac granodlolite (K “Ar age; .5, 20 0,33
Ma). Balce et al. (1978) and San_tos (1982) correlate this formation to be in thb Mlddle Miocene

age. Accorclingl'y, the age of this formation is considered the Middle Miocene age.

144—6_- . ﬁaiafdc-Plug

Previous studies : B.C.1. (Benguet .C'(')'ol:)eratio‘l.]: Industry, 1970} and Pefia (1974) used the:

name of “Balotoc Plug” for d_acitic pyroclastic rocks in which the gold veins of the Acupan mine
occur. Thercfore, B.C.1. reported the dacitic pyroclastic rocks in the'mine OCC;llr as diastream-

o like in'vcrtically..- : o

- Type locality : at the:Acupan mine and the upper stream of the Itogon bridge. ..

S'tratigraphic relation : This plug is composed of the clasts of Virac granodiorite (K—Ar age ;

520 0. 33 Ma) and it is mtrudcd by cIac:tc intrusion (FlSSlon track age ;1.0 Ma).
: QLs.wt_gp_L_l_At_ggph: at the Acupan minc and the northeastern patts of the Itogon town. -

T_h ickness : more than 700 ms

_Litholdgy and strtl.c'ttire : This rock facies are compose:d of pale green to light gray dacitic -
lapilli tuff and tuff breccia. This l"ocks are consolidated well. The clasts of these =pyrociastics
consist. in g,ranodlorlt(, hornb]mde andesite porphyly, hornbluldu qtz diorite, hornbien(le
(]IOl’lfL Lorblendite and dacite porphyry '

- In the Acupan mine,.the member of tuff brcccm is distributed in the outer zone of Bdldtoc

© plug and the member of lapilli tuff is occurred in the inner zone of it. The aboved mentioned o

evidences:might show that Balotoc plug is formed as a {,ruptlon vent and collapse of ‘eruption .
vent in- about. I km: of dmmtel

Thereforb the. same rock facws are dlstrlbuted with 0.5 kms of diameter at the upper
‘'stream of the Tfogon brldgu and- w1th 0. 3 kms of dldﬂ’lLle’ at the northern part of Itog,on fown.
Tlu, former plug is na:md ltogon plug by this sunft,y _
| T]]LSL thrw plugs align NE SW tlendmg, and tlu, allonmx,nt is para[lcl to the southeaqtern

margm of the deill for Klonc[yke formatlon
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Fig. i1-1-7- Microscopic phoio of Andésitic tuff breccia of Klondyke Formation (B-6)
and br; inclusion of andesite, hb;hornblende, pl; plagioclase, ep; epidoté,

mo; montomorillorite, ca; calcite
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Age Thc rock facres look that the age of this plug is the Neogene age Although the dacrte
clast in the smallcst plug is determxned 0.82-~ 0 84 Ma and the dac;te mtrusron mtruded in"
Balotoc Plug.is dctermmed 1.0 Ma by the flsSlon tI"le method Accordmgly, the "tge of plugs

are presumed to bc the Pretstocene age

1-5 Geologlcal Structure __ _ |
Geologlcal strueture of the mvestrgatron area is emphasrzed by a N S trendmg block wrth
minor drslocatron caused by NE= SW and NW= SE fractures and is par allel to’ the general trend
of northern Luzon Island (Flg 11— 8) _
e The N -3 tlendmg block is uphfted at the central part of the survey area:and is accompamed
by two subsrded zones on both sides of it. Geology of the central uplrfted zone 1is compnsed of
Dalupmp metamorphrc rocks Itogon quartz dronte Antamok drorlte and Pugo formatron
: erewrse that of the eastern and the western sub51ded zones are comprrsed of Pugo formatron
| ,Colombus formatron overlymg the. Pugo formatlon and’ ngzag formatron (the former), and of -
Zlgzag formatron Vrrac granodrorrte and: Klondyke formatron (the latter) At the boundary
between the central uplrfted and the eastern subsrded zone are the dyke. swarms of quartz dronte |
wrthln Pugo formatron at a few meter 1nterval whrch occur at the northern part of the survey
" area, and chlorltrzed ZOones mtercalated wrthm Pugo formatron at the southern part of the survey
area : . ;! L .
’I‘he uplrfted zone extends aiong Agno Rlver to the north and accordmg to the Landsat
,nnage it would rcach thc western uphfted zone of. the Buglus district. However both NW bE
' trendmg scrstosrtles within I)alupmp metamorphrc rocks and. N-=S to NNW SS[‘. trending holla-

tions wrtlun Itogon quart7 dlorrte are accordant with the general trend of the central uphfted

'zone

At the. eastern sub31ded zone Columbus and Zi 1gzag forrnatlons overlymg the Pugo torma-
tron are, exposed on the. ndges almost horrzontally Thrs same structure is also seenl at Doklan
arca where ngzag formatron spreads more wrdely and Pugo formatron does not occur any more
Thrs eastern subsrded zone extends to the cenlral subsrded zone of the: Buglus drstrrct The
:westcrn subsrded zone is geologrcally composed of Klondyke formatron Wthh is younger than
the Z1gzag formatlon and thrs basrn is structurally open to the ‘west. _

_ Fractures.arc concentratcd at the perrphery of the central upllfted ZOne. bspeclally, _the
fault structures of NW--SE, Nt-' -SW, and NW-SE systems are promment at’ the southeastern :

northeastern and the nmthwestern reglons respectlvely

. . 25. -



The t‘ault structure mnnmg from north to south ftt the eastem limb of the centrai uphf ted
' 'Zonc controls the eruptlon of the hot sprmgs of Lftboy ‘md Dalupmp leemse Klondyke hot
: sprmg is: located on-the southwestem extensmn of the- hot sprmg al1gnment of Itogon—Acupan
'mme "The NL—SW trendmg geologlc'll structutc around the Acupan-ltogon area is-descr lbt:d
©as follows Flrst ‘the ahgument of 1-km dlametel B’tl'ttoc plug, 0. 5 l(m dnmeter ltogon plug, .
'-and 0. 25 km dmmeter plug at nmtheqst of Itogon plug shows the lmesments of the NE SW _
' trendmg Secondly, the southern cnd of: the senn basm structure formed by the deposmon of

| Klondyke formatton has NE SW trend;’ and the general stuke of ore veins at the Aeupan and the -
! ltogon mmes qlso shows this same trend. ( th II—l ‘~8) Consmlermg the -ages of Klondyke forma—- :
. : tion Vlrac granodlorite 1nd Bahtoc plug, ,wlnch are nuddle Mlocene I’l1ocene ancl Pletstocene
respectwely, thls NE SW. trendmg structute has been actlve to pom hot spr mgs singe. at least
: mlddle Mlocene age. But concermng about the dreal extent “this structure seems to be confmed
_"w1thm an, de51te of- ngmg form'ltion Vlrac glanod lor1te and Antemok gl‘dl]OleI‘lte as the ore :

vcms at the Acupan and the Itogon mines do not occur within the Itogon grdnod iorite. And ‘this

mdlcates thdt the fractures whlch make p'iths for the c1rculatlon of geothel mdl aquifer do not

: ‘occur wnthm Itogon granomorlte

1-6. Igneous Aetlvity ERE . . _ T
- The 1gneous rocks observed in the area mclude basm to ac1d iC volcamcs and mtruswe rocks
The stages of.i 1gneous actmty in chlomologlcal orde1 dre (l) pre tert1a1y submarme volcamc
actmty that gave rlse to basalts and andemtes metamorphose(l in late Cretaceous dge to actmohte
and chlorlte sch;sts (2) submarme volcmlc actmty, represented by the basalts and andeSites that _
:-constltuted the Paleogene Pugo format1on (3) submarme volcamc actmty that produccd thc
‘ dndesates ot Upper Oligocene — Lower Mlocene Zlgzag formatlon (4) Mzddle Neogene mtrusmn |
_-:ol’ ltogon Qudrtz. diorite’ and Antamok dlorlte (5) Mlddle Mlocene 1ntrus1on of quartz leI‘ltB
N porphyry - quartz d;onte complexes (6) submarme volmmc actmty showed by small amounts
- of andesut;c mater]al in the M:ddle Mtocene Klondyke format1on ('l‘) late Neogene (Pllocene)
mtrusmn of Virac granodlortte and dnde51te porphyry . andes;te porphyry complexes and (8)

Plelstocene act;v:ty that produced’ the qua:tz andes1te pyloclastlc rocks of Balatoc plug 'md

. quartz dndes;te dykes
I.—.G -1 Intrus:ve Rocks -

D Itogon Quartz Dtonte (It)

Tlus quartz dlonte body was lnthcrto mcluded together with. Vn'ao glanocllorlte and

<26
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Fig. 1-1-9 Miéroscopic phofo of llogon quartz diorite (A-174)

Q: quartz, pt; plagioclase, hb; hornblende, bi; biotite

Fig. 11-1-10 Microscopic photo of Antainok diorite (A—.14)

'c_h; chlorite; Q; quartz (sccondary)






=Antamok dzomte ‘in the so cal}ed Agno Bathohth (Peﬁa }969) It extenda northward from the

south of Itogon, w1dens in the v1cm1ty of Ambuklao Road and ramlfxes in the NE and NW

- dlrectlons ' _ : _ el _ o

The rocks are: leucocr'ltlc genelally mdaswe and ]ocally fohated The texture is medlum-

- gramed holocrystallme The constituent mmerais a:e hornblende and blOtltB (hb > bl), piagxo-

clase and quartz (PL > Q) Tlns body consmts of quart? dlorite w1th a color mdex 1round 15<

'~(quartz dtonte > tonahte) Character;stlcallv thls body is assocwted thh iocal and weak copper o

'mmerahzatlons st ° RN

_ Tonahte occurs prmcxpaliy in’ the VIclnlty of Ambuklao Road where the Itogon body 1s

.. w1der a tonahte sample (A 202) taken along tins road ylelded by K—Ar rddlometnc method an
‘.age of 21 74 m a; (end of eally Mlocene) On the other hand, thc quartz dlonte (F]g e 1—9) |

' folms a belt on the westem s:de of Itogon body, and a samp]e taken near Itogon yze]ded a K-Ar
age of 17. 9 £ 0. 9 m.y. (eariy Mlddlc M1ocene) o

Itogon quart.-: dionte 1ntrudes thc Zlgzag formatlon and is unconformab]y covered by

Kiondyke formatnon Thn body was formed by lntrusmn of blohre hornb]ende tonahte followed
blotlte homblende quarta dlonte from the end of early Mrocene to the begmmng of Middle
::‘""M1ocene A central’ elevated zone was formed by the mtrusmn of thIS body

- Inthe wcm;ty of Itogon gold prec1p1tatlon from ]ngh temperature geothermal flulds does
not occur w1th1n the quartz dlonte due to its 1mpermeab1hty to hot w'lter c1rculatlon
.2) Antamok Dlonte (An) (F]g Ti— lin) B _ ‘ ‘

T his d1or1te named by Schafer (1954), is the fn"st body to have mtruded the Tain bluk of _
' Agno Bathohth It occurs m the v1cm1ty of Itogon mme and as'a zone elongated in- the NW SE
orN-§ dn‘ectron on the nght srde of the upstream of Laboy: Rlver et _ e '

These rocks are melanocratlc masswe wnth a coarse—to medlum—gramed holocrystalhne tex-
turc They mclude homblende d10r1te (+b10t1te +quartz) and hornblende gabbro (+b1ot1te
+quartz) . _ - :

" This body mtrudes the Zlgzag formatlon and is unconformably covered by the Klondyke
: formatlon The reiatlon of this body w1th the Itogon body cannot be d1rectly observed how- :
. ever, these fwo bodles ‘are consu]ered to form a plutomc serles because the ferromagnes;an
mmerai assemblage and the coior mdex of Antamok rocks do not differ very much from that of
 the basrc rocks of Itogon (MMAJ JICA 1977) 3 _ S
¥ However the occurrence of gold vems w1th1n this body in Itogon mme shows that there B

: ex1st,_ Of once ex;sted, in this-body, .ﬁssure systems that.are-favorable to geo_thermal ﬂur_d cireu- -

R



~ lation, .It' is there_t‘ore necessary to further _inveétigat_e the relétiohs between Antamok and Itogon
bodies. | I
3) lert.z diorite porphyry - quartz diorite'complexes: (Fig. {1-1 ;—l 1y -
| , T_hese complexes oceur as two stocks, 2 km in diameter, in the SW of Acupan mine, and in
the Lipﬁef patt of Laboy river.

The cdnétitﬂeﬁ_t rocks are lei_ncocratic, with a fine-grainéd ho'lolcrystailine texture. These
ro'ck:s_ afé' hornbl'eri:de quartz di_o_rites and quartz =dli_'orite po'rphyﬁes (tbiotite).- T'hey are Cham_cter-.
istically sericitized, and are associated with porphyry copper deposits and related gold mineraliza-
tion. _

| ~ This body intrudes the Zigzag formation and Antamok di:orlite, and jis un confon'nzibly over-
.lain by the Kiondyke formation. It is considered therefore to have intruded 15 m.y. ago (Middle
Miocene).
-.4) Virac grano_diorite: (Fig. H—1-12)
The Virac granodibrite, togethér with the Itogon quartz diorite and Antamok diorite, .is a

m_ember of the Agno Batholith, Itis dis’t‘ri_buted,. ina horseshoe shape, around Acupan mine..

- The rock is_ slightly_g_ray, }eucdcrat_ic and nlassive; w.ith a Iﬁedium—grained, equant, h010».
cr),;stallinc texture. It contains augite, biotite and hornblende, plagioclase, orthoclase, and a small
.amount of quartz. A special feature of this granodior"ite is that it contains NUIMerous xeholiths of
fine-grained gabbro.

This granodiorite is intrusive in the KIohdyke-form'ation' and is subé.equently' intruded by
Balatoc p_lug. A radiometric age of 5;2 m.y. (Early Pliooéne) has been obtaincd by K-Ar method.
The Virac granodiorite constitutes the host rock of the gold-bearing veins of Acupan Mine,
and contains NE—SW fissures where hydro=the'rmal fluids circulate., A part of Acupan Mine hot.
waters alsé springs along gold-bearing veins located in this body.
5) Andesitic,f’orphyry -~ Diorite porphyry corﬁplex .
This ci)mpléx consists of andes.ite 'and diorife po_rphyries. It is Iocat:ed. in the vicinity of
Bécoerlly Mine and Baguio gold mine. It constitutes the host rocks Qf these mines. .-
6} Dykes of andesite: | |
- These dykes oceur on 'th,e western flank of Balatoc plug, which théy intrude.- They repre-
sent the inost. recent volcanic event in thé area. | _
: They} consist of gray, massive and’ cblﬁpacﬁ hornblendejquartz andesites. - The rocks of -
these dykes have not yvet been observed ih_the =v.icinity of the :Acupah Mine'beneafh the western

siope of the Balatoc plug. Therefore,'their relat.ionsh'ip. to the goid-bearing veins of the Acupan

— 28—



Fig. 1I1—-1-11 Microscopic photo of QL;értz d_i(_)ritc porphyry (B-125)
Q; quartz, pl; plagioclase, hb; hornblende, bi; biotite

Fig. [I—-1—-12 Microscopic photo of Virac granodiorite (B-39)

Q; quartz, pl; piagioclaéc, kf; k-feldspar, ch; chlorite, ca; calcite -









‘Table T—-1-4 Miérbscopia Observation

U A ' S . : Formation Name = '] . o o ' Phenocrysts | Groundmasses Lithic fragments 3 - Becondary Minerals .
: Sample NQ. - - Rock Name o ' or - . Texture ' ; - : - : : o T N N - ; T 1777 - - T
. - S L S Member Name - ‘ B : Q |kf{Pl| Bi |Ho|Au|Hy] Ot |[Op| Q| S8i|%f[Pi-|Bi |Ho Cpx[Opx| Ol {Op|Gl| Ba|An|Da| Tl.| Q | 8i | Cc |Ser Mon|SapChl [Kae|Act| Epi| Op |Zec| A
: A 14 ‘quartz-gabbeo: . o 'Antamol\dmnte subophitic © . . AT an'somy o e el og. S b | ' O g Eelgel -
=24 | -cataclastic quartz-diorite - : Ttopon quartz-donte cataclastic N ‘ e i 2] ' ) o-1Q ) L
'36 |- chlorite-actinolite-green sciist - ” “Dalupirip schist_ |~ schistose R BIENE @ [¢] N e [N el
- 44"} homblende tonalite R Tiopone quartz-diorite Latuclastic . T Ol i -1 : o o o A0
49 | mylonite - -~ & - - | Pugo formation mylonitic; : L i . ol 1. : 1 | K : [ Q|- O . O
61 [ andesite porphyry . Codyke o .7 1 intersertal or por‘phyntm @ [ . ‘ =] ol _dol: : : @ Te i 1O
i3 'b1ot1te‘homblende gmnodmnte Klondyke formation -{. holocrystalline equigranumiar elolelolos . . el . O
R . TR (pirtly cataclastic) - . . : : .
92 chlonte-abtmoiite schlst : I ‘Pugo formation ‘ylonitic or porphyrobiabtu, [8] ) O] ¢ ] 8] . o O
96 altered andesite : B - Pugo formation . - porphyritic - g - g I HB I . : A : 1©: S . o el ]
100 7 | miéro-hornblende dolerife : Codyke - ;o “.ophitic : 1l e | s - : B - : : L : : : 1S |-
12 Tapilli tuff ST TKiondyke formation | pyrociastic : . : | R [CHIEE o.1© [@) : ‘ BE
© 3 b:otltc—homb]ende granodnonte ’ Itogon quartz-dienite | - horocrystalline eqmgramnlar @ .elole] ol : o < O
Ch ) S b (partly cataclastic} - : ; : . )
B hornb!ende-an_dcsnt_e porphyry L dyke .- porpliyritic trachytic . O o © O . . R P T P L)
-123 ] altered andesite - . : j Pugo formation cataclastic ; .- @ BN 1B ’ © Q 1O Rl e
126 . { hornblende-gabbro- L - dyke ophitic {mainly, cutaclashc) o L . : T+« 1©f=-. 1
127 " micro-hornBlende- gabbro T | dyke ophitic {partly cataclast;c) © O o D e} FEE :
131 chlorite-epidote-actinolite-green ‘schisto Pugo formation: .. '} schistose- . [o] FEEEE ©
- 138 |- chlorite-actinolite- grcen s(,]usto : - 1. Dalupirip schist . -] -schistosg, . . . : . R : . e ] - I [€] Q RN [e]
141 | allered basalt -, -, - 1 Pugo formation “ophitic - = ‘ 3 I =2 : - 1T N E : R i Cei e o .
-150 biotite-hornblende- tonahte s . Hogon’ quartzvdnontc equigranular - B : Q| o|&)] < |0o7 I A : Rk i .10 Q
158 .| micro-hornblende-gabbro ’ - o dykel - | - ophitic 0 Q @) Q ] B : [€] ] SO
160 . |.crystaltufi:. = - . T .| Klondyke !"ormalmn pyroclastic . : © @] O+ L o
174~ | biotile-homblende- tonallte i ] ) Ttogon quartz dlonte “pranular. - 1@ G |o |of . R T 0 (O3 ECo 2 RN N U
183 . 'bmtnte‘homblunde-tona!;te R I e . porphyritic; !aolocrystallme o lo|lo |02 e} O Q| C |
190 “dolerite. R -] fdyke: ; -} “ophitic ] Jol [ ) o . 1o 1 1 O B olo g
B-.06 & augltcAandeSltlc tuff breu:m Klondyke fom]atmn 1 pyroclastic e | j B i R - B TR . . A
14 | alteréd basalt =~ | T Pugo formation , - ophitic . R ’ . v i Cbew| , : - . - o o [o]o} O
17 chiofite-actinolite-groen sehist Datupinp schist . :] scliustose E R 6B “To | ] I OV o @ &) + o] - 1o
25. | ‘hornblende-andesite . - T T dvke : infersertal - R i 1T To Cr BEE ‘ - @loto ® O [¢]
=29 [ Tapilii wiT s B : _ Kiondyke f()l'"‘ldll()]’l ‘pyroclastic . . . . - : : 5 = @ | o [} o [e) Dioje| |- ool e
34 | andesitic fine fuft - - : T do T pyroclastic™ ‘ . 1 ‘ [5) & s ) 1@ -+ 19O o
.37 | micro-hombleade-diorite R ’ stock . “granular ~ subophitic ¢ S o : [8) B . s :
~ .39 . |" biotite-hornblende granodiorite T 1 Virat granodiorite ~granular ~subophitic @l lolo|o (93 0] 0. * |G .
41 " | hornblende-gabbro s S b dyke granular and porphyTtitic © O O o ol® [6)
43" | .actinofite-chforite-green schist .~ .. -~ | ] Pugo formation . : | schistose T T T T o) |l [sHK=) @)
45 | biotite-hornblende-tonalite 7 ] Ttogon guartz-diorite horocrysialline granular . . o|l-lelole o : ] e O . B
.46 " | biotite-dacitic-crystal tuff .~ ._|_Klondyke férmation | pyrociasfic : ' B N EE O O O e lof 2 @ o[~ [of | N
- 51" .{ hornblende fonalite . - . N '_Itogon quariz-diorite_ | - equigranular .. i Ol e Gl [ . O Q.
54 --blonie;hgrgplgndegranodlornte s do - ~ 7 equigranular ERIRNEE [©} . : [a} » | ol [ IE BN
69 - | biotite-dacite . . [ dyke R _porphyritic : O 01 . @ 0.0 e G LS Q
80 - | biotite-hornbleride g,rdnodlonle -.| - ltogon quartzldlonte horocrystatline c({lllgr'mular elc|O @] B o M .S :
82 actinolite schist.™ : . ] D'llupmp schist- “schiistose, : =] s O @ |-
" 96 | hornblende gr.',é_es_lts_pgwbyry v |Trdyker . F porphyritic - @ o1 e T : - . : . @ I K
- 97 - | hoinblende-bearing crystal tuff o Klondyke formation - | pyroclastic : T B . o 1o S S S A PE o %) 5 e .
99 biotite-ornblénde-Tapilli tuff SR de pyroclastic ¢ T T : = @ B - o|lolo ol ol To O | @
=117 - | biotite-hornblende-diorite | Ttogon quartz-diorite ~}- sranular. wedkly un'u,lastlc T G ettQ | O] 0= 1 ; Y B (A FER e : B E . :
123 1 hornblende. diorite porphyry i - dyke Uporphyeitic . - : @[ 1O . @) [e) o] 1O L
- 125 | ‘hornblende-biotite-quartz dlonte porphyry Loestock Lo .horocrystallme porphynlu. © | O o T T TatTol| o ; ) I . . O L
“127 | altered apdesite.” Zipzag Tormation (altered) * i © &) o R I R C : BE ] j R . JOoOl®e]o
132 | Taltered andesite e Pugo formation ~(altered) o N R R N - - B i i ’ o o Ry @lolo
136 .| hornblende-diorite. porphyry T T stoek — |"horecrystalline . - o el sleg | o _ ' ~lol . lo
- 139 hornblende-dolerite (micro gabbro?) . “dyke - . . | ophiiic T : e o ) © O e oo«
142 . | Tauvgite-dolerite- -~ | dyke: B ophitic - & ol e © o To lo: IS o |
145 . | lapilli tuff . Klondyke fqg]_igj[g;l _pyroclastic ] : ‘ E N . : : ! T @ © i :
1537 | biotite-granpdiarite _ - .., | Moponquarizdiorite | horocrystalline equigranelar | | o | o | © 1.7 A T L e o e o]

© @ abandant, . O common - et rare #o:ogreen - x o yeliowgreen sk brown green







Fig. 1-1-13 Distribution of.Alteration' Zone and

Volume of Running Water
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Mme is not known Frssron track datmg of one dyke samplc (A 208) yrclded ancl age of l 28 *

' 0 17.m.y, This age is’ 400 OOO years older than the age of an andesrtrc element found ina smal]
.plug 3. 5 km NE of Balatoc plug However as thc dykes cut pyro clastrc rocks of Balatoc plug
that are much srmrlar to thrs small plug, therr age is consrdered to be approxrmately the same as

" the agé 6f for matron of the: plug ' L '

| As these drkes are located near Acupan Mme and hence represent the youngcr volcanrc

rocks of the Tegion; they are consrdcred to be genetrcally related wrth the present geothermal

actmty of the Acupan~ltogon area

17 Reconna;ssanoe oft Geothermal Indrcatrons _ _ _ _

In the studred area rnd1ces ot" geothermal actrvrty are found in the 7ones where hot spnng _
| waters orrgmate f'rom namely (1) 1n underground workmgs of the Acupan Mme ,(2) near: Itogon
brrdge and (3) at: Daluprnp Other zones of strong alteratron are known but rt is not clear
_whether they are’ reiated to the plesent geotherma] actmty, or to the gold nnnerahzatlon “Three
_new occurrences of hot sprmg waters were recogmzed along La'ooy rrver dunng the present sur-

ey (Frg = l—‘l3) R AN

1-7-1 Indrcatlons of Hot Sprmg Activrty . _

Among the hot springs ms1de the Aeupan Mme those around Balatoc plug show hrgher
temperatures and dlscharge rate than those outsrde the plug Hot spung actrvrty 1s most strlkmg ‘
at ‘the mtersectron of gold beanng vems and fracture zones at the margm of the plug o

Near Itogon bndge hot water sprmgs flow alorrg 1rregular and dlscontmuous small flssures .
' wrthm a sm'lll plug srmrlar to Balatoc But as the flow rate decreases durmg the (II‘}’ season
lrt 1s consrdered to be 1elated wrth ground water crrculatron S _ - 7

The Daluprrrp hot spr mg emanates from terracc deposrte the nature of the orrgrnal host . |
rock is unknown However, ,ludgmg frorn the geotOgy of Dalupm p area the sprrng waters may.
be conung from the 1nterstrat1f1ed paraschlsts and non metamorphrcs that constrtute the Pugo _

_ formatton Sprmg waters occurrmg on the other srde of the rrver (left bank of Agno Rwer) are

" cold. R B | '_

The hot sprmg along Laboy rrver 06ze frorn the 1ntersect1on of small f1ssures (E— W stnke .
10 - 20 8 dip) in’ the Itogon quartz drorrte body A NW SE fault assocrated wrth fracture

Zones, 5 — -6 m wrde occurs ad}acent to the hot springs. As hot. sprmgs also oceur at the south-

:em ‘end of this fauIt both the Da! upmp and Laboy river hot sprmgs may be considered to be o

assocrated with this NW— SE or NNW.- SSb faull system

e



: 1-~7 2 Alteratron Zones (Flg !I 1 13) e _
l‘ he altelatlons observed m the area are arglllu'atron and srherﬁcatron Gl gen’ alteratron :
. ':related to. bunal dragenems is observed in Pugo ngzag ‘md Klondyke formatrons o
| Alteratron zones observed m relatlon wrth llydlothermal actmty occur m the subsrdrng .
.'block in the Eastern part of the surveyed area, Among these zones the wlutc argrll:zed zone N

' ;(wrth serrcrte in the central part) occurnng 1n the upper part of Laboy Rrve1 rs assocrated wrth

_ 'porphyry copper deposrts and thus con51dered to be rehted wrth the copper mmeralrzatron.- o

_The alteratrons occurrmg E'ls’t of Baguro Crty show the followrng zon'll stlucture serrcrte .

_quartz (locally warrak1tc) zone, centered on the andesrtc porphyry—dronte porphyry complex '
. _. qualtz alumte (locally goetlute) aone and (3) montmoullomte Prescnt day hot sprmg actlvrty

is observed assocrated with the gold deposlts (Baguro (xOld Mme and Baco Kclly Mrne) located

LAn the ccntral senctte—quartz zone 'md W1th low grade mmerahzatron :n the quartz alumte zone..

It is therefore consrdered that the observed zonatron pattern is assocratcd w1th the gold sﬂver :
) deposds of ancrcnt hot sprmgs There is: no large scale zonatlon of the alterat1on rnmerals (serr- :
c1te qualtz montmonllomte) in the alterat1on zones around Acupan Itogon Gold mmerallza—

3 tron and hot water 1ct1v1ty are observed in thls area it'is consrdered that this gold srlver mmerah- '

:. zation brought by crrculatlon of, thermal solutrons is stlll gomg on

; 1—8 Drscharge Rates and Chemlcal Analyses of Rlvers (Hydrologlcal Survey) _
. The survey was carned out durmg the wet season The drscharge ratcs were measurcd ancl

. stream water samples were taken even durmg ramy days of the survey

The dlscharge 1ate was measured by means' f a_ short type notch for a small creek ﬂowrng

. _out from Dalupmp hot sprmg, and by means of a Pnoe current meter for twenty other mea— '
.surement pomts Among these 21 measurement pomts stream water samples from ll pomts
_1»73-;' "

However m vrew of the bad'weather condrttons (ram and typhoon) durmg the tlme of

: (l to ll) were chemlcally analyzed (Frg ll_l—l3 Table II— |

R

- measurement and samphng, the dlscharge rate and chemlcal analysrs at a glven place changed

';_rapidly w1th t1me and the rnterpretatron of the data is rendered d1f frcult
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GEOCHEMICAL: EXPLORATION







. CHAPTER 2 ‘GEOCHEMICAL EXPLORATION

-.2-41 _ Purpose and Method of the Geochenueal Exploratlon . :
. Tlus field survey 184 prehmmary explorataon m preparanon for a more deta11ed survey to
- be camed out in the future Its purpose 1s to test several methods of geochemleal exploratlon,
' 'and to. check the1r vahd1ty Bemg mainly methodologlcal thls survey does not- fittempt to
'evaluate the geothermal 1eservorr oceurmg m the 1nvest1gated area The followmg techmques
have been tested dunng the present survey ' ‘ _
L 1 'Temperature measurement in soal at l m-depth (50 pomts), N
_Measurement of oarbon dlomde gas concentratlon in 5011 gas (50 pomts), '
Measurement of radon gas concentranon in so11 gas (50 pomts), |
Measurement of mercury coritent i in so11 (50 pomts),
: Measurement of mercury content of altered and unaltered rocks (40 samples),'
L Chemrcal analyses of hot—spnng Waters (10 samples)

Isotoplc oomposrt1ons (0 and H) of hot sprmg waters (12 samples),

N s W

Analyses of fumaroho gases (4 samples)

_242 ' Geochermcal Expioratlon at 1 Meter Depth

Soﬂ tempel ature CO2 and Rn concentratron in so;l air; and mercury conoentratlon m sorl

T haVe been measured et 50 locat1ons pmncrpally aiong the roads of the mvestlgated area. The

:' distance between two locatrons lS about 500 meters The followmg results have been obtamed

2 “2-1 Temperature Measurement at 1 Meter Depth . _ _
_ Temperature is measured by means of a Takara thermlstor (Type ASOO) at the bottom of a
' _' one meter hole drrlled by a hand auger (Frg l[ 2 1) The results are shown in Table |18 2 1.

L '_///_///// ./,.5“'_““9

alsore |

Fig.. =21 Proﬁle of Hole for Temperaturc Measurement :7'
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As the s’li;\}ey lasted t-oh_ly_,a* s’lio_'rt period of timé, there i ’nbineejd' for time cpfrectibn.
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_ The reiatronshrp between sorI temperature and elevatron m a.8.), at sach pomt is shown in -
F ig. II 2 2. The lowest and hrghest elevatrons in the- 1nvest1gated area are 630 m and 1 150 m,
| rcspectrvely A negative correlatlon appeats between temperatme and’ elevatron but n 1s not.
B easy: to draw a correlatlon lirie, the number of measurements bemg low and the drspers1on hrgh :
| The hne drawn in Frg II 2 2 yre}ds a corlectron factor of 2.5° C per 500 m of elevatron which
closely agrees w1th the corroctron factors of 2. 3 C per 500 m measured in. ] apan in July
: The frequency dragram and the probabrhty plot of ground temperatures after applymg
. _ the correctron factor are shown in Frg II 2 3 and = 2 4 The mean sorl temperature (x) at
-600 m is 25 8° C the standard devratron (v) is12° (, Both show a relatrvely regular trend. The |
: .'map of the soﬂ temperature (Frg - 2 5) 1s drawn aceordmg to X, xiv and x+2v dmsrons
x+2v X+ anomahes appear at Aeupan Mme Small scale .moma]res of x+v or more appear also at
- Vrrac and to the north ‘No p031t1ve geothermal anomaly dppears a]ong the road in the hot sprmg
.‘_area of Itogon brrdge "The soil temperature 1n thrs area is srmrlar wrth the mean temperature of
the:whole area. -The survey area may, thu_s,_ be!dwrded into a southwestem part _wrth h:gh soﬂ :

temperature, and a northeastern .pa_rt with low soil temp_erz‘rt_ure_s.7= '
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| Q-2 2 Measurement of CO; as Concentlatmn in So:l Ali‘
| 'llle apparatus used for eollectmg sonl gas is shown in Fig ll 2- 6 _ _
Aftel measurement of the temperature the atmosphenc ajr is w1thd;awn from thc hole
usmg 1 (louble mouth syrmge The tube is then sealed fxt the top end. fm(i left to eqmlibrate for
‘_:24 homs The C02 concentratlon in the s011 g'is is measm ed on the followmg d:\y usmg a Klt‘l
:' -gawq type gds detector Three types ‘of tubes are used f01 the deteetlon dependmg on. the g1s
concentlatlon SA type is used ior concentrat;ons between O 1 and 2 6% ‘5B type for measure—

' ments between 0. 05 and 1.0%; and SH type from 1 to 20% :

‘ e Pinch cock and Rubber tube
AT :

Sy

991 .
) : : . . 95_
(R IR Stralner im0
| A K T e
N e S ded
SRS IO i A S . 04
. _ . : 40
[ m/m T e 30 4
B0 - :
R '_=:  S I B A il .29
Fig. I-2—6 Collection of Soil Air .
: 57
F i
40 ‘ G e
. ) '—zco -160 *iz() oao o't.o o'on or.a oao |zo lGO 'OB‘C":'I-)
10 4 e AR '
©Fig, -11=2—8 - -Probability Plot of CO, Gas Concentration
0]
:1‘(;'-
' -200 -1§0 -120 -080 -040 00O 040 08¢ 100 . log% coZ.
. Fig. 1-2—7 . Frequency Diagram of CO, Gas Concentration
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The results are ohOWfl 1n Table II 2 1 F]g II-2'~7 and II 2 8 are the frequency diagram
- and the probablhty plot of the loganthms of COZ concentratmn in’ soxl a1r The mean vatue .
'(x) and standard dewatlon ‘W) of Log COZ% are O 10 and 0 47 respectlvely Thas mean value
of 0. 10§ xs 31m11ar w1th the thre hold value deduced from the probablhty plot (Flg II 2-8).
' Fig. II—~2 9 isa map showmg the dlstnbunon of CO, concentration accordmg to. dmsmns
| a]ong X; Xt v and x-2v The COg concentratlon is extréme!y low i in the west of Acupan Mme,
and h1gh in the v1cm1ty of the Itogon Bndge hot sprmg area H1gh concentranons are spotty and
there is no regulanty m the dastnbutmn of CO, va]ues There 1s also no correlatlon w;th the

- soil colour, nor with the soil thickness, which 1s_genera_11y ex_t_remely poor in this area. . -
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