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ABSTRACT

Recent geosc ien t i f ic  in te rpre ta t ion  of the Bas-
lay-Danin prospect reveals the need f o r explora-
t ion d r i l l i n g  a s  the next phase of evaluation.

Extensive near surface boi l ing occurs some 7 kms
from the infer red  reservoi r  source, with spring
chemistry general ly r e f l e c t i ng a mixture of steam
condensate, shallow groundwater and i n some cases
small amounts of deep chleride water. Mixing mo-
de l s suggest four to f i ve times d i lu t i on must
occur to produce surface discharge composition i n
Baslay-Danin, using reservoi r f l u i d chemistry
from Palinpinon.

A v e r t i c a l  e l e c t r i c a l  sounding survey has proved
an area of low-moderate r e s i s t i v i t y ( 5- 5 0 ohm-m)
grea te r than 20 sq. km. This confirms a connect-
t ion a t depth beneath the o r ig ina l low apparent
r e s i s t i v i t y anomalies of Lipayo and Nagpantaw. 

INTRODUCTION

The Baslay-Dawn prospect i s s i tua ted i n the south-
eas te rn quadrant of the 1330 sq. km. Southern Negros
Geothermal Reservation, approximately 6 kms SE of
Palinpinon I, a geothermal power i n s t a l l a t i o n of
1 1 2 . 5 due f o r commissioning i n 1983. I t i s se-
parated from Palinpinon I by the summit c r a t e r of
the dormant composite volcano, Cuernos de Negros.

There a r e 8 main thermal areas within the Baslay-
Danin prospect ( f ig . 1). These a r e located over a
surface area of grea te r than 50 sq. km. and extend
NW over a distance of some 1 2 km from 50 m ASL i n

the SE, up to 1115 m ASL on the intermediate
f lank region of Cuernos de Negros. Hot and warm
springs a r e found a t San Miguel, Lipayo, Campocaw,
Masaplod, Hagobaac, Maayong-Tubig and Nagpantaw. 
Steaming ground and minor fumarolic a c t i v i t y a r e
located a t Tagbac-Magaso. Altered ground occurs
extensively throughout the prospect, with
t raver t ine deposi ts i n Campocaw and Lipayo.
a reas of a l t e r ed ground e x i s t outside the Baslay-
Danin and Palinpinon areas. These a r e located a t
high elevat ions (1400-1700 m) associated with sub-
s t a n t i a l flows of cold, predominantly C02 gas. The

Several

most s i gn i f i c an t of these i s i n the Kaipohan
( f i g . 1) .

Various geosc i en t i f i c reconnaissance and explora-
tory surveys, both i n the Palinpinon (Okoy) and
Baslay-Danin areas were conducted from 1973-1977,
to determine the most su i tab le  a reas  f o r i n i t i a l
development. Relevant da ta and in te rpre ta t ion
from these surveys a r e referred t o i n t h i s evalua-
tion. Regional schlumberger traversing defined
low r e s i s t i v i t y anomalies ohm-m) over a
large area ( r e f e r Bromley, s i x of these
s i tua ted with crude r ad i a l symmetry about Cuernos
de Negros.
mal system about a cen t r a l igneous heat source.
Geochemical i n t e rp r e t a t i on (Glover, 1975) ident i-
f i ed an extensive hot  chloride aquifer  within the
Okoy Valley, which was supported by a strongly
contrast ing low apparent r e s i s t i v i t y anomaly.
Early explorat ion d r i l l i n g (N-1, N- 2 , N-3, OK- 1,
OK-2, confirmed the lower Okoy val ley a s an
outflow from a source fu r t he r south to southwest.
Exploration d r i l l i n g therefore, progressed from
areas character ised by chloride surface fea tures
(Wells N 2 , N3, OK3; f ig . 1 ) i n to areas a t
higher e leva t ion to the SW which possessed acid
sulphate spring chemistries (Well N3; f i g . 1) .
This explorat ion s t ra tegy ult imately led to the
development of Palinpinon I i n the Puhagan sec tor
( f i g .

This suggests a subs tan t ia l hydrother-

I n a number of geothermal f i e l d s , Palinpinon,
Tongonan, i t has been recognized tha t na tura l
discharge of d i l u t e chloride water occurs some
considerable distance from the higher temperature
upflow port ion of the parent source. With t h i s
background Baslay-Danin became a promising area
fo r  f u r t he r  geosc ien t i f ic invest igat ion.

GEOLOGY

Negros Island i s dominated by 2 andes i t i c- dac i t ic
volcanic complexes; M t s .
( ac t ive) i n the north and the coalescing volcanoes
of Guintabon, and Cuernos de Negros in
the south. These complexes a r e aligned pa ra l l e l
t o the conjugate segment of the Phil ippine
Fault .

i s used a s a locat ion name.

1976-1978, 6 exploratory wells,  Negros 1, 2,
3 and Okoy 1, 2, 3 were d r i l l e d ( f ig . 1).
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STRATIGRAPHY

Cuernos de Negros, the l a r g e s t cone i the southern
vo lcan ic complex i s a dormant y e a r s ) com-

p o s i t e volcano with a complex of c r a t e r s around the
summit region. A t higher e l e v a t i o n s pyroxene ande-
s i te and d a c i t e l avas dominate whi le  unconsol idated 
t ephras form a vo lcan ic r i n g  p l a i n  around Cuernos
de Negros. The p la teau  vo lcan ics  n o r t h of the sum-
m i t r eg ion c o n s i s t s of pumiceous flow b r e c c i a ,
younger a n d e s i t e flows and over ly ing d a c i t i c l a h a r s
( f i g .

The hornblende lavas i n the
han a r e a between Okoy v a l l e y and Baslay-Danin have 
been completely a l t e r e d  t o  o p a l i n e- s i l i c a (Wood,
1977) .
Kaipohan, appear t o be due t o the e x s o l u t i o n and
migrat ion of deep separated gases ,  t he  l a r g e s t
component being Although co ld ,  these  may
i n d i c a t e the  presence of a deep upwelling zone.

The co ld a c i d a l t e r e d  a r e a s  t y p i f i e d by

a n d e s i t e dome.
a t the per iphery of the dome, suggest ing v e r t i c a l
pe rmeab i l i ty  has  been provided by i t s emplacement.
The lava f lows and l a h a r s i n the a r e a extend f o r
some ki lomete r s without  apparent  l o s s of c h a r a c t e r
(Tolent ino; Loo, 1973).

Thermal f e a t u r e s a r e pronounced

The o l d e s t rock u n i t mapped i s the Cuernos
n i c s and i s divided i n t o t h r e e members ( t a b l e 1).
The o l d e r member, Ta l ines a n d e s i t e i s composed of
t h i c k a n d e s i t i c l avas , t u f f b r e c c i a s and tephra
which make up M t . Ta l ines , SSW of Cuernos de
Negros. Exposures of t h i s rock a r e a l s o found
along the Guinsuan r i v e r and the headwaters of the
Magaso stream. I n t h i n s e c t i o n , the rock i s por-
p h y r i t i c oxyhornblende clinopyroxene andes i t e .

The middle member of the Cuernos Volcanics i s an

oxyhornblende pyroxene a n d e s i t e , more viscous and
geomorphologically younger than the  Ta l ines  
andes i t e ,

To the south and sou theas t of Cuernos de Negros,
ex tens ive l a h a r s and ash f a l l d e p o s i t s cover the
reg ion ,  d i s rup ted  only by the Baslay s i l i c e o u s

d a t e from D.S.I.R. and a date o f
youngest datable a c t i v i t y .

Overlying the a n d e s i t e s a r e d a c i t i c lava flows and
p y r o c l a s t i c s forming the Baslay-Danin volcanics .

These a r e mapped over 80%of the prospect ,  together  
wi th  the  more r e c e n t  d e p o s i t s  descr ibed i n t a b l e 1.
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LOOSE TALUS AND
PIEDMONT

TABLE. I

LAVAMEMBER :

-

MIDDLE -

The P h i l i p p i n e F a u l t i s a l e f t l a t e r a l
c u r r e n t s t r u c t u r e t r a v e r s i n g  t h e  a rch ipe lago
from n o r t h t o south. Southern Negros i s
ted by a NE-SW trending conjugate  of the
P h i l i p p i n e Fau l t . The f a u l t bound i s l a n d margins
of e a s t e r n and western Cebu d e f i n e the lineament.

S t r u c t u r a l mapping over  southern Cuernos de Negros
i s complicated by a th ick mantle of p y r o c l a s t i c s .
The most s i g n i f i c a n t f i e l d evidence f o r f a u l t i n g
a r e f a u l t sca rps , o f f s e t r i d g e s ,  s l i c k e n s i d e s  and
sheared zones. P r i o r a e r i a l photograph i n t e r p r e-
t a t i o n of s t r u c t u r e s was combined with f i e l d
ob tion.

F a u l t s t r a n s e c t i n g the Baslay-Danin prospec t t rend
NW-SE. These a r e the Guinsuan, Maayong-Tubig,
Lipayo and Masaplod f a u l t s ( f i g . 2). Localized
f a u l t i n g wi th in the v i c i n i t y of the Baslay dome
i s apparent and these appear t o se rve a s condui ts
f o r t h e migra t ion of thermal f l u i d s t o the  surface .  
The most prominent of these s t r u c t u r e s i s the
Masaplod f a u l t which passes  a long the  Masaplod
headwaters and c u t s a c r o s s the Baslay dome a
f r a c t u r e d young i n t r u s i v e ) .

The NW-SE trending and Okoy f a u l t s ( r e f e r
S e a s t r e s , 1982; Maunder, e t a l , 1982) appear to
extend t o Baslay-Danin. The lineaments a r e marked

by o f f s e t s i n r i v e r s , and r idges ; a l t e r e d ground,

a lake and ho t spr ings .

GEOPHYS

Severa l reconnaissance geophysical surveys dea l ing
l a r g e l y with h e a t flow from known thermal f e a t u r e s
were conducted from 1973-1975 (Agui lar , e t a l ,
1973, 1974; Espaiiola, 1975). The assessed sur face

h e a t flow (Espafiola, 1975) was 31.5 MW ( t h )  f o r  
Pal inpinon and Baslay-Danin.

Schlumberger r e s i s t i v i t y t r ave r s ing i n 1973 by
the Commission on Volcanology covered p a r t s of
Baslay-Danin. An ex tens ive d. c. r e s i s t i v i t y
survey by from 1975-1976 and
KRTA from l a t e 1976-1977 covered most of the South-
e r n Negros geothermal r e s e r v a t i o n ( r e f e r Bromley,
1982).

I n Baslay-Danin two d i s t i n c t low apparent r e s i s t i -
v i t y anomalies were de l inea ted . I n Lipayo ( f i g .

a narrow fan-shaped anomaly implied f l u i d a t
depth flowing sou t, i t s presence more r e a d i l y
de tec ted a t shal lower l e v e l s n e a r the c o a s t
(broader anomaly).
i n Nagpantaw ( f i g . sepa ra ted from the Lipayo
anomaly by a l a r g e  a r e a  of 100-200 ohm-m resisti-
v i ty.

Another low anomaly was def ined

During e a r l y 1982 v e r t i c a l e l e c t r i c a l
(VES) using the schlumberger a r r a y , were employed
t o changes i n r e s i s t i v i t y with depth 
and t o examine the p o s s i b i l i t y of a deep connect-
ion between v a r i o u s anomalies i n Baslay-Danin
(Bromley, 1982). Elec t rode spacings were l imi ted
t o m i n rugged t e r r a i n t o the nor th and
1600-2000 m f o r most of the o t h e r soundings.

Two VES models a r e shown i n f i g . 3 ( a , b ) , and
i n d i c a t e a deep connect ion between the Lipayo and
Nagpantaw t r a v e r s i n g anomalies ( f i g . The 10
ohm-m o r lower r e s i s t i v i t y l a y e r s a r e compatible
with a c h l o r i d e a q u i f e r , subs tan t i a t ed by the
appearance of mixed-chloride water a t San Miguel
sp r ing t o the SE of the sec t ion l i n e a t lower
e leva t ions . There a l s o appears to be communica-
t i o n - a t moderate depths between the in te rmed ia te

NPC - Nat iona l Power Corp., P h i l i p p i n e s

KRTA - Kingston Reynold Thom and Al la rd ice ,
New Zealand
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r e s i s t i v i t y values associated with the Kaipohan

area and acid sulphate springs Masaplod,
Lipayo) a s represented by the 20-90 ohm-m res i s-
t i v i t y layer ( f ig .

Iron hydroxido ur, alunogen,
jurbanite,

hydroxide, sulfur, halotrichite, alunogen

Sounding 34 (f ig . 2b) suggests a possible deep
l ink between low r e s i s t i v i t y anomalies iden t i f i ed
i n Sogongon (upper Okoy) extending beneath Cuernos
i t s e l f and fur ther south-east where a deep layer
of low r e s i s t i v i t y
Bromley, 1982; Seastres , 1982).

10 ohm-m is modelled ( r e f e r

Lipayo

During 1975, dipole-dipole surveys by McPhar
geoservices used 600 m dipoles i n the more rugged
areas and showed low apparent r e s i s t i v i t i e s be-
neath a high r e s i s t i v i t y cap between Puhagan and
Baslay-Danin and extending e a s t of Kaipohan. This

r e s i s t i v e cap was apparently not penetrated by the
other surveys. The dipole-dipole pseudo-sections
then support hydrological connections a t depth
between Puhagan, Baslay-Da i n and Kaipohan

ley, 1982).

IHalotrichite, tamarugite, alunogen,
a- sulfur, gypsum, natrojarosite,

SURFACE HYDROTHERMAL ALTERATION

Gypsum, sulfur, calcite, 

Campocaw Calcite, iron hydroxido

A su i t e of minerals found a s spring p rec ip i t a t e s
and sublimates from fumaroles a r e presented i n
table 2. Some of the minerals defined a r e not
common to  o ther  Phil ippine geothermal areas where
acid sulphate discharges e x i s t Biliran. I n
most cases these sulphate minerals a r e not d i r e c t
hydrothermal a l t e r a t i o n products. I n springs,
these r e f l e c t the supersaturated nature of the
f l u id , resu l t ing i n the deposition of p rec ip i t a t e s
a t spring edges and i n outflow channels.

prec ip i ta tes a r e formed from steam
condensation on, and a l t e r a t i on of , andesi te
breccias surrounding the main fumarolic vents.

A t

I
alunite, gypsum,

IHalotrichite, alunogen, ironI sulfur, cristobalite 

Nagpantaw alunogen I

GEOCHEMISTRY

Chloride: Chloride concentrations i n spring
waters show a regular var ia t ion with e leva t ion
from 2.5 a t Kaipohan (highest e leva t ion) ,
increasing i n a south-easterly d i rec t ion towards
the coast , where the highest  chloride springs a r e
found a t San Miguel with 1000 chloride.

and Sulphate:

aspects of the spring chemistries is the general ly
acid nature of discharges, espec ia l ly Masaplod,
Lipayo and San Miguel. These springs a lso contain

the highest  chloride concentrations ( t ab l e and
have the maximum discharge temperatures (a l so noted
by Glover, 1975). Measured range from 1.90
a t Masaplod, to 8.08 a t Campocaw. Sulphate values
range range from. 87 a t Lipayo, to 1950
a t Masaplod samples high i n sulphate co r r e l a t e
with low
these high sulphate, ac id ic type discharges.

b.)

One of the most s ign i f ican t

Several processes can account fo r

Steam heating of near surface groundwater.
Steam condensate mixing with small amounts

of deep chloride water and fu r the r  d i l u t i on  
by shallow leve l groundwater.
Contact and leaching with sulphate minerals

and/or prec ip i ta tes .
c.)

One mechanism common to a l l of the above i s boil ing
a t depth, w i th steam separation and consequent
condensation.

The highet measured f o r the Compocaw springs
(6.13-8.08) a r e due to the grea te r  f resh  water
character of these springs d i l u t e chloride-
bicarbonate water.

NH3: These const i tuents  represent  the
main gaseous components l i ke ly to r e f l e c t the pre-
sence of f r e e steam. Values of bicarbonate ( t o t a l
carbonate species reported a s bicarbonate) range
from 15-1100 with high concentrations sup-
porting, steam heating and condensation.
concentrations vary from 0.34 a t Hagobaac to
55 a t Kaipohan. Elemental sulphur deposition
occurs i n large quan t i t i e s a t spring vents and out-

flow channels. The concentration of NH3
0.14 a t Hagobaac, to 2.44 a t San
Miguel, with a general increase coinciding with

elevat ion, to the ea s t , s imi la r  to  the
chloride trend. This implies fur ther contact of
migrating condensate with a deep water component,
i n shallow springs, San Miguel o r the enrich-
ment due to  bo i l ing  of the deeper water.

Boron: Due to the s ign i f ican t pa r t i t i on of boron
in to the steam phase a t high temperatures (Koga
Noda, increasing concentrations i n ce r t a i n
areas may qua l i t a t i ve ly indica te where high tempe-
ra tu r e steam separat ion i s occurring. Boron con-
cent ra t ions range from 0.06 a t Kaipohan, to

7.0 a t Masaplod.

absolute concentrations was due to a varying
admixture of deep chloride water with meteoric, 
then values f o r springs should be similar .
This however i s not the case and values a r e
lower i n Masaplod and Lipayo compared with San
Miguel 36-44 (Masaplod, Lipayo) 62
(San Miguel). 
higher elevat ion springs supports a possible asso-
c i a t i on with high temperature steam separation.

I f the difference i n

The boron enrichment f o r the

Alkali-metals: Lithium often serves a s a qual i ta-
t ive  ind ica tor  of high subsurface temperature and
rock-water interact ion. S igni f ican t concentra-
t ions of lithium may therefore ind ica te the pre-
sence of a deep water component i n surface dis-

charges. Lithium values range from 0.02 a t
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Campocaw, to 2.19 a t San Miguel. The f a c t

t ha t the highest concentration appears i n the San
Miguel springs i s fur ther evidence tha t these
springs contain the l a rge s t  f r a c t i on  of a deep
thermal f lu id .

Rubidium concentrations range (where detected) from
0.03 a t Campocaw, to 0.17 a t San
Miguel. The trend of increasing rubidium concen-
t r a t i ons to the e a s t a t lower elevat ion may indica te
a grea te r mixing f r ac t i on of a deep thermal water
i n t h i s d i rec t ion , although a s explained l a t e r the
chemical composition may s t i l l be largely af fec ted
by di lu t ion .

Calcium values range from 30
a t Masaplod, to 530 a t Nagpantaw and 

Magnesium values vary from 11 a t
Tubig to 57 a t San Miguel. With the general
acid nature of discharges i n Baslay-Danin, calcium

and magnesium concentrations a r e high, ( these ele-

ments being mobile under ac id ic , low temperature

conditions) .
Usual Na-K-Ca geothermometry has limited o r
no use when applied to the acid sulphate waters
found i n Baslay-Danin.

:

Discussion

The t r i l i n e a r p lo t  ( f i g .  4 ) demonstrates the
chloride-sulphate, d i l u t e chloride-bicarbonate
nature of the waters i n Baslay-Danin.

I t appears tha t deep reservoi r f l u id (s imi la r to
f l u i d presently extracted i n Puhagan, Nasuji-
Sogongon) i s only expressed a t the surface having
been severely affected by the admixture of steam
condensate and meteoric water,
recognized tha t moderate temperature leaching by
l a t e r a l l y migrating f l u i d s may contr ibute s igni-
f i c an t l y to the higher mineralised f l u i d s found i n
Baslay-Danin San Miguel.

I t must a l so be

The chemistry of Baslay-Danin waters should not
be studied i n i so l a t i on when reservoi r chemistry
from the present geothermal development i n
pinon i s avai lable. To produce composition found 
i n the higher chloride springs San Miguel,

and Lipayo) from reservoi r f l u id s imi la r
to tha t present ly tapped i n Puhagan, would require
a minimum di lu t i on assuming mixing with low
temperature, zero chloride meteoric water. This
d i l u t i on ca lcu la t ion considers mixing alone and
ignores any mineral izat ion a t t r i bu t ab l e to acid 

leaching.

I t i s unlikely tha t any one process operates

spec i f i c a l l y to produce the spring compositions
encountered. A more reasonable explanation i s
tha t a complex in t e r ac t i on of mixing, leaching,

boi l ing and conductive cooling occurs.

Temperatures calculated from s i l i c a concentrations
based on amorphous s i l i c a so lub i l i t y match mea-
sured temperatures f o r springs ( t ab l e 3 ) .

chemistry therefore, i s largely control led by

near surface processes.

Spring

Although various gas geothermometers were applied
to fumaroles a t Tagbac-Magaso, shallow surface

e f f e c t s on gas composition render r e s u l t s of doubt-
f u l signif icance.

CONCLUSIONS

A conceptual t ha t i s cons is ten t with both 
the f i e l d evidence from the area
given above and the considerable amounts of
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O n

vo i r data tha t have been obtained i n the inten-
s ive ly d r i l l e d Puhagan and Nasuji-Sogongon f i e l d
sec tors (see Maunder e t a l , i s shown i n
f ig . 5.

I t i s considered tha t Baslay-Danin represents one
sec tor of a large hydrothermal system associated
with the l a t e Quaternary, Cuernos de Negros volca-
n i c complex.
r e s i s t i v i t y methods are , t ha t Baslay-Danin bears
a d i r e c t re la t ionsh ip with the f l u i d s cur ren t ly
produced i n both the Puhagan and Nasuji-Sogongon
sec tors  to  the north, i n the Okoy valley.

Indicat ions from deeper penetrat ing

Any attempt a t explorat ion d r i l l i n g should then,
take in to consideration tha t the geosc ien t i f ic
appraisal here, marks the Baslay-Danin prospect a s

a low elevat ion outflow, from the Cuernos de
ros area.

The f a c t t ha t Baslay-Danin represents a possible
large, deep, broad outflow from a parent source

some distance does not prevent i t from
possessing temperatures and permeabil i t ies su i t ab l e
f o r fu ture power generation. The exact proximity
t h i s outflow has to the parent source i s a s y e t
unknown and can only be tested by d r i l l i ng . How-
ever i t should be noted tha t from considerat ions
a s to the symmetry of the Puhagan resource which
shows isotherms unclosed and temperatures increas-
ing to the SE towards Cuernos de Negros, i t

appears l i ke ly tha t explorat ion d r i l l i n g from well-
s i t e s located i n the high western and northern
areas of Baslay-Danin, may succeed i n encountering
a resource j u s t a s a t t r a c t i v e a s Puhagan and Nasu-
j

An explorat ion d r i l l i n g s t ra tegy based on these
views has been forwarded and four (4)  s i t e s a r e
shown i n f ig . 1. A three (3)  well. explorat ion

d r i l l i n g programme designed to s t a r t November,
1982 w i l l t e s t the model put forward here.
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