g 2 2 3 Measmement of Radon Concentratlon o R e
S A hole of 60 cm depth is drllled w1th a: hand augel and an etch cup (made of Telradex)

I8 buned bottoms up in the hole and covered (F1g II 2 10)

R Srone

o Plashc shee1 -

- Track etch Gup

Fig. II——'2—1'(}' Plantmg of Track Etch Cup

_ Af[er '1b0ut 3 weeks the Cup is. 1etneved and sent to Terrddex for trac,k etn,h count The -
corrected values (Table II 2~1) correspond to the number of tracks in 30 days tor a 1 mm?

" area. Flg It-- 2—1 ¥ shows the f1equency distnbuhon of the loganthm of radon conoentranon

: (m {racks per mm? per 30 days) Thc dlstnbunon is veiy regulal and thc probabﬂ1ty curve (Flg
[I-2=-12) gives a threshold_va]ue of 1.6 corresponding to 39.8 tracks per 30 days per - mm?..

|
404 .
. 30 1
20 A
104
o N T
24 28 log{Rn Ymm? 30 days)
Fig,. '11%2%151 - Frequeﬁty_ of Diagram of Rn'Gas Concentré_t_ion
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_-.The mean valuc (x) and standald dewatlon (v) obtamed from the frequency dlagram (Flg

- 2 1 1) are 1 37 and Q. 38 respectlvely The map of radon concentration (Fig. - 2 13) has
- been drawn using X, x+v and X x 2v as limnits. It shows a large domam of relatlvely high/radon

| concentratmn from the Itogon Bndge hot spnng to Acupan Mme ‘But'the most stnkmg featule
of the radon d;strlbutlon is a largc posxtlve anomaly m the vicinity of Batuang wh;ch corresponds .
' gcologlcally to the plesence of andemte and granodlontehporphyry Ihe outlmed anomaly thus _
. : reﬂects tms geolog1cal d1fference rather thah. the presence of geothermal ﬂmds at depth On the
other hand a Iarge negatlve anomaly appears in’ the northeastcm part of the ﬁeld which corres~

ponds geologlcally 10 mtermedlate and bas1c eruptwe 1ocks



. 2-2-4 Measurement ot‘ the .Mercu"rj( Concéntﬁtion'
| Soﬂ samples are generally taken from the A1 layel But as the sozls of the surveyed area o
are poorly deveioped samplmg was made in the first’ 20— 30 cm exctudmg the Ay layer “Th he |
ana]ysxs was made by ﬂameless atormc absorptton method usmg a H;ranuma HG ! type mercury
-conoentratlon meter “The. analytlcal 1esults are shown in Table II—Z ] “The ma}nmum mini=
mum and mean values are 4, 385 ppb 9 ppb and 83 ppb respectwely As shown by the frequency
o dzagram drawn on a logarithmmal scale (Flg II 2 14) the Hg concentl atlons fall 1n two groups
. The mean va]ue (x) and the standard dewatlon (v) are 1 92 and 0 65 respectwely on the loganth— .
mic scale The probabﬁlty plot (Flg - —-15) also shows two populatlons of Hg va!ues The
j distnbutlon of Hg content 1n soﬂ is drawn on the map (Flg II 2 16) with the Hmit concentra-
: tlons of X, Tbv and x— ’2\' P031t1ve anomahes w1th a Hg content hlgller th‘m x+v (2.57),
_ occur around Acupan Mme and Itogon Bridgo hot spnngs The’ northeastern part of the area

_however ShOWS relatwely low Hg contents in soil. -

-
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Fig. =214 Frequency Diagram of Hg Contents in Soil
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~ Fig, q1=2-15 _ Pi“obabtl_.it.y' Pl_ot of Hg Conte'nts in Soil
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Table II 2 2 shows whether i gwen sample analyzed for mercury 1s altered or fresh
Samphng locatrons are shown on Frg II—2 17 W1t11 referenoe to" Table | 2 the followmg

are the average Hg content of host—rocks of hot sprmgs

. _’-Daluplnp i 25 ppb (me’m of no 1 2 and 3)
- Togon ..‘-: 1078 Bob (o, 295"
| .-""Klondyke © L 19ppb (0. 30)
-".Pugo sty 260 ppb (0. 31)

"-ﬁ"Laboy. ._ 21 ppb (mean of nio. 32 and 33)

CCAcdpan i 156 (medn of o 36 37 38 39&40) |
It can ‘e noted from the above data that host rocks from the Itogon Bridge and Pugo

"hot sprmgs and from Acupan Mme show partlcularly hlgh mercury contents The frequency

Nos-of Samples -

Allered |

.0 05 0 1520 25 30 35 log.Hg{pph):

Hos: of Samples

5]
: '|o§-
. ':-Fr_z_sh : ;
o] :'_-I°_-'5": '_.'°~ T15.020 -":7'-".5'."‘35_‘7'3-"-'\ - l'eg=.He(p.n5-) e
. _.Fig._" H-2-18 Histograms for_Hg,COn'tente-in‘Rocks
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dlagmms of mercury contents of alteted s'nnples on one and of umltered ones on the. other are '.
: -:'-shown on a loganthnne smle in Flg II 2 18 The mmnntun dllpllC"ithﬂ 1pped15 on both
"dlaglams between 1 00 and 1 25 bnt in most ceses the He' content 18 lnghel in a]tered ssmples
'.'than in fresh ones, {1 1s not sure whether this altelation is !mked w1th the hydrothermal 'dtex a-
.tlon assoelated w1th the gold nnnexah/atton m the ared or whether itis. connected w;th the hot-
: .-'spmlg altexatton For the t1me bemg, we can constder it to be rehted to ‘the post mmeralwanon
'_hot sprmg actmty As a matter of fact 1e1at1vely lngh Hg content (43 and 34 ppb) in no 21 and’ -
22 ale found at Itovon Bndge even m ﬁltered rocks that are not the hot sprmg host 1oc‘<s where
: _as 1n the Acupan Mme rocks that undement strong mlnelahzationwaltet ation (shown by abun-_- o

dant pyrlte :n" halcopynte) have reldtwely low Hg contents (12 24 ppb no 16 to 20) Th]S

is also t__‘ & case. for S'nnple no 14 trom Ambalang'l R1ver On the other hdnd the host rocks of;
some hot splmgs for exqmple the Laboy Rwer hot spnng, show low Hg contents T}ns reveals :
that-the geo_thernmt flutds perlmps did not always _eause an ennchment in me_reury. :

225 Factor Analysis of T, CO, , Rn aid Hg in Soil

. “The coeffieientsof correlation between the differént parameters ate as follows:

e ] R | T
{r | hoo | 020 | 024 | o019
__C02 | 1 | 02 —0.18
T T Sl oo | oow

He || 100

The number of sets Of these data seems to be qtnte small to allow statistlcal consuierattons
The correldtxon eoeff 1c;ents between the dtfferent parameters are charaetenstically very samIt
-'too However the degree of connectlon of the four parametets may be tested usmg, for con-
vemence sake, the tollowmg entena _ '
0. 7 1o 1 0 (- 0 ¥ to =1 O) 1ather strong connectlon
0 4 to 0.7 (-0 4 to ~0.7): good connecnon o
0.2 to 0.4 ( 0.2 to =0, 4) shght connectlon
_ ,00t00’2( OOto 02) reallyno connectmn - L R
As the radon (Rn) content shows eorrelatlon of 0 24 and 0. 29 w:th tempelature (T) and

. earbon dloxnle (COz) content respeetwely, there are shght conncctions between Rn an(i T and
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_ ,between Rn and. C:O2 '

‘ Howeve1 there is really no correlatlon between Rn eontent and Hg eontent Usmg the four
vanab]es T, CDz and Rn content in soﬂ air, and Hg: content in son! a prmmpa] f 'u:tor ana]ysxs
'can be made although the number of palameters and sets of data are both small Neveltheiess

: _the factor analy51s W1th1n the nmge covered by the data d.“OWS exammatton of the advantages '

“There | is a]so a sllght negatwe correiatlon between F zmd COZ content

and problems of the dtffelent methods used in the geoohemlcal explomtlon

The Pearson mtegtated corre]atlon factors are obtamed from the raw data, and the follow-

'1ng resvlts are denved after the Vanmax 1otat10n f01 factm loadmg (%e also the geographtcal

representation on Flg II 2 19)

C ﬁrst factor S second factor
T Cosa0 Coa20
Seo, lg349t | 0491” |
" Rn 10.202 | __-_0_.572' S
g 04007 IR, R
1 1= {che} i y.:- teclor. 2
co n}#
— - 1
Hg

- _ -‘Fig;i_ltfzfll_Ql L Fectot Loading_t'or;_"_fé:'ri‘ables,;- Co

ThIS shows the T and the Hg eontent as f}rst factors dﬂd the C02 and Rn content 1n soﬂ

dll' as seeond lhe oontrtbunon of the factors are mmﬂax (0 604 for the fnst factor and 0. 585




for the seeond) and thrs may be expa]med by the gener’al dllutlon of the va]ues taken by each

vanable However, anatyms of-each vamble yrelds the followmg communalrtles

ST 296-:{ AR
COz .0'3'63;'. L
. fl,g';'-‘;izf‘o 162 L

A]l these values are small especrally those concernmg the T. and the Hg content Thls: _

. means that there isa sttong mﬂuence of some pecuhanty outsrde the frrst and seeond factors AR

L .'_-as prevrousiy seen m the exammatron of the deglee of connectron of one vauable wrth respect. o
.'to the others In conclusron Judgmg f1 om the factor analysrs of the 50 sets of* four varlables
=used in the survey, there may be some doubts about the effrc'rcy of some of these factors as
exploratron 1ndrces Converseiy speakmg, ‘the posrtrve or negatlve correlatlon between the
drfferent varrables plobab]y become 1nexp1101t because the geothermal mamfest"ttlons at thef__
._.surface ar¢ not. very strong _ o e 7 B ; .
| _ As regards the mgmflcance of thts factor analy51s although many prob]ems remam un—‘ _ o
solved the T and the Hg content apparently act as frrst factors and as the dlstrrbutron maps |
: ..of these two parameters (Frg I 2 5 and II e 16) shows a good correiatlon with hot springs,
- we may say that these reﬂeet the movements of geothelmal ﬂulds at depth On the othe1 hand
" since the C02 and Rn contents in 5011 air’ act as second factors these parameters do not seem to
be related to the actmty of geothermal flu1ds Calcuiatlon of the factor werghts of each parameter |

yle]ds the followrng results

| - frrst factor. ' o .second factor
T T oasr | Y TR
o, | _'_02?74., I B T
CRa | 04670 L 04430 |
He | oam | oo3t

: Usmg these data and calculatmg the scores of each of these factors for every measurement '
B pomt the dlstnbutlon maps of Flg Il -2—20 and II 2 21 showmg factor scores are obtamed

: Wlthout forgettmg the hmltatrons already pomted out earher 1t may be 1nferred that thc
ﬁrst factor corresponds to the actmty of geothermal fiurds and the second one to the presence.

'around Batuang of andesnes and granodrorrtrc porphyrres

[
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2 2H6 Measurement of T C02 N Rn and Hg in Sori : G
: G)f the four parameters consrdeled in the geochermcal exploratron at one meter depth the N

temperature and the melcury content m soﬂ 1efleet the' actwrty of geothermat flurds whereas

the othe1 two vanables whrch do not seem to be drrectly hnked wrth the actmty, refleet geo~
logrcai drfferences Concernmg the connectlon between mercury content and mmerahzatlon
_the relatlon is: not very clear between gold-sﬂver mmer ahzation and mereury content How-

'ever, wrthm the llmrts of the samplmg method may be disregarded any relat1on between mercury
_ 'content and copper mmera]rratlon It 1s generally observed that for oopper and gold—srlver

mmerahzatrons occunng ina grven area at' grven penod of trme the gold srlver stage m many

cases; postdated the copper mmerahaatron The mercury ennchment hkewrse probably occur

1n the later stage of a grven serles of geothermal ﬂurd actrvrty The reason for thrs may be the .
3evolutron of the chermcal charactenstrcs of the assocrated mtruswe and extrusrve rocks ln any
: ;"‘case the dlstnbutron of mercury contents reﬂect the whole actrvrty of geotherrnal waters accumu-

'lated at depth over a long perrod of trme

Carbon d10x1de and radon contents whrch were measured at mtervals of about SOO m
_ reflect geologrcal drfferences rather than geothermal ﬂurd actwrty It is possrble however that
other correlatlons wrll appear rf the mtervals between samphng pomts W111 be reduced and the S
superfrcres of the surveyed area be reﬂected e . e

Unfortunateiy, the actrvrty of underground geothermat flu;ds does not aet very strongly on

the Poit parameters measured at the surface Thrs causes lmntatrons on the effectrveness of these -

' p'rrameters wrth regards to the understandmg of underground processess For mterpretatrve
: 1nvest1gat10n of movements of hydrothermal flulds at depth measurements not only of the ﬁrst

faetor namely the temperature and the mercury content but also the carbon droxrde and radon

concentratrons should be made However concernmg the measurement of carbon droxrd on-

tent as the sorls of the surveyed area are poorly developed 1t 1s drffrcult to obtam at each pomt

B the same condrtron for measurement of the gas concentratron and 1t 1s perhaps sufflcrent for thrs L

: eoch __'E'1cal exploratron at one meter depth to measure the temperature the mercury content

in sod and the radon concentratron A

o 2 3 Geochemrcal Survey ofthe Hot Sprmg Water . ;.3 s 3 p o e
' Durmg thrs survey, 10 hot sprmg water samples were taken from seven (7 ) locatrons _
Dalupmp, Itogon Klondyke Asm Pugo Laboy and Acupan mrnes Gas samples were also _
| taken from exhalat1ons Chermcal and 1sotoprc analyses Were done on the water sampies The

' locatrons of the hot sprmg ‘are shown in Frgure II 222 and summary is glven in Table II 2 3

A3



. : ,of non sulfate

'2 3 1 The Sonree Regrons of Hot Sprrngs - _
Fhe I)aluprnp hot Sprmg ascends from wrtlun the boulders below the Agno Rrver The : |
_ : 'source area measurcs approxunately 6m Xy 7m where three (3) hon?ontal pipes wele’ con-
.' structed wrthrn eubrclcs fOr dramage of the hot sprmg The sampled watcr was t'tken from the
_ dramage prpe havmg the lnghest temperature (42 5° C) The total drscharge was observed to be
_ 150 l/nun temperature ranges f‘rorn 37 2°Cito: 42 S C and. freld pH of 5.5. Found under the
L--sedrmentary pebbles a]ong the Agno Rrver are green andesrtrc altered pyrocl'rstrc rocks whrch
suffered stronu pyntr?atron and srlrcrf‘rcatron but no bleachmg was’ observed Many quartz veins -

.'and calcrte vernlets were also observed as well as whrte crystals of gypsum and green crystals

Itogon hot sprrng rs located at 150 m to 300 m above Itogcn brrdge The host roek could
be the Balatoc plug or the andesrtes that mtrude 1t There are three rn'un spnngs in the area. 3
-,where temperature ranges from 4l 3°C to 89 5 C pH 6, S to 7. 5 and drseharge at approxrm'rtely
_: 101/mm Two samples were taken from the sprrngs havrng the hrghest temperatures The host
rock; where sprmg water drscharges along rts Jomt surfaoes suffered grey green alteratron-wrth.
' calctte vern!ets Besrdes gYpsum and iron sulf"rtes there are also large amounts of calc1te ,
- srnters Hot spung gas bubbles were observed at the sprrng wrth the hrghcst ternperature of the '
87 iml of the gas collected only O 05 ml contarned HZS whlie 86 95 ml contarned COz o

Klondyke hot spnng 1s located hear. downstream of Bued Rrver The host rocks consrst of

andesrtrc pyroc]astrc and conglomeratre formatrons Numerous cale1te verns were also observed

- The hot waters probably drseharges along a NL SW trendrng fau]t zone and along the assocrated o

: ]omt surfaoes Temperature ranges from 44°C to 49 C and pH is. 7 5 Wh]te to yellow preerpr—
tates of acrcular sulf ur crystals are Iocally observed Collectron of gas bubbles were done usrng

' gas detectron tube and showed that COZ concentrdtron 1s less than 0 05% and HQS is below
detectronlrmrt o _ ' : " . T

Asrn hot sprmg rs located at approxrmately 10 km from the erty of Baguro The localrty

| was reconstructed S0 that the theunai dlscharge ﬂow to a 4m x Sm area of the fluvra] sedrments .
and accumulates rnto a pond-like reservorr thus no drscharge rate was, taken Measured tempera~
- ture is 73.8° C and pH 1s 8 O Gas bubbles in the pond were collected and analyzed usmg gas "

v " deteetor and showed that CO2 and’ HZS concentratron are below detectron lrmrt i, e less than :
N .{) 05% and 0 005%, respeetrvely No preeiprtates ol' sulrur were observed . . o :

] Pugo hot sprrng is loeated at the left bank of the Pugo Rwer The ﬂurd drscharges at two

locatlons from wrthm sedlmentary ﬂuvral sand Temperature is from 35 3 C to 36 3° C whrle
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pu IS from 5 5 to 7 0 Total dlSCh'll‘ge 13 estnnated at about 10 to: 15 l/mm The water samptes
_.W'lS t'rken from a. well l1ke reservorr where hot sprmg gas bubbles were obsewed The deteetlon

tube, shows that th1s gas contams less than 0 05% COQ and less than 0 005% Hz S The rock S

| outeroppmg m the bottom of the river at. 6 to 7. meters beneath the hot sprmg are mrddle gramed

y pyroelastrc sandstones whrch are chlontrzed and pyrmzed

There a1e three oceurrenees of hot sprrngs in the Laboy RlVer. _One at upstream one at
downstream and one 100 m: above the downstream, Near the upstresm and downstream the

: water drscharges along the Jomt surfaoes of an amphrbole beanng quartz d rrte whrch suffered a

: .general srhcrfrcatlon wrth transformatron of amphrbole into’ eprdote or chtonte and develop-
ment of numerous calerte vemlets The pynttzatlon is partrcularly strong m the host rocks of
':the upstream hot sprmg For each of these two hot sprmgs the dlscharge is around 15 l/mm

_:_ :.temperature range rs 47 5 to 48 6 C wlnle pH is: 7 O “No gas bubb]rng was observed m the area

B However the 1ocks around are coveled by a relatrvely thrck deposnt of wlute crystals of gypsum

'At about 100 m- upstream from the downstream sprmg, hot water dlscharges from the pebbles

_'of the bottom of the nver and mix wrth the rlver water Temperature is-38. 5 C, pH is 7 0 and

discharges at a few l/mm S e e e o e e

Hot waters ‘are” emrtted at several places in the galienes of Acupan Mme Water samphng
was done at Ievels 3 300 and 3 150 For sample at 3 300 level the d1seharge was runnmg down
‘a concrete channel after 1ts sprrngmg from @ drrllmg hole Temperature is: 81 0 C pH is 7 5- and
' _- fd1scharge rate is 25 l/mm Ambrent temperature was 66 C Geologrcally, the area con51sts of
' drontrc rocks mtruded by andesmc dykes The pale green amphlbole is altered to chlorrte e
the rocks are strongly pyr1t17ed and srhcriled On the ventrlatlon prpes whreh are in contact wlth' :
_‘the gallery walls a large amount of thte crystal resemblmg gypsum has deposrted At the 3,150 o
level the flurd also d1scharges from a dnllmg hole but flows d1rectly to the bottom of the gallery, _5 -

o 80 l/mm temperature lS 62 1 ¢y and pH is: 8 0. Ambtent temperature was 62 O C At thls level '

gas’ 1s also emltted together wrth the hot water but samplmg was 1mp0351b1e due to extreme heat '

-which made breathmg drfflcult

22— 3—2 Chemleal Composltlon of the Hot Sprmg Waters A _‘ - . E

' Fhe results obtamed on the samples collected durrng thrs survey are shown on Tablell 2 4
'together wrth those reported by B h D (Aug 9 1982) KRTA (Sept 197?), B E D.-E. L C..
' _ (Feb 1979) and F AR Sawkms et “al. (1979) The samplmg locatrons of the present survey are’
shown on Frg ll—2 2? R

f45M



Key dragrams ot the chemlcal composrtrons of the hot sprmg waters are shown on- Flg
- II 2 23 for Acupan and Asm hot spungs on Fig. - 2~—24 for Itogon Antamok Dalupmp,

: Laboy, Klondyke and Pugo hot sprmgs and on Flg T 2 25 for stream waters and co!d waters
'On the basrs of these key dragrams the foliowmg ch’uaetenstlcs were obtamed for the Hot' sprmgs

ofthe dxfferent areas L L L :_ S o

Aoupan Mme Two types of water composxtron can be drstmgurshed the L} typo whlch
B 7‘ 1s nch 1n chlonde 1ons and the SO2 type rlch in sulfate lons Th1s dlfference in amomc compo-. ‘
sition affects the catlon proportlons o{‘ the waters suoh that the Cl type is: nch in® Na and K+ d
- r'the 802 type is rreh in Ca?t: A ciose relatlonshlp between thls chemlcal drfference and the
space distnbutron of the sprmgs was found ie.the Cl type waters are restncted to the Balatoc :
plug and the SO2 type waters are dlstnbuted outsuie the plug (Flg II 2 26) _
Itogon As revards the proportlon of anlons the SO /HCO3 + CO ratro ﬂuctuates around
' 3/2 and the Cl from 0 to 50% For the catlons Na + K+ accounts for 60% to 100%, the rest be-
ing Ca and very small concentratrons of Mg The amomc cornposrtron is srmrlar to: that of
-:'the S()2 type of Acupan Mme but smce the Na “+ K+ concentratrons are hlgh the waters are
.'a]so smnlar to the Cl type The Itogon hot sprmg waters may thus be: consniered as waters of the _
o type of Aeupan Mme correlatrvely ennched m SO2 and HCO3 + C() (F;g e 2 24) .
Antamok Most of the waters have SO ‘as’ dommant amon ‘and Ca as dommant cation;
thus resemblmg the SO2 type of Aeupan Mme Sampie no 69 (76 B—l2) however is’ neh in
C] and Na + K+ and thus srrmlar to the Cl type waters of Acupan Mme This sample was taken |
-Fromthel9801evel . ! ‘ '_ : B i S
o Laboy Only two samples were analyzed but 1n both cases 802 1s the donnnant amon and
. _?C 7+ is the dormnant catron Nat and K+ are: absent Both samples c]ear]y belong to the %04 =
. ,:,type of Aeupan Mme (Frg H 2 24) ' : S ) ,
' Daiupmp The prmcrpal amon is SO w1th small amounts of HCO3 + CG whlle the prm-
: ‘elpal catlons are Na K Thls composltlon is srmllar to that ot the Itogon sprlng Waters (Flg _
224y § S ' :
Asm Klondyke and Pugo A}I these samples have Cl rich and Nat + K+ rrch composrtrons
As shown in Flg II 225, the l*tream waters and cold waters h‘we Cl as anion and Ca

Mg2 + -as cations

' r'_ The ehemreal eomposrtrons ot hot spnng waters may thus be classrﬁed accordmg to the

.' rehtlve proportmns of the amons SO Cl and’ CO2 F HC03 ‘on-one hand and the catlons Na

ot K+ Mg2+ and Ca2+ on the other
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Fig 11223 Key-Diagram for Acupan and Asiri Hot Spring






LEGEND ..
_.Hoi Spring. s . :
& Mogin £ 1.44.45.59,54,68.75.76,

A Antdmok : 18.15,70.26.69.70.71, -
X _Dutupirip'.:.3‘,{;.“5..7!‘.-: -

& ‘Laboy : 80.8Y,

A Klondyke : 910,77,

X Pugo 79

Fig. 11-2-24  Key-Diagram for Itogon; Antamok, Dalupirip, Laoby; Klondyke and Pugo
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Flg -2-25 ' Key-Diagram for Stream Wafer and Cold Spring
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