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ABSTRACT

A geo log ica l assessment of t h e Nasuji-Sogongon
s e c t o r in t h e Southern Negros Geothermal F i e l d ,
inc lud ing s a l i e n t f e a t u r e s of the subsurface
s t r a t i g r a p h y ,  l i t h o l o g y ,  a l t e r a t i o n mineralogy,
temperature, pe rmeab i l i ty and s t r u c t u r e acquired
from wells completed i n t h i s a r e a as of February
1982, i s discussed.

Hydrothermal a l t e r a t i o n zones are e s t a b l i s h e d
based on the r e l a t i v e d i s t r i b u t i o n and assoc ia-
t i o n of a l t e r a t i o n minera l s i n c o r e s and cut-
t i n g s of the Nasuji-Sogongon wells. F lu id in-
c l u s i o n and a l t e r a t i o n mineralogy temperatures
compared with t a b l e rock temperatures i n d i c a t e
t h a t t h e p r e s e n t sys has undergone considera-
b l e temperature d e c l i n e b u t remains economical-
l y exp lo i t ab le . Most of t h e product ion zones
are confined wi th in t h e p l u t o n i c body a s
n iaed i n SG-1, SG-2 and OK-6.

INTRODUCTION

The So. Negros Geothermal F i e l d ( f i g . 1 ) encompas-
s ing  the  s e c t o r s of Puhagan, Nasuj i and Sogongon i s

s i t u a t e d wi th in  the  coa lesc ing  vo lcan ic  c e n t e r s
de Negros, Guinsayawan and Balinsasayao.

The Puhagan s e c t o r , where 6 wells viz : OK-7,
and PN-17D have a l ready

been t e s t e d , accounts f o r a proven energy p o t e n t i a l
of 42 The f i r s t of the t h r e e 37.5 steam
t u r b i n e s w i l l be commissioned f o r t h e 112.5
(Pa l inp inon I ) power p l a n t i n t h i s a r e a by June
1983 (Harper and Arevalo, 1982).

A 110 (Pal inpinon 11)  power p l a n t w i l l be com-
mi t t ed f o r development the Nasuji-Sogongon sec-
t o r f o r 1983-86. A power p o t e n t i a l of approx. 37

has been proven i n t h i s a r e a based on f i v e
wells d r i l l e d (OK-S, OK-6, OK-8, SG-1 and SG-2).
However, OK-11D and a r e both r e l a t i v e l y i m -
permeable and OK-11D d i d n o t s u s t a i n d i scha rge
whi le i s sti1 undergoing f u r t h e r  t e s t i n g  .
These 7 wells d r i l l e d i n the Nasuji-Sogongon sec-
t o r ( a s of February 1982) have provided the b a s i s
of d i s c u s s i o n i n t h i s paper.

SURFACE GEOLOGICAL BACKGROUND

Sur face exposure wi th in  the  So. Negros Geothermal 
F i e l d  ( f i g ,  2 ) c o n s i s t s mostly of 3 l i t h o l o g i c a l
u n i t s of the Cuernos Volcanics (CV), viz : younger

a n d e s i t e (upper member), d a c i t e (middle member)
and o l d e r a n d e s i t e (lower member). In the Nasuji-
Sogongon s e c t o r , outcropping u n i t s of d a c i t e and
o l d e r  a n d e s i t e  a r e u s u a l l y encountered.
no d i s t i n c t su r face thermal man i fes t a t ions e x i s t

l i k e h o t s p r i n g s o r fumaroles bu t  ex tens ive  hydro-
thermal ly a l t e r e d ground and few have
been observed.
the Nasuji-Sogongon s u r f a c e samples (Zaide, 1982)
i n d i c a t e the  occurrence of high temperature
r a t i o n minera l s  wi th in  the  lower member of Cuernos
Volcanics , namely: k a o l i n i t e , i l l i t e ,
m o r i l l o n i t e and p y r o p h y l l i t e ? , which suggest a
former h igh temperature system t h a t was reduced to

a hydrothermal zone.

Fur the r ,

Pe t rograph ic and XRD ana lyses of

abbrev ia t ion f o r a d i r e c t i o n wel l a s

opposed t o a v e r t i c a l wel l .

i s an a r e a of low temperature a c i d i c
leaching devoid of vege ta t ion which i s mainly due
t o the passage of separated and gases pro-

bably emanating from a deep high temperature re-
s e r v o i r .
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The Contact Metamorphic zone c o n s i s t s of a l i g h t t o

The northwest- southeast  t rending f a u l t s ( f i g . 2 )
a r e i d e n t i f i e d a s the major s t r u c t u r e s t h a t t ran-
s e c t the Cuernos Volcanics and c o n t r o l the dra in-
age p a t t e r n i n the a rea . Al tered ground and
pohans occur  a long these  recognized s t r u c t u r e s .

SUBSURFACE STRATIGRAPHY AND LITHOLOGY

The Cuernos Volcanics ( t a b l e charac te r i zed by
weak hydrothermal t e r a t i o n and p o r p h y r i t i c tex-
t u r e , i s encountered by a l l the Nasuji-Sogongon
wells ( f i g . 3-5). Although a b lack pa leoso l l a y e r

i s found i n the sur face n e a r Pal inpinon ( f i g . 1)
a s the c o n t a c t between the Cuernos Volcanics and
So. Negros Formation, i t s occurrence i n most of the
wel l s d r i l l e d i n the So. Negros Geothermal F i e l d
has n o t been c l e a r l y recognized. However, a con-
vent ion t h a t the f i r s t occurrence of brecc ia o f t e n
succeeding a h igh ly fe r rug inous l a y e r which proba-
b ly i n d i c a t e s the appearance of So. Negros Forma-
t i o n , i s a r b i t r a r i l y app l i ed i n t h i s r e p o r t . Typi-
c a l l y , the So. Negros Formation inc ludes

u n i t s of homogeneously a n d e s i t i c composition.

Only the w e l l s d r i l l e d on the e a s t of t h e NW-SE
t rend ing Sogongon f a u l t ( f i g . 2-5) viz : OK-5 and
OK-8 pene t ra t ed  the  rock u n i t s of the Okoy Sedimen-
t a r y Formation. The r e l a t i v e disappearance of the
Okoy Sedimentary Formation from the west of Sogon-
gon f a u l t may be due to i t s r e l a t i v e southwest
thinning from the Puhagan a r e a  t o  the Nasu i-Sogon-
gon s e c t o r .

A s i g n i f i c a n t th ickness of homogeneous vo lcan ics

have been observed below the sedimentary members of
the Okoy Sedimentary Formation i n OK-8 ( f i g . 3- 5).

This has a l s o been recognized i n the Puhagan s e c t o r
b u t was def ined a s the Puhagan Volcanic u n i t wi th in
the Okoy Sedimentary Formation. However, the Puha-
gan Volcanics should be considered a s a s e p a r a t e
formation i n s t e a d of a u n i t s t a t u s s i n c e i t in-
volves a d i f f e r e n t depos i t ion mechanism.

dark g r e y i s h  h o r n f e l s  u s u a l l y  e x h i b i t i n g  a
b l a s t i c t ex tu re .  Th i s  zone i s r e l a t i v e l y t h i n i n
SG-1 where the main rock i s c u t by numerous ve ins
of q u a r t z + a d u l a r i a + anhydr i t e + i l l i t e (Reyes,
1981).

The Nasuj i P lu ton i s g e n e r a l l y l i g h t grey, massive
monzodiorite with  green hornblende a s the main f e r -
romagnesian mineral. However, as the a l k a l i f e l d s-
par and q u a r t z con ten t of the rock inc rea ses , i t

g rades i n t o g r a n o d i o r i t e SG-1). I n OK-11D
and SG-1, the  per iphery of the i n t r u s i v e i s charac-
t e r i z e d by the presence of c a t a c l a s i t e s . This  in-
d i c a t e s a cont inuous i n t r u s i v e movement a f t e r the

p lu ton had become p a r t i a l l y o r wholly s o l i d i f i e d
where g r a i n s and g r a i n boundar ies may be f r a c t u r e d
and mafic minera l s  a l igned  (Huang, 1962). I n addi-
t i o n , c h i l l e d d a c i t e occas iona l ly forms the margin
of the p lu ton a s observed i n SG-1 and OK-6.

ALTERATION MINERALOGY

A l t e r a t i o n i n the Nasuji-Sogongon a r e a of the So.

Negros Geothermal F i e l d i s u s u a l l y of the c o n t a c t
metamorphic o r hydrothermal type.

The i n t r u s i o n of the  p lu ton  r e s u l t e d i n the c o n t a c t
metamorphism of the So. Negros Formation and Puha-
gan Volcanics. There i s no d i s t i n c t evidence y e t
of the c o n t a c t metamorphism of Okoy Sedimentary
Formation. I n wel l- def ined h o r n f e l s i c t e x t u r e

OK-6 and a c o n t a c t metamorphic as-
semblage of secondary in te rmed ia te +
b i o t i t e + a c t i n o l i t e + magnet i te + ep ido te + a l b i t e
i s encountered (Reyes, 1981). Th i s assemblage
appears  equivocal  when o b l i t e r a t e d by i n t e n s e hy-
drothermal t e r a t i o n . t e r a t i o n wi th in the con-
t a c t me tamorphic zone i s conaidered hydrothermal 

only when i t i s found i n v e i n s assoc ia ted with
o t h e r hydro thermal minerals .

Hydrothermal a l t e r a t i o n e x i s t s i n a l l the formation

encountered i n the s e c t o r , from the lower
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member of Cuernos Volcanics t o the  Nasuj i  P lu ton
3). Since b l i n d d r i l l i n g * i s u s u a l l y encoun-

te red i n the Nasuj i P lu ton except i n hydro-
thermal a l t e r a t i o n  d i s t r i b u t i o n  wi th in the p l u t o n i c
body was based on co res ( f i g . 4). Commonly, f o u r
d i s t i n c t types of hydrothermal a l t e r a t i o n ( f i g . 3)

oft en superposing each o t h e r , have been recognized
as enumerated and discussed below:

1. High Temperature Acid A l t e r a t i o n Zone

T h i s zone c o n s i s t s of p y r o p h y l l i t e + d iaspore assem-
blage r e s u l t i n g from i n t e n s e leaching under a c i d i c
cond i t ions . Since an assemblage of p y r o p h y l l i t e +
d iaspore u s u a l l y forms a t a minimum temperature of

(Hemley e t a l , the ac id leached zone
i s bel ieved t o be r e l i c t when compared t o the pre-
s e n t s t a b l e rock temperature o f  genera l ly  l e s s than

( f i g . 3 and 5) .

However, a s i d e from p y r o p h y l l i t e + d iaspore assem-
blage , a lower temperature a c i d assemblage of k a o l i -

n i t e alunite has been found occur r ing i n

So-2 (Bogie, A temperature of is

i n f e r r e d f o r  t h i s  zone since:

a. K a o l i n i t e i s s t a b l e only up to (Hemley
e t a l , 1980).

b. Alun i t e has been i d e n t i f i e d a t depth i n the

f i e l d i n Japan a t temperature of
with a of 3-4 but i t i s a l s o  s t a b l e  up

t o a temperature of around a t 1 kb a t an

extremely a c i d cond i t ion a l , 1969).

The k a o l i n i t e + a l u n i t e assemblage i n SG-2 i s con-
s ide red r e l i c t i f compared t o the s t a b l e rock tem-
p e r a t u r e of

2. Moderate Temp. Neu t ra l Chlor ide A l t e r a t i o n

Zone

The moderate temperature n e u t r a l c h l o r i d e zone i s

charac te r i zed
c i t e + anhydr i t e + ep ido te .
of ep ido te , a temperature of (Browne,
1978) i s est imated f o r  t h i s  assemblage. However,
i f compared with the s t a b l e rock temperature of
l e s s than
l i c t .

by an assemblage of c h l o r i t e + ca l-
Based on the presence

t h i s zone i s a l s o considered re-

3. K r i c h Si02 A l t e r a t i o n Zone

The K r i c h Si02 a l t e r a t i o n zone a s adapted from
Reyes c o n s i s t s of abundant quar t z + adula-

r i a + anhydr i t e + i l l i t e .
t u r e of format ion f o r  t h i s  assemblasge based on

the presence of i l l i t e i s s e t a t l e s s than
(Browne, 1978). Th i s has been c l a s s i f i e d a s re-

l i c t bu t the corresponding s t a b l e rock tempera-
t u r e reaches which i s g r e a t e r than the 

i n f e r r e d f o r t h i s zone. I t i s bel ieved
t h a t the s t a b l e rock temperatures p e r t a i n i n g to
a c u r r e n t phase of hydrothermal a c t i v i t y pos tda tes

the K r i c h Si02 a l t e r a t i o n episode.

The est imated tempera-

*Blind d r i l l i n g is a term appl i ed when w e l l s a r e

d r i l l e d without f l u i d re tu rns .
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4. High Temperature t r a l Chloride

t e r a t ion Zone

This zone i s an assemblage of anhydrite +
+ epidote + b i o t i t e + a c t i n c l i t e garnet.

Since the Nasuji Pluton has been a l t e r ed hydro-
thermally by high temp. neu t r a l chloride

waters ( f i g . 3), i t suggests a recent phase of hy-
drothermal ac t i v i t y . Hence, the present s t ab l e
rock temperatures probably represent the high
temp. neut ra l chloride a l t e r a t i o n stage. A temp.
of formation g rea t e r than i s estimated f o r
t h i s assemblage based on the following.

a. B io t i t e i s found occurring a t temperature of
i n the Cerro P r i e to Geothermal Field.

(Wood, 1980).

b. Hydrothermal garnet i s usual ly found a t tem-
perature above (Browne, 1978).

I f compared with the s t ab l e rock temperature of
within t h i s zone, the high temperature

neut ra l chloride a l t e r a t i o n i s r e l i c t .

SUBSURFACE TEMPERATURES AND
INTERPRETATION

1. Stable Rock Temperature Trend

Downhole temperature data obtained during heat-up,
medium term discharge t e s t , post medium term t e s t
and shut- in conditions a f t e r discharge were evalua-
ted to determine the s t ab l e rock temperature pro-
f i l e of each well (Amistoso, 1982). The s t ab l e
rock temperatures a r e based on the following:

a. s t ab l e inflow temperature with the well shut
o r on bleed.

b. s t ab l e bottomhole temperature under no
on discharging conditions. 

C .  s t ab l e well temperature under no flow condi-
tion.

d. s t ab l e inflow temperature under discharging
conditions.

A generalized cross sect ion showing the estimated
s t ab l e rock temperature trend a t ( f i g . 5)
ind ica tes a decreasing temperature trend towards
the southwest from OK-5 to SG-1. This suggests
t ha t , general ly, the Nasuji-Sogongon sec tor l i e s
i n a cooler region. However, the temperature data
obtained from SG-2 appears anomalous since i t ex-
h i b i t s an abnormally high temperature of
near the casing shoe ( f i g . 5) . This anomaly may
be due to the presence of the Okoy f a u l t through
which a near v e r t i c a l flow of hot f l u i d s may

a r i .
2. Fluid Inclusion, Al te ra t ion Mineralogy and

Stable Rock Temperatures

A comparison of the s t ab l e rock temperatures with 
f l u i d inclusion temperatures ( t ab l e 2) shows tha t
the hydrothermal system has cooled down. However,

i n core 3 of OK-8 ( t ab l e 2), the

temperature of i s i n close agreement
with s t ab l e rock temperature of indicat ing
fhe most recent f l u i d incursion a t t h i s depth. The
abundance of epidote i n t h i s core suggests a much
higher temperature of t e r a t i on mineralogy a t

(Leach, 1981). It seems, therefore,
t h a t t h i s leve l has s ign i f i c an t l y cooled down
since the episode of hydrothermal te ra t ion tha t
formed abundant epidote and chlor i te .

I

(Abundant

231
2 -

248 240

6

Ch

5 901

+ 914

ON ALTERATION

The s t ab l e rock temperatures a r e comparatively
lower than the a l t e r a t i o n mineralogy temperatures
( t ab l e 2) suggesting tha t cooling has occurred
since the formation of the hydrothermal minerals.

STRUCTURES AND PERMEABILITY

1. Circulat ion Losses:

Massive c i r cu l a t i on losses encountered during
d r i l l i n g i n the Nasuji-Sogongon wells a r e concen-
t ra ted mostly within the So. Negros Formation
except i n where they are confined i n
the plutonic body (f ig . 4).
the extensive losses i n the So. Negros Formation
have already been cased-off.

However, majority of

I t i s a l so evident t ha t c i rcu la t ion  losses  a t the
periphery of the Nasuji Pluton a r e r e l a t i ve ly
scarce. Most wells a r e d r i l l e d blind i n the plu-
ton except from where f u l l c i rcu la t ion was
maintained u n t i l the bottom.

2. Zones:

Completion tes t ing , heat-up and flowing surveys
del ineated various zones i n

the Nasuji-Sogongon sector . I n consonance with
c i r cu l a t i on losses, the
zones a r e  r e l a t i ve ly  scarce a t the margin of the

Nasuji Pluton but a r e general ly confined within
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the p l u t o n i c body a s recognized i n OK-6, and
SG-2 ( f i g . 5 ) . I t i s only i n SG-2 where product ion
a t the per iphery of the Nasuj i P lu ton was def ined.

3. Mechanics of P l u t o n i c Emplacement and 
Frac tu r ing

Based on the  co res  and c u t t i n g s analyzed from wells
d r i l l e d i n t h i s a r e a , i t seems t h a t the p l u t o n i c
body was f o r c e f u l l y i n j e c t e d a s suggested by the
following.

a . The presence of d i s t i n c t l i n e a r flow s t r u c t u r e s ,
suggest ing the p a r a l l e l arrangement of the long
axes of p r i sma t i c  mine ra l s  v iz : f e l d s p a r and
hornblende, i n d i c a t e p a r a l l e l i s m to the d i r e c-
t i o n of magmatic flow. Th i s suggests f o r c e f u l
i n j e c t i o n through an a c t i v e upward r i s e of an
i n t r u s i v e magma (Badgley, 1965).

b. The presence of c a t a c l a s i t e s a t the immediate
per iphery of Nasuj i P lu ton i n d i c a t e a cont inuous
movement by f o r c e f u l i n j e c t i o n of the c e n t r a l
p o r t i o n of the pluton a f t e r i t p a r t i a l l y o r
wholly s o l i d i f i e d .

I n a f o r c e f u l l y i n j e c t e d pluton, f r a c t u r e s develop
a t i t s ou te r s h e l l a f t e r t h i s p o r t i o n has complete-
l y  s o l i d i f i e d  whi le the i n t e r i o r i s s t i l l mobile
(Badgley, 1965). However, i n the Nasuji-Sogongon
s e c t o r , these f r a c t u r e s may have been by the
advent of r i c h geothermal f l u i d s which
account f o r the r e l a t i v e s c a r c i t y of product ion/
permeable zones and c i r c u l a t i o n l o s s e s wi th in the
per iphery of the Nasuj i  Pluton.  

I t has been observed i n the Nasuji-Sogongon wells
t h a t pe rmeab i l i ty w i t h i n the p lu ton ic body i s ge-
n e r a l l y unpred ic tab le . Whatever permeabi l i ty t h e r e
i s i n the  Nasuj i  P lu ton may be due to a pervasive
f r a c t u r e sys

Although t h e r e a r e i n d i c a t i o n s of pe rmeab i l i ty
wi th in t h e p lu ton , p l u t o n i c bodies a r e inheren t ly
l e s s permeable than the vo lcan ics (Alcaraz , 1982).
However, w e l l s OK-6, and which obtained
the bulk of t h e i r product ion wi th in the p lu ton
account f o r approx. 26 of the t o t a l 37 t h a t
have a l r e a d y been proven. 

CONCLUSIONS

Four types of hydrothermal a l t e r a t i o n have been 
i d e n t i f i e d i n t h e Nasuji-Sogongon s e c t o r , namely:
the  high temperature a c i d t e r a t ion , moderate
temperature n e u t r a l c h l o r i d e t e r a t i o n , K r i c h

a l t e r a t i o n and high temperature n e u t r a l chlo-
r i d e t e r a t ion .

A comparison of s t a b l e rock temperatures  wi th  f l u i d

i n c l u s i o n and a l t e r a t i o n mineralogy temperatures,
g e n e r a l l y , i n d i c a t e s t h a t the  p resen t  hydrothermal
system
commercial l y expl o i table .

has s i g n i f i c a n t l y cooled down b u t s t i l l

K r i c h hydrothermal wa te r s have probably
sea led  the  f r a c t u r e s formed a t the margin of the
Nasuj i P lu ton which account f o r the r e l a t i v e
s c a r c i t y of c i r c u l a t i o n l o s s e s and
duc t ion zones a t t h i s mentioned margin. 






